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1.0 INTRODUCTION

A previously disconnected refrigeration system was being moved from a building in Kamloops,
BC. An ammonia storage tank with an attached pipe and shutoff valve had been cut from the
system with the valve in the closed position. An overall view of the ammonia system showing the
mstalled valve with the lever in the open position is shown in Figure 1 (RCMP photo). The
ammonia tank was thought to be empty at the time of the event. A worker opened the valve and

ammonia was released directly from the cut pipe in the direction of the worker.

Acuren was asked to document and test the subject valve. The following items were tasked:

1.

2
3.
4

hd

10.

11.
12.

Document the valve and its condition.
Describe the valve's function and operation.
Document the damaged locking device.

Perform operating tests on comparison valves to replicate damage to the locking
device.

Does the valve generally conform to its standard (see attached drawing)?

Is there any damage to the valve ball, stem, or packing? Comment on the cause of
the damage.

Does the valve open and close freely? Provide a comparison of the operating force to
a new valve.

Does the operability of the valve change when frozen?
Does the operability of the valve change when under pressure?

Perform a pressure test on the valve at 50 psi increments up to 300 psi with nitrogen.
Does the valve hold pressure?

Is the valve vented/equalized?

Does the valve show any signs of cracking/fracture?
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The valve was examined and tested at the Acuren Laboratory Facility in Richmond, BC on
August 15, 2022. The following personnel were in attendance:

2.0

1. Constable ||| | I RCMP)
_ P.Eng. (Acuren)

I P Eog. (Technical Safety B.C.)
_ P.Eng. (Technical Safety B.C.)
_ (M.A. Stewart Ltd.)
I (VA Stewart Ltd.)
I (Tcchnical Safety B.C.)
_ (WorkSafeBC)
I P Eog. (WorkSafeBC)

o ® N A~ WD

VALVE INVESTIGATION
2.1 Visual Examination

Overall views of the subject valve as received are shown in Figures 2 - 5. The valve is
attached to a threaded nipple on one side and a threaded pipe, which had been cut with a
saw, on the other side (Figure 2). This valve was arbitrarily labelled #1. The valve was
originally mounted vertically on the tank with the outflow side of the valve containing the
short section of cut pipe. The valve 1s marked with the following cast-in identification:

1" (pipe size)

2000 WOG (rated for 2000 psi water, oil, or gas)
209 (lot number)

CF8M (stainless steel alloy 316)

Stylized MAS (M. A. Stewart manufacturer's logo)

The operating lever is bent downward by approximately 20 degrees, as shown in Figure 3.
The valve lever was originally bent outward at site (Figure 1) and was likely bent inward
by the refrigeration technician to facilitate removal of the valve. The sliding locking
mechanism is deformed and contains a single bent tab. Close-up views of the bent locking
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device are shown in Figures 4 and 5. The deformation of the tab occurred when a relatively
large force was applied to the lever while it was moved from the fully closed position to
the fully open position. The observed deformation prevents the locking tab from engaging

properly.

A second identical valve from the tank piping is shown in Figure 6. This valve was
arbitrarily labelled #2. The lever is not bent with this valve and the locking mechanism 1s
mntact (Figure7). The #2 valve lever is roughly parallel to the longitudinal axis of the valve
body.

The nipple and pipe ends were removed from the #1 valve with a pipe wrench. The nipple
and pipe appeared to be properly installed and took considerable force to remove them.
The #1 valve and #2 valve are shown side by side in Figure 8. The only visible difference
between the two is the bent lever and the deformed locking device with the
subject #1 valve.

The subject valve was found in the fully open position. The valve operated normally (by
feel) under what would be considered normal operating loads when compared with the
loads required to operate a new valve (new valve supplied by M.A. Stewart).

The interior of the valve was examined through both end openings. The plastic seal on the
exit end of the valve (cut pipe) was deformed and extruded past the opening as shown in
Figure 9. The inlet side of the valve appeared normal with the seal opening concentric
(Figure 10).

2.2 Mechanical Testing
2.2.1 Pressure Tests

The valve was subjected to pressure tests using compressed nitrogen gas. The valve
was connected to a calibrated 500 psi pressure gauge and tested in 50 psi increments
up to 300 psi. A typical leak test is shown in Figure 12. The pressurized valve was
placed in a bucket of water and examined for leaks at each pressure increment. No
leaks were found with the valve at any pressures up to the maximum 300 psi.
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2.2.2 Operating Load Tests

The loads required to close the subject valve under various loading conditions were
measured using a load cell applied approximately 1" from the end of the lever
(Figure 11). The lever was straightened to the parallel position (equal to a new
valve) prior to the test. The tests produced the following results (video recorded in
some instances and examined one frame at a time):

Table 1: Opening/Closing Loads

Pressure Temperature (°C) | Opening / Closing | Maximum Load (Ib)
atmospheric 24 Closing 13.5 (video)
atmospheric 24 Opening 13.0 (approx.)

50 psi 24 Closing 10.0 (video)

50psi 24 Opening 11.0 (approx.)
atmospheric -33 Closing 3.5 (video)

50 psi -33 Closing 3.5 (approx.)

The friction force between the valve seats and the ball, and the stem and the
packing, needed to be overcome before the ball could move. It was noted that
overcoming static friction was highest just before the ball moved. Once the ball
started moving, the load required to keep the ball moving was less. This was true
while both opening or closing the valve. The cold temperature test showed that the
friction force required to move the ball while at both atmospheric pressure and 50
psi was dramatically reduced.

DISMANTLING OF SUBJECT VALVE

The subject valve was dismantled to gain access to the stem, valve ball, seals, and internal valve
body surfaces. Overall views of the opened valve components are shown in Figures 13-16.

The seals from the outlet and inlet sides of the valve are shown in Figure 13. The exit seal (left
side of photograph) is permanently deformed while the inlet side is concentric. Both seals contain
considerable amounts of dirt and oil on the sealing surfaces.
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A close-up view of the deformed exit side seal is shown in Figure 14 with the ball and lever at the
45 ° position. The deformation on the seal is most pronounced at the partial ball opening position
(arrow, Figure 14).

A Keyence microscope was used to examine the deformed seal at high magnification. Slight
tearing is visible at the location shown with the arrow in Figure 15. A closer view of the tear is
shown in Figure 16. The small inside edge tear has taken place at a point of high edge tensile stress
adjacent to the most deformed part of the seal. This type of tearing would only occur under high
strain rate loading conditions. Slow strain rate loading, such as that produced by long-term
sustained loads, would likely extrude the seal material, but not cause tearing.

4.0 NON-DESTRUCTIVE TESTING OF VALVE BODY

Liquid Penetrant (LP) testing was performed on the dismantled valve body castings. The test
results are shown in Appendix C. No defects of any kind were found.

5.0 OPINIONS AND FACTS WITH RESPECT TO QUESTIONS ASKED
The following opinions and facts are based on the laboratory examination of the subject valve:

1. The valve lever was bent in the flat direction toward the central axis of the valve body
to an angle of approximately 20°. One (1) locking tang was bent and deformed and
could not function as intended. The locking tang was deformed when the lever was
moved from the fully closed to the fully open position. The observed locking tang
deformation was replicated by the full effort of a man using one arm. The outlet end
seal was permanently deformed. A small tear was found adjacent to the most
deformed part of the seal. The greatest seal deformation aligned with the ball opening
as 1t was rotated into a partially open position.

2. The ball valve functions as an "on-off" valve for liquids and gases. It is not designed
as a "throttling" valve. The valve ball is operated through a keyed stem which i1s
sealed with plastic packing. A tabbed locking device slides up and down the lever to
prevent accidental opening or closing of the valve ball. The locking device is moved
"up" the lever to unlock the valve lever. When in the fully open position, the valve
provides flow matching the pipe size to which it is mated (1" diameter in this case).
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3.  The damage to the locking device is documented in Figures 4 and 5. The deformation

10.

11.

12.

13.

damage was created by overstressing the tab past the yield strength of the austenitic
stainless-steel locking tab material while moving the valve handle from the fully
closed to the fully open position.

Simulation tests showed that locking tab damage identical to that found with the
subject valve could be created by applying the full effort of a man to the lever (using
one arm) with the lock in the "locked" position. The condition of the locking tab on
the subject #1 valve (right side) and the #2 valve after simulating the locking tab
damage mechanism is shown in Figure 17.

The valve generally conforms to the drawing standard shown in Appendix B.
The valve was found in the fully open position and was aligned with the stem and lever.
The valve stem was intact and did not show any evidence of deformation or impact.

The valve opens and closes freely with a force similar to that required to operate a
new valve (supplied by M.A. Stewart).

There 1s no way of knowing if the valve was frozen prior to the event. The valve was
likely frozen while the ammonia was venting to atmosphere. Operational tests at
-33 °C showed that the force required to operate the valve was measurably less than
at room temperature.

The valve holds pressure in 50 psi increments up to 300 psi, in spite of deformations
found with the outlet seal.

The valve is not vented (equalized). The stem connection hole in the ball provides
some relief at a slow rate but is not intended to be a "vent".

Liquid penetrant examination (LP) did not show any sign of cracking or fracture with
the valve body or valve end fitting.

The valve required 13.5 1b of force to close the pressurized valve (50psi) at a pulling
position 1" from the end of the lever. This is 3.5 1b more force than required with the
valve open to atmosphere.
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14.  The valve was much easier to close when frozen at the ammonia boiling temperature
of -33°C. The measured closing load required was 3.5 Ib at a pressure of 50 psi.

A large number of photographs were taken of the valve and valve components that are not included
in this report. These photographs are stored permanently (electronically) on the Acuren server and
are available upon request.

The subject valve components were returned to RCMP, Kamloops Detachment, "Attention

Cpl. _', by courier on August 26, 2022.

Please call at your convenience if you have any questions.

N’

ﬁ: T '-‘_"I,:;L/}"
BM/ds Frapge”
Appendixes

Bob Milne; ~P~E}}g wuelS

.

Client acknowledges receipt and accepts custody of the report, work or other deliverable (the “Deliverable”) Client agrees that it is responsible for assunng that any standasds or cntenia
idennfied i the Deliverable and Statement of Work ("SOW” ) are ¢lear and understood Client acknowledges that Acuren is providing the Deliverable according to the SOW and not other
standards Client acknowledges thatitas responsible for the failure of any items inspected to meet S1andards and for remediaion Clhienthas 1§ business days following the date Acuren provides
the Defiverzble 1o inspect, identify deficiencies in wnting, and provide wnitten rejection, or else the Deliverable 1s deemed accepted The Deliverable and services are govemed by the Master
Services Agreement ("MSA”) and SOW (including Job Sheet) If the parties kave not entered into an MSA, then the Deliverable and services are govemed by the Statement of Work and the
“ Acuren Standard Senvice Terms™ (www acuren com/servicerams) in effect when the services were ordered
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FIGURES 1 - 16
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Figure 1 Overall view of subject valve installed vertically on ammonia

tank (arrow). Lever is in "open" position with outlet side of valve
in the upward position (site photo).
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Figure 2 Overall view of subject valve with attached fittings and pipe
segment. Valve was mounted vertically with pipe segment in the
"up" position.

Figure 3 View of valve showing downward permanent bend in lever of
approximately 20°.
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Figure 4 View of deformed locking tab showing deformation preventing
proper sliding and positioning of the locking tabs; however, the
valve can be opened and closed normally.

T

'
- |

Figure 5 Close-up view of deformed locking tab. Tab can slip by cast-in
stop.
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Figure 6 Undamaged valve #2 showing straight lever.
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Figure 7 Undamaged locking device on valve #2.

¥
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Figure 8 Subject Valve #1 and Valve #2 side by side showing permanent
bend in Valve #1 lever.

Figure 9 Deformation in outlet seal partially blocking 1" diameter hole.
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Figure 10 Concentric seal on inlet seal.

Figure 11 Load measuring system used for determining operating loads on
valve.
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Figure 12 Typical leak test @ 200 psi.

Figure 13 Seals removed from subject valve. Deformed outlet valve is on
left.
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Figure 14 Valve opening at 45° lever movement. Note maximum seal
deformation is at location of partial opening.

——
5.0mm

Figure 15 Close-up view of cleaned outlet seal. Most severe deformation is
at upper right. Small tear is at arrow.
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Figure 16 Close-up view tear shown at arrow in Figure 15.
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Figure 17 Simulated overload of locking device on #2 valve (left side).
Subject #1 valve shown on right for comparison.
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NONDESTRUCTIVE EXAMINATION REPORT
(Dated August 22, 2022)
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AC UR E N A Higher Level of Rellabllity

NONDESTRUCTIVE EXAMINATION

CuenT: TECHNICAL SAFETY B.C PAGE: 1 of 2
600 — 2889 East 12" Avenue DATE: Aug 22, 2022
\‘;;';?T“;e'- BC ACUREN JoB #: 605-J030173
REPORT #: 605-J030173-Technical safety BC-08 22 2022-
SA01
CONTRACT/PO: TBA WO:
ATTENTION: BOB MILNE WORK LOCATION: Acuren Shop- Richmond, BC

PROJECT:  Stainless steel valve
ITEM(S) EXAMINED: Internal and external surfaces
PART #: MATERIAL: Carbon steel THICKNESS: Various

Score:  Conduct visible water washable liquid penetrant inspections on 100% of internal and external surfaces on a
small stainless steel valve body.

TYPES OF INSPECTION: Liquid Penetrant

TEST DETAILS: LIQUID PENETRANT

ACCEPTANCE STANDARD: Clients info/Crack detection REVISION: 2019
PROCEDURE/TECHNIQUE: CAN-PT-14P001 REvVISION: 17
Tyre: Visible MeTHOD:  Solvent Removable

FAaviLY BRAND:  Magnaflux LIGHTING EQUIPMENT:  Troublelight

PENETRANT: SKL-SP2 DweLL TIME: 20 Min. |BLACKLIGHT MAKE: N/A S/N: NFA
PENETRANT REMOVER: Cleaner. SKC-S DRy TiMe: 16 Min. |LIGHT METER S/N: 11010292 CAL Due: Oct 26, 2022
DeveLOPER:  SKD-S2 DweLLTIME: 15 Min. |LIGHT INTENSITY: > 100 fc (1076 Ix)

DEVELOPER TYPE:  Non Aqueous

BATCH NOS. (WHEN REQUIRED): PENETRANT: - REMOVER: - Deve.oPER: -
TEST SURFACE CONDITION:  As Welded/Ae ground TesT SURFACE TEMPERATURE: 9°Cto 10°C

RESULTS:

As requested, visible water washable liquid penetrant inspections were conducted on 100% of internal and
external surfaces on a small stainless steel valve body.

No indications were found.

mmmwmdumummwuwwwnwumm ol d ifcations and critera in the
Deliverabie and Staternent of Work ("SOW") are correct. Clent acknowiedges Ihat Acuren is p g the L g to the SOW, and not any othe: Cuent iges thal it
is responsitie for the failure of any items i d to meet and for Clent has 15 business days following the dale Acuren provides the Delverable (o inspect it. identfy

geficiencies in wiiling, and provide wniten rejsction, or eise the Deliverable will be deemed acceplted. The Deiiverable and other services provided by Acuren are govemed by a Master Services
Agreement ("MSA’). If the partes have not entered info an MSA then the Delverable and sewvices are govemed by the SOW and the “Acuren Standard Senvice Terms®
(www acurn conysenycetems)

in effect when the sorvices were ordered.
CLIENT: _ TOTALHOURS ST. OT. SHIFT
CUENT PRINTED NAME CUENT SIGNATURE s
ACCEPTED & ACKNOWLEDGED BY T TECHNICIAN: 2 2 Day @
ACUREN —— _— 2% TECHNICIAN: PM O
TECHNICIAN: Sem Alikheni o KILOMETRES: O OTHER CHARGES: YES [(J NO @
1" Technician 2™ Technician (IF YES, SEE DAILY OR PROJECT TIME REPORT)

CGSB UT1, PT2, SNTUT1, PT2
CGSB Rog. #12840
REVIEWER: (Ganerated Using: CAN-QUA-02F007 ROQ - 02/26/2020)

605-J030173-Technical safety BC-08 22 2022-SA0!
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AC U R E N # _605-J030173

605-J030173-Technical safety BC-08 22 2022-

TECHNICAL SAFETY B.C REPORT # _SAO1
Stainless Steel Valve Page 2 of 2

Photo 1:

An overview of the LPI results of the
stainless-steel valve.

No indications were found.

€05-J0201 73-Technical safoty DC-00 22 2022-SA01
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