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Cory,

Enclosed is our report documenting the full-scale testing of a fabricated temporary repair intended to
enclose a leaking defect identified on Amplify’s San Pedro Bay Pipeline (SPBP). The temporary repair
successfully contained pressure during an extended pressure hold of 17.9 hours at 1,440 psig. The full-
scale test results discussed in this report demonstrate the ability of the temporary repair to contain
pressure and mitigate product leakage at 1,440 psig.

Thank you for the opportunity to complete this work and please do not hesitate to contact us with any
questions.

Regards,

REDACTED PIl pE | senior Associate

ADV Integrity, Inc.

28246 FM 2920 | Waller, TX 77484
Office: ( REDACTEDPIL | E.majl.  REDACTED Pl

Texas Registered Engineering Firm F-190

Reviewed by: REPACTED Pl 'pE | chief Engineer — Pipeline Integrity
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1.0 INTRODUCTION AND BACKGROUND

ADV Integrity, Inc. (ADV) was contracted by Amplify Energy Corp. (Amplify) to perform a full-scale pressure
test of a temporary repair designed to contain a leaking defect identified on Amplify’s San Pedro Bay
Pipeline (SPBP).

This report documents ADV’s full-scale test set-up, and the results of the testing designed to demonstrate
the pressure containing capacity of the temporary pipeline repair. Several parties were involved in the
completion of the subject test program:

[J Practical Engineering Solutions, LLC (PES) designed the welded repair option, including numerical
modeling considering the as-inspected shape of the SPBP.

[1 Crosby Construction Services (Crosby) fabricated the sample including replicating the geometric
deformation and welding the temporary repair to the representative sample.

[J ADV performed pressure testing of the provided sample containing the geometric deformation
and temporary welded repair.

Lk ] Page 4
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2.0 REPAIR DESIGN AND SAMPLE FABRICATION

The construction drawings for the temporary repair considered in the full-scale testing program are
included in Appendix A. ADV understands that a comparable repair configuration will be fabricated for
use on the actual SPBP leaking defect. The temporary repair consisted of several circumferential welds
connecting end caps to a short nominal 10-inch diameter pipe section. All welds passed NDE (radiographic
and magnetic particle testing) as documented in in Appendix B. The temporary repair also included two,
2-inch threadolets and bull plugs that could be used to provide venting during underwater welding. The
10-inch vessel was then cut longitudinally to form a standoff temporary repair and welded over a
simulated through-wall defect fabricated onto the deformed pipe using a % inch single sided fillet weld,
per the drawings included in Appendix A. In addition to the temporary repair, holes will be drilled at the
termination of each end of the crack (i.e., drill stops), as shown inFigure 2-1 on the test vessel. These drill
stops are installed to mitigate crack propagation.

The fillet weld between the 10-inch repair and SPBP carrier pipe will be completed by underwater welders
per a Phoenix WPS using an Oxylance Sureweld #1 SMAW consumable that meets AWS A5.1, E6013. ADV
understands that the Crosby fillet weld on the fabricated sample for testing was completed using E6010
SMAW consumables and capped with a E71T-21M FCAW consumable for aesthetic purposes. Therefore,
the final cap pass of the fabricated test sample was completed using a higher strength consumable when
compared to the planned actual repair; however, the majority of the weld in the fabricated test sample
was completed using E6010 consumables of the same nominal tensile strength. This difference in strength
for the weld cap is not expected to have a material impact on the performance of the fabricated sample.
The Phoenix WPS describes the parameters and conditions for the welded temporary repair tested,
including material property and attribute requirements. Based on the MTRs provided to ADV, the SPBP

carrier pipe and the material used for the repair fabrication fall within the Phoenix WPS limitations.

- " At

Figure 2-1: Photograph of test vessel with installed crack and drill stops.
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3.0 3D SCAN OF FABRICATED TEST VESSEL

Upon receipt of the test vessel fabricated by Crosby, ADV scanned the vessel using aCreaform HandyScan
307 with reflective positioning targets applied to the outside surface. 3D renderings of the test vessel are
shown in Figure 3-1 and Figure 3-2. This data was used to understand the physical performance of the
temporary repair after pressure testing.

Figure 3-1: 3D rendering of the test vessel received by ADV.

*&n Page 6
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/ TORs and Bull Plugs \

Temporary Repair

/ Carrier Pipe

Geometric Deformation

Repair to Pipe Fillet Weld

Figure 3-2: 3D rendering showing relationship between temporary repair and geometric deformation
on the received pipe sample.
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4.0 FULL-SCALE TESTING

ADV'’s pressure test plan included several full-scale testing steps, including pressure cycling, an extended
pressure hold, and short duration holds at a higher pressure. The pressure was monitored via a pressure
transducer fixed to the test vessel’s outlet. The calibration certificate is attached in Appendix C. The
sample was enclosed in ADV’s test chamber, shown in Figure 4-1.

The as-received pipe sample survived 10 pressure cycles between 250 psig and 500 psig. A pressure
increase was attempted to bring the pressure up to 1,440 psig for an extended hold. However, a leak
occurred along the threads within one of the TOR/Bull Plugs. Therefore, ADV seal welded the plugs and
restarted the test. This finding was helpful in optimizing the final design of the temporary repair. The final
design will not include a similar TOR/Bull Plug, thereby, minimizing the likelihood of a similar leak path.

After seal welding the TOR/Bull plugs, the cyclic test program was restarted. Cyclic testing was repeated
as shown in Figure 4-2, and then the pressure was increased to 1,440 psig. This pressure was held
overnight resulting in a 17.9 hour hold as shown in Figure 4-3. Upon completion of this hold, ADV
increased the pressure to find the maximum pressure containing capacity of the temporary repair. At
1,619 psig the pressure within the sample started to decrease. Upon inspection, it was discovered that
the temporary repair had begun to experience plastic deformation without an identified leak as shown in
Figure 4-4 and further quantified in Section 5.0, Post-Test 3D Scan. Therefore, ADV stopped the testing
program. The most significant conclusion from this test was that the test vessel successfully contained
pressure for 17.9 hours at 1,440 psig providing confidence in the welded temporary repair’s ability to

contain pressure and mitigate product leakage.

Figure 4-1: Photograph of test vessel enclosed in ADV’s test chamber.
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Figure 4-2: Time vs. Pressure plot during pressure cycling.
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Figure 4-3: Time vs. Pressure plot during 17.9 hour pressure hold.
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Figure 4-4: Photograph showing resulting plastic deformation of the temporary repair.
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5.0 POST-TEST 3D SCAN

After completion of the full-scale test, ADV scanned the vessel using a Creaform HandyScan 307 with
reflective positioning targets applied to the outside surface. A 3D rendering of the test vessel is shown in
Figure 5-1. The 3D scan captured the change in the temporary repair diameter as shown in Figure 5-2. To
better quantify the change in shape, ADV prepared a virtual cross section through the pipe/repair
assembly, shown as green lines in Figure 5-3. The pre- and post-test diameter of the temporary repair at
nine (9) locations were tabulated and presented in Figure 5-4. A maximum change in diameter of 0.96
inch between the pre- and post-test measurements was calculated.

Figure 5-1: 3D rendering of sample after testing.
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Pre-Test

-

Post-Test

Figure 5-2: 3D rendering of temporary repair showing change in shape (white arrow).

Figure 5-3: 3D rendering showing virtual cross sections through the temporary repair assembly.
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Figure 5-4: Plot comparing outer diameter of temporary repair, pre- and post-test.
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6.0 SUMMARY

The temporary repair as received by ADV passed simulated pressure cycles and an extended pressure hold
of 17.9 hours at 1,440 psig. This simulation’s most significant conclusion was that the tested vessel
successfully contained pressure for 17.9 hours at 1,440 psig providing confidence in the welded temporary
repair’s ability to contain pressure and mitigate product leakage.

The results discussed in this report reflect the manufacturing processes of the temporary repair. If the
processes used to construct and install the actual SPBP repair are followed, then it is expected the actual
temporary repair will survive 1,440 psig. Critical parameters include the shape of the repair vessel, actual
strength of materials used for the temporary repair, actual strength of weld material, quality of deposited
weld metal, temporary repairs surface matching to the pipeline’s geometric deformation, and WPS using
during welding.

ap Page 14
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APPENDIX A: FULL-SCALE TEST REPAIR FABRICATION
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APPENDIX B: NDE OF TEST SPOOL
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Magretic Particie v Dye Penetrant Consumaties 1 Can of paint & 1 Can of THF
No. of Welds Checked 2 Hours Worked 1 Travel Tme NIC Vileage NIC

WELD SIZE S N— LINE NUMBER, WELDER'S STENGIL, REMARKS, ETC.
No. 4 =

MT1  16"XHPPE v 'TS-1 CRACK

MT2  18"XHPIPE Vv TS-2 CRACK

ANDE PROC: ACC-MT-03-GEN, REV .10

MAGNETIC PARTICLE EXAMINATION WAS PERFORMED
PER ASTM E-708.

NO REJECTABLE INDICATIONS WERE FOUND.

KY-P2 PERMANENT YOKE, 3"-6" SPACING, 40LB TEST

on Page 24
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Pressure Testing of SPBP Welded Repair Design
Amplify Energy Corp.

100335-RP02-Rev0-111521
November 2021

DAILY WORK REPORT

SJL

Mailing Address:
209 Industnal Trace
Broussard, LA 70518

No. O- 180499 -1of1

Telephone

CURATE Rev.No. 0  REDACTEDPII
¢

NDE REDACTED Pl

& INSPECTION, L.L.C.

Faoricator Crosby Construction Services, Inc.
Location of Job Unknown
AFE ~ Other AGW110721
Gracing Criteria AP 1104
Tectnician REDACTEDPIl | ety
Assstant 0
Consumables 1 Can of paint & 1 Can of THF
Travel Time N/C Mieage NIC

Customer Crosby Construction Services, Inc.
Ordlered By REDACTED PII
Joo No 2363 PO.
Comparty Amplify
Customer Representative
Date 7-Nov-2021
Magnetic Particle v Dye Penetrant
No. of Welds Checked 10 Hours Worked 4
W”EOLD s1ze RECOMMENDATION
e < acerr
L3 L > 9
MT3 = 2°TOL v
MT4 2 TOL v
M5 1rTOL v
M6 | 1"TOL v
M7 wX75"
M8  2"TOL v
M9  2zTOL ¥
_MTI0 | 1"TOL v
MT11 1" TOL v
MT12 WX v

LINE NUMBER, WELDER'S STENCIL, REMARKS, ETC.

TS-1 /HD-1, WIS UP
TS-1 /HD-1, WIS UP

TS-1 /HD-1, WIS UP

TS-1 /HD-1, WIS UP
FILLET WELD HD-1 TO TS-1, WIS U,P
TS-2/HD-2, WIS UP
T8-2/ HD-2, WIS U,P
TS-2/HD-2, WIS UP
TS-2/HD-2, WIS UP

FILLET WELD HD-2 TO TS-2, WIS UP

:TOTAL INSPECTED:
23031

'ANDE PROC: ACC-MT-03-GEN, REV.10

MAGNETIC PARTICLE EXAMINATION WAS PERFORMED
PER ASTM E-709.

'NO REJECTABLE INDICATIONS WERE FOUND.

KY-P2 PERMANENT YCOKE, 3"-6" SPACING, 40LB TEST

e
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DESCRIPTION

MATERIALS LIST

WELD MUSEER
WILDIR'S FTENCL

o

MARK | COTY.

EE Elw Elm B
[ =] e | & [=]
2|z =Rk oz Ak
2| Ele

W |2 W |2

- L
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Pressure Testing of SPBP Welded Repair Design 100335-RP02-Rev0-111521
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DESCRIPTION

MATERIALS LIST

WELD HIEEE
WELOER'E STEMCIL

o

HD-1

*&n Page 27
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AP1 1104
O-150409-
502
i

ﬂ 2383
40110821

w |
213
L8, (28
Bz |7 'F
= | 3 Hils | 2]- A
u|E I
e Lzl
S = ggi
2|8 203
& ]
T s
5 i1 F

=i

REVISIONS

ENOTES WELD WUMBER
OTES WELDER'S STENCIL

MARK | QTY,
NOTES:
-

5
1%
1/

HO-1
TS—1
HD-2
Ts-2

b

af
4
)
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APPENDIX C: PRESSURE TRANSDUCER CALIBRATION

*&n Page 30
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Specialbay Tenas, Inc.
11700 Brinmeore Park
’ Wauston, Tass 7341
/ REDACTED Pil
Certificate of Calibration
Transmiler
Conicate Mo, 9411 SE— ] E—UT
Uil Snder Tesh{uur)
wire Lt Cathe whnr Owbe: yane
Modet 10 AR MR Exprchon Dabe: e
tonge Ut Vaorutachaer TRANADUE Bt Do |
teazutan [ Custorsar ALV RO
Aeshccher dbe Aveciolioy Coltezton Labororory
Accisscy| [ 1
Cobbwatien besults
Road Mo Bvne Termparchre Hameaty Avvcipnes:
A Pownd = bworen [T} ™ [ ST
e = tobeorcs LLrd e s amive
Calbrotion Data - As Fouwnd Colration Dot - As Left
- s Bvoe 898 - M Boae 321 %
SePoits Seference Momiral Reference Tolemsce Dedatien  fre Tesl Foind Ll Uit Seffciat Bsfecsrce Nomingl Aslerescs Tolerance Devialon e ansL
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