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Executive Summary

The Colorado Oil and Gas Conservation Commission (COGC@j@taind-party consultant,
operating agCrescent Consulting, LIt€ forensically review, assess, arghder an opinion regarding
drilling* and completion practices within the eastern portion of the East Mamm Creek Area, which is
located in the Mamm Creek Field, sowthSilt, Colorado. The studyeafor this project, herein
referred to as theeast Mamm Creek Projestea (EMCPAJ)s shownon Figurel andFigure2 in
Appendix A The purpose of thistudywasto evaluate existing data, review past and present drilling
and completion practicegndreview current COGCC policies and proceduvgeslis reviewed during
this study are listed in Appendix Bed@mmendationsre providedor future drilling, completion,
monitoring, and where necessary, remedial actitmprovide additional safeguards for protection of
groundwater and surface water reges frompotential impacts related tmatural gas exploration and
production activities.

The study is limited to drilling activities from 2003 through 200&tural gas wells located within the
EMCPAvere constructed in two phase$hase 12003through 2004 andPhase 112006through2009).
Atotal of 5 wells fromPhase kexhibitedboreholeisolation problems that led to gamigration from
natural gas wells. Natural gas was observed in neasigr wells, ground surfacgasseefs’ around
natural gasvellheads andgasseepsn neighboring creekand ponds

In an attempt to mitigate further gas migration problems, COGCC and an oil and gas oparatora
hAf 9 DI &Enédnd seprratelysrép@rediadd began to implement practicasd procedures
contained intwo documents whichaddresgd cementing and monitoring efforis Phase II:

1 NOTICE TO OPERATORS DRILLING MESAVERDE GROUP OR DEEPER WELLS IN THE MAMM
CREEK FIELD AREA IN GARFIELD COUNTY, WELL CEMENTING PROCEDURE AND REPORTING
wOv! Lw9a9b¢{ 64/ SYSYilAy3a be¢chéo

f  EncanaCementing Standard Operating Proceduré I & A y3 wdzy y A ¥Ertana N2 OS RdzNE
{htéo

Both documents are attached Appendix C The guidancelocumentsestablishedchanges to
engineering and operations procedures that hagmediedmanyof the wellbore isolation problems
that were more common during Phase |

On July 8, 2010, COGCC established a supplemental guidance dacument

! Reference Schlumberger Oilfield Glossary (http://www.glossary.oilfield.slb.com) for information on these terms
*See Glossary for additional information on these terms

1
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 NOTICE TO OPERATORS DRILLING WEHESBNZZARD, MAMM CREEK, AND RULISON
FIELDS, GARFIELD COUNTY AND MESA COUNTY, PROCEDURES AND SUBMITTAL
REQUIREMENTS FOR COMPLIANCE WITH COGCC ORDHR NI3S5@, 19122, AND 369
H 64a. NI RSYKSIR b¢théo

This document is attached @gppendix D The Brdenhead NTO waasstablishedo ensure that
wellbore gas pressure anomalies aeeognized early and remediated in a timely manner.

The cumulative effects afmproved practices and procedures mandatecdty abovereferenced
guidance documentlaveresulted inimproved cementingperformance throughout th&MCPAThe
instances of poor cementing performancbserved in Phase | wellsere dramatically reduced iRhase

Il wells None of the Phase 2 wells has exhibited isolation issues significant enowgdutcer
remediation.Though the study terminates in 2009, Encana has continued to make efforts to improve
cementing performance the areas surrounding the EMCPA

Encan® & ¢ St for chiBEMEMARH were reviewed in depthfocusingon the drillingand
cementing phases, and to a lesser degthe completion phase. Remediigementingactivities were
reviewed when these efforts were required. Recaps B a Bsgriatibas appear ithe Pad/Well
Recapsectionof this report,andindividual well surmariesare grouped by drill pad.

Interviews were conducted witkncangpersonnel familiar with pastperationsas well as current
processes and procedures. The departments interviewed included: Reservoir, Geology, Drilling,
Completion, Productiorin-house Service Provider Engineering stafffd an independent consultant
with gas fingerprintig? expertise.
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1.0 Introduction

TheEast Mamm Creek Projeétrea (EMCPAhas beerstudiedfor severalyearsin an effort to

determine the nature of natural gas obsed/im water wellsand other seeps located at ground surface
in creels, andin ponds There have beewarious studie$ performed by subject matter experticused
on gas compositiongreageologictrends and characteristicand a variety of other projects emn effort

to determine the causesource effectsand remedie®f these releases of gas. There have also been
studies related tawementing and drilling practicewhich have been conductday both governmental
agencies ad operators All of these studies were oducted for educational, operational, and process
improvement opportunityidentification, but none were ever intendedr made availabléor publication.

In part, this study involves a historical review of pastlohg and completion activigsto provide
interested partisswith a new perspective of event$his review was performett supplement
previously mentioned studiedDuringfall 2010 the Colorado Oil and Gas Conservation Commission
(COGCCQEglectedathird-party professionaktonsultingconsortiumto embark upon an independent
study into the drilling and cementing practices in tBRICPAReed Energy Consulting, LLC of Highlands
Ranch, Colorado arfROGH, LC of Lovelan@oloradg operatingunder CrescentConsulting, LLC

0 a / NB af@Elghdnia City, Oklahomaere engaged to undertake the studihe study entails aim-
depth examinatiorof Encaneh A f g DI & Ehdaf& avéelbtoyisbubtdmlatami31 producing
gaswellsandtwo (2) associated ater wellg investigatiorinto the causes of nonconformitieg/here
present,in the construction othesewells, and recommendations for future COG€gulatory oversight
and operator practiceand procedures

2.0  Scope of Work

Thisreport was preparedo sugplement COGQTa -gdngstudiesrelated todrilling andcementing
activitiesin the EMCPACrescent was hired agtdrd-party, independent consultant to provide the
following:

1) Evaluatddrilling practicesprimary andremedialcementingpracticesand stimulation
practices through 2009through areviewof Encan® & AY G SNyt ¢Sttt FAf Sa&
zonal' isolationof water andgasbearing zones ithe EMCPA

2) Review, evaluate and offer recommendatidnsmprovecurrent Staterulesand other
regulations(Notices to Operatorgelated todrilling, cementing, and completions in the
EMCPA

% Refer to Section 11 for a list of studies applicable to this issue
3
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3) Research andummarizecurrent industrybest practiceselated to cementing and current
technologyrelated to Cement Sheath Evaluation

4) Review evaluateand offer recommendationto improvepractices and procedures
contained inEncan& &tandard Operating Procedure Documémtrunning and cementing
of casing strinds

Key Findings

COGCQRBOTICE TO OPERATORS DRILLING MESAVERDE GROUP OR DEEPER WELLS IN TH
MAMM CREEK FIELD AREA IN GARFIELD CENTYCEMENTING PROCEDURE AND

w9t hwe¢LbD w9v! Lw9 a9 b his baemdftvd silightyignatbral gas 0
migration intosurfacewater and groundwateresources.

Encan& @ementing Standard Operating &redureq Casing Running Procedurédéncana
{ h t asibeereffectivein mitigating natural gas migration insurfacewater and groundwater
resources.

COGCCHEOTICE TO OPERATORS DRILLING WELLS IN THE BUZZARD, MAMM CREEK, AND
RULISON FIELDS, GARFEDONTY AND MESA COUNTY, PROCEDURES AND SUBMITTAL
REQUIREMENTS FOR COMPLIANCE WITH COGCC ORDER NK3S54, 19122, AND 369

H 6 a. NI RS yhisheeReffeotivdingromotingrecognitionof potential gas flow

scenariosand timelyremedialaction

An empiricaloverviewof well datato identify root cause of known gas migration problenss
ineffective in theEMCPACrescent concludsthat each well must be engineered as an individual

entity (there were no ¢one size fits alsolutionsidentified).

Squeeze cementin@fforts can be an effective remediationethod, andopportunities for
improvementin remedial cementing procedureist

Surface casing deviatibin the well plan requiresigorousengineeringdesignon the surface
section of the wdbore.

Shallow gas zones exist in the surface hahelthey must be properhidentified andisolated
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The lenticulaf nature of potentially productivgiasbearingsandsis conduciveo drilling fluidt
losses and flowsas tre unpredictable pressurasf individuallenses are distinct and separate
from each other

Differencesbetweenreservoirfluid pressuregradient andfracture pressure gradientwithin an
openhole section of the wellborare oftenminimal Naturally occurring fractures may also
contribute to lost circulation events.

Drilling fluidlosseswhole cement losses and gas flow events are unpredictable

Bradenhead pressunmaynot be reflective of poor cementing practis®r performanceover

the productive interval! &8 dzASR Ay GKA& NBLERNIZ GKS d. NI RSyK

the surface casing and the next smaller casing string (the intermediate casing, if installed, or
more commonly, the production casing).

Monitoring Bradenheadressurechanges ovetime, along with pressure responsestsand gas
fingerprinting is an effective method to evaluate the necessitycement remediation
Remediatiormay or may not be advised wh&radenheadressure is observed.

SignificantOpportunities for Improvement

Potentialgas sourcédentification in the Surface holey runningopenholelogs' on theinitial
well oneachpad

Engineering focus on the surfacasing conditioning, centralizatiorandslurry designas is the
casewith production casing cementing

Examination of water well construction practiceserseen by the Division of Water Resources

wSO023yAGAZ2Y Itop B3R Syfrdgylatody RhyritiedoF topoof cement designs
on intermediate and production casing strifigs

Additional well panning consideration could positively affect remediation when it becomes
necessary

‘WSTFSNJ 2 RA&aOdza&aAZY AY

480GA2y con F2NI F RRAGAZ2YI ¢
5
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5.0 EncanawVell File Data Review

Thirty-one (31) natural gas welgere selected by COGG@ff, as shown in Appendix 8nd are within
a geographic area of knowgas seepsiad gas identified within potable water wellsThe natural gas
wellsare locatedon fourwell padswithin the EMCPA TheEncanadesignated pad namese: 02E,
M1E, F11E and P3he well fileavere reviewed for processes and procedures used when drilling
cementingand completing the wells.

Natural gas wells located within the EMCRé&e constructed in two phase$hase 1Z003through

2004) andPhase 112006through2009. Phase | wells were constructed prior to implementation of the
Cementing NTO and thHencaneSOP.Well drilling and completion processes and procedures generally
became more uniformin Phase Il compared to wells drilled in Phas8tétistical observationwere
attempted early in the review process and were considereahisimalvaluebecause ofhe variability

in data when comparing the well to well resylend the relatively small sample size

5.1 StatisticalObservations

All wells in the EMCP&xperiencel somelevel oflost circulation,and/or gasflow evenswhile
drilling. Most of these eventsvere controlled using standard industry drilling practices without
incident Gaslbw scenarios are expecteds the general drilling practice is to attempt to drill the entire
production portion of the welin abalancel or slightly underbalancedondition using a method
NEFSNNBR (2 | a af 2aiLcAdinkdedhd odchriente df id fodslingg OS¢ o[ /! 0
openhole strataincludingobjective hydrocarbon producing zonedpproximately 15% of the wells
experienced significant lossasexcess of 300arrels Bbld of mud. An equal number hatheasurable
gas flowsThere was a period of drilling withdzy RSNDB | f | Yy OSR¢ YBgafesigntbeddi SYa Ay
wells experienced gas flovdsiring drilling operationsas a result, mutbssesvere eliminatedoy drilling
with underbalancedystems

Crescent reviewed well records 8t natural gagproduction wellsandtwo (2) water wells. Of
the 31 production wellsthere were a total ob wells that hadmtermediatecasing strings installedn
three of the fve wells intermediate casingvas installed because sfuck pipe or lost circulation, lich
led to poor or incomplete isolation of treirfacecasing string.The other two wells failed a Formation
Integrity Test (FITht the surface casing shber in the horizonsadjacent to the casing shpand
intermediate casing was installed, as regudi by the Cementing NT(etails related to installation of
intermediate casing strings can be foundhe Pad/Well Recap section of this repo@f the 3L wells
reviewed, 20 wells exhildtd more than 10 degrees deviation at tlserface casing shoeAs a result of
GLI R RNAffAY3Ia LINPOSRAZNBA YR (GKS RSOAFGAZ2Y 2F (K
wells with intermediate casings had surfamasingdeviations of 2@legrees of more.

® Refer to Section 5.3 for definiticand discussion on FIT

6
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Of the 3 wellsreviewed, 7had remediatementsqueeze jobs performetecause of high
Bradenhead pressurer problems encountered during the drilling phase that could have compromised
the isolation of the surface stratumOf those, someof the remedial jobs were performedthmediately
upon recognitiorof pressure These wellsnayK I @S 0SSy addpe&Rianan rBeRsire
without documented gas migration impacts prior to remediatiddemediation efforts reduced or
eliminated Bradenhead pressures in every case.

5.2 StatisticalConclusions

Thereare two distinct groupings within the studPhase | wells and Phase Il wéllse P3 Pad
wells weredrilled inPhase Iwithout CementingNTO oiEncang&SOP practices or procedures in place)
There were singlevells drilled on the O2E Pad and the FPHAunder the same ruleand policies All
other wells in the EMCPA were drilled in Phase I

Thewells within theEMCPAvere generally drilled and cemented wisimilarprocesses and
procedures.Most surface holesvere drilled usinga 121/4 inchopen hole todepthsranging from700
feetto 1,200 feet and surface casing consisted9e8/8 inchcasing exceptfor wells onthe F3 Pad
which incorporated &/8 inch surface casingThe productiomoles weregenerallydrilled usinga 7-7/8
inchopen hole, with 4-1/2 inchcasingused for production strings. This standard design changed when
intermediate strings were installeth which case the production hole size was reduced-1346nches
Cement tops varied widely depending on the timeframe ol the well was drilledThe variations
encountered from well to well while drilling includéakt circulationzones lpsses ranged frora0-300+
Bblg andgasflow zones(gas concentrations ranged frob000gas units t,100gasunits’). Trese
variableconditionsdemonstrate thateach well was uniqueMud losses, gas and water flows or other
difficulties rarely occurred at similar depths in adjacent wellbores, so few problems had common root
characteristicsMultiple examples o¥ariations in vellbore conditions can be found in thead/Well
Recapsectionof this report

5.3Pad/Well Recaps

After reviewing 31 wellgdividually a reviewof findingswas prepared with wells groupdul
drill pad. Thisreport presentation formaprovides an opportunity to better identify the changes to
operations andesultingefficieng/ improvementsn a chronologic fashiormrhe padsvere reviewed
from oldest to newestand the wellon each pad wersgimilarly revieved chronologically

Commonconceptsdisaussedthroughout the drilling and completiosummarieswithin this
report arelost circulation andeservoirfluid flow. Lost circulation is a phenomenon whereby the drilling
fluid density and its relatedolumn weight overcomes the strength of a particul@ologicstratumto
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support that column weight. When the mud density is too heawrilling-inducedfracture iscreated,
YR RNAffAYy3d FshratmnR Aa afz2ade Aydz2 GKS

The concept ofeservoirfluid flow is a related phenomenon. Fluid flggas or wéer) occurs
when the drilling fluid density and its related column weight is not sufficient to balance or overbalance
the reservoir pressure in a formation encountered during the drilling process. When the system
becomes underbalancedeservoir fluidshave the potential toenter the boreholeln this report, the
term dgas unitg describeghe relativeamount and deliverability of natural gas in tgeologicsystem.
Gas unitsare related diectly to theinstantaneousnud weight atthe time when the gas unit
measurement is madeommon practice is to calibraturface gas detection equipment so tH# gas
unitsis equal tol% methane in ailt should be noted that most gas well drilling operations exhibit
some level of background dgaa the mud systemBackground gas is distinct from both trip aad
connection ga’ which typically occur at higher levels within the wellbdfeese are common, yet
critical concepts used in both drilling and cementipgrationsthat mustbe understoodn orderto
achievean adequataunderstanding of the reviews presentduklow.

Formation integrity tests (FIT) are pressure tests performed on the stratum directly below the
shoe of a casing string. Each well segment has an estimated mud density to eotheldtilling
operation, based on anticipated formation pressures. The required pressure containment at the shoe is
calculated by multiplying the depth at the shoe (in vertical feet from surface) times the anticipated mud
density at total depth (TD) in gptimes 0.052 (conversion constant). A small safety factor-2000psi)
is commonly added resulting in a calculated pressure at the casing shoe to complete drilling operations.
A FIT is performed upon drilling out the shoe, exposing the formation adjezéme casing shoe. The
drilling fluid density exerts a pressure on the formation; additional pump pressure is added to the
column by closing in the annulus. The two pressures are additive and are related back to an equivalent
mud density calculated to caplete the drilling operations. Installation of an intermediate casing string
occurs if the formation is unable to hold the required pressure.

5.3.1 P3 Pal ¢ Drilling and Cementing

The P3 pad consists of five (5) wells. The iedtwas drilled and completkin April
2003. The remaining fou(4) wellswere drilled, remediated and completed beginning in
January 2004 Thispadreviewisslightly different than the others in that commentary on
drilling and cementing operatiorisfollowed by remediation commentary where applicable.
The wells on this pad utilize®5/8 inchor 9-5/8 inchsurface casing and%2 inch production
casing.

Arbaney 316C

The Arbaney-da6Cwellwas drilled in May 2003. THe5/8 inchsurfacecasingwvas set
at 915feet. drculationwas lost late in thesurface casing cemejub and acementd (i 2 L) 2 dzii ¢
job was performed. A FIT was performedataan equivalent mud weight df3.9 ppg.

8
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Manageable gas flows and lost circulation were natethe well reordsthroughout the drilling
process. The well was drilled using LCA mud weight methodoldwgre vere notable drilling

breaks (changes of penetration ratedoupled with gas infllesmeasuring3,000gasunits at
4,032feet and 4145gasunits at 5135feet. The production casing was run and cemented

without incident.Production casingesnentwascirculatedto surface. Acementbond log (CBL)
wasrun,with(d2 2 R¢ | LILIF NBy i 062 Y RA YEOCHLS/A 20K AlAK NBILRLNIIZSF
apparent bond i®ased on a qualitative evaluation which concludes that gas migration along the
cement sheath is unlikelyA goodTOGwas reported at 220feet, and cement bonding quality
GNF yaAidaz2ySR pholefrdndzhe NIC Cordplétion effdts commenced June
2003,and the well was turned to sales. In January 2004 well was temporarily abandoned to
allow for drillingof additional wells on the padAfter finishingdrilling and completiorefforts on

the P3Pad Bradenhead pressure wabserved orthe Arbaney 3L6C wdl. It is not clear in the

well records as to when thBradenheadgressure was discovered i magnitude

Cement emediationefforts commencedn October2004and continued through
December 2004To assist with designing the rematicement jobEncanattempted to identify
gas flows behind the production casing usiegperature surveys, noise logs areservoir
saturationlogs Based on the logging results, cement wsgsieezé behind the production
casingat 2,600feet, 1,720feet, and 1000feet. Two squeezes were performed at each depth
listed abovepecausehe initial squeezedid not holdadequate pressurduring subsequent
pressure tests.The postremediationBradenhead pressure was reduced topéunds per
square inchfsi), and all squeezbolesweretested to at least 00 psiafter the final squeezes
Bradenhead pressureasslowly increasedince December 2004nd the well is currently
ventingfrom the Bradenheado mitigate buildup ofhigh pressure.

Magic 161

The Magic 141 wellwas drilled in late January 2003rilling of he surfacehole andthe
surfacecasingcementjob were uneventfuylwith surface casing set at a depth830feet. A FIT
was performed tan equivalent mud weight df1.5 ppg.After driling out of the surface casing,
a number of substantial gas flowsgere observedstarting at 3742feet and continuing
throughout the well. This well also utilized the LCA mud methodolgya 10foot to15 foot
gas flare was reported during the drillingopess(flaring is useds asurfacesafetycontrol
procedure during a gas flowJhis indicates a slightly underbalanced conditicon@ition in
whichmud weight is less thaformation pressure) The nud weightusedto finish the hole was
13.3 ppg. Theproduction string was run and cemented to surface without incident; however,
the cement weights were 13.3 ppg on the lead and 1i4¢ on the tail.Industry best practices
promote a cementdensityof +/- 1 ppggreater thanthe final mud weight.
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In the BMCPA.It is not unusual taise acementdensityof 1/2 ppg to3/4 ppggreater
than thefinal mud weightto avoid lost circulationTheresultingpotential for gas flow
increases as the density of the cement approadhesdensityof the drilling mud A CBlwas
run and showed very poor to no bond in the upper 1/3 of the hdlevas not standard practice
at the time to monitor Bradenheapressure andtherefore, it is unknown iBradenhead
pressure was preseftnmediately after the cementing procesk is unclear as to when
Bradenhead pressure was first notedowever, the well was remediated October 20040
mitigate high Bradenhead pressure$he remediation process was similar to thteer P3 Pad
wells, in thatlogs were run to locate gas flowmsd optimize depths for squeeze cementing
Multiple cement sgeeze jobs were performed atZ50feet, 1,590feet and 840feet, ultimately
resulting in isolatiorof gasbearing zonesindelimination ofBradenheagressure A3-1/2 inch
full-stringprodudion linerwas installedn May 2004 and cemented back to surfamrér to
commencingstimulationoperations

Magic 161A

The Magic 1 Awellwas drilled in mid Februa3004 There were no significant
events during the drilling or cementing of the surface section of the hblhere was a change in
the designdepth of the surfaceasing compared to previous wells on the pasisurface was
set at 1235feet. A FIT was performdd an equivalent mud weight df3.0 ppg. This wellwas
GKS FANRG ¢Sttt 2y (KS |bfdBsigd Bhis méhodibgy s ioS R & dzy RS N
unusual in that rates of penetration are usually enhanced. Other operators in the area used the
same methodlogy and claimed better production performanbecause ofess skin damage to
the formation and less whole mud invasion in natural fracture systeessilting infewer lost
circulationevents The production hole was drilled with mud weighgnging from8.8 ppg to
9.0 ppg with aconstant flare, that at times was reported to fet. This is expected well
behavior when drilling underbalancedhe mud systenwas weighted up to 11.8 ppg to allow
for logging and running dhe production casing.The cemating process was uneventful,
returning 30Bblsto surface. A CBlwas run andagoodTOGwvaspresent at a depth 01,600
feet. God bondingwas apparent below th&@ OC and good bonding transitioned to poor
bonding above th& OC As with the Magic 14 well, no Bradenhead monitoring was in place at
this time. From the onsebf the monitoring program(later in the life of this well)this well has
shown no Bradenhead pressure.

Magic 162

The Magic 12 was drilled in early March 200%he surfacecasngdrillingand
cementing operatioswere uneventful A FIT was performed at the surface shoe @fi2feet,
but the data wasiot foundin the well records¢ KS ¢St f gl a RNAffSR Ay Iy
mode. On March &004 the rig notedelevatedgaslevelsin the drilling mudreturns at
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approximately 300feet. Mud returns, which had been flowing to the pit, weswitchedto the
return lines through the gas busterThisoperation isnormal practicevhen gas is observed in
the mud system However, aisk withthis procedureisthe potential for drillcuttingsto plug

the return lines, flow lines and choke#pparently on March 92004some of thedrill cuttings
pluggedthe flow lines and choke systemesulting in an unanticipated pressupeildupin the
surface equipmenandthe borehole Thispressure buildup and subsequent pressure reldase
hereinafterNBE T SNNB R (2 | & Wit e fiow INEs land ShdkeDpiggtiaré o
was no place for the gas to be released, so pressure butth® annulus between the drill pipe
and surfacecasingas well as the open hole section beldier a period of not more thafour (4)
hours

.FASR 2y [/ NBaOSyiQa tNBdbt&lycledrWhalittarSpirgdSt t NB O3
during the pressure kildup, but it appeas thati KS NA 3 ONB g 61 & dzy Tt YAE AL I
phenomenon and/oproper procedures to clear the blockage in the surfaqaipmentand
relieve the contained pressurélhecrewcalled their direct supervision for assistaneswell as
the owners of the plugged equipmenlt appears that response time was reasonable and that
the help arrived and resolved the problerfihe lines and chokes were cleared, using the
pressure built up behind them texpelthe debris. The flare line were equipped with a fire
bucket to ignite the released ga3he released gagportedlyhad at least 30@si trapped
behind the chokesoutword of mouthd & SR 2y / NB aidisfel heére chwdi SNIDA S 6 &
have been as much as200psi.

ltwasrepdéNIi SR o0& f20Ff ySéa YSRALE GIKFR M KISWNBG 25 Sq
GFr1Sy GKFIG aK26SR | aAIYAFAOLIYG GFANBasal tfte Ay
monitored and a controlled evenalbeitnoisy. ¢ KS & FA NS 0 | fefdternativét | Y dzOK
compared toallowinga releaseof gasthat couldpotentially collect in a low areandignite.
There are normally two chokes built into a manifold sysfenredundant protectionbut in this
case both chokeswere plugged.The pressure hldup and subsequentearingof both chokes
in a rapid fashion appears to havaused theArbaney Eent. The clearing and setting of the
chokes was reported to the COG&€a engineer Drilling depth at the time of thérbaney
Bventwas between P00feet and 3926feet.

The remainder of the well was drilled underbalanced withiouther incident The
production string was run and cemented as planned, however cement was not circulated back
to surface. The wellad two squeeze jobs performeain the production casing, aboviae
surface casinghoeat depths of840feet and 305feet to mitigate highBradenhead pressure
whichwasapparentlyobserved shortly after completion of th@imarycementjob on the
production casingThecementremediation resilted in a consistent Bradenhead pressure
response of less than 20 psi to date.-A/3 inchfull-string production liner was installed and
cemented back to surfagerior to commencingstimulationoperations

11
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In the opinion of this author the rig credid exactly as they should hagtaring
the Arbaney Eventhis was a potentially deadly situation and to have acted in any other
fashion might haveesulted in injury, death, or significant equipment damalijere
wereproblems with lack of adequateaining and/or equipment issueand therein lies
opportunity for improvementPotentialdownholeimpacts resulting from the pressure
buildupare not known absolutely. There were noggsbearing zones present in the
interval from 3377feet to3,790feet. Ifthe gas pressurexceededhe pore pressure in
weaker stratathena cross flow into the weaker strataadikelypossibility Gas
pressuremay have alsovercomeformation pressure in an open, naturifcture,
resulting in gas flow into the naturaldtture system

Both scenarios arpossibilitesas a result of the Arbaney Eveuring the
course of théArbaney Eventhe annulusincluding the open holgectionbelow the
surface casing showras exposed to gas pressubdter the blockage wasemovedfrom
the flow linesthe built-up pressure could be safely relieved from the system and
managed from that point forwardThe event itself may have openaad enhanced
shallownaturally-occurringfractures duringhe 3hour to5 hour durationof the
pressure buildupallowing gas into these systemsThe gas may hawventually
migratedto nearbywater welk and surfaceeepsrelatedto the surrounding geologic
trends. A definitive answer as to where the pressured gas went is only supppagion
we have few control pointseservoir pressures and fracture gradients of the shallow
strata are unknown.

Arbaney 315C

The Arbaney-35Cwellwas drilled in Marckand April of 2004The surface drilling and
cementing operations were uneventfulhecement job went as planneavith cement
circulatedto surfaceanda surface casinghoe depth of D92feet. A FIT was performed an
equivalent mud weight 0£3.0 ppg.¢ KS LINP RdzOi A2y K2t S 41 & YI NNBR
blocks with the bipositionedin the potential gas zoneat a depth of4,175 feet The damage to
the rig forced a temporary abandonment procedure which included setting a drillable bridge
plug at 1032feet. Upon resumption of drilling operatiorfarze (5) days latethe mud weght
was raised to 12.ppg and there was no report of well control difficulties whbe temporary
plug waddrilled out Upon reaching D,the well had a number of bridgésloughed formation)
to drill out prior to logging.The production casing was ramd cemented without difficulty
returning 30Bblsof cement to surface.

Though there is no conclusive evidence, the drilling delay may have contributed to
pressure eventdownhole thathave contributed to the gas releases experienced on this pad.

12
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Thewell exhibited 450 psi Bradenhead pressure within a few d#gs the productioncasing
cementing operationand subsequentlygasbubblingwas observd in the soilat the surface
near this well Upon further investigatiopall of the wells on the pagdwith the notable
exception of the Magic 12, have exhibited elevated Bradenheptessuresandboth Arbaney
wells have gas bubblirig the soil outside the surface casingdditionally, two water wells in
the immediate vicinityof the P3Padhavebeen mpacted with methane gasTheArbaney 315C
well was remediatedvith cementsqueeze jobs performed at240feet and 811feet. Afull-
string 31/2 inchliner wasinstalled and cemented to surfaggior to commencingstimulation
operations This well corihues tohaveBradenhead pressures trending slowly higiwren shut
in. However, thewell iscurrentlybeing vented to mitigate Bradenhead pressure buildup

P3 PadStimulation Comments

The acid and fracture stimulation processes were reviewed in each well on the pad.
There were no indications on any of the jobs that would indicate communication of stimulation
pressures to the annulus above the TOC.

P3 Padremediation Comments

Cementremediation effortsinvolvedlocatingthe entry andexit points (sourcesand
sinksof gas flows)n the wellbore and seailgthem off. CBLsultrasoniclogs,noiselogs
reservoir saturatiodogsand temperature surveys were used to identify gherforation
intervalsfor squeeze operations. Thementsqueeze jobs themselves werell-conceivedand
executed andthe slurrieswere well-designed.Monitoring of post remediation pressurés
ongoing undethe guidance of the Bradenhead NTThe ground bubblewere reducedpost
remediation, though not eliminatedMethane gas is still observed in neasgiter wells and
experimentation with pressure buildup gas wells on the FBadhas been recently performed
to identify which wells are corattedand to what extent All wells on the PRadare being
vented to mitigate potentiaBradenhead pressurauildup. There have been previous studies
presented to the COGC#&hd this review oflay-by-day operations and thought processes found
that therewas little else to report from a cementing and well construction standp®irellbore
schematics may be reviewed in a presentation mhg&ncango the COGCC entitled Moon
Property Presentatioq July 201@vhich is attached in Appendix E.

The issusof shallow gas are illustrated IBygure 3 and Figureid Appendix A, showing an
examplesection of RST laand aTriple Combo log sectioifhese logs indicathe occurrence of
possible shallow gas zones starting at approximately 60 feet below thecsurfa

P3 Padey Points
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9 Drilling

(0]

CRESCENT CONSULTING, LLC

Extended shuin conditions during an underbalancedrilling attempt may
have led toa subsurfacepressurebuildup (the Arbaney Event)
Temporaryabandonmentmay have led tca subsurfacepressurebuildup
event

Propertraining and adherence testandardprocedures mayreduce the
potential for recurrence ofimilar events

1 PrimaryCementing

(0]

Slurrydensity should be at leastl/2 ppghigher than the mud density to
reduce the potential for gas flows during cementing

Gasflows are likely when cement slurryand mud densityare balanced
which may result in cement channeling

Gasflow potential shouldbe carefully monitored when bringing long
columns of cement back to surface

1 Remedial Cement DesignGas Flowdentification Tools

(0]
(0]
(0]

Temperature surveys fluid movementbehind casing

Noiselogsc fluid movement behind casing

Ultrasonic cement bond toolg identify materials behind casing in a 360
degree representation

Acoustic cement bond toolg provide insight as to materials behingipe
and consistency

Reservoirsaturation tools ¢ identify possible gasearing zones

1 RemedialCementSqueezdéProcesses

(0]
(0)

Can be effective at stopping gas flows

May not be permanent sealbecause opressure and temperature cycling
on squeeze perforationswhile the well is actively being produced

May inhibit effective stimulation and production of the resource

Always requires an individualvell-engineered approach to be successful
Continuedpost-remediation Bradenheadpressuremonitoring is
recommended as required by the Bradenhead NTO

5.3.2 OZ2E Pad, Drilling and Cementing

This pad consists of qi&) wells, allof whichexhibitedvarious degrees dbst circulation
during the drilling phaseAfter all well construction was finishefibur (4) wellsexhibited good
isolationof gasbearing zones Severakignificantevents occurreavith three (3) wellson the
O2EPad Recaps of these events goeesentedbelow by well.
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Schwartz2-15B

The Schwart2-15B well was drilleth January 2004nd completed withousignificant
deviation from the drilling plan Qirface casingvasset ata depth of706feet. Manageable gas
flow events were noted at,b29feet, 1,635feet, 3947feet, and 4375feet. Theproduction
casing was run and thgrodudion casingcementjob wasperformedwithout difficulties.
However, theCBLshowed alT Oof 4,050feet, indicating significarfall backof the cement top
from theinitial TOC aftethe plug wasbumped(@ 6 dzY LJA Y3 (G KS dafiadz3¢ aA 3yl f &
circulation diring the cement joh) The results of th&€Blanalysis indicate thatvo gas bearing
zones with significant deliverability were left expos@&te cementfallbackis not an unusual
occurrencebut the loss of H50feet of cement column is notable and indicativeanf
unusuallyweakzone @upling a weak zone withones that exhibitedhigh propensity for gas
flow is a formula for the outcome observed in this cddp.until the timewhenthe cement fell
back there was ndndication noted in thevell recordsof aweak zone.

Well stimulation operationgommenced in MarcR004and progressed without any
indication of difficulty In thewell records Bradenhead pressun@as notedonly in thedetail of
the 5" hydraulicfracture stage However, nspectionof the job datayields no indicatiomf
Bradenheadgressurethat was directhattributed to thefracturing process$the pressure
remained relatively stable during completion operations through Stage E&¢angersonrel
confirmedthat Bradenhead pressure existpdor to commencemenbf completionoperations
After the finalcompletionstage the productivegasbearing zonesvere isolated.

After the Sage#5 stimulation,Bradenhead pressumgas measured a661 psjand as a
result, cemenremediationefforts were implementedo mitigate the high bradenhead
pressure The well was perforatecdind cementwvassqueezed at 3,800 feet ofyril 5, 2004.
After this squeezghe Bradenheadressure was bled down ®6 psiandequalized at 80 psiA
CBlandatemperature surveyvererun onSeptember24, 2004. Thesdogs suggesid an
anomaly(potential gas movement behind the production casiaga depth of 2,700 feet.
Cementwassqueezedehind the production casinigjom 2,246feet to 2,251 feet. Following
the squeezea CBlwas run andapparent bonding on the CRidicatedan improvement in
isolation. PostremediationBradenhead pressureas beermonitored monthly and has
exhibited pressures consistently below 95. psgure5 in Appendix A gives an illustrative section
of CBL run before a squeeze job, and Figugevésa sideby-sidecomparisorof the same
section logged after the squeeze job.

The pressure responses of thgdraulic fracturgobs were analyzed for any anomalies
that might havesuggestd communication into zones up hole. All pressure responses were
normal and did not indicate arsuchanomaly It is likely that the source zone was the zone
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encountered while drilling at,947feet, which was above th&OC following the primary cement
job.

Twoadditionalwells, Schwart2-14A andSchwart2-14D, experiencecevents that
causedalteration ofdrilling plars. Thesewells werethe fourth and fifth wells drilled on thpad.
The Scivartz 214A wellwas drilled in November 200and the Schwartz-24D wellwas drilled
in March 2008

Schwartz2-14A

While runningthe surfacecasing the hole slougheih on thesurface casingt 1,100
feet. Efforts to reachhe designedsurface holedepth wereunsuccessfulWhile working the
pipe to get to depthcirculation was losat 1,138 feet. Atail cement system was pumped
through the casing and around tlvasingshoe When drculation was not reestablished, the
casing wagperforated at 638 feet and lead cement system was pumpéadan attempt to
circulate cementandprovide a seal from 63fet to surface. Thisprocedureis sometimes
NBEFSNNBR (2 | & (K SCodcérms@jout thelrficeZBihg abiltySoicénBiR ¢ P
pressureprompted the decision to run aidchintermediatecasingto provide an additional
protective casingstring to the wellbore.This also was consistent wi€OGC@ules andpolides.
The cement placement on thiatermediate @sing vas according to plan and without incident.

During drilling of theoroductionstring, there were intervals olos circulation that were
healed Running and cementing the produaticasing went well with no pressure on the
Bradenheadt the end of well constructionHowever, Bradenhead pressure has subsequently
developed on lhe Schwart2-14Awell, and itis currently ventingo mitigate Bradenhead
pressure buildup (the Bdenhead pressure will build 65 psiwhen it is shutin).

Shwartz2-14D

The surface drillingnd cementingrocess went well without any deviations in plan.
The surface casing was set at a depth of 1888 After drilling out of the surface casindie
FIT at thesurface casinghoewould nothold satisfacbry pressure to allow the production hole
to be completedas designedrhis led to the installation &f 7inchintermediatecasingwhich
was installed as designed without incident. This installatvasconsistent with COGGGles
andpolicies

Asignificantiossof circulation was encountered between 5,947 to 5,964 feet. Adree
was healed with the use of particulate lost circulation matgiti&M) The production casing and
cement were placed per plan. To date this well has zero psi oBridokenhead however,
cement squeezes were performed on the production casing in September 2010 to remediate
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high production casingntermediate casing annulus pressures, which declined to zero psi after
remediation

Wells on he O2EPadwells,with the excefion of the Schwartz-25Bwell, were
drilled under theconditions of theCementingNTO and thé&ncanaSOPEncanastaff
members indicated that there were errors made in the recognition of the Bradenhead
pressure response on the SchwartaB. It is unligly that earlier recognition would
have had a great effect regarding thaigration of gasaway from the wellborelt might
have reduced the ultimate volume, but the pressure on the hole abovieX@itiated
the gas flow path very early in the eveliheCementingNTO requiredhstallation of
intermediatecasing on the SchwartzI4D because of the FIT failure

O2E Padtimulation Comments

The acid and fracture stimulation processes were reviewed in each well on the pad.
There wereno pressureevents during or after the jobs that would indicate communication of
stimulation pressures to the annulus above the TOC.

5.3.3 ML1E Pad; Drilling and Cementing

Drilling commenced on thRI1E Pad in August 200€-0ur(4) wells were drilled and
completed in 208. Six6)additional wells were drilled and completed in 2008otable
comments for the2006wells are summarized belaw

Juniper 113A

The Juniper AL3Awell was the first well drilled on th#M11EPadin August 2006 The
surface hole was loggassinga ctriple comba openthole log suite which included neutron
porosity and formation density log&Vhen plotted together, these logs give an indication of
gasbearing zones in the borehol&hesurfacecasing wagstalled and cementedsplanned
with asurface casing setting depth of 1,5fE&t. However shortly after thecementjob was
finished gas wasbservedbubbling in the surface casingonductorpipe annulus. The
conductor pipe, with a 2éhchdiameter, is larger than the surface casingd @&rwas installed
prior to the surface casing at a depth of #@t. Further investigation of the triple combo log
indicatedthree (3) gas bearing zones present in the first X686t of hole. ACBLand ultrasonic
imaging tool wergun, and these logindicated poor bondehind the surface casirfgppm
approximately300feet to surface.Physical inspection indicated cement at surfacée
surface casingconductor casing annulu3he gas was testedndit reportedly contained20%
combustibles. No aain was taken on this situation and though it is sbbwn in the well
records the gasflow likelydiminishedas pressure in the shallow gas zone was depleted
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Thesurface casinghoe was drilled out without incidernd the FIT at the casing shoe
met the required equivalent mud weigltf 13.0 ppg Another FIT was performed at a depth of
2,780feet and also passed.his test was performed S@et into the Ohio Creekormationin
the upper Mesa Verd&roup The second FIT was not required by COGCErimana
performed the FIT to gather information from the Ohio Creek Formatidre equivalent mud
density derived from the test was 13.0 pp@/hiledrillingthe production hole, lost circulation
wasencountered at depthof 4,712 feetand below

Whileaddressing the loss of circulation issuepreliminarydecision was made to run 7
inchintermediate casing, presumabliy mitigate additionalosses.Running a Thchstring
required the hole diameter to be increaseas the originaproductionhole diameter was7-7/8
inches! aK2ftS 2LISYSNE NBIYAYy3 | &daSYoédameaidrta NXzy Ay
8-3/4 inchesto accommodate the tchcasing.Additional drill time losses were associated
GAOGK | aFA&KE O0SAYy3d tZEBS02XYy KRS GK2 {UkimaeylS {5 8B R |
the 7 inchcasingwas not run because thdost circulation zonesvere healedduring the reaming
operation However, production holdrilling operations were continued witlin 8-3/4 inchbit
to TD

The 41/2 inchproduction casing was placed with no lost circulatwrother significant
problemsrecordedwhile runningand cementinghe casing Within 24 hours of the cement job
Bradenheadgressure wasbserved The highest reporte@radenheadressure vas 475 psi.
The well was vented and monitorachile drilling theremainingwellson the pad. A CBLshowed
goodbond belowa depth 0f5,400feet. Cement bond transitiaad from good to poor above a
depth of 5,40(feet, with a reported TOC of 3,56€et. The well shows characteristics of
possiblegas migration and inadequate centralizatiorthe interval from 5,40@eet to 3,560
feet. The well has not been remediated to dasmdthe Bradenheads being continuously
vented Bradenhead pressure will baiiio 150 psi to160 psiafter being shutin for a period of
10 to 20 days

Juniper 113

The Juniper L3 wellwas drilledin September 2006vith manageable gas flows and
lost circulation eventslocumented in the well recordsThesurfacecasingwas €t and
cementedaccording to desigat 1,523feet. The productiorcasing TOC wa&f0feet short of
/ h D/ recq@igement. After stimulating the wellthere was 15(si on the Bradenhea@nd
venting dropped the pressure to 15 pgifter additional venting in late 2008 and early 2009, the
Juniper 113 well had zero Bradenhead pressure.
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A Sundry Notice (notice of intent to remediate and raise the TOC) was approved by
COGCC staff in November 2008e job wascompletedin November 62008, with nospecific
remediationdetails or referenceavailable in the well record&xamination of the resulting CBL
indicatesimproved cement bond from 3,900 feet to 2,582 fe€he Bradenhead currently builds
to 90 psialthough the well has not ben vented, post remediation.

Juniper 216

Significant lost circulation was encountered while drilling the surface hola@auniper
2-16well in October 2006Log circulationzonestook 85 Bblsof drilling mudat a depth 0f520
feet,and210Bblsat a depth 0f1,160 feet. The surface casiwgs set at 1,528et, andcement
was pumped with no returnsEncanaan a temperature logo identify the TOC, whiclwas
located at 1,140 feet. The casing was perforated at 850 feet and squeezed in atoeffise
the TOC After thecementsqueeze jopanothertemperaturelog was runwhichidentified the
TOQ & tT1p FSSiho I a2 L) 2odaing cededioSyifaceBe 6 o1 & LISN
subsequentasing pressure tegailed and anothecementsqueee was pumped at 848 feet.
Thecasingpasseda pressure tesafter thisfinal cementsqueeze. Two additionptessure test
were performed one at the perforations and one at the surface casing shoe. [@etsure
tests passedEncanaptedto incorporde a 7inchintermediate casingpecause of the multiple
cement squeezes on the surface casiagd concerns regardirigng-term integrity of the
squeezed perforations

The 7inchintermediate casing was placed and cemented as planned. Drilling continued
to TD encountering a loss of circulation g090 feet that was successfullyitigated The 41/2
inchproduction casing was run fbDand cementedvithout incident This welbuilds to5 psi on
the Bradenheadandit has not been vented to date.

Juniper 216A

The Juniper A6Awellwas the final well on the pad in the 20@6lling program. The
well was drilled and cased according to plan, with notations of manageableogaarftl lost
circulation. The welbuilds to39 psi on the Bradenhead and has not been vented to date.

The 2008 program featured six (6) wells drilled from June through August Z0@8e
wells were drilled with nosignificantdeviations to thedrilling plans. There weresome reports
of manageableseepage and/or losses of drilling fluid. These situations were addressed and
overcome with napparentdetriment to construction of the wedl Of these wellsfour
exhibited no Bradenhead pressuréheJuniper 112Awell builds to75 psi, while theJuniper
12-4Awell builds to34 psi Bradenheagressure when shuin. These wells have ndteen
vented to date.
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The entire pad was drilled under tmequirements of the Cementing NTOhe 2006
wells weredrilled prior to implementation of thé&encaneSOP, but the 2008 wells were drilled
using practices and procedures in tBacana&SOP These enhancements faracticesand
procedures, such as attention to circulation and pipe running practices, mud comaigjon
centralization, slurry design and pipe movement appear to have positively impacted the
outcome ofthe drilling and cementing operations.

M1E PadStimulation Comments

The acid and fracture stimulation processes were reviewed in each well on the pad
There were no pressure events during or after the jobs that would indicate communication of
stimulation pressures to the annulus above the TOC.

5.3.4 Pad F11E Drilling and Cementing

The initial well on the F11E Pad was drilled in January 20@4Brown 12Cwell was
drilled and completed with the only variation from tleillingLJt | y 06 SA y 3 I ad2L) 2c
surfacecasingand a significant gas kick gZ80feet. The Brown 12Cwell has not exhibited
any Bradenhead pressure.

Ly / NB®pnbdB6, gfogoats process is nain optimumprocedure to finish
off a full column of cement on the surface casimgwever, the author prefers this
methodology to perforatingnd circulatingvhen the fall back is less thas0feet, and
the cementtopt y 6S NBFOKSR o0& dallJ aKSaida Gdzo Ay 3é
difficult in this environment, so the use of cement slurries significantly heavier than the
mud system istronglyrecommended. When cement has been circulated prior to the fall
back evet the voidwill be filled with airin which case any competent slurry should
successfully fill the vaid

There were nine (%dditionalwells drilledon the F11EFPadfrom Septembef008
through January 2009These wells shared sevemimmon characteristicsncluding the surface
casing sizethey were all equipped with9-5/8 inch surfacecasingstrings which is now common
practice Thislarger casing sizerovidesadditional clearancéo set an intermediate casing
string, if necesary.

Encanall-3B2

TheEncandl1-3B2well was the first wellrilled in the 2008 drilling program. This well
experiencedhotable gas flowin the Ohio Creekormationat depths 0f2,308feet and 2345
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feet. TheTOGon the productionstring was 500feet. Bradenheadgressure was observeat

140 psiafter the production casing cement jotWith the TOC below the Ohio Creek Formation
gas shows, Bradenhead gas may originate from the Ohio Creek Formation, the overlying
Wasatch Formation, or some comhiion of the two. Thswell is currently being ventetd
mitigate buildup of high Bradenhead pressure

Encanall-4D

TheEncanal1l-4Dwell was drilled in September 2008. Whileoperations were
routine, and no anomalous shallow gas zones were idientj pressureof 25 psihas been
observedon the Bradenhead

The following wells were drilled in ordeEncanal1-4C,Encandl1-5, Encandl 1-12A,
Encandl1-3D,andEncandl1-6A Nonehave shown Bradenhead pressure to datecept the
Encandl1-3Dwell with 5 psi. All of these walkaw gas shows between500feet and 4100
feet while drilling though noneof the shows appeared to have significant magnitudes, based on
/| NBaOSyiQa NEddld@gan@viel récér@Bradldnlieyd pressuragere
monitored on previously drilled wells as thelling program proceededThe last two (2) wells
on the pad encountered significant difficultiesss described below

Encanall-6

Thesurfacecasing in theencandl 1-6 well got stuck at J012feet, short of the intended
setting depth, and then circulatiomas lost Thesurface casingasdtacked I (i (tkef a K2 S
perforated and cement was circulated to surface? iAchintermediatestring was installed at
3,416feet and cementvascirculated back into theurface casinghoe. This was in accordance
with COGCQ&@ementingNTO policyThe remainder of the well was drilled without major
incident. Pressurehas not been observeohn the Bradenhead.

EncanaFederalll-11A

TheEncandederal11-11A experienced similar difficultiesith the surfacecasing
sticking at 972eet andsubsequentost circulation. Twocementblock squeeze attempts
secured the string in placedn intermediate casing stringzas installecht 3,521 feet. Awater
flow was observed in the intermediate casingurface casing annuluand acementsqueeze
procedurewas successfully performed at the surface casing shééltihe water flow The
remainder of the well was drilled without incideptior to running production casing

Theproductionstring was set and cementedHowever, within 10 minutes of bumping
the plugduring the cement jobthe well kickedthe maximum noted pressure on the annulus
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was 1500 psi). The slimholeannulus(4-1/2 inchcasingoy 6-1/4 inchhole) environment caused
by setting the intermediate string may have contributed to this eve3itmhole environments
display higher Gas Fld®otential (GFREendenciesparticularly indeviatedwellbores Deviation
coupled with a slimholenvironment requiresdequatecentralization, fluid loss control and
general cementing practices to control gas migration tendencies.

The gaskick appears to have been initiated fraan intermediate depttsource below
the intermediate casing shoe amdbove the production casing TQ©nsidering thathe bottom
portion of the cement jolappears to basolated on the bond logsThe upper portion of the
hole was protected from the pressure event by the intermediate stridgas influxwas
observedandsubsequently squeezed af727feeté | (i G KS | LILJ ,NBeblion a Tt 25 1 2
drilling datg and again at B30feet, though the reason fothe uppersqueeze is not clean the
well records The well shows 2 p8radenheagressure. The remediation squeezegere
initiated immediately andthey werepumped prior tocommencement oEompletion
operations

With the exception of the Brown 12C, all othe F11HBPadwells were drilled under the
Cementing NT@ndthe EncaneSOP These enhancements firacticesand procedures, such as
attention to circulation angbipe running practices, mud conditioninggntralization slurry
design angipe movementappeasto have positively impacted the outcome of drilling and
cementing operations.

F11E Pa&timulation Comnents

The acid and fracture stimulation processes were reviewed in each well on the pad.
There were no pressure events during or after the jobs that would indicate communication of
stimulation pressures to the annulus above the TOC.

6.0 Encandnterview Recas

Crescent interviewed embersof Encan® & O defNEBigAliEs organized by geologic basins and
disciplineteams. TheLeaders of thé®evelopmeniGroupandthe Production and CompletiorSroup
have been part of the South Piceance team since the program b&danother team members have
been added at various times during the development of the af@@ame discussions resedtfrom direct
guestions; others werenore spontaneousEncangersonné appeared to bdorthcomingduringour
discussionsThe followingsubsectionsecapand highlightdiscussionsvith each group

22



EAST MAMM CREEK PREGJIDRILLING AND CEMENW STUDY
CRESCENT CONSULTING, LLC

6.1 DevelopmentGroup

TheDevelopmeniGroup consised of a GroupLeadDevelopmentGeologiss, ReservoilEnginees,
and a numbeof other planners Encan® & 3 Ssprbvitiétegedlogic overview of the area, which
led to specific discussismegardngthe Molina (lower) memberof the Wasatchormation, its
characteristicsandits reservoir potential for gas as is seen down digle west.Figure 7 in Appendix A
provides a stratigraphic column of the Grand Junction area, showing the relative location of the Molina
member and the Wasatch Formatiofhe concept ohon-commercialgas zonesvas discussedhere
are severarones in e shallow horizonfdeepWasatchFormationand shallow Mesa Verdéroup
within the EMCPAhat produce norcommercial amounts of gas undegrtaincircumstances.

Wereviewed an openholelogfrom the Schwartz 1-PA well which exhibitedhree 3) potential gas
bearing zones from surface tol®of 1,130feet. Anumber ofcasedhole reservoirsaturationlogswere
reviewed,whichindicated the possibility of shallow gas sands scattered throughoutsthiéacecasing
section of the hole.We discusged options for identification of potential gas zones in thefacehole, so
that precautions could be taken to insure isolatiduring surface casingementing operationsEncana
has taken proactive steps on a numberpafis outside othe EMCP Aareaby runningopen-holelogsin
surface holes

2S RA&AOdzaaSR 0 KS GIKSINIK daAca2tHe] CaanetimfiNERaxyitRoutia ¥pecific
RSTAYAGAZ2Y Ay [/ hD// Q& NHzZ Sa 2N §KS / SYSYLA YF be¢hx
Commercial Gas Commercial gaBasadequate gas contergnd an operatodesignated acceptable
water saturation thresholdor economic recovery

6.2 Drilling Group

The DrillingGroupconsists ofa Group Leadrilling aField DrillingSuperintendenttwo wellsite
supervisors for each rig, four drilling engineers, and an operations techniti@nField Drilling
Superintendentesides on the Western Sloped has been involved in the field for the majority of the
development timeso conversations were held vi@ephone. According to the Field Drilling
Superintendent, duringlacement of the surface casisgrings,few majordifficulties have been seen
operationally Though there ar@ccasionabccurrences of lost circulation, gas and water flparsd
hole instalility, these problems are intermittent while drillingpe surface section of the wellbor@s the
EMCPA

Recent adjustmentso surface hole drilling programiscludeuse ofd Y dzR & ,@whigh®pfidize
pendration rates, cuttings removandcombat Ist circulationk y a8 G S+ R 2 Fsimplé wateR Y dzR €
system mixed wittbentonite anddrill solidsduring drilling) resulting in bettersurfacehole quality. This
changewasdriven by the pad drilling mechanigs which all of the surface holes are drilled, cased and
cementedin a batch procesgollowed byproduction holedrilling, casngandcemening in a subsequent
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batch processlt is routine to circulate 3®0 Bblsof cementback to surfacevhen pumping 8% excess
over gauge holeolume. During cemering of the surfacecasing/ . [ Q#@arelyriviBothe volumes of
cement to be pumpedhave beerempiricaly derived Cement volumes arine-tuned through arial-
and-error methodology using visual returned volumescadculateany necessary changeségcess
cement requirement®n subsequent wells.

In the production holethe mud is designetbr many requirements, includingsing LCA drilling
methodology mud weght, rheology, gel strength development, water loss, and pling standard well
control proceduresgasflows are manage@hen encounteredwhile log circulation zonegan bemore
challenging occasionally resulting in extended drilling delays to dgpléM in the mud system

Pasm and Canridinstrumentation vendos) rig data is routinely captured. This inclugésit is not
limited to pump pressures, fluid rates, weight on the bit, drill pipe rotations per minute, return flow
rates muddensityand @as detection During Phase Il drillinthe current DrillingGroup Leadr
recognized an absence of information sharing and general communiaaitiothe rigsupervsorsand
implemented measures to improvaordination The effortshave improved knowledgeansfer
regarding solutionso common problemsandthey have resulted i number of significant efficiencies
within the organization.

Gas detection equipment is routine and use of gas detection measuremenis common in
determination ofdesignedcement tops. Internally,Encananas changeditedza S 2F (G KS GSN¥Y a¢
Gagtod ¢ 2 LJ 2 F C A Nitoer thahintarpretiig 2nis phrase a®p of commercial gasThis
change was as a result of finding gas shows in areas that would not have eeadcondemormal
operating regulationsising top of commercial gas as a criteriddas shows are directly driven by the
relationship between mud weight and reservoir presswaupled with deliverability of the specific
zones encountered.

Further, becaus&ncanaperatesin both State and Federal lands, they routinely design to roeet
exceed the most stringent regulatorgquirements, to avoid potential confusion or miscommunication
between well designs TheFederalgovernment require§ QC200feet above the Top of the Mesa Verde
or Ohio Creek Sands (when preserEncanadypicallydesigrs for an additionab00 feet of cementfill-
up abovethe Federarequirement | & | & &restilthg id 709 fieeDaf @eMdnt filp above the
Mesa Verde SandsThere is an ongoingponitoring program related to cement tops, throughout
Encan& Riceance Basin operations. Based on that datsichhas been reviewedh the study area,
since inception of thenonitoring), it appears thacementtops meetor exceed regulatory requiremesit
MeetingEncan® & A y (i S NJ/ | the dasighegT QdisSdbstantfly Mare challenging.

Centralization desiggare standard on all productionasingstrings with a goal oft/-50%minimum
éstandofé 0 & ®ndif thil-cdisihg from the wellbore prior to and during cementini)e Federal
standard downhole conditions of approvalquires G G NA LX S O2 Y0 2 é¢surfagésingdzA S 0o
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TDto surface(unlessthe surface string is to be set atd0Ofeet total vertical depthor deeper, and
approval fromFederal athorities is grantedpn the first well drilled off of every padAdditionally, a

G G NR LJf €35 reQurad dr@m the production hol€Dto surfacestring shoe Significant improvemeist
in record keeping, training and communication have been achieved over the past few Wsarsf the
Encane&5OFor running casing and cementing is also in placepffoduction strings).

6.3 CompletionGroup

Team memberare Teanmiead Completions and Proetion, CompletionEEngineey and
Completions SupervisoiThe Completions Superviseas interviewedsia conference call from the
Western Slope. This discussiadicatedthat the processes and procedures wevithin industry
standardsand perEncan®& a icied2 The generalperforatingdesign(all sands that appear in an interval
are perbrated), acidizinglesign andstimulationdesignwere reviewedboth present and historically.

Some microseismic frattire mappingprocesse$have been conductenh the general areabutthey
arenot preformed on a routine basisVhen nicroseismic data is generateaffset wellbores or
monitor wellsare equipped witthighly sensitive listening devic€sl f f SR 6.8Gaphdkesy S &
GKSI NE S@Syida Ol daghdstinfukationNdoCebs afdithierebyzdaB be tirpreted to
provide information related t@ockfractures asmicroseismgpropagatethrough the zones of interest
EMCPAnicroseismiaataindicatesthat a limitedfracture height growth of 20Geet is typicalfor
hydraulic fracturgobs. Lateral fracture growth may extend several hundred feet from the widl.
date, Encanaas not usednvestigatorytracersin EMCPA well®r verificationof stimulation fluid
placement in perforated intervals

Though theraare fewcharts to verifynone of the reviewed records indicated arstance where a
hydraulic fracturdreatment hadunusualpressure response that would indicate deterioration of
cement integrity. Also, nme of the interviewed staff indicad a wellboreintegrity issue during a
stimulation procedure.If there wereBradenheadpressuresthe pressureppeaed shortly after initial
cementing operationgnd prior to completion operations

6.4 ProductionGroup

Team Members are Team Lead Completions and Produetinmityo Production Enginesr This
group handles the Bradenhead monitoring programaddition to thé normal production engineering
duties Thismonitoringprogramcreatesa great deal of focus @hcontinues to be a priority.
Administration of the Bradenhead monitoring program is a component of the Production Engineering
Staff dutiesDiscussions included the venting process and u&adenhead gas in powering surface
facilitieswhere approprate. Sampling frequencfor EncanaBradenhead gas was s&tone month
intervalsuntil 2010, when the program was adjusted to vent Bradenheadlgasxceeded threshold
criteria defined in the Bradenhead N'B@d perform one ftay buildup test each yearfhis practice has
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been approved by the COGCC and is consistent with other operators in th8lzedastallationof
automation to providecontinuousdatais ongoing at presentThis group reiterated that the onset of
Bradenheadressureis consistentlynonitored prior to, during and aftefracture stimulation
operations as required by COGCC rules

6.5Independent Consultant, Dr. Tony GorodyPhD

Tony Gorody is the President of Universal Geoscience Consulting, I'@@or@dyoutlinedthe
process of gaingerprintingand the identification characteristics of thermogenic versus biogenic gases.
He explained a presentation given to COGCC staff in July 2010 (see Appendix E). We had a discussion
about the realities of remediation through squeeze cementind aome of theprosand consof this
approach to seal off annular gas flanBr®d D2 NP R&8Qa 2LIAY A2y a NBIFNRAy3I OS
O2yaraitaSyid o6AdK /| NBaésOfardoietranh othEr Oeztions SIYhR refiakt 2 v &

6.61In-house, Cement and Loggirfgsources

Cementing Specialist, Schlumberger Well ServicbisCementing SpecialigtrovidesEncanawith
internal consultation on cement properties and procedur@fiere were severafliscussiongeared
towardsunderstandng Encand) @ément program Cement systems and chemistriesre discussed at
length, as well as the design processes and simulation resGtisversationsfocusedon issues ranging
from pipe centralization and movement, mud removal, slurry property optinurastatic gel strength,
lab testing gasmigration issues and prevention, gas flow potential, job simulation and execution.

US Wireline Champion, Schlumberg@rescent conductediscussionselated toCBLresultsand
ultrasonic imagingpbsspecific to the projecgtavailableoptions, principles of operatiorevaluation
methods, and strengths and weaknessesarhent sheath evaluationtools.

Schlumberger, Halliburton and Baker Atldkese service companipsovided information regarding
operation and evaluation of results fromariousdownholelogs utilized in this study. This information is
included inAppendixF.

7.0 Recommendationsnd Observations

Q)¢
Q)¢
—
[
()
O

A compilation of industry cementing best practices can be found in App&@dixNB & O S yfid Q
observations andecommendations are presented below.
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7.1 SurfaceCasing; Slurry Composition and Characteristics

Surface casing cementing practices in HMCPAave historicallyncluded minimal use of
centralizers As a result, it appears thitere have beersectionsof surface casingith little to no
standoffin deviated wellbores.Until recently, nnimal nud conditioninghas occurred while drilling
surface hols. Shacerusagehas beerfairly uniform at 10Bblsof fresh water. Pipe movement intte
form of reciprocation waa hormal practice.There was no evidenda the well record®f rate design or
centralization calculations in the surface sections of the hdleecementslurry compositions were
typical of surface slurries in the area.

Abouthalf of the EMCPAwells utilizeddeack slurries on the surfaceThe lead slurries typically
consisted ofAmerican Petroleum InstitutéAP) dassG Portland cement blended wifhozalan (fly ash)
andbentonite (gel). This is a commooementblendfor oil and gas wellsCalcium chloridevas
generally added to cement slurriés accelerate the onset of compressive strength and shorten
thickening time.Cellophane flakes wenesed forlost circulation control.This blend provideslight-
weight slurry usually mixed at densities between 12.5 and 13.5 pigwe cellophane flakes are used to
provide alow-cost,low-level lost circulation prevention material.

Gypsum was also usedsaveralead slurrycementjobs to reduce slurry density, provide free
water control, and most importantlyprovide thixotropy to the slurryLighter slurry density was
desirableto controllost circulation whichwas observed oseveralwells in the surface sectiom lower
density reduces the hydrostatic pressusepsequentlyreducing the tendency for losses to occ&lurry
that gels or thickens very quickly upon moving to a static condition is said to be thixotfitygic
viscosity carthen be reversed by adding energy to the systemhichoverconmesthe yield mint.
Thixotropyis an importanfproperty in lost circulation environmentsecause theapid gellation of
cementfrom a static conditionin combination with LClVassissin heainglost circulationzones

The remaining halbf wells in the EMCPA utiédctail€ slurryon the surface casingail slurries
also containedAPI class G Portland cemehtit some of the additives used with lead slurries were not
used, resulting in heaviedurry. The typical blend included calcium chloride and cellopharke#iand
was mixed at 15.8 ppg.

Encan& émentservice provider utilizes an antifoaming agémall slurries at low concentration.
The material prevents air from being entrained in the slufieengineeringproperties of thecement
slurry or thesolidified cemengare not affected by this material.

7.2 SurfaceCasing; General Practices

Wells within theEMCPAvere generally designefdr 9-5/8 inchsurfacecasingsetin a 121/4 inch
hole. Thecasingstring is cemented witlan appropriate volume of cement returnifgack to surfaceo
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insure nomud contamination of thecementslurry in the annulusThe keyfunctionsof surface casing
are as follows:

Prevent sloughing or collapse of the wellbdrelow the conductor pipe,

Achieve zonal isolation ahallowfluid-bearing formations,

Provide a foundatioruponwhich to build the remainder of the well casing stringsd

Functionas an integral component of thavell control systenby supporingthe well control equipment

PP

Engineered cement systems are requiréal accomplish these goals, particularly the goal of zonal
isolation The cementing processwvhen properly designed and executegals the annular space from
pressureand prevents crosow of fluids from deeper stratanto relatively weaker zones in the surface
hole. This specifically includegoundwater aquifers that are used for potable drinking water

The oil and gas industry and related entities tend to adequately engineer a well from the surface
casing shoe dowto the productioncasing TDTheEncane5OHs used to assure that the production
casing is placeger theengineereddesign Encanaloes not use aimilar document for construction of
the surface casindputA y / NI & O S stahdaedl sugfdci oAsing ¢eimenting practices and
proceduresshould be developed

The wells within th&aMCPAare drilled frommultiple-well pads. This type of pad drillingequires
that wells be directionally drilled to adequately drain thyasreservoit When performing directional
drilling the wellmustbe diverted froma verticaltrajectoryto attain the necessary angle to guide the
drill bit along the designedellbore pathto the targetbottom hole location In manyareas
directionallydrilled wells are dkicked off (first deviation from a vertical trajectoryjelow the surface
casingshoe However, b achieve the desiredell desigrnin the EMCPAEncanicksoff their wellsat a
shallowdepthin the surfacecasingsection Thistechniqueplaces thesurfacecasing in aleviated
position, with a tendency for theasingto lie onthe low side of the open holeA condition of
eccentricity makes mud and cuttings remowrare difficult compared to vertical drillingand
replaement ofthese maerials with cement to provide a 360 degree sisadlsochallenging This
deviatedsituation potentially leaddo various conditions thatnay result inncomplete zonal isolatioof
the surface casingpotentially forminga conductive path for fluids taassflow from onestratuminto
anotheralong the surface casing cement sheath

With rigorousengineeringdesign the surfacecasingportion of the wellshouldbe modeled and
configured with thepropernumber and placement of centralizers to center the casing and provide
adequatestandofffor a more effectivecementing processUse of a slightly modified casing running
proceduretailored for surfacecasingwill minimize thepotential forgas or watemigration along the
surface casing cement sheath
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This study yielded dimited number of situations in which casing could not be run to the desired
depth.In most caseshise situations occurecause oborehole instability The exposed strata may
have irternal forces that are not adequately supported by the mud systmthere maybe chemical
interaction between the mud system and tigeologicmaterials in a particular zonéeading to
formation of solidsthat collapseinto the hole These barriersnaypreventsuccessful runningf the
casing This can also occas a result oinefficient hole cleaning during the drilling phase, especially in
deviated holes.The majority of the wellbore surface sections were drilled with similar mud systems,
both chemcally and froma densityperspective.Attention to the cuttings can be a tip off for potential
issues.Cuttings characteristics weret recorded irEncan® & ¢ S f fso itNSRIifieuN® determine
if these conditions werencounteredwhile drilling surface holes in the EMCPA when stuck casing
problems occurred

7.3 Surface Casing Recommendations

Because o$urfacehole deviation irthe majority of the wellsn the EMCPACrescentecommend
that operatorsperform centralization calculations pritw all surface casingementing efforts.
Displacing theementjobs at 8barrels per minutel{pm) appeared to be typicaccording taeview of
the well records This flow rat@enerates anadequate flow regime for mucemoval duringeirculation
of the cement Though best practices recommend thinning of mud systems prior to cementing
operations care must be takem situations where significant amountslo€Mare being employed.
Thinning mud systems may destabilize the distribubdhCM and lead to bridging in the annulus.
However, inadequatéhinning may leave immobile mud in washoaisd/or lead to channeling of the
cement slurryresulting in poor isolation.

Althoughtop outremedial cemenjobswere not common on the pad&viewed in this study
Crescentecommend using a lead slurry system in BMCPAurface casing cemejabsto minimize
cement fallback.In areas where mud losses are observed during drjlifrigotropic, reduced density
slurry isadvised The reducedlensity and comparative viscosities of lead slurries versusltaiies
promotes mud removabnd consequentlylead slurriegprovide abetter opportunity for zonal isolation
in the annulus.In lieu of using ARl Dliasedtail slurry, educeddensity an tail slurries is also available
through the use of ASTM Type Il cemenype Il cemenbffers high early strength, sulfate resistance,
and a mixdensityof 14.2 ppg.

Good cement engineering practice requires attention to the wellbore conditions from spud
(commencement of drillingp TD All geologicstrata willaffectthe eventual outcome of a cementing
process.There are a number of lost circulation materials thatuld be considered upgrades to the
cellophane flake materidhat is typically used in the EMCPW situations where significant losses are
observed during the drilling procesgaaterials such as nylon fibers, nut hulls or laminate flakes would
potentially providesuperiorperformance These materials can be effective in pi#igs of material
pumped down the holejhead of the cement or as a component of the slurry mixturesituations
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where shallow gas zones are encountered or noticesléh logs oroffset wells best practices described
abovecould help mitigatagas migration.

7.4Intermediate and ProductiorCasing; Slurry Composition and Characteristics

The slurries utilized in intermediate casing jotoshe EMCPAvere generally similar to the
productioncasing cemenslurries with the singular exception of the retarders required to customize
thickening times.For this reason thentermediate and production casing cement slurries will be
discussed together in thiection of the report

Cementing practices in tiEMCPAave changed markedly when comparjprg-2005(Phase 1)
efforts with currentPhase lefforts. Mud conditioningvasnot optimizedin Phase | wells As stated in
Section 7.3, Surface Casifgecommendationsare must be taken in thinning mud systems wih€M
is present.Casing centralizers were usddring Phase, but their spacing wasot optimized. In both
Phase | and Phase I, reciprocation was used to accomppismpvementduring cenenting

.FaSR 2y /| NB siodatian@sultsand enpitcal dagaFappearsthat slurry weighs
ranging froml2.5ppg t013.5 ppgwere preferred while drilling Phase | well$o provide a comparison
with other common industry cement slues,dass G mixed with minimum water requirements weighs
15.8ppg,and50/50/2 slurry (shorthand notation representing percepbzzalaripercent Clas&
cement percentgel) with minimum waterrequirementsweighs 14.2 ppg.It appears that the lighter
slurryweights used in the EMCRvere designed to b&ess dense to provide an appropriate solutfon
lost circulation zones and formation pressures observed while drilling the. Wek$hase &lurry
designs utilized ARlass G blends withozzlan, extendes, dispersants, retarder&CM free water
control additivesand fluid loss additivesThe systems were basic performers that worked well in most
areas of thePiceance BasinThough there were fewhase test results available, the slurries would
havemet acriteria of less than 250 cc/30 minutes fluid loss control, adequate thickening time, and
minimal to no free water or settling.

Early results indicatethat gas migration problems existedAs a resulittention focused on
transition time reductn. The mechanics of transition time reduction can be more difficult to
I O02YLX A4K gAGK fAIK(G ¢S AB&ideraNmat&irgittyhBve &Kigh OS Y Sy (i
water requirement. Use of these materials replaces heavy cement particledgtitarl materials and
water to yieldlower densitysluries The use of materials like sodium metasilicate and bentonite, two
very common extenders, is not conducive to shortening transition ti@#er materials can be used to
adjust the transition time#n conjunction with these materials, btliey were not employedn Phase |
wells Densified spacer systems were used from the outset ofithiéng projectsin the EMCPA

Most of thedocumented gas migration impadtsthe EMCPArose fromPhase Wwells New
materialswere usedand new methods were implementetb combat gas migratiom Phase 1l wells,
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which were drilled from 2006 to presenthought wasnot anewto the industry in 2006TXI Liteweight

cement was offered as a potential solutibpa cementservice provider.This material iproprietary
pre-blendedcementthat has a common mixing density range of 120@ to14.2 ppg. The material

features a finer grind size @0 square cm/gram) than APl ceme(2$600to 4,500 square cm/gram)

This increase in surface area increases the water requiremesujting in aeduced density. To meet

slurryweight requirementsextender usehas beergreatly reduced, leading to more advantageous

transition time performance The mixing density oht product was ideal for the area operations and

gra AaAYLRNISREZ Fa AG Aa y2i0 O2yyzyfte F@FLAtloftS A

With the adoption of theCementing NTO and tHencanaSORN Phase Jithere was an immediate
and significant upgrade in cementing perfornearin theEMCPA Cementslurries were modified by
using the TXI productHuid loss additive usag@ascustomized to provide for fluid loss performance of
less than 50 cc/30 minutes. Thickening times were shortened to minimize retarder influences on
transition time. Mud conditioning was encouraged and performed in a prudent manner relative to the
volumesand ratesof LCMused in the mud Centralization and mud removal calculations were
performed on all production and intermediatasing designs

There have been attempts to redesign the tops of ceméhong these attempts have been efforts
to bring cement to surface, many of which have been successiule downside of these efforts is that
as the cement column height increaséydrostatic pressure is lost duritige transitionphase which
increasathe potential for gas migratiomto the cement There have been multiple instances that
indicate gas migration as a continuing issparticularly forPhase Wells. Examples of gas migration
issuednclude both Arbaney welléncluding the 3L6C and 3l5C,andboth Schwartz wells2-15B and 2
14D Many of the wells with cement returned to surface exhibit characteristics of gas migration in the
upper portions of the wellboreAppendixH contains a paper written by James Heathman which
illustratesthe concepts of gas flow potential and some of the remaeddr controlof gas migration

7.5Intermediate Casing; General Practices

If an intermediatecasingstring iséplanned the intermediatesection of the hole should be drilled
with an 81/2 inchor 8-3/4" bit to the setting depthHowever planned intermediatecasing stringsvere
not standardin the EMCPAThe need to install an intermediate stringgisnerallyrelated tosome sort
of difficulty encountered whilénstallingthe surface casingDifficulties include sticking of the pipe sho
of the target depthresulting in a failed FJTost circulation resulting in concern about the ability of the
cement job or pipe to provide proper pressure containmeetrforatingthe surfacecasingo allowfor
circulation to surfaceor surface casigsqueeze cementing

As with any casing stringpgd cementing practices aneequiredwhile installing and cementing the
intermediate casingProper centralization into the surfa@asingshoe is necessary in deviated holes.
Pipe movementmudconditioning, use of spacers for mud removal, and proper slurry design are critical
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when there are concerns about tiedzNJ | O Sisol@iorapfogeRi€saf the intermediatecasings

& dzy LJ |, r¢ayhiBRIge hole to &/2 inchesis highly desirables it allowsampleannular spacéor

an adequatecement joh andit allowsadditional clearance fgplacement of a Tnchintermediate

casing Current Encana standard practices exceed these recommendations, although it may not have
been the case witlall EMCPA wells.

If drilling conditiongpreclude reamingthen a 5 ¥4nchintermediatecasings an alternative
followed by a 3 ¥nch production string.However, hissmaller diametercasing configuratiomay
compromise theeffectiveness of stimulationperationsand theultimate productivity of the well.
Intermediate casing strings resultin ¢ & f A YK2t Sé¢ Sy @ANRY Y &ndthe T2NJ G KS
operator must pay close attention tantralizationand cement design fdvoth the intermediatecasing
andthe production casindo provide a successful outcome.

7.6 ProductionCasing; General Practices

On the EMCPA welldd productionhole sectionwastypically drilledwith a 7-7/8 inchbit, anda 4-
1/2 inchcasingsrun to the TD of the well As discusd in the Intermediate Casing Section above, a
deviationfrom this plan within theEMCPAvasnecessaryf an ntermediate casingieeded to beused
Intermediate casing requiredrilling the open holevith a smaller bit size below the intermediate casing
shoe Typicallyppen holessizeswere reduced to allow the drilling equipment to be run through the 7
inchintermediate casing. The hole size is reducef-148 inchesor 6-1/4 inchesdepending orthe
weightand resulting wall thickness the 7inchcasingwith 4-1/2 inch casing placed in the open hole
upon reaching TDIn slimhole environmentsattention to centralization, pump rate and slurry design
are critical to successful isolatio@ementsheath thickness is reduced and therefore mud removal and
subsequent replacement by cement in the borehole are required for satisfactory performance.

ThecurrentEncanaSOP has provided a guide for good zonal isolation when cementing the
production casig. However, despitémplementation of theEncane&SOP, gas migration continues to be
intermittently problematic. In wellbores successfully cemented to surface, there is a recurring theme of
poor bonding performance in the shallow portions of the well.SCeat believes that gas migration
problems are symptomatic of long cement columns returned to surface and the need for added
attention to transition time characteristics of the slurriel order to mitigate gas migration problems,
casing and cement desig must be customized for each pad and each well based on drilling conditions
and geology observed in each well.

Encanaypically uses Federal requirements to calculgpecificcement volumsfor each
production casing jobTheFederalTOQrequirementis 200feet above theMesa Verdd-ormationor the
Ohio Creelrormation (if present) The Federal requirement is used for cement calculations because it is
a standard that also meets Stat®Qequirements. Data over the past few year®r wells drilledin the
EMCPArea andsurrounding areasndicate that State and Federal requirements for cement tops are
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rarely missed However, Encan® & A y (i S NJwhi¢h exceéedbyiiRFedeRal and State

requirements by several hundred feé,often missed on théow side.This data is presented Fgure8

and Figure 9 Appendix A, which show charts generated from Schlumberger data of Top of Cement vs.
APD Objective.

7.7 Intermediate and ProductiorCasing; Recommendations

Encan® a { thetr €ddientcasing and cementingesigns andheir quality assurance efforts
exceed Federal, State, and normal industry standakdy” / NXopirio8 gtténepés to bring
intermediate and/or production casingement to surface are not the optimum solutibm preventgas
migration Effectively isolating the potentially productive gas zonesgseater concerpas well as
preventing encountered gas zones from damaging the cement sheath, thereby limiting the zonal
isolation capacity Encands currently designintheir cement jobgo coverall shallow gas zonegith
additional excess cemeatldedas asafety factor. Thisdesign is intended taover zones that have
significant deliverability of gas flow in commercial gtiges, as well a;on-commercialgas zones in the
upper Mesa Verde Group, the Ohio Creek Formation, and the lower Wasatch Formation

Crescentecommend centralization of intermediate casing/ien used and production casing at a
minimum 50% standoffom TD, ugnto the surface casinghoe. This is to facilitate more effective
remediation should it be necessanSqueeze cementing processes require the same centralization as
primarycement jobgo effectivelyprovide 360 degree isolatiorif cement to surface is the final goal,
there are a number of techniques that should be employed in order to minimize the potential for gas
migration stage cementing (currently beimgerformed byEncanautside theEMCP} use ofstabilized
gas generating materigla/hich provide energized elasfitoperties to cement systemfoam cement
processesand transition time manipulation of multiple slurries to achieve maximum hydrostatic
pressure application to known gas bearing strata.

7.8 CementRemediation

Throughout the EMCPfemediation efforts haveraried fromcementsqueezes to setting
intermediatecasing. Differencesin individual remediation techniqueaesulted fromchallengeghat
were unique toeachspecific well.Maore recently, mplementation of theEncane&5OP has reduced the
need for remedial efforts on intermediate casing and production casing. Crescent recommends
development and implementation of a similar document for surface casing to reduce the need for
surface casing remedial worRespite implemetation of standard operating proceduresdrewill be
cases of unforeseen situations that require rediaion. Gorrectiveactionoptionsshould beflexibleto
addressuniguesituationsthat are likely to occur for eachell that requires remediation

In cases oflevelopmentof low-magnitudeBradenhead pressure€rescenbelievesthat monitoring
and venting is aiableoption. Attempting to remediate low pressumgasleakage leads to remavor
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masking the ability tononitor pressure buildup and prese relief Forthe purposes of this discussion,
Crescent define®iv pressureasBradenhead pressures less than 250 psi. When the 250 psi threshold is
reached, acoustic fluid level testing should be initiated to identify the actual pressure @mthtus

and to further investigate the need for remediation.

7.9 Stimulation

Simulation (hydraulic fracture treatmentprocesses do not appear to hasaimpact on the
cement sheath performance in tHEMCPA Cyclical failure ia concern when cementechshgis
subjected torepetitive pressure and temperatureyclesas debonding of the pipe from the cement
sheath @evelopment of anicro-annulus) is generally the resultThis phenomenon is likely occurring,
but the resultingmicro-annuliare either not corductive to fluids othey arenot connected to the
perforations. . F &SR 2y / NB & OSy (i @éurndsaniBatlentegfitessuteBas 9 a/ t | X
occurredprior to pressureexerted on production casing duritige stimulation processCOGCaules
require monitoring and recording of the Bradenheadnuluspressures during stimulatiomperations
and postcompletion monitoring is required by the Bradenhead NTO in the EMCPA.

7.10 Pluggingand Abandorment

In the Piceance Basiimncluding the EMCPA, the practicecoivering all gas bearing zoneaot
practicalduring plugging and abandonment, particularly for shallmm-commercialgas bearing zones
in the Wasatch FormatiaonSetting a plug above the producing formatisrareasonableprocedureto
prevent unwantel fluid migration Crescent recommends th&OGC&odify its internal policyor
surface casing shoe plsigo requirel00feet of cementin and 100feet of cementout of the surface
casingd/ h D/ / Qa Owlgpticy iéquitesi 30 e& of cement inch50 feet of cement out of the
surface casing)Recovenof production pipeis not common in the Piceance Badint slotting, cutting
or perforating can accomplish access to the annular sppatew thesurfacecasingshoeto facilitate
circulation of cement past the shoeCOGC@ilesprovide general guidander plugging and
abandonment. However, in order to account for the unique wellbore configurations in each well,
COGCdaules are necessarily flexible to allow fodividual well plugging designand welspecific
plugging orders are approved by COGCC staff for all. wells

7.11 Water Wells

For many older water wells in the EMCP#ere is limited informatioravailable from theColorado
Division of Water Resourcesgardirg water wells and their constructiatetails For water wells with
detailed records/ NB & OS y (i Q a thalBadeisinditedbtRenzghaid towater wellisolation
strategiesfor aquifersand surrounding formationgarticularlyin older water wells ¢ K S & igelFF I O S
protection isdesignedo prevent hole collapseand it functions more like a conductor pipe in a gas.well
The water well surface pipgormally consists of 4feet2 ¥ a4 GSSf LA LIS G6KAOK Aa 3INEP
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YAE¢ @f RBAD Sy (i hawakeldelysirfacg pipprdvides minimal contrdio preventfluid

migration ¢ KS & ¢ G SNJ LINE RdzO (i Anehgr&incatli NA yEA W& ABYCKI X & & & LI»
LJS NJF 2 Nohisi s§iRgs often not cemenedto provide stability oisolationof water (or shallow gas)

bearing zonesbove or below the perforated well screei®n some occasions, theter production

stringwill have gravel or sand dropped behindhitough a tremie pipg¢o promote water flow into the

well and preventcollapse of the wellborebut thereis generallyno form of isolation above thgravel or

sand pack

7.12 Well Logging; Cement Sheath Evaluation

There wereseveralcases when CBlvere run on wellsindicaing adequate coveragenly to have
Bradenhead presuresdevelop,requiring remediation of the wellboreIn ssome of these situatios, the
Bradenhead pressures may have resulted fsdrallowgasbearingstrataabove the TOC supplying the
source for the pressureCBLlanalysis operthole loganalysisand some cased hole log analysiben
coupled with the Bradenhead TOmonitoring programshould provide adequate indication of isolation.
If this data is inconclusive, thehe needfor higherlevel evaluation toolshould be considered
Ultrasonicisolation logsare available from a number of service providers and should be employed when
Bradenhead pressur€BL analysis or both lead to quessargardingement performance Appendix
Fcontains information regarding the uses and features of ultrés@olation logs. The information was
supplied by vendors of the various technologies. A description of the triple and quad combbalpen
logging suites that are used for identification of porous media and fluid identificatialso included in
Appendix F.

8.0 Document Reviews

8.1COGCQB00 SerieRRules¢ Effective May 1, 2009

The current COG@les for Drilling and Cementing are captured in the 300 Seftesre were
few changesn specific drilling and cementing rules compared to a previousfsefles that was
effective in1998. The majority of the changes were verbidge clarification Thecurrent 300 Series
rulesare suitably generaand flexibleto allow COGCC stadihd operatorsto reactin a timely manneto
the unique drilling ana&cementing conditiongncounteredin various parts of the Statelhe300 Series
rulesalso are adequate and clear regarding reporting responsibililesignificant new section within
the rulesoutlines the use opitlessdrilling systemsherms andspill reportingandresponseplansfor
drilling pads located within Rule 317B buffer are@bese additions keep pace with current technology
and environmental responsibilityA new Rule 341 also requires Bradenhead pressure monitoring during
stimulation opeations. There are no changer clarificatiors recommendedn the 300 SerieRules
sectin, with the following exception.
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Current plugging regulations are containedeéction 319 Crescent recommends that COGCC
modify its internal policy for surfaceasing shoe plugs to require 100 feet of cement in and 100 feet of
OSYSyil 2dzi 2F GKS & dzNJF I QiSe plitydequired 5iféetobeenmett in ar@ dzNNB v
50 feet of cement out of the surface casirf@escentecommendsi mn 1 A Y Kk wmethodadogyii ¢ LI dz3
because of the variability of the plug mud or water systems. The risk of cement contamination is
relatively high in this environmerats is the potential for gravity segregation. These items lead to
concerns regardingementplug integrity.The COGCG@ffers additional guidancdocumentsand
personal assistance taperatorsin both design and execution pfuggingprocedures.

8.2Cementing NTO

NOTICE TO OPERATORS DRILLING MESAVERDE GROUP

OR DEEPER WELLS IN THE MAMM CREEK FIELD AREA
INGARFIELD COUNTY

WELL CEMENTING PROCEDURE AND REPORTING REQUIREMENTS
July 23, 2004

Revised February 9, 2007

This document is a supplement to theh D / 30@3eriesamentingrules with specific
requirements for the EMCPA and surrounding arddmeCementingNTO outlines requirements for
C L ,on@llgcontrol situationsgementing, evaluation of cement sheatmdfollow up to insure sheath
competency viaeportingof Bradenhead pressure monitoringhepolicyis written clearly and without
ambiguity. Crescent recommends modifying the policyréguire minimum centralization efforb0%
or better standoffon all deviated stringsThis is critical to insure lortgrm isolation and channel
prevention via mud removalCrescent Bso recommend updating the contact information on the
document.

Implementation ofthe Cementing NT®as had positive effe¢h the EMCPAvith zonal isolation of
casing through proper design and execution of cement.jébss migration problems have been
effectively eliminate in Phase Il wells, which were drilled under requirements of the Cementing NTO.

8.3Bradenhead\NTO

NOTICE TO OPERATORS DRILLING WELLS IN THE
BUZZARD, MAMM CREEK, AND RULISON FIELDS,
GARFIELD COUNTY AND MESA COUNTY
PROCEDURES AND SUBMITTAL REQUIREMENTS
FOR COMPLIANCE WITH COGCC ORDER NOS.
1-107, 13956, 19122, AND 362

July 8, 2010
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The Bradenhead NTO was published on July 8, 2010 for Buzzard, Mamm Creek andrigladison
operatonsin Mesa and Garfield Countie¥he NTO outlines equipment, testingdareporting
requirements. It alsogenerallyoutlines mitigation and remedy requirements whBnadenhead
pressures are observed aboad 50 psithreshold The mitigation and remediation section is left
purposelyflexibleto allow for engineeringudgment. Ay aiSIFIR 2F | oa©O&edddalS Odzid S
operations All of the listed requirements are reasonable and clearly staasedod NBEa OSy i1 Qa NB O
of well recordsn the EMCPAIt appeassthat the requiredmonitoring leads to appropriate actiomhen
high Bradenheagressure is recognizedncan® BMCPAwells are currently being equipped with
automation to make the testing and recording simple.

Crescent recommendgenting wheneverpossiblewithin accepted pressurkmitations, as
remediation campotentiallyforce gas into surrounding strata and might be detrimental to these zones.
Although it is not mentioned in the Bradenhead NTO, COGCC currently aflevesors to utilize the
gas for powering surface equipment if the optiexists. The BradenheallTOencourages the use of
combustors when feasible. Both measupesvent airqualityimpacts; use of gas on the lease for
powering equipment alspromotesgood stewardship of theatural gagesource.

Cement remediation should be designed on a case by case basis, with a specific result Thisind.
BradenheadNTO program haseen effectiveMonitoring of the Bradenhead is a firstep in recognizing
potential downholepressure issuesBy vigilant morioring, a number of specific incidents have been
recognized and addressed in a timely fashidhe use of automated monitoring systems is a substantial
voluntary improvement b¥encana

8.4EncanaSOP

Cementing Standard Operating Proceduaad Casing Running Procedures

TheEncanaOHs currently specific to the Production strirend it incorporatesnany
currently-recognizedndustry practicesnd proceduresL Y/ NB & O S yhdildhadefiedayysi 2 y =
that the specific attentions placedon the production casingbut not other casing strings in the well.

The procedure should be expanded to include all casing strings placed inwithedpecific attention
focused orthe surface casing.

Isolation of shallow gas zonbghindthe surface casings a concerrwhen kicking offrom
vertical to a directional wellboreithin the surface casingection. Attention to casing centralization for
adequate mud removal and cement placement would provide the necessary stairtpfffor
adequateisolation ofgasbearingzones. Currentlycentralizer spacing is nsufficientto provide at
least 50% standoff between the surface casing and the borelghout adequate centralizatiorthe
casingends tosettle against thdow side ofopen hole creating a area adjacent to theasing in which
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the cement cannot completely surrourttie casing Thissituationcan creatdrregularities in the
cement sheattthat couldpotentiallylead to croslow of fluids from one zone to another.

Ly / NBpirio§, vine®@mentsto the EncanaSORshouldinclude provisions for surface and
intermediate string cementing, similar to the specifications for production strings.eiitire
production stringshouldbe centralizd, with performance goals 6f0%standofffrom TD up through
the primary cementing interval and 50% standwoffm the top of the primary cementing interval, up
into the surface casing shpdf theTO(alls back to a lower deptafter the primary cement jojthen
the proper standoff will increase the potential for adequéaelationusing remedial cement

TheEncana®80Pi¢ & f A @A y Jléshdrig 2 dpdSeddgubarlyasnew technology
materials and procedures offer valbg providingimprovedresults.

9.0 Conclusioneand Recommendations

Review ofEncan® &ell recordsand various interviews with persons associated with operation,
regulation and study of the ENRB wells has provided the background for the following conclusions and
recommendations.Detaik and commentary on these items can be found throughout the bodyi®f
report. Conclusions and observatioase followed directly by related recommendations.

91 COGCConclusions and Recommendations

1 COGC@@ementing NT@as been effectiven improving cementing performance.
0 Require minimum standoff of 508ar all casing strings
0 Update document contact information

I CoOGCgHBradenhead\TOhas been effective iproviding timelyrecognitionand mitigationof
potential gas flow scenarios

1 Remediatiorevaluationshould be triggered when Bradenhead pressure reaches a pre2sQre
psiat the surfaceOverall pressure gradients exceeding 0.6 psi/ft require further evaluation.
/ hD/ / Qa OdzZNNBy (i GKNBaK2f R T 2dukedaibhl@didndingdan I YR YA
the nature of the flow) is 150 psi. Continue to vent or utilize Bradenhead gas whenever
possible.

T LY &dz2NFIFOS OlFaiaya OSYSyild I LILIGA QINROS\WRIAUZNERS MBS T IL

to perforating casing and cirating cement when the annular cement top is less than 250 feet
in depth.
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9.2 EncanaConclusions and Recommendations

Encan® a Hadheen effectivén improvingproduction casingementing performance.

o Further improvements may be available in terms arftcolling gas migration, especially
when cement is returned to surface on production casing jobs.

0 The existing document should be expanded smailar document should be developed
specifically for establishing standards for surface and intermediategasstallation
and cementing

Slimhole environmentsesulting from intermediate casing installation may resuhigher GFP
tendenciesparticularly in deviated cases.

o Deviation coupled with a slimhole environment requiradequatecentralization, fluid
loss control and general cementibgstpractices to control gas migration tendencies.
Adherence to rigorous engineering design is critical in these environments.

Use of more advanced LCM in cement slurries may provide superiornmparice and limit

cement fallbackMaterials include but are not limited to fibers, laminates, and nut hulls.
Experiments should be performed in all casing string applications to identify optimum LCM for
the EMCPA.

Surface casing deviation in the well plaguiresrigorousengineeringdesignon the surface
section of the wellbore

o Develop and implement an expand&ticaneSOP or a specific SOP to account for
surface casing installation and cementing to minimize the potential for fluid migration
along the stface casing cement sheath.

In areas with lost circulation in the surface casing section, utilize lightweight lead slurries, and
evaluate the potential for Type Ill or TXI Lightweight tail slurries to reduce density.
More rigorous casing and cementingsilgn may improve cememémediationresultswhen
remediation isnecessary

o Provide proper casing centralization in sections above the primary TOC.

9.3 JointConclusions and Recommendations

Shallow gas zones exist in the surface hatel they must be preerlyidentified andisolated
o Performopenhole logging othe initial well oneachpadto identify shallow ga®earing
zonesin the surfacehole

Drilling fluidlossesand whole cement losses and gas flow events are unpredictable

The lenticulanature of potentially productivgiasbearingsandsis conducive tarilling fluid
losses and flowsas the unpredictable pressures of individual lenses are distinct and separate
from each other.
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Differences between reservoir flumtessuregradientandfracture pressuregradient are often
minimal

Recognitiorand definitionof the dtop of 3 | B ériticalfor TOQdesigns on intermediate and
production casing strings
o Considering thagas flowsn the EMCPAre more prevalent in the Wasatdformation

andproductive intervals othe Williams ForlEormation Crescent recommends th#te
first showof gasin mud logsin either of these sectionbeused & G KS 2L 2F 3|
design purposes. In other areastside of the EMCPAhis definition may nobe
appropriate. Area geology and characteristisgasbearing zonesnustdictate the
definition2 ¥ & @& lahd th& resulting requirement for TOC

To protectgasresourcesstimulatewells prior to remediation processes whenever possible.
0 Squeeze holelimit mechanical integrity and reduce pressure ratings thereby reducing
the rate available to stimulate each perforated interval.
0 Reduced diameter when usingl®2 inch liners also inhibits rate, impacting stimulation
efficiency. The reducediameter also limits the tools available to isolate fracturing
stages.

¢ KSNBE Aa y2hyGailcREWOS a i K Nogeratioisha¥e/hadan effect on
cement sheath integrityandthey have not contributed to Bradenhead pressures on the dnsiu
in any wellboreevaluated during this study

Bradenhead pressuraloneis not reflective of poor cementing practice or performance.

Monitoring Bradenhead pressure changes over time is an effective method to evaluate the
necessity of cement remediatip which may or may not be advised whBradenheadressure
is observed.

Squeeze cementing efforts can be an effective remediatfmstremediationmonitoring is
recommended as thequeeze cementan deteriorate over time witpressure andemperature

cycling
Remediation efforts reduced or eliminated Bradenhead pressures in every these may or

may not be permanent solutions to gas movemerscementsqueezeg are susceptible to
degradation througipressure and temperature cycling.
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1 Remediatiorsuccess and efficiency is subject to technology advances in problem identification,
and plan execution. Each situation is unique and should be treated as such

i Statistical overview of well data to isolate root casig$ known problemsvas ineffective in the
EMCPA Crescentonclues thateach well must be engineered as an individual erftigre are
no done size fits adlsolutiony.

1 Water well construction practicesould be improvedHstoric and current construction
practices arenot optimized for zonal isolatioaf shallow gasearing zones that may be
encountered while drilling water wells

10.0 Recommended Areas fdfurther Study

The following are observatiorend opportunities for process improvemeas a followup to this EMCPA
study.

10.1 COGCC

1 Initiate adiscussion with Coloradoivision of Water Resources water well construction
specific to the EMCPA and surrounding areas regaghitgntial changes to water well
isolationrequirements

Identify and evaluat@otentialimprovements tostatewide plugging and abandonment requirements

10.2 Encana

1 Model the Surface pipe to assure adequate centralizativis important to eliminate the low side
potential forisolationproblemsto prevent theflow of fluidsalong the cement skath.

1 Considering that production casing is rarely recovered duringlilgging processentralize the
complete length of thgroductioncasing.
0 Proper centralizationvill improve cement zonal isolatiaim the primarycementjobs
o0 Proper centralizationvill allow for more efficient remediation should that become necessary

1 Run ame openholetriple combolog per pad within the Surface casisgction of theopen hole.
0 This log would be used identify shallow gasearingzones on the pathat may bepresent in
the surface holen the remaining wells on the pad.
0 Logging results may lead a more advanced centralization strategy
0 Logging results ay lead to a proactive change in slurry design
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1 Reviewcurrentcement systems for:
o0 Cement systendensityor hydrostaticreview
0 Fluid loss
o Transitiontime
o0 Staticgel strengthwhere gas is likely to be encountered
o0 Cement flexibility

q Reviewalternative methods todolate the open hole interval between tleeirrent TOC and the
SurfaceCasingshoe Opportunitiesinclude the following:
o Evaluate the potential fordéendngthe depth of the surface casing
0 Raise the top of the production string cement from the TD to the surface through the use of
multi-stage cement jobs, with particular attention to gas migrationverion
0 Setintermediatecasing stringas well conditions dictatduring drilling
o A combnation of several of the above
0 Incorporate the latest cement evaluatidools toassesshe cementperformanceand integrity
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Appendix A¢ Figures

Figurelc¢ 9 E K A avXHkst BMamm Creek mapped location and well locations.
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