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The Workover Environment
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Work Over Riser Environment

e Gulf of Mexico project in over 7,000ft water depth
e 15,000 psi working Pressure

* 250°F max working temperature (design class U)

e 1mm Corrosion Tolerance

e 1,500kips maximum operation tension

* Design and testing requirements per 1SO13628-
7/API17G (2005) & ISO/FDIS 13679:2011 CALIV
modified

25 Make & Break Cycles
* NACE Region 3 Material
 SAF of 1.5 vs. DNV B1 curve in air
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From the Workover Environment to
Design
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Riser Design

 Material Selection
* Quter Diameter/Wall Thickness must meet the “working pressure” 1S013628-7/API117G

* Mustinclude all the design factors of temperature, corrosion tolerance, drift, wall thickness, and
tensile strength

INPUT TABLE
Max working temperature 250 deg F
Wt tolerances 10.0%
Thickness corrosion allowance 1 mm
Temp. Red. Factor | 0.91
crossectional .
. . . . Thickness for
Ten_S|on area (‘“.“‘“ Nom. Outer Npmmal ; Drift burst Max. working pressure ISO 13628-7 Tensile Strength 1SO 13628-7
effeciency corrosion Diam thickness | Diameter .
calculation
tolerance)
80000 95000 110000 125000 |YsS 80000 | 95000 | 110000 | 125000
95000 105000 120000 135000 |UTS
0.88 17.09 6 5/8 1 4.5 0.861 731,756 868,960 1,509,247 1,143,369
0.88 14.04 7 0.75 5.375 0.636 599,685 712,126 824,567 937,008
0.88 15.76 7 0.85 5.175 0.726 673,196 799,421 925,645 1,051,869
1.00 18.23 7 1 4.875 0.861 884,581 1,050,440 1,216,299 1,382,158
1.00 20.11 75/8 1 5.5 0.861 976,124 1,159,148 1,342,171 1,525,195
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Riser Design

 Material Selection <005psi [ NonSour Servie
<0.003 bar Carbon steel
* Ensure sour service compliance with
selected grade, especially coupling stock s2psi
<0.15bar
* Ensure pipe can be manufactured with
enhanced wall thickness tolerances >0.05psi P
> 0,003 bar Carbon steel
High Collapse
Ni based Alloy

>2psi <3psi
> 0.15bar <02bar
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Riser Design

* M ate rl a I/CO n n e Ct I O n 7" x 0.850" VM110SS-D VAM TTR HW-NA : Operating Envelope Reletive to Load Case Matrix
Selection
+ An envelope of the - sy rere
selected connection
was created showing
the different levels of
operating, extreme,
and accidental loads.
* The various loads g
were then plotted %
against the Von Mises |i e
Ellipse to ensure all
loads fell within the
allowable envelopes
- * -
70% APISC3 00 70% APISC3
——100% Pipe VME X 205=TENSION {Kkips) ——Connection Yield Strength (CYS)
—100% Load Envele — Lomnd Enveope - Norml Opsrations (067) & i Coroson
Losd Envelpe - Exreme Operatons (0.80) & i Corosion ——Losd Enveope - Accidentl Operatons (1.00) & fmm Corrsin
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Riser Design

e Connection Selection

e  VAM® TTR was selected to
meet the connection
requirements.

* The high fatigue performance
and internal/external metal to
metal seal met all of the
environmental and
performance criteria

R ]

* Strong field history also made
it a good option for the end
user

- . —
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Design to Test Program — combining
multiple programs
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Testing Program

ISO/FDIS 13679:2011 CALIV

. . po . Specimen Specimen 1 Specimen 2 Specimen 3 Specimen 4 Specimen 5
c C t lificat
onnection Quallrication | ' | | |
° . . Machining
Connectlon prlmary Tolerances
.. . . Thread / Seal XHAL HKHXL L/H L H/H
qualification was required by ead ) sea Ps-6r Pe-oF Pr-65 Pe-5r pr-5s
per 6.5 per6.5 per 6.5 per 6.5 per65
the end user to follow the P Tapor
Box Taper
AEnd MBGper7.22 AEnd: MBG per 7.2.2
1 . L/H L/H
p rotoco ’ Wi ou Connection
Make-up
| t d t t . A | AEnd: FMUper7.2.3 | | AEnd: FMUper7.23 | | AENd: FMUper7.2.3 | | AEnd: FMU per7.23 I AEnd: FMU per 7.23 |
elevated temperature series s i " W i i
Compound | I
Amount BEnd: MBG per7.22 BEnd: MBG per7.22 B End: MBG per7.2.2
! LH LH LH
Make-up | |
Torque BEnd. FMUper7.23 BEnd. FMU per 7.2.3 BEnd. FMU per 7.23 BEnd. FMU per 7.2.3 B End. FMU per 7.2.3
L HiL H/H HIH
Connection 12 hr at 180°C (356°F) 12 hrat ‘WBO“C (356°F) 12 hr at 180“C (358°F) 12 hr at 1860°C (356°F)
Bake-out per7.3.2 per 732 per7.3.2 per 7.3.2
Test Series B per 7.3.4 Test Series B per 7.3.4 Test Senes B per 7.3.4 Test Series B per 7.3.4
B®(Q1, Q2) B (Q1, Q2) B* (01, G2) B* (Q1, Q2)
B® (Q1, G2, Q1) B® (Q1, Q2, Q1) B (Q1, Q2, Qf) B® (Q1, Q2, Q1)
% (Q1.Q2, QM) B, (Q1, Q2, Q1) B% (Q1, Q2, Q1) % (Q1, Q2. Q1)
B% (Q1.Q2, Q1) B%, (Q1, G2, Q1) B (Q1, @2, Q1) 8% (@1, @2, Q1)
Test Series C per 7.3.5 Test Series C per 7.3.5 Test Senes C per 7.3.5 Test Series C per 7.3.5
Sealabilty T0 Thermal Cycles T0 Thermal Cycles iermal Cycles ermal Cycles
Testing 5 Mechanical Cycles 5 Mechanical Cycles 5 Mechanical Cycles 5 Mechanical Cycles
Test Series A per 7.3.3 Test Series A per 7.3.3 Test Series Aper 733 Test Series A per 7.3.3
A®(Q1, Q2 Q3, Q4) A% (Q1, Q2 Q3, Q4) A% (Q1,Q2,Q3, Q4) A% (Q1, O2, Q3, Q4)
A®(Q4, Q3,Q2, Q1) A°(Q4,Q3, Q2 Q1) A®(Q4, Q3,Q2, Q1) A®(Q4, Q3 Q2 Q1)
A%(Q1, Q2, Q3, Q4) A% (Q1,Q2 Q3, 04) A%(Q1,QZ,Q3,Q4) AT(Q1,Q2,Q3,Q4)
5 Q1-Q3-Q1 Cycles 5 Q1-Q3-Q1 Cycles 5Q1-U3-Q1 Cycles 5 Q1-Q3-Q1 Cycles
A% (Q1, G2, O3, Q4) A% (Q1,Q2, Q3, O4) A% (Q1, 02, Q3, G4) A (Q1, G2, 03, 04)
A (G4, 03, 22, Q1) AR (Q4, @3, 02, o) A% (04, 03, Q2, Q1) AP (Q4, 03, 02, Q1)
Limit Load LL3 per 754 LL2 per 7.6.3 LLT per 7.5.2 LL4 per 7.56.5 LLS per 7.6.6
Testing Tension to Failure 50% C + EP to Failure 95% IP + Tto Failure 70% IP + Cto Failure 50% T + IP to Failure

[ EndofTest | [

Complete

Complete

| Complete

Complefe

[ Complele |
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Testing Program

e Connection Qualification

* Testing requirements of APl 13679/API 17G 2006 were also required. The protocol is
not as prescriptive as other specifications, so required careful design of a testing
program to meet al of the requirements.

1ISO13628-7/API 17G 2006

Table 1.1 — Example of the use of test specimens

Specimen 1 Specimen 2 Specimen 3

Functionality tests Functionality tests Functionality tests

External load cyclic test

Pressure cycling test

External pressure test

External load cyclic test

External load cyclic test

External load cyclic test to failure

Internal pressure (burst) test

External load testing including test
to structural failure
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Combining the two programs

Testing Program

Static Testing - Per ISO/FDIS 13679 & 1S013628-7 (2006) - modified testing

Sealability Specimens followed
13679 protocol, but with
“combined specimens” to take
advantage of two sides on a
threaded and coupled
connection, but with increased
Make and Break requirements
per 17G

The M&B specimen followed
17G requirements of
interchanging sides, multiple
hydro tests, and multiple gas
tests

Six (6) fatigue tests (not shown)
were also performed to satisfy
the requirements of APl 17G

Specimen 1 Specimen 2 Specimen 3
(1SO Specimens 1 & 2) | (1SO Specimens 3 & 4) (1SO Specimen 5)
Aend Bend Aend B end Aend B end
Interferences (Thd / seal) XH/XL | XH/XL L/H L/L H/H L/ L
Make Up
Hydro Test
Gas Test
5M/B
Standard
Standard andar Hydro Test .
ME&B M&B 5 M/B (Interchange Sides)
Functi lity Test Testing P
(|l;r(1)c1|:ers]zasl7y| z?,e)s ; Testing Per | FMU TssoT?,gm;r MU s |Hlldr0hTESt sid
1SO13679 up e (: Zrc ?“gte ides)
to 25 M&B's pro: ycro Jest
M&B's 5 M/B (Interchange Sides)
Hydro Test
5 M/B (Interchange Sides)
Hydro Test
Gas Test (FI)
Bake Out 12 Hr @ TBA 12 Hr @ TBA N/A
Series B Series B N/A
Sealability Tests - | | |
Series C Series C N/A
Series A Series A N/A

Load Limit

Tension to Failure

95% IP + T to failure

50% T + IP to failure
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Testing Results
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Design/Testing Results

* Finite Element Analysis
Results (FEA)

* Detailed FEA work showed the
connection/pipe met load
performance required

* Results of the FEA were
compared to previously tested
connections to give more
confidence in performance prior
to testing

* Based on positive comparison
the design was able to move into
the testing phase
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Design/Testing Results

150 Series B | 1S0Series C | 1S0Series A | ISDSeries A | IS0 Series A
e = Test Test Test - Hevated | Test - 5xG1-G3 | Test - Ambient Failure
Completed Completed Completed Completed Completed Completed Completed
. 1-R11005 03092018 03/202016 4222018 04/20/2018 D5M32018 05132018 05/13/2018
o Test|ng Results in VRCC in VRCC in VRCC in VRCGC in VRCC in VRCC in VRCC
I50Series B | 1S0SeriesC | 1SOSeries A | 1ISOSeries A | 1SOSeries A | Survival
. FO“OWing design Sample MEE Test Test Test Test - Hevated | Test - 5x@1-33 | Test - Ambient , | Failre
. . . Completed Completed Completed Completed Completed Completed Completed | Completed
mod|f|cat|ons durmg the FEA 2-U8301-02 DBMBZ018 DB/202016 0712016 07202016 071132018 07R&20ME | 07/28/2016 | 07/202016
. in VRCC in VRCC in VRCC in VRCGC in VRCC in VRCC inVRCC | inwRCC
stage, the design was
1st Hydrotest / 2nd Hydrotest / 5MEE
Sa 1st As: 5M&E i 3rd Hydrotest 5 M&E
successfully tested mele | TsthssemEl | T s e GaslP | Round robin
. Completed Completed Completed Completed Completed Completed Completed
® All specimens passed M&B, 3-R11004 03/08/2018 03/08/2016 0311512016 02162016 03/17/2016 0312212016 03/23/2018
S | b|t d f ti testi in VRCC in VRCC in VRCC in VRCGC in VRCC in VRCC in VRCC
ealablll an atigue testin 5 M&E §th Hydrotest /
. . Y, g g 4th Hydrotest : Sth Hydrotest 5MEE e Failure
W|thout |Issue Completed Completed Completed Completed Completed Completad
03242016 0324/2016 0331/2018 04042018 D4/052016 04/06/2018
in VRCC in VRCC in VRCC in VRCC in VRCC in VRCC
- IP post fatique IP post fatigue
Sample Assembly Fatigue testing ith gas it Break-out
Complotad requiroment completod = -
4-U8401 071112015 080512016 bk Rt
inVRCC in VRCC £
Completed Completed unil f3ilyre Completed
5. U8402 071112015 09N22018 Notrequierad 002872015
inVRCC inVRCC inVRCC
Completed requirement completed e .
6 - UB403 0712612015 097212018 OL:;:;:":::; a
inVRCC in VRCC -
Completed Completed Compleled Completed
7 - U406 08/232015 07062016 07/22/2016 0712212016
inVRCC nVRCC INVRCC in YRCC
Completad Completed Complaied Completed
8 - 8405 08/162015 06/22/2016 07/26/2016 D712602016 Nol required
InVRCC InVRCC NVRCC In YRCC
Completad Completed Compleied Completed
9-U8404 00/232015 06/30/2016 07/27/2010 0712712016
InVRCC INnVRCC nVRCC In VRCC
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Design/Testing Results

e Make and Break Results

25 M&B Cycles Completed
without Galling
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Design/Testing Results

e Sealability Results

Combined Load tests
completed without leak
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Design/Testing Results

7" 0.85" C110 VAM TTR §-N Data

° Fatigue RESUltS including Miner damage for subsequent loads
* High Cycles 100
Achieved
-t'-'"'::_
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l T T T
10 000 100 000 1 000 000 10 000 000 100 000 00 1 000 000 000
Number of cycles
— ——Design curve for SAF=1.5 vs. DWY-81 2005 2 Run-out + Failures & Mean Tension
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Questions
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