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Limitations of this Report

The scope of this report is limited to the matters expressly covered. This report is prepared for the sole
benefit of BP America Inc. In preparing this report, Stress Engineering Services (SES) has relied on
information provided by BP America Inc. and Weatherford International Ltd. Stress Engineering Services
has made no independent investigation as to the accuracy or completeness of such information and has
assumed that such information was accurate and complete. Further, Stress Engineering Services is not
able to direct or control the operation or maintenance of the client's equipment or processes.

All recommendations, findings and conclusions stated in this report are based on facts and circumsiances
as they existed at the time that this report was prepared. A change in any fact or cwcumstance on which
this report is based may adversely affect the recommendations, fi indings, and conc!us:ons expressed in
this report.

NO IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE
SHALL APPLY. STRESS ENGINEERING SERVICES MAKES NO. REPRESENTATION OR
WARRANTY THAT IMPLEMENTATION OR USE OF THE RECOMMENDATIONS, FINDINGS, OR
CONCLUSIONS OF THIS REPORT WILL RESULT IN COMPLIANCE WITH APPLICABLE LAWS OR
PERFECT RESULTS.
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Executive Summary

Stress Engineering Services (SES) was contracted by BP America Inc. (BP) to conduct various
performance tests on the Weatherford 77 Model M45AP float collar with dual valve seats and an auto-fill
tube. The objective of the test program is to evaluate the performance and design limits of various
aspects of the float collar and to document its performance under conditions similar (according to
information provided to SES) to those downhole in the Macondo well before, during, and after the
cementing operation.

APl RP 10F Testing

API RP 10F specifies procedures and parameters for qualification testing of fioat collars. SES completed
flow endurance tests based on APl RP 10F on Weatherford float collar SN 29679918-01. Water-base
mud was used for all tests in the program. Mud weight for the API tests was 12. 0-12.5 ppg. Flow rate,
pressures upstream and downstream of the float collar, and fluid temperature were: contlnuous!y recorded
throughout the testing. i)

The first phase of the API test was to pump mud through tﬁe;zﬂgat.r:g"l‘!aa;.win the'reverse direction at a flow
rate of 3 bpm (126 gpm) for 6 hours. This test, intended to simulate running the casing in the hole, was
completed successfully.

The second phase of the test was to flow normally through ’fhe float collar at a sufficient flow rate to
convert the guto-fill float collar into a flapper check valve. During this test, the flow rate was incrementally
increased to near 2.7 bpm and held steady At that rate, the upstream pressure was about 136 psi and
downstream pressure was 19 psi. Conversion of the float collar was then observed, with three upstream
pressure spikes recorded at pressure levels of approximately 450 psi. Immediately after the pressure
spikes, the upstream pressure level dropped and became equal with the downstream pressure at near 20
psi, indicating that conversion had occurred.

The last phase of the API tests was flow endurance testing. A sequence of cycles comprising a back-
pressure test fol[owed by forward “flow for 2 hr at 10 bpm was to be repeated 12 times for a total flow
duration of 24 hours. These cycles were completed as specified. The average differential pressure
across the ﬂoat collar during the 24-hr flow test was approximately 13 psi. The pressure decline rate
during the 250-psr back-pressure tests increased during the sequence. For the first cycle, the pressure
loss was about 6 psi/min; for the twelfth (final) cycle, the pressure loss was about 27 psi/min.

After ﬁow cyc]:ng was completed, a final back-pressure test to 5000 psi was performed, with a pressure
decline rate of 32 psi/min measured during the 30-minute hold period. The corresponding leakage rate
was estimated as 0.8 in¥min. The relatively high pressure decline rate, for both low-pressure and high-
pressure tests, can partly be attributed to the camparatively small total fluid volume in the test setup.

Visual inspection of the float collar subsequent to API testing did not reveal any obvious wear. However,
the visual inspection is limited since the valves are still encased within the 7" float collar casing.
Dimensional inspection of the auto-fill tube and the ball showed that all features met Weatherford's
manufacturing drawing requirements.
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Mechanical Failure Testing

A mechanical loading test was performed to measure loads required to convert the float collar. The float
collar shear ring was supported while a downward load was applied directly to the 2” ball. The shear pins
supporting the auto-fill tube sheared from the retainer ring with a load of 2420 Ib applied to the ball.

A second load test was performed to test the load capacity of the auto-fill tube under conditions where the
shear pins might fail to shear. A mechanical load was applied to the 2” ball while the top of the auto-fill
tube was restrained from movement. Load was increased until the ball shattered at a load of 78569 Ib.
The tube remained intact throughout the test, Results indicated that the load capacity of the auto-fill tube
is at least three times greater than the capacity of the shear screws. Inspection of the tested parts
showed that all parts met the dimensional requirements of the manufacturing drawings::.

Steady-State Conversion Tests

Testing on the second specimen float collar (SN 29679918-02) was'simi!_a_r to the API testing described
above except that the flow rates and durations were modified to be more heb‘_resentative of the conditions
on the Macondo well. The mud weight was increased to 14.0 ppg. Reverse flow was maintained at a
nominal flow rate of 1.5 bpm for 8 hours. A choke was :nstalled downstream of the float collar to provide
additional flow resistance to prevent cavitation.

The float collar converted at a flow rate of near 3.8 bb;ml;a't a differential pressure of 305 psi. Subsequent
to the conversion test, back-pressure tests and forward flow for 4 hours at 4 bpm were completed. Post-
test inspection showed that all crrtlcal dlmen5|ons met Weatherford’s manufacturing drawing
requirements. g

Testing of the third specimen float collar (SN 29679918-03) was similar to the previous conversion test
except that the downstream choke was adjusted to provide additional flow resistance and the pump truck
setup was maodified to allow: more premse control of flow rate. The float collar converted at a flow rate of
5.7 bpm with 14.0-ppg.mud. Upstream pressure was 1626 psi and downstream pressure was 1105 psi,
for a differential pressure ‘of 524: psi. Weatherford’s flow conversion equation predicts that, with a flow
rate of 5.7 bpm and-amu J.densnty of 14.0 ppg, nominal conversion pressure would be 575 psi.

Flow Surge Conversion Tests

The next test sequence was designed to evaluate whether the float collar will convert when subjected to a
surge (rapid inci'ease) in flow resulting from the clearing of 2 blockage in the flow path. This scenaric was
simulated by adding a rupture disk downstream of the float collar that would block mud flow until pressure
increased sufficiently to rupture the disk at near 3000 psi. Accumulators were also placed upstream and
downstream of the float collar to act as a flow source and a sink for the flow surge.

The first flow surge tests were conducted with Weatherford float collar SN 29679918-05 with 14.0-ppg
mud at a constant flow rate of about 1.0 bpm. Flow initially accumulated in the upstream accumulator
and increased system pressure gradually until the rupture disk fractured. At that instant, the high
pressure in the upstream accumulator forced a flow surge through the float collar until the upstream and
downstream pressures became equal. The rupture disk fractured at a pressure of approximately 3036
psi, releasing a flow surge that reached a peak flow rate of 10.5 bpm. The float collar was observed to
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convert during the flow surge. The differential pressure between above and below the float collar peaked
at 196 psi.

A second flow surge conversion test with an Allamon ball on the top of the float collar was conducted on
Weatherford float collar SN 29679918-04. All other test parameters remained the same as the previous
conversion test. For this specimen, the rupture disk fractured at a pressure of approximately 3210 psi.
As before, the float collar converted in the resulting flow surge (peak flow rate of 11.5 bpm). The
differential pressure between above and below the float collar peaked at 792 psi.

Second Flow Surge Tests

Another test series was designed to evaluate the durability of a converted float collar (closed flappéar valve
and flapper hinge) when subjected to a flow surge event subsequent to conversion (that is, a second flow
surge). The test was to be performed with (1) a simulated blockage placed downstream of the float collar
and (2) a blockage placed upstream of the float collar. i

For the second flow surge test on the converted float collar SN 29679918 05,.the rupture disk was p!aced
downstream of the float collar. All other test setup parameters were. the samelas the conversion test on
this specimen. System pressure was gradually increased Untifthe: rupture disk fractured at approximately
3297 psi. The peak flow rate and peak differential pressure were 10.8 bpm and 298 psi, respectively.

A second flow surge test was also conducted on the coﬁ\}erteg, float collar SN 29679818-04. For this
case, the rupture disk was installed upstream of the float c?lié'F. All other test setup parameters were
unchanged from the conversion test on this specimen. System pressure was gradually increased until
the rupture disk fractured at approximately 2680 psi. Peak flow rate after the disk fractured was 10.6
bpm,; differential pressure peaked at 1536 psi.

Visual inspection of the two ﬂoat collars (SN 29679918-05 and -04) subsequent to zll flow surge testing
did not reveal any obvious wear or gﬂamage On float collar SN 29679918-05, the O-ring between the
shear ring of the auto-fill tube™ and the: upper valve assembly was observed fo be slightly protruding into
the bore of the valve.

Summary

Performance tests on flve Weatherford M45AP float collars were successfully completed at the SES test
factlity in Waller, Texas, from 23 July to 20 October 2010. The performance tests consisted of flow
endurance tests, steady-state flow conversion tests, flow-surge conversion tests, flow-surge tests on
converted float.collars, and mechanical failure tests on auto-fill tubes. The flow-surge tests represented
the sudden cléarance of a blockage in the flow path, such as a blockage at the reamer shoe.

Based on test results, the float collars appear to meet the requirements of APl RP 10F for endurance
testing. Test results do not indicate any performance conflicts with published Weatherford data for the
MA45AP float collar. Post-test inspection did not reveal any damage or anomalies that would affect the
intended performance of the float collar.

SES found that, for all test scenarios executed in this program, conversion of the float collar occurred.
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1 Introduction

Stress Engineering Services (SES) was contracted by BP to conduct various performance tests on the
Weatherford M4SAP float collar. The test program was designed to evaluale the performance and design
limits of various aspects of the float collar and to document its performance under test conditions similar
to what SES believes (based on data provided by BP) to have been the conditions downhole in the
Macondo well before, during, and after the cementing operation. As the tast program and analysis of the
results progressed, SES also recommended that various additional tests should be performed

The objective of the float collar test program is to provide information to help determlne'

e The performance capability of the Weatherford M45AP production cas:ng ﬂoat cpllar and

= The conversion performance of the float collar under both steady-state ﬂow and flow surge
conditions. i |

2 Equipment

The float collar tested in this program is the Weatherford T Mcdel M45AP (Figure 1) with dual valve seats
_ including an auto-fill tube with a pre-installed 2 baIl1 The ﬂoat collar casing is 7" x 32.0 ppf HCQ-125
' with Hydril H513 pin and box connections. The float. collar assembly is depicted in Weatherford drawing
D000401284 Rev A, dated 1/18/2010. The auto-fil tube includes a 2" ball and is reported to convert (i.e.,
gject the auto-fill tube, thereby releasmg the flapper valves to prevent reverse ﬂow) with a ﬂow rate of
5.7-6.8 barrels per minute (bpm) of 12.2+ !
across the auto-fill tube. Based an Weathexford’s published conversion equatlon the conversion flow
rate for 14.0-ppg mud is expected ._o"be 5.3-5.3 bpm.

] Photograph of Weatherford M45AP Float Collar (with thread protectors)

! Float collar description and drawing in document “WFT000526(L0DS3335).pdf" recaived via e-mail from Warren Winters of BP on
B6/3/2010.
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SES received 10 identical M45AP float collars for this test program, one of which was unassembled. The
float collars are identified with the Manufacturer's work order number 29679918 and serialized
sequentially as -01, -02, etc. Note that only float collars -01 through -05 were tested during this program.
SES also received two exira auto-fill tube assemblies.

The reamer shoe is 2 Weatherford 7" Part Number 1211284. It was located 190 ft below the float coliar.
The reamer shoe is not part of the float collar testing scope of work, and no reamer shoes were received
by SES.

3 Test Setup and Test Plan

All testing described here was conducted at the SES test facility in Waller, Texés.

Schlumberger provided a pumping truck for the flow loop tests. The pump truck was equipped with two
friplex pumps.

MI Swaco provided mud mixing services and a mud mixer. The mixer had a 100-barrel capacity mixing
tank with four 1" mixing guns. The skid included a 100-hp pump motor and a centrifugal pump with an
average flow capacity of 500-800 gallons per rnmute (gpm)

The Weatherford float collar is encased wnthln a25ft long, 7" casing pup joint. SES added a 7” 32 ppf x
5 ft casing pup joint on each end of the test float collars before transitioning into 2” SCH 160 pipe. In
early tests, a pressure transducer was pos:tloned apprommately 2.5 ft above and below the float collar
pup joint. A temperature probe for measuring” mud temperature was attached about 8 ft above the float
collar. A flow meter was located downstream from the float collar for measuring flow rate. Hydraulic
schematics of the various ﬂow~loop test seiups are included in Annex J. Minor changes in the test setup
were necessary to meet the objectives of various tests. Variations to the basic test setup, mud content,
and flow characteristics are described below in the sections that describe the individual tests.

During testing, all data channels were sc:anned and recorded at a rate of one scan per second throughout
the test. Durmg transient tests with rapidly changing test parameters, the scan and recording rates were
increased as hoted on the individual tests. Data were recorded using SES's StrainDAQ™ software and
hardware. “ The StramDAQ system comprises National Instruments and SES hardware and software.
Calibration documentation for test instruments is included in Annex M.

All tes"ts’f‘(.:gf the float collar were performed with the float collar set vertically. For each float collar
specimen, the float collar and test fixture pup joints were cleaned, doped, and made up to minimum
specified torque values for the connection. Make-up charts are included in Annex L.

3.1 APIRP 10F Flow Endurance Test (SN-01)

The first flow test with the float collar was designed to evaluate the performance of the float equipment
based on the API standard® for this type of downhole equipment. As required by the API standard, the

% “Timeline Animation for 5-25-10 Presentation.ppt” file received from BP.
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flow loop was set up with the float collar in the normal vertical orientation. Mud flow was supplied from a
Schiumberger pump truck. The mud was mixed by Ml Swaco and intended to be weighted to 12.0-12.5
ppg, as well as to meet the requirements of APl RP 10F. Since this float collar has a maximum pressure
rating of 5000 psi, API prescribes that it meet the requirements for a Category Ill endurance test. This
category defines the duration of the forward- and reverse-flow test periods.

The first phase of the test was to flow in the reverse direction at a flow rate of 3 bpm (126 gpm) for 6
hours. This is intended to simulate running the casing in the hole. The test setup is illustrated in drawing
KY1751225-01-01 in Anhex J.

The second phase of the test was to flow in the forward (downward) direction through the collar at
sufficient flow rate to convert the auto-fill float collar into a flapper check valve. Tﬁ:e"“test procedure was to
slowly increase the flow rate in increments of 0.5 bpm until conversion occurred. According to
Weatherford published information, the conversion flow rate for 12.0-12.5 ppg mud should be in the
range of 5.6-6.8 bpm.

Subsequent to auto-fill tube conversion, a low back-pressure test is required. The back-pressure test
consisted of increasing the pressure below the float collar to 100 psi with the line upstream of (zbove) the
float collar open to atmospheric pressure. Back-pressure was then increased to 250 psi and held for 5
minutes. The test setup is illustrated in drawing KY1751 225-01-02 in Annex J.

The back-pressure test is followed by forward ﬂowmg—thro‘ugh the float collar at 10 bpm for 2 hours.

The next phase of this test was flow cyclc testing. ;A sequence consisting of a low back-pressure test
followed by flowing for 2 hr at 10 bpm was to be repeated 12 times for a total flow duration of 24 hours.

After the 24-hr flow testing, a final back—pressure test was required. This back-pressure test was to 250
psi for 5 minutes as described above. A

Finally, a 5000-psi back~pressure £ t:WIth a 30-min hold period was completed.

The float collar was the remcwed from the flow loop, broken out, and visually inspect for damage.

3.2 Mechanical Fallure Tests

Two mechanical failure load tests were also performed (not specified by APl RP 10). The first test was
desngned to simulate the conversion of the auto-fill tube. An extra auto-fill tube assembly was used for
this test. The shear ring of the auto-fill tube assembly was supported and a mechanical load was to be
applied d:rectly to the 2" diameter ball. The load was slowly increased until the four shear screws
between the shear ring and tube were observed to shear. The load was to be applied with displacement
control at a rate of approximately 0.0002 inches/sec. This test setup is illustrated in Figure 2.

The second mechanical failure load test simulated the condition where the upper shear pins do not shear
(for whatever reason) and the bottom end of the auto-fill tube is loaded. This test simulates a different
mode of failure that might occur and leave the valve flappers locked open. The auto-fill tube from the
previous failure test was supported at its upper end by bonding a support ring to the tube. A mechanical

? API RP 10F, Recommended Practice for Performance Testing of Cementing Fioat Equipment, Third Edition (April 2002).
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load was then to be applied directly to the 2” ball and slowly increased until failure occurred. As before,
load was applied with displacement contral at a rate of 0.0002 inches/sec. This test setup is illustrated in
Figure 3.

Load

Tube fixed to
support ring

Pins shear,
allowing tube to
move downward

i

0 TR A h
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Figure 2: FirstFailure ' Figure 3: Second Failure

Test of Auto-Fill Fube ', Test of Auto-Fill Tube

33  Flow Endurance Test = 14-ppg Mud (SN-02)

The second flow endurance test was similar to the APl RP 10F test {see Section 3.1), except that mud
weight was ingreased to 14.0 ppg and the flow times were set to be more representative of the Macondo
well conditions. The first part of this test was reverse flow through the float coliar at 1.5 bpm for a
duration of 8 hours. The test setup is illustrated in drawing KY1751225-01-03 in Annex J.

The éé‘(_:pp_d pa;_f_l:of this test was a conversion test. Forward flow was begun through the float collar and
slowly increased in increments of near 0.5 bpm until the float collar converted. The test setup is
illustrated in drawing KY1751225-01-04 in Annex J.

Subsequent to the conversion test, a back-pressure test at 40 psi was to be performed, followed by 2 8-hr
flow test. During the flow test, flow was paused and g back-pressure test performed after each 2 hours.
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3.4 Flow Conversion Test (SN-03)

This conversion test was conducted with 14.0-ppg mud. The difference in this test, as compared to the
test with float collar SN-02 above, is that a choke was installed downstream of the float collar to help
prevent cavitation of the flow through the float collar (which was believed to have occurred in previous
tests). The choke was adjusted so that the back-pressure created by the choke was greater than the flow
resistance through the float collar. The test setup is illustrated in drawing KY1751225-01-05 in Annex J.
A drawing of the choke is included in Annex J.

3.5 Rehearsal Tests

The objective of the rehearsal testing was to fine-tune the setup and test procedure with ﬂow -surges prior
to testing an actual float collar. These tests were conducted on a simulated auto—flll tube:- '

3.6 Flow Surge Tests (SN-04 and SN-05)

3.6.1 Flow Surge Conversion Test

The objective of this conversion test was to evaluate whether the float collar will convert when it is
subjected to a surge (rapid increase) in flow resulting from the clearing of a blockage in the flow path.
The setup included a rupture disk downstream of the float collar designed fo fracture when subjected to a
pressure differential of near 3000 psi. To supply the flow surge, a 262-gal accumulator was included in
the flow circuit upstream of the float collar. Addahonalfy, a:385-gal accumulator was added downstream of
the rupture disk to act as a reservoir (sink) for the ﬂo'_,.' To ensure that the pressurization rate of the
accumulators was sufficiently slow to enable the test operator time to respond if needed for safety
purposes, both accumulators were to first’ be precharged to approximately 500 psi with nitrogen. This test
setup is illustrated in drawing KY1751225-01= -06 in eurlnex J. A drawing of the rupture disk is included in
Annex J.

During this test, the pump truck contrnuously pumped fluid at a rate of 1.0 bpm. Flow was blocked by the
rupture disk, and pressure contmued to build in the float collar and upstream accumulator until the
pressure exceeded th_g fractur .ressure of the rupture disk. After the disk fractured, a flow surge was
sent through the float cbll =

The test plan indicated that if conversion of the float collar occurred during the flow surge, the same test
was to be fun on an addltlonal float collar to confirm repeatability.

The Sequence for flow surge testing was as follows:
*  Close:the ball valve to isolate the upsteam accumulator.
e Fill the flow circuit from the pump truck to the rupture disk with mud: vent all trapped air.
¢ Precharge both accumulators to approximately 500 psi with nitrogen gas.

s Slowly increase the pressure in the flow circuit to near 500 psi. Open the ball valve to connect the
upstream accumulator to the flow system.
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e Begin flow from the pump truck at a steady rate of 1.0 bpm. Continue until the rupture disk
fractures. Continue pumping for an additional 15 seconds.

e Bleed pressure from both accumulators.
e Perform a back-pressure test on the float collar to verify that conversion has occurred.

3.6.2 Second Flow Surge Test

The next test was to evaluate the durability of the closed flapper valve and flapper hinge when subjected
to a flow surge event subsequent to conversion (that is, a second flow surge). The test was to be run with
two setups: (1) with the blockage placed downstream of the float collar and 2) w1th the blockage placed
upstream of the float collar,

3.6.21 Second Flow Surge with Blockage Downstream

The procedure for the second flow surge test with a blockage placed downstream:of the converted fioat
collar was to be identical to the initial flow surge conversion test. (see Section 3.6. 1) The test setup is
illustrated in drawing KY1751225-01-08 in Annex J. K

3.6.2.2 Second Flow Surge with Blockage Upstream K

A test was also conducted with a second flow surge with a"blockage placed upstream of the converted
float collar. The procedure for this testing was to be as follows: ol

e Close lhe ball valve below the float collar.

e Fill the float collar chamber between the upstream rupture disk and downstream ball valve with
14.0-ppg mud from above the float collar while purging the float collar chamber of air.

e Close the ball valve to |sofate the upstream accumulator. Pressurize the upstream accumulater to
500 psi. " i

» Pressurize the f'i"‘oat _cor aAr"chamber to 200 psi.

e Pressurize the dOWnstream accumulator with nitrogen to 200 psi and open the downstream ball
ivalve. :

° Continue to pressurize the downstream accumulator with nitrogen to 500 psi.

o EléVate the float collar to vertical position for testing. (Prior to flow testing, the float collar is
stored horizontally to facilitate the setup of instrumentation.)

o  Slowly pressurize the upstream flow line with 14.0-ppg mud to 500 psi.
s Open the ball valve to the upstream accumulator to connect it to the test system.

e Flow mud from the pump truck at the rate of 1.0 bpm until the rupture disk fractures. Continue
pumping for an additional 15-30 seconds. Stop pumping and bleed all pressure from system.
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The test setup for this test is illustrated in drawing KY1751225-01-09 in Annex J.

4 Test Results

4.1 APIRP 10F Tests

4.1.1 APIRP 10F Flow Endurance Test (SN-01)

The API flow endurance testing was conducted using Weatherford M45AP float collar SN 29679918-01
and was performed between 22 July and 2 August 2010 at the SES test facility in Waller Téxas. Charts
for each phase of the APl endurance test are included in Annex A.

4.1.1.1 Reverse Flow Test

Reverse flow testing was begun with float collar SN-C1 on 22 July 2010. ~The mud used for the API flow
endurance testing was a nominal 12.2-ppg mud with 2%—4% s'a'nd concenfi'ation per API RP 10F. The
mud mix met the API requirements with the exception of the grarn suze of the sand. While API specifies a
70-200 mesh (0.075-0.211 mm diameter), the sand avallable ranged from about 10-325 mesh (0.044—
2.00 mm) with a mean of about 50 mesh (0.297 mm). Rheology of the mud was measured befors and
after each test. The mud test reports are included in Anne;g_;fk.

The duration of the reverse flow was 6 hr 3 min. The average}éborded flow rate from the flow meter on
the Schiumberger pump truck was 3.06 bpm. The SES flow meter ceased to function about 70 minutes
into the test. Up until the point the flow: meter failed, SES had observed excellent agreement between the
SES and Schlumberger flow meters. Subsequent to the 6-hr test, the failed SES meter was inspected. It
was discovered that a clump of mud may have been lodged in the meter turbine.

During the first 3 hours of the test, the differential pressure across the float collar was only about 3 psi.
During the last 3 hours, the differential pressure seemed to trend to about 2 psi in the opposite direction.
However, it should be noted that _pressure changes of this magnitude were less than the range of
accuracy of the pressure transducers The pressure transducers upstream and downstream of the float
collar were cahbrated for 5000 psi within + 0.5% of full scale. This indicates that their accuracy is £25 psi.

The data recorded for this test are shown graphically in Figure A-1 in Annex A. Make- -up and break-out
data for the float collar connections for all tests are included in Annex L. Calibration certificates for
transducers and instrumentation are included in Annex M. Photographs of the setup for reverse-fiow
testing: are. included in Annex N (Photographs 1 through B).

41.1.2 Flow Conversion Test

The flow conversion test of float collar SN 29678918-01 was conducted on 23 July 2010. The test plan
was fo steadily increase the flow rate through the float collar in small increments until conversion
occurred. However, control of the pumping rate for this test was not as precise as desired because the
pump from the mixer was set to feed the pump truck. The float collar was observed to convert during a
an interval where the rate was being increased. The recorded flow rate remained steady during this
period at 2.7 bpm. The flow meter exhibits some inherent damping of the flow response and possibly
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some internal signal smoothing, resulting in a delay in the signal response from transient flow changes.

K Prior to conversion, the upstream pressure was 136 psi and downstream pressure was 19 psi. As
conversion was occurring, three upstream pressure spikes were recorded at pressure levels of near 450
psi. Immediately after these pressure spikes, the upstream pressure fell to the level of the downstream
pressure (about 20 psi), indicaling that conversion had occurred.

Figure 4 shows pressures and flow rates during the conversion. Additional charts for the conversion test
are presented in Figures A2, A-3, and A-4 in Annex A. Photographs 7 through 11 in Annex N show the
float collar after conversion.

{ AP RP 10F Float Collar Conversion Test
i Weatherford M45AP Float Collar 29679918-01, 23 July 2010
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P o, Figure 4: Conversion Test on Float Collar SN 29679918-01

4.1.4.3 b .Lq‘w,-;#ressure Back-Pressure Test

On 23 July 2010, the API 10F low-pressure back-pressure test was run on float collar SN 29679918-01
immediately after the conversion test. During the first 5 minutes of the hold period, the rate of pressure
drop was 4.4 psi/min. The hold was continued for a total of 24.5 minutes. Over this interval, the average
rate of pressure drop was 3.7 psifmin. Note that APl does not define an allowable leak rate for the back-
pressure test. The data for this test are shown in Figure A-5 in Annex A.

At the completion of this test, the float collar connection was broken aut and the converted auto-fill tube
and 2" ball removed. There was no apparent damage to any parts resulting from the conversion (other
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than the shear pins, which had sheared as expected). Dimensional inspection of the auto-fill tube and the
ball showed that all features were within the tolerances shown on Weatherford’s manufacturing drawings.

4114 Flow Cycle Testing

On 26 July 2010, the API 10F flow cycle testing was begun on float collar SN 29679918-01 with cycles of
2-hr forward flow at 10 bpm followed by a low-pressure back-pressure test. On the first day, three cycles
of flow and back-pressure testing were completed. The flow intervals were maintained at 10 bpm as
specified. During the 5-min holds with back-pressure, the pressure decline rates were 6.1 psi/min, 11.2
psi/min, and 22.1 psi/min, respectively. Data from these tests are shown in Figures A-6, A-7, A-8, A-9,
and A-10 in Annex A,

On 27 July 2010, flow cycle testing was continued. Flow cycle 4 and its associated back—présé'ure test
were completed as specified. The pressure decline rate during the 5-min hold after the back pressure
test following flow cycle 4 was 12.5 psi/min. During flow cycle 5, the pump truck malfunctioned after
about 22 minutes and had to be replaced. Flow cycle 5 was paused and resumed at a later date.
Results from these tests are shown in Figures A-11 and A-12 in AnnexA

4115 Investigation Test — Back-Pressure Decline Rate .

On 28 July 2010, the upper float collar box connector was broken out to allow observation of the float
collar valves during additional back-pressure testing to attempt to discover the source of the leakage.
Due to the cement (part of the float collar design) located above the upper valve in the float collar and the
distance between the two valves of the float collar, the locat:on of the leakage could not be determined

| conclusively during these tests. It was noted by the'team that leakage of a given volume of fluid would
produce a much larger drop in pressure in this test setup than would be expected in the field. This
behavior is due to the relatively small total fluid volume in the test setup. Results from these investigation
tests are shown in Figures A-13 and A-14 in Annex A.

4.11.6 Flow Cycle Testing (Resdmed)

Gn 29 July 2010, the float collar connection was made up and flow cycle testing resumed. The balance
of the 2-hr flow test for flow cycle 5was completed along with its back-pressure test. Flow cycle 6 and its
back-pressure test were also completed successfully. For flow cycles 5 and 6, the pressure decline rates
during the 5- m|n holds with back pressure were 16.8 psi/min and 22.5 psi/min, respectively. Results from
these tests are shown in Figures A-15, A-16, and A-17 in Annex A.

On 30 July 2010. ﬂow cycles 7, 8, and 9 were completed. During flow cycle 7, the SES flow meter
to those 'by the SLB flow meter on the pump truck, and had noted excellent agreement. Therefore,
testing was continued with only the SLB flow meter being recorded. The pressure decline rate for the
back-pressure tests after flow cycles 7, 8, and © were 18.4 psi/min, 31.1 psi/min, and 28.7 psi/min,
respectively. Results from these tests are shown in Figures A-18 through A-23 in Annex A.

On 2 August 2010, flow cycles 10, 11, and 12 were completed successfully. The pressure decline rates
during the 5-min holds with back-pressure were 9.6 psi/min, 23.2 psi/min, and 27.3 psi/min, respectively.
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After the 12 flow cycles and back-pressure tests were completed, a back-pressure test to 5000 psi was
specified in the test plan. Accordingly, back-pressure was increased to 5000 psi and held for 30 minutes.
The pressure decline rate during the high-pressure test was 31.8 psi/min.

At the conclusion of the 30-minute hold period, the team performed a simple pressure maintenance test
to attempt to quantify the leakage volume rate. Back-pressure was again increased to 5000 psi. The
pump was set to continue pumping fuid into the float collar such that a relatively constant pressure was
maintained for about 8 minutes. Based on the pump stroke rate required to maintain pressure (~4
strokes/min) and known fluid volume per pump stroke (0.20 in%/stroke), the leakage rate from the float
collar at 5000 psi was estimated as about 0.8 in®min. The pump used for the back-pressure tests was a
Maximator model MTPS60-W-L300-2H-20UT-C. Results from flow cycles 10— 12 and the final back-
pressure test are shown in Figures A-24 through A-29 in Annex A. il

Table 1 summarizes the data from the 12 flow cycle tests. Total flow time was 24.4 hr at an average flow
rate of 10.0 bpm. The average fluid temperature during the ﬂowing tim‘e was 150°F.

Table 2 and Figure 5 summarize the pressure decline rate during back—pressure testlng of Float Collar SN
29679918-01.

4117 Inspection

Visual inspection of the float collar subsequent to" tﬁe flow cyci'e -endurance testing did not reveal any
obvious wear. However, the visual inspection was Iimitéd"since the valves are still enclosed within the 7"
casing. Photographs 81 and 82 (Annex N) show ﬂoat co]lar SN 29678918-01 after testing.

Dimensional inspection was limited to the tested auto fill tube and ball. All critical dimensions met
Weatherford’s manufacturing drawmg requnrements

‘ Table 1 Summary of Flow Cycle Testing
StartiStop i (L e Average :

" Flow d i ‘-_-‘_'P"f_at“*i‘*,_-‘_-':‘5.._‘--" i e e v
ovdle | Date | Tme | |FiowRate| Above |- Below, | 1emB | . PataFile
-lmmldd!y:_‘- “himmss: | e Bpm =l ps ol s ot e T e

712610 | 10:01:45

1 L& ; 202 9.9 116 80 RS e
L7260 .. 12:02:50

; 7/26/10 12:42:18
2) 4 202 8.9 91 77 148 1601072-01-4

| 7/26/10 | 14:43:23
72610 | 15:01:

. 25/ AR | am 10.0 76 73 155 | 1601072-01-4
7/26M0 | 17:03:00

7127110 8:03:50

4 203 10.0 83 78 137 1601072-01-5
7/27/110 10:05:32
5 7/27110 11:02:52 212 10.0 85 74 142
1601072-01-5
712710 11:24:22
7/29/10 12:06:06 1601072-01-6
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} g — Duration T e - s
csl,%‘:; ‘ Date | iTime | 0" 'I'FlowRate Pf;:";ge ) PrBe;zs:vre Temp Data File’
! mm!dd!yr ‘I'.r.“r‘:jm'l_:'ss‘“ hr i bpm ' ; ﬁs’i i1 “ p51 ._ : i 3

7/29/10 13:51:59

116:
5 | /M0 | 14IBST |, 10.0 80 72 157 | 1601072-01-6

7/2910 | 16:17:31
7 RO 4 D768 2.03 10.0 85 80 147 7}, 1601072-01-7
7/30/10 09:39:42 18

1 :56:30 L
8 Heorp s 2.01 10.1 89 76 " 160 1601072-01-7

7130110 11:57:23

:39:43 : " {
9 Ll Yesse 2.03 10.1 82 4 -162 © | 1601072-01-7

7/30/10 14:41:35

:36:1 9
" 8210 | 10:36:16 |, 10.1 88 |79 | 139 1601072-01-8

8/2/10 12:37:30

14 | O210 | 130240 | 40 01,4 & 4| 75 157 | 1601072018

812110 15:03:47

30:14 Iy o
12 81210 | 1530 205 |00, | 83 71 166 | 1601072-01-8

8/2/10 | 17:33:14 ;
_Total/Average | '2440 | 100 .| "ses | ‘742 | 180

Table 2: Summary of Eack—Pressure Tests dunng Flow Cyclmg

7 Date = ‘Beginning i Endmg D;calt?e i

SYElS S il Time ".’-."?SS.UFE-“ ;':Temp‘ ' -3-,_‘Tim9 | Pressure Temp s ‘Data File

o |mmiodyr | wmmiss ] Tpst | |mmmes| pe | F |pmmin]
1 | 7/23/10 | 12:39:24 | 274 14 | 12:44:24 | 252 13 44 | 1601072-01-3
2 | 7/26/10 | 12:29:56 | 287 131 | 12:34:56 | 257 130 6.1 | 1601072-01-4
3.7 726710 “fiM4i52:13 | 305 153 | 14:57:113 | 249 150 112 | 1601072-01-4
4. 7/26M10° | 17:13:35 | 388 128 | 17:1835 | 278 124 221 | 1601072-01-4
5 |'72zo | 104811 | 279 129 | 10:50:11 | 247 127 125 | 1601072-01-5
6 | 7/29/10 | 14:02:11 | 345 151 | 14:07:11 | 251 148 16.8 | 1601072-01-6
7 | 7910 | 16:32:35 | 349 148 | 16:37:35 | 237 145 225 | 1601072-01-6
8 | 7/30/10 | 94532 | 376 151 | 9:50:32 | 284 146 184 | 1601072-01-7
9 | 7/30110 | 12:08:02 | 365 155 | 12:14:02 | 210 151 311 | 1601072-01-7
10 | 7/3010 | 14:54:09 | 351 155 | 14:50:00 | 208 151 28.7 | 1601072-01-7
11 | 8210 | 12:49:30 | 339 144 | 12:54:30 | 291 141 96 | 1601072-01-8
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el e _Time [pressure] Tomp | K= | patare
Sk | mmiddiyr | himm:ss | psi | °F . |h:mmss| psi | °F (o ijﬁsil_min' i _
12 8/2/10 15:13:42 359 156 16:18:42 243 153 23.2 1601072-01-8
13 8/2110 | 17:38:09 333 165 17:43:09 197 180 27.3 | 1601072-01-8
14 8/2/10 17:47:38 5084 | 157 18:17:38 4131 135 31.8 1601072-01-8
\ Fioat Collar Back-Pressure Test Summary |
: Weatherford M45AP Float Collar 29679918-01
35 g

A
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! i
o it
it

Pressure Decline Rate (psi/min)

4.2 ‘:‘ii'Mec_h:ahica! Failure Tests

4.2.1 Cohversion Mechanical Failure Test

The mechanical failure testing of the auto-fill tube was conducted in a 20,000 Ib (20 kip) MTS load frame
on 23 July 2010, Prior to conversion of the float collar, the auto-fill tube is maintained in position by four
shear screws iocated 0.50” below the upper end of the tube. Load was applied to the 2" ball at the
bottom of the auto-fill tube (see Figure 2) at a constant displacement rate of 0.000083 in/sec. The peak
load observed was 2420 Ib at an associated displacement of 0.112”. A second slight drop in load (~1660
b} was observed at a displacement of 0.150" a third slight drop in ioad (~840 Ib) occurred at a
displacement of 0.163". Subsequent to these drops in load, the frictional load of the tube dragging
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through the shear ring after shearing off the screws remained in the range of 550-670 Ib for an additional
displacement of about 0.21". The load then fell to zero after a total displacement of the auto-fill tube of
near 0.6”. Results from this test are shown in Figure 6 and in Annex B. Figure 7 shows the auto-fill tube,
shear pins, and the shear ring after conversion of the auto-fill tube. Additional photographs of the
conversion failure test are presented in Annex N (Photographs 12-17).

Mechanical Conversion of Aute-Fill Tube
Weatherford M45AP Float Collar 29672918 Tube 4, 23 July 2010

2000

Forge (Ib)
2
(=]

0 X 0.2 0.3 0.4 0.5 0.6
Displacement (in.)

Figure 6: Conversion Mechanical Failure Test of Auto-Fill Tube
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4.2.2 Auto-Fill Tube Lower Ball Seat Meché‘nical-. F"éiluré? Test

For the second failure test, the top of the autc-f i tube used for the first failure test was bonded to a metal
ring using Loctite® Hysol® E-120P epoxy ! The tube»land bal] were mechanically loaded using the same
load frame as the previous test. For. thls iESt load was applied directly to the 2” ball at a displacement
rate of 0.000166 in/sec. The peak | Ioad was 7869 Ib at a displacement of 0.161”. After peaking, the load
immediately dropped to zero. The test article wasihen disassembled, and visual inspection revealed that
the 2" ball had shattered. The test mandrel used to load against the ball provided a line contact loading
between the ball and mandrel Thls load condition may have contributed to the shattering of the ball,
Resuits from this test ar shown i Flgure B-2 in Annex B,

it was found that, when dlrect!y Ioadrng the bottom of the auto-fill tube through the 2 ball, the load to fail
the ball was atleast 3. 25-tames greater than the load to shear the shear screws.

Dimensional mspechon of the auto-fill tube, shear ring, and ball showed that zll features met
Weatherford S manuf‘actunng drawings. Additional photographs of the lower ball seat mechanical failure
test are presented in Annex N (Photographs 18-22),

4.3 ow Endurance Test — 14-ppg Mud (SN-02)

The flow endurance testing on float collar SN 28678918-02 was similar to the APl endurance testing on
SN 29679918-01 (see Section 4.1} except with the test parameters adjusted to more closely match the
mud and drilling conditions of the Macondo well. Mud weight was increased from 12.0 to 14.0 ppg. The
sand was elso changed with the intent of more closely matching the APl RP 10F requirements for 70-200
mesh. All other mud parameters remained the same as the previous test. Data from the mud reparts are
included in Annex K.

* Loctite and Hysol ara registered trademarks of Henkel Corporation.
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4.3.1 Reverse Flow Test

Reverse flow testing on the float collar was completed on 3 September 2010. For this test, a choke was
added in the fiow loop immediately above the float collar to provide downstream flow resistance. The
choke was set to 72/64” for this test. The flow loop setup is illustrated in drawing KY1751225-01-03 in
Annex J.

Reverse flow was maintained at a nominal flow rate of 1.5 bpm for 8 hours. A rain storm occurred during
this test and the electrical connector for the pressure transducer became wet. As a consequence, the
transducer signal was lost for a couple of hours. During the rain, mud temperature also dropped from
~150° to ~140°F. These changes were not considered critical, and testing was contnnued for the 8-hour
period. Charts illustrating this test are included in Annex C in Figures C-1 through C- S The test setup for
these reverse-flow tests is shown in Photographs 23—26 in Annex N.

4.3.2 Conversion Test

The flow loop was then re-configured for the float collar conversion. dest (as illustrated in drawing
KY1751225-01-04 in Annex J) with a choke placed below the! ﬁoat collar The same choke setting
(72/64") was used, as well as the same mud.

The conversion test was run on & September 2010. The team attempted to slowly increase the flow rate
from the pump truck until the float collar converted. However, control of the flow rate was less precise
than desired because the pump from the mixer was flowing through and over-powering the pump truck.
As conversion was occurring, the flow resnstance decreased; which resulted in an increased flow rate
from the pump truck.

The test data show that the float collar converted at a flow rate of near 3.82 bpm with a differential
pressure of 305 psi. Charts illustrating this test are included in Annex C in Figures C-6 through C-8.
Figure C-9 in Annex C shows the flow resistance pressure versus flow rate from this conversion test.
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.i Float Collar Conversion Test with 14.0 ppg Mud
Weatherford M4SAP Float Collar 29679918-02, 8 Sept 2010
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Figure 8: Conversnon Test on Float Collar SN 29678918-02

After these data were revrewed .lt wa$ beheved that cavitation may have still been occurring downsiream
of the auto-fill tube, which could contrlbute to 2 lower conversion flow rate than expected. Therefore, the
choke was adjusted to prowde addut:onat back-pressure during conversion in the next float collar test.

4.3.3 Back-Pressure Test i

bserved to drop about 2 to 3 psifmin over the 5-min hold. After the hold, SES attempted
to measure the approximate volume of fluid lost during the hold. The system pressure was recharged
back to 490 psi whlle the number of pump strokes was counted., Calculation indicated that the float collar
lost about 0.2 tn ~of fluid over the hold period. A chart illustrating this back-pressure test is included in
Annex C'inf FIQUre C-10. A summary of the back-pressure test results is presented in Table 3.

float collar was o

4.3.4 Flow Endurance Test

Following the back-pressure test, 14.0-ppg mud was pumped through the converted float collar SN
29679918-02 at a flow rate of approximately 4.1 bpm for 2 hours. Pressure above and below the float
collar remairied in the range of 80-100 psi throughout the test. Results from this endurance test are
included in Annex C in Figure C-11. A summary of the flow testing is included in Table 4.

Stress Engineering Services, Inc. Page 16 Report No.: PN 1751225
Coniidential

CONFIDENTIAL BP-HZN-BLY00128512




BP America Inc.
Engineering Report on Testing of Weatherford M45AP Float Collar 22 November 2010

4.3.5 Back-Pressure Test

Following the flow endurance test, another back-pressure test was performed on the float collar SN
29679918-02 at 40 psi and 250 psi. The float collar appeared to be leaking approximately 0.8 in® of fluid
over the 5-min hold periods at 40 psi and at 250 psi. Note that APl RP 10F does not specify a lezkage
criteria for back-pressure tests. Data from these tests are shown in Annex C in Figure C-12. A summary
of these results is listed in Table 3.

4.3.6 Inspection

Visual inspection of the float collar SN 29679918-02 subsequent to the flow endurance testing did not
reveal any obvious wear or damage. However, visual inspection was limited since the valvns are still
enclosed within the 7" casing. Photograph 83 (Annex N) shows float collar SN 2967991_,8-_02 aﬁer‘testmg.

Dimensional inspection was limited to the auto-fill tube and ball. Inspection sh‘owéd that all critical
dimensions met Weatherford’s manufacturing drawing requirements. ' %

Subsequent to all testing, the auto-fill tube and ball were shipped to the Presrdential O|[ Spill Commission.
The float collar was then sectioned, photographed, and |nspected Photographs taken after sectioning
are included in Annex N (Photographs 87—113). 2 o

Table 3: Summary of SN 296?9918 -02 Back-Pressure Tests

o Begmnmg: R T T Endlng ot Declme gl
: Datg 0 0 ‘ o i st Ll
Cycle. il ' Time o : ,P‘rlessu‘re-. Temp | Time ' |Pressure | 'Te_mbj‘ el DataFile
mm/ddlyr | himmiss | psi [ °F. h:imm:ss psii [ S _‘p‘silmin
9/8/10 | 14:19:29 39" | 107 | 142420 | 27 105 2.4
e e 1601072-02
1 9/8M0 | 14:25:11 | .44 | 105. | 14:30:11 30 103 2.8 BackPressi
o810 | 14:31:57 |, 4T 103 | 14:36:57 | 37 102 2.0
, | 9810 |17:08:35 | 41 - 118 | 171335 | 4 113 75 | 1601072-02
9/8/10, | A7:1947 | 252 110 | 17224117 | 165 107 17.4 | DackPress
91910 | 13:46:24 |+ 40 132 [ 135124 | 27 129 26
. - —= 2 — 1601072-02
| 9reri0, | 13:53:46 85 126 | 13:58:46 | 139 123 252 | BackPress2
9/9/10. | 14:03:03 | 4966 121 | 14:05:03 | 4838 19 | 257
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Table 4: Summary of SN 02 Flow Testing

. StartIstop | ; Average
‘ i Tie Lyt 2 : A
"f.tc:y(;[e' et Date s o E Time e -;Du@-‘t-'ofl-” ‘Flow Rate | Pf;j::f’ HiPrBe;i‘::E 1. Temp .’ Data File
; ‘mm/ddlyr | ommiss | hr R bpm: i p5| L e Rt e
S/8/1 9:13:21 X
Rev e 8.07 15 7 11 13 | poni2az
9/8/10 17:17:30
:50:06 : A
1 S| daend 2.04 45 95 90 126 <3| ;g%lg?gsg?
9/8/10 16:52:44 by i
9/9/10 11:12:34 by 5 &
2 210 44 95 91 T4z "o, FOHN2-02
919/10 13:28:38 g

4.4 Flow Conversion Test (SN-03)

was similar to the previous conversion test (with SN 29679918;-§)2)“ex9ept that the downstream choke
was adjusted to provide additional flow resistance andithe pump truck was set to draw from the reservoir
on the pump truck rather than from the mixer supp“iying the pumps. The flow downstream of the float
collar was further choked to prevent cavitation across the float collar (which was believed to be
occurring). Pumping from the reservoir on the pump truck enabled more precise control of the flow rate.

Prior to testing this float collar, testlng of the mud revealed that the sand was coarser than had been
specified. The sieve test showed that' the sand was about 40-230 mesh (0.063-0.420 mm diameter).
The sand was then sifted to eliminate the coarsest sand Subsequent testing indicated that the sand was
then about 70-270 mesh (0. 053—0 210 mm drameter) Data from the mud reports are inciuded in Annex
K. Photographs of a typical_test. setup similar to that used for these tests are shown in Annex N
(Photographs 2?’-4?') k!

4.4.1 Conversion Te"'st

The flow loop setup used for the conversion test is illustrated in drawing KY1751225-01-05 in Annex J.
The downstream choke was adjusted to 50/64" to provide additional and more stable flow resistance.
Due to the dynam:c nature of the conversion event, data were recorded at a higher scan rate of 77 scans
per second during this test.

Flow rate through the float collar was slowly increased in increments of 0.5 bpm until conversion
occurred. With the increased choke resistance downstream of the fioat collar (to suppress cavitation),
pressures above and below the float collar were higher than in previous conversion tests.

Conversion occurred at a flow rate of 5.71 bpm with 14 0-ppg mud (Figure 9). Upstream pressure was
1626 psi and downstream pressure was 1105 psi, for a differential pressure of 521 psi. Weatherford’s
flow conversion equation predicts that, with a flow rate of 5.71 bpm and a mud density of 14.0 ppg,
nominal differential pressure at conversion would be 575 psi.
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“ Float Collar Conversion Test - 14.0 ppg Mud
' . Weatherford M45AP Float Collar 29679918-03, 10 Sept 2010
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Figure 8: Conversion Test on Float Collar SN 29673918-03

4.4.2 Inspection a Ty i

Visual inspection of float collar: SN 29679918 03 subsequent to the flow conversion testing did not reveal
any obvious wear or! damage However the visual inspection was limited sincs the valves are still
encased within the T casmg Photograph 84 (Annex N) shows float collar SN 29679918-03 after testing.

Dimensional mspection was hmlted to the tested auto-fill tube and ball. Inspection indicated that 2l
critical. d:mens:ons met Weatherford s manufacturing drawing requirements.

4, 5" Rehearsal Tests

F’nar to conductmg the first flow surge test on a float collar, SES designed and constructed a special tool
that snmulafes an auto-fill tube in a float collar prior to conversion. This simulated float collar ool was
designed to allow evaluating the differential pressure across the tool while flowing through the tube. |t
also provided the opportunity for conducting preliminary testing to evaluate the test setup for the blockage
tests without having to destroy a float collar. This special test tool is illustrated in drawing KY1751225-02
in Annex J and in Photographs 48-50 in Annex N.

Initial testing of the simulated float coller included steady-state flow testing similar to the conversion
testing of float collar SN 29679918-03. Rehearsal testing was completed on 30 September and 1
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‘ October 2010. With 14.0-ppg mud, the flow rate was slowly increased in approximately 0.5 bpm
: increments up to near 7 bpm while pressure was recorded upstream and downstrezam of the tool.

The first test was run without a choke in the flow circuit. The second test included a choke downstream of
the simulated float collar with a choke setting of 46/64”. Results from the first test are shown in Figures E-
1 and E-2 in Annex E; results from the second test are shown in Figures E-3 and E-4 in Annex E.
Photographs of the test setup and are presented in Annex N (Photographs 27-50).

The flow resistance pressure versus flow rate from these two special tests compares favorably to resulis
from previous conversion tests on actual float collars. Results for the tests on the simulated float collar
and during of the previous three float collars are compared to the predicted res;stance from Weatherford
data in Figure 10.

Flow Resistance Through Float Collar Auto-Fili Tube

900

800 -

Differential Pressure (psi)

0 1 2 3 4 5 5 7
Flow Rate (bpm) !

Figure 10: Summary of Flow Resistance Tests

The third test on the simulated float callar was designed lo evaluate the test setup for the flow surge tests,
during which a sudden clearance of blockage downstream of the float collar will generate a rapid increase
in flow through the float collar, A rehearsal of this test was desired prior to testing on an actual float
collar. A ripture disk with a nominal pressure rating of 2628 psi was placed downstream of the simulated
float collar. A 262-gal accumulator was placed upstream of the simulated fioat collar and a 385-gal
accumulator was placed downstream of the rupture disk. A schematic of this test setup is shown in
drawing KY1751225-01-06 in Annax J with the simulated tool being used instead of a float collar.
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Both accumulaters were precharged with nitrogen gas to about 500 psi prior to testing. The 14.0-ppg
mud was flowed at a rate of 1.0 bpm from the pump truck into the upstream accumulator until pressure
built up to the fracture pressure of the rupture disk. After the disk fractured, a sudden flow surge was
generated through the simulated float collar auto-fill tube, with a peak flow of approximately 8 bpm.
Results from this rehearsal flow surge test are shown in Figures E-5 through E-9 in Annex E.

This flow surge test rehearsal clearly demonstrated that a flow surge could be generated with a peak flow
rate that was equal to or greater than the steady-state flow rate necessary for conversion of the float
collar, but less than the modeled peak flow rate of the Macondo wall. The flow surge tests were then
undertaken to document whether this exhibited flow surge would force conversion of the float collar.

4.6 Flow Surge Tests

The Weatherford float collar is designed to convert as a result of downward force on the auto-fill fube and
ball causing the pins to shear, which permits the auto-fill tube to flow out of the float coliar valves and
allows the flappers to close. This force on the auto-fill tube is generated by hydrodynamic resistance
caused by flow through the tube and out of the two holes near the bottorn of the tube. It is believed that
this flow and force can be generated from either steady-state flow or from a flow surge. A flow surge can
be created when pressure is built up in the float collar due to a blockage and is suddenly released,
causing a rapid increase in flow (a surge). This flow-surge scenario is the basis for this series of tests.
According to the test plan, if conversion was observed to occur from the first flow surge test, the same
test was to be run on an additional float collar to verlfy repealablhty

Flow surge tests were conducted on Weatherford M45AP float collar SN 29679918-04 and SN 29679918-
05 between 8-20 October 2010.

4.6.1 Flow Surge Tests (SN—OS)

4.6.1.1 Flow Surge Conversijo LTest

The first flow surge test used Weatherford float collar M4SAP SN 29679918-05. The test fluid was 14.0-
ppg mud. A rupture’ dlskvwas‘mcluded in the flow loop downstream of the float collar with a stated
fracture pressure of 292 =#201/- 147 psi. Both the upstream and downstream accumulators were initially
precharged with nltrogen to' ‘about 500 psi. The precharge gas from the downstream accumulator was
blocked by the downstream side of the rupture disk. This setup results in an effective fracture pressure of
the rupture disk of approx;mately 2928 + 500 = 3428 psi. The test setup is shown schematically in
drawmg KY1751225-01-06 in Annex J. Photographs of the burst disk assembly are presented in Annex
N (Photographs 57—60)

Data were ':re‘db?ded at a high acquisition rate of 1000 scans per second throughout the test. This scan
rate was higher than the previous conversion test to ensure that all transient events were captured. The
flow rate from the Schiumberger pump truck was recorded at the standard rate of 1 scan per second.

After both accumulators were precharged, the flow loop through the float coliar down to the rupture disk
was slowly pressurized with mud to 500 psi. The ball valve on the upstream accumulator was then
opened to connect it to the system. The pump truck then started flowing the mud at a constant flow rate
of about 1.0 bpm throughout the test period. The flow from the pump initially accumulated in the
upstream accumulator and increased system pressure gradually until the rupture disk fractured. At that
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, instant, the high pressure from the upstream accumulator forced 2 flow surge through the float collar until
' the upstream and downstream pressures equalized.

The rupture disk fractured at a pressure of approximately 3036 psi, as measured from the downstream
pressure transducer at the float collar. The fioat collar was observed to convert during the resulting flow
surge. Figure 11 shows recorded pressures above and below the float collar at the time of conversion.
The above and below pressures peaked at 3232 psi and 3036 psi, respactively, at time 280.2 seconds, at
which point the disk fractured and pressure began to drop. Additional charts from this test are shown in
Annex F.

The SES flow meter was a turbine flow meter positioned below the fioat coliar. As shown in Figure 11, the
recorded flow rate peaked at about 10.4 bpm near time 295 seconds, abi b seconds after the
conversion of the float collar auto-fill tube. This recorded peak ocecurred approxnmately 5 seconds
following the conversion of the float collar auto-fill tube, Conversion occurred durlng the sudden spike
and drop of differential pressure across the fiow collar, and was conﬂrmed upon d:sassembiy of the float
coilar post-test. The differential pressure between above and below the fioat collar peaked at 197 psi.
The offset in time between conversion and measured flow rate is Inkety caused by the design of the flow
meter. The meter exhibits some inherent damping of the flow response and possibly some internal signal
smoothing. As a result, the actual peak flow surge may have been ‘hlgher than 10.4 bpm and probably
occurred sooner after the disk fractured. ¥ :

Flow Surge Conversion of Float Collar
Weatherford Wi45AP Float Collar 29679918-05, § Oct 201 0 J
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Figure 11: Conversion Test with Flow Surge on Float Collar SN 29679218-05
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4.6.1.2 Back-Pressure Test

Subsequent to the conversion test, pressure in both the upstream and downstream accumuiators was
bled to zero and the lines above the float collar were vented to atmospheric pressure in preparation for a
back-pressure test on the ficat collar. The valve in the flow line below the float collar was closed following
the conversion test prior to venting accumulator pressures to retain the mud in the flow cavity below the
float collar. Back-pressure tests to 40-psi and 250-psi were performed on the float collar with a 5-minute
hold period at each pressure level. Recorded pressure loss was less than 1.5 psi/min at 40 psi and about
30 psi/min at 250 psi (Figure F-6 in Annex F).

4.6.1.3 Second Flow Surge Test with Blockage Downstream

The same float collar and mud, and an identical specification rupture disk were used:to conduct a second
flow surge test (i.e., a flow surge after the fioat collar had converted) on 12 October 2010. Data were
recorded at a faster rate of 3000 scans per second throughout the test to capture sufficient detail for any
high-speed transient events. Flow rate from the Schlumberger pump truck was recorded at a rate of 1
scan per second.

The flow loop was modified from the setup for first flow surge test by removmg two 4-ft sections of piping
and two Chiksan unions from between the upstream accumulator.andfloat collar to reduce frictional flow
losses. A schematic of the test setup is shown in drawmg KY1751225-01-7 in Annex J.

As before, the upstream and downstream accumulators were preggharged with 500 psi of nitrogen gas and
the float collar cavity filled with mud prior to flow testing. Pressure was gradually increased until the
rupture disk fractured at approximately 3297 psi, as measured from the downstream pressure transducer
at the float collar. Figure 12 shows the recorded pressures at the time of conversion. Pressures above
and below the float collar peaked at 3282 psi and 3297 psi, respectively, at time 180.9 seconds. At that
instant, the disk fractured and pressure began to drop. - The differential pressure between the
downstream transducer and downstream reservoir was 2741 psi at the time the disk fractured. The
differential pressure between upstream and downstream of the fioat collar reached a peak of 298 psi.

Additional charts from the test are shown in Annex G.

As shown in Figure 12, the measured flow peaked at approximately 10.8 bpm at about 4.5 seconds after
conversion of the auto-fill tube. As described for the first flow surge test abave, the design of the flow
meter :nciudes inherent damping of its response and possibly some internal signal smoothing. As a
consequence, 'the actual peak flow surge may have been higher than 10.8 bpm and probably occurred
sooner after the disk fractured.
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Flow Surge Through Converted Fioat Collar I
Weatherford M45AP Float Collar 29679918-05, 12 Oct 2010
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Figure 12: Second Flow §u‘r_ge Test on Float Collar SN 29679918-05

46.1.4 Back-Pressure Test

Subsequent to the second ﬂow surge test on the converted fioat collar, the pressure in both the upstream
and downstream accumulators was bled to zero and the lines above the float collar vented to atmospheric
pressure in preparatlon for the back—pressure test. As before, 40-psi and 250-psi back-pressure tests
were performed on the ﬂoai collar with.a 5-minute hold period at each pressure level, Recorded pressure
loss was Iess than 0.1 psa/mln ‘at 40 psi and about 0.8 psifmin at 250 psi. Results of the back- -pressure
test are shown in Flgure G-S in Annex G.

4.6. 1 5 Inspection

Vnsual mspectmn of the float collar subsequent to flow surge testing did not reveal any obvious wear or
damage, However the visual inspection was limited since the valves are still enclosed within the 7"
casing. One observation noted was that the O-ring located between the shear ring of the auto-fill tube
and the upper valve assembly was slightly protruding into the bore of the valve over approximately a 17
section. The rupture disk is a multi-section disk that splits upon fracture and opens up the flow path.
However, the fingers did not open completely to provide a full bore flow path and thus added additional
frictional flow resistance, Photograph 86 (Annex N) shows float collar SN 29678818-05 after testing.

Dimensional inspection was limited to the tested auto-fill tube 2nd ball. lnspectlon showed that all critical
dimensions met Weatherford’s manufacturing drawing requirements.
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4.6.2 Flow Surge Tests (SN-04)
4.6.2.1 Flow Surge Conversion Test

A blockage flow surge test with an Allamon ball® on the top of the float collar was conducted on 15
October 2010 using Weatherford M45AP float collar SN 29679918-04. The mud used for this flow surge
test was weighted to 14.0 ppg. The rupture disk in the flow loop downstream of the float collar had a
stated fracture pressure of 2928 +201/-147 psi. The upstream and downstream accumulators wers
initially precharged with nitrogen to about 500 psi. Since the precharge gas from the downstrezm
accumulator is blocked by the downstream side of the rupture disk, this arrangement results in an
effective fracture pressure of the rupture disk of approximately 2928 + 500 = 3428 psi. A schematic
representing the test setup is shown in drawing KY1751225-01-08 in Annex .. Photographs of the
Allamon ball after the conversion test are presented in Annex N (Photographs 51—56)

Data were recorded at a rate of 3000 scans per second throughout the test. A high scan rate was used to
provide detail sufficient to capture transient events. The flow rate and pump pressure from the
Schlumberger pump truck were recorded at a rate of 1 scan per seoond H

After both accumulators were precharged the flow loop through thet ﬂoat collar down to the rupture disk
was slowly pressurized with mud to 500 psi. The upstream accumu!ator was then connected to the
system by opening its ball valve. The pump truck then started ﬂowmg mud at a constant flow rate of
about 1.0 bpm. The flow from the pump initially accumulated in the upstream accumulator and increased
system pressure gradually until the rupture disk fractured at approxumately 3210 psi (as measured from
the downstream pressure transducer at the float collar). At that instant, the high pressure from the
upstream accumulator forced a flow surge through the float collar until the upstream and downstream
pressures equalized.

The float collar converted in the resulting flow surge. Figure 13 shows the recorded pressure above and
below the float collar at the time of conversion. The above and below pressures peaked at 3205 psi and
3210 psi, respectively, while the downstream accumulator pressure was 447 psi. At that moment (time =
611.676 seconds), the disk fractured and pressure began fo drop. Within 0.010 seconds, six spikes in
differential pressure (between the pressure transducers above and below the float collar) were recorded
above 500 psi, with'a maximum peak of 792 psi (Figure 14). Additional data from this test are shown in
AnnexH. [/

® The Allamon ball is a 1.625" diameter brass ball used in the casing diverter sub above the float collar. The ball was expected to be
on top of the float collar by the time of the ninth conversion attempt. The ball is manufactured by Allamon Tool Company, Inc.,
www.allamonteool.com.
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|
Flow Surge Conversion of Float Collar with Allamon Ball |
Weatherford M45AP Float Collar 2967991804, 15 Oct 2010
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Figure 13: Conversion Te‘g;‘t‘_witvh;-ﬁllamgh Ball on Float Collar SN 29573918-04

alt (i '\
Ag shown in Figure 13, the recorded ﬁow surge peaked at approximately 11.5 bpm. This recorded peak

occurred approximately 4.5 seconds after conversion of the autofill tube. The design of the flow meter
includes some tnherent damplng of the ﬂow response and possibly some internal signal smoothmg Asa
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Flow Surge Conversion of Float Collar with Allamon Bail
Weatherford M4SAP Float Collar 29673918-04, 15 Oct 2010
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Figure 14: Flow Surge Test with Allamon Ball on Float Collar SN 29679918-04
[note splkes mdﬁferentual pressure)

4.6.2.2 Back-Pressure :fest

Subseguent to the conversron test the pressure in both the upstream and downstream accumulators was
bled to zero and the ilnes above the float collar were vented to atmospheric pressure in preparation for
the back-pressure test The valve in the flow line below the float collar was closed prior to venting
accumulator pressures m‘qetam the mud in the flow cavity below the float collar. Back-pressure tests to
40-psi dN250-psa were performed on the float collar with a 5-minute hold period at each pressure level.
Recor ed pressure Ioss was less than 1 psi/min in both cases. Results of this back-pressure test are
shown in Flgure H 6 in Annex H.

4.6.2.3 "‘='--‘-%1-Se'cbnd Flow Surge Test with Blockage Upstream

For the second flow surge test of float collar SN 29679918-04, the rupture disk was installed above the
float collar to represent a blockage upstream. With this change in the flow loop, an additional U-tube
section of piping had to be added downstream of the float collar to ensure that the float collar cavity was
completely filled with mud prior to the flow test. A schematic of the test setup is shown in drawing
KY1751225-01-09 in Annex J. Photographs of the equipment are shown in Annex N (Photographs 57—
80).
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The same mud and an identical specification rupture disk were used for the test. Data were recorded at 2
high scan rate of 3000 scans per second throughout the test.

The flow loop and float colfar cavity were initially filled with mud down to the ball valve in front of the
downstream accumulator, and air purged from the system. Both the upstream and downstream
accumulaters were then precharged to approximately 500 psi with nitrogen, and the ball valve isolating
the downstream accumulator was opened. The flow loop to the rupture disk was slowly pressurized with
mud to approximately 500 psi, at which time the ball valve isolating the upstream accumulator was
opened. The pump truck then began flowing mud at a steady rate of about 1.0 bpm. Flow from the pump
initially accumulated in the upstream accumulator, which caused the fluid pressure to increase.
Eventually, pressure exceeded the capacity of the rupture disk, and it fractured. The cllfferentxat pressure
between the above and below transducers peaked at 1536 psi at the time of rup AL ihis instaht, the
high pressure from the upstream accumutator forced a flow surge through the; oaf collar until the
upstream and downsiream pressures equalized {Figure 15),

|
|
Weatherford M45AP Float Collar 29679318-04, 20 Oct 2010 ‘
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Figure 15: Second Flow Surge Test on Fioat Collar SN 29672918-04 with
Blockage above Float Collar

4.8.2.4 Back-Pressure Test

Subsequent to the second flow surge test, the pressure in both the upstream and downstream
accumulators was bled to zero and the lines above the float collar were vented to atmospheric pressure in
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preparation for the back-pressure test. The valve in the flow line below the fioat collar was closed prior to
venting accumulator pressures to retain the mud in the flow cavity below the float collar. Back-pressure
tests to 40-psi, 250-psi, and 5000-psi were performed on the float collar with a 5-minute hold period at
each pressure level. There was no recorded pressure loss at 40 psi, about 6.5 psi/min at 250 psi, and
about 7.6 psi/min at 5000 psi. A chart showing these results is presented in Figure I-6 in Annex |.

4.6.2.5 Inspection

Visual inspection of the float collar (SN-04) subsequent to the flow surge testing sequence did not reveal
any obvious wear or damage. However, visual inspection was limited since the valves are still enclosed
within the 7" casing. The rupture disk is a multi-section disk that splits upon fracture and opens up the
flow path. However, it was noted that the fingers did not open completely to provide a full bore flow path,
and thus added additional frictional flow resistance. Photograph 85 (Annex N) shows float collar SN
29679918-04 after testing. :

Dimensional inspection was limited to the tested auto-fill tube and ball. ""‘Inspecticn"shcwed that all critical
dimensions met the manufacturing drawing requirements. :

5 Summary

Performance tests on Weatherford M45AP: float collars wgfré successfully completed at the Stress
Engineering Services test facilily in Waller, Texas from 23 July to 20 October 2010. The performance
tests consisted of flow endurance tests steady-state flow conversion tests, flow- -surge conversion tests,
flow-surge tests on converted float: collars and mechamca[ failure tests on auto-fill tubes. The flow-surge
tests represented the sudden clearance ofa blockage in the flow path (such as a potential blockage at
the reamer shoe). i o

Results of testing of the ﬂoat col]ar appeared to meet the requirements of APl RP 10F for endurance
testing. Test results d|d ‘not: mducate any performance conflicts with published Weatherford data on the
M45AP float collar.: F’ost test inspection did not reveal any damage or anomalies that would affect the
intended performance of ;he float collar.

SES found théf';'for ail tesf scenarios executed in this program, conversion of the float collar occurred.

Table 5 prowdes a summary listing of all tests along with test dates, sample identification, and data file

names.:
Table 5: List of Tests Samples and Data Files
TestD_ate -f']_.g '-est Descnptlon R " Tast Sample Pty h A Date File
71222010 | Reverse Flow SN 29679918-01 1601072-01-1 Endurance
7123/2010 Conversion SN 29679918-01 1601072-01-2 Endurance
7/23/2010 Back-Pressure Test SN 29679918-01 1601072-01-3 Endurance
77262010 | FOW cycles 1 =3 andback-pressure | g\ 5g670018.01 | 1601072-01-4 Endurance

Stress Engineering Services, Inc. Page 29 Report No.: PN 1751225
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© TestDate | ' " TestDescription. | pateFile.
72712010 | PIOW veles 4 -5 and back-pressure | gy 5967991801 | 1601072-01-5 Endurance
7/28/2010 Back-pressure investigation test SN 29679918-01 1601072 7-28-10
7/28/2010 | Flow cycles 5 & 6 and back-pressure SN 29679918-01 1601072-01-6 Endurance
7/30/2010 | Flow cycles 7 — 9 and back-pressure SN 29679918-01 1601072-01-7 Endurance
8/2/2010 Flow cycles 10 — 12 and back-pressure | SN 29679918-01 1601072-01-8 Endurance
7/23/2010 g’:ﬁg':}?rgﬁféf;}'ﬁ;%t on upper shear Q;lfr?ﬂ ;”be 1601072_tube4: toppinshear
712612010 | Mechanical failure test on lower fing of ’::rtr?;g' e 1601072_ tube4_bottomshear
9/3/2010 | Reverse flow SN 20679918-02 | 1601 072-02_Rév-erse Flow
9/8/2010 Conversion SN 29679918-02 - | 1601072-02 Conversion
9/8/2010 | Flow cycle 1 and back-pressure tests | SN 29679918-02 [ 4601072-02 BackPress1
9/9/2010 Flow cycle 2 and back-pressure test SN 296?991'5;'92 1601 072-02 BackPress2
9/10/2010 | Conversion SN 29579918-03 - { 1601072-03 Conversion
9/30/2010 Flow resistance w/o choke ,,éiiﬁulaté'c‘lf;te,st tool '1601 072 Bikge Rehearsal
10/1/2010 | Flow resistance w/ choke | Simulated testtoll | 1601072 Blkge Rehearsal Day 2¢
10/5/2010 | Flow surge resistance "S:'imulatgd test tool | 1601072-1 ToolBlkg
10/8/2010 | Conversion | SN'29679918-05 | 1601072-05 Blockage_Conv
10/8/2010 | Back-pressure test ‘SN 29679918-05 | 1601072-05 Blkg_BPress
10/12/2010 | Second surge test SN 29679818-05 1601072-05-3 Surge
10/13/2010 | Back-pressure test e i SN 29679918-05 1601072-05-8 BPressure
10/15/2010 | Conversion with Allamon ball on FC SN 20679918-04 | 1601072-04 Conversion
10/15/2010 | Back-pressure test' . - SN 29679918-04 | 1601072-04 BPress
10/20/2010 | Second surge test SN 29679918-04 | 1601072-04-3 Surge Flow
10/20/2010 Back—prESSuré-iést SN 29679918-04 | 1601072-04-3 BPress
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- Back-Pressure Test After Flow Cycle 6
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o
-

{d.) einjededway

11/18/2010

e e e =

.

LA

=

e

‘ N
{1sd) sunsssig

==t

160

nEmETIE

CONFIDENTIAL

o

<
o
I~
vt
L o
i S
L ©
N
~
xr~

o x

2 e 5

S @ 3

= =

~ E £

LTl = ]

- 5

o é &

o =3

o Q@ &

8 £ 5

N 2

= -
o
o
e
©
-
o
i 2
o
A
- ©
=
o
e
S
«a
w0
-
. ©
E
o
N
o ©

e ~

b

<<

2

3

2

[FIN

BP-HZN-BLY00128545



oLOZ/2HLL XSplesueinpuy 2-10-z/01091 gL~ einbiy
(ss:wwiy) sy,
00:6¥'6  00:026  00:GL6 000006 005 00108  00:GLS  00:008  00SH/. 00087
01 s srhomme ==t 0
z 0z
v ov
il
) e
g ®
2 @
& ° 09 &
5 %)
° (7]
m_.\ £25 =
8 % 08
oL i 0oL
0102 AINF 0F ‘LO-8L66.L96Z 110D JE0I4 dYSHIN plopIaLesfn
L ©]9A9 1881 @sueInpumy Mol 0L dY IdY

BP-HZN-BLY00128546

CONFIDENTIAL




0LOZI0LLE KSPCBIUBINDUT £-|0-Z£0109L 61V 2InBy4

(ss:wwrzay) sy

00:¥5'6 08 00:9¥:6 00:¥7:6 00°Cr 6
i etk 7 HEFD = = = E=tee=h === it o . -1 Q

r
[}
w

i

{1
i

T

(do) aamessdwayj
{1sd) sunssaug

0oe

ey

00¥

T RO TS -

0L0Z AInF 0€ ‘LO-8L66.L96Z 121100 1e0]d JYSHIN PioMayesig
1 8J0AD Mmoj 1oyy 189 aunssald-yoeg

BP-HZN-BLY00128547

CONFIDENTIAL



?" (wdq) a2y moj4

1118/2010

12
0

TR N ;
A e "wmmnﬁimiﬁw»ﬁw“w-
Tﬂﬂ'"

Erlr
i e

8

=

if
1
A]

Time (hr:mm:ss)
16801072-01-7 Endurance. sk

API RP 10F Flow Endurance Test, Cycle 8
Weatherford M45AP Float Collar 29679918-01, 30 July 2010

10:00:00 10:15:00 10:30:00 10:45:00 11:00:00 11:15:00 11:30:00 11:45:00 12:00:00 12:15:00

9:45:00

(1sd) ainssauy

Figure A-20

CONFIDENTIAL BP-HZN-BLY00128548




01028411 XS[X'6IURINPUT 2-10-Z/01L09L 12~ 8Infiy
(ss:mwziy) ewang
00602} 00:90:ZL €02k 00:00:¢} 004611
06 L
0oL - 00l
0LL - 051
@ o
3 02l 00C B
L] 17}
8 s
3o e
H e
orl oog
051l 0s¢e
091 00y
0Ll oSy
0L0Z AINP 0€ '1.0-8L66.L96Z 1e110D J20]d JdVSHIA plojsyeapp
b 20?0 MO+ 1911y }S2] ainssald-)oeq

BP-HZN-BLY00128549

CONFIDENTIAL




/ (wdq) sjey mold

11/18/2010

14:54:00

14:25:12

13:56:24

Time (hr:mm:ss)
1601072-01-7 Endurance.xlsx

13:27:36

API RP 10F Flow Endurance Test, Cycle 9
Weatherford M45AP Float Collar 29679918-01, 30 July 2010

12:58:48

12:30:00

(1sd) sinssaiyg

Figure A-22

CONFIDENTIAL BP-HZN-BLY00128550




(do) sinyeladwa]

11/18/2010

15:02:00

o
@
=
<
o]
D
1
2 o
o S
o &
> w
" =
o
@&
25 g
D <
=S
T w0 =
By
@ = g E g
| £ S z E 2
=L o o E ~
) (& < = -
) — ol
=8 @ <
w8 E 2
L. fel
g = = &
: a..
ok 3
13 &
T )
OR 0
o= )
l.'g - e a5
'g ‘,[L ik o
g et 1_2 _I:Ms..‘_ m%}. : S
= : i o
g <
AL
o
<
o
B
<
b
o
<
©
B
<
- ™
o o
(1sd) sinssalg P
- 3
2
[P

CONFIDENTIAL BP-HZN-BLY00128551




(wdaq) syey mold

11/18/2010

o S
R e | -G
e i a'-“f?u:r - N
: : : oT .P' Iuwm -“ s e
i i tﬁL i o
Q
o
o
(]
-~
o
o <
- Yol
g i
O g
o 0
-
2 = o
S =
o« 1o
' &
2
— é S ”
o
32 27| @
Lo < @ g
T N < E &
B o - E 3
= i &
I B S o = =
uj © =P =
= o £ ™
23 @ E 5
S =" ] B
L1 % -
L o
bz
g4 3
- = =
0. = T
B = =
a =
@ o
<L ﬁ o
2 I
X
o
2
i To
=
<
-
[
E O
L, O
0
o
. ~ <«
o
j {rsd) sunssaiy o3
; 5
E’

CONFIDENTIAL BP-HZN-BLY00128552




QLoZgLLe XspeaoueInpul g-10-220L09L 6g-v aunfily
(ss:wuray) ow
00:452 00:£GZ1L 00:LG5:Z) 00:6%Z1L 00:L¥:CL 00:6¥:2)
O@ o 2 = = = S RaaVE e RS ..m.w_r.ul.. e Shilerndad O

001 09

oLl 0oL

0zl 05k
o o
3 B
-m [7]]
D 0gl 0oz §
e 0
o 5
o~ @,
J =

ol 052

051 00¢

091 0g¢

0L} : e 00y

0L0Z 3snBny Z ‘L0-8166.96Z 181100 120l dWSHIAl PIOLIaYIeapy
0L 8]9A0 Mol Ja)y IS8l ainssald-yoeq

BP-HZN-BLY00128553

CONFIDENTIAL




0L0z/8L

Ly

XSPUouRINpU3 8- 10-2201091

9g-y einbir4

(do) aimesadws]

00:L1:G1

(ss:wwiy) awiy

009G L 00 Lt

010z ¥SnBNY Z 'L0-8166.L96Z 121100 Je0ld dVSHIN pIopayjeaiy
L 81249 s3] eouBINpUT MOL] 0L dN IdV

{1sd) aunsseiyg

BP-HZN-BLY00128554

CONFIDENTIAL




0L0Z/8L/LL XSpUsdURINPUT B-10-2Z0L09) Lz- ainbiy

(ss:wnuzy) suny
00:12-G1 00-61:GL 00-LL:GlL 00:GL:Gl QoeL Gl 00°L LGl Sl
06 {ommmms _ sy EeE EerEmETTEE S mrrerE O

00} -

OLL A 001
- 021 05k
© o
:
o "
N [~
mOMr oowm
3 g
3 g
= ovl 08¢
QgL 00e
0oL it N s e e 0ge
0Ll 00¥

0L0Z }snBny  'L0-81.66.L967 11100 3201 dVSHIN PIOLIBYILON
LL @194 mo|d J9)1Y 1S3]. 2INSSaid-)oeq

BP-HZN-BLY00128555

CONFIDENTIAL



QLoZigLLL

XS|X'BourINpU3 §-10-Z£0109)

ge-y ainbly

(wdq) s3ey mol4

0028 L1

00:2e:L)

(ss:twwizay) awiy

00:£€GL

00:¢e:G)

00:£0:£)L  00€S'9 00°2€:9L  00:2Z'9L 00:£019L  00:CS:Gl

s e~

1012

cl

0L0Z 1snBny Z ‘Lp-8 L6696 1e][0D Je0|d dVSHIN PIoLISUIRaAR
21 91249 9s9) soueInpug Mol 0L dM IdY

(1sd) sunssaiyd

001

BP-HZN-BLY00128556

CONFIDENTIAL




GLOZ/BLLL XS[K'@aueinpul g-1.0-2.0L091 6¢-v 2nbiy
(ss:wwriiy) sun .
): ooel:gl 00-€0:81 00:€G:LL 00:€¥:LL 00:€€:LL
00l B e ke 0
oLl
0001
0¢)
g iRl 0oae
— B
o R
3 ~
ke ]
g @
o orl - 000t §
= (1]
o )
3 £
051
000¥
091
000G
0LL
08l —— e BT o009
010Z 3sNBNY Z ‘L0-8L66.L96Z 181100 104 dVSHIN PlojIayjeapn
(z1 91949 mol4 aaye) 1591 9ouRINPUT MOJ 1Y $Z 1O)Y 1S9 |, 2INSS8l oy

BP-HZN-BLY00128557

CONFIDENTIAL




CONFIDENTIAL BP-HZN-BLY00128558



BP America Inc.
Engineering Report on Testing of Weatherford M45AP Float Collar 22 November 2010

Annex B Mechanical Failure Tests

Stress Engineering Services, Inc. Confidential Report No.: PN 1751225

CONFIDENTIAL BP-HZN-BLY00128559



0Loe/8L/LL

xspcaesysuiddol yaqni 2201091

b-g anfi

(u1) yusweoejdsiq

ﬂﬁ 1

il
B

0LOZ AInf €2 'y 84NL 8LGELIGT 110D 180l JYSHIN PIOLISYIRaMA
9qNL [[14-03NY JO UOISIOAUO?) [eoIuBY99)]

009

0001

00g1L

000¢

00s¢

000¢

(a1} sa104

BP-HZN-BLY00128560

CONFIDENTIAL




010z/6L/LL Xs|xieaysumed pagniz20L091 Z-g ainbiy

(ru1) Jusweoejdsig

i st

o e

|
i

I':I MVW!

0

= i emate et = EIEE T
§ieii bt b |y narae e e i
iEsEntl LRt IE S o
: oEeiz i Eiey

£

AR 9

i

'I'l:ﬁl‘: 121
1

|

!i
4

0004

o

eiha

0008

- 0006
0102 Aine 92 ‘p 2qnL 4e1j09 Jeold dySyIN PloMsyeapA
aqnl |l14-0Iny Jo wonog jo Buipeo jesiuey oy

BP-HZN-BLY00128561

CONFIDENTIAL




CONFIDENTIAL BP-HZN-BLY00128562



BP America Inc.
Engineering Report on Testing of Weatherford M45AP Float Collar 22 November 2010

Annex C Flow Endurance Test (SN-02)

Stress Engineering Services, Inc. Confidential Report No.: PN 1751225

CONFIDENTIAL BP-HZN-BLY00128563



oroz/tr/or XSPCMOL 851303Y-20-2£0T09T -2 3nd4

(ss:muray) awny,
00:0€:8L 00:00:GL 0o0cel 00:00:2L 00:0€:01 00:00:6

00:00:81
0 . =

(1sd) sanssolyg

(wdq) ey moj4

0L0Z 3d8S € ‘2081662967 1BII0D 120]4 dVSPIN pIojiaLzeap
1e[|0D 1e0[] Ubnody | moj4 asionsy

BP-HZN-BLY00128564

CONFIDENTIAL



010Z/81/11 H5|X'MO|4 95I5ARY-70-TL0TO9T o
(ss:wwziy) awng
Om T5=La! = SIS EEw s Bes g it 77, srerar iy = V e e =El . = i =

00}

oLl

o
o~N
-—

i iaa=i

oglL

(2.) simesadwa)

(047

051

02l -

0102 1d9s ¢ ‘20-8166.967 1ej0D Jeold dVSPIAl projsy eI
Jejjo9 jeolq ybnoay) mol4 esiensy

{1sd) sunssaig

BP-HZN-BLY00128565

CONFIDENTIAL




otoz/tt/ot ¥SPCIAD]S 3S1902Y-20-2£0T09T £y aunsiy
(ss:uwny) awny,
00:00:81 00:00:G1 00:0e€lL 006
OF il g Speilean =l 0
§0L 3L g0
(3 - b
SLL 'l
g @b Bz 2
= =
(7]
Z o &
= Sl peEtEEEEsEEdEeT e e e T e 49T e
g —
5 g
= €l -¢ 3
5l R
14 14
Syl
m_\ 225 m
0102 3dog € ‘20-81.66.2962 121100 304 dVSHIN P1oHayIRap
iejjod jeold ybnoiy| mojq osiansy L

BP-HZN-BLY00128566

CONFIDENTIAL



(wdq) s3ey moj

10/11/2010

12:15:00

=]
2
wy
o b
§ s
=3
— @
mw
= o
o "
e s e : o
i I~ ol iF =
& D8 i) ) :
SN — " 8
23 HUE R £ |
2= 2 P IR Bk E Z
el E " sk - = 2
e i D &
=9 & = 2
28 £ 5
< [=}
(=378 o g P
o S .
] w
E 2
2 E S
53
=
(3]
£L
d
©
@
o
= S
w
<
o
=
’ .; ‘-l
4 e TR
it N i 2= (@]
R S
! (F§ el | i L Aot LRIB 1 il ! -
| - rg
8 8 & & 2 2 o o3
(13d) sinssaug g
e

CONFIDENTIAL BP-HZN-BLY00128567




010z/11/01 XS[XTIO] BS18A0Y-Z0-2L0TO9T §-Dandyy
(ss:wwiy) sun
00:GL:Z) 00:G¥iLL 00:GL:LL 00:6¥:0) 00:51L:0} 00:57'6
06 == - - - ! . : 5
001 u G
i

Gk
=
o e
3 ozl 2
H 1)
a) =
£ o
2 ol @
H N

orl

0§l -

091

0L0Z 3deS 8 ‘20-8166.96Z 181100 10| JYGHIN PIOHBL LA
1ejjog 1eo]4 ybnoy| mojd 9SiaAay

BP-HZN-BLY00128568

CONFIDENTIAL



0LOZ/LLOL KSJKUQISIEAUOD-Z0-ZL0109) 9-0 ainbi
_
! (ssiay) sung
00:'9¥:€l 00:ptcl oogtel 00:ge€Cl 00:9¢:€l
T T A — - . : ! = =g O
00l
002

(wdq) sjey moi4

o
(=]
2
(1sd) sinssaig

00%

00§

010% 3dag g “20-8166.2962 421109 12014 dVSHIN PAoLIBYIROAL

pnpy Bdd 0P L UM 1$8] UOISIBAUOS) JBJ{0D 3E0)4

BP-HZN-BLY00128569

CONFIDENTIAL




010z/LaL XS|X"U0ISIBAU0D-Z0-ZL01.00L -0 ainbi4

(ss:wury) aunp ),
0G-¥Pgl OV ¥ygl ogwigl Qv el OLrt=€l 00-¥HEl 05-¢ev€l
: === ; s ssE + 0

O =H = S br A DBV ndlians)
5

00k

o
o
) 52}
(isd) sinssaiy

{wdq) syey Amol4
4]

00¥

S 0s

010z 3dag 8 ‘Z0-81.66.£962 11109 180|4 dYGHIN PIOHBUIRaAR
pnpy Bdd g ¢1L upm 1S9l HOISIBAUOY JBjj0 120|

BP-HZN-BLY00128570

CONFIDENTIAL



QLo 10k XSCUQISIBAUCD-Z0-ZL01091 2-0 aunbiy

(ssrwwray) sy,
0GP el ol 0EFiCl oc-viel OLibel Q0:F¥:CL 0G e clh

ey O

0oL

1 00z

(=]

(]

™
(1sd) sunssaiy

(wdq) sy mojd

00v

009

010Z 3daS g ‘20-8166.2962 121100 12014 dYSHIN PIOLIBIESN
pnpy Bdd o'y - 359 UoIsIPAUOY) Je]j0) Je0)

BP-HZN-BLY00128571

CONFIDENTIAL



1111972010

i i Ik j".“ |
e i
; i i
il
1 ol

Test with 14.0 ppg Mud

Flow Rate (bpm)

1601072-02-Conversion.xlsx

Float Collar Conversion
Weatherford M45AP Float Collar 29679918-02, 8 Sept 2010

A A et [
b

) | (isd) sinsseud

Figure C-9

CONFIDENTIAL BP-HZN-BLY00128572




010271101 XSXLSSaldORg-20-2L0L00L 010 enbiy

(ss:wuray) aung
PLo 00E¥L  00EEHFL  00:6TFL 7l
= = = ‘ r T .\m«.... “ : _ =t a.un. ... 4 T b e Lt = w” O

s

(d4,) sanjesadwa)
(isd) ainssaig

BP-HZN-BLY0012857

CONFIDENTIAL




oLoeren XS|X'| Ssald0ra-Z(-2£01L091 T
(ss:unuiy) awny,
00:00:LL 00:0¥:91 00:0¢:91 00:00:9L 00:0¥:GlL 00:02:GL 00:00G1 00:0¥:¥)
g SEfeeat
0¢
c
¢ oy
i
— w = | d
: o 3
: £
g 9 ‘
g ]
3 08
ER o §
._m 001
8 - i
o
° i
N - OpL
0102 1dag 8 'Z0-8166.962 42[10D J8O[d dVSHIN piopiayIes
dejjod 1eol4 ybnouayj moj4

BP-HZN-BLY00128574

CONFIDENTIAL




oLge/LLaL XS ss8d%Ied-20-2.01L09) ZL-0 2Inbly

{ss:uuay) sy
00:90:/LL 00:95:91

08 0%

06

e

001 M I i - I i .... 15 ..‘....‘.w,. . ,. % 0S1

(1sd) sunsseig

(4o} aampesadwe)

0LL

S ooz

0z} | 05z

0102 3dag 2 ‘208166962 11100 180I4 dVSHIN PIoMaYIeapy
L 81940 Mo|4 J9)Y 188 QInssalg-yoeg

BP-HZN-BLY00128575

CONFIDENTIAL




11/2/2010

{(wdq) syey moi4

@D ee} P~ o] w < o o™ - (=

13:40:00

13:20:00

= o
= e
™~ ik 8
o TR 2
% e i !iﬁ‘q\l":‘ T s ke ::—) ]
= 05 b !
= :
Q of o
- :
fed |
T 5 A
o5 N
=] w k]
<= o b v
= S E ¢
i g o S = %
= O ol - W
£ 0 N i
= = o 2
~N 3 £ 5
o i oF | 3
€& o S -
> o
L BT/ 3
z= 5
ST
o
ol <
@ o
£ g
i % g
= =
o
2
Lo
o~
-
=
o
<
o
2
LI
. baa ©
] {1sd) ainssaig %
w

CONFIDENTIAL BP-HZN-BLY00128576




010zl

(4.} singesadway

XSX ESSAIOBE-Z0-ZL0L001L L0 2By
(ssiwway) awiyg
00:0¢€l
[zt O
0S
051
U
®
]
L
00¢ 3
o
o,
0S¢
00¢
0se
' —= 00F
0L0zZ 1d9S 6 ‘20-81.662962 1B]j0D 10| dYSPIN piopiayjesp)
AejjoD Jeold uo 1s9] alnssald-yoeg

BP-HZN-BLY00128577

CONFIDENTIAL




oL0zzILL ! XS Z88814MIRE-202L01091 g1 sy
(ss:uwunay) ewn .
00:ZL:%L 00:90:17 | 00-00:¥} 00+¥5EL 00:8¥:¢lL 00:grel 00-:9¢:€l 00:0g€L
0 e e s 0
02 -
= iig 000L
op fohinias
000z
09
g o
| ®
T 5
. o
o 4 | =
= 08 0008 &
© : _ =
- o
A =
001
000t
0gL
000§
ol
D@} === 0009

010Z 1das 6 ‘2081662967 12]j0D yeo) dVSYIN piojeiiespy
18[00 JeO]4 UO 1S9 @Inssald-)oeg

BP-HZN-BLY0012857

CONFIDENTIAL




CONFIDENTIAL BP-HZN-BLY00128579



BP America Inc.
Engineering Report on Testing of Weatherford M45AP Float Collar 22 November 2010

Annex D Flow Conversion Test (SN-03)

Stress Engineering Services, Inc. Confidential Report No.: PN 1751225

CONFIDENTIAL BP-HZN-BLY00128580



0LOZ/LLIOL

{wdg) s3ey moj4

XS[X'UOISIZAUCD £0-ZL0109L 1-q by
(ss:wmuriay) swiy,
00:8Z:¥1 00:9Z:1L 00:72:¥1 00:2Z¥l 00:02:¥1
ik =] i _“nnr.ﬂ. AT Erel THELs 3 ¥ AT o
002
00t
F i e S 009
o
008 &
n
=
@
0001
0021
00¥ 1
0091
s 0081
0102 3daS 01 ‘€0-8LB6LIGZ 8]0 3e0]d dVSHIN PloaLeap
pny Bdd 'L - 3s91 uoIsIBAu) JR|j0) Jeo)-|

BP-HZN-BLY00128581

CONFIDENTIAL




0L02Z/LL/0L XS[XUOISIBALOD £0-240100L Z-Q 21nbiy

(ssiwwziy) ewyy .
0G-2e¥l 0¥-2e ¥l 0€ZE L 0¢-¢evl oLZeEYL 00-cevl 0G:LE YL

isd) sinsssig

(

(wdq) syey moj
Ls]

Ows = == difEHGI TR ?Wﬂ-« s e e g S== i - \wm :.4.1\ S pf. OON—;

0102 3das 01 "€0-8L66LIGZ 181100 Yeo|d VSN PAoJIayjeaps
pny Bdd gL - 391 UoISIBAUOD JBjj09) Je0]-|

BP-HZN-BLY00128582

CONFIDENTIAL



(=]
S
L {(wda) a32y Moy S
2 q, o =
e 7 D ?
; w
[
g
<
bl
c%_ !
=
= "N ;
2 X 1
o X .2
=3 =
= o
o @
a2
poy o
33 :
e <
1 o~ #"x'-
0 o X =
2 & Tl B
Qa 2
i s @
) £ £ 2
c = £ 5
3 £l 3
<
o . =3 N
= o €D o
= = o § 1=
o &= S = £
oL &
25 2
< = =
==
| ¥
o
=g
85
2 < S
i P
o 2]
= = '
N
i : <
; i B
%Hi - .'-‘- : > ""-‘I o -N:' _l :‘_' ‘ ‘.’:‘j:".“ ||'.j?'-|‘:1:l i
) ‘., ; ,!.I i A= : ‘._ F?‘MJ
lp 5 SRl ! :: V, ::, O
i o
<
&
2
<
g - 2
a
. (1sd) sinssaig -
)
2

CONFIDENTIAL BP-HZN-BLY00128583




Float Collar Conversion Test - 14.0 ppg Mud
Weatherford M45AP Float Collar 29679918-03, 10 Sept 2010
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Engineering Report on Testing of Weatherford M45AP Float Collar 22 Novermnber 2010

Annex F  Flow Surge Conversion Test (SN-05)
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Flow Surge Conversion of Float Collar
Weatherford M45AP Float Collar 29679918-05, 8 Oct 2010
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BP America Inc.
Engineering Report on Testing of Weatherford M45AP Float Collar 22 November 2010

Annex G Flow Surge through Converted Float Collar (SN-05)

Stress Engineering Services, Inc. Confidential Report No.: PN 1751225
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Flow Surge Through Converted Float Collar
Weatherford M45AP Float Collar 29679918-05, 12 Oct 2010
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BP America Inc.
Engineering Report on Testing of Weatherford M45AP Float Collar 22 November 2010

Annex H Flow Surge Conversion Test (SN-04)

Stress Engineering Services, Inc. Confidentizl Report No.: PN 1751225
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BP America Inc.
Engineering Report on Testing of Weatherford M45AP Float Collar 22 November 2010

Annex | Flow Surge through Converted Float Collar (SN-04)

Stress Engineering Services, Inc. Confidential Report No.: PN 1751225
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BP America Inc.
Engineering Report on Testing of Weatherford M45AP Float Collar 22 November 2010

AnnexJ Drawings

Stress Engineering Services, Inc. Confidential Report No.: PN 1751225
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—TYPE H-H2 ADJUSTABLE CHOKES —
MAX 2" ORIFICE

i
%

ST

SEAT Z” ORIFICE

24 HOUR ANSWER/ORDER NUMBERS ¢ TEL: 1-800-882-3717 © FAX: 713-466-3189
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BP America Inc.
Engineering Report on Testing of Weatherford M45AP Float Caollar 22 November 2010

Annex K Mud Reporis

Stress Engineering Services, Inc. Confidential Report No.: PN 1751225
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Mi SWACO....-
e ANALYTICAL SERVICES LABORATORY

5950 NORTH COURSE DRIVE. HOUSTON, TX 77072
281 561-13B3  FAN 281 5517240

Project Number; AS155-0728-2010 Analyst : Marc Churan Date : TR2772070

Sample identification: Play Sand from Stress Engineering Services, Mohr Engingaring, Hempstead Yard

Eguipment Test:  Lab Master # - 20102238

Request : Sieve Anaslysis

Testing Procedure : _Sieve Analysis of submitted sand sample

Test Data:

1 -10 mesh and +20 mesh 1.88 wi%
{ -20 mesh and +40 mesh 17.6 wi% |
~40 mesh and +50 mash I 54.7 wi%h |
£0 mest and +80 meash 172 widk i
-80 mesh and +100 mesh 4,76 wi%
-100 mesh and +200 mesh 3.59 wi%
-200 mesh and +325 mesh Q.16 wi%h
| -325 mesh .01 wt%
Copios to:  Jack Littlefleld Signed:  Mare Churan
Cole Vanva . :

Jay Forresler

Page 1 of |

Natice; This repost is limited 1o the described sample tested. Any persan using of relying on this report srees that M- Lo and its
alfifiates shail not be liabte for any loss or damage, whether due toact or amicsion, resulting from such repad orits Lse.

CONFIDENTIAL BP-HZN-BLY00128646




WA R-—BASED MUD RQPDRT No. 1 |
 Depthi[vD | - § '

| _Mud Type! Spud Wod
Aetivity

]

w2010

P : L Water Degste! [
Operator: Stress Enginesing Fiold/Aez:
i Report For: Kenneth Young Descrimion @ Test
Well Mame : Liscaticn @ Waller County
Contractor : -] Wl Ho. <

_Report For:

. DRILLING ASSEMBLY. T T CASING. '_"_fﬁ_f'“ WNUD VOLUME “(pon |
Bl Sare D i . 3 4

ule

] Adtive i
| 4
T lewrmedime ] Tl irealiting Yol ]
far ‘»mr.:m

~ MUD PROPERTIES
| Prrmi6eon

uIJ ! i ‘ ___._- : __‘ -,h ’
Nal | ] ; - ’
j — [souos EQUP T SEe |
!. ' ‘: b - £ e Uy i Ve K _4‘

L . _
; s anes - )
I I
|
B ] Mﬂ“ﬁ“PROﬁERwsPE’_ lt:A“nbNS ]
| - - \'cwll‘ ‘

| i s

— j . - - "
I ""‘EE!.TA'ﬁx—sIﬁmeﬂ.mm : REMARKS - il

i

T[HE DISTR Last 24 RUD VOL ACCTG
T T oA ! ;

Timwrtd e ——
1 TﬂH EI*'GRJ PHOHE j

i

i':l_i !.-tum': ‘I\.‘l"-; COsy

|ColeVenys  omament| . luspi2eae0 | uSD 120000

W |
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Mi SWACO...-

“Dperator : Stress Engincering
Report For - Kenneth Young
Well Name :

Cantractor:

__Roport For:

______Date| 7242010 | DepthivO aiw ,ﬂj.'j_._'"_".l
Spﬂﬁ Bate | ?mﬁ,’Eﬁ_‘iﬁ_ _Bud Type | Spud Mud g
Wator Dinth | Bgtivity | .

Ficld/Area :
Description : Test
Laocation : Waller County
-1 Well Mo_:

T DRILLING ASSEMBLY |7 t_:_ASENG MUDVOLUME (bbl) |~ "CIRCULATION DATA
Bt 0 | Siirdnoe 1 Tiole ; g I
!J'-\wlr.*b 1{32" R covpmpnbiegn. o P 4.X8in ¢
! li:tll Pipe Sea Length T T Ifermediae ANt 1Pl " oeligtkc |
t0in . | R s, e Prmp o
;[ Hnil I'II\C Size Lenmh | lslenradinge i Totwl Utrentatme Vol | galimin =i
|0 in i A . ‘
i Oridl Collar Size Length Fradloetion or Lince l In Rz .
i . i ol L i Cirgulteng Presam
MUD PROPERTIES i FRODUCT S USED LAST 24 HRS o
1 F I D “vl.h. b A
IE [ o LEA T
| - S S [ R—

REMARKS AND TREATMENT o

:1. &

CONFIDENTIAL

 THAE DISTR _ Las:z-:-fm WUDVOL ACCTG (b
tiz UeService - CAdded Lb“l

MR

|
|

SoLD psm:.vszs (Gafbmby
Ul
L

WUD RHEOLOG_V_&_HIDRAUUCS
n'L \¢' tIlucs
5

B ENGR S PHONE

_o9g-220.770t

RIGPHONE

ik

il

Uit

Y rlﬂ{mh{mnnlulg ' 29
| waREHOUSE F’Hﬂ-‘i"’ E

C‘bﬁh‘ XTIVE COST

:.«MLY COST

4___1_

; USD [20000 USD 240000

BP-HZN-BLY00128648



A WWATER-BASED MUD REPORT No. 3

i SWAEQM

i __ DepthiTvD, i ft
W I St Ti20% _M_!ﬂj_gpg, e S Mg
| | \ater Dcpth i L Achivity! o i
! Operator. SmEngmeemg Ficlditrea 1 ]
Report For: Kenneth Young Deseription | Test |
. Well Name : Weatherford Topi Test Location © Waller County [
. Contractor: Weil No, ¢ l
Report For = R T
DRILLING ASSEMBLY CASING j MUD VOLUME (bbD | . CIROULATION DATA
0. i [ Surfice i Hote | Pamp Mk
fiiermatinte ST M
&0
intermaedinie 1I “Totil Circclating Vol
Production or Lince !. i Srornge
i

_MUD PROPERTIES

1 P]’[’_@O‘]:ZD Prr(a-li:_l_s_ _PT@19:00 ;r'
S i il ] HOLBEG | i35
2.2 1220 FOOF | I00LBBG | 12
= SOLBBG | 15 |
120 B _ ) —
5133 | srae o]
=l t ) I P | |
18 | o
5 I SR
101 Gmi30m Gel LS/t~ !
AR Fluid Liss — I
IITE{P FL Temnp _ :
PIATTHE - o
Size r
— {

- REMARKS AND TREATMENT i o REMARRS‘ R
' 2 ENGINEERING SERVICE CHARGES FOR TODAY TO ACCOUNT FOR
| ENGINEERING SERVICE CHARGE ON 7-19-2010,

TEEDETR Fast gg Hem | Mgpvgl.gg g (BB} SOLIDS ANALYSIS (%/bibbi} |
Mo UpfService i i ot agded 0 g S ﬂ%{,%.l\
Torit 4“:m,r Adveq T R L T

(TS 5

I‘ ] ‘Ttulllt. tove Ty

— |- 0865 i
11347197, T An

S éﬁ“
3 rsrinrn male. _H_ /e

- L & O £ 7 i 2% I i
T EiA TERENE - RIG PHOME | WAREHOUSE PHONE | UAGLY GOET | CURMULATIVE COST |

| ; |
N

CobVawa _ emememor| | 7136762127 |USD 6358 | USD 035

CONFIDENTIAL BP-HZN-BLY00128648



o WATER-BASED MUD REPORT No.
M] SWAC__g, ! Date] 7/23/2010 | OepthiTVD | TN -
| ) | SpudDate! TROZMO | Mud Type)  Spudfug ‘
— Water Depth | . i Activity! |
! Cperator : Stress Engineering FinldiAres : =
| ReportFor: Kenneth Young Description @ Test
Well Name: Wentherford Tool Test Location ; Waller County i
Contractor; M-l Well No. : |
. ReportFor; iy 1
| DRILLING ASSEMBLY | CASING | MUDVOLUME (bbl) | CIRCULATION DATA {
(BilStee 0. Surface ] 1lule JF Tupp Makd
Jr‘ggﬁ-:_t’_u o~ Y 1 £ ¥ AR, A e 4 Puanp ‘izml
D’Lh Pipe T I Trtermediate | Antive Pifs Pumg € .1;!‘

om0 o XE
Urul Pipe Sire Taéngth

DnIJ Callar Sim

Tntemmaiate

lemgmh | modoction of 1.4
ft }

Te Stimne
Q. .

MUD PROPERTIES
‘,i,: PITRNG:30
tua 'ul ; @}22*
T Sul
aF | i'.’.
L AT30
i o=
= S SR
j:.T,E . —
I 1TeT 1 ) :
IO 120 P
ceHE min 17.0 ~ 170 l
ec/30 min s SET
153" Tl A
%Nl LT W S
R ‘.;‘v.ul 0783

LATkal Nead (L
PEMT
Chlaridey

A MAR—;
A | B}
y I T
i S [ S
| REMARKS AND TREA“ mENT [ -

mq
!'1 O

¢ Formading

Fhel el

Tl Ciroulating Vol |

Punip stk mm |1 :T

L A lmz'i_b

T PRODUCTS USED LASTZ HRS

1 | Products
EERING SER\’ICL )

Chiema l:“m -
fﬂdli%{%t? ." i

(Hher
Jwgred T

| "84 ENGR | PHONE RIG PRONE | 'WAREHDUSE RHONE | DAILY GOST | CUBULATIVE CAST |
| Cole Vasya 979-220-7701 | L 7136762127 USD_1,200.00 USD 1023544 |
CONFIDENTIAL

BP-HZN-BLY00128650



WATER-BASED MUD REPORT No. 5.

i S =, !
5 M[ Sw ‘—Q [ Dato! 712612010 | Depthiva | LT K I
| S I Spud Date | 722012010 | Mud Tune| _ . Sous Mud B
i Water Dopth | _Activity | T
Operator: Stress Engineering Ficld/Area ; |
Roport For: Kennsth Young Description : Test 1
Well Name : Weatherford Tool Test Location : Waﬂx:rcucmnzv
-‘Contractor : Well No. :
Rc_portFor. ,,,,,,, i e
DRILLING ASSEMBLY | " CASING | MUDVOLUME (sbf) | CIRCULATION DATA i
B.in R Starlpens i Hole i Fumg \hlu e i
Nomles mz" . : | T Xoin CoXoam T
Drilt Pipe St Intaricdinne At:ﬂ.i;g Pils maV§k | ik
0.in iy
Duill Plpe Size Mtermedinge Toal Clreuing vo .1 i
0.in ! sy
Dl Callar Size Production or Liner [ n S
Q. i |
MUD PROPERTIES e
I PI'I‘_@GQ-OO PIT@!Z:OO ‘n 30 }_E Tl 700 Producis _Sie | |
S '“_fk ——+ Sa— .; ENGT&M@SERVK{ P EBA ] ;
! i . ot -
el | IZ_Q lzlymﬁiﬂ? iz |s@m FATTEGT 1
spt |
o N N TR - 0 - ~
%428 | 3ane 34278306 - :[
= S R S A A B =
- b ! : -l i
P 16 z +
53 Tl 12
T M Alm Gel I 00T Of -~
AP Flund Logs e 30 niin i
]{']HP FL Temp ee30 min | i
‘ Tl j
Vol
\t‘. j ]

ﬂ'\'td i_ o
b

___HUD PROPEETY SPECS

Weinhit - N
|- Visensity B
Filtrty i

| 1
| i
I ) ?
(TIME DISTR__Lost 24 HnsT MUD VOL ACCTG ___{bb) |
(R UpiService 1 0 N'»CI
]Uﬂ"ﬂv:,__.,.____ - S e
npping I Lt DT'WIL
“Jnn—mrlucpm Tom| Bentonite
| il SaHis
| | Weselit Miner iz
i Chemigal Cone .
i Inentffenct 2 M () s
1 F i . 3T T VA DS (miny o
o [4] TN nrh (i muL . i [ D
(RIG PHONE } WAREHOUSE PHONE | DAILY COST, | CUBULATIVE CQST
| 1 ¥
1 713-676-2127 USD 1200.00 USD  11435.44
BP-HZN-BLY00128651
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f""

M SWACO .-

Operator: Stress Engineering
Report For: Kenneth Young
. Well Name : Weatherford Tool Test

F'e[dem H
Descripfion = Test
Location ; Waller County

_Wiud_ Typef it
Activity [

| Contractor: Wall No. @ !
| Report For: -
DRILLING ASSEMBLY | CASING | WMUD VOLUME (b1 | CIRCULATION DATA

S o Sufiace =T Tl o N ]
Moerdes 1327 e l_ ) Pu 'mqr
\ THAll Pipee Siee Lénpth Intermedtns i Active Pus L Putmp Cap ! .
10.in it — - - Prgnp sth/min
| g).ui Tige Size benl | Imenmedine t Tl Clreatating Vol :

it ] oy
Dl Colli Size !.I:Ig;m l Produttian at Lines (o Storage
0.in i

MUDF PROPERTIES

SIE] ————

a'."_{:yupic.Frmn
Fliny Line Terep

T PIT@mm,Lp_:j*_Qwoo @500 |

[Bepth VD

.,r.

I‘MH‘J \\' Lll,i'ﬂ T

PRODUCTS U usan LAST 24 RS ]

" [Proluets, LSt
_[ENGINEERING SERVEL EJ\ 5 oo}
It GEL ! INLBRBG | 1

Alkul Ma
| PO

| Chiorides
Hurdness Ca

NADOTHAET

e

TIME DISTR st 24 Hrs I HUD VOL ACCTE {bbi SDUDS ANALYSIS (%ﬂhnﬂﬂ MUD RHEOLOGY & HYDRAULICS
”imjﬁﬁ’é'r?ﬁ S Ahded :\J Nl 1.0 ‘!" i) T S, S5 SS
by a:.-r Agdsd 0 U A T | -
trm{nnp _Ltu-.s flecemed 1) { 3"7373 g lREI 1057 [y I NS
Non-Prklicriv eakors ! .

b {m ool

memmpmme WAREBODUSE BHONE ' DAILY COST | CURULATIVE =081 L
Cole Vanya 979-220-7701 | 7136762127 ‘J' USD 122674 uso 1246621x |
CONFIDENTIAL BP-HZN-BLY00128652




MiSWL , WATER—BASED MUD REPORT No. 7

! 1 \ . A Datei JTi2e2eig | DepthiTvD | L BILR o

; o i e XI _Spud Date | 7205 |____Mud Type o Q;:.;ﬁ g

b oo weomen it e e e — i WaterDepth |~ Activity | —

| QOporator: Stress Engineering FioldiArea :

| Ropert For: Kenpeth Young Description : Test

i Well Name : Weatherford Tool Test Location : Watller County

| Contractor Well No. :

| _ReportFor: ) R ) s o

i DRI‘LLI‘HG ASSEMBLY | _CASING MUD VOLUME th:n r ) CIRCULATION DATA !
i Suefige Thole ; |

et P.ux. Sisir

Q. in_, e S 2
FJuii Tipe Sive Tmcrmedinge -
G.in__ et e e e _1
DAl Coltar stz Productlan ar Limer _I
Q. in .

" MUD PROPERTIES

I s \m._“
1}

PRODUCTS USE.TQ LAST 24 HRS

.?ﬂl@@..ﬂ'ﬂ PQ&IHN ( PIT@L620° | Pmoducs Sie 1 _AmU |
- I N . | I::_Q\'E‘SRINGSERV[( L EA '."
| -f— |
| TLT5@00°F | i B I
‘ - - T ;
120 :’.ﬂ 120 ] ! I i
58738 4929 S131 \ g . S
o = - -/~ I ik ) i
e i - ¥ -~ ] N E S, R
I 20 20 i 20 i i .
Ihoon: 8 9 i 1l i |
10/ TE G/~ F-1- i Tl I h
3 min - - |
e300 rn

e f . 1 MUD PROPERTY s‘P“Ecs
i - 1 \\cu,]ﬂ i ‘
i . i I { \".:rn»m i e
[ ) 1. — B - e
: i g ! A |
! REMARKS AND TREATMENT REMARKS |
MUD VOL ACCTG {bbi) | SOLIBS ANALVSlS (%!iubl} [T RHEOL_OGY&HY_DRAULICS )
3 O Added e Sy wk_'\'i'ns-r.u_ - ] N
£t TWater Aded ! H l‘t )
L e Muod Heoeiverl
L oy Shakers
3 Gvitporad o
A L enlupe
- | Formation
tH TEetl o ke
i 1 Cither L
L [ Cremped ™~
| W1 ERER T PHONE
| :
‘ColeVamyz L Smn0TI0N. usn 1386218 |
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Ml SWAC o

_ WATER-BASED MUD REPORT No. 8 |

i Datei Tagaw1n | DepthiTVD, o it
e ___SpudDate TRO/ZDW | MudTyme!  Spud M Ll N
" Water Depth| _Activity | _ |
" Operator: Stress Euginccring FictdfArea:

Report For: Kenneth Young Description 1 Test
[ Well Name : Wealhedford Tool Test Location : Waller County
| Canlractor: Well No. :
| ReportFor;

____CASING | “MUDVOLUME (bbi) |

Sorfise b T il

{_ DRILLING ASSEMBLY _ ___CIRCULATION DATA

T H.f'r;\c S

(Oin Lo 5 : Fump
I [Tipe Sirc Lengih Tatat Lz.\.ul.wm\ viat |
s ] |
aw i - | o
ol Lenpth Trodicdion or Liner T Shor age ¥
. LLm - b

~ MUD PROPERTIES _PRODUCTS USED LAST 24 HRS
[ Froduers 1. Sim ‘ At

“_”_A }Prr@{nsﬁb' PIT@09:30 prr(mss 1
3 WL‘NGSNE:RING SERVY | 1 EA

S i CotesG | i1
25@_s=l= 1235@&2.,. :

L tel3l I“lm
) cu‘30 min i
. £ 320 I
A
ol |

REMARKS AND TREATMERT

_._MUD RHEOLOGY & HYDRY
VVIII!IL‘ —

| l v-:mml 1t

. ‘i ?.cmri&u:r B &, .
| I Cormatian - ]§ 3 - b
|_ ! Leindfole, 0 F 1 r%w {aidmin) = .
: A thher it ! | {itmng
1 ! | Dumpd S g X "—1};!51(..111’1 (___Jluﬁh ] d%‘Tﬂ T -

" B EHGR ] PAONE WAREHOUSE PHONE [ " DALY COST ! [ CUNILILATIVE COST |
979-220-7701

Cole Vanya T13-676-2127 | usp 154448 ,“L‘_usu 1540667 |
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| T Operator:
Report For; Kenneth Young

Contractor @
Repori Far :

DRILLING ASSEMBLY

Stess Enpinesring

Well Name : Weatherford Tool Test

 WATER-BASED MUD REPORT No. 9 |
_Dale| A/2/Z040 | Depthiivi RiK 1

| _TrEm201a Mud Type| i |

Activity | - o

Fieldiares :
Ceseription : Test

Location: Waller County

Well No. :

MUD VOLUME (bbl) |

CIRCULATION DATA

Surfoee

Mpie

i 1]
[HTHE L ’lurm —
“ake APHH TET

eel30 min

Drill Pipe Sizw i T Jerermiding Attive Piss
O BN | S 85 ot
Drili Bipe & Pipe Sime Lenpts ] Inrermedinie Toemt Cireulating Vol
115 | SV e e
Drill Collar Size Length ] Produetion or Einer I Slorage
Do RS | S T L —
T _VMUD‘PROPERHES PRODUCTS USED LAST 24 HRS
Prr@g‘r 30 Prr@rz.m I Pncjls 30 ;. PI'E‘Q_::' 30 ducts T Sk | Ami
) 1 - EMC.M-:ER]NGSERVI( L EA
B wfu f: """ T A — T Y S
,11@_|1°F WA z_@mwr T2 3@ise"F [f 12.2@I62°F - ‘ = i
- - - -
ERPSS——. S . _‘
Fel—— I m—t
PRI |
7100 7
€e30 s | -

it ;
lirl[l:

My e

A S

e 11

|TiNiE IS | _MUD VOL ACCTG
m:FD‘TE_ g&_.n A ACCTS, ..

REMARKS AND ] TREA'I'MENT

S

u’un PROPERTY SPECS ~

| Gilenn Beiseet 0366975852
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? Ml SVVAGQWW

! Qperator: Stress Engineering

! ReportFor: Keaneth Young

| Well Name : Weatherford Tool Test
! Contractor:

| Regort For:

| DRILLING ASSEMBLY |

Surface

" ipleemedine

TDrill Pipe Sie T T Muterniedinte
LG in !

rmn Tolm S

~__HMUD PROPERTIES

W’ATER—BASED MUD REPORT No. 10

CCASING T

Production or Liter

| MO0 VOLURE @b |

Date| 8612010 _BepthiTVD | ] RiR
Sputi Uam 712{1{@:!,0 _MudTypel Spud 2] u:ﬁ
Wafcr Uz:*pth | L At;ﬁwtﬂ__ _____________ o
FieldlArea ;.
Description @ Test
Location @ Wailer County {
Well No. @

I
|
{

R

- cmcum o
Linle R !

| ump \.Ldu.
r

U AdivePils
. | A—
Tl Uirenlating Vol

Ui Sweage

‘ “eRODUCTS USED LAST 24 t-ms ]

T PIT@Ii1:00 |

P #d-dﬂ Cis

EMSINFERI?\?G ‘-‘ER\’K L

I E".f\

A

b ol

& _ - d

1 I

: o S
s o ::f:“

TIMEE DISTR  Last24Hrs| MUD VOL ACCTG SOLIDS ANALYSIS (%b/bbi) | $AUD RHEOLOGY & HYDRAULICS

L liAdded i 070 ]

o TEN 1

1 1 |

¢ \.mﬂ:irsr};mqrnﬁrm} . __jﬁj ) $

H G — - e ....!

T ¢l "'..i { ]

S DRkt oo o0 T

SR B, e {l’! i} T N

T Sn————" i W Y T R 2 S S

J ] -1 ":HGR i ?‘iﬂ‘lf:’ i WAREHOUSE PHOKE ! DALY CC&ST i CURBULATWVE COST |
1 ! ]

| Gienn Beisert 936-607-5852 | 713-676-2427  USD 1166988 | USD 289230
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WATER—B&F‘-ED MUD REPORT_NO. 11 |
Lo DateF AMEZ01I0 DepthrWD 4
” | SpudDate| Ti0i2018 Mud Tvpe | $ ed
s S | Water Depth ] L R
‘Operatar: Stess Enginecring FialdiArea : T
| Report For: Keaneth Young Description : Tet =
| Wel Hame @ Wentherford ‘Tool Test Location : Waller County
i Contractor : Wel No. : |
| Report For: ]
DRILI CASING MUD VOLUME (bblp Q!RQULA”[EONDATA I
3 Surfe ] Hile : !
[1r|ll Pipe- Sizc Internedinte H Avtive Pits
Diin ] . 89
{}Ju i Pipe S Length Iermedine § Total Crooelnling Vol |
1] i |
E'}]Ti!' Coifar Size Lmﬁ_.-lh Production of Liner ‘ n Slorage I .
. in : 1
MUD PROPERTIES

T PI@ilse T Pmaisse | T

| DRIVE-Y ENGINEER
L LIRUCKING SERVICE

i " REMARKS AND TREATMENT [ TTTTUUREMIARKSTTTTT T T

TIIIE DISTR Last 24 Hrs |

hH{.ID VOL ACC'TG

- Alﬂflﬁjr [ﬁ‘m}i m‘
t t
e i n"’“‘rjfl

" WAREHOUSE PHONE

1
L MREe2127 LUSD 674552 | USD 357278l
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MISWACD. -

5950 NORTH COURSE DRIVE, HOUSTON, T 77072 ANALYTICAL SERVICES LABORATORY
- 281 561-1383  FAX 281 5617240
Project Number:  AS086-0817-2010  Apalyst : George McMennamy Date : B-28-2010
Sample [dentification: One sand sample (LIA#20102487)
Request ! PSD
Testing Procedure : Beckman Coulter LS for Particle Size.
Data:
m% Bockman Tuw LS Paritis Bide Ansdpiie A
A i
654 DARACO ARSHNALE Baricat | ¥
im v A’;:;;m-ﬁ’ﬂmé"%"ﬁ'ﬂ.ﬂ',ﬂ\ﬂ!
s W
e R
T Ty T s, e
R el
Swbow R TATET Amaan s
o X st e
lermee e B L
1w = A
by i Mesh Migon  Inches
T " E 4 4760 0.1685
il o 6 30 04:
i k| 8 22 0.9
- ® b 12 1680 0.085
“ = 16 1150 0.4
_ " 20 810  0.0%28
P L ) 30 590 0.0252
e — vy 40 420 00164
s S0 257 ooie
:‘ :ﬂ‘-— L Rt 60 250 D|0097
o SR N R L 70 210 0,0082
f': P um;. u.._::. -Z';::\M 5] 177 D.0D69
PRIt (IRt AU INEN onmom st i R R e S 100 149 0,0058
T L 140 105 0.8044
o | g o 263 . 74 0.0029
" 8 T, 233 62 D.0023
it oot 27 53 0.0zl
. @ i s 4 00017
& : - 400 37 0.0015
i v 625 2 0.0008
¢ E BN 1253 10 C.000¢
g4 2500 5 oo
Conclusion: The sand size is approximately 60 microns to 400 microns. This is approximately 40 to 230 mesh,
Copiesto:  Glenn Beisert-Jack Signed:  George McMennamy
Marc Churan '
Page 1 of' 1
L il

Notice: This reportis limited to the described sample tested. Any person using or relying on this report agrees that M- LLc. and iis
afiiistes shail not be liable for any loss or damage, whether due to act or omission, resulting fram such report o its use.
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WATER-BASED MUD REPORT No. 12
- S3020T0 | DepthiTvD Fi
i et *mi_h;-‘_sgpq_p::@ " ?m.,amu MudType| —  Spod Med
' o Water Depth Activity ]
Operator : Stress Engineering Fleld/Area : :
Report For : Kemeth Young Description : Test i
Well Name : Wentherlond Tool Test Location : Waller County
Contractar : tell No. :
_Report For R
DRILLING ASSEMBLY CASING MUD VOLUME (bbl) CIRCULATION DAT,
[t Size 0. in Surface ‘ Hole Puingp Make | I
Nozzles 11327 ! ¢ __Pump Size G X0 | 0.X0m
Drill Prpe Stze Leugily [nrermediate ‘ Active Prts L__Tamp Cap | falfstk | alfsth
O.in_ 13 R 90 [Pump sthinim i L |
Dnll Pipe Size Lesgth Hiteredinie Towal Circulating Vol Flow Rate palimin |
0.in I s Bottoms (I i
Dnll Collar St {cauth Production or Eaper In Storage { Total Cire Time i
m(_)z_ig it . 0 i Circulating Pressore
e MUD PROPERTIES e PRQDUCTS USED |
Sauple From PITi@08:00_| PIT@I000 | PLIaii5:30 Products
Flow [ine Temp Ll 112 120 126 ENGINEERING SERVIC|
Depth/ TV i M4 BAR i
1 Mud Weipht ' Ib/oal | 14. 11 12°F | 4. 1@ 1 20°F 14.05@126°F i i
! Fupneld Viscosity sfat ] { |
-lheolcn.gl Tomp F 120 | 120 120 1
RAOOD/R A 62440 S8/36 G038 t
BIGVR1GD !
{RAMA I A 1
ﬂ_i“# o 22 22 22 i ]
¥r Thaf LR | 18 14 16 1
il [tm/30m, Gl 1L/ 100[F o/ 7 i/ ol 7 i
AP Fluid Loss cel30) win |
HIHE FL Temp cc/3) amin I
Cike APUICITIP 1432 | t [
Sotidy. YVl 22 22 _} 22 ]
‘ Ol Water LAY s 8 L I R o ]
/ Sand Vol 3 3 3 SOLIDSEQUIF | Size — @F
MDT 1hhb N |
o 70 T8 78 [ -
Alkal Mud (Pt [
PIE i)
Chlonides me/t
flardness Cu e .
MUD PROPERTY SPECS
Wegalll l
. N L Viscosity |
S Fiitrate i
Sl REMARKS AND TREATMENT REMARKS i
|
1
|
| DBMEDISTR _ Last 24 Hrs |  MUD YOL ACCTG (Bdl) SOLIDS ANALYSIS (bbbl MUD RHEOLOGY & HYDRAULICS
RiplpSenice | O] A ] RETA} 070, Tk Vakies |
Dwilbeng [ D aded ] KET OO, [Tawy (i I00HC !
rl;ﬂp!ﬂ Mud Remive:l [ any Cravey OH 64T Toss (per, S i 3
[ Non-Brodiietive i | Niakeny [1] Jentomite 000 B TIEF (i ‘I{SI; |
Evapsration 1] Dy Sl I e I T i’]p —
Ceniilisze Q Welghi Aarerral 1 2030313, Ao Vel DE anm) .
Formation [ Chamicat Conwe =0 | Ane Vel DO (K min)
ity fode Ttiget/Renet . - Cot Vel T dtaming
Ry | [] Airmpe 8EF 415 Crit Vel DC (f (fEminy i
= 1 D [y T Crh Tt (e ety | O 0,0
I ENGH | PHOTE RIG PHONE WAREVIDUSE PHONE. DALY COST | CuUBULATIVE COST
 Yuson Kecling 713-591-2351 e i e -
1 Citenn Tcisert 9M6-697-5852 : 7136762127 USD 1.701.07 USD 37.428.88
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NI S%
— ANALYTICAL SERVICES LABORATORY

A Schlumberger Company

5950 NORTH COURSE DRIVE, HOUSTON, TX 77072
281 561-1383 FAX 281 561-7240

Project Number: AS024-0903-2010 Analyst : Tyler Adams Date : 9/3/2010

Sample Identification: Sand Mud from MOHR Engineering

Lab Master # : 20102629

Request : Sieve Analysis

Testing Procedure : Wet Sieve Analysis

Test Data:

Sieve Analysis:

+10 mesh
-10 mesh and +20 mesh -
-20 mesh and +40 mesh -
-40 mesh and +60 mesh 0.01 wi% solids
-60 mesh and +80 mesh 0.33 wit% solids
-80 mesh and +100 mesh 0.75 wt% solids
-100 mesh and +200 mesh 3.25 wi% solids
-200 mesh and +325 mesh 8.88 wi% solids
-325 mesh 86.77 wt% solids
Copies to:  Jack Littlefield / Kenneth Young / Jay Forrester Signed:  Tyfer Adams

Marc Churan

Page 1 of 1

Notice: This report is limited to the described sample tested. Any person using or relying on this report agrees that M-l £...c. and its
affiliates shall not be liable for any loss or damage, whether due to act or omission, resulting from such report or its use.

CONFIDENTIAL BP-HZN-BLY00128660



Mi SWACO.
ANALYTICAL SERVICES LABORATORY

A Schlumberger Company

5950 NORTH COURSE DRIVE, HOUSTON, TX 77072
281561-1383 FAX 281 561-7240

Project Number: AS025-0903-2010 Analyst : Tyler Adams Date : 9/3/2010

Sample Identification: Sand Mud from MOHR Engineering

Lab Master #: 20102700

Request : Sieve Analysis and PSD
Testing Procedure : Wet Sieve Analysis and Beckman Coulter Particle Size Analysis
Test Data:

Sieve Analysis:

+10 mesh
-10 mesh and +20 mesh -
-20 mesh and +40 mesh -
-40 mesh and +60 mesh 0.01 wt% solids
-80 mesh and +80 mesh 0.22 wt% solids
-80 mesh and +100 mesh 1.78 wit% solids
-100 mesh and +200 mesh 3.00 wt% solids
-200 mesh and +325 mesh 7.84 wit% solids
-325 mesh 87.14 wi% solids
Copies to:  Jack Littlefield / Kelly Hall / Jason Keeling Signed: Tyler Adams

Pat Keeling / Jay Forrester / Marc Churan

Page 1 of 1

Notice: This report is limited tc the described sample tested. Any person using or relying on this report agrees that M-I L.L.c. and its
affiliates shall not be liable for any loss or damags, whether due to act or omission, resulting from such report or its use.

CONFIDENTIAL BP-HZN-BLY00128661



e % Beckman Coulter LS Particle Size Analyzer

M-I SWACO Analytical Services Laboratory

3 Sep 2010 14:03

File name; C:\LS13320\samples\Samples 2010\20102700_26_01.5ls
i 20102700_26_01.8ls
'File 1D; 20102700
Sample ID; MOCHR Engineering
Operator: Tyler Adams
Run number; 25
Comment 1. Sand from Test Well
Comment 2: AS025-0903-2010
Optical model: Fraunhoter f780d PIDS included
Residual: 0.48%
LS 13320 Universal Liquid Module
Start time: 13:54 3 Sep 2010 Run length: 123 seconds
Pump speed: 62%
Obscuralion: 13% PIDS Obscur:  78%
Flutd: water
Saoftware; 5.01 Firmware: 2.02
MOHR Engineering
1.8 U AT 20710270026 0T 8IE Ditt, Volums — [~ 100
o H AT ZT ——— 20102700_26_07.8ls Cum. < Volume
1.6 s CARN W ~90
— “ ! | |
i K | . |
1.4 y It | . &0
o H LTI z
R Ik Al Ce
2 ! i 10t 1 L 50 £
2 14 st - Jj: : ‘ G
4 1 Jus ol | 3 ) i‘
E 08+ ! L] | g
§ | A ! | 40 =
& 05 .j (1] 3
B \ {1 '; I ~30 é
| A d !
i 0.4 ; L ) | 20
024 dlll m _ T
0 _”Jfﬂ = T T : S T = T T3 -
0.04 0.1 0.2 04 1 2 4 6 10 20 40 60 100 200 400 1000 2000

Particle Diameter (pm)

Calculations from 0.

Volume Statistics (Arithmetic)

'20102700_26_01.5ls

040 pm to 2000 pym

Volume; 100%
Mean: 10.18 ym S.D: 14.15 pm
Median: 2.590 pm Variance: 200.2 ym*
Mean/Median ratic: 3.785 Skewness:  1.685 Right skewed
Mode: 18.00 pm Kurtosis: 2.050 Leptokurtic
<10% <25% <50% <75% <90%
0.261 pm 0.667 pm 2.650 pym 14.69 pm 33.11 um
20102700_26_01.%1s
Particle Volume Particle Volume
Diameter % < Diametex % =
pm um
1 32.5 75 99.587
1.5 40.2 34 100
2 45.3 90 100
3 51.5 96 100
4 S54.9 128 100
5 59,9 192 100
8 64 .3 2586 100
10 69.2 c]:13 100
12 71.4 512 100
1 76.6 768 100
24 B4.1 1024 100
25 £4.9 1536 100
32 89.4 2000 100
48 96.8
50 97.4
64 £9.9
72 99.99
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WATER BASED MUD REPORT No. 13
. D:r:e L
Spud D:l!a | Spnd Lo |
e e G 2 Water Depta| o
" Operator - Stress Engmecrmy FleldiArea :
Report For : Kenneth Young Descriplion :
Well Name : Weatherford Tool Test Location :
Contracior : Weit No, :
eportFor: ik e |
DRILLING ASSEMBLY | _CASING — | MUD VOLUME (bbh cmcummu DATA
- - _{ } Sarthce qr [fafe R,
| Ne 3 o - ! N 0.X0m
Dril! Uipe Size Lu:nﬂg(h I Intermadate 1 .‘u:t:v-c Tis “pElstk |
DFG PipeSize " Lenpths Inferncdiate l u:uﬂung Vol galmun
DnU Collar Size Tength Production o 1amer 1 I Skrfa ac
nt
" TAUD PROPERTES I“___gaoogcrs USED LAST 24 HRS
o C _m@@w Jm..{.ﬁ@&_ﬂ@_ﬁ_ﬂ oducis I Swe 1 Am |
| lkm I fae Tcmg _ i _ e el . | ENGINEERING SEBVEK 1EA 2
| Depth/ TV fl 106 LBBG | 74
[ Misd Weinlic T w 13.55@T40°F [13.95@144°F | 1A 00R148F | 14 o
Fupnel Viscasily o ] . . W L8BC s
- B A S TS NS LB2G | 1 _
S J0R0. [ 6T T THAS ]
_ I T R
30 1 29 | ] . S
ih{[nﬂﬂ’ L. 10 9 kA o
B A 7 i S 7 A i
({1 T &htam] r ) i
Cu!cc AP ITIIJ* i 1Ay . W S NI :
. Vol 22 - - S (- 1) i e A
W), O . 078 1 omB i
AAAA YVl .3 . 2.5 N 2.5 I SOLI'BSEQUIP Size Hr
byt ”zfz_% R M T v i
482 21 _ 1 98 ]
_ﬂllx.zi Mixd me} FErH it |
IMT S o e
oo 5 B ——— _ !
- ,-{:__ — - P = ,ﬁl..m-_ SR S, _
I i T [41]s) PROPER’I'Y SPECS
e L T ]
i REMARKS AND TREATWMENT - - ' — _‘
5 _ Last 24 Hrs Jh‘MUD VOL ACCTG _ Mo » SOUIDS ANALYSIS rx._nantjp%q J: R:mcav & HYDRAULICS :]
f%',,- e T T T n"-r\um & -.?.I‘il R T 7 UTTT O
NG Mud Recemed . T ow Cravity —___ ; Iy !
Shuahers. | [ Benteninte _ i !
Fr gkt y Deilf Salils |
Cemrifipe 0 Wargfir Matorial Ao G Db (n o} J e
Foervution 0 | Chempal Corid A, el 1XC (!l iy
At m Hoke [} Teiert Ruzid | Tt Cel P gL _uuu) :
| Cmber [] Avrage SG _[€nr “‘u_‘L Py
[ Dumpa [ Carla BeCarh G ewafc I o - .
MAENGR  PHONE RIS PHONE VIAREHQUSE CUMULATIVE €067
T83-591-2351
PI6667-5852] _ { TI36T6-2127 USH d4).131.48
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L | MiSWACD .- WATER-BASED MUD REPORT No. 14

QOperator : Stress Engineering Field/Area : Depth/TvD : oflroft
Report For : Kenneth Young Bescription : Test Date : 8/8/2010
Well Name : Weatherford Tool Test Location : Waller County Spud Date : 7/20/2010
Contractor: Water Depth : 0 ft fiud Type : Spud Mud
Repaort For : _ Rig Name : Activity = Circulatin

DRILLING ASSEMBLY CASING MUD VOLUME {bbl) CIRCULATION DATA
f, -in Hole Active Pits Pump Make
ft, -in 90 Pump Liner x Stk 0x0 in 0x0 in
ft, -in Total Circuiating Volume Pump Capacity gal/stk
ft, -in 30 Pump stk/min C@0% 0@0%
ft, -in Oepth Drilled Last 24 hr - Flow Rate aalimin
ft, -in ft Pump Pressure psl
Nozzles 0 1/32" Volume Drilled Last 24 hr Bottoms Up
Bit 0-in 0 bbf Total Circ;ul-alion
MUD PROPERTIES PRODUCTS USED Last24 hr
Sample From Pit 9:00 Pit 10;:00 Pit 12:00 Pit 15:00 Products Size Amount
FlowLIne Temp “F KENGINEERING SERVICE 1. EA 1
Depth/TVD fi / i ! / DUO-VIS 25 LB BG 1
[Mud Weight lTemp Ibfgal 14.0® 14.1@ 14.0@ 14.0@
Funnel Viscosity s/gt
Rheology Temp 'E 120 120 120 120
RG00/R300 98/56 B3/46 82/47 102/59
R200/R100 ! / / !
RE/R3 ! ] ! !
PV cP 42 37 35 43
YP 1b/100ft2 14 g 12 18
10s/10m/20m Gel 1b/100f 8/ Qif B/ 9/t
AP Fluid Loss cc/30min
HTHP Fluid Loss cc/30min 0@ 0@ 0@ 0@
Cake APT/HT 1/32" f / ! /
Solids %\/ol 22 22 22 22
Oll/water %\ ol 78 /78 /78 78 SOLIDS CONTROL EQUIPMENT Last 24 hr
Sand %\Vol 3 2.25 2.5 25 Type Model/Size | Hrs Used
sMBT Ibfobl
) pH / Temp 0@ 0@ ) o@
! Alkal Mud (Pm)
PfME .00/.00 .00/.00 .00/.00 .00/.00
Chlorides ma/l
Hardness (Ca++)
MUD PROPERTY SPECS Actual
\Welght 14.0
Viscosity
Reserve Volume bbl Filtrate
REMARKS AND TREAIMENT REMARKS
TIME DISTRIBUTION Last 24 hrs MUD VOL ACCTG _(bbl) SOLIDS ANALYSIS {%/1blbbl) I RHECLOGY & HYDRAULICS
Rig Up/Service 0l Added NaCl 0./0, In
Drilling \Water Added KCI 0.1 0. K
Tripping Mud Racelved Low Gravity 2.2/20.1 Tauy
Non-Praoductive Tin Mud Returned Bentoni 0./ 0. Bit Press Loss/%
Shakers Drill Solids 22/20.1 Bit HHP/HIS
Evaporation [Weight Material 19.8/250.9 liet Velocity
iCentritugs Chemical Cone - [ 0 Vo Pipe
Formation Iner/React - Va Collars
Left-in Hole \Average SG 4.04 CVa Pipe
Other CVa Collars
iDumped |ECD Shoa
andtrap _‘._Eﬁgﬂ]
S M-I ENGR / PHONE RIG PHCNE ‘HAREHOUSE PHONE DAILY COST CUMULATIVE COST
Glenn Beisert 936-6897-5852
Jason KEellns 713-591-2351 713-676-2127 $1,740.42 $42 B71 89

CONFIDENTIAL BP-HZN-BLY00128664



i A
M —w-—f—-‘-cgf—‘f‘—f/ WATER-BASED MUD REPORT No. 14
Operator ;: Stress Engineering Field/Area : a DopthiTVD : oft/oft
Report For: Kenneth Young Description : Test Date : 97812010
Well Name : VWeatherford Tool Test Location : Waller County Spud Date : 7/20/2010
Contractor: 0 Water Depth : O ft Mud Type : Spud Mud
Report For: 0 Rig Name : 9] Activity : 0
DRILLING ASSEMBLY CASING MUD VOLUME (bbl) CIRCULATION DATA
ft, -In 0 Hole Aclive Pits Pump Make 0 0
ft, -in 0 o] &0 Pump Liner x Stk 0x0 in 0x0 in
ft, ~in 0 Total Circulating Volume Pump Capaclty gal/stk 0 0
f, -in 0 90 Pump stimin| __0@0% D@0%
ft, -in o] Depth Drilled Last 24 hr | Flow Rate 0 _galimin
ft, <in 0 0f Pump Pressure 0 psl
Nozzles 0 1/22" 0 Volume Drilied Last 24 hr | Bottoms Up 0
Bit 0-in O 0 0 bbl Total Circulation 0
MUD PROPERTIES PRODUCTS USED Last 24 hr
Sample From PIT 1645 Products Size Amount
FlowLine Temp "F 0 0 0
Depth/TVD ft 0 0 0
Mud Weight Temp Ib/gal] T3.55@ [ 0 0
Funnel Viscosity sigt 0 0 0
Rheology Temp °F 120 0 0 1]
RB00/R300 92/53 0 0 0
R200/R100 0 0 0
IRE/R3 0 0 0
PV cP 39 0 0 o)
YP 1b/1 DDﬂjﬁ 14 0 0 0
10s/10m/30m Gel |b/100f2 o/t 0 o] 0
IAP| Fluid Loss cc/30min 0 o 0
HTHP Fluid Loss cc/30min 0 0 0
Cake APT/HT 1/32" 0 0 0
{Solids %Vol 22 0 o 0
QiliWater %oVol 0/78 SOLIDS CONTROL EQUIPMENT Last 24 hr
Sand %Vol 3 ype ModeliSize | Hrs Used
) MBT 1o/8bl o 0 0.0
} pH / Temp n 0 0.0
Alkal Mud (Pm) D 0 0.0
Pf/Nf 0 0 0 0.0
Chlondes mag/L 0 0 0.0
Hardness (Ca++) 0 0 0.0
fo 0 2.0
iO 0 0.0
0 0 0.0
0 0 0.0
0 0 0.0
MUD PROPERTY SPECS Actual
\Welght 0 14.1
I\Viscosity 0 0
Reserve Volume bbl 0 Filtrate 0 [¢]
AN ATMENT REMARRS
0 ‘ 0
TIME DISTRIBUTION Last 24 hrs MUD VOL ACCTG _(bbl) SOLIDS ANAL YSIS (Y%/b/bbl) RHEOLOGY & HYDRAULICS
Rig Up/Service 0 Oil Added 1] NaCl 0.0, n 2
Drilling 0 [Water Added [1] KCI 0./ 0. k 0
Tripping 0 Mud Recelved 0 Low Gravity 0./0. Tauy o]
Non-Productive Time 0 Mud Retumed i EBentonite 0./ 0. IBit Press Losoi% 0
0 0 Shakers D Drill Solids 0./0. Bit HHP/HIS ]
0 1] Evaporation i) Weight Material 0./0. Jet Velocity 0
0 0 l_genmruna 0 Chemical Conc 0./0. Va Pipe 0
0 0 Formation o] Inert/React - Va Collars 8]
Q 0 Laft in Hole 5] Average SG o CVa Pipe 0
1] 0 Other o 0 ICVa.Callars 0
Cumpsd g IECD @shoe 0
§Sendt a ECDat 7D 0
o 0
. ) [1] e
M-I ENGR / PHONE RIG PHONE WAREHOUSE PHONE DAILY COST CUMULATIVE COST
Cole Vanya 979-220-7701
713-676-2127

CONFIDENTIAL BP-HZN-BLY00128665



3\ 1] SW_G’f__’__F/zQ/ WATER-BASED MUD REPORT No. 15

Oporator :  Stress Engineering Fleld/Area : Depth/TVD : oftratt
Report For: Kenneth Young Description : Test Date : 919/2010
Well Name : Weatherford Tool Test Location : Waller County Spud Date : 712012010
Contractor: Water Depth: O [t Mud Type : Spud Mud
Report For : Rig Name : - Activity :

DRILLING ASSEMBLY CASING MUD VOLUME (bbl) CIRCULATION DATA
ft, -in Hole Active Pits Pump Make
ft, -in 00 Pump Liner x Stk 0x0 in 0x0 in
ft, -in Total Circuleting Velume Pump Capacity gal/stk
ft, -in 90 Pump stk/min 0@0% 0@0%
ft, -in Deptn Drilled Last 24 hr Flow Rate gal/min
ft, -in ft Pump Pressure| pai
Nozzles 0 1/32" Volume Drilled Last 24 hr Bottoms Up
Bit C-in 0 bbl Total Girculation|
MUD PROPERTIES PRODUCTS USED Last 24 hr
Sample From PIT 7:45 PIT 10:45 PIT 12:45 PIT 14:45 |Products Size Amount
FlowLine Temp °E JENGINEERING SERVICE 1. EA 1
Depth/TVD ft / / / / M- BAR 100. LB BG 35
Mud Weight /Temp b/gal 141@ 14.1@ 14.1@ 14.1@
Funnel Viscosity slat
Rheology Temp 2B 120 120 120 120
RE00/R300 890/52 83/47 75/41 80/45
R200/R100 ! / ! !
RE/R3 / / / /
PV cP 38 36 34 35
YP ib/100M7 14 11 g 10
10s/10m/30m Gel ib/10CtH 8/ B/ &Il Bif
API Fluid Loss cc/30min
HTHP Fluid Loss cc/30min 0@ 0@ o@ 0@
Cake APT/HT 132" ! / ! /
Solids %Vol —_—
OilfVWater YVol / / / / SOLIDS CONTROL EQUIPMENT Last 24 hr
Sand %\Vol 2.5 25 2.5 25 Type Model/Size | Hrs Used
MBT 1b/bbl
‘ H/ Temp 0@ 0@ 0@ 0@
/ Adkal Mud {Pm)
PiME .00/,00 .00/.00 .00/.00 .00/.00
Chlorides ma/L
Hardness (Ca++)
MUD PROPERTY SPECS Actual
Weight 14.1
Viscosity
Reserve Volume bl iFiltrate
NT T REMARKE
— — - —— -
TIME DISTRIBUTION Last 24 hrs MUD VOL ACCTG _(bbl) SOLIDS ANALYSIS (%/Ib/bbl) RHEOLOGY & HYDRAULICS
Rig Up/Service Oil Added NaCl 0./ 0. in
Drilling \Water Added KC! 0./ 0. k
Tripping Mud Recelved Low Gravity 0.109790752 [Tauy
Non-Productive Tim| pviud Returned Bentonite 0./ 0. Bit Press Loss/%
IShakers Drili Solids 0.109790752 JBit HHP/HIS
IEvaporation Weight Material 42.5/625.4 et Velocity
Centifuge Chemical Conc -/ 0. IVa Pipe
Formation flinert/React - \Va Collars
Left in Holo Average 5G % ICVa Pice
lomar CVa Collars
Dumped HECD @Shoe
Sandtrap ECD at TD
M-l ENGR / PHONE RIG PHONE WAREHOUSE PHONE DA!LY_EOST CUMULATIVE COST
Cole Vanya $79-220-7701
713-876-2127 $2 208 09 §45167.58

CONFIDENTIAL BP-HZN-BLY00128666



WATER—BASED MUD REPORT No. 1? ol

i M‘ mco_,,( i Date] 10/6/2010 |_ Deplhiivp! it
i B ' Spud Date /2042010 _ Mud Typel Spudf Mud
[ o R Water Deptir! Activily | a— e o
Opecrator : Stress Engincering FlaldiAcea ;
Report Far: Kenneth Young Description @ Test
| Well Name : Location : Watler County
! Conlractor: Well No, : |
__Report For: I —
DRILLING ASSEMBLY | UD\ VOLUME (bhl} CIRCULATION DATA ‘
LBl Size 8@ ) | T Hieke _Iump Meke ] iy T
{ Nowztes IEZ‘ _________ ) - - . ~_ | ['ump \m_ i 0. X 0.in
el i'li‘k Stz | eergth {oternredute Active it Pumyp Ca i _palfstk ‘
;0 i ) I S - &0 I'I"unp 1k.m|ni | ———
1 Dedd Fipee Siee Leaph fntemediane ;o Tond Cirendating Vol p Flow H |
0. in fl | 5, S — : ]
113 Caltar Size Lenpth Productins or Liner i In Swnipe !
Q0.in. L i o f' Cirufating 1 Ptc‘ﬁsuu
Ramiple From . F'mdmh o Swee ] Amy
[l 4 inc Temp L/ N _ iMtBaAR ___ | 100LBBG ¢
LS U i P wi’ LLIEA L
gl 14 1 i . { = . A iy |
— gl . b i sy ] S P =
L a0 0T R T _ﬁ j
nﬁon'aum T fow ezl o —_— 4 S
- S : s+ i 2 4 i i .] = !
= A - - { - -
. P Foss soduas weves s A e )
NP : .. NG SR T 1 o]
!fl'.lm*l.’!{?:nﬁnl D crone A . - S | N
1 AP i 1o, % - _— : = e =11 _,.......,__.j
HETH L Fenp el { — — T . ez {
Cuke APLMTIEE iy ! : H . i _ i
Sotids “oVol | L= ! - & A
O Water Vol = | i e
Sk _ _tavell_ 228 1 _ 'SOUDSEQUIF | Size _— Hr |
b T T | _ b
— i = o , -1 — A
- [ - A
Chiorides ol A e . e b — _ !
{ lardmess Co mgd [ " i _ _ . ww i
| e i d - f L - s s s
s e I S —_ =i i_ s e - = h
. S il - A S — 1 e
& [ pC— —_— R - —_ f— — -
: A - 3 1y _ DPROPERTYSPEC& .
i | e S uw" ] -
! g o ol s i —
! —- S . —_ C8 N : =
| ot x ! : .

TREMARKS AND TREATMENT

| Tiee HSTR _ L _Lest2UHtrs ) 8UD VOL ACCTG
e Chl Added L
y i Wnier Added N
Appenz Niod Itcv:t n.d £
" Nasgae l’nufuglut. Tim} ~— = ‘f‘l o 41 A
| r n ol n
- s i lnunultm: ) o | oA
e s Létin Tk 1
L _ | | Ottser’ A
i i | Duernipieed
| M-I ENGR { PHONE TRIG PHON
{ Cole Vanya 979-220-7701 ‘

CONFIDENTIAL

SOLIDS !-ML,_ . ) RH
.;ml N L DfD 1:(L W abes <
TR _ K2 PPy (1 IMIH 1
qu(rrnm} :4].}1 -:ﬁ SHrt Laws qpu s k)
1 Dentonite 070 "M FIFF ¢ p - 1S
;_DniSq:-lld'. A 43 §HRC Jot Vet (1
1 ezl Muaterial ) 3’63 lli Ann, Vel D

10 Ao Vet L b e
- e ".r::\cili"tllmrm
s ' L it N (it mns)
B et ) | OO0 .
| WAREHQUSE PHONE ALY COST
B} 734262127 |usD s0027

WMUD RHE RHEOLDGW' & WDRAULICS

CUBULATIVE COST |

USD 472483

BP-HZN-BLY00128667



WATER-BASED MUD REPORT NG i8

Oporator ! Stress Engincering FieldiArea :
Repoct For : Kenneth Young Description: Test
Well Name : Location : Waller County
Contractor : Well No. ;
. Repog{ For: & e - oy o P
. DRILLING ASSEMBLY {‘ _ CASING MUDVOLUHE (hhi) ._ CIRCULATION DATA
W Siee 048 i Surlace Hale . Pump MakeT _ L o
INuzrdes 1627 s e S _Pump Size; B \Bm _ 0.X0%in_ |
Hnll Hipe Nize Lengl | Intermadiate Aciive Piis Pump Cap galistk _Enlimk !
& — . .80 Pumpstkiming . e
Hh[l TPipe Size Fenpth ! fnlermedinge Tota! Circulating Vel Flow Rute almin
Oin__ SR . < SR U y s Bottomstln _
I}uli Calinr Sive Lenpth Preduction or Liner tn Swprupe Fotal Clee Time N
I i (.:rcuhnn&, Pressire
___BMUD PROPERTIES USED LLST ZEHRS
| PITS@I4:00 | ijnduda T
i | DRIVE-RY ENGIN L
- 1 — -
Mnd Weiglt o o
| Pupne] Viscosity R . i -
wy Tenyp I e
ROMIRIGH . _ woen ity S
RIOHL 60— I |
RGMR3 —— 1 _
1
—_ - - .
e o i — _—
e R O
[
- s 8e ~ __Hr
3 - —_— ——— — - o
e — 4 —_— -— - — B - — ——
H i - = = ©o- - s
1 !
A e o= - -
LTI B P soninimdt ! . -
[ R - 4___ oy P Munmﬁﬁfmgeacs
[ . [ | - Weiphe L
L —_ et e s e . Viscorsity - .

__Date!10/12/2010 1 Depth/TVD | r
T2072650 | Mud Type | Spud Mud
. Aetivity |

=
|
|

4 Filtmee_

|
|
|
'
!

!

R S ——
REMARKS AND TREATMENT REMARKS

‘TIMEDISTR _ Lest 24 Hre!| WMUD VOL ACCTG bbl ?UO‘S__ Al YSIS{Z,CI%%! 1 T R |
(R LpSenkee O ANRE S _ \ T m1. M.x T !
[Dallmz 1 Water Added R A % 0 Ty divicon S |
[ Trippang 1 \im& Rm..u:xl . N ¥ "Leaw Caanity (l‘lf}*)ﬁ F!lt Leni ¢ " = :
J_"nn-i"rmlu..mc Tmi _ T T Hentinite ) ﬂtt HHIF gl 111 “Hisl) .- -
o . O ' _;23 nu et el sy Pl il =

{ T . 1 ? Ann Vel (}P(Ft.mmj_ I _ i
[ 4 J _0— s 1At Nel D (Uming -
U e e Al . , - SO Vel DF (fven) L _ I
i T 1 i U: Averipe $4G ] Crit ¥el I0C (b — = i
] _ i ! T (:.rb-rlt(nb{.mm\.\l:i'l cerad i I
M- ENGR ! PHORE RIG PHONE WAREHOUSE PHOKE BAILY COST CUMULATIVE COST !

| i

{ Cole Vanva $79-220-770% | 3 713-876-2127 ‘Ugg 415.00 [ USD 4759983 |

CONFIDENTIAL

BP-HZN-BLY00128663



WATER-BASED MUD REPORT No.

19

AV ] SM Date 1unsgg;_o Bepth/TVD | Y S
..Mud Type | Spud Mud
- Ackivity! ;
" Gperator : Stress Lngineering Fieldu\rea -
Report For : Kenncth Young Description 1 Test
‘Well Name : Location : Waller County
{  Coniracter: Well No. ¢ :
|__ ReportFor: s i e O |
: DRILLING ASSEMBLY CASING MUD VOL ME (’-"M) . CIRCULATION DATA ]
T | Surface Hole [ Pump Make] R 1
e » ), Jomp St L 0X0im ¢ !
{ength tntermadinke Active Pits U “tumgp Cap | _galfstk | ]
i R 60 . lPumpstdmid T T T
I Drlll FipeSize T lenglh rtermadjule Totul Circulating Vol 1 . FlowRaes]
{0.in, ft I h I ﬁmtnmmlip o
Drill Callar Sive I.ct%glh Production or Liner n Storwge Yotal Cire Time
b i

L MUD PROPERTIES
% P!r@ﬂx 45
]
Tbfyal
Funuel Viscasity S
Rheoloey Temp ol o
RADGRIVD
R20GR 104
RORI
PV cP
yp I 10 ?
T/ 1O Gel b 1000
| APT Plaid Lass cef30 wiEn
mm' | (30 min |
- H'i"'j______
a
%’v of I
_%‘m“
bbb j

FProdusts_
o DUO-WSMU-,.,_ =
| DRIVE-BY ENGINEERI]

e MUDPROP ,uspecs

71 V\-uhh( o
scosity

" REMARKS

T " REMARKS AND TREATMENT

CONFIDENTIAL

i
| TIME DISTR  Last24 firs | MUD VoL, SOUBS ANALYS'S(MMBI.D x 0) l‘l !‘mfo RHEOLOGY & | HYDRMJLICS
! Al o falucs
' s Ib s
e

i i ! e -
i m i
" 4o - Ceit Vel 3P _[ITnm 'r —
f. . . o S | { (3 mn : : t 0 Sl

SN <. _ CarbeBiCae (i vede/Ll |04 T S i
I M-1ENGR / PHONE 1G PHON | WAREHOUSE PHONE DALY COST CUMULATIVE COST
v _omzmml TG | [ USD 10542 | USD_qEe1sz

BP-HZN-BLY00128869



) __ WATER-BASED MUD REPORT No. 20
i SWA;QQ, [T Dato, 10/2012010 . DepthiTNG|  _ I f -
Bty . _SpudDato] 71202070 |~ MudType! _ _ SpudMud
_ 7 I WacurDep!h; = A_ctr\{{_y_ _ o i e
Qperator . Stress Engineering Field/Area : i
Report For : Kenncth Young Description ; Test !
| Well Name : Location : Waller County
. Contractor : Well ¥a. :
Report For: SR —
DRILLINGASSEMBLY |~ CASING _ | MUD VOLUME (bby T
it Size C.in__ { Nurfuce Hole
Nozsle 12 s ek I
Dreit Mipe Size Lengthy’ i Entenmedinte Active Phis
VAT e Sie - cngth "; T Inwrmediale Totl Circybazing Vol
0.la_
D27 Cottar Sine L. cnglll ; Production or Liner I Sl;;ﬁlgé
O.in — ' oo Loz - M0
- ‘_“E’_EEQ_PER“@ = " .
Sample o PLTS@07:25 1 l ~ { Produens
Flow Line Tcrr;r _ e _ it I M- BAR
Depth TVD _ 4 ; - e I DRIVE-BY FN(:!NMJ
AMud \\n.-:g\t o hr],Lul _THeE I )
| Fannel Viscostls - ¢ T .
Rheatogy Tenip b _
| REDOMIN ' = : ._.,2@ | P

LLACA e, ald
Cake APITTINF. —
Solids

Ol Water
Sand

Alknl Mud (Pm}
P . — —
(‘hlandus _teege]
fludness Ca mpd |

e
[
\

T REWARKS AND TREATRENT —

| TREE DISTR __Lant 26 Hrg | _gmvmmcre fobl) | SOLIDS ANALYSIS (mbibl) | uuugmwawnmuucs
'Rtsf‘p"wwu LN N - [l Vatues
i Teithn 3 PTany (ibdtonry T -
Trippmg ‘“Il Leris {prgi £ %) Sl -
Hon- f'mdm!:\c ] d b i § = !
— j _ .
| (.l:ﬂlﬂfl.lzc - T ]
— = | Fisiton ci o
i 1{::]1 in Tlaie M : JUBUVE DP (itminy i o
i Mier U VSOt S
! Jf)nmnul X T Fvlu, (s moteLy L ) o T I
M4 ENGR { PHONE f AIG PHONE T WARFHOMEE ?HONE DALY COST | CUMULATIVE COST |
| ‘ {
ColeNeya =~ 9%9220770¢| . __ b maersany J USD 160240 | USD 5021765 J

CONFIDENTIAL BP-HZN-BLY00128670
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BP America Inc.
Engineering Report on Testing of Weatherford M45AP Float Collar 22 November 2010

Annex L Connection Make/Break

Stress Engineering Services, Inc, Confidential Report No.: PN 1751225

CONFIDENTIAL BP-HZN-BLY00128672
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Stress Engineering Services
Torgue Turn
Calibration

Load Cell —_ DagBoard _
& 1
S/N: Ei 13622 l Raw Volts -0.018 Volts
: : -0.06
Capacity: 15 ok ]Lbs. Load Cell Lbs
T St Torque -0.19 L
Shunt: [17850.00 |Lbs, . Fekbs
Gain 440534  FtLbs/V
Power Tong Offset -0.018 Volts
<4> ; Eﬁ’:ﬁé.“é_lmlnches
Control Board
Raw Volts -0.019 Volts
Dagadin Paq Offset 0.26
F?EUS.B‘I I [—0.018 ] Load Cell 0. Lks
ctrl Gain Ctrl Offset Terqug 058 RERhs
jas05.06 | fo.019 Gain 4405.16  FtLbs/V
Offset -0,019 Volts

Cal time date

{7/21/2010 11:20 AM N

Calibration File
[C:\TT v2.5 dap\Cal\MARC, 8 2010

CONFIDENTIAL BP-HZN-BLY00128675



CONFIDENTIAL

Stress Engineering Services
Torgue Turn
Calibration

Load Cell Dag Board
S/N: 231125899 { Raw VYolts -0.006
Capacity: :I}SOK ,Lbs. Load Cell -0.38
P Torque -1.22
Shunt: [{8160.00 |Lbs.
Gain 4485.52
Power Tﬁni Cffset -0.006
<4> . [38.81 Inches
Control Board

Volts
Lbs

Ft Lbs
Ft Lbs/V
Valts

Raw Volits -0.007
Daq Gain Daq Offset
j4485.52 j Fo.006 Load Cell 0.07
cerl Gain Ctri Offset Torgue 0.21
[4486.33 {0,007 Gain 4486.33

Offset -(,007

Cal time date

[7721/2010

1120 AM |

Calibration File

[C:\TT v2.5 dap\Cal\MARC, 8 2010

Volts
Lbs

Ft Lbs
Ft Lbs/V
Velts

BP-HZN-BLY00128676



CONFIDENTIAL

Torgue Turn
Calibration

Load Cell

Stress Engineering Services

S/N: - [1125899 |

Capacity: f{)}g_* ‘{ Lbs.

shunt: [18160.00 [ Lbs.

Power Tong

<4> "‘rSBH.Eﬁ~ Inches
Pi(!_Gain _ Daq Offset
[azse57 | Fooos™ |
Ctrl Gain Ctrl Offset
lageso | o007

Cal time date
'[7/21/2610 11:20 AM \

Calibration File

[C:\TT v2.5 dep\CalMARC, 82010

_ __Dag Board
“ g{aw Voits 4.042 Volts
Load Cell 18161.45  Lbs
Torgue 58737.14 Et Lbs
Gzin 4486.97 Ftlbs/V
Offset -0.006 Volts
Control Bogard
“—;aw Volts 4—53-; Vo!t.:;m -
Load Cell 18160.75 Lbs
Torque 58734.88 Bt Lbs
Gain 4488,50 Ft Lbs/V
Offset -0.007 Volts

BP-HZN-BLY00128677
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Stress Engineering Services
Torque Turn

Calibration
Load Cell Dag Board _
. A" | t
S/H: ]1112622 i Raw Volts 4.033 Volts
- 17850.22
CapaEity: '150!( ILbs. Load Cell Lbs
g Torque 57730.58  pribs
shunt: {17850.00 ijs.
Gain 4406.80 FtLbs/V
Power Tong Offset -0.018 Voits
<4> ' .38.81-_Inches

Control ggard_

Raw Volts 4,031

Dag Gain Dagq Offset ‘ -
[‘F}OG.SO F0.0lS Load Cell :

Ctrl Gain Ctrl Offset TRHANE 773055
kaoes7 | fo.o1 Gain 4406.67

Offset .0.019
Cal time date

[7/21/2010 11:20 AM |

_. .. ColibrationFile =~
[C:\TT v2.5 dap\Cal\MARC, @ 2010

Volts
Lbs

Ft Lbs
Ft Lbs/V
Volts

BP-HZN-BLY00128678



2| Stress Engineering Services Project Number: 1601072
& | Torque vs Turns Plot . ]
i| RPM vs Turns Plot Pipe Size
BP 7.000 in,
15000|5 l ] v : e ;. _ l
; : | = : : ;
¢ 12500 L B ; | i ¥ |
£ : | A
NS U141 o S LR e SO | . | :
Iy | | ; | i 5
S ! | | i ; ‘i
x 50001 ; i : o |
2 S T
OLE-M | , ! " i i ;
-0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
TURNS
10+ - L } ‘
= | | | i | i | |
_ ! : ! i '
=2 N N Sl S N N T
O : ’ 1 k| ‘
) -0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
o
BrieakOul
BreakQut # 1 T Moment Arm: : 38.81 inches
PinId: B BoxId TOP
File Name : 1601072\TT_0001.dat
Maximum Torque 10987 Ft-Lbs
Operator : Date : Time of Test
JF 7/21/2010 : 11:33:01 AM

CONFIDENTIAL BP-HZN-BLY00128679



w11 Stress Engineering Services Project Number: 1601072
2| Torque vs Turns Plot o
%| RPM vs Turns Plot Pipe Size
BP 7.000 in,
15000]" ' ; ] i : T : ;
s 12s00ff Sl B '] 1 - B
Ke ! : | i ] :
. |
= 100007 j
L
= 75001 |
g 5000 5
2
2500
0 f -
-0.0 1.6 1.8 2.0
10 | 1
= E |
o 54 - & |
= e ’\ f
O 1] ; : b
-0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
BlieakOut
BreakQut # 1 Moment Arm: :38.81 inches
PinId: PIN BoxId A
File Name : 1601072\TT_0002.dat
Maximum Torgue 11452 Ft-Lbs
Operator : Date : Time of Test
JF 7/21f2010 : 11:53:26 AM

CONFIDENTIAL BP-HZN-BLY00128680



Stress Engineering Services M Project Number 16010
Torque vs Turns Plot el
RPM vs Turns Plot Pipe Size
BP 7.000 in.
15000 I i : ! ] ! / o o b
S ) A T O o
& 10000 B e Pt SR
! i | 1 i I \ i 1 ' H ‘
S 7500 ‘ i I T T R A ' IR
E AN T T A O U O O O O
o 00 | . A A A
= C oo ? A R
25001 R O N R I
| hemge® | | | L | 0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0
TURNS
o 100 U R O L O R R O O O
T T fl!’léif:W!-'ii
%0 07 03 03 0405 56 07 08 08 13 11 1.2 1.3 14 1.5 1.6 1.7 18 19 2.0
' MakeUp # 1 Moment 38.81 inches
Pin Id: FC#1 [BoxId: A
File Name : 1601072\TT_0003.dat
Reference Torque 200 Ft-Lbs
Dump Torque 10700 Ft-Lbs
Overshoot (Max-Dump) 331 Ft-Lbs
Maximum Torque 11031 Ft-Lbs
Shoulder -139 Ft-Lbs
Delta Torque 11169 Ft-Lbs
Turns @ Max. Torque 0.706 Turns
Shoulder Turns 0.057 Turns
Delta Turns 0.649 Turns
Total Turns 0.706 Turns
Thread Lubricant BOL 72733
Pin Lubricant 14 Grams
Box Lubricant 28 Grams
| Opetrator: JF Date:Time of Test 7/21/2010 : 12:14:14 PM

CONFIDENTIAL BP-HZN-BLY00128681



TORQUE Ft-Lbs.

RPM

L.

Stress Engineering Services
Torque vs Turns Plot
RPM vs Turns Plot

WiSHEUD

Project Number 16010

Pipe Size

BP 7.000 in.
15000 e . I R M e e s
| N Col IR ' D]
SR T YR : P N g
WO L e HENENN
tooooy -0 b r AT IR
| ; | / ; . . : : H i i
7001 |- SRR TN 1 2 B
] [ T T A A A S N A E
U B 51 B N S A B o
! ; : i | : i ! i i ! i { i 5 i
mof L DL AT
a1 L
et R SN SIS W NP WU SO S S S S . I T OO 3
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 L4 1.5 1.6 1.7 18 1.9 2.0
TURNS
e e T T T T )
b i e bbby
P I S I R b L
| I o P
o S s S S W W I
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1.0 1.1 1.2 1.3 1.4 1.5 1.6 L7 L8 L9 2.0
MakeUp #1 Moment 38.81 inches
Pinld: B [Box Id: FC#1

Operator: JF

File Name : 1601072\TT_0004.dat

Reference Torque 200 Ft-Lbs
Dump Torque 10700 Ft-Lbs
Overshoot (Max-Dump) 326 Ft-Lbs
Maximum Torque 11026 Ft-Lbs
Shoulder 31 Ft-Lbs
Delta Torque 10985 Ft-Lbs
Turns @ Max. Torque 0.637 Turns
Shoulder Turns 0.003 Turns
Delta Turns 0.634 Turns
| Total Turns 0.637 Turns
Thread Lubricant BOL 72733
Pin Lubricant 16 Grams
Box Lubricant 30 Grams

Date:Time of Test 7/21/2010 : 12:32:22 PM

CONFIDENTIAL
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CONFIDENTIAL

Torque Turn
Calibration

Stress Engineering Services

Load Cell Dag Board
Volts -0.01 v
s/N: 111262 | Raw Voits -0.016 e
: -0.35
Capacity: ESOK JLbs. Load Cell Lbs
! Torque -1,12
Shunt: [17850.00 | Lbs. R
Gain 4406.76 Ft Lhs/V
Power Tong Offset -0.016  Volts
<4> " '{é_sﬁ_lnches
Control Board
Raw Volts -0.018 Volts
Dag Gain Daq Offset 1.48
[‘%‘406-76 ‘ ;'0.015 Load Ce" 4. LbS
ctrl Gain Ctrl Offset THIre -%80 Ft Lbs
440530 | [o.ois Gain 440530  Ft Lbs/V

Cal time date
[7/28]2010 7:53 AM I

Calibration File

|C:\TT v2.5 dap\Cal\MARC, 24 2010

Offset -0,018 Velts

BP-HZN-BLY001285884




Stress Engineering Services
Torgue Turn
Calibration

Load Cell - DaqﬁBoard _
P R -0.
s/ T1112622 I aw Volts -0.003 Volts
e Load Cel{ 0.04 s
Capacity! {50k )Lbs. ad Cell bs
- Torque 0.13 Bt Lb
Shunt: [17850.00 |Lbs. ®
Gain 4406.76  FtLbs/V
Power Tong Offset -0.003 Volts
<4> 1}58351 Inches
Control Board
Raw Volts -0.005 Volits
Dag Gain Daq Offset nza
g.q_os'?s_ | 5003 I Load Cell -0. Lbs
CtriGain_ CiriOffset farpe Sow e
l4a0530 | [0.005 Gain 440530  Ft Lbs/V
Offset 0,005 Volts

Cal time date

[7/28/2010 7:53 AM ]

Calibration File
C:\TT v2.5 dap\Cal\MARC, 24 2010

CONFIDENTIAL BP-HZN-BLY00128685



CONFIDENTIAL

Calibration

Stress Engineering Services
Torque Turn

Dag Board_

Ra\.rv“Volts 4.044
Load Cell 17849.96
Torque 57729.74
Gazin 4410.56
Offset -0.003

Control Efoa rd

VYaolts
Lhs

Ft Lbs
Ft Lbs/V
Volts

Load Cell
s/m: 112622 |
Capacity: _JSOK - m“—_l Lbs.
Shunt: |17850.00 | Lbs.
Power Tong
<4> - I;38'Tém1m1nches
eic! Gain_ Daqg Q__ffset
[4410.56 [-0.003
ctrl Gain Ctrl Offset
paos2 | [o.005

Cal time date

17/28/2010 7:53 AM

Calibration File

[C:\TT v2.5 dap\Cal\MARC, 24 2010

Raw Volts 4.042
Load Cell 17851.38
Torque 57734.33

Gain 4410.52
Offset -0.005

Voits
Lbs
Ft Lbs

Ft Lbhs/V
Volits

BP-HZN-BLY00128686
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Stress Engineering Services
Torgue Turn

Calibration
Load Cell __ Daq Board
fianasslind S A & o AR ey V !
S/m: :11112622 I Raw Volts 4.035 Volts
—— 17849,
Capacity: m ll.hs. Load Cell 9.90 Lbs
Tergue 57729.54
Shunt: [17850.00 ILbs. 4 Ftibs
Gain 4407.03 Ft Lbs/V
Power Tong Offset 0,016 Voits
<4> - [3851 Inches
Contral Board
) Raw Volts 4.032 Volts
Daq Gain Daq Offset
ctrl Gain Cirl Offset Torque 57731.82  FtLbs
a7 | oo Gain 4407.87  FtLbs/V
Offset -0.018 Volts

Cal time date

{7/28/2010 7:53 AM

Calibration File

[C:A\TT v2.5 dap\Cal\MARC, 24 2010

BP-HZN-BLY00128687




1| Stress Engineering Services Project Number: 1601072
Torque vs Turns Plot o )
RPM vs Turns Plot Pipe Size
BP 7.000 in,
15000¢7 | T T j { : ‘
PR EICHUNES NN S P N A
3 *" ’ i a | : i | |
i ' L . |
S 700 @ T | | :
e . 3 ‘ : |
o 50001/} - ; X ; i ; | ;
= N |
ol ——— ]
-0.0 0.8 1.0 1.2 1.4 1.6 1.8 2,0
._ B , TURNS ; R
o J | , i | 1' E i
o £4 e . i 1 i E i ‘ .
o l /f i ] .‘ i i [
o ! ! i i | | i i
00 02 04 06 08 10 12 14 16 18 20
Brieakouty
BreakQut # 2 Moment Arm: :38.81 inches
Pinid: B Box Id FC#1
File Name : 1601072\TT_0005.dat
|
Maximum Torgue 10435 Ft-Lhs
Operator : Date : Time of Test
[ JF 7/28f/2010 : 7:55:30 AM

CONFIDENTIAL
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CONFIDENTIAL

Torque Turn
Calibration

Load Ceil

s/ fitzez2 |

Capacity: [50k ] Lbs.
shunt: [17850.00 |Lbs,

Power Tong

<4> ‘ qufé.mé'fm Inches

Daqg Gain Dag Cffset

[aa07.03 | footis |

Ctrl Gain Ctri Offset
Rav787 | Foois

|

Cal time date
[7725/2010 7:30 AM i

Calibration File

[C:\TT V2.5 dap\Cal\MARC, 24 2010

Stress Engineering Services

Dag Board

Raw Volts -0.018
Load Cell 0.17
Torque 0.57

Gain 4407.03
Offset -0.018

Control Board

Volts
Lbs

Ft Lbs
Ft Lbs/V
Vaolts

Raw Volts -0,019
Load cell 0.52
Torque 1.67

Gain 4407.87
Offset -0.010

Volts
Lbs

Ft Lbs
Ft Lbs/v
Volts

BP-HZN-BLY00128689



Stress Engineering Services
Torgue Turn

Calibration
Load Cell Daqg Board
T ————— Raw Volts -0.005 Vv
S/N: 512622 ' aw Voelts -0.005 olts
R I e I -0.09
Capacity: 150[( ’Lbs. Load Ce Lbs
Terque -0.30 E
Shunt: [17850,00 | Los. ? tikbs
Gain 4410.56 Ft Lbs/V
Power Tong Offset -0.005 Volts
<d> L;Ea"é?l .'Inches
Centrol Board
Raw Volts -0.006 Yoits
Daq Gain Daq Offset 0.2
4410.56 i ]T-O.OUS ! Load Cell 0. Lbs
ctri Gain Ctrl Offset Torgrs 103 Ft Lbs
fat052 | [ooos | Gain 4410.52  Ft Lbs/V
- Offset -0,006 Voits

Cal time date
[7729/2010 7:30 AM |

‘Caiibration File -
C:\TT v2.5 dap\Cal\MARC, 24 2010

CONFIDENTIAL BP-HZN-BLY00128690



Stress Engineering Services
Torgue Turn
Calibration
Load Cell - Dag Board
S/H: ) ﬁ—l'ﬁ‘é‘iz“—‘-"l Raw Volts 4.043 Volts
: 17851.14
Capacity: :JSOK JLbs. Load Cell Lbs
; Torque 57733.57
Shunt: [17850.00 |Lbs. : FREDS
Gain 4410.26 FtLbs/V
Power Tong Offset .0 505 Voits
<4> - lf388i1nches
Control Board
Raw Volts 4.041 Volts
Daqg Gain Daq Offset
(2410, é"é‘“‘“‘[ oo0s T Load Cell 1785146 Lbs
Ctrl Gain__ Cirl Offset forque 3773481 Ftlbs
f411.15 | 0,006 Gain 441115 Ft Lbs/V
. Offset -0.006 Valts
Cal time date
[7/25/2010 7:31 AM |
Calibration File
[cATT v2.5 dap\Cal\MARC, 24 2010

CONFIDENTIAL BP-HZN-BLY00128691



Stress Engineering Services
Torque Turn
Calibration

Load Cell —DPagBoard
Voits 4.
S/N: -{1112622 l Raw Voits 4.033 Volts
; d Cell 17850.09 B
Capacity: {50k |Lbs, moad cel wbs
Torque 57730.17 g¢
Shunt: [17850.00 |Lbs. ko8
Gain 4406.72 FtLbs/V
Power Tong Offset -0.018 Volts
<4>

Jl3s.s1 Inches

et § i e bt o

_(:ontrol Board

Raw Volts 4.031 Volts

pag Galn Pag Difset Il 17849.61
(4406.72 ’ |:0.018 ] Load Cel . Lhs
T il Gainm_[ Ctrl Offset_ Torque 5772862  Ft Lbs
fa406.81 [-0.019 Gain 4406.81  Ft Lbs/V
. Offset -0,019 Volits
Cal time date
[r2o2010 73t T
|
Calibration File
IC:\TT v2.5 dap\Cal\MARC, 24 2010
il

CONFIDENTIAL BP-HZN-BLY00128692



| Stress Engineering Services Project Number 16010
| ;| Torque vs Turns Plot @@
5| RPM vs Turns Plot Pipe Size
BP 7.000 in.
150007 : e - ; |
i : } : | i ' :
4 12500 | | : : ! L b
E 100001 { 1
) 75001 ' [oo e
g | |
S 50007; - e 1
- : ‘ .
2500+ : L ‘ | J
0" = ‘-"»—“:"“ “‘T. Al T l T : f ;
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
TURNS
10“] ; . ; = i
= | i : i
Q_, . . |
N =
D—.i‘ |: J! ; | ; f T ]:l T 7
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
_MakeUp #3 Moment 38.81 inches
Pinld: B [Box Id: FC #1
File Name : 1601072\TT_0006.dat
{Reference Torque 200 Ft-Lbs
Dump Torque 10700 Ft-Lbs
Overshoot (Max-Dump) 372 Ft-Lbs
Maximum Torque 11072 Ft-Lbs
Shoulder -123 Fi-Lbs
Delta Torque 11195 Ft-Lbs
Turns @ Max. Torque 0.789 Turns
Shoulder Turns 0.001 Turns
Delta Turns 0.788 Turns
Total Turns 0.789 Turns
Thread Lubricant BOL 72733
Pin Lubricant 12 Grams
Box Lubricant 22 Grams
Operator: JF Date:Time of Test 7/29/2010 : 7:36:39 AM
L

CONFIDENTIAL
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CONFIDENTIAL

Torgue Turmn

L\‘

Siress Engineering Serv1ces

Calibration
Load Cell Dag Board
i S/N: | H1112622 - - ‘EI ; Raw Volts -0.005 Volts
;- S L 57.70
| capacity: [J5ok b, oad Cel Lbs
T Y, Torque 186.60°  perh
Shunt: |17850.00 | Lbs: 9 t Lbs
Gain 440676  FtLbs/V
Power Tong Offset -0.018 Volts

<4> <F [38.81 Inches

Control Board

i _Pag@ain """ Dag Offset
P 440676 | 0018 |
i _CulGain_ Ctri Offset
+. 1440530 | }0.019

~ Cal time date -
8372010 10:56 AM q

Calibration File

[C:\TT v2.5 dap\Cal\MARC, 24 2010

Raw Voits -0.006 Volts
Load Cell 59.22 Lbs
Torque 191.52 Ft Lbs
Gain 4405.30 Ft Lbs/V
Offset 0,019 Volts

BP-HZN-BLY00128694




Stress Engineering Services
Torgue Turn

B

Calibration
Load Cell Dag Board

; Ra its -0. its
: S]N:!jl_.‘_t_25899 | w Volts -0.005 Vo
: . T Load Cell 0.24 Lb
:Capacaty:ﬂ_SOk . l Lbs. oad ce °
; — Torgue 0.77 Ft L
. Shunt: ]18160,00 | Lbs. : L
! Gain 4485.98 FtLbs/V

Power Tong Offset _0.g05 Volts

<4> =7 138.81 Inches

Control Board

. o ) Raw Volts ~0.006 Voits
) ;- _DagGain ' Dagq Offset
‘ la485.98 [0.005 Load Cell -0.20 Lbs
T G Gan | Ctel Offset e G0 RS
faaseis | Fooos | Gain 4486.15  Ft Lbs/V
Offset -0.006 Volts

Cal time date

[J6/3/2010 10:56 AM |

Calibration File
[C:\TT v2.5 dap\Cal\MARC, 24 2010

CONFIDENTIAL BP-HZN-BLY00128695
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hY

Calibration

Stress Engineering Services
Torgue Turn

Load Cell Dag Board
siu:[fiiossey | Raw Volts 4.042 Voits
':Capacity:ﬂso[( o 1Lbs. Load Cell 18160.35 Lbs
Shunt: Ji8160.00  |Lbs. Torque 58733.58  FiLbs
‘ Gain 4487.15  FtLlbs/V
Power Tong Offset 0,005 Volts

<4> h l38.81 Inches

Control Board

' 'Daq Gain Daq Offset
lae715 | Fooos

_CtriGain ~ CtriOffset

@488.62 | J-0.006

Cal time date

[f8/3/2010 10:56 AM

Czlibration File

|C:\TT v2.5 dap\Cal\MARC, 24 2010

Raw Volts 4.040 Volts
Load Cell 1816140 ihs
Torque 58737.00  F& Lhs
Gain 4488.62 Ft Lbs/V
Offset -0.008 Volts

BP-HZN-BLY00128696




r Stress Engineering Services Project Number: 1601072
4 Torque vs Turns Plot L
RPM vs Turns Plot Pipe Size
BP 7.000 in,
15000
G 12500
_Q |
~l B
oL 10000
5 I
1L
S 7500
S \
o 5000
= AN
2500t \ :
0' T T T T T T T
-0.0 0.2 0.4 0.6 0.8 1.0 12 1.4 1.6 1.8 2.0
TURNS
10
= |
o 5
o o ] |
0 " ! 1 1 ‘I 1 il 1 1 Ii
-0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 18 2.0
BreakOut # 3 Moment Arm: :38.81 inches
Pinid: B Box Id FC#1
File Name: 1601072\TT_0007.dat
Maximum Torque 10879 Ft-Lbs
Operator : Date : Time of Test
JF - 8/3/2010 : 11:15:49 AM

CONFIDENTIAL
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r Stress Engineering Services Preject Number: 1601072
4 Torque vs Turns Plot X .
RPM vs Turns Plot Pipe Size
BP 7.000 in,
15000
s 12500
o
-
<L 10000
L
L .
35 7500f,
&
o 5000
0 AN
2500 .
N\
0% : | : : .
0.0 02 04 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
TURNS ‘
10
=
o 5
o . Ty |
0 n 1 1 ] H 1
-0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
Breakout
BreakOut # 3 Moment Arm: | 38.81 inches
PinId: FC#1 BoxId A
File Name: 1601072\TT_0008.dat
Maximum Torque 7583 Ft-Lbs
Operator : Date : Time of Test
IF $/3/2010 : 11:24:51 AM

CONFIDENTIAL BP-HZN-BLY00128698



by

Torque vs Turns Plot

Stress Engineering Services

ViakelUp

Project Number 16010

RPM vs Turns Plot Pipe Size
BP 7.000 in,
" 15000 : [
4 12500‘ - |
- : s 1
= 10000 | \
L
) 7500
g L
| & 5000 ;
= r
2500 . !
00 0.1 02 0304 05 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0
TURNS
10— T
E - {
© 5 ‘
Ojlr i‘ 1 ll i T ) Tr
0.0 0.1 0.2 0.3 04 0.5 0.6 0,7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 15 1.6 1.7 1.8 1.9 2.0
MakeUp # 1 Moment 38.81 inches
Pinld: B Box Id: FC#2
File Name : 1601072\TT_0009.dat
Reference Torque 200 Ft-Lbs
Dump Torgue 10700 Ft-Lbs
Overshoot (Max-Dump) 383 Fi-Lbs
Maximum Torque 11083 Ft-Lbs
Shoulder ~-86 Ft-Lbs
Delta Torque 11169 Ft-Lbs
Turns @ Max. Torgue 0.778 Turns
Shoulder Turns 0.010 Turns
Delta Turns 0.768 Turns
Total Turns 0.778 Turns
Thread Lubricant BOL 72733
Pin Lubricant 13 Grams
Box Lubricant 15 Grams

Operator: JF

Date:Time of Test 8/3/2010 : 11:41:28 AM

CONFIDENTIAL
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N

Stress Engineering Services
Torque vs Turns Plot
RPM vs Turns Plot

Project Number 16010

Pipe Size
7.000 in.

15000

12500

10000

7500

5000

TORQUE Ft-Lbs.

2500

0-.

TURNS

L T T T T : T T T T T T
0.0 0.1 02 0.3 0.4 0506 0708 0.9 1.0 1.1 1.2 1.3 14 1.5 1.6 1.7 1.8 1.9 2.0

i

RPM

5

|

il

0

Operator: JF

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 14 15 16 17 18 19 20

MakeUp # 1 Moment 38.81 inches

PinId: A Box Id : FC#2

File Name : 1601072\TT_0010.dat

Reference Torque 200 Ft-Lbs
Dump Torque 10700 Ft-Lbs
Overshoot (Max-Dump) 239 Ft-Lbs
Maximum Torque 10939 Ft-Lbs
Shoulder -113 Ft-Lbs
Delta Torgue 11052 Ft-Lbs
Turns @ Max. Torqgue 0.848 Turns
Shoulder Turns 0.083 Turns
Delta Turns 0.765 Turns
Total Turns 0.848 Turns
Thread Lubricant BOL 72733
Pin Lubricant 10 Grams
Box Lubricant 17 Grams

Date:Time of Test 8/3/2010 : 11:53:20 AM ‘

CONFIDENTIAL
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TORQUE Ft-Lbs.

RPM

Stress Engineering Services
Torque vs Turns Plot
RPM vs Turns Plot

7
Project Number 16010

Wiakelp,

Pipe Size
7.600 in.

ISODOH

125007

10000

7500. s e

50001

25004

U - .|.- e
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i
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T

!
|
|

0- T

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1.0 1112 1.3 141

Operator: JF

L)

MakeUp # 1 | Moment 38.81 inches
PinId: FC#3 BoxId: A |
File Name : 1601072\TT_0011.dat |
Reference Torque 200 Ft-Lbs
Dump Torque 10700 Fi-Lbs
| Overshoot (Max-Dump) 365 Ft-Lbs
Maximum Torque 11065 Ft-Lhs
Shoulder 108 Ft-Lbs
Delta Torque 10957 / Ft-Lbs

Turns @ Max. Torque
Shoulder Turns
Delta Turns

Total Turns

0.625 Turns
0.102 Turns
0.523 Turns
0.625 Turns

Thread Lubricant
Pin Lubricant
Box Lubricant

BOL 72733
13 Grams
15 Grams

Date:Time of Test 9/9/2010

5 1.6 1.7 1.8 1.9 20

: 5:59:08 PM

CONFIDENTIAL
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Torgue vs Turns Plot

Project Number 16010

akelm;

21| RPM vs Turns Plot Pipe Size
B 7,000 in.
15000': | i 1 { i ] : 5 s i | ! |
! | l ‘l i g i ! : : i | : l
o A N T R T B N A A N
R S R Y | -0 R N O N A
AN N N O e Y O O O
000y | i S B NN DL D B AT DY A
P T A A A
75001 | | S LR IR R IR TR U B
b Y 4 B U T T T B
] | 17 41 1R S S A S A R S S A
5000 ! | @ } Pl : | A B E E
! TR ) 1 i i i 3 i !
G | ' ; ' 5 i H ‘ i | |
ol A
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8°1.9 2.0
TURNS
lﬂ_m.. e { T I 1{ v : = : ary T = 1"
N R
c2 0 (O A
L TS AR A A
et N v 1 I O O O O

00 0102 023 04 0506 0.7 0.8 09 1.0 1.1 1

Operator: JF

MakeUp # 1

Pinld: B

File Name : 1601072\TT_0012.dat
Reference Torgue 200 Ft-Lbs
Dump Torque 10700 Ft-Lbs
Overshoot (Max-Dump) 357 Ft-Lbs
Maximum Torque 11057 Ft-Lbs
Shoulder -257 Ft-Lbs
Delta Torque 11313 Ft-Lbs
Turns @ Max. Torque 0.746 Turns |
Shoulder Turns 0.253 Turns
Delta Turns 0.492 Turns
Total Turns 0.746 Turns
Thread Lubricant BOL 72733
Pin Lubricant 11 Grams
Box Lubricant 17 Grams
Date:Time of Test 9/9/2010

3
L]

2 13 1.4 15 1.6 17 1.8 1.2 2.0

Moment 38.81 inches ‘r
]\Box Id: FC#3 T

6:23:29 PM

@B
o
=
i
L
=2
G
o
o
I_
=
o
6.2
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= | Stress Engineering Services Project Number 16010
@ | Torque vs Turns Plot ﬂ}@&{@
RPM vs Turns Plot Pipe Size
BP 7.000 in.
15000 [ 7 I T I 7 ; | T T
| { o | U I A T A T I 1
% it Co b T N B A T A F
3 —
w , ! ' ! N F P! ! '
f | LU - I A j B [ {
< i | » | oL
2 l . | IR [ i I ! ] l
EEEENEE RN
( 0 = ':‘E‘l - .. ‘ T ‘ 1 l I J! : 1: ' sl ——
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 4.2 1.3 1.4 15 1 17 1.8 1.9 2.0
TURNS
10— T T T T T T \ psnsi
= i [ TR T T A B T R bl
o P R S A R SR I S B
o 5 S | ok i i H v : ; ' | i | !
b | I | [ ! o
3 s T A O A
00 0.1 0.2 03 04 05 06 07 0.8 09 1.0 1.1 1.2 1.3 1.4 15 1.6 1.7 1.8 1.9 2.0
MakeUp # 1 Moment 38.81 inches
Pinid: B [[Box 1d: FC#5
File Name : \TT_0001.dat
Reference Torque 200 Ft-Lbs
Dump Torque 10700 Ft-Lbs
Overshoot (Max-Dump) 407 Ft-Lbs
Maximum Torque 11107 Ft-Lbs
Shoulder -293 Ft-Lbs
Delta Torque 11400 Ft-Lbs
Turns @ Max. Torque 0.763 Turns
Shoulder Turns 0.367 Turns
Delta Turns 0.396 Turns
Total Turns 0.763 Turns
Thread Lubricant BOL 72733
Pin Lubricant i1 Grams
Box Lubricant 18 Grams
Operator: JF Date:Time of Test 9/20/2010 : 2:24:13 PM

CONFIDENTIAL BP-HZN-BLY00128703



Stress Engineering Services Project Number 16010
Torque vs Turns Plot =Y 1%
RPM vs Turns Plot Pipe Size
7.000 in.
15000 H T 5 ¥ ! . . : ; ; —
- i R
& 125007 - I-«---'r I wf e e | -] ¥ B
= ] [ N L
%‘ 75001 i * : | S I
g I il L
o) 50001 - - r S I -
- t ‘..'_: l i 1 ! § '; |
25007 ; " 4 P A I
g™ | |
0.0 0.1 0.2 03 0.4 6.5 06 07 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 17 1.8 1.9 2.0
TURNS
10 T ] ] i [ i ¥
= I B . - f L
s 1 i ! L Ii i S T A -
£ F l’iiii‘iifa;l\
o?":.f:‘i:'il—!’-;f:f?f":l
0.0 0.1 0.2 03 04 05 06 0.7 0.8 0.9 1.0 1.1 1.2 13 14 15 1.6 1.7 1.8 1.9 2.0
MakeUp # 1 Moment 38.81 inches
Pin Id : FC#5 BoxId: A
File Name : C:\\TT_0014.dat
Reference Torque 200 Ft-Lbs
Pump Torque 10700 Ft-Lbs
Overshoot (Max-Dump) 377 Ft-Lbs
Maximum Torque 11077 Fl:-Lb'sT
Shoulder -176 Ft-Lbs
Delta Torque 11252 Ft-Lbs
Turns @ Max. Torque 0.720 Turns
Shoulder Turns 0.052 Turns
Delta Turns 0.668 Turns
Total Turns 0.720 Turns
Thread Lubricant BOL 72733
Pin Lubricant 12 Grams
Box Lubricant 18 Grams
Operator: JF Date;Time of Test 9/20/2010 : 3:00:35 PNU
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Stress Engineéring Services Project Number 16010

Torque vs Turns Plot M

RPM vs Turns Plot Pipe Size
BP 7.000 in.
150007 pusacgensccy — — —
BERRRRREERREENREEE
2 ! ] } t Dump | i i
= : '.;;13+3‘25
& Al _.i. dodo } NI TR O
= ’ o | oo
i EREN e B
00 0,102 D304 55 06 0708 0810 L1 1210 15 16 18 1718 18 B 2.0 |
TURNS
J ! —T T e T R
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e | { + | | i o 1 IR o b
o r"*:" ! ! [ R |
0.0 0.1 0.2 0.2 0.4 0.5 0.6 0.7 0.8 0.0 1.0 11 12 13 1.4 15 16 1'7 1.8 1.9 2.0
MakeUp # 1 Moment 38.81 int:hes1
PinId : FC#5 [BoxId: A
File Name : 1601072\TT_0015.dat |
Reference Torque 200 Ft-Lbs
Dump Torgue 10700 Ft-Lbs
Overshoot (Max-Dump) 316 Ft-Lbs
Maximum Torque 11016 Ft-Lhs
Shoulder -209 Ft-Lbs
Delta Torque 11226 Fit-Lbs |
Turns @ Max. Torque 0.775 Turns
Shoulder Turns 0.018 Turns
Delta Turns 0.764 Turns
Total Turns 0.775 Turns
Thread Lubricant BOL 72733
Pin Lubricant 12 Grams
Box Lubricant 13 Grams
Operator: JCS Date:Time of Test 10/11/2010 : 2:09:48 PM
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Stress Engineering Services

Project Number 16010

Torque vs Turns Plot Wiakel lp ;
RPM vs Turns Plot ' ¥ Pipe Size
Bp 7.000 in.
15000 i f | S T A I R T 1
P i S S
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= 75001 e E 1 }| ‘ 1
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= | l | . .
2500 o b i ’ .
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QU - _— ! - bceclie
0.0 0.1 0.2 0.3 04 0.5 0.6 07 0809 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0
£ TURNS
7 ‘ T ' i v i i 0
= RERRRRARERRRANN
= . 1 T 3 | ‘ } 7
| l } l I ! l ! E 1 : ‘ l
0~ '( T i T i i | f ¥ { i T :
0.0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.0 1.0 1.1 1.2 13 14 15 1.6 1.7 18 1.9 2.0
MakeUp # 1 Moment 38.81 inches
Pinld: B Box Id: FC#4
File Name : 1601072\TT_0016.dat
Reference Torgue 200 Ft-Lhs
Dump Torque 10700 Ft-Lbs
Overshoot (Max-Dump} 357 Ft-Lbs
Maximum Torque 11057 Ft-Lbs
Shouider 642 Ft-Lbs
Delta Torque 10415 Ft-Lbs
Turns @ Max. Torque 0.482 Turns |
Shoulder Turns 0.052 Turns
Delta Turns 0.431 Turns
Total Turns 0.482 Turns
Thread Lubricant BOL 72733
Pin Lubricant 8 Grams
Box Lubricant 16 Grams
Operator: JCS Date:Time of Test 10/14/2010 : 9:51:41 AM
CONFIDENTIAL BP-HZN-BLY00128706



Stress Engineering Services

Project Number 16010

Torque vs Turns Plot ,_/Z’g
RPM vs Turns Plot ? Pipe Size
BP 7.000 in.
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= | AN } - I
- | —~

Operator: ICS

0 .
00 0.1 0.2 0.3 0405 0.6 0.7 0.8 0.9 1011 1213141

MakeUp # 1 Moment 38.81 inches
PinId : FC#4 BoxId: A

File Name : 1601072\TT_0017.dat
Reference Torque 200 Ft-Lbs
Dump Torque 18700 Ft-Lbs
Overshoot (Max-Dump) 409 Ft-Lbs
Maximum Torque 11109 Ft—Lbﬂ
Shoulder -49 Ft-Lbs
Delta Torque 11158 Ft-Lbs
Turns @ Max, Torque 0.803 Turns
Shoulder Turns 0.076 Turns
Delta Turns 0.727 Turns
Total Turns 0.804 Turns
Thread Lubricant BOL 72733
Pin Lubricant 12 Grams
Box Lubricant L1 Grams

Date:Time of Test

516 1.7 1.8 1.9 29

10/14/2010 : 10:13:53

CONFIDENTIAL
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Stress Engineering Services Project Number 16010
Torque vs Turns Plot ,
RPM vs Turns Plot Pipe Size
7.000 in.
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(- S ' ! ! i L ! % { ] : J \'
0.0 0. 01 02 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 14 1.5 1.6 1.7 1.8 1.9 2.0
TURNS
‘ , : ; e
= N § ‘ | ‘ ] e 1 i
& i : i - l [ Lo | ’1‘ o -
: R ‘ , B i I |
| - N O O ‘ l |
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 0.8 1.0 1.1 1.2 1.3 14 15 1.6 1.7 1.8 1.9 2.0
MakeUp # 1 Moment 38.81 inches
PinId: B Box Id: FC#4
File Name : 1601072\TT_0018
Reference Torgue 200 Ft-Lbs
Dump Torque 10700 Ft-Lbs
Overshoot (Max-Dump) 610 Ft-Lbs
Maximum Torque 11310 Ft-Lbs
Shoulder -206 Ft-Lbs
Delta Torque 11516 Ft-Lbs
Turns @ Max. Torque 0.805 Turns
Shoulder Turns 0.000 Turns
Delta Turns 0.805 Turns
Total Turns 0.805 Turns
Thread Lubricant BOL 72733 ‘
Pin Lubricant 10 Grams
| Box Lubricant 17 Grams |
| Operator: JCS Date:Time of Test 10/18/2010 : 5:53:40 PM
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BP America Inc.
Engineering Report on Testing of Weatherford M45AP Float Collar 22 November 2010

Annex M Calibration

Stress Engineering Services, Inc. Confidential Report No.: PN 1751225
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PO Box 355 Dobbin, Tx 77333
Phone - 713-515-3619

Specigiized Tech 3aryices

CALIBRATION CERTIFICATE

CUSTOMER: MOHR ENGINEERING
13602 WESTLAND EAST BLVD
Transducer Make: Dynisco Transducer Model: (G830-300-5M-K73
Transducer S/N: 490645465 Transducer Range: 0 - 5000 psi
Reference and testing conditions: 979.312 gals 23°C +/- 1.5 deg
Excitation 4.999 volts
CALIBRATION READINGS (as left)
ACTUAL READING 1 CONVERTED PERCENT ERROR
v (psi) (mv) (psi) % of FS
0 -0.058 0 0.00
500 1.439 500 0.00
1000 2.935 989 -0.01
2000 5.829 1992 -0.02
3000 8.923 2899 -0.02
4000 11.920 3989 -0.01
5000 14.917 5000 0.00
All readings within manufacturer tolerence (+/-.5% F.S.)
CONVERSION FACTORS (Reading - Offset)*gain
Shunt Reading Shunt Reading Offset Gain
(millivolts) (psi) (millivolts) (psi/mv)
11.922 4000 -0.058 333.90
Calibration performed per STS document PTC1001 and tracablc to N.I.S.T.
Equipment uscd: Pressurements model M3800 SN:61205, HP Model 34401 A Sn: MY47007060
Technician L. Wilson DATE: May 16,2010
SIGNED: e &t RECALL: May 16,2011

CONFIDENTIAL
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PO Box 355 Dobbin, Tx 77333

S' S Phone - 713-515-3619

Specialized Tech Services
CALIBRATION CERTIFICATE

CUSTOMER: MOHR ENGINEERING
13602 WESTLAND EAST BLVD
Transducer Make: Dynisco Transducer Model: G830-300-5M-K73
Transducer S/N: 190948937 Transducer Range: 0 - 5000 psi
Reference and testing conditions: 979.312 gals 27°C +/- 1.5 deg
Excitation 5.034 volts
CALIBRATION READINGS (as left)
ACTUAL READING 1 CONVERTED PERCENT ERROR
(psi) (mv) (psi) % of FS
0 0.058 0 0.00
500 1.565 499 -0.01
1000 3.073 908 -0.01
2000 6.089 1998 -0.02
3000 9.107 2899 -0.02
4000 12.125 4000 -0.01
5000 15.143 5000 0.00

All readings within manufacturer tolerence (+/- .3% F.S.)
CONVERSION FACTORS (Reading - Offset)*gain

Shunt Reading Shunt Reading Offset Gain
(millivolts) (psi) (millivolts) (psi/mv)
12.121 3998 0.058 331.44

Calibration performed per STS document PTC1001 and tracable to N.I.S.T.
Equipment used: Pressurements model M3800 SN:61205, HP Model 34401A Sn: MY47007060

Technician L. Wilson DATE: June 19, 2010
SIGNED: o et RECALL: June 19, 2011

CONFIDENTIAL BP-HZN-BLY00128712
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PO Box 355 Dobbin, Tx 77333

S S Phone - 713-515-3619
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CALIBRATION CERTIFICATE

CUSTOMER: Stress Engineering / Waller Division

42403 Old Houston HWY
Transducer Make: Dynisco
Transducer S/N: 190948938

Reference and testing conditions:

Transducer Model: G830-300-10M-K73
Transducer Range: 0 - 10000 psi
979.312 gals 23°C +/-1.5deg
Excitation 4.999 volts

CALIBRATION READINGS (as left)

ACTUAL READING 1 CONVERTED PERCENT ERROR

(psi) (mv) (psi) % of FS
0 0.040 0 0.00
500 0.790 501 0.01
1000 1.538 1001 0.01
2000 3.035 2002 0.02
4000 6.029 4003 0.03
6000 9.020 6002 0.02
8000 12.011 8001 0.01
10000 16.001 10000 0.00

All readings within manufacturer tolerence (+/- .5% F.S.)

CONVERSION FACTORS (Reading - Offset)*gain

{millivolts)

11.93

Shunt Reading Shunt Reading

{psi)
7950

Offsct Gain
(millivolts) (psi/mv)
0.04 668.40

Calibration performed per STS document PTCI001 and tracable to N.I.S.T.
Equipment used: Pressurements model M380C SN:61205, HP Model 34401A Sn: MY47007060

Technician L. Wilson

SIGNED: A

DATE: May 16, 2010
RECALL: May 16,2011

CONFIDENTIAL
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ORDER NC: C2-037276
PAGE: 1
SHIP NUMBER; 247202
DATE: 07/08/2010
D1V OF RACINE FEDERATED INC. CUST PO NUMBER: J8740
8635 Washington Av 4
Racie, W1 S5405 CSR:  BLB
TEL: (800)235-1638 OR (262)639-6770 FAX: (262)639-2267
PACKING LIST
SCLDTO : B44131 SHiP TO: 000056
POWER ASSOCIATE INT'L.,JIM EXT.102 MOHR ENGINEERING
281-458-7020
13117 GREENRIVER DR 281-458-9124 13602 WESTLAND EAST BLVD
HOUSTON TX 77044 HOUSTON e 77041
USA USA
SHIP VIA: UPS TRACK#  1ZV300E50349068767
FOB: SHIFPING POINT TERMS: 0 - 0 DAYS: ¢ & 0 DAYS; NET 30

TOTAL PCS: 1 WEIGHT (LBS):  18.90

TAG PO:1751225-JEK

LN#: ITEM/CATALOG ITEM

003 BOOOOOS | 1
CERTIFICATE, CALIBRATION; 5-POINT
002 B28SLM-AB 1 1
\ MONITOR; B2800, SMP, LP, MM, GAL
001 B111-520 { {

METER, 2; 1100 CS; 40-400 GPM

Pacled By: Checked By:

CONFIDENTIAL

1

Date:

CRDERQTY QUANTITYDUE SHIPPED QTY BACKORDEIR QTY

0
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Calibration Report

Blancett Flow Meters

A Division of Racine Federated Inc.

8635 Washington Ave
Racine, Wisconsin 53406
Phone: 262-839-6770 Fax: 262-639-2267

Unit Under Test (UUT) information:

Master Meter:

Description: METER, 2"; 1100 CS; 40-400 GPM Std uncertalnty: +0.25%
Model Number: 111-520 Traceability No: TFM-1671
Serial Number: 070810705 Model No: OPTIFLUX 4000C
Sensor Type: Magnetic Pickup Serial No: A053003
Output type: Frequency
Minimum Flow: 40 GPM 151.4 LPM
Maximum Flow: 400 GPM 15142 LPM Customer Information:
Calibration Date: July 8, 2010 Customer Name: POWER ASSQOCIATE INT'L.,INC.
Calibration Interval: 12 Months Customer No: B44121
Cal. Liguid: Water Order No: C2-037276
Ambient Temperature:  73.81 °F
Ambient Humidity: 54,38 %RH
Linear Points: 5
UUT Calibration Data Table [n GPI:
Flow Actual uuT uuT Vise, UUT Frv UUTK  (Hz'60YNK Linear Raw Err
Standard GPM Hz Temp °F ¢St Hz/c5t CYC/GAL GPM COEFF. % Rate
1 400.60 317.600 75.60 0.804 351.443 47.57 404.73 0.9838 -1.03
1 224.00 175.900 75.50 0.805 194.385 4712 22416 0.9993 0,07
1 126.30 99.000 75.50 0.905 102,404 47,03 126.16 1.0011 0.11
1 70.70 55.400 75.50 0.905 61.222 47.02 70.80 1.0014 0.14
1 38.50 22.900 75.40 0.808 32,8998 46.60 3B.10 1.0104 1.03
Nominal & (NK) 47.683
UUT Calibration Data Table In LPM:
Flow Actual uuT uuT Visc, UUT iV UUTK  (Hz*80YNK Linear Raw Err
Standard LPM Hz Temp °F St Hz/cSt CyciLiter LPM COEFF. % Rate
1 1516.44 317.600 7560 0.804 351,443 1257 153208 08893 -1.03
1 847.93 175.900 75.50 0.805 184.385 12.45 84853 0.9963 -0.07
1 478.10 998,000 75.50 0.805 108.404 1242 477.57 1.0011 0.11
1 267.63 55.400 75.50 0.905 61.222 12,42 267.25 1.0014 Q.14
1 14574 28.800 75.40 0.908 32.998 1231 144.24 1.0104 1.03
Nominal K {NK) 12.438
Status: PASS
VMeter Accuracy (of Rate): +1.08 %
Average Calib. Temperature : 755F Calibrated By: Edward Perez
Average Calib. Specific Gravity ; 1 . o
Average Calib. Viscosity 0.8 cSt Certified By: %):.__Jé 5 L
Flow Direction : Forward KreKulig ﬂ

Blancett calibrations are preformed using standards traceable o the Nation

The equipment and calibration procedure complies with ISG 9001:2008 and
This calibration report may not be reproduced, exceptin full, without the writter approval from Racine Federated Ine.

CONFIDENTIAL

al Institute of Standards and Technology
MIL-STD-45662A

Qs248
Rev. A
'08/08
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Calibration Information Sheet

C6-020540

Ul ModelNo,

. | Customer
Omega Engineering

" MeterRev. W Sortware Ver.

7/19/2010!

Calibrated with

h transducer 8‘88

. Temperature
73.73 °F

"Actual
Flow. 1:

Indicated Indicated
. Flow 1 . Flow?2

‘Flowoop Niumber= 81" 7 Standard: Opiifiux 4300

Calibration Dues 095101

Uncertainty:' | +/:05% of Reading

| certify that the flow mea: @ ent syste! ted above was operated and data was recorded in accofdance wi DAS-207-001.
o] !9/ 0
Test Performed By: l‘/}] {j{ ’ on the date of }0 i

Serial NumBer: i A5 %8371 -

PipeType: 35 SCHBDPYC

7 ¥

on the date of l %j% SQOID .

j Test Certified By:
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RCN Enterprises, Inc. 29 July 2009
371 Bowler Road
Waller, Texas 77484

Calibration Report

Owner: Stress Engineering Services, Inc. Ambient Temp: 77.8 F
42403 Old Houston Highway
Weller, Texas 77484

Machine: MTS 20,000Lb Universal Testing Machine  Frame 11 — Tension

MTS Load Cell Model: 661.20C-03  Serial: 49417
MTS DAQ and Control System Excitation: 10Vdc
Software Compression Gain: 513.3636 Tension Delta K: 0.9991
Run 1: Run 2:
Load, in Lbs: Machine Error Load, in Lbs: Machine Error Repeatability:

True: Indicated: Lbs: %: True:  Indicated: Lbs: %: Lbs: Y%e:
1.998.5 1,985 =5 0.23% 1,987.8 1,887 =1 Q0.04% 4 0.18%
2,999.7 2988 -12 0.39% 2,997.8 2,992 -5 0.19% 6 0.20%
4,000.8 3,988 -3 0.06% 3.298.8 3,987 -12 0.30% -8 0.23%
5,889.9 5,992 -8 0.13% 5,895.6 5,887 -3 0.14% -1 0.01%
7.987.2 7.986 =11 0.14% 7,896.9 7,985 -12 0.15% -1 -0.01%
9,989.6 9,992 -8 0.08% 9,985.9 9,994 -3 0.03% 5 0.05%

11,997.6 11.983 -5 0.04% 11,996.6 11,093 -4 0.03% 1 0.01%
13,956.4 13,995 -1 0.01% 13,995.5 13,995 -1 0.00% 1 D0.01%
15,995.1 15,898 3 -0.02% 15,895.5 15,999 4  -0.02% 1 0.00%
17,994.4 18,003 g9 -0.05% 17,987.1 18,005 8 -~0.04% -1 0.00%
19,892.9 20,006 12 -0.07% 19,998.8 20,010 11 -0.06% -2 =0.01%

System Resolution: 1 Lbs
Machine Loading Range: 1,995 to 20,010 Lbs
Maximum Error Observed: 0.39 % @ 2,988 Lbs Indicated

True loads were recorded at valucs of indicated load According to the ASTM Standard E-4-07
The following instruments were used to calibrate this machine. They were verified as noted
by National Standards Testing Laboratory to the current ASTM Standard E-74. Instruments

were compensated for the effect of temperature on zero and span by the manufacturer(s).

Device: Serial: Class “A” Range, in Lbs: Verified:
Sensotec Load Cell 658345 1,560 - 25,000 16 Oct 2008

CONFIDENTIAL BP-HZN-BLY00128717



Certificate of Verification

This is to certify that the:

MTS 20,000Lb Universal Testing Machine  Frame 11 - Tension
MTS Load Cell Model: 661.20C-03  Serial: 45417
MTS DAQ and Control System Excitation: 10Vde
Software Compression Gain: 513.3636 Tension Delta X: 0,9991

Located At:
Stress Engincering Scrvices

42403 Old Houston Highway
Waller, Texas 77484

Was calibrated on 29 July 2009 according to the current ASTM Standard E-4-07 and
determined to indicate load within the specified 1.0 percent tolerance on the ranges listed
below. The maximum error observed was 0.39 percent.

Machine Range, 1b: Loading Range, Ib:
20,000 1,995 —20,010
Ambient temperature recorded during this czlibration: 77.8 F

Devices used were verified as noted below by National Standards Testing Laboratory
according to the current ASTM Standard E-74.

Device: Serial: Class “A” Range, in Lbs: Verified:
Sensotec Load Cell 658345 1,560 - 25,000 16 Oct 2008
RCN Enterprises, Inc. 29 July 2009
371 Bowler Road
Waller, Texas 77484 /-

CONFIDENTIAL BP-HZN-BLY00128718



RCN Enterprises, Inc. 29 July 2009
371 Bowler Road

Waller, Texas 77484
To o
Calibration Report
Owner: Stress Engineering Services, Inc. Ambient Temp: 76.3 F
42403 Old Houston Highway
Waller, Texas 77484
Meachine: MTS 20,000Lb Universal Testing Machine ~ Frame 11 — Compression
MTS Load Cell Model: 661.20C-03  Serial: 49417
MTS DAQ and Control System Excitation: 10Vde
Software Compression Gzin: 513.3636 Tension Delta X: 0.9991
Run 1: Run2:
Load, in Lbs: Machine Error Load, in Lbs: Machine Error Repeatability:

True: Indicated: Lbs: %: True: Indicated: Lbs: Y%: Lbs: %
2,009.0 2,008 -1 0.05% 1,987.4 1,896 ~1 0.07% 0 -0.02%
3,000.6 3,004 3 -0.11% 3,004.8 3,002 -3 0.09% £ -0.21%
4,005.4 4,000 -5 0.13% 4,013.7 4,008 -6 0.14% 0 0.01%
6,000.4 5,895 -5 0.09% 6,008.4 6,003 -5 0.09% 0 0.00%
g,002.3 8,000 -2 0.03% 8,003.0 7,896 -7 0.09% -5 -0.06%
£,997.5 10,001 3  -0.03% 9,890.7 9,893 T 007% 10 -0.10%

11,9953 12,000 4  -0.03% 11,898.3 11,088 -0 0.09% -4 -0.12%
13,996.1 14,003 7 -0.05% 14,091.3 14,097 6 -0.04% -1 -0.01%
15,986.8 15,991 4 -0.03% 15,989.1 15,994 5 -0.03% 1 0.00%
17,979.5 17,990 11 -0.06% 17,8868.6 17,994 7 -0.04% -3 -0.02%
19,9754  .15,988 13 -0.06% 19,871.0 19,963 12 -0.06% -1 0.00%

System Resolution: 1 Lbs
Machine Loading Range: 1,996 to 19,988 Lbs
Maximum Error Observed: 0.21 % @ 3,002 Lbs Indicated
True loads were recorded at values of indicated load According to the ASTM Standard E-4-07
The following instruments were used to calibrate this machine. They were verified as noted
by National Standards Testing Laboratory to the current ASTM Standard E-74. Instruments
were compensated for the effect of temperature on zero and span by the manufacturer(s).

Device: Serial: Class “A” Range, in Lbs: Verified:
Sensotec Load Cell 658345 1,560 -25,000 16 Oct 2008

¥id
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Cervificate of Verification

This is to certify that the:

MTS 20,000Lb Universal Testing Machine  Frame 11 — Compression
MTS Load Cell Model: 661.20C-03  Serial: 49417

MTS DAQ and Control System Excitation: 10Vde
Software Compression Gain: 513.3636 Tension Delta K: 0.9991
Located At:

Stress Engineering Services
42403 Oid Houston Highway
Waller, Texas 77484

Was calibrated on 29 July 2009 according to the current ASTM Standard E-4-07 and
determined to indicate load within the specified 1.0 percent tolerance on the ranges listed
below. The maximum error observed was 0.21 percent.

Machine Range, lb: Loading Range, !b:
20,000 1,996 - 19,988
Ambient temperature recorded during this calibration: 76.3 F

Devices used were verified as noted below by National Standards Testing Laboratory
according to the current ASTM Standard E-74.

Device: Serial: Class “A” Range, in Lbs: Verified:
Sensotec Load Cell 658345 1,560 - 25,000 16 Oct 2008
RCN Enterprises, Inc. 29 July 2009

371 Bowler Road
Waller, Texas 77484

/
s,
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BP America Inc.
Engineering Report on Testing of Weatherford M45AP Float Collar 22 November 2010

Annex N Photographs

Stress Engineering Services, Inc. Confidential Report No.: PN 1751225
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BP America Inc. ‘ )
Engineering Report on Tesling of Weatherford M45AP Float Collar — Annex N 22 November 2010

Equipment Setup for FC SN
LIHT e ‘ﬁ|¥l‘_ i |J1_. sy .m‘-

Photograph 5

Stress Engineering Services, Inc. Page N-1 Report No.: PN 1751225
Confidential
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BF America Inc.
Engineering Report on Testing of Weatherford M45AP Float Collar — Annex N 22 November 2010

Break-out/Make-up of FC SN 29679918-01 after Conversion

* Photograph 7

tograph 9' - g Photograph 10

Stress Engineering Services, Inc. Page N-2 Report No.: PN 1751225
Confidential
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BP America Inc. )
Engineering Report on Testing of Weatherford M45AP Fioat Colfar — Annex N 22 November 2010

Conversion Mechanical Failur

TR i

e Test

e = e

" Photograph 16 . ' “ Photograph 17

Stress Engineering Services, Inc. Page N-3 Report No.: PN 1751225
‘Confidential
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BP America Inc.
Engineering Report on Tesling of Weatherford M45AP Float Callar — Annex N 22 November 2010

Auto-Fill Tube Lower Ball Seat Mechanical Failure Test

Stress Engineering Services, Inc. Page N-4 Report No.: PN 1751225
Confidential
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BP America Inc.
Engineering Report on Testing of Weatherford M45AP Float Collar — Annex N 22 November 2010

Equipment Setup for FC SN 28679918-02 Reverse-Flow Tests
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Rehearsal for Steady-State Conversion Test with Simulated FC
(Typical Equipment Setup)
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Second Flow

Surge Test of FC SN.29679918-04
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