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Cementing and Bradenhead NTO Areas
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summary

COGCC Staff has prepared a report for the Piceance Basin
Bradenhead Monitoring Area (BMA) and Nearby Fields to
Standardize Geologic Isolation Requirements

COGCC rules require isolation of hydrocarbon and fresh water
formations to prevent migration of fluids between
formations

Operator-reported formation tops for Upper Cretaceous and
Tertiary Formations have been inconsistent in the BMA from
field to field; this report uses a consensus of operator data
for consistency with the new standards

The report is being released today with this presentation to
the Commission



Casing and Cement Standard History

Casing and Cement Standards have changed from time to time
In the BMA and Nearby Fields In response to incidents,
complaint investigations, and interagency cooperation

e 1997 Drilling Permit Conditions of Approval and Rulison
Overpressured Area

e 1998-2006 Garfield County Notice to Operators (NTO)

e 2004-2006 Mamm Creek Area Field Orders (some orders
Included many other nearby fields)

e 2004, 2007, and 2010 Cementing and Bradenhead Monitoring
NTOS

e 2009 and 2011 Update presentations to the Commission

e 2011, 2012, 2015, and 2016 Inter-agency meetings with BLM
and EPA



West Divide Creek Gas Seep Summary

January 2004, Gas kicks were encountered in the Wasatch
Formation (uncommon) and the Williams Fork Formation (more

common) while drilling the Schwartz 2-15B (02) Well (Mamm
Creek Field)

February 2004, Production casing cement top fell from surface to
4,328 feet after cementing (COGCC was not notified until after
stimulation commenced in March 2004)

February and March 2004, pressure buildup on the shut-in
bradenhead annulus following the production casing cement job

March 2004, operator proceeded with hydraulic fracture
stimulation, and notified COGCC of high bradenhead pressure

April 2004, Complaint received by COGCC, regarding a gas seep In
West Divide Creek near the gas well; operator remediated the
well and commenced investigation of the seep



Cementing NTO Summary

The Cementing NTO was published in 2004 after the West
Divide Creek Seep, and a drilling moratorium was
Implemented within a 2-mile radius of the seep

Commission orders eliminated the drilling moratorium and
required compliance with the Cementing NTO In 2006

The Cementing NTO was revised in 2007, and it currently
Includes specific requirements for cementing, monitoring,
and reporting



Cementing NTO Requirements - General

* Production casing cement required to 500 feet above top
of gas (TOG); new 2011 permit conditions and new 2016
Isolation report make requirements more stringent

* Production casing annular fluid monitoring and reporting
 Cement bond logs and temperature logs

e Sundry Notice Reguest to Complete

* Periodic post-cementing bradenhead pressure monitoring

 Remedial procedures (venting or remedial cement) and
reporting for bradenhead pressures greater than 150 psi.

 Bradenhead monitoring during stimulation operations



Cementing NTO Requirements - EMCA

The East Mamm Creek Area has additional, more
stringent requirements:

o Surface casing 15 percent of total vertical well depth or
500 feet below the total depth of any water well within a
one-mile radius

e Surface casing shoe formation integrity test (FIT) to
13.0 ppg equivalent mud weight.

* Intermediate casing must be set 50 feet below the
Mesaverde Group top if the FIT falls

e Choke pressure monitoring relative to FIT pressure

e Daily (30 days) and monthly post cementing
bradenhead monitoring for 30 days



Bradenhead NTO Summary

The Bradenhead NTO was published in 2010 to standardize
annual bradenhead testing and reporting requirements

e Perform 7-day bradenhead shut-ins, and measure and report
pressures annually by November 1

o Mitigation or remedial requirements may be required by
COGCC, based on a review of the testing results, and COGCC
must approve proposed procedures

o Keep bradenhead pressures below 150 psi

* Use of combustors Is encouraged, If feasible based on
oressures and flow rates

o Operators must comply with CDPHE-AQCD rules for
atmospheric discharges of vented gas



Cement Changes following 2011 Study

Conductor Casing

Surface Casing

2004-2011 POLICY
Top of Production Casing Cement

Cement NTO Area Reguirement
500" above TOG

Production Casing

PEELUBREIE

Ground Surface

Base of Soils/Unconsolidated Fock

Base of Fresh Water Aguifers

POLICY PHASED IN 2011-2013

Top of Preduction Casing Cement

200" Above MesaVerde top

or Ohio Creek top (if present)

Added several hundred feef of cement

Top of Gas (TOG)
Williams Fork Producing Zone

Williams Fork Producing Zone
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2016 Geologic Isolation Report

The report was prepared as part of an on-going study to
review isolation needs for all gas fields within the BMA and
nearby fields

 New cement requirements to cover the Lower Wasatch, as
defined by COGCC

o Clarifies coverage requirements for isolation of Wasatch G
Sand offset production and Wasatch Underground Injection
Control (UIC) disposal intervals

* Full cementing of the Wasatch Formation is not planned In
most areas

* More stringent bradenhead remediation and enforcement
strategies will be pursued, for geologic isolation in existing
wells, where sustained water flows or gas flows have been
observed (the 150 psig NTO screening threshold will still be
used for bradenhead gas pressure)
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New Cement Changes (April 18, 2016)

Ground Surface

Base of Scils/Unconsolidated Rock
Conductor Casing

peayuapeig

Base of Fresh Water Aquifers

Surface Casing

NEW POLICY EFFECTIVE APRIL 18, 2016

Top of Production Casing Cement

2007500" Above Lower Wasatch top

(as defined by COGCC on FSCs and WBDs)
Adds hundreds of feet of cement

2011-2015 POLICY

Top of Production Casing Cement

200" Above Mesaverde top
or Ohio Creek top (if present)

_____________________ Top of Gas (TOG)

Williams Fork Producing Zone

Williams Fork Producing Zone

Production Casing
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Cementing NTO EMCA Intermediate
Casing Cement Changes (when required)

Ground Surface

Base of Soils/Unconsolidated Rock
Conductor Casing

Base of Fresh Water Aquifers
Surface Casing

Top of Intermediate Casing Cement
Cementing NTO New 2016 Requirements:
50" below Mesaverde top to 500" above
L. Wasatch and 200" above any Wastach
kick intervals

Intermediate Casing
(required in EMCA if Surface
Casing FIT fails)

Top of Production Casing Cement
Mamm Creek Requirement - 500° above TOG

————————————————————————— Top of Gas (TOG)
Williams Fork Producing Zone

Williams Fork Producing Zone

Production Casing
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Wasatch Fm and Ft. Union Fm

A

Unit Hydro- |Saturated
Era| System | Series | Stratigraphic |Thickness Physical geologic |Thickness| Hydrologic
Unit (feet) Description Unit (feet) | Characteristics
Upper I::a:rdm.w:_m <0.2 4
Uinla Formation | 0-1,400 | S sndsone, siktooe |8 eance >16 fiday, yed 110 500
. marisione Basin aquifer fo trassmessivity
G10-770 Aliday
p) Parachote Crook Member
|- kergenous, doiomiio ma | Tahogany
D) stone and thals 500-1,800 4 | confining unit
q_ Conductaty ranga <0.1
. Ao Boinds Wi Lower to>1.2 Biday, vield 1 1o
= shale, fine-grained sand- Piceance 1,000 gpm: Fransmissivity
$io0e and marstons Basin aquifer 260-330 il
wr .
<£ 3 Formation as 5,000
" Gargden (uich Member
L e Tertiary Claysions, sizione, diy-nch
0 o shale and marisione
@) (-000 &
e Confining
Douglss Creek Mambar Uit
tf sitsione, shale and channel
sandsions (-300f
-
) Wasatch Formation| | ADOUL | Shsie and lenbicutar sand-
000 | siee
(@), Fort Uni . Fort Lnion
- Faleocens Fﬂn:lr::mti:: Very thin [ Coarse-grained sandstone “ aquifer |
: E Averages Fox-Hits Sandsions, Ohio Crefk Fm not shown
Lewis Shale, Mesaverde
" — u Mesaverde Group | 3,000 May | pesere Fok Formation o <500-
> 2 Upper be >7.000 | Jies Formation; sandstone " 2,000
g | Cremacesus oo conus interbidded shale and cod
- o
o
= Mandy shae but Frontes Mancos
O Mancos Shale hh;&m;faﬁn Sandstone may be bacal confining
( ) ' aquiter Uit
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U.S. EPA Definition of USDW

Underground Source of Drinking Water (USDW) - An aquifer or
portion of an aquifer that supplies any public water system or
that contains a sufficient quantity of ground water to supply a
public water system, and currently supplies drinking water for
human consumption, or that contains fewer than 10,000 mg/Il
total dissolved solids and iIs not an exempted aquifer
(http://water.epa.gov/type/groundwater/uic/glossary.cfm#t).

An underline was added to EPA’s definition above to emphasize the
term “aquifer” and sufficient quantity of groundwater

COGCC contends that sandstones in the Middle Wasatch are not
consistent with the term “aquifer” in the definition of a USDW



Petrophysics Studies

Piceance Petrophysics Project - Phase 2
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Petrophysics Studies

FICEANCE BASIN PETROPHYSICAL PROJECT - PHASE 2
LOG ESITIMATION OF WASATCH, OHIO CREEK, AND UPPER MESAVERDE FORMATION WATER TDS
TARGET INVESTIGATION AREA: SOUTHERN PORTION OF 65-92W AND NORTHERN FORTION OF 75-92W

LIST OF WELLS TO EVALUATE
Log
well Legal Legal Surface
Well N d Numbe AP . . Log T Log T Log Dat D t
Index =l Hame and Fumber 00 and Section Twp Rng Casing Depth OE Tops 08 T¥PE og ate -DE:ITlEI'I
L1
2850 OHCRK (COGCC pick) IND-SP-GR, TIF fil 7/31/2001 | 1328861
= g
1 Porter Federal #13-28 045-07668 SWSW 28 6592W 660 3165 MVRD (COGCC pick ’
orterredera ¢ pick] - NEU-DEN-GR, TIF file 7/31/2001 | 1328860
3665 Bottom Depth for Analysis
2680 OHCRK (COGCC pick) IND-NEU-DEN-5P-GR 460923
3 Stone #42D-34-692 045-10815 SWNE 34 6592W 728 2911 MVRD (Opr pick) I il and LAS il 09/10/2005 | L 00
3411 Bottom Depth for Analysis
2887 OHCRK (COGCC pick) IND-SP-GR, TIF fil 11/21/2001 | 1104974
= (=
5 Scott #2-36 045-07929 NWNE 36 6592W 650 3125 MVRD (COGCC pick ’
e { pick] NEU-DEN-GR, TIF file 11/21/2001 | 1104975
3625 Bottom Depth for Analysis
2460 OHCRK (COGCC pick) IND-SP-GR, TIF fil 11/28/2006 | 1420484
= g
7 Last Dance #138-2-792 045-12954 NWSW 2 7592W 1022 2705 MVRD (COGCC pick ’
stUance { pick] NEU-DEN-GR, TIF file 11/28/2006 | 1420483
3205 Bottom Depth for Analysis
2980 OHCRK (COGCC pick) IND-SP-GR, TIF fil 08/02/1995 | 1042138
= g
6 KRK LTD #7-3 045-06999 NENW 7 7592W 525 3409 MVRD (Opr pick ’
(Opr pick] NEU-DEN-GR, TIF file 08f02/1995 | 1042139
3909 Bottom Depth for Analysis
2347 OHCRK (COGCC pick) IND-SP-GR, TIF fil 10/26/1994 | 1043787
= g
4 Dunn #9-2 045-06907 NWNE 9 7592W 554 2525 MVRD (COGCC pick ’
Hnn ¢ pick] NEU-DEN-GR, TIF file 10/26/1994 | 1043786
3025 Bottom Depth for Analysis
2255 OHCRK (COGCC pick) IND-SP-GR, TIF fil 02/07/1991 | 1049328
= (=
7 Sample #T 65-17 P 045-06744 NWSE 17 7592W 1000 2611 MVRD (Opr pick ’
AmpiE (Opr pick] NEU-DEN-GR, TIF file 03/05/1991 | 1049327
3111 Bottom Depth for Analysis
B Disposal #1 2060 OHCRK (COGCC pick) IND-SP-GR, TIF fil 12/31/2002 | 1274246
uerger Disposa _ -GR, e
8 045-08973 NENW 21 7592W 722 2302 MVRD (COGCC pick
fka Buerger 21-34 (C21) ( pick] NEU-DEN-GR, TIF file 12/31/2002 | 1274245

5400 Bottom Depth for Analysis
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Petrophysics Studies

LESA 9.8, © 1992-2015 Digital Formation, Inc.

File: 05045076680000 Porter Federal #13-28.lbs Well Mame: PORTER FEDERAL #13-28
i A Plot; Salinity by Depth
FORMATION GF'D‘EE Interval; 660 to J665 I:]'!,lr 0.5 F
Ranges:
660-3665

Time: 10:53 AM Date: Fri, Jun 12, 2015

Section: SECTION Township: TOWNSHIP AP #:05045076680000

Location: LOCATION Range: RANGE UWI: 05045076680000

Comments:
= Pokensialty Mobile Wailer or Poor Resesvoir Cuality
o oz whv 0
4 Salinily fram SP Analysis
= & &
= [0 paim 100000
o Salinily fram Archie Analysis
S = =
= |0 pRm 100000
th 10,000 ppm |
=]
o

|3urface Casing - -
Operator observations in 2016

=
o=
=

0054

oooz

00se

Geologic Isolation Report support

- COGCC contention that “Middle™
Wasatch water is primarily
Immobile - bound to shales and
shaly sands with “Poor Reservoir
Quality”

\ Significant Change Below 2,500’

S e [OHCRK] (includes “Lower” Wasatch,
S — overlying Ohio Creek; higher
. likelihood for “Potentially Mobile
S Water”
'Bottom of Analysis |
g

/A COLORADO




"‘:,i"...'u-r_-ﬂ--r--- = ,

=1

[ == —

=T

COGCC pick for Lower
= Wasatch top (cement required

._ﬁ‘_mnmm CREEF FIELD TYPE LOG (4507254 ﬁ__

e S S
|

4

—-hﬁ_’l

=

e
r 2

\AMM CREEK FIELD TYPE LOG 045-07254

|

=
-

e = S

IE It

17

T

—
- -
-

2

i
-

[ | |
' | | [ &
=
1]
=

GCC pick for

t."‘ -
m

o]

U Mesaverde top [t

==

21007

I~ 2400

—L 2700

=

:bf.i.f",

-

: .,._._,ﬂ":g._.“:,ti. |
- o

Changed the 045-07254 Type
Log Lower Wasatch note to

Appendix A Corrections.
"COGCC pick for Lower

500" above this point, effective
04-18-2016)," consistent with

the report text and Report

Wasatch top (cement required
Figures 1 and 2.

[4/19/2016: See Report

Log Tops

2850 OHCRK (COGCC pick)

3165 MVRD (COGCC pick)

3665 Bottom Depth for Analysis

gsb,

3

-
I

_ k. i m m | -
B B o b |.||| — |||. a ﬁ S
. C 5ot
|rn%|| = -
) . 11| Q=
R l Wljses,
— | - -HM - .. i i R |
u_.|m "P“ |||||| T . L
m...n KN __."d.__m; ERI K‘u ]
5 T Y YL

1

L

& el
.,1,”‘_‘1! |

Porter Federal 13-28

a
Wy

———

A

i,
——

1

194/198 14 % 670 MB /154,64 ME 04/18/2016 / 09:43:32

w

(¥8340 01O pue yoyesepn 1)
sdo] w4 uim sbo1 adA ] pajelouuy

751 x 225204 x1 BPP

(@)
(&)
<
(2 4
(@)
-
(o)
O



andrewd
Text Box
4/19/2016:  See Report Appendix A Corrections. 
Changed the 045-07254 Type Log Lower Wasatch note to "COGCC pick for Lower Wasatch top (cement required 500' above this point, effective 04-18-2016)," consistent with the report text and Report Figures 1 and 2.


2 ] $i 4119/2016. See Report Appendix ] gL o -
= ; N1y A Corrections. l 1 | [ e ——
= 3300, 4 Changed the 045-06899 Type o NN [Wesicn o e s
* :" B COGCC pick for Lower = Log Lower Wasatch note to : : per ol 104-18-2016) (
£ SR I T el B D "COGCC pick for Lower Wasatch ' E [ / | i
) { [[istective 04-18-2015) T top (this well is in the Middleton 1A i! )
T EE’ ) 1 - hl._' = 2=t=t==| —"|Creek UIC area; see cement top ENANN }
TV B G i i requirement above [refers to note [}
T LS for Wasatch G Upper Interval on | I
1T : L - T the Type Log]; 200" above I IR T v T
=T &1 - - Wasatch G [equivalent to 2

: operator-defined Molina Member
e top])," consistent with the report
: text and Report Figures 1 and 3.
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andrewd
Text Box
4/19/2016:  See Report Appendix A Corrections.
Changed the 045-06899 Type Log Lower Wasatch note to "COGCC pick for Lower Wasatch top (this well is in the Middleton Creek UIC area; see cement top requirement above [refers to note for Wasatch G Upper Interval on the Type Log]; 200' above Wasatch G [equivalent to operator-defined Molina Member top])," consistent with the report text and Report Figures 1 and 3.
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Mamm Creek Field Scout Card

COGCC OIL AND GAS FIELD SCOUT CARD

Date 04/18/2016
Document No. 2056127
FIELD NAME MAMM CREEK
FIELD NUMBER 52500
LOCATION

Basin Piceance
Township(s) 55to 85
Range(s) 91W to 33W
SURFACE GEOLOGY

The Wasatch Formation outcrops at surface throughout most of the
field. The Colorado River generally flows from east to west along the
northern fringe of the field. Most of the field is south of the Colorado
River. Alluvium is prevalent along the Coloradoe River and tributary
creeks. Landslide deposits are present in the western portion of the
field along Ramsey Gulch (primarily in 7593W). The Green River
Formation is present, overlying the Wasatch Formation, in the
extreme southwestern portion of the field at higher elevations,
approaching the eastern end of Battlement Mesa.

GEOLOGIC STRUCTURE

The northwestern extension of a northwest - southeast trending
anticline is present on COGCC's 250K GIS Geology layer in the
southeast portion of the field (7592W) . A northwest-southeast

trending, southwesterly-dipping monocline {the Grand Hogback " : .' | N N ; : _ i A Smﬂ ,m Surface G-ulo“rl 1879} _
Monocline along the northeastern edge of the basin) is present within T e ey, 1B s Fending Perrit Hi A N
three miles of the extreme northeastern portion of the field J !.a, Vs ‘ T e - T 0.
(bordering Kokopelli Field) and the extreme northern portion of the r‘ A s T——— S Ea K e LYt )
field (locally known as Peach Valley). . Wi ERR il it K oA | ' 2
| : = — - 1 L= ] ! r
‘I.' AT I B Fy "4 & Y - ﬁ COLORADD
o o5 E Wy F. Ll oa c-ga;'fnazl rvatian |
o R T R T ST PR O T e e G e oo

O Type Log Wells

/A COLORADO




Mamm Creek Field Scout Card

COGCC OIL AND GAS FIELD SCOUT CARD

MAMM CREEK 52500

B - Southwest B' - Northeast
STRATIGRAPHY APl Number =>| 045-15910 045-06899 045-07040 045-06907 045-09306** 045-10341 045-07152 045-14576
Surface Elevation == 7,676 6,889 6,165 6,103 6,160 5,911 5,978 6,792
All depths are measured depths Well Type ==>| Directional Vertical Vertical ".r'ertical Vertical Directional ".r'ertical Directional
Group Formation Member Isolation Concern Log Top Log Top Lﬂg Top og Top Log Top Log Top og Top Log Top
Alluvium Water LSS 0O ;’;’;’;’;ﬂj}’ff;’;’! 0 '?’//"f/ 0
Landslide Deposit Water IAITILTAIIIL ffff WL LA S A ffffﬁ?fffff
Uinta Water A A A IS AT AV A A A A A A A A AU A LA A A A A A A A AN A A A A A A A A A A
Green River Water P o PP o o b b B e ffff;ﬂﬂ’ffff! e o W o o R R b o b
Wasatch Shallow Water 0 [ e e e e L T o | 0o @ [EEaris o N I i i
Wasatch G-5and* Possible Gas 3,758/3928* | 2,630/2820* 820/1,003* |-.-,".".",". 194f2?8* 784/878* 780/860* 1,120/1,262*
Wasatch Fort Union* None 4,276 3,154* 1,307 pC-T.0TLTLT 736* 1,373* 1,352* 1,650*
Wasatch Middle T e e o S ) [l g e Sy o S )
Wasatch Lower* Water / UIC 5,610* 4,800* 2,660* 1,910* 2,094* 2,754* 2,730 3,356
Mesaverde Williams Fork Ohio Creek Water / UIC 5,895* 5,070* 3,038* 2,330* 2,325% 3,095* 3,040* 3,543*
Mesaverde Williams Fork . Mesaverde Water / UIC £,389 5,266* 3,302* 2,522% 2,652* 3,386 3,400* 3,914*
Mesaverde Williams Fork Top of Gas Gas 7,546 4,535 tog*** 4,134
Mesaverde Williams Fork Cameo Gas 7,962 6,802 6,088 A,
Mesaverde lles Rollins Gas / UIC 9,838 8,580 6,930 WA 6,299 6971 [ 1497
Mesaverde lles Cozzette Gas / UIC 10,370 P A A A AN AN 8047
Mesaverde lles Corcoran Gas / UIC 10,582 F j’j;’:,f Jqfffﬁr fffj;{; j’ffj’fjr ffffﬁﬂfffff 8,242
Mancos Possible Gas VAL S LSS LA NS LA A LA A LA A LA NS A A LA A A A LA AL A LA S A S A A A A A
Niobrara Possible Gas VAT AL VIS AL A IS AL L NS LA AL AL AL NS A A SIS VST
Annotated Type Log for 045-06893:; COGCC Document Number 2056128
Annotated Type Log for 045-14576: COGCC Document Number 2056080 (Kokopelli Field)
: : 5 5 : 5 : : 5 -|Stippled cells indicate that the respective log top was not apparent on logs or the top may be covered by a shallower casing string above the logged interval. "Middle Wasatch" is an interval that may
277777 inelude multiple formation members, and therefore, log tops are not presented for the Middle Wasatch.

* COGCC log picks (Wasatch G-Sand [top of upper and lower intervals] and Fort Union are not commonly recognized by operators in this field; "Lower" Wasatch, as shown herein for water isolation, is not recognized in geologic
literature)

** Schwartz 2-15B (02) - well associated with West Divide Creek seep.

*** Top of Gas (tog), as reported by operator or top Williams Fork production perforation (tp)
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WATER RESOURCE ISOLATION

Alluvium, landslide deposits, Uinta, Green River, Upper Wasatch (weathered portion in which water supply wells are screened), Lower Wasatch, Ohio Creek, and Upper Mesaverde,

Water wells are typically screened in alluvium or upper, weathered portions of the Wasatch Formation. Two water wells north of the Colorado River are 620' and 730" deep, but otherwise, all permitted water
wells within the field have total depths of 600' or shallower.

PRODUCING ZOME ISOLATION

Primary Objectives: Mesaverde Group (Williams Fork and lles)

Secondary Objectives: Eight wells completed in the Wasatch Formation (production reported in two wells and one other well was tested then squeezed with cement, some other completions for UIC); two
wells completed in the Sego Member of the lles Formation (045-10599 and 045-18869); seven wells completed in the Mancos Formation; and one well completed in the Leadville Formation (045-06723).

UNMDERGROUND INJECTION CONTROL

APl Number Well Name and No. Type Zone Sample Top | Sample Bot. TDS Source
045-09403 HMU #14-8 (P115W) Disposal Fm Wasatch® N/A N/A 8,200 WH - 6/9/2009
045-10146 MCU Disposal #3 Disposal Fm Wasatch® N/A N/A 8,200 WH - 6/9/2009
045-10123 MCU Fed. Disp #2 Disposal Wasatch 4,562 5,198 8,200 WH - 6/9/2009
045-11225 MCU Disposal #1 Disposal Wasatch 4,108 4,962 27,000 LOG CALC - DGCC

White River Field
045-07463 BJM Disposal #1 Disposal Ohio Creek N/A N/A 4,350 UIC Facility ID
159065°
045-08973 Buerger Disposal #1 Disposal Test Ohio Creek’ 2,324 3,096 3,300 WH - 10/28/2010
045-19732 Maves #A1 Source Williams Fork - Rollins 3,208 5,493 11,367 WH - 11/23/2010
045-06868 Daley #1 Source Williams Fork 4,076 5,470 5,320 WH - 6/13/2005
045-06928 Broome #1 Source Williams Fork 4,223 G434 5,587 WH - 6/13,/2005
045-10344 GGU Broome Source williams Fork 4,400 6,952 9,397 WH - 4/10/2006
#34C-30-691
045-10343 GGU Broome Source Williams Fork - Rollins 4,442 7,028 10,559 WH - 4/10/2006
#44A-30-691
045-06819 Duane Scott #1 Source Williams Fork 4,522 6,354 10,172 WH - 4/13/2006
045-08971 Buerger #16-14C (C21) |Disposal Fm williams Fork® 4,617 5,070 18,180 WH - 6/7/2003
045-13482 GGU Miller Source Williams Fork 4,715 6,729 18,409 WH - 9/30/2005
#11B-32-691

Agquifer Exemptions: BIM Disposal #1 (Ohio Creek) [data may not be representative of actual Ohio Creek Formation concentration] and MCU Federal Disposal #2 (Atwell Gulch Member of Wasatch) [tops reported as 3298'
Molina Member, 3509' G-5and interval, and 3764" Atwell Gulch Member of Wasatch]

Data in this table is listed first by zone from shallowest to deepest, then by Sample Top depth.

(1) Sample appears to have been collected from offset well 045-10123 on 6/9/2009 with a P11SW sample name. The Wasatch Formation was not completed in 045-09403 and 045-10146 until 5/25/2013 and 6/7/2012,
respectively.

(2) At the time of the UIC Application, the sample was considered representative of the Ohio Creek Formation. The sample was collected from a well in the White River Dome Field, Rio Blanco County, approximately 54 miles
NW of 045-07463. COGCC staff's opinion in 2016 is that this TDS concentration cannot be considered representative of Ohio Creek water quality in the Mamm Creek Field.

(3) Designated the Chio Creek Formation by the operator, but in 2016 COGCC staff contends that this interval is entirely Upper Mesaverde.,

(4) Perfs added from 4,260" to 4,429' on 6,/9/2003 after collecting this sample. This sample was a representative formation sample for the Buerger #2 (045-09003) UIC application.
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COMMISSION ORDER SUMMARY (Significant Engineering and Spacing lssues)

191-1 (12/14/1965)

Mesaverde: Recognizes the Mesaverde as a Common Source of supply. Established e40-acre drilling and spacing units Order specifies minimum 350' surface casing with size and weight of casing
approved by COGCC. Reguires sufficient cement be used to fill the annular space behind the pipe to the surface.

191-2 (5/18/1981)

Rescinds 191-1 and makes lands subject to the general rules and regulations.

191-3 (7/19/1982)

Mesaverde: Established 640-acre drilling and spacing units, 990" from unit boundary. Recognizes the Cozzette and Corcoran to be part of the Upper Mancos formation asa  Common Source of supply
with the Mesaverde.

191-4 (2/22/1994)

Expand areas of 640-acre drilling and spacing.

191-5 (10/20/1997)

Mesaverde including Williams Fork: decreased spacing unit size to 40 acres, 400" from unit line, 200" well-to-well in one section (16 wells per 640 acres).

1V-276 (8/16/2004)

‘West Divide Creek Seep Order Finding Viclation: Moratorium on drilling within 2 miles of the Divide Creek 5eep until the appropriate safety precautions are set forth in the Motice to All Operators Drilling
‘Wells to the Mesaverde Group or Deeper in the Mamm Creek Field, Garfield County, effective July 23, 2004 [Cementing NTO); penalty assigned to EnCana il & Gas (U5A) Inc. for the Schwartz 2-15B well.

Various

Williams Fork and lles: established &40, 320, 160, and 80-acre drilling and spacing units in certain parts of the field with 10 acre well density (no more than 4 wells on one pad per guarter quarter section,
to be drilled vertically or directionally), 100" from boundary lines or 200" (Williams Fork) /400" (lles) from boundaries if offset wells are not 10-acre spaced.

191-12 (7/11/2005)

Allows drilling by BEBC in a portion of the Order 1V-276 moratorium area. Requires compliance with 2004 Cementing NTO, Bradenhead Testing and Reporting Requirements for the Mamm Creek Field
(Aug 23, 2004), BEC's Ground Water and Methane Monitoring Plan, walking surveys within 1/2 mile of drill site, surface water samples prior to drilling and after completion, monthly monitoring of
surface water during drilling, and defines sampling analytes. Requires gas compositional and stable isotope analysis if methane detected at > 2 mg/L. Requires compliance with BBC's Additional
Subsurface Data Collection Plan {including Wasatch gas sample collection during drilling surface hole, if practibable). Reguires compliance with BBC's Mamm Creek Field Operations Plan dated Dec 2004
and concerns and conditions expressad in the July 4, 2005 correspondence from Garfield County's consultant, Dr. Geoffrey Thyne. Sample results were to be submitted to to augment hydrogeologic
study.

191-22 (9/20/2004)

Established Bradenhead Monitoring Area, including the Mamm Creek Field.

191-23 (4/24/2006)

Eliminated the Order 1N-276 drilling moratorium area within 2 miles of Divide Creek Seep. Operators drilling in the area are required to comply with the Cementing NTO.

Various

Mancos Group: established various drilling and spacing units with 10 acre well density (no more than 4 wells on one pad per quarter quarter section) for the Mancos Group, including the Mancos,
Miobrara, and Mowry Formations, 100" from boundary lines or 400" from boundaries if offset wells are not 10-acre spaced.

Various

‘Williams Fork: Established horizontal wellbore spacing units
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HISTORIC WELL CONSTRUCTION

Historic surface casing setting depths vary throughout the field as a function of age of the well and ground surface elevation. Old wells drilled during early development of the field commonly have surface casing setting
depths ranging from 200" to 500" deep. Effective 11/20/1997, the minimum surface casing setting depth standard was changed to 10% TVD for all Williams Fork gas wells drilled in Garfield County, which includes this entire
field. Effective 2/9/2007, the minimum surface casing setting depth was increased to 15% TVD for wells drilled in the East Mamm Creek Area. Surface casing setting depths for newer wells are generally set between 1,000' w
3,000°, but deeper surface casing (3,000" to 4,000') has been used in isolated areas of the field. Production casing generally terminates in the lles Formation or the underlying Mancos Formation. Production casing cement [or
intermediate casing cement, if used) may be limited to coverage of the producing intervals, and coverage may be lacking across parts of the Mesaverde Group and Wasatch Formation.

MEW WELL COMNSTRUCTION (effective 04/18/2016)

Minimum surface casing of 10%: TVD (or 15% TVD in the East Mamm Creek Area) for well control and to cover water resources in the upper interval of the Wasatch Formation. Recommend setting depth of at least 50 feet
below the Wasatch Formation top for high-elevation wells that must drill through the Green River Formation, if that criterion is more stringent than the 10% TVD criterion. Check for deep alluvium on offset logs with wells
drilled near the Colorado River, but a cursory review of wells with shallow surface casing of 300" to 400" near the river showed that minimum surface casing setting depths will likely provide full coverage of alluviam. Full
cement coverage of the Mesaverde Group and Ohio Creek is required in the Piceance Basin through 2015. New Standards require cementing intermediate (if used) or production casing at least 200" above Lower Wasatch
sands in the southwest portion of Township 75-93W (Sections 19, 20, 29, 30, 31, and 32) and the northwest portion of Township 85-93W (Sections 5 and 6), or at least 500" above Lower Wasatch sands in the northern, central,
and eastern portions of the field to the northeast of the Molina/Atwell Gulch Middleton Creek UIC Area, or 200" above the Molina Member top within an area inclusive of a one-mile buffer around the Middleton Creek UIC
Area.

PLUGGING OBJECTIVES

Plug(s) above Mancos and other deeper formations (if penetrated) to address potential future horizontal wells; plug above Mesaverde Group completions; plug above Chio Creek and across Lower Wasatch (squeeze if no
annular cement coverage); stray gas isolation squeezes (if no annular cement) or in-casing stabilization plugs (if annular cement present) at 3,000-foot intervals if plugs are not already planned in those intervals as described
above; surface casing shoe plug and surface plug. Consider setting plug(s) from 1,000" to surface for shallow surface casing strings that are less than 1,000 feet deep.

WELL CONTROL

Well control events summarized below were controlled without incident. The 2004 Schwartz 2-15B (02} underground blowout to West Divide Creek was uncontrolled until cement remediation was performed, with gas kicks
encounterad in the Wasatch [rare occurrence) and Williams Fork. Well Control events have been reported in 65-92W, 65-93W, 75-91W, 75-92W, 75-93W, and 75-94W.

Well Control Reports [Form 23s) by Year: 2003 (1), 2004 (1), 2005 (1), 2006 (1), 2007 (2}, 2008 (3], 2009 (5), 2010 (9], 2011 (18], 2012 (18), 2013 (3}, 2014 (none), and 2015 [none). Reporting was inconsistent prior to 2009, when
requirements for Form 23 reporting was emphasized with the operators.

Form 235 by Formation: Williams Fork (40, lles [including Sego Member] (14), and Mancos/Niobrara (9)

MOTES
Except for TSS, the entire field is located within the Mamm Creek Field Cementing NMotice to Operators Area. Special requirements and Form 2 Conditions of Approval apply.
Except for TS5, the entire field is located within the Bradenhead Monitoring Area. Special requirements and Form 2 Conditions of Approval apply.

An Uranium Mill Tailings Remedial Action area is located along I-70 and the Colorado River to the northwest of the field in 8593W. Spedial requiraments and Form 2 Conditions of Approval apply.
Hydrogen Sulfide; Detectable concentration reported in T75, R93W (Section 12), during blowdown of a former LIC disposal well prior to plugging and abandonment of the well.
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FIELD MAME MAMM CREEK
FIELD NUMBER 52500
LOCATION

Basin Piceance
Towmnship(s) 55 to 85
Range(s) 91W to 93W

Depth  Formation/Member

0 Green River/ |
Landslide Deposit/
Alluvium)
L. Wasatch
1,000 Wasatch G
|
!
2,000 :
:::::!
3,000 L. Wasatch
Ohio Cresk
U. Mesaverde
4,000
Top of Gas
5,000
6,000
7,000 Cameo
Rollins
8,000 Cozzette
Corcoran

COLORADO

Mote:

Casing and Cement Coverage

MNew Surface Casing Standard
Minimnum 10% TVD (15% in East Mamm Cresk

Area) or cover all apparent water resources

in the Green River (if present) and U. Wasatch,
whichever is more stringent

Mew Cement Standard

Cement must provide coverage across Ohio
Creek and Lower Wasatch, in addition to
productive imterval coverage. Increase to 500
abowve Lower Wazatch coverage if well iz in
Lower Wasatch 500° Coverage Area. Increase
to 200" above Molina top in Atwell Gulch
Molina UIC area.

Typical Older Well Configuration
TOC covers productive intervals, but cement
coverage of . Mesaverde, Ohio Creek

and L. Wazatch may be lacking

Isolation WBDs

Diepths to formation tops differ significantly with changes of ground surface elevation and geclogic structure across the
field. Refer to the Stratigraphy chart om the Field Scout Card. These wellbore diagrams reflect average depths in a small
portion of the field. Also refer to standards in adjacent fields for guidance.

Depth Formation/Member Plug Placement
] Green Rivery Surface plug
Landslide Deposit/
Alluviumf
U. Wasatch Surface casing shoe plug
1,000 Wasatch G Set deeper shoe plug if casing depth
< 1,000 feet
2,000 Squeeze plug across Ohio Creek and
L. Wasatch {top of plug 500" above L. Wasatch
if well is in Lower Wasatch 500" Coverage Areal)
Add Atwell Gulch and Molina in UIC area
3,000 L. Wasatch
Ohio Creek Stabilization squeeze plug {use if separation

U. Mesaverde between plugs above and below are

> 3,000 faet); not shown on this figure

4,000
Flug in cazing abowve Mesaverde Group
Top of Gas Completions
5,000
6,000
7,000 Cameo
Rollins
E,000 Cozzette
Corcoran
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