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Silvia Murphy

Joint Investigation Team

Bureau of Ocean Energy Management, Regulation & Enforcement
Gulf of Mexico Region

Monday, August 1, 2011

JIT MACONDO WELL TESTING

Mrs. Silvia Murphy:

This report summarizes the results of the testing conducted in the cementing
laboratory at Oilfield Testing & Consulting at your request.

A post-job evaluation of the given slurry designs, based on the cement design for the
job performed on the Macando well, was to be performed with the specific outlined
testing protocol given by you, the Joint Investigation Team. All testing was to be
performed with cement, cement additives, spacer, base oil, and drilling fluid
samples, representative of those used on the job for the Macando well in April 2010.

Except as specifically requested by you (and noted herein), all tests were conducted
according to APl Recommended Practice 10B-2 which is identical to 1SO Document
10426-2 “Testing of Well Cements.” Calibrations of all equipment have been
performed according to AP1/ISO specifications and are attached in the Annex.
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Five 5-gallon buckets of Macaondo well samples were received Wednesday, June 22,
2011 from the U.S. Coast Guard. Among the samples received was one cement blend
Lafarge cement sample, one Zonesealant 2000 sample, and three SCR-100L samples.
A 1-gallon sample of Fourchon City water (6-22-11) was also received at this time.
Four 5-gallon buckets of Lafarge Class H cement were received on Monday, June
27%,2011. Some dry and wet additives were received from Halliburton, Friday, july
1, 2011, which included the following: SS1 (200-mesh} Silica flour, SS2 (100-mesh)
Silica sand, SCR-100L retarder, ZoneSealant 2000 foam stabilizer, D-Air 3000
defoamer, SA-541 polysacharide, EZ-FLO flow enhancer, and KCL (Potassium
Chloride) salt. A 1-gallon sample of Fourchon City water (from 6-8-11) was also
received at this time. The materials to mix the spacer, Dual Spacer Surfactant A,
Dual Surfactant B, Tuned Spacer 1ll, SEM-8 emulsifier, and D-Air 3000L defoamer,
were received Friday, July 8, 2011. Finally, one Rheliant base oil and one Rheliant
drilling fluid (mud) sample was received from MI Swaco, Monday, July 11, 2011.

The slurry composition in the form of lab weights for a 600-mL portion of the 0.09
gps SCR-100L slurry was given as:

* C(lass Hcement- 659.06 g
* SSA-1- 131-81g

* SSA-2- 9886¢g

* KCL- 13.18¢g

* D-Air3000- 1.65g

* SA-541- 132¢g

* EZ-FLO- 046¢g

*  Fresh Water- 281.38¢g

+ SCR-100L- 6.10¢g

* Zonesealant 2000- 6.85¢g

Based on the above design, the wet phase of the 0.08 gps SCR-100L slurry was
calculated as:

* Fresh Water- 282.06 g
* SCR-100L- 542¢
* Zonesealant 2000- 6.85¢g
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Two Fourchon City water samples were received by OFTC. These samples were
tested against Houston City water and a control sample of distilled water. The water
analysis test results are as follows:

Total
Water Tannin | Hardness
Sample | Sample | Sample CL- S04 Lignin |(as CaC03)
Type | Date ID | (mg/L) | (mg/L) | (mg/L) | (ppm) | pH
Houston
City
Fresh | 6-27-11 Water 65 <50 0 25 7.7
Fourchon
City
Fresh | 6-22-11 | Water = 30 | 75 0 250 7.0
Fourchon
L City
Fresh 6-8-11 | Water 35 75 0 250 7.3
T Distiller)
Fresh | 6-27-11 Water 10 <50 0 25 7.5 |

Figure #1. Fourchon City water samples.
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All slurries were prepared as described in AP1 RP 10B-2 Clause 5, or AP1 RP 10B-4
Clause 7 (for foamed cement), as applicable.

* Both the cement and the water temperature were tested before beginning.
All the samples were in the range of 71-75°F.

* The cement and the water were weighed in a clean dry container to an
accuracy of 0.01 grams. The water was weighed immediately before use to
prevent loss due to de-hydration.

* The mixer had a blade assembly with < 10% wear on the blade and no
obvious deformation.

* The dry cement was added to the water at a uniform rate in < 15 seconds
while the mixer maintained a speed of 4,000 rpm (*200 rpm).

* The mix was monitored for a clear vortex, and mixability is noted in the table
below.

* The slurry was then mixed at 12,000 rpm (* 500 rpm) for 35 seconds, and an
average speed under load for all slurries was documented.

Special mixing procedures for foamed cement:

The foam was achieved using a multi-blade assembly with a retro-fitted slurry cup
that has a threaded cap, an o-ring, and a removable plug with a vent hole. The base
slurry was prepared as described above, then the appropriate weight of slurry was
placed in the cup which was then sealed. The mixer was turned to 12,000 rpm or
the highest achievable rpm (and recorded) for 15 seconds.

Figure #2. Base slurry was mixable and a clear vortex was visable.
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Fluids were conditioned in two different manners given by APl RP 10B-2, Clause
12.4 (b,c). Depending on the test, the fluid was conditioned at either atmospheric
pressure or in a pressurized vessel.

In both procedures, the consistometer cups were at room temperature when
slurry was added to them. The slurry was mixed according to Section 1 mixing
procedure, and then was immediately poured into the consistometer cup for test
initiation. The test was increased to conditions in the individual manners described
below, then allowed to stir for the designated conditioning time, as set by the JIT.
Once the conditioning time was completed, every effort was made to prevent the
slurry from remaining static for any period of time and was vigorously stirred with a
spatula for 5 seconds immediately before removing the slurry from the vessel. At
that time, the slurry was then prepared for prompt use.

Atmospheric Conditioning

Atmospheric conditioning was utilized for rheology and foam stability tests. The
atmospheric consistometer was pre-heated to 80°F or 135°F, as required (refer to
specific results in the appropriate sections). After adding the slurry to the vessel,
the temperature was monitored until it reached the designated temperature. At that
time, a timer was set to run for 30 minutes.

Pressurized Conditioning

In this series of tests, the pressurized method was used for all fluid loss tests, free
fluid tests, BP settling tests, UCA tests, and Crush Strength Tests. The slurries were
heated to 135°F and a pressure according to the test schedule for the cement
application, using ramp times of 83 and 230 minutes. Specifically, before
transferring to the appropriate vessels and/or starting the tests: the fluid loss tests
were conditioned at 500 psi for a period of 30 minutes; the free fluid and BP settling
tests were conditioned at 14,458 psi for 30 minutes; and the compressive strength
tests were stirred at 14,458 psi for 3 hours. The time was closely monitored, and
slurries treated promptly at the end of the designated period. The slurries were
immediately and safely removed, and excess oil invaded from the consistometer was
blotted from the top of the slurry just before the paddle was removed.
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The slurries noted below were prepared as described in Section 1 and tested for
rheology and gel strength (10 second & 10 minute) according to API RP 10B-2
Clause 12.4 except as specifically noted in this document. An atmospheric
viscometer was used with a standard rotor/bob/spring combination of R1/B1/F1.
Measurements were made at rotational speeds of 3, 6, 30, 60, 100, 200, 300 & 600
rpm. The 600 RPM reading was observed after all other readings were recorded as
illustrated in APl RP 10B-2, Clause 12.4, item f. A heating assembly was used to
maintain the temperature +5°F during testing and to pre-heat the cup. Upon
assembly, centralization of the rotor and bob was checked using a mirror.

After atmospheric conditioning as described in Section 2, for 30 minutes at the
temperatures noted in the table below, the slurry was vigorously stirred for 5
seconds and immediately poured into a viscometer cup.

Procedure

The viscometer was initially rotating at 3 rpm as the cup was raised. Each reading
was stabilized for 10 seconds before recording the dial reading. The temperature
was taken before the first reading and after the final reading (before performing gel
strength tests). Readings were taken first in ascending order followed by
descending order and the ratio of the readings ascending to descending were
calculated, as well as the average of the two readings and the difference between the
two readings (no differences were greater than +5°).

Gel strength at 3 rpm was measured immediately after taking the last temperature.
The slurry in the cup was mixed at 300 rpm for 1 min to disperse the gel. The setting
was then changed to 3 rpm, and the viscometer turned off for 10 seconds.
Immediately upon turning the viscometer back on, the maximum dial reading was
recorded as the “10 second gel strength.” The viscometer was shut back off for 10
minutes and the process repeated for the “10 minute gel strength.” A 3rd | final
temperature was recorded.

Composition and Test Conditions Defined

# COMPOSITION Pre-condition Gel Str.
Rh1 Base Slurry + 0.08 gps SCR-100 30 min @ 80°F 10s, 10m
Rh2 Base Slurry + 0.08 gps SCR-100 30 min @ 135°F | 10s, 10m
Rh3 Base Slurry + 0.09 gps SCR-100 30 min @ 80°F 10s, 10m
Rh4 Base Slurry + 0.09 gps SCR-100 30 min @ 135°F | 10s,10m
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SLURRY PREPARATION DATA
Cement ater T Load
°F °F Rpm Add’l
# (avg) (avg) (avg) seconds Vortex & Mixability notes
Rh1 71.7 71.5 12198 0 Vortex visable
Rh2 70.6 71.4 12214 0 Vortex visable
Rh3 71.6 71.4 12207 0 Vortex visable H
Rh4 | 713 72.9 12200 0 Vortex visable |
RHEOLOGICAL RESULTS
600 | 300 | 200 | 100 | 60 | 30 | 6 3 | 10s | 10m
rpm | rpm | rpm | rpm | rpm | rpm | rpm | rpm GS GS Pv Ty
Rh ’?)Vlf 105 | 47 [ 305 | 16 | 95 | 55 | 15 | 1 1 2 | 465 | 050
! Ratio | 100 | 100 .10 | 113 | 111 | 120 | 200 | .00~ | — | -
Rh ‘;)VRg 99 | 44 | 29 | 15 | 10 | 55 | 25 | 1.5 | 2 8 | 435 | 050
L L

2 Ratio | 1.00 | 1.00 | 107 | 1.14 [ 122 | 1.20 | 1.50 | 2.00 | - - -
Rh | e |62 | 28 20 o5 | ss | 3 |1s | 1 | 1| 3 127.8 0.25
3 | |

Ratio | 1.00 | 1.00 | 1.10 | 1.38 | 1.20 | 1.00 | 2.00 | 1.00 | -- -~ | -
Rh | V& | g4 | 36 |225| 12 | 7.5 | 45 | 15 | L5 | 2 | 6 | 360 | 000
4 | DR

" [ Ratio | 1.00 | 1.00 | 1.04 | 1.00 | 1.14 | 125 | 200 | 200 | -~ | - | -

Figure #3. A heated cup was used for all rheology tests to regulate
temperature and a thermometer was used to measure temperature,
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The following rheologies were performed at 135°F, as described above, with the
exception of gel strengths, as part of the compatibility regimen. Slurries CR1-4 were
mixed and conditioned several times to perform the ratio tests. For performing the
ratio tests, the pure mixtures were prepared, then kept mixing at 135° while small
aliquots were sequentially removed to prepare and test each of the five individual
ratios required (i.e. two pure fluids were used to make each of the 5 ratios with no
“dilutions” of previous mixtures). This procedure for determining compatibilities is
further described in API RP 10B-2 Clause 16.

Composition and Test Conditions Defined

# COMPOSITION Ratio |
CR1 Base Slurry + 0.09 gps SCR-100 100% |
CR2 _Spacer 100%

CR3 Base Qil 100%
| CR4 Drilling Fluid 100% |
| CRS Spacer CR2 : Base Oil CR3 95:5 |
| CR6 CR5 75:25
| CR7 CR5 50: 50 |
| CR8 CR5 25:75 |
F CR9 CR5 5:95 |
CR10 Spacer CR2 : Slurry CR1 95:5
| CR11 CR10 75:25 |
| CR12 CR10 50:50 |
Lg513 CR10 25:75
CR14 CR10 5:95
CR15 Base Oil CR3 : Slurry CR1 95:5 |
CR16 CR15 7525 |
CR17 CR15 50:50 |
| CR18 CR15 25:75
CR19 CR15 5:95 |
CR20 Drilling Fluid CR4 : Slurry CR1 95:5 |
%CRZl CR20 75: 25
CR22 CR20 50 : 50 |
CR23 CR20 25:75 |
CR24 CR20 5:95 |
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SPACER CR2:BASE OIL CR3 COMPATIBILITY RESULTS

Fluid Test 1 r , PV X
Mixture Temp Viscometer dial readings @ rpm (avg) SR Pa
o z i T —l (Ibf/100
(%) CF) 300 o 200 2000 80 | 30086 3 | (ps) | T gq
100 % B
spacer 135 73 60.5 455 | 385 | 315 ] 215 18 | 41.2 31.8
100%
base ol 135 6 | 5 | 5 | 45 | 4 |35 3 | 150 450
95 % spacer
| 5% base oil 135 64 53 41.5 35 295 | 21 18 33.8 30.2
} 75 % spacer
25 % base ol 135 65 54 41 34 25511751155 36.0 | 29.0
50 % spacer !
50 % base oil 135 38 30 23 18.5 | 145 | 10.5 | 85 | 22.5 15.5
] 25 % spacer ‘l o
75 % base oil 135 8 7 5 4.5 4 3.5 4.50 3.50
5 % spacer
95 % base oil 135 7 6.5 5 4 4 3 3 3.00 4.00
SPACER CR2:SLURRY CR1 COMPATIBILITY RESULTS
: YP
MPi':(l::ﬂ"e Tie:]t L Viscometer dial readings @ rpm (avg) m!;‘z:-s Pa
3 b (1bf/100
(%) °F) ‘ 300 | 200 I 100 | 60 30 6 3 (cps) f2)
100 %
spacer 135 73 | 60.5 385 | 315 21 5 18 | 41.25 L31 75
100%
slurry 135 27 | 19 ] 15| 8 s | 232 3751
95 % spacer ] ]
5 % slurry 135 173 | 149.5 119 99.5 | 90.5 82 5 ‘L‘).S 81.0 92.0
75 % spacer ] T
25 % slurry 135 . 170 [1435] 112 97 82.5 72.5 | 685 | 87.0 83.0
50 % spacer 1 o ]
50 9% slurry 135 149 | 119 | 875 735 | 61 | 435 395 922 | 56.8
25 % spacer
75 % slurry 135 110 82 | 51.5 ] 385 27 15 [115] 87.8 22.2
5 % spacer
95 % slurry 135 28 19.5 12 9 7 4 35 | 24.0 L4.00
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BASE OIL CR3:SLURRY CR1 COMPATIBILITY RESULTS

Fluid Test Viscometer dial readings @ rpm (avg) T PV ¥
mixture temp mPa:-s Pa
% (°F) (cps) (Ibf/100
300 200 100 60 30 6 3 ft2)
100 %
base oil 135 6 5 5 4.5 4 3.5 3 1.50 4.50
100%
slurry 135 27 19 11.5 8 6 4 4 23.2 3.80
95 % base oil Il
5 % slurry 135 6 5 4.5 4 4 4 3 2.25 3.75
75 % base oil T
| 25 % slurry 135 6 5 4.5 4 4 3 3 | 225 | 3.75
50 % base oil r
50 % slurry 135 50 36 22.5 | 16.5 12 7 6 41.2 8.75
25 % base oil
75 % slurry 135 83 58.5 34 24 15 7 5.5 73.5 9.50
5 % base oil
95 % slurry 135 30 20.5 12 9 7 4 4 27.0 3.00

DRILLING FLUID CR4:SLURRY CR1 COMPATIBILITY RESULTS

P |
Test g . A PV P
Ry | P, Viscometer dial readings @ rpm (avg) et [lbf/aw()
% (°F) 300 200 100 60 30 6 3 (cps) ft2)
100 %
drilling fluid 135 | 45 1 325| 21 | 16 | 105] 65 | 5 | 360 | 9.00
100%
slurr; 135 27 19 11.5 8 6 4 4 23.2 3.75
95 % drilling fluid
5 % slurry 135 47 36.5 | 235 17 12 7.5 5.5 35.2 11.8
75 % drilling fluid
25 % slurry 135 36 29 18 14.5 | 10.5 7 6 27.0 | 9.00
50 % drilling fluid
50 % slurry 135 30 22 13.5 10 7.5 4.5 3.5 24.8 5.25
25 % drilling fluid
75 % slurry 135 39 245 | 145 11 7.5 4.5 3.5 36.8 2.25
5 % drilling fluid
95 % shurry 135 60 40 23.5 16 10 4.5 3.5 54.8 5.25
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Figure #5. Compatibility between 25% base slurry and 75% drilling fluid.

The density of each fluid was verified before all compatibility tests were performed.
The density measurements are as follows:

# COMPOSITION Density (ppg) |
CR1 Base Slurry + 0.09 gps SCR-100 16.9 |
| CR2 Spacer 15.1
CR3 Base Ol 6.60
CR4 Drilling Fluid 12.6
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The slurries noted in the first table from the previous section (Section 3, Rh1-4)
were re-mixed and re-conditioned (pressurized) as described in previous sections.
They were tested for free fluid (with heated static period) and for sedimentation in a
BP settling tube according to APl RP 10B-2 Clause 15.4 and 15.6.

Free Fluid at <190°F

A clear, graduated, glass, ASTM Class B, 250 mL cylinder was used with parafilm to
reduce evaporation. The cylinder dimensions and exact slurry volume was
documented for each test. A circulating water bath pre-heated to 135°F was used
for the two hour static period. The four fluids were tested at both zero degree
(vertical) and 45 degree angles with vibration minimized. At the end of two hours
(from the moment of entering the cylinder), the clear or colored fluid on top of the
cement slurry (free fluid) was measured to a precision of £ 0.2mL. The free fluid
was documented as a percent of the original volume.

Sedimentation

Immediately after mixing and before conditioning, the slurry were tested for density
with a pressurized mud balance. A BP Settling tube, greased inside and at joints, was
utilized for the sedimentation test. The tube was filled to within 34” from the top
and then puddled (tamped) before completely filling the tube. A curing chamber
heated to 210°F was used instead of a water bath. Each of the four samples was
cured for 24 hours, before removing from the chamber. The chamber was then
cooled to 190°F, the sample was removed and cooled to 80°F +10°F using a water
bath. The procedure for marking and measuring the density using Archimedes
principle, described in API RP 10B-2 Clause 15.6 was used to find the density of each
section with a scale of precision 0.001g.
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Composition and Test Conditions Defined

# COMPOSITION | Ramptime |  Angle %
FF1 Base Slurry + 0.08 gps SCR-100 83 min 0°
FF2 Base Slurry + 0.08 gps SCR-100 83min | 45° |
FF?[ Base Slurry + 0.08 gps SCR-100 230 min T 0° j
FF4 Base Slurry + 0.08 gps SCR-100 230 min | 45° |
FF5 Base Slurry + 0.09 gps SCR-100 83min | 0° |
FF6 Base Slurry + 0.09 gps SCR-100 83 min 45° ]
FF7 Base Slurry + 0.09 gps SCR-100 | 230min 0° ]
FF8 Base Slurry + 0.09 gps SCR-100 230 min 45° l
BP1 Base Slurry + 0.08 gps SCR-100 83 min N/A T
BP2 Base Slurry + 0.08 gps SCR-100 230 min N/A T
BP3 Base Slurry + 0.09 gps SCR-100 83 min N/A 7
' BP4 Base Slurry + 0.09 gps SCR-100 230 min N/A ]
SLURRY PREPARATION DATA
Cement Water Load
°F °F Rpm Add’]
# (avg) (avg) (avg) seconds Vortex & Mixability notes
FF1 71.3 75.2 12214 0 Vortex visable
FF2 71.1 71.5 12198 0 Vortex visable
FF3 71.9 72.9 12207 0 Vortex visable
FF4 | 713 75.1 12231 0o | Vortex visable |
FF5 71.4 741 | 12217 | 0 Vortexvisable |
FF6 | 711 740 | 12223 | 0 Vortex visable |
FF7 71.3 723 | 12226 | o | Vortex visable |
| FF8 71.0 733 | 12254 | 0 Vortex visable |
' BP1 | 702 | 723 | 12226 | 0O Vortex visable |
' BP2 | 714 | 702 12210 0 Vortex visable l
' BP3 | 703 | 751 12214 0 Vortex visable
' BP4 | 706 | 745 12207 0 Vortex visable
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FREE FLUID RESULTS
Static Free
Ramp Test Static | Cylinder Total Fluid
Time | Temp Period: Ratio Volume | Volume
# | (min) (°F) Heated | (H:W) | Angle| (mL) | {ml) %FF | Settling?
FF1 83 | 135°F Heat 6:1 0° 250 3.5 1.40 No
FF2 | 83 135°F Heat | 61 45° 250 8.5 3.40 Yes
EFE} 230 | 135°F Heat 6:1 0° Jﬁ 250 45 | 1.8 No
EFAL 230 135°F Heat 6:1 45° 250 18.6 7.44 Yes J
I FF5 | 83 135°F | Heat 6:1 0° 250 1.5 0.60 |  No
\ FF6 | 83 | 135°F Heat 6:1 45° 250 12.0 4.80 | Yes
EW 230 135°F Heat 6:1 0° 250 4.5 1.80 No
\ FF8 | 230 135°F Heat 6:1 | 45° 250 T 13.0 5.20 Yes]

Figure #6. Heated Static Free Fluid tests in water bath at 0° and 45°
inclination.
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Figure #7. Picture on the left shows the 0.08 gps SCR-100 (1) and 0.09 (r) gps
SCR-100 slurries that were pre-conditioned for 83 minutes and tested ata 45°
angle for Free Fluid. Picture on the right shows the 0.08 gps (1) and 0.09 (r)
gps slurries that were pre-conditioned for 230 minutes and tested at a 45°
angle.

Figure #8. Picture on the left shows the 0.08 gps SCR-100 slurry that was pre-
conditioned for 83 minutes and tested at a 0° angle for Free Fluid. Picture on
the right shows the 0.09 gps SCR-100 slurry that was pre-conditioned for 83
minutes and tested at a 0° angle.
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BP SETTLING TEST RESULTS

Weight of
Volume of | S.G.of |Density of|Volume of
Weight of | Removed | Slurry Slurry Sample Percent
Sample # |Sample (g)| Water (g) | (g/cm?) | (ppg) (cm3) Difference
1
i ~ (Top) 12.28 6.05 2.03 16.94 J 89.47 0.25
\ 2 30.73 14.85 J 2.07 17.27 79.02 2.21
-
3 28.27 13.67 2.07 17.26 64.76 2.14 J
\ 4 23.21 11.29 2.06 1716 | 52.28 1.54 J
\ 5 25.72 12.43 2.07 17.27 40.42 2.20
6 33.59 1615 | 2.08 17.36 26.13 2.73
7 15.66 7.51 F 2.09 17.41 14.30 2.99
8 ]
| (Bottom) 22.50 10.54 2.13 17.82 5.27 5.44
Average Density: 17.31
Top and Bottom Difference: 0.88
Measured Density of Slurry: 169
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BP SETTLING TEST RESULTS

Weight of
Volume of | S.G.of |Density of| Volume of
Weight of | Removed Slurry Slurry Sample Percent
Sample # |Sample (g)| Water (g) | (g/cm?3) (ppg) (cm3) Difference
1
(Top) 23.30 11.29 2.06 17.23 82.38 | 193
l |
2 25.31 12.18 2.08 17.35 70.64 2.63
3 25.01 1205 | 208 17.32 L 58.53 2.51
|
4 26.31 12.69 2.07 17.31 46.16 2.40
5 23.22 11.19 2.08 17.32 3422 | 249
— .
6 23.55 11.35 2.07 17.32 22.95 2.48
7 21.39 10.31 2.07 17.32 12.12 2.47
- . jL | ﬁL
(Bottom) 14.70 6.96 2.11 17.63 348 | 432
Average Density: 17.35
Top and Bottom Difference: 0.40
Measured Density of Slurry: 16.9
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BP SETTLING TEST RESULTS

Weight of
Volume of | S.G.of |Density of|Volume of
Weight of | Removed Slurry Slurry Sample Percent

Sample # |Sample (g)r Water (g) | (g/cm3) (ppg) (cm?) Differencg'
iTip) 21.23 10.82 1.96 16.38 90.87 3.09 J
2 J 24.96 12.13 2.06 1718 | 79.40 1.63 W
3 27.01 13.06 2.07 17.26 ( 66.80 2.15 J
4 26.04 12.62 J 2.06 17.22 ( 53.96 1.91 J
5 25.92 12.55 2.07 17.24 T 41.38 2.01 J
6 25.64 12.53 2.05 17.08 T 28.84 1.07
7 3323 | 16.04 2.07 17.29 14.55 2.32
(Bot?orrg 13.93 6.53 2.13 17.81 3.27 | 536 |
Average Density: 17.18
Top and Bottom Difference: 1.43
Measured Density of Slurry: 16.9
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BP SETTLING TEST RESULTS

]
¥ Weight of
Volume of | S.G.of |Density of|Volume of
Weight of | Removed Slurry Slurry Sample Percent
Sample # |Sample (g)| Water (g) | (g/cm?3) (ppg) (cm3) | Difference
1
(Top) 29.11 | 14.22 2.05 17.09 | 90.07 1.11
r 2 L 2291 10.85 211 | 17.62 77.54 4.29
3 L 22.92 11.04 2.08 17.33 66.59 2.54
4 23.40 11.24 2.08 17.38 | 5545 2.82
1 “ ——‘
5 2521 | 1210 2.08 17.39 43.78 2.90
6 . 19.54 1 9.42 . 2.07 17.31 33.02 2.45
] ]
7 23.48 11.20 2.10 L17.50 22.71 3.54
g L
(Bottom) 36.27 17.11 L2.12 L17.69 8.56 4.70
Average Density: 1741
Top and Bottom Difference: 0.61
Measured Density of Slurry: 16.9
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Figure #9. Picture on the left shows the 0.08 gps SCR-100 slurry that was pre-
conditioned for 83 minutes and tested for the BP Settling Test. Picture on the
right shows the 0.09 SCR-100 gps slurry that was pre-conditioned for 83
minutes and tested for BP Settling Test.

Job ID # 11-0411-01 Page 21 of 117

This document may contain confidential information and is intended only for the use of the parties to whom it is addressed. 1f you
are not an intended recipient, you are hereby notified that any disclosure, copying, distribution or use of any information in this
document is strictly prahibited. If you have received this document in error, please notify the sender immediately at the telephone

number indicated above.



N

NS
VAN ZANVAY

ZAVA

el e T = -

QOilfield

The slurries noted below were prepared as described in Section 1 and tested for
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fluid loss according to API RP 10B-2 Clause 10. A stirred fluid loss apparatus was
used to condition and perform all fluid loss tests. Pre-conditioning was performed
for 30 min @ 135°F.

Composition and Test Conditions Defined

C# ] COMPOSITION Ramp time
| FL1 | Base Slurry + 0.08 gps SCR-100 83 min
| FL2 Base Slurry + 0.08 gps SCR-100 230 min

FL3

Base Slurry + 0.09 gps SCR-100

83 min j

FL4

N

Base Slurry + 0.09 gps SCR-100

230 min |

LCLl Slurry FL3 : Spacer at 95:5 ratio 83 min
LCLZ Stlurry FL3 : Spacer at 75:25 ratio 83 min
LCL3 Slurry FL3 : Base Oil at 95:5 ratio 83 min
| CL4 | Slurry FL3 : Base Oil at 75:25ratio | 83 min

SLURRY PREPARATION DATA

Cement Water Load W
25 °F Rpm Add’l
# (avg) (avg) (avg) seconds Vortex & Mixability notes
FL1 70.4 71.2 12194 0 Vortex visable
| FL2 70.6 71.5 12220 0 Vortex visable
L FL3 | 70.1 71.3 12219 0 Vortex visable W
FL4 | 712 70.3 12285 0 Vortex visable |
CL1 71.3 70.9 12216 0 Vortex visable
CL2 71.3 70.1 12134 0 Vortex visable
CL3 72.3 71.5 12219 0 Vortex visable
CL4 | 713 70.7 12219 0o | Vortex visable ]
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FLUID LOSS RESULTS
Final
Ramp | Test Volu
FL Cell Time | Temp | Test Time| me |Calc. APl

# Type (min) | (°F) | (min:sec) | (mL) [ FL (mL)| Filter Cake Condition |
FL1 | Stirred FL | 83 1135°F | 15:17 101 285 Crumbly Powder j
FL2 | Stirred FL | 230 | 135°F ( 2:55 81.0 519 Crumbly Powder \
FL3 | Stirred FL 83 [135°F ] 13:01 100 303 Crumbly Powder J
FL4 | Stirred FL | 230 | 135°F 2:21 62 443 Crumbly Powder ‘
CL1 | Stirred FL 83 135°F 3:39 79 452 4.25 inches T
| CL2 [ Stirred FL. | 83 [ 135°F 5:41 54 248 3.25inches |
CL3 | Stirred FL | 83 | 135°F 5:08 79 382 3.75 inches ]
CL4 | Stirred FL| 83 [135°F| 30:00 | 42 84 | 2 inches |

Figure #10. Fluid Loss specimen after test blew dry (0.08 gps SCR-100 system
with 83 minute conditioning time).
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Figure #11. Fluid Loss test specimen after 30 minutes for the 75% 0.09 gps
SCR-100 base slurry with 25% base oil contamination (with 83 minute
conditioning time).
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Oilfield

All samples were tested for thickening time according to API RP 10B-2 Clause 9.

*. The slurry cup was assembled before filling with the exception of the plug
nut. Grease was applied to the threaded areas, only. While tapping on the
side of the cup, the slurry was poured into the cup until it flowed out of the
hole. Cement was wiped from the threads and capped. The cup was checked
to ensure the paddle turned freely.

* Each test was initiated within 5 min 15 sec of mixing, with the exact time
being recorded.

Composition and Test Conditions Defined

Test Test Ramp
Temp | Pressure | Time
# Composition _(°F) (psi) (min)

( TT1 Base Slurry + 0.08 gps SCR-100 135 14,458 83
TT2 Base Slurry + 0.08 gps SCR-100 135 14,458 230
TT3 Base Slurry + 0.09 gps SCR-100 135 14,458 83
TT4 Base Slurry + 0.09 gps SCR-100 135 14,458 230 |
CT1 Slurry TT3 : Spacer at 95:5 ratio 135 14,458 834[
CT2 Slurry TT3 : Spacer at 75:25 ratio 135 14,458 83 |

' CT3 Slurry TT3 : Base Oil at 95:5 ratio 135 14,458 83

{ CT4 Slurry TT3 : Base Oil at 75:25 ratio 135 | 14,458 83

Refer to Appendix A for thickening time graphs
SLURRY PREPARATION DATA
Cement Water Load l
°F °F Rpm Add’l

# (avg) (avg) (avg) seconds Vortex & Mixability notes

TT1 | 717 73.4 12224 0 Vortex visable |
TT2 | 717 73.4 12219 0 Vortex visable |
TT3 | 741 72.4 12211 0 Vortex visable ]
TT4 | 712 73.7 12230 0 Vortex visable |
CT1 70.6 73.5 12229 0 Vortex visable 7
CT2 71.1 75.4 12211 0 Vortex visable

' cT3 | 713 71.9 12229 0 Vortex visable

| (T4 70.5 70.0 12219 0 Vortex visable ]
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THICKENING TIME RESULTS

Test | Batch
Temp | Mix Initial 30Bcat | 50Bcat | 70Bcat | 100 Bcat
# (°F) | (min)* Bc hh:mm hh:mm hh:mm hh:mm
TT1 135 N/A 9 L 05:51 05:54 05:57 | 05:59
TT2 135 LNZA 14 T 07:42 08:02 08:09 L 08:12
]
TT3 L 135 1 N/A | 14 T 07:24 07:46 08:11 08:18
T
TT4 } 135—1 N/A 7 08:02 08:29 08:33 08:37
CT1 } 135—, N/A 14 00:09 00:15 08:33 08:36
L CT2 135 { N/A 22 01:02 10:20 10:27 10:33
b ] —!
CT3 135 N/A 13 07:20 07:32 07:35 07:37
CT4 1351 N/A L 17 07:36 07:49 L07:54 t 08:01
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UCA Procedure

The slurries noted below were prepared as described in Section 1 and tested for
compressive strength according to APl RP 10B-2 Clause 8, except as specifically
noted in this document. An alternate heat up schedule was used, as requested, as
discussed in APl RP 10B-2, clause 7.5.4 when simulating specific well conditions.
The UCA cell was pre-heated to 135°F before accepting slurry. The test was initiated
within 5 minutes of pre-conditioning. Each test was 48 hours, including ramp time,
calculated from the initiation of temperature and pressure on the UCA cell. Pressure
was maintained at 3000 psi throughout the UCA test. Pre-conditioning and the heat

up schedule is outlined below and was utilized in testing the following slurry
formulations:

Composition and Test Conditions Defined

# COMPOSITION Pre-condition
UCA1 Base Slurry + 0.08 gps SCR-100 3 hours @ 135°F (83 min ramp)
UCA1-B Base Slurry + 0.08 gps SCR-100 3 hours @ 135°F (230 min ramp)

UCA2 Base Slurry + 0.09 gps SCR-100 3 hours @ 135°F(83 min ramp)

UCA2-B Base Slurry + 0.09 gps SCR-100 3 hours @ 135°F (230 min ramp)

CU1 Slurry UCAZ2 : Spacer at 95:5 ratio 3 hours @ 135°F (83 min ramp)

CU1-B Slurry UCA2 : Spacer at 95:5 ratio 3 hours @ 135°F (230 min ramp)

CUZ2 Slurry UCAZ2 : Spacer at 75:25 ratio 3 hours @ 135°F (83 min ramp)

CU3 Slurry UCA2 : Base Oil at 95:5 ratio " 3 hours @ 135°F (83 min ramp)

CU3-B Slurry UCA2 : Base Oil at 95:5 ratio | 3 hours @ 135°F (230 min ramp)

CU4 Slurry UCA?2 : Base Oil at 75:25 ratio | 3 hours @ 135°F (83 min ramp)

|
|
|
|
CU2-B | Slurry UCA2: Spacer at 75:25 ratio | 3 hours @ 135°F (230 min ramp) J
J»
|
]

CU4-B | Slurry UCA2 : Base Oil at 75:25 ratio | 3 hours @ 135°F (230 min ramp)

Pre-condition all samples for 3 hours at 135°F
Ramp from 135°F to 165°F in 4 hours

Ramp from 165°F to 185°F in 4 hours

Ramp from 185°F to 195°F in 4 hours

Ramp from 195°F to 210°F in 4 hours

Maintain 210°F for the remainder of the test period
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Crush Test Procedure

The slurries noted below were prepared as described in Section 1 and tested for
compressive strength according to APl RP 10B-2 Clause 7.  The slurry was
conditioned for 3 hours at 135°F and transferred to a pre-heated water bath at
180°F for 48 hours.

L # COMPOSITION —E Pre-condition Water Bath
( | 3hours @ 135°F
ACS1 ’ Base Slurry + 0.08 gps SCR-100 (83 min ramp]) 180°F
t | T 3hours @ 135°F N
ACS1-B | Base Slurry + 0.08 gps SCR-100 | (230 min ramp) 180°F
| | 3hours @ 135°F
LACSZ Base Slurry + 0.09 gps SCR-100 (83 min ramp} . 180°F
t 3 hours @ 135°F 1
ACS2-B | Base Slurry + 0.09 gps SCR-100 | (83 min ramp) 180°F

The slurries noted below were prepared as described in Section 1 and tested for
compressive strength according to API RP 10B-2 Clause 7. The slurry was
conditioned according to the schedule listed below

Pre-condition Foam
# COMPOSITION Weight Quality

ACS3 | Base Slurry +0.09 gps SCR-100 | 3 hours @ 135°F | 145ppg | 13% |

ACS4 | Base Slurry + 0.09 gps SCR-100 | 3 hours @ 135°F | 13.6 ppg | 18.5% |

Pre-condition samples for 3 hours at 135°F

Foam the slurry to the noted density and place in the water bath

Ramp from 135°F to 165°F in 4 hours

Ramp from 165°F to 180°F in 4 hours

Maintain 180°F for the remainder of the test period, total test time of 48 hours.

Job ID # 11-0411-01 Page 28 of 117

This document may contain confidential information and is intended only for the use of the parties to whom it is addressed. If you
are not an intended recipient, you are hereby notified that any disclosure, copying, distribution or use of any information in this
document is strictly prohibited. If you have received this document in error, please notify the sender immediately at the telephone
number indicated above.




NRSH

PAVAV AN

15730 Park Row, Ste 400
Houston, TX 77084
Main: 281-579-1055
Fax: 281-579-1975
www.oftesting.com

NN
L NZN

Oilfield

SLURRY PREPARATION DATA
Cement | Water Load
°F °F Rpm Add’l
# (avg) (avg) (avg) seconds Vortex & Mixability notes

UCA1 70.2 73.7 12229 0 Vortex visable |
UCA1-B 70.3 73.6 12224 0 Vortex visable J
UCA2 70.9 75.4 12260 0 Vortex visable |

| UCA2-B | 709 727 | 12267 0 Vortex visable

- Ccul 714 724 | 12220 | 0 Vortex visable
CU1-B 70.3 71.7 12218 0 Vortex visable ]
Cu2 70.2 72.1 12203 0 Vortex visable |

| CU2-B | 707 723 12224 0 Vortex visable

CU3 70.3 71.8 12235 0 Vortex visable

CU3-B 70.1 72.3 12204 0 Vortex visable

CU4 70.0 71.0 12217 0 Vortex visable

CU4-B 70.5 74.6 12205 0 Vortex visable

ACS1 70.8 70.6 12221 0 Vortex visable

ACS1-B 71.7 70.2 12210 0 Vortex visable

ACS2 71.4 75.9 12242 0 Vortex visable

ACS2-B 70.4 75.1 12224 0 Vortex visable
. ACS3 71.3 722 | 12233 0 Vortex visable |
ACS4 70.6 74.5 12198 0 Vortex visable }
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UCA (“SONIC”) COMPRESSIVE STRENGTH TEST RESULTS

Test Test 50 psi SOOpsiatL psi at psiat psi at |
o # Temp | Press. |athh:mm | hh:mm 12:00 24:00 48:00
UCA1 | 210°F | 3000psi| 14:06 | 1511 | 0 3006 | 3550 |
UCA1-B | 210°F 3000 psi | 16:24 | 17:20 | 0 | 2637 | 3551 |
UCA2 | 210°F | 3000psi| 1522 | 16:33 | 0 | 2762 | 3459 |
| UCA2-B | 210°F | 3000 psi | 16:32 | 17:42 | 0 | 2794 | 3958 |
cul | 210°F[3000psi | 1526 | 16:33 | 0 | 2401 | 3042 |
CU1-B | 210°F | 3000 psi | 16:51 17:56 0 | 2342 3137 |
cu2 | 210°F | 3000 psi | 16:58 19:50 0 | 846 | 1263 |
Cuz-B | 210°F | 3000psi | 1833 | 21:56 0 | 669 | 1183 |
_Cu3 | 210°F [3000psi| 16:43 | 19:43 0 1817 | 2596 |
CU3-B | 210°F | 3000 psi | 15:51 | 17:57 0 2158 | 2692 |
Cu4 | 210°F | 3000 psi | 20:52 34:50 0 322 | 557 |
CU4-B | 210°F | 3000psi | 20:27 | 24:13 | O 486 | 852 |
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COMPRESSIVE STRENGTH TEST RESULTS

Property ACS1 ACS1-B ACS2 ACS2-B
Area
(sq. in.) 3.99 4.20 3.99 4.72
cube Force (1by) 16945 16388 18020 20066
#1 CS (psi) 4247 3902 4516 4251
Area
(sq.in.) 3.99 3.99 4.10 4.30
cube Force (lby) 15561 15759 17201 22060
#2 CS (psi) 3900 3950 4195 5124
Average CS psi 4073 3926 4355 4688
COMPRESSIVE STRENGTH TEST RESULTS
Property ACS3 ACS4
Area
{sg.in.) 4.0 4.2
Force (lbf) 3953 3749
cube #1 CS (psi) 988.2 892.6
Area
(sq. in.) 4.6 4.2
Force (1by) 6663 4782
cube #2 CS (psi) 1448 1139
Area
(sg.in.) 4.4 4.4
Force (1bf) 4456 3841
cube #3 CS (psi) 1012 873
Average CS psi 1150 968
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Figure #12. Picture on the left shows the 0.08 gps SCR-100 slurry that was
pre-conditioned for 3 hours with a ramp of 230 minutes and tested for the
Compressive Strength. Picture on the right shows the 0.09 SCR-100 gps slurry
that was pre-conditioned for 3 hours with a ramp of 230 minutes and tested

for Compressive Strength.
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The sections listed below describe the testing that was done to determine
compatibility:

* Section 5 - Rheology of tests CR1-CR24

* Section 8- Thickening Time of tests CT1-CT4

* Section 7 - Fluid Loss of tests CL1-CL4

* Section 9 - UCA Compressive Strength of tests CU1-CU4-B
* Section 11 - Foam Stability of CFM1-CFM4
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The tests noted below were prepared as described below and tested for foam
stability according to APl RP 10B-4 Clauses 5 and 9. The stability was assessed
using visual inspection (e.g. FF, settling, bubble conc.), as well as three density
measurement methods, also described below. Foam stability tests were performed
on a 14.5 ppg and a 13.6 ppg slurry prepared at atmospheric conditions to achieve
approximately 13% and 18.5% gas, respectively. The base slurry was prepared and
conditioned as described in Sections 1-2 for 90 minutes and 3 hours. The foam was
achieved using a multi-blade assembly with a retro-fitted slurry cup that has a
threaded cap, an o-ring, and a removable plug with a vent hole.

The total volume of the blender cup was measured on a scale with tap water prior to
testing. The total volume measured was 1178.00 mL. This total volume was used to
calculate the amount of base slurry and foamer required to generate 13% and
18.5% Foam Quality.

Density measurement of slurry sampled from the blender

Determined by the volume and weight of the slurry in the container.

Density measurement via graduated cylinder

The volume and weight of the slurry sampled from graduated cylinder after a 2-
hour quiescent period according to APl RP10B-4/1S0 10426-4 Clause 9.3.1.

Density measurement by Archimedes’ Principle

The density of samples cured in PVC molds at 180°F according to API RP10B-4/1S0
10426-4 Clause 9.3.3.
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T
T Pre-condition | Temp
# COMPOSITION ] Time (°F) ppg | %gas |
| FM1 Base Slurry + 0.08 gps SCR-100 1 15hr 135 145 | 13
FM2 Base Slurry + 0.08 gps SCR-100 3.0 hr 135 14.5 13
FM3 Base Slurry + 0.09 gps SCR-100 1.5 hr 135 14.5 13
FM4 Base Slurry + 0.09 gps SCR-100 3.0 hr 135 14.5 13
FM5 Base Slurry + 0.08 gps SCR-100 1.5hr 135 13.6 18.5
| FM6 Base Slurry + 0.08 gps SCR-100 3.0 hr 135 136 | 185 |
FM7 Base Slurry + 0.09 gps SCR-100 1.5 hr 135 13.6 18.5
FM8 Base Slurry + 0.09 gps SCR-100 3.0 hr 135 13.6 18.5
CFM1 Base Slurry + 0.08 gps SCR-100 +10% 0il 3.0 hr 135 14.5 13 |
CFM2 Base Slurry + 0.08 gps SCR-100 + 20% Oil 3.0 hr 135 14.5 13
CFM3 Base Slurry + 0.09 gps SCR-100 +10% 0il 3.0 hr 135 14.5 13 ‘
CFM4 | Base Slurry + 0.09 gps SCR-100 + 20% Oil 3.0 hr 135 14.5 13|
MAC4 | Macondo well Base Slurry + 0.09 gps SCR-100 3.0 hr 135 ‘ 14.5 13 J
SLURRY PREPARATION DATA
Cement | Water Load
°F °F Rpm Add’l
# (avg) (avg) | (avg) seconds Vortex & Mixability notes
FM1 72.0 713 12262 0 Vortex visable
FM2 71.6 71.0 12204 0 Vortex visable
FM3 71.8 74.3 12235 0 Vortex visable
FM4 71.3 72.2 12233 0 Vortex visable
FM5 72.2 72.9 12221 0 Vortex visable
FM6 71.5 72.2 12226 0 Vortex visable
FM7 71.4 74.8 12228 0 Vortex visable
FM8 70.6 74.5 12198 0 Vortex visable
CFM1 71.3 71.8 12204 0 Vortex visable
CFM2 70.8 71.3 12201 0 Vortex visable
CFM3 71.3 74.5 12230 0 Vortex visable |
CFM4 71.6 74.1 12209 0 Vortex visable ]
MAC4 71.7 72.5 12207 0 Vortex visable |
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The following samples were conditioned and tested as described below. These
samples were tested in conjunction with ACS3 and ACS4 as described in section 7 of
this document. Testing all samples at the same time and water bath limited any
variation in temperature exposure between the various samples.

] Pre- j W
condition | Temp | Weight Foam
# COMPOSITION Time (°F) (ppg) Quality
| FM9 | Base Slurry + 0.09 gps SCR-100 3.0 hr 135 | 145 13%
| FM10 | Base Slurry + 0.09 gps SCR-100 | 3.0hr | 135 | 136 | 185%

Pre-condition samples for 3 hours at 135°F

Foam the slurry to the noted density and place in the water bath

Ramp from 135°F to 165°F in 4 hours

Ramp from 165°F to 180°F in 4 hours

Maintain 180°F for the remainder of the test period, total test time of 48 hours.

SLURRY PREPARATION DATA
Cement | Water Load
°F i o Rpm Add’l
# (avg) | (avg) (avg) seconds Vortex & Mixability notes
FM9 71.3 722 | 12233 0 | Vortex visable
FM10 70.6 745 | 12198 0o | Vortex visable
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Stability of Unset Foamed Cement Slurry
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S.G.
Wt of Slurry in Volume of (g/cm3) Density of Slurry

# Blender (g) Sample (mL) (ppg)
FM1 2057.86 1178.00 1.75 14.5
FM2 2057.86 1170.00 1.76 14.7
FM3 1931.08 1030.00 1.87 15.6
FM4 2057.86 1130.00 1.82 15.2
FM5 1931.09 1178.00 1.64 13.7
FM6 1931.09 1150.00 1.68 14.0
FM7 2057.86 1120.00 1.83 15.3
FM8 1931.08 1120.00 1.72 14.3 J
CFM1 1781.32 1100.00 1.62 135
CFM?2 1708.03 1120.00 1.52 12.7
CFM3 1715.36 1000.00 1.71 14.2
CFM4 1569.35 980.00 1.60 133
FM9 2057.86 1130.00 1.82 15.2
FM10 1931.08 1120.00 1.72 14.3
MAC4 2057.86 1100.00 1.87 15.6
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Stability of Unset Foamed Cement Slurry

Wt of wt of Volume of S.G. Density of

Graduated | Slurry/Grad. Sample (g/cm3) Slurry Bubble Settling Free

# Cylinder (g) | Cylinder (g) (mL) {ppg) Break-out? ? Fluid?
FM1 238.73 627.68 250.00 1.56 13.00 Yes Yes Yes
FM2 238.83 669.32 250.00 1.72 14.30 Yes No No
FM3 239.00 679.03 250.00 1.76 14.7 Yes Yes Yes
FM4 238.05 693.44 250.00 1.82 15.20 Yes No No
FM5 238.81 628.85 250.00 1.56 13.00 Yes Yes Yes
FM6 238.75 650.67 250.00 1.65 13.74 Yes No No
FM7 238.07 684.63 250.00 1.79 14.90 Yes Yes Yes
FM8 239.02 678.65 250.00 1.76 14.70 Yes No No
CFM1 238.38 649.63 250.00 1.64 13.70 Yes No No
CFM2 | 238.85 627.55 250.00 | 1.55 12.91 Yes No No
CFM3 238.80 658.27 250.00 1.68 14.00 Yes No No
CEM4 238.86 621.41 250.00 1.53 12.74 Yes No No
FM9 238.05 693.44 250.00 1.82 15.20 Yes No No
FM10 239.02 678.65 250.00 1.76 14.70 Yes No No
MAC4 238.51 686.42 250.00 1.79 14.90 Yes No No
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Stability of Set Foamed Cement Slurry
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Wt of | Wt of H20 Wtof | Wtof H20 Wt of Wt of H20
Top | Removed | Density Middle | Removed | Density of | Bottom | Removed | Density of
# (8) (g) of Top (g) (g) (g) Middle (g) (8) (8) Bottom (g)
FM1 61.68 39.90 12.88 77.40 43.15 14.94 il 63.77 32.20 16.50 J
FM?2 76.84 55.05 11.63 78.06 58.20 11.17 80.31 47.97 13.95 j
FM3 79.81 50.80 13.09 66.02 40.15ﬁ 13.70 J 59.07 34.66 14.20 4]
FM4 | 73.56 44.25 13.85 67.59 39.18 14.37 P 80.39 45.25 14.80 )
FM5 67.57 43.22 13.02 48.33 27.60 14.59 B 74.78 40.17 J 15.51
FM6 | 84.00 62.23 11.07 73.15 49.17 12.39 69.18 44.53 I 12.94 J
FM7 | 70.31 45.62 12.84 61.86 36.57 14.09 50.44 27.51 15.27 j
FM8 67.33 47.82 11.73 67.65 43.75 12.88 78.98 49.95 13.26 4’
CFM1 | 71.40 32.37 11.44 76.61 50.06 12.75 75.63 47.96 13.14 j
CFM2 | 67.43 49.19 11.42 78.49 53.65 12.19 62.80 41.40 12.64 j
‘ M3 | 76.09 50.87 12.46 86.87 54.87 13.19 70.86 43.73 13.5 j
CFM4 | 49.15 33.52 12.21 66.84 B 43.32 12.85 72.51 45.92 13.15 T
FM9 | 73.56 44.25 13.85 67.59 39.18 14.37 | 80.39 45.25 14.8 j
FM10 | 67.33 47.82 11.73 67.65 43.75 12.88 B 78.98 49.95 13.26 J
MAC4 | N/A N/A N/A N/A N/A N/A N/A N/A NA

Note: MAC4 Macondo samples did not set hard during the 48 hour curing
period, and, therefore, could not be tested for this particular part of the
testing protocol.
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Figure #13. Pictures on the left show the 0.08 gps SCR-100 slurry that was
pre-conditioned for 1.5 hours and tested for Foam Stability at 13% (1} and
18.5% (r) Foam Quality right after mixing. Pictures on the right show the 0.09
SCR-100 gps slurry that was pre-conditioned for 1.5 hours and tested for Foam
Stability at 13% (1) nd 18.5% (r) Foam Quality right after mixing.

Figure #14. Pictures on the left show the 0.08 gps SCR-100 slurry that was
pre-conditioned for 1.5 hours and tested for Foam Stability at 13% (1) and
18.5% (r) Foam Quality after 2-hour period. Pictures on the right show the
0.09 SCR-100 gps slurry that was pre-conditioned for 1.5 hours and tested for
Foam Stability at 13% (1) nd 18.5% (r) Foam Quality after 2-hour period.
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Figure #15. Pictures on the left show the 0.08 gps SCR-100 slurry that was
pre-conditioned for 3 hours and tested for Foam Stability at 13% (1) and
18.5% (r) Foam Quality right after mixing. Pictures on the right show the 0.09
SCR-100 gps slurry that was pre-conditioned for 3 hours and tested for Foam
Stability at 13% (1) nd 18.5% (r) Foam Quality right after mixing.

Figure #16. Pictures on the left show the 0.08 gps SCR-100 slurry that was
pre-conditioned for 3 hours and tested for Foam Stability at 13% (1) and
18.5% (r) Foam Quality after 2-hour period. Pictures on the right show the
0.09 SCR-100 gps slurry that was pre-conditioned for 2 hours and tested for
Foam Stability at 13% (1) nd 18.5% (r) Foam Quality after 2-hour period.
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Figure #17. Pictures above show the MAC4 Macondo cement 0.09 gps SCR-100
slurry that was pre-conditioned for 3 hours and tested for Foam Stability at
13% Foam Quality right after mixing.

Figure #18. Pictures above show the MAC4 Macondo cement 0.09 gps SCR-100
slurry that was pre-conditioned for 3 hours and tested for Foam Stability at
13% Foam Quality right after 2-hour period.
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Figure #19. Picture above shows the 0.09 gps SCR-100 slurry with 20% base
oil contamination that was pre-conditioned for 3 hours and tested for Foam
Stability at 13% Foam Quality. Cement cubes were not hard set after 48 hour
curing period.

Figure #20. Picture above shows the MAC4 Macondo cement 0.09 gps SCR-100
slurry that was pre-conditioned for 3 hours and tested for Foam Stability at
13% Foam Quality. Cement cubes were not hard set after 48 hour curing
period.
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GRAPH #1. THICKENING TIME GRAPH FOR 0.08 GPS SYSTEM WITH 83 MIN RAMP.
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Graph #2. Thickening Time graph for 0.08 gps system with 230 min ramp.
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Graph #3. Thickening Time graph for 0.09 gps system with 83 min ramp.
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Graph #4. Thickening Time graph for 0.09 gps system with 230 min ramp.
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Graph #5. Thickening Time graph for 0.09 gps system 5% spacer.
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Graph #6. Thickening Time graph for 0.09 gps system 25% spacer.
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Graph #7. Thickening Time graph for 0.09 gps system 5% base oil.
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Graph #8. Thickening Time graph for 0.09 gps system 25% base oil.

Job ID # 11-0411-01 Page 52 of 117 ‘

This document may contain confidential information and is intended only for the use of the parties to whom it is addressed. If you
are not an intended recipient, you are hereby notified that any disclosure, copying, distribution or use of any information in this
document is strictly prohibited. If you have received this document in error, please notify the sender immediately at the telephone
number indicated above.



15730 Park Row, Ste 400

. Houston, TX 77084
O 1 e Main: 281-579-1055
Fax: 281-579-1975

www.oftesting.com

12br CS 0 psi
24 hr CS 3006 psi
48 hr CS 3550 psi

50 psi 14:06:00 (hr.mn:sec)
500 psi 15°11:30 (hr:mn:sec)

45

T
30
Time (RH)

g
S
3
*
S
V

Test Length 48:03:23

Prnted: 7/22/2011 11 54:57 AM

ing and
Algorithm: Compressive strength type B (more than 14 Ib/gal}

Dilfield Test,

—r S S —

I
1
0

|
b1
=1
&

1500
1000~
500~
0

(150) wbuang amssdwo) -
T \

i i
-

20

18

16-
6
4
2
0

14

=} o
T <
~ &

80
40 |
0

160—
120~

400
360
320

280
Test File Name: 11041101-JIT-Gov Macondo well .08gps SRC100L 83m UCA #2.tstTest Start: 7/13/2011 2:41:17 PM

Instrument: 1 5265 SGSA - SN 697 - Gov - {Info: JobType}
16.7 with OFTC 105 Class H + OFTC 108,109,116,113,114,115
5000
4500
4000
3500
3000
2500

Comments:
BHCT: 135°F
BHST: 210F

(do) aimesadumy

Graph #9. UCA graph for 0.08 gps system with 83 min ramp.
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Graph #10. UCA graph for 0.08 gps system with 230 min ramp.
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Graph #11. UCA graph for 0.09 gps system with 83 min ramp.
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Graph #12. UCA graph for 0.09 gps system with 230 min ramp.
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Graph #13. UCA graph for 0.09 gps system with 5% spacer with 83 min ramp.
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Graph #14. UCA graph for 0.09 gps system with 5% spacer with 230 min ramp.
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Graph #15. UCA graph for 0.09 gps system with 25% spacer with 83 min ramp.
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Instrument: 1 5265 SGSA - SN 697 - Gov - {Info: JobType}

16.7 with OF TC 106 Class H + OFTC 108,109,116,113,114,115
BHCT: 135°F

BHST: 210°F

Commenis: Conlaminated slurry with 75:25 spacer

Graph #16. UCA graph for 0.09 gps system with 25% spacer with 230 min ramp.
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Test File Name: 11041101-JIT-Gov Macondo well .09gps SRC100L 83m UCA 95-5 base od.IstTest Start: 7/15/2011 4:32:22 PM

Instrument: 1 5265 SGSA - SN 697 - Gov - {info: JobType}
16.7 with OF TC 105 Class H + OFTC 108,109.116,113,114.115
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Graph #17. UCA graph for 0.09 gps system with 5% base oil with 83 min ramp.
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Graph #18. UCA graph for 0.09 gps system with 5% base oil with 230 min ramp.
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Graph #19. UCA graph for 0.09 gps system with 25% base oil with 83 min ramp.
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Graph #20. UCA graph for 0.09 gps system with 25% base oil with 230 min
ramp.
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Graph #21. Graph for 0.08 gps system pressurized conditioning for 0° Free Fluid
with 83 min ramp.
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Graph #22. Graph for 0.08 gps system pressurized conditioning for 45° Free
Fluid with 83 min ramp.
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Graph #23. Graph for 0.08 gps system pressurized conditioning for 0° Free Fluid
with 230 min ramp.
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Graph #24. Graph for 0.08 gps system pressurized conditioning for 45° Free

Fluid with 230 min ramp.
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Graph #25. Graph for 0.09 gps system pressurized conditioning for 0° Free Fluid

with 83 min ramp.
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Graph #26. Graph for 0.08 gps system pressurized conditioning for 45° Free
Fluid with 83 min ramp.
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Graph #27. Graph for 0.09 gps system pressurized conditioning for 0° Free Fluid
with 230 min ramp.
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Graph #28. Graph for 0.09 gps system pressurized conditioning for 45° Free
Fluid with 230 min ramp.
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Test File Name: 11041101-JIT-Gov Maconde well.08 SRC100L 83m CUP for BP Setlling (3 hr).tst

BHCT: 135 F
BHST: 210 °F

Graph #29. Graph for 0.08 gps system pressurized conditioning for BP Settling

test with 83 min ramp.
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Graph #30. Graph for 0.08 gps system pressurized conditioning for BP Settling
test with 230 min ramp.
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Graph #31. Graph for 0.09 gps system pressurized conditioning for BP Settling
test with 83 min ramp.
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Graph #32. Graph for 0.09 gps system pressurized conditioning for BP Settling
test with 230 min ramp.
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BHCT: 135 °F
BHST: 210 F

Graph #33. Graph for 0.08 gps system pressurized conditioning for UCA test

with 83 min ramp.
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Graph #34. Graph for 0.08 gps system pressurized conditioning for UCA test with
230 min ramp.
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Graph #35. Graph for 0.09 gps system pressurized conditioning for UCA test
with 83 min ramp.
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Graph #36. Graph for 0.09 gps system pressurized conditioning for UCA test with
230 min ramp.
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Graph #37. Graph for 0.08 gps system pressurized conditioning for Compressive
Strength Crush test with 83 min ramp.
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Graph #38. Graph for 0.08 gps system pressurized conditioning for Compressive
Strength Crush test with 230 min ramp.
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Graph #39. Graph for 0.09 gps system pressurized conditioning for Compressive
Strength Crush test with 83 min ramp.
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Graph #40. Graph for 0.09 gps system pressurized conditioning for Compressive
Strength Crush test with 230 min ramp.
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Graph #41. Graph for 0.09 gps system pressurized conditioning for UCA test
with 5% spacer with 83 min ramp.
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Graph #42. Graph for 0.09 gps system pressurized conditioning for UCA test with
25% spacer with 83 min ramp.
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Graph #43. Graph for 0.09 gps system pressurized conditioning for UCA test
with 5% spacer with 230 min ramp.
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Graph #44. Graph for 0.09 gps system pressurized conditioning for UCA test with
25% spacer with 230 min ramp.
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Graph #45. Graph for 0.09 gps system pressurized conditioning for UCA test
with 5% base oil with 83 min ramp.
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Graph #46. Graph for 0.09 gps system pressurized conditioning for UCA test with
25% base oil with 83 min ramp.
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Graph #47. Graph for 0.09 gps system pressurized conditioning for UCA test
with 5% base oil with 230 min ramp.
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Graph #48. Graph for 0.09 gps system pressurized conditioning for UCA test with
25% base oil with 230 min ramp.
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Note:

The original test calculations for the foam stability tests were
based upon a blender cup volume of 1000 ml (1L). This data is
illustrated here in Appendix B. It was later discovered the
calibrated volume of the blender cup is 1178 ml. Therefore,
the tests were repeated using the correct volume, and the data
is presented in the main document (Section 11). The
theoretical foam qualities in Appendix B are 15.3% and
21.8%, instead of the targeted values of 13% and 18.5%.
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Composition and Test Conditions Defined

- Pre-
condition | Temp % gas
# COMPOSITION Time (°F) pg | (target)
FM1 Base Slurry + 0.08 gps SCR-100 1.5 hr 135 | 14.5 13
FM?2 Base Slurry + 0.08 gps SCR-100 3.0 hr 135 | 145 13
FM3 Base Slurry + 0.09 gps SCR-100 1.5hr 135 | 145 13 ‘
FM4 Base Slurry + 0.09 gps SCR-100 3.0 hr 135 | 145 13
| FM5 Base Slurry + 0.08 gps SCR-100 1.5hr 135 | 13.6 18.5
FM6 Base Slurry + 0.08 gps SCR-100 3.0 hr 135 | 13.6 18.5
FM7 Base Slurry + 0.09 gps SCR-100 1.5hr 135 | 136 18.5
FM8 Base Slurry + 0.09 gps SCR-100 3.0 hr 135 | 136 18.5
CFM1 | Base Slurry + 0.08 gps SCR-100 +10% Oil 3.0 hr 135 | 14.5 13
CFM2 | Base Slurry + 0.08 gps SCR-100 + 20% Oil 3.0 hr 135 | 145 13
CFM3 | Base Slurry + 0.09 gps SCR-100 +10% QOil 3.0 hr 135 14.5 13
CFM4 | Base Slurry + 0.09 gps SCR-100 + 20% 0il | 3.0hr | 135 | 145 13|

SLURRY PREPARATION DATA

Cement | Water Load
°F °p Rpm Add’l
Lid (avg) (avg) (avg) seconds Vortex & Mixability notes

| FM1 70.8 71.0 12181 0 Vortex visable

. FM2 70.4 70.7 12117 0 Vortex visable

FM3 71.8 70.5 12121 0 Vortex visable

FM4 71.2 70.7 12121 0 Vortex visable

FM5 70.5 70.7 12221 0 Vortex visable

FMé6 70.6 70.8 12117 0 Vortex visable

FM7 71.2 70.7 12113 0 Vortex visable

FM8 71.4 70.7 12127 0 Vortex visable

CFM1 71.7 71.0 12123 0 Vortex visable

CFM2 71.9 71.0 12130 0 Vortex visable

CFM3 71.3 70.9 12123 0 Vortex visable

CFM4 71.4 70.6 12121 0 Vortex visable
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Wt of Slurry in Blender | Volume of Sample S.G. (g/cm3) Density of Slurry

# (g) (mL) (pps)
FM1 1746.91 994.0 1.76 14.7
FM2 1746.91 1000.00 1.75 14.6
FM3 1746.91 950.00 1.83 15.2
FM4 1746.91 960.00 1.82 15.2
FM5 1639.30 990.00 1.66 13.8
FM6 1639.30 960.00 1.70 14.2
FM7 1639.30 850.00 1.93 16.1
FMS8 1639.30 950.00 1.72 14.3
CFM1 1482.94 910.00 1.63 13.6
CFM2 1427.57 930.00 1.53 12.7
CFM3 1415.90 820.00 1.73 14.4
CFM4 1288.41 790.00 1.63 13.6
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Stability of Unset Foamed Cement Slurry

Wt of Wt of Volume of S.G. Density Bubble

Graduated | Slurry/Grad. Sample (g/cm3) | of Slurry | Break- Free
# Cylinder (g) | Cylinder (g) (mL) | (ppg) out? Settling? Fluid?
FM1 238.56 605.94 250.00 1.47 12.2 Yes Yes Yes
FM2 238.18 630.62 250.00 1.57 13.10 Yes No No |
FM3 238.00 541.25 250.00 133 | 11.10 Yes Yes | Yes |
FM4 238.03 693.44 250.00 1.82 15.20 Yes Yes No |
FM5 238.96 593.64 250.00 153 | 12.70 Yes Yes Yes |
FM6 238.77 617.62 250.00 1.51 12.60 Yes No No |
FM7 238.74 567.10 250.00 131 10.90 Yes Yes Yes |
FM8 238.84 591.95 250.00 141 | 11.70 Yes Yes Yes |
CEM1 | 23818 | 62377 250.00 154 | 1280 | Yes | No Yes
CEM2 | 23873 617.23 250.00 1.51 12.60 Yes | No No
CFM3 | 23854 62299 | 250.00 154 | 12.80 Yes | No Yes
CFM4 |  238.94 60339 | 250.00 146 | 1220 Yes | No Yes
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Stability of Set Foamed Cement Slurry

Wt of | Wt of H20 Wtof | WtofH20 Wtof | WtofH20

Top Removed | Density Middie | Removed | Density of | Bottom | Removed | Density of

# (g) (g) of Top (g) (g) (g) Middle (g) (g) (8) Bottom (g)
FM1 | 67.10 38.54 14.50 49.50 27.18 15.17 37.27 19.34 16.05
FM2 | 58.22 55.31 8.77 46.86 42.45 9.20 60.82 53.54 9.46
FM3 | 3899 27.40 11.85 49.32 26.68 15.40 53.54 26.36 16.92
FM4 | 42.47 28.51 12.41 53.84 31.50 14.24 46.53 25.01 15.50
FM5 | 48.43 41.39 9.75 61.42 47.83 10.70 60.85 40.83 12.41
FM6 | 58.55 47.76 10.21 51.75 45.91 9.39 55.29 47.52 9.69
FM7 5.54 3.62 12.75 50.56 26.58 15.85 59.98 29.02 17.22
FM8 | 59.09 51.96 9.47 46.39 38.83 9.95 65.02 44.73 12.11
CFM1 | 35.43 21.43 14.16 52.88 29.41 14.98 68.53 35.75 15.97
CFM2 | N/A N/A N/A N/A N/A N/A N/A N/A N/A
‘ M3 | 57.09 36.29 13.10 76.41 46.06 13.82 49.05 26.73 15.29
| CFM4 | 54.85 34.78 13.14 58.21 35.79 13.55 47.67 28.38 13.99

Note: CFM2 0.08 gps SCR-100L with 20 % base oil samples did not set hard
during the 48 hour curing period, and, therefore, could not be tested for this
particular part of the testing protocol.
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COMPRESSIVE STRENGTH TEST RESULTS

Property ACS3 ACS4
Area
(sg.in.) 3.15 3.36
Force (lby) 5708 6498
cube #1 CS (psi) 1812 1934
Area
(sg.in.) 3.36 4.20
Force (Iby) 7306 2777
cube #2 CS (psi) 2174 661
Area
(sqg.in.) 3.15 5.04
Force (lby) 7475 2231
cube #3 CS (psi) 2373 443
Average CS psi 2120 1012
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Figure #21. Pictures show 0.09 gps SCR-100 slurry testing for Foam Stability
and Foam Quality after a 2-hour quiescent period, pre-conditioned for 1.5
hours (left set) and 3 hours (right set). In each pair of cylinders, the targeted
13% foam quality (15.3% true) is on the left and the targeted 18.5% (21.8%
true) is on the right.

fa

EQUIPMENT SERIAL FACTORY OTC ROUTINE | CERTIFIED
TYPE NUMBER CALIBRATION CAL CHECK |CALIBRATION
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DATE RANGE DATE DATE
BALANCE (£0.01g) G0581121031791| 03/28/11-11/28/11 NEW 03/28/11
BALANCE (¢0.0001g) 38670 03/28/11-11/28/11 NEW 03/28/11
[CONSTANT SPD MIXER 1704 01/10/11-05/10/11 06/16/11 01/10/11
VISCOMETER 1251 04/11/11-07/11/11 NEW 04/11/11
VISC TEMP CONTROL 11-343 03/31/11-07/22/11 06/16/11 03/31/11
PRESS.CONSISTOMETER 449 01/10/11-05/10/11 07/13/11 01/10/11
PRESS. CONSISTOMETER 451 01/08/11-05/08/11 07/13/11 01/08/11
|[PRESS.CONSISTOMETER 470 04/29/11 -06/30/11 07/13/11 - 04/29/11
PRESS.CONSISTOMETER 1179 04/14/11-06/30/11 07/13/11 04/14/11 |
STIRRED FLUID LOSS 337 01/04/11-05/04 2011 06/15/11 01/04/11
STAT FL TEMP CONTROL 11-344 03/31/11-07/22/1 06/16/11 03/31/11
ICURING CHAMBER 611 04/19/11-06/30/11 07/12/11 04/19/11
AUTOMATED PRESS 345684 1/14/2011-1/26/2012 NEW 01/14/2011
SGSA 696 01/04/11-05/04/11 07/13/11 01/04/11
SGSA 697 01/04/11 -05/04/11 07/13/11 01/04/11
SGSA 707 04/19/11-06/30/11 07/13/11 04/19/11
SGSA 711 04/25/11-06/30/11 07/13/11 04/25/11
ATM. CONSISTOMETER 1090 01/05/11-05/05/11 07/13/11 01/05/11
ATM. CONSISTOMETER 1106 04/07/11-1/31/12 07/13/11 04/07/11
ATM CONS. THERM. NOT REC'D NOT YET REC'D NOT YETREC'D | NOT YET REC'D
WATER BATH THERM. 21615 03/02/11-03/02/12 NEW 03/02/11
AIR THERMOMETER 101861696 | 08/03/10-08/03/12 NEW 08/03/10
STICK THERM. (21467, 21468, 21470, 21476) 02/16/11-02/16/12 NEW 02/16/11
TIMERS (SETA: 102151418/102151455; SETB A:12/10-12/12 NEW A:12/10/11
101978797/10198778) B:09/10-09/12 | B:09/10/11
WEIGHT SET CERTIFICATION #0.1g (2393:11/23/2010, 2407/2409:01/10/2011)
SIEVE CERTIFICATION (E44073, #20)
DAC5270 CERTIFICATION

*Timer & Stick Thermometer calibration certificates available upon request
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BALANCE CALIBRATION REPORT

Customer: O ifud Testn

Miedtodel: Nere
Cupacity; :
Date of Service: !

Temperature: 073 (

v Consaitang v Caty: Ho

Sersal 2: SBE T Unit 1D,
Readability: [ 1 myg Ltecation: !
Previous Service: - Next Service.

Humidity: %"

CALIBRATION DATA

Test Points As Found As Left i Error As Laft
i aamg @.a%%6p [RASICEN] } a
i ~
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PR e H : i
As fgund Cornerfoad (within & 3 counts): v« As left Cornarload within & 3 counts] e
As tound Linearity {whhin ¢ 3 counts). ¥« Asg lett Linearity (within £ 3 counts):

WEIGHT TRACEABILITY

R el el

Caltab Cert. ¢ Exp. Date

T
57452141 1
1

Service Technician: ©

Comments:
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LLOMETRICS, INC. SALES SERVICE

BALANCE CALIBRATION REPORT

Customer: Ol 11 Teshng & Cunnali g, LT Cily: #
MiModel: ( ORY2D Serial £ GUEE 2 0070 Unit 1Dy
Capaoty: 1001 Readability: £ 71 g Location: .7
Date of Service: © ZR 201 Previous Service: - Next Service: (02077
Temperature: oo [ Humidity: 42
CALIBRATION DATA
_ Test Points 1 As Found As LeRt i Error As Left |
v 190y | B IR0 FEg { |
r T T
i i 199 2ed g &
the 1 Ba . i i ] 1
| 5.8 1860, ¢
e - T ,
| 150 s TRPA_BR b k)
| v W i - |
As tound Cornerload {within £ 3 counls): Yoo As left Cornerioad {within ¢ 3 counts): Ve«
As tound Linearity (withln £ 3 counts): Ye As lett Linearity {within 2 3 counts): e
WEIGHT TRACEABILITY
The wegh setiv) below 760 © s caldraign have t (et aee Curt e iy 3F A0CPECRT S cannmtan lanaatory a0 1
¥ I ooy, NS Ohrplah e 1| ah r
! Veight Ses No. Caltab Cen. & Exp. Date |
1 (=] LTERZ 11 LR T l
SERVICES PERFORMED :
1=ar = prd a0 usT rts hau Boor persTmea - Ty .:.»5_ ¥ srrurtion § AWIG3 (0 compian
If : : il 2 gt { 1 (7 o8 RApACOG (T K R | ’ M '

Service Technician: B donsls® ‘ a

Comments:
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Certificate information:
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Calibration complies with 1ISO 9001
ISO/IEC 17025 AND ANSI/NCSL Z2540-1
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Cert. No.: 4105-3088841
Traceable® Cenificage of Calibration for Thermometer/Time/Date Max/Min

Tech Froceduere CALGD Cal Date 83310
Test Condid 2290°C 45 D% RH 1018 mBar
Calibration Data: (New Instrument}
untis Ngrming As Found inTat | Nemuna AsLen tn Tl | B
c NA 0% y ] 5\
B WA 50 48

This Inslrument was cafibrated using instruments Traceable to Nationa! Institute of Standards and Technology

e

N T
Tl L

Maintaining Accuracy:

Recalibration:

Phome 281 482-1714
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ISO 9001

Number
620-201

620-200
620-530
7030850
620-207
620-203
620-202

Identification

CALIBRATION CERTIFICATE

Manufacturer: Chandler Eng.
Model: 3060

Date Calibrated: 01/10/11

This certificate attests that this instrument has been calibrated under the standard conditions with standards
traceable to the National Institute of Standards and Technology (NIST). Evidence of traceablity is
maintained on file.

Serial

Description Number
Multimeter 81480264
Temperature Calibrator 7968103
Temperature Calibrator 9234018
Tachometer 7030850
Pressure Reference (60K) 1005406
Pressure Relference (40K) 926312
Stopwatch 91280889

Temperature Reference (°F)

N/A

Tolerance per APl Spec 10 (2 3.0°F 7/ 1.7°C)

Pressure Reference (PSI)

N/A

Motor Speed (RPM)
Tolerance per AP) Spec 18 (150 2 15 rpmy)

Timer (minutes)
2
4

Tolerance pet APt Spec 10 {2 30 secihour)

Calibrated By: Steve Carlow

Controtler  Chant Recorder
NIA N/A

Controller Chart Recorder
NIA NIA

Tolerance per AP Spec 10 (0.25% of full range at a minimum 25%,50% & 75% of full scale)

Tachometer
N/A

Display

2:00:16
4:00:13

Date:

Serial Number: 1704

Calibration Calibration
Date Due Date
67712010 6/307/2011
1111/2010 1/31/2011
6/7/2010 6/30/2011
1/1172010 113112011
6/29/2010 6/30/2011
2/18/2010 2/28/2011
12/9/2009 12/9/2011

Gauge
NIA

01/10/11

Page 1 of 1
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* '"CHANDLER

ENGINEERING ISO 9001
CALIBRATION CERTIFICATE
Manufacturer. Chandler Eng. Seral Number, 449
Model: 7222 Date Calibrated: 01/18/11

“This centificate attests that this instrument has been calibrated under the standard conditions with standards
traceable to the National Instilute of Standards and Technology (NIST). Evidence of traceablily is
rraintained on file.

Identification Serial Calibration Calibration
Number Description Number Date Due Date
620-201 Multimeter 81480264 6/7/2010 &/30/2011
620-200 Temperature Calibrator 7958103 1/11/2010 113172011
620-530 Temperature Calibrator 9234019 6/7/2010 6/30/2011
7030850 Tachometer 7030850 1/11/2010 113172011
620-207 Pressure Reference (60K) 1005406 6/29/2010 6/30/2011
620-203 Pressure Reference (40K) 926312 2/1812010 2/28/2011
620-202 Stopwalch 91280889 12/9/2009 12/972011

Temperature Reference (°F) Controller  Chart Recorder
0 50 50.4
100 . 100 100.2
200 200 200.2
300 300 3002
400 400 400.0

Tdlerance per APl Spec 10 (£ 3.0°F/1.7°C)

Pressure Reference (PSI) Controller  Chart Recorder Gauge
5000 5.0 5.0 5000

10000 10.0 10.0 10000

15000 15.0 15.0 15000

20000 20.0 20.0 20000

22000 22.0 22.0 22000

Tclerance per API Spec 10 (0.25% of full range at a minimum 25%.50% & 75% of full scale}

Motor Speed (RPM) Tachometer
Tolerance per API Spec 10 (150 £ 15 rpm) 150.1

Timer (minutes) Display

2:00:08

4 4:00:10

Tolerance per API Spec 10 (2 30 sechour)
Calibrated By: General Gillespie 6 6 Date: 01/18/11
Chandler Engineering
2001 North Indianwood Avenue
Page 1 0f 1 Broken Arrow, OK 74012 Sv-3001d
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CHANDLER
ENGINEERING ISO 9001

CALIBRATION CERTIFICATE

Manufacturer: Chandler Eng. Serial Number: 451
Model: 7222 Date Calibrated: 01/14/11

This certificate attests that this instrument has been calibrated under the standard conditions with standards
traceable to the National Institute of Standards and Technology (NIST). Evidence of traceablity is
maintained on file.

dentification Serial Calibration Calibration
Number Description Number Date Due Date
620-201 Multimeter 81480264 6/7/12010 6/30/2011
620-200 Temperature Calibrator 7968103 1/11/2010 1/3172011
620-530 Temperature Calibrator 9234019 6/7/2010 6/30/2011
7030850  Tachometer 7030850 1/11/2010 1/3172011
620-207 Pressure Reference (60K) 1005406 6/29/2010 6/30/2011
620-203 Pressure Reference (40K) 926312 2/18/2010 2/2812011
620-202 Stopwatch 91280889 12/9/2009 12/912011
Temperature Reference (°F) Controller  Chart Recorder

50 50 50.0

100 100 100.0

200 200 200.0

300 300 300.0

400 400 400.0

Tolerance per APl Spec 10 (£ 3.0°F/ 1.7°C)

Pressure Relerence (PSI) Controller  Chart Recorder Gauge
5000 5.0 5.0 5000
10000 10.0 10.0 10000
15000 15.0 15.0 15000
20000 20.0 20.0 20000
22000 2.0 22.0 22000

Tcterance per AP) Spec 10 {0.25% of full range at a minimum 25%,50% & 75% of tull scale)

Motor Speed (RPM) Tachometer
Tolerance per API Spec 10 (150 £ 15 rpm) 150.9
Timer (minutes) Display

2 2:00:02

4 4:00:10
Tolerance pet APl Spec 10 (& 30 sec/hour)

Calibrated By: General Gillespie (7, (5. Date: 01/14/11
Chandler Engineering
2001 North Indianwood Avenue
Page 1 of 1 Broken Arrow, OK 74012 SV-3001d
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ISO 9001

ENGINEERING
Manufacturen Chandler Eng. Senal Number. 470
tdodel: 7222 Date Calibreted: 04725719
Tris certilicate attests that this instrument has been catibrated under the slandard conditons with standards
traceable o the Natonal institule of Standards and Technology (MIST). Evidence of traceablity is
maintained on file.

Identification Serial Calibration Calibraticn
Number Description Number Date Due Date
620-2¢0 Temperature Calibrator 7668103 112412011 173172012
7030850 Tachometer 7030850 1242011 13112012
620-207 Pressure Reference (50K) 1005406 62672010 673012011
620-2¢2 Stepwalch ' 91280889 12872009 12/912013

Temperature Refesence (°F) Controlier  Chart Recorder
5¢ 50 50.0
100 100 100.0
200 200 200.0
400 400 400.0
Teleranen per AP Spec 10 {2 2.0°F /2 1.7°C)
Pressure Relference (PSH) Conbotier  Chast Recorder Gauge
5000 50 590 5000
10000 10.0 10.0 10500
15000 15.0 15.0 16000
20000 200 200 20000
22000 220G 22,0 22000
Tolecance per APt Spes 10 {0.25% of fuff range 3% a munimum 25%,50% & 75% of tul scale)
Nator Speed (RPM) Tachomeler
Tolerance per APT Spec 10 {150 £ t5 pm) 150.4
Timer {minutes) Display
2 2:00;12
4 4.00:11
Tolerance per APl Spec 10 (4 30 sechour)
Calibrated By: General Gillespie 77, (7. Date: 64r29/11
Chandiet Engineering
2001 Nerth Indianweod Avenue
Page oty Broken Amow, OK 74012 SV-20014d

Job 1D # 11-0411-01
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SO 9001

CALIBRATION CERTIFICATE

Ltanufacturer: Chandler £ng.
Meodel: 8240

Serial Number: 31179

Date Calibrated: G4/14/11

Ttis certificate attests that this instrument has been calitrated under the standard corditions with standards
trzceable to the Nationa! Instilute of Standards and Technolegy (NIST). Evidence of traceablity is

muiintained on Tile.

dentification Senal Calbration Calibration
Number Description Number Date Due Date
620-200 Termperature Catibraler 7968103 2410111 1/312012
7030850 Tachometer 7030850 17247201 13112012
§20-207 Pressure Relerence (E0K) 1005406 6282010 613072011
620-202 Stopwalch 91280889 12/9/2009 12/9/2011
Temperature Reference (°F) Controlier  Chart Recorder
50 50 50.0
160 1€9 106.0
200 260 200.0
4090 400 400.0
600 600 600.1
Torrance per AP Spec 10 (2 2.0°F11.7°C)
Pressure Reference {PSI} Conlroller  Chart Recotder Gauge
5000 5.0 50 5030
10600 10.0 10.0 10000
15000 15.0 15.0 15000
20080 20.0 20.0 20000
30600 0.0 30.0 30000
40600 40.0 40.0 400090
Tolkrance per AP Spec 10 (0.25% of [l range al 3 minmmum 25%,50% & 75% of fuli scale)
Molor Speed (RPAY) Tachometer
Toleranot pet API Spec 10 (150 115 mm) 150.4
Times (mrinutes) Disptay
2 2.00:12
4 4:00:08
Tolerance per AR Sped 10 (2 20 secheurn)
Calibrated By: General Gillespie 7. <7 Date: 04/44/11
Chandler Engineering
2631 Nerth Indanesod Avenun
Pagotoell Broken Arrow, OK 74012 5V-3001g
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Manufacturer: Chandler Eng. Serial Number: 1090
Model: 1200 Date Calibrated: 01/05/11
This certificate attests that this instrument has been calibrated under the standard conditions with standards
traceable to the National Institute of Standards and Technology (NIST). Evidence of traceablity is
maintained on file.
Identification Serial Calibration Calibration
Number Description Number Date Due Date
620-201 Multimeter 81480264 6/7/2010 6/30/2011
620-200 Temperature Calibrator 7968103 1/11/2010 1/31/2011
620-530 Temperature Calibrator 9234019 67772010 6/30/2011
7030850  Tachometer 7030850 11112010 1/31/2011
620-207 Pressure Reference (60K) 1005406 6/29/2010 6/30/2011
620-203 Pressure Reference (40K) 926312 2/1812010 2/28/2011
620-202 Stopwatch 91280889 12/9/2009 12/9/2011
Temperature Reference (°F) Controller  Chart Recorder
50 50 N/A
100 100
150 150
200 200 ——
Tolerance per API Spec 10 (¢ 3.0°F / 1.7°C)
Pressure Reference (PSI) Controller  Chart Recorder Gauge
N/A N/A N/A N/A
Tolerance per API Spec 10 (0.25% of full range at a minimum 25%,50% & 75% of full scale)
Molor Speed (RPM) Tachometer
Tolerance per AP) Spec 10 (150 £ 15 rpm) 150.4
Timer (minutes) Display-L Display-R
2 2:00:03 2:00:09
4 4:00:00 4:00:04
Tolerance per APi Spec 10 (¢ 30 sec/hour)
Calibrated By: General Gilespie /7. (. Date: 01/05/11
Chandler Engineering
2001 North Indianwood Avenue
Page 1ol 1 Broken Arrow, OK 74012 SV-3001d

Job ID # 11-0411-01
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CHANDLER AMETEK
ENGINEERING CALIBRATION CERTIFICATE
SERIAL NUMBER PRI
CERTIFICATE NUMBER 23031 SN
JOB NUMBER 222459 { .
CALIBRATION DATE November 23,2010
DESCRIPTION Calibrated Weight St
CALIBRATION STANDARDS
10 Number Manufacturer Desenplon \ Kecdet Numbert Senal Nurber Exp. Date
{ s10-08 | craws | Baance . | Eei02 | 1321 W20
1 008 | samemos |} Balance | meer | w2tece3 L 1200 |
35-0314 Chan 35 Welght Set
Saral Nuqise Reference (6} 1 Tob fx10) ) aetud s | Devistion lg) PasuFat
23934 10 0.1 : ~ .
- 23938 20 0.}
2393C 50 0.1
23930 1C0 0.1
i 2393E 200 0.1 .
07-1537 Consistometer Weight Set
Senal Nuimtrer Relorerce () | Teh (1.1 9) | Aswaltq) | Deviavon (g) PassiFa)
239JA ] 10 0.1 10.0¢ Q.00 Pass
23938 20 0.1 20.00 0.0 Pass e B
— S ZIYSCTT T T2uTTT T O 20.60 0.60 Pass t
23930 50 0.3 50,00 0.04 Pass 1
2393E 100 0.1 100.04 0.60 Pass
2393F 100 0.t 100.00 - =000 Pass
2393G 10 0.1 100.00 0.00 Pass
2393H 102 0.1 100,00 0.0 Pass
23931 | 109 0.1 100.00 (.00 Poss
2393J { 500 0.1 500.01 001 Pass
D7-1538 Weight Hanger
{_ Sergd Humber chlevcn:;e m)} Jok (2.3 g)i Acsal(g) | Deviaton () { Passfat }
2393X T s 1 0% ] 5000 0.00} Pass
Tolerance as per AP) Spec.feanens: 10.1g .
Tre ageuracy of the Calbeatag nstruments & tracead/c 1o Navonal Stands:ds. Evidence of traceability is maintuoed on £,
~ CALIBRATED BY: [ DANNY WEBER ¥ | . .oave:] - 11R3i0 j
A S
SIGNATURE: [ Z: é/{/: ‘
j
/

FCO0033 Pooe tof § Ruewigion 3
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CHANDLER

AMETEK

ENGINEERING CALIBRATION CERTIFICATE

SERIAL NUMBER 2407

CERTIFICATE NUNMBER N

JOB NUMBER 222459

CALIBRATION DATE Jenuary 10, 2011

DESCRIPYION Calbrated Weight Set

CALIBRATION STANDARDS
..‘..'Q.r.i'mt{’" NMarautactiree Daoseription Wodel Number Sena’ Numaser -

$10405 Chaa Baiance Epgi2 | W

620-053 Sanony Baiange 3862 32310003 ‘

35-0314 Chan 35 Weight Sat 1 L

i Serial hymbe i Reference () | Tol{za b | Acwali.l | Deviaton () PaseFa 1‘
2407A 10 0.1 ~1 ] o
24078 20 0.1 S gyl
2407C 50 0.1 o . |
24070 100 01 [ ~me t e

[ 2e07E 200 o1 [~ |

1’

07-1537 Consistometer Weight Sct

[ Serialnumber | Reterenca (9) | Toltz19) | Acwalia) | Deviaten (o) PassiFal

| 2407A 1 10 10.00 0.00 Pdss ]

24078 1 28 2066} D.CO i

' 3407 [ 20 20,00 0.c0 4

[ za0 50 50.00 0.00 §

{ 2407E 500 0.1 100.07 0.07 B

L 2407F 100 0.1 100.00 0.0 Pass |

| 240676 100 Q.1 100.G60| - 0.C0 Pass {
24G7H 100 0.1 300,02 0.02 Pass _Q
24071 100 0.1 100.02 0.02 Pass |

L 2aid 500 0.1 500.04 0.64 Pass |

07-1538 Weight Hanger B T~ i

| Senalhumber | Reterence (n) | Tol.tr1gl | Actastig) | Deviaton () PassFal }

______ 2i07X [ . 50 0 50.00] 0.09 Pass |

Tolerance as pef AP Spelicatons: £0.1g

Tre aczuracy of the Cattratng Instruments is Yaoeabie to Natenst Stansads. Evidesce of Waceab Sy 15 rmantained on ble

CAULIBRATED BY: DANNY WEBER N DATE:[ 01101 ]

SIGNATURE: ﬁ ; 2 é

FCU 0034 Foge 1ol

Job ID #11-0411-01

Revision 3
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CHANDLER AMETEK

ENGINEERING CALIBRATION CERTIFICATE
SERIAL NUMBER 2409
CERTIFICATE NUMBER 24091 ¥
JOB NULBER 222458
CALIBRATION DATE [Januory 102011 )| T
DESCRIPTION Calibrated Weight Set
CALIBRATION STANDARDS
LD, Number Manulaciurer Desesision Yodel Number Senal Nember . Exp Dawe
{ 615409 ; Batence EPGI02 a2 | cenen |
i 620053 Balance 3862 3210003 oaat |
)
35-0314.Chan 35 Weight Set o .-
Seial tase T Reference (n) | Yol (2.16) | Actudltg) | Daviaten (@) Pass/Fad
2409A 10 0.1 [ ~vemrs Sl T N
| 24098 20 0.1 pu v
2408C 50 1 01 | A
24090 100 o 3 ]
24098 200 Q.1 =
07-1537 Consistometer Weight Set
Sera! Numibnxe { Retarencn () ‘»ct.t:.%Mf Actsal (g} Detialen {0} FassiFai _l.
24094 | 1w g1 | 1000 0.00 Pass |
22088 | o0 0.1 20.00 0.00 Pass . _ .
20 0.1 20,00 0.60 Pass i
50 oA 50,00 0.00 Pass |
100 0.1 99.98 -0.02 Pass
105 0.1 100.03 003 Pass_ |
100 o1 100.05 0.05 Pass 1
100 0.1 100.05 Q.06 Pass
100 0.t 100.05 0.05 Pass
500 0.1 500.02 0.02 Pass
07-1538 \‘v'ciggr;hnge—r B B o - h
. SenatNumose | Relerencs (@) | Yol {5103 | Actudllg) | Dewialen fg) PassTal |
2409X i 50 o+ 1 5000 0.00 Pass ]
Tolerance as pr APT Spenficatnns 2019
The atcwany of the Caluating Ingiryments i L SLndfacds, Evioense of 1raceal ty Is mantd ned o4 Lo
CALIBRATED BY: | DANNY WEBER ~ ~ | DATE:[ oo ]
/S 4 - ”
SIGNATURE: M /\—"
. W :
Vikd
/

\

FCD.ON2L

e

Pazevof1 Revisin 3
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@CO OPE R Tel: 540-349-4746

INSTRUMENTS & SYSTEMS www.cooperinstruments.com

CERTIFICATE OF CALIBRATION

Transducer Model: LKCP 410

Serial Number: 345684

Capacity: 50000 LBS

Calibration Date: 1/14/2011

Excitation: 10 - VDC

Calibration Factor: 2.1252 MV/V  Compression
Input Resistance: 353 Ohms

Output Resistance: 353 Obms

Temperature Range: 60-160 Degrees F

Anoutputof 1.4666 MV/V isinduced when
A shunt resistor of 60K ohms is applied across (-) Excitation and (-) Signal.

Special Instructions:

Wiring Code RED (+)Excitation
BLACK  (-) Excitation
WHITE  (+)Signal
GREEN (-) Sigoal

This is to certify that the following instrument was calibrated using loading
equipment traceable to NIST through one or more of standards. The unit was
found to meet or exceed all published sales literature accuracy specifications.

Date of Shipment: 1/26/2011 Re-Calibration Date: 1 year after Shipment Date

Job ID # 11-0411-01 Page 116 of 117
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3MARY SEN3ORS INC,

CERTIFICATE OF CONFORMANCE

Date: March 30, 2011
Customer: Chandler Engineering
Purchase Order#: BT13090

Serial #: 24970-4-3

[tem #: 4

SS1 Job 24970

This is to certify that the material supplied on this purchase order meets all the
requirements of the order. 100% Quality Assurance was performed on each piece for
compliance to standard specification. This type ] thermocouple is per ANSI MC96.1
special limits of error +/- 1 degree C (+/- 2 degrees F) up to 277 degrees C (530 degrees F).
Pressure testing was performed at the following rates:

Per 07-0437-02 REV. D- pressure tested to 60,000 psig @ ambient temperature.

Dave Adkins
Temperature Measurement...The Right Way!
1920 Aldine Western * Houston, TX 77038
p: 281-272.5333 + F 281-272.5332
3 www.smarisensors.com
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This document may contain confidential information and is intended only for the use of the parties to whom it is addressad. If you
are not an intended recipent, you are hereby notified that any disclosure, copying, distribution or use of any information in this
document is strictly prohidited. If you have received this cocument in error, please noufy the senger immediately at the teleghone
number ingicated above.

DIT003-00024%







53
a 15730 Park Row, Ste 400
““é'%“ ° Houston, TX 77084
N4 O 1 e Main: 281-579-1055
oy : _] Fax: 281-579-1975
festing & Consulling

wwiw.oftesting.com

Silvia Murphy

Joint Investigation Team

Bureau of Ocean Energy Management, Regulation & Enforcement
Gulf of Mexico Region

Monday, August 1, 2011

JIT MACONDO WELL TESTING

Mrs. Silvia Murphy:

This report summarizes the results of the testing conducted in the cementing
laboratory at Oilfield Testing & Consulting at your request.

A post-job evaluation of the given slurry designs, based on the cement design for the
job performed on the Macando well, was to be performed with the specific outlined
testing protocol given by you, the Joint Investigation Team. All testing was to be
performed with cement, cement additives, spacer, base oil, and drilling fluid
samples, representative of those used on the job for the Macando well in April 2010.

Except as specifically requested by you (and noted herein), all tests were conducted
according to APl Recommended Practice 10B-2 which is identical to 1SO Document
10426-2 “Testing of Well Cements.” Calibrations of all equipment have been
performed according to AP1/ISO specifications and are attached in the Annex.

5937

Exhibit No,

Worldwide Court
Reporters, Inc,
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Five 5-gallon buckets of Macaondo well samples were received Wednesday, June 22,
2011 from the U.S. Coast Guard. Among the samples received was one cement blend
Lafarge cement sample, one Zonesealant 2000 sample, and three SCR-100L samples.
A 1-gallon sample of Fourchon City water (6-22-11) was also received at this time.
Four 5-gallon buckets of Lafarge Class H cement were received on Monday, June
27, 2011. Some dry and wet additives were received from Halliburton, Friday, July
1, 2011, which included the following: SS1 (200-mesh]} Silica flour, SS2 (100-mesh)
Silica sand, SCR-100L retarder, ZoneSealant 2000 foam stabilizer, D-Air 3000
defoamer, SA-541 polysacharide, EZ-FLO flow enhancer, and KCL (Potassium
Chloride) salt. A 1-gallon sample of Fourchon City water (from 6-8-11) was also
received at this time. The materials to mix the spacer, Dual Spacer Surfactant A,
Dual Surfactant B, Tuned Spacer Ill, SEM-8 emulsifier, and D-Air 3000L defoamer,
were received Friday, July 8, 2011. Finally, one Rheliant base oil and one Rheliant
drilling fluid (mud) sample was received from MI Swaco, Monday, July 11, 2011.

The slurry composition in the form of lab weights for a 600-mL portion of the 0.09
gps SCR-100L slurry was given as:

* C(lass H cement- 659.06 g
* SSA-1- 131-81g

* SSA-2- 9886¢g

* KCL- 13.18¢g

* D-Air3000- 1.65¢g

* SA-541- 1.32¢g

*» EZ-FLO- 046¢g

* Fresh Water- 281.38¢g

* SCR-100L- 6.10 g

* Zonesealant 2000- 6.85¢g

Based on the above design, the wet phase of the 0.08 gps SCR-100L slurry was
calculated as :

* Fresh Water- 282.06 g
* SCR-100L- 5.42¢
* Zonesealant 2000-6.85g
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Two Fourchon City water samples were received by OFTC. These samples were
tested against Houston City water and a control sample of distilled water. The water
analysis test results are as follows:

Total
Water Tannin | Hardness 1
Sample | Sample | Sample CL- S04 Lignin |(as CaC03)
Type Date ID (mg/L) | (mg/L) | (mg/L) | (ppm) pH
| Houston
City |
resh | 6-27-11  Water | 65 | <50 0 | 25 7.7 |
| TFourchon 4" | N .
City .
} Fresh | 6-22-11  Water 30 75 | 0 250 | 7.0
j | Fourchon | | I. . '
City
Llire._s‘h__fx-B-ll Water | 35 J_ 75 | 0O 250 7.3
Distilled |
Fresh | 6-27-11  Water 10 | <50 | o | 25 7.5

. b otfzoy
| Yourchon, LA~

Ci‘fy Water /

Figure #1. Fourchon City water samples.
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UCA Procedure

The slurries noted below were prepared as described in Section 1 and tested for
compressive strength according to APl RP 10B-2 Clause 8, except as specifically
noted in this document. An alternate heat up schedule was used, as requested, as
discussed in APl RP 10B-2, clause 7.5.4 when simulating specific well conditions.
The UCA cell was pre-heated to 135°F before accepting slurry. The test was initiated
within 5 minutes of pre-conditioning. Each test was 48 hours, including ramp time,
calculated from the initiation of temperature and pressure on the UCA cell. Pressure
was maintained at 3000 psi throughout the UCA test. Pre-conditioning and the heat
up schedule is outlined below and was utilized in testing the following slurry
formulations:

Composition and Test Conditions Defined

# ! COMPOSITION

Pre-condition

UCA1 | Base Slurry + 0.08 gps SCR-100

3 hours @ 135°F (83 min ramp)

3 hours @ 135°F (230 min ramp)

3 hours @ 135°F(83 min ramp)

3 hours @ 135°F (230 min ramp)

3 hours @ 135°F (83 min ramp)

3 hours @ 135°F (230 min ramp)

3 hours @ 135°F (83 min ramp)

3 hours @ 135°F (230 min ramp)

3 hours @ 135°F (83 min ramp)

3 hours @ 135°F (230 min ramp)

3 hours @ 135°F (83 min ramp)

UCA1-B Base Slurry + 0.08 gps SCR-100
UCA2 Base Slurry + 0.09 gps SCR-100
UCA2-B Base Slurry + 0.09 gps SCR-100
. Cu1 Slurry UCAZ2 : Spacer at 95:5 ratio
CU1-B | Slurry UCA2 : Spacer at 95:5 ratio
| CU2 . Slurry UCA2 : Spacer at 75:25 ratio
CU2-B | Slurry UCA2: Spacer at 75:25 ratio
cu3 Slurry UCA2 : Base Qil at 95:5 ratio
- CU3-B | Slurry UCA2 : Base Oil at 95:5 ratio
| cus Slurry UCAZ : Base Oil at 75:25 ratio
CU4-B | Slurry UCAZ2 : Base Oil at 75:25 ratio

3 hours @ 135°F (230 min ramp)

Pre-condition all samples for 3 hours at 135°F
Ramp from 135°F to 165°F in 4 hours
Ramp from 165°F to 185°F in 4 hours
Ramp from 185°F to 195°F in 4 hours
Ramp from 195°F to 210°F in 4 hours

Maintain 210°F for the remainder of the test period
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The tests noted below were prepared as described below and tested for foam
stability according to APl RP 10B-4 Clauses 5 and 9. The stability was assessed
using visual inspection (e.g. FF, settling, bubble conc.), as well as three density
measurement methods, also described below. Foam stability tests were performed
on a 14.5 ppg and a 13.6 ppg slurry prepared at atmospheric conditions to achieve
approximately 13% and 18.5% gas, respectively. The base slurry was prepared and
conditioned as described in Sections 1-2 for 90 minutes and 3 hours. The foam was
achieved using a multi-blade assembly with a retro-fitted slurry cup that has a
threaded cap, an o-ring, and a removable plug with a vent hole.

The total volume of the blender cup was measured on a scale with tap water prior to
testing. The total volume measured was 1178.00 mL. This total volume was used to
calculate the amount of base slurry and foamer required to generate 13% and
18.5% Foam Quality.

Density measurement of slurry sampled from the blender

Determined by the volume and weight of the slurry in the container.

Density measurement via graduated cylinder

The volume and weight of the slurry sampled from graduated cylinder after a 2-
hour quiescent period according to API RP10B-4/1S0 10426-4 Clause 9.3.1.

Density measurement by Archimedes’ Principle

The density of samples cured in PVC molds at 180°F according to APl RP10B-4/1SO
10426-4 Clause 9.3.3.
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Stability of Unset Foamed Cement Slurry

Wt of Wt of Volume of S.G. Density of
Graduated | Slurry/Grad. | Sample | (g/cm3) Slurry Bubble Settling Free
# Cylinder (g) | Cylinder (g) (ml) (ppg) Break-out? ? Fluid?
FM1 238.73 627.68 250.00 1.56 13.00 Yes Yes Yes
FM?2 238.83 669.32 250.00 1.72 14.30 Yes No No
FM3 239.00 679.03 250.00 1.76 14.7 | Yes Yes Yes
FM4 238.05 693.44 250.00 1.82 1520 | Yes No No
FM5 238.81 628.85 250.00 1.56 13.00 Yes Yes Yes
FM6 238.75 650.67 250.00 1.65 13.74 Yes No No
FM7 238.07 684.63 250.00 1.79 14.90 Yes Yes Yes
FM8 | 239.02 | 67865 | 25000 | 1.76 | 1470 | Yes No No
CFM1 | 238.38 649.63 250.00 | 1.64 13.70 Yes No No
CFM2 238.85 627.55 250.00 | 155 | 1291 | Yes No No
CFM3 238.80 658.27 250.00 1.68 | 14.00 Yes No No
CFM4 238.86 621.41 250.00 1.53 12.74 Yes l No No
FM9 238.05 693.44 250.00 1.82 15.20 Yes No No
FM10 239.02 678.65 250.00 1.76 14.70 Yes No No
MAC4 238.51 686.42 250.00 1.79 14.90 Yes No No
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Stability of Set Foamed Cement Slurry

Wt of | Wt of H20 Wtof | Wtof H20 Wtof | Wtof H20

Top | Removed | Density | Middle | Removed | Density of | Bottom | Removed | Density of

# (g) (g) of Top (g) (8) (8) Middle (g) (8) (8) Bottom (g)
FM1 | 61.68 39.90 12.88 77.40 43.15 14.94 63.77 32.20 16.50
FM2 | 76.84 | 5505 | 11.63 78.06 | 58.20 11.17 80.31 47.97 13.95
FM3 | 79.81 50.80 13.09 66.02 J 40.15 13.70 59.07 34.66 14.20
FM4 | 73.56 44.25 13.85 67.59 39.18 14.37 |r 80.39 45.25 14.80
FM5 67.57 43.22 13.02 48.33 27.60 14.59 B 74.78 40.17 15.51
FM6 | 84.00 62.23 11.07 73.15 49.17 12.39 69.18 44.53 12.94
FM7 | 70.31 45.62 12.84 61.86 36.57 14.09 50.44 27.51 15.27
FM8 | 67.33 | 47.82 | 11.73 67.65 43.75 12.88 78.98 49.95 13.26
CFM1 | 71.40 32.37 11.44 76.61 50.06 12.75 75.63 47.96 13.14
CFM2 | 67.43 49.19 11.42 78.49 53.65 12.19 62.80 41.40 12.64
. ‘M3 | 76.09 50.87 12.46 86.87 54.87 13.19 70.86 43.73 13.5
CFM4 | 49.15 33.52 12.21 66.84 43.32 12.85 72:51 45.92 1345
FM9 | 73.56 44.25 13.85 67.59 39.18 14.37 80.39 45.25 14.8
FM10 | 67.33 47.82 11.73 67.65 43.75 12.88 | 78.98 49.95 13.26
MAC4 | N/A N/A N/A N/A N/A NA | N/A N/A N/A

Note: MAC4 Macondo samples did not set hard during the 48 hour curing
period, and, therefore, could not be tested for this particular part of the
testing protocol.
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Figure #17. Pictures above show the MAC4 Macondo cement 0.09 gps SCR-100

slurry that was pre-conditioned for 3 hours and tested for Foam Stability at
13% Foam Quality right after mixing.

Figure #18. Pictures above show the MAC4 Macondo cement 0.09 gps SCR-100
slurry that was pre-conditioned for 3 hours and tested for Foam Stability at
13% Foam Quality right after 2-hour period.
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Silvia Murphy

Joint Investigation Team

Bureau of Ocean Energy Management, Regulation & Enlorcement
Gulf of Mexico Region

Monday, August 1, 2011

JIT MACONDO WELL TESTING

Mrs. Silvia Murphy:

This report summarizes the results of the testing conducted in the cementing
laboratory at Oilfield Testing & Consulting at your request.

A post-job evaluation of the given slurry designs, based on the cement design for the
job performed on the Macando well, was to be performed with the specific outlined
testing protocol given by you, the Joint Investigation Team. All testing was to be
performed with cement, cement additives, spacer, base oil, and drilling fluid
samples, representative of those used on the job for the Macando well in April 2010.

Except as specifically requested by you (and noted herein), all tests were conducted
according to APl Recommended Practice 10B-2 which is identical to 1SO Document
10426-2 “Testing of Well Cements.” Calibrations of all equipment have been
performed according to AP1/ISO specifications and are attached in the Annex.
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Test Test 50 psi SOOpsiatL psi at psiat psi at |
o # Temp | Press. |athh:mm | hh:mm 12:00 24:00 48:00
UCA1 | 210°F | 3000psi| 14:06 | 1511 | 0 3006 | 3550 |
UCA1-B | 210°F 3000 psi | 16:24 | 17:20 | 0 | 2637 | 3551 |
UCA2 | 210°F | 3000psi| 1522 | 16:33 | 0 | 2762 | 3459 |
| UCA2-B | 210°F | 3000 psi | 16:32 | 1742 | 0 | 2794 | 3958 |
cul | 210°F[3000psi | 15:26 | 16:33 | 0 | 2401 | 3042 |
CU1-B | 210°F | 3000 psi | 16:51 17:56 0 | 2342 3137 |
cu2 | 210°F | 3000 psi | 16:58 19:50 0 | 846 | 1263 |
Cuz-B | 210°F | 3000psi | 1833 | 21:56 0 | 669 | 1183 |
| Cu3 | 210°F[3000psi| 16:43 | 19:43 0 1817 | 2596 |
CU3-B | 210°F [ 3000 psi | 15:51 | 17:57 0 2158 | 2692 |
cusa | 210°F [ 3000psi| 20.52 | 34:50 0 322 | 557 |
CU4-B | 210°F | 3000 psi | 20.27 | 2413 | 0 486 | 852 |
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T
T Pre-condition | Temp
# COMPOSITION ] Time (°F) ppg | %gas |
| FM1 Base Slurry + 0.08 gps SCR-100 | 15hr 135 145 | 13
FM2 Base Slurry + 0.08 gps SCR-100 3.0 hr 135 14.5 13
FM3 Base Slurry + 0.09 gps SCR-100 1.5 hr 135 14.5 13
FM4 Base Slurry + 0.09 gps SCR-100 3.0 hr 135 14.5 13
FM5 Base Slurry + 0.08 gps SCR-100 1.5hr 135 13.6 18.5
| FM6 Base Slurry + 0.08 gps SCR-100 3.0 hr 135 136 | 185 |
FM7 Base Slurry + 0.09 gps SCR-100 1.5 hr 135 13.6 18.5
FM8 Base Slurry + 0.09 gps SCR-100 3.0 hr 135 13.6 18.5
CFM1 Base Slurry + 0.08 gps SCR-100 +10% 0il 3.0 hr 135 14.5 13 |
CFM2 Base Slurry + 0.08 gps SCR-100 + 20% Oil 3.0 hr 135 14.5 13 |
CFM3 Base Slurry + 0.09 gps SCR-100 +10% 0il 3.0 hr 135 14.5 13 ‘
CFM4 | Base Slurry + 0.09 gps SCR-100 + 20% Oil 3.0 hr 135 14.5 13|
MAC4 | Macondo well Base Slurry + 0.09 gps SCR-100 3.0 hr 135 ‘ 14.5 13 J
SLURRY PREPARATION DATA
Cement | Water Load
°F °F Rpm Add’l
# (avg) (avg) (avg) seconds Vortex & Mixability notes
FM1 72.0 713 12262 0 Vortex visable
FM2 71.6 71.0 12204 0 Vortex visable
FM3 71.8 74.3 12235 0 Vortex visable
FM4 71.3 72.2 12233 0 Vortex visable
FM5 72.2 72.9 12221 0 Vortex visable
FM6 71.5 72.2 12226 0 Vortex visable
FM7 71.4 74.8 12228 0 Vortex visable
FM8 70.6 74.5 12198 0 Vortex visable
CFM1 71.3 71.8 12204 0 Vortex visable
CFM2 70.8 71.3 12201 0 Vortex visable
CFM3 71.3 74.5 12230 0 Vortex visable |
CFM4 71.6 74.1 12209 0 Vortex visable ]
MAC4 71.7 72.5 12207 0 Vortex visable |
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Stability of Unset Foamed Cement Slurry

Wt of Wt of Volume of S.G. Density of

Graduated | Slurry/Grad. Sample (g/cm3) Slurry Bubble Settling Free

# Cylinder (g) | Cylinder (g) (mL) {ppg) Break-out? ? Fluid?
FM1 238.73 627.68 250.00 1.56 13.00 Yes Yes Yes
FM2 238.83 669.32 250.00 1.72 14.30 Yes No No
FM3 239.00 679.03 250.00 1.76 14.7 Yes Yes Yes
FM4 238.05 693.44 250.00 1.82 15.20 Yes No No
FM5 238.81 628.85 250.00 1.56 13.00 Yes Yes Yes
FM6 238.75 650.67 250.00 1.65 13.74 Yes No No
FM7 238.07 684.63 250.00 1.79 14.90 Yes Yes Yes
FM8 239.02 678.65 250.00 1.76 14.70 Yes No No
CFM1 238.38 649.63 250.00 1.64 13.70 Yes No No
CFM2 | 238.85 627.55 250.00 | 1.55 12.91 Yes No No
CFM3 238.80 658.27 250.00 1.68 14.00 Yes No No
CFEM4 238.86 621.41 250.00 1.53 12.74 Yes No No
FM9 238.05 693.44 250.00 1.82 15.20 Yes No No
FM10 239.02 678.65 250.00 1.76 14.70 Yes No No
MAC4 238.51 686.42 250.00 1.79 14.90 Yes No No
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Stability of Set Foamed Cement Slurry
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Wt of | Wt of H20 Wt of Wt of H20 Wt of Wt of H20
Top | Removed | Density Middle | Removed | Density of | Bottom | Removed | Density of
id (g) (g) of Top (g) (g) (g) Middle (g) (g) (8) Bottom (g)
FM1 61.68 39.90 12.88 77.40 43.15 14.94 1 63.77 32.20 16.50 J
FM2 76.84 55.05 | 11.63 78.06 58.20 11.17 80.31 47.97 13.95 j
FM3 79.81 50.80 13.09 66.02 40.15ﬁ 13.70 J 59.07 34.66 14.20 4]
FM4 | 73.56 44.25 13.85 67.59 39.18 14.37 P 80.39 45.25 14.80 )
FM5 67.57 43.22 13.02 48.33 27.60 14.59 B 74.78 40.17 J 15.51
FM6 | 84.00 62.23 11.07 73.15 49.17 12.39 69.18 44.53 B 12.94 J
FM7 70.31 45.62 12.84 61.86 36.57 14.09 50.44 27.51 15.27 j
FM8 67.33 47.82 11.73 67.65 43.75 12.88 78.98 49.95 13.26 4’
CFM1 | 71.40 32.37 11.44 76.61 50.06 12.75 75.63 47.96 13.14 j
CFM2 | 67.43 49.19 11.42 78.49 53.65 12.19 62.80 41.40 12.64 j
‘ M3 | 76.09 50.87 12.46 86.87 | 54.87 13.19 70.86 43.73 13.5 j
CFM4 | 49.15 33.52 12.21 66.84 B 43.32 12.85 72.51 45.92 13.15 T
FM9 | 73.56 44.25 13.85 67.59 39.18 1437 | 80.39 45.25 14.8 j
FM10 | 67.33 47.82 11.73 67.65 43.75 12.88 B 78.98 49.95 13.26 J
MAC4 | N/A N/A N/A N/A N/A N/A N/A N/A NA

Note: MAC4 Macondo samples did not set hard during the 48 hour curing
period, and, therefore, could not be tested for this particular part of the
testing protocol.
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Figure #19. Picture above shows the 0.09 gps SCR-100 slurry with 20% base
oil contamination that was pre-conditioned for 3 hours and tested for Foam
Stability at 13% Foam Quality. Cement cubes were not hard set after 48 hour
curing period.

Figure #20. Picture above shows the MAC4 Macondo cement 0.09 gps SCR-100
slurry that was pre-conditioned for 3 hours and tested for Foam Stability at
13% Foam Quality. Cement cubes were not hard set after 48 hour curing
period.
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Silvia Murphy

Joint Investigation Team

Bureau of Ocean Energy Management, Regulation & Enforcement
Gulf of Mexico Region

Monday, August 1, 2011
JIT MACONDO WELL TESTING

Mrs. Silvia Murphy:

This report summarizes the results of the testing conducted in the cementing
laboratory at Oilfield Testing & Consulting at your request.

A post-job evaluation of the given slurry designs, based on the cement design for the
job performed on the Macando well, was to be performed with the specific outlined
testing protocol given by you, the Joint Investigation Team. All testing was to be
performed with cement, cement additives, spacer, base oil, and drilling fluid
samples, representative of those used on the job for the Macando well in April 2010.

Except as specifically requested by you (and noted herein), all tests were conducted
according to AP Recommended Practice 10B-2 which is identical to 1SO Document
10426-2 "Testing of Well Cements.” Calibrations of all equipment have been
performed according to AP1/1SO specifications and are attached in the Annex.
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Stability of Set Foamed Cement Slurry

Wt of | Wt of H20 Wtof | Wtof H20 Wtof | Wtof H20
Top | Removed | Density Middle | Removed | Density of | Bottom | Removed | Density of
# (g) (g) of Top (g) (8) (g) Middle (g) (8) (8) Bottom (g)
FM1 | 61.68 39.90 12.88 77.40 43.15 14.94 63.77 32.20 16.50
FM2 | 76.84 5505 | 11.63 78.06 58.20 11.17 80.31 47.97 13.95
FM3 | 79.81 50.80 | 13.09 66.02 40.15 13.70 | 59.07 34.66 14.20
FM4 | 7356 | 44.25 13.85 | 67.59 39.18 1437 | 80.39 45.25 1480 |
FM5 | 67.57 43.22 13.02 48.33 27.60 14.59 74.78 40.17 15.51
FM6 | 84.00 62.23 11.07 73.15 49.17 12.39 69.18 4453 | 12.94 J
FM7 | 70.31 45.62 12.84 61.86 36.57 14.09 50.44 27.51 15.27 W
FM8 | 67.33 47.82 11.73 67.65 43.75 12.88 78.98 49.95 13.26 J
CEM1 | 71.40 32.37 11.44 76.61 50.06 12.75 75.63 47.96 13.14 J
CFM2 | 67.43 49.19 11.42 78.49 53.65 12.19 62.80 41.40 1264
‘ M3 | 76.09 50.87 12.46 86.87 | 54.87 13.19 70.86 43.73 13.5
CFM4 | 49.15 33.52 12.21 66.84 | 43.32 12.85 72.51 45.92 13.15
FM9 | 73.56 44.25 13.85 67.59 39.18 1437 | 80.39 45.25 14.8
FM10 | 67.33 47.82 11.73 67.65 43.75 12.88 | 78.98 49.95 13.26
MAC4 | N/A N/A N/A N/A N/A N/A N/A N/A N/A |

Note: MAC4 Macondo samples did not set hard during the 48 hour curing
period, and, therefore, could not be tested for this particular part of the
testing protocol.
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Figure #19. Picture above shows the 0.09 gps SCR-100 slurry with 20% base
oil contamination that was pre-conditioned for 3 hours and tested for Foam
Stability at 13% Foam Quality. Cement cubes were not hard set after 48 hour
curing period.

Figure #20. Picture above shows the MAC4 Macondo cement 0.09 gps SCR-100
slurry that was pre-conditioned for 3 hours and tested for Foam Stability at
13% Foam Quality. Cement cubes were not hard set after 48 hour curing
period.
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Silvia Murphy

Joint Investigation Team

Bureau of Ocean Energy Management, Regulation & Enforcement
Gulf of Mexico Region

Monday, August 1, 2011

JIT MACONDO WELL TESTING

Mrs. Silvia Murphy:

This report summarizes the results of the testing conducted in the cementing
laboratory at Oilfield Testing & Consulting at your request.

A post-job evaluation of the given slurry designs, based on the cement design for the
job performed on the Macando well, was to be performed with the specific outlined
testing protocol given by you, the Joint Investigation Team. All testing was to be
performed with cement, cement additives, spacer, base oil, and drilling fluid
samples, representative of those used on the job for the Macando well in April 2010.

Except as specifically requested by you (and noted herein), all tests were conducted
according to APl Recommended Practice 10B-2 which is identical to 1SO Document
10426-2 “Testing of Well Cements.” Calibrations of all equipment have been
performed according to AP1/ISO specifications and are attached in the Annex.
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UCA1 | 210°F | 3000 psi | 14:06 15:11 0 3006 3550
UCA1-B | 210°F | 3000 psi | 16:24 17:20 0 2637 3551
UCA2 | 210°F | 3000psi| 1522 | 16:33 | 0 2762 3459
| UCA2-B | 210°F | 3000 psi | 16:32 17:42 | 0 2794 | 3958
cul | 210°F | 3000 psi | 1526 | 16:33 0 2401 | 3042 |
CU1-B | 210°F | 3000 psi | 16:51 17:56 0 2342 3137
cu2 | 210°F | 3000psi| 16:58 | 19:50 0 846 1263
CU2-B | 210°F | 3000 psi | 18:33 | 21:56 0 669 1183
Cu3z | 210°F | 3000 psi | 16:43 19:43 0 1817 2596
CU3-B | 210°F 3000 psi| 15:51 17:57 0 2158 2692
CU4 | 210°F 1 3000 psi | 20:52 34:50 0 322 557
CU4-B | 210°F | 3000 psi | 2027 24:13 0 486 852
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[
Pre-condition | Temp
# COMPOSITION | Time (°F) ppg % gas
FM1 Base Slurry + 0.08 gps SCR-100 . 15hr 135 145 | 13
FM2 Base Slurry + 0.08 gps SCR-100 3.0 hr 135 14.5 13
FM3 Base Slurry + 0.09 gps SCR-100 1.5 hr 135 14.5 13
FM4 Base Slurry + 0.09 gps SCR-100 3.0 hr 135 14.5 13
FM5 Base Slurry + 0.08 gps SCR-100 1.5 hr 135 13.6 18.5
FM6 Base Slurry + 0.08 gps SCR-100 3.0hr 135 13.6 18.5
FM7 Base Slurry + 0.09 gps SCR-100 1.5 hr 135 13.6 18.5
FM8 Base Slurry + 0.09 gps SCR-100 3.0 hr 135 13.6 18.5
CFM1 Base Slurry + 0.08 gps SCR-100 +10% Oil 3.0 hr 135 14.5 13
| CFM2 Base Slurry + 0.08 gps SCR-100 + 20% 0il 3.0 hr 135 14.5 13
CFM3 Base Slurry + 0.09 gps SCR-100 +10% Oil 3.0hr 135 14.5 13
CFM4 Base Slurry + 0.09 gps SCR-100 + 20% 0il 3.0 hr 135 14.5 13
MAC4 | Macondo well Base Slurry + 0.09 gps SCR-100 3.0 hr 135 14.5 13

SLURRY PREPARATION DATA ‘
S oa .

# | (avg) | (avg) | (avg) | seconds | Vortex & Mixability notes

FM1 72.0 71.3 12262 0 Vortex visable

FM2 71.6 71.0 12204 0 Vortex visable

FM3 71.8 74.3 12235 0 Vortex visable

FM4 71.3 72.2 12233 0 Vortex visable

FM5 72.2 72.9 12221 0 Vortex visable

FM6 71.5 72.2 12226 0 Vortex visable

FM7 71.4 74.8 12228 0 Vortex visable

FM8 70.6 74.5 12198 0 Vortex visable
CFM1 71.3 71.8 12204 0 Vortex visable
CFM2 70.8 71.3 12201 0 Vortex visable
CFM3 71.3 74.5 12230 0 Vortex visable
CFM4 71.6 74.1 12209 0 Vortex visable
MAC4 71.7 72.5 12207 0 Vortex visable
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Stability of Unset Foamed Cement Slurry
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v Bubble | Settling
_ | Breakout? | ?

Free
Fluid?

Yes Yes Yes
Yes No No
Yes Yes Yes
Yes No No
Yes Yes Yes
Yes No No
Yes Yes Yes
Yes No No
Yes No No
Yes | No | No
Yes No No
Yes No No
Yes No No
Yes No No
Yes No No
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Figure #17. Pictures above show the MAC4 Macondo cement 0.09 gps SCR-100
slurry that was pre-conditioned for 3 hours and tested for Foam Stability at

13% Foam Quality right after mixing.

Figure #18. Pictures above show the MAC4 Macondo cement 0.09 gps SCR-100
slurry that was pre-conditioned for 3 hours and tested for Foam Stability at

13% Foam Quality right after 2-hour period.
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Figure #19. Picture above shows the 0.09 gps SCR-100 slurry with 20% base
oil contamination that was pre-conditioned for 3 hours and tested for Foam
Stability at 13% Foam Quality. Cement cubes were not hard set after 48 hour
curing period.

Figure #20. Picture above shows the MAC4 Macondo cement 0.09 gps SCR-100
slurry that was pre-conditioned for 3 hours and tested for Foam Stability at
13% Foam Quality. Cement cubes were not hard set after 48 hour curing
period.
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