From: Mike Carlson

To: Reservoir Containment

Subject: RE: AER draft shallow caprock criteria
Date: Wednesday, August 06, 2014 5:28:05 PM
Attachments: draftAERshallowProjects 2.pdf

Hi Steve,

Found a couple of annoying typos. | have fixed them in the attached.
Mike

M.R. (Mike) Carlson, P.Eng.
President

Applied Reservoir Enterprises Ltd.
Unit 35, 5400 Dalhousie Drive NW
Calgary, Alberta

CANADA T3A 2B4

Phone: 403.284-1104
Cell:  403.399-7151

appliedreservoir@lightspeed.ca
http://www.appliedreservoir.ca

From: Mike Carlson [mailto:appliedreservoir@lightspeed.ca]
Sent: August-06-14 11:39 AM

To: 'Reservoir Containment'

Subject: RE: AER draft shallow caprock criteria

Steve,
Hope this helps.
Mike

M.R. (Mike) Carlson, P.Eng.
President

Applied Reservoir Enterprises Ltd.
Unit 35, 5400 Dalhousie Drive NW
Calgary, Alberta

CANADA T3A 2B4

Phone: 403.284-1104
Cell:  403.399-7151

appliedreservoir@lightspeed.ca
http://www.appliedreservoir.ca
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Alberta Energy Regulator

Suite 1000, 250 — Fifth Street SW
Calgary, Alberta

Canada T2P 4K9

Attention: Mr. Steve Thomas Mr. Kirk Bailey
e-mail: reservoir.containment@aer.ca

Technical Feedback on Reservoir Containment

Gentlemen:

ARE has reviewed the material recently supplied by AER to industry for comment. As you are
likely well aware ARE staff have been actively involved in cap rock issues for a number of
different companies. Overall, in ARE’s opinion, the quality of the documents is a significant step
forward and provides much greater clarity on what is really a very difficult technical problem.

Generally, ARE would prefer not to write to the AER as in independent consultant. It has been
my observation that that this has been quite costly in the hearing environment in the past for
those writing such letters. There are, however, some significant safety issues at issue and | feel
professionally compelled to make some comments:

1. RC-05 discusses Monitoring Reservoir Containment. Overall, the document is very
thorough. During the recent past ARE was involved in development of a system for a
client and was exposed to a number of presentations on Bakersfield experience in the
USA that used tiltmeters for monitoring. Clearly this is a very different geological
environment with steep dips in a Cordillera. It also involved a CSS project and not
SAGD. However, the project is significant in that it involved nearly real time monitoring
with very rapid response times. While the issues in SAGD are somewhat different they
were able to develop an interpretation model for fractures that could be rapidly
interpreted and the system has been used with considerable success. RC-05 is silent on
this experience as near as | can tell — likely because the information has not been
provided and is not to our knowledge in the mainstream literature. ARE believes this
experience is directly relevant and should be summarized as part of the AER’s report.
ARE could suggest some possible contacts that may be able to provide more detailed
information.

2. RC-04 discusses Limitations of Geomechanical Modelling. Again the document is overall
guite thorough. Specific technical points include:





a. RC-04 suggests that reservoir dilation is not included in any of the models and
this is not to ARE’s perception completely correct. The applications that we have
made did actually include dilation in the producing reservoir. Limited comments
were made. There are two reasons. First, in the Chard-Leismer Gas Over
Bitumen hearing the ERCB previously indicated they did not consider
geomechanical dilation effects to be significant from a recovery perspective.
While ARE agrees with RC-04 there is some history on this issue. ARE notes
that geological interpretation was sufficient to justify the ERCB’s decision in the
matter at hand at that time. Geomechanics was a contentious issue at the time
and appeals were likely. Moving past this point there is one element that RC-04
does not seem to request: comments in the modelling that relate observed
heaves from offsetting properties with modelling results presented seem a logical
requirement for the AER to request. This is an important quality control check
and this has been applied.

b. The document suggests that dilation is not included in models submitted. For the
hyperbolic model it is indeed true that dilation is not an integral part of the
development of the hyperbolic soil behaviour model. The hyperbolic model is
more empirical and this is perhaps its greatest strength — it does match actual
data. The models that ARE has prepared have an “add-on” based on Rowe’s
Dilatency Theorem, which is an integral part of GEOSIM. While it may be a
somewhat messy approach from a theoretical perspective, it would be inaccurate
to say that it has not been included.

c. There are some comments on the different modulus of elasticity for loading and
unloading. The comment is likely accurate. ARE believes some context is useful
on this point. For most projects we have maybe one or two sets of physical
properties that represent a few meters from a limited number of wells when there
are some 75 meters (give or take) of caprock. The logical implications of this are:

i. Mechanical properties are expensive to obtain and normally limited data
is available. RC-02 does require a more comprehensive geological
description that is better correlated. What is not included is the possibility
of using index testing (such as Atterburg limits) to determine a more
complete picture of mechanical properties in a caprock section. This
would seem to ARE to be a higher priority.

i. The ERCB has in the past indexed and stored all SCAL and PVT data
since it is expensive to obtain. This has provided a database of
information for immature projects and for quality control processes. The
ERCB could utilize this process for mechanical properties.

iii. Geophysics can also provide interpretations for variations in elastic
modulus in some circumstances (although geomechanical models would
be hard pressed to include such detail with current run times).

iv. The comment suggests that consolidation tests be done to determine pre-
consolidation stresses. The AER has the option of requiring these tests.
The area is subject to solution collapse in the underlying prairie
evaporates and horizontal stresses from mini-fracs seem to show quite a
bit of relaxation. It may be that the rock has already been unloaded. In
isolation this data is likely hard to use. This might be something that both
a database and AGS could address.

v. Physical properties are difficult. It is true that sample disturbance and
interstitial gas reduce stiffness. With gas located at the top of a number of
SAGD reservoirs it seems likely that some of the cap rock is actually gas
saturated in situ. Most caprock have some small scale discontinuities or





joints. Small scale rock samples tend to overestimate stiffness since the
joints soften the mass as whole. | believe Hoek has some guidelines for
this and there are others. For Athabasca conditions this issue, to ARE’s
perception, remains un-researched.
To summarize there are a number of steps the ERCB can take:
i.  Use of more extensive geological description and index testing in
particular.
i.  Creating a public database of mechanical properties.
iii.  Creating a public database of mini-frac results and pre-consolidation
stresses.
iv.  Promoting significant research on geomechanical issues in both the
government and academic environment.

3. RC-02, like the previous reports, is also very comprehensive. There is one item that is
not specifically required in RC-02, which is the location of Pleistocene blowout and
collapse structures (see Grashy and Chen “Subglacial recharge into the Western
Canada Sedimentary Basin — Impact of Pleistocene glaciation on basin
hydrodynamics”). They have been mapped and the potential for such structures could
directly affect caprock integrity:

‘ Prairie Evaporite Distribution

|. ] Prairie Evaporite

] i
t.'//l collapse breccia
| Pleistocene collapse
| structure

structure
] 100 200 300 km
— e

’ Pleistocene blowoul

A | l\ Saskalchewan | Manitoba
Can J i

5

Iminster| 1}

rea ¥/ Saskatoon collaps

rf/*/ structure -

ARE suggests that a requwement for comments on the location and risk of blowout
structures would be appropriate in geological description of a SAGD application in items
6.2, and 6.3 of RC-02.
4. RC-03 describes the development of an MOP formula. ARE concurs with the substantive

conclusions outlined below:

a. The cause of the Joslyn Creek steam release seems obvious: steam was being

circulated and injected above the tensile failure pressure at well depth.

b. The probability times consequence of caprock failures is very high.

c. The MOP formula described has a rational geomechanical basis.
However the development overlooks thermal hydraulic effects. Steam systems are
capable of developing very high pressure independent of steam generator pressure and
friction pressure drops.

The latter is by far the most important issue identified in this letter. It has been the subject of a
number! of SPE talks made by ARE and quite a few papers. There seems to be a prevailing
opinion that condensation induced water hammer (CIWH) is unproven in SAGD wells. This is,
without doubt, entirely the wrong question.

! twice in Calgary, Banff, Tunisia and Edmonton





ARE suggests that the AER'’s has the option of requiring that this issue be addressed in
applications. The MOP requirement could include a demonstration that condensation induced
water hammer DOES NOT occur in SAGD wells.

ARE offers the following observations with respect to thermal hydraulic requirements:

1. Steam distribution line applications require that steam traps be installed as part of steam
distribution lines. The MEG Energy Christina Lake main distribution line failed
catastrophically due to CIWH when the line was restarted. This requirement is, in part,
regulated in Alberta by ABSA. Note that liners are slotted and containment is therefore
provided by a much weaker formation in a SAGD well. There are no steam traps in
horizontal wells.

2. No nuclear reactor design is approved without considering CIWH. The AECL has
developed a program CATHENA that must be used to consider the high pressure spikes
that occur on valve closures in steam systems. This applies to CANDU reactor systems
and relates mostly to the cooling systems and steam.

3. The U.S. Government requires as part of their NUREG/CR6519 that CIWH be
considered. The monograph by Peter Griffith addresses the conditions required for
CIWH to occur. ARE believes these conditions are met. The U.S. Government has
developed code called RELAP V at the Idaho National Laboratory that is required for US
licenses.

4. The Germans and French have jointly developed a program to evaluate CIWH in a
program called Cathare. This is also required for regulatory approval.

All of the above were developed only after over 40 accidents in nuclear reactors. Note that
CIWH was only recently understood based on the thesis by Bjorge at MIT dating from 1983.
This is after nearly a 100 years of using steam systems and steam engines. There have been
many other CIWH catastrophes that include Gramercy Park, the University of Georgia, Hanford,
Brookhaven and Grangemouth to name a few.

Computer programs directly applicable to SAGD wells are rare. There has been some progress
made on this. To ARE’s knowledge, the program (GENSIM) is not in the public domain.
Edmunds and Good describe “The Nature and Control of Geyser Phenomena in Thermal
Production Risers”, JCPT paper 96-04-04. The paper discusses GENSIM in the Appendix. On
page 47 of the paper the following is stated:

e As indicated above, the flow regime map has been simplified and considers only
annular, slug, and bubble flow regimes. The stratified regime was originally implemented
but has been removed, since the other regimes give similar results under conditions
normally associated with flow stratified (i.e. gravity segregation of phases), but more
stable numerically.

It is the transition from stratified to slug flow that causes a water hammer and indeed the paper
above suggests this occurs frequently.

These issues are described in the thermal hydraulics literature in Kerntechnik, 77 (2012) 2, Carl
Hanser Verlag, Minchen. If pressure spikes are actually occurring, traditional hydraulic and
geomechanical approaches will be quite incapable of predicting what has occurred. Indeed this
is proving difficult. CIWH failures would occur early when the wells and reservoir are cool and
would likely be related to start-ups or other changes in operating conditions. This is exactly what
happened at Joslyn. Although the SPE initially declined to publish this analysis (SPE 156962),





they did subsequently agree to reconsider the matter. In the interim CHOA published the paper
and SPE publication became moot. The ERCB may wish to review Irani’'s SPE 165456,
“Understanding the Steam-Hammer Mechanism in Steam-Assisted-Gravity Drainage Wells”,
which would indicate that SPE editorial reviewers are more carefully considering CIWH. The
paper is very dense technically. The MOP procedure described will do nothing to prevent this
type of failure.

Given the well data that | have seen, the results of WAHA thermal hydraulics modelling, micro-
seismic results, and the videos that | and others have prepared?: condensation induced water
hammer is a near certainty in SAGD wells.

It is likely that in the majority of wells the fractures and pipes that occur during start-up do not
propagate far due to the small volume of the individual water hammers. However, if the wrong
geological conditions, well completion and operating conditions exist, fracturing and high
pressure piping to surface is indeed very likely. CIWH is a low pressure phenomenon. Above
3800 kPa the volume change from steam (gas) to liquid becomes significantly smaller and water
hammers do not occur. Deep projects are not likely to be affected.

ARE perceives further Joslyn type (and MEG Energy Christina Lake) failures will be very
damaging for the SAGD industry. ARE hopes that these perspectives, while certainly unpopular
with many people, are of help to the AER in determining safe operation. No one has yet
published a rebuttal to ARE’s papers.

If there any questions, you may call me at (403) 399-7151 or at (403) 284-1104 respectively.
You may also reach me via e-mail at appliedreservoir@lightspeed.ca.

Yours truly,
Applied Reservoir Enterprises Ltd.

)
M (cFcleet_—

M.R. (Mike) Carlson, P.Eng.
President

% This shows water hammers in tubing and the casing has holes in it. This contradicts Irani’s conclusions regarding
tubing in SPE165456.






From: Reservoir Containment [mailto:Reservoir.Containment@aer.ca]
Sent: July-29-14 8:20 AM

liedreservoir@lightspeed.ca
Subject: FW: AER draft shallow caprock criteria

As requested, attached are five AER reports. Also, attached is a letter describing the current
consultation process and a feedback form.

From: Mike Carlson [mailto: ]

Sent: Friday, July 25, 2014 12:51 PM

To: Steve Thomas

Subject: AER draft shallow caprock criteria

Steve,

One of my clients has a series of new guidelines.

Could ARE get a copy?

Mike

M.R. (Mike) Carlson, P.Eng.
President

Applied Reservoir Enterprises Ltd.
Unit 35, 5400 Dalhousie Drive NW
Calgary, Alberta

CANADA T3A 2B4

Phone: 403.284-1104
Cell:  403.399-7151

appliedreservoir@lightspeed.ca
http://www.appliedreservoir.ca
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