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Executive Summary   

The Colorado Oil and Gas Conservation Commission (COGCC) retained a third-party consultant, 

operating as Crescent Consulting, LLC, to forensically review, assess, and render an opinion regarding 

drilling1 and completion1 practices within the eastern portion of the East Mamm Creek Area, which is 

located in the Mamm Creek Field, south of Silt, Colorado.  The study area for this project, herein 

referred to as the East Mamm Creek Project Area (EMCPA), is shown on Figure 1 and Figure 2 in 

Appendix A.  The purpose of this study was to evaluate existing data, review past and present drilling 

and completion practices, and review current COGCC policies and procedures.  Wells reviewed during 

this study are listed in Appendix B.  Recommendations are provided for future drilling, completion, 

monitoring, and where necessary, remedial actions to provide additional safeguards for protection of 

groundwater and surface water resources from potential impacts related to natural gas exploration and 

production activities. 

 
The study is limited to drilling activities from 2003 through 2009. Natural gas wells located within the 

EMCPA were constructed in two phases:  Phase I (2003 through 2004) and Phase II (2006 through 2009).  

A total of 5 wells from Phase I exhibited borehole isolation problems that led to gas migration from 

natural gas wells.  Natural gas was observed in nearby water wells, ground surface gas seeps2 around 

natural gas wellheads, and gas seeps in neighboring creeks and ponds.  

 
In an attempt to mitigate further gas migration problems, COGCC and an oil and gas operator, Encana 

hƛƭ ϧ Dŀǎ ό¦{!ύ LƴŎΦ όάEncanaέύ separately prepared and began to implement practices and procedures 

contained in two documents, which addressed cementing and monitoring efforts in Phase II:  

 

¶ NOTICE TO OPERATORS DRILLING MESAVERDE GROUP OR DEEPER WELLS IN THE MAMM 

CREEK FIELD AREA IN GARFIELD COUNTY, WELL CEMENTING PROCEDURE AND REPORTING 

w9v¦Lw9a9b¢{ όά/ŜƳŜƴǘƛƴƎ b¢hέύ 

¶ Encana Cementing Standard Operating Procedure ς /ŀǎƛƴƎ wǳƴƴƛƴƎ tǊƻŎŜŘǳǊŜǎ όάEncana 

{htέύ 

 

Both documents are attached in Appendix C.  The guidance documents established changes to 

engineering and operations procedures that have remedied many of the wellbore isolation problems 

that were more common during Phase I.  

 
On July 8, 2010, COGCC established a supplemental guidance document: 

 

                                                           
1
 Reference Schlumberger Oilfield Glossary (http://www.glossary.oilfield.slb.com) for information on these terms 

2
 See Glossary for additional information on these terms 
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¶ 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, 139-56, 191-22, AND 369-

н όά.ǊŀŘŜƴƘŜŀŘ b¢hέύ  

 

This document is attached as Appendix D.  The Bradenhead NTO was established to ensure that 

wellbore gas pressure anomalies are recognized early and remediated in a timely manner.  

 

The cumulative effects of improved practices and procedures mandated by the above-referenced 

guidance documents have resulted in improved cementing1 performance throughout the EMCPA.  The 

instances of poor cementing performance observed in Phase I wells were dramatically reduced in Phase 

II wells. None of the Phase 2 wells has exhibited isolation issues significant enough to require 

remediation. Though the study terminates in 2009, Encana has continued to make efforts to improve 

cementing performance in the areas surrounding the EMCPA. 

 

EncanaΩǎ ǿŜƭƭ ǊŜŎƻǊŘǎ for each EMCPA well were reviewed in depth, focusing on the drilling and 

cementing phases, and to a lesser degree, the completion phase. Remedial cementing activities were 

reviewed when these efforts were required. Recaps of /ǊŜǎŎŜƴǘΩǎ observations appear in the Pad/Well 

Recap section of this report, and individual well summaries are grouped by drill pad.  

 

Interviews were conducted with Encana personnel familiar with past operations as well as current 

processes and procedures. The departments interviewed included: Reservoir, Geology, Drilling, 

Completion, Production, in-house Service Provider Engineering staff, and an independent consultant 

with gas fingerprinting2 expertise.  
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1.0 Introduction 

The East Mamm Creek Project Area (EMCPA) has been studied for several years in an effort to 

determine the nature of natural gas observed in water wells and other seeps located at ground surface, 

in creeks, and in ponds. There have been various studies3, performed by subject matter experts, focused 

on gas composition, area geologic trends and characteristics, and a variety of other projects in an effort 

to determine the cause, source, effects and remedies of these releases of gas. There have also been 

studies related to cementing and drilling practices, which have been conducted by both governmental 

agencies and operators. All of these studies were conducted for educational, operational, and process 

improvement opportunity identification, but none were ever intended or made available for publication. 

 

In part, this study involves a historical review of past drilling and completion activities to provide 

interested parties with a new perspective of events. This review was performed to supplement 

previously mentioned studies.  During fall 2010, the Colorado Oil and Gas Conservation Commission 

(COGCC) selected a third-party professional consulting consortium to embark upon an independent 

study into the drilling and cementing practices in the EMCPA. Reed Energy Consulting, LLC of Highlands 

Ranch, Colorado and ROGE, LLC of Loveland, Colorado, operating under Crescent Consulting, LLC 

όά/ǊŜǎŎŜƴǘέύ of Oklahoma City, Oklahoma, were engaged to undertake the study. The study entails an in-

depth examination of Encana hƛƭ ϧ Dŀǎ ό¦{!ύ LƴŎΦΩǎ όάEncanaΩǎέύ well construction data on 31 producing 

gas wells and two (2) associated water wells, investigation into the causes of nonconformities, where 

present, in the construction of these wells, and recommendations for future COGCC regulatory oversight 

and operator practices and procedures. 

2.0 Scope of Work  

This report was prepared to supplement COGCCΩǎ ƻƴ-going studies related to drilling and cementing 

activities in the EMCPA. Crescent was hired as a third-party, independent consultant to provide the 

following:  

 

1) Evaluate drilling practices, primary and remedial cementing practices and stimulation 

practices, through 2009, through a review of EncanaΩǎ ƛƴǘŜǊƴŀƭ ǿŜƭƭ ŦƛƭŜǎ ŀǎ ǘƘŜȅ ǊŜƭŀǘŜ ǘƻ 

zonal1 isolation of water and gas-bearing zones in the EMCPA.  

 

2) Review, evaluate and offer recommendations to improve current State rules and other 

regulations (Notices to Operators) related to drilling, cementing, and completions in the 

EMCPA. 

                                                           
3
 Refer to Section 11 for a list of studies applicable to this issue 
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3) Research and summarize current industry best practices related to cementing and current 

technology related to Cement Sheath Evaluation. 

 

4) Review, evaluate and offer recommendations to improve practices and procedures 

contained in EncanaΩǎ Standard Operating Procedure Document for running and cementing 

of casing strings1. 

3.0 Key Findings 

¶ COGCCΩǎ NOTICE TO OPERATORS DRILLING MESAVERDE GROUP OR DEEPER WELLS IN THE 

MAMM CREEK FIELD AREA IN GARFIELD COUNTY, WELL CEMENTING PROCEDURE AND 

w9thw¢LbD w9v¦Lw9a9b¢{ όά/ŜƳŜƴǘƛƴƎ b¢hέύ has been effective in mitigating natural gas 

migration into surface water and groundwater resources. 

 

¶ EncanaΩǎ Cementing Standard Operating Procedure ς Casing Running Procedures όάEncana 

{htέύ has been effective in mitigating natural gas migration into surface water and groundwater 

resources. 

 

¶ COGCCΩǎ 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, 139-56, 191-22, AND 369-

н όά.ǊŀŘŜƴƘŜŀŘ b¢hέύ has been effective in promoting recognition of potential gas flow 

scenarios and timely remedial action. 

 

¶ An empirical overview of well data to identify root causes of known gas migration problems was 

ineffective in the EMCPA. Crescent concludes that each well must be engineered as an individual 

entity (there were no άone size fits allέ solutions identified). 

 

¶ Squeeze cementing1 efforts can be an effective remediation method, and opportunities for 

improvement in remedial cementing procedures exist. 

 

¶ Surface casing deviation1 in the well plan requires rigorous engineering design on the surface 

section of the wellbore. 

 

¶ Shallow gas zones exist in the surface hole, and they must be properly identified and isolated. 
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¶ The lenticular2 nature of potentially productive gas-bearing sands is conducive to drilling fluid1 

losses and flows, as the unpredictable pressures of individual lenses are distinct and separate 

from each other. 

 

¶ Differences between reservoir fluid pressure gradient1 and fracture pressure1 gradient within an 

openhole section of the wellbore are often minimal. Naturally occurring fractures may also 

contribute to lost circulation events. 

 

¶ Drilling fluid losses, whole cement losses and gas flow events are unpredictable. 

 

¶ Bradenhead pressure may not be reflective of poor cementing practices or performance over 

the productive interval.  !ǎ ǳǎŜŘ ƛƴ ǘƘƛǎ ǊŜǇƻǊǘΣ ǘƘŜ ά.ǊŀŘŜƴƘŜŀŘέ ƛǎ ǘƘŜ ŀƴƴǳƭŀǊ ǎǇŀŎŜ ōŜǘǿŜŜƴ 

the surface casing and the next smaller casing string (the intermediate casing, if installed, or 

more commonly, the production casing). 

 

¶ Monitoring Bradenhead pressure changes over time, along with pressure response tests and gas 

fingerprinting, is an effective method to evaluate the necessity for cement remediation. 

Remediation may or may not be advised when Bradenhead pressure is observed. 

4.0 Significant Opportunities for Improvement 

¶ Potential gas source identification in the Surface hole by running open hole logs1 on the initial 

well on each pad 

 

¶ Engineering focus on the surface casing, conditioning, centralization, and slurry design, as is the 

case with production casing cementing 

 

¶ Examination of water well construction practices, overseen by the Division of Water Resources 

 

¶ wŜŎƻƎƴƛǘƛƻƴ ŀƴŘ ŘŜŦƛƴƛǘƛƻƴ ƻŦ άtop of Ǝŀǎέ by regulatory authorities for top of cement1 designs 

on intermediate and production casing strings4 

 

¶ Additional well planning consideration could positively affect remediation when it becomes 

necessary 

                                                           
4
 wŜŦŜǊ ǘƻ ŘƛǎŎǳǎǎƛƻƴ ƛƴ ǎŜŎǘƛƻƴ сΦн ŦƻǊ ŀŘŘƛǘƛƻƴŀƭ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ άǘƻǇ ƻŦ Ǝŀǎέ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ 
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5.0 Encana Well File Data Review 

  Thirty-one (31) natural gas wells were selected by COGCC staff, as shown in Appendix B, and are within 

a geographic area of known gas seeps and gas identified within potable water wells.  The natural gas 

wells are located on four well pads within the EMCPA.  The Encana-designated pad names are: 02E, 

M1E, F11E and P3.  The well files were reviewed for processes and procedures used when drilling, 

cementing and completing the wells.   

 

Natural gas wells located within the EMCPA were constructed in two phases:  Phase I (2003 through 

2004) and Phase II (2006 through 2009).  Phase I wells were constructed prior to implementation of the 

Cementing NTO and the Encana SOP.  Well drilling and completion processes and procedures generally 

became more uniform in Phase II compared to wells drilled in Phase I.  Statistical observations were 

attempted early in the review process and were considered of minimal value because of the variability 

in data when comparing the well to well results, and the relatively small sample size.   

5.1 Statistical Observations 

All wells in the EMCPA experienced some level of lost circulation, and/or gas flow events while 

drilling.  Most of these events were controlled using standard industry drilling practices without 

incident. Gas flow scenarios are expected, as the general drilling practice is to attempt to drill the entire 

production portion of the well in a balanced or slightly underbalanced condition, using a method 

ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άƭƻǎǘ ŎƛǊŎǳƭŀǘƛƻƴ ŀǾƻƛŘŀƴŎŜέ ό[/!ύ. LCA minimizes the occurrence of mud losses into 

openhole strata, including objective hydrocarbon producing zones.  Approximately 15% of the wells 

experienced significant losses in excess of 300 barrels [Bbls] of mud.  An equal number had measurable 

gas flows. There was a period of drilling with άǳƴŘŜǊōŀƭŀƴŎŜŘέ ƳǳŘ ǎȅǎǘŜƳǎ ƛƴ нллпΦ  By design, these 

wells experienced gas flows during drilling operations, as a result, mud losses were eliminated by drilling 

with underbalanced systems.  

 

  Crescent reviewed well records for 31 natural gas production wells and two (2) water wells.  Of 

the 31 production wells, there were a total of 5 wells that had intermediate casing strings installed.  In 

three of the five wells, intermediate casing was installed because of stuck pipe or lost circulation, which 

led to poor or incomplete isolation of the surface casing string.  The other two wells failed a Formation 

Integrity Test (FIT)5 at the surface casing shoe1 or in the horizons adjacent to the casing shoe, and 

intermediate casing was installed, as required by the Cementing NTO.  Details related to installation of 

intermediate casing strings can be found in the Pad/Well Recap section of this report.  Of the 31 wells 

reviewed, 20 wells exhibited more than 10 degrees deviation at the surface casing shoe.  As a result of 

άǇŀŘ ŘǊƛƭƭƛƴƎά ǇǊƻŎŜŘǳǊŜǎ ŀƴŘ ǘƘŜ ŘŜǾƛŀǘƛƻƴ ƻŦ ǘƘŜ ǿŜƭƭ ǇŀǘƘ ƛƴ ǘƘŜ ǳǇǇŜǊ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ƘƻƭŜΣ п ƻŦ ǘƘŜ р 

wells with intermediate casings had surface casing deviations of 20 degrees of more.  

                                                           
5
 Refer to Section 5.3 for definition and discussion on FIT 
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Of the 31 wells reviewed, 7 had remedial cement squeeze jobs performed because of high 

Bradenhead pressure or problems encountered during the drilling phase that could have compromised 

the isolation of the surface stratum.  Of those, some of the remedial jobs were performed immediately 

upon recognition of pressure.  These wells may ƘŀǾŜ ōŜŜƴ άǊŜƳŜŘƛŀǘŜŘέ as a precautionary measure, 

without documented gas migration impacts prior to remediation.  Remediation efforts reduced or 

eliminated Bradenhead pressures in every case.   

5.2 Statistical Conclusions 

There are two distinct groupings within the study, Phase I wells and Phase II wells. The P3 Pad 

wells were drilled in Phase I (without Cementing NTO or Encana SOP practices or procedures in place). 

There were single wells drilled on the O2E Pad and the F11E Pad under the same rules and policies.  All 

other wells in the EMCPA were drilled in Phase II. 

 

The wells within the EMCPA were generally drilled and cemented with similar processes and 

procedures.  Most surface holes were drilled using a 12-1/4 inch open hole to depths ranging from 700 

feet to 1,200 feet, and surface casing consisted of 9-5/8 inch casing, except for wells on the P3 Pad, 

which incorporated 8-5/8 inch surface casing.  The production holes were generally drilled using a 7-7/8 

inch open hole, with 4-1/2 inch casing used for production strings.  This standard design changed when 

intermediate strings were installed, in which case the production hole size was reduced to 6-1/4 inches.   

Cement tops varied widely depending on the timeframe in which the well was drilled. The variations 

encountered from well to well while drilling included lost circulation zones (losses ranged from 20-300+ 

Bbls) and gas flow zones (gas concentrations ranged from 1,000 gas units to 8,100 gas units2).  These 

variable conditions demonstrate that each well was unique.  Mud losses, gas and water flows or other 

difficulties rarely occurred at similar depths in adjacent wellbores, so few problems had common root 

characteristics. Multiple examples of variations in wellbore conditions can be found in the Pad/Well 

Recap section of this report.  

5.3 Pad/Well Recaps 

After reviewing 31 wells individually, a review of findings was prepared with wells grouped by 

drill pad. This report presentation format provides an opportunity to better identify the changes to 

operations and resulting efficiency improvements in a chronologic fashion. The pads were reviewed 

from oldest to newest, and the wells on each pad were similarly reviewed chronologically.  

 

Common concepts discussed throughout the drilling and completion summaries within this 

report are lost circulation and reservoir fluid flow. Lost circulation is a phenomenon whereby the drilling 

fluid density and its related column weight overcomes the strength of a particular geologic stratum to 



EAST MAMM CREEK PROJECT DRILLING AND CEMENTING STUDY 

CRESCENT CONSULTING, LLC 

 

 

8 

 

support that column weight. When the mud density is too heavy, a drilling-induced fracture is created, 

ŀƴŘ ŘǊƛƭƭƛƴƎ ŦƭǳƛŘ ƛǎ άƭƻǎǘέ ƛƴǘƻ ǘƘŜ stratum.  

 

The concept of reservoir fluid flow is a related phenomenon. Fluid flow (gas or water) 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 underbalanced, reservoir fluids have the potential to enter the borehole. In this report, the 

term άgas unitsέ describes the relative amount and deliverability of natural gas in the geologic system. 

Gas units are related directly to the instantaneous mud weight at the time when the gas unit 

measurement is made; common practice is to calibrate surface gas detection equipment so that 50 gas 

units is equal to 1% methane in air. It should be noted that most gas well drilling operations exhibit 

some level of background gas1 in the mud system. Background gas is distinct from both trip gas1 and 

connection gas1, which typically occur at higher levels within the wellbore. These are common, yet 

critical concepts used in both drilling and cementing operations that must be understood in order to 

achieve an adequate understanding of the reviews presented below. 

 
 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 complete the drilling 
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 ppg times 0.052 (conversion constant). A small safety factor (100-200 psi) 
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 adjacent to the 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 complete the drilling operations. Installation of an intermediate casing string 
occurs if the formation is unable to hold the required pressure.    

5.3.1 P3 Pad ς Drilling and Cementing 

The P3 pad consists of five (5) wells. The first well was drilled and completed in April 

2003.  The remaining four (4) wells were drilled, remediated and completed beginning in 

January 2004.  This pad review is slightly different than the others in that commentary on 

drilling and cementing operations is followed by remediation commentary where applicable.  

The wells on this pad utilized 8-5/8 inch or 9-5/8 inch surface casing and 4-1/2 inch production 

casing.   

 

Arbaney 3-16C  

 

The Arbaney 3-16C well was drilled in May 2003. The 9-5/8 inch surface casing was set 

at 915 feet.  Circulation was lost late in the surface casing cement job and a cement άǘƻǇ ƻǳǘέ 

job was performed. A FIT was performed to at an equivalent mud weight of 13.9 ppg. 
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Manageable gas flows and lost circulation were noted in the well records throughout the drilling 

process. The well was drilled using LCA mud weight methodology.  There were notable drilling 

breaks (changes of penetration rate), coupled with gas influxes measuring 3,000 gas units at 

4,032 feet and 4,145 gas units at 5,135 feet. The production casing was run and cemented 

without incident. Production casing cement was circulated to surface.  A cement bond log1 (CBL) 

was run, with άƎƻƻŘέ ŀǇǇŀǊŜƴǘ ōƻƴŘƛƴƎ ōŜƭƻǿ ǘƘŜ ǘƻǇ ƻŦ ŎŜƳŜƴǘ (TOC).  Lƴ ǘƘƛǎ ǊŜǇƻǊǘΣ άƎƻƻŘέ 

apparent bond is based on a qualitative evaluation which concludes that gas migration along the 

cement sheath is unlikely.  A good TOC was reported at 2,420 feet, and cement bonding quality 

ǘǊŀƴǎƛǘƛƻƴŜŘ ǘƻ άǇƻƻǊέ ōƻƴŘƛƴƎ up hole from the TOC.  Completion efforts commenced in June 

2003, and the well was turned to sales. In January 2004, the well was temporarily abandoned to 

allow for drilling of additional wells on the pad.  After finishing drilling and completion efforts on 

the P3 Pad, Bradenhead pressure was observed on the Arbaney 3-16C well.  It is not clear in the 

well records as to when the Bradenhead pressure was discovered or its magnitude.  

 

Cement remediation efforts commenced in October 2004 and continued through 

December 2004. To assist with designing the remedial cement job, Encana attempted to identify 

gas flows behind the production casing using temperature surveys, noise logs and reservoir 

saturation logs. Based on the logging results, cement was squeezed behind the production 

casing at 2,600 feet, 1,720 feet, and 1,000 feet. Two squeezes were performed at each depth 

listed above, because the initial squeezes did not hold adequate pressure during subsequent 

pressure tests.  The post-remediation Bradenhead pressure was reduced to 70 pounds per 

square inch (psi), and all squeeze holes were tested to at least 1,500 psi after the final squeezes.  

Bradenhead pressure has slowly increased since December 2004, and the well is currently 

venting from the Bradenhead to mitigate buildup of high pressure.   

 

Magic 10-1  

 

The Magic 10-1 well was drilled in late January 2004. Drilling of the surface hole and the 

surface casing cement job were uneventful, with surface casing set at a depth of 860 feet.  A FIT 

was performed to an equivalent mud weight of 11.5 ppg.  After drilling out of the surface casing, 

a number of substantial gas flows were observed, starting at 3,742 feet and continuing 

throughout the well. This well also utilized the LCA mud methodology, and a 10 foot to15 foot 

gas flare was reported during the drilling process (flaring is used as a surface safety control 

procedure during a gas flow). This indicates a slightly underbalanced condition (condition in 

which mud weight is less than formation pressure). The mud weight used to finish the hole was 

13.3 ppg.  The production string was run and cemented to surface without incident; however, 

the cement weights were 13.3 ppg on the lead and 13.4 ppg on the tail.  Industry best practices 

promote a cement density of +/- 1 ppg greater than the final mud weight.  
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In the EMCPA, it is not unusual to use a cement density of 1/2 ppg to 3/4 ppg greater 

than the final mud weight, to avoid lost circulation.  The resulting potential for gas flow 

increases as the density of the cement approaches the density of the drilling mud.  A CBL was 

run and showed very poor to no bond in the upper 1/3 of the hole.  It was not standard practice 

at the time to monitor Bradenhead pressure, and therefore, it is unknown if Bradenhead 

pressure was present immediately after the cementing process.  It is unclear as to when 

Bradenhead pressure was first noted.  However, the well was remediated in October 2004 to 

mitigate high Bradenhead pressures.  The remediation process was similar to the other P3 Pad 

wells, in that logs were run to locate gas flows and optimize depths for squeeze cementing.  

Multiple cement squeeze jobs were performed at 2,250 feet, 1,590 feet and 840 feet, ultimately 

resulting in isolation of gas-bearing zones and elimination of Bradenhead pressure.  A 3-1/2 inch 

full-string production liner was installed in May 2004 and cemented back to surface prior to 

commencing stimulation operations. 

 
Magic 10-1A  

 
The Magic 10-1A well was drilled in mid February 2004.  There were no significant 

events during the drilling or cementing of the surface section of the hole.  There was a change in 

the design depth of the surface casing compared to previous wells on the pad, as surface was 

set at 1,235 feet.  A FIT was performed to an equivalent mud weight of 13.0 ppg.  This well was 

ǘƘŜ ŦƛǊǎǘ ǿŜƭƭ ƻƴ ǘƘŜ ǇŀŘ ǘƻ ōŜ ŘǊƛƭƭŜŘ άǳƴŘŜǊōŀƭŀƴŎŜŘέ by design.  This methodology is not 

unusual in that rates of penetration are usually enhanced. Other operators in the area used the 

same methodology and claimed better production performance because of less skin damage to 

the formation and less whole mud invasion in natural fracture systems, resulting in fewer lost 

circulation events.  The production hole was drilled with mud weights ranging from 8.8 ppg to 

9.0 ppg, with a constant flare, that at times was reported to 25 feet.  This is expected well 

behavior when drilling underbalanced.  The mud system was weighted up to 11.8 ppg to allow 

for logging and running of the production casing.  The cementing process was uneventful, 

returning 30 Bbls to surface.  A CBL was run, and a good TOC was present at a depth of 1,600 

feet.  Good bonding was apparent below the TOC, and good bonding transitioned to poor 

bonding above the TOC.  As with the Magic 10-1 well, no Bradenhead monitoring was in place at 

this time.  From the onset of the monitoring program (later in the life of this well), this well has 

shown no Bradenhead pressure. 

 
Magic 10-2  

 
The Magic 10-2 was drilled in early March 2004. The surface casing drilling and 

cementing operations were uneventful.  A FIT was performed at the surface shoe of 1,212 feet, 

but the data was not found in the well records.  ¢ƘŜ ǿŜƭƭ ǿŀǎ ŘǊƛƭƭŜŘ ƛƴ ŀƴ άǳƴŘŜǊōŀƭŀƴŎŜŘέ 

mode.  On March 8, 2004, the rig noted elevated gas levels in the drilling mud returns at 



EAST MAMM CREEK PROJECT DRILLING AND CEMENTING STUDY 

CRESCENT CONSULTING, LLC 

 

 

11 

 

approximately 3,300 feet. Mud returns, which had been flowing to the pit, were switched to the 

return lines through the gas buster1.  This operation is normal practice when gas is observed in 

the mud system.  However, a risk with this procedure is the potential for drill cuttings to plug 

the return lines, flow lines and chokes.  Apparently, on March 9, 2004 some of the drill cuttings 

plugged the flow lines and choke system, resulting in an unanticipated pressure buildup in the 

surface equipment and the borehole.  This pressure buildup and subsequent pressure release is 

hereinafter ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ ά!ǊōŀƴŜȅ 9ǾŜƴǘέΦ  With the flow lines and chokes plugged, there 

was no place for the gas to be released, so pressure built on the annulus between the drill pipe 

and surface casing, as well as the open hole section below, for a period of not more than four (4) 

hours.   

 

.ŀǎŜŘ ƻƴ /ǊŜǎŎŜƴǘΩǎ ǊŜǾƛŜǿ ƻŦ ǘƘŜ ǿŜƭƭ ǊŜŎƻǊŘǎΣ ƛt is not totally clear what transpired 

during the pressure buildup, but it appears that ǘƘŜ ǊƛƎ ŎǊŜǿ ǿŀǎ ǳƴŦŀƳƛƭƛŀǊ ǿƛǘƘ ǘƘƛǎ άǇƭǳƎƎƛƴƎέ 

phenomenon and/or proper procedures to clear the blockage in the surface equipment and 

relieve the contained pressure.  The crew called their direct supervision for assistance, as well as 

the owners of the plugged equipment.  It appears that response time was reasonable and that 

the help arrived and resolved the problem.  The lines and chokes were cleared, using the 

pressure built up behind them to expel the debris.  The flare lines were equipped with a fire 

bucket to ignite the released gas.  The released gas reportedly had at least 300 psi trapped 

behind the chokes, but word of mouth ōŀǎŜŘ ƻƴ /ǊŜǎŎŜƴǘΩǎ ƛƴǘŜǊǾƛŜǿǎ indicated there could 

have been as much as 1,200 psi.  

 
It was repoǊǘŜŘ ōȅ ƭƻŎŀƭ ƴŜǿǎ ƳŜŘƛŀ ǘƘŀǘ ǘƘŜǊŜ ǿŜǊŜ ǘǿƻ άŜȄǇƭƻǎƛƻƴǎ,έ ŀƴŘ ŀ ǇƘƻǘƻ ǿŀǎ 

ǘŀƪŜƴ ǘƘŀǘ ǎƘƻǿŜŘ ŀ ǎƛƎƴƛŦƛŎŀƴǘ άŦƛǊŜ ōŀƭƭέ ƛƴ ǘƘŜ ǇƛǘΦ  LƎƴƛǘƛƻƴ ƻŦ ǘƘŜ Ǝŀǎ ǿŀǎ ōȅ ŘŜǎƛƎƴ; it was a 

monitored and a controlled event, albeit noisy.  ¢ƘŜ άŦƛǊŜ ōŀƭƭέ ǿŀǎ ŀ ƳǳŎƘ ōŜǘǘer alternative 

compared to allowing a release of gas that could potentially collect in a low area and ignite.  

There are normally two chokes built into a manifold system for redundant protection, but in this 

case, both chokes were plugged.  The pressure buildup and subsequent clearing of both chokes 

in a rapid fashion appears to have caused the Arbaney Event.  The clearing and setting of the 

chokes was reported to the COGCC area engineer.  Drilling depth at the time of the Arbaney 

Event was between 3,900 feet and 3,926 feet.  

 
The remainder of the well was drilled underbalanced without further incident. The 

production string was run and cemented as planned, however cement was not circulated back 

to surface.  The well had two squeeze jobs performed on the production casing, above the 

surface casing shoe at depths of 840 feet and 305 feet to mitigate high Bradenhead pressure, 

which was apparently observed shortly after completion of the primary cement job on the 

production casing. The cement remediation resulted in a consistent Bradenhead pressure 

response of less than 20 psi to date. A 3-1/2 inch full-string production liner was installed and 

cemented back to surface prior to commencing stimulation operations.     
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In the opinion of this author the rig crew did exactly as they should have during 

the Arbaney Event, this was a potentially deadly situation and to have acted in any other 

fashion might have resulted in injury, death, or significant equipment damage. There 

were problems with lack of adequate training and/or equipment issues, and therein lies 

opportunity for improvement. Potential downhole impacts resulting from the pressure 

buildup are not known absolutely. There were noted gas-bearing zones present in the 

interval from 3,377 feet to 3,790 feet.  If the gas pressure exceeded the pore pressure in 

weaker strata, then a cross flow into the weaker strata is a likely possibility.  Gas 

pressure may have also overcome formation pressure in an open, natural fracture, 

resulting in gas flow into the natural fracture system.   

 

Both scenarios are possibilities as a result of the Arbaney Event.  During the 

course of the Arbaney Event, the annulus, including the open hole section below the 

surface casing shoe, was exposed to gas pressure. After the blockage was removed from 

the flow lines, the built-up pressure could be safely relieved from the system and 

managed from that point forward.  The event itself may have opened and enhanced 

shallow naturally-occurring fractures during the 3 hour to 5 hour duration of the 

pressure buildup, allowing gas into these systems.  The gas may have eventually 

migrated to nearby water wells and surface seeps, related to the surrounding geologic 

trends.  A definitive answer as to where the pressured gas went is only supposition, as 

we have few control points: reservoir pressures and fracture gradients of the shallow 

strata are unknown.   

 

Arbaney 3-15C  

 

The Arbaney 3-15C well was drilled in March and April of 2004. The surface drilling and 

cementing operations were uneventful.  The cement job went as planned, with cement 

circulated to surface and a surface casing shoe depth of 1,092 feet.  A FIT was performed at an 

equivalent mud weight of 13.0 ppg.  ¢ƘŜ ǇǊƻŘǳŎǘƛƻƴ ƘƻƭŜ ǿŀǎ ƳŀǊǊŜŘ ōȅ ŀ ŘǊƛƭƭŜǊ άŎǊƻǿƴƛƴƎέ ǘƘŜ 

blocks with the bit positioned in the potential gas zones at a depth of 4,175 feet.  The damage to 

the rig forced a temporary abandonment procedure which included setting a drillable bridge 

plug at 1,032 feet.  Upon resumption of drilling operations five (5) days later, the mud weight 

was raised to 12.5 ppg and there was no report of well control difficulties when the temporary 

plug was drilled out.  Upon reaching TD, the well had a number of bridges (sloughed formation) 

to drill out prior to logging.  The production casing was run and cemented without difficulty, 

returning 30 Bbls of cement to surface.   

 
Though there is no conclusive evidence, the drilling delay may have contributed to 

pressure events downhole that have contributed to the gas releases experienced on this pad.  
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The well exhibited 450 psi Bradenhead pressure within a few days after the production casing 

cementing operation, and subsequently, gas bubbling was observed in the soil at the surface 

near this well.  Upon further investigation, all of the wells on the pad, with the notable 

exception of the Magic 10-2, have exhibited elevated Bradenhead pressures, and both Arbaney 

wells have gas bubbling in the soil outside the surface casing.  Additionally, two water wells in 

the immediate vicinity of the P3 Pad have been impacted with methane gas.  The Arbaney 3-15C 

well was remediated with cement squeeze jobs performed at 1,240 feet and 811 feet.  A full-

string 3-1/2 inch liner was installed and cemented to surface prior to commencing stimulation 

operations. This well continues to have Bradenhead pressures trending slowly higher when shut-

in. However, the well is currently being vented to mitigate Bradenhead pressure buildup.   

 

P3 Pad Stimulation 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 Pad Remediation Comments 

 

Cement remediation efforts involved locating the entry and exit points (sources and 

sinks of gas flows) in the wellbore and sealing them off.  CBLs, ultrasonic logs, noise logs, 

reservoir saturation logs and temperature surveys were used to identify the perforation 

intervals for squeeze operations.  The cement squeeze jobs themselves were well-conceived and 

executed, and the slurries were well-designed.  Monitoring of post remediation pressures is 

ongoing under the guidance of the Bradenhead NTO.  The ground bubbles were reduced post-

remediation, though not eliminated.  Methane gas is still observed in nearby water wells, and 

experimentation with pressure buildup in gas wells on the P3 Pad has been recently performed 

to identify which wells are connected and to what extent.  All wells on the P3 Pad are being 

vented to mitigate potential Bradenhead pressure buildup.  There have been previous studies 

presented to the COGCC, and this review of day-by-day operations and thought processes found 

that there was little else to report from a cementing and well construction standpoint. Wellbore 

schematics may be reviewed in a presentation made by Encana to the COGCC entitled Moon 

Property Presentation ς July 2010 which is attached in Appendix E. 

 
The issues of shallow gas are illustrated by Figure 3 and Figure 4 in Appendix A, showing an 

example section of RST log and a Triple Combo log section. These logs indicate the occurrence of 

possible shallow gas zones starting at approximately 60 feet below the surface. 

 

P3 Pad Key Points 
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¶ Drilling  

o Extended shut-in conditions during an underbalanced drilling attempt may 

have led to a subsurface pressure buildup (the Arbaney Event) 

o Temporary abandonment may have led to a subsurface pressure buildup 

event 

o Proper training and adherence to standard procedures may reduce the 

potential for recurrence of similar events 

 

¶ Primary Cementing 

o Slurry density should be at least 1/2 ppg higher than the mud density to 

reduce the potential for gas flows during cementing  

o Gas flows are likely when cement slurry and mud density are balanced, 

which may result in cement channeling 

o Gas flow potential should be carefully monitored when bringing long 

columns of cement back to surface 

 

¶ Remedial Cement Design ς Gas Flow Identification Tools  

o Temperature surveys ς fluid movement behind casing 

o Noise logs ς fluid movement behind casing 

o Ultrasonic cement bond tools ς identify materials behind casing in a 360 

degree representation 

o Acoustic cement bond tools ς provide insight as to materials behind pipe 

and consistency 

o Reservoir saturation tools ς identify possible gas-bearing zones 

 

¶ Remedial Cement Squeeze Processes 

o Can be effective at stopping gas flows 

o May not be permanent seals because of pressure and temperature cycling 

on squeeze perforations1 while the well is actively being produced 

o May inhibit effective stimulation and production of the resource 

o Always requires an individual, well-engineered approach to be successful 

o Continued post-remediation Bradenhead pressure monitoring is 

recommended, as required by the Bradenhead NTO 

5.3.2 O2E Pad ς Drilling and Cementing    

This pad consists of six (6) wells, all of which exhibited various degrees of lost circulation 

during the drilling phase.  After all well construction was finished, four (4) wells exhibited good 

isolation of gas-bearing zones.  Several significant events occurred with three (3) wells on the 

O2E Pad.  Recaps of these events are presented below by well.  
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Schwartz 2-15B   

 

The Schwartz 2-15B well was drilled in January 2004 and completed without significant 

deviation from the drilling plan.  Surface casing was set at a depth of 706 feet.  Manageable gas 

flow events were noted at 1,529 feet, 1,635 feet, 3,947 feet, and 4,375 feet.  The production 

casing was run and the production casing cement job was performed without difficulties.  

However, the CBL showed a TOC of 4,050 feet, indicating significant fall back of the cement top 

from the initial TOC after the plug1 was bumped (άōǳƳǇƛƴƎ ǘƘŜ ǇƭǳƎέ ǎƛƎƴŀƭǎ ǘƘŜ end of 

circulation during the cement job).  The results of the CBL analysis indicate that two gas bearing 

zones with significant deliverability were left exposed. The cement fallback is not an unusual 

occurrence, but the loss of 4,050 feet of cement column is notable and indicative of an 

unusually weak zone. Coupling a weak zone with zones that exhibited high propensity for gas 

flow is a formula for the outcome observed in this case. Up until the time when the cement fell 

back, there was no indication noted in the well records of a weak zone.  

   

Well stimulation operations commenced in March 2004 and progressed without any 

indication of difficulty.  In the well records, Bradenhead pressure was noted only in the detail of 

the 5th hydraulic fracture stage.  However, inspection of the job data yields no indication of 

Bradenhead pressure that was directly attributed to the fracturing process (the pressure 

remained relatively stable during completion operations through Stage #5).  Encana personnel 

confirmed that Bradenhead pressure existed prior to commencement of completion operations.  

After the final completion stage, the productive gas-bearing zones were isolated.  

 
After the Stage #5 stimulation, Bradenhead pressure was measured at 661 psi, and as a 

result, cement remediation efforts were implemented to mitigate the high bradenhead 

pressure.  The well was perforated, and cement was squeezed at 3,800 feet on April 5, 2004.  

After this squeeze, the Bradenhead pressure was bled down to 86 psi and equalized at 80 psi.  A 

CBL and a temperature survey were run on September 24, 2004.  These logs suggested an 

anomaly (potential gas movement behind the production casing) at a depth of 2,700 feet.  

Cement was squeezed behind the production casing from 2,246 feet to 2,251 feet.  Following 

the squeeze, a CBL was run, and apparent bonding on the CBL indicated an improvement in 

isolation.  Post-remediation Bradenhead pressure has been monitored monthly and has 

exhibited pressures consistently below 95 psi. Figure 5 in Appendix A gives an illustrative section 

of CBL run before a squeeze job, and Figure 6 gives a side-by-side comparison of the same 

section logged after the squeeze job. 

 

The pressure responses of the hydraulic fracture jobs were analyzed for any anomalies 

that might have suggested communication into zones up hole.  All pressure responses were 

normal and did not indicate any such anomaly. It is likely that the source zone was the zone 



EAST MAMM CREEK PROJECT DRILLING AND CEMENTING STUDY 

CRESCENT CONSULTING, LLC 

 

 

16 

 

encountered while drilling at 3,947 feet, which was above the TOC following the primary cement 

job.  

 
Two additional wells, Schwartz 2-14A and Schwartz 2-14D, experienced events that 

caused alteration of drilling plans. These wells were the fourth and fifth wells drilled on the pad.  

The Schwartz 2-14A well was drilled in November 2007, and the Schwartz 2-14D well was drilled 

in March 2008.  

 
Schwartz 2-14A  

 

While running the surface casing, the hole sloughed in on the surface casing at 1,100 

feet.  Efforts to reach the designed surface hole depth were unsuccessful.  While working the 

pipe to get to depth, circulation was lost at 1,138 feet.  A tail cement system was pumped 

through the casing and around the casing shoe.  When circulation was not reestablished, the 

casing was perforated at 638 feet and a lead cement system was pumped in an attempt to 

circulate cement and provide a seal from 638 feet to surface.  This procedure is sometimes 

ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ǘƘŜ άǘŀŎƪ ŀƴŘ ǎŜŀƭ ƳŜǘƘƻŘέΦ  Concerns about the surface casingΩs ability to contain 

pressure prompted the decision to run a 7 inch intermediate casing, to provide an additional 

protective casing string to the wellbore.  This also was consistent with COGCC rules and policies.  

The cement placement on the intermediate casing was according to plan and without incident.   

 
During drilling of the production string, there were intervals of lost circulation that were 

healed.  Running and cementing the production casing went well with no pressure on the 

Bradenhead at the end of well construction.  However, Bradenhead pressure has subsequently 

developed on the Schwartz 2-14A well, and it is currently venting to mitigate Bradenhead 

pressure buildup (the Bradenhead pressure will build to 155 psi when it is shut-in). 

 
Schwartz 2-14D 

 

The surface drilling and cementing process went well without any deviations in plan.  

The surface casing was set at a depth of 1,186 feet.  After drilling out of the surface casing, the 

FIT at the surface casing shoe would not hold satisfactory pressure to allow the production hole 

to be completed as designed. This led to the installation of a 7 inch intermediate casing, which 

was installed as designed without incident. This installation was consistent with COGCC rules 

and policies. 

 
A significant loss of circulation was encountered between 5,947 to 5,964 feet.  The zone 

was healed with the use of particulate lost circulation material (LCM). The production casing and 

cement were placed per plan.  To date this well has zero psi on the Bradenhead, however, 

cement squeezes were performed on the production casing in September 2010 to remediate 
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high production casing-intermediate casing annulus pressures, which declined to zero psi after 

remediation. 

 
Wells on the O2E Pad wells, with the exception of the Schwartz 2-15B well, were 

drilled under the conditions of the Cementing NTO and the Encana SOP. Encana staff 

members indicated that there were errors made in the recognition of the Bradenhead 

pressure response on the Schwartz 2-15B. It is unlikely that earlier recognition would 

have had a great effect regarding the migration of gas away from the wellbore. It might 

have reduced the ultimate volume, but the pressure on the hole above the TOC initiated 

the gas flow path very early in the event. The Cementing NTO required installation of 

intermediate casing on the Schwartz 2-14D because of the FIT failure. 

 

O2E Pad Stimulation 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.   

5.3.3 M1E Pad ς Drilling and Cementing 

Drilling commenced on the M1E Pad in August 2006.  Four (4) wells were drilled and 

completed in 2006. Six (6) additional wells were drilled and completed in 2008.  Notable 

comments for the 2006 wells are summarized below.  

 
Juniper 1-13A  

 

The Juniper 1-13A well was the first well drilled on the M1E Pad in August 2006.  The 

surface hole was logged using a άtriple comboέ open-hole log suite, which included neutron 

porosity and formation density logs.  When plotted together, these logs give an indication of 

gas-bearing zones in the borehole.  The surface casing was installed and cemented as planned, 

with a surface casing setting depth of 1,513 feet.  However, shortly after the cement job was 

finished, gas was observed, bubbling in the surface casing - conductor pipe annulus.  The 

conductor pipe, with a 20 inch diameter, is larger than the surface casing, and it was installed 

prior to the surface casing at a depth of 40 feet.  Further investigation of the triple combo log 

indicated three (3) gas bearing zones present in the first 100 feet of hole.  A CBL and ultrasonic 

imaging tool were run, and these logs indicated poor bond behind the surface casing from 

approximately 300 feet to surface.  Physical inspection indicated cement at surface in the 

surface casing - conductor casing annulus. The gas was tested, and it reportedly contained 20% 

combustibles. No action was taken on this situation and though it is not shown in the well 

records, the gas flow likely diminished as pressure in the shallow gas zone was depleted.  
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The surface casing shoe was drilled out without incident and the FIT at the casing shoe 

met the required equivalent mud weight of 13.0 ppg.  Another FIT was performed at a depth of 

2,780 feet and also passed. This test was performed 50 feet into the Ohio Creek Formation in 

the upper Mesa Verde Group. The second FIT was not required by COGCC, but Encana 

performed the FIT to gather information from the Ohio Creek Formation.  The equivalent mud 

density derived from the test was 13.0 ppg.  While drilling the production hole, lost circulation 

was encountered at depths of 4,712 feet and below.   

 
While addressing the loss of circulation issues, a preliminary decision was made to run 7 

inch intermediate casing, presumably to mitigate additional losses.  Running a 7 inch string 

required the hole diameter to be increased, as the original production hole diameter was 7-7/8 

inches.  ! άƘƻƭŜ ƻǇŜƴŜǊέ ǊŜŀƳƛƴƎ ŀǎǎŜƳōƭȅ ǿŀǎ Ǌǳƴ ƛƴ ǘƘŜ ƘƻƭŜ ǘƻ ƛƴŎǊŜŀǎŜ ǘƘŜ hole diameter to 

8-3/4 inches to accommodate the 7 inch casing.  Additional drill time losses were associated 

ǿƛǘƘ ŀ άŦƛǎƘέ ōŜƛƴƎ ƭƻǎǘ ƛƴ ǘƘŜ ƘƻƭŜΣ ǊŜƭŀǘŜŘ ǘƻ ǘƘŜ ǳǎŜ ƻŦ ǘƘŜ άƘƻƭŜ ƻǇŜƴŜǊέ ŀǎǎŜƳōƭȅΦ Ultimately, 

the 7 inch casing was not run, because the lost circulation zones were healed during the reaming 

operation.  However, production hole drilling operations were continued with an 8-3/4 inch bit 

to TD.  

 
The 4-1/2 inch production casing was placed with no lost circulation or other significant 

problems recorded while running and cementing the casing.  Within 24 hours of the cement job, 

Bradenhead pressure was observed.  The highest reported Bradenhead pressure was 475 psi. 

The well was vented and monitored while drilling the remaining wells on the pad.  A CBL showed 

good bond below a depth of 5,400 feet.  Cement bond transitioned from good to poor above a 

depth of 5,400 feet, with a reported TOC of 3,560 feet.  The well shows characteristics of 

possible gas migration and inadequate centralization in the interval from 5,400 feet to 3,560 

feet.  The well has not been remediated to date, and the Bradenhead is being continuously 

vented.  Bradenhead pressure will build to 150 psi to 160 psi after being shut-in for a period of 

10 to 20 days.   

 
Juniper 1-13 

 
The Juniper 1-13 well was drilled in September 2006, with manageable gas flows and 

lost circulation events documented in the well records.  The surface casing was set and 

cemented according to design at 1,523 feet. The production casing TOC was 300 feet short of 

/hD//Ωǎ requirement.  After stimulating the well, there was 150 psi on the Bradenhead, and 

venting dropped the pressure to 15 psi.  After additional venting in late 2008 and early 2009, the 

Juniper 1-13 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 2008.  The job was completed in November of 2008, with no specific 

remediation details or references available in the well records. Examination of the resulting CBL 

indicates improved cement bond from 3,900 feet to 2,582 feet. The Bradenhead currently builds 

to 90 psi, although the well has not been vented, post remediation.  

 
Juniper 2-16  

 

Significant lost circulation was encountered while drilling the surface hole on the Juniper 

2-16 well in October 2006.  Lost circulation zones took 85 Bbls of drilling mud at a depth of 520 

feet, and 210 Bbls at a depth of 1,160 feet.  The surface casing was set at 1,529 feet, and cement 

was pumped with no returns.  Encana ran a temperature log to identify the TOC, which was 

located at 1,140 feet.  The casing was perforated at 850 feet and squeezed in an effort to raise 

the TOC.  After the cement squeeze job, another temperature log was run, which identified the 

TOC ŀǘ ттр ŦŜŜǘΦ  ! άǘƻǇ ƻǳǘέ ŎŜƳŜƴǘ Ƨƻō ǿŀǎ ǇŜǊŦƻǊƳŜŘ to bring cement to surface.  The 

subsequent casing pressure test failed and another cement squeeze was pumped at 848 feet.  

The casing passed a pressure test after this final cement squeeze.  Two additional pressure tests 

were performed; one at the perforations and one at the surface casing shoe.  Both pressure 

tests passed.  Encana opted to incorporate a 7 inch intermediate casing, because of the multiple 

cement squeezes on the surface casing, and concerns regarding long-term integrity of the 

squeezed perforations.   

 
The 7 inch intermediate casing was placed and cemented as planned.  Drilling continued 

to TD, encountering a loss of circulation at 5,090 feet that was successfully mitigated.  The 4-1/2 

inch production casing was run to TD and cemented without incident. This well builds to 5 psi on 

the Bradenhead, and it has not been vented to date.  

 
Juniper 2-16A  

 

The Juniper 2-16A well was the final well on the pad in the 2006 drilling program. The 

well was drilled and cased according to plan, with notations of manageable gas flow and lost 

circulation. The well builds to 39 psi on the Bradenhead and has not been vented to date.  

 
The 2008 program featured six (6) wells drilled from June through August 2008.  These 

wells were drilled with no significant deviations to the drilling plans.  There were some reports 

of manageable seepage and/or losses of drilling fluid.  These situations were addressed and 

overcome with no apparent detriment to construction of the wells.  Of these wells, four 

exhibited no Bradenhead pressure.  The Juniper 1-12A well builds to 75 psi, while the Juniper 

12-4A well builds to 34 psi Bradenhead pressure when shut-in.  These wells have not been 

vented to date.   
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The entire pad was drilled under the requirements of the Cementing NTO.  The 2006 

wells were drilled prior to implementation of the Encana SOP, but the 2008 wells were drilled 

using practices and procedures in the Encana SOP.  These enhancements to practices and 

procedures, such as attention to circulation and pipe running practices, mud conditioning, 

centralization, slurry design and pipe movement appear to have positively impacted the 

outcome of the drilling and cementing operations.   

 

M1E Pad Stimulation 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 ς Drilling and Cementing 

The initial well on the F11E Pad was drilled in January 2004. The Brown 11-2C well was 

drilled and completed with the only variation from the drilling Ǉƭŀƴ ōŜƛƴƎ  ŀ άǘƻǇ ƻǳǘέ Ƨƻō ƻƴ ǘƘŜ 

surface casing and a significant gas kick at 3,700 feet.  The Brown 11-2C well has not exhibited 

any Bradenhead pressure.  

 

Lƴ /ǊŜǎŎŜƴǘΩǎ opinion, a άtop outέ process is not an optimum procedure to finish 

off a full column of cement on the surface casing, however, the author prefers this 

methodology to perforating and circulating when the fall back is less than 250 feet, and 

the cement top cŀƴ ōŜ ǊŜŀŎƘŜŘ ōȅ άǎǇŀƎƘŜǘǘƛ  ǘǳōƛƴƎέ Ǿƛŀ ǘƘŜ ŀƴƴǳƭǳǎΦ 5ƛǎǇƭŀŎŜƳŜƴǘ ƛǎ 

difficult in this environment, so the use of cement slurries significantly heavier than the 

mud system is strongly recommended. When cement has been circulated prior to the fall 

back event the void will be filled with air, in which case any competent slurry should 

successfully fill the void.   

 

There were nine (9) additional wells drilled on the F11E Pad from September 2008 

through January 2009.  These wells shared several common characteristics, including the surface 

casing size:  they were all equipped with 9-5/8 inch surface casing strings, which is now common 

practice.  This larger casing size provides additional clearance to set an intermediate casing 

string, if necessary.  

 

Encana 11-3B2  

 

The Encana 11-3B2 well was the first well drilled in the 2008 drilling program. This well 

experienced notable gas flows in the Ohio Creek Formation at depths of 2,308 feet and 2,345 
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feet. The TOC on the production string was 2,500 feet.   Bradenhead pressure was observed at 

140 psi after the production casing cement job.  With the TOC below the Ohio Creek Formation 

gas shows, Bradenhead gas may originate from the Ohio Creek Formation, the overlying 

Wasatch Formation, or some combination of the two.  This well is currently being vented to 

mitigate buildup of high Bradenhead pressure.  

 

Encana 11-4D 

 

The Encana 11-4D well was drilled in September 2008.  While all operations were 

routine, and no anomalous shallow gas zones were identified, a pressure of 25 psi has been 

observed on the Bradenhead.  

 

The following wells were drilled in order:  Encana 11-4C, Encana 11-5, Encana 11-12A, 

Encana 11-3D, and Encana 11-6A.  None have shown Bradenhead pressure to date, except the 

Encana 11-3D well with 5 psi.  All of these wells saw gas shows between 3,500 feet and 4,100 

feet while drilling, though none of the shows appeared to have significant magnitudes, based on 

/ǊŜǎŎŜƴǘΩǎ ǊŜǾƛŜǿ ƻŦ ǘƘŜ ƻǇŜƴ-hole logs and well records.  Bradenhead pressures were 

monitored on previously drilled wells as the drilling program proceeded.  The last two (2) wells 

on the pad encountered significant difficulties, as described below.  

 

Encana 11-6  

 

The surface casing in the Encana 11-6 well got stuck at 1,012 feet, short of the intended 

setting depth, and then circulation was lost.  The surface casing was άtackedέ ŀǘ ǘƘŜ ǎƘƻŜ, then 

perforated and cement was circulated to surface.  A 7 inch intermediate string was installed at 

3,416 feet and cement was circulated back into the surface casing shoe.  This was in accordance 

with COGCCΩǎ Cementing NTO policy. The remainder of the well was drilled without major 

incident.  Pressure has not been observed on the Bradenhead.  

 

Encana Federal 11-11A  

 

The Encana Federal 11-11A experienced similar difficulties, with the surface casing 

sticking at 972 feet and subsequent lost circulation.  Two cement block squeeze attempts 

secured the string in place.  An intermediate casing string was installed at 3,521 feet.  A water 

flow was observed in the intermediate casing ς surface casing annulus, and a cement squeeze 

procedure was successfully performed at the surface casing shoe to kill the water flow.  The 

remainder of the well was drilled without incident prior to running production casing.   

 

The production string was set and cemented.  However, within 10 minutes of bumping 

the plug during the cement job, the well kicked (the maximum noted pressure on the annulus 
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was 1,500 psi).  The slimhole annulus (4-1/2 inch casing by 6-1/4 inch hole) environment caused 

by setting the intermediate string may have contributed to this event.  Slimhole environments 

display higher Gas Flow Potential (GFP) tendencies, particularly in deviated wellbores. Deviation, 

coupled with a slimhole environment requires adequate centralization, fluid loss control and 

general cementing practices to control gas migration tendencies.   

 

The gas kick appears to have been initiated from an intermediate depth source, below 

the intermediate casing shoe and above the production casing TOC, considering that the bottom 

portion of the cement job appears to be isolated on the bond logs.  The upper portion of the 

hole was protected from the pressure event by the intermediate string.  A gas influx was 

observed and subsequently squeezed at 3,727 feet όŀǘ ǘƘŜ ŀǇǇŀǊŜƴǘ άŦƭƻǿ ȊƻƴŜέ, based on 

drilling data) and again at 1,330 feet, though the reason for the upper squeeze is not clear in the 

well records. The well shows 2 psi Bradenhead pressure.  The remediation squeezes were 

initiated immediately, and they were pumped prior to commencement of completion 

operations.  

 

With the exception of the Brown 11-2C, all of the F11E Pad wells were drilled under the 

Cementing NTO and the Encana SOP. These enhancements to practices and procedures, such as 

attention to circulation and pipe running practices, mud conditioning, centralization, slurry 

design and pipe movement appears to have positively impacted the outcome of drilling and 

cementing operations.  

 

F11E Pad Stimulation 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.   

6.0 Encana Interview Recaps 

Crescent interviewed members of EncanaΩǎ ŎǳǊǊŜƴǘ staff.  Encana is organized by geologic basins and 

discipline teams.  The Leaders of the Development Group and the Production and Completions Group 

have been part of the South Piceance team since the program began.  The other team members have 

been added at various times during the development of the area.  Some discussions resulted from direct 

questions; others were more spontaneous.  Encana personnel appeared to be forthcoming during our 

discussions.  The following subsections recap and highlight discussions with each group.  
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6.1  Development Group 

The Development Group consisted of a Group Lead Development, Geologists, Reservoir Engineers, 

and a number of other planners.  EncanaΩǎ ƎŜƻƭƻƎƛǎǘs provided a geologic overview of the area, which 

led to specific discussions regarding the Molina (lower) member of the Wasatch Formation, its 

characteristics, and its reservoir potential for gas as is seen down dip to the 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 Formation. The concept of non-commercial gas zones was discussed; there 

are several zones in the shallow horizons (deep Wasatch Formation and shallow Mesa Verde Group) 

within the EMCPA that produce non-commercial amounts of gas under certain circumstances.   

 

We reviewed an open-hole log from the Schwartz 11-2A well, which exhibited three (3) potential gas 

bearing zones from surface to a TD of 1,130 feet.  A number of cased-hole reservoir saturation logs were 

reviewed, which indicated the possibility of shallow gas sands scattered throughout the surface casing 

section of the hole.  We discussed options for identification of potential gas zones in the surface hole, so 

that precautions could be taken to insure isolation during surface casing cementing operations.  Encana 

has taken proactive steps on a number of pads outside of the EMCPA area by running open-hole logs in 

surface holes.   

 

²Ŝ ŘƛǎŎǳǎǎŜŘ ǘƘŜ ǘŜǊƳ ά¢ƻǇ ƻŦ Dŀǎ,έ ǿƘƛŎƘ ƛǎ ǘŜǊƳ ŦƻǳƴŘ ƛƴ the Cementing NTO.  Without a specific 

ŘŜŦƛƴƛǘƛƻƴ ƛƴ /hD//Ωǎ ǊǳƭŜǎ ƻǊ ǘƘŜ /ŜƳŜƴǘƛƴƎ b¢hΣ ¢ƻǇ ƻŦ Dŀǎ ŎƻǳƭŘ ōŜ ƛƴǘŜǊǇǊŜǘŜŘ ǘƻ ƛƳǇƭȅ ά¢ƻǇ ƻŦ 

Commercial Gas.έ  Commercial gas has adequate gas content and an operator-designated acceptable 

water saturation threshold for economic recovery.  

6.2  Drilling Group 

The Drilling Group consists of a Group Lead Drilling, a Field Drilling Superintendent, two well site 

supervisors for each rig, four drilling engineers, and an operations technician.  The Field Drilling 

Superintendent resides on the Western Slope and has been involved in the field for the majority of the 

development time, so conversations were held via telephone.  According to the Field Drilling 

Superintendent, during placement of the surface casing strings, few major difficulties have been seen 

operationally.  Though there are occasional occurrences of lost circulation, gas and water flows, and 

hole instability, these problems are intermittent while drilling the surface section of the wellbores in the 

EMCPA.   

 

Recent adjustments to surface hole drilling programs include use of άƳǳŘ ǎȅǎǘŜƳǎ,έ which optimize 

penetration rates, cuttings removal, and combat lost circulation ƛƴǎǘŜŀŘ ƻŦ άǎǇǳŘ ƳǳŘέ (simple water 

system mixed with bentonite and drill solids during drilling), resulting in better surface hole quality.  This 

change was driven by the pad drilling mechanics, in which all of the surface holes are drilled, cased and 

cemented in a batch process, followed by production hole drilling, casing and cementing in a subsequent 
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batch process.  It is routine to circulate 30-50 Bbls of cement back to surface when pumping 80% excess 

over gauge hole volume.  During cementing of the surface casing, /.[Ωǎ ŀǊŜ rarely run, so the volumes of 

cement to be pumped have been empirically derived.  Cement volumes are fine-tuned through a trial-

and-error methodology using visual returned volumes to calculate any necessary changes to excess 

cement requirements on subsequent wells.   

 

In the production hole, the mud is designed for many requirements, including: using LCA drilling 

methodology, mud weight, rheology, gel strength development, water loss, and pH.  Using standard well 

control procedures, gas flows are managed when encountered, while lost circulation zones can be more 

challenging, occasionally resulting in extended drilling delays to deploy LCM in the mud system.  

 

Pason and Canrig (instrumentation vendors) rig data is routinely captured. This includes, but is not 

limited to pump pressures, fluid rates, weight on the bit, drill pipe rotations per minute, return flow 

rates, mud density and gas detection.  During Phase II drilling, the current Drilling Group Leader 

recognized an absence of information sharing and general communication with the rig supervisors and 

implemented measures to improve coordination. The efforts have improved knowledge transfer 

regarding solutions to common problems, and they have resulted in a number of significant efficiencies 

within the organization.   

 

Gas detection equipment is routine and use of the gas detection measurements is common in 

determination of designed cement tops.  Internally, Encana has changed the ǳǎŜ ƻŦ ǘƘŜ ǘŜǊƳ ά¢ƻǇ ƻŦ 

Gasέ to ά¢ƻǇ ƻŦ CƛǊǎǘ Dŀǎ {Ƙƻǿ,έ rather than interpreting this phrase as top of commercial gas.  This 

change was as a result of finding gas shows in areas that would not have been covered under normal 

operating regulations using top of commercial gas as a criterion.  Gas shows are directly driven by the 

relationship between mud weight and reservoir pressure, coupled with deliverability of the specific 

zones encountered.  

 

Further, because Encana operates in both State and Federal lands, they routinely design to meet or 

exceed the most stringent regulatory requirements, to avoid potential confusion or miscommunication 

between well designs.  The Federal government requires TOC 200 feet above the Top of the Mesa Verde 

or Ohio Creek Sands (when present).  Encana typically designs for an additional 500 feet of cement fill-

up above the Federal requirementΣ ŀǎ ŀ άǎŀŦŜǘȅ ŦŀŎǘƻǊέ, resulting in 700 feet of cement fill-up above the 

Mesa Verde Sands.  There is an ongoing monitoring program related to cement tops, throughout 

EncanaΩǎ Piceance Basin operations. Based on that data (which has been reviewed in the study area, 

since inception of the monitoring), it appears that cement tops meet or exceed regulatory requirements.  

Meeting EncanaΩǎ ƛƴǘŜǊƴŀƭ ǎǘŀƴŘŀǊŘǎ ŦƻǊ the designed TOC is substantially more challenging.   

 

Centralization designs are standard on all production casing strings, with a goal of +/-50% minimum 

άstandoffέ όǎŜǇŀǊŀǘƛon of the casing from the wellbore prior to and during cementing).  The Federal 

standard downhole conditions of approval requires ŀ άǘǊƛǇƭŜ ŎƻƳōƻέ ƭƻƎ ǎǳƛǘŜ ōŜ Ǌǳƴ ŦǊƻƳ surface casing 
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TD to surface (unless the surface string is to be set at 1,000 feet total vertical depth or deeper, and 

approval from Federal authorities is granted) on the first well drilled off of every pad.  Additionally, a 

άǘǊƛǇƭŜ ŎƻƳōƻέ is required from the production hole TD to surface string shoe.  Significant improvements 

in record keeping, training and communication have been achieved over the past few years.  Use of the 

Encana SOP for running casing and cementing is also in place (for production strings).  

6.3 Completion Group 

Team members are Team Lead Completions and Production, Completions Engineer, and 

Completions Supervisor.  The Completions Supervisor was interviewed via conference call from the 

Western Slope. This discussion indicated that the processes and procedures were within industry 

standards and per EncanaΩǎ Ǉƻƭicies.  The general perforating design (all sands that appear in an interval 

are perforated), acidizing design, and stimulation design were reviewed, both present and historically.   

 

Some microseismic fracture mapping processes have been conducted in the general area, but they 

are not preformed on a routine basis.  When microseismic data is generated, offset wellbores or 

monitor wells are equipped with highly sensitive listening devices ŎŀƭƭŜŘ άƎŜƻǇƘƻƴŜǎ.έ  Geophones 

άƘŜŀǊέ ŜǾŜƴǘǎ ŎŀǳǎŜŘ ōȅ ǊƻŎƪ ŦŀƛƭǳǊŜ Řǳring the stimulation process and thereby can be interpreted to 

provide information related to rock fractures as microseisms propagate through the zones of interest.  

EMCPA microseismic data indicates that a limited fracture height growth of 200 feet is typical for 

hydraulic fracture jobs.  Lateral fracture growth may extend several hundred feet from the well.  To 

date, Encana has not used investigatory tracers in EMCPA wells for verification of stimulation fluid 

placement in perforated intervals.  

 

Though there are few charts to verify, none of the reviewed records indicated an instance where a 

hydraulic fracture treatment had unusual pressure response that would indicate deterioration of 

cement integrity.  Also, none of the interviewed staff indicated a wellbore integrity issue during a 

stimulation procedure.  If there were Bradenhead pressures, the pressure appeared shortly after initial 

cementing operations and prior to completion operations.  

6.4 Production Group 

Team Members are Team Lead Completions and Production, and two Production Engineers.  This 

group handles the Bradenhead monitoring program, in addition to their normal production engineering 

duties.  This monitoring program creates a great deal of focus and continues to be a priority.  . 

Administration of the Bradenhead monitoring program is a component of the Production Engineering 

Staff duties. Discussions included the venting process and use of Bradenhead gas in powering surface 

facilities where appropriate.  Sampling frequency for Encana Bradenhead gas was set at one month 

intervals until 2010, when the program was adjusted to vent Bradenhead gas that exceeded threshold 

criteria defined in the Bradenhead NTO and perform one 7-day buildup test each year. This practice has 
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been approved by the COGCC and is consistent with other operators in the area. The installation of 

automation to provide continuous data is ongoing at present.  This group reiterated that the onset of 

Bradenhead pressure is consistently monitored prior to, during and after fracture stimulation 

operations, as required by COGCC rules.   

6.5 Independent Consultant ς Dr. Tony Gorody, PhD 

Tony Gorody is the President of Universal Geoscience Consulting, Inc.  Dr. Gorody outlined the 

process of gas fingerprinting and 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 cementing and some of the pros and cons of this 

approach to seal off annular gas flows.  DrΦ DƻǊƻŘȅΩǎ ƻǇƛƴƛƻƴǎ ǊŜƎŀǊŘƛƴƎ ŎŜƳŜƴǘ ǊŜƳŜŘƛŀǘƛƻƴ ǿŜǊŜ 

ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ /ǊŜǎŎŜƴǘΩǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎ, as characterized in other sections of this report.  

6.6 In-house, Cement and Logging Resources  

Cementing Specialist, Schlumberger Well Services:  This Cementing Specialist provides Encana with 

internal consultation on cement properties and procedures.  There were several discussions geared 

towards understanding EncanaΩǎ cement program.  Cement systems and chemistries were discussed at 

length, as well as the design processes and simulation results.  Conversations focused on issues ranging 

from pipe centralization and movement, mud removal, slurry property optimization, static gel strength, 

lab testing, gas migration issues and prevention, gas flow potential, job simulation and execution.  

 

US Wireline Champion, Schlumberger:  Crescent conducted discussions related to CBL results and 

ultrasonic imaging jobs specific to the project, available options, principles of operation, evaluation 

methods, and strengths and weaknesses of cement sheath evaluation tools. 

 

Schlumberger, Halliburton and Baker Atlas: These service companies provided information regarding 

operation and evaluation of results from various downhole logs utilized in this study. This information is 

included in Appendix F. 

7.0 Recommendations and Observations 

A compilation of industry cementing best practices can be found in Appendix G.  /ǊŜǎŎŜƴǘΩǎ ǎǇŜŎific 

observations and recommendations are presented below. 
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7.1 Surface Casing ς Slurry Composition and Characteristics  

Surface casing cementing practices in the EMCPA have historically included minimal use of 

centralizers.  As a result, it appears that there have been sections of surface casing with little to no 

standoff in deviated wellbores.  Until recently, minimal mud conditioning has occurred while drilling 

surface holes.  Spacer usage has been fairly uniform at 10 Bbls of fresh water.  Pipe movement in the 

form of reciprocation was a normal practice.  There was no evidence in the well records of rate design or 

centralization calculations in the surface sections of the hole.  The cement slurry compositions were 

typical of surface slurries in the area.  

 
About half of the EMCPA wells utilized άleadέ slurries on the surface.  The lead slurries typically 

consisted of American Petroleum Institute (API) Class G Portland cement blended with pozzalan (fly ash) 

and bentonite (gel).  This is a common cement blend for oil and gas wells.  Calcium chloride was 

generally added to cement slurries to accelerate the onset of compressive strength and shorten 

thickening time.  Cellophane flakes were used for lost circulation control.  This blend provides light-

weight slurry, usually mixed at densities between 12.5 and 13.5 ppg.  The cellophane flakes are used to 

provide a low-cost, low-level lost circulation prevention material.   

 

Gypsum was also used in several lead slurry cement jobs to reduce slurry density, provide free 

water control, and most importantly, provide thixotropy to the slurry.  Lighter slurry density was 

desirable to control lost circulation, which was observed on several wells in the surface section.  A lower 

density reduces the hydrostatic pressure, subsequently reducing the tendency for losses to occur.  Slurry 

that gels or thickens very quickly upon moving to a static condition is said to be thixotropic.  The 

viscosity can then be reversed by adding energy to the system, which overcomes the yield point.  

Thixotropy is an important property in lost circulation environments because the rapid gellation of 

cement from a static condition, in combination with LCM, assists in healing lost circulation zones.   

 

The remaining half of wells in the EMCPA utilized άtailέ slurry on the surface casing. Tail slurries 

also contained API class G Portland cement, but some of the additives used with lead slurries were not 

used, resulting in heavier slurry.  The typical blend included calcium chloride and cellophane flakes and 

was mixed at 15.8 ppg.   

 
EncanaΩǎ cement service provider utilizes an antifoaming agent in all slurries at low concentration.  

The material prevents air from being entrained in the slurry.  The engineering properties of the cement 

slurry or the solidified cement are not affected by this material.  

7.2 Surface Casing ς General Practices  

Wells within the EMCPA were generally designed for 9-5/8 inch surface casing set in a 12-1/4 inch 

hole. The casing string is cemented with an appropriate volume of cement returning back to surface to 
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insure no mud contamination of the cement slurry in the annulus.  The key functions of surface casing 

are as follows:   

 
1. Prevent sloughing or collapse of the wellbore below the conductor pipe,  

2. Achieve zonal isolation of shallow fluid-bearing formations,  

3. Provide a foundation upon which to build the remainder of the well casing strings, and  

4. Function as an integral component of the well control system by supporting the well control equipment 

 

Engineered cement systems are required to accomplish these goals, particularly the goal of zonal 

isolation.  The cementing process, when properly designed and executed, seals the annular space from 

pressure and prevents cross flow of fluids from deeper strata into relatively weaker zones in the surface 

hole.  This specifically includes groundwater 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 down to the production casing TD.  The Encana SOP is used to assure that the production 

casing is placed per the engineered design.  Encana does not use a similar document for construction of 

the surface casing, but ƛƴ /ǊŜǎŎŜƴǘΩǎ ƻǇƛƴƛƻƴΣ standard surface casing cementing practices and 

procedures should be developed.   

 
The wells within the EMCPA are drilled from multiple-well pads.  This type of pad drilling requires 

that wells be directionally drilled to adequately drain the gas reservoir.  When performing directional 

drilling the well must be diverted from a vertical trajectory to attain the necessary angle to guide the 

drill bit along the designed wellbore path to the target bottom hole location.   In many areas, 

directionally-drilled wells are άkicked offέ (first deviation from a vertical trajectory) below the surface 

casing shoe.  However, to achieve the desired well design in the EMCPA, Encana kicks off their wells at a 

shallow depth in the surface casing section.  This technique places the surface casing in a deviated 

position, with a tendency for the casing to lie on the low side of the open hole.  A condition of 

eccentricity makes mud and cuttings removal more difficult compared to vertical drilling, and 

replacement of these materials with cement to provide a 360 degree seal is also challenging.  This 

deviated situation potentially leads to various conditions that may result in incomplete zonal isolation of 

the surface casing, potentially forming a conductive path for fluids to cross-flow from one stratum into 

another along the surface casing cement sheath. 

 
With rigorous engineering design, the surface casing portion of the well should be modeled and 

configured with the proper number and placement of centralizers to center the casing and provide 

adequate standoff for a more effective cementing process.  Use of a slightly modified casing running 

procedure tailored for surface casing will minimize the potential for gas or water migration along the 

surface casing cement sheath. 
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This study yielded a limited number of situations in which casing could not be run to the desired 

depth. In most cases, these situations occur because of borehole instability.  The exposed strata may 

have internal forces that are not adequately supported by the mud system, or there may be chemical 

interaction between the mud system and the geologic materials in a particular zone, leading to 

formation of solids that collapse into the hole.  These barriers may prevent successful running of the 

casing.  This can also occur as a result of inefficient hole cleaning during the drilling phase, especially in 

deviated holes.  The majority of the wellbore surface sections were drilled with similar mud systems, 

both chemically and from a density perspective.  Attention to the cuttings can be a tip off for potential 

issues.  Cuttings characteristics were not recorded in EncanaΩǎ ǿŜƭƭ ǊŜŎƻǊŘǎ, so it is difficult to determine 

if these conditions were encountered while drilling surface holes in the EMCPA when stuck casing 

problems occurred.  

7.3 Surface Casing ς Recommendations  

Because of surface hole deviation in the majority of the wells in the EMCPA, Crescent recommends 

that operators perform centralization calculations prior to all surface casing cementing efforts.  

Displacing the cement jobs at 8 barrels per minute (bpm) appeared to be typical according to review of 

the well records.  This flow rate generates an adequate flow regime for mud removal during circulation 

of the cement.  Though best practices recommend thinning of mud systems prior to cementing 

operations, care must be taken in situations where significant amounts of LCM are being employed.  

Thinning mud systems may destabilize the distribution of LCM and lead to bridging in the annulus.  

However, inadequate thinning may leave immobile mud in washouts and/or lead to channeling of the 

cement slurry, resulting in poor isolation.  

 

Although top out remedial cement jobs were not common on the pads reviewed in this study, 

Crescent recommends using a lead slurry system in all EMCPA surface casing cement jobs to minimize 

cement fallback.  In areas where mud losses are observed during drilling, thixotropic, reduced density 

slurry is advised.  The reduced density and comparative viscosities of lead slurries versus tail slurries 

promotes mud removal, and consequently, lead slurries provide a better opportunity for zonal isolation 

in the annulus.  In lieu of using API άDέ based tail slurry, reduced density on tail slurries is also available 

through the use of ASTM Type III cement.  Type III cement offers high early strength, sulfate resistance, 

and a mix density of 14.2 ppg.   

 

Good cement engineering practice requires attention to the wellbore conditions from spud 

(commencement of drilling) to TD.  All geologic strata will affect the eventual outcome of a cementing 

process.  There are a number of lost circulation materials that would be considered upgrades to the 

cellophane flake material that is typically used in the EMCPA.  In situations where significant losses are 

observed during the drilling process, materials such as nylon fibers, nut hulls or laminate flakes would 

potentially provide superior performance.  These materials can be effective in pills (slugs of material 

pumped down the hole) ahead of the cement or as a component of the slurry mixture.  In situations 
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where shallow gas zones are encountered or noticed in well logs or offset wells, best practices described 

above could help mitigate gas migration.  

7.4 Intermediate and Production Casing ς Slurry Composition and Characteristics  

The slurries utilized in intermediate casing jobs in the EMCPA were generally similar to the 

production casing cement slurries with the singular exception of the retarders required to customize 

thickening times.  For this reason the intermediate and production casing cement slurries will be 

discussed together in this section of the report.   

 
Cementing practices in the EMCPA have changed markedly when comparing pre-2005 (Phase I) 

efforts with current Phase II efforts.  Mud conditioning was not optimized in Phase I wells.  As stated in 

Section 7.3, Surface Casing - Recommendations, care must be taken in thinning mud systems when LCM 

is present.  Casing centralizers were used during Phase I, but their spacing was not optimized.  In both 

Phase I and Phase II, reciprocation was used to accomplish pipe movement during cementing.   

 
.ŀǎŜŘ ƻƴ /ǊŜǎŎŜƴǘΩǎ ǊŜǾƛŜǿ ƻŦ simulation results and empirical data, it appears that slurry weights 

ranging from 12.5 ppg to 13.5 ppg were preferred while drilling Phase I wells.  To provide a comparison 

with other common industry cement slurries, Class G mixed with minimum water requirements weighs 

15.8 ppg, and 50/50/2 slurry (shorthand notation representing percent pozzalan/percent Class G 

cement/percent gel) with minimum water requirements weighs 14.2 ppg.  It appears that the lighter 

slurry weights used in the EMCPA were designed to be less dense to provide an appropriate solution for 

lost circulation zones and formation pressures observed while drilling the wells. The Phase I slurry 

designs utilized API Class G blends with pozzalan, extenders, dispersants, retarders, LCM, free water 

control additives and fluid loss additives.  The systems were basic performers that worked well in most 

areas of the Piceance Basin.  Though there were few Phase I test results available, the slurries would 

have met a criteria of less than 250 cc/30 minutes fluid loss control, adequate thickening time, and 

minimal to no free water or settling.   

 

Early results indicated that gas migration problems existed.  As a result, attention focused on 

transition time reduction.  The mechanics of transition time reduction can be more difficult to 

ŀŎŎƻƳǇƭƛǎƘ ǿƛǘƘ ƭƛƎƘǘ ǿŜƛƎƘǘ ƻǊ άŜȄǘŜƴŘŜŘέ ŎŜƳŜƴǘ ǎƭǳǊǊƛŜǎΦ  Extenders are materials that have a high 

water requirement.  Use of these materials replaces heavy cement particles with lighter materials and 

water to yield lower density slurries.  The use of materials like sodium metasilicate and bentonite, two 

very common extenders, is not conducive to shortening transition time.  Other materials can be used to 

adjust the transition times in conjunction with these materials, but they were not employed in Phase I 

wells.  Densified spacer systems were used from the outset of the drilling projects in the EMCPA.  

 

Most of the documented gas migration impacts in the EMCPA arose from Phase I wells.  New 

materials were used and new methods were implemented to combat gas migration in Phase II wells, 
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which were drilled from 2006 to present. Though it was not a new to the industry in 2006, TXI Liteweight 

cement was offered as a potential solution by a cement service provider.  This material is proprietary 

pre-blended cement that has a common mixing density range of 12.0 ppg to 14.2 ppg.  The material 

features a finer grind size (6,900 square cm/gram) than API cements (2,500 to 4,500 square cm/gram).  

This increase in surface area increases the water requirement, resulting in a reduced density.  To meet 

slurry weight requirements, extender use has been greatly reduced, leading to more advantageous 

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

ǿŀǎ άƛƳǇƻǊǘŜŘέΣ ŀǎ ƛǘ ƛǎ ƴƻǘ ŎƻƳƳƻƴƭȅ ŀǾŀƛƭŀōƭŜ ƛƴ ǘƘŜ wƻŎƪƛŜǎΦ   

 
With the adoption of the Cementing NTO and the Encana SOP in Phase II, there was an immediate 

and significant upgrade in cementing performance in the EMCPA.  Cement slurries were modified by 

using the TXI product.  Fluid loss additive usage was customized 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 

volumes and rates of LCM used in the mud.  Centralization and mud removal calculations were 

performed on all production and intermediate casing designs.   

 
There have been attempts to redesign the tops of cement.  Among these attempts have been efforts 

to bring cement to surface, many of which have been successful.  One downside of these efforts is that 

as the cement column height increases, hydrostatic pressure is lost during the transition phase, which 

increases the potential for gas migration into the cement.  There have been multiple instances that 

indicate gas migration as a continuing issue, particularly for Phase I wells.  Examples of gas migration 

issues include both Arbaney wells, including the 3-16C and 3-15C, and both Schwartz wells, 2-15B and 2-

14D.  Many of the wells with cement returned to surface exhibit characteristics of gas migration in the 

upper portions of the wellbore. Appendix H contains a paper written by James Heathman which 

illustrates the concepts of gas flow potential and some of the remedies for control of gas migration.   

7.5 Intermediate Casing ς General Practices 

If an intermediate casing string is άplannedέ the intermediate section of the hole should be drilled 

with an 8-1/2 inch or 8-3/4" bit to the setting depth. However, planned intermediate casing strings were 

not standard in the EMCPA.  The need to install an intermediate string is generally related to some sort 

of difficulty encountered while installing the surface casing.  Difficulties include sticking of the pipe short 

of the target depth resulting in a failed FIT, lost circulation resulting in concern about the ability of the 

cement job or pipe to provide proper pressure containment, perforating the surface casing to allow for 

circulation to surface, or surface casing squeeze cementing.  

 

As with any casing string, good cementing practices are required while installing and cementing the 

intermediate casing.  Proper centralization into the surface casing shoe is necessary in deviated holes. 

Pipe movement, mud conditioning, use of spacers for mud removal, and proper slurry design are critical 
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when there are concerns about the ǎǳǊŦŀŎŜ ŎŀǎƛƴƎΩǎ isolation properties.  If the intermediate casing is 

άǳƴǇƭŀƴƴŜŘέ, reaming the hole to 8-1/2 inches is highly desirable, as it allows ample annular space for 

an adequate cement job, and it allows additional clearance for placement of a 7 inch intermediate 

casing. Current Encana standard practices exceed these recommendations, although it may not have 

been the case with all EMCPA wells. 

 

If drilling conditions preclude reaming, then a 5 ½ inch intermediate casing is an alternative, 

followed by a 3 ½ inch production string.  However, this smaller diameter casing configuration may 

compromise the effectiveness of stimulation operations and the ultimate productivity of the well.  

Intermediate casing strings result in ŀ άǎƭƛƳƘƻƭŜέ ŜƴǾƛǊƻƴƳŜƴǘ ŦƻǊ ǘƘŜ ǇǊƻŘǳŎǘƛƻƴ ǎǘǊƛƴƎΣ and the 

operator must pay close attention to centralization and cement design for both the intermediate casing 

and the production casing to provide a successful outcome.  

7.6 Production Casing ς General Practices 

On the EMCPA wells, the production hole section was typically drilled with a 7-7/8 inch bit, and a 4-

1/2 inch casing is run to the TD of the well.  As discussed in the Intermediate Casing Section above, a 

deviation from this plan within the EMCPA was necessary if an intermediate casing needed to be used.  

Intermediate casing requires drilling the open hole with a smaller bit size below the intermediate casing 

shoe.  Typically, open holes sizes were reduced to allow the drilling equipment to be run through the 7 

inch intermediate casing.  The hole size is reduced to 6-1/8 inches or 6-1/4 inches depending on the 

weight and resulting wall thickness of the 7 inch casing, with 4-1/2 inch casing placed in the open hole 

upon reaching TD.  In slimhole environments, attention to centralization, pump rate and slurry design 

are critical to successful isolation.  Cement sheath thickness is reduced and therefore mud removal and 

subsequent replacement by cement in the borehole are required for satisfactory performance. 

 
The current Encana SOP has provided a guide for good zonal isolation when cementing the 

production casing.  However, despite implementation of the Encana 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. Crescent 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 slurries.  In order to mitigate gas migration problems, 

casing and cement designs must be customized for each pad and each well based on drilling conditions 

and geology observed in each well. 

 
Encana typically uses Federal requirements to calculate specific cement volumes for each 

production casing job.  The Federal TOC requirement is 200 feet above the Mesa Verde Formation or the 

Ohio Creek Formation (if present).  The Federal requirement is used for cement calculations because it is 

a standard that also meets State TOC requirements.  Data over the past few years, for wells drilled in the 

EMCPA area and surrounding areas, indicate that State and Federal requirements for cement tops are 
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rarely missed.  However, EncanaΩǎ ƛƴǘŜǊƴŀƭ ǎǘŀƴŘŀǊŘ, which exceeds both Federal and State 

requirements by several hundred feet, is often missed on the low side. This data is presented in Figure 8 

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

APD Objective.  

7.7 Intermediate and Production Casing ς Recommendations  

EncanaΩǎ {htΩǎ, their current casing and cementing designs and their quality assurance efforts 

exceed Federal, State, and normal industry standards.  Lƴ /ǊŜǎŎŜƴǘΩǎ opinion, attempts to bring 

intermediate and/or production casing cement to surface are not the optimum solution to prevent gas 

migration.  Effectively isolating the potentially productive gas zones is a greater concern, as well as 

preventing encountered gas zones from damaging the cement sheath, thereby limiting the zonal 

isolation capacity.  Encana is currently designing their cement jobs to cover all shallow gas zones with 

additional excess cement added as a safety factor.  This design is intended to cover zones that have 

significant deliverability of gas flow in commercial quantities, as well as non-commercial gas zones in the 

upper Mesa Verde Group, the Ohio Creek Formation, and the lower Wasatch Formation.  

 
Crescent recommends centralization of intermediate casing (when used) and production casing at a 

minimum 50% standoff from TD, up into the surface casing shoe.  This is to facilitate more effective 

remediation, should it be necessary.  Squeeze cementing processes require the same centralization as 

primary cement jobs to effectively provide 360 degree isolation.  If 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 being performed by Encana outside the EMCPA); use of stabilized 

gas generating materials, which provide energized elastic properties to cement systems; foam cement 

processes; and transition time manipulation of multiple slurries to achieve maximum hydrostatic 

pressure application to known gas bearing strata.  

7.8 Cement Remediation 

Throughout the EMCPA, remediation efforts have varied from cement squeezes to setting 

intermediate casing.  Differences in individual remediation techniques resulted from challenges that 

were unique to each specific well.  More recently, implementation of the Encana SOP 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 work.  Despite implementation of standard operating procedures, there will be 

cases of unforeseen situations that require remediation.  Corrective action options should be flexible to 

address unique situations that are likely to occur for each well that requires remediation.   

 
In cases of development of low-magnitude Bradenhead pressures, Crescent believes that monitoring 

and venting is a viable option.  Attempting to remediate low pressure gas leakage leads to removal or 
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masking the ability to monitor pressure buildup and pressure relief.  For the purposes of this discussion, 

Crescent defines low pressure as Bradenhead pressures less than 250 psi. When the 250 psi threshold is 

reached, acoustic fluid level testing should be initiated to identify the actual pressure on the annulus 

and to further investigate the need for remediation.  

7.9 Stimulation  

Stimulation (hydraulic fracture treatment) processes do not appear to have an impact on the 

cement sheath performance in the EMCPA.  Cyclical failure is a concern when cemented casing is 

subjected to repetitive pressure and temperature cycles, as debonding of the pipe from the cement 

sheath (development of a micro-annulus) is generally the result.  This phenomenon is likely occurring, 

but the resulting micro-annuli are either not conductive to fluids or they are not connected to the 

perforations.  .ŀǎŜŘ ƻƴ /ǊŜǎŎŜƴǘΩǎ ǊŜǾƛŜǿ ƛƴ ǘƘŜ 9a/t!Σ occurrence of Bradenhead pressure has 

occurred prior to pressures exerted on production casing during the stimulation process.  COGCC rules 

require monitoring and recording of the Bradenhead annulus pressures during stimulation operations, 

and post-completion monitoring is required by the Bradenhead NTO in the EMCPA. 

7.10 Plugging and Abandonment 

In the Piceance Basin, including the EMCPA, the practice of covering all gas bearing zones is not 

practical during plugging and abandonment, particularly for shallow non-commercial gas bearing zones 

in the Wasatch Formation.  Setting a plug above the producing formation is a reasonable procedure to 

prevent unwanted fluid migration.  Crescent recommends that COGCC modify its internal policy for 

surface casing shoe plugs to require 100 feet of cement in and 100 feet of cement out of the surface 

casing ό/hD//Ωǎ ŎǳǊǊŜƴǘ ǎǘŀǘŜ-wide policy requires 50 feet of cement in and 50 feet of cement out of the 

surface casing).  Recovery of production pipe is not common in the Piceance Basin, but slotting, cutting 

or perforating can accomplish access to the annular space below the surface casing shoe to facilitate 

circulation of cement past the shoe.   COGCC rules provide general guidance for plugging and 

abandonment.  However, in order to account for the unique wellbore configurations in each well, 

COGCC rules are necessarily flexible to allow for individual well plugging designs, and well-specific 

plugging orders are approved by COGCC staff for all wells. 

7.11 Water Wells  

For many older water wells in the EMCPA, there is limited information available from the Colorado 

Division of Water Resources regarding water wells and their construction details.  For water wells with 

detailed records, /ǊŜǎŎŜƴǘΩǎ ǊŜǾƛŜǿ ŦƻǳƴŘ that there is limited attention paid to water well isolation 

strategies for aquifers and surrounding formations, particularly in older water wells.  ¢ƘŜ άǎǳǊŦŀŎŜ pipeέ 

protection is designed to prevent hole collapse, and it functions more like a conductor pipe in a gas well.  

The water well surface pipe normally consists of 40 feet ƻŦ ǎǘŜŜƭ ǇƛǇŜ ǿƘƛŎƘ ƛǎ ƎǊƻǳǘŜŘ ǿƛǘƘ ƴŜŀǘ άǊŜŀŘȅ 
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ƳƛȄέ ǎƭǳǊǊȅΦ In /ǊŜǎŎŜƴǘΩǎ ƻǇƛƴƛƻƴΣ ǘhe water well surface pipe provides minimal control to prevent fluid 

migration.  ¢ƘŜ άǿŀǘŜǊ ǇǊƻŘǳŎǘƛƻƴέ ǎǘǊƛƴƎ ƛǎ ƎŜƴŜǊŀƭƭȅΣ п inch or 5 inch t±/ ǇƛǇŜ ǿƘƛŎƘ ƛǎ άǇǊŜ 

ǇŜǊŦƻǊŀǘŜŘέΦ  This string is often not cemented to provide stability or isolation of water (or shallow gas) 

bearing zones above or below the perforated well screen.  On some occasions, the water production 

string will have gravel or sand dropped behind it through a tremie pipe to promote water flow into the 

well and prevent collapse of the wellbore, but there is generally no form of isolation above the gravel or 

sand pack.    

7.12 Well Logging ς Cement Sheath Evaluation 

There were several cases when CBLs were run on wells, indicating adequate coverage, only to have 

Bradenhead pressures develop, requiring remediation of the wellbore.  In some of these situations, the 

Bradenhead pressures may have resulted from shallow gas-bearing strata above the TOC supplying the 

source for the pressure.  CBL analysis, open-hole log analysis, and some cased hole log analysis, when 

coupled with the Bradenhead NTO monitoring program, should provide adequate indication of isolation.  

If this data is inconclusive, then the need for higher-level evaluation tools should be considered.  

Ultrasonic isolation logs are available from a number of service providers and should be employed when 

Bradenhead pressure, CBL analysis or both lead to questions regarding cement performance.  Appendix 

F contains information regarding the uses and features of ultrasonic isolation logs.  The information was 

supplied by vendors of the various technologies.  A description of the triple and quad combo open-hole 

logging suites that are used for identification of porous media and fluid identification is also included in 

Appendix F.   

8.0 Document Reviews 

8.1 COGCC 300 Series Rules ς Effective May 1, 2009 

       The current COGCC Rules for Drilling and Cementing are captured in the 300 Series.  There were 

few changes in specific drilling and cementing rules compared to a previous set of rules that was 

effective in 1998.  The majority of the changes were verbiage for clarification.  The current 300 Series 

rules are suitably general and flexible to allow COGCC staff and operators to react in a timely manner to 

the unique drilling and cementing conditions encountered in various parts of the State.  The 300 Series 

rules also are adequate and clear regarding reporting responsibilities.  A significant new section within 

the rules outlines the use of pitless drilling systems, berms and spill reporting and response plans for 

drilling pads located within Rule 317B buffer areas.  These additions keep pace with current technology 

and environmental responsibility.  A new Rule 341 also requires Bradenhead pressure monitoring during 

stimulation operations.  There are no changes or clarifications recommended in the 300 Series Rules 

section, with the following exception. 
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Current plugging regulations are contained in section 319.  Crescent recommends that COGCC 

modify its internal policy for surface casing shoe plugs to require 100 feet of cement in and 100 feet of 

ŎŜƳŜƴǘ ƻǳǘ ƻŦ ǘƘŜ ǎǳǊŦŀŎŜ ŎŀǎƛƴƎ ό/hD//Ωǎ ŎǳǊǊŜƴǘ ǎǘŀǘŜ-wide policy requires 50 feet of cement in and 

50 feet of cement out of the surface casing).Crescent recommends άмлл ƛƴκ млл ƻǳǘέ ǇƭǳƎ methodology, 

because of the variability of the plug mud or water systems. The risk of cement contamination is 

relatively high in this environment as is the potential for gravity segregation. These items lead to 

concerns regarding cement plug integrity. The COGCC offers additional guidance documents and 

personal assistance to operators in both design and execution of plugging procedures.       

8.2 Cementing NTO  

NOTICE TO OPERATORS DRILLING MESAVERDE GROUP 

OR DEEPER WELLS IN THE MAMM CREEK FIELD AREA 

IN GARFIELD COUNTY 

WELL CEMENTING PROCEDURE AND REPORTING REQUIREMENTS 

July 23, 2004 

Revised February 9, 2007 

 

This document is a supplement to the /hD//Ωǎ 300 Series cementing rules, with specific 

requirements for the EMCPA and surrounding areas. The Cementing NTO outlines requirements for 

CL¢Ωǎ, well control situations, cementing, evaluation of cement sheath, and follow up to insure sheath 

competency via reporting of Bradenhead pressure monitoring.  The policy is written clearly and without 

ambiguity.  Crescent recommends modifying the policy to require minimum centralization efforts (50% 

or better standoff) on all deviated strings.  This is critical to insure long-term isolation and channel 

prevention via mud removal.  Crescent also recommends updating the contact information on the 

document.  

 

Implementation of the Cementing NTO has had positive effect in the EMCPA with zonal isolation of 

casing through proper design and execution of cement jobs.  Gas migration problems have been 

effectively eliminated in Phase II wells, which were drilled under requirements of the Cementing NTO. 

8.3 Bradenhead 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, 139-56, 191-22, AND 369-2 

July 8, 2010 
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The Bradenhead NTO was published on July 8, 2010 for Buzzard, Mamm Creek and Rulison Field 

operations in Mesa and Garfield Counties.  The NTO outlines equipment, testing and reporting 

requirements.  It also generally outlines mitigation and remedy requirements when Bradenhead 

pressures are observed above a 150 psi threshold.  The mitigation and remediation section is left 

purposely flexible to allow for engineering judgmentΣ ƛƴǎǘŜŀŘ ƻŦ ŀ άŎƻƻƪƛŜ ŎǳǘǘŜǊέ ŀǇǇǊƻŀŎƘ to remedial 

operations.  All of the listed requirements are reasonable and clearly stated.  Based on /ǊŜǎŎŜƴǘΩǎ ǊŜǾƛŜǿ 

of well records in the EMCPA, it appears that the required monitoring leads to appropriate action when 

high Bradenhead pressure is recognized.  EncanaΩǎ EMCPA wells are currently being equipped with 

automation to make the testing and recording simple.   

 

Crescent recommends venting whenever possible within accepted pressure limitations, as 

remediation can potentially force gas into surrounding strata and might be detrimental to these zones.  

Although it is not mentioned in the Bradenhead NTO, COGCC currently allows operators to utilize the 

gas for powering surface equipment if the option exists.  The Bradenhead NTO encourages the use of 

combustors when feasible.  Both measures prevent air quality impacts; use of gas on the lease for 

powering equipment also promotes good stewardship of the natural gas resource.  

 

Cement remediation should be designed on a case by case basis, with a specific result in mind. This 

Bradenhead NTO program has been effective. Monitoring of the Bradenhead is a first step in recognizing 

potential downhole pressure issues.  By vigilant monitoring, a number of specific incidents have been 

recognized and addressed in a timely fashion.  The use of automated monitoring systems is a substantial 

voluntary improvement by Encana.  

8.4 Encana SOP  

Cementing Standard Operating Procedure and Casing Running Procedures  

 

The Encana SOP is currently specific to the Production string, and it incorporates many 

currently-recognized industry practices and procedures.  Lƴ /ǊŜǎŎŜƴǘΩǎ ƻǇƛƴƛƻƴΣ ǘhe lone deficiency is 

that the specific attention is placed on the production casing, but not other casing strings in the well.  

The procedure should be expanded to include all casing strings placed in a well, with specific attention 

focused on the surface casing.   

 
Isolation of shallow gas zones behind the surface casing is a concern when kicking off from 

vertical to a directional wellbore within the surface casing section.   Attention to casing centralization for 

adequate mud removal and cement placement would provide the necessary casing standoff for 

adequate isolation of gas-bearing zones.  Currently, centralizer spacing is not sufficient to provide at 

least 50% standoff between the surface casing and the borehole.  Without adequate centralization, the 

casing tends to settle against the low side of open hole, creating an area adjacent to the casing in which 
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the cement cannot completely surround the casing.  This situation can create irregularities in the 

cement sheath that could potentially lead to cross-flow of fluids from one zone to another. 

 
Lƴ /ǊŜǎŎŜƴǘΩǎ opinion, amendments to the Encana SOP should include provisions for surface and 

intermediate string cementing, similar to the specifications for production strings.  The entire 

production string should be centralized, with performance goals of 70% standoff from TD up through 

the primary cementing interval and 50% standoff form the top of the primary cementing interval, up 

into the surface casing shoe). If the TOC falls back to a lower depth after the primary cement job, then 

the proper standoff will increase the potential for adequate isolation using remedial cement.  

 
The Encana SOP is ŀ άƭƛǾƛƴƎέ ŘƻŎǳƳŜƴǘΦ  It should be updated regularly as new technology, 

materials and procedures offer value by providing improved results. 

9.0 Conclusions and Recommendations 

Review of EncanaΩǎ well records and various interviews with persons associated with operation, 

regulation and study of the EMCPA wells has provided the background for the following conclusions and 

recommendations.  Details and commentary on these items can be found throughout the body of this 

report.  Conclusions and observations are followed directly by related recommendations. 

 9.1  COGCC Conclusions and Recommendations 

¶ COGCCΩǎ Cementing NTO has been effective in improving cementing performance. 

o Require minimum standoff of 50% for all casing strings. 

o Update document contact information.  

 

¶ COGCCΩǎ Bradenhead NTO has been effective in providing timely recognition and mitigation of 

potential gas flow scenarios.  

 

¶ Remediation evaluation should be triggered when Bradenhead pressure reaches a pressure 250 

psi at the surface. Overall pressure gradients exceeding 0.6 psi/ft require further evaluation. 

/hD//Ωǎ ŎǳǊǊŜƴǘ ǘƘǊŜǎƘƻƭŘ ŦƻǊ ǊŜǇƻǊǘƛƴƎ ŀƴŘ ƳƛǘƛƎŀǘƛƻƴ όǾŜƴǘƛƴƎ ƻǊ remediation, depending on 

the nature of the flow) is 150 psi.  Continue to vent or utilize Bradenhead gas whenever 

possible. 

 

¶ Lƴ ǎǳǊŦŀŎŜ ŎŀǎƛƴƎ ŎŜƳŜƴǘ ŀǇǇƭƛŎŀǘƛƻƴǎ ǿƘŜǊŜ ŦŀƭƭōŀŎƪ ƻŎŎǳǊǎΣ άǘƻǇ ƻǳǘ ά ǇǊƻŎŜŘǳǊŜǎ ŀǊŜ ǇǊŜŦŜǊǊŜŘ 

to perforating casing and circulating cement when the annular cement top is less than 250 feet 

in depth.  
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9.2       Encana Conclusions and Recommendations 

¶ EncanaΩǎ {ht has been effective in improving production casing cementing performance. 

o Further improvements may be available in terms of controlling gas migration, especially 

when cement is returned to surface on production casing jobs. 

o The existing document should be expanded or a similar document should be developed 

specifically for establishing standards for surface and intermediate casing installation 

and cementing. 

¶ Slimhole environments resulting from intermediate casing installation may result in higher GFP 

tendencies, particularly in deviated cases.  

o Deviation, coupled with a slimhole environment requires adequate centralization, fluid 

loss control and general cementing best practices 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 superior performance and limit 

cement fallback. Materials 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 plan requires rigorous engineering design on the surface 

section of the wellbore.  

o Develop and implement an expanded Encana SOP or a specific SOP to account for 

surface casing installation and cementing to minimize the potential for fluid migration 

along the surface casing cement sheath. 

 

¶ In areas with lost circulation in the surface casing section, utilize lightweight lead slurries, and 

evaluate the potential for Type III or TXI Lightweight tail slurries to reduce density.  

¶ More rigorous casing and cementing design may improve cement remediation results when 

remediation is necessary.  

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

9.3      Joint Conclusions and Recommendations 

¶ Shallow gas zones exist in the surface hole, and they must be properly identified and isolated 

o Perform open hole logging of the initial well on each pad to identify shallow gas-bearing 

zones in the surface hole 

 

¶ Drilling fluid losses and whole cement losses and gas flow events are unpredictable. 

 

¶ The lenticular nature of potentially productive gas-bearing sands is conducive to drilling fluid 

losses and flows, as the unpredictable pressures of individual lenses are distinct and separate 

from each other. 
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¶ Differences between reservoir fluid pressure gradient and fracture pressure gradient are often 

minimal. 

 

¶ Recognition and definition of the άtop of Ǝŀǎέ is critical for TOC designs on intermediate and 

production casing strings. 

o Considering that gas flows in the EMCPA are more prevalent in the Wasatch Formation 

and productive intervals of the Williams Fork Formation, Crescent recommends that the 

first show of gas in mud logs, in either of these sections, be used ŀǎ ǘƘŜ άǘƻǇ ƻŦ Ǝŀǎά ŦƻǊ 

design purposes. In other areas outside of the EMCPA, this definition may not be 

appropriate.  Area geology and characteristics of gas-bearing zones must dictate the 

definition ƻŦ άǘƻǇ ƻŦ gasέ and the resulting requirement for TOC. 

 

¶ To protect gas resources, stimulate wells prior to remediation processes whenever possible.  

o Squeeze holes limit mechanical integrity and reduce pressure ratings thereby reducing 

the rate available to stimulate each perforated interval.  

o Reduced diameter when using 3-1/2 inch liners also inhibits rate, impacting stimulation 

efficiency. The reduced diameter also limits the tools available to isolate fracturing 

stages.  

 

¶ ¢ƘŜǊŜ ƛǎ ƴƻ ŜǾƛŘŜƴŎŜ ǘƘŀǘ άhydraulic fractureέ ǎǘƛƳǳƭŀǘƛƻƴ operations have had an effect on 

cement sheath integrity, and they have not contributed to Bradenhead pressures on the annulus 

in any wellbore evaluated during this study. 

 

¶ Bradenhead pressure alone is not reflective of poor cementing practice or performance. 

 

¶ Monitoring Bradenhead pressure changes over time is an effective method to evaluate the 

necessity of cement remediation, which may or may not be advised when Bradenhead pressure 

is observed. 

 

¶ Squeeze cementing efforts can be an effective remediation. Post-remediation monitoring is 

recommended as the squeeze cement can deteriorate over time with pressure and temperature 

cycling.    

 

¶ Remediation efforts reduced or eliminated Bradenhead pressures in every case.  These may or 

may not be permanent solutions to gas movement, as cement squeezes are susceptible to 

degradation through pressure and temperature cycling.  
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¶ Remediation success and efficiency is subject to technology advances in problem identification, 

and plan execution.  Each situation is unique and should be treated as such. 

 

¶ Statistical overview of well data to isolate root causes of known problems was ineffective in the 

EMCPA.  Crescent concludes that each well must be engineered as an individual entity (there are 

no άone size fits allέ solutions). 

 

¶ Water well construction practices could be improved. Historic and current construction 

practices are not optimized for zonal isolation of shallow gas-bearing zones that may be 

encountered while drilling water wells. 

10.0 Recommended Areas for Further Study 

The following are observations and opportunities for process improvement as a follow-up to this EMCPA 

study. 

 

10.1 COGCC 

¶ Initiate a discussion with Colorado Division of Water Resources on water well construction 

specific to the EMCPA and surrounding areas regarding potential changes to water well 

isolation requirements. 

 

Identify and evaluate potential improvements to statewide plugging and abandonment requirements  

10.2 Encana 

 

¶ Model the Surface pipe to assure adequate centralization.  It is important to eliminate the low side 
potential for isolation problems to prevent the flow of fluids along the cement sheath.  

 

¶ Considering that production casing is rarely recovered during the plugging process, centralize the 
complete length of the production casing. 

o Proper centralization will improve cement zonal isolation on the primary cement jobs. 
o Proper centralization will allow for more efficient remediation should that become necessary. 

 

¶ Run one open-hole triple combo log per pad within the Surface casing section of the open hole. 
o This log would be used to identify shallow gas-bearing zones on the pad that may be present in 

the surface hole on the remaining wells on the pad.  
o Logging results may lead to a more advanced centralization strategy. 
o Logging results may lead to a proactive change in slurry design. 
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¶ Review current cement systems for: 
o Cement system density or hydrostatic review 
o Fluid loss 
o Transition time 
o Static gel strength where gas is likely to be encountered 
o  Cement flexibility  

 

¶ Review alternative methods to isolate the open hole interval between the current TOC and the 
Surface Casing shoe. Opportunities include the following: 

o Evaluate the potential for extending the depth of the surface casing 
o 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 migration prevention 
o Set intermediate casing strings as well conditions dictate during drilling 
o A combination of several of the above 
o Incorporate the latest cement evaluation tools to assess the cement performance and integrity 
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Appendix A ς Figures 

 
Figure 1 ς 9ȄƘƛōƛǘ ά!-мέΥ East Mamm Creek mapped location and well locations. 
















