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1.0 Executive Summary

Sure-Lock mechanical pipe-joint technology
is an alternative to welding which permits
outstanding productivity, and achieves in
excess of two kilometers of joined pipe per
day in diameters ranging from 2-24 inches
and schedules 20-80. These statistics
produce linear pipeline results that are up to
10 times faster than the traditional method
of welding, whether using externally coated,
internally coated or non-coated pipe. Unlike
welding, the mechanical joint process uses
no heat to form or join the pipe. As a result,
the chemical and mechanical properties of
the pipe are retained. In addition, the need for
expensive and time-consuming X-rays and
re-working of defective welds is avoided. A
further advantage of the Sure-Lock joint is its
ability to deliver a “holiday-free” connection
when using internally coated pipe without
the need for extra processes, steps, time
or materials. Given that the Sure-Lock joint
process requires no application of heat, it
has a distinct safety advantage when a new
pipeline is being built in the proximity of
existing, operating lines.

Given its features, the Sure-Lock mechanical
joint  provides extensive benefits by
dramatically reducing the pipeline owner’s

“time to market” of its product and by
dramatically reducing construction costs, all
while reducing environmental emissions and
increasing safety.

This brochure contains Sure-Lock’s technical
specifications and QAQC certification,
test results, case history and supporting
evidence for the integrity, compliance and
dependability of the Sure-Lock mechanical
joint. Also included are indicators of
Sure-Lock’s  outstanding  environmental
performance, and outlines regarding the
case history of our most recent project in
Colombia as well as the approvals of PEMEX
in Mexico and Tatweer Petroleum in the
Kingdom of Bahrain.

The approval of Sure-Lock’s mechanical joint
technology for use in pipeline construction
will permit a pipeline owner to deliver its
product to market expediently by deploying
new lines faster and drastically reducing
down-time on the replacement of old
pipelines. Equally important; the end user
can be confident that the resulting pipeline
will safeguard the environment given that the
Sure-Lock mechanical joint has experienced
not a single failure in service since its
inception over 35 years ago.

Mechanical Pipe Joint Systems, LLC
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2.0 Sure-Lock Technology

2. History

Sure-Lock Mechanical Joint technology was launched in Houston, Texas in 1977. The
technology was successfully introduced in the Former Soviet Union thirteen years later
in 1990 with outstanding results. The reliability of pipelines, and the speed at which they
could be deployed was dramatically improved. To date, over 16,000 km of pipelines have
been installed utilizing the Sure-Lock mechanical joint. Following introduction into the
Former Soviet Union, The Sure-Lock mechanical joint was introduced in the Middle East,
where numerous lines have been installed for Tatweer Petroleum in Bahrain. In addition,
the Sure-Lock technology has been deployed in various parts of the Americas including
Mexico and, most recently, Colombia where it was used to construct a 200km 16’ natural
gas pipeline in record time.

Mechanical Pipe Joint Systems, LLC
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The Application

The Sure-Lock mechanical pipe-joint has pressure, mechanical and fatigue strength suitable for the
same service as welded joints. The cost of a Sure-Lock joint is competitive with welding, however,
separate inspections are not required and installation rates are up to ten times faster.

Typical applications include gathering and distribution systems, transmission lines and specialized
pipe installations on land and offshore. Thousands of kilometers of pipe have been joined using the
Sure-Lock process under a wide range of operating conditions. Sure-Lock pipe joining machines
have performed on virtually every type of terrain, under severe weather conditions and in hostile
environments. They have been used to install portions of offshore pipeline systems and in joining
both internally and externally coated pipe.

The Process

The Sure-Lock mechanical joint involves two components; (i) the interference (metal-to-metal) fit
achieved by inserting an oversized tapered end into an undersized bell end; and (ii) the epoxy seal.
The interference fit is responsible for keeping the joint together, while the epoxy is responsible for
keeping the joint from leaking.

The Sure-Lock process begins with a bell, or expanded area, which is formed on one end of a joint
of pipe, and a taper which is formed on the opposite end. Given that the Sure-Lock pipe preparation
equipment is entirely self-sufficient and mobile, this part of the process can be performed on location
at a pipe mill, coating plant or any other location specified by the customer.

Each end of the pipe is formed to exacting specifications required for the Sure- Lock joint. Sure-
Lock assembly equipment is used to force together the belled end of one length of pipe and tapered
end of another. A thin coat of Sure-Lock epoxy is applied on the pipe-ends to be joined. The epoxy
serves as a lubricant which assists in the insertion of one pipe into another. Most importantly, though,
the epoxy collects within the space between the tapered end of one pipe and the belled end of the
other to form the seal which is responsible for creating a leak-free connection.

The Results

The Sure-Lock process produces strong, permanent joints which can be used in the same

pressure service as welded lines. This allows the pipeline system design to be based on 100% joint
strength. Extensive independent evaluations under varied laboratory test conditions and in-service
performance records have proven the Sure-Lock joint to be strong, reliable and leak proof. The Sure-
Lock method can be used to join thin wall pipe which cannot be easily welded; and the Sure-Lock
joint can carry corrosive fluid without the vulnerability of threaded couplings, or damaged internal
coating resulting from high temperature produced by welding.

The Advantage of Flexibility

Pipe ends can be prepared at the pipe mill, at the pipe yard, or at the job site and then joined by a
Sure-Lock assembly machine in the field. Thin wall pipe can be joined by the Sure-Lock method in
cases where welding would not be feasible. The Sure-Lock process requires less equipment and
labor than conventional welding. It requires no special installation procedures or unusual auxiliary
equipment. The Sure-Lock pipe joining unit is carried by a side boom tractor or mounted on a lay
barge. Since only a brief training period is necessary, skilled craftsmen are not needed to operate
the machine. Weather delays in construction are minimized because the process can be used under
more extreme conditions than welding.

Mechanical Pipe Joint Systems, LLC
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3.0 Sure-Lock Assembly Equipment

3.1 Equipment Specifications

Model M-26 Assembly Machine and Power Unit (API: 2-3/8”, 2-7/8”, 3-1/2", 4-1/2”, 6-5/8")
Model M-48 Assembly Machine and Power Unit (API: 4-1/2", 6-5/8”, 8-5/8”)

Model M-812 Assembly Machine and Power Unit (APl 8-5/8”, 10-3/4”, 12-3/4")

Model M-1016 Assembly Machine and Power Unit (APl 10-3/4”, 12-3/4”, 14", 16”)

Model M-1620 Assembly Machine and Power Unit (APl 16", 20”)

Model M-2024 Assembly Machine and Power Unit” (APl 20”-24")

All machines are capable of joining in excess of 2km of pipeline per single day shift depending on
terrain and specific characteristics of the project in-hand.

Model 1016 shown above.

Pipe Diameter Ranges

Assembly Machine Diameter Range
M-26 2" -6"

M-48 2" -8"

M-812 6" —12”

M-1016 8" - 16"

M-1620 147 - 20”
M-2024 20" — 24"

Larger equipment sets can be configured to join pipe that is 2” below their specified diameter range
with the use of adapter kits.

Mechanical Pipe Joint Systems, LLC
6



4.0 Sure-Lock Epoxy

Sure-Lock epoxy has been specifically developed for use with the Sure-Lock mechanical joint
system. The epoxy is inert when cured making it impervious to chemical attack and further allows the
epoxy to create a “holiday-free” connection when using internally-coated pipe. In addition, the Sure-
Lock epoxy is flexible, a property it retains indefinitely. This allows the seal created by the epoxy to
expand and contract together with the pipe thus ensuring an indefinite “leak-free” joint.

Mechanical Pipe Joint Systems, LLC
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5.0 Environmental Performance

In nearly 34 years and after more than 16,000km of Sure-Lock installations, the technology
has maintained a 100% track record of “Zero-Failures in Service.” Sure-Lock mechanical
joint technology is simply cleaner, faster and outstanding in its environmental measures and
performance:

Environmental benefits

Comparative energy utilization

Less material waste
Less field time
Less Pollution

¥ Traditional Welding

“Sure Lock™

Horsepower Total
Horsepower

Welding

d: Sure-Lock

350 HP : : 350 HP 65 HP

. - Il

I
-
I
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6.0 The Sure-Lock Mechanical Pipe-Joint Process
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1.1. Belling

Bell-end preparation must be performed before internal coating of the pipe, and
preferably before external coating. Three-layer polyethylene external coating may be
applied before end-preparation but will require a 23” cutback of coating from each end of
the pipe.

The bell-end is formed by forcing a lubricated mandrel into one end of the pipe. The
mandrel is shaped to leave a bell-end with a uniform taper and with a short lead-in flare.
The mandrel size is the same for all wall thicknesses.

The belling of pipe involves substantial elasticity strain. A lubricant is used to prevent
galling between the mandrel and the pipe, to reduce the force required for belling and to
minimize wear on the mandrel. A water soluble lubricant is suitable for all but the largest
diameters and heaviest wall thicknesses.

_~— BELL FLARE - BELL BODY
- -

CONICAL
o = el

i |y

A M ANDREL

1 sk 1 1 ! 1

T

'l'r-ﬂ?s

¥ b EROUD
R KRen

Mechanical Pipe Joint Systems, LLC
9



Following belling, the lubricant must be removed from the internal portion of the pipe and
the soundness of the belled end should be checked visually.

Each mandrel size has specified tolerances for each pipe size managed by the
Sure-Lock system.

1.2. Taper

The taper-end is formed by forcing a swedge over a short section of the opposite end

of the pipe from where the bell has been formed. The slight reduction in diameter of the
taper-end is intended to allow easier insertion into the bell-end and further allows the
formation of a small pocket in which the epoxy collects to form the epoxy trap which seals
the mechanical joint.

1.3. Pipe Assembly

Assembly involves inserting the prepared taper-end into the belled end to a controlled
depth. Prior to assembly a small amount of premixed epoxy lubricant is applied

around the full circumference of both ends. The depth of insertion is dependent on the
circumference of the pipe to be joined (larger diameter = more insertion), is pre-marked
on the taper-end and is controlled manually. The amount of interference is slightly more
than elastic interference.

Mechanical Pipe Joint Systems, LLC
10



2.The Science behind the Mechanical Joint

The Sure-Lock joint is a controlled interference fit.

Like modern steel structures, it utilizes the strength of not only the elastic range but also the elasticity
range of modern steel.

It also utilizes the particularly flat shape of the stress - strain curve of modern pipe steel under hoop
expansion. This stress strain curve is significantly flatter than the “classic” view of the stress strain
curve explained in basic introductions to materials technology.

A typical stress strain curve for a pipe hoop is shown on the attached graph which shows the typical
stress strain behavior during belling and assembly of 4 72 OD pipe with a wall thickness of .188”.

2.1. Belling
During the belling operation, the mandrel is forced
into the pipe causing the pipe to expand. The - BELLFLARE - BELL BODY
internal diameter is increased and the pipe is strain re wa JriEaNICHL

hardened so that its normal yield stress is increased f
by approximately 9.1%.

|
-

The mandrel is sized so that after belling, the L ‘
internal diameter will be smaller than the minimum 3 et !
outside diameter of the corresponding taper end. MANDREL

When the mandrel is withdrawn, the pipe

experiences elastic recovery (spring-back) with the strain (the distance along the
horizontal axis) at point C, less than the strain at point B. When the mandrel is completely
removed, the material will be at point C. The belled pipe-end has now yielded by 7% and
has a higher yield point caused by the strain hardening effect.

The stress in the bell is zero after the mandrel is removed - the strain remains as the
pipe has yielded. The pipe is belled in advance of pipe joining so that an entry flare is
achieved to facilitate pipe jointing and so that the joining forces required in the field are
minimized.

2.2. Joining

When the tapered end is forced into the bell during assembly, the taper end acts as a
mandrel and causes the bell to expand further. Because the taper is not removed, there
is no elastic recovery and the bell pipe material clamps the taper with a force related to
the force required to cause the strain hardened bell to yield to accommodate the forced-
in taper. At the same time, the tapered end is compressed and experiences similar,
compressive stresses. The tapered end does not experience plastic yielding because it is
of smaller diameter than that bell and therefore has higher hoop strength (hoop strength
is a function of diameter and wall thickness). Because the tapered end always remains
elastic and does not yield plastically, it undergoes minimal strain and, therefore, does not
result in reduction of pipe internal diameter.

Mechanical Pipe Joint Systems, LLC
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2.3. Epoxy Seal

Sure-Lock epoxy allows pipe assembly to take place without galling or damage to the
metal. Once the epoxy cures, it creates a flexible seal which keeps the product in the line
from escaping.

=R T

Sure-Lock utilizes different grades of epoxy depending on the intended temperature of
line service.

Sure-Lock epoxy is available in various formulations which provide a 100% corrosion-
resistant joint seal under extreme cold or hot weather conditions.

e Sure-Lock Warm Temperature Flex epoxy 105 is a highly workable mechanical pipe joint
epoxy compound used exclusively for the Sure-Lock mechanical pipe joining system.
Application temperatures range from [10 to 43°C] and have an initial set time of (@
25°C) 60 minutes and a full service set time of 24 hours. It is important to note, that pipe
joints can be handle tension/pull stress immediately after joining but, should not be
hydrostatically tested for at least 24 hours.

e Sure-Lock Cold Temperature Flex epoxy 106 is a highly reactive polymeric mechanical
pipe joint epoxy compound used exclusively for the Sure-Lock mechanical pipe joining
system. Application temperatures range from [-18 to 35°C] and have an initial set time
of (@ 25°C) 10 minutes and a full service set time of 24 hours. It is important to note, that
pipe joints can be handle tension/pull stress immediately after joining but, should not be
hydrostatically tested for at least 24 hours.

3. Hydrostatic Testing and Operating Stresses

As the pipe is pressured during hydrostatic Pressure Test (325mm OD x 8mm Wall)
testing, the taper and bell share the load. The ISERTN 2R
taper is in compression and any high internal
pressure will cause a circumferential tension
in the taper wall. The compression in the taper
wall is reduced but because the taper and
bell share the load, the taper always remains
in compression even if the internal pressure is
equivalent to 100% SMYS.

The bell is in tension even without internal
pressure in the pipe. When the pipe is pressured
internally, this tension in the wall of the bell is
increased and the bell wall may yield further.

£
7
Although the bell yields, it still retains its strength -
(the stress strain curve) and the amount of
yielding is limited to the strain experienced by
the taper.

The strain experienced by the taper is minimal because the material of the taper is always in the
elastic range and therefore the strain experienced by the bell is minimal. As a result, the joint remains
strong and will not fail when adding internal pressure to the pipe.

Mechanical Pipe Joint Systems, LLC
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4. Influence of Tolerances

A minimum interference fit is achieved by making the size of the mandrel smaller than the minimum
size of the pipe which may be inserted into the bell formed by the mandrel.

Because the minimum interference is designed to meet the elasticity yield the bell on joining, the
maximum interference fit involves a slightly larger amount of yielding; the clamping force is almost
independent of tolerances, provided of course, that interference is achieved.

The assembly strain will vary with the diameter and wall thickness tolerances of the pipe ends. The
variances in these will affect the clamping force without the addition of significant yielding. It takes
little additional force (stress) to cause extra elasticity yielding (strain). Because the increment of that
force is relatively small, the resulting incremental differences of clamping force are hardly affected by
the amount of strain produced.

Therefore, the Sure-Lock joint can cope easily with a wide range of pipe dimensional tolerances.

Provided the tolerances are such that belling and joining are possible, a sound Sure-Lock joint is
achieved.

Stress Capacity of Sure-Lock Joints

5. Pressure Strength

Joints made with the Sure-Lock method have design pressure
strength equal to the pipe from which they were made. This
pressure strength is retained in the presence of external forces
within the elastic range.

6. Tensile Strength

Joints made with the Sure-Lock method have a tensile joint
strength approximately equal to the specified minimal yield
stress of the pipe from which the joint is made. Joints made with
the Sure-Lock method may be subjected to design loads equal
to 90 percent of the SMYS of the pipe joined. A tensile load of
this order implies a tensile strain of the pipeline in the order

of 5/8 inch per 40 foot pipe length for X-42 pipe. The tensile
strength of the joint is improved by internal pressure, and may
exceed actual yield of the pipe.

7. Bend Strength

Joints made with the Sure-Lock method may be subjected to the same design bending movements
as straight pipe. Bending stresses which do not cause the adjacent pipe to yield or be dented, do
not affect the joint integrity, pressure strength or leak tightness of the joint.

Mechanical Pipe Joint Systems, LLC
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Compliance and Codes

8. Fatigue Strength

Within the limits permitted by the pipeline codes, joints made with the Sure-Lock method have the
same resistance to pulsating pressure as pipe from which they have been made. A special inquiry to
test work may be required where the joints are to be subjected to severe fatigue loadings in tension
or bending, but the joints made with the Sure-Lock method will have fatigue strength comparable to
welded joints in most circumstances.

9. Combined Stresses Torsion

Many combinations of stresses are possible and the combination of
stresses is controlled in most pipeline codes. Joints made with the Sure-
Lock method are suitable for all combinations of stresses which comply
with pipeline design codes.

10. Compliance and Codes

The Sure-Lock mechanical pipe joint system has been successfully utilized in the United States
for more than 33 years and Russia for more than 20 years in compliance with local norms and
regulations. The Sure-Lock mechanical joint and related equipment have been designed and
tested to achieve full compliance with the pipeline safety regulations of the U.S. Department of
Transportation, Pipeline Safety Regulations (October 1, 1992):

ANSI/ASME B31.3

ANSI/ASME B31.4

ANSI/ASME B31.8

U.S. Dept Of Transportation 49 CFR, Subpart F 192
U.S. Dept Of Transportation 49 CFR, Subpart F 195
CANADIAN CAN/CSA - 2183
CANADIAN CAN/CSA-27184
GOSGORTECHNADZOR - RUSSIAN FEDERATION LICENSE 10-25/618

Mechanical Pipe Joint Systems, LLC
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Design Information

11. Pipe Size and Wall Thickness

The following table summarizes the combinations of pipe grades, thicknesses and diameters which
can be joined by the Sure-Lock process.

Sure-Lock equipment is currently available for sizes 2” through 24”and wall thicknesses up to
schedule 80. Other grades higher than API 51 Grade X-60 may be acceptable but will require
additional testing.

Minimum thicknesses are not limited by any aspect of the Sure-Lock method. Pipelines joined by
the Sure-Lock method can be thinner than pipelines joined by most other methods because there is
no heat affected zone. .060 inch wall thickness pipe has been successfully joined using Sure-Lock
equipment. Minimum thicknesses specified in design codes or by regulation may apply.

Maximum thicknesses are limited by the capacity of the Sure-Lock preparation machine used for
forming the bell.

Pipe Size 2-3/8” 2-7/8” 3-1/2” 4-1/2” 6-5/8” 8-5/8” 10-3/4” 12-3/4” 16~

Maximum Wall
(X-60)

.218 276 .300 337 432 .500 .594 .562 .656

12. Steel Strength Grade

No specific limits apply to the maximum strength of the steel, but use of steels with specified
minimum yield stress higher than X-60 is not common for the pipe of the diameter ranges which are
commonly joined with the Sure-Lock method. A specific inquiry is preferred if the grade is above
X-60.

13. Joining Pipe of Unequal Wall Thickness

When more than one nominal wall thickness pipe is used in a pipeline, Sure-Lock can be used to join
the pipe of different wall thickness provided the heavier pipe is the bell and the lighter wall pipe is
the taper end. If this is not possible, a short joint can be prepared where a short section of light wall
pipe is welded to heavy wall pipe, N.D.T. performed and the short “joint” Sure-Lock connected into
the pipeline where the change in wall thickness is required.

14. Pipe Specification (API Spec 5L)

Pipe to be used with the Sure-Lock method must meet all API dimensional and strength
specifications. The pipe must meet elongation requirements for the grade purchased and must
further meet elongation requirements for the full pipe circumference including the weld area of ERW

pipe.

The Sure-Lock joint requires care during manufacture of the ERW pipe to ensure that trimming of the
internal and external flash from the welding process is within (0.015 inches) of the true surface. The
trim requirement applies to both external and internal weld flash lines.

The outside weld trim, or offset of plate edges should be preferably flush with the outside diameter
of the pipe parent material. Undercutting or grooves in the outside weld should be avoided. The
manufacturing tolerances of the pipe diameter and wall thickness must be equal to the tolerances
required by APl 5L specifications.

Pipe which receives a full length ultrasonic inspection of the longitudinal seam during manufacture is
preferred. Given that belling and joining involve elongation below the material requirements imposed
by API specifications, faults in the seam or pipe discovered during belling or assembly may be
attributed to defects in the pipe manufacturing process, not to the Sure-Lock process.

Mechanical Pipe Joint Systems, LLC
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15. Pipe Handling and Transport

In most cases pipe prepared for the Sure-Lock system should be layer loaded in order to protect the
belled ends from damage in transit. This includes attaching a .25”rope loop around the belled end
for offset protection.

Pipe end hooks may not be used for lifting. Lifting of pipe shall be performed by either a
Pipe Sling, Pipe Grabs or Fork Lift.

16. Cathodic Protection and Pipe Locating

There are no special cathodic protection or pipe locating requirements for the Sure-Lock joints. Since
the Sure-Lock connection is a metal to metal interference fit, there is no loss of electrical continuity
throughout the pipe joint.

17. Hydrostatic Testing

The practice of testing petroleum pipelines up to actual yield has become common in many parts
of the world, particularly for large diameter pipelines. Hydrostatic testing to actual yield has proven
advantageous in eliminating faults in the pipeline which might affect future service behavior.

The integrity of the Sure-lock joints at pressures beyond yield had been established in numerous
testing programs, though testing to actual yield of the pipe is not recommended given that yielded
pipe is no longer suitable for pipeline service applications.

A maximum pressure equivalent to 80% of SMYS is preferred. Where testing is beyond 80%
SMYS, a volume controlled test is required and a volume-strain limit of 0.2% offset is appropriate to
unexpanded pipe.

Mechanical Pipe Joint Systems, LLC
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Quality Control Guidelines

18. Quality Control Pipe Manufacturing

The success of Sure-Lock joints depends on consistent compliance with three pipe manufacture
features:

Pipe diameter tolerances
Pipe weld seam trim (ERW Pipe)
Pipe weld seam soundness (ERW Pipe)

Pipe should be procured to API Specification 5L, forty-fourth edition, effective October 1, 2008
or later.

Pipe mill inspection may be used to verify compliance with API Specification requirements.
Provided the pipe meets API requirements, it will meet the Sure-Lock requirements.

18.1. Diameter Tolerances

Standard API pipe body tolerances must be achieved. The pipe circumference is to
be checked to ensure that the average diameter meets the API tolerances.

18.2. Wall Thickness

The pipe wall thickness should be checked to ensure it meets API tolerances.

18.3. Weld Seam Trim (ERW Pipe)

The pipe long seam weld should be checked to ensure that the internal and external
flash from the welding process is within 1/64 inch of the true surface.

Provided the weld upset (as opposed to flash) is rounded, this will flatten out on pipe
end belling on most materials and it may not always be necessary for the upset to
meet the tolerances, provided it does not produce a “channel” on joining.

The outside weld trim or offset plate edges should be flush with the outside diameter
of the pipe material. Undercutting or grooves in the outside weld area should be
avoided.

18.4. Ultrasonic Inspection of Weld Seam

The pipe should preferably receive a full length ultrasonic inspection of the
longitudinal seam during manufacture. Care should be taken to ensure that
the ultrasonic wave lengths are suitable for the wall thickness of pipe being
manufactured.

Mechanical Pipe Joint Systems, LLC
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Field Installation

19. Field Equipment Requirements

The most common method of assembly, the joint-to-joint method, requires several pieces of
support equipment in addition to the Sure-Lock assembly equipment and power unit.

19.1. One (1) side boom to carry the Sure-Lock assembly equipment and to tow
the power unit set on a trailer. Side boom shall be equipped with pipe bending

shoe for field pipe bends.

19.2. One (1) side boom to pick up one (1) joint of pipe to support the stabbing
into the other joint of pipe. Side boom shall be equipped with pipe bending shoe

for field pipe bends.

20. Pipe Layout

There are two methods for pipe layout and distribution at Right Of Way.

a) Lay pipe the length of the right of way route

This method is referred to as the joint-to-joint method and is the most common
method of mechanical joint assembly. Joint-to-joint assembly progresses down
the previously distributed line of individual pipe sections with the lead vehicle
moving pipe sections into the assembly machine mounted from the support
vehicle. The method is shown in the following illustration.

Direction of Work

CE—

§

Lead

Support
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b) Stack pipe at a fixed location

This method is referred to as the Pipe Drag. Its use is normally limited to the
joining of pipe sections which will be moved across an area of rough, hilly or
swampy terrain that would be difficult to work through using the joint-to-joint
method.

It is also utilized when weather conditions are poor and a stationary fix location
is a safer alternative to traveling along the right of way. When this method is
used, the machinery is stationary and the pipe sections are brought to the
machine. As each new section is joined, the group of joined sections is pulled
away from the assembly machine making room for the next pipe section to be
added to the growing length of joined pipe. The joined pipe is at the desired or
maximum length, it is pulled to the desired location. The method is shown in the
following illustration. Generally the maximum length of the joined pipe that can
be pulled is 400 to 800 meters depending on the terrain and size of support
equipment (side-boom).

Pull Tractor

|

I Direction
OF Work —

20.1. Direction of Fluid Flow originates from the end of the pipe formed as the
Bell, shall face the well head. Product fluid shall flow towards the direction of the

taper.
Product flow
 —
FNENRaNimn
Bell end, to face wellhead
20.2. ERW pipe

When using ERW pipe, stagger (offset) seam lines to ensure that they will not
align with one another evenly. Seam lines should be rotated away from each other.
See illustration below.

Seam Line Seanm Line

Mechanical Pipe Joint Systems, LLC
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20.3. Right of Way Pipe Distribution

When laying out pipe along the right of way, overlap each pipe joint end the full
length of the bell. See illustration below.

| |
|

20.4. Pipe distribution (Stationary)

When setting up pipe for a stationary location, pipe shall be stacked on pipe
racks. The number of pipe racks required would greatly depend on the amount of
pipe to be installed.

Pipe rack height shall be equal to the same height of the Sure-Lock assembly
equipment so that pipe set on the rack is at the same level of the assembly press
pipe lifters. This will allow for easy pipe insertion and pipe drag operation. To
perform this operation it is preferable that pipe roll from the pipe rack onto pipe
rollers which are at the equal height of the rack. Once pipe is on the rollers, the
pipe can then be rolled onto the assembly press rollers and into insertion position
ready for clamping and joining.

20.5. Epoxy Mixing and Application Volume Usage

The warm weather epoxy has a pot life of approximately 40 minutes at
temperatures above 25°C. Enough epoxy should be mixed to service two (2) pipe
joint connections.

The Sure-Lock epoxy is a two part epoxy:

a) Hardener (Black)

b) Resin (White)

Epoxy is mixed on a one-to-one basis (50% - 50%), in a plastic container.

Mechanical Pipe Joint Systems, LLC
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20.6. Pipe Depth Insertion Marking

Once pipe has been distributed along the right of way, pipe must be marked with a
welders white chalk at the insertion depth.

Insertion Depth Marking

20.7. Assembly Procedures

Assembly procedures begin with the assembly system, support equipment
and personnel in the field. The following illustration shows the typical layout of
equipment and personnel.

Hazasdous Ares Hazsrdocuz Area

Direction Of Work m

—_

Power
Supply

r_--n--‘-

@
Pipe Handler Pipe Joiner

Epoxy
Applicator, Assembly

Operator
Danger Zone

Quality Control
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/.0 Third Party Quality Certifications

Mechanical Pipe Joint Systems, LLC
22



sABS Group

SERVICES DE MEXICO, S.A. DEC.V.

DuVal Partners, LLC
16107 Kensington Dr.,Suite 406
Sugar Land Texas 77479

Tel. (512) 785-3414

At'n
Oscar Carmona/Eduardo Perez
VP Finance

Ref: PID2364983.10-3450-MX-01
REFERENCE: “Cetrtification of Mechanical Joint Test-
ing” “SURE - LOCK”

In reference to the certification services provided during 12™ thru 16"of May 2010. The ob-
jective to testify and certify the “The process and installation of the mechanical joint SURE-
LOCK?” in a line pipe of 6” diameter x 0.6 Km of length. The pipe used as per specification NRF-
001 PEMEX/Spec API 5L. This line denominated oil conducting pipe Fubreros located in sector 8
0.T-102 document # PEP-SRN-GCYN-0422-2010

This certification company has concluded the onsite inspection and by witnessing the
testing of the hydrostatic testing and visual inspections conducted in accordance to (PEP) Pe-
mex Exploration and Production specifications (norms) and thus consistent with DuVal Partners
process manual “first phase”

As a result from the field test ABS Group Services de México requests the following
information:

1. Hydrostatic tests official documentation

2. Technical information and documentation obtained on pipe ends (bell and taper)

3. Map of the field and existing mechanical joints

4. Document reflecting any non-conforming work, observations and recommendations

5. Document conforming machine pressures

6. Model and certificate information on the machines used to perform the SURE-
LOCK mechanical joints

The indicated information is part of the certification of the Mechanical Integrity for the joints
which make up the line pipe or conducting line. This line use to manage and transport hydrocar-
bons from Furbreros field connecting to a recollection head and for such reason is considered as
the “first phase” as the “second phase” will focus on the lab testing and results needed to be done
in accredited laboratories.

Cont.

EnglishTranslation
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For Pemex/PEP the use of mechanical joint SURE-LOCK is a new innovative process
and it is therefore necessary to guaranty the mechanical integrity by performing mechanical tests
proposed by DUVAL and also to ensure the material microstructure due to cold expansion to the
formation of the bell as well as the measurement of hardness / hardness at the points of inflexion.

Among other things this testing must have a quality dossier on the installed line by CDI.
In which it includes engineered cathode protection.

At all times ABS Group would be prepared to emit a final report of the inspection as well
as certificate of MECHANICAL INTEGRITY. As per the guidelines applicable SPEC. API 5L, NRF
applicable, SPEC DUVAL mechanical joint process, SURE-LOCK, as well as the line pipe.

INSPECTION AND WITNESSED BY:

INSPECCION REALIZADA SIN PREJUICIO.

ATy
o x

e} el

ING. J. ARTURG HUERTA ATENCO
REPRESENTANTE TECNICO
ABS GROUP SERVICES DE MEXICO, S.A. DE C.V.

EnglishTranslation
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SERVICES DE MEXICO, S.A. DEC.V.

Mexico City, July 7, 2010

DuVal Partners, LLC
16107 Kensington D, Suite 406 Sugar Land
Texas 77479Ph (512) 785-3414

Attn.
Oscar Carmona/Eduardo Perez

Ref: PID2364983,10-345-MX-02
Hydrostatic Test Certification of the

SURE

In reference to the CERTIFICATION SERVICES to the -ABS
Group Services de Mexico has been carried out from the day May 12 2010 Inspection, revision and verification of the
work performance for the construction of the conduction line with specification NRF-001 PEMEX/Spec API 5L letter
PEP-SRN-GCYN-0422-2010. O.T- 102 OF CDI.

As part of the Inspection activities ABS Group of Services de Mexico declares under penalty of truth and
based on the Normative Frame NRF 030 PEMEX 2007, API 5 L 44 Edition, NOM-007- SECRE-2004., that has been
carried out on witnessing in field of the Hydrostatic Test as well as in laboratory of one specimen assembled with
Sure-lock union.

1. Results obtained in the field are as follow:

Date Hyc.lrrosttatic Duration Result Observations
es

See

15-05/2010 21 kg/cm2 24 hrs. Acceptable Note 1

Note 2

Fig. 1

As per ABS’ requirement the test is running for
16-18- 21. kg/cm2 48 hrs. Acceptable 24 hrs. and as per PEP’s supervision requirement
05/2010 the test runs for 48 hrs.

See notes 3,4

See fig. 2

Page 1 0f 6
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Fig. 1

Mexico City, July 7, 2010

Note 1 In joint 28 a leak/humidity was presented minor to 0.1 ml in 10 seconds, the Sure-Lock
System was corrected itself due to a two (2) Reasons (1) The Epoxy Resin got dry/time to cure. (2)
The stress in the line was rearranged in the point of leakage due to the effect of hook law.

Note 2 In Figure 2 pressure is plotted (P) blue line (bottom) and temperatur e (T) red line Top,
the behavior of the pressure to 24 hrs. is an unstable tendency but proportional P vs. T. this trend
was due to the high temperature during the day and low temperature during the night and the
presence of trapped air.

Note 3 In Figure 3 pressure is plotted (P) blue line (bottom) and temperature (T) red line Top,
the behavior of the pressure to 24 hrs. and 48hrs is a stable tendency and proportional P vs. T.
this trend was due to there was no temperature drop and keep high it can be seen beginning in
23.1 kg/cm2 to 24 hrs. and finish 26.6 kg/cm2 to 48 hrs. the pressure finish to 21 kg/cm2 due to
temperature drop as well.

Note 4 The temperature in day one of the test begins in 60 units and finish in day 3 in 60 units
reaching the initial condition.

Note 5 Only for the purposes of showing if indeed the leak in the joint 28 was eliminated
pressure was raised, no leak or humidity was detected. Due to changing weather conditions and
there is presence of trapped air, the trend of the graphic is still proportional P vs. T the variations
of P are primarily due to a bad purge of the line.

Fig. 2
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Mexico City, July 7, 2010

2. Hydrostatic tests in laboratory were conducted according to API 5L Edition 44 in the body of the pipe.

10.2.6 Hydrostatic test

10.2.6.1 Test pressures for all sizes of SMLS pipe, and for welded pipe with D < 457 mm (18.000 in),
shall be heid for not less than 5 s. Test pressures for welded pipe with D > 457 mm (18.000 in) shall be
held for not less than 10 s. For threaded-and-coupled pipe, the test shall be applied with the couplings
made up powertight if agreed, except that pipe with [ > 323.9 mm (12.375 in) may be tested in the
plain-end condition.

10.2.6.3 Test pressures for light-wall threaded pipe shall be as given in Table 24,
10.2.6.4 Test pressures for heavy-wall threaded pipe shall be as given in Table 25,

Table 24 — Test pressures for light-wall threaded pipe

Test pressure
Specified outside Specified wall MPa (osi}
dlan:nr thickness et
min {in} mm (in} o
L1785 or A25 L1TSP or A25P L210 or A L245 orB
158,323 {6.625) 7,1 {02803 a 2 8.3 (1200 2011 300
Table 25 — Test pressures for heavy-wall threaded pipe
Test pressurs
Specified outside Specified wall WMFa (psi}
diameter thickness rreiv
D f
mm {ing mim {in} Grade
L175 or 225 L175P or A25P L210 or A L2450r B
168,3 (6.625) 11,0(0.432) 2 o 16,2 (2350) 18.9 (2 740)
Page 3 of 6
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SERVICES DE MEXICO, S.A. DEC.V.

Mexico City, July 7, 2010

The result obtained in CIATEQ laboratory for the hydrostatic test are the follows:

Date _Ilf;g?sure Start Time Result Observations
596 psi. 17:30 Acceptable Pressure Drop 3 psi.
1074 psi. 17:50 Acceptable Pressure Drop 3 psi.
1507 psi. 17:55 Acceptable Pressure Drop 5 psi.
2049 psi 18:00 Acceptable Pressure Drop 7 psi.
2502 psi. 18:08 Acceptable Pressure Drop 7 psi.
1-07-2010
2956 psi. 18:30 Acceptable Pressure Drop 5 psi. See Fig. 3 Fig. 4
I209\A5/SrFe)ZlLto As per ABS requirement final pressure was
. 18:50 Acceptable (2956) then lowered to 300 psi and was held
300 psi .
for 20 minutes

Page 4 of 6

Mechanical Pipe Joint Systems, LLC
28




*ABS Grou
> roup

SERVICES DE MEXICO, S.A.DEC.V.

Mexico City, July 7, 2010

Fig. 3 Graphic Test

Fig. 4

Page 5 of 6
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Mexico City, July 7, 2010

CONCLUSIONS

Arising from the inspection and witnessing of nondestructive testing for hydro static Pressure ABS
Group Services de Mexico states that hydrostatic testing carried out both on site as laboratory satisfacto-
rily meet regulatory requirements of NRF 030 PEMEX 2007, API 5L 44 Edition, NOM-007-SECRE-2004., no
leakage detected in the SURE-LOCK joint.

Concluding that the leak detected on the joint 28 of the pipeline was due to lack of curing time and ac-
commodation stress, since the sample made in the field was tested to 207 kg/cm2 (2951) no displace-
ment, leakage of humidity or separation was observed.

Test pressure of 207 kg/cm2 (2951 psi) achieved was approx. 127% > to 1300 psi, the value required by
API for light pipe diameter 6 5/8 and wall thickness min., th 0.280 in, and 7.7% > to 2740 psi, the value
required by API for heavy pipe 0.432in.

The purpose of dropping pressure to 300 psi (21 kg/cm?) was to simulate field conditions. No leaks were
observed.

Therefore all complies with the design conditions shown in the drawing Q-200 Construccion del Gasoducto
de Produccion @ x 0.637 km M.P FURBERO 1536 A INTERCONEXION FURBERO
1228.BS FURBERO 1 DEL K-0+000.00 al P.F K-0+637.577, and additional requirements from the supervision
of PEP/ACEITE TERCIARIO indicating a test pressure of 16.5 kg/cm? (234 psi) at the ambient temperature of
30 °C.

Note Copy of all records of traceability are in the ABS Group files and will be attached to the report ABS
10-3450-MX-03

INSPECCION REALIZADA SIN PREJUICIO.

i
o [Pl [T Mg b

ING. J. ARTURO HUERTA ATENCO
REPRESENTANTE TECNICO
ABS GROUP SERVICES DE MEXICO, S.A. DEC.V.
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Julio 14, 2010 MEXICO

This cedificate 3 granted subject to the condibon (hal i is understood and agreed
of any aled services libialty shall be limited 1o the acls or omissons of 1158 employeas, agants and

FACT RE-

Certification / Report:

Certification and Process of Mechanical Joint
Sure-

D.N X 637 km from Macropera Furbero 1536 to
Interconnection Furbero 1228-BS Furbero

Date:

17 May 2010

Client / Vendor:
DuVal Partners, LLC
16107 Kensington Dr., Suite 406

Sugar Land, Texas 77479
Tel: (512) 825-7147

Order Number:
O.T. 102 CDI

PEP-SRN-GCYM-0422-2010

Client / Buyer:

North Region, Management Of Construction and
Maintenance, Assistant Management
of

Maintenance for Pipelines and Right Of Ways

Initiated:

This document is to CERTIFY that the authorize representative of ABS Group Serv ices of Mexico

S.A. de C.V. upon the request of DuVal Partners

LLC., performed an onsite inspection. The objective of the

inspection was witness both a field fabrication process and laboratory testing of the Sure-Lock mechanical
joint system in accordance with the standard operating procedure PEP-SRN-GCYM-0422-2010 of PEMEX
Exploration and Production, specially the QOil “Terciario del Golfo”.

The process was applicable to the design and construction, maintenance and construction of the land pipe
for transportation and procurement of hydrocarbons. This was specifically to the general production line of 6”
diameter x 0.637 km M.P. Furbero 1228. BS Furbero | of the K-0+000.00 to the P.F. K-0+637.577 from May
11 to 16 of 2010. Laboratory testing witnessed on July 1 to certify the integrity of the mechanical joint.

Witnessed By:

Eng. Salvador Quero G.
Concepcion Lara D.
Rafael Lagunes P.
Admin. Oscar Carmona
Eng. Gabriel Guevara
Eng. Jose Luis Ortiz A.
Eng. J. Arturo Huerta A.

or implied. and ABS integyr
of shall ABS Integrated Servic
‘p!ﬂur". or olner iems othed

ar any defect in ma =, machiner

fy inspecled by ABS Integrated Services and which are covered by this certif
& |S-1({3/98)

Mechanical

Represents Pemex Exploration and Production Eng.
Represents Pemex Exploration and Production Eng.
Represents Pemex Exploration and Production
DuVal Partners, LLC

DuVal Partners, LLC

ABS Group Services of Mexico S.A. of C.V

ABS Group Services of Mexico S.A. of C.V

that nothing heresn containad shall be deemed to rehave any designer, manufacturer, seller

Be kable for any injury or damage 1o any person or propety occurmng by reason of negligent
andefects ascedainable by normally accepted testing standards, and only upon those items
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Page 2 of 10

Report No Project No Date Offica
10— 3450 MX 03 2364983 Julio 14, 2010 MEXICO
Statement Of Facts

1.0 The licensed representative of ABS Services of Mexico has done the inspection work to certify the
integrity of the mechanical joint NOT welded of carbon steel as per the API specification 5L PSL 1/
NRF-01 PEMEX 2007 >>Pipe for transportation and procurement of hydrocarbons.<< for the pro-
cess of mechanical joint Sure-Lock.

2.0 This certification has been done using the following requirements:

211. Basic Engineer -

21.2 -

2.1.3. Quality certificate for the pipes to be used.

2.1.4. Quality certificates of technical documents of the epoxy to be used as a seal of the joint
connection.

2.1.5. Registration that acknowledges the receiving of the pipe and inspection of the facilities or
field.

2.1.6. Registration and logs of fabrication of pipe prepping of the bell and tapper on a cold expansion
process as per requirements and compliance of APl Spec.5L Edition 44 and or Norm NRF-001
Pemex

21.7. Report or Design drawings of joints assembled using the Sure-Lock process.

2.1.8. Report and graph of the hydrostatic test done in the field in accordance to the intension and

design of the pipe line construction

21.9. Laboratory results which credit the integrity of the mechanical joint in accordance to good
engineering practices established DuVal API/PEMEX for hydrocarbon pipelines.

2.1.10.

1536 to interconnection with Furbero 1228 BS Furbero DEL K-0+000.00 to P.F.K-0+637.577
21.11. NO compliance problems were detected.
2.1.12. In closing, no issues with nonconformities.

This cadificate (8 granted subjact to the condiion thal itis understocd and agread thal nothung heréin containad shall be deemed (o ralieve any designer, manufadiurer, seller
SUDIRIEr, repairer or U{_‘L’:l.‘li(:l of al‘s', 'n-ar'al'-l /. express or imphed, and ABS integraled services libality shall be limiled lo 1he acls or omissions of 116 employees, agents and
AF oever shall ABS Integrated Services. Be iable for any injury or damage 10 any person of propely occumng by reason of negligent
V. her items other thandefects ascertainatde by normally acceptad testing standards, and only upon Ihose lems
Integee llmi Services and which are covered by this certificate or report
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10— 3450 MX 03 2364983 Julio 14, 2010 MEXICO

As per the requirements above mentioned, ABS Group has review and witnessed the documented
execution plan set forth by DuVal Partners, in addition to the actual mechanical testing done at a
laboratory. This testing was completed and executed with the upmost strict

3.1.1 The design of the bell and taper end (point 2.1.1) for a joint of six inch of nominal diameter 6”
corresponding to design drawing OT.102. JS6” DUV Reuv. 0.

The design of the bell end is conforming to section 8 of the manufacturing paragraph 8.1 chart
2 with paragraph 9.12.3 of the API 5L Edition 44 belled ends (PSL 1 only) and also conforms to
the point 9.12.3.1 which refers to belled ends and is in compliance with the configurations and
dimensions for a mechanical joint “Sure-Lock”. (Belled-end pipe shall be furnished with one end
belled in accordance with the configuration and dimensions specified in the purchased order).

3.1.2 The field work was performed satisfactory and in accordance to the technical operating
manual and construction procedures P-MPR-01/R-1. P-MPR-01/R-2, P-MPR-01/R-3 designs
are satisfactory production and reproduction of mechanical joints “Sure-Lock” (point 2.1.2) as
stated in (Quality Control System 1ISO9001).

Note 1: The welding procedures and corresponding certifications, as well as inspections on
the welded end caps mechanical joints were not inspected by ABS Group but are available for
review in the files of CDI.

3.1.3 All and each of the pipe lengths received at the DuVal pipe yard are property of PEP (Pemex)
and were inspected as per the quality certificate and consistency (point 2.1.3) according the
quality registration. No imperfections were detected on either end.

Note: The pipe with serial number 5344 did not conform to the quality control of the
. It was recommended to PEP
that quality control documents be collected on that particular pipe joint from Tubacero.

3.1.4 With reference to Flex Epoxy 105 and in accordance to the technical data sheet, the
compression of the epoxy is 15,000 psi. The elongation is 50%, with a durometer harness of 50-
60, adhesion of 1.27 mm > 1,000 psi. Given these characteristics, it makes for a great seal. The
time to cure varies upon the environment in which it is used (2.1.4)

This cactificate (8 granted subjact to the condiion thal itis understocd and agread thal nothung heréin containad shall be deemed (o ralieve any designer, manufaciurer, seller

supmier \rer Gr operator of any wamanty, axgress of impled, and AB3 integrated services litialty shall be limiled 1o 1he acls Or OMISSIONS enployees, aganis and
ihcontraciors, Under no circumstance whatsoever shal IJ\B‘S hltm, ated Services. Be Rable for any injury or damage 1o any person or pregety occumng by reasan of negligent

w any delact in materals, machinery, equipment or other items other thandelects ascertanable by normally accepled testing standards, and only upon Ihose lems
ictually inspecied by ABS Integraled Services and which are covered by this certificate or report
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3.1.5 ABS Group a has performed onsite inspection and has reviewed the logs and recordings which
credited the work of the assembly and construction of the pipe line (point 2.1.5, 2.1.6,
21.7)

RRI-01/010 Pipe inspection record receipt for land pipe to be used in the cons truction of
pipeline using the Sure-Lock Joint system.

RDCE-01/010 Recorded register of Bell and Taper end dimensions of preformed Sure-
Lock pipe ends.

REJ-01/010 Recorded register for the inspection and preparation of Epoxy for the Sure-lock
mechanical joints.

RCJ-01/010 Recorded register for Pipe and Pipeline field layout as per Sure -Lock require-
ments.

RCJ-02/010 Recorded register for the construction of pipelines and Sure-Lock pipeline
joint control.

RMJ-01/010 Recorded register of site map and location of pipe joints.
PRO-LAB-01/010 Protocol of witnessed laboratory testing and samples provided.
PRO-LAB-01/010 Protocol of witnessed laboratory testing and samples provided.

3.1.6 ABS Group a has testified (Point 2.1.9), to
use that are representative of field preparation and production of a Sure-Lock Bell and Taper
cold expansion process using PEP pipe. The following test were carried out:

Tension : In the conical section of the Bell, the Bell section and a section before the forma-
tion portion of the Bell.

Hardness Test : In the conical section of the Bell, the Bell section and a section before the
formation portion of the Bell.

Metallurgic Test : In the conical section of the Bell, the Bell section and a section before the
formation portion of the Bell.

Hydrostatic Test or leak detection testing of a assembled Sure-Lock mechanical joint.

This cactificate (8 granted subjact to the condiion thal itis understocd and agread thal nothung heréin containad shall be deemed (o ralieve any designer, manufaciurer, seller
suppiler, repairer ¢r operator of dr:, warmranty, axgress or impled. and ABS inlegraled services libiality shall be imited 1o the acls or omissions of it employees, agents and
atsoever shal IJ\B‘S Integrated Services. Be fiable for any injury or damage 1o any person or prepely occumng by reason of negligent
[ . her items other thandefects ascertainatde by normally acceptad testing standards, and only upon Ihose lems
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3.1.6.1 As a result of the laboratory and all protocols tested on the working zones (belled-end
and transition area) full compliance is observed according to the API 5L Edition 44

Section 9 Compliance Criteria

Paragraph 9.3 Tension Properties

Paragraph  9.10.6 Hardness Points
Paragraph  9.11.32 Wall Thickness Tolerances

NRF-001-PEMEX-2007

Section  8.2.1.1.4 Metallurgic Analysis
Paragraph 8.2.1.1.4 Grain size. The grain size should be equal or thinner
then number 9

The results provided are in compliance with uniform code REG No. MET-10110 and
REG No. PM-10179 from the accredited laboratory CIDESI (Industrial Intelligence and
Developing Center) Accreditation MM-0031-006 expiration 2012-04-02, MM-065-006/
Expiration 2012-10-01, and Laboratory testimonial protocols were followed on all sam-
ples; PRO-LAB-01/0/10.

3.1.6.2 The results of laboratory leakage test, satisfactorily meet the criteria
acceptance of API 5L Edition 44:

Section 10.2.6 Hydrostatic Test

Paragraph 10.2.6.3 Pressure testing of light wall pipe
as per Chart 24, 1300 psi, Pipe Grade X52
6-

Paragraph 10.2.6.4 Pressure testing of light wall pipe
as per Chart 25, 2740 psi, Pipe Grade X52
6-

Note: In the laboratory test, the pressure was taken to 2951 psi / 207 kg/cm2approx.

3.1.7 As per the engineering detail and design drawing indicated in Q-200 of trench and pre fill (point
2.1.10), ABS Group has witnessed the executed field work by the company DuVal Partners LLC
and has satisfactory follow the compliance the requirements of its design.

3.1.8 ABS Group declares that based on the information presented by the contractor that there were
no problems as per (point 2.1.1) with the construction process using the Sure-Lock mechanical
joint.

This cactificate (8 granted subjact to the condiion thal itis understocd and agread thal nothung heréin containad shall be deemed (o ralieve any designer, manufaciurer, seller
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3.1.9 In consecutive order of 1, 2, 3, 4, shows the pipe prepping of pre-forming steps that are followed
in the creation of Sure-Lock mechanical joints, prior to the fabrication or assembly of the hydro-
carbon pipeline. Fig. 5, 6 and the corresponding pressure graph, Fig. 7, taken from the field test,
are in accordance to the engineering requirements specified in design Q-200

Fig. 1 Forming the Bell Fig. 2 Bell Formed From Cold Expansion
Process

3.1.9.1 Once the Bell and Taper ends are formed, a visual inspection is conducted. The objective of the
inspection is to detect any internal defects before proceeding to the assembly with the Sure-Lock
mechanical joint system.

This cadificate (8 granted subjact to the condiion thal itis understocd and agread thal nothung heréin containad shall be deemed (o ralieve any designer, manufadiurer, seller
suppiler, repairer or operator of any wamanty. axpress or imphed. and ABS inlegraled services libiality shall be imited 10 the acls or omissions of 16 employees, agents and
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Fig. 5 Fabrication of a mechanical joint using SURE-LOCK
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Fig. 6 Construction of a 6-5/8 @ x 0.600 km Qil Pipeline

3.1.9.2 In the figures above, it can be seen that the transportation pipe line constructed using the Sure-Lock
mechanical joint process, included an intermediate welded joint. This was in accordance to the API
1104 criteria. This intermediate joint was required by the management of PEP (Pemex)

3.1.9.3 This line was laid and supported in accordance with the established requirements from the norm
NRF-030-PEMEX-2009

This cadificate (8 granted subjact to the condiion thal itis understocd and agread thal nothung heréin containad shall be deemed (o ralieve any designer, manufadiurer, seller
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3.1.9.4 Once the pipeline was fabricated and completed in accordance to the Sure-Lock procedures which
also included an intermediate welded joint, a hydrostatic test was performed. The test conforms to
the NRF-030-2009, Paragraph 8.2.19. Test was carried out to 1.25 times the design pressure for 24
hours, with a pressure of 16.5 kg/cm?(234.67 psi).

Fig. 7

3.1.9.5 As a requirement by the PEP supervisors, it was determined that a hydrostatic pressure greater than
20 kg/cm?(285 psi). The result of the pressure test was satisfactory. See report ABS 10-
3450-MX-02

3.1.9.5 The equipment used to performed the construction of the mechanical joints Sure-Lock are from a
registered patent as indicated below:

Sure-Lock Assembly Press Machine M26 Serial # EPB026-SSJ-025
Sure-Lock Power Unit Model 121 Serial # 121-010493-1

Sure-Lock End Prep Machine M26 (Taper) Serial # EPB026-SSJ-024
Sure-Lock End Prep Machine M26 (Bell) Serial # EPB026-SSJ-023

3.1.9.6 This report has been made in the order of events as they were presented for the inspection and
witness of testing, as such the complete revised documentation can be examined in the dossier
prepared by DuVal Partners LLC which contains the same order of events. A copy of this document
is in the archives of the ABS Group services of Mexico S.A. de C.V

cate S granted subject to the condiion that # is understood and agresd that nottung heréin containad shall be deemad 1o raliave any designer, manufaciurer, seller
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ABSGroup

SERVICES DE MEXICO, S.A. DE C.\V.

Page 10 of 10

Repor No Project No Date Office
10— 3450 MX 03 2364983 Julio 14, 2010 MEXICO
CONCLUSIONS

ABS Group Services of Mexico, certifies that the process for conducting mechanical joints called Sure-
Lock, satisfactorily meets the requirements of the specification for line pipe API 5L 44 Edition, Oct. 1 2007.
ISO 3187 (modified) Natural Oil and Gas Industry, steel pipe for transportation systems and requirements of
NRF-001-PEMEX-2007 Tuberia de Acero for relocation and transportation of hydrocarbons in:

Manufacturing Process for Bell Ends
Wall thickness tolerance
Mechanical integrity of Bell Tension, Hardness and Metallurgy test.

Mechanical integrity of Mechanical Joints Sure-Lock for hydrostatic pressures of up to 2961 psi
(241 kg.cm2approx.)

Therefore concludes that the process of Sure-Lock mechanical joints is a reproducible and reliable process
for the construction of transportation pipelines called:

x 0.637 km MP FURBERO 1536 a inter connection with
FURBERO 1228.BS FURBERO 1 DEL K-0+000.00 to P.F K-0+637.577. It has been built and sat-
isfactorily inspected in accordance with the requirements states in the specifications and quality
manual supplied by DuVal Partners LLC, and also in compliance requirements with the office of PE-

MEX-249-16000-63400-0031-242-2010.
This document was translated from an original copy. The original copy was prepared in Spanish.

This translation is to be used for information purposes only.

JNSPECCIONREALJ%//,REJEEB v/ / C \

= ----ABS
Ing. J. Arturo Fﬁ ﬁ@? /
Representante. Téc

ABS Group Services de M r@ ﬁ.y‘{;cﬁ C V/

This cadificate (8 granted subjact to the condiion thal itis understocd and agread thal nothung heréin containad shall be deemed (o ralieve any designer, manufadiurer, seller
suppiler, repairer or operator of any wamanty. axpress or imphed. and ABS inlegraled services libiality shall be imited 10 the acls or omissions of 16 employees, agents and
ontractors, Under no circumstance whatsoever shall ABS Integrated Services. Be hiable for any injury or damage 1o any person or progely occumng by reason of negligent

n or any delect in materials, machinery, equipment or other items other thandelects ascertainable by normally accepled testing standards, and only upon Ihose lems
ected by ABS Integraled Services and which are covered by this certificate or report
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RPEMEX

- EXPLORACION ¥ PRODUCLION ®

Oficio
Fecha 10 de Febrero de 2015
. e . . 144
Remitente Subdireccién de Servicios a Proyectos Numero PEP-SSAP-GSAPRS 2015
Gerencia de Servicios a Proyectos Region Sur Namero de expediente  GSAPRS-NORMATIVIDAD
Destinatario Ihg. Jorge Gonzalez Cabellc Antecedentes:
' Gerencia de Normalizacién ‘ Numerofs) PEP-SRN-GCM-SMDVA-041-20 16
Presidente del SIN y Secretario Técnico del CNPM o , NOTA INFORMATIVA
Namero tinfce de‘expediente:
' ' Fecha(s): 23 AGOSTO 2010
30 DE JULIC 2012
Astnto: Jnclﬁsfﬁn en la NRF-03C i disefio y construccion de la unién mecanica Anexo 4

"Sure-Lock"

En atencién al oficio y nota informativa citados en antecedentes, le informo que en referencia a la practica de instalacion “Sure-Lock”
en ductos de transporte, esta dependencia no tiene inconveniente alguno en aprobar y compartir que se incluya en los apartados de
disefio y construccion de la actual etapa de revision por el GTI y CNPMOS de la norma NRF-030-PEMEX-2009 “Disefic, Construccion,
Inspeceion y Mantenimiento de Ductos Terrestres para Transporte y Recoleccion ds Hidrocarbures® lo referente-a la factibilidad de
instalacion de union tipo “Sure-Lock” en los ductos metlicos para transporte de hidrocarburos tanto para aceite & gas.

No omito mencionarle que paralelamente a esta solicitud, personal técnico de las Gerencias de Servicios a Proyectos de las Regiones
Sur y Norte, procederemos a integrar en los formatos normativos “Dice” y “Debe decir’, las consideraciones técnicas que pedrian
analizarse en las proximas reuniones de trabajo para su posible inclusién en la NRF en cuestlon esta.coordinacion estara a cargo def
Ing. Juan Alberto Vazquez Romero,

También es importante mencionar, que la solicitud de inclusion en la NRF-030 de la instalacion de unidn tipo “Sure-Lock”, se basa
fundamentaimente a que este proceso fue aplicado en lineas de conduccién de 6" de di&metro en la Region Norte, y que fue
atestiguado y aprobado en el 2012, por la empresa certificadora ABS Group Services de Mexico, concluyendo esta, que el proceso es
reproducible y confiable para la fabricacion de linea de transportacion de hidrocarburos, per fo que en caso de que Ia ingenieria de
proyecto la requiera pueda ser utlhzada en la construccion de lineas de conduccion. _

Sin més por el momento, agradeceré cualquier sugerencia al respecto.

Ing. Juan Carlos Reyna Carrera
Gerente

Atentamente,

Ing. Rodrigo Hernéndez Gémez.-E.D. Subdireccidn de Servicios a Proyectos, Vocal Titular de Ja SSAP ante el STN-PEP.
Ing. Eduardo Zavata Nacer.- Subdirector de Auditoria, Seguridad Industrial y Proteccion Industiial y Prasidente Suplente del STN-PEP.
Ing. Marco A. Delgado Aviles.- Gerente de Auditoria de SASIPA y Secretario Técnico del STN-PEP.
Ing. Juan Alberto VAsquez Remero.- Grupo Multidisciplinario Téenico.- Enlace Normativo de SSAP.
Ing. Luis Ortiz Herandez.- Representante Gerencla. Administracién del Mantenimiento.- Sede México.

2015, Afie del Generalisimo José Maria Morelos y Pavan”.

Pégina 1
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[Translation]

Dated February 10, 2015

PEMEX EXPLORATION AND PRODUCTION

Subdirection of Project Services
Southern Region Project Services Management

Per the above-referenced documents, | hereby inform you that, in reference to
the “Sure-Lock” installation method, as it relates to pipelines, this office has no objection
in approving and stating that it be included in the “Design and Construction” sections of
the current GTl and CNPMOS of the Pemex Guidelines NRF-030-Pemex 2009 “Design,
Construction and Maintenance of land-based Pipelines for the Transport and Gathering
of Hydrocarbons” as it relates to the feasibility of utilizing “Sure-Lock” type pipe-joints in
steel pipelines for the transport of hydrocarbons, both oil and gas.

Together with this request, please be advised that technical personnel from the
Management Services for Projects in the Northern and Southern Regions shall proceed
to prepare documentation including a comparison table indicating the current text of the
regulation and the proposed amendment thereto for its review during the upcoming
workshops where the proposed amendments will be considered for inclusion in Pemex
Guideline NRF-030-Pemex 2009. This coordination will be directed by Mr. Juan Alberto
Vazquez Romero, P.E.

It is also important to note that the request for inclusion of the “Sure-Lock” joint in
the NRF-030 is fundamentally based on the fact that this process was utilized in the
joining of 6” flow lines in the Northern Region which was witnessed and approved by
ABS Group Services of Mexico who concluded that the process is reproducible and
dependable with respect to the construction of hydrocarbon transportation pipelines as
a result of which, in the event that the engineering of a project so requires, it may be
utilized in the construction of pipelines.

| am available should you have any suggestions.

Regards,
[Signature]

Juan Carlos Reyna Carrera, P.E.
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SOULTHW IS T RN« Anaizad vds010g

.- m——

FORT WORTH DALLAS HQUSTON MIDLAND BEAUMONT TEXARKANA

gy, ”
I,

File No. 2 .7138 00

A2 % Houston . Texas _June 29, 1977
5.3 ceRTPED O |
Sai est (&
To Porta-Tools LAY ULTS WECERTIFY THE VALIDITY OF THESE TEST RESULTS .
’ 22, REST AN ER CERTIFY THAT ONLY API CERTIFIED
-39 e E WAS UTIL| R THESE T s?
. "’J':,’” “ é{: ._/ (_} %
' L e - PRESIC atee’
Report of Hydrostatic Test _ HERBERT J. GREEN, PRESIDENT D
For Por ta-Tools Fonee Chmilioxg RENEE ARMSTRONG

NOTARY PUBLIC
STATE OF TEXAS

2/4./193

n June 23, 1977 a section of 4-1/2" Dia. x .219" APItSed Gy
ade B pipe with a Butler Taper Joint was received to determine.
f} the strength of the joint was equal to the strength of the

Ahe test was conducted as directed by Mr, Major Butler of Porta-
prools as follows:

The internal yield. strength of the pipe as determined by API
Bulleting 5C3 Section 3 is 2980 psig.

The jointed piped section was then pressurized to these tabulated
pressures: '

1

TEST PRESSURE TIME AT :
PSIG : PRESSURE REMARKS .
1500 .2 min. , no leakage
2500 - 2 min. 847 of yield - no leakage
2800 2 min. 94% of yield - no leakage |
3200 1/2 min. ‘no leakage '
3600 1/2 nmin. . no leakage o
3800 1/2 min. no leakage; pipe swelling
4000 1/2 min. no leakage; pipe swelling
4200 : 1/2 min, . no leakage; pipe swelling
4600 - 1/2 wmin, no- leakage; pipe swelling
4800 . 1/2 min. no leakage; pipe swelling
5000 1/2 min. no leakage; pipe swelling

The specimen was then gradually taken to failure which occurred at
6400 ps_ig in Butler 'gwaﬁ,m[g’int.

Bl

."- E a1\F\ED ! :’4:‘-.'- . - .

: . 2= : . .
s ia: L N
RE '

Copies: 3 - Porta-Tools ESTERN LABORATORIES

‘Lab. No. 21656 pc “

Our Irtlers and reports are for the exclusive vie of the client o whom they are addresscd. The use of our name MUt receive our prior wrillen approval. Our
letters and reports apply only to the sample tested and/or Inspected, and are not necessarily indicstive of the qualities of apparently Identical or simtlar products,
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SOUTHWESTERN LABORATORIES

31441 File No.

Report No.

Houston

To Butler Taper Joint Co.

Report of Hydrostatic Tests

For

identification Marks
Surlock 2 3/8 Grade B

Hydrostatic Test
(1) Tested to 1007 specified minimum yield - 4540 lbs.-No leaks

(2) Tested to 9000 1bs-No leaks o
o ER /4,
Tensile Test _s-,b‘%‘(h"’o;'&,g
- W a .~
Yield Strength 35,000 1bs. $3} CERTIFIED A2
Tensile Strength 48,500 1bs. Section parted g; TEST 3=
2@ RESULTS /03
Surlock 6 5/8 Grade B ERW Line Pipe ".-,’ . 8
%, Ttteeaee” N
/”'f \\\\\
K
leaks

Hydroétatic Test
(1) Tested to 100% specified minimum yield - 2960 1lbs-No

(2) Tested to 5600 lbs-No leaks

Tensile Test

Yield Strength - not detected
Tensile Strength - 212,500 1lbs. section parted

WE CERTIFY THE VALIDITY OF THESE TEST RESULTS
Y API CERTIFIED

AND FURTHER CERTIFY THAT, ‘
PIFE WAS UTI THESE TESTS,
: A fdﬁf/@"
d DATED

RENEE ARMSTRONG
NOTARY PUBLIC
STATE OF TEXAS

% My Gomm. Exp. 09-14-96
. L . * ---"H'-‘N:"‘WJ
Technician: Glen Maxwell

SOUTHWESTERN LABORATORIES

bm

Copies: 3 - Butler Taper Joint Co.

Our leliers and reporis are for the esctusive use of Ing chient 1o wham they dre addressed The use of Ow name mMust receve Our prior wirlten ppproval Our latiers and reporls 30ply

o'y 10 the sampie tested and/of inspecied and Are <ot necessardy sndicative ol the qualihes o apparcnily «dentical of Bmudar producty
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PURM (U, = MEV 38 ¢

/ / SOUTHWESTERN LABORATORIES

/ f
' Report No. 31540 File No.  2-1184-00
October 13, 1980

{ .
) Houston Texas

To

Report of Tension & Hydrost

For Major Butler

4 1/2" 0.D. Grade B ERW Pipe

Tensile lbs. - 117,500
Hydrostatic PSIG - 6,500

2 7/8" 0.D. Grade B ERW Pipe

Tensile 1lbs. - 68,500
Hydrostatic PSIG - 9,000

WE CERTIFY THE VALIDITY OF THESE TEST RESULTS

- AND FURTHER CERTIFY THAT ONLY API CERTIFIE
, . (2,}_,,,;4]2&‘(? NE PIPE WG /UTI R THESE TESJE.
AW, 2 G h )
\\\\\ a J ”’lf',’ ? @ J
DA

R .
X ?go A/ BERBERT J_ GREEN. PRESIDENT

04/95 o
..'?&V‘ Y NZBUTLER TAPER JOINT, INTL.
. ST &o e =
.-.'?‘r:':cﬁﬁ“? %’:-’-
RENEE ARMSTRONG | Swi ©% eot G2
NOTARY PUBLIC 2 WIS i S
STATE OF TEXAS . € S &
My Comm. Exp. 09-14-96 ‘?,’,0. - @\\Q
by e s o ".-% “\\\{\ .
. i
Technician: Glen Maxwell SOUTHWESTERN LABORATORIES
Copies: 3 - Butler Taper Joint Co. bm %
Our letters and reports are lor Ihe excluswe use ¢l 1me ¢le rt f0 whom they are add-essed The use ol Qur name must feCR:ve Ol pHof whlten approval Our lelters and repo’ls apply
only 1o the sample lested and/or nspecied and are ~ol necessanly ndicative ol the quahhes of apparerily identical of sim:lar prodacts

Mechanical Pipe Joint Systems, LLC
48



SOUTHWESTERN LABORATORIES 7
(77 HOUSTON, TEXAS

Matenals, emvironmenitol and geotechnical rugm(irrr'rrg. nandestructive, metallurgical and analytical senaces

File No. 2-

Report No. 37904

Report Date —Dec. 22 198:

fent: Butler Taper Joint
2012 Karbach
Houston, Texas 77092

biect: Tension Test of Sure Lock Pipe Joints
Specimens are made with Lone Star Steel Pina

#1 - 2-3/8" Grade B, .154" Wall, Yield not detected, 62,500, Joint pu11ed apart.
#2 - 3-1/2" A-25, .216" Hai] Yield not detected, 92,600, Joint pulled apart.

#3 - 3-1/2" X-42, 215" Wall, Yield not detected, 108,000, Joint pulled apart.

#4 - 4-1/2" X-42, .188 Ha]i Yield not detected, 102,000, pulled apart.

#5 - 4-1/2" Grade B, .237" Wall, Yield not detected, 122,500, Pipe pulled apart.
#6 - 4-1/2" A-25, .237" Wall, Yield not detected, 124,500 Pipe pulled apart.
47 - e =, _125" Wall, Yield not detected, 134,750 Joint pulled apart.

WE CERTIFY THE VALIDITY OF THESE TEST RESULTS

ﬁ ’ AND FU ER CEHTIFY THAT ONLY API CERTIFIED
HLLS ﬂiw&dﬂﬂ/yj ?\Fﬁ THESE TES;
(e V??

. llllllm
/0 : “‘““ ” BERT J. GREEN, PRESIDENT DATED
/4/73 \..\:::h? ......... ﬁ JTLER TAPER JOINT. INTL .
Sk s ,
&’ ED 2%
" CERTIFIED %2 2

! G0\ RENEE ARMSTRONG | £ 4
5 A % "} NOTARY PUBLIC g

{ \g o) STATE OF TEXAS

¥ N2/ My Comm. Exp. 09-14-96

o v SOUTHWESTERN LABORATORIES
Fcician: Don Szymanski ?z z s — A
ies: 3-Butler Taper Joint, Inc. - = -

Attention: Mr. Major Bulter ? 1 o
37904 Gﬂ’ﬂ 'fﬁ%f’% ?mde’ ?J'N Heo . Tox

titers and reuaris are 101 1 c exclusive use Of the chant 1o whom they aie mmnud 'I'ho use of our name must c.u-w our gnm writien approval Our letters
Grerorts apply ONly 10 the sample 184180 SNO /O INLLRCIRE BNd Ars AA Aaruariy nd. P T P — - -
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Independent Registered
Professional Engineer April
1982 (Prep & Assembly)
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zJ./E. Merrill, P. E. ANE

'
;- e

‘*‘C

.
—_—

n Assembly and Testing of SURE-LOCK Mechanical Pipe Joints

On Wednesday, April 7, 1982, 1 was invited to witness a demonstration of the
preparation and joining of pipe using the SURE-LOCK mechanical pipe connection
method. The purpose of this demonstration was to test the new pipe prepara-
tion and assembly equipment which had been manufactured by Butler Taper Joint.
The demonstration was carried out at the fabrication shop located at 4424 Dayco,
Houston, Texas.

Four test pieces of each pipe size had been pre-cut in lengths of approximately

XN.to 30". The test pipe was stated (by Mr. Major Butler) as having the follow-

4" pipe: 43" 0.D., 0.237" w.t., API 5LX grade X-42, ERW
3" pipe: 33" 0.D., 0.216" w.t., API 5LX grade X-42, ERW

preparation consisted of deformation of the pipe by either "belling"
pering” one end of each test piece. This was done in machines equipped
%9 interchangable precision forming mandrels. Using hydraulic pressure

rom the central power source, the forming mandrels were pressed into (for

belling) or over (for tapering) one end of the pipe for a gauged and controlled
length. ’

One belled test piece and one tapered test piece were then prepared for assembly.
The tapered end was coated with a pre-mixed sealing epoxy compound (composition
unknown) for a length of approximately 2 inches. The two test pieces were then
placed in the assembly machine and were forced together for the pre-set Tength
of the joint. After the assembly, one 4" joint and one 3" joint were end-capped
and fitted for a hydrostatic pressure test.

On Thursday, April 8, 1982, I returned to the shop to observe the hydrostatic
tests on the two assembled pipe joints. The 4" pipe joint was filled and pres-
sured to 5500 psig and the 3" joint was filled and pressured to 6000 psig. In

each test, the final pressure was held for approximately 5 minutes. Tnganuan%
no indications of failure of any nature in the tested joints. &s\“?gﬂ,goj’%
g&s?u“ “u/kﬁz

for the 4" pipe, the IP @ SMY = 4424 psig. This can be explainedbyi
ability that the pipe steel had an actual grade in the range of SGQQQQ

& .. S -

%.
et ¥
7 * WE CERTIFY THE VALIDITY OF: E TEST REQPLT
'L R AND F ER CERTIFY IED
. ; SE0F I PE MIAS UT RT %ﬁ/
o . . [ ‘_@___—__?é—\
“ HERBERT J ESIDENT DATED

T J. GREEN,
BUTLER TAPER JOINT, INTL.

It may be noted that the test pressures exceed the Internal Pre55q§ " a .§¢19?:%C %
fied Minimum Yield (IP @ SMY). For the 3" pipe, the IP @ SMY = 5£ -
the qexs ;

ril

? %"ﬂu:?u 1\“

- Qs
‘ca‘:. '¢@ 25001 & &,
'\\O o Y
'“ED!&& = HENEE oy
NOTAHY P%L?.%NG

52/ STAT
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/ SOUTHWESTERRN LAS UM wrisss N
66{_ P.0. BOX 8768, 222 CAVALCADE, HOUSTON, TEXAS 77009

Client:

Project:

Technician

N\\i'll!llum’
3’\ ..h
Sy cr-.m\ﬂ?“ gt No. 53021~

= gt 1 122
=—\;l‘. 1E5 <5 R Re,gz&’t Date .02/21
D2 el

Hly,

i

%, & < §
BUTLER TAPER JOINT, INC. e SEaEY ey BT e *EESJEE'%?F‘{EES
7600 W. Tidwell, Suite 114 R TS T PR THES ;ﬁf
Houston, Texas 77040 " HERBERT J {GREEN, PRESIDENT DATED
Attention: Mr. Major G. Butler BUTLER TAPER JOINT, INTL

Y Sy paliors /Y93
Hydrostatic Pressure Test of Surelock Joint Al Mk o I? 74/

RENEE ARMSTRONG,.
NOTARY PUBLIC

| STATE OF TEXAS

2/ My Comm, Exp. 08-14-86

One 4 1/2-inch-Grade B-seamless-schedule 80 pipe specimen.with.suzelock-doinf

was received for testing by Southwestern Laberatories, Inc. on February 20,

1985, This pipe specimen had reportedly been tested for bend and sag bend at

Rice University Mechanical Enginearing Laboratory by Doctor Merwin.

MATERTAL

TEST PROCEDURE

The surelock joint was pressurized with water to various pressure levels and

held for various lengths of time while being checked for Teaks, on February
20, 1985,

TEST RESULTS

The surelock joint was pressurized to 500 psi for two minutes, and then to
2,000 psi for two minutes, and then to 3,400 psi for two minutes, and then to
4,420 psi for three minutes, and then to 5,240 psi for four minutes. The Sure-
lock joint was then depressurized to 0 psi and pressurized to 5,240 psi for
three minutes, and then depressurized again to 0 psi and pressurized to 5,760
psi for three minutes.

There was no leaking from the surelock joint at any of these pressura levels.

WITMESSES

The pressure test was witnessed by-Hygh.G. Bourhill, with Lloyd's Register of

Shipping, and by Major G. Butjér"@ﬁdj&@p gmin Rencoret, with Butler Taper
Jeint, Inc.

SOUTHWESTERN LABORATORIES

Bob Blanck

Copres: 3-Butler Taper Jdoint, Inc.

ckl (6%%29)ﬁ<
Clyr fetters and 1eponis ara for the axclutive use af the client 10 whom thay are addressed. Tha use of our Name Must recaive our prior writien apdraval Our |
Sl TGt deply Only to the sample tested and or nsuecied, and dra not sacessanily indicative of the guaniities ol apparently (@entical or siinilar prouucTs,
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D Oadlity VALVE & MACHINE WORKS, INC.

l v RT. 8, BOX 6 » HUNTSVILLE, TEXAS 77340 ® (713)291-8148

CERTIFICATION OF HYDROSTATIC TESTING

PRODUCT: 114MM O.D., 8MM WALL LINE PIPE
GOST STANDARD 8731-87, 8732-78
STEEL GRADE 20 (Manufactured in Russian Federation)
Sample furnished by Tatneft Production Association
[4.5" O.D. x .300" WALL THICKNESS]

CUSTOMER: BUTLER TAPER JOINT, INC.

HYDROSTATIC TEST DATA

-PRESSURE: 45088 PSI (386.18 ATMOSPHERES)
DURATION (HRS): 24 Hes.
TESTED BY: Loy Mipphins,
Approved Rejected bate
Al bly Foreman - j -
ssembly ’/1/4:,& dﬁ;Zﬂ.n\ iI-11-93

|
Chief Inspector ﬂb‘/‘;pn__éQ ))-1-93
. i
0.A. Manager %MJ w@/ /- L1-93

DESCRIPTION: 114MM 0.D, 8MM WALL, RUSSIAN STEEL PIPE SAMPLES, MARKED STEEL GRADE 20,
WERE PREPARED AND ASSEMBLED IN OUR TEST FACILITY. THE PIPE ENDS WERE FORMED (BELLED
AND TAPERED) ON BUTLER MODEL 26 END PREPARATION MACHINES AND ASSEMBLED WITH A
BUTLER MODEL 26 ASSEMBLY MACHINE. BUTLER EPOXY WAS UTILIZED AS A SEALANT. ALL WORK WAS
CONDUCTED NORMALLY WITHOUT INCIDENT. ALL-WORK STEPS WERE WITNESSED BY QUALITY
VALVE & MACHINE '‘WORKS QUALITY CONTROL PERSONNEL.

BTJTEST .DOC
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(5)
TATNEFT INSTITUTE BUGULMA
(RUSSIA)

{1994}
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TEST SCOPE:

TESTING DATE:

TEST LOCATION:

TEST SAMPLE:

JOINT

MEASUREMENT

POINTS

TATNEFT / BUTLER
MECHANICAL JOINT TEST DATA
ALL TESTS CONDUCTED AT TATNIPINEFT INSTITUTE
BUGULMA, TATARSTAN, RUSSIA

PRESSURE TEST OF FIVE JOINT SAMPLE TO DESTRUCTION
SAMPLE PREPARED USING BUTLER MODEL 24 ASSEMBLY MACHINE
LINE PiPE PROVIDED BY JOINT STOCK COMPANY TATNEFT

27 MAY 1994

TATNIPINEFT INSTITUTE, BUGULMA, TATARSTAN

114 MM QUTSIDE DIAMETER PIPE, 4.5 MM WALL THICKNESS, WELDED PIPE
FIVE (5) JOINT SAMPLE PREPARED BY TATNIPINEFT ON 26 MAY 1994
USING A BUTLER MODEL 24 MECHANICAL JOINT ASSEMBLY MACHINE.

THE PIPE USED WAS CONSIDERED TO BE OF POOR QUALITY, WITH A
INCONSISTENT WELD SEAM AND NON CONFORMING WELD CROWN HEIGHT.

1 2 3 4 3 END

12 3 4 5 6 7 8 9 10

J = MECHANICAL JOINT
P = MID SECTION OF PIPE BETWEEN JOINTS

MEASUREMENTS TAKEN BEFORE DURING AND AFTER PIPE SAMPLE YIELD:

MEASUREMENT PRIOR TO TEST WHEN YIELDED NEXT DAY
POINT (IN MILLIMETERS) (IN_MILLIMETERS) PRESSUR
1 121.67 121.67 (+.00) 121.67 (-.00)
2P 115.31 115.57 (+.27) 115.31 (-.27)
3 121.67 122.43 (+.76) 122.17 (-.26)
4p 115.06 115.82 (+.76) 115.06 (-.76)
5 121.67 122.43 (+.76) 121.92 (-.51)
6P 115.32 115.82 (+.50) 115.32 (-.50)
7J 121.41 121.79 (+.38) 121.54 (-.25)
8P 114.81 115.32 (+.51) 115.06 (-.26)
9 J 121.79 122.17 (+.38) 122.05 (-.12)
10P 115.06 115.57 (+.51) 115.57 (-.00)

OFFICIAL TEST DOCUMENT IN RUSSIAN
LANGUAGE CONTAINS TATNIPINEFT
INSTITUTE OFFICIAL SEAL

APER
< Yo
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AHANUZ PE3YNLTATOR W3IMEPEHWMM
NATUCTLIKOBOTO COEAMHEHWA U3FOTORNEHHOIO HA CBOPOYHOM

AMFPErATE 24 "EBATNEP"Y

AaTa vocnuTaMun - 27 Man 1994 ropx
MecTo npoBepeHns - TATHWIMHE®TL, r. Byrynema
MpepreT WonuTandup - MATUCTHKOBOR obpazey coegmueuuﬁ usro-

TOBRAEHHWIA NO TexHoONoOruu ¢upHe "bBaTtTnep"
M3 CBAPHOW TPYOBH puamMeTpoM 114 mMnm, Ton—
UHMHOW CTEHKW 4,5 MM W HeyASNeHHHM NpOo-—
ROFALHLM FPAaTOM.

Crekcn 1 2 2 4 S

MecTa nsmnepernn i 2 3 4 9 () 7 8 g9 10

TREANMUA M3MEPEHWIM BHEWHErO IAMAMETFPA (MM)

MECTO NEPEL WCMLITAHWEM nPKU 150 ATM HA CNEAYLAN
W3MEP EHWA BEHL
(6ez pasneHvn)
1 crue 121.67 121.67 (+ 0.00) 121.467 (- 0.00)
2 Tpy6a 115. 31 115.54 (+ 0.27) 115.31 (= 0.27)
3 cTHK 121.67 122.43 (+ 0.76) 122.17 (- 0.26)
4 Tpyéa 115. 06 115.82 (+ 0.76) 115.06 (~ Q.7&)
5 cTuK 121.67 122.43 (+ 0.76) 121.92 (= 0.51)
6 TPy6a 115.32 115.82 (+ 0.50) 115.32 (- 0.50)
7 CTHK 121.41 121.79 (+ 0.38) 121.54 (~ 0.2%)
8 Tpyba N 114.81 115.32 (+ 0.51) . 115.06 (- 0.26)
9 cTeK .ﬁél*;gk#:%2121.79 122.17 0.12)
| _ ‘:1i§.06 115.57 0.00)
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TATHE®Tb /EARTNEP

PE3YNbTATH UCMLITAHUAA MEXAHWYECKWKX COEAVHEHW

AATA ANAMETP TPYE TOMIMHA CTEHKMK NLABNEHUE PEIYNLTAT
tH MM ATHM

25 05 94 89 (csapHan) ) 150 YTeuerk HeT

27 05 94 114 (csapHan) . 4,5 : 135 YTeuex Her

27 03 94 114 (-gapHar) 4,5 100 YTeugr HeT

npuM. 1 150 YTeuka B
PEHAOHE HEey—
AANEHHOr O
rparTa

31 03 94 168 (-papHan) & 150 .YTEHEK HeT

31 05 94 168 (cmapHar) 7 : 150 YTeuex HeT

Z1 05 94 273 (BecuosHan) 9 100 YTeuer HeT

31 05 94 273 (GecuwoBHAR) 9 100 YTeuex HeT

NPUM. 2

Q1 06 74 89 (fecuwoBH&aR) 7 200 Yreuerk HeT

300 YTeuek HeT

Mpureuanmne 1 : MNATUCTHKOBLHE 06pasel CBAPHOW TPY6H € HeYRAN@HHHM NROADNLHEM
rpaToM.
flpyw pocTumeHuun paBneHnA B 150 ATHM HabnKARAOCE WIHMEHEeHWe Ana—
MeTpa TPY6W B npegenax ot + 0,25 uW ao + 0,75 mM.

MpuMeuwanue 2 : (MoAroToBKE& KOHYOB W COBAMHEHHUE AEHHOro 06PaSUa OCYWECTBARNOCK
Ha nopgenu 300 kanubposouyHora arperava "bBaTnep", ycvaHoBneHHO-
qﬁ”‘ﬁp&ueTbeecmnM ZaBOfAe N0 rMPOWESBOACTBY MnT Mo "TartHedTn"

/v_gm"&t‘i 4. Oépazey noprorvosned 30 Mam 1994,

¥ ;-;

i@ P e b _:'.l_
PR _ RETEA ..
P : SR R
- PR N .
v IR PR Y .
0 oot RV L ow

. Db :
" i R .4 -
el
RGN,

AT M S

el
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TATNEFT / BUTLER
MECHANICAL JOINT TEST DATA
ALL TESTS CONDUCTED AT TATNIPINEFT INSTITUTE
BUGULMA, TATARSTAN, RUSSIA

PIPE QUTSIDE DIAMETER PIPE WALL THICKNESS TEST PRESSURE TEST
TEST DATE {IN MILLIMETERS) (IN MILLIMETERS) (IN ATMOSPHERES) RESULTS
27.5.94 89 MM (WELDED PIPE) 6 MM 150 NQ LEAKS (PASSED)
27.5.94 114 MM (WELDED PIPE) 4.5 MM 135 NO LEAKS (PASSED)
27.5.94 (1) 114 MM (WELDED PIPE) 4.5 MM 100 NO LEAKS (PASSED)
NOTE: TAKE SAMPLE TO DESTRUCTION 150 PIPE YIELDED

JOINT PASSED TEST
SEE PAGE TWO (2)

31.5.94 168 MM (WELDED PIPE) 6 MM 150 NO LEAKS (PASSED)
31.5.94 168 MM (WELDED PIPE) 7 MM 150 NO LEAKS (PASSED)
31.5.94 273 MM (SEAMLESS PIPE) 9 MM 100 NO LEAKS (PASSED)
31.5.94 (2) 273 MM (SEAMLESS PIPE) 9 MM 100 NO LEAKS (PASSED)

NOTE (1): FIVE JOINT SAMPLE OF HEAVY SEAMED PIPE WITH EXCESSIVE WELD CROWN. PIPE
YIELDED UNDER PRESSURE AT 150 ATMOSPHERES. MEASURED YIELD RANGED FROM
.25 MM TO .76 MM.

NOTE (2): PIPE ENDS FORMED AND JOINED USING BUTLER MODEL 350 CALIBRATION MACHINE
INSTALLED AT JOINT STOCK COMPANY TATNEFT 27 MAY 94. SAMPLE PREPARED
ON 30 MAY 94.

OFFICIAL TEST DOCUMENT IN RUSSIAN
LANGUAGE CONTAINS TATNIPINEFT
INSTITUTE OFFICIAL SEAL
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ISO 9002 IRt
Certificate Number: 30689.3 INSPECTION COMPANY, INC.
HYDROSTATIC TEST DESCRIPTION
TEST REPORT NUMBERS N68253-1 AND N68953-2
TEST DATE: JANUARY 27, 2004
CUSTOMER: BUTLER TECH INTERNATIONAL LLC

CUSTOMER INFORMATION:
BUTLER TECH SURE-LOCK MECHANICAL PIPE JOINTS AS FOLLOWS:

ONE EACH, 12-3/4" DIAMETER X .375" WALL MECHANICAL PIPE JOINT
PIPE SPECIFICATION: API 5L GRADE B, X-42

ONE EACH, 16" DIAMETER X .375” WALL MECHANICAL PIPE JOINT
PIPE SPECIFICATION: API 5L GRADE B, X-42

TEST DESCRIPTION:
12-3/4” DIAMETER X .375" WALL MECHANICAL PIPE JOINT:

INITIATED HYDROSTATIC TEST AT 500 PS| AND INCREASED PRESSURE IN 500 PS|
INCREMENTS. HELD PRESSURE AT EACH 500 PSI INCREMENT TO ASSURE NO
LEAK OR OTHER FAIL.URE OF MECHANICAL PIPE JOINT. PIPE DEMONSTRATED
YIELDING AT APPROXIMATELY 3000 PS|. PRESSURE INCREASED TO AND HELD
AT 3300 PS| CUSTOMER SPECIFIED TEST PRESSURE. NO LEAKS OR PIPE JOINT
SEPARATION. TEST CHART PROVIDED.

16" DIAMETER X .375" WALL MECHANICAL PIPE JOINT

INITIATED HYDROSTATIC TEST AT 500 PSI AND INCREASED PRESSURE IN 500 PSI
INCREMENTS. HELD PRESSURE AT EACH 500 PS! INCREMENT TO ASSURE NO
LEAK OR OTHER FAILURE OF MECHANICAL PIPE JOINT. PIPE DEMONSTRATED
YIELDING AT APPROXIMATELY 2200 PSI. PRESSURE INCREASED TO AND HELD
AT 2450 PS| CUSTOMER SPECIFIED TEST PRESSURE. NO LEAKS OR PIPE JOINT
SEPARATION, TEST CHART PROVIDED.

TEST : BY MR. DAVID DOWN, SNT-TC-1A LEVEL |l| INSPECTOR
IGNATURE:
DAVID DOWN
QUALITY CONCEPTS INSPECTION CO., INC.
ISQ 3002 CERTIFIED

7825 Hilmont Houston, Texas 77040 (713) 680-2703
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1509002 T P TS
TS INSPECTION COMPANY, INC.
HYDROSTATIC TEST REPORT# _N68953-1
CUSTOMER: B! Of# 543021

MATERIAL: APISL.GB/X-42 HT# A44273 PCS__1

CUSTOMER INFO:

SPECIFICATION:_HYDROSTATIC TEST (@ 3300 PSI

e s s s sk ke e ofe sfe sfe ok ok sk she s e sk she sk ok ok ok 2k ok se ke sk sk sk sk ok sk ok ok sk ke ok e ke e e sk e she sk sk st e ok s e s sk sk sfe s sk sl sl s s sfe sl sk s ook e ek

INSTRUMENT: Qil & CALIBRATION DATE: 01/23/04

CHART S/N: MP-5000

o o s o e o e e ke s oke e e s sfe o e she sl ot e s s sfe s sfe e s sie e s s s s e sfe s s s e ofe sl e sl sk she sl sl ke s ok e e e skl sfe e e s e sfe e e s ke sk

COMMENTS:

sk e s o sie s ofe e ofe sfe Sk she S s sk s s ke o ok 2k sk e e s oheske 3¢ s sk ol o sk ok sl ok e ok sk ok sl sk sl sk st s e e e s ok sk Sl sk S st skeske o sk st ool el sl seok

TEST EQUIPMENT USED TO CALIBRATE IS TRACEABLE TO NATIONAL
BUREAU STANDARDS AND CERTIFICATES ARE ON FILE, CONFORMING
TO MIL-STD-45662.

s ks sk st s s o s b e s s o s sk e sk s s e s e e e sk o e sk o e ok o ke o sl s s o o sk ok s ke s e e s st sk st e st skt sk s sk skl okeok

RESULTS: 1 N/A _N/A
Pc’s Acceptable Pc’s Recordable Pc’s Rejectable

OPERATOR: DAMIQQOJ&N&DM@: 01/27/04  SNT-TC-1A LEVEL 1II

7825 Hillmont  Houston, Texas 77040 (713) 690-2703
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ISO 92002 D LS
Certificate Number: 30689.3
s INSPECTION COMPANY, INC.

HYDROSTATIC TEST REPORT# _ N68953-2

CUSTOMER: B A\TT - PO# 543021

MATERIAL: APISLGB/X-42 HT# B65583 PCS__1

CUSTOMER INFO:_16" X 315" AL PIPE

SPECIFICATION: _HYDROSTATIC TEST (@ 2450 PSI

sfe s o e e e o s sde o o iR e ok ok e sk sk sk sk shesie ke ke 3 ok ke sk s ool sk sk sl sk el ok sk ke 3R sk e sie e st sk sfe ok ofe s sk s sfe sl s sl sk ok e sl skosle sie sk e ke sk sk ik

INSTRUMENT: Oil & Gas Measurement Equip. =~ CALIBRATION DATE: 01/23/04

CHART S/N: MP-5000

S s sk sk ok s oo ko ks okt o oo oo sk ke ok ok sl ok o o ks s ks ok ok o ok s sk ok o ok ook sk ok sk sk ok sk ok
COMMENTS:1 PC PA , EPARATTI

e sfe s e sk s s e sfe s o e ofe e s o e ke ok s e e s s e s s s ke ke sk o e s s ok e ol s s s e ke st s sk sl ke sl s s sk sfesfe sk sk s sk sl e sk sk g sk
TEST EQUIPMENT USED TO CALIBRATE IS TRACEABLE TO NATIONAL
BUREAU STANDARDS AND CERTIFICATES ARE ON FILE, CONFORMING

TO MIL-STD-45662.

s sk ol o o o s ok ke o o o o o e st ool e sl e o sk she skl st sk sk ste e e e sk s st skl ol o e sk st e st sl sk e e sk s ek e sl sk sl sk sl i sk sl Sk sk Rk ok ok

RESULTS: 1 N/A _ NA
Pc’s Acceptable Pe’s Recordable Pc’s Rejectable

OPERATOR: n;:mmmjg)ate: 01/27/04 SNT-TC-1A LEVEL II

7825 Hillmont Houston, Texas 77040 (713) 690-2703
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SouthWestern Laboratories

(Rice University, Houston TX)
{1985}
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REPORT ON

BENDING TESTS OF SURE-LOCK TAPER JOINTS

FOR

BUTLER TAPER JOINT, INC.

John E. Merwjn
February 18, 1985
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5@4 SOUTHWESTERN LABORATORIES

Materials, environmental and geotechnical engineering, nondestructive, metallurgical and analytical services

222 Cavalcade St. ¢ RD. Box B768. Houston. Texes 772438 ® 713/692-8151

January 18, 1985

BUTLER TAPER JOINT COMPANY
2012 Karbach
Houston, Texas 77092

Attention: Major Butler

Gentlemen,

Testing procedures conducted by Southwestern Laboratories are carried
out on equipment which is calibrated as required per Southwestern Labora-
tories Quality Assurance Manual to National Bureau of Standards traceabi-

. Tity. Testing conducted for BUTLER TAPER JOINT, INC., is therefore trace-
able to those standards. Published test data can be directly compared to
material requirements to determine an acceptance or rejection criteria.
Our data can be compared to codes or standards such as ASME, ASTM, AWS and

API.
Very truly yours,
SOUTHWESTERN LABORAT?;;;;L/in.
Robert D. Koester, P.E.
Manager, Metals/Metallurgical
Engineering Division

ROK/ ck1

cc: Brian Trembley

HOUSTON® DALLASS FORTT WORTH® ARLINGTON® BFALMMOMNTSTEXAS CIrTy & TE XABRK ARNA 8 MAIDLAND

— - SAN ANTOMNO® SHAEVE POAT ® MONADE ¢ P10 GRANDE VALLEYSLITTIE BOCK . )
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Bending Tests of Sure-Lock Taper Joints

Butler Taper Joint, Inc. has a patented Sure-lock Taper Joint
process for joining line pipe. In order to determine the suitability
of these joints for off-shore pipe laying operations, bending tests
were conducted on two joints, one Jjoining 4 inch schedule 40 pipe
and one joining 4 inch schedule 80 pipe.

In order to conduct the tests, a loading frame was designed
and fabricated to permit four point loading with a six foot overall
span, two foot shear spans, and a two foot pure moment span in which
the joint would be centered. This frame was installed in a 110 kip
MTS closed loop servo-hydraulic load frame as shown in Figure 1.
Loads were determined by a load cell with an accuracy of %% of full
scale. Two methods were used to indicate curvature. For the initial
small curvatures, electrical resistance strain gages were attached
to the pipe, and the curvature determined from the relation that
the curvature is equal to the strain divided by the outside radius
of the pipe. For larger curvatures, the curvature was determined
by measuring the central deflection relative to the inner supports
using a LVDT linear displacement transducer. For a pure moment span,
the curvature is equal to 8 times the deflection divided by the
square of the pure moment span. | ’

There were several reasons for using two methods of calculating
curvatures. First, the deflection method is inherently not accurate
for very small deflections. Also, the deflections measured initially
were affected by the clearances in various supports. Curvatures
calculated from strains are accurate for small curvatures, but as
the curvature increases, the pipe begins to oval and this ovaling
affects the measured strains.

To check the operation of the load frame and measurement system,
a piece of 4 inch schedule 40 A53 line pipe was tested. As expected,
the curvature calculated from deflections was .inaccurate until a

Mechanical Pipe Joint Systems, LLC
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curvature of about 0.002 l/inches was reached. After this, curvatures
determined by both strain gages and deflections agreed to within
about 2% until a curvature of about 0.009 1/inches. At this point,
the strains were too large to be measured with the instrumentation
as set up.

The two joints were tested on February 14, 1985. The tests
were performed in the Ryon Laboratory at Rice University, Houston,
Texas by John E. Merwin (Professor 1in the Department of Civil
Engineering) and assisted by Hugh L. Hales (technician). These tests
were conducted on the basis of a private arrangement between Merwin
and Butler Taper Joint, Inc. Major G. Butler, Benjamin Rencoret,
and Ren Clark were present as representatives for Butler Taper Joint,
Inc., and Peter D. Brock was the representative for Lloyd's Register

- of Shipping.

The schedule 40 pipe was X42 steel with a nominal outside diameter
of 4.50 inches and 0.237 inch wall thickness. The schedule 80 pipe
was Grade B 35 ksi steel with a nominal outside diameter of 4.50
inches and 0.337 inch 'wall thickness.

In order to simulate the effect of overbend before the sag bend
in an off-shore pipe laying operation, the shedule 40 pipe was first
bent to a strain of 0.00126 at a moment of 9.15 kip-ft. The pipe
was unloaded and rotated 180° so that the test could be continued
with bending opposite to the initial direction. Figures 2 and 3
show plots of moment versus curvature based on strains and deflections.
Strains in excess of 2% were reached in the pipe. [t should be noted
that the strains determine the curvature in the pipe near the joint
while the deflections determine an average "curvature" in the moment
span. Since the joint is stiffer than the pipe, curvature becomes
a somewhat arbitrary definition over a length that has changes in
stiffness. The roughness of the curves in all probability is not
a physical phenomenon in the pipe or joint but is related to friction
in the bearings in the load frame. :
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The pracedure for the schedule 80 pipe was similar to the scheduie
40 test. The initial bend was to a strain of 0.00127 at a moment
of 14.6 kip-ft. Figures 4 and 5 show the moment versus curvature
plots for the schedule 80 pipe. Again, strains in the pipe in excess
of 2% were reached.

From a structural point of view, both joints performed
satisfactorily. The minimum radii  of curvatures achieved,
approximately 12 feet for the schedule 40 and 11 feet for the schedule
80, are far more severe than would be expected in practice. Both
joints were still capable of supporting increases in the moment at
the termination of the tests. The only visible damage was cracks
in the excess epoxy sealer that was present at the lips of the bell
ends. Further tests of these bent joints are planned by Butler Taper
Joint, Inc. to determine if this bending has had any adverse effects
on the ability of these joints to contain pressure.
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HERBERT J. GREEN. PRESIDENT DATED
BUTLER TAPER JOINT, INTL, )

RENEE ARMSTRONG
NOTARY PUBLIC

STATE OF TEXAS
My Comm Exp. 09-14-98
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Mechanical Test Results of Butler Joint

March 1996

SUMITOMO METAL TECHNOLOGY ,INC.
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Table 4

Tensile Test Result of Testsd Pipe

No | Dia. | Thick. | Area of Yield Strength Tensile Strength Elongation
(0D) Section Load Stress Load Stress (G. L. :50mm)
{mm) (mm) (mm*) (KND (N/mm®) (KND (N/mm*) (%2

1 60. 3 3.91 693 251 262 348 501 48

Photo.1 Appearance of Tensile Tests
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“168.0x ‘6.4
Photo.2 Appearance of Specimens After Tensile Test

,3,
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1. Tested Material

Table 1 Chemical Analysis of Tested Materials
Specification | Diameter | Thickness Chemical Analysis (wt%)
of (oD)
Haterial (mm) (mm) C Si Mn p S Cu Al
60. 3 3.9 0.2210.1910.7210.010 |0.002 |0.01]0.020
API 5L
114.3 4.7 0.09(0.08(0.4810.013 [0.008 [0.01]0.039
%42 GrB
168. 3 6.4 0.0910.02]1.1510.015 |0.004 |0.017]0.039
Table 2  Mechanical Properlies of Tested Materials
Specification Déamﬁtef- Thickness | Yield Strength | Tensile Strength [ Elongation
of 0D
Material (mm) (mm) (N/nm?) (N/mm?) (%)
60. 3 3.9 348 486 43
API 5L
114. 3 4.7 441 473 31
X42 GrB
168.3 6.4 409 467 37

2. Test Items

(D
(2)
(3)
(4)
(5)

Tensile Test
Fatigue Test
Bend Test
Burst Test
Torsion Test

3. Test Results

3.1

Tensile Test
(1) Testing Machine :

(2) Test Results -

Universal Testing Machine ( Load : Max.200KN and 300KN )

Mechanical Pipe Joi
85

Table 3 Tensile Test Results of Butler Joints
No.| Dia. | Thick. | Area of | Maximum Tensile Position | Length of
on) Section Load Strength of Insertion
Gom) (mm) (mm®) (KN) (N/mm?) Fraclure | L (mm)
60.3 3.91 693 254 | Ave. | 367 [ Ave. | Fitting
255 369 | Zone 90
2 60. 1 3.94 695 257 370
114.5 4.74 1634 659 [ Ave. | 403 | Ave. | Fitting
653 400 | Zone 140
4 [114:3 | 4.74 1633 646 396
168. 1 6. 35 3233 1240 | Ave. | 384 | Ave. | Fitting
- 1251 387 | Zone 210
6 [168.2 | 6.38 | 3245 1261 389
I hY
() )
( __(
k-1

int Systems, LLC




3.2 Fatigue Test

(1) Testing Machine : flydraulic Servo-Controlled Testing Wachine ( Load : Max.200tonf )

(2) Test Condition

Loading Method : Axial Load Controll-Pulsating Fatigue and Sine Curve
Internal Pressure : OSkgf/cm® (Air)

(3) Test Results
Table 5

3.3 Bend Test
(1) Testing Machine
(2) Bending Method :

: Universal Testing Machine ( Load : Max. 100tonf )

4 Points and 3 Points Bending

(3) Internal Pressure : b5kgf/cm® (Air)

(4) Test Results

Table 6 Bend Test Results of Butler Joints

No.| Diameter | Thickness Benﬁing Method | Maximum Bending Angle
(0D) Bending Angle at Air Leak
(mm) (nm)

1 114. 3 4.7 4 Points 24.2° 24.2° (No Leak)

2 114.3 4.7 3 Points 17. 4 14.0°

3.4 Burst Test
(1) Testing Machine :

(2) Test Results

Combined Load Testing Machine ( Tension and Compression : Max. 2000tonf
Stroke:Max. 350mm
Hlydraulic Pressure : Max. 3000kgf/cm® )

Table 7 Burst Test Results of Butler Joints

No.| Diameter | Thickness Pressure at
oD) Yater Leak
(mm) (mm) (kgf/cm?)

1 60.3 3.9 L 1)

2 114.3 4.7 380

3 168. 0 6. 4 365

Note : lkgf/cm?=9.80665x10* Pa(N/m*)
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Stress Range A o (kef/mm®)

30

25

20

15

10

i
& R
o o 6—)- S e o

10°

Number of Cycles N

Fig.1 Relation of Stress Range and Number of Cycles
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Photo.3 Appearance of Fatigue Test
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Photo.4 Appearance of Bend Test (4 Points)

,10,
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H
:

Appearance hefore Bend Tegl

Appearance after Bend Test

Photo.5 Appearance of Bend Test (3 Points)
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*168. 0% 6.4
Photo.6 Appearance of Specimens Before Burst Test
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Photo. 7 Appearance of Specimen after Burst Test

_14_
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3.5 Torsion Test

(1) Testing Machine :

(2) Test Result

Hydraulic Powered Tong Unit ( Torque :

250001 t-1b(3500kg-m)

Make up r.p.m :

2-r.p.m )

Table 8 Torsion Test Result of Buller Joint
No | Diameter | Thickness | Maximum Torque Turns
.n
(mm) (mm) (fi-1b)
1| 114.3 4.7 16187 0.37
g 18.20}
X 16. 14 | fafw
3 12.08 ) |
7
- 9.02 | l
L
W 5.94 |
g a
E 2.91 b H
P ' ; [
1 1 1 1 rl 4 -—""Jlr i q‘lkl'
TURNM 0700 0:09 0.18° 0.26 0.35 (.45 0.52 0.40 O e . &

Fig.5 Torque - Turn Graph

Mechanical Pipe Joint Systems, LLC
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Photo.8 Appearance of Torsion Test
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RUSSIAN JOINT STOCK COMPANY “GASPROM”
VNIIGAS - ALL RUSSIAN SCIENTIFIC RESEARCH INSTITUTE
FOR NATURAL GASES AND GAS TECHNOLOGIES

PAGE 1 OF § “-%ﬂ::-—'-"”

=
SUMMARY OF THE TEST REPORT ON SURE LOCK “'#‘;?l'?%g%

MECHANICAL PIPE JOINTS S Y

PURPOSE OF TEST PROGRAM : THE FOLLOWING TEST PROGRAM WAS CARRIED OUT IN 1998
TO DETERMINE THE POSSIBILITY OF USING BUTLERS' MECHANICAL JOINT SYSTEM WITHIN RUSSIAN
NATURAL GAS INDUSTRY.

NUMBER OF JOINTS TESTED: THE PROGRAM OF THE TESTING WAS PERFORMED ON 20
“SURE LOCK” JOINTS WHICH WERE MANUFACTURED UTILIZING BUTLER MODEL 26 ASSEMBLY
PRESS MACHINE INSTALLED AT THE PIPE PREPARATION FACILITY OF RUSSIAN OIL COMPANY
“BASHNEFT".

TYPE OF THE PIPE: PIPE JOINTS TEST SAMPLES WERE MADE FROM THE RUSSIAN GOST
8732-78 STANDARD SEAMLESS PIPES 114 MM OD AND 6 MM WALL THICKNESS, STEEL GRADE 20.
THE OFFICIAL PIPE MILL CERTIFICATE WAS PROVIDED TO ASSURE THE QUALITY OF THE PIPES.

TYPES OF TESTS PREFORMED: THE COMPLETE TEST PROGRAM IMITATED THE
CLOSE VIRTUAL REAL LOADS WHICH MAY OCCUR IN PIPELINE DURING REAL OPERATIONS.
FOLLOWING TYPES OF TESTS WERE PREFORMED:

STATIC AXIAL PULL APART TEST
BEND TEST
TORSION TEST

CYCLE PULL APART TEST
BEND TEST

THERMAL TEST
PRESSURE TEST AFTER SEVERAL BENDING STRAINS

THE DISTRIBUTION OF THE MECHANICAL JOINTS SPECIMEN FOR TESTING:

AXIAL PULL APART TEST 3 SPECIMEN
BEND TEST 3 SPECIMEN
TORSION TEST 2 SPECIMEN
CYCLE PULL APART TEST 3 SPECIMEN
CYCLE BEND TEST 4 SPECIMEN
CYCLE THERMAL TEST 2 SPECIMEN
PRESSURE TEST 3 SPECIMEN

DURING ALL TESTS ALL THE INTERNAL PRESSURES OF THE SPECIMEN WAS 30 ATM.

THE MAXIMUM TEST LOADS ON THE JOINTS FOR THE CYCLE TESTS WERE 0.9 FROM THE
GUARANTEED YIELD POINT OF THE PIPES ( STEEL 20 YIELD POINT = 25 kgs/mm2 , MAXIMUM TEST
LOAD =225 kgs/mm2.)

EACH CYCLE TEST CONSISTED OF 200 CYCLES.

THE TEST CRETERIAS : PLASTIC DEFORMATION
DESTRUCTING OF THE JOINT OR THE PIPE BODY

LEAKS
COMPLETING THE THE AMOUNT OF THE CYCLES

THE TEST RESULTS INDICATED THAT NONE OF THE SPECIMEN JOINTS LEAKED OR WERE
DESTRUCTED DURING THE TESTS.

Mechanical Pipe Joint Systems, LLC
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RUSSIAN JOINT STOCK COMPANY “GASPROM”
VNIIGAS - ALL RUSSIAN SCIENTIFIC RESEARCH INSTITUTE
FOR NATURAL GASES AND GAS TECHNOLOGIES %

PAGE 2 OF 5 m%q;\\)

SUMMARY OF THE TEST REPORT ON SURE LOCK %
MECHANICAL PIPE JOINTS

PULL APART TESTS
STATIC

STATIC PULL APART TEST WAS PREFORMED ON 3 SPECIMEN. THE TESTING WAS PREFORMED
UNTIL SPECIMEN DESTRUCTION, LEAKS CR SPECIMEN PLASTIC DEFORMATION.

DURING THIS TYPE OF TEST WHEN THE PULL APART LOAD REACHED ITS MAXIMUM POINT (F max)
THE JOINTS STARTED TO “OPEN" (PIN SECTION MOVED OUT OF THE BELLED SECTION). IN SPITE OF
"OPENING" THE JOINTS NO LEAKS WERE DETECTED. THE TEST WAS ACCOMPLISHED AFTER THE
JOINTS STARTED TO “OPEN".

AFTER THE TESTS THE JOINTS WERE PRESSURE TESTED AT 50 ATM, NO LEAKS WERE
DETECTED.

No| Fmax = Omax | Specimen Sizeofte | ~ Test  Test
_|_.(kg) . (kg/mm2) i deformation (%) __joints "opening’ (mm) _pressure (ATM)  result
1, 59400 , 292 02 | 0038 | .5 . _ Noleak
2, 50900 | 25 02 0.038 5 | Nolak |
3 55000 27 02 0075 | 50 |  Noleak
i i i f \
CYCLE

CYCLE PULL APART TEST WAS PREFORMED ON 3 SPECIMEN. THE TESTING WAS PREFORMED
UNTIL SPECIMEN DESTRUCTION, LEAKS OR SPECIMEN PLASTIC DEFORMATION.

THE MAXIMUM PULL APART FORCE IN THIS TEST WAS HOLD AT 0.8 FROM THE YIELD POINT OF THIS
TYPE OF PIPE AND WAS EQUAL Omax = 22,5 kilograms/mmz2.

THE ASYMMETRY COEFICCIENT OF THECYCLE WASR = 0.

WHILE THE CYCLE TEST WAS PREFORMED THE PRESSURE INSIDE THE TESTED SPECIMEN WAS
HOLD AT 30 ATM AND THE PRESSURE DEVIATIONS WAS MONITORED ALL THROUGH THE TEST.
THE TEST WAS ACCOMPLISHED AFTER ALL 200 CYCLES WERE APPLIED ON EACH OF THE
SPECIMEN.

NO LEAKS OR PRESSURE DEVIATIONS IN THE SPECIMEN WERE DETECTED DURING THE TEST
ITSELF,OR DURING THE POST TEST PRESSURE TEST AT 50 ATM.

No! ©'max |Frequency|  Numberof | Pressureinthe |  Posttest |  Test
_kg/mm2)| Mz cycles specimen (ATM)  _pressure (ATM) | _result
4] 225 | 02 . 20 | 3 5 _ __ Nolkak
5| 225 | 02 | 20 | 3% 5 . Noleak _
6, 225 | 02 | 20 | 8 | 5 Noleak _

Mechanical Pipe Joint Systems, LLC
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RUSSIAN JOINT STOCK COMPANY “GASPROM”
VNIIGAS - ALL RUSSIAN SCIENTIFIC RESEARCH INSTITUTE
FOR NATURAL GASES AND GAS TECHNOLOGIES

PAGE 3 OF 5 \% T
SUMMARY OF THE TEST REPORT ON SURE LOCK "% %E':)%
g

MECHANICAL PIPE JOINTS *,
BEND TESTS
STATIC

THE STATIC 4 POINT BEND TEST WAS PERFORMED ON 3 SPECIMEN. THE DISTANCE BETWEEN THE
QUTER SUPPORTS WAS 1104 MM, AND THE DISTANCE BETWEEN INNER SUPPORTS WAS 346 MM.
THE TESTING WAS PREFORMED UNTIL LEAKS OR SPECIMEN PLASTIC DEFORMATION.

WHILE THIS TEST WAS PREFORMED THE PRESSURE INSIDE THE TESTED SPECIMEN WAS HOLD AT
30 ATM AND THE PRESSURE DEVIATIONS WAS MONITORED ALL THROUGH THE TEST. NO LEAKS
OR PRESSURE DEVIATIONS IN THE SPECIMEN WERE DETECTED DURING THE TEST ITSELF, OR
DURING THE POST TEST PRESSURE TEST AT 50 ATM.

No.  Fmax | Ft_ | Hmax __ Hr | Test | Test
G | k) | _mm | mm | pressure (ATM)  __ result
7_15200_1 12200 | 2 | 165 | 50 | Noleak
8, 1o | 10200 | 26 . 14 | 80 | Nolak
9, 14600 | 12800 25 i 14 | 50 No leak

Fmax - THE MAXIMUM BEND LOAD ON THE SPECIMEN

Ft - THE BEND LOAD WHEN THE YIELD POINT OF THE PIPE WAS PASSED

Hmax - THE MAXIMUM BEND APPLIED ON THE SPECIMEN

Hr - THE REMANENT BEND OF THE SPECIMEN

CYCLE

THE CYCLE 4 POINT BEND TEST WAS PERFORMED ON 4 SPECIMEN. THE DISTANCE BETWEEN THE
OUTER SUPPORTS WAS 1104 MM, AND THE DISTANCE BETWEEN INNER SUPPORTS WAS 346 MM.
THE TESTING WAS PREFORMED UNTIL LEAKS OR SPECIMEN PLASTIC DEFORMATION.

FIRST TWO SPECIMEN ( # 10 AND # 11) WERE TESTED AT THE 11000 KG BEND LOAD, WHICH
EQUALS 0.9 OF THE YIELD POINT.

THE SPECIMEN # 12 AND # 13 WERE TESTED AT THE EXTREME CYCLE BEND LOADS.

WHILE THIS TEST WAS PREFORMED THE PRESSURE INSIDE THE TESTED SPECIMEN WAS HOLD AT
30 ATM AND THE PRESSURE DEVIATIONS WAS MONITORED ALL THROUGH THE TEST. NO LEAKS
OR PRESSURE DEVIATIONS IN THE SPECIMEN WERE DETECTED DURING THE TEST ITSELF, OR
DURING THE POST TEST PRESSURE TEST AT 50 ATM.

No Fmax . NUMBER _  Test _ | _ Test
| (k) | OFCYCLES | pressure (ATM)| _ resut
i ; 1
S| SN J I S S L
10| 11000 1-200 50| Noleak __
1| 11000 | 1-200 |, s0 | _ Noleak
| i ;
12 1000 1200 L
| ta000  201-400 L
| 16000 | 401-600 50 |  Noleak
13] 18400 ¢ 1-43 50 No leak
Fmax - MAXIMUM BEND LOAD OF THE CYCLE
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RUSSIAN JOINT STOCK COMPANY “GASPROM”
VNIIGAS - ALL RUSSIAN SCIENTIFIC RESEARCH INSTITUTE .

FOR NATURAL GASES AND GAS TECHNOLOGIES S
QQ"% S
PAGE 4 OF 5 %M\
SUMMARY OF THE TEST REPORT ON SURE LOCK “«ez_,“"%,’
"ug Ry

MECHANICAL PIPE JOINTS
TORSION TEST

TORSION TEST WAS PERFORMED ON 2 SPECIMEN ( # 14 AND # 15 ).

THE TESTING WAS PREFORMED UNTIL LEAKS OR SPECIMEN PLASTIC DEFORMATION OR
DESTRUCTION. WHILE THIS TEST WAS PREFORMED THE PRESSURE INSIDE THE TESTED
SPECIMEN WAS HOLD AT 30 ATM AND THE PRESSURE DEVIATIONS WAS MONITORED ALL
THROUGH THE TEST.

IN BOTH CASES THE TORSION LOADS OF 0.9 OF THE YIELD POINT (APPROX. 5 000
KG) WAS APPLIED ON BOTH OF THE SPECIMEN. NO DEVIATIONS IN THE INTERNAL
PRESSURES, LEAKS AND APPEARANCE OF THE SPECIMEN WERE DETECTED.

AFTER THAT IT WAS DECIDED TO INCREASE THE TORSION LOAD TO THE EXTREME IN ORDER TO
DESTRQOY THE PIPE OR TO TWIST THE JOINT.

SPECIMEN # 14 FIRST TWISTED AT THE TORSION LOAD OF 6900 KG (WHICH IS 1.24 OF THE Y.P.),
THE LOAD CONTINUED TO INCREASE AND THE SECOND TWIST OCCURRED AT THE LOAD OF 7300
KG (WHICH IS 1.31 OF THE Y.P.) AND ONLY AFTER THIS THE CONSTANT DECREASE OF THE LOAD
WAS RECORDED.

SPECIMEN # 15 FIRST TWISTED AT THE TORSION LOAD OF 7600 KG (WHICH IS 1.37 OF THE
Y.P.JTHE LOAD CONTINUED TO INCREASE AND THE SECOND TWIST OCCURRED AT THE LOAD OF
4500 KG (WHICH IS 0.81 OF THE Y.P.) AND ONLY AFTER THIS THE CONSTANT DECREASE OF THE
LOAD WAS RECORDED.

THE LEAKS ON BOTH SPECIMEN OCCURRED DURING THE FIRST TWIST, WHICH OCCURRED AT THE
LOADS WAY PASS THE YIELD POINTS OF THE PIPES.

CYCLE THERMAL TEST

CYCLE THERMAL TEST WAS PREFORMED ON 2 SPECIMEN ( # 16 AND # 17). THE TESTING WAS
PREFORMED UNTIL SPECIMEN DESTRUCTION, LEAKS OR SPECIMEN PLASTIC DEFORMATION.

1 THERMAL CYCLE CONSISTED OF HEATING UP THE SPECIMEN UP TO + 80 C AND COOLING IT
DOWNTO + 20 C. 200 THERMAL CYCLES WERE APPLIED ON EACH OF THE SPECIMEN.

WHILE THE CYCLE TEST WAS PREFORMED THE PRESSURE INSIDE THE TESTED SPECIMEN WAS
HOLD AT 30 ATM AND THE PRESSURE DEVIATIONS WAS MONITORED ALL THROUGH THE TEST.
THE TEST WAS ACCOMPLISHED AFTER ALL 200 CYCLES WERE APPLIED ON EACH OF THE
SPECIMEN.

NO LEAKS OR PRESSURE DEVIATIONS IN THE SPECIMEN WERE DETECTED DURING THE TEST
ITSELF,OR DURING THE POST TEST PRESSURE TEST AT 50 ATM.

PRESSURE TEST AFTER SEVERAL BENDING STRAINS

THIS TEST WAS PREFORMED ON 3 SPECIMENS. EACH OF THEM WAS BENDED SEVERAL TIMES,
AND PRESSURE TESTED AFTER EACH BENDS. THE BENDS WERE MADE IN A DIFFERENT
DIRECTIONS TO IMITATE THE MOVEMENTS OF THE PIPELINE DURING OPERATION. THE TEST
RESULTS WERE RECORDED IN THE CHART PROVIDED HERE DOWN :
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RUSSIAN JOINT STOCK COMPANY “GASPROM”
VNIIGAS - ALL RUSSIAN SCIENTIFIC RESEARCH INSTITUTE
FOR NATURAL GASES AND GAS TECHNOLOGIES

PAGES OF 5

SUMMARY OF THE TEST REPORT ON SURE LOCK
MECHANICAL PIPE JOINTS

PRESSURE TEST AFTER SEVERAL BENDING STRAINS

(CHART)

SPECIMENNo. | 1STBEND 2NDBEND | BRDBEND | 4THBEND
18]  Fe | 14500 | 15800 15600 | 16600
| Hmax(mm) | 27 | 435 . 405 | 3
. Hrem) | 16 | 8 29 | 21
L P (ATM)__ 9 | 8 120 260
] i .

19]  F(g) | 16800 | 16800 | 19000 19000
__Hmax(mm) ' % | % 2 | 26
__Hrmm) | 14 21 15 I R
| P (ATM) ... 8o 130 1% | 260
20 Fea | tea0 | sso | 1700 | 180
| Hmax(m) | 24 | 3 | 29 | 26
__Hr(mm) 8 | 28 19 1 15

P (ATM) 80 120 150 260

F - BENDING STRAIN

Hmax - THE MAXIMUM BEND APPLIED ON THE SPECIMEN
Hr - THE REMANENT BEND OF THE SPECIMEN

P - PRESSURE TEST AFTER THE BENDS

NO LEAKS OR PRESSURE DEVIATIONS IN THE SPECIMEN WERE DETECTED DURING ALL THE
PRESSURE TESTS.

CONCLUSION OF THE TEST PROGRAM : BASING ON THE POSITIVE TEST RESULTS BUTLER
JOINTS AND MECHANICAL ASSEMBLY SYSTEM WERE RECOMMENDED FOR WIDE APPLICATION

WITHIN RUSSIAN NATURAL GAS INDUSTRY.

END OF THE TEST SUMMARY
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9 O Russian Federation Certifications
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RUSSIAN

GEINEPAJILHBIN 5
TOPHBIN U NTPOMBIIUJIEHHLIA
HAZ30P POCCHHU
(Focroprexnansop Poccu)

A. Jlykvanosa yn., a.4, kopn.8, Mocxﬁa, 105066 ~ - -

Tenedou: (095) 263-97-75 ®axc: (095) 261-60-43
E-mail: gosnadzor@gosnadzor.ru
www.gosnadzor.ru
OKITO 00029618, OFPH 1027739610425
WHH/KII 7710124814/770101001 /
(LI C3. Q008 o /0-073/5
7
HaNe _ 425/1-2004 . 02.03.04

(. 1

PROCESS / CONSTRUCTION CERTIFICATION

FEDERATION

—

['eHepansHoMy nupexTopy
OOO «HT B-3Heproauartoctukay

YBaxcaembiit Bnanumup Anexcanaposuy!

Ynpapnenue no Hapsopy B HedTAHON M rasoBoil NPOMBILLIEHHOCTH

pacecmorpeno npeacTtasie HHYIO

000 «HI'B-OHeproanaronoctrkay

«VIHCTPYKUMIO 1O NMPOEKTHUPOBAHHIO, CTPOMTENBCTBY, PEKOHCTPYKUWH H PEMOHTY
He)TerasonpoBOLOB ¢ NPUMEHEHHEM TEXHONOIHH «batnep»» cornacossisaer ee ¢
YHETOM 3aME4aHHM U MPENNTOKEHUH IKCTIEPTH3EL.

Havanenuk Ynpasnenus
Mo HaA30py B HEPTAHON U
rasoBOH NPOMBILIITEHHOCTH

Hen: Tawkos H.E., ten.: 265-77-86

//él’—' ~ C.H. Mokpoycos

~
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Process/Construction Certification
Russian Federation

Federal Service for Environmental, To General Director of OOO “NGB-
Industrial and Nuclear Supervision Energodiagnostika” (Go-
zGorTechNadzor of Russia) V.A. Nadein

A. Luk’yanova ul., d.4, korp 8, Moscow, 105066
Tel: (095) 263-97-75 , Fax: (095) 261-60-43
E-mail: gosnadzor@gosnadzor.ru www.gos-
nadzor.ru

OKPO (General Classifier of Enterprises and Organizations in Russia) # 00029618
(Primary State Registration Number) # 1027739610425
(Identification Number of Tax Payer) # 7710124814
(Taxpayer Classification Code) # 770101001

03/03/2004 #10-03/230

For # 425/1-2004 from 02.03.04

Dear Vladimir Aleksandrovich!

GozGorTechNadzor of Russia evaluated “Instructions for the layout, construc tion,
reconstruction and maintenance of oil and gas pipeline with the usage of “Butler” technolo-
gy”, given by LTD “NGB-Energodiagnostika”. GozGorTechNadzor validates the technolo-

gy along with comments, suggestions following the evaluation.

Head of GozGorTechNadzor of Russia S.N. Mokousov

Pashkov N.E., tel: 265-77-86
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'\*‘j’“fr EQUIPMENT CERTIFICATION
Py ."‘1.6 RUSSIAN FEDERATION

denepajibHLIA FOPHBIA H NPOMBINIICHHLINH HAX30P Poccml
(Focroprexsansop Poccun)

PASBPEIIEHHAE
Ne PPC 02-5414

Ha npumewrewne

OBopynosarue (TEXHHIECKOE YCTPOHCTBO, MATEDHAN)
OBOpYIOBRHHC AR CTPuUn toubLyse LPYOONPOBOJOB THAMETPOM L0 426 MM
COrMALHY LvpeYHiv B IIPHIOXKECHHH K HACTOALIEMY pa3speIleHHE0.

Kon OKIT(THBBI) 48 3400 (8462 21 800 0)

HsrotoButens (noctaBmwmk)  Kommanus "Butler Tech International,
LLC/Butler Tech Corporation” (Kingwood, Texas, 77325, USA).

QOOHOBaHME Bbinauy pasbelleHus JKCNOPTHOE 3aKNIOUCHIe
QOO0 "CXKC - Dueproguardoctuka" Ne7/407,2002.

YC0BUA H3rOTOBICHNS (NPUMEHESHHS)
Ilpencrasiaexne 3aKa3zyuKaM TEXHHIECKUX NACTIOPTOB (CEPTHHHUKATOR)
Ha 060pynoBauve; HHCTPYRINMIL 10 SKCINYyaTalliH, TEXHHYECKOMY

oGCTyUBaHUIO H PAMOKTY 000PYROBAHHA HA PYCCKOM A3HIKE.

CraTe-cekpeTaph - epBELi 3aMeCTUTEeNb
Havaneruxe IN'ocroprexnagzopa Poconn §

E.A. I{Ba}lﬂan

1] |¢|H§O. W

p (DoATTHCE, RONKIOCTS :
.MW 012519 = _

[
Y
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Process/Construction Certification
Russian Federation

Federal Service for Environmental Industrial and Nuclear Supervision
(GozGorTechNadzor of Russia)

Permission
# RRS 02-5414

For Utilization

Requisite ( technical equipment, work material)
Equipment for constructing oil and gas pipeline of 426 mm or less, according to the
checklist attached to given Permission.

Code (General Classifier of Products in Russia)
- High pressure fuel injection pump 48 3400 (8462 21 800 0)

Manufacturer (vendor) “Butler Tech International LLC, Butler Tech Corporation”
(Kingwood, TX 77325, USA)

Reason for issuing permission is Expert Conclusion of
agnostika” # 7/407.2002.

(13

— Energo-di-

Preparation conditions (utilization)
Presentation of Technical Passports (Certificates) for the equipment to the

consumer; instructions for the exploitation, technical service and maintenance of
equipment in Russian language.

Permission is valid until 21/02/2005
State Secretary — Primary Substitute of
Head of GozGorTechNadzor of Russia.
Permission given on 21/02/2002 E.A. Ivanov

(signature, title, . . . (last, first and middle name))

012519
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EQUIPMENT CERTIFICATIONS
RUSSIAN FEDERATION o

NPAJOXEHHE

x paspemenmo No  PPC (02-5414 or 21.02.08
(Ge3 paspewerua HenelCTRHTEILHG)

[TEFEYEHbL
ofiopyionanns womTARAA "Firtler Tech International, T.1CMntler
Tech Corporation” (CIIIA), paspemeHHOT0 K OPHMEHCHHIO
He TepprTopHE Pocouiickol Denepanny

1, Ofopyaoeanue "Sure Lock" sug nogroTorks TpyS i MeXaHRHECKOR
cBopxs TpYSoNpOBOROE, COOTBETCTBERHO Moaenel 24, 26, 26, 48,
485, 812, 1016.

2. Arperatsl "Bulls Eye" nns xannbposiu u GopMoBkE KOEIOE Tpy6,
COOTEETCTREEKD Momenelt 115, 170, 1708, 220, 2208, 350, 430,

3. 'appasnyueckKHe MACTOCTAELIHY G SMSKTPHYECKHM TPHBOI0M
HITH TPHBOZOM OT JBATATENEH BEYTPEHHEID CrOPaHHA,

Cranc-cexperaps - nepeit samectrTems - 8
Huuaasixa Iocroprexsansopa PoccHy
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Equipment Certification
Russian Federation

Attachment
To the Permission # RRS 02-5414 from 21/02/2002

(not valid without permission)

Checklist

*“ Butler Tech International, LLC/Butler Tech Corporation” (USA) Equipment has per-
mission to be utilized on the territory of Russian Federation.

1. Equipment “Sure Lock” for preparation of pipes and mechanical assembly of the
pipeline, according to models 24, 26, 26B, 48, 48B, 812, 1016.

2. Machine “Bulls Eye”, for collaboration and formation of the pipe ends, according to
models 115, 170, 170B, 220, 220B, 350, 450.

3. Hydraulic oil with electrical propulsion or propulsion from internal flaring
(incineration).

State Secretary — Primary Substitute of
Head of GozGorTechNadzor of Russia.

E.A. Ivanov
(signature, title, . . . (last, first and middle name))

001757
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1 OO Client Recommendations
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LIMITED LIABILITY COMPANY

NEFTEKAMSK OILFIELD EQUIPMENT FACTORY

452684, Russian Federation, Republic of Bashkortostan, city of Neftekamsk, ul. Montazhnaya, 7.

Telephone (34783) 5-24-20, fax (34783) 5-24-25 E-mail:nzno@bashneft.ru; www.nzno.ru

Settlement acc. 40702810200030000539 Branch Office of OAO “UralSib”, the city of Ufa
INN 0264022247 BIK 048073770 KPP 025250001 Corr. acc. 30101810600000000770 OKVED 31.10.9
OKPO 15283208

Date 01 October 2009 No. 11/1989

Yr Ref dated

To the Vice President of
“Butler Tech”
A. Yu. Sukhorukov

The “Butler Tech” company has implemented the technology and equipment for assembling
of pipes into double pipe joints (two pipes joined togethed mechanically) in the (plant) OOO
“NZNO” and in addition the assembly of pipe in field conditions by OAO “ANK “Bashneft” using
the Sure Lock mechanical pipe joint technology beginning in 1995.

During the period of operation of equipment from 1995 to 01.09.2009 over 5700 km of
pipeline was assembled using the Butler technology.

In the process of manufacturing of pipe sections, the mechanical joint is tested for endurance
by pressure 25% higher than the operating pressure of pipes of this nominal size. The tests are
performed at transitions from one nominal size to the other using certified equipment. Static and
fluctuating tension testing and bending tests were performed. The joints have withstood (passed) the
tests without losses of leak tightness up to the beginning of plastic deformation of the pipe metal.

This assembly technology ensures: an increased speed of pipeline construction of up to 1.5 to
4 km per day, a degree of pipe joint saftey measured at 150% of the yield point of the pipe,
elimination of temperature exposure in the joint area, a reduction of construction costs, the joining
of pipes with any anticorrosive coatings without destruction thereof, the feasibility of using light-
gauge pipes, the elimination of x-ray testing, the elimination of the need to purchase consumables
for welding work, environmental cleanliness and safety of construction, feasibility of construction
in any weather conditions, the need for smaller numbers of personnel, an improvement of work
conditions and the usability of the system in both plant and field conditions.

The pipelines have been installed and used in OAO “ANK “Bashneft” for about 15 years and
during this time there were no failures due to th fault of Sure Lock mechanical pipe joint.

Sincerely yours, Chief
Engineer V. Z. Gaskarov
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OBIWECTBO C OrPAHMYEHHOH OTBETCTBEHHOCTBLID

BATAEP TOK UHTEPHELLUHA

107082, Mocksa, yA. boa. Noyrosan 268, ctpoeune 2
HHH/KNN 77016869696,/77010100, Tea/daxc (495) 936 9669
e-mail : butlertechrus@mail.ru

October 15, 2015 Ne BTI - 088/10-15

Herbert James Green
President
Butler Tech International, LLC (USA)

Butler Tech Sure Lock Mechanical Joint Technology in Russian Federation

Dear Mr. Green,

The purpose of this letter is to update you on the certification status regarding pipeline construction in the Russian
Federation utilizing the Butler Tech Sure Lock Mechanical Pipe Joint and the related equipment and the adaption of a
significant regulation revision that we have been working toward for the past twenty-years.

As you are aware, Butler Tech Sure Lock mechanical pipe joint pipeline construction equipment has been utilized by
Russian oil companies in growing numbers since the initial introduction of the technology in 1994.

The utilization of the equipment has been formally approved by the Russian State Technical Supervision authority since
the first permit for Butler Tech equipment was issued in 1996. During that period and continuing to the present no
mechanical joint failures have been recorded resulting from the application of the technology under the established
procedures.

In 2004 the Russian State Technical Supervision authority approved the Butler Tech construction manuals and
procedures resulting in a significant increase of the volume of constructed pipelines utilizing the Sure Lock Mechanical
Pipe joint.

In 2015 based on the volume of pipelines constructed utilizing the Sure Lock technology, the ongoing successful test
results, multiple positive technical expertise studies conducted, and more than 20 years of unbreakable service of the
constructed Sure Lock pipelines, Russian State Technical Supervision (Rostechnadzor) applied a major change in title
718 of the «Rules and safety regulations in oil and gas industry», the most significant authority document for pipelines
constructed in Russian oil and gas fields, by withdrawing the exclusive requirment for joining steel pipes for oil and gas
field applications by welding only.

Applying this change into this primary pipeline construction document of the Russian Federation validates the total
acceptance of the Sure Lock Mechanical Pipe joint for construction pipelines as a normal construction practice.

Kind regards, , ,//
General Director
Butler Tech International (Russia) Yuri A. Sukhorukov
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lTLlé'olﬁpAOleL LUKOIL - West Siberia

No. 07-09-113 Date 26.10.09. To the Vice President of Butler Tech
company
Yr ref. 153-09-09 dated 21.09.09.

A. Yu. Sukhorukov
On performance of equipment
Dear Aleksandr Yuryevich!

During the period from 2001 in order to increase the rates of construction and lower the costs when
carrying out pipelines construction and installation work, OOO “LUKOIL - West Siberia” has
purchased four installations, manufactured in USA by “BUTLER TECH”, for mechanical joining of
pipes using Sure Lock technology.

The assembly equipment has proven itself to be simple in use and reliable in operation in climate of
West Siberia; it is used in various weather conditions: rain, snow, from -35°C to +30°C. During the
time of operation, neither assembly (power and joining units) nor shaping installations had any
emergency failures. Only scheduled maintenance with the use of consumables is carried out.

Since 1 November 2001 more than 1550 km of pipes have been constructed using these
installations. During the time of operation of pipelines there were no failures of joints caused by
design or process. With implementation of construction method using BUTLER TECH technology
welded joint corrosion problem has been eliminated.

First  Deputy  General
Director - Chief Engineer P. V. Oboronkov

V. Ya. Vedernikov
6-10-25

R. M. Pichuzhkin
6-10-88

A. N. Korkishko
6-10-60

Russia, Tyumen  oblast., Tel.: (34667) 2-98-00 Teletype 314357
628486, city of Kogalym, ul.

Pribaltiyskaya, 20 Tel./fax: (34667) 2-98-00, 6-14-36, 6-14-37 SIBIR RU
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OBWECTBO C OFPAHHMYEHHOH OTBETCTBEHHOCTBLIO

BATAEP TOK UHTEPHELLHA

107082, Mocxsa, ya. boa. Noyrosas 268, crpoeune 2
HHH/KNN 77016869696,/77010100, Tea/daxc (495) 936 9669
e-mail : butlertechrus@mail.ru

August 25, 2015

Mr. Herbert James Green

President

BUTLER TECH INTERNATIONAL, LLC (USA)
butlertechusa@gmail.com

Dear Mr. Green,

The following information on pipeline construction in Russian Federation utilizing Butler Tech
equipment is provided herein:

Butler Tech pipeline construction equipment is utilized by oil companies in Russian Federation
since 1994 at that period none of the mechanical joint failures were recorded.

The utilization of the supplied equipment and related procedures are approved by Russian
State Technical Supervision (Rostechnadzor) since the first Rostechnadzor Permit for Butler
Tech equipment was issued in 1996 (copy of which is enclosed to this letter).

Per early 2010 our company survey indicates the following Russian oil and gas companies
have been utilizing full range of Butler Tech equipment for industrial pipeline construction:

Open Joint Stock Company BASHNEFT — divisions:
Bashneft Yanaul

Bashneft Ufa

Bashneft Ishimbay

Bashneft Belkamneft

Total amount of constructed and utilized pipelines 5700 KM (3560 miles)

Medias transported salt water, oil and gas crude

Sizes and types of pipelines oil production and water injection
diameters from 76 to 325 mm with
internal two layer FBE plastic and
external three layer coatings, pressures
up to 200 ATM

Enviormental conditions winter ambient temperatures down to
—-35C(-31F)
summer ambient temperatures up to
+30C(86F)

Page 10f3
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NEFTSERVICEHOLDING

LIMITED LIABILITY COMPANY

“PIPELINE TRANSPORT SERVICE”
(000 “Servis TT”)

ul. Gaydara, 14a, Perm, 614077 Tel.: (342) 246-37-00, fax: (342) 290-11-83, e-mail: servicett@stt.pnsh.ru, www.stt.pnsh.ru

OGRN 1035901002378, INN/KPP 5906055030/590601001

24.09.2009 No. 1-01/1481 To the Vice-President of Butler Tech

International LLC
Yr Ref
Yu. A. Sukhorukov

(095)358 66 33

Testimonial on quality of Sure Lock mechanical pipe joints
Dear Yury Aleksandrovich!

In reply to your ref no. 152-09-09 dated 21.09.2009 on provision of information on the quality
of Sure Lock mechanical pipe joints we advise as follows:

During the whole period of use of Butler installation at the disposal of OOO “Pipeline
Transport Service” the enterprise has installed 96 km of pipelines of various diameter on the
territory of Komi Republic and Perm Region. During construction of all pipelines, plant prepared
pipe products with inside and outside anti-corrosive coating were used.

To date, OOO “Servis TT” has received no claims from customer operational services, no
notices of accidents at pipelines constructed using this pipeline construction technology. There were
no requests for warranty repair or replacement.

Appendix: Total length of constructed pipelines - 1 page.
Sincerely yours,

Deputy Director
For Development K. A. Kuznetsov

The quality management system of the organization has been certified to meet the
requirements of ISO 9001:2000
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Limited Liability Company
“Management Company “Tatneft-TruboprovodServis”

423450, Republic of Tatarstan,
city of Almetyevsk, ulitsa R. Fakhretdina, 98

Tel./fax:(8553) 37-42-10, settlement account No 40702810362360101601
OSB “Bank Tatarstan” No. 8610 of Volgo-Vyatsky SB RF, city of Kazan, Almetyevo branch No. 4683/060
OGRN 1061644057980, corr. acc. 30101810600000000603 with RKTs NB RT
BIC 49205603, INN 1644037308, KPP 164401001

23.09.2009 No. 2790/01-02-89
Yr ref. 152-09-09 dated 21.09.09

To the Vice President of
BUTLER TECH INTERNATIONAL, LLC
A. Yu. Sukhorukov

Dear Aleksandr Yuryevich!

Mechanical pipe joining equipment using Butler technology was purchased in 1998. Since 1999 to
date, a total of 1303.6 km of pipelines have been constructed at OAO “Tatneft” oil extraction
facilities using Sure Lock mechanical pipe joints, including 89 mm diameter x 4mm wall thickness
—1100.7 km, 114 mm diameter x 4.5 wall thickness — 202.87 km. The pipelines carry oil-gas-water
mixture with water content of 70-95%. Operating pressure up to 4.0 MPa. No cases of
depressurization of constructed pipelines were detected during 10 years of operation. Likewise, no
equipment failures were registered during the period of operation.

Director
000 “UK “Tatneft TruboprovodServis” Khamitov R. A.
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LU NTYKOWUN SIYKOWN-Komu

HEDTAHAS KOMNAHWA OBWECTBO C OrPAHWYEHHOR OTBETCTBEHHOCTLIO

Ne 04 | 70373 Mata <7 0% 7 H.o. [lupekTopa
00O «Cepsuc TT»

Ha Ne OT rocnoauMHy Ynuiakosy A.B.
KOTIHS:

['enepanibHOMY IMPEKTOPY
000 «HedtbcepBUCXOIIHH
rocnoauHy llutoBy A.A.

OT3bIB 0 NpojenaHHo# pabdoTe
YBaxaembldi Anekcert Buxktoposuy!

B nepuoz ¢ suBaps no anpens 2008 roga OO0 «Cepsuc TT» BbinonHs10 paboTsl
0 CTPOUTENLCTBY HarnopHoro Hedrenposona Ay 325 mm JIHC «basuasickas» - JHC-
8 «Yca», npoTskeHHOCTEH 39 kM MeTogoMm «batiep». HecMoTpst Ha CIOXHOCTH,
BO3HHKAaBIIHE B MPOLIECCE CTPOUTENLCTRA (MOrOAHBIE YCIOBUS, NPOOIEMb! C TOCTABKOH
TPyOHO# NpoayKuuu noa TexHosoruio «bataepy») paboTh! BLIMOIHEHBI B COOTBETCTBHHU
C YC/IOBHSMHM KOHTPAaKTa W XOPOLIHM KayecTBOM, YTO CMOCOOCTBYET BBIMOJHEHHIO
nporpaMMbi no 1o6bige nedru TIT «JIYKOMJI-Ycunckuedreraz» 000 «JIYKOMJI-
Komuy.

Beipaxaem 6mnarogaprocts kosuiektuBy QOO «Cepsuc TT» u pykosoacrsy OO0

((HE(bTbCBpBHCXOIII[HHI‘)) 33 pealuzallMio Mpo€KTa W HadeceMCs Ha JanbHeHIee
IJI0OAOTBOPHOE B3aUMOBBIINOJHOE COTPYAHHUYECTRO.

['eHepanbHbIHA AUPEKTOP A.P. Xabubynnux
Kopogaes

5-5144

Pocciha : Ten.:(82144) 5-53-60 E-mail: postman@lukpil-
169710, Pecnybnuka Komu, Dakc:(82144) 41-3-38 Ervae r ot =1 komi.ru
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@ ISH:I{:u(nnguIF LUKOIL-COMM

with Limited Responsibility

Community

# 04/10313 Date 04/23/2008 TO: Mr. Upilkov A.V.
Director of “Service TT” LTD

CC: Mr. Shitov A.A.
Director of “Neftserviceholidng” LTD

Recommendation letter or Review of Performed Job or Testimony of Performed Job

Dear Aleksey Viktorovich,

During the period of January through April 2008 “Service TT” LTD was laying pipeline in the diameter
of 325 mm DNS “Bayadinskaya” — DNS 8 “Usa”, stretching 39 km, with Butler Technology. While using
“Butler” technology to lay the pipes, even though we have ran into some weather related problems, the job
was completed successfully with good quality, according to the agreements in the contract which leads to
completion of oil extraction for “Lukeoil-Usinksneftegas” TPP and “Lukeoil-Kommi” LTD project.

We are expressing our gratitude to LTD “Service TT”” and the management of “Neftserviceholding”
LTD for implementation of the project, and hope for mutually fruitful collaboration in the future.

General Director A.R. Habibulin
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CE

T4

C-E Velco Searvices, Inc. (. Tel J10AG1 611 (
A Subsigiary of Caple Combeng
Combustion Engineerning. Inc Teiex 775-583

1600 Brittmoore Road

Houston Texas 77043

VETCO

SERVICES
March 3, 1982

Mr. Major Butler
President

Butler Taper Joint, Inc.
2012 Karbach Street
Houston, Texas 77092

Ref: Information to Mr. Raviola,
Pres. Casing S.A.
(Jobs performed Nov-Dec 1981.)

Dear Mr. Butler:

This letter is to inform you that we have used the Butler Taper Joint
system '"Sure-Lock" to connect pipe in the jobs performed in Seminole and Denver
City, Texas, we are totally satisfied with the performance of this system.

At the Seminole, Texas job we connected 18,980 feet of 3'" and 4"
diameter pipe schedule 40 ERW supplied by a U.S. Mill. The pipe was
internally coated with Epoxy Coating #226. The pipe was lowered into the
ditch, partially covered leaving the connections exposed and then tested
to 2,160 PSI.

At Denver City, Texas, a total of 365,000 feet was connected without
any problems. The pipe was &' diameter, seamless, schedule 40 DRL manufactured
by Mannesmann and internally coated with a phenolic coating #242. Hydrostatic
testing was performed applying 2,000 PSI.

All testing was done by Pipeline Engineers, and the pipelin_es were
approved for service without observations. The job averaged 280 joints
per 8 hours work shift.

The testing exceed the API (American Petroleum Institute) norms and
the recommendations for pipeline service and comply with the requirements
exceeding the test criteria of the U.S. Department of Trainsportation,
Pipeline Safety Office (DOT) Sections 192.273 Sub Part F of the Safety
Standards applicable to the industry in the United States.

In summary, we can report that the performance and integrity of the

system is excellent. The time saved in the field installation made possible
the completion of the jobs in record time.

Very truly yours,

Dk I ehos

Paul Ste [’f'cn}mrp,en
Technical Services

PS:vs
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VETCO SERVICES, INC.

9545 KATY, SUITE 480 HOUSTON, TEXAS 77024 TEL.: 461-8112 TELEX: 775756

[
[

June 29, 1977

B
- .'.'

Mr. Major Butler
14707 Early Hollow
Cyprus, Texas 77429

Subject: Internal Coating in Butler Taper Joint

Four sections of 43" 0.D. x 2' pipe with Taper Joint ends were internally
blasted. One set was internally coated with Hydracoat to a thickness of
12 mils. The other set was coated with Tempcoat to a thickness of 8 mils,
Both sets were joined using a Butler hydraulic connecting unit.

The two coupled joints were then inspected for holidays in the coating,
with particular attention given to coating continuity in the joint area.
Both joints were found to be 100% holiday free.

From both a theoretical and actual study of the joint, a continuous,
holiday free lining system can be accomplished with good reliability.

AN o,

E.0. McCrory, . P.E.
Director
Coatings R&D
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"IN CONSIDERATION OF THE MECHANICAL JOINT CONNECTION FOR PIPELINES

It was in 1971 when Panhandle Eastern Pipe Line Company first employed the use

of the mechanical joint method in laying gas field gathering lines. Prior to

that time the Company had layed thousands of miles of small diameter pipe tc more
than 5000 gas wells in our gas fields of Kansas, Oklahoma and Texas. Typically,
all such pipelines were constructed following the traditional down-the-ditch method
where the 40 foot long joints were butt welded by qualified pipeline welders.

Panhandle Eastern and Amoco entered into an agreement the latter part of 1970

to develop a large "tight sands" gas field in the Denver—Julesberg Basin of Colorado.
Over 1100 wells were to be drilled and an extensive pipeline network required

to gather and transport the gas. Profitability of the venture might be close,

so holding the costs of the pipeline would be important.

A trial run of the Mechanical Joint System was held by Major Butler on some of

our well lines in southwest Kansas the early part of 1971. The results were

so promising that the Company decided to utilize it for our well lines in the
forthcoming Colorado project. We proceeded with the plan and found that the mechanical
joint method coffered even more savings than earlier identified.

1. Contractors significantly reduced their lay price from the traditional
weld method because their labor cost was lower. Most of the high cost of having
qualified welders was eliminated. They learned they could lay the pipe down the
ditch at a faster rate, with less skilled workers, and the operation was not as
sensitive to weather elements.

2. Since the butt joint did not require welding, our design engineers
found that the wall thickness of the pipe could be reduced by 15 to 30 percent
and still meet regulatory requirements. This lowered the material costs of the
pipe proportiocnately. We found further saving by having our pipe supplier (TexTube)
apply the joint end treatment at the mill rather than conducting that operation
in the field.

3. Elimination of welded butt joints also eliminated costs of radiography
of the weld which further reduced field costs.

Twenty years have passed since Panhandle Eastern first laid gathering lines with
mechanical joints. Over 1200 miles of pipelines in the Denver—Julesberg field
are still in operation. Failure of the joints has never been a problem. We have
used the mechanical joint methed in numercus pipelines since then and expect to
use it in the future. It is a sound and sensible engineering practice.

Very truly yours.,

—

JAY R. SMI@?::::rmﬂ
Manager, Engineerin
Panhandle Eastern PI

dmin. (ret)
Line Co.

December 1992
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