Zap-Lok — A Mechanical Interference Connection
to Overcome Today’s Offshore Installation Challenges

Presented by: Dr. Ben Chapman, Director — Line Pipe Products & Services
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1. Enabling Concept

Pipe Cross-Section

External Coating -
Lubricant
Steel

Internal Coating

Diameter. (NPS):
Wall thickness:
Material:
Service:

Pressure:

Corrosion Barrier:

2 to 16-inch (50-400mm)

Up to 1.000” (25.4mm)

Grade B to X70; SMLS, HFl or ERW

Sweet and sour crude, gas, condensate, water, steam
As per line pipe material specification

Epoxy / Phenolic —up to 2% H,S, CO,, Acids, SRBs



1. Enabling Concept

Design Schematic
Traditional Design

Parent Pipe
3LPE
CcwcC

Zap-Lok IPC Design

IPC
Parent Pipe
3LPE

Raw Material Cost Comparison (DDU)
25km x 10 %” OD, API 5L Gr. X52 HFI PSL2, SG 1.25

Zap-Lok / IPC: 17.5mm wt, 3LPE, TK70
Traditional: 12.7mm wt + 3mm CA, 3LPE +40mm CWC

Cost [USD]
6,000,000 .
H Pipe
W Zap-Lok ends
5,000,000
H IPC
W 3LPE
4,000,000
B CWC
3,000,000
2,000,000
1,000,000
0

Zap-Lok / IPC BOD Standard BOD



1. Enabling Concept

Zap-Lok connectors enable the end user to consider smaller vessels of opportunity as the amount of offshore work
is reduced, i.e. only one connection station no field jointing stations are required. Considering a standard S-Lay
construction method, the mobilization / demobilization costs and day rates are dramatically reduced.



1. Enabling Concept

Pipe Stored on Back Deck (km)

Pipe OD (in)

800 m? 1200 m? 1600 m?
26 30 40
20 24 32
15 21 27

17 23
14 20
11 15

Pipe Lifting System
Pipe Storage Racks
Pipe Conveyor

S—
.,



1. Enabling Concept

The Remacut Modular Pipelay System (MPS)

- Fully automated
- Fully North Sea compliant

- $4-6m per system including stinger (not shown here)



1. Enabling Concept
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1. Enabling Concept

25km x 10 %” OD, API 5L Gr. X52 HFI PSL2, SG 1.25

Zap-Lok IPC BOD: DP2 supply vessel (modified S-Lay) using Zap-Lok connector and MPS
Traditional BOD: DP3 pipelay barge (S-Lay) using girth welding
Cost [USD] Additional OPEX Benefits
35,000,000
B Raw Material Increased flow rates
30,000,000 :
B Mob/demob No corrosion
25,000,000 W Fuel No MIB
20,000,000 B Construction No Waxing
No scaling
15,000,000
No inhibitors
10,000,000 _
No erosion
5,000,000 Reduced pigging
0 LOP costs dramatically reduced

DP2 Supply Vessel DP3 Pipelay Barge CAPEX and OPEX reduced



2. Zap-Lok Mechanical Interference Connection

Axial Tension
Axial Compression
Internal Pressure
Bending

Fatigue —in air
Fatigue —in water

Stress Corrosion Cracking

Crevice Corrosion

Electrical Resistivity

70% UTS

>95% UTS

>95% UTS

>95% UTS

DnV D Class weld curve
DnV C2 Class weld curve

No reduction in strength

No reduction in strength

+1uQ / connection

ASME B31.4 / B31.8, ISO 21329 (app. Level 4)
ASME B31.4 / B31.8, ISO 21329 (app. Level 4)
ASME B31.4 / B31.8, ISO 21329 (app. Level 4)
ASME B31.4 / B31.8, ISO 21329 (app. Level 4)
BS 7608 F2 / DNV C1, I1SO 21329 (app. Level 4)
BS 7608 F2 / DNV C1, ISO 21329 (app. Level 4)

NACE MRO0175 / NACE TM0177 — Method A

1 month exposure at 130°F and 500psi in brine with 1,000ppm
acetic acid, 30% CO,, 70%N,

N.B. 10A, 25mV FSD



2. Zap-Lok Mechanical Interference Connection

Make-Up Loads - Static

Stress (MPa)

S, Mises Mandrel Insertion

Envelope (max abs)
(Avg: 75%)

7

657

398

a3
478
418

Stresses during mandrel insertion

S, Mises
Envelope (max abs)
(Avg: 75%)

6118
0

" R 00 Force Relaxation

Stresses following pin insertion.

12-inch, 0.500” wt, Grade X65



2. Zap-Lok Mechanical Interference Connection

Installation Loads - Dynamic

Separation of
pin from bell

Hoop stress and bending
moment on pin end

Bending to 30m radius.
12-inch, 0.500” wt, Grade X65



2. Zap-Lok Mechanical Interference Connection

Service Loads - Static

Pressure to Failure Tension to Failure Bending and Tension

5. Mises 5, Mises 5, Mises
(g 75%) (avg 75%) SNEG, (fraction = -1.0)
Avg: 75%)
36000 000 |
#6080 000 1333336 74984 578
a8 860 46656 660 56000.000
42000 000 200,000 51333 338
E =
e 37333332
{350 2o 20 564
14000 000 27980598
o333 333 oot oee
4666 667 o
0000 14000000
6333333
2666 657
Model - Tension to Falee o0
Model - Pressure To ladure Sze - 12inch-OD, Zsinch wi, Grage X52/36
Size - 12 75-inch X 500-inch w1, Grade X52/56 areas in grey indicate they are abeve yield Model - Bending (operatng Conditions! fallowed by Pull {Tension to Failure)

|Aseas in Grey indicate they ace above yield Size - 12 75-inch X 250-nch, Grade X52/56

Areas in Grey indicate they are abave Tield

v v
Step: Push-Mandrel, Push Mandrel 15-nches Step: Push-Mandre, Push Mandrel 15-nches
Xncrement 0. Step Time = 0.00¢ ement  ©: Step Time = 0.008 ¥
Frimary Var 5. Mises Frimary Var. 5. Mises
Deformed var. U Deformation Scake Factor: +1.000e+00 Deformed ¥ar U Defermation Scale Factor: 41
1 Step: Moment, Apply Displacement to Generate 49 3 ksi of Axial stress
z Increment Step Tim 0.000

Primary Var: 5, Mises
Deformed War U Deformation Scale Factor: +1 D0De+00

12-inch, 0.500” wt, Grade X65



2. Zap-Lok Mechanical Interference Connection

Service Loads - Dynamic
Stress Range [MPa]
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DNV-RP-C203 and Zap-Lok S-N Curves in Seawater with CP vs. Weld Curves



1. Zap-Lok Mechanical Interference Connection

* Mobile plant reduces handling costs — 3 x 40ft ISO containers

» Safe production of ends with Zap-Lok experts and local labour

* High production rate of 2,000-3,000m/12hr shift

e QC checks conducted at plant ensuring consistency of shipped product.

* Repeatability of production method permits CAR insurance on connection.

Zap-Lok Technology - 06/09/16 | 15



2. Zap-Lok Mechanical Interference Connection




2. Zap-Lok Mechanical Interference Connection

» Tuboscope inspectors
complete 100% visual
and dimensional
inspections using
calibrated equipment
during end preparation.

» 100% MPI and 10% UT
are generally conducted
for offshore products.

Photo 5: Pin end — Groove quality check

» 3 xcontrol burst tests
are completed on joints
taken from each mill
heat.

Photo 7: Pin end — Groove depth check Photo 8: Bell end — Internal Diameter check

Zap-Lok Technology - 06/09/16 | 17



2. Zap-Lok Mechanical Interference Connection

ﬂ
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2. Zap-Lok Mechanical Interference Connection

16-inch, 0.843” wt, Grade X65

Zap-Lok Technology - 06/09/16 | 19



2. Zap-Lok Mechanical Interference Connection

4/7/2017
7:05:43 PM

Zap-Lok press

Zap-Lok Technology - 06/09/16 | 20



2. Zap-Lok Mechanical Interference Connection

. BV witnessed certificate of conformity demonstrating
- onshore compliance with ASME B31.4

TECHNICAL CENTRE PARIS
N°E&P/11801-C-2011-01 REV. 00

T i o conim 1 he Zap Lok e pipe foring piccess pplod on 12,75 dmeer i poeine o b used on

the tolowng P} shor pipeine respect (0 conformty vorsus ASME B31.4
2008 standar, 1 Al e rE0ans ¥ cloues $404 8.4 Sleovs, Coutud: s Patometssomee s
rasits of the vertication have been found successis for

g ppeire Grahrs of ranafar i for ha Biock 67 T Pary, 0.5 o 1o7g. Tranched and bured. )
Line Pipe Outer dameter 12.75 1 (32385 mm)
‘Wall thickness 0.375 In (9.626 mm)

[ 82 APTBL e L2 ever wih suppiemoriary Feqaromenis
PR PRO-PT-P003 Fow'd

doscribod In PPHO ZLK-

Design pressure 3 bars (+10% 1o acoount for surge)

Hydrostatic test pressure 116.25 bars

Min / Max temperature 18C/103C

Corrosion alowance (neemai) | 0.126 1 (3,178 mm)

Oppm of Ho§

Zap-LoW' Beil end mandrel length 15 in, general lmmﬁmlm and expanding
connaceon i detalo drowings B fopor A1550

Pin end cut back lengih LPE corrosion coaling 16 in, bead and

Vo, son B epor Aigsa U P 4 o end
Eoony ow G apo%, Zapony Pge Gompound K ol T30, ks Uloyd's Register
Energy

in the process.

Rov.00,
The test campain inciuded 102 destnucive sampies mumm- 3 e sbow geenaty which beve teen 27 March 2017
1ost (6 sampies),

The etect o the oy e s and h-m Moment cycl 10adngs (numbar and Inlsnsity) o1 the Zap-Lok®

Mr Grant Cowie
The Gesh shadaogy b bees suirieed, comped aganal 260 deskuctie sanie alovkg % avale Operations Manager g Pt oy i, ¥
b ke Ty o e suesca e S
008 vy, During o Svaluated (100 repor p " & J Siverburn Lodge, Claymore Drive, Bridge of Don,
e Sonchsg, kg into account the results of e above testings and sensiiviy mau the satoty margis betwesn Aberdeen, AB23 8GD,
& connaction burs / put-out it states and the abov Peruvian appication ae found adecquata, The datale United Kingdom
dv; “lnﬂ" activities are summarisad in the technical repont n* mm/nnummmum which includes the
st of documents and procedures provided.
703 Loy Regarding:  Evaluation of Zap-L sutabiiity for
of eport Rovo parameters and design standards fo usa subsea as per ASME B31.4 & B31.8 and DNV-
’3 (rser), river crossing, ... «® connections. OS-F101
Zap-Lok’
‘Vaiidation of the pipeline mechancal design of olher aspects not rlated 1o the above Zap-Lok=® connactions (on-botiom Dear Mr Grant Gowie,

In case of changes In the forming / machining 1ools it of eur AnCHr control e, s, iSIMS idati
o, B s ot o o ey tool e L PRSI AN . Gualty Lloyd's Register Energy Americas, Inc. (LREA) was requested by InteliSIMS fo perform a validation

: of Zap-Lok® pipeline conection technology for suitability of pipeline connections for ofshore use. The
e T 022011 purpose of this review is to eoaluate the applicability of Zap-Lok® pipeline connections hased on design

and wateril standards ASME B31.4, ASME B31.8, API 5L and other specific design parameters and
design standards,

After review of Zap-Lok® comnector design standands, as wrll as internal standards, inspection, testing
results and design documents, it cn be concluded that Zap-Lok® pipeline connections constructed of
material grades API 5L Gr.B to X52 (SMLS or ERW) for pi 2% t0 16", SCH40 to SCHS0 an
be conditionalty used for pipelines provided that the following conditions are fulflled:

o Te production of the Zap-Lok pipe connectors adiere to the manufucturer’s specifications for
preparation, installation and inspection

Al bell and pin ends of Zap-Lok® pipeline connections shall have their dimensions visually
checked for signs of distortion, eccentricity or ovality. /10 of the bell and pin end of Zap-Lok®
pipeline connections shall be checked for dimensions (including 1.D., O.D., W.T. insert length,
transition angle and length, etc.);

All Zap-Lok® pipeline connections shall be visually inspected for defect or damage before and
after connection. 1/10 of Zap-Lok®  pipeline connections shall b inspected using non-
destructivr techniques for signs of damage and crack like indications before and after connections
are joined;

Zap-Lok® piprline connections must be aligned and inserted in accordance with the Zap-Lok
approved procedurc;

. Lloyd’s Register Energy conformity certification for
offshore compliance as per DNV-0S-F101

Working together for a safer world

Usyd's Rogi of # are tradng Group Limiec. ts subesdarias and afliatss, Lioyd's
g 1y Amevicas.inc. i o popebiod g %

Zap-Lok Technology - 06/09/16 | 21
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3. Internal Plastic Coating (IPC)

Flow efficiency

coatings

Con5|stent
] surface
Internal Plastic
Coatings

Chemistry

Corrosion

coatings

Thlckness

Starting Point:

—

- Limited design life

- Thickness: 40-125um

- Air-cured

- Sometimes holiday checked
- 4-5 yr life in harsh conditions

- 20-50 year design life

- Thickness: 150-500um

- Heat-cured

- Rigourously holiday checked

Corrosion :
: Provide
Coatings

But not vice versa



3. Internal Plastic Coating (IPC)

iy |

d ol

Bundlingand ipvme.htx

Quality control External Varnish



3. Internal Plastic Coating (IPC)

Tube-Kote® - Tubular Coating Process




3. Internal Plastic Coating (IPC)

Pressure Rating: MAOP = f x SMYS X Z(tme“*g;"”“ab)

For onshore applications, by applying IPC the corrosion allowance, t.,,,, can be removed entirely such that we only
need to consider wall thickness for pressure containment, t, ., thus saving raw material costs.
For offshore applications, again no corrosion allowance is required. The interesting trick here is to maintain a large

wall thickness, i.e. increase tg.,,, to give the required on-bottom stability as we know this will not be corroded or
eroded. This enables the design engineer to negate the requirement for CWC therefore reducing CAPEX.

e 3.17v2L\*°
37D '\ gD%h,

We can see that the above equation that the volume flow rate of a fluid is proportional to the surface roughness e.
Specifically V « loge.

R Valid for turbulent flow where Re > 2,300

. av DSh\*°
Flow Efficiency: W 0965 (9 i L) log

Generally speaking for 6-12” pipe we can see that the differential in steel surface roughness (45um) to that of IPC
(1.5um) leads to flow improvements of around 20% for crude to 30% for gas transmission. These ameliorations
increase production rates and lead to reduction in raw material costs —reducing CAPEX.

It should be mentioned here that IPC also eliminates the requirement for corrosion inhibition —reducing OPEX.



3. Internal Plastic Coating (IPC)

TK-44LP TK-70 TK-70XT TK-15 TK-15XT

Temperature 107°C (225°F) 107°C (225°F) 107°C (225°F) 149°C (300° F) 149°C (300°F)

Flexibility (Ring >19 mm (0.750 >25.0mm (1.0 >12.0 mm (0.5 >2.28 mm (0.09 >3.71 mm (0.146

Crush) inch) inch) inch) inch) inch)

Abrasion resistance  0.0018 mm/1000 0.0018 mm/1000 0.00106 mm/1000 0.0102 mm/1000 0.0071 mm/1000

cycles cycles cycles cycles cycles

Coating Temperature m Liquid Phase Gas Phase m

TK-44LP 121°C (250°F) 5,000 psi Water / 50% CO,/50% CH, 16 hours
Hydrocarbon

TK-70 135°C (275°F) 5,000 psi H20 / Hydrocarbon 50% CO,/50% CH, 16 hours

TK-70XT 135°C (275°F) 5,000 psi Water / 50% CO,/50% CH, 16 hours
Hydrocarbon

TK-15 149°C (300°F) 9,000 psi Water / 100% CO, 120 hours
Hydrocarbon

TK-15XT 149°C (300°F) 9,000 psi Water / 100% CO, 120 hours

Hydrocarbon



Conclusion

Technical

Zap-Lok connectors, having gained full industry acceptance, qualification and significant track
record enable end-users to dramatically reduce installation costs of in field gathering systems.
IPC is a fully qualified and proven system that gives lifetime corrosion integrity to in-field
flowlines enabling the modified design techniques to be used to provide a more cost effective
pipeline basis of design.

The combined Zap-Lok technology is best suited to shallow water installations (up to 200m),
encompassing relatively sour service where it is an ideal option for most applications.

Commercial

Zap-Lok combined with Internal Coatings cab provide can significant savings on raw material
costs, for offshore line pipe.

These cost savings are amplified to give Capex installation cost savings that can be achieved
using vessels of opportunity and modular pipelay (handling) systems for installation..

Opex costs are dramatically reduced through improvements in hydraulic efficiency, elimination
of inhibitors, and reduction in corrosion, erosion and therefore maintenance.
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Dr. Ben Chapman, Line Pipe Products & Services Director
benjamin.chapman2@nov.com
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