4523
From: Marie MacCormick Exhibit No.
Sent: Tue Aug 17 18:44:08 2010
Worldwide Court
To: Cook, Howard H; Knox, Tom ReponerS, Inc.

Cc: Hill, Trevor; Austin, Julian; Alastair Trower; Tyler de Gier; Keck, Danny L
Subject: RE: Recovered Riser Report

Importance: Normal

Attachments: BP_Deepwater Horizon_Kinked Riser_3DM_R10356_C4.pdf

All,

Please find the revised report attached. All comments should now be addressed in the report. Please let
me know if you would like to see any additional revisions.

Regards,

Marie MacCormick
Project Engineer
Welaptega Marine Limited
Halifax, Canada

Phone: +1 902 444 3193

From: Cook, Howard H [mailto:Howard.Cook2@bp.com]
e Sent: Wednesday, August 11,2010 531 PM

To: Marie MacCormick; Knox, Tom

Cec: Hill, Trevor; Austin, Julian; Alastair Trower; Tyler de Gier

Subject: RE: Recovered Riser Report

Marie

My follow-up email to Tyler on 6th Aug acknowledged that your dimensions (as provided by BP) could
well be correct.

Just wanted to double-check before you issued the final report.

Tom or Trevor are in the best position to confirm.

Are you OK with all the other comments we sent?

regards
Howard

From: Marie MacCormick [mailto:m.maccormick@welaptega.com]

Sent: 11 August 2010 18:57

To: Knox, Tom

Ce: Hill, Trevor; Austin, Julian; Alastair Trower; Tyler de Gier; Cook, Howard H
Subject: RE: Recovered Riser Report
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Tom,

Howard has suggested that the inner diameter of the drill strings should be the same as the inner
diameter of the tool joints, however, this is not the case in the model, which was constructed based on
dimensions provided by BP. Can you verify if the following dims are correct?

Drill strings:
OD = 5.5in
Wall thickness = 0.4in

Resulting 1D = 4 3in

Tool Joints:
OD = 7.1in
1D = 4.0in

Tool joint dims are based on Drill Pipe Performance Characteristics Document:
0550-02470-S135-R2-HT55-713-400-10-15 LD148 Rev01.

Regards, s
Marie
From: Tyler de Gier
Sent: Tuesday, August 03, 2010 12:13 PM
To: Cook, Howard H; Marie MacCormick
Cc: Knox, Tom, Hill, Trevor; Austin, Julian; Alastair Trower
Subject: RE: Recovered Riser Report
Hi Howard,
Thanks for the comments. We'll make the necessary changes and get back to you early next week
tentatively unless the revisions are urgent (that way Marie can have a look at when she's back from her
vacation).
I can address a few of the comments right away. Please see the red text added to your email below.
Best Regards,
Tyler
) —
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From: Cook, Howard H [Howard Cook2@bp.com]

Sent: Monday, August 02, 2010 5:43 PM

To: Marie MacCormick

Cc: Tyler de Gier, Knox, Tom; Hill, Trevor; Austin, Julian
Subject: RE: Recovered Riser Report

From: Cook, Howard H [mailto:-Howard . Cook2@bp.com]

Sent: August-02-10 5:44 PM

To: Marie MacCormick

Cc: Tyler de Gier, Knox, Tom; Hill, Trevor; Austin, Julian

Subject: RE: Recovered Riser Report

Marie, Tyler

I have reloaded the word version to the 1BackUp site for your collection. New shortcut below.
Some suggestions are discussed below. Since this is Welaptega report, please rephrase as you prefer.
Section 1. Project Summary

Your description of events around the riser section being sheared and collapsing is inaccurate. Please
just start your description from when vou first saw the joint - i.e. lifted onto the boat deck.

Can do.

"Tooling joint" - is not the term typically used; it is "tool joint".

(Numerous references in text and in some of the pictures).

Cando
Page 8. Camera calibration. For completeness, could you please supply this documentation separately

i to us, and include a reference to the document title/number in your report?
Can do.
Figure 21. Green riser outline disappears at upper left of this picture?
1 think this is just the orientation of the screen shot, but will have to look into it further.
Figure 24. Green riser outline has an odd protusion at the lower left corner. (Appears in other Figures
later). Can you explain - seems inappropriate if the riser model has sub-millimetre accuracy - unless this
is a true feature?
This 1s in fact a true feature. It is a crack that extends from the Hole A region around to the bottom
side of the collapsed riser. I've attached a pdf with two photos. Perhaps we can include these photos
in the report to clarify.
Figures 50 - 63. These appear to contain uneven scaling for notionally the same arrangment in different
Figures, non-constant wall thickness of the outer pipe, and unexplained protrusion on lower lefi corner
of outer pipe. Has some artistic license been applied? Please explain; doesn't seem compatible with the
sub-millimetre model accuracy.
The protrusion in the lower left is explained above. The descrepancies in the wall thickness are a
matter of scaling the screen shots (likely done to better fit the page), not a scaling error in the model
itself  The screen shots can be taken again to have the same scaling.
Other minor typos as marked up.
Comments on Flow Area analysis.
a) please include in the report any additional evaluation you did in response to Trevor's request of 27th
July.
Can do
N
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b) Figure 43 and Figure 47 show an internal drill pipe with the cross section of a tool joint shown; I
would have expected the internal area of the drill pipe at the tool joint to be the same as that elsewhere
in the string (i.e. constant i.d.) - but your cross sections appear to show a smaller internal diameter at the
tool joint. Please check the dimensions, and discuss with Tom Knox if required.

Not sure on this one. Tom, can you confirm the 1D of the tool joint?
¢) The interal areas you have presented in Appendix D have made assumptions about non-visible
internal drill pipe section profiles. T believe the method you used probably gives the maximum possible
flow area in the drill pipes, and the minimum possible flow area in the riser annular space. If the drill pipe
sections had become kinked to degree, the internal areas of the drill pipes would be less, and the
annulus space larger (as depicted in Julian#s comparison attached to this email). Please consider, and
add any appropriate qualifiers in your report.

In constructing the drill pipes in the kinked region, our instructions were that the top and bottom of the
drill pipes were in contact with the riser. We can certainly add some dialogue to Appendix D to present
the assumptions used from the drill pipe construction.
many thanks and best regards
Howard
1. Folder: Welaptega
Link: https://www2.ibackup.com/qmanager/servlet/share?key=etxkj4 1701

From: Marie MacCormick [mailto:m.maccormick@welaptega.com]

Sent: 28 July 2010 21:52 ,
To: Cook, Howard H e
Cc: Tyler de Gier

Subject: RE: Recovered Riser Report

Howard,

The word doc is now on your ibackup fip site.

Regards,

Marie

From: Cook, Howard H [mailto:Howard. Cook2@bp.com]
Sent: Wednesday, July 28, 2010 11:50 AM

To: Marie MacCormick

Subject: RE: Recovered Riser Report

Marie could you also piease upload the Word version so 1 can send you a mark-up?

Thanks
Howard
-
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Sent from my Windows Mobile(r) phone.

----- Original Message-----

From: Marie MacCormick <m.maccormick@welaptega.com>

Sent: 23 July 2010 01:47

To: Cook, Howard H <Howard.Cook2@bp.com>; Hill, Trevor <trevor hill@uk.bp.com>; Knox,
Tom <knoxt(@bp.com>; Nyholt, John J <John.Nyholt@bp.com>

Cc: Alastair Trower <a.trower@welaptega.com>; Davis, Jonathan P <Jonathan. Davis@bp.com>,
Tyler de Gier <t.degier@welaptega.com>; Tony Hall <a.hall@welaptega.com>

Subject: Recovered Riser Report

Hi All,

Please find attached the kinked riser report. It details all analysis completed on the riser to date.

[ have also produced a demonstration video of the model, which is now on the IBackup site that
Howard provided earlier. It is in mp4 format, and will play on a number of media players. I have loaded
the installation file for VLC media player onto the Ibackup site as well, in case you do not already have
a program to play it.

If you have any questions or have trouble opening the video, please let me know. I will be returning to
Halifax tomorrow, but can be reached by e-mail or on my mobile.

Regards,

Marie MacCormick
Project Engineer

<http:// www.welaptega.com/>
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Halifax, Nova Scotia, Canada

Phone: +1 902 444 3193 (Direct)

Phone: || Mobile)

Fax: +1 902 422 5644

<http://www.welaptega.com/>
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BP E&P inc. Macondo Deepwater Horizon Response Kinked Riser Joint Inspection
Doc: BP_ DWH R10356 _C4

Executive Summary

Client BP Exploration & Production Inc.
Project Deepwater Horizon LMRP Inspection

Facility Macondo MC 252 Wellhead

Vessel Contractor Global Industries
Vessel Olympic Challenger

Inspection dates 21 June 2010 - 24 June 2010 on vessel. Allimages taken on 22 June 2010

The 471t {approx) kinked riser joint was lifted from the seabed to the deck of

the Olympic Challenger prior to June 21, 2010. While on the deck of the

Olympic Challenger, the riser section was photographed extensively for the
- purposes of producing a 3D model.

The interior surface of the riser was created based on a 1-inch wall v
thickness. The outer riser surface was offset by 1 inch and smoothed to
generate an approximation of the interior surface. The full (left) and partial
Inspection (right} drill strings were constructed inside the riser. Cross-sections of the drill
and : strings were generated at each analysis location to fit within the interior
Analysis program riser surface, and to have perimeters equivalent to that of a 5.5 in diameter
. circle. The lengths between analysis locations were interpolated to

- generate the remaining sections of the drill strings.

At each analysis location, the flow area was calculated through the
. interior of the riser: (1} without obstructions, (2] with entire area within drill
| strings obstructing flow, and (3) with flow through riser and drill strings. Wall
| thicknesses of 1 inch, 0.4 inches and 1.55inches in were used for the riser,
| drill strings. and tool joints, respectively.

Measurements taken of the scale markers in the model were measured to
have values within 0.5% of actual values.

" Results The analysis location found to have to smallest cross-sectional flow area
‘ was Cross-section G, located on the upstream end, in the kinked section of
the riser.

WELAPTEGA Page 2 of 56
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BP E&P Inc. Macondo Deepwater Horizon Response Kinked Riser Joint Inspection
Doc: BP DWH R10354 C4

2010 3DModelling Kinked Riser Joint Inspection Report

1 Project Summary

Welaptega performed a photogrammetric survey on a 40 foot section of the
Deepwater Horizon marine riser to collect images for use in generating a 3D
model.

Figure | is a photo of the riser joint taken from Olympic Challenger on 22 June
2010.

| Figure 1: Riser joint recovered to Olympic Challenger
Welaptega Marine took approximately 1200 photos of the riser for the
purposes of photogrammetric 3D modelling. A total of 534 photos were used

to create the 3D model. Figure 2 shows a screen shot of the completed 3D
model point cloud as viewed from a similar orientation to Figure 1.
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Figure 2: 3D model of full riser assembly
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2 Method Statement

Welaptega 3DModelling® uses advanced photogrammetric techniques to
generate geometrically accurate 3D models from 2D digital still images.

Pixels are matched between overlapping photos, and model geometry is
calculated through a series of iterations based on the pixels’ relative positions.

Contrast, texture, and clarity must be present in the project images to allow
the software to accurately locate each point coordinate. Model accuracy is
direcily impacted by image quality and the amount of overlap between
photos.

Camera Calibration

Cameras and lenses used to capture project photos are calibrated to
produce a file containing camera and lens parameters. The calibration file is
included in the processing to account for spherical distortion in the project
images. For calibration process documentation see the document entitled
"3DM Calibration Procedure.”

Model Generation

Welaptega 3D photogrammetry software processes images, in pairs, o identify
groups of matching pixels using colour and contrast as matching criteria.
Typically sef to search for groups of 20 pixels, the software creates a point for S~
each matching group it finds, and assigns the point a set of 3D coordinates.
Each project image is processed with all other project images to produce the
largest data sample available in the collected project photos.

A 'least squares’ calculation is performed on each sample of point
coordinates to determine the mean 3D coordinates for all points in the model.
The relative errors, or residuals, between the mean point coordinate and the
coordinates associated with each image pair are calculated and evaluated.
Points showing high residuals (coordinates having relative error equal to or
greater than three standard deviations) are removed, and then the sample is
re-processed to determine the standard deviation for each image, and the
variance factor for the model. The variance is the expectation, or mean, of the
squared deviations of the points from their expected means. The software
iterates these calculations until all points having high residuals have been
removed.

Scaling

Scaling can be performed using either the known offset between cameras, or
based on the known dimensions of an object in the model.

Welaptega uses a magnet with a target pattern, designed with an offset of
88mm harizontally {3.44in), and 15mm (0.5%in) vertically. A Welaptega target

WEL/\PT":'GA Page 8 of 56
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scaling magnet is shown in the following figure.

Figure 3: Welaptega target magnet

More than one target magnet is typically placed on the object during
photography to provide several opportunities for scaling input and verification.

Points are created (digitized) on the white targets seen on the magnet face.
The photogrammetry software detects the center point of each target to
allow scaling points to be precisely and consistently located in all images.

Multiple images of each target magnet are collected for inclusicn in project
processing to create a large sample of scaling points. Scaling point
coordinates are processed using the same method used to generate the
model, so that only points within close proximity to the mean location are used
for scaling.

Accuracy Verification Method

Model accuracy is verified using two methods. The first occurs prior to export of
the geometry. The software calculates the distance between two selected
points of known offset on the model, and uses the mean coordinate location
to calculate the point-to-point distance. This value is compared to the known
physical dimension fo obtain an accuracy value.

The second method is performed by opening the model with photo-overlay,
and measuring the point-to-point distances between targets on the scaling
magnets. The model is generated by exporting the coordinates of the image
pair, rather than the mean point coordinate locations of the sample. This
means that the result of the point-to-poinf measurement could fall anywhere
within the tolerance of the relative error for the image pair that was used to
produce fthat piece of the model. This measurement is subject to the user’s
ability to choose the centers of the targets.

A figure illustrating the second type of accuracy measurement is provided in
the following figure.
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Figure 4: Example of measurement of scale bar accuracy verification (distance
measured shown in blue). Distance Measured = 3.47in; Actual Distance = 3.465in

Both the first and second accuracy verification methods are limited to small
sections of the model. To guarantee the accuracy of the entire model, objects
of known dimensions and spacing would have to be placed in many locations
all over the component.
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3 Data Acquisition

The riser was recovered to the deck of the Olympic Challenger vessel prior to
the photography survey. The main riser casing had peripheral control lines
attached to it that were present for the photography. Additional straps and
chains were used to secure the riser assembly, and are subsequently included
in the photographs and 3D model. These parits were frimmed away from the
point cloud to analysis the riser geometry.

Five magnetic scale bars were placed on the riser assembly.

The riser was photographed using a Canon EOS 7D digital SLR camera with 18
megapixels of resolution. A 24mm wide angle prime lens was used.

The entire riser assembly was photographed from close range and with af least
50 percent overlap between adjacent photos. Linear strips of photos were
taken along the length of the riser at hourly clock positions around the riser
circumference - some photos were also taken at half hour clock positions. The
5-o'clock, 6-o'clock, and 7-o'clock positions were photographed after the riser
lifted and reoriented on the deck.

Photos were taken in daylight conditions. The photos were taken during
—~ periods of overcast weather or with the deck crane positioned such that
photos were not taken directly into the sun.

Approximately 1200 photos were taken of the riser assembly.

Following the offshore photography, the camera and lens were calibrated at
the BP offices in Houston.

WEZLAPT=ZGA Page 17 of 56

CONFIDENTIAL BP-HZN-2179MDL06560100

BPD415-028279

TREX 009523.0017
TREX-009523.0017



BP E&P Inc. Macondo Deepwater Horizon Response Kinked Riser Joint Inspection
Doc: BP_ DWH R10356 C4

4 3D Model

The finished 3D model was built using a total of 534 images. The model was
scaled using a series of 22 dimensions on each of the five scale bars in the
model.

4.1 3D Model Point Cloud Screen Shots

The following figure shows the 3D model of the full riser assembly, with all
supporting equipment, including securing straps, supporting blocks, magnets,
and peripheral pipes. The main riser is shown in orange.

Figure 5: 3D model of riser with all atached pipes
The following figure shows the main riser and peripheral pipes only.

Figure é: 3D model of the riser casing and peripheral lines
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The following figure shows the main riser only.

Figure 7: 3D model of the riser casings with peripheral lines removed

The point cloud in the middle section of the riser has been reduced due to the
large size of the file slowing the analysis. The point clouds representing the
ends of the riser have not been reduced. The middle section can be restored
fo its full density if required.

The following figures show additional views of the riser with the support blocks
oty included to reference orientation of the riser.

f
Figure 8: Plan view - kinked section facing into the page
.
Figure 9: Plan view - kinked section facing out of the page
RN
=

Figure 10: Top view

i
B
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Figure 11: BoHom -vlew
Figure 12: From downstream end looking upstream
-
Figure 13: From upstream end looking downstream
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The following figures show the upstream end and downstream ends of the riser
as point clouds (left] and in a photo (right).

Y

Figure 15: Downstream end of riser with drill pipe highlighted

The following figures show the point cloud of the kinked section of the riser
where holes are present. The first figure is a point cloud of the riser surface,
and the second a photo of the same section of riser with the holes annotated.
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Figure 17: Annotated Point Cloud and photo of kinked section
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4.2 3D Model Meshed Surface Screen Shots

The model point cloud was divided into three sections: upstream (kinked), mid-
stream, and downstream. A surface mesh was constructed over each section,
as shown in the figure below. Downstream is represented in blue, mid-stream in
yellow, and upstream in purple.

Figure 18: Meshed Riser 3D model

The following figure shows the downstream end of the riser as (1) a point cloud,
(2] with a mesh applied. and (3) with photo overlay applied.

3

Figure 19: Downsiream end of riser: point cloud; meshed surface; meshed surface with
photo overlay
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4.3 Accuracy Veritication
A series of measurements of individual data terrain models (DTMs) with scale
bar photo overlays were taken to determine the accuracy of the model (as
per Section 2}. Table | provides parameters of the model and accuracy
measurement values.
Table 1: Model parameters and accuracy.
Parameter Value
Number of Images Used 534
Number of Scale Bar inputs 110
Varicnce Factor 1.80
Worst Accuracy Measurement 0.29%
Error (method 2)
Reported Accuracy* <0.5%
*Model measurements only carry 2 decimal places. The model would have to be processed in
mm Instead of inches for measurements to provide a more precise accuracy.
**Note: model parameters apply to only the portions or the model constructed using
photogrammetry.
&
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5 Construction of Geomelry Inside the Riser

A surface mesh was constructed over the main riser point cloud, then the
geometries of the interior riser surface, and of the left (full) and right (partial)
drill stings were constructed as separate meshes. Steps performed during
construction are summarized in this section of the report.

5.1 Interior Riser Surface

For simplicity and the purposes of analysis, the riser was assumed to have a
constant wall thickness of 1 inch, as decided by BP E&P.

To generate the interior surface of the riser, the exterior surface mesh was
offset by | inch toward the riser center. The offset surface was then smoothed
to eliminate anomalies and protrusions. Parts of the exterior riser surface having
additional components (i.e. the flange) could not be offset. These sections of
the interior were generated by interpolating between existing offset surfaces.

Geometry inside the riser, such as the interior riser surface, should not be
considered fo be within the tolerance specified for the photogrammetry
model. All geometry inside the riser was manually constructed, and represents
estimation only.

A limited part of the interior surface was included in the original model at the
extreme upstream and downstream ends of the riser. The offset interior surface
was joined to the original model at both upstream and downstream ends. The
upstream end of the model, showing the original interior and exterior surfaces,
is shown below.
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Figure 20: Upstream End of Model showing Original Interior Geometry
The interior surface of the downstream section of the model surrounding the
flange was estimated based on the parts of the exterior surface having smooth
geometry. The section of interior surface inside the flange was interpolated
using adjacent smooth surfaces.
o
5.2 Drlll String Construction
The two lengths of drill string (left and right} were constructed based on
information provided by BP. Tool joint dimensions were based on Drill Pipe
Performance Characteristics Document: 0550-02470-5135-R2-HT55-713-400-10-
15 LD 148 Rev(1. The following dimensions were used for both strings:
Table 2: Dimensions Used For Construction of Interior Geometry
Component Parameter Dimension (Inches)
Drill String (both) Diameter 5.5
Perimeter 17.375
Wall thickness 0.4
Tool Joint (both) Outer Diameter 7.1
Inner Diameter 4.0
Length (upper chamfer
to upper chamfer) 25.0
Riser As-built outer diameter 21
wall thickness 1.0
*Note: The right tool joint was not constructed to have the length specified
above.
WZLAPT=GA Page 20 of 56
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521 Tool Joint Construction

The locations of the tool joints were estimated based on photographs taken
after sections of the riser wall had been cut-out, and by using the bulges
present on the right side of the upstream section. The left fool joint was
assumed to be inits as-built condition.

The left tool joint was constructed next to the flange, toward the upstream end
of the model. The closest edge of the left tool joint was located approximately
370 inches (just under 30 feet, measured along riser surface} from the upstream
end. The tool joint location is depicted within the cross-section of the riser in the

following figure.
L
— = I
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Figure 21: Left Tool Joint Shown Inside Riser Cross-section (near flange)

The figure below shows the constructed left tool joint with some dimensions
indicated.

25in

F 3
W

Figure 22: Left Tool Joint
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The right tool joint was constructed to start at a distance of 25in (just over 8
feet, measured along riser surface) from upstream end. The right drill string
ends 43 inches further downstream, at a distance (measured along riser
surface) of 138 inches (11.5 feet) from the upstream end.

Because the right tool joint was distorted out of its as-built shape, the first 22
inches were constructed with a diameter of 7.linches, and the remaining
length (up to 27 inches) was generated to be as close to circular as possible
while fitting within the interior riser surfaces. The detail of the right tool joint
distortion was not captured in the model, and was instead represented by a
round section of smaller diameter that tapers to become the right drill string.

The right tool joint, having a total length of 27 inches, is shown in the following
figure. The fransition of the tool joint into the drill string is indicated by the green
line, where the diameter is 6.8 inches. The green lines above and below the
tool joint represent the cross-section of the riser through the central axis of the
right string.

27in

4
v

Figure 23 Right Tool Joint

5.2.2 Dirill String Construction

Seven locations along the length of the riser, plus 14 locations through the kink,
were selected for cross-section analysis. The contours of the dirill strings were
constructed within the interior riser surface at each of the selected locations.
Orill string contours were constructed to have perimeters within +/- 0.05 inches
of 17.375 inches, and to fit within the upper and lower riser surfaces. Lengths of
the drill string between the selected contours were interpolated to fit within the
interior riser surface.

Constructed contours for the left and right drill strings are shown inside cross-
section H{i) in the figure below. The ieft and right drill string exterior contours are
shown in purple. The interior surfaces of the drill strings were generated by
offsetting each exterior contour by 0.4 inches. The perimeters for both the left
and right string exterior H(i) drill string contours was 17.41inches.
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Figure 24: Drill String Contours Constructed within Cross-section H(i) through Kink

Note: The profrusion in the lower leftf corner in the cross-section shown above is
due to the crack shown in Figure 32.

Left drill string contours A through M are shown in the following figure.

h

Figure 25: Constructed Contours of kinked section of left drill string

A mesh was created between the cross-sections fo produce the left drill string,
and the same procedure was performed for the right. The resulting left and
right drill string kink meshes are shown in the following figure.
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Figure 26: Left and Right Drill Strings Kinked Section Constructed Meshes
The fully constructed left and right drill strings are shown in the figure below.
-
Figure 27: Fully Constructed Drill Strings
W=LAPT=GA Page 24 of 56
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6 Cross-sectlion Analysis

Analysis was performed only on the main riser. Point clouds representing other
components of the model were trimmed away prior to analysis.

All cross-section figures are shown as viewed from upstream.

6.1 Lengthwise Cross-sections

Lengthwise cross-sections were taken through the upstream section of the riser
to find the location where the offset between the upper and lower interior riser
surfaces wds d minimum. Measurements were done first at 3-inch intervals, and
then at smaller intervals until the cross-section having the smallest distance
between surfaces was determined.

Cross-section 13.75 was found to have the smallest minimum offset between
interior surfaces of 0.13 inches and is indicated by the green line in the
following figure.

Figure 28: Lengthwise Upstream Contour with Minimum Distance Between Riser
Surfaces

The locations of all lengthwise cross-sections and a table of the minimum
distance measurements can be found in Appendix B.

6.2 Cross-sections A to M through Kinked Section

Fourteen cross-sections were taken in the kinked section of the model to find
the location having the smallest flow area. Cross-section contours are shown in
green. Every effort was made to take cross-sections through a plane
perpendicular to the riser; however, selection of the perpendicular direction
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wdas subject to the user’s judgment.

The radial cross-section having the smallest distance between upper and
lower riser surfaces was also determined for comparison with the result of the
measurements taken of the lengthwise cross-sections.

The locations of cross-sections A to M are depicted in the following figure.

Figure 29: Cross-sections A-M Through Kinked Section

Labels of the cross-sections are provided in the close-up view of the kink
below.

Figure 30: Locations of Cross-sections Ato M

WELAPTEG/\ Page 26 of 56

CONFIDENTIAL BP-HZN-2178MDL06560115

BPD415-028294

TREX 009523.0032
TREX-009523.0032



poy BP E&P Inc. Macendo Deepwater Horizon Response Kinked Riser Joint Inspection
Doc: BP_DWH R10354 _C4

One phofo (image 4 o’clock-03) was overlaid on the upstream section of the
model to show the hole locations with respect to the cross-sections. Cross-
sections A to M are shown on the photo-overlay model, and holes are labeled
in yellow in the following figure.
Hi)
DEFG
A BC - HJ! JKL

Figure 31: Cross-sections A to M (red labels) and Holes Locations (yellow labels)
shown on Photo-overay model

Cross-sections F to M pass through the crack on the left side of the riser, which
is visible in the photos below.

Note: The crack creates protrusions in the lower left corners of these cross-
sections.
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Figure 32: Crack in the riser wall in the upstream section of the kink

» ¥ i : a

A S 1

Figure 33: Close-up photo of the crack In the riser wall
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The table below summarizes the holes through which each cross-section

passes.
Table 3: Identification of Cross-sections Passing Through Holes
Cross-section Holes Cross-section Passes Through
A F
B E.A
C F.D.A
D FEAE
E E.A
F :
G B8
H -
H(i) -
— : .
J =
K -
L i
M -

Cross-section H(i) was found to have the smallest distance between interior
riser surfaces of 0.13 inches. The figure below shows lengthwise cross-section
13.75, and radial cross-section H(i) on the upstream section of the model. The
intersection of these two cross-sections is marked by a red circle, and indicates
the point on the model where the distance between interior riser surfaces is the
shortest.
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CS13.75

Figure 34: Intersection of Lengthwise and Radial cross sections having minimum
distance between surfaces - H(i) and 13.75

Flow area was calculated for each cross-section using three configurations: -
1. Unobstructed flow through riser (no drill strings)
2. Flow through riser, obstructed by drill strings
3. Flow through both riser and drill strings

Each configuration is illustrated using Cross-section B (CSB) below.

e —
K e
\\‘——’-_/,./—’"_\w‘_ o

Flgure 35: Configuration 1 - Unobstructed Flow Area through C$SB
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Figure 34: Conliguration 2 - Flow Area Obstructed by Drill Strings through CSB

( . .o
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Figure 37: Configuration 3 - Flow Area through Riser and Drill Strings through CSB

Cross-section G was determined to have the smallest flow area. Results of
minimum separation distance and area measurements for ail kink cross-
sections and are provided in the table below. The locations of the cross-
sections as measured along the riser surface from the upstream end of the riser
are also provided in the table.
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Table 4: Flow Areas Through Kink Cross-sectlons A fo M

Cross-section | Minimum | Configuration | Configuration | Configuration | Configuration
Cross- location Separation 1 1 Percent of 2 3
section measured Distance | Unobstructed Area of 19 Obstructed by Flow Area
along outer Between Flow Area inch diameter | Drill Strings through Riser
riser surface Interior Circle Flow Area and Strings
from Riser
upstream Surfaces {in?) % (in?)
end (inches) (in) (in%) \
A 31.9 0.21 60.5 21 22.8 476 ‘
B 31.1 0.21 559 20 22.0 43.0
C 29.6 0.19 49.4 17 18.8 36.5
D 289 0.19 42.0 15 16.3 29.2
E 27.8 0.22 37.0 13 14.6 24.2
F 26.5 0.33 33.3 12 14.3 20.4
G 25.2 0.31 31.7 11 12.9 18.8
H 24.0 0.16 36.9 13 13.4 24.2
H(i) 23.0 0.13 419 15 15.3 29.0
1 225 0.18 471 17 18.2 34.4
1 21.6 0.49 60.5 21 26.3 47.7
K 20.6 0.91 7.9 25 324 59.1
L 19.3 1.54 84.4 30 42.0 71.5
M 18.2 2.62 103.8 37 58.0 90.8
Circle
(19-inch - - 270.6 100
Diameter) -

WELAPTEZGA

Figures of kink cross-sections A to M, and flow area calculation results for the
drill strings in each cross-section can be found in Appendix D.
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6.3 Lengthwise Cross-sections through Right Tool Joint

A lengthwise cross-section through the highest point of the right side of the riser
was taken and measured to determine how the height of the bulge changed

over the length of the riser.
The location of the lengthwise cross-section is illustrated in the following figure.

Figure 38: Location of Lengthwise Cross-section shown through Quter Riser Surface
(aligned with axis of constructed right tool joint)

The right tool joint is shown within the lengthwise cross-section in the following
figure.
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Figure 39: Constructed Drill Pipe Shown within Lengthwise Cross-section
Note: the constructed drill pipe shown in Figure 2 was generated based on the
space available within the riser. The downstream end of the right drill string has
been represented by a circular pipe rather than the actual iregular shape.
Cross-sections of the tool joint were taken at 2-inch increments and measured
for height.
The pink lines indicate the Qin (start of ool joint), 22in, and 27in (end of tool
joint} locations in the following figure.
o
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Figure 40: Locations of Cross Sections through Right Tool Joint
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The heights of the tool joint cross-sections are provided in the table below.
Table 5: Heights of Cross-sections through Right Tool Joint
Cross-section
(distance from upstream end Height of Cross-section
of right tool joint, inches) (inches)
0 7.09
2 7.07
4 7.06
6 7.03
8 7.02
10 6.99
12 6.97
14 6.94
16 6.92
18 6.9
20 6.88
} 22 6.86
= \’ 24 6.74
26 6.62
27 6.57
28 | 645 [
T 30 - T 622 )
32 5.99
34 5.75
36 551
38 5.28
1 40 5.04
J 42 4.8
Results are illustrated in the following graph, showing that cross-section height
begins to decline at 22 inches, then begins to decline more rapidly at 27
inches, where the tool joint ends.
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Figure 41: Graph of Right Tool Joint Cross-section Height

6.4 Cross-sectionsito?7

Seven cross-sections were taken through the riser and drifl strings at the
locations indicated in the following figures. Flow areas were measured for N
each cross-section based on the same three configurations used for the kink
cross-sections.

Figure 42: Locations of Cross-sections 1 to 7 Shown on Quter Riser Surface
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Left Tooling Joint

Figure 43: Locations of Cross-sections 1 to 7 shown on Left and Right Drill Strings

- The flow area calculations for cross-sections | to 7 are provided in the following
table. Figures showing all cross-sections can be found in Appendix C, as well as
a fable that includes the flow areas of each drill string.

Table &: Flow Areas of Cross-sections 1to 7

Configuration 1 Configuration 2 Configuration 3
Cross-section | Unobstructed Flow | Obstructed by Drill Flow Area
Area Strings Flow Area | through Riser and
Strings

(in’) (in’) (in*)
1 141.4 101.8 114.4 A
2 72.6 49.3 66.2 |
3 88.9 65.5 82.4 1
4 87.5 64.9 81.0
5 104.7 42.8 713
6 85.7 40.2 72.8
7 157.9 112.2 145.0
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7 Upstream Drill String Offset Measurements

Measurements of the left and right drill strings at the upstream end were taken
to determine the widths, heights, and offset between strings. A photo and a
screen print of the model of the upsiream end of the riser are shown below.

o gt : . ! e ] i

ure 44: Photo of the sheared end of the riser | -

Fig

Figure 45: Right drill string (incomplete) in Red; Left drill string (complete) in Green

The measurement between the far ends of the drill strings is shown in the figure
below. The purple lines represent the distances between the point-to-point
measurements. Measurements results are provided in the captions for all

figures in this section.
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Figure 46: Measurement of distance between far ends of Right and Left drill strings =
14.7in

Figure 47: Largest point to point measurement possible: 14.8in
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N’

Figure 48: Combined width of the two dirill strings: 4.%in
|
Figure 49: Point to point height of left hand drill skring: 7.3in
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P e St awr

Figure 50: Point to point width of left hand dirill string: 4.1in

Figure 51: Point to point height of right hand drill string: 8.2in
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Figure 52: Point fo point width of right hand drill string: 2.3in
N’
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8 Conclusions and Recommendations

Accuracy measurements taken on the model resulted in errors below 0.5
percent.

Cross-section G was determined to have the smallest flow area, measured to
be 31.7in2 when unobstructed by the drill strings.

Welaptega can perform additional analysis upon request.
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Appendix A - Photo Catalogue

Photos were taken along the full length of the riser maintaining a
circumferential clock position to ensure overlap of the photos. The folder
structure for the photo catalogue is described below. The full catalogue of
photos has been provided to BP separate from this report.
Appendix 1: Photo Catalogue
Folder | First Photo in Folder _ Last Photo in Folder | Description
Riser Orientation 1
1 o'clock DWH Riser 3DM 1 DWH Riser 3DM 1 Downstream end moving upstream
photos o'clock (1) o'clock [57)
2 o'clock DWH Riser 3DMm 2 DWH Riser 3DM 2 Downstream end moving upstream
phaotos o'clock (1] o'clock 188)
3 o'clock DWH Riser 3DM 3 DWH Riser 3DM 3 Downstream end moving upsiream
photos o'’clock (1) o'clock [43)
4 o'clock DWH Riser 3DM 4 DWH Riser 3DM 4 Upstream end moving downsfream
photos o'clock (1) o'clock {43)
8 o'clock DWH Riser 3DM 8 DWH Riser 3DM 8 Downslream end moving upstream
phaios o'clock (1) o'clock [57)
9 o'clock DWH Riser 3DM 9 DWH Riser 3DM 9 Upstream end moving downstream
photos o'clock (1] o'clock [31)
10 o'clock DWH Riser 3DM 10 DWH Riser 3DM 10 Downstream end moving upstream
pholos o'clock (1) o'clock [44)
1030 photos DWH Riser 3DM 10.5 DWH Riser 3DM 10.5 Downsfream end moving upstream

o'clock (1) o'clock (54)
1130 photos DWH Riser 3DM 11.5 DWH Riser 3DM 11.5 Downsiream end moving upstream W/

o'clock (1) o'clock [108)
12 o'clock DWH Riser 3DM 12 DWH Riser 30M 12 Upstream end moving downstream
photos o'clock (1] | o'clock [51)
Riser Qrientation 2
5 o'clock DWH Riser 3DM 5 DWH Riser 3DM & Downstream end moving upsiream
photos ORI 2 o'clock ORI2 1} o'clock ORI2 [37)
é o'clock DWH Riser 3DM & DWH Riser 3DM & Downstream end moving upstream
phelos ORI 2 o'clock ORI2 (1) o'clock ORI2 (39)
7 o'clock DWH Riser 3DM 7 DWH Riser 3DM 7 Downstream end moving upstream
photos ORI 2 | o'clock ORIZ [1) o'clock ORI2 (32)
10 o'clock DWH Riser 3DM 10 DWH Riser 3DM 10 Upstream end moving downstream
pholos ORI 2 | o'clock ORIZ (1) o'clock ORI2 (34)
11 o'clock DWH Riser 3DM 11 DWH Riser 3DM 11 Upstream end moving downstream
photos ORI 2 | o'clock ORI2 {1) o'clock ORI2 [35)
12 o'clock DWH Riser 3DM 12 DWH Riser 3DM 12 Upstream end moving downstream
photos ORI 2 | o'clock ORIZ {1) o'clock ORI2 {38)
Miscellaneous Folder
Phote Description
DWH Riser Inspection Misc 1 Entire Riser 3 o'clock
DWH Riser Inspection Misc 2 Enfire Riser 3 o'clock
DWH Riser Inspection Misc 3 Enterprise from Clympic Challenger deck
DWH Riser Inspecton Misc 4 Enterprise from Clympic Challenger deck
DWH Riser Inspection Misc 5 Enterprise from Olympic Challenger deck
DWH Riser Inspeclion Misc 6 Enlerprise from Olympic Challenger deck
DWH Riser Inspection Misc 7 Frterprise from Olympic Challenger deck
DWH Riser Inspection Misc 8 Rolating Riser to ORI2
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DWH Riser Inspection Misc ¢ Deck Crane
DWH Riser Inspection Misc 10 Rotaling Riser to ORI2
DWH Riser Inspection Misc 11 Rotaling Riser to ORI2
DWH Riser tnspection Misc 12 Downsiream cul end
DWH Riser inspection Misc 13 Downstream cut end
DWH Riser Inspection Misc 14 Downstream cut end
DWH Riser Inspection Misc 15 Downstream cut end
DWH Riser Inspecton Misc 16 Downslream cul end
DWH Riser Inspecton Misc 17 Downstream cul end
DWH Riser Inspection Misc 18 Downstream cut end
DWH Riser Inspection Misc 19 Downstream cut end
DWH Riser Inspection Misc 20 Downstream cul end
DWH Riser Inspection Misc 21 Downstreamn cut end
DWH Riser Inspecton Misc 22 Downstream cut end ? o'clock Crack
DWH Riser Inspection Misc 23 Downstream cut end 9 o'clock Crack
DWH Riser Inspeclion Misc 24 Downslream cul end 9 o'clock Crack
DWH Riser Inspection Misc 25 Downstream cut end ¢ o'ciock Crack
DWH Riser Inspection Misc 26 Entire Riser 9 o'clock
DWH Riser Inspecton Misc 27 Kink inside ¢ o'clock
DWH Riser Inspection Misc 28 Kink outside 3 o'clock
DWH Riser Inspection Misc 29 Downstream cul end 4 o'clock
DWH Riser Inspection Misc 30 Downstream cut end 4 o'clock
DWH Riser Inspection Misc 31 Downstream cut end 4 o'ciock

| DWH Riser Inspection Misc 32 Downstream cut end 4 o'clock
DWH Riser Inspecton Misc 33 Downstream cut end 4 o'clock
DWH Riser Inspecton Misc 34 Downstream cul end 7 o'clock
DWH Riser Inspection Misc 35 Downstream cul end 8 o'clock

N DWH Riser Inspection Misc 36 Downstream cut end 8 o'clock

DWH Riser Inspection Misc 3/ Downstream cul end 8 o'ciock
DWH Riser Inspection Misc 38 Downstream cul end 8 o'clock
DWH Riser inspeclon Misc 3% Kink inside 9 o'clock
DWH Riser Inspection Misc 40 Kink inside 9 o'clock
DWH Riser Inspection Misc 41 Kink inside 9 o'clock
DWH Riser Inspection Misc 42 Kink inside 9 o'clock
DWH Riser Inspecton Misc 43 Kink inside 9 o'clock
DWH Riser Inspeclion Misc 44 Kink inside 9 o'clock
DWH Riser Inspection Misc 45 Kink inside 9 o'clock
DWH Riser Inspection Misc 46 Kink outside 3 o'clock

| DWH Riser Inspection Misc 47 Kink outside 3 o'clock
DWH Riser Inspecton Misc 48 Kink outside 3 o'clock
DWH Riser Inspeciion Misc 48 Kink outside 3 o'clock
DWH Riser Inspection Misc 49 Kink outside 3 o'clock

. DWH Riser Inspection Misc 50 Kink inside 9 o'clock
DWH Riser Inspection Misc 51 Kink inside 9 o'clock
DWH Riser Inspection Misc 52 Kink inside 9 o'clock
DWH Riser Inspechion Misc 53 Kink inside 9 o'clock
DWH Riser Inspection Misc 94 Kink inside ¢ o'clock
DWH Riser Inspection Misc 55 Rotating Riser to ORI2

| DWH Riser inspection Misc 56 Crack at downsiream cut end
DWH Riser Inspection Misc 57 Crack at downstream cut end
DWH Riser Inspeclon Misc 58 Drill pipe al downstream cul end
DWH Riser Inspecton Misc 59 Drill pipe at downstream cut end
DWH Riser Inspection Misc 40 Downstream cut end
DWH Riser Inspection Misc 61 Drill pipe at downstream cut end
DWH Riser Inspection Misc 62 Downstream cut end 9 o'clock Crack
DWH Riser Inspechon Misc 63 Downslream cul end 9 o'clock Crack
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DWH Riser Inspection Misc é4 Downstream cul end 9 o'clock Crack
DWH Riser Inspeclion Misc 65 Downstream cut end ¢ o'clock Crack
DWH Riser Inspeclion Misc 66 Saw cut al 39ft
DWH Riser inspection Misc 67 Crack along inner side ol Kink
DWH Riser inspection Misc 68 Crack dlong inner side of Kink
DWH Riser inspection Misc 69 Crack aleng inner side of Kink
DWH Riser Inspection Misc 70 Crack along inner side of Kink
DWH Riser Inspection Misc 71 Crack aleng inner side of Kink
DWH Riser Inspection Misc 72 Crack along inner side of Kink
DWH Riser Inspection Misc 73 Crack along innerside of Kink
DWH Riser Inspection Misc 74 Upstream cut & 2 Drili pipes
DWH Riser Inspection Misc 75 Upstream cut & 2 Drill pipes
DWH Riser Inspection Misc 76 Upstream cut & 2 Diill pipes
DWH Riser Inspection Misc 77 Upstream cut & 2 Drill pipes
DWH Riser Inspection Misc 78 Upstream cut & 2 Drill pipes
DWH Riser Inspeclion Misc 79 Upslream cul & 2 Diill pipes
DWH Riser Inspection Misc 80 Upstream cut & 2 Drill pipes
DWH Riser Inspection Misc 81 Upstream cut & 2 Drill pipes
DWH Riser Inspection Misc 82 Upstream cut & 2 Diill pipes
DWH Riser Inspection Misc 83 Kink Hole A
DWH Riser Inspection Misc 84 Kink Hole B
DWH Riser Inspection Misc 85 Kink Hole B
DWH Riser inspection Misc 86 Kink Hole C
DWH Riser inspection Misc 87 Kink Hole D & E
DWH Riser Inspection Misc 88 Kink Hole F
DWH Riser Inspection Misc 89 Kink Hole F
DWH Riser Inspection Misc 90 Kink Hole F
DWH Riser Inspection Misc 91 Kink End 5 o'clock
DWH Riser Inspection Misc 92 Upstream cut -
DWH Riser Inspection Misc 93 Upstream cut & 2 Drill pipes
DWH Riser Inspeclion Misc 94 Upstream cul & 2 Drill pipes
DWH Riser Inspection Misc 95 Upstream cut & 2 Drili pipes
DWH Riser Inspection Misc 96 Upstream cut & 2 Drill pipes
DWH Riser Inspection Misc 97 Length view (Upstream to Downstream) of Riser
DWH Riser Inspection Misc 98 Cut Control Line
DWH Riser Inspeclion Misc 99 Cut Control Line
DWH Riser Inspection Misc 100 Flange Looking vpstream
DWH Riser Inspection Misc 101 Flange Looking upstream
DWH Riser Inspection Misc 102 Flange Looking upstream
DWH Riser Inspection Misc 103 Flange Looking Downstream
DWH Riser Inspection Misc 104 Flange Looking Downsiream
DWH Riser Inspection Misc 105 Flange Looking Downstream
DWH Riser Inspection Misc 106 Flange Looking Downsiream
DWH Riser Inspection Misc 107 Control lines
DWH Riser Inspection Misc 108 Confrol lines
DWH Riser Inspection Misc 109 Conkol lines
DWH Riser Inspection Misc 110 Outside of Kink
DWH Riser Inspection Misc 111 Outside of Kink
DWH Riser Inspection Misc 112 Qutside of Kink
DWH Riser Inspection Misc 113 Outside of Kink

L M
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Appendix B - Upstream Lengthwise Cross-sections

The locations of the lengthwise upsfream cross-sections are shown in the figure
below. Cross-sections were named based on their distances from the right side
of the model (i.e. Cross-section 1 is located to the right, Cross-section 27 to the
ieft).

Cross-section 13.75 had the smallest distance between interior riser surfaces
and is indicated by the thickest green line in the figure.

Figure 53: Upstream Lengthwise Cross-sections

The minimum distances between interior riser surfaces for all lengthwise cross-
sections taken are provided in the following table.
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Table 7: Minimum Distances Between Interior Riser Surface in Lengthwise Upstream
Cross-sections
Cross-section (inches Minimum Distance Between Interior Riser
from right) Surfaces in Lengthwise Cross-
section(inches)
1 Not measured
2 Not measured
3 1.64
4 Not measured
5 Not measured
6 1.19
7 Not measured
8 Not measured
9 0.9
10 Not measured
11 Not measured
12 033
13 0.19
13.5 0.13
13.75 0:13
14 0.13
14.5 0.19
15 0.3 e
155 0.41
16 0.53
16.5 Not measured
17 Not measured
18 0.9
19 Not measured
20 Not measured
21 0.93
22 Not measured
24 1.03
27 1:11
WZLAPT=ZGA Page 48 of 56
S St g N B Lo S ) _—
CONFIDENTIAL BP-HZN-2179MDL06560137

BPD415-028316

TREX 009523.0054
TREX-009523.0054



— BP E&P Inc. Macondo Deepwater Horizan Response Kinked Riser Joint Inspection
Doc: BP_DWH_R10356 _C4

Appendix C - Cross-sections 1to 7

The drill string flow areas at cross-sections 1 to 7 are summarized in the
following table.

Table 8: Drill String Flow Areas through Cross-sections 1o 7

Cross-section | Left Drill String (or tool joint) Right Drill String (or tool joint)
Flow Area (in2} Flow Area (in2)
1 12.6 0 (n/a)
2 16.9 0{n/a)
3 16.9 0(n/a)
4 16.1 0(n/a)
5 15.9 12.6
. é 16.1 16.5
5 15.4 17.4
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Cross-sections 1 to 7 are shown in configuration 3 to illustrate the shape of the
contours inside each cross-section. Please note that the cross-sections are not
shown to scale. Based on visual assessment, each cross-section was oriented
normal to the screen, and a screen print was taken to produce the
representations shown. Every effort was made to take the screen prints under
consistent zoom settings; however, all cross-sections are not necessarily scaled
consistently.

Figure 54: CS 1 with left drill string thickness of 1.55in (interior flow diameter of 4in)

Figure 55: C52 Flow Area through Riser and Left Drill String

Figure 56: CS3 Flow Area through Riser and Drill String
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Figure 57: CS4 Flow area

Figure 58: CS5 Wall thickness of 1.55in used for tool joint
Figure 59: CS6 Flow Area
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Figure 60: CS7 Flow Area
N
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Appendix D - Cross-sections Afo M
The drill string flow area calculation results for the kink cross-sections are
provided in the table below.
Table 9: Drill String Flow Areas through Cross-sections Ato M
Cross-section Left Drill String (or tool joint) Right Drill String (or tool joint)
Flow Area (in2) Flow Area (in2)
A 12.8 47.6
B 11.3 43
c 9.7 36.5
D i 7.3 29.2
E 5.3 24.2
N\ P 25 20.4
G 1.5 18.82
H 2.8 24.2
H(i) 4.4 93
: 5.2 11
J 7.7 13.7
K 11.2 15.5
L 127 16.8
M 15.4 17.4
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Figures of all kink cross-sections are shown below. Please note that the cross-
sections are not shown to scale. Based on visual assessment, each cross-
section was oriented normal to the screen, and a screen print was taken to
produce the representations shown. Every effort was made to take the screen
prints under consistent zoom settings; however, all cross-sections are not
necessarily scaled consistently.
Figure 62: CS B Flow Area S’
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Figure 63: CS C Flow Area
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Figure é4: CS D Flow Area
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Figure 45: CS E Flow Area
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Figure 64: CS F Flow Area
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Figure 67: CS G Flow Area
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Figure 8: CS H Flow Area
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Figure 69: CS H(i) Flow Area
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Figure 74: CS M Flow Area
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