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In Memoriam 

HORACE RANDOLPH (RANDY) CRAW
FORD, SPE, died 16 December 2015 at 
age 87. He was a pioneer in fracture 
treatment designs and products and was 
honored as a JPT Legend of Production 
and Operations in 2009. 

After graduating with a PhD in chemi
cal engineering from the University of Texas at Austin, Craw
ford joined Western Company as a research associate and 
developed acidizing, cementing, and fracturing products 
and treatment designs. One of his early papers, with other 
coauthors, "Carbon Dioxide-A Multipurpose Additive for 
Effective Well Stimulation," was published in JPT in 1963. 
After Western, Crawford worked for several other com
panies, including Westco Research (a Western Company 
subsidiary), Lone Star Gas Company's Nipak Ferti lizer, and 
Sanitech and Enserch Exploration. 

Crawford joined Conoco in 1979, and was tasked with in
creasing the production rate of the company's Gulf of Mex
ico oi l wells. He prepared a well completion plan and devel
oped in-house tools to teach the plan to others. The results 
were successful and Conoco increased the production rates 
and revenues from the first two plat forms by approximately 
USD 104 million annually. 

He authored several technical papers, including methods 
to ca lculate the dimensions of a fracture using the proper
ties of the reservo ir and fracture fluid. He authored six pat
ents for technologies, including explosive charge assem
blies, secondary recovery of petroleum, seismic methods, 
and transmission of mechanica l power. 

The coal seam fracture treatments he helped design for 
Consol Coal, Conoco's sister company, is considered one of 
his greatest contributions to the industry. Still being used 
today, this technology allows eng ineers to fracture and pro
duce the methane from coal seams before sending min
ers into the mine. This has made coal mining safer by re
ducing the methane content in the mine and released into 
the atmosphere, and has reduced the operational cost. For 
this contribution, Crawford received a Special Achievement 
Award from Conoco. 

Crawford was passionate about education. With his 
wife, Louise Crawford, he established two scholarship 
funds- the Dr. H.R. ancl Louise Crawford Scholarship En
dowment at Texas Tech Univers ity and the H.R. Crawford 
Endowed Graduate Fellowship in Engineering for gradu
ating engineering students at the University of Texas at 
Austin. These have so far helped more than 100 students 
attend college. 

JPT M arch 2016 



The Crawford Equation - Calculation of Effective Propped Fracture Area 

Exhibit Description Exhibit Description 

#1 Randy Crawford & Paper Title #27 Micro-Seismic Blackjack Well 

#2 Table: Setback Summary #28 Decline Curve Roger 3875-20-29 1FH 

#3 Diagram 40-acre Tract #29 Decline Curve Allemand 12-2/lH 

#4 Joshi #1 Diagram - Dakota #30 Decline Curve Hornbuckle E-28-21H 

#5 Table Fetter Field Area #31 Decline Curve Hornbuckle 14-31/30H 

#6 Decline Curve Niobrara Verticals #32 Sussex PRB Horizontal Wells 

#7 Federal Unit DSU with Joshi #1 #33 Decline Curve Clausen 19-34-70 C 10H 

#8 Pinedale Unit DSU with Joshi #1 #34 Decline Curve Hardy 34-7 38-73BH 

#9 Plot Perm vs Porosity by Rock Type #35 Niobrara PRB Horizontal Wells 

#10 Crawford Equation & Derivation #36 Decline Curve Spillman 16-1 

#11 Crawford Summary Points #37 Plot Q vs Cum Oil Spillman 16-lH 

#12 Frac Width Equations #38 Decline Curve Wagonhound 14-lH 

#13 Frac Height Considerations #39 Decline Curve Barton 32-34-67 A 1H 

#14 Log PPMU Communication Frontier #40 Decline Curve Ballista 202-1003H 

#15 Plot PPMU Pressure vs Time #41 Decline Curve Clausen 35-34-70 A 3H 

#16 Frac Model Cole Creek F12-26G Frontier #42 Summary of Equations 

#17 Data Source Halliburton Chesapeake #43 Summary of Equations (page 2) 

#18 Data Source CalFrac Anadarko #44 Formation Properties 

#19 Frac Summary Niobrara #45 Formation Properties (page 2) 

#20 Crawford Calculation #46 Formation Properties (page 3) 

#21 Joshi #2 Drainage Niobrara #47 Formation Properties & 6T vs E 

#22 Seedy Draw Turner #48 STAY CALM & FRAC ON!!! 

#23 Colorado Wattenberg Niobrara 

#24 Frac Conductivity vs Closure Stress 

#25 Frontier PRB Horizontal Wells 

#26 Decline Curve Black Jack Well 



Setback Summary in Wyoming PRB 

Range Range Transverse Unstimulated Effective 

Formation Toe I Heal Lateral Drain R Drain R MaxXf 

Sussex 200' / 460' 330' / 800' 331' 118' 213' 

Shannon 200' / 460' 330' I 800' 493' 263' 230' 

Frontier 330' I 460' 330' I 800' 459' 232' 227' 

Niobrara 330' I 460' 330' I 800' 319' 132' 187' 

Mowry 330' I 460' 330' I 800' 305' 132' 173' 

~ 
"Not only do J want a cracker--we all want a cracker!" 



Comparison of Radial to Sguare Tract 

40-acre Tract: 1,320 feet by 1,320 feet 

r------ , 
I I 

Radius = 744.73 

660 ft I 

I 
·- - - - - -

40-acre Tract Tolerance Window: 200 ft by 200 ft 
Essentially creates a 460-ft setback 

C:\lotus\work\123\40-Acre Tract Radii & Setbacks.123 

BLM: 
745 feet 



Overhead Views: Vertical Dakota Well vs Horizontal Dakota Well 

Drainage Area Calculation (Joshi Method #1 ): 

Vertical Well Drainage 
r = 985 ft 

A= pix rA2 = 70 acres Moore Ranch 12-13 (12-40N-75W) 
A = pi x (985 ft)A2 I 43,560 sq ft I acre 

Drainage Area A = 70 acres 

Horizontal Well Drainage for 1.280-acre D&S (note: orientation not shown) 

A = pi x rA2 + 2 x r x L L = 8,560 ft ( 1,000-ft setbacks toe & heal ) 
A = pi x (985 ft)A2 / 43,560 sq ft I acre + 2 x (985 ft) x (8,560 ft) I 43,560 sq ft I acre 

Horizontal Dakota Well Drainage Area A = 457 acres 

L = 8,560 ft • 91 

© 
C:\lotus\work\123\HorizontalViewDakota1280Joshi1 .123 

Wold Energy Partners 
Docket 50 - 2017 
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Select Vertical & Horizontal Wells In & Around Fetter Field Area 

APINo. Producing 
~ Well Name ~ Location Frac Size ~ ~ Cum BO Cum Mcf C!mLB_W 

1 Hageman 11-22 28204 ne SW 22-33N-71W 71,000# 40/70 Niobrara 11-09 to 3-13 11,206 54,948 1,342 
201,590# 40170 Frontier 9-08 to 10-09 4,158 82,342 1,492 

2 Wallis6-23 28170 se nw 23-33N-71W 130,000# 30/50 Niobrara 11-09 to 9-14 22,788 127,610 4,829 
7,500# 100-mesh & 200,380# 20/40 lnterProp Frontier 4-08 to 10-09 2,689 55,825 9,406 

3 Sims 7-25 28210 SW ne 25-33N-71W 300,400# 20/40 lnterProp Frontier 1-09 to 12-09 5,736 162,401 3,788 
159,000# 30/50 Niobrara 1-10 to 2-10 2,457 14,179 598 

Nio - Fr 3-10 to 5-15 7,831 211 ,355 4,572 

4 Sims 16-26 28085 se se 26-33N-71W Open-Hole Completion Nie - Fr 9-05 to 4-08 6,930 33,438 0 
Niobrara 
Frontier 

Parkman 5-08 to 6-11 2,875 0 2,040 

5 Sims 15-26H 28148 SW se 26-33N-71W Frontier 8-07 to 8-12 20,981 770,316 6,997 

6 Sims 33-71 26-1H 28323 se SW 26-33N-71W 3.56 MM#-14 Stage Niobrara 9-11to1-17 211,299 1,476,603 34,944 

7 Sims 26-33-71 B 2H 28839 SW se 26-33N-71W 3.49 MM#-13 Stage Niobrara 12-12to1-17 69,248 698,835 33,208 

8 Sims43-28 21347 ne se 28-33N-71W 125,000# 30/50 Niobrara 1-10to10-13 9,602 67,111 1,398 
Combined Nio I Fr Frac November 2008: 300,000# 40170 Frontier 11-90 to 12-09 17,337 134,125 4,199 

9 Githen 1 21662 ne nw 34-33N-71W No Frac Niobrara 12-80 to 10-83 1,698 0 160 

10 Red Mtn 1H 22804 ne nw 35-33N-71W Frontier 4-84to 11-15 39,475 692,118 7,536 

11 Purple Sage 1 21894 sw se 15-35N-73W No Frac Niobrara 12-81 to 9-82 442 0 0 

Average Drainage Area of Four ( 4 ) Vertical Niobrara Fracture-Stimulated Wells: 
Drainage Radius of Vertical Niobrara Fracture-Stimulated Wells: 

Average Drainage Area of Two ( 2 ) Vertical Niobrara Non-Stimulated Wells: 
Drainage Radius of Vertical Niobrara Non-Stimulated Wells: 

®) 

C:\lotus\work\123\Fetter Area Nio-Fr Wells 26&35 T33N-R71 W.123 

Drainage 
EUR BO Area Cacresl 

11,206 21 .9 
4,158 2.4 

22,788 27.8 

14,468 4.0 
5,525 8.0 

EUR"s Pro-rated 74% FR & 26% Nio 

1,802 2.5 
5,128 1.5 

385,000 52 
Joshi#2 

275,000 56 
Joshi #2 

9,602 6.5 
17,337 

1,698 2.0 

442 0.5 

16.1 acres 
r = 473 feet 

1.25 acres 
R = 132 feet 

Wold Energy Partners 

Docket 411 - 2017 
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Rate/Time Graph 
Lease Name: Fetter Area () 
County, ST: Converse, WY 
Location: 33N-71W-23 

Project: C:\Users\User\Documents\IHS\PowerTools\Projects v9.3\Niobrara Comparison Wells.mdb 

Operator: Chesapeake 
Field Name: Fetter 

Date: 4/5/2017 
Time: 11 :24 AM 

Fetter Field Niobrara: Comparison of Fracture-Stimulated Wells to a Non-Stimulated Well 
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JOSHI METHOD 

@ 

2r x L + rr x r 2 

D = 43,560 

D = Horizontal Drainage Area (acres) 
r =average drainage radius of nearby vertical wells 
L =completed lateral length of proposed horizontal 

4V~l1Gc );,,e.A/N /{ -=: ~, <./ ~ ACl?ES /£/./ELL 

I " r = 274 feet D = 71 acres v~/fc./IL 
wJE.<-<.5» 

Total Drainage Area in Proposed Unit*: 142 acres f"1N~ALEc-

C· 5200' 274'~~ 

QEl2ouRces--

- # Proposed 390-acre spacing unit 

l!l\'il -Est. drainage area of proposed hztl. I ~ 

Exhibit E-3 
Cause No.1 
Order No. 1 

Docket No. 1165-2016 
December 13, 2016 
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1957: Howard & Fast presented the basis for fracture design 

"Optimum Fluid Characteristics for Fracture Extension" 

Drilling & Production Practices, AP/ 1957, page 261 

1967 thru 1970: Howard & Fast prepared the SPE Monograph 

~'Hydraulic Fracturing" 

A ,, 0.447 w Q 
[ex

2 
erfc (X) + ./~ · - 1 J , SQ •. FT. 

c2 

WHERE 

x - (3.545 C/W){T, dimensionless 

ANO 

erfc (x) .. 2 s: -t2 
dt, dimensionless - e r;-

1973: Harrington, Whitsett & Hannah presented simpler equations 

for the calculation of fracture area & fluid loss 

"Prediction of the Location & Movement of Fluid Interfaces In a Fracture" 

Southwestern Petroleum Short Course, Texas Tech University 

1983: Mcleod presented a high viscosity fracture design program 

"A Simplified Approach to Design of Fracturing Treatments Using High Viscosity Cross-Linked Fluids" 

SPE Paper 11614: SPE /ODE Joint Symposium on Low Permeabllity Gas Reservoirs 

Denver, Colorado, March 1983, Proceedings pp. 121-136 

1983: Crawford presented a practical application of the simpler equations 

for the calculation of fracture area & fluid loss 

"Proppant Schedullng & Ca/cu/at/on of Fluid Lost During Fracturing" 

SPE Paper 12064: sst• Annual Technical Conference & Exhibition 

San Francisco, California, October 1983 

A = V / ( W + 3 x C x {T) SQ. FT. 



Crawford Equation Summary 

1. Estimates the Created Fracture Area { i.e. propped > monolayer ) 

2. Allows for estimate of effective propped one-wing frac length { Xf ) 

3. Provides for high fracture conductivity 

4. Calculates the amount of fluid lost 

5. Assists with proppant scheduling 

6. Avoids potential screenout 

7. Helps with on-the-spot decision to continue or abort 

~ 



Fracture Width Equations 

VERTICAL FM.CTURES 

PERKINS AND KERN: 

[n"'] 0.26 (n" !Ht] 0.25 
Wo = 0,38 LT = 0.38 T lHi . · · ,f1) 

Whcl = W0 [1 - ti.x>tLJ0.25 •••• 12) 

We.vg = 0.667 W0 

GEE;:·~ :~:3de(%~1 0.26 • 0.29 
W(x) .,. w0 (1 - 1Lxl21L2] 0 •5 

Wavg ,.. 0.786 W0 

HORlZ.ONTAL FRACTURES IP•KI 

Wo = 0.22 [¥] .2S 

W(rl = W0 (1 - r/R]0.5 

Wavg = 0.667 W0 

.... (31 

r~ tlll O.>S 
l E fiilj" .. .t4) 

.... (SI 

··• ·:·tB} 

••• .171 

•••• {8) 

•••• t9) 

WHERE: 

Wo = FRACTURE WIDTH AT WELLBORE, INCHES 

Q "" INJECTION RATE, BARRELS PER MINUTE 

µ = wscosrrv OF FlUID IN FRACTURE, CEtjTIPOISE 

µavg "" 47880 Kt 140.4 QI w2 Hln-1, CENTIPOISE 

l = LENGTH OF ONE FRACTURE WtNG, FEET 

H = HEIGHT OF FRACTURE, FfET 

E 

G 

v 

= YOUNG'S MODULUS, PSI 

= SHEAR MODULUS "" 2+"~-\o • PS1 

= POISSON'S RATIO, !ASSUMED TO BE 0 .25 FOR 
2ND HAU= OF EON 4.) 

Ut ... DISTANCE FROM WEUBORE ALONG A FRACTURE 
OF HALF LENGTH, L • FEET 

Wlxt = WIDTH OF FRACTURE AT DISTANCE Lx FROM 
WELLBORE, INCHES . 

R "" RADIUS OF FRACTURE, FEET 

= RADIAL DISTANCE lO A POINT IN A FRACTURE OF 
RADIUS R I FEET 

Crawford: 0.5 inches @ wellbore when concentration > 4.0 ppg 

IN THE:BLEACHERS Steve Moore 

"Wall, you•re' a lucky.man;Jfs l)Qt'a caiffr.: · 
ending lnlury. Of course; you'll have to.Ii&' 

. careful walking through doorways. 



Fracture Height & Stress Barriers 

Higher Poisson's Ratio In adjacent rock will help to provide a barrier to height propagation 

Difference in in-situ stresses is the primary factor in height growth 

Sand to shale transitions must be thick enough to act as a barrier 

Frac will extend into impermeable shales & siltstOtJes, but narrow width & low leakoff 
•: .. 

Most of the horizontal targets in the PRB are in poor quality rocks with minimal stress 
contrasts above & below: Effective Propped Length is radial in shape 

Frontier formation is trickier with sand quality that quickly changes horizontally 

A\,., I 

~~)1JJ111!\1 
e.!,~LA MEETS· ~JZA~~~~.~ l 
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' ' ' ' ' T.D. LOG 
' • ' ' IOAt1t1A 

API COLtfTS 200 

-
, 
• 

• 

-

' 

r 

~ ~2}.,~::_~~~'!. Comp;,.,y 

Section 1, T38N. R74W 
Converse County, Wyoming 

1• Docket #;is;Z.-88 

~-~IC,, . 
Wyoming Oil & Gas Conservation l:ornmisslon 

September, 1988 

-

' -. 

-, 

Exhibit 

• • • 

' 

·-.. 
. -' .. 

" 

• 
Copy of Exhibit "C" -~ 
ANR Production Company 
Docket 282-88 (Sept. 13, 1988) 

-

• 
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. 
Jetta Operating Company 
Docket 363-2004 _ .. 
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Cole Creek F-12-26G - Fracture Stimulation of a Vertical Frontier Well 

Stress Profile Cole Creek F12-26G 
7050 

I 
I 
I I i 

Concentration of Proppant in Fracture (lb/ff) 

7100 

7150 

noo 

€ 
~ 7250 
~ 

T'.,00 

7350 

7400 

7450 

7500 

7550 

~----L----~ ___ J ____ _ 
I I I 
I I I 
I I I 

~----t----+ ---1-----
1 I I 
I I ! 
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1 I I 
I I I 
I I I 

~----L----~-- _J _ ___ _ 
I I I 
I I ; 
I I 

I.-- -~I'--~~-

1---1 
I I 

~----~----+--- ,-----
1 I I 
I I I 
I I I 

~----L----~--- J _ ___ _ 
I I I 
I I I 
I I i 
I I I 

~----,----T---- r-----
1 I I 
I I I 

l1 1111 1:l i lli111t ____ ! ____ _ 
I 
I 

3000 3250 3500 3750 ~000 0 

Closuro s1ro .. (p::Q 

·125 

~ 

250 

Lenglh (ft) 

-~(1'111') 

i~:.tr:a . J r Lil 

375 500 

Cole Creek Fl 2-26G (sw nw 26-35N-77W) API 49-009-06449 
Fracture-stimulated on Nov. 9, 2001 - 2nd Frontier perfs from 7,300 ft to 7,314 ft with 4 spf 

50,920# 20/40 sand & 20,160# 20/40 "PR6000" in a Halliburton "DeltaFrac 2000" X-link system 
Average Q = 15.9 bpm with a pump time of 46.3 minutes 

Crawford equation 
Halliburton "FracPro" 

Created Frac Area (propped) 
58,000 sq ft 
80,000 sq ft 

Xf (ft) 

136 
160 

Chesapeake Exploration 
Dockets 375, 376, 379, 474, 475 & 476 - 2013 
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HALLIBURTON 

4.0 PERFORMANCE HIGHLIGHTS 

4.1 Treatment Summary 
. .· . Start Tlrrie 

·.· .• End Time 
··. 

.· .. 
' ·. Pomo Time 

··. • . Starf Averaalna Time 
. · End Averaa!M Time 

,-,- ·• ·· Max Tre;i'tinb Pressure 
·.,· . ·. · .· MaKSluri:Y. Rate . .. · ·.' fvlax Prob Cone 

.· ,· . · ··· ·. Ava Treatina Pressure 
Ava Sfurrv Rate 

.·. . . · Ava.Pfoo Cone . .· 
Clean V9lume 

.· ·.·.·. . · SIUrrv Volume 
' ->--' _-' '.: - . .AticfVolurne 

-_.- ;: '.'' -- .. ·. . Load to Recover 
. , · .. . 

FR-66 Water 
- -_ . __ -. .. 

·. · 150/o FE Acid .. · .. 

. . · '< • . Hvbor G-35# .Fluid 
.. 

SAND - PREMIUM • 40/70, BLlL!<, SK 
.•. ' . •.•. . . .'. . (100064018) 

.•. SAND - PRE:MIUM - .30/SO, BULK, SK 
( 100009377) 

CHESAPEAKE OPERATING INC EBUSINESS 
Robinson Ranch 4-34-70 I H Interval 12 

Chesapeake_Robinson Ranch 4-34-70 IH_Treatments 6-12 

03-0ct-12 15:38:30 
03-0ct-12 23:47:23 

158.12 min 
03-0ct-12 15:38:40 
03-0ct-12 23:47:23 

9902 osi 
49.8 born 
4.54 lb/cal 
8689 osl 

r 4" 7 b • 
0.61 lb/aal 

n"' 6326.51 .,,,.... Bbl 
,,.., IJ ';" 6713 Bbl 

2000 aal 
6326.5 Bbl 

267• v Bbl 
y'?,,. (',. 64/!> 2000 aal 

6059.5• ....... Bbl 

/7'/, / 7~1P'-" 1741. 75 lOO*lb ::> 

I /4/ ? I 'I t!J -#I= 1971.40 lOO*lb 
I . 

Disclaimer: The average and maximum values (except volumes and bottom hole values) are 
based on the start and end averaging times. 

!!.'1"NZ> ti= :37!,"Jl~d:* 

Tfi!!.tlE SLt/~,e.y v = ~f 3~. s-- "I-- ¥tPP,~ ~ ~I?~? 6'6/'.s 

T-- ~I?~> 
7'~-- '7 -

10 

-
~-

Created: October 18, 2012 at 10:31 AM 
INSJTE for Stimulation V. 4.2.0 (IFS v4.2.0) .I/ 

/?.tJB/A/5.L>/1{ /<:!/f,</c// f'-3'(-?0 /re 
:;;u/ SE v-s·f,,V- 70 w 



Customer: 
Ttlnlty Fu 3367-7-31N·H (Slgs 1·12), SESE S7, T33N, R6JW 
BrettSl1to 
Anadarko Petroleum Corp. 
1099 18th s11eet, Suite 1800 
Denver CO 80202 

Detailed Sta e Summa 

Treatment Details 

Callr&c Service l ine: 
Job Dale: 
Job Type: 
Progr.m Number: 
Servleo Orotr II: 

586 

04124113 

FAD00002SO 
72270 

Elapsed Treating 
Rolt (bpm) 

Clnn Fluld Pumped Sia rt End 
(bbl) Cone. Cor>e. Propp•nl {lb) 

# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

· 22 
23 
24 
25 
26 
27 
28 
29 
JO 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
« 
45 
46 
47 
48 
49 
50 
51 
52 
~3 
54 
55 
56 
57 
58 
59 
60 

· 61 
62 
63 
84 
&S 
66 
67 

Time Press ure (psi) 

h :m:t Mix Min Siu Clt1n C02 N2 Sia e 
0:01:~ , .~'· L. ~28-; ..10.~ ... 1.0.3 l 78.o 
O:IM1 • .§~I , 55.J~ i .38~ , 1.M , . 95.2 
0:22:49 ' ?211 . . 61~ • 38.9 .i ~·~ • \ ' · ..- I.} ..... 497.8 
0:33:05 I _8Jtla .. ~3~ j · MJ.~ I 49.7 , v.rf I,,. 510 1 
0:40:03 \ ~2 1• .®J?_ s3.2. •1 .. 62.,1' 

1
11 737 u 362.8 

0:40:14 · 8128 1~~ l 53.e . 51.8 T, b- ' 7. 476.2 
0'58;04 ; ~f1!'e· ~ .t~t". r-·~1.i : .. ifa:.~.: _ . b I _

1

1 41e.3 
1:06:05 7835 75~1 1 68.l i 63 . ., \L_. 4289 
1:13:49 •1.'.f~1.-7~*r1 ~:2 .. rc..s~i. I ~1~i; 404.9 
1:21:18 1~. !-~ ... m> u.1,,~ ::.o+1€, 361.2 
1.29:06 I : !_328 'i'.~ ! 56.'!. j 4~.5.. I 1 • 386.9 
1:37:24 ; 1.11:48 : 7~1 ·! 56:9.) •. 49,7, ' ~ ::: . ) 412.1 
1.39.12 ' 7_007_ I 7~ I 58.8_;:,_ 5618. l 'j () /» 1020 
t.44:47 1 a~~-- n~ 1 66,e : 56.!1 .I qo , 1 5 
2:31:53 i 6056 • 6396 I 14.3 14.3 I . ' 671.6 
2:36.23 ~.i.i 6!16·; 212· • 2i.2. • ! I 95.2 
2-46:36 .. ?~ .. _ ioc!3 I 63.2. ! . ~-? t ·- _, 1 543.9 
2.-53:03 i ,~~~ ... ~R i ... ~,4 __ •1.~~2.~ .vr"'v 1"f1 l 3408 
2:$9~4 ~ ~ 67:54 l :>.>.1 52.2 -7 7. . 357.3 
3:06:43 '. 1~ ;:.~. i 6u .• -:...~:o .~1 7. 7-~ 1 m .1 
3:17:30 ! 7033 l ~ l 67.9 I 64.2 v I 476 I 
3:25:40 I ~~1 I M?§. --~?;2 ··~ 62;5 . ~1;.i/fl:/Z- 428.4 
3:33:13 ' ]'l<iJ 7()39 I 69.e r ~.6 ' ' °l. • OJ) 
3:40~8 ~ 7J.&6"~'".t0.5§:·) ~,f 1-~2c• 'J../

1
q /) ·/ 1. ' 3302 

3.47. !8 
1
.;7J91 ;. ~!_ l 59.$ · _5! .4 . , ..<"! ; 349.5 

3.55:12 j m1 . 6817 \ SU I 52.4 I ./.• ,":' 415.8 
3:57:05 , 7i_~ I '68&6.!'iu ;_s9.11g""t;,,!1J / 1124 
4:02.17 •. 1597 ( .7!~ " 5~!-§ I .~·~ I .. ,,~ 309.0 
4:03:49 ~s \ 3388 I 151 o t 151.0 " 232.6 
4:13:44 q~r '. 5·i~n 9.t r. e:& ; -· .. i . 9s.2 

4.29.3'1 ! 6g) . ..~72?. ; ,:13,.5 _ •• ~3.6 Vfi-1/ I'(/ l 
4:37:30 , 7541 7~T7 • 6&10 R6 • 
uJ:42 !. rs!i. --, 7-!li_! 58.( !' _67.~ h ft>7 ... f1', P. 
4"50:21 '· 7~7 ! 1411 ! 58.9 .. , 66.,0 .°!' l • ). 
4:57:10 ! ~&1.U,_ ~.M,l 58.9 •. 54.4 tJ q.Aift/Z.''Jl 
5:05:65 •_74.~~" 7t~.t 58,9,_;_54.2 ,.... · ~ 
5.13:s9 Lt~!l:f .., ?~.1 &!.e.; 63,1 .u.f7. , : 
5·2•:58 , I4J2 l .7248 ·'r ~.9 • 52.0 l I' . 
5:20:0s • ·~m · 1»s. ~,e_ ! ~,.1 I ./. !? 
5:34·15 I gm I 7eo4 ' 58.4 ~ 49.8 ' - , . . j 

5.36:00 :·129·c1:·~i l .t(fi ~.o I . f~ . 
5:42;311 88S3 • 6l40 \ 5?.6 I 52.5 ! 8 , 
5:56:3G \'.:~ -r~~- U.4Y ! ·~~ ; : 
6:08:07 ,.,~28.t,. l~~7. f l!>.O ~ ,IQ.O l; ; , ! 
6:16.49 ' 'f!V. •. h~ I ~7.~., 5?.7 f ll{ I '[;> ; 
6:23:5$ I 1~. 

1
. '71~ ~.8_ _ss.3 . .. a j 414.1 

8:30:09 7398 128s l eo.o· 58.7 ;J ~;z, / 365A 
6:38:21 1 fii't 1~)11Jf • 'eo.o ·1 .s.1.~ -,, ~?' ! ; 476.2 
6:46.54 . 7~ · 7142 1 «1.1 ' 56.6 

1 
• .r 0{!-4 47H 

6.54:42 ; 1pL~: 1954_"t . ~:i.· i ~_,9 V .~""~'~G : 428.6 
7-02:14 

1 j,~ ! ?9.'2 ,6'J 2 i 53.8 .;,J .<6 ·11 40~.I 
7:09:35 I 7230 ·1 ?!lo2 80<2 I· ~.7 ,-,, 388.0 
1.H.20 i-;t3ri · me i ~f s1.a, r ~ · . 252.4 

~~!~: -~m! F~m-~ !!:~f~~ 1-~r:~1- ;~:: 
1.29:34 DJ1~, ~-~li5· l·. ~.4" ~.:e , g·z;-1,,. 3054 
7:44'36 : .f#~. · 4t6'\ \4.7. I 14.7 ( ,_ i.w"" 

1 
21.1 

7:50:611 ' ~9 I 53&1 • 14.9 ' IU ! ~ 
8'Cll:21 p i985 • · 5554 • •iii I '46l -· , • 478 9 
8:10:17 I n7016 ; '6455 I 54.0 52:e \J rl-t:/ 11> 472.1 
8·15)9 '.' i¥tLJ~ . ·»-e.'." 52,J ~ /. 61 282.7 
6:20:10 - _7~1!i i ~~ ,I ~9.9 ,..su ~I CP i " 270 2 
6:29:15 • 7285 3900 I ~.a ~.8 '(: I p.e1 280.0 
8:40:12 · -!.097.. -~f#j ·1 -~·~T~~.9. v. 5t...i.! . 513.2 
8:50:21 : ml p 6.7~ - j .. 59·1,) .4,~.~ , /0/~{7 476.3 
8:55:4'4 ~.~-I ~· , . SQ.~ ! · ~.o ! "711 . . W .8 
9-04:26 L -~817 .;. Jl!.~.~. ~,.,_ .. 54A ~: . . . 473.2 

68 9:06:50 r ~1~.i .. ~. l .49.2, ; i .5:1. l __ ...:=::; . l 108.3 
69 9:16:02 .~.I 67~). 49.~ 4 ,44,2 : l ~ 406.0 
10 1>:24·so -~•9.:. ~. W4 I ~0.2. · . ~3.~ : . .• 381.0 
71 9:35:36 ~ ~ , ~ 1 .19.3 1 _42.5 ! I~, .. 457.6 
72 9:45:04 .3~. } .. ~ l 49.t.; .. ~3,Q l .' . ~ ... ,. . 407.6 
73 9.47:06 69e$ $488 J' 49.3 49,3 l flVVV' ~ 100.3 
74 9:53:08 I ~f~~ .. i~'-699( . 49.1 'I ~?.i'. i .. -. I . 295.8 
15 10:09:50 I· ~3.~<-l--~.l.. t. ,~.9 , 1_5.o_, _ . ; 
1& 10:14:36 1. ~, .. ,"s'~-: .. ~.o (-20.~ r ., . _ i 
77 10-23:30 .... ~.= ) .. §!~'t~ 1. 63,~ • ~.51.f,..., // I :P ! 
78 10:32:10 • .. ~J!(-1 , -~+ 56.6 , \ .~.3 y.J<'- ~ 
79 10:38:56 I 6771 , 6668 ~.6 ' 55.~ a 91 I 
60 10:47;46 i' ej~g '6<ii9 . S6.e·I 54.1 4') t . .. . 

(PPll (ppg) 
Total Sta e Total Sta e Del.l lls 
76 O I 'Pump in. (linear Gel} · Siaoe I 
1732 •Add - j15% HCIJ~ r,;::;:.~ "(:/; D 
671.0 . Pad- tD)'naFlow·2WRJ @~ & 
1181.1 0.47 0.47 10000 10000 0 sm Sand · IDynaflow·2\~ I Saod. 100 Muhj 
1543 1 o 48 0.48 7283 17283 ·o.5 ppg saod. (DynaFlow-2\NR / 'Miiie Sand. 4ono1 
2019.9 0.85 0.85 17000 ~283 ! I PPO Sand· {O)'naAow·2~ /W~to Salld, 40/70) 
24962 I 40 1.40 28006 62289 l .5 ppg Sand · (OynaFfow.2WR/V-.l\tte Sand, 4000) 
2925.1 1.90 1.90 34226 96516 '2 ppg Sand· [0ynaFlow-2WR I v-.tite Sand, 40/70) 
3~.o 2 40 2.40 40614 137330 lu ppg Sand. (DynaFlow-2WR /'Mine Sand. 40/701 
3711.2 2.96 2.98 47711 185041 3 ppg saoc1 • l0ynaFJoo;~2WR /\~i1e Sand. 4ono1 
4098.1 3.23 3.23 52500 237541 3.5p1>9Sand-(0ynaFIOW-2WR/'Mlllo S an<l, 4M OJ 
45 f 0.8 2.92 2.92 50680 288221 3.5 PP9 Sand· [DynaFlow·2WR I Prime Plus, 40/70f 
4612.8 v #288221 Sweep·(OynaFlow·2VIRJ 
4930.3 sAtV'D ~~6', 'ZI· 288221 Sweep· ll.intarGe1L. 
5601.9 '-+ 3 I I 6i·i s 288221 PUfl'9 n · llinm Gtij . Ball Seat S11ge 2 
5697.1 288221 Add - l15%HCI) f« JE_ ~ 
6241 .0 °26822 I , Pad· (DynaFlow·2WRJ ~/ /l (;. i!!=V 
6581.8 0.25 025 3576 291799 0 .26ppgSand-tOynaF1ow-2WR / Sand, 100MeshJ .r-r. 0 
6939.1 0.50 0.50 7503 299302 0.5ppgSand·(OynaF-2WR / WhileSantl, 40f70J ;::. 1 ~ 
74152 1.00 1.00 19996 319296 1ppgSMd·[[)ynaFlow-U'R / V-.l\tttSand.40l70j 
7891 .3 1.50 1.50 29994 349293 1.5 ppg Sand· (Oynaf k>N-2WR /\\Wte Send, 40/701 
8319 7 2 00 2.00 3S9S6 335276 ·2 pPO Sand - t0ynaFIOW·2WR /'Mllte Sand, ~MOJ 
8723 4 2.60 2.50 42389 427667 2.5 ppg Sand · J0ynaFIOw·2WR I V-.tiile Sand, 4000) 
9103.6 3.00 3 .00 47905 475572 J ppg Sand · [l>ynaFfem.2WR /'Mllte Sand, 40fl0) 
9453.1 J.50 3.;;<) 513n 526949 3.5 WO Sand · (()ynaFiow.2WR I 'Mlite Sand, 4onO) 
9868.9 2 76 2.76 48260 · . • ~75209 3.5 ppg SM<! - l()ynaFloo-2\~f Prime Pfos, 40f70J 
9961 3 l/s .,8 / -1F515209 swe ..... - 1"'-· F1ow-. 2WRJ 

10290
'.
3 

"'A!{f> ...<,. 0 j •r ~ .. ~ 
><• I bb/S 575209 Swtep-[l near Get) 

10522.9 ~ 3 0 575209 :Pun~ In · [U'le•< Gel] · Ba.~ Seat Stage 3 
10018.1 575209 Mid - [15"' HCq r,:;::: ;;) 
11306.9 575209 Pad- (DynaFlow-2WRJ l,j5TA&E. ~ 
11764.0 ; 052 0.52 585209 0.5ppgSand - [0ynaF-2\-.1HSand, 100MeshJ 
12121.2 0.50 0.50 592709 0.5 PPO Sand· [0ynaF~;~2WR I \"'"I• Sand. 40no1 
12492.6 I 15 1.15 6io709 1 ppg Sand · (0ynaFlow·21'~ 1\ .. M e Send, 40fl0) 
12864.1 1 79 1.79 &38709 1.6 ppg Sand - (0ynaFlow-2WIH 1'"11te Sand, 40/70) 
13338.8 1 90 1.90 676590 2 pPO Sand - (0ynsFlow-2WR l\"1ilo Saod. 40n0) 
13766 7 2.40 2.40 719722 !2.5 PP9 Sand · [DynaFlow-2\\'R/\\tlte Sand. 40/70) 
14160.5 290 2.90 770123 13ppgSand · [DynaFlow-21VR/WliteSancl. <COl70) 
14546.0 3.30 3 30 ~658 820781 '3.5 PPQ Sand - [OynaFlow-21'.R / \"'111e Sartd, 40fl0J 
14803.3 3.sO 3.50 ' 37825 ·_u-656606 !3.6 PPQ Sand - (O)onaFION·2WR 1..JI PeID!U:W,s J4,2,0fl~Ol!L---:L"=r-.., 
14903.5 ,/cou p .,8/ .307.}1158606 :eep-(()'/~2WRJ "" "T'L- ..,, /<A() 
15247.3 . V. ,,.,,,. .....,_ I I 858606 Sweep . tat e "v ,. c., vu 

15480 I L'>- '30 lf bb'/5 858606 I Pvmpin·\ltnearGelJ·Ba~USe ge4? . 
1~75.3 658606 Al:id·(l5'i.HCq srl1& F-y 
16077.2 658606 Pad·(C>111aAo.v-ZWR) '-~-'---
16491 3 0.57 0.57 10000 668606 I0.5 ppg S•nd - (OynaFlOW·2WR I Sand, 100 Pl.eshf 
16858.7 0.50 0 so 7673 870279 . 0.5 ppg Sand - (Oynaf10',y.2WR/ 'Mlite Send. 40flOJ 
17332.9 t.00 1.00 20000 896260 11 ppg Sand · (Dyn~Flow-2WR I V-.tiitt Send, 40/70) 
178103 138 138 2770G 923986 1 .5pPQSend ·.IOynlFlo'11·2WR/\\~teSIOd , _4MOJ 

t8238.9 2.10 2.10 37803 961766 2ppgSand-(f)ynaFlow-2'MHWllileS1nd,40/70) 
18644 0 2 60 2.60 44237 1006026 2.5 PP9 Send· (OynaFIOW·2V'.R / 'Miiie Send. 40t70) 
19032 0 3 10 3 10 50518 1056543 13 PP9 Sand· (Oynaflow-2WR/~e Sand, 4MOJ 
19284.4 3.60 3.60 38163 1094708 3.5 ppg Sand · (DynaF1o'H·2WR / \'lhlle Sand, 4MOJ 
19722 2 2 64 2.64 48600 1143306 , 3.5 ppg Sand· ( 0ynaFkw~2WR I Pl1me !".us, 40/70) 
19822.8 , /. .., 0 ,L 1143306 iSwetP. . (Dynafkw;.~v.fl) 
20128.2 v>'111) ....,. o !) IS 1143306 SWl!ep . (Llneat Gel) 
20349.3 L-,, 30. I bb 1143306 PU<ll> In. (U11e11 GelJ · Ball Sea.I. Staoe 5 r-7\ 
20444.3 1143306 Acl<l·(lS~HCq @T/JG £. V 
20923 2 1143306 Pad - (Oynaflow·2WRJ -
21395.3 0..50 0.50 10000 1153306 0.5.PPO Sand,. J OynaFk1-Y·2WR I ~·nd, 100 Mesh) 
2\678.0 0.50 0.50 5937 1159243 0.5 ppg Sand · (Dynafkr,y.2WR I WMe Sand, 4MO) 
21948.2 1159243 Flush -(lheN Gel] · Sho:down 
22228.2 1159243 Pad - (Dyn1Fkr,y.2WRJ 

1 
L 3 

22741.4 100 1.00 21554 1180797 I ppg S1nd · \DynaFlovt2\'VRIV'.tllleSaod, 40f70) 7 f" 
23217 .7 1.50 1.50 30007 1210804 1.5 ppg &Ind ·J OynaFj0\¥-2\'.R .~ \',hl e San<l._4onOJ 
234'55 5 2 00 2.00 20815 1231619 2 PP9 Sand · .(DyneF!ow-2\'>'R /Wll11e Sand. 40fl0) 

. 23938.7 1231619 Sweep · (Unear Geq 
24047.0 2 00 2.00 9097 1240716 2.0 ppg Send· ([)ynaFIOW-2WR/V\ttite Sand, ~0170J 
2"453.0 2.50 2.50 42630 1263346 2.5 ppg Sand· 10ynaFk>N-2WR / 'Miiie S1nd, 40fl0) 
24833.9 3.00 3.00 48000 I 3313-46 3 ppg Send - (l?"fJ\af la,y.2\'JR / l/\'1~e Sand, 40f70) 
25291.5 3 .50 3.50 67267 1398813 3.5 ppg Sand · J0ynal'low·2WR / l/\bto Sllld, 4MOJ 
2569~.1 2.92 2 92 50000 1446613 3.5 ppg Sand· (OynaFlow-2WR I Prime Plus, 40/70] 
25709.4 V 519.\'7> 30,S;, ,,,oz :.1Ft«6613 SWeep-(D1noF1oW-2WRJ 
26095.2 0 2...tf b'b/$. 1448613 Sweep - (Ul\earGetf 
26345 4 );> ..3 1448613 PUlll> In - [L..,eat Get) - Bell Se~t lag.ii <' 
26:440.7 144~13 .bdd • (W~ HCIJ $ T /9 G-/::_ ~ 
26916.2 144861J Pad· (DynaF!o.v-21.mJ 
27;195.8 0.50 , 0.50 10072 1458685 ,o.5 ppg Sand : l[)ynaFlow-2WR i Send, 100 Mesh) 
27n 1.5 0.50 0.50 7890 1466575 0.5 ppg S1nd - (Dynaflo\Y-2WR / \',hi\e Send, 4MOI 
282477 I 00 1.00 20000 1480576 I ppg Sand- [0ynaFlO'N·2WR / White Sand, 40/70\ 



Chesa~eake Robinson Ranch 4-34-70 1 H Niobrara Well (sw se 4-34N-70W} 

Parameter ~15!9!:11 ~15!9!:12 ~15!9!:1 ~ 
Last Perf 

Perf Interval 14 ,655-66 ft 14 ,355-56 ft 14,055-56 ft 
24 Perts per Stage 14,580-8 1 ft 14,280-81 ft 13.980-81 ft 

4 Intervals per Stage 14,505-06 ft 14,205-06 ft 13,905-06 ft 
6 Perts per Interval 14,430-31 ft 14.130-31 ft 13,830-31 ft 

Interval Avg 289 ft 
Pump Time (minutes) 137.8 152.2 153.2 

Max Pressure (psi) 10,613 9,203 8,258 
Avg Pressure (psi) 8,753 8,131 7,426 

Avg Q (bbls/min) 49.1 46.6 46.6 

Max PPG 4.09 5.08 5.16 
Avg PPG 1.31 1.36 1.59 

Sand 40/70 Mesh (lbs) 159,800 165,900 159,920 
Sand 30/50 Mesh (lbs) 228,140 287,130 289,120 
Total Proppant (lbs) 387,940 453,030 449,040 
5,197,467 lbs Total 

Acid (gals) 2,000 2,000 2,000 

Slickwater (bbls) 307 430 395 
Hybor G X-Link (bbls) 6,041 6, 181 6,258 
Slurry Volume (bbls) 6,766 7,100 7,137 

C:\lotus\worl<\123\Robinson Ranch 4-34-70-1 H Niobrara Frac.123 

@ 

Summary of Fracture Stimulation 

~15!9!:14 ~15!9!:1 ~ Staae 6 Staae 7 Staae 8 

13,753-54 ft 13,451-52 ft 13, 149-50 ft 12,847-48 ft 12,545-46 ft 

13,678-79 ft 13,376-77 ft 13.374-75 ft 12,772-73 ft 12,470-71 ft 

13.603-04 ft 13.301-02 ft 12. 999-00 ft 12,697-98 ft 12,395-96 ft 

13,528-29 ft 13,226-27 ft 12,924-25 ft 12,622-23 ft 12,320-21 ft 

143.6 140.9 144.9 147.3 143.1 

10,916 11 ,382 11 ,011 8,651 6,563 
7,424 7,505 7,913 5,761 5,990 

49.3 50.2 49.4 47.6 48.9 

5.05 5.05 5.08 5.17 5.15 
1.74 1.87 2.42 1.68 1.05 

150,145 162, 170 164,510 160,189 160,676 
288,236 286,747 278,821 287,738 287,629 
438,381 448,917 443,331 447,927 448,305 

2,000 2,000 2,000 2,000 2,000 

376 362 374 333 325 
6,227 6,220 6,299 6,195 6,181 
7,076 7,066 7,151 7,011 6,990 

Staae 9 

12,243-44 ft 

12, 168-69 ft 
12,093-94 ft 
12,018-19 ft 

137.9 

10,409 
7,106 

50.2 

5.10 
1.05 

157,935 
287,770 
445,705 

2,000 

298 
6,147 
6,926 

Staae 10 Staae 11 Staae 12 Averaae 

11 ,941-42 ft 11 ,639-40 ft 11,337-38 ft 

11 ,866-67 ft 11,564-65 ft 11 ,262-63 ft 

11 ,791-92 ft 11,489-90 ft 11 ,187-88 ft 
11 ,716-Hft 11,414-15 ft First Perf 

146.8 138.0 144.0 144.1 

10,495 10,835 9,902 
7,558 8,350 8,689 

47.4 49.7 46.7 48.5 

5.13 4.75 4.54 
1.65 1.93 0.61 

160, 150 166,820 174,175 
286,616 249,990 197,140 
446,766 416,810 371 ,315 433,122 

2,000 2,000 2,000 

293 307 267 
6,182 6,108 6,060 
6,957 6,865 6,727 6,981 

Chesapeake Exploration 

Docket 1564 - 2015 

Exhibit E - 3 



® 

Calculation of a Created (Propped) Fracture Area: Robinson Ranch 4-34-70 lH Niobrara 

The Crawford equation for the calculation of the Created Frac (Propped) Area: 
A = VI ( W + 3 x C x T"0.5) in sq ft 

V = Slurry Volume = ( 6,981 barrels ) x ( 5.615 cubic feet per barrel) = 39,198 cubic feet 

Note: typical horizontal-well frac-treatment stages are 5,000 barrels total slurry with about 250,000# proppant. 
The Robinson Ranch 4-34-70 lH well: average slurry volume of 6,981 barrels with 433,122# proppant. 

W = Fracture Width = 0.04167 feet 
C = Fluid Loss Coefficient = 0.0015 feet per square root of Time 

T = Pump Time = 144.1 minutes average per stage 

Created Frac Area = 39,198 I [ 0.04167 + ( 3 x 0.0015 x 144.1 "0.5) ] 
Created Frac Area (for 1 stage) = 409,641 square feet 

The Robinson Ranch 4-34-70 lH well: 4 "mini-fracs" per stage in a cemented liner: 
a) Average spread of289 feet of horizontal length, and 
b) placed by limited-entry perforation design. 

Each "mini-frac" will have a created frac area = ( 409,641 square feet) I 4 = 102,410 square feet 

Propped Frac Length (One-Wing) = Xf = 181 feet 

The Crawford equation & methodology are taken from SPE Paper 12064: 
"Proppant Scheduling and Calculation of Fluid Lost During Fracturing" by H.R. "Randy" Crawford, Conoco, Inc. 

Chesapeake Exploration 
Docket 1564 - 2015 
Exhibit E-4 



® 

Overhead View of Horitontal Niobrara Well 
"' :::=- Unstimulated Vertical Niobrara Well:I A = 1.25 acres 

Drainage Radius R = 132 feet 

For 1,280 Acre D&S: 
Total Maximum L = 9,900 feet 
L = 10,560 - 2 x 330 = 9,900 feet 

Toe I Heal 330 feet 

Multi~le Transverse Fractures 
Xf = Fracture Half-length = 187 feet maximum 

Smith Creek 6-32-70 A SH Well 

____. 330' 

Transverse Drainage Radius: 
R + Xf = 319 feet Niobrara 

132 + 187 = 319 feet 

Side Setback 

Drawing Not 
to Scale! 

Total Area@ 1,280 D&S (Joshi Method #2) = pix RA2 + 2 x Rx L + 4 x Rx Xf + 2 x Xf x L = 149 acres 

OOIP for Spherical Ovoid = 7,758 x 149 x 40 x 0.065 x ( 1 - 0.21 ) / 1.44 = +1.6 MMBO 

C:\lotus\work\123\Horiz Well & Fracs 1280 Niobrara 330 Setback 330 Toe.123 

Wold Energy Partners 
Docket 274 - 2017 

Exhibit E -9 



./~¥,5;f;;*q*\ 
= 136feet ,;J: 

.,~-~Ji~~itfbi:f\l~}f~~ 
Figure 12-Hydraullc and effective fracture geometries 

Seedy Draw Field ( T40N -R63W) 
SPE-182502-MS 

Evaluating the Application of Unconventional Resource Extraction 
Technology to a Conventional ('.>lay 

Olubiyi Olaoye, Sanjel; Charles Durkoop, Reed-Johnson, and Daniel Anderson, Vermillion Energy; Bilu V Cherian, 
Kristina Kublik, Santhosh Narasimhan, Mariah Atkinson, Hamza Shaikh, James Gray, and Rafif Rifai, Sanjel 

Turner Reservoir approx. 4,900 ft TVD 

Avg{lj = 14% Avg K = 0.002 to 0.1 md 

1•t Well 14 stage frac: 42,000 lbs 20/40 sand/ stage in uncemented liner 

2nd Well 14 stage Frac: 114,000 lbs 20/40 /stage in cemented liner 



® 

Summary of Whiting Petroleum - Colorado Docket 1303-AW-17 

Cause No. 535 
DocketNo.1303-AW-17 

Request for 8 Niobrara wells per spacing unit with JOO:ft setbacks 
Order No. 535-296 

Date: March 25, 2013 

Engineering testimony of horizontal Niobrara wells in Wattenberg Field: 
Analysis of data from downhole pressure gauges 
Analysis of rate transient data 
Economic analyses 

Conclusions: 
Justified 16 wells per 640-acre and 960-acre spacing units 
Calculated an effective propped frac wing ( Xf) = 105 feet 

Commission Orders: 
Treated interval of the well no closer than 200 feet from another well 
Treated interval of the well no closer than 100 feet from unit boundary 
Eight horizontal wells in Niobrara per spacing unit (total 21) 

Chesapeake Exploration 
Docket 910- 2013 

Exhibit E -17 
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TEST CONDITIONS: 
2.0 LBS/FT2 Concentra tion 
200° F 
2% KCL 
10 in2 Linear Flow Cell 

*Tests were conducted according 
to tentative API recommended 
procedures on field samples. 
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Summary of Selected Frontier Horizontal Wells in the PRB 

Surface Frontier Production Producing KfEUR KfEUR KfEUR Joshi#2 

Count .w£.l1. J.Ql;afum ~ ~ !;;s:im12l1:tis:io ~ ~ ~ ~ M&l MllW B.Q.E. D.rain.A 
1 Chos. Waaonhound 33-71 30-1H so SW 3G-33N-71W 09-28261 11 Staacs: 3 MM# Cemented 10-10 thru 2-16 84,300 422 255 254081 171 891 319 500 68 

BHL: nc nw 30-33N-71W L • 3,558ft & Xf • 142ft 

2 Chos. Waqonhound 33-72 13-1 H no nw 13-33N-72W 09-28255 14 Staqcs: 2.8 MM# Uncomcntod 8-10 thru 11-16 111,703 375,260 117 607 247 860 390,333 S4 
BHL: so SW 13-33N-72W L • 3.142ft & Xf • 343ft 

3 Slawson Thunderbolt 1-2H SO SC 2-37N-74W 09-28215 7 Staacs: 57340# 100-mosh & 593 660# 30/30 ISP Unccmcntcd 9-08 thru 7-16 83 321 20 355 17488 138 41 144.833 
BHL: SW no 2-37N-74W L • 3,953 ft 

4 Hells Hcnrv Land 15-7/6H SW SQ 7-37N-74W 09-28535 L" 8,724' 2-14 thru 11-16 130,335 1S4177 127,237 3n 506 461.333 
BHL: nw no 6-37N-74W 

5 Hells Fcderal 16-10/3FH so sc 10-37N-74W 09-28417 28 Staacs: 3.1 MM# I 4 staacs mlsslna l Cemented 11-11 thru 11-16 442 883 483 034 79047 726 889 874167 162 
BHL: nc ne 3-37N-74W l.=8,691" & XfD156ft 

6 Hells Fcdcral 15W-10/3H SW SO 1Cl-37N-74W 09-29135 5-14 thru 11-16 357.925 519,853 64.542 621 S48 n9,ooo 
BHL: nw nw 3-37N-74W 

7 Hells Hcnrv 14-11 2H SO SW 11-37N-74W 09-28669 27 Staoos: 2.9 MM# Uncomontod 8-13 thru 12-16 230 51 1 361 355 85935 458 803 591 833 182 
BHL: nw nw 2-37N-74W L •8,046ft & Xf=235ft 

8 Hells Hcnrv Fcdcral 41-15H nc no 15-37N-74W 09-28240 12 SlaQCS: 1.52 MM# Cemented 5-10 thru 11-16 197,904 385,281 75,236 304 648 412,000 
BHL: SW SW 15-37N-74W L•4,750ft & Xf=127ft 

9 SM Dandv State 3774-16-21-1FH no nw 16-37N-74W 09-28682 Staacs not rcoortod: 3.58 MM# Uncomontcd 11-12 thru 11-16 285,337 620,676 52.080 590 1,099 n3,167 
BHL: so SW 21-37N-74W L • 9,347 ft & Xf unknown 

10 Hells Hcnrv REV 3W-17/20H no nw 17-37N-74W 09-28560 TSI' months in c~r1v 2016 9-15 thru 11-16 50.S48 78.920 49.791 167 302 217,333 
BHL: sw SW 20-37N-74W 

11 Wold Henry 3n4-44-17H SC SO 17-37N-74W 09-28545 19 Stages: 2.05 MM# ISP Unccmontod 2-13 thru 11-16 119.216 945,324 31,938 198 1.573 460,167 
BHL: no M 17-37N-74W L • 3,630ft & Xf• 231 ft 

12 Wold Fcdcral 41-20-3n4FH no no 2o-37N-74W 09-28528 19 StaQCS: ProooSOd 1.84 MM# Uncomcntcd 1-13 thru 11-16 147.568 1,707,692 21.964 213 3,120 733,000 
BHL: so so 20-37N-74W L = 3.6S4ft 

13 SM Black Jack 3774-22-27-1FH no nw 22-37N-74W 09-28794 29 Staaos: 4.3 MM# Sand Uncomentod 3-14 thru 11-16 205.494 259,391 S4,391 658 835 797,167 250 
BHL: SW SW 27-37N-74W L=i 10.148 ft& Xf 11: 1.000 ft ISM\ & Xf 111 283 ft /Crowford) 

MICRO-SEISMIC: N 70 E ORIENTATION 

14 Hells Hornbuckle 14-31/30H SO SW 31-37N-74W 09-28421 Actual 28 StaQCS: 3.5 MM# ISP+ 83.751 bbls Cemented 11-12 thru 11-16 180.753 216,766 133,147 430 547 521,167 151 

BHL: nc nw 30-37N-74W L • 8.140 ft & Xf • 152 ft !Crawford! 
Proooscd 28 Staaes: 3.4 MM# ISP+ 90.871 bbls 
Xf • 164 ft (Hells) & Xf • 165 ft (Crawford) 

15 Hells Hornbucklo 16-32/29H so so 32-37N-74W 09-28422 28 StaQCS: 3.92 MM# Uncomcntcd 11-13 thru 11-16 190.508 n2,793 160,638 321 1.084 501 ,667 
BHL: no nc 29-37N-74W L = 8.704 ft & Xf " 151 ft 

16 Hells Hornbuckle 15-33/28H SW SO 33-37N-74W 09-28537 Proposed 28 Stages: 3.8 MM# ISP Unccmcntcd 2-13 thru 11-16 351,665 372.178 145,938 654 751 n9.167 

BHL: nw nc 28-37N-74W L " 7,922ft & Xf • 178ft 

17 Hells Hornbuckle 14W-33/28H SO SW 33-37N-74W 09-29295 30 StaQOS: 3.4 MM# ISP Unccmontcd 2-14 thru 11-16 267,897 328,832 99,383 590 761 716,833 161 
BHL: nw nw 28-37N-74W L • 8 820 ft & Xf • 147 ft {Crawford l 

Staqo 1 Slnalo Port • R«naww...., $" ........... 3 Clu:stor5/Sr.'WV\ 

SlGMA3Modol: Xf: 193ft. f t:t.kon to <0.101b/saft) 

18 Hells MBU 7/121H aw nw S-.37N·75W 09-28788 22 SU.qcs: 2.63 MM# ISP Cemented 2-14 thru 11-16 14,9S4 12,693 54.896 21 18 24,000 

East· West Orionbtion BHL: $W nw 12-37N-76W L • 9.015ft & Xf • ??? 

® 
Wold Energy Partners 

Docket411 - 2017 
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Summary of Selected Frontier Horizontal Wells in the PRB 

Surface Frontier Production Producinci KfEUR KfEUR KfEUR Joshi#2 
C:ount .w£l.l. LllkatiM ~ ~ Qamllllltiaa ~ ~ ~ ~ MS.Q ~ SQ.E. llm.in.A 

19 Hells Honrv 3W-13/24H no nw 13-37N-75W ~-29417 2-15 thru 11-16 197 026 521 074 40149 
BHL: SW SW 24-37N·75W 

20 Hells MBU Hom buckle E-28121 H SW SO 28·37N·75W 09-29742 18 Staacs: 3.09 MM# Uncemcntod 3-15 thru 1-17 115,332 236,928 122.650 391 762 518.000 
BHL: nw no 21-37N-75W L = 8.878ft & Xf • 1S2ft 

21 An•d4rlto Pinc Gulch 29-44H so so 29-37N-75W 09-28165 7 StaQOs: 1.29 MM# Versa.Proo Unccmcntcd 9-08 thru 8-16 38.298 154.878 35.909 60 272 105.333 
BHL: SW no 29-37N-75W L • 3.035ft & Xf a 249ft 

22 SM Allemand 12-2/1H nw SW 2-38N-7SW 09-28824 30 Staaos: 4.37 MM# Uncomontcd 2·15 thru 11-16 10.484 90.927 28,346 18 133 40,167 
East · West Orientation BHL: so so 1-38N-7SW L • 9.07411 

23 SM Roger Leo 3875-20·29-1FH no no 20-38N-75W ~-29320 29 Stages: 4.4 MM# Sand Un cemented 3-15 thru 11-16 135.946 319.190 176.108 251 703 368.167 
BHL: so so 29-38N-75W L = 8,490 ft & Xf = 279 ft {Cr:iwford) 

S.nlcl Model: 300 ft hloh bv 800 It Iona 

24 Hells P•ttorson 14W-36/1/12H SO SW 36-38N-75W 09-29594 30 Staaos: 3.4MM# ISP Uncomcntod 9-14 thru 11-16 210,814 343,882 71 ,257 594 957 753,500 201 
BHL: SO SW 12-37N-7SW L = 9107 ft & Xf = 209 ft (Hells l 

25 SM uvna.mlto 3975-16-21·1FH nw nw 16-39N-75W 09-29319 36 Staocs: 4.54 MM# ISP Uncomcnted 7-14 thru 11-16 88141 452809 146,237 216 1,438 455,667 
BHL: SW SW 21-39N-75W L = 9,896 ft & Xf = 274 ft !Crawford\ 

Schlumbcrocr: 300 ft hlah bv 1,000 ft lono 

26 SM C•ctus 3976-35-36-1FH SW SW 35-39N·76W 09-29691 30 Staacs: 6.0 MM# Uncomontcd 7-15 thru 11-16 99,134 251 .419 129.917 177 500 260,333 
East · Wost Orientation BHL: so so 36-39N-76W L • 9,219 ft & XI • 286 ft I ??7 l 

27 SM Loco Fed. 4074;-941FH so so 9-40N·76W ~-28878 32 Staaos: 4.2 MM# ISP Unccmcntcd 6-13 thru 11-16 182,747 547,005 149,633 313 1,353 538,500 212 
BHL: no no 4-40N-076W L • 8,852 ft & Xf • 273 ft !Cr:iwfordl 

28 SM Fl•sh State 4076-13-24-1FH nw nw 13-40N-76W 09-28853 30 Staoos: 6.78 MM# ISP Uncomontod 9-14 thru 11-16 125 726 286,914 138,223 297 730 418,667 
BHL: SW SW 24-40N-76W L • 9.122 ft & Xf = 700 ft (SM) & Xf :a 322 ft (Crawford) 

29 SM Razor State 4076-1 2·1·1FH nw nw 13-40N-76W 09-29095 30 Staacs: 4.46 MM# ISP Unccmcntcd 10-14 thru 11-16 117,185 263 951 99,9n 437 900 587,000 
BHL: nw nw 1-40N-76W L • 9,359ft & XI• 280ft 

30 Anschutz Buster 4176-12-24TH SW SW 1-41 N-76W 05-02567 17 Staoos: 3.2 MM# Un cemented 1-16 thru 11-16 8,292 16,872 22,141 40 80 53,333 
BHL: so SW 12-41N-76W L • 4 7nlt & Xf • 319ft L.anco ??? 10-15 thru 12-15 8,487 12,052 26 698 

31 Dovon lbcrtln Ranch 044176-1XFH SO SW 4-41 N-76W 05-61926 25 Staoos: 11.94 MM# Cemented 1-14 thru 11-16 215,289 421 .208 96.776 512 820 648,667 193 
BHL: nw nw 33-42N·76W L • 8.723 ft & Xf • 227 ft !Crawford\ 

WOCCCC: 41N for BHL tbalbw1on Modal: $0 ft h~ bv 518 ft ._ 
Has to bo42N 

32 Dovon Pino Tree IRF 044176-4FH no no 9-41 N-76W 05-02228 Frac onlv 2 of 27 staoos & L = 259 ft 4-15 TSI 0 0 0 
BHL: no no 4-41 N-76W Devon: TSI "'dcorcsscd economic environment"' 

33 Anschutz Shadow 4176-9-24TH nw nw 9-41N-76W 05-62568 9-15 thru 11-16 127,460 202,993 48,369 255 638 361.333 
BHL: so sw 9-41N-76W 

34 SM Trlaaor Fod. 4176-16·21·1FH no nw 16-41N-76W 05-02135 9-15 thru 11-16 127 423 336 583 66 702 399 1185 596 500 
BHL: SW SW 21-41N-76W 

35 SM Taraot Fod. 4176-17·20-1FH no nw 17-41N·76W 19-30015 30 Staoos: 4.41 MM# ISP Uncomontod 10-14 thru 11-16 161.326 286,874 199,962 229 419 298,833 
BHL: SW SW 20-41N·76W L s 9.78411 & Xf • 279ft 

36 Devon lbor11n Ronch Fed 074276-2FH no nw 7-42N-76W 19-29955 3-14 thru 11-16 11 367 20,320 34,063 
BHL: SO SW 7-42N-76W 

® 
Wold Energy Partners 
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Summary of Selected Frontier Horizontal Wells in the PRB 

Surface Frontier Production Producing KfEUR KfEUR KfEUR Joshi#2 
Count ~ ~ ~ ~ !;<gmgleli!:!D ~ ~ ~ ~ MBQ. MM!:! 6.0..E. Orain.A 

37 Devon lbcrlln R.>nctt Fod 194276-2FH SC sw 18-42N-76W 1S-29953 7-14 tl1ru 11-16 56,779 85,892 27,681 
BHL: SW SC 19-42N-76W 

38 Devon lbcrlln R.>nctt Fed 184276-2FH SO SW 18-42N-76W 19-29956 11 Stoqos: 5.14 MM# Cemented 6-14 tttru 11-16 37,423 46,876 37,856 103 137 125.833 92 
BHL: no nw 18-42N-76W L • 3 935 ft & Xf • 226 ft !Crawfordl 

H;>lliburtoft Modol: 60 ft hloh by 518 ft"""' 

39 Wold Molavc Fed. 4277-25-31FH SC SO 25-42N-77W 19-29723 13 Stoacs: 2.91 MM# Unccmontod 2-13 tttru 1-17 142,663 287 748 59,768 194 400 260,667 102 
BHL: nw nc 25-42N-77W L • 3,796 ft & Xf • 295 ft 

40 Wold MoJavc Fed. 4277-23-31FH no no 26-42N-77W 19-29924 14 Stoacs: 3.2 MM# Cemented 5-14 tttru 1-17 25 539 32216 45843 115 203 148,833 76 
BHL: nw nc 23-42N-77W L = 4,029 ft & Xf • 138 ft (Crawford) 

41 Wold Molavo Fed. 4277-23-34FH no no 26-42N·77W 19-29925 5-14 tttru 11-16 88417 117,088 69.521 
BHL: SW SO 26-42N-77W 

42 Wold Molavc Fed. 4277-22-41FH nw no 27-42N-77W 19-29887 13 Stoacs: 2.94 MM# Comcntcd 2-14 t tlru 11-16 42,756 44127 69,722 120 170 148,333 
BHL: no no 22-42N-77W L • 3,529ft & Xf • 134ft 

43 Wold Molavc Fed. 4277-27-44FH nw nc 27-42N-TTW 1S-29847 2-14 thru 11-16 84,390 138.578 81.045 
BHL: so so 27-42N-77W 

44 SM Rush Stotc 4277-36-1FH nw no 36-42N-77W 19-29'86 4-14 tttru 11-16 119,359 203,059 93,612 
BHL: SC SC 36-42N-77W 

45 An.:adarko nnn1 vc43n-16-11FH SO SW 16-43N·77W 1S-29944 13 Sbges: 2.66 MM# Uncomontod 10-13 thru 11-16 15.579 6.598 43.034 40 21 43,500 95 
BHL: nw nw 16-43N-77W L • 3.545ft & Xf • 286ft 

Koy Missing Well: Chosopcoko Waoonhou d 23-1H Woll In Soctlon 3ofT33N- 72W: "Conventional" SS Front/or ??? 

Kev Pot:1motors for EUR Dotormlnotion In I SPowerTools: $80/b I+ $2 / Mcf + $2.000 I month LOE r Aaarox. 1 BOPD J 
DccJino Curvo Dcf:iult From Hunl'rbo/ic to w-nr.ncntial 6% I yo:ir. C ongeFrom 1 ronslent Flow to Boundarv-Domlnoted Flow 
Oil & Gas Curves •acst Fir- to Rato versus :Um Plots 

8 Nort11-Sout11 Wells - C• montod Liner I Coslnq: Totol L • 45,355 feet (avg 5,669 ft/ well I Tobi EUR • 2,481 nBO ( avq 10MBO / w ~II I Avg 54.7 Olft 
Hlattcst Xf • 227 feet [ avq 163 feat I Tobi EUR ~ 4 305 nMct I •va 38 MMcf I '•II I Av q 94.9 net I ft 
Totol 142 Stoacs: Avg 319 ft I sbqo 

22 Nort11-Sout11 Well .. Unccmcntod Liner. Tobi L = 156,047foct I ava 7,093ft/wcll J Tobi EUR m 7,129 nBO I ava 24MBO / "' e11 1 Av q 45.7 IOI ft 
Hlqttcst xr • 343 feet 1 ava 252 feet l Tobi EUR • 18,96' MMcf I ave 862 MMcf /twclll Ava 121.: Mcf / ft 
Tobi 486 Sbacs: Ava 321 ft I sbao 

3 East-Wost Walls: Tobi L • 27 308 foot r avg 9103 ft I well) Tobi EUR m 216 M 0 I avg 72 MBOl wollB Ava 7.9 B ) I ft 
Hlahcst Xf 11 n/4 Tobi EUR m 651 M cf I ava 21 7MMcf l w Ill Avg 23.8 cf / ft 
Tobi 82 Staacs: Ava 333 ft / sbqc 

® Wold Energy Partners 
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Rate/Time Graph Project: C:\Users\User\Documents\IHS\PowerTools\Projects v9.3\Black Jack 3774-22-27-1FH Frontier.mdb Date: 4/6/2017 
Time: 1 :20 PM 

Lease Name: BLACK JACK FEDERAL 3774-22 (27-1 FH) 
County, ST: CONVERSE, WY 

Operator: SM ENERGY COMPANY 
Field Name: PHILLIPS CREEK 

Location: N37 W7 4 22 NW 

® 

Phillips Creek Field: SM BlackJack 3774-22-27-1FH Frontier (ne nw 22-37N-74W) API 49-009-28794 
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Dominant N70E fracture orientation 
NW trending fracture conjugate set 

• Mostly simple, linear fracs 
• Some moderate complex fracs 

NE t rending zones of low microseismicity 
• Depletion?, Unstimulated? 

Stages 14-18 (?)had several microseismic 
events in 300'x250' zone west of monitor 
well 
Higher pump rates generated longer half
lengths 
Linear progression along half-length 
noticed on several stages 



Rate/Time Grap/fject: C:\Users\User\Documents\IHS\PowerTools\Projects v9.3\Roger Leo 20-29-1 FH Frontier 20-38N-75W.mdb Date: 4/10/2017 
Time: 8:45 AM 

Lease Name: ROGER LEO FEDERAL (3875-20-2) 
County, ST: CONVERSE, WY 

Operator: SM ENERGY COMPANY 
Field Name: SNAKE CHARMER DRAW 

Location: N38 W75 20 NE 
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Snake Charmer Draw Field: Roger Leo 3875-20-29-1 FH Frontier (ne ne 20-38N-75W) API 49-009-29320 
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Rate/Time GrapJfroject: C:\Users\User\Documents\IHS\PowerTools\Projects v9.3\Allemand 12-2-1H Frontier 2-38N-75W.mdb Date: 4/10/2017 
Time: 8:53 AM 

Lease Name: ALLEMAND (12-2-1 H) 
County, ST: CONVERSE, WY 
Location: N38 W75 2 SW 

Operator: SM ENERGY COMPANY 
Field Name: UNNAMED 

Finley Draw Field: Allemand 12-2/1H Frontier (nw sw 2-38N-75W) API 49-009-28824 
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Rate/Time Grapffoject: C:\Users\User\Documents\IHS\PowerTools\Projects v9.3\Hornbuckle 28-21 H Frontier 28-37N-75W.mdb Date: 3/21/2017 
Time: 12:46 PM 

Lease Name: MAPLES BUTTE UNIT HORNBUCKLE (E-28-21 H) 
County, ST: CONVERSE, WY 

Operator: HELIS OIL & GAS COMPANY LLC 
Field Name: SPEARHEAD RANCH 

Location: N37 W75 28 SE 
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Rate/Time Gra,S1Jiect: C:\Users\User\Documents\IHS\PowerTools\Projects v9.3\Hornbuckle 14-31-30H Frontier 31-37N-74W.mdb Date: 4/3/2017 
Time: 12:26 PM 

Lease Name: HORNBUCKLE (14-31 30H) 
County, ST: CONVERSE, WY 

Operator: HELIS OIL & GAS COMPANY LLC 
Field Name: UNNAMED 

Location: N37 W74 31 SE SW 
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Summary of Selected Sussex Horizontal Wells in the PRB 
Surface APINo. Sussex Days TSI Frac Producinq SxEUR SxEUR SxEUR Joshi#2 

ICn11nt .w.eu. ~ ~ .E.w<...S.iz£. 1'1.2wl Ml:1hl2l1 fui.Qs1 !<.um...6Q ~ ~ M.aQ. M.Mi:f BQE .l2rain.A 

1 Combs 17~70 ST CSX 18H nc nc 17-33N-70W 29995 15-Staac Frac: 3.6 MM# 65 Cemented Liner 11·15 thru 8-16 54.349 412,486 33,216 232 2.339 621,833 64 
BHL: SC SW 16-33N-70W L • 5.100 ft & Xf • 143 ft 

2 Combs 29·33-70 C SX 7H nc SC 29-33N-70W 29269 16.staac Frac: 6.1 MM# 12 Cemented Liner 1·14 thru 8-16 351,967 1.653124 108,196 853 3,841 1,493167 66 
BHL: nw SC 20-33N-70W L -4.796ft & Xf m165ft 

3 Combs 29-33-70 B SX 11H SW SW 29-33N-70W 29443 15-Staac Frac: 8.05 MM# 86 Cemented Liner 5-15 thru 8-16 44,997 199,033 27.318 191 967 352.167 87 
BHL: nc se 19-33N-70W L • 5,506ft & Xfe 213ft 

4 Combs 29-33-70DSX11H nc SW 29-33N-70W 29839 23-Staac Frac: 8.9 MM# 42 Cemented Liner 6-15 thru 8-16 138,048 834,921 46,356 360 3.247 901,167 90 
BHL: SW nw 20-33N-70W L • 6,498 ft & Xf • 172ft 

5 Combs 29-33-70 D SX 12H nc SW 29-33N-70W 29841 23-Staac Frae: 9.0 MM# 50 Cemented Liner 7-15 thru 8-16 154,721 995,656 42,297 396 3,404 963,333 93 
BHL: sc sc 32-33N-70W L • 6,761 ft & Xf • 172 ft 

6 Combs 29-33-70 USA B sx 13H SW SW Z9-33N-70W 29521 3().Stagc Frac: 16.0 MM# 38 Cemented Liner 3-15 thru 8-16 104,106 406.742 71 .362 220 860 363,333 134 
BHL: nw nc 19-33N·70W L • 8.702ft & Xf•208ft 

7 Combs 29-33-70 D SX 14H nc SW 29-33N-70W 29842 22-Staac Frae: 8.0 MM# 38 Cemented Liner 7-15 thru 8-16 196,768 984.646 47,570 535 3,883 1,182.167 90 
BHL: SW SW 33-33N-70W L • 6.549ft & Xf • 169ft 

8 Combs 29-33-70 STD sx 16H nc SW 29-33N-70W 29840 Cemented Liner 7-15 thru 8-16 123.230 799,454 44,557 
BHL: SW SC 32-33N-70W 

9 Clausen 19-34-70 USA ASX 7H nw nw 19·34N-70W 28983 30.staae Frae: 11.74 MM# 51 Cemented Liner 4-15 thru 8-16 124.512 371,Sn 95.040 396 1.2n 608,833 123 
BHL: SC nw 12-34N-71W L • 8,957ft & Xf • 172ft 

10 Clausen 19-34-70 A SX SH nw nw 19-34N-70W 29028 Cemented Liner 4-15 thru 8-16 58,432 415,013 55,500 
BHL: nc nw 30-34N-70W 

11 Clausen 19·34-70 USA ASX 9H nw nw 19-34N-70W 28980 21-Staqc Frae: 8.2 MM# 39 Cemented Liner 4-15 thru 8-16 147,534 581,081 117,284 334 1,133 522,833 120 
BHL: SW nc 12-34N·71W Le8,741ft & Xf • 173ft 

12 Clausen 19-34-70 CSX 10H nw nw 19-34N-70W 28857 15-Staqc Frae: 6.2 MM# 7 Cemented Uncr 1-14 thru 8-16 195.081 899.270 110,791 293 1,667 570.833 63 
BHL: SC SW 19-34N-70W L • 4,528ft & Xf• 170ft 

13 Graham 26-35-71ASX10H nw nc 26-35N-71W 29480 20-Staqc Frae: 7.8 MM# 19 Cemented Liner 7-14 thru 8-16 141,989 126 309 84,127 442 354 501,000 57 
BHL: SW sc 26-35N·71W L • 4,027 ft & Xf • 171 ft 

14 RKI Box Creek 35-71 29·1SXH nw nw 29·35N·71W 28978 15-Staae Frae: 2.8 MM# 10 Uneemented Liner 6-13 thru 7·16 26,207 23,462 64,068 52 59 61,833 
BHL: SC SW 29-35N-71W L = 3,615ft & Xf • 212ft 

15 Samson Ravenna 21-19H 37-73H nc nw 19-37N-73W 28662 12.staqc Fr.ae: 4.3 MM# 4 Unccmcnted Liner 6-12 thru 8-16 175.757 102,750 39.342 300 239 339,833 85 
BHL: sc sw 19-37N-73W L • 4.574ft & Xf • 267ft 

16 Samson Hardv 13-1807-38-73BH nc nw 7-38N-73W 28828 8·14 thru 8-16 108,849 69.321 28,256 
BHL: nw S W 18-38N-73W 

17 Samson Hardv 34-7 38-73BH nc nw7·38N-73W 29224 12.staoc Frae: 1.2 MM# U necmcnted Liner 8-14 thru 8-16 57,672 43,885 13,484 158 1n 187,500 70 
BHL: SW sc 7-38N-73W L • 4,472ft & Xf • 204ft 

18 Samson Hardv 24-15 38·73H SC SW 15-38N-73W 28465 15-Staoc Frae: 2.47 MM# Uncemented Liner 4-12 thru 8-16 39,770 65.470 17.935 110 190 141.667 65 
BHL: nc nw 15-38N-73W L a 4279ft & Xf • 196ft 

19 Samson Russcll 21·19H nc nw 19-38N-73W 28321 10-Staac Frae: 2.36 MM# Unecmentcd Liner 6-11 thru 8·16 124,370 86,887 19.787 152 136 174,667 71 
BHL: SC SW 19-38N·73W L • 4.177ft & Xf • 233ft 

20 Samson Russell 31-18 38-738H nc nw 19-38N-73W 28563 11-staoc Frae: 3.94 MM# 8 Uneemented Liner 2-12 thru 8-16 159,993 140.343 32,092 226 243 266.500 80 
BHL: nw ne 18-38N-73W L • 4.235ft & Xf • 270ft 

® 
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Summary of Selected Sussex Horizontal Wells in the PRB 
Surface APINo. Sussex Days TSI Frac Producing SxEUR SxEUR SxEUR Joshi#2 

Count .w.eIL ~ ~ ~ .l.sl..emJ1 ~ ~ ~ ~ ~ M.e.Q ~ aOf. Drain.A 
21 Samson Russcll 14-19 38-738H nc nw 19-38N-73W 28761 8-12 tllru 7°16 71924 73599 24.211 

BHL: SW SW 19-38N·73W 

22 samson GH Federal 21-26H SC SW 23-38N°73W 28270 11-10 thru 7-16 52690 68.134 23,463 
BHL: SC SW 26-38N°73W 

23 Samson Hardy Federal 24-23 38-73H SC SW 23-38N-73W 28326 8-11 tllru 7-16 85756 79,231 29,086 
BHL: nc nw 23-38N-73W 

24 Samson Buffum 24-30 38-73H SC SW 30-38N·73W 28435 5-12 tllru 7-16 113,404 n ,694 19,465 
BHL: nc nw 30-38N-73W 

25 S3mson Hcnrv 24-31 38-738H SC SW 30-38N-73W 28548 5-12 thru 7-16 81,833 76,968 18.429 
BHL: SC SW 31-38N·73W 

26 Wold I BBC Fed. 44-1-3874SXH SC SC 1-38N°74W 28625 17-Staqc Frac: 2.5 MM# nl• Uncemcnted Liner 9·12 thru 8-16 85,962 47,766 26,910 208 124 228,667 72 
BHL: nw nc 1-38N·74W L • 4,351 ft & Xf • 223ft 

27 Samson Patterson 34-16H SW SC 16-38N·74W 28427 9-12 tllru 7-15 0 0 1,453 
BHL: nw ne 16-38N-74W 

28 Samson Hcnrv 31-36 38-74H nw nc 36-38N-74W 28707 6-12 tllru 10-14 21,052 27,059 19.247 
BHL: SW se 36-38N-74W 

29 Samson Hordv 11-19 39-73H nw nw 19-39N-73W 28829 10-Stagc Frac: 2.3 MM# 4 Uncemcnted Uncr 10.12 tllru 9-16 n ,310 99.447 12.993 168 272 213,333 82 
BHL: SW SW 19-39N-73W L • 4,970ft & Xf • 223ft 

30 SM Hardv 16-14-39-74SXH SC SC 14-39N-74W 28743 15-Staac Frac Failed Unccmcnted Liner 8-12 tllru 9-16 82629 41227 29,922 198 140 221,333 80 
BHL: nw sw 14-39N-74W R~Frac 13-staqc: 2.2 MM# 2 

L • 4,828ft & Xf • 227ft 
31 Samson Diits Ranch 34-16 39-74H sw SC 16·39N-74W 28661 6-12 thru 2·16 48028 141,180 10,359 

BHL: nw nc 16-39N-74W 

32 SM Hardy 4-23-39-74SXH nw nw 23-39N-74W 28744 15-StaQc Frac: 2.17 MM# Uncemcnted Liner 6-12 thru 1·17 130,170 144,175 11,565 190 232 228.667 84 
BHL: SC nc 23-39N-74W L • 5.159ft & Xf • 221 ft 

33 S3mson GH Federal 44-25H SC SC 25-39N·74W 28325 IHS MlsslnQ 8-11 thru 12-11 8-11 thru 12·16 1n.os2 227,o45 17.838 290 430 361,667 
BHL: nw nc 25-39N-74W 

34 SM Hardy 12°26H nw SW 26-39N-74W 28615 15-staQc Frac 2.6 MM# Unccmcntcd Liner 9·12 thru 12-16 100,155 56,415 17,479 188 122 208.333 68 
BHL: SC SC 26-39N-74W L • 4,1921t & Xf • 216ft 

35 SM Hardy 12-27-3974SXH nc SC 28-39N-74W 28742 Frac 3 MM#: Details n/a Unccmcnted Liner 10·12 thru 1·16 73,204 30.n5 21,149 200 115 219,167 
BHL: SC SC 27-39N°74W L = 5,494ft 

36 S3mson Allemand 14-29 39·74H SW SW 29-39N-74W 28583 11-staoo Frac 2.57 MM# 11 Unccmcntcd Liner 4-12 tllru 11-16 44,460 47,244 33,906 109 172 137,667 67 
BHL: nw nw 29-39N-74W L • 4,009ft & Xf • 226ft 

11 Welli Cemented Liner: Total L = 70,165 feet (avg I ,379 fee /well) Total EUR = 4,2 52 MBO (; vg 387 ME O/well) Avg 60J BO/ft 
Highest Xf = 213 feet ( Low ~st Xf = 143 feet & Avg 17 feet l 

Total StaQeS 230: AVQ 21 taQeS I l\lell & 305 feet I st ~oe 

13 Wells Un -Cemented Liner: Total L = 58,355 feet (avg ,489 fee /well) Total EUR = 2,2 ~9 MBO (; vg 174 MB b/well) Avg 38. BO/ft 
Highest Xf = 270 feet C Low ~st Xf = 196 feet & Avg 22 feet l 

Total Stages 156: Avg 13 Stages I l\lell & 339 feet I st ~oe 
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Rate/Time Graph Project: C:\Users\User\Documents\IHS\PowerTools\Projects v9.3\Clausen 19-34-70 c SX 10H Sussex.mdb Date: 4/8/2017 
Time: 11 :43 AM 

Lease Name: CLAUSEN 19-34 (70 C SX 1) 
County, ST: CONVERSE, WY 

Operator: CHESAPEAKE OPERATING LLC 
Field Name: UNNAMED 

Location: N34 W70 19 NW 
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Rate/Time Grapf,roject: C:\Users\User\Documents\IHS\PowerTools\Projects v9.3\Hornbuckle Hardy 34-7 38-73BH Sussex.mdb Date: 4/8/2017 
Time: 11 :47 AM 

Lease Name: HARDY FEDERAL 34-7 (38-73BH) 
County, ST: CONVERSE, WY 
Location: N38 W73 7 NW 

Operator: SAMSON RESOURCES COMPANY 
Field Name: HORNBUCKLE 

Hardy 34-7 38-73BH Sussex (ne nw 7-38N-73W) API 49-009-29224 
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Summary of Selected Niobrara Horizontal Wells in the PRB 

API No. Staao Total Staao Last Frac Davs to Ono-Wino EUR EUR EUR 
l>OUnt w~u ru•m~ Locar;on~ 49 - l'rODllD~ I l (ftl l (ft\ LJ3tn 1 ~tnoo Xf lftl MBO MMeT M'"'U>" 

1 Smith Creek 6-32-70 A 1H Sc SW 6-32N-70W 09-29066 19-Staac: S.7 MM# 301,719 3,978 209 24-Jul-14 63 161 158 1.371 386.S 
BHL: nw nw 6-32N-70W Staac 19 Scrccnout 

2 Smith Crock 6-32-70 A 3H so SW 6-32N-70W 09-2906S 13-Staac: 6.2 MM# 478127 4,237 326 23--Jul-14 SS 185 72 761 198.8 
BHL: nc nw 6-32N-70W 

3 Sm;th Crook 6-32-70 A SH so SW 6-32N-70W 09-29064 13-Staac: S.9 MM# 450.742 4.270 328 02--Jul-14 24 187 S7 634 162.7 
BHL: no nw 6-32N-70W Staac 1 Ineffective 

4 Smith Crook 6-32-70 B 1 H no no 6-32N-70W 09-29029 10-Staao: 4.4 MM# 439,1 SS 4,372 437 21-0ct-13 113 171 S6 480 136.0 
BHL: SW SC 6-32N-70W 

s Smith Creek 6-32-70 B 2H no nc 6-32N-70W 09-290S2 PlAnncd 13-SbiJO: 2..0 MMI Act~I 279.263 2,408 344 02-Nov-13 122 1S7 11 120 31.0 
BHL: SW SC 6-32N-70W ca.s1nQ Problems: StaQeS 5 thru 10 Faded 

6 Smith Crcok 6-32-70 B 3H no no 6-32N-70W 09-29053 11-Staac: 4.4 MM# 397,912 4 790 435 22-0ct-13 106 166 74 977 236.8 
BHL: so sc 6-32N-70W 

7 Smith Creek 6-32-70 B 4H nc nc 6-32N-70W 09-290S1 11-Staac: 4.9 MM# 446,742 4,907 446 31-0ct-13 113 171 136 885 283.S 
BHL: SC SC 6-32N-70W 

8 Smith Creek 32-70 8 2H nw nc 8-32N-70W 09-28490 12-Staac: 4.1 MM# 338,S2S 4,042 337 12-Aua-12 1 164 113 922 266.7 
BHL: SW SC 8-32N-70W 

9 Smith Creek 10-32-70 A 1H nw nw 10-32N-70W 09-28S6S 12-Staqo: 3.6 MM# 298.S89 3.861 322 16-Aug-12 1 166 143 802 276.7 
BHL: SW SW 10-32N-70W 

10 Trinitv Fee 3367-7-31NH SC SC 7-33N-67W 09-28998 12-Staac: 3.6 MM# 296.078 3.568 297 27-Aor-13 1 147 336 728 4S7.3 
BHL: nw nc 7-33N-67W 

11 State 16-33-68 A 2H SW SW 16-33N-68W 09-29244 13-Staqc: 6.1 MM# 468,834 4.201 323 06--Jun-14 19 180 443 1,417 679.2 
BHL: nw nw 16-33N-68W 

12 Yori< Ranch 4-33-69 A 4H nc SW 4-33N-69W 09-28960 12-Staae: 3.7 MM# 329 908 3.997 333 05-Mav-13 11 161 175 996 341.0 
BHL: SW ne 9-33N-69W 

13 York Ranch 4-33-69 A 6H no SW 4-33N-69W 09-289S9 17-Staqc: 3.S MM# 213 906 S,557 327 13-Mav-13 11 152 161 855 303.S 
BHL: se se 9-33N-69W Staqc 14 Ineffective 

14 Yori< Ranch 33-69 5-1H sw no 5-33N-69W 09-28429 10-Staac: 1.6 MM# 161,000 2.351 23S 17-Fcb-12 3 131 762 6.465 1.839.S 
BHL: so SW 32-34N-69W 

1S Yori< Ranch 17-33-69 A 1H SC nw 17-33N-69W 09-29164 1 S-Staao: 6.0 MM# 333,352 5,380 299 17-0ct-14 38 182 227 1.34S 451.2 
BHL: SW nw 8-33N-69W 

16 Yori< Ranch 17-33-69 A 3H SC nw 17-33N-69W 09-29166 17-St,.,,c: 7.1 MM# 419,076 S.421 319 22-Sco-14 89 182 100 936 256.0 
BHL: SW nw 8-33N-69W 

17 Yori< Ranch 17-33-69 A SH so nw 17-33N-69W 09-29163 17-Staqc: 5.7 MM# 336,696 4948 291 17-0ct-14 49 163 170 1.571 431 .8 
BHL: SC nw 8-33N-69W 
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Summary of Selected Niobrara Horizontal Wells in the PRB 

APINo. Sta QC Total StaQo Last Frac Oavsto Ono-WlnQ EUR EUR EUR 
onnn• nr••lnn~ 49- ~rnn un~ I lft\ lft\ uar" 'u Prn,. Yf lft\ MRn MUrf MRrn= 

18 Yori< Ranch 33-6919-1H no no 19-33N-69W 09-28438 16-St3QO: 5.2 MM# 326,155 S.118 320 25-Mav-12 12 169 317 2,095 666.2 
BHL: nw nw 29-33N·69W 

19 Yori< Ranch 33-69 19-2H no no 19-33N-69W 09-28559 16-Staac: 5.0 MM# 311,290 4.788 299 OS-Jun-12 1 162 259 2.428 663.7 
BHL: nw no 18-33N-69W 

20 Yori< Ranch 19-33-69 B 2H SW nw 19-33N-69W 09-29306 18-StaQo; 8.2 MM# 456.060 4.695 261 06-Sco-14 54 186 372 2.905 856.2 
BHL: SW nw 30-33N-69W 

21 Yori< Ranch 19-33-69 B 4H SW nw 19-33N-69W 09-29307 18-StaQc: 7.3 MM# 448.782 5,740 319 04-Soo-14 41 184 120 1,090 301.7 
BHL: so nw 30-33N-69W St3qos 9 & 1 S Ineffective 

22 Yori< Ranch 19-33-69 B 6H SW nw 19-33N-69W 09-29308 20-Sl3Qo: 8.4 MM# 436.854 6,368 318 03-Sco-14 47 185 192 1,625 462.8 
BHL: nw so 30-33N-69W Staoc 1 Ineffective 

23 York Ranch 31-33-69A 1H SC sc 31-33N-69W 09-28624 20-Sl3Qc: 6.0 MM# 299.025 6,079 304 20-Fcb-13 23 171 330 1.575 592.S 
BHL: no SC 30-33N-69W 

24 York Ranch 31-33-69 A 3H SC SC 31-33N-69W 09-28909 18-St3QC: 5.3 MM# 291,670 5,311 295 25-Fcb-13 10 153 206 1 274 418.3 
BHL: SW so 30-33N-69W 

25 Combs Ranch 7-33-70 A 3H SC nw 7-33N-70W 09-28840 21-SIDQO: S. 7 MM# 272.959 6,176 294 30-0ct-12 17 162 167 1,352 392.3 
BHL: nc nc 1-33N-70W 

26 Combs Ranch 33-70 8-1 H SW SC 8-33N-70W 09-28504 13-StaQc: 4.0 MM# 308 232 3.928 302 23-0ct-12 3 167 237 1.722 524.0 
BHL: no nw 8·33N-70W MULTIPLE CORES 

27 Combs Ranch 10-33-70 A 1 H nw no 10-33N-70W 09-28706 20-StaQo: 6.0 MM# 300.083 5,911 300 17-Jan-13 33 169 63 534 152.0 
BHL: SW nw 14-33N-70W 

28 Combs Ranch 10-33-70 A 2H nw nc 10-33N-70W 09-28842 21-StaQc: 6.0 MM# 284.426 6,226 296 09-Jan-13 32 169 135 1,027 306.2 
BHL: so no 1 S-33N-70W 

29 Combs Ranch 10·33-70 A 3H nw n" 10-33N-70W 09-28929 20-StaQC: 7.3 MM# 362.523 5,283 264 06-Nov-14 97 179 56 512 141.3 
BHL: nc nw 3-33N-70W Staac 1 Ineffective 

30 Combs Ranch 10-33-70 A 4H nw nc 10-33N-70W 09-28992 21-StaQO: 8.0 MM# 378.538 5,731 273 06-Nov-14 106 176 179 1,926 500.0 
BHL: nc nw 3-33N-70W 

31 Combs Ranch 10-33-70 A SH nw nc 10-33N-70W 09-28993 21-Staac: 7.7 MM# 368,825 5,500 262 27-Scp-14 86 175 128 1,228 332.7 
BHL: nw no 3-33N-70W 

32 Combs Ranch 10-33-70 A 6H nw nc 10-33N-70W 09-28856 27-St3ac: 8.7 MM# 320 801 7,851 291 26-Jan-13 30 171 87 744 211.0 
BHL: no SW 14-33N-70W 

33 Combs Ranch 10-33-70 A SH nw nc 10-33N-70W 09-29595 33-StaQC: 12.4 MM# 386,034 9,072 275 18-Dcc-14 223 178 102 1,032 274.0 
BHL: SW SW 14-33N-70W StaQo 1 l n!!ffcctivc 

REMEDIAL CEMENT FOX HILLS 

34 Combs Ranch 10-33-70 A 10H nw no 10-33N-70W 09-29603 38-Staoc: 12.2 MM# 320,694 8,432 222 17-0oc-14 224 166 85 929 239.8 
BHL: so SW 14-33N-70W REMEDIAL CEMENT FOX HILLS 
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Summary of Selected Niobrara Horizontal Wells in the PRB 

APINo. Sta a a Total Staaa 
c:nunf =nu M•-n Lncar;nn~ 4g . >'rOOllMI I (ft\ L lftl 

3S Combs Ranch 11-33-70 B 2H nw SW 11-33N-70W 09-2917S 26-Staaa: 8.0 MM# 306 014 6,97S 268 
BHL: Sa SW 14-33N·70W StaQa 21 lncffoctiva 

36 Combs Ranch 11-33·70 B SH nw SW 11·33N-70W 09·29176 21-Stagc: 6.9 MM# 329 733 S.722 272 
BHL: nw SW 2-33N-70W Staaa 1 lnaffoc1ivc 

37 York Ranch 12-33-70 A 3H no nw 12-33N-70W 09-28953 14-StaQc: 5.0 MM# 35S,733 5,417 387 
BHL: nw nw 1 ·33N-70W 

38 Yark Ranch 12-33-70 A SH ne nw 12·33N-70W 09-28952 16-StaQa: 4.9 MM# 341,032 6,205 388 
BHL: nw nw 1-33N·70W Staacs 4 & 13 lncffectivc 

39 Combs Ranch 16-33-70 ST A 1 H SC SC 16-33N·70W 09-28705 11-Staaa: 3.0 MM# 301,680 4,345 395 
BHL: nw no 16·33N-70W StaQC 7 FAILED 

40 Combs Ranch 16-33-70 ST B 2H no nw 16-33N-70W 09-29022 14-staac: 4.8 MM# 345,315 4,953 354 
BHL: SW SO 16-33N-70W 

41 Combs Ranch 16·33-70 ST B 4H ne nw 16-33N-70W 09-29021 15-StaQc: 4.6 MM# 308,675 4,884 326 
BHL: SW Sa 16·33N-70W 

42 Combs Ranch 16-33-70 ST B 6H nc nw 16-33N-70W 09-29023 13-Staac: 4.5 MM# 342,084 4,452 342 
BHL: SO SC 16-33N-70W 

43 Combs Ranch 16·33·70 USA A SH so so 16-33N-70W 09-28949 25-Staao: 7.6 MM# 302,945 5,040 202 
BHL: so so 21-33N-70W 

44 Combs Ranch 16-33-70 USA A 6H so so 16-33N·70W 09-28945 21-StaQO! 8.2 MM# 390,322 5,391 257 
BHL: SO SW 22-33N-70W 

45 Combs Ranch 17.33.70 A 2H nw sw 17-33N-70W 09-28971 14-Stago: 4.8 MM# 344,415 5,552 397 
BHL: nw SW 20-33N-70W 

46 Combs Ranch 17·33·70 A4H nw sw 17-33N-70W 09-28974 Praooscd 14-staaa: 4.9 MM# 350,919 5,322 380 
BHL: no sw 20-33N-70W Frac Oatalls in WOGCC File: 

Combs Ranch 29-33-70 C 4H 

47 Combs Ranch 17-33·70 A 6H nw SW 17-33N-70W 09-28970 14-staaa: 3.9 MM# 278.915 4,689 335 
BHL: so nw 20·33N-70W 

48 Combs Ranch 22-33-70 A 1 H so no 22·33N-70W 09-28621 20-Staae: 9.1 MM# 453,189 6,070 304 
BHL: nw ne 15-22N-70W 

BHL ERROR: Comoletion Sundrv 
49 Yark Ranch 26-33-70 A 1H so no 26-33N-70W 09-28562 20-StaQo: 2.9 MM# 136,302 6,591 330 

BHL: no nw 23-33N-70W 

50 York Ranch 26-33-70 A 3H so ne 26-33N·70W 09·28922 21-Stagc: 9.9 MM# 472,578 6,699 319 
BHL: no nw 23-33N-70W 

51 Yark Ranch 26-33-70 A SH so nc 26-33N-70W 09-28927 21-StaQO: 9.9 MM# 470.683 6,752 322 
BHL: nw no 23-33N·70W 

® 
C:\lotus\work\123\Created Area Niobrara Summary Table.123 

Last Frac Oavs to Ona·Wlna 
u.ro 1~• "'°" Xf lftl 

03-Mar-1S 160 172 

02-Mar-1S 161 175 

26·Mav·13 12 158 

04-May-13 30 163 

09-0ct-12 1 174 

11-AuQ-13 312 170 

11-AuQ-13 319 153 

05-Aua-13 331 170 

10-Mar-15 73 162 

09·Mat-15 24 173 

25-Nov-13 154 164 

27·0ec·13 138 165 

27-Nav-13 184 161 

17-0cc-12 2 163 

01-Aua-12 2 143 

18-SCo-14 49 187 

18-Sco-14 62 186 

EUR 
MHl 

116 

181 

101 

177 

186 

32 

212 

79 

151 

220 

183 

66 

112 

235 

104 

211 

294 

EUR EUR 
M M CT M,,U,_ 

2.144 473.3 

1,922 501.3 

994 266.7 

1,761 470.5 

679 299.2 

276 78.0 

1,780 508.7 

492 161.0 

1,421 387.8 

2.076 566.0 

1,650 458.0 

877 212.2 

1,620 382.0 

1,943 558.8 

728 225.3 

1.941 534.5 

2,722 747.7 
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Summary of Selected Niobrara Horizontal Wells in the PRB 

APINo. Staqo Total Staqo Last Frac Davs to Ono-Wlnq EUR EUR EUR 
Count ... AU ··--A IM~t;M~ ..... '"nn nno L lftl lftl m~ 1dP«•u< Xf fftl M!>U MM~ MROF 

S2 Combs Ranch 28-33-70 A 2H no SW 28-33N-70W OS..2919S 32-Staqc: 9.7 MM# 301,483 6,874 21S 17-Auq-14 73 183 112 1.003 279.2 
BHL: SO SW 33·33N·70W 

53 Combs Ranch 28-33-70 A 4H no sw 28-33N-70W 09-29196 22-Staao: 10.7 MM# 486 S69 7 087 322 16-Aua-14 49 18S 229 1,980 S59.0 
BHL: SW SC 33-33N·70W 

54 Combs Ranch 28-33-70 A 6H no SW 28-33N-70W 09·29197 22-Staac: 10.2 MM# 464.SS6 6.811 310 16-Aua-14 41 186 221 2,282 601.3 
BHL: sw so 33-33N-70W 

SS Combs Ranch 29-33-70 1 H SW SC 29-33N-70W 09-28568 20-Staae: 4.7 MM# 246.361 S.996 300 21.Jul-12 2 170 127 1,36S 354.S 
BHL: no SW 20-33N-70W Staac 8 FAILED 

S6 Combs R:inch 29-33-70 A 2H SW so 29-33N-70W 09-28871 15-Staqo: 4.8 MM# 316,499 S,1S6 344 1S.Jun-13 72 1S8 118 1.071 296.S 
BHL: so so 32-33N-70W 

S7 Combs Ranch 29-33-70 A 4H SW SC 29·33N-70W 09-28873 14-Staqc: 4.S MM# 322,448 4,S12 322 1S.Jun-1S S9 1S7 90 732 212.0 
BHL: SC sc 32·33N-70W 

S8 Combs Ranch 29-33-70 A 6H SW SO 29-33N-70W 09·2887S 1S-Staao: 4.6 MM# 30S,149 4,869 32S 28-Jun-13 39 1S9 54 489 13S.S 
BHL: SW SW 33-33N-70W 

S9 Combs Ranch 29-33-70 C 1 H no SC 29-33N-70W 09-28987 16-Staac: S.1 MM# 321,118 S,141 321 1S·Dcc·13 88 167 86 9n 248.8 
BHL: no SW 20·33N-70W REMEDIAL CEMENT FOX HILLS 

60 Combs Ranch 29-33-70 C 2H nc se 29-33N-70W 09-28986 20-Staqo: 6.S MM# 325,367 6,684 334 27-Dcc-13 86 164 136 1,288 3S0.7 
BHL: S W sw 33-33N-70W 

61 Combs Ranch 29-33-70 C 3H nc S C 29-33N-70W 09-29060 14-Staao: 4.9 MM# 349,274 S.062 362 1S·Dcc-13 10S 16S 134 1.167 328.5 
BHL: nw so 20-33N-70W 

62 Combs Ranch 29-33-70 C 4H no so 29-33N-70W 09-2898S 23-Staqo: 8.6 MM# 389 880 4,740 206 27-Dcc-13 99 1n 58 S29 146.2 
BHL: nw S W 33-33N-70W Staao 2 Ineffective 

63 York Ranch 35-33-70 A 1 H nw nc 35-33N-70W 09-28643 20-S•~c: 7.8 MM# 388.406 8.211 411 14-ADr-13 21 176 229 1,688 510.3 
BHL: SW nw 23-33N-70W 

64 York Ranch 3S·33-70 A 2H nw no 3S-33N·70W 09-28S92 20-Stago: 4.6 MM# 378 892 4,660 388 21-Aor-1 3 22 170 243 1,396 475.7 
BHL: so sc 3S-33N-70W 

6S York Ranch 35-33-70 A 3H nw ne 35-33N-70W 09-28923 15-Staac: S.4 MM# 360,SSO S,6S1 3n 26-Aor-13 20 170 144 1,156 336.7 
BHL: SW SW 23-33N-70W 

66 York Ranch 36-33-70 ST A 1H SO SC 36-33N-70W 09-28917 12-Staao: 4.1 MM# 340,8SO 4,027 336 09.Jul-13 95 169 137 696 253.0 
BHL: no nw 36-33N-70W 

67 York Ranch 36-33-70 ST A 3H S O SC 36-33N-70W 09-28644 13-Staao: 4.3 MM# 334,132 4,S92 353 09.Jul-13 105 160 143 1.096 325.7 
BHL: nw no 36-33N-70W 

68 York Ranch 36-33-70 ST A SH so so 36·33N· 70W 09-28916 12-Staao: 4.1 MM# 340 815 4,138 345 10.Jul-13 111 169 214 1,33S 436.5 
BHL: nw no 36-33N-70W 

69 NW Fcttcr7-1H SW nc 7-33N-71W 09-28526 19-Staqc: S.S MM# 288,186 S,626 296 11.Jun-12 1 158 132 541 222.2 
BHL: no SC 18-33N-71W 
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Summary of Selected Niobrara Horizontal Wells in the PRB 

APINo. Staao Total Staqe Last Frac Davsto Ono·Winq EUR EUR EUR 
Count Wnll N > mn L<>earion~ 49- "rnnflMI I fft\ I lftl n"n 1d.,rnrl Yf fft\ MRn MMM Mt>Ulo 

70 NW Fetter Lizard Head 1·8H nw nw 8-33N-71W 09-22885 16-StaQc: 2.5 MM# 156,396 4,119 257 04-Dcc-11 3 122 122 382 185.7 
BHL: SC SW 6-33N-71W RE-ENTER FROM 

FRONTIER TO NIOBRARA 

71 Combs Ranch 24-33-71 A 2H sw SC 24-33N-71W 09-29114 19-Staac: 6.2 MM# 325,894 4,855 256 28-0cc-14 35 176 125 1,035 297.5 
BHL: sw SW 13-33N-71W Staqcs 1 thru 4 lnoffcctivo 

72 Combs Ranch 24-33-71 A 3H SW SC 24·33N-71W 09-29070 17-Staqc: 4.0 MM# 286,427 3,489 205 28-Dcc-14 46 159 131 1.061 307.8 
BHL: nw nw 24-33N-71W Staacs 1 16 & 17 FAILED 

73 Sims 33-71 25-1 H SQ SW 25-33N-71W 09-28299 12-Staqc: 2.3 MM# 189,455 2,752 229 03-Mav-11 2 164 203 1,9n 532.5 
BHL: no nw 25-33N-71W 

74 Sims 33-71 26-1H SC SW 26-33N-71W 09-28323 14-Staqc: 3.4 MM# 254,412 3,472 248 16-Sco-11 1 170 274 2.254 649.7 
BHL: nc nw 26-33N·71W 

75 Sims 26-33-71 B 2H sw SC 26-33N-71W 09-28839 14-Staqc: 3.5 MM# 266,693 3,826 294 OS-Dcc-12 1 166 134 1,358 360.3 
BHL: nw no 26-33N-71W Staao 1 Ineffective 

76 ldarado 33-71 27 -1 H SC SC 27-33N-71W 09-28312 14-S·~c: 4.1 MM# 293,760 3,357 240 18-Jul-11 2 170 178 895 327.2 
BHL: nc no 27-33N-71W SIDETRACK e 8.050 ft 

n ldaradc 27-33-71 A2H sc SC 27-33N-71W 09-28851 13-Staqc: 3.6 MM# 275,722 4,081 314 22-Dcc-12 14 161 143 755 268.8 
BHL: nw nc 27-33N-71W 

78 Sims 33-71 28-1 H no nw 28-33N-71W 09-28412 15-Staqe: 2.3 MM# 155,n4 3 586 239 28-0ct-11 4 137 116 382 179.7 
BHL: Sa S W 28-33N-71W 

79 NW Fetter 33-72 1-2H nw ne 1-33N-72W 09-28447 20-Staac: 3.1 MM# 153.820 5.759 288 27-Jan-12 2 141 175 318 228.0 
BHL: SC SW 25-34N·72W 

80 Waqonhound 33-72 14-1 H no no 14-33N-72W 09-28272 12-Staqc: 3.3 MM# 299,874 2.980 248 08-Jan-11 6 315 55 n 67.8 
BHL: SC SC 14-33N-72W Staqe 12 FAILED 

SLIDING SLEEVES I PACKERS 

81 Stroock Federal 33-72 23-1 H nw nw 23-33N-72W 09-28527 12-Staqc: 2.0 MM# 169,045 3321 2n 31-Jan-12 1 146 35 45 42.5 
BHL: SW SW 23-33N-72W 

82 Waqonhound 33-72 24-1 H nw no 24-33N-72W 09-28358 15-StaQc: 2.4 MM# 157,223 3,685 246 OS-Oct-11 1 138 118 224 155.3 
BHL: SW Sa 24·33N·72W 

83 Waaonhound 33-72 25-1H SW so 25-33N-72W 09-28290 15-Staac: 2.3 MM# 152.511 3 726 248 10-0ct-11 1 138 63 122 83.3 
BHL: nw no 25-33N-72W 

84 West Oroha 33-7314·1H no nw 14-33N-73W 09-28281 13-Staac: 4.2 MM# 325.147 3,766 290 08-Mar-11 1 169 4 6 5.0 
BHL: sw SW 14-33N-73W 

85 Barton 32-34-67 USA A 1 H no nw 32-34N-67W 09-28623 47-StaQc: 19.1 MM# 406,299 9,572 204 01-0ct-15 7 176 799 1,828 1103.7 
BHL: no nw 20-34N-67W 

86 Anadarko Trinity 3468-17-31N-H sc so 17-34N-68W 09-28808 13-Staqo: 3.9 MM# 296,742 3,847 296 04-Fob-13 1 181 200 622 303.7 
BHL: nw no 17-34N-68W 
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Summary of Selected Niobrara Horizontal Wells in the PRB 

APINo. Staao Total Stace Last Frac Days to Ono· Wing EUR EUR EUR 

""""' ~ftUN•- lt>..,~t;t>M 49. "'"" 11b .. 1 I /ft\ I lftl ll~tn 1 .. t.,m<! Xf lft\ MRO MM et MHO,_ 

87 Linden Federal 17·1 H nc nw 17-34N-69W 09-28420 18-Staoo: 5.1 MM# 280.767 5.326 296 18-0ct-12 2 161 229 659 338.8 
BHL: nc nw 20·34N-69W 

88 Lindon 20-34-69 B 2H SW no 20-34N-69W 09-29177 17-Staoc: 6.5 MM# 383.259 7,001 412 13-0ct-13 153 170 130 530 218.3 
BHL: SW SO 29·34N-69W 

89 Linden 20-34-69 B 4H SW nc 20-34N-69W 09-28n2 21-Staoo: 6.3 MM# 298.526 6.241 297 12·Fcb-13 3 160 88 472 166.7 
BHL: SW SC 29-34N-69W Intermittent 

90 Linden 20-34-69 B 6H sw no 20·34N·69W 09-29178 17-Staoo: 6.5 MM# 380,517 6.962 410 13-0ct-13 163 169 102 411 170.5 
BHL: sc so 29-34N·69W 

91 Robinson Ranch 4.34.70 1 H SW SO 4-34N·70W 09·28433 12..Staao: 5.2 MM# 433,122 3.469 289 27-Scp·12 2 181 206 553 298.2 
BHL: nw nc 4-34N·70W 

92 Clausen Ranch 34-70 16·1H nw no 16-34N-70W 09·28291 14-Staac: 4.0 MM# 288.730 3.237 231 10-Mav-11 1 170 142 512 227.3 
BHL: SW SO 16-34N-70W 

93 Clausen Ranch 19·34·70 A 1H nw nw 19-34N·70W 09-28587 13..Staoo: 3.9 MM# 299.328 3.622 279 21-Auo-12 2 172 341 1.067 518.8 
BHL: SC SW 19·34N·70W 

94 Clausen Ranch 3S·34-70 A 1H so SC 26·34N·70W 09·28933 13..Staqc: 4.0 MM# 3S8.4n 4.283 3S7 2S..Jul-13 3S9 164 110 405 1n.s 
BHL: no nw 26-34N·70W S•""o 3 Ineffective 

WELL NAME vs SECTION: ERROR??? 
95 Clausen Ranch 34·70 29-1H nw nw 29-34N·70W 09·28503 16..Staac: 2.9 MM# 181.232 5.213 326 08-Mar-12 1 145 298 1.036 470.7 

BHL: nw no 32·34N-70W SIDETRACK@ 8.943 ft 

96 Clausen Ranch 3S-34-70 A 3H nc nc 35-34N-70W 09-2893S 12..Staac: 4.3 MM# 353.7S9 4.407 367 18-Jul-13 374 146 93 490 174.7 
BHL: nw nc 26-34N-70W 

97 Clauson Ranch 35·34·70 A SH nc nc 35-34N·70W 09·28934 12..Staao: 4.0 MM# 3354SO 4.272 356 19-Jul-13 376 164 173 812 308.3 
BHL: nw nc 26-34N-70W 

98 Clausen Ranch 25-34·71 ST A 1 H SC SW 25-34N·71W 09-28731 15..Staao: 5.2 MM# 343.508 5.194 346 01·ScD·12 2 167 72 327 126.S 
BHL: SW so 36-34N·71W Intermittent 

TSI 28 mos. 
99 Clauson Ranch 25·34-71 ST A 2H sc SW 25-34N·71 W 09·28946 39..StaQO: 7.5 MM# 192.2S9 5.765 148 11·NOV•14 181 154 194 972 356.0 

BHL: SW so 36-34N·71W 7" Stuck @ 10.693 ft: Comont as Is 
WHIPSTOCK 

100 Clausen Ranch 25-34-71 USA A 3H nc SW 25·34N-71W 09·28973 27..Staoe: 7.7 MM# 297.436 7.369 273 21·Nov·14 171 181 145 656 254.3 
BHL: SC no 23-34N-71W Staao 1 FAILED 

Staocs 8. 14, 16. 26 & 27 lncffcctivo 

101 Clauson Ranch 2S·34-71 USA A 4H so SW 25-34N-71W 09-28968 34..Stago: 10.6 MM# 327,508 7.324 215 10·DCC•14 140 169 220 722 340.3 
BHL: SC nc 23-34N·71W Staaos 8 & 11 lncffcC1ivo 

102 Clausen Ranch 25-34-71 USA A SH SC SW 25-34N-71W 09-28967 16..Staoo: 6.1 MM# 381.617 4,291 268 09·DCC·14 128 1n 163 511 248.2 
BHL: SW SW 2A·34N·71W 

103 Clausen Ranch 25-34-71 ST A 6H SC SW 25-34N-71W 09-28944 22..Staqe: 7.7 MM# 379,873 5,690 259 21-Dcc-14 67 179 243 911 394.8 
BHL: so sc 36·34N·71W Staoos 1 & 17 Ineffective 

Stace Ccll:>r@ 7 216' failed: sauoczc 
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Summarv of Selected Niobrara Horizontal Wells in the PRB 

APINo. Staqo Total StaQO L:ist Frac Davsto Ono-Wino EUR EUR EUR 
<eounr ~MNO~A Loc~tton~ 49. "rnn flh'<l I lftl I lftl ~-·~ 1d "'"" 

Yf lftl -K• MMCT Mtsu~ 

104 NW Fetter 34-71 28·1 H nw nw 28-34N-71W 09-28305 18.St3ac: 2.0 MM# 113,376 3,267 182 19-0ct-11 2 130 145 343 202.2 
BHL: SC SW 28·34N-71W 

105 Sundouist Fl3ts 34-7212-1H SC S W 12-34N-72W 09-28346 18-Staao: 4.2 MM# 234.077 5.438 302 23..Jun-11 1 162 176 223 213.2 
BHL: SC se 2-34N-72W Staae 1 Rc-Frac Twice 

HORIZONTAL OPEN-HOLE LOGS 

106 Sundquist Flats 34-7216-1H SC SC 16-34N-72W 09-28347 16.Staac: 2. 7 MM# 169,538 4,829 302 23-0ct-11 2 128 152 247 193.2 
BHL: nc nw 16-34N-72W 

107 Sundquist Finis 34-72 19-1 H nw so 19-34N-72W 09-28474 15.Stnac: 4.1 MM# 276,319 4.498 300 19-Jun-12 1 164 106 111 124.5 
BHL: nw SW 18-34N-72W 

108 Gilbert Ditch 34-73 4-2H nw nc 4-34N-73W 09-28283 20.Staao: 6.3 MM# 315,715 6.043 302 23-Mav-11 1 154 236 187 267.2 
BHL: SW nw 10-34N-73W 

109 Gilbert Ditch 34-73 14-1H nw nw 14-34N-73W 09-28354 20.St300: 3.7 MM# 185.785 6,409 320 06-Nov-11 10 155 115 67 126.2 
BHL: SW no 23-34N-73W 

110 S. Hylton Ranch 34-74 24-1H nw no 24-34N-74W 09-28403 16-Staqc: 5.0 MM# 313.085 4,042 253 28..Jul-11 3 172 47 31 52.2 
BHL: nw no 25-34N-74W HORIZONTAL OPEN-HOLE LOGS 

111 Graham 23-35-71A1H SC SW 23-35N-71W 09-28674 11-Staac: 1.6 MM# 147,475 3,828 348 24..Jul-12 1 137 130 149 154.8 
BHL: nc nw 23-35N-71W 

112 Box Creek 24-35-71 1 H SC SC 24-35N·71W 09-28555 13-Staoe: 3.3 MM# 252,144 3,775 290 04..Jul-12 2 163 184 201 217.5 
BHL: nw nc 24-35N-71W Stnoc 1 Ineffective 

113 Graham 26·35-71 A 1 H nw ne 26-35N-71W 09-28683 11-Staoc: 3.8 MM# 347 825 3,913 356 13..Jul-12 3 158 277 268 321 .7 
BHL: sw so 26-35N·71W 

114 Box Creek 29-35-71 1 H nc nw 29-35N-71W 09-28464 16-Stnoc: 3.4 MM# 210.305 3,612 226 29..Jun-12 3 171 166 187 197.2 
BHL: se SW 32·35N-71W 

115 Box Creek 30-35-71A1H nc nw 30-35N-71W 09-28471 16.Stnoc: 2.5 MM# 157.759 3,409 213 12-Dcc-11 5 136 206 238 245.7 
BHL: SC SW 30-35N-71W 

116 State 36-35-71 ST A 1 H nc nc 36-35N-71W 09-28570 12.Staoc: 1.8 MM# 148,357 3,530 294 05-Auo-12 2 144 139 185 169.8 
BHL: se SC 36-35N-71W 

117 Soillm:in Draw 35-73 10-1H SC sc 10-35N-73W 09-28411 19.Stago: 5.5 MM# 287.221 4.914 259 28-Auq-11 3 165 199 191 230.8 
BHL: no nw 10-35N-73W HORIZONTAL OPEN-HOLE LOGS 

118 Soillman Dr3w 35-7315-1H nc sw 15-35N-73W 09-28248 14.Staao: 3.6 MM# 259 869 4,152 296 31-Mar-11 4 170 123 106 140.7 
BHL: SC SC 9-35N·73W Stnac 8 Rc-Frac 

119 Spillman Draw Stntc 16·1 H sc sw 16-35N-73W 09-28224 15.Staoc: 3.5 MM# 231,620 4.380 292 29-Jan-10 1 149 273 231 311.5 
BHL: nw nw 16-35N-73W 

120 Soillman Draw 35·7317-1H sw no 17-35N-73W 09-28257 16-S•,.,,c: 3.8 MM# 235,309 4,027 252 04-0ct-11 1 162 99 84 113.0 
BHL: so nc 20-35N-73W Dcnsitv Tool Lost f@ TD 

RED CEMENT /BJ CASING SHOE 
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Summary of Selected Niobrara Horizontal Wells in the PRB 

APINo. StaQC Total Sta QC Last Frac Oavsto Onc·WinQ EUR EUR EUR 

~"''"' ~AH •••-A I nr.r;no.. 4q. l>rnn flh~ I I lft\ I lft\ n~t~ 1d vrnn Yf lftl Mt>l ....... MBOE 

121 Soillman Draw 36-73 36-1H sw nw 36·36N·73W 09-28409 20.Staao: 3.8 MM# 187,461 6,239 254 15-Nov-11 3 130 143 154 168.7 
BHL: sw nc 1-35N-73W HORIZONTAL OPEN-HOLE LOGS 

122 Crow Unit 27-37-69 1H no sw 27·37N-69W 09-28571 12.Staao: 6.0 MM# 501117 4,475 373 20-Nov-12 10 156 267 234 306.0 
BHL: nw SC 34-37N-69W Niobrara Coro PluQ Analvses 

123 Hombucklc 1-11H nc no 11-37N-74W 09-28280 12.St3Qe: 1.3 MM# 116,212 4,166 347 03-Mav-11 11 188 104 160 130.7 
BHL: Sc SC 11-37N-74W UNCEMENTEO LINER • Staoe 1 Ineffective 

Niobrara & Frontier Core Anal~s 

124 Discovcrv 1-35NH SW so 35-40N-76W 09-28416 Insufficient Detail in WOGCC File 65 161 91 .8 
BHL: nw nw 35-40N·76W UNCEMENTED LINER 

Niobrara Core Plua Analvses 

125 Crossbow 3-19H SC SW 19-41N-71W 05-59607 16-Staoc: 2.3 MM# 141,450 3,287 205 09-AuQ.08 1 127 81 302 131.3 
BHL: nw nw 19-41N-71W Staao 14 SCREENOUT SbQO 16 0nh 

126 Ballista 202·1003H SC SO 10-41N·73W 05-61806 52.StaQO: 16.5 MM# 322,875 8,852 170 10..Jun-14 173 469 1,263 679.5 
BHL: nc ne 3-41N·73W SbQO 30 FAILED 

Produce 2 months after Staacs 1 thru 29 

127 Ponderosa 215-1NH nw nw 2-41N·75W 05-61354 18.Stagc: 3.1 MM# 170,970 3,823 212 136 52 132 74.0 
BHL: SC SW 2-41N-75W Halliburton Model: 210' hiQh x 78T lonQ 

128 lbcr1in Ranch 3626-1 NH SW SW 36-42N-76W 05-61661 17·SbQo: 3.4 MM# 200,892 3.585 211 10-Jan-13 1 168 83 138 106.0 
BHL: nw nw 36-42N-76W Halliburton Model: 60' hiQh x 518' lonQ 

AvcraQc: 308,354 5.022 299 165 167 946 324.5 
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Rate/Time Graptfroject: C:\Users\User\Documents\IHS\PowerTools\Projects v9.3\Spillman 16-1H Niobrara 16-35N-73W.mdb Date: 3/24/2017 
Time: 10:25 AM 

Lease Name: SPILLMAN DRAW DEEP UNIT STATE (16-1H) 
County, ST: CONVERSE, WY 
Location: N35 W7316 SE SW 

Operator: RKI EXPLORATION & PRODUCTION LLC 
Field Name: UNNAMED 

Spillman Draw Unit State 16-1H Niobrara (se sw 16-35N-73W) API 49-009-28224 
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Rate/Cum GraphProject: C:\Users\User\Documents\IHS\PowerTools\Projects v9.3\Spillman 16-1H Niobrara 16-35N-73W.mdb Date: 3/24/2017 
Time: 10:28 AM 

Lease Name: SPILLMAN DRAW DEEP UNIT STATE (16-1H) 
County, ST: CONVERSE, WY 

Operator: RKI EXPLORATION & PRODUCTION LLC 
Field Name: UNNAMED 

Location: N35 W73 16 SE SW 

Cl) .... 

Spillman Draw Unit State 16-1H Niobrara (se sw 16-35N-73W) API 49-009-28224 
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Rate/Time GraJ/lfject: C:\Users\User\Documents\IHS\PowerTools\Projects v9.3\Wagonhound 14-1HNiobrara14-33N-72W.mdb Date: 3/21/2017 
Time: 9:41 AM 

Lease Name: WAGONHOUND (33-72-14-) 
County, ST: CONVERSE, WY 

Operator: CHESAPEAKE OPERATING LLC 
Field Name: ORPHA 

Location: N33 W72 14 NE NE 
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Orpha Field: Wagonhound 33-72 14-1H Niobrara (ne ne 14-33N-72W) API 49-009-28272 
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Rate/Time Graph Project: C:\Users\User\Documents\IHS\PowerTools\Projects v9.3\Barton 32-34-67 A 1H Niobrara.mdb Date: 3/21/2017 
Time: 11 :55 AM 

Lease Name: BARTON UNIT (32-34-67) 
County, ST: CONVERSE, WY 

Operator: CHESAPEAKE OPERATING LLC 
Field Name: UNNAMED 

Location: N34 W67 32 NW 
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Rate/Time GrapJlioject: C:\Users\User\Documents\IHS\PowerTools\Projects v9.3\Ballista 202-1003H Niobrara 10-41 N-73W.mdb Date: 3/27/2017 
Time: 12:59 PM 

Lease Name: BALLISTA (202-1003H) 
County, ST: CAMPBELL, WY 
Location: N41 W73 10 SE 

Operator: EOG RESOURCES INCORPORATED 
Field Name: CROSSBOW 
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Rate/Time Graph Project: C:\Users\User\Documents\IHS\PowerTools\Projects v9.3\Clausen 35-34-70 A 3H Niobrara.mdb Date: 4/10/2017 
Time: 9:02 AM 

Lease Name: CLAUSEN RANCH 35-34 (70A-3H) 
County, ST: CONVERSE, WY 
Location: N34 W70 35 NE 

Operator: CHESAPEAKE OPERATING LLC 
Field Name: UNNAMED 

Clausen Ranch Unit 35-34-70 A 3H Niobrara (ne ne 35-34N-70W) API 49-009-28935 
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CREATED FRACTURE AREA EQUATION& 
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THE EFFECT OF VERTICAL FRACTURES ON PRODUCTIVITY 
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Formation Properties 

Young's Perm 
Depth Modulus (E) Poiuon'a (Air) Poro111y «1» 

Fonnation (It) Location (• 101) R•tlo md % 

Arbuckle Lime 3688-92 Kay Co., Okla. 3.99 0.350 0.03 4.8 

Austin Chalk 2319-2582 Caldwell Co., Tex. 2.38 0.276 0.03 17.6 

Aux Vases 2010-19 Lawrence Co., Ill. 6.03 0.274 <0.01 5.5 

Bartlesville 1300 Wash.ington Co., Okla. 0.08 11 .1 

Bartlesville 7900 Cleveland Co., Okla. 6.80 0.124 1304.00 16.6 

Bartlesville 8301 Canadian Co., Okla. 4.80 0.144 7.70 11.8 

Bartlesville Greenwood Co., Kan. 2.27 . 0.147 0.67 14.5 

Basal Atoka 5995-6055 Wise Co., Tex. 13.50 0.200 

Basal Quartz 4427-4506 Calgary, Canada 2.08 0.147 0.86 13.4 

Benoist 1961-85 Marion Co., Ill. 3.89 0.176 12.90 13.1 

Benson Sand 4373-74 Lewis Co., W. Va. 3.82 0.240 

Bethel 2155-2204 Muhlenberg Co., Ky. 5.13 0.169 137.00 13.4 

Big lnjun (lnjun) 2297-2514 Roane, W. Va. 3.34 0.107 <0.01 6.3 

Bois D'Arc 7826-66 Tulsa Co., Okla. 6.08 0.336 0.08 2.1 

Bromide Garvin Co., Okla. 6.18 0.074 0.10 2.0 

Bromide 15,000 Grady Co., Okla. 8.10 0.127 10.60 6.8 

Brown Dolomite 2649-2767 Beckham Co .. Okla. 7.50 0.308 0.01 4.8 

Buda Lime 5969-6084 Frio Co .. Tex. 3.75 0.245 <0.01 2.1 

Buick Sand 3598-99.6 Canada 3.46 0.233 

Burbank 2920-30 Osage Co., Okla. 2.96 0.107 0.06 13.1 

Caddo Conglomerate 4132-70 Parker Co., Tex. 2.98 0.192 0.18 11 .1 

Canyon 6725 Crockett Co., Tex. 4.83 0.125 <0.01 7.1 

Canyon 6461-27 Irion Co., Tex. 5.79 0.131 1.00 10.6 

Cherokee Sand 4942-58 Woods Co., Okla. 6.45 0.230 

Clearfork 5541-5761 Ector Co., Tex. 5.81 0.340 <0.01 11.8 

Clearfork Dolomite 6400 Lea Co., N. Mex. 9.25 0.238 <0.01 2.8 

Clearlork (Upper) 6718 Yoakum Co., Tex. 8.85 0.226 <0.01 3.0 

Clearfork (Lower) 3074-75.2 Howard Co., Tex. 5.85 0.240 <0.01 7.1 

Cleveland 5603-19 Garfield Co., Okla. 2.45 0.047 0.11 10.2 

Clinton Sand 3234-3310 Ashtabula Co., Ohio 4.12 0.086 

Clinton Sand 5395 Stark Co., Ohio 9.10 0.067 

Coctiran 8533 Eddy Co., N. Mex. 4.28 0.094 <0.01 3.4 

Cotton Valley (Sexton) 8993 Claiborne Par., La. 2.61 0.016 0.28 8.7 

Cromwell 3096-3135 Coal Co., Okla. 0.76 0.144 0.14 12.4 

Cypress 2472·84 White Co., Ill. 4.12 0.145 14.70 14.5 

Dakota 6076-6119 San Juan Co., N. Mex. 2.66 0.163 0.24 7.5 

(Conllnued) 
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Formation Properties (Continued) ~ .. ; -..:. 

Young's Perm 
Depth Modulus {E) Polnon's (Air) Porosity (q») 

Formation (ft) Loe:. ti on (x 106) R1tio md % 

Dakota 7893-94 Rio Arriba Co., N. Mex. 8.35 0.095 <0.01 1.3 

Dean Sand 8717 Dawson Co., Tex. 3.32 0.077 0.46 11.1 

Desert Creek 5885-88 San Juan Co., Utah 7.98 0.155 <0.01 6.1 

Devonian 12, 100 Ector Co., Tex. 5.18 0.185 0.03 3.5 

Devonian 11,009 Glasscock Co., Tex. 6.20 0.088 <0.01 5.1 

Devonian 5200 Pecos Co., Tex. 3.91 0.133 

Ellenburger 13,014-20 Upton Co., Tex. 8.97 0.314 <0.01 0.7 

Frederick~burg 2304-37 Caddo Par., La. 6.67 0.393 

Fredericksburg 3044-55 De Soto Par., La. 2.53 0.092 0.02 8.7 

Frio 9039-42 Aransas Co., Tex. 0.95 0.150 1880.00 27.1 

Gallup 5531-5627 San Juan Co., N. Mex. 2.37 0.157 

Glorietta 5647-78 Yoakum Co., Tex. 7.41 0.238 0.41 4.9 

Grayburg 4332 Andrews Co., Tex. 3.13 0.114 1.30 12.4 

. Grayburg 3922 Crane Co., Tex. 5.36 0.226 1.10 9.6 

Grayburg 2870-71 Crockett Co., Tex. 4.79 0.342 2.40 16.9 

Grayburg 4262 Lea Co., N. Mex. 5.32 0.130 0.05 6.4 

Grayburg 2170 Upton Co., Tex. 2.82 0.137 0.06 10.4 

Halfway Sand 5398-5400 Canada 2.30 0.082 

\.fardinsburg 2040 Webster Co., Ky. 2.54 0.088 42.00 14.8 

Hosston 10,263-291 Yazoo Co., Miss. . 4.05 0.281 74.40 13.8 

Hoxbar 6217 Stephens Co., Okla. 4.90 0.042 0.03 1.4 

Hunton 5100 Noble Co., Okla. 4.86 0.157 45.80 15.2 

Hunton 2700 Pontotoc Co., Okla. 4.70 0.160 0.06 3.5 

Jennings 3244-46 Coleman Co., Tex. 4.00 0.153 39.80 14.5 

Manning 6817-87 Garfield Co., Okla. 7.00 0.277 0.02 3.5 

Maramec 7929-32 Kingfisber Co., Okla. 6.10 0.186 0.02 1.4 

Marble Falls 3221 Erath Co., Tex. 3.52 0.125 

McClosky Dolomite 2971-3008 White Co., Ill. 4.19 0.330 <0.01 8.3 

Mcclosky Lime 3298-3307 Edwards Co., Ill. 7.17 0.370 35.00 9.7 

Mesa Verde 2330-80 Sublette Co., Wyo. 1.43 0.146 3.00 18.7 

Mississippi Chat 5014 Kiowa Co., Kan. 4.40 0.186 

Mississippian 8859-61 Calgary, Canada 7.97 0.288 <0.01 4.3 

Mississippian 4471-84 Lincoln Co., Okla. 3.40 0.184 <0.01 2.8 

Mississippian 4287-97 Noble Co., Okla. 4.98 0.264 0.13 6.2 

Mississippian 8982-83 San Juan Co., N. Mex. 7.85 0.110 0.45 5.5 
Mississippian 8985-9022 San Juan Co., N. Mex. 6.97 0.145 0.02 4.1 

(Continued) 
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Formation Properties (Continued) 

Young'• Perm 
Depth Modulus (E) Poluon'1 (Air) Poroalty (.pl 

Fo11n1Uon (II) LocaUon (x 101) R•llo md % 

Mississippian 9245-319 San Miguel Co., Colo. 5.65 0.220 0.03 8.3 

Morringsport 4589 S'abine Par., La. 3.45 0.282 0.24 11.1 

Morrow 9105-28 Blaine Co., Okla. 4.99 0.120 0.28 12.0 

Morrow (Upper) 8924-27 Lipscomb Co., Tex. 6.75 0.126 <0.01 6.3 

Morrow Lime 15,011-101 Lea Co., N. Mex. .6.50 0.190 

Mt. Simon Sand 2952-89 Cass Co .. Ind. 5.36 0.190 79.80 13.8 

Muddy 6907-31 Campbell Co., Wyo. 1.96 0.143 10.70 18.3 

Nacatoch 1510 De Soto Par., La. 5.96 0.110 0.02 15.7 

Nacatoch 4596-4647 Jack Co .. Tex. 1.15 0.330 2.60 24.9 

Navarro Sand 3474 Milam Co., Tex. 1.60 0.200 

Navarro Sand 3733-3853 Webb Co., Tex. 7.57 0.230 <0.01 1.4 

Newburg 5370-5430 Mercer Co., Penn. 2.53 0.261 

Oriskany 5039 Potter Co .. Penn. 7.42 0.204 

Oriskany 6000 Potter Co., Penn. 4.50 0.262 0.03 3.5 

Osborne 9221-54 McClain Co., Okla. 4.35 0.084 0.32 10.4 

Oswego Lime 4296-4318 Garfield Co:, Okla. 4.35 0.260 0.11 6.2 

Page Sand 6145-53 Harrison Co., Tex. 3.03 0.119 19.00 15.7 

Penrose 875 Chaves Co., N. Mex. 2.29 0.150 <0.01 3.0 

Penrose Queen 3569 Lea Co., N. Mex. 3.01 0.089 0.02 6.8 

Phosphoria 8744-54 Wyo. 2.66 0.185 0.39 13.4 

Queen 1633-50 Howard Co .. Tex. 1.38 0.123 0.13 16.3 

Queen 3812-13 Lea Co., N. Mex. 2.18 0.116 

Red Oak 6474-6641 Latimer Co., Okla. 2.04 0.115 0.81 13.1 

Redfork 1915-22 Tulsa Co .. Okla. 2.89 0.106 0.41 13.1 

Rodessa 9425-55 Jones Co., Miss. 1.37 0.137 185.10 19.7 

San Andres 3348-60 Chaves Co., N. Mex. 4.44 0.207 0.10 6.9 

San Andres 1933-69 Crockett Co., Tex. 2.30 0.220 

San Andres 2189-99 Howard Co., Tex. 4.87 0.228 0.87 12.8 

San Andres 3012-16 Ward Co., Tex. 6.40 0.260 0.03 6.3 

San Andres 5228-68 Yoakum Co .. Tex. 6.19 0.375 

San Andres Lime 4533-47 Lea Co., N. Mex. 7.86 0.283 0.16 8.3 

San Cristobal 6679 Folche Fld., Peru 6.70 0.340 

San Miguel 1698-1748 Maverick Co., Tex. 4.67 0.242 0.02 4.2 

San Miguel 2743-44 Zavala Co., Tex. 2.35 0.156 

San Miguel 2748-49 Zavala Co., Tex. 1.44 0.262 0.03 4.2 

Second Frontier 7315-55 Sublette Co., Wyo. 1.52 0.110 0.10 12.4 

(Continued) 
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Formation Properties (Continued) 

Young's Perm 
Depth Modulus (E) Poisson's (Air) Porosity (<J,) 

Form1tlon (fl) Location (x 105) Ratio md % 

Serpentine 1458 Bastrop Co., Tex. 0.76 0.164 0.06 25.6 

Shaunavan (Upper) 4573-91 Swn. Saskatchewan, Can. 2.83 0.180 1.40 14.8 

Sims Carter Co., Okla. 3.05 0.250 2.20 9.7 

Skinner 3200 Pawnee Co., Okla. 2.65 0.141 0.69 12.4 

Smackover 9505-55 Na')arro Co., Tex. 5.38 0.310 4 .90 20.1 

Smackover 11,650 Quitman Co., Miss. 1.96 0.320 8.60 14.1 

Smackover 13,274-94 Rains Co., Tex. 10.77 0.271 0.1 1 6.2 

Spiro 11,868-78 Latimer Co., Okla. 6.23 0.204 0.16 6.2 

Spraberry Midland Co., Tex. 1.85 0.048 0.16 9.1 

Springer 12,320-38 Caddo Co., Okla. 1.80 0.234 106.70 24.2 

St. Louis 350 Clark Co., Ill. 4.20 0.170 

Strawn 5138-5752 Nolan Co .. Tex. 5.56 0.240 <0.01 0.7 

Strawn 2700 Wichita Co., Tex. 4.98 0.178 2.60 13.1 

Strawn Sand 6476 Kent co-.• Tex. 0.73 0.330 8.00 13.6 

Tar Springs 1786-1813 Webster Co., Ky. 3.96 0.184 0.40 9.0 

Tensleep 8782-86 Wyoming 5.88 0.268 2.40 9.0 

Tonkawa 6655-8731 Roger Mills Co., Okla. <0.01 2.9 

Travis Peak 6401-25 Panola Co., Tex. 4.08 0.100 0.45 11.8 

Vogts burger 4584 Archer Co., Tex. 4.47 0.135 0.89 11.1 

Waltersburg 2310-20 White Co., Ill. 3.46 0.229 11.80 18.0 

Wilcox 8771-8801 Bee Co., Tex. 4.90 0.181 0.11 9.0 

YOUNG
1
S MODULUS (E) vs ACOUSTIC TRAVEL Tl~E 
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WY<>ming Designated Driver 

STAY CALM & FRAC ON !!! 


