From: Gary Dilay

To: Reservoir Containment

Subject: FW: ABSA Guidelines

Date: Monday, May 25, 2015 8:11:19 AM
Attachments: AERshallowProjects_I11_3.pdf

From: Mike Carlson [mailto:appliedreservoir@lightspeed.ca]
Sent: Sunday, May 24, 2015 10:52 AM

To: Gary Dilay

Subject: ABSA Guidelines

Gary,
| have outlined my reasoning for the MOP reports that | have prepared.
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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Saturday, May 23, 2015
Alberta Energy Regulator
Suite 1000, 250 — Fifth Street SW
Calgary, Alberta
Canada T2P 4K9

Attention: Reservoir Containment Team
e-mail: reservoir.containment@aer.ca

Stakeholder Response Reservoir Containment Documents

Gentlemen:

The attached feedback form indicates that the AER has given my letter some consideration.
Thank you for the courtesy of the letter. With respect to the Condensation Water Hammer
comment, shown below, ARE is in substantive agreement that CIWH is not fully proven:

The RCT 1s not convinced that adequate evidence has been
gathered to support that this phenomenon 1s occurnng in
SAGD wellbores and 1f 1t did occur. that 1t would have
sufficient energy to compromise reservoir containment.

The pressure gauges available today are simply not fast enough to measure this kind of event.

ARE does not believe the AER is looking for a debate from the structure of the form provided
(see attached). However, | would not be able to support such a perspective in a hearing or
application. | have attached what | perceive would be the likely issues | would face. Perhaps |
have been in too many hearings and court rooms. | hope the perspective might be of value.

The AER has dealt with difficult issues previously, such as sour gas wells, and | believe that
responsible improvements were made, even if they required considerable industry change.

Yours truly,
Applied Reservoir Enterprises Ltd.
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M.R. (Mike) Carlson, P.Eng.
President





HAS CIWH BEEN PROVED AND IS SUFFICIENT ENERGY AVAILABLE?

My perspective is somewhat personal. | always try and imagine how | would explain a
subsequent Joslyn type event to a judge (or a public enquiry) in preparing previous MOP
reports. Things have progressed considerably in the past few years.

The issues that would be of major concern to me are as follows:

a) The standard that | believe ARE would be held to is “considerable diligence” in preparing
a report since this is a safety issue and catastrophic failure has occurred in the past at
Joslyn. Both the MEG Energy line and Joslyn literally blew up. There are events that
could have resulted in considerable loss of life in addition to considerable property loss
and environmental damage. Significant reputational issues are at stake.

b) The MEG Energy Christina main steam line had a burst strength of over 21,000 kPa.
Water hammers are typically repetitive and clearly this pipe did not survive them. The
spikes must have been in excess of 21,000 kPa. This is a significant multiple of
operating pressure.

c) The CIWH only caused the pipe to rupture at Christina Lake. The energy for the pipe
whip was provided by the steam unloading from the pipe. Once the “leak” path is
created, the energy is provided by the steam stored in line. The damage to surrounding
forest is impressive and the distance the pipe flew is impressive.

d) | would expect that a Court, or APEGA, would expect me to be able to demonstrate the
failure mechanism that occurred previously did not apply to any project for which ARE
might prepare an MOP report. Joslyn represents an event where the SF was 1.0. RC-03
states:

At a cursory level, the cause of the Joslyn Creek steam release seems obvious; steam was being circulated
and injected at the estimated tensile failure pressure at well depth. However, the technical reviews by
Total® and the Alberta Energy Regulator (AER)® indicated that the exact pathway the steam followed in
the reservoir, the timing, and the mechanisms responsible for the pathway are unclear due to conflicting
data and interpretations.

The AER admits the existing reports are inconclusive. The danger therefore has not
been clearly identified. Some of my MOP reports pre-date the AER and Total reports.

e) Continuing the analogy, the failure pressure of the Joslyn formation is only 1800 kPa
(note liners are slotted). A water hammer can deliver a pressure pulse well in excess of
overburden and fracture closure pressures. While individual events are small (since they
are short) and would dissipate, the process is repetitive. There are videos on YouTube
that show the repetition.

f) I have modelled the failure at Joslyn with a FEM / Thermal reservoir simulator and it
does not predict either tensile of shear failures. The failure occurred so early that
extensive thermal forces did not have time to develop. It therefore must be a wellbore
event. This would be consistent to some degree with existing reports.

9) The failure depicted in Total's geophysics shows a soil pipe. A natural geological feature
of this nature is extremely unlikely and has not been postulated in existing reports. In my
opinion, this indicates liquefaction which occurs when pore pressures exceed
overburden pressure. A reasonably seasoned litigator would have no difficulty finding
experts who would compare the morphology to the gas pipes in offshore Nigeria or a
civil engineer familiar with piping failures such as the Grand Teton dam. In round
numbers, this is 150 meters times about 22 kPa/meter overburden pressure gradient.
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This would be consistent with pressures of greater than 3,300 kPa. This is considerably
in excess of the 1800 kPa suggested in previous reports. Note that 1800 is not sufficient
to propagate a new frac and this explanation requires a previously existing fracture. Note
that fracturing and piping would occur simultaneously at over 3300 kPa.

With respect to sufficient energy, the CIWH provides the frac and/or piping which
resulted in communication to upper zones. The subsequent steam injected cumulatively
amounts to enormous energy. A mature steam chamber contains roughly the same
amount of energy as a small nuclear bomb. Of course the Joslyn chamber was not
mature and since it lasted for only 5 minutes it may be demonstrated that it did not
involve significant CWE injection volumes.

The surface pressures at Joslyn were extensively instrumented and attached to a data
monitoring system. It is unlikely that the surface systems were fooled. The operators
would put themselves directly at risk and forensic investigation would most likely identify
tampering. Therefore, whatever happened is most likely consistent with surface
conditions measured. CIWH would not manifest at surface due to the steam in the build
section acting as a gas shock absorber.

The WAHA program was prepared for the European Commission Research Directorate
General by the Jozef Stefan Institute in cooperation with the Catholic University of
Louvain and the Atomic Energy Commission of France. While the institute in Slovenia is
likely less well known, the others are very credible institutions. Therefore, while there are
some obvious differences between the actual piping in a SAGD well and the example in
my paper, the spikes present on the output provided, which exceed 4,000 kPa, would
indicate | would be unable to deny that CIWH was indeed a serious possibility. This
would be consistent with the pressures required at Joslyn. This is a quantitative model.
Similar results are obtained from AECL software.

Referring to point (b), a reasonable danger is predicted by very well engineered
programs and it would now be my responsibility to quantitatively demonstrate that the
danger does not exist in the somewhat different geometries associated with a SAGD
well. It is not up to someone else to prove that CIWH is actually happening. | must find
proof that it is nhot happening.

The CIWH is generated downhole, it occurs too fast to reliably show on Geocon type
vibrating wire piezometers and would not show up on a bubble tube with a one way
valve and a compressible nitrogen feed. Downhole pressure data is therefore
inconclusive. Suitable pressure gauges have been used in the lab environment.

The pressure plots from wells with Geocon type vibrating wire piezometers do show
anomalies that are consistent with CIWH: low (near zero) pressures as well as very high
readings. No one has ever provided a credible explanation to me as to why the gauges
are responding this way. There is data on observation wells from in situ progress reports
(i.e. in the public domain) that show similar spikes. Since the gauges are not designed
for this it is not conclusive proof. However, it is certainly disconcerting and a responsible
individual would try and understand what caused these responses. | am unable to
resolve what caused these anomalies and cannot say | am confident that CIWH is not
occurring. In fact, the results are entirely consistent with CIWH.

I have presented the issue of CIWH to a Thermal Hydraulics Conference in Toronto.
Papers are pre-screened prior to presentation and the paper has been published in
KernTechnik after peer review by thermal hydraulics experts. Considerable discussion
was conducted with thermal hydraulic experts during the conference, the presentation
and with individuals after the conference. This paper is in the public domain in
KernTechnik.
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The SPE has invited me to make no less than 3 lunch and dinner presentations on the
topic of caprock integrity and CIWH. | believe it would be impossible for me to deny that
CIWH represents a credible risk under these circumstances.

| have obtained modelling from AECL, which is a program similar to WAHA. The
modelling confirms that moving water is capable of producing very large pressure spikes
that are very capable of destroying piping and equipment as demonstrated in the GEFA
You-Tube video. These are in excess of the pressures outlined in point (e). Since the
AECL is a Canadian National Laboratory, | believe it would be very difficult to discredit
their work. In any event, their calculations demonstrate the potential of CIWH. These
results are also in the public domain.

Simple experiments demonstrate that the geometry of SAGD well is nearly perfect for
causing CIWH. All of the conditions found in NUREG/CR-6519 are found in SAGD wells.
See Executive Summary page xiii of NUREG/CR-6519. Also the following paper.

The SPE has published a paper on CIWH in the SPEJ, which is their flagship or premier
technical journal. The biggest shortfall in the paper is that the nuclear industry
concentrates on changes in operating conditions such as a LOCA (loss of cooling
accident), SPE 165456 looks at the different phases of operations instead of at the
transitions. While there are some issues that are not discussed, it would certainly
indicate that the SPE peer reviewers believe that this is a serious technical issue. The
paper is written in the context of SAGD wells.

SPE 156962 deals with the Joslyn failure. While the SPE did not peer approve this, the
CHOA certainly did not hesitate to do so. The SPE, at the SPE Canada Section Chair
level, did reverse their initial decision and offered to reconsider their review, likely in light
of SPE 165456. This paper was published in the CHOA journal.

There is a history of CIWH catastrophic accidents at:

Grangemouth

Gramercy Park

Brookhaven (US) National Laboratory
The University of Georgia

Fort Wainwright

Hanford Nuclear Site

all share a number of common themes. They were in operation for very long periods of
time without any CIWH incidents. In each case some operational change occurred and
CIWH risk was not recognized. A seemingly minor change in operating procedure
resulted in spectacular catastrophes. Most involved loss of life. This history
demonstrates that CIWH is not obvious to either the company or the individuals
operating the facilities and requires dedicated training, such as is provided by Wayne
Kirsner, to prevent fatalities. The Alberta Government through ABSA has very strict
guidelines for preventing CIWH in boiler and steam system piping.

One of the lessons from the previous major catastrophes listed was that significant public
enquires resulted. CIWH is the leading cause of fatalities in the nuclear power generating
industry. Personnel consistent fail to recognize the underlying mechanism and the power of the
explosions. CIWH constitutes an identifiable risk in any steam pipe (see ABSA guidelines
attached).





As outlined above, it would be very difficult for me to reconcile not considering CIWH in view of:

1. The papers | have prepared,

2. the morphology of the Joslyn failure and insufficient fracture propagation pressure
suggested by existing reports

3. the peer reviews that have occurred

4. regulations from the nuclear industry such as NUREG CR-6519

5. the number and nature of published papers

6. quantitative analysis from thermal hydraulics programs.

| believe that ARE would be required at law and by APEGA to consider CIWH. The applicability
of the above would vary from project to project. The views above are clearly not my own and
have undergone considerable review from specialists in thermal hydraulics.

Actually modelling the mechanism is quite difficult. The existing software needs considerable
modification to represent SAGD piping and such runs would be computationally intensive. It is
also very difficult to measure. Existing equipment is likely not capable of this. | would suspect
that several years would be required to complete the requisite research. Some individuals have
suggested this might result in immediate shut-ins. This has caused considerable consternation.

Such a response is not likely the most responsible and certainly not my suggestion. Most SAGD
properties have operated without incident for long periods. However, if CIWH experience is
repeated, someday someone will make some seemingly minor operational change, and
unwittingly repeat what happened at Joslyn. The existing MOP rule, albeit with a slightly
different safety margin, did not prevent, and could not have prevented, what happened at
Joslyn. If CIWH does occur, which is actually very likely based on high quality computer
prediction programs, the MOP limitation could never have prevented the accident. This likely
related to operations such as killing both wells with water significantly cooler than the steam and
an unusual completion configuration. Note that CIWH may not be difficult to mitigate once the
exact issue is identified. Until the actual cause has been identified, every operation has an
unknown low risk of a very high consequence event. A second accident would be politically
undesirable for the industry in which | make my living. Timely understanding of the Joslyn
mechanism is therefore important.

ARE suggests the onus is on the operator to demonstrate the risk either does not exist or can
be successfully mitigated and managed. The best available technology should be used. If CIWH
can be reasonably be eliminated, then an explanation of why the ABSA guidelines (attached)
and nuclear industry programs do not apply would deal with the issue and everyone can sleep
easily.
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CONDENSATE INDUCED WATER HAMMER
SAFETY PRINCIPLE

STEAM AND WATER CANNOT BE SAFELY MIXED IN A PIPING SYSTEM

WITHOUT RISKING CONDENSATE INDUCED WATER HAMMER. DO NOT MIX
STEAM WITH WATER EITHER BY INJECTING WATER INTO A STEAM SYSTEM
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1.
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OR STEAM INTO A SYSTEM THAT INCLUDES WATER (CONDENSATE).
CONDENSATE SHOULD BE ASSUMED TO BE IN ALL LOW POINTS AND

DEAD LEGS UNTIL PROVEN OTHERWISE.

RECOMMENDATIONS

Review and inspect all steam systems to ensure proper distribution and sizing of cold traps
for startup, and operation, and that all low points have steam traps. Give maintenance the
highest priority.

Frequently inspect all steam traps to ensure that they operate properly and that no

condensate accumulates. Immediately repair or replace ematic steam traps. Use
thermocouples where feasible to locate condensate accumulation.

Do not use the method of "CRACKING OPEN" the valve to avoid condensation induced
water hammer. This will not guarantee safe operation. The formation of a condensation
induced water slug can occur at very low condensate flow conditions.

Valves in pipe lines which lack properly positioned steam traps should remain open at all
times or preferably should be removed from the piping system.

Before opening valves in steam lines, check for adequate placement of steam traps. Verify
that the steam traps can operate properly, and fully open the bleed valves, using a reduced
system pressure to remove any remaining condensates.

Where feasible, operate the valves remotely using mechanical extension linkage, reach
rods, or adequately controllable power operated valves.

Inspect the piping system for sagging, and where necessary, install steam traps or repair
the sagging.

Check and repair the piping insulation, it will save energy and reduce the accumulation of
condensate in the piping system.

Activation of cold steam piping should be performed slowly at reduced pressure and with
trap bleed valves continuously open.

The above list of recommendations should be followed regardiess of piping size. Do not
exclude small pipe sizes without an appropriate analysis.

All isolation valves are to have bypass systems. However, bypass operation will not prevent
water hammer if condensate is present.

Placement of blowdown valves before and after a vertical rise (such as over-the-road) is
required to prevent possible condensate accumulation.

Improperly designed steam/water systems should not have the inconect features overcome
by operational methods. The systems must have the incorrect features comrected.
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