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I INTRODUCTION

The Deepwater Horizon Accident

Team members have been retained by the United States Department of Justice (DolJ), via Talas
Engineering, Inc., to observe the Deepwater Horizon Blowout Preventer (BOP) forensic activities at the
New Orleans NASA Michoud facility, and to provide opinions and findings relevant to the Deepwater
Horizon accident. Observations and opinions/findings cover both Phase I (JIT ordered) and Phase 2 (BP
funded) activities. The team has a diverse background focusing on failure analysis and mechanical
engineering; background and qualifications of each team member are given in section V.

Other documents have extensively addressed the accident in question before, so general background will
not be repeated here. The reader of this report is assumed to already be knowledgeable about the
Deepwater Horizon events, and to have some knowledge of the Blowout Preventer systems.

Our opinions are specifically focused on aspects of the Blowout Preventer system, including the BOP and
Lower Marine Riser Package (LMRP) and their constituent parts, associated controls, drill pipe, riser, and
related ROV activities.

Opinions with sufficient data/information to be of reasonable engineering and logical certainty are given
following. This report is based on the information reviewed to date, we reserve the opportunity to
provide additional opinions, or augment current opinions at a later date as more information becomes
available, which is anticipated.

This report is based on information gathered and witnessed during attendance at the Michoud
investigation, information supplied as a result of the investigation, discussions with other members of the
Working Group and representatives of the United States thereto, interrogatories, deposition testimony and
other discovery produced in this litigation, and personal experience. Specific citations used to support the
basis of opinions are provided in section IV, References Cited, and are referenced in brackets [ ].
Attachment 11 is a complete listing of documents considered in preparing this report.

II. EXECUTIVE SUMMARY

At the time of the incident on April 20, 2010, rig personnel did not take sufficient measures to control the
well before communications with the BOP stack were lost. Once that communication was lost, EDS
function was no longer possible, so only the Automatic Mode Function or “Deadman” (AMF) remained
as a last resort to place the well in a safe and controlled condition." However, the AMF/Deadman failed
to seal the well. Investigation was focused on this failure of the BOP to seal the well, and critical
problems were found in that system. Despite being designed with redundancy to ensure functionality,
multiple failures prevented sealing of the well.

Maintenance procedures, training, and quality control aboard the DWH were inadequate to ensure critical
components would always function as required. BP and Transocean have a responsibility to ensure that
the BOP stack and its components function properly at all times, and they failed to design, install,
maintain, test, and use the BOP system and system components to ensure well control. The best available

'Autoshear, which requires LMRP release from the BOP to activate, is not otherwise automatically
triggerable.
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and safest drilling technology was not implemented. BOP monitoring and maintenance was inadequate,
resulting in the failure of safety critical operations to function as designed and intended. Examples of
this failure to ensure the proper functioning of critical components, to maintain a safe and controlled well
condition include the following:

1.

Solenoid 103 of the Yellow pod was improperly refurbished (incorrect coil wiring), preventing
AMF/Deadman functioning of the Blind Shear Ram from the Yellow pod.

a. Had Transocean followed the original equipment manufacturers procedures, or its own
test procedures for repairing solenoid valves, the miswired solenoid valve would have
been found to be inoperative and unsuitable for installation on the pod.

The 27 volt battery of the Blue pod (for powering solenoids) was inadequately maintained
and/or monitored, preventing AMF/Deadman functioning of the Blind Shear Ram from the Blue
pod.

a. Adequately charged batteries are critical to BOP emergency operation and redundancy,
and should be continuously monitored.

b. The BOP was not maintained to ensure that the equipment would function properly.
Better and safer technology was available since at least 2006 that, if implemented, would have
eliminated malfunctions associated with a miswired solenoid and /or inadequately charged

batteries.

The Blind Shear Ram selected for this BOP is inadequate to ensure well control in forseeable
conditions and circumstances for such subsea application.

a. The BSR could not cut offset drill pipe.
b. The drill pipe became off—center because of rig drift.

c. The BSR was likely activated when the ROV operated the Autoshear function on April
22,2010,

d. The Blind Shear Ram specifications are inadequate for this application and BP and
Transocean failed to update the specifications with the best available and safest drilling
technology. These inadequacies include inability to center pipe, blades that do not
cover the full well bore, and marginal cutting capacity.

5. ROV intervention was not and could not have been successful.

a. ROV self-pumping flow rates are too low to close rams quickly enough in a situation
where the well is flowing.

b. ROV intervention was also hindered by the lack of up to date schematics and plumbing
diagrams of the BOP stack.
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III. COMPLETE STATEMENT OF OPINIONS

1. SOLENOID 103 OF THE YELLOW POD WAS IMPROPERLY REFURBISHED
(Incorrect Coil Wiring), PREVENTING AMF/DEADMAN FUNCTIONING OF THE
BLIND SHEAR RAM FROM THE YELLOW POD

When the Yellow pod was raised and tested on the Q4000, technicians found the pilot valve that activates
the BSR as well as the Upper Annular (UA) regulator pilot valve were inoperative. When replaced with
new valves, the pod functioned correctly and was lowered back down to the stack so efforts to close in the
well could continue. [1] It was discovered during investigation that the dual coils on solenoid valve
103Y, the valve that activates the blind shear ram, as well as regulator control valve 3AY, which pilots
the upper annular regulator, were wired with one coil having reversed polarity in relation to the other. [2]
Figure 1 is a photograph of the wiring of Solenoid 103Y as it was found during the Michoud
investigation. Figure 2 is a drawing depicting the correct wiring, directly from Cameron documentation.
[3] Figure 3 is an illustration combining the information from Figure 2 and showing the correct wiring.
The photograph in Figure 1 shows that wiring on pins 1 and 2 are reversed (1-black, 2-white instead of 1-
white, 2-black). Figure 4 is a photograph of the wiring as it was found in Solenoid 3AY, with annotations
identifying the incorrect wiring.

Figure 1: 103Y original solenoid, improper cable assembly flange wiring. [Pin 1 is uppermost, 4 is
closest. Pins 1 and 4 are black, pins 2 and 3 are white.] Wiring connection is spliced (seen on pin 3
white wire), non-standard. (DNV photo IMG _0475.JPG, 05-27-2011 BD MTS RP JPG; additional

photos in this group may also be useful to the reader).
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Figure 2: Sketches showing that for proper wiring, pins 1 and 3 should be white wires, and other
opposing pins 2 and 4 should be black wires (excerpt from Cameron [3]). Thus, the wires on pins 1
and 2 in Figure 1 are reversed.
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Figure 3: Combining the sketches from Figure 4: Solenoid 3AY, which was also miswired,
Figure 2, this illustrates the correct wiring with annotation of the correct wiring. (DNV photo
on the cable assembly flange IMG 0458.JPG, 5-26-11 BD MTS RP JPG )

Solenoid valves incorporate electromagnetic coils that, when energized, create a magnetic field that pulls
a movable plunger against a fixed pole piece where an initial air gap existed, thereby opening a flow path,
allowing stored pressure to operate a much larger valve which directs fluid to close the BSR. The
Cameron valves used with this control system incorporate two concentric coils. Under good operating
conditions, either coil should have developed adequate force to shift the valve.

The dual coil provides redundancy as well as nearly twice the pulling force to overcome stickiness due to
infrequent use and possible contamination if energized correctly and simultaneously. Energizing either
single coil also creates a magnetic field that draws the plunger against the pole piece. Whenever an EDS
or AMF/deadman sequence is initiated, SEM A and SEM B both become operational, each relying on
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power from its own 9 volt battery. Each then goes through a control sequence which includes firing its
respective A or B coils. The result is that during the AMF, both coils are fired at the same time. [4 & 6]
With coil polarities reversed as found, the created fields would oppose and effectively cancel each other
instead of being additive, resulting in little or no shifting force. The absence of pulling force when both
coils were energized resulted in the BSR not activating during AMF from the Yellow pod.

Bench testing of original solenoid 103Y, original solenoid 3AY, and contrasting these with bench testing
of replacement solenoid 103Y [5] has clearly established that these two solenoids present at the time of
the incident are faulty, and will not function when both coils A and B are energized.” This is one
fundamental causal factor for not maintaining a safe and controlled well condition. AMF activation
always energizes both coils A and B. [4 & 6]

a. Had Transocean followed the original equipment manufacturers procedures, or
its own test procedures for repairing solenoid valves, the miswired solenoid valve
would have been found to be inoperative and unsuitable for installation on the
pod.

The miswired solenoid could have been avoided by actions of both 1) whomever did the refurbishment,
and 2) whomever was responsible for accepting the refurbished solenoid valve, possibly using an
inspection protocol. Whether repaired by an outside vendor or Transocean maintenance personnel, this
was either a breach of control policy or a shortcoming in Transocean quality control policy concerning
maintenance and repair of critical components.

It is apparent that neither the Cameron Factory Acceptance Test (FAT) nor the Transocean Solenoid
Repair Procedure was followed during this repair, as testing at the time the solenoid was refurbished did
not reveal the fact that the valve would not function if both coils were energized simultaneously. Records
indicate that in February 2010, while the DWH was moving to the Macondo site, the BOP was lifted to
the rig for service and solenoid 103 on the Yellow pod was replaced with a valve that had been repaired.
[7] The Cameron procedures for new or refurbished solenoid valves, [3 & 8] as well as Transocean test
procedures [9] call for a bench test that energizes each coil independently as well as both simultaneously.
The simultaneous coil energization test would have certainly shown improper function of the solenoid
valves, and the problem could have been corrected before installing on the BOP.

Transocean is explicit in its call for bench testing with both coils energized as well as each coil energized
singly, and notes in the procedure that a failure to function in this test is indicative of a miswired coil. [9]
It is evident Transocean was aware of the importance of proper wiring orientation of the coils in these
solenoid valves.

* Initial tests of Solenoid 103Y were deemed inconclusive. The proper interpretation of this testing was
severely confused by initially unknown problems with how the Portable Electronic Testing Units
(PETUs) actually function. Once the PETUs were understood, the vast majority of PETU based test data
made sense in light of the known miswiring of 103Y and 3AY original solenoids, along with proper
wiring of 103Y replacement and 103B solenoids. Despite the eventual understanding of the PETUs’
function, there were still two inconsistent individual test results reported (compared to about 18 consistent
test results). Possible reasons for those results can be posited, such as human error, but the vast majority
of the tests showed that the miswired 103Y solenoid could not have functioned the BSR during AMF
from the Yellow pod, consistent with the certainty of the observed coil miswiring.

7
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2. THE 27 VOLT BATTERY OF THE BLUE POD (For Powering Solenoids) WAS
INADEQUATELY MAINTAINED AND/OR MONITORED, PREVENTING
AMF/DEADMAN FUNCTIONING OF THE BLIND SHEAR RAM FROM THE BLUE
POD

The malfunctioning of the 103 solenoid on the Yellow pod could have been overcome by the redundancy
of the Blue pod, had the Blue pod been properly maintained and capable of activating the BSR. However,
the 27 volt battery in the Blue pod was measured effectively dead on the Discoverer Enterprise [10] and
later at Michoud [11], thus the 103B solenoid could not be sufficiently powered, and the BSR could not
be closed. Although either pod was supposed to be able to activate the BSR and attempt to shut in the
well, neither one of them was capable of performing that function due to different, but easily identifiable,
faults in the system.

Table 1 summarizes battery no-load voltages measured at different times. [11] Testing of solenoids
conducted at NASA Michoud in February of 2011 indicated that steady battery voltages of approximately
14.5 to 15 volts are required to energize solenoids. [12] No-load test results repeatedly demonstrated that
the 27 volt battery in the Blue pod provided no more than 7.61 volts. All subsequent measured voltages
were substantially lower than this reading. Clearly, the 27 volt Blue pod battery was effectively dead.

Discovere
r
Enterpris
-(04000 - e -—- NASA Michoud ---
May 6, July 5, Feb. 28, | June 15,16, | June 17,
Battery 2010 2010 2011 2011 2011
Blue Pod Batteries
(volts)
SEM A9V 8.78 8.90 8.92
SEMBY9V 0.142 8.68 8.73
27V 7.61 1.10 2.10
Yellow pod Batteries
(volts)
SEM A9V 8.85 8.67 8.58
SEMB9V 8.85 8.44 8.32
27V 18.41 28.15 28.08
Exemplar Batteries
(volts)
“New” 27V 28.76
“New” 9V 9.66

Table 1: No-load battery test results

As to when the Blue pod’s 27 volt battery was drained, a credible mechanism of discharging the Blue pod
27 volt battery between the time of the April 20, 2010 incident and subsequent testing of the battery on
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July 5, 2010 has not been identified. William LeNormand, a field service technician for Cameron
International Corporation, and Jack Carter Erwin, a manager for after-market operations, and former field
service technician for Cameron, both testified in depositions that they could think of no reason the
batteries on the Blue pod would discharge between the date of the incident and the time of the battery
tests in July 2010. [13] At the end of Phase 2 activities at Michoud, the batteries were checked for
voltage and resistive load-carrying ability, at both room and subsea temperatures. [14] First, this testing
showed the Blue pod 27 volt battery to be quite dead, and load testing was not even attempted on that
battery.” Second, both the Blue pod 9 volt batteries were shown to be adequately charged for AMF
functions. Both of these 9 volt batteries carried the substantial resistive loads and did not drop voltage
below about 6.4 volts (whereas 5 volts or more is required for AMF card functioning). [14 & 15] Thus,
the conjecture’ that a low 9 volt battery in the Blue pod could have drained the 27 volt battery, by
repeated re-boot attempts of the AMF card, is incorrect.” [15]

Testing of the 9 volt batteries of the Yellow pod showed that the SEM B 9 volt battery was inadequately
charged, and voltage under resistive load dropped as low as 1.5 volts. [14] However, the 27 volt battery
in this Pod had not been discharged. Had a low 9 volt battery in the Blue pod drained the 27 volt battery
through repeated re-booting, one would expect that the low voltage measured on the Yellow pod’s SEM
B 9 volt battery would have caused the same repeated re-booting, and the same drain on the Yellow pod’s
27 volt battery. This was not the case. Thus the low 9 volt battery/27 volt battery discharge scenario is
conclusively discounted.

Inadequacy of maintenance is self-evident, because a bad battery was not detected in an otherwise
operational BOP, at a critical time when it was needed. Cameron recommends battery replacement after
one year of operation, 33 actuations, or five years after date of purchase, whichever of the above events
happens first. [16] The 9 volt batteries on the Blue pod were manufactured in October 2005, and the 27
volt batteries on the Blue pod were manufactured in January 2006, according to their labels. See
Attachment 1, Figure A-7. [17] According to the testimony of Jim “Owen” McWhorter and Ex. 3795, the
Blue pod was pod number 3 at the time of the incident on April 20, 2010. [18 & 19] According to Ex.
3792 [20], the batteries in this pod were last changed on November 4, 2007. Prior to that they were last
changed on March 26, 2004. [20] This is consistent with the dates of manufacture found on the batteries
in the Blue pod. If these documents are accurate, they indicate that Cameron recommendations for
replacement of the batteries every year were not followed, and may explain why the Blue pod 27 volt

> The Blue pod 27 volt battery was not tested under full load conditions as NASA personnel were
reluctant to test this bank of batteries because two of the 9 volt batteries making up this 27 volt bank were
so nearly depleted they reportedly feared explosion.

* Transocean has posited this theory to explain the dead 27 volt battery. [15]

> Erroneous measurement or reporting of battery voltages associated with Blue pod SEM B 9 volt and
Yellow pod 27 volt batteries occurred on the Discoverer Enterprise and the Q4000. Subsequent
measurements and tests demonstrate this to be the case. On the Discoverer Enterprise and the Q4000,
indications were that the Blue pod SEM B 9 volt battery (0.142 volts indicated) and Yellow pod 27 volt
battery (18.41 volts indicated) were effectively dead or excessively discharged, when they clearly were
not, based on later tests at Michoud (8.73 volts and 28.08 volts respectively, almost a year later).
Indications are that voltage checking methods in the field were inconsistent, improper, or affected by
unknown influences.
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battery was not sufficiently charged.®

a. Adequately charged batteries are critical to BOP emergency operation and
redundancy, and should be continuously monitored.

Inadequacy of monitoring is self-evident, because a bad battery was not detected in an otherwise
operational BOP, at a critical time when it was needed. This rig’s monitoring and control system did not
include battery voltage monitoring at the surface. This is not the best available and safest drilling
technology.

In this case, the Blue pod redundancy could have overcome 103Y solenoid malfunction if all batteries
were adequately charged. With charged batteries in the Blue pod the AMF/deadman would have closed
the BSR while the pipe was still centered, and most probably would have sealed the well. Even if such a
seal were not complete under these flow conditions, this would still have given a potential opportunity to
maintain a safe and controlled well condition. Clearly, batteries being properly charged is critically
important and battery charge monitoring should have been present on the BOP stack, which is the best
available and safest drilling technology.

b. The BOP was not maintained to ensure that the equipment would function properly.

The miswired solenoid and inadequately charged 27 volt battery reflect inadequate maintenance and
testing.

There are no records that the AMF was ever test fired as a complete system on board the vessel. [23]
Indeed, witnesses have testified the AMF was never tested on board. [24] Thus, this critical BOP stack
sytem was not checked since the BOP stack was manufactured. Additionally, as noted above, had the
manufacturer recommendations for testing been followed on the miswired solenoid, the error would have
been discovered. Furthermore, no procedures, checklists, or documentation have been located which
reflect voltage checks of the batteries. [25] Witnesses have testified that RMS, the system used to track
maintenance, did not reflect when changes to the battery system were required. [21] A review of the
RMS records for the BOP pods reflects very few battery changes. [21]

Proper documentation is required to confirm and track maintenance, testing, and modifications of
equipment. Failure to document certain specific items have been noted by third party inspections. [26]
Transocean and BP’s own audits have found problems in the lack of recorded data and poor history
records, with critical checks, inspections, and whole work orders being missed. [27] Specifically,
auditors have noted that “an auditable trail of maintenance performed on equipment was often not
possible from an interrogation of the maintenance history”. Critical checks and inspections were
consequently being missed. [27]

As noted in further detail in section 5.b., up to date schematics for the BOP were never discovered, and
this interfered with recovery efforts. Without proper schematics on the BOP, it is difficult to understand
how complete and adequate maintenance can be performed. If proper testing had been conducted, the
incorrect hosing would undoubtedly have been discovered.

® There are conflicting reports as to when batteries were changed or checked and even as to which pods,
(1, 2, or 3) were actually in service. Record keeping on use and service of such critical components is
severely lacking or non-existent. [21]

10
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Thus, the BOP was not maintained to ensure that the equipment would function properly and ensure the
BSR and its controls could attempt to seal the well. By failing to properly use, maintain, or test the
relevant solenoids and batteries on the Deepwater Horizon BOP, BP and Transocean failed to take the
steps necessary to assure a safe and controlled well condition.

3. BETTER AND SAFER TECHNOLOGY WAS AVAILABLE SINCE AT LEAST 2006
THAT, IF IMPLEMENTED, WOULD HAVE ELIMINATED MALFUNCTIONS
ASSOCIATED WITH A MISWIRED SOLENOID AND/OR INADEQUATELY
CHARGED BATTERIES

Cameron introduced their Mark III control system in 2006. [22] This system implements rechargeable
batteries and continuous charging from the rig as well as a battery monitoring system that relays battery
condition to the rig. In addition, pilot valves on this system incorporate a single solenoid coil design
versus the two concentric coils employed on the Mark II control system on the DWH. Had the Mark III
control system been installed at the time of the accident, batteries should have been fully charged,
allowing the Blue pod to function. The use of a single coil also eliminates the potential for one of the
dual coils to be wired incorrectly which precludes proper function. This best available and safest drilling
technology should have been implemented.

4. THE BLIND SHEAR RAM SELECTED FOR THIS BOP IS INADEQUATE TO ENSURE
WELL CONTROL IN FORSEEABLE CONDITIONS AND CIRCUMSTANCES FOR
SUCH SUBSEA APPLICATION

a. The BSR Could Not Cut Offset Drill Pipe

There are two technical points regarding inadequacy of the Blind Shear Ram design; 1) inability to cut
offset drill pipe, or 2) inability to push drill pipe back to center before cutting/sealing, against side forces
that may be present holding the pipe to the side. Based on our review of the available information, it is
our opinion that the drill pipe was offset, that the offset drill pipe was the result of the rig drifting off
station, and that the BSR was activated by the ROV triggering the autoshear, not by the AMF.

Inspections and geometric analysis demonstrate that the Blind Shear Ram failed to properly cut and seal

the well due to an offset drill pipe. Laser scanning and CAD work [28] clearly shows how the actual drill
pipe ends match the BSR jaws/blocks with drill pipe in an offset position, depicted in Figure 5.

11
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(b)
Figure 5: Drill pipe match with BSR blocks, observed hardware geometry, by DNV scans (from revised

figures 147 and 149 from DNV addendum to report, [28])

In addition, nonlinear finite element analysis (FEA) of pipe crushing/cutting [28] also shows a very good
match to the actual drill pipe condition, for example Figure 6. The FEA also indicates that BSR closing
force was likely normal, i.e. of sufficient pressure to cut the pipe, had the pipe been centered, because the
crushed shape of the pipe is matched by the full pressure (4000+ psi) FEA response prediction. These
geometric and mechanical engineering analyses corroborate observations of the hardware that there was
an uncut portion of drill pipe that prevented ram block closure and sealing, and allowed upward well flow
and serious washing damage within the wellbore. This is one fundamental reason for not maintaining a
safe and controlled well condition.

12
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(b)

Figure 6: Drill pipe/ram block match, nonlinear FEA prediction and pipe scans, by DNV (from
revised figures 144, 145, and 146 from DNV addendum to report, [28])

Offset pipe in the BOP is certainly a forseeable and common condition, for such subsea operations. Drill
pipe bending can come from several sources or their combination: 1) rig drift off the well, 2) sea currents
bending the riser, 3) compression forces in the drill pipe exacerbating existing bending from other
sources, 4) laterally non-uniform wellbore flow (causing lateral dynamic pressure imbalance), or 5)
possible asymmetric partial closure of rams or annulars. It is certainly a very likely condition to have
pipe offset in deep subsea operations, and it should be addressed in subsea BOP design and specification.

13
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b. The Drill Pipe Became Off-Center Because of Rig Drift

The upper annular and blind shear ram are separated by about 20 feet, and the drill pipe can move about 6
inches laterally from a centered position to contacting the wellbore wall. The tilt angle associated with
that geometry is about 1.5 degrees. Thus, at the time of BSR activation, the drill pipe within the BOP
between the upper annular (UA) and the BSR was tilted, on average, by only about one and a half
degrees. This small angle caused the pipe to be sufficiently off-center that the BSR could not cut it
completely and thus fully close. The most probable cause of this offset pipe was that the rig had drifted
off station. Much larger deviations than this of the drill pipe and riser above the BOP are reported to have
occurred after the explosion. [29] Indeed the rig is reported to have drifted as much as 1600 feet off
station at one time, which is the equivalent of the riser and drill pipe above the BOP being at an angle of
around eighteen degrees.

The BOP was oriented such that the kill side was facing approximately NE. [30] To date only limited
information has been located on the movements of the rig between the time of the explosion and it
sinking. [29] Early on April 21%, the rig was reported to have drifted in a NE direction by 1500 or 1600
feet. Subsequently, it drifted in a SW direction, because later in the morning of the 21 it was reported to
be back towards the well site. Close to midnight on the 21%, it was back NE. When the rig sank, the
following morning, it was approximately 1500 feet NW of the well site. [31] Thus it is clear that the rig
moved in a variety of directions, providing considerable opportunity for rig drift to push the drill pipe off-
center at the BSR.

That the rig drifted significantly off station is consistent with available wind and current information. [32]
Based on these data, the rig would be expected to have been substantially off station at the time of
autoshear activation on the morning of April 22", This is confirmed by ROV video showing the riser at a
marked angle at this time. [33]

The alternative explanation for the drill pipe being off-center, buckling of the pipe under load, lacks
supporting evidence or credible analysis. It involves the drill pipe buckling off-center under high
upwards loads applied from below the UA. This requires two conditions both to be fulfilled
simultaneously: 1) that the hydrocarbon flow generates a sufficiently high upwards force on the pipe to
both lift it and bow it, and 2) that the tool joint at the closed UA prevents the pipe moving upwards under
very high upward forces. For the first condition, flow-induced forces would be expected, but no evidence
or credible analysis has been presented that a sufficiently high force could be generated in this way. If
however it were true, then there would be very high loads on the UA from a combination of forces
pushing the pipe from below and those pulling the pipe from above. These would include not only the
postulated high loads bowing the pipe upwards from the flow, but also the direct pressure loading on the
joint itself and the high tensile forces exerted by the pipe above from this same mechanism of flow, as
well as forces from rig drift off. There is no evidence or credible analysis that the UA, much of which
was rubber, would have been capable of blocking the pipe movement under these severe conditions. This
is particularly unlikely to be true in view of the fact that hydraulic power had been lost, likely resulting in
some relaxation of the UA and it not therefore being very tightly closed. And finally, had the UA been
able to hold the drill pipe so well, how could the UA also have allowed such large leakage required to
generate upward force from below?

If the AMF had operated successfully at the time of loss of communication (just after the explosion) then
the rig would not yet have drifted off, the pipe would not have been off-center and thus the BSR most
probably would have cut the drill pipe and closed and sealed the well. Even if such a seal were not
complete under these flow conditions this would still have given a potential opportunity to place the well

14
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in a safe, controlled condition. To the extent that maintenance issues prevented AMF function, then such
issues would have been a significant cause of the failure to seal the well, and ensure the safety and
protection of personnel, equipment, natural resources, and the environment.

c. The BSR was likely activated when the ROV operated the autoshear function
on April 22, 2010

Activation of the BSR occurred before the rig sank, but after it left station, most probably when the ROV
operated the autoshear function on the morning of April 22, 2010, a few hours before the sinking. The
pipe must have been cut before the rig sank to allow the remaining cut/broken portion above the BSR to
rise upwards above the UA. Once the rig sank and the riser kinked, movement of the drill pipe would
have been very greatly restricted. Furthermore, the BSR must have activated at some significant time
after the explosion, such that the rig had now drifted off station and offset the drill pipe substantially.

The Transocean investigation report maintains that flow induced forces rather than drift caused the pipe to
be off-center. [34] Even if this were true, the drill pipe would still have been centered at the time the
AMF should have operated (very shortly after loss of communication with the rig). This is because,
following the scenario proposed in the Transocean report, flow would have been low or zero at this time
and thus the pipe would not have had enough upward force to buckle.” If the AMF had functioned at this
time with the pipe centered, the BSR most probably would have cut the drill pipe and closed and sealed
the well. Again, to the extent that maintenance issues prevented AMF function, then such issues would
have been a significant cause of the failure to seal the well, and ensure the safety and protection of
personnel, equipment, natural resources, and the environment.

d. The Blind Shear Ram specifications are inadequate for this application and
BP and Transocean failed to update the specifications with the best available
and safest drilling technology. These inadequacies include inability to center
pipe, blades that do not cover the full well bore, and marginal cutting capacity

Failure by the BSR to either center the pipe or to cut off-center pipe reflects issues with the original BSR
specification and with the later failure to update to “CDVS rams”. Rams with better centering
characteristics and wider blades were available at the time the BOP was specified. [35] CDVS rams were
available to update the BOP several years before the incident. According to Cameron testimony, CDVS
rams would have been both more efficient at centering the pipe and were full width of the bore. [36] If
the rams were either capable of centering the pipe or had blades the full width of the well bore, the pipe
would probably have been successfully cut, providing a potential opportunity to bring the well under
control, and ensure the safety and protection of personnel, equipment, natural resources, and the
environment.

The only Blind Shear Ram qualification test for this BOP, undertaken in April 2000, resulted in 2,900 psi
cutting pressure for the 5% inch pipe (quoted by BP in [37]). The normal functioning available regulated

" It is difficult to understand Transocean’s theory, as conflicting and unclear statements appear in the Report, Appendix, and
Video Presentations. Relying on Appendix M, which is the only structural analysis presented, Transocean’s explanation for the
pipe bowing includes the assumption that “flow stopped when the VBR closed”, which is in direct contradiction with flow-
induced upward forces. [34] (Appendix M, pg 6)
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pressure is 3,000 psi. This is just over the required pressure obtained from testing. Furthermore, as
discussed in more detail below, there are two additional factors that must be considered. The first is the
natural variation in the factors involved, including the strength of the steel used in the drill pipe and its
wall thickness - a single test data point of 2,900 psi is far too close to the normally available pressure for
a design specification to be counted on to cut pipe reliably. The second, very important, factor is the
effect of BOP wellbore pressure. When the BSR is needed to control the well, there will always be
pressure in the wellbore. This factor is not taken into account in the testing, and must be added by
calculation. As discussed below, it has the potential to increase the required pressure to cut and seal the
BSR to well above that available. The original BSR specification was, even at best, extremely marginal
for pipe cutting capacity and was substantially under-specified.

Attachment 2 includes discussion of shearing capacity calculations. It appears that full accounting of and
correction for known wellbore pressure effects that tend to cancel operating pressure of the BSR were not
made when the BSR was specified. The qualification test result mentioned above corroborates this
omission, and in addition shows that natural variation in cut force is not being considered with the test’s
single cut data point.

To succinctly summarize (more details are in Attachment 2), wellbore pressure of at least 10,000 psi over
seawater depth pressure must be corrected for (the lowest annular pressure rating above the BSR). By
definition, the “closing ratio” of a ram (for this ram, equal to 6.7) is the ratio of wellbore pressure to
additional pressure required to close the ram against that pressure. Applying the numbers for 10,000 psi
wellbore pressure, we get a correction pressure of 1,493 psi. Adding this to the zero wellbore pressure
(i.e. surface conditions) qualification test result of 2,900 psi required to cut the pipe indicates 4,393 psi is
required to cut pipe. This greatly exceeds the normal regulated operating pressure of 3,000 psi and even
substantially exceeds the emergency (AMF and Autoshear) regulated pressure of 4,000 psi. The BSR is
clearly under-specified for shear capacity of the 54 inch pipe. The mis-specification is obviously
substantially worse for the upper drill string 6-5/8 inch pipe, which requires about 2,361 psi more
pressure to cut. [38]

West Engineering performed a major test and analysis project in 2004, for the U.S. Minerals Management
Service, concerning BSR shear force capabilities. [39] Most importantly, they reasonably and properly
characterized the natural variation in pipe cut forces for the same BSR and pipe over many cuts, and
established regression equations to best fit the data and to account for the natural variation observed. The
standard deviation for pipe shear cut force values for S-135 pipe was found to be about 21% of the mean
value. That is very large variation, clearly making reliance on a single qualification data point
problematic. Design specification calculations must first include the natural variation effect, and if a
single qualification data point is used for verification, a substantial test margin relative to operating
pressure must be observed for a properly specified BSR. In this case, we have only 100 psi margin from
3000 psi operating pressure, or only 3.3%. If 2,900 psi is the mean pressure for cutting (which is all that
can be reasonably deduced from a single sample), and we know standard deviation is about 21%, then the
pipe would be cut only about 50% of the time with zero wellbore pressure. At large wellbore pressures
such as 10,000 psi, which adds another 1,493 psi to the required cutting pressure, the pipe would not be
reliably cut by either 3,000 or 4,000 psi regulated pressure.
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S. ROV INTERVENTION WAS NOT AND COULD NOT HAVE BEEN SUCCESSFUL

a. ROV self-pumping flow rates are too low to close rams quickly enough in a situation
where the well is flowing

Many futile attempts were made during the intervention to use ROV stabs to close different rams,
including the Blind Shear Ram. [40] A preliminary analysis would have indicated the pumping capacity
on the ROV to be woefully inadequate. The AMF was programmed to close in 20 — 30 seconds, and API
specification 16D, Sec. 2.2.2.1 recommends no secondary intervention on a flowing well should require
more than 45 sec to close a Blind Shear Ram. [42] Closing the BSR (displacement volume of 24.6 gal
[41]) in 20 seconds requires a flow rate of around 75 gpm. A flow rate of around 33 gpm would be
required to close in 45 sec. Pumps on the first ROV used were reported to have a pumping capacity of
around 4.5 gpm (17 lpm). [29] At this rate, it would take about 5.5 minutes to close the BSR. All during
this closing time the well flow would be eroding the exposed ram blocks and seals, making a tight closure
highly unlikely. The only known practical way to expect an ROV intervention to be successful in such an
operation would be to lower a charged accumulator bank to the sea bed, connect it hydraulically to the
stack, and use the stored energy to operate these functions in a speedy manner. [42] Such an operation
would need to have a combined capacity for stored oil and Nitrogen of about 400 gallons.

These facts were clear well before the ROVs were called upon to intervene. Indeed, Exhibit 4423
demonstrates that as of November 14, 2003 BP understood that closing the shear rams via ROV would
allow them to wash out, [43] and the delays during ROV intervention in relation to this should have been
avoided. In retrospect, after seeing washing damage of the BOP components, and in accordance with
industry knowledge, any closures of rams or annulars should be short in time (on the order of 30 seconds
or less) when the well is flowing. This requires about a 150 gpm hydraulic source, governed by the
Casing Shear Ram required displacement to close in 30 seconds.

b. ROV intervention was also hindered by the lack of up to date schematics and
plumbing diagrams of the BOP stack

Several attempts to close the Middle Pipe Ram (MPR) using the ROV were attempted before it was
discovered the hose from the ROV hot stab that should have operated the MPR was connected to the Test
Ram, which had been converted from the Lower Pipe Ram in 2004. [40] This error should have been
discovered and corrected during the conversion. The fact that it wasn’t indicates this function was either
not tested during the conversion or, if tested, the test was done improperly, or the test results were
ignored. In addition, it is apparent the ROV stab/MPR function was never tested in the 6 years since the
conversion.

IV.  BACKGROUND AND QUALIFICATIONS

Dr. Rory R. Davis, P.E.

I contributed to the following sections in this report: I, IT (all subsections), IIT (all subsections), IV, V, and
VI (Attachments 1,2,3,4,11).
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My experience and expertise is focused most on evaluation of the BOP mechanical aspects, including
mechanical design, strength and load capacities, mechanical loading, thermo-structural response of
components and systems, and reliability. I am also well experienced in electro-mechanical systems.

I have B.S. (1979), M.S. (1980), and PhD. (1989) degrees from the University of California, Davis in
Mechanical Engineering. Graduate work emphasized measurement/testing and analysis of complex
mechanical dynamic systems, including rotating machinery. My Ph.D. minor subject was stochastics and
probabilistics. I have over 30 years of experience in mechanical engineering, with the first 10 years spent
teaching engineering at the University of California and working at Aerojet General (a rocket engine
company in Sacramento, CA), and with the last 20+ years working in mechanical engineering services
consulting (1990-1995 in Sacramento, CA, and in Gardnerville, NV 1995 to present). I hold current
Mechanical Engineering PE licenses in the states of California and Nevada.

In those 30 years, I have become highly skilled in mechanical components and systems design and
analysis, including via the Finite Element Method (FEM), involving thermo-mechanical stress, strain,
deflection, life, and reliability prediction to aid accurate mechanical design. I have also been involved in
many test programs to verify designs and often correlate engineering and FEM predictions, and have been
operating a testing lab where material samples, components and systems are routinely tested for thermo-
mechanical behavior. My consulting business also includes, as a small percentage, forensic engineering
work for product liability and patent cases.

My curriculum vitae, which documents my publications, is presented as Attachment 3. Attachment 4

provides a list of testimony at trial/deposition in the last four (4) years. My work on this case has been
compensated at a rate of $275/hr.

Patrick R. Novak, PE

I contributed to the following sections in this report: II.1., TL5., TV, V, and VL

I am a Mechanical Engineer, Registered in the State of Minnesota since 1973, and have worked the past
41 years in the fluid power industry. I have been involved in design, development trouble shooting, and
marketing of hydraulic equipment ranging from single components to complete systems used on
everything from medical devices to ore handling and processing systems for taconite and coal mines.
Valves I helped develop are used in the petroleum production industry (primarily land based).

My curriculum vitae, which documents my publications, is presented as Attachment 5. Attachment 6

provides a list of testimony at trial/deposition in the last four (4) years. My work on this case has been
compensated at a rate of $300/hr.

Dr. J Neil Robinson

I contributed to sections I11.4, IV, V, and VI of this report.

I am a materials engineer. I received a B.A. with Honors, majoring in Metallurgy, from Cambridge
University in England and a Ph.D. in Materials Engineering from UCLA. I was a Principal of Failure
Analysis Associates (now Exponent, Inc.), the international consulting company, where I headed the
Human Factors, Risk Analysis and Materials Laboratory Groups. I was Principal Inspector at the Nuclear
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Installations Inspectorate in London, responsible for evaluating materials safety issues in nuclear power
plants. Over the last 40 years I have undertaken many thousands of analyses of materials failures or
potential failures around the world and have testified about the results of these analyses in US Federal
courts, state courts across the US, in Europe and in many arbitrations. I have authored numerous research
publications in books and in national and international scientific and engineering journals.

I was asked to observe and monitor the testing performed by DNV at Michoud, LA and Dublin, OH,
specifically in connection with materials-related issues and the forensic examination of the physical
evidence in order to determine what happened in the accident. A copy of my CV with more details of my
background is enclosed as Attachment 7. Attachment 8 is a list of my trial or deposition testimony during
the last four years. My work on this case has been compensated at a rate of $400/hr.

Raymond Merala, MS, PE

My primary contribution to this report is contained in section II1.2, IV, V, and VI, and I have discussed
technical aspects of the entirety of this report with each respective author.

I coordinated and lead the efforts of this multi-disciplinary team of technical experts as we observed,
monitored and contributed to the forensic investigations of the Deepwater Horizon BOP stack undertaken
by DNV at NASA Michoud, LA.

I obtained a Bachelor of Science degree in Agricultural Engineering and a Master of Science degree in
Mechanical Engineering, from the University of California at Davis. I am a Registered Professional
Mechanical Engineer in the State of California. I am a principal at Talas Engineering, Inc., an
engineering firm specializing in accident analysis. I had previously been employed as a Managing
Engineer at Piziali and Associates for more than 12 years. Prior to that I was employed for approximately
7% years by Failure Analysis Associates (today known as Exponent), at that time the largest firm in the
United States dedicated to studying failures of an engineering nature.

In my present position with Talas, and my previous positions at both firms mentioned, I have investigated
and analyzed equipment and components and the role of these in accidents. Often a part of such an
analysis has required that I evaluate design aspects of equipment and components. I have worked in the
field of accident reconstruction, mechanical system design analysis, and failure analysis since 1987.

Accident reconstruction and failure analysis are both fields of applied science. An engineer working in the
area of accident reconstruction and failure analysis applies laws of physics and principles of engineering to a
systematic analysis of the evidence associated with a particular accident and the circumstances associated
with that accident. These engineering principals and laws of physics are not bounded by industry - motor
vehicles, recreational equipment, an industrial equipment component or piece of equipment, and a BOP stack
all abide by the same engineering principals and laws of physics.

After obtaining my BS degree, | worked for four years as a development and test engineer at the US
Department of Agriculture - Forest Service Equipment Development Center in San Dimas, CA. Here |
designed, tested, and implemented various pieces of equipment and components including fluid meters, fluid
power and control systems, testing instrumentation, and other field equipment.

My work on this matter has been compensated at a rate of $325 per hour. A copy of my CV is contained in
Attachment 9. A list of trial and deposition testimony I have given the past four years is included in
Attachment 10.
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ATTACHMENT 1: BATTERY TESTING DETAILS®

Non-rechargeable lithium-ion batteries contained in canisters on the control pods form the basis of an
emergency power supply system for the BOP stack. A Subsea Electronic Module (SEM) is present on
each of the two control pods (Yellow and Blue) mounted on the LMRP. These are water-tight canisters
that contain electronics, logic and computer chips, and circuit boards that control BOP stack operation.
During normal operations the SEM contained equipment communicates electronically with surface
operated BOP control equipment and receives signals from the surface equipment that may effect BOP
stack operation. Non-rechargeable batteries are present in each SEM canister so that pre-programmed
automated BOP shutdown functions may be effected in emergency situations, e.g. should power from,
and communication with the drill rig be lost.

Each SEM contains a nominally 27 volt (V) battery bank and two nominally 9 volt batteries. The 9 volt
batteries are intended to power redundant communication, logic and control systems within the SEM,
including the AMF/Deadman function. The two systems powered by the 9 volt batteries are typically
referred to as “SEM A” and “SEM B.” The 27 volt battery bank is intended to power pressure
transducers and solenoid activations. The 27 volt battery bank is an assembly of three 9 volt batteries.
Figure A-1 contains a photograph depicting the Yellow pod SEM with the canister cover removed, the 27
volt battery bank is identified in that photo. The two 9 volt batteries of the Blue pod SEM are shown in
Fig A-2.

F& = = 3 o - :

Figure A-1: Yellow pod SEM and canister. Figure A-2: Blue pod SEM and 9volt batteries.
DNV Phase Il IMG 1182.JPG, June 16, DNV Phase Il IMG _1056.JPG, June 14, 2011
2011 BD 411 RP JPG BD 411 RP JPG

® General References for this Appendix include [16], [44], and [45]
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Since the incident of April 20, 2010, the Blue pod and Yellow pod batteries have been tested a number of
times, and also, since that time, the batteries were not removed from the SEMs until June 2011. [11] The
first known recorded tests of batteries contained in the Yellow pod were conducted on May 6, 2010, on
the Q4000. The first known recorded tests of batteries contained in the Blue pod were conducted on July
5, 2010, on the Discoverer Enterprise. Subsequent tests were performed during the Phase 1 examination
by DNV at the NASA Michoud facility on February 28, 2011 and March 1, 2011. A third major phase of
testing was conducted in June of 2011 at the NASA Michoud facility as part of Phase 2 activities. Table
1, in the body of the main report, shows results of “No-Load” voltage measurements made at the times
mentioned. No significant work is performed by a battery when “No-Load” tests are conducted. An
exemplar “new” 9 volt battery and an exemplar “new” 27 volt battery bank were also tested in June 2011
at NASA Michoud.

The subject control pod batteries were also tested under “loaded” conditions on two occasions at NASA
Michoud. Battery voltage and current flow measurements were made while the battery was effectively
“inserted” into a circuit approximately simulating a load the batteries could be subjected to, including
under emergency conditions. Such a test is different from a “No Load” test in that significant current is
actually flowing from the battery as would be the case when the battery was actually doing work and
providing energy. One “load” was created by inserting a 1.6 ohm resistor across the battery, for 9 volt
battery tests. A 10 ohm resistor was used for a series of 27 volt battery tests. Figure A-3 below shows
average voltage measurements made during 75 second long “Full Load Battery Test” of the 9 volt
batteries at NASA Michoud in June 2011. These tests were conducted with the batteries at both “subsea”
temperature (approximately 39° to 40°F) and ambient/room temperature (approximately 78°F). See Table
A-1 — Summary of Full Load Battery Testing Data, for a summary of test results and source documents
for Figures A-3 and A-4.

9 Volt Batteries, Ambient and "Subsea"” Temperature
Average Voltage During Loaded Test

1801 549

Voltage (V)

mbient| Subsea

Exemplar Blue SEM A Blue SEM B Yellow SEM A Yellow SEM B

Figure A-3: Average voltage measured during “loaded” tests of 9 volt batteries
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Figure A-4 below shows average voltage measurements made during 75 second long “Full Load Battery
Test” of the 27 volt batteries at NASA Michoud in June 2011. These tests too were conducted with the
batteries at both “subsea” and ambient room temperatures.

27V Battery Series', Ambient and "Subsea" Temperature
- Average Voltage During Loaded Test
25.70
27 ] 25.07 25.15 24.12
24 -
21 -
S 18
w -
ED 15 7
CREE
9 -
6 1 Blue SEM not tested
Battery discharged
3 i
0 -
Ambient Subsea Ambeint Subsea Ambient Subsea
Exemplar Yellow SEM Blue SEM

Figure A-4: Average voltage measured during “loaded” tests of 27 volt batteries

More detailed results below show voltages and currents measured during the 9 and 27 volt loaded battery
tests, including voltage and current time histories for these tests. All the batteries from the Yellow pod
were tested. Both 9 volt batteries removed from the Blue pod were tested. The Blue pod 27 volt battery
was not tested under the full load condition, NASA personnel were reluctant to test this bank of batteries
because two of the 9 volt batteries making up this 27 volt bank were so depleted they reportedly feared an
explosion if current were encouraged to flow between the three batteries of the bank.

Looking at the data, subsea temperature tends to reduce 9 volt battery voltage, loaded and unloaded, by
about 0.3-0.5 volts. Subsea temperature tends to reduce 27 volt battery voltage, loaded and unloaded, by
about 0.7-1.0 volts. There are no other observed significant effects of temperature.

The loaded tests demonstrate that the 27 volt Yellow pod battery was capable of producing energy
sufficient for carrying out an AMF/Deadman BSR command.

No-load test results repeatedly demonstrated that the 27 volt battery in the Blue pod provided no more
than 7.61 volts. Clearly, insufficient power is available from that battery to activate AMF/Deadman BSR
solenoid function.

The low voltage reportedly measured on July 5, 2010, for the 9 volt Blue pod SEM B battery is erroneous.
All subsequent reported voltages associated with that battery exceeded 8 volts. Likewise, the Yellow pod
27 volt battery 18.41 voltage recorded on the Q4000 in May 2005 is erroneous; all subsequent reported
no-load voltages exceeded 27 volts.
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The Yellow pod SEM B battery has been shown to provide substantially less voltage and current than
peer batteries as time passes. It may be that this battery is nearing the end of its useful life.

Individual battery data together with information shown on the labels of the various batteries, including
Part Number, Contract or P. O. Number, date of manufacture code and translation of code, Serial
Number, are tabulated below in Figure A-7.

Contrary to Transocean comments [15], voltage is a good indicator of battery charge here. Current load
tests showed the Yellow Pod SEM B 9 volt battery to be excessively discharged, and it is also the battery
with the lowest no-load voltage. Establishing an acceptable no-load battery voltage is elementary,
provided one properly accounts for temperature variation, and the required useful amp-hours (current x
time) desired to remain. According to voltages measured just before resistive load was switched on, an
acceptable and conservative voltage criterion for these 9 volt batteries would be 8.2 volts, regardless of
the temperature. This is clear from comparing Yellow pod SEM A and SEM B voltage just before load
(see graphs below).

Conclusions

Insufficient voltage existed at the Blue pod 27 volt battery to energize the solenoid that would be called
upon to effect an AMF/Deadman BSR activation, during all testing conducted of that battery.

A credible mechanism of discharging the Blue pod 27 volt battery between the time of the April 20, 2011
incident and subsequent testing of the battery on July 5, 2010 has not been identified to date. The Yellow
pod 27 volt battery is not discharged, despite that pod’s SEM B 9 volt battery being excessively
discharged.

Therefore, it must be concluded that the Blue pod 27 volt battery was insufficiently charged to energize
solenoids during an AMF sequence at the time of the April 20, 2011 incident.

Testing performed since the incident of the Yellow pod 27 volt battery indicates this battery contained
energy sufficient to effect energizing of solenoids associated with AMF/Deadman functions.

Erroneous measurement or reporting of battery voltages associated with Blue pod SEM B and Yellow pod
27 volt batteries appears to have occurred. Subsequent measurements and tests demonstrate this to be the
case.

The low voltage measured/reported on the Discoverer Enterprise associated with the Blue pod 27 volt

battery is consistent with subsequent measurements of that battery’s condition, as the reported voltage
was low.
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Additional Battery Data
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Figure A-5: Average current measured during 9 volt “loaded” battery tests’
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Blue SEM not tested
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Figure A-6: Average current measured during 27 volt “loaded” battery tests.

’Figures A-5, A-6, and A-8 — A-15 were created from data listed in Table A-2
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Yellow Pod SEM Batteries
Location

Cameron P/N-

Contract or P.O. Number
Date of Manufacture Code
Date Code Transiation

Serial No. Assigned by QA

Handwritten:

Use*/location

Blue Pod SEM Batteries
Location

Cameron P/N:

Contract or P.O. Number
Date of Manufacture Code
Date Code Translation

Senal No. Assigned by QA

Handwnitten:

Use*/location

Left side of Labels - All Batteries:

"Two-Battery" side of SEM
NON-RECHARGEAELE NON-RECHARGEABLE

223 2368-01 223 2368-01
450 192 3014 450 192 3014
0409A 0409A
April 2009, 1™ week
0000 706 0000 705
S/N 11146648201  S/N 111 466 482-01

SEM Bitop SEM A/bottom

"Two-Battery" side of SEM
NON-RECHARGEAELE NON-RECHARGEAELE

223 2368-01 223 2368-01

450 060 4090 450 060 4090
1005C 1005C

October 2005, 3™ week
0000 269 0000 267
SEM Aftop SEM B/bottom
SAFT
Valdese, NC 28690
Lithium MnO,

* as indicated by DNV Test Preparation Sheet

Deepwater Horizon Blowout Preventer

"Three-Battery” side of SEM
NON-RECHARGEAELE NON-RECHARGEABLE NON-RECHARGEAELE

223 2368-01 223 2368-01 223 2368-01
450 194 3041 450 192 3014 450 1923014
0509D 0409A 0409A

May 2009, 4 ® ook April 2009, 1 “ week
0000 743 0000 703 0000 704

S/N 111 466 484-01 S/N 111 466 484-01 S/N 111 466 484-01
27V top 27V mddle 27V bottom

"Three-Battery" side of SEM
NON-RECHARGEABELE NON-RECHARGEABLE NON-RECHARGEAELE

223 2368-01 223 2368-01 223 2368-01
450 063 3612 450 063 3612 450 192 3014
0106B 0106B 0106B
Jamuary 2006, 2™ weak
0000 353 0000 335 0000 333

27 V top 27V mddle 27 V bottom

Battery Label Data

Battereis Tested 6-17-2011

Cameron P/N:

Contract or P.O. Number
Date of Manufacture Code
Date Code Translation

Serial No. Assigned by QA

Use*/location

"New" Exemplar (1)
9 V Battery
223 236801 Rev 02

1010A
October 2010, 1" week
0001124

Battereis Tested 6-19-2011

Cameron P/N:

Contract or P.O. Number
Date of Manufacture Code
Date Code Translation

Serial No. Assigned by QA

Use*/location

"New" Exemplar (2)
9V Battery
223 2368-01 Rev 02

0710B
July 2010, 2™ week
000 1021

223 2368-01 Rev 02
1010A
0000 1122

27V top

223 2368-01 Rev 02
1010A
00001118

27V top

"New" Exemplar (1) 27 V Battery
223 2368-01 Rev02 223 2368-01 Rev 02

1010A 1010A
October 2010, 1™ week
0000 1119 0000 1123
27V middle 27 V bottom

"New" Exemplar (2) 27 V Battery
223 2368-01 Rev (02 223 2368-01 Rev 02

1010A 0710A
October 2010, 1** week July 2010, 1 week
0000 1117 0000 1022
27V middle 27 V bottom

New-Exmeplar Battery Data

Figure A-7: Battery identification data- Information collected from DNV Phase II Doc. No.
DNV2011061602, DNV Phase II Doc. No. DNV2011061603, DNV Phase II Doc. No.

DNV2011061903, and Inspection Notes of R. Merala
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"Loaded" Battery Test Results

March 1, 2011
100 Ohm 20 Ohm
After 2 After 2
Inmitial minutes Initial minutes
Yellow SEMA9V 831 830 8.02 799
Yellow SEM B 9V 3.10 8.08 7.73 7.63
Blue SEM A 9V 3.60 858 830 824
Blue SEM B 9V 8.35/8.40 839 811 8.02

Yellow 27V 27.07 26.89 26.04 2542

Blue 27V not tested - unloaded voltage exceedingly low

Table A-1: Loaded battery summary data from Test Preparation Sheet, Test of Deepwater Horizon
Blowout Preventor Batteries - Yellow, March 1, 2011, prepared by Norma Dugal-Whitehead, DNV Test
Data, Phase I; Test Preparation Sheet, Test of Deepwater Horizon Blowout Preventor Batteries - Blue,
March 1, 2011, prepared by Norma Dugal-Whitehead, DNV Test Data, Phase 1
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9V Batteries
"Subsea" and Ambient Temperature, Voltage Measured
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Figure A-8: Time history loaded battery voltage data, 9 volt, all data overlaid

9V Batteries
"Subsea" and Ambient Temperature, Current Measured

sssmFxemplar Cold

s Fxemplar Ambient
5500

sl ue SEM A Cold

e Bl ue SEM A Ambient
5000 e —

s Blue SEM B Cold
4500 e Bl ue 5EM B Ambient

‘Yellow SEM A Cold

Yellow SEM A Ambient
2000 ] ® W mbiel
1 — . — wm'{el low SEM B Cold
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Figure A-9: Time history loaded battery current data, 9 volt, all data overlaid
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27V Battery Series
"Subsea" and Ambient Temperature, Voltage Measured
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Figure A-10: Time history loaded battery voltage data, 27 volt, all data overlaid

27V Battery Series
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Figure A-11: Time history loaded battery current data, 27 volt, all data overlaid
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9V Batteries, "Subsea" Temperature, Voltage Measured
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Figure A-12: Time history loaded battery voltage data, 9 volt, subsea temp only
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Figure A-13: Time history loaded battery current data, 9 volt, subsea temp only
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9V Batteries, Ambient Temperature, Voltage Measured
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Figure A-14: Time history loaded battery voltage data, 9 volt, ambient temp only
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Figure A-15: Time history loaded battery current data, 9 volt, ambient temp only
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Deepwater Horizon Blowout Preventer

summary of Full Load Battery Testing Data, June 2011, NASA Michoud

Date |Data File| Stress Engineering Services, Inc. Comments Corresponding NASA Testing Document File Name

6/17/2011| Bat-1 |20 Ohm test of exemplar 9-volt and 27-volt batteries at DNV2011061701 - BOP-029 Full load Battery Test DNV2011061716 - Bat-1
ambient temperatures: scan 400 start S-volt battery
test, scan 914 start second test

6/17/2011| Bat-2 |1.6 Ohm test of exemplar 3-volt battery in refrigerator DNV2011061702 - BOP-030 Full Load Battery Test DNV2011061719 - Bat 2

6/17/2011| Bat-3 |10 Ohm test of exemplar 27-volt battery at ambient DNV2011061702 - BOP-030 Full Load Battery Test DNV2011061722 - Bat 3
temperature

6/18/2011 Bat-4 |10 Ohm test ot exemplar 27-volt battery at cold DNV2011061802 - BOP-032 Full Load Battery Test at Low DNV2011061804 - Bat 4
temperature Temperature

6/18/2011 Bat-5 |10 Ohm test of Yellow Pod 27-volt battery at cold DNV2011061802 - BOP-032 Full Load Battery Test at Low DNV2011061807 - Bat 5
temperatura Temperature

6/18/2011| Bat-6 |1.6 Ohm test of exemplar 9-volt battery at cold DNV2011061802 - BOP-032 Full Load Battery Test at Low DNV2011061810- Bat 6
temperatura Temperature

6/18/2011| Bat-6a |1.6 ohm test of Yellow SEM B 9-volt battery at cold DNV2011061802 - BOP-032 Full Load Battery Test at Low DNV2011061813 - Bat 6a
temperature Temperature

6/18/2011| Bat-7 |1.6 ohm test of Yellow SEM A S-volt battery at cold DNV2011061802 - BOP-032 Full Load Battery Test at Low DNV2011061816 - Bat 7
temperature Temperature

6/18/2011 Bat-8 |No Data

6/18/2011| Bat-5 |File was Skipped

6/18/2011( Bat-10 |1.6 ohm test of Blue SEM B 9-volt battery at cold DNV2011061802 - BOP-032 Full Load Battery Test at Low DNV2011061819 - Bat 10
temperature Temperature

6/18/2011( Bat-11 |1.6 ohm test of Blue SEM A S-volt battery at cold DNV2011061802 - BOP-032 Full Load Battery Test at Low DNV2011061822 - Bat 11
temperature Temperature

6/13/2011| Bat-1la |10 Ohm test of exemplar 27-volt battery at ambient DNV2011061303 - BOP-030 Full Load Battery Test with SEM batteries | DNV2011061906 - Bat 11a
temperatura

6/13/2011| Bat-12 |10 Ohm test of 27-volt Yellow Pod battery at ambient DNV2011061303 - BOP-030 Full Load Battery Test with SEM batteries | DNV2011061909 - Bat 12
temperatura

6/13/2011| Bat-13 |1.6 Ohm test of exemplar 3-volt battery at ambient DNV2011061303 - BOP-030 Full Load Battery Test with SEM batteries | DNV2011061912 - Bat 13
temperature

6/13/2011| Bat-14 |1.6 Ohm test of 9-volt Yellow Pod SEM B battery DNV2011061803 - BOP-030 Full Load Battery Test with SEM batteries | DNV2011061915 - Bat 14

6/19/2011( Bat-15 |1.6 Ohm test of 9-volt Yellow Pod SEM A battery DNV2011081903 - BOP-030 Full Load Battery Test with SEM batteries | DNV2011061918 - Bat 15

6/19/2011| Bat-16 |1.6 Ohm test of 9-volt Blue Pod SEM B battery DNV2011061903 - BOP-030 Full Load Battery Test with SEM batteries | DNV2011061921 - Bat 16

6/13/2011| Bat-17 |1.6 Ohm test of 3-volt Blue Pod SEM A battery DNV2011061303 - BOP-030 Full Load Battery Test with SEM batteries | DNV2011061924 - Bat 17

Table A-2: Summary of Full Load Battery Testing Data, June 2011, compiled from DNV2011062203-

Battery Testing Summary.xls, and test data files listed under “File Name”
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ATTACHMENT 2. Blind Shear Ram Cutting Capacity Details

This BOP uses a Cameron TL 18.75 inch bore BSR with 15 ksi wellbore rating. This ram can provide
717,000 Ibf of cutting force at 3,000 psi normal max working pressure. [39] It can also be functioned via
Autoshear or AMF with 4,000 psi regulated pressure (and the cutting force would be proportionally
higher by 1.33x, or 953,600 lbf).

The drill pipe located at the BSR at the time of the incident was a 5% inch 21.9 ppf S-135 steel pipe.
Above the BOP, 6-5/8 inch 40.0 ppf S-135 steel pipe was present, which should also be cuttable (blind
shear rams must be capable of shearing any drill pipe in the hole under maximum anticipated pressures).

West Engineering performed a major test and analysis project in 2004, for the U.S. Minerals Management
Service, concerning BSR shear force capabilities [39]. Most importantly, they reasonably and properly
characterized the natural variation in pipe cut forces for the same BSR and pipe over many cuts, and
established regression equations to best fit the data and to account for the natural variation observed. The
regression equation for S-135 pipe was found to be

Fshear =-35.11 + 0.63Fde + 4.489%¢eu +2x76.69

Where Fshear= pipe shear force (kip)
Fde = Distorsion Energy Force (kip) = 0.577ASy
eu = Material elongation at break (%)
A = Pipe cross section area (in?)
Sy = Material yield strength (ksi)

This equation produces about a 97.25th percentile shear force value, i.e. based on test statistics, this force
level would cut the pipe 97.25 out of 100 times. The last term, “2x76.69” is added to assure this, and
essentially represents two standard deviations of variation from test data. This is a quite large correction
for natural variation, but is justified by the test data. The other three terms are the linear regression curve
fit of actual data, using Fde and eu as independent variables (see [39] for reasons why those variables are
used). Without the last term to account for natural variation, the regression alone is a “mean” or average
force prediction. Accordingly, when calculating the regression prediction, typical or average material
properties should be used, which for standard S-135 steel are Sy=146 ksi and eu=21%. The pipe area is
A=5.828 in"2 for the 5% inch pipe.

Then plugging in the numbers for the 5% inch pipe, Fshear = 521.8 kip. And by scaling to the BSR
capability at 3000 psi, the required operating pressure is 2183 psi to produce this force (and at depth, this
is differential pressure relative to sea water).

Note this value is based on West Engineering’s work based on actual testing, not Cameron’s shearing
formula. BP quotes [37] that Cameron’s formula results in 2,840 psi cutting pressure at surface or 2410
psi at sea bed, which both would be substantially worse than the West prediction. But I prefer to use the
West Engineering information for which more background is known at this time, including a large
number of tests.

Now, two additional important factors come into play, possible wellbore pressure and the closing ratio of
the ram. This ram has a closing ratio of 6.7:1, which is poor, in the respect that wellbore pressure has a
larger effect on canceling closure force from the operating pressure. By definition, the wellbore pressure
divided by the closing ratio is the additional piston pressure required to counter the wellbore pressure.
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One maximum wellbore pressure reasonably assumed is the maximum working pressure rating of all
annulars above the BSR, because if an annular is sealing the well at its limit, that pressure would be
present at the BSR. In our case, the highest rated annular is rated for 10,000 psi (the upper annular), and
this value is differential pressure across the annular element, thus assumed relative to sea water pressure
at the depth in question (neglecting heavier than sea water mud above the annular). So 10,000 psi divided
by the closing ratio 6.7 gives 1,493 psi additional pressure required. Note this does not account for the
possible wellbore pressure increase beyond the working annular value, which is plausible, but the higher
value is not known when designing the BOP. Some engineers might use the BOP wellbore rating for the
maximum, which in our case would be 15,000 psi, and would be more conservative.

We then add the 2,183 psi design requirement to the 1493 psi worst case wellbore pressure effect, for a
required pipe cut total pressure of 3676 psi. This exceeds the normal maximum operating pressure of
3000 psi. This indicates that just before the explosion, if the annular was holding well flow at its limit
pressure, the BSR may not have been able to reliably cut the drill pipe even if the BSR was activated via
normal controls or EDS.

If one was to use the 15,000 psi wellbore pressure maximum, the required extra pressure would be 2,239
psi, for a total required piston pressure of 4,421 psi to cut the pipe. This substantially exceeds the
emergency regulated pressure. Although the maximum wellbore pressure to use here is arguable, the
recommendation would be to conservatively use BOP wellbore rating (15,000 psi in this case), because
the annular underside pressure is not absolutely limited by its working maximum pressure of 10,000 psi.
The working maximum is just the value at which it is designed to hold a seal for substantial time.
Leaking could take place at holding pressures above the maximum rating of the annular, before loss of
annular function. It would be of interest to know how much more pressure can be held by a leaking
annular above its rating, possibly allowing a design value between 10,000 and 15,000 psi to be used as a
shear limit, but such data is not currently available.

In the Deepwater Horizon incident, it has not been established that the EDS or other “normal” system
function from the rig was used to close the BSR, so the problem noted above with BSR shear rating
exceeding the 3,000 psi working pressure likely did not come into play, THIS TIME. It is also not likely
that the shear rating against the 4,000 psi emergency pressure came into play either, THIS TIME, as once
rig communication was lost, the upper annular closing pressure was relieved, and later times at which the
BSR could have activated would likely not have seen enough wellbore pressure to prevent closure.

However, this discussion does illustrate the need to carefully account for natural variation in pipe shear
force and wellbore pressure possibilities when specitying the BSR shear capacity. In other
circumstances, this BSR could have been prevented from functioning to cut drill pipe, solely due to mis-
specification for reasonably expected worst case conditions. In particular, the most likely scenario of
upper annular well holding at 10,000 psi would not have allowed BSR closure 97.25% of the time with
3000 psi working piston pressure. The discrepancy of 676 psi over working pressure for this case is
large, and clearly not acceptable for a high reliability design of a safety critical system.

The information in West Engineering’s report [39] has been available for over five years, and should be
implemented by now in all BSR sizing, whether for new applications or refits of existing BOPs. The
natural variation alone is a key effect that must be covered by BSR sizing. Cameron’s formula numbers
indicate it is being considered.

On the other hand, full correction for wellbore pressure and closing ratio was apparently not considered.
According to CFR 250, “BOP system and system components and related well-control equipment shall be
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designed, used, maintained, and tested in a manner necessary to assure well control in foreseeable
conditions and circumstances...”. One must wonder, simply in the presence of the April 2000 BSR
qualification result of 2900 psi cutting pressure of the 5% inch pipe (quoted by BP in [37]), and with the
knowledge that large possible wellbore pressure must additionally be compensated for (especially with a
BSR with poor closing ratio), and subject to natural variation, why the BSR was not re-specified for
higher capacity in the year 2000 before deployment of this BOP.
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ATTACHMENT 3. Curriculum Vitae for Dr. Rory R. Davis, P.E.

DR. RORY R. DAVIS, P.E.
1638 Finch Drive
Gardnerville, NV 89410
rorydavis@convergence-eng.com
(775) 782-7227 o (775) 782-7292 FAX

Post-Secondary Education:

B.S., Mechanical Engineering, University of California, Davis, 1979

B.S. Senior Project: Design of Aluminum Bicycle Frames

M.S., Mechanical Engineering, University of California, Davis, 1980

M.S. Thesis: Measurement of Foot-Pedal Loads During Bicycling

Ph.D., Mechanical Engineering, University of California, Davis, 1989

Ph.D. Dissertation: Practical Nonlinear Simulation of Rotating Machinery Dynamics With Application to
Turbine Blade Rubbing

Positions Held:

12/90-present: Chief Engineer and Chief Executive Officer

Employer: Convergence Engineering Corp.
Gardnerville, NV

Duties: Technical leader for the company in mechanical engineering. Specific coverage in the

areas of engineering applied mechanics, thermal/stress and design analysis, structural
dynamics, and advanced probabilistic, optimization and statistical methods. Major tasks
include 1) metallic and composite hardware thermal, stress, dynamic, and fatigue analysis, 2)
composite material testing, including sample design and test planning, 3) mechanical design,
concept development, prototype hardware testing and development, 4) vibration qualification
test design and execution, 5) complex dynamic system analysis, including rotordynamics and
nonlinear multi-energy domain systems, 5) multi-disciplinary system analysis and
optimization, 6) expert witness consulting to attorneys and insurance companies.

Breadth of projects are briefly described:

1)

2)

Multi-disciplinary optimization of upper stage rocket engines using several existing
analysis tools (power system analysis, ANSYS FEA, and pump/turbine component design) in
an integrated optimization tool (Northrop Grumman, Blue Origin, AFRL).

Mechanical engineering team member on Deepwater Horizon failure forensic
investigation, including on-site inspections, test observations, and analysis of Blowout
Preventer equipment (U.S. Dept. of Justice)
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3) Extensive new methodologies development and applications of FEA for taut-fabric
geodesic radome design analysis, including prestretch, thermal, gravity, and wind loads
(World Radomes).

4) Impact and load testing of spacecraft landing gear systems utilizing energy dissipating
crush materials. Required buildup of novel high loading rate and large travel
fixturing/actuation systems (Blue Origin).

5) Design and analysis of a new steam turbine for solar energy installations. Included
ANSYS analysis of rotordynamics, supersonic nozzle and feed structural, and steam
conducting shaft structural issues, along with automated parametric modeling in EXCEL
optimization routines (Sierra, IAS).

6) Detailed thermo-structural design analysis of pneumatically controlled high speed hot gas
sleeve valves for rocket engine turbine control (Blue Origin).
7) Detailed thermo-structural design analysis and testing in support of very high accuracy

graphite/sandwich construction optical benches. Testing in CEC lab of laminates and
sandwiches including insert pullout under multi-axial loads (AMA, Boeing SVS).

8) Design analysis of very large land-based antenna systems, including tracking mounts and
other support structures, under thermal, earthquaks and wind loads (General Dynamics).

9) Development of a large 1.2MW Vertical Axis Wind Turbine (VAWT), using more flexible
and non-conventional supercritical rotordynamic designs for minimum cost and maximum
structural efficiency, including fiberglass airfoils and closed loop structural dynamics control.
Design supported by fiberglass composite coupon characterization in CEC lab (Great Wind
Enterprises).

10)  Military space vehicle development for Air Force FAST program. Extensive use of
composites and novel composite cryogenic propellant tank and propellant line application,
verified by sophisticated composite loads/stress analysis via FEA, coupled with CFD for aero
loads and other tools (CRC, USAF, Boeing).

11)  High fidelity cryogenic TPA design analysis, with ANSYS, for rotordynamics,
clearance/tolerance, stress/strength, and deflection evaluation.  Full detailed housing
simulation coupled with shaft/rotor, including main and secondary cryogenic transient flows
and pressures. Transient and steady state thermal and structural analysis (Northrop
Grumman).

12)  Design and analysis (thermal and structural) of rocket engine test stand facilities for
vacuum engine operation (Blue Origin).

13)  Detailed analysis of in-space thermal, deployment/firing shock and vibration, and launch
acoustic/vibe loads on space station structures with small thrusters (Sierra, Orion).

14)  Extensive analysis/test correlation of composite structure buckling for aerospace vehicle
hardware (JSF engine bypass ducts, braided and fabric construction). Complete test program,
including basic coupons, flange subcomponents, and scaled size major components in CEC
laboratory. Nonlinear large deflection FEA of irregular duct designs, predicting pre to post
buckling deflections, and verified by test in CEC lab (AFRL, Wright Patterson AFB, SBIR
Phase I, ).

15)  Design analysis and vibration problems troubleshooting/resolution by analysis and test
correlation of advanced centrifugal separator systems. Analysis includes complex coupled
rotordynamic analysis of rotors with flexible housings and floor mount structures, contained
fluids, and nonlinear rolling bearing stiffness (CINC, SDS). Some systems in nuclear service.

16)  Design of composite radomes for military missiles and ground based systems.
Sophisticated thermal and structural design with transient and static FE analysis, incorporating
composite material characterization test results. Often, material characterization performed at
CEC laboratory of monolithic and sandwich laminates (AMA, CEI, AASC, and others).
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17)  Design analysis of aircraft instrumentation/remote sensor turrets, radomes, and mounting
systems (Raytheon, SDG, and others)

18)  Extensive thermo-structural design and analysis of metallic rocket engine components
(calorimeters, preburners, injectors, and thrust chambers) for life and strength, for next
generation hydrocarbon fuel NASA (TR107), Air Force (IHPRPT), and commercial (Sierra
Engineering, Microcosm, Blue Origin, RocketPlane) launch systems.

19)  Acoustic analysis of rocket engine systems and laboratory test systems involving
characterization and enhancement of dynamic combustion stability of rocket engines (Sierra
Engineering, TRW).

20)  Innovative new rocket chamber test hardware thermo-structural design and analysis,
utilizing favorable properties of graphite solids and foams (Sierra Engineering, AFRL).

21)  Acousto-Structural coupled analysis of a new large 650,000 Ib thrust cryogenic rocket
engine. Analysis included combustion/acoustic stability, chug coupling, and structural
response in ground test, including test stand structural dynamics. Test correlation was
included (TRW).

22)  Extensive NHRA Top Fuel drag car frame investigation, including on-track loads testing,
nonlinear large deflection and plastic material FEA, full chassis lab testing for correlation with
FEA, and detailed design recommendations (BME, SFI, NHRA). Now CEC is one of a few
accredited laboratories performing required acceptance testing of chrome-moly tubing for
chassis builders.

23)  Development of carbon graphite rear subframe/airbox for off-road motorcycles. Nonlinear
large deflection composite FEA (Yamaha Japan).

24)  Extensive laboratory testing of a very high perfromance ammonia coolant heat exchanger
system for laser weapons application. All system assembly, instrumentation, testing, and data
acquisition/reduction in CEC lab (Sierra, Northrop Grumman).

25)  Design by FEA of specialized titanium hardware, to minimize cost and maximize
structural performance. Subjects include bicycle frames, work shoe toe boxes, electroplating
equipment, and heat exchangers (Titan Mfg.).

26)  Design by FEA, testing, and test data processing of off-road motorcycle accessory
hardware, including new generation handlebars, foot pegs, and loading ramps (Tucker-Rocky,
Answer Products).

27)  Detailed FEA of complex nuclear powerplant steam dryers, for vibration response and
fatigue life of welded steel structures. Nuclear industry requirements for analysis
documentation and procedures (GE Nuclear).

28)  Optimal design of electron beam etching machine vacuum chambers and handling
mechanisms utilizing structural system optimization for dynamic deflection cancellation
(Perkin-Elmer, AIBT).

29)  Earthquake qualification of standby battery banks by nonlinear transient analysis, shock
analysis, and testing (TYCO).

30)  Earthquake retrofit system mechanical design, analysis, and testing including kinematic
design and nonlinear inelastic structural dynamics (EiLand).

31)  Optimal structural design of a 24 ft aircraft radome for the Navy’s E2-C Hawkeye, to
produce the lightest radome ever for this platform (Loral, Navy).

32)  Mechanical and structural design of a continuously variable transmission for bicycles,
emphasizing low manufacturing cost and high reliability, for a Kennewick, WA company,
involving complex kinematics and linear/nonlinear stress analysis with elastomers.

33)  Structural design of lightweight fiberglass/steel hybrid military van and municipal solid
waste semitrailers, including complete road environment fatigue analysis and material
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characterization testing. Units successfully underwent qualification testing at Aberdeen
Proving Grounds (Altamont Technologies).

34)  Space station composite sandwich structure design for solar electricity system transformers
(AASC, Loral).

35)  Design analysis of a new laminated wing heater for MD-80 aircraft. Analysis included
structural and thermal FEA with composites and flexible nonlinear bonding materials (AASC,
TDG).

36) Proof of principle analysis and prototype testing of a new internal combustion
engine/compressor/pump design (Transcovest Ltd., Ireland). Convergence contributed novel
kinematic design refinements to enable the concept to be more efficient than existing piston
machine designs. Key performance issues were proven in subscale laboratory tests by CEC.

37) A major effort in 1993-1995 was performed for FloWind Corporation, San Rafael, CA.
Convergence Engineering, with technical leadership from Dr. Davis, developed a highly
automated structural analysis system for Vertical Axis Wind Turbines, which reduced design
iteration analysis time from 4-6 weeks to 2 days. The system was applied to development of a
structurally optimized next generation high aspect ratio wind turbine, and a prototype was
built, tested (at Tehachapi, CA wind farm) and correlated with analysis predictions.

38) A major effort in 1990-1992 was performed for B.P. Chemicals Aerospace Composites
Division. Detailed finite element analysis was performed on carbon graphite/honeycomb
thrust reverser blocker door designs for the Boeing 757 and 777 aircraft. Special proof-of-
principle analyses were performed to verify the accuracy of modeling approaches. Complex
3-D laminate solid models were constructed and used for static pressure and dynamic vibration
loading analyses, including sophisticated layup optimization analysis. Strength and fatigue
analyses of the composite and metallic components were done with model results. Fatigue
testing of PR500 carbon graphite laminate coupons was performed, and complete statistical
analysis was provided for B.P. materials characterization test programs. Comprehensive
design review presentations were made, and expertise was provided for customer technical
interface and B.P. technical planning. Convergence Engineering also provided vibration
qualification testing services for the 757 and 777 blocker door programs, and supported static
and fatigue qualification tests.

39) More than 220 legal cases, involving product liability or patent disputes, with varied
subjects ranging from furniture to heavy equipment to shaker tables for vibration testing.
Plaintift and defense, mechanical engineering analysis and testing. High technology applied to
legal cases, greatly reducing cases brought to trial, instead settled based on quantitative
engineering information.

7/84-11/90 : Engineering Specialist
Employer: System Analysis Department
Aerojet Propulsion Division
Sacramento, CA
Duties: Technical leader for the company in the areas of structural dynamics and advanced
probabilistic and statistical methods. Led the building of most of the company's analytical
capability in rotordynamics over the last five years (see Ph.D. dissertation on page 1). Planned
and performed original research under company IR&D in the areas of rolling element
bearings, fluid film bearings, and rotordynamic nonlinear coupled system analysis methods.
Also acted as subgroup manager including task allocation, review, and project planning of
structural dynamics efforts.
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Performed a NASA technology contract entitled Modeling of Rolling Element Bearing
Mechanics, which was a result of the IR&D work. Included detailed nonlinear static and
dynamic analysis of rolling element bearings with flexible races and housing interface gaps.

Applied probabilistic analysis knowledge to the Advanced Launch System project in areas of
sensitivity, variability, and thrust/mixture ratio trimming of candidate engine power systems.
Applications of experiment design, regression, and variance propagation methods were
involved. Developed new approaches to the probabilistic description of trimming operations.

Other previous significant work includes:

1) Participated as a dynamics expert on Titan 34D failure analysis teams and have provided
continuing support to the Titan program in areas of design loads definition, vibration analysis,
and start transient structural system response. Failure analysis included comprehensive
structural start transient response prediction, and support of POGO analysis. Involved in
reviews at Aerospace Corp., Sheldon Rubin in charge.

2) Performed extensive structural random and transient dynamic response analysis of High
Endoatmospheric Interceptor (HEDI) components and systems. Also have led the overall
dynamic analysis effort for this project intermittently.

3) Provided ongoing leadership within the company in methods development and planning to
address customer needs and increase productivity.

4) Led the development and implementation of a comprehensive dynamic system analysis
computer code, RODYNE. [Initially developed to perform complex time and frequency
domain rotordynamic analysis in an interactive environment, it has also been useful for engine
power system and other analyses. It is now a foundation computer program for the system
analysis group, and was recognized by the company via an innovation award (see below).

5) Performed as lead dynamicist on the Space Shuttle Engine Study. Work included turbine blade
and disk vibration analysis, rotordynamic analysis including structural coupling of engine
mounting, and detailed ball bearing analysis.

6) Performed testing and troubleshooting of the TRANSTAR turbopump which had a rotor
stability problem. Recommended design changes to solve the problem. Have also performed
troubleshooting on high capacity firefighting pumps (Aerosafe) and bearing testers.

7) Provided dynamics support on various proposals to NASA, including the SSME Alternate
Turbopump Development Program, Influence of Rubbing on Rotordynamics, Blade Tip
Rubbing Stress Prediction, and others.

8) Performed extensive modeling and stress analysis of Titan pump housings for uprate
applications.

9/82 - 7/84 : Mechanical Engineering Consultant
Employer: Self
Duties: Private part time business performing engineering consulting for varied clients. Jobs
included farm equipment failure troubleshooting (strain gage testing and finite element
analysis), dump truck failure analysis, vibrating equipment stress testing, library research and
on-site investigations for liability cases, and beer can design refinement using finite element
methods. Other references available upon request.

9/82 - 7/84 : Visiting Lecturer and Researcher
Employer: Mechanical Engineering Department
University of California
Davis, CA
Duties: Course preparation, instruction, and student consultation in upper division mechanical
engineering subjects. Courses taught included introductory and intermediate dynamics,
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introductory and intermediate mechanical design, and probabilistic design. Also developed
new computer-aided design teaching methods for intermediate mechanical design courses.

7/80 - 9/82 : Project Manager, Consulting Services
Employer: Structural Dynamics Research Corporation
San Diego, CA
Duties: Solved difficult mechanical design and vibration problems on a consulting basis for
various industrial clients. Sophisticated computer analysis methods were commonly used.
Responsibilities included all items for the satisfaction of clients, including:

1) Sales calls and initial customer contacts

2) Research, financial planning, and preparation of contract proposals

3) Data collection on site, often including modal and vibration tests of existing mechanical
equipment.

4) Comprehensive analysis of mechanical systems under study using static and dynamic
techniques, most often via finite element methods with computers.

5) Interpretation of test and analysis data and determination of proper courses of action for the
client.

6) Ongoing financial tracking and control.

7) Preparation of complete engineering reports.

Some of the subjects of study were seismic qualification of hardware, heavy truck ride studies,
electron beam etching machine vibration control, train hopper car stress analysis, beer can
holder design analysis, electronic equipment vibration isolation, and CNC machine tool frame
design to minimize vibration.

pre-1980 : Engineering Intern and others
Employer: IBM, Weyerhauser, University of California
Duties: Various summer internships, teaching assistant, research assistant, and reader jobs.
Highlights include:

1) work in UC Davis agricultural engineering dept. building forest engineering research
equipment (welding, mechanic, mechanical designer)

2) Weyerhauser work on a new tree nursery cultivation implement which led to an invention
report. Implement was conceived, designed, built, and tested in 3 months.
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Specific Skills:

-Extensive mechanical design and analysis experience, including function, failure, and durability.

-Extensive experience in the analysis of rolling element bearing mechanics.

-Extensive knowledge in structural dynamics, including rotating machinery dynamics as a subset.

-Extensive knowledge in modal synthesis and other reduction techniques with application to real dynamic
systems.

-Extensive experience in the use of finite element methods and computer programs. Experienced in
porting finite element data into other codes for different analyses. Particular experience in the use
of ANSYS, with some experience with NASTRAN and others.

-Extensive knowledge of probabilistic, optimization, and statistical methods and their application to
engineering problems, including experiment design, regression, response surface methodology,
hypothesis testing, probabilistic design methods, and advanced signal processing.

-Training in general system dynamics, including classical and modern control.

-Engineering-oriented computer coding experience, mostly with FORTRAN. Also experience with
assembly language, APL, and BASIC, VISUAL BASIC, GAUSS, EXCEL, MATHCAD.

-Experience with PC computers and associated commercial software (word processors, spreadsheets, and

specialty engineering analysis codes).

-Instrumentation, testing, and machinery diagnosis experience using strain gages, accelerometers,
proximity probes and modern filtering and analog/digital data acquisition equipment.

-Hands on experience with design and fabrication of analog electronics.

-Welding and general mechanical proficiency. Experienced in prototype fabrication and testing.

Honors and Awards:

-R.B. Young Technical Innovation Award, Aerojet TechSystems Company, 1987,"RODYNE: Simple and
Efficient Linear/Nonlinear Integrated Dynamic Analysis"

-Earl C. Anthony Fellowship, University of California, Davis, 1983-84

-Distinguished Scholar Research Award, University of California, Davis, 1979-80

-Graduate Division Fellowship, University of California, Davis, 1979-80

-B.S. Degree with highest honors and Mechanical Engineering Departmental Citation, University of
California, Davis, 1979

-William Stout Award, University of California, Davis, 1977

-Cal Aggie Alumni Association Award, University of California, Davis, 1977

Affiliations and Licenses:

-American Society of Mechanical Engineers (ASME)

- Society of Automotive Engineers (SAE)

-Tau Beta Pi Engineering Honor Society

-Phi Kappa Phi Honor Society

-Registered Professional Engineer in California, Mechanical, No. 22810
-Registered Professional Engineer in Nevada, Mechanical, No. 11336

Patents:

co-inventor,"Pedalling Efficiency Indicator", U.S. Patent No. 4,463,433, July 1984.

co-inventor,”Force-Resisting Devices and Methods for Structures”, U.S. Patent No. 7,043,879, May 2006.

co-inventor,”Force-Resisting Devices and Methods for Structures”, U.S. Patent No. 7,458,187, December
2008.
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Publications:

1. Brinkley,A L., and Davis,R.R., “Response Surface Modeling of a Closed-Cycle Split-Expander
Liquid Rocket Engine” 6th JANNAF Modeling and Simulation Subcommittee Meeting, Orlando,
FL, December, 2008.

2. Raymer,D.P, Doupe,C., Zweber,J., Fry,T., Munro,B., Davis,R., Crockett,D., Mallick K., and
Weatherly H,, “An Affordable Flight Demonstrator for Fully-Reusable Access to Space
Technologies”, paper presented in Session 3C at the 54™ JANNAF Joint Propulsion Meeting (JPM
2007), Denver, CO, May 14, 2007.

3. Cheng,G.C, Davis,R.R., Johnson,C.W., Muss,J.A., Greisen,D.A ., and Cohn, R K., “Development of
GOX/Kerosene Swirl-Coaxial Injector Technology”, paper AIAA 2003-4751, presented at the 39™
ATAA/ASME/SAE/ASEE Joint Propulsion Conference and Exhibit, Huntsville, AL, July 20, 2003.

4. Johnson,C.W., Palmer, SM., and Davis,R.R., “Improvements to ROCETS (ROCket Engine
Transient Simulation)”, presented at JANNAF Conference, JANNAF Interagency Propulsion
Committee, 3rd Modeling and Simulation Subcommittee, Colorado Springs, CO, December 1-5,
2003 (limited distribution, Critical Technology).

5. Davis, R.R., "The Ball Piston Engine — A New Concept in High Efficiency Power Machines", SAE
Paper #970066, presented at the SAE International Congress and Exposition, Detroit, Michigan,
February 24, 1997.

6. Davis, R.R.,"Practical Nonlinear Simulation of Rotating Machinery Dynamics With Application to
Turbine Blade Rubbing", Ph.D. Dissertation, University of California, Davis, 701 pg, May 1989.

7. Davis, R.R.,"Enhanced Rotor Modeling Tailored for Rub Dynamic Stability Analysis and Simulation",
Rotordynamic Instability Problems in High Performance Turbomachinery 1988, Proceedings of a
workshop held at Texas A&M University, College Station, Texas, pp. 431-444, May 16-18 1988.

8. Davis, R.R. and Vallance, C.S.,"Incorporating General Race and Housing Flexibility and Deadband in
Rolling Element Bearing Analysis", Rotordynamic Instability Problems in High Performance
Turbomachinery 1988, Proceedings of a workshop held at Texas A&M University, College
Station, Texas, pp. 373-387,May 16-18 1988.

9. Davis, R.R.,"Enhanced Rotor Modeling Tailored for Dynamic Stability Analysis and Nonlinear
Simulation", presented at the Second International Symposium on Transport Phenomena,
Dynamics, and Design of Rotating Machinery, Honolulu, Hawaii, Proceedings Preprints, Vol. 2:
Dynamics, pp. 182-193, April 3-6 1988.

10. Davis, R.R. and Vallance, C.S.,"Incorporating General Race and Housing Flexibility and Deadband in
Rolling Element Bearing Analysis", presented at the Second International Symposium on
Transport Phenomena, Dynamics, and Design of Rotating Machinery, Honolulu, Hawaii,
Proceedings Preprints, Vol. 2: Dynamics, pp. 241-254, April 3-6 1988.

11. Davis, R.R. and Hull, M.L.,"Design of Aluminum Bicycle Frames", ASMFE J. of Mechanical Design,
vol. 103, no. 4, pp. 901-907, October 1981.
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12. Hull, M.L. and Davis, R R.,"Measurement of Pedal Loading in Bicycling: 1. Instrumentation", J. of
Biomechanics, vol. 14, no. 12, pp. 843-856, 1981.

13. Davis, R.R. and Hull, M.L.,"Measurement of Pedal Loading in Bicycling: II. Analysis and Results", J.
of Biomechanics, vol. 14, no. 12, pp. 857-872, 1981.

14. Davis, RR. and Hull, M.L.,"Performance Analysis of Bicycle Pedalling", /98/ Biomechanics
Symposium, ASME Publication AMD-Vol. 43, no. G00201, pp. 109-112, June 1981.

15. Hull, M.L. and Davis, R.R.,"Biomechanics of Overuse Injuries in Bicycling: Instrumentation”, /980
Advances in Bioengineering, ASME Publication no. GO0176, pp. 129-132, November 1980.

16. Davis, RR. and Hull, M.L.,"Pedalling Efficiency in Bicycling", /980 Advances in Bioengineering,
ASME Publication no. G00176, pp. 133-136, November 1980.

17. Hull, M L. and Davis, R R.,"A Six-Axis Bicycle Pedal Load Measurement System", presented at the
ISA/80 International Conference and Exhibit, Houston, Texas, Instrument Society of America

Publication no. C.I. 80-698, pp. 677-689, October 1980.

18. Davis, R.R,,"Measurement of Foot-Pedal Loads During Bicycling", M.S. Thesis, University of
California, Davis, 49 pg, October 1980.

19. Davis, R.R. and Hull, M L.,"Design of Aluminum Bicycle Frames", California Engineer, vol. 58, no.
4, pp. 10-15, Spring 1980.
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ATTACHMENT 4. Testimonv* of Dr. Rory R. Davis, P.E. in last 4 years

List as of 06/13/2011 first reporting date:

Valencia v. Portola Pizza Factory - Deposition
Wooden bench failure in restaurant, representing plaintiff
Deposition testimony as expert: October, 2007

Kindice v. Corabel, et al - Deposition

Building roof access ladder failure, representing plaintiff
Deposition testimony as expert: May, 2008

Additional since 06/13/2011 first reporting date:
EiLand v. Simpon StrongWall , et al - Deposition

Patent infringement action, earthquake resistance structural systems, representing plaintiff
Deposition testimony as facts witness (inventor): June, 2011

*Testimony includes depositions, trials, and arbitrations, but does not include inspections,
investigations, analysis, testing, and reports to clients
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ATTACHMENT 5. Curriculum Vitae for Patrick R. Novak, P.E.

PATRICK R. NOVAK. P.E.

SUMMARY

Over 44 years of experience in design, development, administration and sales. Proven ability to take a
project from inception through completion within time requirements while maintaining budgetary
controls. Broad-based knowledge of all facets of business operations through positions of increased
responsibility.

ENGINEERING/PRODUCT DEVELOPMENT

o Developed and brought to market an electro-hydraulic control valve utilizing PMDC motors. This
valve is applied successfully by OEM’s in Ag, Construction, Mining, Transportation, Petroleum, &
Marine industry.

o Led a team that developed and brought to market a low-cost electro-mechanical servo system for
off-road and industrial applications.

o Developed or supervised development of over 2000 custom hydraulic valves and integrated
packages.

o Applied hydrostatic drive systems ranging in size from 10 -1500 HP, including HST drives for
tour trams at Universal Studios.

o Developed air and hydraulic systems for applications ranging from small medical tables to 1000T
wafer board presses and hydraulically operated pellet load out systems for moving trains.

o Designed and specified hydraulic drive and material handling systems for mining, metal making,
steel, marine and petroleum processing industries.

o Led team that specified and purchased CAD system for design department.

o Awarded patent for closed circuit television system monitoring secured areas.

o Engineered production equipment, including high speed assembly machines, tools and dies for
manufacturing electrical and communication connectors.

o Developed systems (including layout and sizing calculations) for hydraulic dredging projects
ranging from small industrial settling ponds to municipal projects requiring miles of pipeline.

o Served as expert witness in lawsuits involving engineering and fluid power issues.

o Served as arbitrator in disputes involving fluid power related issues.

MANAGEMENT AND ADMINISTRATION

o Established and manage independent sales representatives to market Motorized Flow Control
Valves, custom hydraulic manifolds and components world wide.

o Set up and manage distributor organization to support same manufacturer.

o Developed and implemented marketing and promotional plans for six product lines

o Managed set up and operation of all aspects of manufacturing division of large fluid power
distributor.

o Managed group responsible for importing and reselling imported hydraulic components.

o Prepared and monitored annual operating budgets.

o Formulated long range (3 to S years) plans for manufacturing operation.

o Hired and managed staff of up to 18.
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o Actively participated in startup and operation of a dredging contracting business.

SALES BACKGROUND

o Built sales of newly developed electro hydraulic flow control to over 7000 units per year

. Worked with Reps, distributors, and large OEM accounts to apply prototype electro-mechanical
actuator and fluid power systems and components, manage production issues.

o Increased sales of Industrial Products Group by 45% in two years.

o As GM and Chief Engineer, worked with nationwide sales staff selling hydraulic cartridge valves,
manifolds, and components to OEM’s and industrial manufacturers.

o As distributor salesman, sold fluid power systems and components in Upper Midwest territory.

EMPLOYMENT HISTORY

Independent Sales Rep Representing Source Fluid Power, 1995 to present
Power Engineering & Mfg, Inc / Private Consulting practice

ADDCO Manufacturing Company, Inc, St Paul, MN 1991 to 1994
Director of Sales-Industrial Products Group

Fauver Co., Minneapolis, MN 1973 to 1991
Chief Engineer, Mobile Group 1990 — 1991
General Manager, Mobile Engineering Center 1981 — 1990
Application Engineer, Mobile Engineering Center 1979 — 1981
Sales Engineer 1973 — 1979

Mini Dredge, Inc. (MDI) 1974 — 1986

President, (concurrently with Fauver Co.)

Air Hydraulic Systems, Minneapolis, MN 1972 to 1973
Sales Engineer

Industrial Hydraulic Co., Milwaukee, WI 1970 to 1972
Sales Engineer

3M Company, St Paul, MN 1967 to 1970
Project Engineer

EDUCATION

Bachelor of Science, Mechanical Engineering 1967
University of North Dakota, Grand Forks, ND

Licensed Professional Engineer, State of MN 1973
Continuing Education (required to keep license current), including:

Legal Issues for MN Professional Engineers
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Product Liability for the MN Professional Engineer
TQM—SPC, Process Improvement, Team Building and Leadership
Increasing Sales through the use of sales Reps
Strategic Planning
Engineering Management
Sales, Time and Territory Management
Computer Programming (Basic)
Value Engineering
Numerous Seminars
ADDITIONAL INFORMATION

Professional development:

Authored and presented papers at SAE Off Highway Conferences
Packaged Hydraulics for Productivity Improvement — Case History, ASV Inc. All Terrain Vehicle
Improving Hydraulic System efficiency Using Cartridges and valve Packages

Energy Consideration in Hydraulic System DesignServed as judge for National Design Contests
sponsored by Hydraulics and Pneumatics Magazine

Provided articles on use of cartridge valves and packages to Hydraulics and Pneumatics, Diesel Progress
magazines.

Served as Arbitrator in dispute between machine shop and industrial customer.
Affiliations:
Member, Society of Automotive Engineers (SAE)\

Have been listed as “expert” in fluid power by Teltech Resource Network, now Intota, since 1984. In this
capacity, have provided short term consulting services, including acting as expert witness in several
lawsuits.
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ATTACHMENT 6. Testimony of Patrick R. Novak, P.E. in last 4 years

1. HWH Corporation vs. Deltrol Corporation
James P. Craig
Lederer Weston Craig, PLC
118 Third Ave. SE, Suite 700
P. O. Box 1927
Cedar Rapids, TA 52406-1927
Phone: 319-365-1184

2. Deal vs. Highway Preservation Systems, et al.
Joseph L. Dilts, Esq.
Koehnen & Patton LLP
PNC Center, Suite 800
201 East Fifth Street
Cincinnati, OH 45202
Phone: 513-381-0656

3. Ackerman and Pacific Boring vs. Hydratech
Donald R. Franson Jr.
Sagaser, Hansen, &Franson
2445 Capitol Street, Second Floor
Fresno, CA 93721
Phone: 209-233-4800

4. Theo. H Davies & Co. dba Pacific Machinery vs. Brothers Industries
Michael R. Marsh, Esq.
Case, Myrdal, Bigelow, & Lombardi
Grosvenor Center
Mauka Tower, Suite 2500
Honolulu, HI 96813
Phone: 808-547-5400

S. Martinez v. CNH America
Mark Oium
Oium Reyen & Pryor
220 Montgomery Street, Suite 910
San Francisco, CA 94104
Phone: 415-392-8300

6. Tompkins v. Houghton, et al
Andrew Liebowitz
The Berry Firm
1412 Main Street, Ste 230
Dallas, TX 75202
Phone: 214-915-9801
(Deposed, November, 2010)
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ATTACHMENT 7. Curriculum Vitae for J. Neil Robinson, PhD

SUMMARY

Dr. Robinson received a B.A. with Honors, majoring in Metallurgy, from Cambridge University in
England and a Ph.D. in Materials Engineering from UCLA. He was a Principal of Failure Analysis
Associates (now Exponent, Inc.), the international consulting company, where he headed the Human
Factors, Risk Analysis and Materials Laboratory Groups. He was Principal Inspector at the Nuclear
Installations Inspectorate in London, responsible for evaluating materials safety issues in nuclear power
plants. Over the last 40 years he has undertaken many thousands of analyses of materials failures or
potential failures around the world and has testified about the results of these analyses in US Federal
courts, state courts across the US, in Europe and in many arbitrations. He has authored numerous research
publications in books and in national and international scientific and engineering journals. This research
has included not only materials engineering and failure issues but also issues of safety and of human
factors engineering.

SPECIALIZED PROFESSIONAL COMPETENCE

Failure analysis; accident investigation, metallurgy and materials engineering for metals, polymers
(including plastics, rubbers and composite materials) and glass; corrosion and environmental effects on
failure; testing methods; human factors engineering.

EXAMPLE INVESTIGATIONS
- 2010 Deepwater Horizon (BP) oil spill in the Gulf of Mexico (investigation ongoing)

- Loss of a chemical tanker off San Francisco

- Failure of LNG tanks in Abu Dhabi

- Explosion of a power plant in Kansas City

- Failure assessment of ore processing equipment in Chile
EDUCATION

Ph.D. (Engineering, Major in Materials, Minor in Education), University of California, Los Angeles
(1973)

M.A., Cambridge University (1972)
B.A. (Natural Sciences, Major in Metallurgy), Cambridge University, with Honors (1968)
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BACKGROUND

Talas Engineering, Inc., Consultant, Materials Engineering (2010 to Present)

Independent Engineering Consultant, materials engineering and failure analysis (1994 to Present)
Failure Analysis Associates, Inc. (now Exponent, Inc.), Menlo Park, CA
-Principal Engineer (most senior engineering level in the company) (1987 to 1994)
Headed Human Factors, Risk Analysis and Materials Laboratory Groups
- Managing Engineer (1983 to 1986)
- Senior Engineer (1981 to 1982)
Khonkaen University, Thailand
- Visiting Expert Lecturer, Materials Engineering (1979 to 1980)
Nuclear Installations Inspectorate, London
- Principal Inspector (1978 to 1979)
Responsible for evaluating potential material failure modes and safety issues in nuclear power plants
- Inspector (1975 to 1978)
Imperial College, University of London
- Post-Doctoral Research Scientist (1973 to 1975)
Failure Analysis Associates
- Consultant (1971 to 1974)
University of California, Los Angeles
- Post-Graduate Research Engineer (1971 to 1973)
GKN Group Technological Center, Birmingham, England
- Assistant Metallurgist (1968 to 1970)

Chairman, Failure Analysis Sessions, American Society of Mechanical Engineers National Pressure
Vessel and Piping Congresses.

National Aeronautics and Space Administration Certificate of Recognition.
American Society for Testing and Materials Student Award.
Distinguished Student Scholarship, University of California, Los Angeles.

Previously peer reviewer for: Metals Handbook, American Society for Metals; American Society for
Testing and Materials publications; American Society of Mechanical Engineers publications; Engineering
Fracture Mechanics; International Journal of Fracture; Safety Technical Group, Human Factors and
Ergonomics Society.

Listed: Who’s Who in America; Who’s Who in Science and Engineering.

Formerly Full Member of: American Society for Metals; Human Factors and Ergonomics Society;
American Society of Mechanical Engineers; Society for Risk Analysis, Ergonomics Society.
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SELECTED PUBLICATIONS AND INVITED LECTURES — MATERIALS ENGINEERING &
FAILURE ANALYSIS

1. “Tensile Test Apparatus for Brittle Materials,” Journal of Physics L: Scientific Instruments, Vol. 5, p.
171, 1972.

2. “The Relationship Between Microstructure and Fracture Toughness for a Low Alloy Steel,”
Engineering Fracture Mechanics, Vol. 4, p. 377 (with C.W. Tuck), 1972.

3. “The Determination of Klc Values from Measurements of the Critical Crack Tip Opening
Displacement at Fracture Initiation,” 3rd International Conference on Fracture, Munich, West Germany
(with A.S. Tetelman), 1973.

4. “The Use of Small Specimens in Fracture Toughness Testing,” 18th National Society for Advancement
of Material and Process Engineering Symposium and Exhibition, Anaheim, California (with A.S.
Tetelman), 1973.

5. “The Determination of the Relationship Between Strain and Microhardness Using a Visioplasticity
Technique,” Metallurgical Transactions, Vol. 4, p. 2091 (with A H. Shabaik), 1973.

6. “The Critical Crack-Tip Opening Displacement and Microscopic and Macroscopic Fracture Criteria for
Metals,” Ph.D. Dissertation, University of California, Los Angeles, 1973.

7. “The Measurement of Klc on Small Specimens Using Critical Crack Tip Opening Displacement,” 7th
National Symposium on Fracture Mechanics, University of Maryland, in American Society for Testing
and Materials Special Technical Publication 559, Fracture Toughness and Slow-Stable Cracking (with
A.S. Tetelman), 1974.

8. “The Use of Small, Pre-Cracked Specimens for Quality Control Purposes,” in Proceedings, Conference
on Prospects of Fracture Mechanics, published by Noordhoff (with A.S. Tetelman and I. Roman), 1974.

9. “The Relationship Between Crack Tip Opening Displacement, Strain and Specimen Geometry,”
International Journal of Fracture, Vol. 11, p. 453 (with A.S. Tetelman), 1975.

10. “The Measurement of Crack Growth Resistance Curves (R-Curves) Using the J-Integral,”
International Journal of Fracture, Vol. 11, p. 528 (with S.J. Garwood and C.E. Turner), 1975.

11. “Comparison of Various Methods of Measuring KIc on Small Pre-Cracked Specimens After General
Yield,” Engineering Fracture Mechanics, Vol. 8, p. 301 (with A.S. Tetelman), 1976.

12. “An Experimental Investigation of the Effect of Specimen Type on the Crack Tip Opening
Displacement and J-Integral Fracture Criteria,” International Journal of Fracture, Vol. 12, p. 723, 1976.

13. “The Application of Elastic-Plastic Fracture Mechanics Parameters in Fracture Safe Design,” Nuclear
Engineering and Design, Vol. 45, p. 133 (with G.R. Egan), 1978.

14. “The Application of Elasto-Plastic Fracture Mechanics to the Safety Assessment of Nuclear Power
Station Components,” OECD Nuclear Energy Agency Specialist Meeting on Elasto-Plastic Fracture
Mechanics, Daresbury, England (with N.J.I. Adams and S.J. Garwood), 1978.

15. “Elasto-Plastic Fracture Mechanics Applied to the Safety Assessment of Nuclear Power Stations,” Sth
International Conference on Structural Mechanics in Reactor Technology, Berlin, (with N.J.I. Adams and
S.J. Garwood), 1979.

16. “Marine Failure Analysis,” presented to Society of Naval Architects and Marine Engineers, Northern
California Section, San Francisco (with R K. Taylor), 1983.
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17. “Application of the Failure Assessment Diagram in the Analysis of a Pressure Vessel Failure,”
American Society of Mechanical Engineers, 4th National Congress on Pressure Vessel and Piping
Technology, Portland, Oregon (with G.J. Fowler), 1983.

18. “Failure Analysis Methodology,” American Society of Mechanical Engineers, 4th National Congress
on Pressure Vessel and Piping Technology, Portland, Oregon (with D.O. Cox), 1983.

19. “Prediction of Structural Failure Using the Failure Assessment Diagram,” in Proceedings,
International Symposium for Testing and Failure Analysis, Los Angeles, California (with G. Fowler),
1983.

20. “Analyzing Failures - Some Advice and Examples,” Invited Paper, Mechanical Engineering,
American Society of Mechanical Engineers, Vol. 106 (with C.A. Rau, Jr.), July 1984,

21. “A Review of Fracture Mechanics Life Technology,” National Aeronautics and Space Administration
Report, sections on Nonlinear Fracture Mechanics (with G. Derbalian) and Weld Cracks, 1986.

22. “Use and Presentation of Technical Evidence,” Invited Presentation, International Symposium on
Pacific Basin Dispute Resolution, San Francisco, California, 1987.

23. “Learning from Failure,” Professional Engineering, Vol. 5 (5), p.15 (with B.V. Brickle, et al.),1992.

SELECTED PUBLICATIONS AND INVITED LECTURES — HUMAN FACTORS & SAFETY
AND RISK ANALYSIS

1. “Warnings on Consumer Products - Objective Criteria for Their Use,” in Proceedings, Human Factors
Society Annual Meeting (with R L. McCarthy, J.P. Finnegan, and R K. Taylor), 1982, and reprinted in
Human Factors Perspectives on Warnings, Human Factors and Ergonomics Society, 1994.

2. “Cost/Risk Analysis for Disk Retirement,” U.S. Air Force, Wright Aeronautical Laboratories Report,
AFWAL-TR-83-4089, Vol. 1 (with D E. Allison, et al.), 1984.

3. “Spa and Pool Safety: A Quantitative Risk Analysis,” Failure Analysis Associates Report to National
Spa and Pool Institute (with G.E. McCarthy), 1985.

4. “Quantitative Safety Comparison of Three Hay Baling Technologies,” American Society of
Agricultural Engineers, Winter Meeting, Chicago, Illinois (with R.L. McCarthy and I. Brand), 1985.

5. “Safety Information Presentation: Factors Influencing the Potential for Changing Behavior,” in
Proceedings, Human Factors Society Annual Meeting (with D.P. Horst, et al.), 1986, and reprinted in
Human Factors Perspectives on Warnings, Human Factors and Ergonomics Society, 1994.

6. “Product Life and its Relationship to Product Safety,” American Society of Mechanical Engineers,
Spring Design Show and Conference, Chicago, lllinois (with R L. McCarthy, et al.), 1987.

7. “Measured Impact of a Mandated Warning on User Behavior,” in Proceedings, Human Factors Society
Annual Meeting (with G.E. McCarthy, et al.), 1987.

8. “Test of a Reversible Feed Drive on a Large Round Baler,” American Society of Agricultural
Engineers, Summer Meeting, Rapid City, South Dakota (with I. Brand and R.L. McCarthy), 1988.

9. “What is a Warning and When Will it Work?,” in Proceedings, Human Factors Society Annual
Meeting (with T.J. Ayres, et al.), 1989, and reprinted in Human Factors Perspectives on Warnings,
Human Factors and Ergonomics Society, 1994.

10. “A Comparative Analysis of Industrial Lift Truck (Forklift) Accidents,” American Society of
Mechanical Engineers, Winter Annual Meeting, Dallas, Texas (with R.L. McCarthy, et al.), 1990.

11. “Accident Mode Risk Analysis of Agricultural Tractors,” in Engineering Applications of Risk
Analysis, American Society of Mechanical Engineers, (with J.A. Weiss, et al.),1991.
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12. “Warning Labels: Science and the Law,” New Law Journal, Vol 142(6536), p. 83 (with B.V.
Brickle),1992.

13. “A Methodological Taxonomy for Warnings Research,” in Proceedings, Human Factors Society
Annual Meeting (with T.J. Ayres, et al.), 1992.

14. “Risk Analyses for Agricultural Vehicles,” presented at the American Society of Agricultural
Engineers, International Winter Meeting (with T.J. Ayres, et al.), 1992.

15. “A Comparative Analysis of the Annual Injury Risk for Motorized Vehicular Recreation,” in Safety
Engineering and Risk Analysis, American Society of Mechanical Engineers (with C.T. Wood, et
al.),1993.

16. “Behavioral Effectiveness of a Truck-Tire Warning Label,” presented at the Human Factors and
Ergonomics Society Annual Meeting (with T.J. Ayres, et al.), 1993.

17. “Risk-Based Warning Design,” in Product Warnings, Instructions and User Information, American
Bar Association (with R.L. McCarthy, et al.), 1994.

18. “Risk and Effectiveness Criteria for Using On-Product Warnings,” Ergonomics, Vol. 38, p. 2164
(with R.L. McCarthy, et al.), 1995
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ATTACHMENT 8. Testimony of J. Neil Robinson, PhD. in last 4 years

1. Kevin E. Turner v. Northern Indiana Brass Co. dba NIBCO Inc., Superior Court of the
State of California, Placer County, Case No. S CV 9387.
Trial testimony: March 10, 2009

2. Arthur Newby, et al. v. Safeworks LL.C, et al., Superior Court of the State of California,
Sacramento County, Case No. 03AS01668 consolidated with Case Nos. 03AS01359 and 03AS00831.
Deposition testimony: January 15, 2008
Trial testimony: February 27, 2008
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ATTACHMENT 9. Curriculum Vitae for Raymond Merala, M.S., PE

SPECIALIZED PROFESSIONAL COMPETENCE

Motor vehicle, recreational equipment, and industrial equipment accident reconstruction. Vehicle
dynamics, occupant dynamics. Mechanical system and component failure analysis. Human injury
biomechanics. Static and dynamic test design, digital data acquisition and analysis. Design, testing, and
failure analysis of recreational, agricultural, forestry, industrial, and construction equipment. Risk
analysis. Analysis and design of dynamic systems.

BACKGROUND AND PROFESSIONAL HONORS

B.S. (Agricultural Engineering), University of California, Davis (June 1980)
M.S. (Mechanical Engineering), University of California, Davis (March 1987)

Principal
Talas Engineering, Inc. (May 2007 - present)
Managing Engineer
Piziali and Associates, Inc. (Jan. 1995 - April 2007)
Managing Engineer
Failure Analysis Associates, Inc. (June 1987 - December 1994)
Research Assistant
Mikuni Corporation (1986, 1987)
Project Leader/Agricultural Engineer
Equipment Development Center, USDA Forest Service (Jan 1981 - Sept. 1984, Summer 1985)
Engineering Aide
Agricultural Engineering Department, University of California, Davis (= 1979, 1980)

Registered Professional Mechanical Engineer, California #M026171

Member, American Society of Mechanical Engineers

Member, Society of Automotive Engineers

Member, American Society for Testing and Materials, Committee F-27 on Snow Skiing
Member, International Society for Skiing Safety

Member, American Society of Agricultural and Biological Engineers

SELECTED PUBLICATIONS AND PRESENTATIONS

“Tractor Semitrailer Left Turns and Lane Changes,” SAE Technical Paper 2010-01-0049, SAE
International 2010 World Congress, Detroit, Michigan, April 12, 2010 (with K. White).

“Driver Perception of a Loose Rear Wheel,” SAE Technical Paper 2010-01-0050, SAE International 2010
World Congress, Detroit, Michigan, April 12, 2010 (with K. White and D. Desautels).

“Injury Causation in Rollover Accidents and the Biofidelity of Hybrid III Data in Rollover Tests,” SAE
Technical Paper 980362, Society of Automotive Engineers, International Congress and Exposition,
Detroit, Michigan, February 23-26, 1998 (with R.L. Piziali, et al.).

“The Biomechanics of Head and Neck Injuries in Skiing,” 12th International Symposium on Ski Trauma
and Skiing Safety, International Society for Skiing Safety, Whistler, British Columbia, Canada, May 1997
(with R L. Piziali, and R.H. Hopper).
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“Foot Injuries and Foot Protection on All-Terrain Vehicles,” in Safety Engineering and Risk Analysis,
1994, D.W. Pyatt, Editor, American Society of Mechanical Engineers, 1994 International Mechanical
Engineering Congress and Exposition, Chicago, Illinois, November 1994 (with T.J. Ayres, et al.).

“Evaluation of a Proposed ATV Design Modification,” SAE Technical Paper 940276, Society of
Automotive Engineers, International Congress and Exposition, Detroit, Michigan, February/March 1994
(with R.L. Piziali, et al.).

“Water Ski Binding Release Loads; Test Method and Results,” Proceedings, International Symposium on
Ski Trauma and Skiing Safety, International Society for Skiing Safety, Kaprun/Zell am See, Austria, May
1993 (with R L. Piziali).

“Risk Analyses for Agricultural Vehicles,” American Society of Agricultural Engineers, International
Winter Meeting, Nashville, Tennessee, December 1992 (with T.J. Ayres, et al.).

“Evaluation of an Occupant Protection System for All-Terrain Vehicles,” American Society of
Mechanical Engineers, Winter Annual Meeting, Anaheim, CA, November 1992 (with R L. Piziali, et al.).

“The Application of Biomechanics to the Analysis of Automotive and Skiing Accident Injuries,”
Proceedings, 4th International Conference on Structural Failure, Product Liability and Technical
Insurance, Vienna, Austria, July 1992 (with R.L. Piziali and T.P. Khatua).

“Accident Mode Risk Analysis of Agricultural Tractors,” American Society of Mechanical Engineers,
Winter Annual Meeting, Atlanta, Georgia, December 1991 (with J. M. Weiss, et al ).

“The Biomechanics of Lower Extremity Snow Ski Injuries,” Ninth International Symposium on Ski
Trauma and Skiing Safety, International Society for Skiing Safety, Thredbo, NSW, Australia, June 1991.

“Modeling and Simulation of a Supercharger,” Journal of Dynamic Systems, Measurement and Control,
American Society of Mechanical Engineers, Vol. 110, Sept. 1988 (with M. Hubbard, and T. Miyano).

“Guidelines for Evaluating Mechanical Tree Planters,” USDA Forest Service Project Record 8624-1207,
November 1986 (with D.W. McKenzie).

“Retardant Measurement System-Operational and Laboratory Evaluation of Mass Flowmeter,” USDA
Forest Service Project Record 8651-1206, August 1986 (with L. Pope).

“User and Procurement Manual for Retardant Measurement System - Mass Flowmeter,” USDA Forest
Service, February 1986 (with R.T. Harrison).

“Engineering Field Evaluation of Intermittent Tree Planters,” American Society of Agricultural
Engineers, Paper #85-2804, 1985 (with J.A. Miles and J.E. Burk).

“Evaluation of an Intermittent Furrow Tree Planting Machine,” USDA Forest Service Project Record
8224-1201, July 1984 (with D.W. McKenzie and A. Alsobrook).
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ATTACHMENT 10. Testimony of Raymond Merala, M.S., PE. in last 4 vears

Approximate
Date Case Caption Venue

8-22-2011 Interstate v Cleveland Wrecking Depo Superior Court, CA, San Francisco Co.

7-19-2011 Clark v Lopez Depo Superior Court, CA, Shasta Co.
5-27-2011 Yeo v Chu Depo Superior Court, CA, San Francisco Co.
3-25-2011 Greer v Narconon Depo Superior Court, CA, Santa Cruz Co.
1-28-2011 Banac v Hepworth et al. Trial Superior Court, CA, Alameda Co.
1-25-2011 Banac v Hepworth et al. Depo Superior Court, CA, Alameda Co.
1-20-2011 Young v Mercury Depo U. S. District Court - Dist. of Nevada
1-19-2011 Banac v Hepworth et al. Depo Superior Court, CA, Alameda Co.
11-30-2010  Huey et al. v Sanmo Intl. Co.  Depo Superior Court, CA, San Francisco Co.
4-9-10 Zukerkorn v Peninsula Trail Superior Court, CA, Alameda Co.
3-30-10 Golf & Country Club,et al. Depo Superior Court, CA, Alameda Co.
1-22-10 Martinez v CNH America Depo U. S. District Court - Dist. of Nevada
1-13-10 Fahringer v Snow Summit Depo Superior Court, CA, San Bernardino Co.
10-22-09 Tackett v Johnson Depo  Superior Court, CA, Santa Clara Co.
10-6-09 Cardoza v Coniston Products Trial ~ Superior Court, CA, Alameda Co.

9-8, 18-09 Cardoza v Coniston Products Depo  Superior Court, CA, Alameda Co.
8-28-09 Mumford v Hoffman Depo  Superior Court, CA, San Mateo Co.
8-21-09 Martinez v City of Atwater Depo  Superior Court, CA, Stanislaus Co.
6-11-09 Thomas v Buchanan Depo  Superior Court, CA, Alameda Co.
6-3-09 Mazzurco v Gano Depo  Superior Court, CA, Monterey Co.
5-22-09 Silva v Greyhound Depo  Superior Court, CA, Alameda Co.
5-5-09 Mazzurco v Gano Depo  Superior Court, CA, Monterey Co.
3-31-09 Lu v Indian Valley Golf Club Depo  Superior Court, CA, Marin Co.

3-9-09 Turner v NIBCO Trial  Superior Court, CA, Placer Co.

3-3-09 Rianda v Granite Construction ~ Depo  Superior Court, CA, Monterey Co.
2-27-09 Rader v Co. of Tulare, Armstrong Depo  Superior Court, CA, Tulare Co.

2-2-09 Herman v Leale’s RV et al. Depo  Superior Court, CA, Santa Clara Co.
10/17/08 Harlan v Ostrander Trial  Superior Court, CA, San Joaquin Co.
8/29/08 Neil v Lifetime Products,Inc. Depo  Superior Court, CA, Sacramento Co.
8/25/08 People v M. Johnstone Trial ~ Superior Court, CA, San Mateo Co
8/6/08 LaBarge v Metro Cab Depo  Superior Court, CA, San Francisco Co.
7/2/08 Mulhern v Bourget’s et al. Depo  Superior Court, CA, Sacramento Co.
6/17/08 Gregg v Andrighetto Produce Depo  Superior Court, CA, San Mateo Co.
3/21/08 Gonzales v Castro Depo  Superior Court, CA, Tulare Co.

3/3/08 Glenn v Six Flags Trial ~ Superior Court, CA, Sacramento Co.
2/5/08 Chan v City of Hanford Depo  Superior Court, CA, Kings Co.

1/18/08 Concepcion v Bethany Center Depo  Superior Court, CA, San Francisco Co.
1/10/08 Morehouse v Clary Corp. Depo  Superior Court, CA, Sacramento Co.
11/7/07 Glenn v Six Flags Depo  Superior Court, CA, Sacramento Co.
10/31/07 Brosius v Bayer Depo  Superior Court, CA, Contra Costa Co.
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8/23/07 Thor v Kerr Trail  Superior Court, CA, Tulare Co.
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