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Q. Please provide a copy of equipment-related root cause or causal analyses reports

conducted over 2016-2018.

A. a. Newfoundland and Labrador Hydro Hydraulic Generation:

e Please refer to PUB-NLH-006, Attachment 1: Unit 4 Exciter Arc Net Communications

Failure, Bay d’Espoir — January 2016;

e Please refer to PUB-NLH-006, Attachment 2: Unit 5 Exciter Arc Net Communications

Failure Bay d’Espoir, January 2016);

e Please refer to PUB-NLH-006, Attachment 3: “Crack Investigation and Repair Report

Penstock No. 1 Bay d’Espoir Hydroelectric Development,” Kleinschmidt, June 2016;

o Please refer to PUB-NLH-006, Attachment 4: “Root Cause Analysis Report for Bay
d’Espoir Penstock No. 1 Refurbishment,” Hatch, March 17, 2017,

o Please refer to PUB-NLH-006, Attachment 5: Upper Salmon — Rotor Rim Keys,
March 2017;

e Please refer to PUB-NLH-006, Attachment 6: Bearing Cooler Leak, Hinds Lake, April
2017;

e Please refer to PUB-NLH-006, Attachment 7: “Surge & Trouble Report 6992, Bay
d’Espoir Unit 7 Trip —2017/07/03,” December 8, 2017;

e Please refer to PUB-NLH-006, Attachment 8: “Repair and Failure Investigation,”
Hatch, March 29, 2018;
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Please refer to PUB-NLH-006, Attachment 9: Generator Number 6 Trip, Bay
d’Espoir, June 2018;

Exploits Hydraulic Generation:

Please refer to PUB-NLH-006, Attachment 10: GF9 Governor Processor Fault, March
2017;

Please refer to PUB-NLH-006, Attachment 11: GF 4 Unit Trip due to Deluge System
Activation, March 2017;

Please refer to PUB-NLH-006, Attachment 12: GF9 Friction in Operating Ring
Assembly, June 2017;

Please refer to PUB-NLH-006, Attachment 13: BF 2 Frequency Transducer Alarm,
November 2017;

Please refer to PUB-NLH-006, Attachment 14: “Bishop’s Falls Unit 2 Seagull Turbine

Field Engineering Survey,” American Hydro, August 31, 2018;

Please refer to PUB-NLH-006, Attachment 15: BF 5 Shaft Seal Cooling Water Flow,
January 2018;

Please refer to PUB-NLH-006, Attachment 16: BF 4 Exciter Board, November 2018;

Holyrood Thermal Generation:

Please refer to PUB-NLH-006, Attachment 17: “Unit 2 Fire Damage and

Rehabilitation Holyrood Thermal Generating Station,” June 2017;
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Unit 3 fuel oil leak discharge strainers — August 2017."
Please refer to PUB-NLH-006, Attachment 18: “Unit 2 Boiler Opacity Excursion A
TapRoot Investigation, Findings, Report, and Recommendations on the October 28,

2017 Incident,” March 7, 2018;

Please refer to PUB-NLH-006, Attachment 19: “Fire on Unit 1 Turbine Bearing #2,”
February 2018;

Please refer to PUB-NLH-006, Attachment 20: “Unit-1 FD Fan East Inboard Bearing

Failure Report,” June 2018;

Please refer to PUB-NLH-006, Attachment 21 “Unit 1 Fuel Oil Set — Bunker C Fuel Oil
Spill,” June 2018;

Unit 2 fuel oil set spill — September 2018.2

! Internal investigations completed by Holyrood staff. No formal report available.

? |bid.
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Newfoundland & Labrador Hydro
B y

e HYDRO GENERATION Standing Instruction No. 62
EQUIPMENT INVESTIGATION REPORT Forced Outage Reporting & Investigation
Location: [ Bay d'Espoir | UnitNo: [ 4 | Business Unit: Outage No.:

Equipment Name: |Bde Unit # 4 Exciter |

Brief Description of Event:

Unit 4 Exciter Arc Net Failure |

Investigation Assigned to: |Lou Willcott |

Date of Event: | 2016/01/19 | Date of Investigation: | 2016/01/21 |
Parent Work Order Number: | 1166496 | Status of Investigation: | In Progress |
Lou Willcott
Signature of Investigator Signature of Approver

Detailed Description of Event:
See attachment.

With unit at normal shutdown Operations Dept. observed Exciter alrm Arc Net Failure.

C.R. alarm annuciated and operator on shift investigated unit annunciator.

Excitation failure alarm luminated on unit annunciator and Arc net failure alarm displayed on exciter display.

BASIC /| ROOT CAUSES:

1. Basic/Root Cause Category: JF - EXCESSIVE WEAR AND TEAR |
Basic or Root Cause: | Improper extension of service life |
Explanation:

Exciter is 20+ years old and starting to experience frequent failures.

2. Basic/Root Cause Category: JF - INADEQUATE MAINTENANCE |
Basic or Root Cause: Inadequate preventive maintenance |
Explanation:

Investigate if PM's are being completed on a regular basis (ie: yearly - PM6). If not, implement a PM schedule for program monitoring and testing

3. Basic/Root Cause Category: |

Basic or Root Cause: |

Explanation:
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Newfoundland & Labrador Hydro
HYDRO GENERATION
EQUIPMENT INVESTIGATION REPORT

Standing Instruction No. 62
Forced Outage Reporting & Investigation

Location: [ Bay d'Espoir |

UnitNo: [ 4 | Business Unit:

Outage No.:

Equipment Name: |Bde Unit # 4 Exciter

Brief Description of Event:

Unit 4 Exciter Arc Net Failure

BASIC / ROOT CAUSES Cont'd:

4, Basic/Root Cause Category: |
Basic or Root Cause: |
Explanation:
5. Basic/Root Cause Category: | |
Basic or Root Cause: |
Explanation:
6. Basic/Root Cause Category: | |
Basic or Root Cause: |
Explanation:
7. Basic/Root Cause Category: | |
Basic or Root Cause: |
Explanation:
8. Basic/Root Cause Category: | |

Basic or Root Cause:

Explanation:
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ﬂ Newfoundland & Labrador Hydro HELP
- d HYDRO
r ottt HYDRO GENERATION Standing Instruction No. 62
EQUIPMENT INVESTIGATION REPORT Forced Outage Reporting & Investigation
Location: [ Bay d'Espoir | UnitNo: [ 4 | Business Unit: Outage No.:

Equipment Name: |Bde Unit # 4 Exciter

Brief Description of Event:

Unit 4 Exciter Arc Net Failure

BASIC / ROOT CAUSES Cont'd:
9. Basic/Root Cause Category: |
Basic or Root Cause: |
Explanation:
10. Basic/Root Cause Category: |
Basic or Root Cause: |
Explanation:
11. Basic/Root Cause Category: |
Basic or Root Cause: |
Explanation:
12. Basic/Root Cause Category: |
Basic or Root Cause: |
Explanation:
13. Basic/Root Cause Category: |

Basic or Root Cause:

Explanation:
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COMMITHERT

Newfoundland & Labrador Hydro
HYDRO GENERATION

EQUIPMENT INVESTIGATION REPORT

Standing Instruction No. 62
Forced Outage Reporting & Investigation

Location: |

Bay d'Espoir |

UnitNo: [ 4 | Business Unit:

Outage No.:

Equipment Name: |Bde Unit # 4 Exciter

Brief Description of Event:

|Unit 4 Exciter Arc Net Failure

BASIC / ROOT CAUSES Cont'd:

14. Basic/Root Cause Category: |
Basic or Root Cause: | |

Explanation:
15. Basic/Root Cause Category: |

Basic or Root Cause: |

Explanation:

REMEDIAL ACTIONS:

Work Target Comp
Action Order Responsible Completion ?
Determine reasonable life expectancy and 1168727 Leyon Williams 2016/03/31 Yes
Investigate if PM's are being completed and/or 1169110 Leyon Williams 2016/03/31 Yes
Increase safety stock (MRQ) Minimum Required 1169117 Alvin Crant 2016/02/29 Yes
Arrange for transfer of spare module from 1169510 Alvin Crant 2016/01/31 Yes
P&C Dept to ensure sufficient spare available 1169641 Karl Inkpen 2016/03/31 Yes
Communicate to Operations Dept to check 1169646 Lou Willcott 2016/02/29 Yes
P&C Dept to check annunciator circuit bringing 1169645 Norbert Benoit 2016/02/29 Yes

— et |t ek |l | et | b |l |-
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A Newfoundland & Labrador Hydro HELP
@ HYDRO
f e HYDRO GENERATION Standing Instruction No. 62
EQUIPMENT INVESTIGATION REPORT Forced Outage Reporting & Investigation
Location: |  Bay d'Espoir | Unit No: Business Unit: Outage No.: |  2016-02 |

Brief Description of Event:

Unit 5 Exciter Arc Net Failure

Investigation Assigned to: Lou Willcott |

Date of Event: | 2016/01/19 | Date of Investigation: | 2016/01/21
Parent Work Order Number: 1166501 Status of Investigation: In Progress
Lou Willcott
Signature of Investigator Signature of Approver

Detailed Description of Event:

See attachment.

Lead Operator while investigating Unit #4 exciter trouble notice Unit #5 also showed Arc net failure alarm on the exciter display. No exciter

alarm was annunciated on the unit annunicator panel.

BASIC /| ROOT CAUSES:

1. Basic/Root Cause Category: JF - EXCESSIVE WEAR AND TEAR
Basic or Root Cause: | Improper extension of service life
Explanation:

Determine reasonable life expectancy and functionality of control modules (cards).

2. Basic/Root Cause Category: JF - INADEQUATE MAINTENANCE
Basic or Root Cause: Inadequate preventive maintenance
Explanation:
HIVESUYALE 11 FIVIS dl € DEINY GUITIPIELEU Ul d [eguidl DasIs (IE. yedily - FIVIO). 11 [0, HHPIENIENL d FIVi SGIEUUIE 101 progidii 10110y diu
tactinn
3. Basic/Root Cause Category: JF - INADEQUATE PURCHASING
Basic or Root Cause: Inadequate receiving inspection and acceptance
Explanation:

Increase safety stock (MRQ) Minimum Required Quantity at BDE to minimize down time going forward.

Page 1 of 4
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Newfoundland & Labrador Hydro HELP
A iy HYDRO GENERATION

COMMITHENT

EQUIPMENT INVESTIGATION REPORT Forced Outage Reporting & Investigation

Standing Instruction No. 62

Location: |  Bay d'Espoir | Unit No: Business Unit: 1293 Outage No.: |  2016-02

Brief Description of Event:

Unit 5 Exciter Arc Net Failure

BASIC / ROOT CAUSES Cont'd:
4, Basic/Root Cause Category:

JF - INADEQUATE PURCHASING

Basic or Root Cause:

Inadequate mode or route of shipment

Explanation:

Arrange for transfer of spare module from Holyrood to Bay d'Espoir for back-up storage on site to minimize down time going forward.

5. Basic/Root Cause Category:
Basic or Root Cause:
Explanation:
6. Basic/Root Cause Category:

Basic or Root Cause:

Explanation:

7. Basic/Root Cause Category:

Basic or Root Cause:

Explanation:

8. Basic/Root Cause Category:

Basic or Root Cause:

Explanation:
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A Newfoundland & Labrador Hydro HELP
@ HYDRO
; i HYDRO GENERATION Standing Instruction No. 62
EQUIPMENT INVESTIGATION REPORT Forced Outage Reporting & Investigation
Location: |  Bay d'Espoir | Unit No: Business Unit: Outage No.: |  2016-02 |

Brief Description of Event:

Unit 5 Exciter Arc Net Failure

BASIC / ROOT CAUSES Cont'd:
9. Basic/Root Cause Category:

Basic or Root Cause:

Explanation:
10. Basic/Root Cause Category:
Basic or Root Cause:
Explanation:
11. Basic/Root Cause Category:
Basic or Root Cause:
Explanation:
12. Basic/Root Cause Category:
Basic or Root Cause:
Explanation:
13. Basic/Root Cause Category:

Basic or Root Cause:

Explanation:
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A Newfoundland & Labrador Hydro HELP
@ HYDRO
f e HYDRO GENERATION Standing Instruction No. 62
EQUIPMENT INVESTIGATION REPORT Forced Outage Reporting & Investigation
Location: |  Bay d'Espoir | Unit No: Business Unit: Outage No.: |  2016-02 |

Brief Description of Event:

Unit 5 Exciter Arc Net Failure

BASIC / ROOT CAUSES Cont'd:
14. Basic/Root Cause Category:

Basic or Root Cause:

Explanation:

15. Basic/Root Cause Category:

Basic or Root Cause:

Explanation:

REMEDIAL ACTIONS:

Work Target Comp
Action Order Responsible Completion ?

REFER TO 2016-1 for remedial actions.

Page 4 of 4
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CRACK INVESTIGATION AND
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BAY D’ESPOIR HYDROELECTRIC
DEVELOPMENT
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CRACK INVESTIGATION AND REPAIR REPORT
PENSTOCK NO.1 AT BAY D’ESPOIR HYDROELECTRIC DEVELOPMENT
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CRACK INVESTIGATION AND REPAIR REPORT

PENSTOCK NO.1 AT BAY D’ESPOIR HYDROELECTRIC DEVELOPMENT

1.0 BACKGROUND

This report is intended to summarize the site inspection and repair recommendations of a crack
that developed in Penstock No.1 at the Bat d’Espoir hydroelectric development owned and

operated by Newfoundland and Labrador Hydro (NL Hydro).

On May 21, 2016 water was observed flowing down the hill next to Penstock No.1. NL Hydro
investigated and found a two foot long crack on the left side of the 17 foot diameter penstock
about 260 meters downstream of the intake. It was estimated that the flow from the crack was
about 50L/second and was eroding the soil next to the penstock. Following the discovery the
intake was closed and the penstock dewatered to prevent further crack development, stop the

leak, and facilitate further investigation inside and outside of the pipe.

Kleinschmidt was retained on May 27, traveled to the area on May 28, and completed a site
investigation on the May 29. Notes from that site visit are presented in Section 2 of this report

with photos in Appendix B.
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20 SITE INSPECTION

On May 29, 2016, Christopher M. Vella, P.E., S.E., P.Eng, arrived on site to visually inspect the
penstock and crack. Photographs taken during the inspection are in Appendix B of this report.

Mr. Vella made the following observations:

o The crack was located at Station 0+260 as measured from the intake (Photo 1) and was
measured to be 24.5 inches long from what could be seen visually (Photo 3). Per
Drawing F-106-C-7, this location approximately corresponds to Bend No. 3A.

e The crack was observed to be in the base material (penstock plating) and not through the
weld material (Photo 2). This cracked area is in what is considered the heat effected zone
where the welding process heats the base material enough to alter the properties without
melting it. This zone tends to be more brittle than the original base material.

e Rust/corrosion was noted in the crack and was too mature to have developed since the
leakage was first observed on May 21 (Photo 5). This indicates that a portion of the crack
was initiated prior to the May 21 incident. The rust was light enough that it is likely less
than 5 years old but certainly more than a few months.

e Tacten personnel in the pipe recorded video of the crack and the crack appears longer in
the video than it does outside of the pipe. The crack could not be reached inside the pipe
to measure and verify the length. It was recommended that non-destructive testing (NDT)
be performed to verify crack length. (This was done and results are in Appendix D).

¢ Inside measurements were taken to determine if the pipe is out-of-round. Measurements
were taken ten feet upstream of the crack and ten feet downstream of the crack. Vertical
measurements were taken from the 6 to 12 o’clock positions, and measurements from the
2 to 8 o’clock positions and from the 4 to 10 o’clock positions were taken. Horizontal
(3 to 6 0’clock) measurements could not be obtained due to the height of this area and
reach limitations.

o Measurements 10° upstream:
= 167-9” (vertical)
= 17°-2” (4 to 10 o’clock)
= 16°-117 (8 to 2 o’clock)

o Measurements 10’ downstream:
= 16°-10” (vertical)
= 17°-2” (4 to 10 o’clock)
= 16’-117 (8 to 2 o’clock)
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The out-of-round measurements show the pipe is “squished” by as much as 3” vertically
which is less than 2% of the diameter. This is amount is not a concern, would not have
caused the crack, and is common for buried large diameter penstocks with high diameter
to thickness ratios. Proper compaction and material of the bedding from the invert to the
spring line is critical to help support and maintain shape so degradation over time of the
bedding material can result in some ovalization of the pipe.

Ultrasonic thickness readings were taken of the plate around the crack. The average of
the readings is 0.422 inches which compares to 0.4375 inches as specified on the
drawings. The difference (0.015 or 1/64 th ) is minor and within the manufactured
tolerance of the plate. This would not have been a direct cause of the failure.

A section of the backfill/side material on the left side (from point of view looking
downstream) of the penstock was slumped several feet vertically for about 40 meters
upstream and 40 meters downstream of the crack location (Photos 1 and 8). The most
likely cause is saturation of the material which has a high fines content and is susceptible
to slope instability due to saturation. Because a penstock leak can cause saturation of the
material and lead to slope failure of this kind it is reasonable to assume that a penstock
leak may have caused this slope failure and the corrosion in the crack indicates the crack
initiated many months before being observed. Because the saturation would not normally
go upstream very far, it was recommended that the material upstream of the crack and
above the bedding material be pulled out of the way to allow for visual inspection of the
penstock upstream of the crack to insure there are no other cracks that may have cause
saturation of the fill material in this area.

The exterior of the penstock was walked along its length to look for possible other areas
of settlement, slumps and wet spots. Nothing was found to be concerning or that might
indicate other leakage areas.

The first drain well downstream of the crack location had less than 1 gal/min of flow as
visually estimated from looking down from the top. The concrete trough at the bottom
was visible and there was no significant build-up of sediment.

The next drainage well located immediately upstream of the surge tank was half full of
water and the bottom could not be seen. It was recommended that this be pumped out and
the drainage pipe cleaned to restore flow.

The site review included discussions about and review of the filling procedure used. The
procedure is well thought out with good control, monitoring, and checks in place to
ensure the pipe is not overstressed. We found no fault with the filling procedure.
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2.1 PROBABLE CAUSE

The failure was likely initiated by a local defect in the material or weld. Because of its location
in the heat effected zone at the interface of the weld and base materials it seems like the initial

cause might be incomplete fusion. This could be caused by a variety of reasons such as:

1. Incompatibility between the base and weld materials. Unlikely if no other problem areas
have been observed at this point in the penstocks life.

2. Improper welding procedure. This id also unlikely if no other problem areas observed.

3. Location specific welder error (e.g. the slag wasn't properly cleaned in this area, or a
crater crack). This seems most likely.

Several cycles of dewatering and watering and thermal changes over the years would have
caused the crack to initiate at the defect and further loading cycles to increase the size, even if
only by a very small amount (<mm). Dewatering the penstock in the spring allows the pipe to
warm up and then filling the pipe with cold spring water would result in some of the greatest

thermal variance the pipe would see and could cause an existing crack to propagate.

There are no guarantees that there are no other defects or active leaks in the penstock, however,
there are no other areas on the penstock that show signs of slumping or to be excessively wet (as
may be indicated by vegetation associated with wet areas). There was no significant signs of
settlement or misalignment of the penstock and the penstock is not excessively out-of-round. The

squish is to the degree that could be expected for a pipe this size so is not a concern.

It is my opinion that once the crack is fixed, and no other cracks are found upstream of the

current crack, it is my opinion that the penstock will be safe to fill and operate.
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2.2 NEXT STEPS IDENTIFIED FOLLOWING INSPECTION

The following steps were provided to NL Hydro on May 30 and the status of the step as of this

report has been noted:

1. Push the penstock plate back into position as best practicable. Using the excavator as an
anchor point to push from, place an I-beam (or similar) against the bulge in the penstock,
heat the plate area with a torch, and then apply pressure using a jack pushing off the
excavator. Insure flush connections between the jack and beam and excavator in order to
avoid slipping and sudden load release. This will be difficult because of the pipe slope.
Bolt connections when possible between pieces to safeguard against flying parts in the
event of a slip is advised for worker safety. (This step has been completed)

2. Hydro to work with Tacten to weld in tabs and setup staging inside the penstock in
preparation for welding. (This step has been completed)

3. Remove exterior coating for at least 6 inches above and below the crack to facilitate
testing and welding. Clean area inside penstock for welding. (This step has been
completed)

4. Once penstock plate is in position the plate/weld should be tested to verify the length of
the crack. Shear wave (or angled beam) testing is the preferred method to determine the
length of the crack because it is better suited to find deep defects compared to magnetic
particle testing. (This step has been completed and it was found that the crack was
29.5 inches long. NDT results are in Appendix D)

5. Once the weld testing is complete and the length of crack has been verified by Tacten and
confirmed by Kleinschmidt the crack can be cleaned and prepared for welding by
grinding out the crack to clean surfaces with an opening large enough to allow for
welding access/penetration. (This step has been completed. Note that preparing the weld
surfaces and angles would have been completed after Step 7 below)

6. Kleinschmidt to complete stress analysis to confirm weld and plate sizing and determine
the need for backfill before Friday. Kleinschmidt to advise if backfill required to satisfy
allowable stresses and structural integrity of the penstock when full of water. (This step
has been completed. On Thursday June 2 Kleinschmidt advised that the soil backfill was
not required for the structural integrity of the penstock in this location)

7. Kleinschmidt to advise on go for weld and discuss procedure with Tacten welder to
complete weld repair of crack. (Kleinschmidt provided weld procedure and green light
for weld on Thursday June 2. A discussion with welder was not had and determined not
required for this relatively standard full penetration weld. Kleinschmidt did confirm
procedure/intent with Lev Kearley of NL Hydro on Thursday evening. Preparation and
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welding started Thursday night and was completed early Friday. Tests of the new weld
are attached in Appendix E)

8. The Devoe Bar Rust 236 is an adequate protective coating for the exterior of the penstock
to be applied after welding is complete and the area cleaned. (Complete)

9. Pump out drain monitoring well located just upstream of the surge tank and attempt to
clear blockage. (This has been completed)

10. Monitor flow in drain monitoring wells prior to filling the penstock and then monitor
daily following filling for 4 days than weekly for a month. If flow in the wells increase
than penstock leakage is likely and volume and turbidity should be assessed.
(Preparation has started for this)
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3.0 ANALYSIS

Stress analysis calculations were performed on the penstock to confirm proper plate sizing for
conditions to rule out design error, and to determine need for backfill in area when watered up.
The internal pressure or hoop stress was calculated at the crack location for both normal pond

and maximum pond (flood) elevations. Buckling of the penstock was also analyzed using

external loads on the pipe, mainly soil and snow. The analysis is included in Appendix C.

3.1 INTERNAL PRESSURE

A normal pond elevation of 182.6m (599.08ft) and a flood pond elevation of 184.2m (604.3ft)
were used in the hoop stress analysis. The crack location roughly corresponded to Bend No. 3A
on Drawing F-106-C-7, which is at approximately El. 508.00ft. Also on the same drawing, the
steel type was noted as ASTM A285. A285 Grade C steel was assumed as it is typically used for
this large size pipe. A penstock wall thickness of 0.42in was used throughout the analysis based

on ultrasonic thickness measurements taken during the field inspection.

The allowable stress intensity is based on the steel yield and ultimate strength values and was
calculated as 20 ksi (138 MPa). Both the hoop stress due to normal pond loading and due to
flood loading, 14.75 ksi and 15.60 ksi respectively, were less than the allowable stress intensity.

3.2 EXTERNAL PRESSURE

The penstock was analyzed for buckling due to external loads applied to the top 120 degrees of
the pipe. The analysis was very conservative as it included the dead weight of the whole shell
and the dead load of the water inside. The snow load calculated was approximately 130 psf
(6224 Pa). The depth of soil cover on the penstock used was 2ft (0.6m). Another conservative
value applied to the top of the penstock was a live load of 100 plf. No vehicular loading was used
in the analysis. Also, because the penstock is buried, wind and earthquake were not used in the

analysis.

Typical load combinations were calculated and the one producing the maximum load was used.
The maximum pressure calculated due to shell dead load, water dead load, soil cover, live load,
and snow load was 9.68 psi (66.7kPa). The allowable buckling pressure was calculated as

13.4 psi (92.4kPa).
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33 CONCLUSION

The stress analysis calculations showed the penstock is adequate as is with calculated stresses
well below allowable. Also, because the crack has not opened to a large gap, the suggested weld
repair would be a complete joint penetration groove weld as it develops the strength of base
material and would satisfy the stress requirements. Leaving the top of the penstock unburied for

30ft +/- will have no ill effect on the penstock’s performance.
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40 RECOMMENDATION AND PROCEDURE

Based on site observations and the analysis discussed on Section 3 above we recommended a
complete joint penetration groove weld as the preferred repair as it develops the strength of base
material and would satisfy the stress requirements. A plate that would lap over the area and be
welded on was also considered and ruled out as unnecessary and potentially requiring more
effort to shape the plate to get flush contact around the edges. It would also leave the crack open
and able to corrode as getting a good coating in the crack would be very difficult. The proper

way would be to remove the crack and close the opening with weld as is being recommended.

4.1 RECOMMENDED REPAIR

Based upon the available information the crack appears to be location specific and is not
indicative of a general incompatibility of the existing penstock’s weld and base material.

Therefore, we recommend weld repair of this specific crack with the following procedure.

1. Remove all existing cracking:
a. Remove the existing crack by either grinding or carbon air arc gouging.

b. Magnetic Particle (MT) test the cleaned area, particularly the crack ends to
confirm that there is no residual cracking.

c. If additional cracking is discovered, remove crack and extend removal at least
200mm (8 inches) into sound metal beyond the crack’s end.

d. Retest entire repair area by MT and repeat steps 1.c and 1.d if necessary.

e. All Non-Destructive Testing (NDT) shall be performed by personnel currently
certified to CAN/CGSB-48.9712-2014 Level Il or higher for the specific
technique being used.

f. Al NDT testing shall conform to the American Society of Mechanical Engineers
(ASME) Pressure Vessel and procedures and acceptance criteria.

g. All MT testing shall be in accordance with ASTM E709-15 Standard Guide for
Magnetic Particle Testing.

2. Welding Procedure:

a. Perthe Profile of Pipeline “A” CL on Newfoundland Drawing F-106-C-7, the
penstock’s base material appears to be ASTM A285 steel in the area of the crack
(around Bend Number 3A). The material composition of this pressure vessel plate
steel (assumed Grade C) is 0.28% Carbon (C), 0.20-0.35% Copper (Cu) by heat
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analysis, 0.18-0.37% Copper (Cu) by product analysis, 0.9% Manganese (Mn) by
heat analysis, 0.98% Manganese (Mn) by product analysis, 0.035% Phosphorus
(P), and 0.035% Sulphur (S).

b. The penstock’s shell shall be welded with a full penetration groove weld in
accordance with a welding procedure that complies with either the ASME
Section IX Welding and Brazing Qualification, or CSA Standard W59-13 Welded
steel construction (metal arc welding).

c. ltisanticipated that most of the welding shall be performed downhand from the
exterior of the penstock shell. The procedure shall include backgouging of the
back underside of the root pass.

3. Repair Execution:

a. All welding shall be performed by personnel currently certified to either ASME
Section IX or CSA Standard W47.1 Fusion Welding of Steel Company
Certification for the approved welding procedure to be used.

b. After the underside of the root pass is backgouged, the repair weld shall be MT
tested before placing the cover pass(es).

c. After completion of all the welding the repair shall be either MT or Ultrasonic
Tested (UT). All UT testing shall comply with the procedures in ASTM E1962-14
Standard Practice for Ultrasonic Surface Testing Using Electromagnetic Acoustic
Transducer and acceptance criteria in ASME Section V Nondestructive
Examination.

4.2 FoLLow-Up

It is recommended that the penstock be inspected in two years with specific attention paid to
reviewing the deterioration of the internal coating system and to inspecting the repaired area. If
the penstock is scheduled to be dewatered on either side of two years than that would be an
acceptable time to inspect the penstock to avoid excessive down time if no outages are planned

in exactly two years.

Based only on the Hatch penstock report (January 2016) and on site observations it is
recommended that the interior of the penstock be recoated within ten to fifteen years. The
interior coating system is failing and light surface rust was noted. A typical practical approach to
determining a recoating timeline would be to clearly mark a few spots where the existing coating

has delaminated and monitor these exact locations to see how quickly corrosion, particularly
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surface pitting, develops. If you visually inspect and UT measure thicknesses at identical
monitoring spots once every year or two for 3 to 5 years you should have a realistic
determination of the rate of corrosion. Pitting development is particularly troublesome because
it: 1) obviously decreases the base metal's strength, and 2) the pits will have thinner coating
thicknesses around the edges that shorten a coating's service life. The interior should be cleaned
and coated prior to significant corrosion and pitting development. We have seen the interior of
uncoated 100 year old penstocks very smooth (e.g. PacifiCorp Pioneer penstock in 2014), and
newer ones heavily pitted. (e.g. Enel Pyrites new unit at only 11 years old in 2006). A big

difference we’ve noticed is if the penstock is buried or above ground.

Steel corrosion generally requires oxygen, and as the steel surface rusts it prevents oxygen from
penetrating deeper. But if the surface rust is disturbed, such as when an above grade penstock
expands and contracts the surface rust delaminates from the substrate allowing oxygen to
penetrate deeper and continue substrate corrosion. Buried penstocks are a more stable
environment and therefore generally display less corrosion and surface pitting. Also conditions
such as the water quality (e.g. low chloride), the type of soil burying the penstock, and galvanic
potential between mating materials (e.g. weld filler and base steel) can have a significant effect.
Based on past performance of similar penstocks it would take several decades for the corrosion
to degrade the penstock shell to the point that the structural integrity would start to become
compromised based purely on section loss; however, to maintain safety factors, to avoid
localized stresses that pitting could develop, to ensure longevity of a new coating system and a
long service life for the penstock, it is advised that the penstock be recoated in less than ten
years. At this time it is understood that Penstock No. 2 will be inspected this summer. Because
this author has not been in either Penstock No. 1 or Penstock No. 2, it is recommended that the
inspector make specific observations and recommendations in their report regarding the coating
system of Penstock No. 2 and should mark a few locations for future testing to observe rate of

deterioration.

We can provide a coating specification if required.
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5.0 PENSTOCK INSPECTIONS

Newfoundland Hydro asked what would be a typical inspection frequency and what would be

part of a typical penstock inspection.

5.1 INSPECTION FREQUENCY

There is no set industry standard that recommends all penstocks should be inspected at a set
frequency. Our experience has been that a penstocks inspection frequency should be determined

on a case by case bases after considering several factors which include:

Age of penstock

Type of penstock

Coating system

Support system

Buried or unburied

Water quality and sediment load
Frequency of load rejections

Hazard Class

Access issues

Criticality of facility to power production

A penstock should have an exterior inspection by the owner every 1 to 5 years depending on the
factors listed above. If at a manned facility a walk of the exterior by operations staff monthly is
not unusual and at least annually is common practice for all penstock types. In general, a newer
steel penstock (less than 30 years old) would be inspected at least every five years by the owner
and have a full internal inspection by a qualified engineer about every ten years, planned around
outages, and generally would concentrate on interior and exterior coating, settlement and
movement of penstock and supports, shape, and condition of penetrations. Future frequency of
inspections would be dependent on the findings of the previous inspections and would be largely
dependent on how well the coating system is holding up and if any structural concerns were
developing. Specific non-destructive testing of welds would not typically be included unless an
observation and recommendation from the inspector required it. An older steel penstock (more
than 30 years as this is the life expectancy of some coating systems) with no significant issues

but with coating system deterioration should have an internally inspection every five years by a
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qualified engineer to track the rate of coating deterioration and corrosion development such that
a timeline can be developed for recoating or patching. An older steel penstock with known issues
(thinning sections, patches, significant corrosion, leaks, settlement, etc.) should be inspected at
least annually by the owner and two to five years by a qualified engineer who would be involved
in recommending repairs and a timeline based on degree and type of issues. Selective non-
destructive testing of welds would be expected to start every five years or when recommended
by the inspector.

An old wood stave penstock (there are no new ones) in good condition should have an exterior
inspection annually by the owner with five year inspections by a qualified engineer experienced
with wood stave penstocks. A wood stave penstock with known issues (significant leaks,
patches, rotting wood, significantly corroded banding) should be inspected at least semi-annually
by the owner as this type of penstock can develop issues quickly in harsh environments and this
will facilitate repairs that can become an annual maintenance item. Inspection by a qualified
engineer may be required bi-annually or annually depending on the amount and rate of

deterioration.

A new fiberglass penstock would be expected to go 10 to 15 years before its first internal
inspection and another ten before its second. Future frequency of inspections would be
dependent on the findings of the previous inspections and would be largely dependent on if any
structural concerns were developing (ovaling, settlement, leaks, UV related deterioration,

hairline cracking).

These are general timelines based on our experience and more specific timelines would require
knowledge of the penstocks. With the appropriate information (material, buried or unburied,
support type, age, drawings, coating info, and inspection reports) we could perform a simple
desk top study to provide preliminary recommendations for inspection frequency for specific
penstocks that could be refined as penstocks are inspected and the condition and rate of

deterioration is assessed.

Inspections are generally carried out by experienced and qualified engineers that may be staff
engineers or consultants. Independent or third party inspections of penstocks is not widely
required by regulation in the industry at this time but often done by owners looking for an

independent review or without qualified staff. The Federal Energy Regulatory Commission
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(FERC) in the United States is currently developing guidelines for penstock inspections but these
have not yet been released. The CDA Guidelines do not address penstock inspections in any

significant detail.

5.2 INSPECTION SCOPE

I have provided here a summary of what a typical steel penstock inspection scope should include
but the scope is typically tailored for each site. | have left out means and methods as that would

add significant detail and could be a report on its own for all the various aspects.

1. Document review — Review of available documents is important to understand the
penstock prior to performing the inspection. Documents that we would normally ask for

include:

a. Design and Construction history review including drawings, design criteria,

design calculations, foundation information, and maintenance records.

b. Operational History review such as steady state conditions, operating records,
reservoir rule curves, headwater and tailwater rating curves, transient flow
conditions, load acceptance and rejection tests, and wicket gate opening/closing

times.
c. Previous inspection reports

2. Exterior Inspection — A walk down of the exterior of the penstock buried or unburied
preferably when the pipe is at operational pressures. For buried penstocks you’re looking
for slumps or sloughing of sloped material next to penstock, for wet areas, significant
depressions, settlement, and holes. A penstock would need to be deep (more than twice
its diameter from crown), in a rock tunnel, or overgrown to consider not walking the
exterior. For exposed penstocks you should take wall/shell thickness readings with UT
gage at representative locations (at least every time the pipe changes thickness, material,
or coating). An inspection should check alignment, settlement and condition of supports,
sagging of penstock between supports, out-of-roundness, and condition of coating with
paint thickness measurements if applicable. Condition of ring girders and saddle

supports should be reviewed along with all joints. Welded, riveted, and bolted joints,
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seams and connections should be visually inspected. All penetrations should be inspected
including vent pipes, stand pipes, piezometers, surge tank entrance, and valves. Thrust
blocks should be reviewed for condition and movement/settlement. The surge tank should
also be inspected but this may be separated from the penstock as this can be a significant

effort on its own.

Interior Inspection — A dewatered inspection of a penstock is the best way to check for
corrosion, erosion, and cavitation, the condition of coating, and a good way to measure
out-of-roundness but understand that the degree of out-of-roundness will be more when
dewatered than when at operational pressures. The coating and the wall thickness should
be measured at representative intervals at the invert, crown and spring line and a few
places of corrosion should be marked for future inspections such that rate of deterioration
can be assessed. Organic growth should also be commented on (thickness, type, is it
affecting the coating). It is expected that all personnel safety requirements will be

followed (confined space, safe work plan, Rescue Plan, fall arrest, etc)

Stress analysis — if an analysis is not available then consider analyzing the penstock for

current operating conditions, wicket gate closure times, and with current shell thickness.

Report — a detailed report of all observations based on the above scope with specific
recommendations with timelines for mitigation, repairs, coatings, and follow-up

inspections if required.
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APPENDIX A

FIGURES
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APPENDIX B

INSPECTION PHOTOGRAPHS
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PHOTO 4 — USING STRAIGHT BAR TO H
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PHOTO 6 — LOOKING UPSTREAM ALONG CRACK LOCATION WITH BACKFILL REMOVED



Chris Vella
Oval
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PHOTO 7 — LOOKING UPSTREAM FOR SIDE VIEW OF



Chris Vella
Oval
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APPENDIX C

PENSTOCK STRESS CALCULATIONS
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- - P.O. Box 650 Designed By: LLC
emnschmi t 141 Main St. Date’ 6/1/16
I — Pittsfield, Maine 04967 Checked By:  CMV

Project:

Bay d'Espoir Penstock

Telephone: 207.487.3328 Date: 6/2/16

Task:

www. KleinschmidtUSA.com Job Number: 2670003.00

Penstock Calculations - Crack Weld

Objective:

Based on an site visit by CMV regarding a logintudinal crack in the base material following a longitudinal weld:

- Design crack weld repair
- Check buried pipe condition

References:
1 ASCE No. 79, 2nd Ed. 2012
2. AWWA M11, 4th Ed.
3. AISC Design Guide 15 Historic Shapes and Specifications
4. Structural Design in Metals, 2nd Ed. 1957
5. AISC Steel Construction Manual - 14th Ed.
6. AlSI - Buried Steel Penstocks - Steel Plate Engineering Data - Vol. 4, 2nd Ed. 1998
7. ASCE 7-10
8. Bureau of Reclamation, "Welded Steel Penstocks" Engineering Monograph No. 3, 1977
9. Hydroelectric Handbook, 2nd ed., 1950
10. Obsolete Canadian Steel Grades 1935-1971
11. Drawings from client

Assumptions and Inputs:

Nw = 62.4pcf Unit weight of water
~s := 490pcf Unit weight of steel
Egteer := 29000ksi MOE of steel
p:=0.3 Poisson's ratio of steel
o1
o= 0.00065-A°F =6.50x 10 6-A°F_ ! Coefficient of thermal expansion for steel
100

Lpen := 3800ft Total length of penstock
D; = 171t Diameter of penstock

D .
r:= — = 85ft Radius of penstock

2
NP := 182.6-m NP = 599.08 ft Normal Pond Elevation
CE := 508.0-ft Elevation of Penstock crack location (around 3A per client)
Perack .= (NP = CE) -y Normal Pressure at crack Perack = 39.47 psi
FP:=184.2-m FP = 604.33ft Flood Elevation

Pfiood := (FP — CE)-~Ny Pressure due to flood load at crack Pfiood = 41.74 psi
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Pittsfield, Maine Checked by: Date:

Pipe Vintage and Joint Type :

The penstock is welded plate steel ASTM A285 changing to G40.8 Grade B after crack location, 1965+/-. Do not
know grade of A285 Steel. Assume Grade C.

1965 Welded:
Use Reference 10 and ASTM.

Fy 1965 := 55-ksi Assumed tensile strength of steel pipe ASTM A285 Gr.C
Fy 1965 := 30-ksi Assumed yield strength of steel pipe ASTM A285 Gr.C

( Fu_1965 Fy 1065 C Allowabl . itv (R1 3.5.3
Sa 1965 := Min 2 15 ) 20.0-ksi owable stress intensity (R1, 3.5.3)

Check Thickness (R1, Eqns 4-1 through 4-4):

tyal == 0.42i Penstock thickness
Maximum (design) internal pressure at crack

Pdesign = 39.47 pSI

Joint Efficiency (welded) - (R1, Table 3-3, "Single Welded butt joints with

E:= 085 backing bars")
Piocinnel:
toin o = _desio 1 _ .31.in Minimum required thickness based on max internal pressure (R1, Eqn 4-1)
- E-Sa_1065
checknin = if (twan > Max(tmin ), "OK" ,"No Good" ) checkpin ¢ = "OK"

Check Internal Pressure:

Piocinme I
opi= desion T _ 14.75-ksi Stress applied
E-twan
SA_1965 = 2000kS| A”OWabIe StreSS
checKstress = if(Sa_1065 > 0, "OK™ ,"No Good" ) checKsress = "OK™"
P N
of = T _ 15.60-ksi Stress due to flood
E‘twall
checksyresse = if(SA_1965 > o3,"OK" ,"No Good") checksresse = "OK"

Allowable Transient Pressure:

Dj + tya _ . . :
Rp:= T =102.21-in Radius of the middle surface of the pipe shell
S ‘Et
P = A6 ™ wall 53.42 psi Max transient pressure allowed
R
P

J:\2670\003\Calcs\Bay d'Espoir Penstock Calculations - CMV checked 6-2-16.xmcd



PUB-NLH-006, Attachment 3
Reliability and Resource Adequacy Study
Page 33 of 43

Kleinschmidt Associates By: LLC Date: 6/3/2016

Pittsfield, Maine Checkedby: .. Dater ..
Weld suggestions for crack:
Prequalified Welded Joints, Complete-Joint-Penetration Groove Welds, Table 8-2, R5
1. Single-V-groove weld with backer bar.
2 Single-bevel-groove weld with backer bar.
Check Buckling - Buried Pipe Condition:
ASD Load Combinations & Factors (R7, 2.4.1):
Dead = D, Live = L, Roof live = Lr, Snow = S, Rain = R, Wind = W, Earthquake = EQ
Load Combinations:
LC1=D
LC2=D+L
LC3=D+ (Lror S or R)
LC4 =D+ 0.75L + 0.75(Lr or S or R)
LC5 =D + (0.6W or 0.7EQ)
LC6 = D + 0.75(0.6W or 0.7EQ) + 0.75L + 0.75(Lr or S or R)
LC7 = 0.6D + (0.6W or 0.7EQ)
Live Load:
LL := 100plf Assumed live load of workers walking on the penstock
Wind Load & Earthquake Load:
Will not control, buried. Not applicable.
Snow and/or Ice Load (R7, Chapter 7): 17
Pg:= 120psf Ground snow load (assume 120psf) 14.7
1:=1.0 Importance factor (R7, Table 1.5-2, Risk Cat. Il) e
Ci=12 Thermal factor (R7, Table 7-3, Unheated, Open Air)
C.:=09 Exposure factor / \
(R7, Table 7-2, Fully Exposed, Terrain Cat. B) " \
Cs:=1.0 Roof slope factor conservatively assumed for area | ;\ ] I
above 30 deg as shown (R7, Fig. 7-2) \ . !
, 30 30
Ps = CsCeCpl-pg = 129.6-psf Design snow pressure \ /
|Wsn0w = pg-(14.72ft) = 1907.7-plff  Design snow load — L
Properties:
twall = 0.420-i Penstock wall thickness
D; = 17.00 ft Inner diameter of penstock
Dy := Dj + 2-tyqy = 17.07 ft Outer diameter of penstock
7T'<D02 - Diz) 2
A= 7 = 1.873-ft Area of penstock steel

J:\2670\003\Calcs\Bay d'Espoir Penstock Calculations - CMV checked 6-2-16.xmcd
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Kleinschmidt Associates By: LLC Date: 6/3/2016
Checked by: Date:

Pittsfield, Maine

7T'Di2 2 .
Ay = — 227.0-ft Cross sectional area of flow
W := s A = 917.8-plf Weight of penstock steel
Wy, == Yw Ay = 14163.6-plf Weight of water
|DL1 =W = 918~p|f| Steel penstock dead load
|DL2 =W, = 14164-p|f| Water dead load (Full pipe)
7T<D04 — D|4> 3 .
y = —————= = 13756-in Section modulus of penstock
32:D,

ﬂ-(D 4 D-4)
Iy = + = 1408903~in4 Moment of inertia of penstock

|W|_cs := (DL1 + DL2) + Wgngy, = 16989-plf Uniform load (Load Combination 3) (CONTROLS)

Wi cg = (DL1 + DL2) + 0.75-LL + 0.75-Wgpq, = 16587.16-plf Uniform load (Load Combination 6)

OpL -

T a7 8.0Lpsi Max pressure due to LC 3 - assuming spread over 120° top area, conservative

Check External Loads on Penstock :

- Assume 2 feet of soil cover
- Assume no vehicular live loading

Ysoil := 120pcf Unit weight of soil
twan = 0.420-in Wall thicknes (New penstock section)
ID = D; = 17.00 ft Inner diameter of penstock

(1D + 2vtwa||)2 _1p? 9 _
A= — 2 = = 269.73-in Cross-section area of steel penstock

4 4
7 (ID + 2-t - 1D
. It wa) 1 _ 13756.in° Section Modulus

Sei=
Sl 32:(ID + 2-tyan)
toar in?
= wall 0.0741-% MOI of Steel Penstock (per unit length)
kip-ft’
El = Eqger ly = 14.92- 21— Pipe wall stiffness (per unit length)
Nin := 2ft Minimum amount of soil cover above penstock

J:\2670\003\Calcs\Bay d'Espoir Penstock Calculations - CMV checked 6-2-16.xmcd
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Determine Allowable Buckling Pressure for Soil Dead Load (per R2, Chapter 6):

FSpuck := 2.0 Bucking factor of safety
hmin . .
H:= =2.00 Height of fill above penstock
MWt
B':= ! =0.22 Empirical coefficient of elastic support
(- 0.065-H)
1+4e
Ry:= 1.0 Water buoyancy factor

If coarse-grained soil WITH fines is assumed:

E':= 1200psi Modulus of soil reaction (R2, Table 6-1)
(Coarse-grained soil with fines, 2ft cover, 95% relative compaction)

Table 6-1 Values* of modulus of soll reactlon, E' (psi} based on depth of cover, type of soil, and
relative compaction

- —
Standard AASHTO relative compaction®
Depth of Cover B5% H0% B5% 100
Type of Boil' t (m) psi (RPa)  psl  (kPe)  psi (kP psi (kFa)
Fine-grained soils 2-5 (0.06-1.5) GO0 (34600 T00 (48300 1,000 (68350 1,500 (10,5400

with less than 25% 5-10 {(1.5-3.1) GO0 (41400 1,000 (6,835 1400 (96660 2,000 (13,700
sand content {CL, 10-15 {3.1-4.6) TOO (48300 1,200 (B.2TH) 1,600 (11,0300 2,300 (158800
ML, CL-ML) 15-20  {4.6-6.1) A00 (56200 1,500 (B.965) 1,800 (12,4100 2,600 (17,9300

Coarsegrained soils  2-5  (0.06-1.6) 600 (4,1400 1,000 (6,836) 1200 (82750 1,900 (13,100
with fines (SM, 8 510 (15-3.1) 900 (6205 1400 (9,655 1,800 (12,410) Z700 (18,615
10-15 (3.1-4.6) 1,000 (6,895 1,500 (10,3400 2,100 (14,4800 8200 (22,065)
15-20 (46-6.1) 1,100 (7.585) 1,600 (11,0300 2,400 (16,545} &700 (26,610)
Coarse-grained seils  2-5  (0.06-1.5) 700 (48300 1,000 (6,885) 1600 (11,030} 2,500 (17,235)
with little or no fizes  5-10  (L5-8.1) 1,000 (6805) 1500 (10,3400 2200 (15170} 3300 (22,750)
{SP, 8M, GF, GW) 10-15 (3.1-4.8) 1,050 (72400 1,600 (11,0300 2400 (16,545 3,600 (24,820}
15-20 (4.6-8.1) 1,100 (7,685) 1,700 (11,7200 2,500 (17,236) 3,800 {26,200}

0.5
Q= :~32~R\,\,‘B'-E'-E = 13.4 psi Allowable Buckling pressure (R2, eqn 6-7)
3
ID

Check Allowable Buckling Pressure Due to Maximum Soil Dead Load:

Usoil *= Nmin-Ysoit = 1.67 psi Maximum soil pressure on top of penstock
FSpuck = 2.00 Required buckling factor of safety
checkycuting = if (dlsoil-FSbuck < Ga. "OK" ,"No Good" ) checKpyckiing = "OK”

Ja

Computed buckling factor of safety: |FS :=

=8.04
Usoil

Check Allowable Buckling Pressure Due to Maximum Soil Dead Load + Dead, Live, Snow:

Wi c3

= ———— = 8.01psi Max pressure do to LC 3 Dead + Live + Snow
14.72-ft

J:\2670\003\Calcs\Bay d'Espoir Penstock Calculations - CMV checked 6-2-16.xmcd
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Pittsfield, Maine Checked by: Date:
ChECkbucklingz = ifl:(%oil + qDL)'FSbuck <, "OK","No Good" CheCkbuckling = "OK"
Computed buckling factor of safety: [FS := _ =1.38
Usoil + dpL

SUMMARY - Use CJP Groove Weld for weld repair. Penstock OK for buckling in buired condition.
Also, unburied section (10-30ft long), top 120° +/- OK for this length and size of pipe.

J:\2670\003\Calcs\Bay d'Espoir Penstock Calculations - CMV checked 6-2-16.xmcd
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APPENDIX D

WELD TESTS
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Acuren Group Inc.
1 Austin Street Phone:  709.753.2100
St. John's, NL, Canada A1B 4C2 Fax: 709.753.7011

www.acuren.com

AC U R E N NDT, Inspection and Engineering

NONDESTRUCTIVE EXAMINATION

To: NEWFOUNDLAND HYDRO PAaGeE: 1 OF 1
BAY D'ESPOIR NL DATE: MAY 31/2016
ACUREN JoB #: 183-16-10TAC003-0005
REPORT #: UT-MT053116-001 RO

45 13
%
09007 cert

PO: NA WO: NA

ATTENTION:  KARL INKPEN WORK LoCATION: BAY D'ESPOIR NL
PROJECT: PENSTOCK #1
ITEM(S) EXAMINED: SEE BELOW

PART#: SEE BELOW MATERIAL: CARBON STEEL THICKNESS: BELOW
Scorpe: PERFORM UT AS PER CLIENT REQUEST.
TYPE OF INSPECTION: Ultrasonic
TEST DETAILS:
ACCEPTANCE STANDARD: CLIENT INFO REVISION: N/A
PROCEDURE/TECHNIQUE: CAN-UT-14P002 REVISION: 06
TYPE: Flaw Detection METHOD: Contact
INSTRUMENT: Olympus MODEL: Epoch XT S/N: 131476205 CAL DUE: JUNE 19 16
CAL. BLock:  IIW S/N: 4875 CABLE-TYPE: COAXIAL LENGTH: 6’
CAL. BLOCK: S/N: COUPLANT:  SONOTECH UTX
Probe & Technique Details:

TeST REFERENCE
ANGLE PROBE CRYSTAL FREQ. SERIAL DAMPING TesT REFERENCE TRANSFER ScaN
°) TYPE Size (MHz) NUMBER Q FROM REFLECTOR VALUE dB |% FSH dB RANGE

1 0 OLYMP. EZ8 2.25 16040 NA A SBW NA 45 40-60 +14 125mm

2 70 OLYMP. " 2.25 15263 NA A/B 1.5mmSBW NA 45 40-60 +14 125mm
TEST SURFACE CONDITION:  As Welded TEST SURFACE TEMPERATURE: 0°C to 50°C

RESULTS:
Shear wave ultrasound inspection was carried out on the areas either side of the crack found in penstock #1 to determine overall
length. The crack was determined to have a length of 29.5” long and starts 1.5” from the closest downstream circ weld. The crack
follows the toe of the weld and on either end turns up into the parent material of the penstock (as seen in picture) A Magnetic particle
inspection was also carried out see attached MT report.

3

iy . -

THIS DOCUMENT AND ALL SERVICES AND/OR PRODUCTS PROVIDED IN CONNECTION WITH THIS DOCUMENT AND ALL FUTURE SALES ARE SUBJECT TO AND SHALL BE
GOVERNED BY THE "ACUREN STANDARD SERVICE TERMS" IN EFFECT WHEN THE SERVICES AND/OR PRODUCTS ARE ORDERED. THOSE TERMS ARE AVAILABLE AT
WWW.ACUREN.COM/SERVICETERMS, ARE EXPRESSLY INCORPORATED BY REFERENCE INTO THIS DOCUMENT AND SHALL SUPERSEDE ANY CONFLICTING TERMS IN ANY
OTHER DOCUMENT (EXCEPT WHERE EXPRESSLY AGREED OTHERWISE IN THAT OTHER DOCUMENT).

The Client Representative who receives this report is responsible for verifying that the acceptance standard listed in the report is correct, and promptly notifying Acuren of any issues with this report
and/or the work summarized herein. The owner is responsible for the final disposition of all items inspected.

CLIENT REPRESENTATIVE: N/A

TECHNICIAN: WM*

MIKE TRICKETT
1st Technician 2nd Technician
CGSB Il Reg. #14179

REVIEWER: h“-’“‘— 05/31/16 (Generated Using: CAN-QUA-02F007 R02 - 12/15/2015)

UT-MT053116-001 RO
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Acuren Group Inc.
1 Austin Street Phone:  709.753.2100
St. John's, NL, Canada A1B 4C2 Fax: 709.753.7011

www.acuren.com

ACUREN NDT,Inspection and Engineering

NONDESTRUCTIVE EXAMINATION

To:  NEWFOUNDLAND HYDRO PAGE: 1 OF 1
BAY D'ESPOIR NL DATE: MAY 31/2016
ACUREN JOB #: 183-16-10TAC003-0005
REPORT #: MT-MT053116-001 RO

PO: N/A WO: NA

ATTENTION:  KARL INKPEN WORK LOCATION: BAY D'ESPOIR NL
PROJECT: PENSTOCK #1
ITEM(S) EXAMINED: SEE BELOW
PART #: See below MATERIAL: Carbon steel THICKNESS: .437”
ScopPe: NDE as per client request
TYPE OF INSPECTION:  Magnetic Particle
TEST DETAILS:
ACCEPTANCE STANDARD: CLIENT INFO REVISION: N/A
PROCEDURE/TECHNIQUE: CAN-MT-14P001 REVISION: R11 /2015
TyYPE: Wet Visible METHOD:  Yoke
PARTICLE BRAND:  Magnaflux PrRoDUCT No.: 7HF CURRENT: AC MT INSTRUMENT: Parker B-300
PARTICLE COLOUR: Black MT INSTRUMENT S/N: 23490 CALDUE: Oct 4 16
SUSPENSION: Oil LIFT CHECK BEFORE USE:  Yes  LIFT WEIGHT S/N: 12846
CONTRAST PAINT:  Magnaflux ProbUCT No.: WCP2 LIGHTING EQUIPMENT: Flashlight
MAG TIME (SECONDS): 15 DEMAG REQUIRED?: No BLACKLIGHT MAKE: N/A S/N: N/A
TECHNIQUE DEMONSTRATED OVER A PAINTED SURFACE?: N/A LIGHT METER S/N: 150803637 CALDUE: Oct 6 16

LIGHT INTENSITY: Output > 100 fc
TEST SURFACE CONDITION:  As Welded TEST SURFACE TEMPERATURE: Oil -20°C to 50°C

RESULTS:
Magnetic particle inspection was carried out in the area on either side of the crack found in penstock #1 to ensure no surface cracks
extended from either end. No difference in length was noted from the ultrasound inspection on previous report.

THIS DOCUMENT AND ALL SERVICES AND/OR PRODUCTS PROVIDED IN CONNECTION WITH THIS DOCUMENT AND ALL FUTURE SALES ARE SUBJECT TO AND SHALL BE
GOVERNED BY THE "ACUREN STANDARD SERVICE TERMS" IN EFFECT WHEN THE SERVICES AND/OR PRODUCTS ARE ORDERED. THOSE TERMS ARE AVAILABLE AT
WWW.ACUREN.COM/SERVICETERMS, ARE EXPRESSLY INCORPORATED BY REFERENCE INTO THIS DOCUMENT AND SHALL SUPERSEDE ANY CONFLICTING TERMS IN ANY
OTHER DOCUMENT (EXCEPT WHERE EXPRESSLY AGREED OTHERWISE IN THAT OTHER DOCUMENT).

The Client Representative who receives this report is responsible for verifying that the acceptance standard listed in the report is correct, and promptly notifying Acuren of any issues with this report
and/or the work summarized herein. The owner is responsible for the final disposition of all items inspected.

CLIENT REPRESENTATIVE: N/A

TECHNICIAN: WM

Mike Trickett

1st Technician 2nd Technician
CcGsB Il
CGSB Reg. #14179

REVIEWER: h«-u- 05/31/16 (Generated Using: CAN-QUA-02F007 R02 - 12/15/2015)

MT-MT053116-001 RO
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Acuren Group Inc.
1 Austin Street Phone:  709.753.2100
St. John's, NL, Canada A1B 4C2 Fax: 709.753.7011

www.acuren.com

AC U R E N NDT, Inspection and Engineering

NONDESTRUCTIVE EXAMINATION
To:  NEWFOUNDLAND HYDRO PAGE: 1 OF 1
BAY D'ESPOIR NL DATE: MAY 31/2016

AcUREN JoB #: 183-16-10TAC003-0005
REPORT #: MT-MT053116-002 RO

PO: NA WO: NA

ATTENTION:  KARL INKPEN WOoRK LocATiON: BAY D'ESPOIR NL
PROJECT: PENSTOCK #1
ITEM(S) EXAMINED: SEE BELOW
PART #: See below MATERIAL: Carbon steel THICKNESS: .437”"
ScopPe: NDE as per client request
TYPE OF INSPECTION:  Magnetic Particle
TeST DETAILS:
ACCEPTANCE STANDARD: CLIENT INFO REVISION: N/A
PROCEDURE/TECHNIQUE: CAN-MT-14P001 REVISION: R11 /2015
TyYPE: Wet Visible METHOD:  Yoke
PARTICLE BRAND:  Magnaflux PrRobuUCT No.: 7THF CURRENT: AC MT INSTRUMENT: Parker B-300
PARTICLE COLOUR: Black MT INSTRUMENT S/N: 23490 CALDUE: Oct 4 16
SUSPENSION: Qil LIFT CHECK BEFORE USE:  Yes  LIFT WEIGHT S/N: 12846
CONTRAST PAINT:  Magnaflux ProbuUCT No.: WCP2 LIGHTING EQUIPMENT: Flashlight
MAG TIME (SECONDS): 15 DEMAG REQUIRED?: No BLACKLIGHT MAKE: N/A S/N: N/A
TECHNIQUE DEMONSTRATED OVER A PAINTED SURFACE?: N/A LIGHT METER S/N: 150803637 CAL DUE: Oct 6 16

LIGHT INTENSITY: Output > 100 fc
TEST SURFACE CONDITION:  As Welded TEST SURFACE TEMPERATURE: Oil -20°C to 50°C

RESULTS:

Magnetic particle inspection was carried out on the inside of the penstock after a scaffold was erected. The inspection was done on
the bottom side of the weld that was inspected earlier today after one of the welders noticed a sharp edge on the toe of the weld
opposite the crack. The sharp edge was caused by the parent material being eroded away leaving an edge of weld metal this
continues on intermittently approx. 6” upstream from the crack on the other side of the weld from the crack.

THIS DOCUMENT AND ALL SERVICES AND/OR PRODUCTS PROVIDED IN CONNECTION WITH THIS DOCUMENT AND ALL FUTURE SALES ARE SUBJECT TO AND SHALL BE
GOVERNED BY THE "ACUREN STANDARD SERVICE TERMS" IN EFFECT WHEN THE SERVICES AND/OR PRODUCTS ARE ORDERED. THOSE TERMS ARE AVAILABLE AT
WWW.ACUREN.COM/SERVICETERMS, ARE EXPRESSLY INCORPORATED BY REFERENCE INTO THIS DOCUMENT AND SHALL SUPERSEDE ANY CONFLICTING TERMS IN ANY
OTHER DOCUMENT (EXCEPT WHERE EXPRESSLY AGREED OTHERWISE IN THAT OTHER DOCUMENT).

The Client Representative who receives this report is responsible for verifying that the acceptance standard listed in the report is correct, and promptly notifying Acuren of any issues with this report
and/or the work summarized herein. The owner is responsible for the final disposition of all items inspected.

CLIENT REPRESENTATIVE: N/A

TECHNICIAN: WW

Mike Trickett
1st Technician 2nd Technician
CGSsB Il
CGSB Reg. #14179

REVIEWER: %Q_M )
Generated Using: CAN-QUA-02F007 R02 - 12/15/2015]
06/03/16 ( o CAN-Q )

MT-MT053116-002 RO
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Acuren Group Inc.
1 Austin Street Phone:  709.753.2100
St. John's, NL, Canada A1B 4C2 Fax: 709.753.7011

www.acuren.com

AC U R E N NDT, Inspection and Engineering

NONDESTRUCTIVE EXAMINATION

To.  NEWFOUNDLAND HYDRO PAGE: 1 OF 2
BAY D'ESPOIR NL DATE: JUNE 2/2016

AcUREN JoB #: 183-16-10TAC003-0005
REPORT #: MT-MT060216-001

PO: NA WO: NA

ATTENTION:  KARL INKPEN WORK LOCATION: BAY D'ESPOIR NL
PROJECT: PENSTOCK #1
ITEM(S) EXAMINED: SEE BELOW
PART #: See below MATERIAL: Carbon steel THICKNESS: .437”"
ScopPe: NDE as per client request
TYPE OF INSPECTION:  Magnetic Particle
TeST DETAILS:
ACCEPTANCE STANDARD: ASME SEC VIl REVISION: 2015
PROCEDURE/TECHNIQUE: CAN-MT-14P001 REVISION: R11 /2015
TypPe: Wet Visible METHOD:  Yoke
PARTICLE BRAND:  Magnaflux PrRobuUCT No.: 7THF CURRENT: AC MT INSTRUMENT: Parker B-300
PARTICLE COLOUR: Black MT INSTRUMENT S/N: 23490 CALDUE: Oct 4 16
SUSPENSION: Qil LIFT CHECK BEFORE USE:  Yes  LIFT WEIGHT S/N: 12846
CONTRAST PAINT:  Magnaflux ProbuUCT No.: WCP2 LIGHTING EQUIPMENT: Flashlight
MAG TIME (SECONDS): 15 DEMAG REQUIRED?: No BLACKLIGHT MAKE: N/A S/N: N/A
TECHNIQUE DEMONSTRATED OVER A PAINTED SURFACE?: N/A LIGHT METER S/N: 150803637 CAL DUE: Oct 6 16

LIGHT INTENSITY: Output > 100 fc
TEST SURFACE CONDITION:  As Welded TEST SURFACE TEMPERATURE: Oil -20°C to 50°C

RESULTS:

MT was performed on items listed below at the time of inspection no rejectable indications were found.

MT was performed on the excavated area on the crack in penstock #1. The ends of the crack were ground out until
indication was fully removed.

Down Stream end of cracked area after MT ~ Up Stream end of cracked area after MT

THIS DOCUMENT AND ALL SERVICES AND/OR PRODUCTS PROVIDED IN CONNECTION WITH THIS DOCUMENT AND ALL FUTURE SALES ARE SUBJECT TO AND SHALL BE
GOVERNED BY THE "ACUREN STANDARD SERVICE TERMS" IN EFFECT WHEN THE SERVICES AND/OR PRODUCTS ARE ORDERED. THOSE TERMS ARE AVAILABLE AT
WWW.ACUREN.COM/SERVICETERMS, ARE EXPRESSLY INCORPORATED BY REFERENCE INTO THIS DOCUMENT AND SHALL SUPERSEDE ANY CONFLICTING TERMS IN ANY
OTHER DOCUMENT (EXCEPT WHERE EXPRESSLY AGREED OTHERWISE IN THAT OTHER DOCUMENT).

The Client Representative who receives this report is responsible for verifying that the acceptance standard listed in the report is correct, and promptly notifying Acuren of any issues with this report
and/or the work summarized herein. The owner is responsible for the final disposition of all items inspected.

CLIENT REPRESENTATIVE: N/A

TECHNICIAN: P et —
Mike Trickett

1st Technician 2nd Technician
CGSsB Il
CGSB Reg. #14179

REVIEWER: 8\_.\._ )
Generated Using: CAN-QUA-02F007 RO2 - 12/15/2015
06/03/16 ( o CAN-Q )

MT-MT060216-001 RO



PUB-NLH-006, Attachment 3
Reliability and Resource Adequacy Study

Page 43 of 43
Acuren Group Inc.
1 Austin Street Phone:  709.753.2100
St. John's, NL, Canada A1B 4C2 Fax: 709.753.7011

www.acuren.com

ACUREN NDT,Inspection and Engineering

NONDESTRUCTIVE EXAMINATION

To:  NEWFOUNDLAND HYDRO PAGE: 2 OF 2
BAY D'ESPOIR NL DATE: JUNE 2/2016

ACUREN JoB #: 183-16-10TAC003-0005
REPORT #: MT-MT060216-001
PO: NA WO: NA
ATTENTION:  KARL INKPEN WORK LocATION: BAY D'ESPOIR NL
PROJECT: PENSTOCK #1
ITEM(S) EXAMINED: SEE BELOW

RESULTS:

After root was welded and cleaned up MT was performed, no rejectable indications were found.
R T T T——

4

Root Area MT

The weld was then filled and caped on the outside of penstock. The backing bar was then removed from the inside of
the penstock and the root was cleag‘z?tclir and final ¢ elded.
¥ T Z N Whefhe, . >

gt

Cap on inside

e s R g

sk e - e —
= RS ae o

Cap on outside

THIS DOCUMENT AND ALL SERVICES AND/OR PRODUCTS PROVIDED IN CONNECTION WITH THIS DOCUMENT AND ALL FUTURE SALES ARE SUBJECT TO AND SHALL BE
GOVERNED BY THE "ACUREN STANDARD SERVICE TERMS" IN EFFECT WHEN THE SERVICES AND/OR PRODUCTS ARE ORDERED. THOSE TERMS ARE AVAILABLE AT
WWW.ACUREN.COM/SERVICETERMS, ARE EXPRESSLY INCORPORATED BY REFERENCE INTO THIS DOCUMENT AND SHALL SUPERSEDE ANY CONFLICTING TERMS IN ANY
OTHER DOCUMENT (EXCEPT WHERE EXPRESSLY AGREED OTHERWISE IN THAT OTHER DOCUMENT).

The Client Representative who receives this report is responsible for verifying that the acceptance standard listed in the report is correct, and promptly notifying Acuren of any issues with this report
and/or the work summarized herein. The owner is responsible for the final disposition of all items inspected.

CLIENT REPRESENTATIVE: N/A
TECHNICIAN: WM
Mike Trickett
1st Technician 2nd Technician
CGSB Il
CGSB Reg. #14179
REVIEWER: aﬂu\—ﬂ- o -~ ~ .
06/03/16 (Generated Using: CAN-QUA-02F007 R02 - 12/15/2015)
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Introduction

Hydro engaged Hatch on September 22, 2016 to investigate the condition of some of the
welded joints on Bay d’Espoir Penstock No. 1. In September of 2016, Penstock No. 1
experienced a failure to one of the longitudinal welded joints. The joint was repaired, but
further inspection by Hydro indicated there were problems with other longitudinal joints.

Upon completion of the inspection plan developed by Hatch, it was confirmed that the
majority of the longitudinal weld joints from the intake down to Section 117 (Refer to
Appendix H), approximately 900 m of penstock seams, had experienced a significant amount
of weld metal loss.

As a result of the recent repairs to the welded joints and the amount of weld metal loss to the
longitudinal seams, Hydro requested Hatch to complete a Root Cause Analysis (RCA) on the
problem.

The purpose of the RCA is to, where possible, identify any design, metallurgical, operational
and environmental factors that either separately or collectively caused the corrosion issues,
which have been found through inspection, in the longitudinal weld joints and resulted in the
failure of the longitudinal joints.

Incidents and improvement opportunities may arise anywhere in an organization and can vary
a great deal in nature, severity or impact, or underlying causes. Despite the large range of
issues and conditions, the same basic process is applicable to any improvement/problem
solving initiative. The RCA is a multi-step process, and generally involves the following:

e Data Collection
e Defining the factors
e Root Cause Identification

e Recommendations

H352666-00000-220-066-0002, Rev. 1,
Page 1

Ver: 04.03
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2, Data Collection
The following data was collected to determine the factors that caused and/or accelerated the
failures:
1. Drawings of Penstock No.1.
2. Material properties were identified from the drawings and samples from the penstock
shell plate and welds were tested.
3. Kleinschmidt Crack Investigation and Repair Report Penstock No. 1 Bay d’Espoir
Hydroelectric Development, June 2016.
4. Bay d’Espoir Pressure Conduit #1 Inspection Report 1987.
5. Water and Organic growth samples were collected and tested.
6. Discussions with engineering and operations personnel.
7. Internal inspections of penstock and welding seams.
8. External inspections of backfill.

H352666-00000-220-066-0002, Rev. 1,
Page 2

Ver: 04.03
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3. Failure Factors

31 Construction Methods

Penstock No.1 is constructed from a series of cans that vary in length depending on location,
but in general the cans are approximately 9 ft long. Each can consists of two rolled steel
plates that are welded together longitudinally. This form of assembly requires two longitudinal
welded joints.

The penstock varies in diameter from 17 ft to 15 ft 3", and the thickness varies depending on
the location. The penstock is also constructed of two grades of steel, ASTM 285 Gr. C steel
from the intake up to and including section 16, and CSA G40.8 Gr. B. for the remainder.

During the era in which Penstock No. 1 was constructed, plate rolling was generally
completed utilizing a three roll single pinch point roll. When rolling plates with this type of roll,
the start and end of each plate will be flat. Figure 3-1 shows an exaggerated peaking (in red)
compared to the desired tubular structure (in blue).

Figure 3-1: Peaking (Red) As Welded (Blue)

Difficulties with lining up the longitudinal seams at the time of construction in the 1960s are
evident when examining the internals of the penstock and seeing evidence of extensive
dogging1 of the joints to bring the longitudinal seams together. The flat spots and induced
stress from fitting the straight ends increase the residual stress at the joints. Below is an
image of the longitudinal seam that failed in September. Large amounts of peaking were
observed at the initial crack location, see Figure 3-2, and this would mean the weld was
resisting significant residual stresses to maintain a round shape at the seam. The increased
stress also makes the longitudinal joints more susceptible to material loss as they become
sensitized to corrosion.

! Utilization of welded horseshoe shaped brackets and wedges to force plates into alignment prior to
welding and to limit distortion during welding.

H352666-00000-220-066-0002, Rev. 1,
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Figure 3-2: Longitudinal Weld Failure Showing Peaking

3.2 Internal Coating
The existing internal coating is original to the penstock and was specified as a two coat
system manufactured by The Standard Manufacturing Company of Newfoundland. The
primer coat consisted of 5 mils dry film thickness (DFT) of Matflint #7-Primer and the finish
coat was 6 mils dry film thickness of Matflint #7-Black Coal Tar Epoxy (Bay d’Espoir Pressure
Conduit #1 Inspection Report 1987).

After a review of a previous inspection report, it is evident that initial coating deterioration
occurred prior to 1987 and the deterioration has steadily progressed since then. In the report
it also mentions that failure of the coating initiated at the welds. This inspection also
completed a review of the interior surface but did not identify any excessive corrosion of the
longitudinal joints and did not make any recommendations for further inspection or
refurbishing of the corroded areas.

Visual inspection of the penstock interior surface indicated some of the coating to be present;
however, a physical inspection showed there was no bond between the coating and the steel,
as the coating was easily lifted off by scraping the surface. Visual inspection of all exposed
surfaces (welds and parent metal) showed varying signs of pitting corrosion which is typical
for a penstock of this age.

At the time of construction (1960’s), Coal Tar Epoxies were being utilized as one of the
industry standards for penstocks internal protection coatings on penstocks (Centre for Energy
Advancement through technological Innovation (CEATI) Technology Review Hydro-Electric
Coating Strategies for Corrosion Prevention). Penstock guidelines and best practices
commonly reference internal coatings per AWWA C203 Standard for Coal-tar Protection
Coatings and Linings (Steel Penstocks 2012 (2" Edition)).

In general, coal tar epoxy coatings have a lifespan of 10-20 years depending on the service.
For internal penstock coating, in particular, CEATI estimates the expected life for this
particular system to be on average 15 years. The coating on penstock No. 1 has been in
place since the original installation and has exceeded the standard life expectancy.

H352666-00000-220-066-0002, Rev. 1,
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Failure modes for Coal Tar Epoxy coating systems are typically as outlined below. However,
due to lack of available information from the original fabrication/construction we cannot
determine if either of these contributed to the coating failure:

1. Insufficient surface preparation. Surface preparation needs to be completed on the entire
internal surface including welds. In other industries we have seen instances where welds
were insufficiently prepped which leads to localized coating failure along weld seams.
This localized failure allows the spread by water getting behind the coating and “lifting”
the coating and therefore progressing the failure outward from the welds.

2. Insufficient curing time/environment. Coal tar epoxies are typically high DFT
(approximately 10-14 mils) systems built up in multiple coats. Typical DFT of a single
coat should not exceed 3-4 mils. Thicker coats should be avoided as it causes increased
curing times and possible curing issues. It is possible that the system was applied in two
thick coats, leading to improper curing.

3. As coal tar epoxies age, they become brittle and crack. This embrittiement and cracking
allows localized failures which eventually lead to moisture penetrating the system and
ultimately system failure. This embrittlement and cracking would be exacerbated by any
dimensional changes from increasing/decreasing ovality. The penstock tends to flatten
during extended periods of being de-watered (the degree of which is directly related to
the exterior backfill support), but rounds out after re-pressurizing.

3.3 Organic Growth
The internal surface of Penstock No. 1 has a layer of organic growth, approximately 2 inches
thick, extending from the intake to Section 117. The layer of organic growth reduces in
thickness as you progress downstream towards the powerhouse. The penstock (welds and
parent metal), downstream of the surge tank, appeared to be corroding at a rate that would
be expected for similar penstocks without a protective coating. When inspecting the penstock
in the scroll case area the organic growth was not present and corrosion was substantially
reduced with no signs of accelerated pitting corrosion of the weld metal or heat affected zone
(HAZ).

To assess the possibility of microbiologically influenced corrosion (MIC) a series of organic
samples were taken and sent for testing. The following organic tests were performed by
Acuren, Mississauga, Ontario.

e Low Nutrient Bacteria (LNB)

e |ron-Related Bacteria (IRB)

e Anaerobic Bacteria (ANA)

e Acid-Producing Bacteria (APB)

e Sulfate-Reducing Bacteria (SRB)

H352666-00000-220-066-0002, Rev. 1,
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In general, microbiologically influenced corrosion testing is completed on wetted specimens;
this allows standard testing to be completed. Final readings of testing indicate the following:

e Negative readings for IRB and SRB
e Weak Positive readings for LNB, ANA and APB

Based on these findings it would appear that the organic growth provides an environment that
is more susceptible to pitting corrosion and allows ions to flow more freely.

3.4 Water Analysis
Water testing data was collected from 1965, 1980, 1988, 1992, 1993, 1994, 1995, 1996 and
2016. Testing between 1965 and 2016 yielded similar Langelier saturation index (LSI) results.
However, the most recent water test indicates a change in water chemistry. We recommend
additional testing to confirm these results.

The available data from 1965-2016 was used to compute the LSI, which is used to quantify
the corrosive behavior of a specific water source. This calculation takes the pH, alkalinity,
Total Dissolved Solids (TDS), temperature and calcium all into account rather than strictly
depending on the pH value.

The LSI ranks water corrosion potential on a scale typically between -5 to 4, with -5 being
highly corrosive and 4 having a high likely hood of scale buildup. When applying the LSI to
the Bay d’Espoir water samples the following values were obtained:

Table 3-1: LSI vs Water Sample Year

Year LSl Year LSI

1965 -4.77 1994 -5.72
1980 -6.57 1995 -5.69
1988 -5.02 1996 -4.75
1992 -5.71 - -

1993 -5.65 2016 -3.9

In several instances the LS| ratings calculated were outside of the typical range, indicating
the water is more corrosive than typical water bodies. These values would indicate that the
water flowing through the penstock would be considered highly corrosive. Refer to Appendix
E for further information on samples and the LSI index.

3.5 Base Metal and Weld Analysis
Throughout the upper section of the penstock it was noted that longitudinal seams were
experiencing extensive pitting corrosion, material loss and well defined notches along the
heat affected zone of the welds. This excess material loss and notching contributes to high
stresses, crack initiation and propagation. Refer to Figure 3-3 and Figure 3-4 for images of
the notching, excessive pitting corrosion, and material loss.
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Figure 3-4: Longitudinal Seams in Penstock No.1 Section 16

To assess the metallurgy, mechanical and chemical properties of the parent metal and weld
metal, a series of non-destructive and destructive testing was carried out.

The following non-destructive testing (NDT) was performed by TEAM Industrial Services,
St. John’s, NL, to aid the RCA investigation:

e Radiographic Examination
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The following destructive testing was performed by Cambridge Materials Testing Limited,
Cambridge, Ontario, to aid the RCA investigation:

e Microetch Evaluation

e Macroetch Evaluation

e Vickers Hardness Traverse

e Transverse Weld Tensile

o Weld Metal Chemical Analysis Test
e Base Metal Chemical Analysis Test

The following destructive testing was performed by Acuren, Mississauga, Ontario, to aid the
RCA investigation:

e Potential Difference Measurements (Weld/Base Metal Galvanic Testing)

The above tests were completed for three separate coupons:

1. Longitudinal seam between ASTM 285 Gr. C (Coupon #1 Section 16)

2. Circumferential seam between CSA G40.8 Gr. B (Coupon #2 Section 17)
3. Circumferential seam between ASTM 285 Gr. C (Coupon #3 Section 8)

Detailed results of the testing can be found in Appendix A, B & C. The Vickers Hardness test,
weld tensile test, and chemical analysis are all consistent with the base metals listed on the
design drawings and shield metal arc (SMAW) E4918 welding consumables.

As indicated in the attached reports, both the weld metal and parent metal are high in
Sulphur. High amounts of Sulphur, by itself, can produce porosity in the weld metal and heat
affected zones, primarily at the surface. Surface porosity is one of the main contributors to
pitting corrosion. The presence of pitting corrosion would accelerate the effects of
preferential corrosion and stress corrosion cracking.
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Figure 3-5: Coupon #1 Micro of Heat Affected Zone Transgranular Cracks

The macroetch and microetch of coupon #1 (longitudinal) show surface pitting corrosion and
advanced stages of preferential pitting corrosion with cracks initiated from the cavities and
are progressing through the heat affected zone.

The macroetch and microetch of coupon #2 & 3 (circumferential) show surface pitting
corrosion and preliminary stages of preferential pitting corrosion without any cracks.

The results of the Weld/Base Metal Galvanic Testing generally indicate that a galvanic cell
between the weld metal and base metal is present and the weld metal, in particular the heat
affected zone, was more susceptible to pitting corrosion than the base metal.

3.6 Weld Seam Stresses
Penstock pressure from the static head or dynamic head cause stresses in the penstock shell
that can be categorized as “longitudinal stress” and “hoop stress”, which occur
simultaneously. The “hoop stress” is twice as high as the “longitudinal stress”. The “hoop
stress” is the stress found in the longitudinal joints. The stress in circumferential weld seams
is known as the “longitudinal stress”. As a result, virtually all failures in penstocks or pressure
piping where there is a crack or split in a seam occur in the longitudinal direction.
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3.6.1 Stress in Longitudinal Joints “Hoop Stress”

Longitudinal seams are more susceptible to failure due to higher stresses.

The stress in longitudinal weld seams is known as the “hoop stress”. The “hoop stress” (ay,) is
dependent upon the pressure (P), diameter (D) and wall thickness (t).

_PD

T2t

Oh

Figure 3-6: “Hoop Stress” Pulls Longitudinal Seams Apart

3.6.2 Stress in Circumferential Joints “Longitudinal Stress”
Circumferential seams are less susceptible to failure due to lower stresses.

The stress in circumferential weld seams is known as the “longitudinal stress”. The
“longitudinal stress” (o,) is dependent upon the pressure (P), diameter (D) and wall thickness

().

_PD
T4t

Figure 3-7: “Longitudinal Stress” Pulls Circumferential Seams Apart

3.7 Backfill
When reviewing the backfill requirements of Penstock No. 1 it was noted that there is a
difference between the design specification and the “As Built” drawings. The specification
states the penstocks were to be covered with soil to a minimum depth of 3 ft. The “As Built”
drawing, Figure 3-8 is similar to the condition currently found in the field. The surrounding fill
is part of the penstock construction, and serves to keep the penstock in shape when it is
unwatered, to prevent collapse due to the pressure in the penstock falling below atmospheric,
and by insulating to prevent excessive thermal stresses.
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The “As Built” drawing shows a detail that has cover thicknesses in multiple locations below 1
ft.
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Figure 3-8: Drawing Half Trench as per “As Built” Drawing

Current reference material shows typical half trench buried penstock cover details (Buried

Steel Penstocks — Steel Plate Engineering Data —\VVolume 4) of 2 ft minimum of cover and can
be seen below:

Trench Backfill

Pipe Zone Material

Compacted Pipe
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T
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Figure 3-9: Typical Half Trench

When analyzing the backfill it was determined that backfill is structurally integral to the
penstock and provides needed support along the center line. In the area where the penstock
cracks occurred, the depth of backfill is less than 2 ft and some sliding and sloughing of the
backfill has occurred. This has been shown to increase the stress level by approximately
100% in the area of longitudinal welds locations. Refer to the finite element stress analysis
completed for the backfilling of the excavated areas in Appendix G.
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4, Heat Affected Zone Pitting Corrosion Contributing Factors

The results of the testing included in the preceding sections indicate that the longitudinal
seams, from the intake downstream to Section 117, experienced weld metal loss, primarily in
the heat affected zone, attributed to “Preferential Heat Affected Zone Pitting Corrosion”.

The problem arises from the fact that weld metal compositions (which are normally optimized
for mechanical properties) tend to be slightly anodic to the parent steel. This issue arises
across all welded structures. Therefore, the weld metal corrodes at a higher rate than the
base metal.

The preferential corrosive attack of welds can occur for a number of reasons:

1. Differences in composition between the weld metal and the base metal can generate a
potential difference in certain environments, thus setting up a galvanic cell, leading to
pitting corrosion.

2. Differences in as-welded microstructure could make the weld metal sufficiently different
from and even less corrosion resistant than the base metal.

3. Microstructural differences between the base metal and as-welded heat affected zones
can lead to localized attack of the heat affected zone.

4. Preferential pitting corrosion is more prone to occur when the weld metal is exposed to
aqueous environments that are fairly high in conductivity, and can occur at pH values
below approximately 7 to 8 (Indicating low LSI numbers). Historical data (recorded for NL
Hydro) indicates pH levels as low as 5.2 (Appendix E). In addition, the microbiologically
influenced corrosion causing bacteria in the organic growth, and the sulfur content in the
base metal and weld metal could accelerate pitting corrosion.

5. Due to the construction methods of the penstock, the longitudinal seams would have
inherent residual stresses that would be intensified by the heating and cooling of the
welding process. High residual stresses can contribute to another phenomenon known
as “Stress Corrosion Cracking” which would exacerbate the preferential pitting corrosion
and contribute to the reasons why the longitudinal seams experienced a more
accelerated corrosion rate than the circumferential seams. Due to the construction
methods, the circumferential weld seams would experience lower residual stresses.
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5. Identification of Root Cause

Mechanical Engineering
Root Cause Analysis

Although the method or tool used to conduct RCA varies, the principle is the same regardless
of the tool used. Methods and tools should be selected in accordance with the particular
problem requirements. In this case, an Events and Casual Factor Analysis was completed. A
Casual Factor Summary Table (see below) was generated to organize the information by the
defining factors, their primary effects and their contribution to the Root Cause Mapping.

Defining
Factor

Primary Effect

Table 5-1: Corrosion Casual Factor Summary Table

Root Cause Mapping

High residual stresses combined with exposure

Construction High residual stresses to harsh environments lead to stress corrosion
Methods .
cracking.
Igtemal Failure of coating Exposure to harsh environment.
oating
Organic Generates microbiologically Presence of microbiologically influenced
Growth influenced corrosion (MIC) corrosion (MIC) amplifies harsh environment

Water Analysis

Low Langelier Saturation Index
numbers

Confirmed harsh environment exists

Base Metal
and Weld
Metal Analysis

High Sulphur in base metal
and weld metal.

High susceptibility to porosity and pitting
corrosion when exposed to harsh environment.

Galvanic couple between heat
affected zone and base metal

Heat affected zone acts sacrificially to base
metal and weld metal when exposed to harsh
environment.

stresses.

Weld Seam High operating stresses in Increases sensitivity to pitting corrosion when
Stresses longitudinal seams exposed to harsh environment.
Insufficient backfill and High stresses increases sensitivity to pittin
Backfill sloughing leads to high 9 y fo piting

corrosion when exposed to harsh environment.

In this case, the analysis links the “exposure to the harsh environment” as a path through the
Root Cause Mapping to all of the casual factors. The primary effect that leads to the
“exposure to the harsh environment” is the failure of the internal coating system.
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Table 5-2: Cracking Casual Factor Summary Table

Defining . .
Factor Primary Effect Root Cause Mapping
. Reduced thickness of longitudinal seams below
Material loss ",
Corrosion critical values.
(Table 5-1) Notching along heat affected Intensified stresses along longitudinal weld
zone seams.

Weld Seam High operating stresses in Reached critical stress due to insufficient
Stresses longitudinal seams material and notching which lead to failure.
Backfil Isr;slljﬁ;:;':n}et;cskm r?:](rjw Reached critical stress due to insufficient

stresgsesg 9 material and notching which lead to failure.

The Casual Factor Summary Table links reaching the critical stress to the material loss and

notching.
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6. Conclusions

This report addresses two predominant issues, the pitting corrosion of the longitudinal seams
in the section of the penstock located between the intake and the surge tank, and the failure
of the longitudinal seams resulting in two cracks.

The section of the penstock that is located between the surge tank and the powerhouse is
corroding as the original coating is no longer effectively protecting the steel, but at a rate that
is normal for uncoated penstocks. There are no signs of excessive pitting corrosion of the
longitudinal welds in this area. There is no reason to be concerned provided this section of
the penstock is inspected to ensure the corrosion rate remains the same.

6.1 Penstock Pitting Corrosion
The interior of the penstock was originally coated with a coal tar epoxy that protected the
interior surface. The coating has exceeded the normal service life of this type of product and
no longer protects the interior surface of the steel penstock.

In general, the entire interior of the penstock is no longer protected from corrosion by a
coating system. The corrosion attack is primarily focused on the longitudinal weld seams in
the weld and heat affected zones. Based on our analysis, in our opinion the penstock is
experiencing stress corrosion cracking.

Stress corrosion cracking requires two main contributing factors:
1. Harsh environment

The water flowing through the penstock has a low pH and a low LSI making it a harsh
environment. Further to this, a microbiologically influenced corrosion generating organic
growth has attached itself to the interior surface which also adds to the harshness of the
environment.

2. High stresses

The high stresses in the longitudinal weld seams causes stress corrosion sensitization. This
can be broken down into three factors:

e High residual stresses in longitudinal joints from fabrication, which was common
fabrication practice at the time of construction.

¢ Insufficient/sloughing backfill
e Longitudinal joints have higher stresses than circumferential joints due to “hoop stress”.

These factors have made the longitudinal seams the primary point for corrosion attack in the
penstock.
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6.2

Further corrosion accelerants were found during the investigation:

e The metallurgy also contributed to the susceptibly to corrosion. After completing a
chemical analysis, it was determined that the weld metal and base metal used during
construction, were both high in Sulphur. This high Sulphur can increase pitting corrosion
and exacerbate stress corrosion cracking.

e Galvanic testing also indicated a galvanic couple that caused pitting corrosion in the heat
affected zones.

Each of these factors could cause or accelerate the pitting corrosion when the weld metal and
base metal were exposed to a harsh environment.

Penstock Cracks
The probable cause of the failure of the longitudinal seam was a function of the general
corroded condition of the welds and the location of the joint.

The failed joint occurred in the highest pressure area of the largest diameter portion of the
penstock and in an area with the least amount of backfill.

The existing backfill in the area of the cracked joints provided insufficient cover due to local
sloughing/sliding of the fill material.

Consequently due to high stress concentrations along the weld seam due to pitting corrosion,
a reduced thickness of heat affected zone metal, high pressure stress due to hydraulic head
and lack of backfill support in the area, the metal reached a critical stress and failed.
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7. Recommendations

The objective of root cause analysis is to identify the underlying cause(s) that led to the
problem so that these root cause(s) can be potentially eliminated for this and other
penstocks. By treating the root cause(s) and not just the symptoms, future occurrences can
be prevented.

Since the major contributing factor to the pitting corrosion of the welds is “exposure to the
harsh environment”, and its root cause is “failure of the internal coating system”, the primary
recommendation is to reinstate the coating system.

The original design of the penstock included a coal tar epoxy coating. In our opinion, due to
the corrosive nature of the water, organic growth and identified corrosion problems the entire
length of the penstock should be coated with a suitable corrosion resistant system. The
recommended timeline for this work is within the next 5 years.

Other mitigating alternatives were considered, such as cathodic protection, and treating the
water to raise the pH and minimize the organic growth. However, attaching anodes to the
interior of a penstock creates a hazard to the turbine equipment and the volume of water
flowing through the penstock makes water treatment impractical.

Based on a preliminary review of the design of the penstock and backfill interaction, we have
determined the backfill is integral to the structural integrity of the penstock. Hatch determined
through analysis that even small excavated areas are required to be reinstated prior to
watering up the penstock. Visual inspection of the backfill in the area where the re-welding
and crack repairs occurred indicated there is a possible interrelationship between the location
of the cracks and the condition of the backfill. Hydro is currently having an assessment of the
backfill design completed by Hatch to confirm the required backfill cross section. Further
recommendations will be detailed in this assessment.

We anticipate there could be similar corrosion issues in Penstocks No. 2 and No. 3 as were
found in Penstock No. 1. These three penstocks were designed, fabricated and installed by
the same contractor and used identical materials in their construction.

There is one marked difference between these two penstocks and Penstock No. 1, and that is
the backfill. There does not appear to be the same sloughing and sliding of the backfill for
Penstocks No. 2 and No. 3, thus the stresses in the longitudinal joints is anticipated to be
less.

These penstocks have a different profile due to the bedrock elevation at each location. Hatch
will be assessing the stresses in these two penstocks due to their backfill and providing
recommendations if any remedial action is required.

For all Hydro’s penstocks throughout the province that have been internally coated, we
recommend that Hydro implement inspection procedures that check the functional quality of
any internal coatings system to ensure there is sufficient adhesion of the coating to the steel
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and there is no underside corrosion occurring. This may require inspection procedures that
are in accordance with the National Association of Corrosion Engineer (NACE) and removal
of some of the coating in areas of high stress.
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Appendix A
Weld Coupon #1 Test Report
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Introduction

As part of the Root Cause Analysis (RCA) investigation a coupon measuring approximately
460 mm x 460 mm (18" x 18") was removed from Section 16 (A285 Gr C Material) of BDE
Penstock #1. The coupon incorporated a portion of one of the longitudinal weld seams that
was partially repaired by Hydro’s personnel, but did not include the repaired section.
Required Tests

The following non-destructive testing was performed by TEAM Industrial Services, St. John's,
NL, to aid the RCA investigation:

e Radiographic Examination

The following destructive testing was performed by Cambridge Materials Testing Limited,
Cambridge, Ontario, to aid the RCA investigation:

e Macroetch Evaluation

e Vickers Hardness Traverse

e Microetch Evaluation

e Transverse Weld Tensile

e Weld Metal Chemical Analysis Test
e Base Metal Chemical Analysis Test

e Coating System Asbestos and Quantitation Test

Test Results

Radiographic Examination

The radiographic examination showed no rejectable defects. Porosity was detected, but was
in the range of acceptable limits.

Macroetch Evaluation

A Photomacroetch of the weld was prepared from two different sections of the coupon etched
in 2% Nital. A stereo microscope was then used to examine the samples for general
comments on weld imperfections.

e Both sections showed a profile consistent with “Preferential Heat Affected Zone
Corrosion”.

e Both sections exhibited cracks propagating from the toes of the weld.
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e One section exhibited porosity on the face of the weld.

Microstructural Examination

The two sections used in the previous Vickers hardness traverse were re-prepared according
to ASTM E3-11 for microstructural examination. The specimens were etched in 2% Nital and
examined using an optical microscope at various magnifications. The examination was
performed at and near the fusion line locations on either side of the weld, where cracks were
observed in the macroexamination.

e Microstructure examination showed ferrite and pearlite in both specimens.

e Both specimens displayed a relatively coarse grain HAZ on either side of the FL
locations.

e Both specimens displayed a more refined structured HAZ consisting of fairly uniform
mixture of pearlite and ferrite on the FL+1mm locations.

e Viewing at a higher magnification, cavities can be seen at both weld toes. Both cavities
were filled with corrosion product.

e Transgranular cracking was present within the corrosion cavities. Both cracks were
propagating through the HAZ.

Vickers Hardness Traverse

Both macroetch sections were re-polished according to ASTM E3-11 and subjected to a
Vickers Hardness Traverse. The Vickers Hardness readings were performed according to
ASTM E92-16 using a 10kgf test force and indentations were measured at 100x
magnification.

e Hardness values for the weld metal ranged from 169 to 198
e Hardness values for the HAZ ranged from 143 to 173
e Hardness values for the Base material ranged from 139 to 151

Hardness values are within the range of normal expected values for this type of material and
E4918 (E7018) welding consumables.

Transverse Weld Tensile

e Ultimate Tensile Strength (UTS) of base metal = 69.5 ksi (480MPa)

The tensile specimen fractured in the base metal indicating the UTS of the weld metal meets
the requirements of being higher than the UTS of the base metal.
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Weld Metal Chemical Analysis

The chemistry indicated on the attached report is consistent with an E4918 (E7018)
electrode.

The sulphur content is below the maximum allowable of 0.035% (CSA W48, Table 1);
however, according to Lincoln and Air Liquide specification sheets, the normal level of
sulphur in the deposited weld metal for standard SMAW electrodes is 0.008% to 0.013% with
E4918 (E7018) normally around 0.011%. Thus, even though the sulphur content is below the
maximum allowable, it is 2X the normal percentage.

Base Metal Chemical Analysis

The base metal chemistry is consistent with ASTM A285 Gr C material.

Coating System Asbestos and Quantitation Test

Coating system was identified as a Coal Tar Epoxy.

No presence of asbestos was detected in the coating system.
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Test Results
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1177 Franklin Boulevard,
Cambridge, Ontario N1R 7W4

Tel: (5619) 621-6600 Fax: (519) 621-6082
www.cambridgematerials.com

Attention: Keith Gowan

Report For: TEAM Industrial Services (NFLD) Laboratory #:  739108-16
41 Sagona Avenue
MOUNT PEARL, Newfoundland Report Date: October 27, 2016
A1N 4P9 Received Date: October 17, 2016

Customer P.O.#:

Specimen: For Hatch Limited, “Penstock” Weld Pipe Coupon

MACROETCH EVALUATION TEST REPORT

Two random transverse sections were cut from the submitted weld coupon and prepared according
to ASTM E3-11. The sections were arbitrarily labelled Section 1 and Section 2 by CMTL. The
sections were etched in 2% Nital and then examined using a stereo microscope for general
comments on weld imperfections.

RESULTS

Section 1: Examination of the specimen showed that the weld had discontinuities at both toes and
porosity on the face on one side of the weld (refer to Figure 2). At higher magnification, the
discontinuities at the toes of the weld were revealed to be cracks propagating along the fusion line of
the weld (refer to Figure 3). The weld appeared to have no undercut or inclusions, and there was
complete penetration and complete fusion observed throughout the weld.

Section 2: Examination of the specimen showed that the weld had discontinuities at both toes on
one side of the weld (refer to Figure 4). At higher magnification, the discontinuities at the toes of the
weld were revealed to be cracks propagating along the fusion line of the weld (refer to Figure 5). The
weld appeared to have no porosity, undercut or inclusions, and there was complete penetration and

complete fusion observed throughout the weld.

MetallurgMASTM\E3 Weld General Evaluation

This report is subject to the folfowing terms and conditions: 1. This report relates only to the specimen provided
and there is no representation or warranty that it appfies to similar substances or materials or the bulk of which
the specimen is a part. 2. The content of this report is for the information of the custemer identified above only
and it shall not be reprinted, published or disclosed to any other party except in full. Prior written consent from
Cambridge Materials Testing Limited is required. 3. The name Cambridge Materials Testing Limited shall not be
used in connection with the specimen reported on or any substance or materials similar to that specimen without
the prior written consent of Cambridge Materials Testing Limited. 4. Neither Cambridge Materials Testing
Limited nor any of its employees shall be responsible or held liable for any claims, loss or damages arising in
conseqguence of reliance on this report or any default, error or omission in its preparation or the tests conducted.
5. Specimens are retained 6 months, test reports and test data are retained 7 years from date of final test report
and then disposed of, uniess instructed otherwise in writing.
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ﬁ materials testing limited www.cambridgematerials.com

TEAM Industrial Services (NFLD)
Lab # 739108-16

VICKERS HARDNESS TRAVERSE TEST REPORT

The macroetch sections were then re-polished according to ASTM E3-11 and subjected to a Vickers
hardness traverse (refer to Figure 1). The Vickers hardness readings were performed according to
ASTM E92-16 using a 10kgf test force. Indentations were measured at 100X magnification.

TN

S»
1m—L i» EL

f2e 13s IdeiSe } 18+ 17w di@s

=
imm . =

Figure 1: Schematic drawing showing the Vickers hardness indentation locations.
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TEAM Industrial Services (NFLD)
Lab # 739108-16

RESULTS
Section 1 Section 2
Traverse Pass Location Indent Hardness Hardness
(HV 10kgf) (HV 10kgf)
Base Material 1 143 144
2 158 162
HAZ 3 169 ) 154
4 171 158
5 183 181
Top Cap Pass Weld 6 190 193
7 180 188
8 161 173
HAZ 9 156 160
10 151 158
Base Material 11 144 146
Base Material 12 146 149
13 149 166
HAZ 14 149 161
15 160 160
. . 16 169 171
Mid-Thickness Weld 17 172 186
18 173 181
19 144 169
HAZ 20 144 143
21 146 147
Base Material 22 139 139
Base Material 23 150 151
24 167 163
HAZ 25 163 154
26 162 161
27 198 187
Bottom Cap Weld 28 198 198
Pass
29 196 197
30 154 160
HAZ 31 155 167
32 161 167
Base Material 33 142 147
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% Cambridge
‘ g Cambridge, Ontario N1R 7W4
Tel: (519) 621-6600 Fax: (519) 621-6082

materials testing limited www.cambridgematerials.com

TEAM Industrial Services (NFLD)
Lab # 739108-16

Specimen examined at 4X, photo shown at approximately 4X
Etched in 2% Nital

Figure 2: Photomacrograph of the Section 1, which had discontinuities at both toes (red arrows) and
porosity (yellow arrow) on the face on one side of the weld.
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TEAM Industrial Services (NFLD)
Lab # 739108-16

Specimen examined at 16X, phoos shown approxtma!y 15X
Etched in 2% Nital

Figure 3: Photomacrographs of the Section 1. The discontinuities at the toes of the weld were
revealed to be cracks propagating along the fusion line of the weld (red arrows).
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TEAM Industrial Services (NFLD)
Lab # 739108-16

Specimen examined at 4X, photo shown at approximately 4X
Etched in 2% Nital

Figure 4. Photomacrograph of the Section 2, which had discontinuities at both toes (red arrows) on
one side of the weld.

Page 6 of 7



.:"c. Cambridge

ﬂ materials testing limited

PUB-NLH-006, Attachment 4
Reliability and Resource Adequacy Study
Page 36 of 157

1177 Franklin Boulevard,
Cambridge, Ontario N1R 7W4

Tel: (5619) 621-6600 Fax: (519) 621-6082
www.cambridgematerials.com

Attention: Keith Gowan

Report For: TEAM Industrial Services (NFLD) Laboratory #:  739108-16
41 Sagona Avenue
MOUNT PEARL, Newfoundland Report Date: October 27, 2016
A1N 4P9 Received Date: October 17, 2016

Customer P.O.#:

Specimen: For Hatch Limited, “Penstock” Weld Pipe Coupon

MACROETCH EVALUATION TEST REPORT

Two random transverse sections were cut from the submitted weld coupon and prepared according
to ASTM E3-11. The sections were arbitrarily labelled Section 1 and Section 2 by CMTL. The
sections were etched in 2% Nital and then examined using a stereo microscope for general
comments on weld imperfections.

RESULTS

Section 1: Examination of the specimen showed that the weld had discontinuities at both toes and
porosity on the face on one side of the weld (refer to Figure 2). At higher magnification, the
discontinuities at the toes of the weld were revealed to be cracks propagating along the fusion line of
the weld (refer to Figure 3). The weld appeared to have no undercut or inclusions, and there was
complete penetration and complete fusion observed throughout the weld.

Section 2: Examination of the specimen showed that the weld had discontinuities at both toes on
one side of the weld (refer to Figure 4). At higher magnification, the discontinuities at the toes of the
weld were revealed to be cracks propagating along the fusion line of the weld (refer to Figure 5). The
weld appeared to have no porosity, undercut or inclusions, and there was complete penetration and

complete fusion observed throughout the weld.

MetallurgMASTM\E3 Weld General Evaluation

This report is subject to the folfowing terms and conditions: 1. This report relates only to the specimen provided
and there is no representation or warranty that it appfies to similar substances or materials or the bulk of which
the specimen is a part. 2. The content of this report is for the information of the custemer identified above only
and it shall not be reprinted, published or disclosed to any other party except in full. Prior written consent from
Cambridge Materials Testing Limited is required. 3. The name Cambridge Materials Testing Limited shall not be
used in connection with the specimen reported on or any substance or materials similar to that specimen without
the prior written consent of Cambridge Materials Testing Limited. 4. Neither Cambridge Materials Testing
Limited nor any of its employees shall be responsible or held liable for any claims, loss or damages arising in
conseqguence of reliance on this report or any default, error or omission in its preparation or the tests conducted.
5. Specimens are retained 6 months, test reports and test data are retained 7 years from date of final test report
and then disposed of, uniess instructed otherwise in writing.

Test Report Template Revision January 2013
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r
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ﬁ materials testing limited www.cambridgematerials.com

TEAM Industrial Services (NFLD)
Lab # 739108-16

VICKERS HARDNESS TRAVERSE TEST REPORT

The macroetch sections were then re-polished according to ASTM E3-11 and subjected to a Vickers
hardness traverse (refer to Figure 1). The Vickers hardness readings were performed according to
ASTM E92-16 using a 10kgf test force. Indentations were measured at 100X magnification.
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Figure 1: Schematic drawing showing the Vickers hardness indentation locations.
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TEAM Industrial Services (NFLD)
Lab # 739108-16

RESULTS
Section 1 Section 2
Traverse Pass Location Indent Hardness Hardness
(HV 10kgf) (HV 10kgf)
Base Material 1 143 144
2 158 162
HAZ 3 169 ) 154
4 171 158
5 183 181
Top Cap Pass Weld 6 190 193
7 180 188
8 161 173
HAZ 9 156 160
10 151 158
Base Material 11 144 146
Base Material 12 146 149
13 149 166
HAZ 14 149 161
15 160 160
. . 16 169 171
Mid-Thickness Weld 17 172 186
18 173 181
19 144 169
HAZ 20 144 143
21 146 147
Base Material 22 139 139
Base Material 23 150 151
24 167 163
HAZ 25 163 154
26 162 161
27 198 187
Bottom Cap Weld 28 198 198
Pass
29 196 197
30 154 160
HAZ 31 155 167
32 161 167
Base Material 33 142 147
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‘ g Cambridge, Ontario N1R 7W4
Tel: (519) 621-6600 Fax: (519) 621-6082

materials testing limited www.cambridgematerials.com

TEAM Industrial Services (NFLD)
Lab # 739108-16

Specimen examined at 4X, photo shown at approximately 4X
Etched in 2% Nital

Figure 2: Photomacrograph of the Section 1, which had discontinuities at both toes (red arrows) and
porosity (yellow arrow) on the face on one side of the weld.
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TEAM Industrial Services (NFLD)
Lab # 739108-16

Specimen examined at 16X, phoos shown approxtma!y 15X
Etched in 2% Nital

Figure 3: Photomacrographs of the Section 1. The discontinuities at the toes of the weld were
revealed to be cracks propagating along the fusion line of the weld (red arrows).
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materials testing limited www.cambridgematerials.com

TEAM Industrial Services (NFLD)
Lab # 739108-16

Specimen examined at 4X, photo shown at approximately 4X
Etched in 2% Nital

Figure 4. Photomacrograph of the Section 2, which had discontinuities at both toes (red arrows) on
one side of the weld.
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Tel: (519) 621-6600 Fax: (519) 621-6082

ﬂ materials testing limited www.cambridgematerials.com

TEAM Industrial Services (NFLD)
Lab # 739108-16

Specimen exmed t 16X, phtos swn at approximately 15X
Etched in 2% Nital

Figure 5: Photomacrographs of the Section 2. The discontinuities at the toes of the weld were
revealed to be cracks propagating along the fusion line of the weld (red arrows).
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3¢ Cambridge
‘ Cambridge, Ontario N1R 7W4
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Report For: TEAM Industrial Services (NFLD) Laboratory #:  742906-16 (Revised)
41 Sagona Avenue
MOUNT PEARL, Newfoundland Report Date: December 16, 2016
A1N 4P9 Received Date: December 6, 2016
Attention: Keith Gowan Customer P.O.#:

Specimen: For Hatch Limited, “Penstock” Weld Pipe Coupon

METALLURGICAL TEST REPORT

Two weld coupon specimens, previously subjected to macroscopic examination (CMTL Lab
#739108-16), were further sectioned, then mounted and prepared for microscopic examination
in accordance with ASTM E3-11. The specimens were etched in 2% Nital and examined using
an optical microscope. Examinations were performed at and near fusion line locations on either
side of the weld, where the cracks were observed during the previous macroscopic examination.
These locations were labelled as “FL” and “FL +1” as instructed by the customer.

RESULTS

Section 1: Examination of the weld coupon specimen at the “FL” locations revealed
transgranular cracks propagating through the HAZ of the weld from cavities located at both toes
on the face of the weld (refer to Figure 1). Both cavities were filled with corrosion product,
indicating the cavities may have formed due to pitting corrosion. The HAZ microstructure at the
toe of the weld consisted of relatively coarse-grained pearlite with intergranular ferrite. The weld
microstructure consisted of columnar ferrite and pearlite. At the “FL +1” locations, the HAZ
microstructure was a heterogeneous mixture of ferrite and pearlite, with a more refined grain
size (refer to Figure 2).

Section 2: Examination of the weld coupon specimen at the “FL” locations revealed
transgranular cracks propagating through the HAZ of the weld from a cavity located at one toe
on the face of the weld, and from an overlap at the other toe on the face of the weld (refer to
Figure 3). The cavity was filled with corrosion product, indicating it may have formed due to
pitting corrosion. An inclusion was observed within the overlap. The HAZ microstructure at the
toe of the weld consisted of relatively coarse-grained pearlite with intergranular ferrite. The weld
microstructure consisted of columnar ferrite and pearlite. At the “FL +1” locations, the HAZ
microstructure was a heterogeneous mixture of ferrite and pearlite, with a more refined grain
size (refer to Figure 4).

oy

This report is subject to the following terms and conditions: 1. This report relates only to the specimen provided page 1 Of 5
and there is no representation or warranty that it applies to similar substances or materials or the bulk of which Y s ' )

the specimen is a part. 2. The content of this report is for the information of the customer identified above only Cambﬂdge Matenals TeSt]ng L[m}ted

and it shall not be reprinted, published or disclosed to any other party except in full. Prior written consent from
Cambridge Materials Testing Limited is required. 3. The name Cambridge Materials Testing Limited shall not be:

used in connection with the specimen reported on or any substance or materials similar to that specimen without

the prior written consent of Cambridge Materials Testing Limited. 4. Neither Cambridge Materials Testing Per
Limited nor any of its employees shall be respensible or held liable for any claims, loss or damages arising in

consequence of reliance on this report or any defaul, error or omission in its preparation of the tests conducted. Randi Lee ; Quallfy Assurance

5. Specimens are retained 6 months, test reports and test data are retained 7 years from date of final test report /

and then disposed of, urless instructed otherwise in writing. Per W/ 2
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Figure 1:

TEAM Industrial Services (NFLD)
Lab #742906-16 (Revised)

} H 535 Sy .
Specimen examined at 100X, photos shown at approximately 85X
Etched in 2% Nital

Photomicrographs of the Section 1 weld coupon at the “FL” locations. Transgranular cracks (red
arrows) propagated through the HAZ of the weld from cavities located at the both toes on the face of
the weld. Both cavities were filled with corrosion product (green arrows). The HAZ microstructure at
the toe of the weld consisted of relatively coarse-grained pearlite with intergranular ferrite. The weld
microstructure consisted of columnar ferrite and pearlite.
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TEAM Industrial Services (NFLD)
Lab #742906-16 (Revised)

Specnmen exammed at 100X photos shownat approxmately 85X
Etched in 2% Nital

Figure 2: Photomicrographs of the Section 1 weld coupon at the “FL +1" locations, where the HAZ
microstructure was a heterogeneous mixture of ferrite and pearlite, with a more refined grain size.
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Figure 3:

TEAM Industrial Services (NFLD)
Lab #742906-16 (Revised)

Specimen examined at 100X, photos shown at approximately 85X
Etched in 2% Nital

Photomicrographs of the Section 2 weld coupon at the “FL” locations. Transgranular cracks (red
arrows) propagated through the HAZ of the weld from a cavity located at one toe on the face of the
weld (right), and from an overlap at the other toe on the face of the weld (left). The cavity was filled
with corrosion product (green arrow, right). An inclusion was observed within the overlap (green arrow,
left). The HAZ microstructure at the toe of the weld consisted of relatively coarse-grained pearlite with
intergranular ferrite. The weld microstructure consisted of columnar ferrite and pearlite.
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TEAM Industrial Services (NFLD)
Lab #742906-16 (Revised)

Spemmen examlned at 100X, photos shown at apprommately 85X
Etched in 2% Nital

Figure 4. Photomicrographs of the Section 2 weld coupon at the “FL +1” locations, where the HAZ
microstructure was a heterogeneous mixture of ferrite and pearlite, with a more refined grain size.
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materials testmg limited Tel: (519) 621-6600 Fax: (519) 621-6082

www.cambridgematerials.com

JU‘ c u m b rl dg e 1177 Franklin Boulevard,

Report for: TEAM Industrial Services (NFLD) Laboratory No. 739111-16
41 Sagona Avenue
MOUNT PEARL, Newfoundland Report Date: October 21, 2016
A1N 4P9 Received Date: October 17, 2016

Attention: Keith Gowan

Specimen: For Hatch Limited, “Penstock” Weld Pipe Coupon

TRANSVERSE WELD TENSILE REPORT

RESULT
Specimen Width: 0.745 in.
Specimen Thickness: 0.370 in.
Cross Sectional Area: 0.276 in?
Maximum Load: 19,152 |Ibf
Ultimate Tensile Strength: 69,500 psi

The tensile specimen fractured in the base metal in a ductile manner.

Testing performed according to ASME Boiler and Pressure Vessel Code Section iX (2015
Edition).

Page 1l of 1

This report is subject to the following terms and conditions: 1. This report relates only to the specimen

provided and there is no representation or warranty that it applies to similar substances or materials or the

bulk of which the specimen is a part. 2. The content of this report is for the information of the customer . . . .
identified above only and it shall not be reprinted, published or disclosed to any other party except in full. Cambrldge Materlals TeStlng lelted
Prior written consent from Cambridge Matertals Testing Limited is required. 3. The name Cambridge

Materials Testing Limited shall not be used in connection with the specimen reported on or any substance

or materials similar to that specimen without the prior written consent of Cambridge Materials Testing P 1 1

Limited. 4. Neither Cambridge Materials Testing Limited nor any of its employees shall be responsible er

or held liable for any claims, loss or damages arising in consequence of reliance on this report or any Randi Lee - QualityAssurance
default, error or omission in its preparation or the tests conducted. 5. Specimens are retained 6 months, -

test reports and test data are retained 7 years from date of final test report and then disposed of, unless Per 4 ;

instructed otherwise in writing. Matthew Liska —
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1177 Franklin Boulevard,

Cambridge, Ontario N1R 7W4

Tel: (519) 621-6600 Fax: (519) 621-6082
www.cambridgematerials.com

Report for: TEAM Industrial Services (NFLD)
41 Sagona Avenue
MOUNT PEARL, Newfoundland
AIN 4P9

Attention: Keith Gowan

Laboratory No. 739110-16

Report Date: October 21, 2016
Received Date: October 17, 2016

Specimen: For Hatch Limited, “Penstock” Weld Pipe Coupon

CHEMICAL ANALYSIS TEST REPORT

Total Carbon 0.073 %

Manganese 0.69 %
Phosphorus 0.015 %
Sulphur 0.021 %

Chemistry was performed on the weld metal.

Silicon 0.52 %
Titanium 0.02 %

Vanadium 0.01 %

Chemical analysis performed according to ASTM E1019-11, ASTM E1097-12 (modified) and

ASTM E1479-99(2011).

This report is subject to the following terms and conditions: 1. This report relates only to the specimen
provided and there is no representation or warranty that it applies to similar substances or materials or the
bulk of which the specimen is a part. 2. The content of this report is for the information of the customer
identified above only and it shall not be reprinted, published or disclosed to any other party except in full.
Prior written consent from Cambridge Materials Testing Limited is required. 3. The name Cambridge
Materials Testing Limited shall not be used in connection with the specimen reported on or any substance
or ials similar to that imen without the prior written consent of Cambridge Materials Testing
Limited. 4. Neither Cambridge Materials Testing Limited nor any of its employees shall be responsible
or held fiable for any claims, loss or damages arising in consequence of reliance on this report or any
default, error or omission in its preparation or the tests conducted. 5. Specimens are retained 6 months,
test reports and test data are retained 7 years from date of final test report and then disposed of, unless
instructed otherwise in writing.
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1177 Franklin Boulevard,

Cambridge, Ontario NIR 7W4

Tel: (519) 621-6600 Fax: (519) 621-6082
www.cambridgematerials.com

Laboratory No. 739109-16

Report Date: October 21, 2016
Received Date: October 17, 2016

Report for: TEAM Industrial Services (NFLD)
41 Sagona Avenue
MOUNT PEARL, Newfoundland
A1N 4P9
Attention:  Keith Gowan
Specimen: For Hatch Limited, “Penstock” Weld Pipe Coupon

CHEMICAL ANALYSIS TEST REPORT

Total Carbon 0.21
Manganese 0.52
Phosphorus < 0.010
Sulphur 0.020
Silicon 0.07

%

%

%

%

%

The above analysis satisfies the chemical composition limits of UNS grade G10200 (1020)

and G10230 (1023) steel.

Chemical analysis performed according to ASTM E1019-11, ASTM E1097-12 (modified) and

ASTM E1479-99(2011).

This report is subject to the following terms and conditions: 1. This report relates only to the specimen
provided and there is no representation or warranty that it applies to similar substances or materials or the
bulk of which the specimen is a part. 2. The content of this report is for the information of the customer
identified above only and it shall not be reprinted, published or disclosed to any other party except in full.
Prior written consent from Cambridge Materials Testing Limited is required. 3. The name Cambridge
Materials Testing Limited shall not be used in connection with the specimen reported on or any substance
or materials similar to that specimen without the prior written consent of Cambridge Materials Testing
Limited. 4. Neither Cambridge Materials Testing Limited nor any of its employees shali be responsible
or held liable for any claims, loss or damages arising in consequence of reliance on this report or any
default, error or amission in its preparation or the tests conducted. 5. Specimens are retained 6 months,
test reports and test data are retained 7 years from date of final test report and then disposed of, unless
instructed otherwise in writing.
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Report For: TEAM Industrial Services (NFLD)

41 Sagona Avenue

MOUNT PEARL, Newfoundland

A1TN 4P9
Attention: Keith Gowan

Specimen:

Laboratory #: 739812-16

Report Date:
Received Date:

October 26, 2016
October 25, 2016

Customer P.O.#:

For Hatch Limited, Paint (Coal Tar Epoxy) from ID Surface of a “Penstock” Weld Pipe Coupon

TEST REPORT

One pipe section with paint was received for identification and quantitation of asbestos, if present, along with
the identification, where possible, of other materials. The paint was removed from the pipe and milled to a

powder for purposes of analysis

in accordance with EPA/600/R-93/116 (July 1993) using both

stereomicroscope and polarized light microscopy. The paint sample was analyzed to evaluate the morphology,
colour, refractive index, extinction, sign of elongation, birefringence, and dispersion staining colour

characteristics of fibrous matter.

RESULTS

% COMPOSITION (VISUAL AREA ESTIMATION)

SAMPLE DESCRIPTION Asbestos Other
Homogenous, black,

hard, flakey, None Matrix: 100%
non-friable

Notes: 1. No fibrous matter was identified within the paint material.
2. Testing performed at the CMTL Mississauga location.

File Name

This report is subject to the following terms and conditions: 1. This report relates only to the specimen provided

and there is no representation or warranty that it applies to similar substances or materials or the bulk of which
the specimen is a part. 2. The content of this report is for the information of the customer identified above only

and it shall not be reprinted, published or disclosed to any other party except in full. Prior written consent from
Cambridge Materials Testing Limited is required. 3. The name Cambridge Materials Testing Limited shall not be
used in connection with the specimen reported on or any substance or materials similar to that specimen without

the prior written consent of Cambridge Materials Testing Limited. 4. Neither Cambridge Materials Testing Per

Limited nor any of its employees shall be responsible or held liable for any claims, loss or damages arising in
consequence of reliance on this report or any default, error or omission in its preparation or the tests conducted.
5. Specimens are retained 6 months, test reports and test data are retained 7 years from date of final test report
and then disposed of, unless instructed otherwise in writing.
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Introduction

As part of the Root Cause Analysis (RCA) investigation a coupon measuring approximately
460 mm x 460 mm (18" x 18”) was removed from section XX (CSA 40.8 Gr B material,
Coupon #2) of BDE Penstock #1. The coupon incorporated a portion of one of the
circumferential weld seams.

Required Tests

The following non-destructive testing was performed by TEAM Industrial Services, St. John’s,
NL, to aid the RCA investigation:

e Radiographic Examination

The following destructive testing was performed by Cambridge Materials Testing Limited,
Cambridge, Ontario, to aid the RCA investigation:

e Macroetch Evaluation

e Vickers Hardness Traverse

e Microetch Evaluation

e Transverse Weld Tensile

e Weld Metal Chemical Analysis Test

e Base Metal Chemical Analysis Test

Test Results

Radiographic Examination

The radiographic examination showed no rejectable defects. Porosity was detected, but was
in the range of acceptable limits.

Macroetch Evaluation

A Photomacroetch of the weld was prepared from two different sections of the coupon etched
in 2% Nital. A stereo microscope was then used to examine the samples for general
comments on weld imperfections.

e Both sections showed the weld had pitting along the inside diameter surface within the
HAZ (at the weld toes).

e No cracks or inclusions were exhibited in either of the sections.

e Both sections showed there was complete penetration and complete fusion was
observed throughout the weld.
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Vickers Hardness Traverse

Both macroetch sections were re-polished according to ASTM E3-11 and subjected to a
Vickers Hardness Traverse. The Vickers Hardness readings were performed according to
ASTM E92-16 using a 10kgf test force and indentations were measured at 100x
magnification.

e Hardness values for the weld metal ranged from 170 to 214
e Hardness values for the HAZ ranged from 168 to 214
e Hardness values for the Base material ranged from 174 to 185

Hardness values are within the range of normal expected values for this type of material and
E4918 (E7018) welding consumables.

Microstructural Examination

The two sections used in the previous Vickers hardness traverse were re-prepared according
to ASTM E3-11 for microstructural examination. The specimens were etched in 2% Nital and
examined using an optical microscope at various magnifications. The examination was
performed at and near the fusion line on either side of the weld and labeled “FL” and
“FL+1mm” as instructed by the customer.

e Microstructure examination showed ferrite and pearlite in both specimens.

e Both specimens displayed a relatively coarse grain HAZ on either side of the FL
locations.

e Both specimens displayed a more refined structured HAZ consisting of fairly uniform
mixture of pearlite and ferrite on the FL+1mm locations.

e Some sulphide inclusions were found dispersed throughout the material at higher
magnification.

Transverse Weld Tensile

e Ultimate Tensile Strength (UTS) of weld metal = 84.5 ksi (582.6 MPa)

The tensile specimen fractured in the weld zone in a ductile manner. Even though this test
failed in the weld metal, the UTS of the weld metal is significantly higher than the normal UTS
of the base metal.

Weld Metal Chemical Analysis

The chemistry indicated on the attached report is consistent with an E4918 (E7018)
electrode.

The sulphur content is below the maximum allowable of 0.035% (CSA W48, Table 1);
however, according to Lincoln and Air Liquide specification sheets, the normal level of
sulphur in the deposited weld metal for standard SMAW electrodes is 0.008% to 0.013% with
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E4918 (E7018) normally around 0.011%. Thus, even though the sulphur content is below the
maximum allowable at 0.018%, it is still above normal levels.

Total Carbon, Manganese, Phosphorus, Sulphur, and Silicon values are all within
specifications.

Base Metal Chemical Analysis

The base metal chemistry is consistent with CSA 40.8 Gr B material.

Total Carbon, Manganese, Phosphorus, Sulphur, and Silicon values are all within
composition specifications for UNS grade G15240 (1524) steel.



PUB-NLH-006, Attachment 4
Reliability and Resource Adequacy Study
Page 56 of 157

Attachment A
Test Results



J"% Cambridge

materials testing limited

PUB-NLH-006, Attachment 4
Reliability and Resource Adequacy Study
Page 57 of 157

1177 Franklin Boulevard,
Cambridge, Ontario N1R 7W4

Tel: (519) 621-6600 Fax: (519) 621-6082
www.cambridgematerials.com

TEAM Industrial Services {(NFLD)
41 Sagona Avenue
MOUNT PEARL, Newfoundiand

Report for:

Laboratory No. 744803-17

Report Date: January 13, 2017
Received Date: January 09, 2017

AIN 4P9
Attention:  Cyril Pretty
Specimen: For Hatch Limited, “Penstock” Weld Pipe Coupon, Sample #2 -

Circumferential Weld, Material: CSA 40.8 Gr. B

CHEMICAL ANALYSIS TEST REPORT

Total Carbon
Manganese
Phosphorus
Sulphur
Sificon

Chemistry was performed on the base metal.

0.21

1.44

0.016

0.020

0.26

%

%

%

%

%

The above analysis satisfies the chemical composition limits of UNS grade G15240 (1524)

steel.

Chemical analysis performed according to ASTM E1019-11, ASTM E1097-12 (modified) and

ASTM E1479-99(2011).

This report is subject to the following terms and conditions: 1. This report relates enly to the specimen
provided and thare is no representation or warranty that it applies to similar substances or materials or the
bulk of which the specimen is & part, 2. The conlent of 1his reperl is for Ihe infarmation of the customer
identified above enly and It shall not be reprinted, published or disclosed to any other parly except ir: full.
Prior wrilien consent from Cambridge Materials Testing Limited i required. 3. The name Cambridge
Materials Testing Limited shall not be used in connection wilh the specimen reported on or any substange
ar slmitar to that specil withaut the prior weltten consent of Cambridge Materials Testing
Limited. 4. Neither Cambridge Materials Testing Limited nor any of ils employees shall be responsible
ar held liable for any claims, 0ss or damages arising in consequence of refiance on 1his report or any
default, error or omission in s preparation or the tests conducted. b. Specimens are retained 6 months,
test reports and test data are retained 7 years from date of final 1est report and then disposad of, untess
instrusted otherwise in writing.

Test Report Template Revision January 2013

Pagelof 1

Cambridge Materials Testing Limited

rer Ponrgi Yoo

Randi Lee =
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Brittany DeGraef

Quality Assurance
Per

Technician
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1177 Franklin Boulevard,
Cambridge, Ontario N1R 7W4

Tel: (519) 621-6600 Fax: (519) 621-6082
www.cambridgematerials.com

Report for: TEAM Industria! Services {NFLD}
41 Sagona Avenue
MOUNT PEARL, Newfoundland
AlIN 4P9

Attention:  Cyrii Pretty

Laboratory No. 744805-17

Report Date: January 13, 2017
Received Date: January 09, 2017

Specimen: For Hatch Limited, “Penstock™ Weld Pipe Coupon, Sample #2 -
Circumferential Weld, Material: CSA 40.8 Gr. B

TRANSVERSE WELD TENSILE REPORT

RESULT
Specimen Width: 0.748 . in.
Specimen Thickness: 0.345 in.
Cross Sectional Area: 0.258 in2
Maximum Load: 21,842 |bf
Ultimate Tensile Strength: 84,500 psi

The tensile specimen fractured in the weld zone in a ductile manner.
Testing performed according to ASME Boiler and Pressure Vessel Code Section IX (2015

Edition).

This report is subject to the fallowing terms and condilions: 3. This raport refates only to the spedimen
provided and there is no representalion or wamanty that it applies to similar substaneces or materfals or the
bulk of which the specimen is & part. 2. The content of 1his report {5 for the informalion of the custamer
identified above only and it shali nol be reprinted, published or disclosed to any olher parly axcept in full.
Prior written consent from Cambridge Materials Testing Limited is required, 3, The name Cambridge
Materials Testing Limited shall not be used in conneclion with the spacimen reperted on or any substance
or matertals similar 10 that specimen without the prior writlen consent of Cambridge Materials Jesting
timited. 4. Nefther Cambridge Materials Tosting timited nor any of iis employaes shall be responsibie
or held liable for any clalms, loss or damages arising In conseguence of reliance on this report or any
default, error or omission n its preparation or the tests conducted. 5. Specimens are ratainad & months,
tes! reparis and test data are retained 7 years from date of fina! test report and then disposed of, unless
instructed atherwise in wiiting.

Test Report Template Revision January 2013

Pagelofl

Cambridge Materials Testing Limited

.
'

Per

RandiLee . Qualily Assurance
' Ve
Matthew Liska M e

Technician
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1177 Franklin Boulevard,
Cambridge, Ontario NTR 7wW4

Tel: (519) 621-6600 Fax: (519) 621-6082
www.cambridgematertals.com

TEAM Industrial Services (NFLD)
41 Sagona Avenue
MOUNT PEARL, Newfoundiand

Report for:

Laboratory No. 744804-17

Report Date: January 13, 2017
Received Date: January 09, 2017

ALN 4P9
Attention:  Cyril Pretty
Specimen: For Hatch Limited, “Penstock” Weld Pipe Coupon, Sample #2 -

Circumferential Weld, Material: CSA 40.8 Gr. B

CHEMICAL ANALYSIS TEST REPORT

Total Carbon
Manganese

Phosphorus

Sulphur

Silicon

Chemistry was performed on the weld metal.

0.14

1.60

0.015

0.018

0.39

%

%

%

%

%

Chemical analysis performed according to ASTM E1019-11, ASTM E1097-12 {modified) and

ASTM E1479-99(2011).

This report ks subject to the following terms and conditions: 1. This report relates only to the specimen
provided and there is no representation or warranty that it applios to similar substances or materials or the
bufk of which the spacimen is a part, 2, The content of this report is for the information of the custormer
identified above anly and it shall not be reprinted, published or disclosed te any other party except in full,
Frior written consent from Cambridga Malerials Testing Limiled is required. 3. The name Cambridge
Materials Tasting Limited shall not ba used in connection with the specimen reporied on or any substance
or materials similar 1o ihat specimen withaut the prior writien consent of Cambridge Materials Tesling
Limited. 4. Neither Cambridge Materials Tesling Limited nor any of s employees shall be responsible
or held liable for any claims, loss or damages arising in consequence of reliance on this report or any
default, error or omissien in its preparation or the {ests conducted. 5. Specimens are retained 8 months,
test reports and test dala are retained 7 years from date of final test report and then disposed of, unless
insirucled otherwise in writing.

Test Report Template Ravision January 2013

Page L of 1

Cambridge Materials Testing Limited

-

Per '

Randi Lee Q'J'} Quality Assurance
Per ,Wa'm'! naﬁ'

Brittany DeGrawf Technician
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-
J¥¢ Cambridge
‘ g Cambridge, Ontario N1R 7W4

Tel: {519) 621-6600 Fax: (519) 621-6082

n mater‘ialﬁ testing Iimited www.cambridgematerials.com
Report For: TEAM Industrial Services (NFLD) Laboratory #: 74480217
41 Sagona Avenue
MOUNT PEARL, Newfoundland Report Date: January 13, 2017
A1N 4P9 Received Date: January 9, 2017
Attention: Cyril Pretty Customer P.O.#:

Specimen: For Hatch Limited, “Penstock” Weld Pipe Coupon, Sample #2 Circumferential Weld
Material: CSA 40.8 Gr. B

METALLURGICAL TEST REPORT

Two random transverse sections were cut from the submitted weld coupon and prepared according to ASTM
E3-11. The sections were arbitrarily labelled Section 1 and Section 2 by CMTL and subjected to a macroetch
evaluation, microstructural examination and Vickers hardness traverse.

MACROETCH EVALUATION
The sections were etched in 2% Nital and then examined using a stereo microscope for general comments on
weld imperfections.

RESULTS

Section 1: Examination of the spaecimen showed that the weld had pitting along the inside diameter surface
within the HAZ (at the weld toes) (refer to Figure 2). The weld appeared to have no cracks or inclusions, and
there was complete penetration and complete fusion observed throughout the weld.

Section 2: Examination of the specimen showed that the weld had pitting along the inside diameter surface
within the HAZ (at the weld toes) (refer to Figure 3). The weld appeared to have no cracks or inclusions, and
there was complete penetration and complete fusion observed throughout the weld.

MetalurgAASTMES Weld General Evaluation
This repart is subject to the folloaing terms and conditions: 1. This repart relates only lo the specimen provided page 10f12
and there is no representation ar wattanty that it appkes to similar substances of materials or the bulk of which . N . PRI
the specimen is a part, 2, The content of this reportis for the informaion of lhe customer identified above only Cambrldge Materlals Testl ng Lim]ted
and it shail not be reprinted, putiished or disclased 1o any other party except In full. Prior wailten consent from
Carnbwidge Materials Tosting Limited is required. 3. The name Cambridge Matetials Testing Limited shall nat be:
used in cornection wilh the speciman reported on o any substance or matarials similar to thal specimen without A v
the prior waitten consent of Cambridge Malerials Testing Limited. 4. Neither Cambridge Materials Testing Per
Limited nor any of its employees shall be respansibla or held hable for any claims, loss oF damages atsing in Randi [ -
consauence of refiance on this repont or any defauli, error or omission in its preparation or the tests conducted. andi Lee Qua] Ify Assyrance
5. §pecimens are retained 6 months, test reports arid tes| data ara retained 7 yoars from date of final test report
and then disposed of, unless instructad athensise inwriting. Per
Test Report Termplate Revision.January 2013 A Ho"y [ ._}

Techniclan
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¥ Cambyridge
‘ g Cambridge, Ontarioc N1R 7W4

. . . N Tel: (519) 621-6600 Fax: (519) 621-6082

{ o ) materials testing limited www.cambridgematerials.com

TEAM Industrial Services (NFLD)
Lab # 744802-17

VICKERS HARDNESS TRAVERSE

The macroetch sections were then re-polished according to ASTM E3-11 and subjected to a Vickers hardness
traverse (refer to Figure 1). The Vickers hardness readings were performed according to ASTM E92-186 using a
10kgf test force. Indentations were measured at 100X magnification.

‘_.._‘\
-

G
1m—L ] CA

il 150 T4e-13* 3 1B 17 18-

Timm

Figure 1: Schematic drawing showing the Vickers hardness indentation locations.
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1177 Franklin Boulevard,
Cambridge, Ontario N1R 7W4

Tek (519) 621-6600 Fax: (519) 621-6082
www.cambridgematerials.com

TEAM Industrial Services (NFLD)
Lab # 744802-17

RESULTS
Section 1 Secticn 2
Traverse Pass Location fndent Hardness Hardness
(HV 10kgf) {HV 10kgf)
Base Material 1 181 181
2 171 168
HAZ 3 181 180
4 184 193
5 170 176
Top Cap Pass Weld 6 173 177
7 178 175
8 185 188
HAZ 9 183 190
10 182 176
Base Material 11 185 183
Base Material 12 179 185
13 184 193
HAZ 14 192 197
15 203 212
. . 16 188 197
Mid-Thickness Weld 17 199 196
18 195 199
19 209 207
HAZ 20 201 196
21 190 195
Base Material 22 184 184
Base Material 23 174 176
24 185 187
HAZ 25 196 194
26 214 209
27 214 192
Bottom Cap Weld 28 198 197
Pass
29 207 195
30 214 210
HAZ Y| 209 198
32 193 188
Base Material 33 178 177

Page 3 of 12
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% Cambridge
c g Cambridge, Ontario N1R 7W4
Tel: (519) 621-6600 Fax: (519) 621-6082

ﬂ materials testing limited www.cambridgematerials.com

TEAM Industrial Services (NFLD)
Lab # 744802-17

MICROSTRUCTURAL EXAMINATION

The sections used for the Vickers hardness traverse were re-prepared according to ASTM E3-11 for
microstructural examination. The specimens were efched in 2% Nital and examined using an optical
microscope at various magnifications. Examinations were performed at and near the fusion line on either side
of the weld, the weld was arbitrarily labelled “Side A" and “Side B” by CMTL for identification purposes. These
locations were labelled as “FL" and "FL+1mm” as instructed by the customer.

RESULTS

Section 1: Examination of the etched specimen revealed a microstructure consisting of ferrite and pearlite. A
relatively coarse grain HAZ was observed on either side of the weld at the "FL" locations (refer to Figure 4 and
Figure b). At the “FL+imm"” locations, the HAZ showed a more refined structure consisting of a fairly uniform
mixture of ferrite and pearlite. At a higher magnification some sulphide inclusions were observed dispersed
throughout the material (refer to Figure 6).

Section 2: Examination of the etched specimen revealed a microstructure consisting of ferrite and pearlite. A
relatively coarse grain HAZ was ohserved on either side of the weld at the “FL” locations (refer to Figure 7 and
Figure 8). At the "FL+1mm” locations, the HAZ showed a more refined structure consisting of a fairly uniform
mixture of ferrite and pearlite. At a higher magnification some sulphide inclusions were observed dispersed
throughout the material (refer to Figure 9).

Page 4 of 12
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J¥% Cambyridge
‘ g Cambridge, Ontario N1R 7W4

. " . . Tel: (519) 621-6600 Fax: (519) 621-6082

n mater‘lals testlng IlmftEd www.cambridgoematerials.com

TEAM Industrial Services (NFLD)
Lab # 744802-17

B ;
Specimen examined at 3.2X, photo shown at approximately 3.2X
Etched in 2% Nital

Figure 2:  Photomacrograph of the Section 1, showing the pitting along the surface within the HAZ/at
the weld toes along the inside diameter.

Page 5 of 12
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J¥¢ Cambridge
‘ Cambridge, Ontario N1R 7W4
. . . Tel: (619) 621-6600 Fax: (5198) 621-6082
(& ) materials testing limited www.cambridgematerials.com

TEAM Industrial Services (NFLD)
Lab # 744802-17

Specimen examined at 3.2X, photo shown at aprommate1 3.2X
Etched in 2% Nital

Figure 3: Photomacrograph of the Section 2, showing the pitting along the surface within the HAZ/at
the weld toes along the inside diameter.
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¥ Cambridge
‘ g Cambridge, Ontario N1R 7w4

. . .. Tel: (519) 621-6600¢ Fax: (519) 621-6082

(o ) materials testing limited waw.cambridgematerials.com

TEAM Industrial Services (NFLD)
Lab # 744802-17

= 7§ i it 2 i <! G te%- = o e XF By
Specimen examined at 100X and 500X, photos shown at approximately 85X and 428X
Etched in 2% Nital

Figure 4: Photomicrographs of the Section 1 “Side A” weld coupon at the “FL" location, where a relatively coarse
grain HAZ of ferrite and pearlite was observed.
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\ ¥ m b r- d e 1177 Frankiin Boulevard,
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. . .. Tel: (519) 621-6600 Fax: (519) 6216082

(o) materials testing limited www.cambridgematerials.com

TEAM Industrial Services (NFLD)
Lab # 744802-17

(45 [
ssg’ F@y

2 v [ g )
Specimen examined at 100X and 500X, photos shown at a
Etched in 2% Nital

Figure 5: Photomicrographs of the Section 1 “Side B” weld coupon at the “FL” location, where a relatively coarse
grain HAZ of ferrite and pearlite was observed.
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JY%¢ Cambridge
‘ u g Cambridge, Ontario N1R 7W4

TEAM Industrial Services (NFLD)
Lab # 744802-17

{AAN

S i3 Sl Gt bk
hown at approximately 86X and 375X
Etched in 2% Nital

Figure 6. Photomicrographs of the Section 1 “Side A" and “Side B” weld coupon at the “FL. +17 locations; where
the HAZ microstructure showed a fairly uniform mixture of ferrite and peariite, with a more refined grain
size. At a higher magnification some sulphide inclusions were observed (refer to red arrows).
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JU c u m b ri d e 1177 Franklin Boulevard,
c g Cambridge, Ontario N1R 7W4

“ . . . Tel: (519) 621-6600 Fax: (519) 621-6082

() materials testing limited www.cambridgematerials.com

TEAM Industrial Services (NFLD)
Lab # 744802-17

it 2] £ :

. S e 2 M S R
Specimen examined at 100X and 500X, photos shown at approximately 85X and 428X
Etched in 2% Nital

Figure 7:  Photomicrographs of the Section 2 "Side A" weld coupon at the “FL” location, where a relatively coarse
grain HAZ of ferrite and peariite was observed.
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TEAM Industrial Services (NFLD)
Lab # 744802-17

3% 5
Spemmen examined at 100X and 500X photos shown at approxmate!y 85
Etched in 2% Nital

Figure 8. Photomicrographs of the Section 2 “Side B” weld coupon at the “FL” location, where a relatively coarse
grain HAZ of ferrite and pearlite was observed.
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(@) materials testing limited www.cambridgematerials.com

TEAM Industrial Services (NFLD)
Lab # 744802-17

:

g- LR A kst RS
men examined at 100X and
Etched in 2% Nital

Figure 9:  Photomicrographs of the Section 2 “Side A” and “Side B” weld coupon at the “FL +1” locations; where
the HAZ microstructure showed a fairly uniform mixture of ferrite and peariite, with a more refined grain
size. At a higher magnification some sulphide inclusions were observed (refer to red arrows).
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Introduction

As part of the Root Cause Analysis (RCA) investigation a coupon measuring approximately
460 mm x 460 mm (18" x 18”) was removed from section XX (A285 Gr C section, Coupon #3)
of BDE Penstock #1. The coupon incorporated a portion of one of the circumferential weld
seams.

Required Tests

The following non-destructive testing was performed by TEAM Industrial Services, St. John’s,
NL, to aid the RCA investigation:

e Radiographic Examination

The following destructive testing was performed by Cambridge Materials Testing Limited,
Cambridge, Ontario, to aid the RCA investigation:

e Macroetch Evaluation

e Vickers Hardness Traverse

e Microetch Evaluation

e Transverse Weld Tensile

e Weld Metal Chemical Analysis Test

e Base Metal Chemical Analysis Test

Test Results

Radiographic Examination

The radiographic examination showed no rejectable defects.

Macroetch Evaluation

A Photomacroetch of the weld was prepared from two different sections of the coupon etched
in 2% Nital. A stereo microscope was then used to examine the samples for general
comments on weld imperfections.

e Both sections showed the weld had pitting along the inside diameter surface within the
HAZ (at the weld toes).

e No cracks or inclusions were exhibited in either of the sections.

e Both sections showed there was complete penetration and complete fusion was
observed throughout the weld.
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Microstructural Examination

A Photomacroetch of the weld was prepared from two different sections of the coupon etched
in 2% Nital. A stereo microscope was then used to examine the samples for general
comments on weld imperfections.

e Microstructure examination showed ferrite and pearlite in both specimens.

e Both specimens displayed a relatively coarse grain HAZ on either side of the FL
locations.

e Both specimens displayed a more refined structured HAZ consisting of fairly uniform
mixture of pearlite and ferrite on the FL+1mm locations.

e Some sulphide inclusions were found dispersed throughout the material at higher
magnification.

Vickers Hardness Traverse

Both macroetch sections were re-polished according to ASTM E3-11 and subjected to a
Vickers Hardness Traverse. The Vickers Hardness readings were performed according to
ASTM E92-16 using a 10kgdf test force and indentations were measured at 100x
magnification.

e Hardness values for the weld metal ranged from 153 to 181
e Hardness values for the HAZ ranged from 121 to 158
e Hardness values for the Base material ranged from 130 to 158

Hardness values are within the range of normal expected values for this type of material and
E4918 (E7018) welding consumables.

Microstructural Examination

The two sections used in the previous Vickers hardness traverse were re-prepared according
to ASTM E3-11 for microstructural examination. The specimens were etched in 2% Nital and
examined using an optical microscope at various magnifications. The examination was
performed at and near the fusion line on either side of the weld, arbitrarily named “Side A”
and "Side B” for CMTL identification purposes. These locations were labeled “FL” and
“FL+1mm” as instructed by the customer.

e Microstructure examination showed ferrite and pearlite in both specimens.

e Both specimens displayed a relatively coarse grain HAZ on either side of the FL
locations; with “Side A” having more ferrite observed and “Side B” having more pearlite
with a more distinct coarse grain HAZ.

e Both specimens displayed a more refined structured HAZ consisting of fairly uniform
mixture of pearlite and ferrite on the FL+1mm locations.
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e Some sulphide inclusions were found dispersed throughout the material at higher
magnification.

Transverse Weld Tensile

e Ultimate Tensile Strength (UTS) of weld metal = 63.5 ksi (437.8 MPa)

e The tensile specimen fractured in the weld zone in a ductile manner. Even though this
test failed in the weld metal, the UTS of the weld metal is significantly higher than the
normal UTS of the base metal.

Weld Metal Chemical Analysis

The chemistry indicated on the attached report is consistent with an E4918 (E7018)
electrode.

The sulphur content is below the maximum allowable of 0.035% (CSA W48, Table 1);
however, according to Lincoln and Air Liquide specification sheets, the normal level of
sulphur in the deposited weld metal for standard SMAW electrodes is 0.008% to 0.013% with
E4918 (E7018) normally around 0.011%. Thus, even though the sulphur content is below the
maximum allowable at 0.023%, it is still above normal levels.

Total Carbon, Manganese, Phosphorus, Sulphur, and Silicon values are all within
specifications.

Base Metal Chemical Analysis

Chemical Analysis is similar to the chemical composition limits of ASTM A285 Grade C steel,
with the exception of Sulphur.
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J" Cambridge
‘ g Cambridge, Ontario N1R 7W4

Tel: (519) 621-6600 Fax: (5619) 621-6082

n mater‘lals test'ng IlmltEd www.cambridgematerials.com
Report For: TEAM Industrial Services (NFLD) Laboratory #: 743344-16 (Revised)
41 Sagona Avenue
MOUNT PEARL, Newfoundland Report Date: January 4, 2017
A1N 4P9 Received Date: December 12, 2016
Attention: Cyril Pretty Customer P.O.#:

Specimen:  For Hatch Limited, “Penstock” Weld Pipe Coupon, Sample #3 Circumferential Seam
Material: ASTM A285 Gr. C

METALLURGICAL TEST REPORT

Two random transverse sections were cut from the submitted weld coupon and prepared according to ASTM
E3-11. The sections were arbitrarily labelled Section 1 and Section 2 by CMTL and subjected to a macroetch
evaluation, microstructural examination and Vickers hardness traverse.

MACROETCH EVALUATION
The sections were etched in 2% Nital and then examined using a stereo microscope for general comments on
weld imperfections.

RESULTS

Section 1: Examination of the specimen showed that the weld had pitting along the surface within the HAZ (at
the weld toes) (refer to Figure 2). The weld appeared to have no cracks or inclusions, and there was complete
penetration and complete fusion observed throughout the weld.

Section 2: Examination of the specimen showed that the weld had pitting along the surface within the HAZ (at
the weld toes) (refer to Figure 3). The weld appeared to have no cracks or inclusions, and there was complete
penetration and complete fusion observed throughout the weld.

Metallurgy\ ASTM\E3 Weld General Evaluation
This report is subject to the following terms and conditions: 1. This report relates only to the specimen provided P. 10f12
: " ’ N o . " age 10
and there is no representation or warranty that it applies to similar substances or materials or the bulk of which . . . R
the specimen is a part. 2. The content of this report is for the information of the custemer identified above only Cambﬂdge Matel'lalS Test'ng lelted
and it shall not be reprinted, published or disclosed to any other party except in full. Prior written consent from
Cambridge Materials Testing Limited is required. 3. The name Cambridge Materials Testing Limited shall not be
used in connection with the specimen reported on or any substance or materials similar to that specimen without .
the prior written consent of Cambridge Materials Testing Limited. 4. Neither Cambridge Materials Testing Per
Limited nor any of its employees shall be responsible or held liable for any claims, loss or damages arising in Rand] Lee
consequence of reliance on this report or any default, error or omission in its preparation or the tests conducted.
5. Specimens are retained 6 months, test reports and test data are retained 7 years from date of final test report
and then disposed of, unless instructed otherwise in writing. Per
Test Report Template Revision January 2013 H ol]y Steele ‘.}

Quality Assurance

Technician
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TEAM Industrial Services (NFLD)
Lab # 743344-16 (Revised)

VICKERS HARDNESS TRAVERSE

The macroetch sections were then re-polished according to ASTM E3-11 and subjected to a Vickers hardness
traverse (refer to Figure 1). The Vickers hardness readings were performed according to ASTM E92-16 using a
10kgf test force. Indentations were measured at 100X magnification.

.

1mwam 5>
I I N

12 i3 has 13 § 1@ 17 18

— e Fhiv Tl
““mx .

Figure 1: Schematic drawing showing the Vickers hardness indentation locations.
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RESULTS
Section 1 Section 2
Traverse Pass Location Indent Hardness Hardness
(HV 10kgf) (HV 10kgf)
Base Material 1 136 158
2 133 155
HAZ 3 140 156
4 136 158
5 164 161
Top Cap Pass Weld 6 156 163
7 166 180
8 136 138
HAZ 9 138 136
10 129 126
Base Material 11 134 141
Base Material 12 134 138
13 133 147
HAZ 14 138 141
15 139 142
16 154 153
Mid-Thickness Weld 17 164 157
Pass
18 161 160
19 137 140
HAZ 20 137 138
21 137 133
Base Material 22 134 131
Base Material 23 133 138
24 132 126
HAZ 25 135 139
26 139 141
27 174 175
Bottom Cap Weld 28 181 174
29 170 171
30 143 141
HAZ 31 140 141
32 121 143
Base Material 33 130 147

Page 3 of 12
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TEAM Industrial Services (NFLD)
Lab # 743344-16 (Revised)

MICROSTRUCTURAL EXAMINATION

The sections used for the Vickers hardness traverse were re-prepared according to ASTM E3-11 for
microstructural examination. The specimens were etched in 2% Nital and examined using an optical
microscope at various magnifications. Examinations were performed at and near the fusion line on either side
of the weld, the weld was arbitrarily labelled “Side A” and “Side B” by CMTL for identification purposes. These
locations were labelled as “FL” and “FL+1mm” as instructed by the customer.

RESULTS

Section 1: Examination of the etched specimen revealed a microstructure consisting of ferrite and pearlite. A
relatively coarse grain HAZ was observed on either side of the weld at the “FL” locations; with Side A having
more ferrite observed and Side B having more pearlite with a more distinct coarse grain HAZ (refer to Figure 4
and Figure 5). At the “FL+1mm” locations, the HAZ showed a more refined structure consisting of a fairly uniform
mixture of ferrite and pearlite. At a higher magnification some sulphide inclusions were observed dispersed
throughout the material (refer to Figure 6).

Section 2: Examination of the etched specimen revealed a microstructure consisting of ferrite and pearlite. A
relatively coarse grain HAZ was observed on either side of the weld at the “FL” locations; with Side A having
more ferrite observed and Side B having more pearlite with a more distinct coarse grain HAZ (refer to Figure 7
and Figure 8). At the “FL+1mm” locations, the HAZ showed a more refined structure consisting of a fairly uniform
mixture of ferrite and pearlite. At a higher magnification some sulphide inclusions were observed dispersed
throughout the material (refer to Figure 9).

Page 4 of 12
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Specimen examined at 4X, photo shown at approximtel 4X
Etched in 2% Nital

Figure 2: Photomacrograph of the Section 1, showing the pitting along the surface within the HAZ/at
the weld toes.
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pcime examined at X,poto own at pxnmtly 4X
Etched in 2% Nital

Figure 3: Photomacrograph of the Section 2, showing the pitting along the surface within the HAZ/at
the weld toes.
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Spemmen examlned at 100X and 500X photos shown at approximately 85X and 428X
Etched in 2% Nital

Figure 4: Photomicrographs of the Section 1 “Side A” weld coupon at the “FL” location, where a relatively coarse
grain HAZ of ferrite and some pearlite was observed.
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s 3

e

&l g 0.05 mm
y 85X and 428X

TR
Specimen examined at 100X and 500X, photos shown at approximatel
Etched in 2% Nital

Figure 5:  Photomicrographs of the Section 1 “Side B” weld coupon at the “FL” location, where a relatively coarse
grain HAZ of ferrite and pearlite was observed.
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‘ g Cambridge, Ontario N1R 7W4
Tel: (519) 621-6600 Fax: (519) 621-6082
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TEAM Industrial Services (NFLD)
Lab # 743344-16 (Revised)

bk
SpeCImen examined at 100X and 500X photos shown at approxtmately 85X and 375X
Etched in 2% Nital

Figure 6: Photomicrographs of the Section 1 “Side A” and “Side B” weld coupon at the “FL +1” locations; where
the HAZ microstructure showed a fairly uniform mixture of ferrite and pearlite, with a more refined grain
size. At a higher magnification some sulphide inclusions were observed (refer to red arrows).
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w SN AR 0.2 mm; -
Specimen examined at 100X and 500X, photos shown at approximately 85X and 428X
Etched in 2% Nital

Figure 7:  Photomicrographs of the Section 2 “Side A” weld coupon at the “FL” location, where a relatively coarse
grain HAZ of ferrite and some pearlite was observed.
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e 5 f ‘
Specimen examined at 100X and 500X, photos shown at approximately 85X and 428X
Etched in 2% Nital

Figure 8: Photomicrographs of the Section 2 “Side B” weld coupon at the “FL” location, where a relatively coarse
grain HAZ of ferrite and pearlite was observed.
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TEAM Industrial Services (NFLD)
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ximately 85X and 375X

Etched in 2% Nital

Figure 9: Photomicrographs of the Section 2 “Side A” and “Side B” weld coupon at the “FL +1” locations; where

the HAZ microstructure showed a fairly uniform mixture of ferrite and pearlite, with a more refined grain
size. At a higher magnification some sulphide inclusions were observed (refer to red arrows).

Page 12 of 12



J“C Cambridge

ﬁ' materials testing limited

PUB-NLH-006, Attachment 4
Reliability and Resource Adequacy Study
Page 89 of 157

1177 Franklin Boulevard,

Cambridge, Ontario N1R 7W4

Tel: (519) 621-6600 Fax: (519) 621-6082
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Laboratory No. 743345-16

Report Date: December 21, 2016
Received Date: December 12, 2016

Report for: TEAM Industrial Services (NFLD)
41 Sagona Avenue
MOUNT PEARL, Newfoundland
A1N 4P9
Attention:  Cyril Pretty
Specimen: For Hatch Limited, “Penstock” Weld Pipe Coupon, Sample #3 -

Circumferential Seam, Material: ASTM A285 Gr. C

CHEMICAL ANALYSIS TEST REPORT

Total Carbon
Manganese

Phosphorus

Sulphur

Silicon

0.098

0.63

0.010

0.032

0.22

%
%
%
%

%

The above analysis is similar to the chemical composition limits of ASTM A285/A285M-12

Grade C steel, with the exception of Sulphur.

Chemical analysis performed according to ASTM E1019-11, ASTM E1097-12 {(modified) and

ASTM E1479-99(2011).

This report is subject to the following terms and conditions: 1. This report relates anly to the specimen
provided and there is no representation or warranty that it applies to similar substances or materials or the
bulk of which the specimen is a parl. 2. The content of this report is for the information of the customer
identified above only and it shall not be reprinted, published or disclosed to any other party except in fuil.
Prior written consent from Cambridge Materials Testing Limited is required. 3. The name Cambridge
Materials Testing Limited shall not be used in connection with the specimen reparted on or any substance
or materials similar to that specimen without the prior written consent of Cambridge Materials Testing
Limited. 4. Neither Cambridge Materials Testing Limited nor any of its employees shall be responsible
or held liable for any claims, loss or damages arising in consequence of reliance on this report or any
default, error or omission in its preparation or the tests conducted. 5. Specimens are retained 6 months,
test reports and test data are retained 7 years from date of final test report and then disposed of, unless
instructed otherwise in writing.

Test Report Template Revision January 2013
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Laboratory No. 743346-16

Report Date: December 21, 2016
Received Date: December 12, 2016

Report for: TEAM Industrial Services (NFLD)
41 Sagona Avenue
MOUNT PEARL, Newfoundland
A1N 4P9
Attention:  Cyril Pretty
Specimen: For Hatch Limited, “Penstock” Weld Pipe Coupon, Sample #3 -

Circumferential Seam, Material:

ASTM A285 Gr. C

CHEMICAL ANALYSIS TEST REPORT

Total Carbon
Manganese
Phosphorus
Sulphur

Silicon

Chemistry was performed on the weld metal.

0.091

1.18

0.015

0.023

0.30

%

%

%

%

%

Chemical analysis performed according to ASTM E1019-11, ASTM E1097-12 (modified) and

ASTM E1479-99(2011).

This report is subject to the following terms and conditions: 1. This report relates only to the specimen
provided and there is na representation or warranty that it applies to similar substances or materials or the
bulk of which the specimen is a part. 2. The content of this report is for the information of the customer
identified above only and it shall not be reprinted, published or disclosed to any other party except in full.
Prior written consent from Cambridge Materials Testing Limited is required. 3. The name Cambridge
Materials Testing Limited shall not be used in connection with the specimen reported on or any substance
or ials similar to that sp ) without the prior written consent of Cambridge Materials Testing
Limited. 4. Neither Cambridge Materials Testing Limited nor any of its employees shall be responsible
or held liable for any claims, loss or damages arising in consequence of reliance on this report or any
default, error or omission in its preparation or the tests conducted. 5. Specimens are retained 6 months,
test reports and test data are retained 7 years from date of final test report and then disposed of, unless
instructed otherwise in writing.

Test Report Template Revision January 2013

Page 1l of 1
Cambridge Materials Testing Limited

Rouets Yoo

Per !

Randi Lee Q_A}J Quality Assurance
Per B’Ga%-m-l Im&
Brittany DeGraef Technician
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Report for: TEAM Industrial Services (NFLD) Laboratory No. 743347-16
41 Sagona Avenue
MOUNT PEARL, Newfoundland Report Date: December 20, 2016
A1IN 4P9 Received Date: December 12, 2016

Attention:  Cyril Pretty

Specimen: For Hatch Limited, “Penstock” Weld Pipe Coupon, Sample #3 -
Circumferential Seam, Material: ASTM A285 Gr. C

TRANSVERSE WELD TENSILE REPORT

RESULT
Specimen Width: 0.748 in.
Specimen Thickness: 0.377 in.
Cross Sectional Area: 0.282 in?
Maximum Load: 17,880 Ibf
Ultimate Tensile Strength: 63,500 psi

The tensile specimen fractured in the base metal in a ductile manner,

Testing performed according to ASME Boiler and Pressure Vessel Code Section IX (2015
Edition).

Pagelof 1l

This report is subject to the following terms and conditions: 1. This report relates only to the specimen

provided and there is no representation or warranty that it applies to similar substances or materials or the

bulk of which the specimen is a part. 2. The content of this report is for the information of the customer . M . .

identified above only and it shall not be reprinted, published or disclosed to any other party except in full. Cambrldge Materials TeStlng Limited

Prior written consent from Cambridge Materials Testing Limited is required. 3. The name Cambridge

Materials Testing Limited shall not be used in connection with the specimen reported on or any substance

or materials similar to that specimen without the prior writien consent of Cambridge Materials Testing Per ' 1 é 90

Limited. 4. Neither Cambridge Materials Testing Limited nor any of its employees shall be responsible €|

or held fiable for any claims, loss or damages arising in consequence of reliance on this report or any Randi Lee - Quality Assurance
default, error or omission in its preparation or the tests conducted. 5. Specimens are retained 6 months, -
test reports and test data are retained 7 years from date of final test report and then disposed of, unless Per

instructed otherwise in writing. T
Test Report Template Revision January 2013 Matthew Liska Technician
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BAY D’ESPOIR
PRESSURE CONDUIT #1

INSPECTION REPORT

Prepared by: Wayne Rice
Kevin J. Dawson

Date: September 9, 1987
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HYDRO

INTRODUCTION

On September 2, 1987, Engineering Services personnel

conducted an internal inspection of the #1 pressure conduit at
the Bay D’Espoir Generating Station. This was the first such
inspection of the conduit since it was placed in service in 1967.
In general, the conduit appeared tc be in excellent condition. No
weld cracking, wall thinning or bulging was observed. This report
contains details of the inspection procedure, details of the
inspection process, which involved visual and ultrasonic methods,

used and a listing of the inspection results.

DESCRIPTION OF PRESSURE CONDUIT

The #1 pressure conduit at BDE is an all-welded steel pipe
approximately 3837 feet long and consists of three major
sections. Between the intake structure and the surge tank the
conduit is made up of approx. 1250 feet of 17’ - 0" diameter ASTM
A-285 Grade B carbon steel pipe and approx. 1000 feet of 15 - 3"
diameter CSA Standard G-40.8 steel pipe . This section is known
as "Pipeline A". From the surge tank to a point about B0 ft.
upstream of the centre line of the units, the conduit consists of
approx. 1476 feet of CSA Standard G-40.8 steel pipe. This section

is known as "Penstock A". At this point the conduit bifurcates
into two 9’ - 6" diameter pipes, which are reduced to 7’ - 3"
diameter pipe and terminate at a spherical valve. There are no
expansion Jjoints. The thickness of the steel pipe varies from

7/16 inch to 1 5/8 inch depending on the location. The interior
of the pressure conduit is coated with one coat of Matflint No. 7
-primer and one coat of Matflint No.7-black to achieve a total
dry film thickness of 11 mils. Full details of the conduit
layout, distances, grades and the coating specification can be

found in appendix 1.
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INSPECTION PROCEDURE
- PROCEDURE
The inspection procedure was as follows. Access to the
conduit was gained through the unit scroll case. It should be

noted that the original plan was to conduct the inspection at
three locations by entering the conduit at the intake, through a
manhole adjacent to the surge tank and through the unit scroll
case . Due to the unavailability of a rope ladder (required to
enter from the intake) and the rusted condition of the manhole
cover bolting, it was decided that it would be faster to enter
the conduit through the wunit and to walk frem the unit to the
intake with the inspection being carried out on the return trip.
The inspection was primarily visual. Each weld was inspected, the
general condition of the conduit plating and coating observed and
randem thickness measurements taken.
= EQUIPMENT
DM-2 Thickness meter and couplant
Flashlights (One per person plus a spare)
Camera
Rain Suits, hard hats, rubber boots and gloves
= SAFETY

The decay of vegetation and animal matter within conduits of
this type can produce pockets of methane gas. A substantial air
flow, probably due to the venting effect of the surge tank, was
observed at the scroll case. Due to this, gas measurements were
not considered to be required, however, this decision should be
re—assessed each time the conduit is entered. It is also
recommended that a radio be carried. None were available for this
inspection. The slope in most of the conduit is not extremely
steep and therefor it was not necessary to have ropes laid down
to aid travel. However, caution was exercised while walking
especially on the steeper slope sections. Again, this should be

assessed on a case by case basis.
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INSPECTION RESULTS
= VISUAL

Inspection of the intake gate revealed only minor leaks

around its perimeter, the largest being at the bottom right hand
corner. Water seepage was observed at the intake concrete to
steel transition section of the conduit. The location of this
leakage is indicated on dwg. F 105 C-2 in Appendix 1. In light of
the present problems being experienced with the intake dyke, this
leakage should be monitored. When the conduit is under pressure,
the leakage flow is reversed and blockage of the box drains could
alloew a build-up of water within the dyke. This information has
been passed to Bob Barnes and to Mr John Young of ACRES.

In the conduit itself, all section welds were visually
inspected with no damage being found. The conduit plating was
also inspected. Throughout the length of the complete conduit
there is a heavy build-up of what appears to be rust/organic,
magnetic material approx. .200 inch to .300 inch thick. This
buildup has sheared off in a sheet fashion at numerous locations,
especially adjacent to section welds and by as much as 25% in the
following areas: (Ref. Drawing F-106-C-11, Appendix 1).

T Section 3A - 250.01°
2. Near the lower end of section BA below the surge tank.

In general, 1in areas where the heavy build-up has been
dislodged only a thin layer of surface corrosion is apparent. The
underlying metal appears to be in excellent condition however
there appears to be no Matflint coating. It is suspected that the
Matflint coating failed and thus allowed water to react with the
metal which in turn produced the rust build-up. The black colour
of the water side of the build-up suggests that the residue of
the Matflint coating is, in fact, the top 1layer of the deposit.
Photographs of the build-up can be found in Appendix 2. A

laberatory analysis of the deposit is in progress.
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= ULTRASONIC INSPECTION
Random pipe wall thicknesses were recorded at twelve
locations along the penstock. These are listed in Table 1, with

their locations and corresponding values from drawing F-106-C-11.
The approximate locations of these readings are alsoc shown on F-
106-C-11, Appendix 1.

TABLE 1
THICKNESS MEASURED SPECIFIED
READING LOCATION THICKNESS THICKNESS
NO. (in) (in) DWG.
F-106-C-11
1 Sect. 1A, 12 welds from 0.540 0.500
start of penstock.
2 Sect. 2A, Weld #20 0.462 0.438
3 Sect. 2A, Weld #30 0.462 0.438
4 Sect 3A, Weld #22 0.438 0.438
5 Sect 4A, Weld #42 0.490 0.438
6 Sect TA-8A, Weld #20 0.725 0.750
T Sect TA-8BA, Weld #65 0.880 0.813
8 Sect 9A, 3 Welds Upstream 1.167 1.188
of start of 11° Sect 10A
9 Sect 10A, Weld #12 1.293 1.250
10 Sect 10A, Weld #24 1.330 1:313
11 Sect 10A, Weld #38 1.393 1.+ 3T

12 Sect 10A, Weld #48 1.490 1.438
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Specifications Page C5 -1

C5.1

C5 - PROTECTIVE COATING

PREPARATION

The internal surface of the conduit, and the external surface of the
conduit within six inches of field welds shall be given a coat of
boiled linseed oil or an equal temporary coating to protect them
during transit and storage, ‘

The external surface of the conduit which will be bonded to concrete
after embedment shall be cleaned by power wire brushing in accor-
dance with Specification SSPC-P53-52T and shall then be given one
coat of cement-latex milk prior to shipment, The cement-latex milk

* shall consist of ten parts Portland Cement (by weight), five parts
water, and one part of modified latex emulsion,

All other areas of the external surface of the pipe shall be protected
by cleaning and prime coating in the Contractor's shop, followed by
finishing coats applied in the field and/or shop.

Necessary safety precautions shall be taken to avoid fire, explosion
or danger to human health. All paints shall be applied under dry
conditions, when the temperature is not below 55°F and the surface
to be painted is devoid of moisture condensation,

(a) Cleaning

Heavy deposits of oil or grease shall be removed by wiping
or scrubbing the surface with rags or brushes wetted with
solvent. The final wiping shall be done with clean solvents
and clean rags or brushes.

(b) Blast Cleaning

All surfaces shall be given a '"grey' or "commercial'" blast
cleaning in accordance with Canadian Government Specifi-
cation Board Spec. 31-GP-404 latest revision.

(c) Post-Blast Cleaning

After dry-blast cleaning, the surface shall be dusted off or
blown off with compressed air, free of detrimental oil and
water, If wet-blasted,”the surface shall be cleaned by rinsing
with fresh water to which sufficient corrosion inhibitor has
been added to prevent rusting, This treatment shall be sup-
plemented by brushing, if necessary, to remove any residue.
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Page C5 - 2

C5 - Protective Coating

Ch.2 APPLICATION

(a)

(b)

(<)

February 16, 1965,

First Prime Coat K

The blast-cleaned surface shall be primed within & hours
unless other precautions are taken to prevent rusting before
application of prime coat. The primer used shall be Crown
Diamond Phenix Epoxy Red Lead Primer No. 100. It can

be applied only by brush or roller. When applied at the rate
of 450-500 square feet per gallon, it will leave a minimum
dry film thickness of one mil. These limits must be adhered
to and are subject to approval after completion. Care
should be taken to avoid any unnecessary damage after
painting.

Second Coat of Primer

After all work has been completed, a second coat of the
specified primer shall be applied by brush, roller or spray
at a rate of 450-500 square feet per gallon resulting in a
minimum dry film thickness of one mil. These limits must
be adhered to. A minimum period of 24 hours drying time
is required before application of the second primer coat.

Finishing Coat

When the priming coats are thoroughly dry, the pipe shall
be given one coat of Hilson No. 330 Mastic or equal,
containing asbestos fibres. This shall be applied at a
minimum rate of 5 gallons per 100 square feet. The
temperature must be above 40°F during this application.

Immediately following the application of this coating, and
before it dries, the pipe shall be wrapped with a layer of

7 - 1/2 oz jute hessian embedded in the mastic. This jute
shall be wrapped so as to have 2 minimum overlap between
turns of three inches,

A second coat of Hilson No. 330 Mastic compound consisting
of 2 gallons per 100 square feet shall then be applied over
the jute. Each gallon of this coating shall be cut back with
one quart of a suitable petroleum solvent,
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Page C5 - 3

C5 =~ Protective Coating

(C5.2) (<)

C5.3

G5,

Finishing Coat (Cont'd)

The priming coats must be appliéd in the Contractor's
shop but the emulsion and jute hessian protective
coatings may be applied in the shop or on Site, at the
Contractor's option, provided that a continuous prime
coat exists before the bitumastic compound is applied.
The Hilson compound must be thoroughly dry before the
pipe is moved.

APPLICATION OF INTERIOR COATING

(2)

(b)

Prime Coat

The blast-cleaned surface (prepared as per Clause C5. 1)
shall be primed within 8 hours to prevent rusting. The
first coat shall be a Matflint No. 7 primer, applied by
brush only at a rate of 260 square feet per gallon. The dry
film thickness shall not be less than 5 mils. Care should
be taken that no areas are skipped, that pin-holes are
avoided and uniformity of the prime coat is assured,

Finishing Coat

When the prime coat is thoroughly dry, the pipe shall be
given one coat of Matflint No. 7 - black, applied by brush
or roller at a rate of 260 square feet per gallon giving a
dry film thickness of not less than 6 mils. If brush is used
the finishing strokes shall be made in the direction of flow
of water in pipes. The temperature must be above 50°F
during this application.

PROVISION FOR CANCELLATION

The work described under Clause C5. 3 above may be cancelled,
at any time, at the sole discretion of the Owner, In the event of
the Owner exercising such a perogative no payment shall be made
under this item.

February 11, 1965.
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A Laboratory Report

ACUREN

Client
Hatch
370 Torbray Road
Bally Rou Place, Suite E200
St Johr's, NF Laboratory Report
ATA3WS aboratory Repo
Attention Client’s Order Number| Date Report Number
128-17-10HAT004-0001
Michael Pyne N/A Jan. 18,2017 Rev. 0
Client’s Material /Product Description | Date Sample Received | Material / Product Specification
uantity: 3 Water samples
Quantity. & Dec.28,2017 | .
1. Analysis for pH*
SAMPLE | SAMPLE | SAMPLE
UNITS #1 #2 #3
pH pH 7.67 7.52 7.42
Address
2421 Drew Road
Mississauga, ON
Canada 2. Total Metals Analysis by ICPMS*
L5S 1A1
Telephone Metals UNiTs | SAMPLE [ SAMPLE [ SAMPLE |
(905)673-9899 #1 #2 #3
o Total Aluminum (Al) mg/L 0.053 0.050 0.049 0.0050
Facsimile
(905)673-8394 Total Antimony (Sb) mg/L | <0.00050 | <0.00050 | <0.00050 | 0.00050
Website Total Arsenic (As) mg/L | <0.0010 <0.0010 <0.0010 0.0010
WWW.ACUrEn.com Total Barium (Ba) mg/L | <0.0020 <0.0020 <0.0020 0.0020
Total Beryllium (Be) mg/L | <0.00050 <0.00050 <0.00050 0.00050
Total Bismuth (Bi) mg/L | <0.0010 | <0.0010 | <0.0010 | 0.0010
Total Boron (B) mg/L | <0.010 <0.010 <0.010 0.010
Total Cadmium (Cd) mg/L | <0.00010 | <0.00010 | <0.00010 | 0.00010
Total Calcium (Ca) mg/L | 1.1 1.1 1.0 0.20
- Total Chromium (Cr) mg/L | <0.0050 <0.0050 <0.0050 0.0050
ACCREDITEDI
CERT #3977.01 8 3977.04 Total Cobalt (Co) mg/L | <0.00050 | <0.00050 | <0.00050 | 0.00050

EAS-LAB-02F008 R02 (March 31, 16) Report Form

Page 1 of 3

128-17-10HAT004-0001 Rev.0
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Total Copper (Cu) mg/L | <0.0010 <0.0010 <0.0010 0.0010
Total Iron (Fe) mg/L | <0.10 <0.10 <0.10 0.10
Total Lead (Pb) mg/L <0.00050 <0.00050 <0.00050 0.00050
Total Lithium (Li) mg/L <0.0050 <0.0050 <0.0050 0.0050
Total Magnesium (Mg) mg/L | 0.35 0.35 0.34 0.050
Total Manganese (Mn) mg/L | <0.0020 <0.0020 <0.0020 0.0020
Total Molybdenum (Mo) | mg/L | <0.00050 | <0.00050 | <0.00050 | 0.00050
Total Nickel (Ni) mg/L <0.0010 <0.0010 <0.0010 0.0010
Total Potassium (K) mg/L | <0.20 <0.20 <0.20 0.20
Total Selenium (Se) mg/L | <0.0020 <0.0020 <0.0020 0.0020
Total Silicon (Si) mg/L | 0.47 0.46 0.46 0.050
Total Silver (Ag) mg/L | <0.00010 | <0.00010 | <0.00010 | 0.00010
Total Sodium (Na) mg/L | 1.5 1.4 1.4 0.10
Total Strontium (Sr) mg/L | 0.0053 0.0047 0.0043 0.0010
Total Tellurium (Te) mg/L | <0.0010 <0.0010 <0.0010 0.0010
Total Thallium (TI) mg/L | <0.000050 | <0.000050 | <0.000050 | 0.000050
Total Tin (Sn) mg/L | <0.0010 <0.0010 <0.0010 0.0010
Total Titanium (Ti) mg/L <0.0050 <0.0050 <0.0050 0.0050
Total Tungsten (W) mg/L | <0.0010 <0.0010 <0.0010 0.0010
Total Uranium (U) mg/L <0.00010 <0.00010 <0.00010 0.00010
Address Total Vanadium (V) mg/L | <0.00050 <0.00050 <0.00050 0.00050
AZA{LZS:SE:: Fg);d Total Zinc (Zn) mg/L | <0.0050 | <0.0050 | <0.0050 | 0.0050
Canada Total Zirconium (Zr) mg/L | <0.0010 <0.0010 <0.0010 0.0010
L5S 1A1
Telephone
(905)675-9899  Rp| — Reportable Detection Limit
Facsimile
(905)673-8394
Website
www.acuren.com
[accrEBiTED)
CERT #3977.01 & 3977.04
EAS-LAB-02F008 RO2 (March 31, 16) Report Form Page 2 of 3

128-17-10HAT004-0001 Rev.0
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2421 Drew Road
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Canada

L5S 1A1

Telephone
(905)673-9899

Facsimile
(905)673-8394

Website
www.acuren.com
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Jennifer Pollock, EIT Dr. Erhan Ulvan, Ph.D, P.Eng
Metallurgist Manager - Central Region Engineering and Laboratory

This document and all services and/or products provided in connection with this document and all future sales are subject to and shall be
governed by the "Acuren Standard Service Terms” in effect when the services and/or products are ordered. THOSE TERMS ARE AVAILABLE
AT WWW.ACUREN.COM/SERVICETERMS, ARE EXPRESSLY INCORPORATED BY REFERENCE INTO THIS DOCUMENT AND SHALL
SUPERSEDE ANY CONFLICTING TERMS IN ANY OTHER DOCUMENT (EXCEPT WHERE EXPRESSLY AGREED OTHERWISE IN THAT OTHER
DOCUMENT).
The Client Representative who receives this report is responsible for verifying that any acceptance standards listed in the report are correct, and
promptly notifying Acuren of any issues with this report and/or the work summarized herein. The owner is responsible for notifying Acuren in
writing if they would like their samples returned or placed into storage (at their cost) otherwise, all samples/specimens associated with this report
will be disposed of 60 days after the report date.
NOTES:
A)  Any tests subcontracted to an approved subcontractor are highlighted above (*)
B)  Levels of Services :Regular Service: 3 to 5 business days; Next Day Service: 8 to 16 business hours; Same Day Service: within 8 business
hours; Super Rush: Work will commence immediately regardless of the time and will continue until it is completed
C)  The Client will be notified if completion of test will exceed the time specified as a result of the volume of work or the complexity of the
test
D)  The Client should specify the standards used for testing/comparison purpose. We have a comprehensive library and online subscription
of commonly used standards, however, we may ask the client to supply the standards if not common or the Client requests to purchase
standard(s) on his behalf.

E)  Please provide all the necessary information/documents (MSDS) pertaining to any Toxic / Dangerous materials prior to their arrival in
the Laboratory.

EAS-LAB-02F008 RO2 (March 31, 16) Report Form Page 3 of 3

128-17-10HAT004-0001 Rev.0



- - - e e

PUB-NLH-006, Attachment 4
Reliability and Resource Adequacy Study
Page 112 of 157

— ‘ \
ORF.
o Renfainanas Correston and cracking "
TABLE 1
ANALYSIS OF BAY D'ESPOIR WATER P was
— Con;ent-raﬂ on , E‘?
pH 5.59 B
Conductivity (umhos/cm) 28.5
TDS ViE-a
Alkalinity (ppm CaCos) 2.5
Fluoride <0.1
Chloride 3.0
Nitrite <0.1
Bromide <0.1
Nitrate 0.04
Phosphate <0.1
Sulphite <0.1
Sulphate 2.6
Cobalt <0.01
Zinc U2
Cadmium <0.02
Boron <0.02
Bismuth £0:2
Phosphorus SR
Beryl1ium el
Silicon 0'§2
Iron ke

0.02
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Form WAF-3 1M 2/78

WATER ANALYSIS FACILITY
Department of Chemistry (C-41 1)

\N < ial Uni ity of Newfound!2
k ALYTICAL RESULTS Memorial University
. o
Smitted by: _Iohn Noel = Hydro  Phone: Date:Nov. 14 1980 —
rress:. Bill to: Ap.pcoved: omored rereantative)
er’s sample code: Baie d'Espoir #&4
= - —S e~
dter analysis code: 3844 g "\'-‘“—’t:;'\s e
Ite complete: 19 ‘ Signed:
Un
Parameter Value Units Parameter Value =
m
1. [ Alkalinity 9 mg/L CaCO3 | 12. |Calcium ) 0,94 =
; mg
2. | Acidity mg/L CaCO3 | 13. |Magnesium 0.38 =
- ] mg
3. | Apparent colour TCU 14. |Manganese Z 0.01 =
mg
4. | Hardness 4 09 mg/L CaCO3 [15. |lIron 0.10 =
- mg
3. | Kjeldahl nitrogen mg/L N 16. |Copper -
5 \ mg,
5. | Nitrate 0 044 mg/L N 17. |Zinc \ =
mi
. |pH c 19 || units 18. |Cadmium \ g,
mg/L
.. | Total phosphorus a 016 mg/L PO4 Lead
ifi - micromhos/ Sodium : \rngIL
Specific conductance
20 cm - \m o/L
Turbidity NTU Potassium
Chemical oxygen demand mg/L COD eSSl ats 0_328 ‘\mzﬂ
_| Fluoride a 023 mg/L F e £ 0_00S _‘mgﬂ
Chloride Q mg/L CI Bicarh  Alkalinity 2 4\'va° ]
Biochemical Oxygen demand mL/L - Carh__ Alkalinity /e 5 _Lngl
Dissolved oxygen mL/L Tat Supspended Solids [ 4Ln.g,l
Ortho phosphate ; i 4 o 005 mg/L POy Tot  Dissolued solids 3] 4\\154
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NEWFOUNDLAND AND LABRADOR HYDRO WATER SUPPLY STUDY

TABLE 3.2A
WATER ANALYSIS REPORT SUMMARY

PARAMETER UNIT OF CDWQG STANDARD s« BAY D’ESPOIR POWERHOUSE NO. |
MEASURE MAC! AOQ? OCT.BIZ NOV.93 [ NOV.94 | MAY 95 | MAY 96
Alkalinity mg/L CaCO, 3.66 33 — — —
Apparent Color TCU?
Hardness (requires Ca,Mg) mg/L CaCO,
Kjeldah! Nitrogen mg/L N 0.10 0.24 0.10 0.10
Nitrate (+nitrite) mg/L N 45 0.067 0.0043
pH Units 6.5-8.5 7.04
Total Phosphorus mg/L PO, <0.02 <0.02 — — —
Specific Conductance pmhos/cm 18.0 14.9 20.2 18.3 15.3
Turbidity NTU* 1.0 5.0° 1.05 2.30 0.29 0.44 0.33
Chemical Oxygen Demand mg/L COD 12 11 10 - 11
Calcium mg/L Ca 0.62 0.73 0.53 0.72 0.84
Magnesium mg/L Mg 028 0.33 031 0.31 032
Manganese mg/L Mn <0.05 <0.005 <0.005 — 0.02 <0.005
Iron mg/L Fe <0.30 0.04 0.05 0.08 0.07 0.06
Copper mg/L Cu <1.0 0.19 0.16 0.09 0.06 0.08
Zinc mg/L Zn <5.0 <0.005 <0.005 <0.005 <0.005 <0.005
Cadmium mg/L Cd 0.005 <0.005 <0.005 — — — ‘i
Lead mg/L Pb 0.010 0.004 0.003 <0.001 0.002 <0.001 |
Chloride mg/L Cl <250 1.7 1.5 4.1 2.6 1.9
Sodium . mg/L Na <200 1.54 1.14 —_ - —_
Potassium mg/L K 0.22 0.18 — — —
Am.monia mg/L N <0.02 <0.02 — — —
Dissolved Oxygen mg/L O — — — <0.05 —_—
Fiuoride mg/L F 1.5 0.08 <0.05 <0.05 — <0.05
Sulfate mg/L SO, <500 2.1 1.1 1.7 3.7 2.2
Total Dissolved Solids mg/L <500 12 10 16 15 13
Total Suspended Solids mg/L <4 <4 <4 <4 <4
Total Organic Carbon mg/L C © 37 — 38 39 4.1
Mercury mg/L Hg 0.001 — <0.00005 — — —
'MAC  Maximum Acceptable Concentration 2 AO Aesthetic Objective
* TCU True Color Units *NTU  Nephelometric Turbidity Units

* At point of consumption

DAVIS ENGINEERING & ASSOCIATES LIMITED 3-6



PUB-NLH-006, Attachment 4
Reliability and Resource Adequacy Study
Page 116 of 157

HATCH

Newfoundland and Labrador Hydro Engineering Report
Bay d'Espoir Penstock No. 1 Refurbishment Mechanical Engineering
H352666 Root Cause Analysis

Appendix F
Acuren Test Reports

H352666-00000-220-066-0002, Rev. 1,

Ver: 04.03
© Hatch 2017 All rights reserved, including all rights relating to the use of this document or its contents.



ACUREN

Address

2421 Drew Road
Mississauga, ON
Canada

L5S 1A1

Telephone
(905)673-9899

Facsimile
(905)673-8394
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PUB-NLH-006, Attachment 4
Reliability and Resource Adequacy Study
Page 117 of 157

I A Laboratory Report

Client

Hatch

370 Torbray Road Laboratory Report

Bally Rou Place, Suite E200

St. John's, NF

ATA3WS8

Attention Client’s Order Number Date Report Number
Michael Pyne RFA February 7, 2017 128-17-1 0HAT004-F?2/02)

Client’s Material /Product Description | Date Sample Received | Material / Product Specification

Quantity: 3 Weld Samples, 3 Water
samples, and 2 Algae Samples

December 28,2017 -

1. Galvanic Test

Figure 1 illustrates the as-received samples. In Sample 1, the weld is along the longitudinal
direction of the tank, while in Samples 2 and 3, the weld is along the circumferential
direction of the tank. Table 1 lists the chemical composition of the base metal and the
electrode used for the welding process.

Figure 1. Low magnification morphology of HAZ-Metal couple sample 1.

EAS-LAB-02F008 RO2 (March 31, 16) Report Form Page 1 of 9

128-17-10HAT004-0001 Rev.0
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Table 1. Base metal and electrode used for welding process

Sample # 1 2 3
Base Metal ASTM 285-C CSA G40.8-B ASTM 285-C
Welding Electrode E7018 E7018 E7018

Coupons of approximately 10x10 mm? were cut from the fusion zone (weld), heat affected
zone (HAZ), and base metal (BM) of all the samples listed in Table 1. Please be advised
that as the HAZ was very narrow with a “>” shape on one side and a “<” on the other side,
we took utmost care to extract sample from that specific zone, however there is a slight
chance that the extracted part would not be completely from one single region (i.e. HAZ,
weld, base metal). Sample was then grinded with 600 grit sandpaper, washed with soap
and rinsed with deionized water and 99.9% ethanol.

Corrosion tests were carried out at ambient temperature for one hour in an acidic solution
with a pH of 6.25 prepared by nitric acid (HNOs3) diluted in deionized water (DI). Each
test was repeated twice as per ASTM G71 — 81 (2014). Table 2 lists the results of
galvanic tests for all three samples. Corrosion rate is reported in mpy.

Table 2. Galvanic corrosion rate of all samples

Sample # 1 2 3
Test 1 Corrosion Rate (mpy) 1.20 | 0.09 | 0.97
WELD/HAZ Corroded Part WELD | Both | HAZ
Test 2 Corrosion Rate (mpy) | 0.51 0.09 | 0.23
Address Corroded Part WELD | Both | Both
fﬁf;ss'j:eg:f;’,id Test 1 Corrosion Rate (mpy) 0.18 0.05 | 0.37
Sga]d; WELD/BM es Corroded Part Both Both | Both
Test 2 Corrosion Rate (mpy) | 0.51 0.18 | 1.70
(;g;‘;é’;‘;’_’;% Corroded Part BM Both | Weld
- Test 1 Corrosion Rate (mpy) | 0.28 | 0.05 | 0.83
(93(5:)35;“;'88394 HAZ/BM Corroded Part Both Both | HAZ
. Corrosion Rate (mpy) 1.24 | 0.09 | 1.43
fo,Si:lﬁ:n.com Test2 Corroded Part BM Both | Both

Visual Examinations
Figures 2 to 10 present low magnification morphology of samples after galvanic testing. It
should be noted that almost all of the corroded samples show pitting corrosion as well.

Sample 1:
Figure 2 shows that for HAZ/BM couple, both of them were corroded in test 1, while BM

was protected in test 2 and there is no sign of pitting corrosion. Figure 3 depicts that both
parts were corroded in test 1 for WELD/BM couple, but BM was protected in test 2. As

EAS-LAB-02F008 RO2 (March 31, 16) Report Form Page 2 of 9
128-17-10HAT004-0001 Rev.0
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shown in Figure 4, HAZ was protected in both tests against the WELD. Based on the

observations, it can be suggested that the weld has the least corrosion resistance in the
galvanic setup and BM shows the best corrosion resistance

Base Metal

Address
2421 Drew Road
Mississauga, ON
Canada
L5S 1A1

Telephone

(905)673-9899 Figure 3. Low magnification

Facsimile
(905)673-8394

Website
www.acuren.com

Figure 4. Low magnification morphology of WELD/HAZ couple Sample 1

EAS-LAB-02F008 R02 (March 31, 16) Report Form

Page 3 of 9
128-17-10HAT004-0001 Rev.0
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>

Sample 2:

Figure 5 suggests that both HAZ and BM were corroded in both tests. For WELD/BM
couple, both parts were corroded in both tests as shown in Figure 6. Figure 7 depicts that
both WELD and HAZ regions were corroded in both tests. In total, it appears that none of

the three regions is protected against one another, and pitting corrosion is a major feature
on the surfaces of all samples.

Base Metal : . |Base Metal

Base Metal :

Address

2421 Drew Road
Mississauga, ON
Canada

L5S 1A1

Telephone
(905)673-9899

Facsimile
(905)673-8394 Figure 6. Low magmf‘ca‘uon morphology of Weld-Metal couple Sample 2.

Website
www.acuren.com

EAS-LAB-02F008 RO2 (March 31, 16) Report Form Page 4 of 9

128-17-10HAT004-0001 Rev.0
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Figure 7. Low magnlf'catlon morphology of Weld-HAZ couple Sample 2.

Sample 3:

From Figure 8, it appears that HAZ was protected against BM in HAZ/BM galvanic couple.
As for WELD/BM couple (Figure 9), both parts were corroded in test 1. In the second test,
WELD is corroded, while BM is slightly corroded. As shown in Figure 10, in WELD/HAZ
couple, the first test shows HAZ is corroded and WELD is protected, while in the second
test, Weld is also corroded similar to HAZ.

In General, it seems that apart from general corrosion of different parts of the weld joint,
there is a possibility that HAZ could suffers from galvanic corrosion against WELD.

Base Metall|

Address

2421 Drew Road
Mississauga, ON
Canada

L5S 1A1

Telephone
(905)673-9899

Facsimile
(905)673-8394

Website
www.acuren.com

Figure 8. Low magnlfcatlon morphology of HAZ-Metal couple Sample 3.

EAS-LAB-02F008 RO2 (March 31, 16) Report Form Page 5 of 9

128-17-10HAT004-0001 Rev.0
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""I““I Test 2] I

Figure 9. Low magniﬁction morphology of Weld-Metal couple Sample 3.

Figure 10. Low magnification morphology of Weld-HAZ couple Sample 3.

Reference Samples:

As it can be observed in Figure 11, samples show no significant corrosion after on hour

of exposure to similar solution used for galvanic test. This indicates the severity of
galvanic corrosion for this design.
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2. Water Analysis*

3.

Units | Sample #1 | Sample #2 | Sample #3 RDL
pH pH 7.67 7.52 7.42 N/A
Total Dissolved Solids | mg/L 22 22 14 10
AIkahrg?e(()'l’;;tal as mg/L 43 2.2 21 1.0
RDL - Reportable Detection Limit
Total Metals Analysis by ICPMS of Water Samples*
Metals Units | Sample #1 Sample #2 | Sample #3 | RDL
Total Aluminum (Al) | mg/L | 0.053 0.050 0.049 0.0050
Total Antimony (Sb) | mg/L | <0.00050 <0.00050 <0.00050 0.00050
Total Arsenic (As) mg/L | <0.0010 <0.0010 <0.0010 0.0010
Total Barium (Ba) mg/L | <0.0020 <0.0020 <0.0020 0.0020
Total Beryllium (Be) | mg/L | <0.00050 <0.00050 <0.00050 0.00050
Total Bismuth (Bi) mg/L | <0.0010 <0.0010 <0.0010 0.0010
Total Boron (B) mg/L | <0.010 <0.010 <0.010 0.010
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Total Cadmium (Cd) | mg/L | <0.00010 | <0.00010 |<0.00010 | 0.00010
Total Calcium (Ca) | mg/L | 1.1 1.1 1.0 0.20
I(‘:’rt)"’" Chromium mg/L | <0.0050 <0.0050 <0.0050 0.0050
Total Cobalt (Co) | mg/L | <0.00050 | <0.00050 | <0.00050 | 0.00050
Total Copper (Cu) mg/L | <0.0010 <0.0010 <0.0010 0.0010
Total Iron (Fe) mg/L | <0.10 <0.10 <0.10 0.10
Total Lead (Pb) mg/L | <0.00050 | <0.00050 |<0.00050 | 0.00050
Total Lithium (Li) mg/L | <0.0050 <0.0050 | <0.0050 0.0050
Total Magnesium | /1 | 935 0.35 0.34 0.050
(Mg)

I&:’)' Manganese mg/L | <0.0020 <0.0020 <0.0020 0.0020
I&E’)' Molybdenum | '\ | <0.00050 | <0.00050 |<0.00050 | 0.00050
Total Nickel (Ni) mg/L | <0.0010 <0.0010 | <0.0010 0.0010
Total Potassium (K) | mg/L | <0.20 <0.20 <0.20 0.20
Total Selenium (Se) | mg/L | <0.0020 <0.0020 | <0.0020 0.0020
Total Silicon (Si) mg/L | 0.47 0.46 0.46 0.050
Total Silver (Ag) mg/L | <0.00010 |[<0.00010 |<0.00010 |0.00010
Total Sodium (Na) mg/L | 1.5 1.4 1.4 0.10
Total Strontium (Sr) | mg/L | 0.0053 0.0047 0.0043 0.0010
Total Tellurium (Te) | mg/L | <0.0010 <0.0010 | <0.0010 0.0010
Total Thallium (TI) | mg/L | <0.000050 | <0.000050 |<0.000050 | 0.000050
Total Tin (Sn) mg/L | <0.0010 <0.0010 | <0.0010 0.0010
Total Titanium (Ti) | mg/L | <0.0050 <0.0050 | <0.0050 0.0050
Total Tungsten (W) | mg/L | <0.0010 <0.0010 <0.0010 0.0010
Total Uranium (U) | mg/L | <0.00010 | <0.00010 | <0.00010 | 0.00010
Total Vanadium (V) | mg/L | <0.00050 | <0.00050 | <0.00050 | 0.00050
Total Zinc (Zn) mg/L | <0.0050 <0.0050 | <0.0050 0.0050
Total Zirconium (Zr) | mg/L | <0.0010 <0.0010 | <0.0010 0.0010

RDL - Reportable Detection Limit
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4. Microbiological Corrosion of Algae Samples

Viable bacteria in samples after 15 days (Range per mL)
Sample 1 Sample 2
Low Nutrient Bacteria (LNB) Weak Positive (~1 to 10) Mild Positive (~10 to 100)
Iron-Related Bacteria (IRB) Negative Negative
Anaerobic Bacteria (ANA) Weak Positive (~1 to 10) Weak Positive (~1 to 10)
Acid-Producing Bacteria (APB) Weak Positive (~1 to 10) Negative
Sulfate-Reducing Bacteria (SRB) Negative Negative

Majid Nezakat, Ph.D
Head — Corrosion Engineering Department

Jennifer Pollock, EIT
Metallurgist/ QA

Dr. Erhan Ulvan, Ph.D, P.Eng
Manager - Central Region Engineering and Laboratory

This

document and all services and/or products provided in connection with this document and all future sales are subject to and shall be

governed by the "Acuren Standard Service Terms” in effect when the services and/or products are ordered. THOSE TERMS ARE AVAILABLE

AT

WWW.ACUREN.COM/SERVICETERMS, ARE EXPRESSLY INCORPORATED BY REFERENCE INTO THIS DOCUMENT AND SHALL

SUPERSEDE ANY CONFLICTING TERMS IN ANY OTHER DOCUMENT (EXCEPT WHERE EXPRESSLY AGREED OTHERWISE IN THAT OTHER
DOCUMENT).

The

Client Representative who receives this report is responsible for verifying that any acceptance standards listed in the report are correct,

and promptly notifying Acuren of any issues with this report andyor the work summarized herein. The owner is responsible for notifying Acuren
in writing if they would like their samples returned or placed into storage (at their cost) otherwise, all samples/specimens associated with this
report will be disposed of 60 days after the report date.

NOTES:

A)  Any tests subcontracted to an approved subcontractor are highlighted above (*)

B)  Levels of Services :Regular Service: 3 to 5 business days; Next Day Service: 8 to 16 business hours; Same Day Service: within 8 business
hours; Super Rush: Work will commence immediately regardless of the time and will continue until it is completed

C)  The Client will be notified if completion of test will exceed the time specified as a result of the volume of work or the complexity of the
test

D)  The Client should specify the standards used for testing/comparison purpose. We have a comprehensive library and online subscription
of commonly used standards, however, we may ask the client to supply the standards if not common or the Client requests to purchase
standard(s) on his behalf.

E)  Please provide all the necessary information/documents (MSDS) pertaining to any Toxic / Dangerous materials prior to their arrival in

the Laboratory.
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Nalcor Energy - Bay d'Espoir Penstock 1 - Fill time and soil cover influence

Calculation Cover Sheet

Client: Nalcor Energy

Project Title:

Discipline:

Bay d'Espoir Penstock 1 weld repairs

Mechanical/Civil

Calculation No:

H352666-00000-240-202-0002

File No:

Number of Sheets: 27

Description:

This calculation checks penstock fill time.

This calculation checks the influence of soil cover at the top half of the penstock on the stresses in the
17 ft diameter sections

Category of calculation verification required tick box 1 02 3 4
Prepared by: Oleg Belashov ) &edzs )i v Date:  28Nov 2016

Print Name > (Responsible Engineer)

Preliminary Review by: Date: 28Nov 2016

Print Name > Michael Pyne

Can the calculation now be released for work? Yes [ No To the Client? Yes [No
Checked by: by: Date: 28Nov 2016

Print Name > Michael Pyne

Reviewed by: Date:

Print Name >

Approved by: Date:

Print Name >

General Notes: Internal Rev A-01

Revisions

Rev. | Date Prepared by Checked by Approved by Description

A 28Nov 2016 | O. Belashov O E | M. Pyne G.Saunders

Superseded by Calculation No.

Date:

Reason voided:
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Calculation Descriptions and Assumptions

—_

This calculation etimates the penstock fill time.

2. This calculation checks the influence of soil cover at the top half of the penstock on the stresses in the 17 ft

diameter sections.

3. The soil on the top of the penstock does not provide any radial restrain for the pipe and is modeled as external

pressure applied on top half of the pipe

4. The soil underneath the penstock is modeled as elastic support with the subgrade reaction modulus of soil Ks=

MPa Ibf
= 40.52-—3

In

11
m

5. Penstock thickness at 17 ft diameter sections is 0.422in according to Ref 7
6. Open channel flow Mannings’s Equation is used to determine the cross section area inside the penstock available

for air to escape.

7. 100% welded joint efficiency, subject to 100% UT or RT

References

ASTM A285 2012
F-105-C-2
F-106-C-7
F-106-C-11

Nk W =

REPORT; by Kleinschmidt; June 2016

Applied Fluid Dynamics Handbook; Robert D.Blevins; 1984
ASCE Manuals and Reports on Engineering Practice No. 79, Second edition

PENSTOCK NO.1 BAY D’ESPOIR HYDROELECTRICDEVELOPMENTCRACK; INVESTIGATION ANDREPAIR
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1) Filling time and pipe area available for air to escape
Input parameters

ELpwi == 593ft Head pond water elevation, Ref 4
EL;) := 541ft Intake gate sill elevation, Ref 4
wg = 171t Intake gate clear width

ELg:= 291.58ft  Surge tank bottom elevation

Dgr:= 13ft + 6in  Assumed surge tank inlet pipe diameter, no info on the surge tank is available
n:=13 Number of penstock sections
i=0.n-1

Penstock geometry, Ref 6

Section Section
length diameter

i+ 1= &L= Dk

1||231.68ft | |17ft + Oin

2([320.64ft | |17ft + Oin

3([250.01ft | |17ft + Oin

4(1452.05ft | [17ft + Oin

5(361.39ft | |15ft + 3in

6([351.28ft | |15ft + 3in

7([304.72ft | |15ft + 3in

8([379.75ft | |13ft + 6in

9([476.41ft | |13ft + 6in

10([523.51ft | |13ft + 6in

11((122.83ft | |13ft + 6in

12|| 63.89ft | [13ft + 6in

13| 45.10ft | |13ft + 6in
G, := 0.5in, 1in.. 6in Range of intake gate openings for consideration
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Filling time as function of gate opening

Z L=1184-m Total penstock length
= ELpwe — ELgy = 52-ft Head on the intake gate sill

" :ZZF(?V

i

Lst:= ELyw — ELgT = 301.42-ft Surge tank pipe to be filled

-LJ = 19856 m3 Penstock volume

2
’TF'DST 3 .
Vgr:i= 2 ‘Lgr=1222m Surge tank pipe volume
Viot := Vp + Vg7 = 21078 m> Total volume to be filled, excluding spiral case since no info is provided.
0.61 . . . . .
Qg(GO) = . Wg-Go/ (2.g'H)  Flow rate in volume/time units as function of intake gate

opening, Ref 1

Filling time as function of gate opening

Printed: 11/28/2016
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Pipe cross section area available for air to escape as function of gate opening

The calculation is performed using open channel flow Manning's Equation

[ Pw
|

Figure 1: Open channel flow in the penstock

Sp = tan(0.25deg) Penstock slope, Manning's Equation works with very small pipe slope but the slope cannot be
zero

= 0.012 Manning’s roughness coefficient for steel pipe

Din = min(D) = 13.5-ft  Min diameter in the penstock

2
T Dimin 2 . . .
Ap=———=133m Penstock cross section area at the minimum diameter
0.5-Dyi, — h
cx(h) = acos[*j a (Figure 1) as function of h
0.5-Dyyin
D2
Aw(h) = n:n ~(o¢(h) - sin(a(h))-cos(a(h))) Flow area as function of h
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‘Drmin Wetted perimeter

Hydraulic radius

P (h)
2 2
AR(h) = Aw(h) Rh(h) 3 A~R3term from Manning's equation
ft3 1.49 1 1
Qp(h) - T ( n j E_z AR(h)'\/S—p Manning’s equation for volume flow in open channel
it
h:=1m Initial guess for solver
Given
Q,(h=Q

Area available for air to escape in % of total pipe area as function of intake gate
Ap opening
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Summary
Gate Flow Fill Flow Flow Air
opening  rate time area area area
Qg(Go) height
- 5 = A (h(G
6w o) o) A sy
in s hr m m %
05] [ o71] [ 827] [ 028 0.40 97.00] A, =133m’
1.0 1.41 4.14 0.39 0.65 95.14
1.5 2.12 2.76 0.48 0.86 93.55
2.0 2.83 2.07 0.55 1.05 92.11
25 3.53 1.66 0.61 1.23 90.78 _ _
30 1.0 138 067 139 8952 There is plepty of room for air to escape for
all the considered intake gate openings
3.5 4.95 1.18 0.72 1.55 88.32
4.0 5.65 1.04 0.77 1.71 87.17
4.5 6.36 0.92 0.81 1.85 86.06
5.0 7.06 0.83 0.85 2.00 84.99
55 7.76 0.75 0.90 2.14 83.94
6.0 8.47 0.69 0.93 2.27 82.92
9.00, 100.00
8.10]
7.20
—195.00
6.30
z 5.40 =
£ &
— tG ALl G
g (hO) 4.50 ~90.00 @ ;2“
= r %
= 3.60
2.70
—-185.00
1.80
0.90
0.00 80.00
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00

Go
“in
Gate Opening (inches)

Figure 2: Fill Time and Air Area as Function of Gate Opening
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2) Finite Element Analyses of excavation

FE model description

gam— X

Backil 124

ane of symmetry
(clodk

pipe wall thickness t=0.422in, Ref 7

Backfill on top

weakened soil
due to excavatipn

il support undemeath

Soil support undemeath

Sail support undemeath

Excavation

I~

350
FE model extend

Figure 3: Finite element model dimensions, inches. 60ft long pipe with soil support at the bottom half. Top soil pressure on
the top half. Excavation extend from 12 to 3 o'clock 10 ft long. 30deg from 3 o'clock 10 ft long is considered weakened soil
(very low Ks value) and is assumed to be part of the excavation. Middle of the excavation is a plane of symmetry thus only

half of 60 ft pipe was modeled

Printed: 11/28/2016
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Figure 4: Finite element model. Ansys R15.0 software was used.
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a0 A
L “t‘g"t" -
‘1‘.1‘1.:“:‘_. ¢

"
e e i e e
S
e ¢“=‘: i"* L

Figure 5: Finite element mesh. The model was meshed with 4-node SHELL181 elements. E=200GPa, v=0.3, p

— 7850kg/m™3
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With excavation

No excavation

MPa Ibf
Figure 6: Subgrade reaction modulus of soil Ks= 11 —— = 40.52-—3 was applied at the bottom half.
m .
in
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COMMON FiLL, cROWHED "
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PoNDIME or CREST oF BiLL

BESULAR SANDC

ToewmE LE

4081517

-2,

-3,

Psaoil[psi]

-5.1115
-132.6

. . . . . k
Figure 7:Pressure from the soil on top of pipe. The soil density was assumed at 18.5 - 0.0682 —

PSDiI(x):{-D.5“|K||+’l 0.5ft-((8.5ft)*-x2)?

- beg 1=

o

£)*18.9kN/m?*
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1 ‘,1_)_L oa
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HOLES FRCiMg DOWH

DREAIM PIPES PLUGGEED
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-2.83071
-3.40765
-3.97553
-4,54353
-5.11148 Min

With excavation

No excavation

Figure 8:Pressure from the soil on top of pipe applied as external pressure.
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Figure 9: Water weight applied as hydrostatic internal pressure with 0 psi at the top of the pipe

Figure 10: Steel weight
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Figure 11: Internal pressure 47.52 psi including pressure surge from pressure line of Ref 5.

Figure 12: Constrains: Uz=Rx =Ry =0 at the XY symmetry plane. Uz=0 at the end.
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Results

Three loading scenarios were considered:

LS1=Water Weight +Steel Weight + Internal Pressure. No soil on top of the penstock, no excavation
LS2= Water Weight + Steel Weight + Top Soil Weight + Internal Pressure. No excavation

LS3 = Water Weight + Steel Weight + Top Soil Weight + Internal Pressure. With excavation

Fuazgs := 55ksi  Tensile stress Fua2s5 = 379-MPa Assume Grade C, Ref 3
Fyazss := 30ksi  Yield stress Fya285 = 207-MPa
F F
Sipogs == min(g , y:—z;s] = 20000-psi Basic allowable stress intensity according to Ref 2 for continuous plate
4 .
Sapazgs := 1.0-Siazgs5 = 20000-psi Allowable for primary general membrane stress. Ref 2, for continuous plate
Sajangs) = 1.5-Siazg5 = 30000-psi Allowable for local membrane stress + pramary bending. Ref 2, for continuous

plate

Allowable for secondary stress = Local membrane stress + local

SaQazss = min(3'SiA285’ F“A285) =55000-psi gpa bending. Ref1, for continuous plate
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Figure 13: Deformation due LS1 without Internal Pressure.

Page 17 of 27

Printed: 11/28/2016



% HATCH

PUB-NLH-006, Attachment 4
Reliability and Resource Adequacy Study
Page 144 of 157

Bay d'Espoir Penstock1 weld repairs
Fill time and soil cover influence
H352666-00000-240-202-0002

Figure 14: Deformation due LS2 without Internal Pressure.
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Figure 15: Deformation due LS3 without Internal Pressure.
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Figure 16: LST - Membrane hoop stress. Allowable for continuous plate Sapa,ss = 20000-psi. Ignore minor spikes at the

boundary. No overstress.
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Figure 17: LS1 - Total hoop stress. Allowable for continuous plate Sajazg51 = 30000-psi. 100% overstress, more if

longitudinal welded joint efficiency at 3 and 9 o'clock is taken into account.
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Figure 18: LS2 - Membrane hoop stress. Allowable for continuous plate Sapazg5 = 20000-psi. Ignore minor spikes at the

boundary. No overstress.
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Figure 19: LS2 - Total hoop stress. Allowable for continuous plate Sajasg5 = 30000-psi. 12 % overstress.
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Figure 20: LS3 - Membrane hoop stress. Allowable for continuous plate Sapazgs = 20000-psi. Ignore minor spikes at the

boundary. No overstress.
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Figure 21: LS3 - Total hoop stress. Allowable for continuous plate Sajazg5 = 30000-psi. 45 % overstress, more if

longitudinal welded joint efficiency at 3 o'clock is taken into account.
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Figure 22: LS3 - Total hoop stress. Allowable for continuous plate Saja»gsi = 30000-psi. 45% overstress, more if longitudinal

welded joint efficiency at 3 o'clock is taken into account.
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Conclusions and recommendations

Soil cover on top of the penstock plays an important role in reducing the stresses caused by the water + steel weight.
Excavation causes 100% hoop stress increase (from 22,000psi to 43,500 psi) at 3 o'clock.

It is recommended to restore the excavated sections to their original state (as per Ref 5) prior to filling the penstock.

It is recommended to construct a more comprehensive FE model taking into account soil-steel frictions to study the
influence of the soil cover at the top half of the pipe on the stresses in the 17ft diameter penstock sections.

Printed: 11/28/2016 Page 27 of 27



PUB-NLH-006, Attachment 4
Reliability and Resource Adequacy Study
Page 154 of 157

HATCH

Newfoundland and Labrador Hydro Engineering Report
Bay d'Espoir Penstock No. 1 Refurbishment Mechanical Engineering
H352666 Root Cause Analysis

Appendix H
NL Hydro Drawing No. 10830-2 Penstock
No. 1 Intake to Surge Tank

H352666-00000-220-066-0002, Rev. 1,

Ver: 04.03
© Hatch 2017 All rights reserved, including all rights relating to the use of this document or its contents.



PUB-NLH-006, Attachment 4
Reliability and Resource Adequacy

vt 4 el e . Voo o .. . , .
1 . N i B ~ N N ' : N s . N N v . - N . . N - .
et T L, NI e N IR A R o .4 [ ' - PR ' Y i . . - , - . 4 ; * ' L . - b ' Tt - 7 4 (A na ~7 vt I - ’ ' . . . N . . ’ 4oy . 3 ; e, +s ' " f . - . - cq e - < - -
P A N IR ‘ .....)p.f N .ﬁ« _ﬂfww .. .w. S Lo» ;ﬂ.&#ﬁ ! v oL a e . - M . ' R | Yo Yool A R P LA o . R - ! y. (.Wv,., ¢ o . , . . v * b F , R " . .,:,..A\ T uu i O T ot s . R foos WM AT . L Lt R A * [N Lo - B v oca w "y iT ot oo Aot "y PR R
SToRL T o LT &. ;n: khk.. .u 2 F s ) . , Tl T - . T , SRTEE A ‘ .o o ,‘ - * P . . S R s e ’ C Ao N Lo T e S T T T AP cl S0 e e A I R AU S PR T DA S I
Col e et . AR AN+ -1 - : g, T v T ' _ N . : ) . . : s . . Pl T T S e g rL P PP el N T e Tran e N PRSI L SO
S R . . . N K ' . L . - . e : . . s [ A . , - N . vy » [ - - N . o «
R v L. 0 . . B }’ 4 wm . A .&I_Lfﬂ.ﬁ v , , . . . . . N ‘3:.{1 s & ot ey river J Tty o e s.l.l.l)il - d, wery ..\A! .ﬁnlncl I.ﬂr{l l.. u _41\:1.1 p. pn. .\w 4 3 Lp v . X - i vy « v ,
. ¥ . . N < hn - i . ¢
: , RN poL T b , . . :: :: u W w Thip G b , ol m E T . _ _ e | L P RIRE L SRR
ARV R SN P SR ) S . , , : : L ~ : .: i 3_. A, :L.. : . * : . . R : . . " o o
i Vo .,,. e b . ¥ § A ,' L ew RS - . ! A ot Tty : ' . ‘ Y - : ¢ e . oo T T N . Al ~1f ,»/_M “ . « ; ; * - P T ¥ H * ,L ! te M B _1,
PRI B P e St ¥ ;| L . .t v . \ Lo v, R . LN \ Coe L - s Ze R - “ N .. 1] : * 4 [ LA LI . ' » N
RN . “ . . s . > . [ o . . s " & &y nuu.&.o | 3 “ 5w t . < s AN s ' N w v, St \ R ¥,
T . . . L . . . . syt LI L. . - « . . o . vt . N b —mw » . . . . - T v
M \ ! e 1. - " VT oo o o . Lo HEEN f v m. . u.b oy d» ! . b L ’ T Al m > .0 « - L ' Wt R N b . v [ * t ¢ . .., . } \_.
I .o PERRIEN . R 3 - P . v v A ' . . . V * o 1“.\.@; : ' o ! . P - . t ,., it ,a A v ' [ . O B * ¢ -
' , o o . . s \ s o4 - , : . . . e K TR . ,,. ¢ e " . ' . . < & v N *
1 R o . ‘ R ’ , B o e s . T %‘ ﬁUﬁ-}k ' w m.w xqﬁﬂw“ 4- M‘N“m bﬂﬂ“ﬂn%&?& f&ﬁ@}m ‘”ml “N Y A o ” , ‘ ‘- . ; ) ! ‘ ,:. . “a N ! ' vt 4 ! < ' ~ N * i
‘ N v . . . L . B ' N -~ v .» le . ) . = 3 N { 3 [SRN s Vo . \ \ ) A A LA
S T . _ MRS 10 42jias SRIAY , S AN \ V S B , , . , S
' . N . - N -’ N ’ *
B * 5 . ¥ e, - . . t ~ 5 ot . . [N * ' \
., . . . . . - e . i <4 ~ A o . . k 1 . (SN . . ' . ' © y
N v H , Ul SAQ {c by , . . . » : -
' Lo " 1 3 R v M mm [ 30 - L b . { v 4 - [ At s . - ' 4 ¢
. . . e A Lnn i Qe ) ,Dﬂ i3] W 4§Y el ! ! I ' e Yo ay AT foet N . . s
. N ¢ : . . - ™ g ..m—l - R . . , ° . ¥ L f . i e . e s NN ‘ . R . "
. ‘e N - M s L . 1 Yoe ot . N + N - . ' - '
{ ‘.a»‘ ” J . V..- Ja \ “ v " v » . -, - » no ey “, I v 2 " e I e N ' R .« ! Yy “ . N . - ‘ ¢ « - N . .
: « 4 Sty : rEAQ e : , L R AL ANE | n , L RTN
M n ! lu ” w N o, . N " -5 . ~ - . ' . . . . . *
. . A ta! y & FEMTWR K. - t . C . . . . . : : :
- . « C r.- m a e a ~ v N 2 w o u;» MR B » .'.‘.. K J,‘ L Lo . . ' . . R N . . - o, ‘ .. L
Py oy B v R A.., . ' " LA 3 “ R ~ N . . . . . . ‘ . e N vt N
; RN L o o en i N ~ ke o ..w; U PESUIY EARRTET ST S | . Lo ) o S 4 : . T : LT,
e e ~— B . e . 5 o 3 i . - R .
\N‘AAI 14:4.111* M0 ST S ) M BT T O T T g A S TR AR T ey (e g g e i el ey Vi ~y - T g Syt s oy § iy R ::-?f Toa rmIETRL N gAnn v s mere TN gk g e o et a ey b ar TRt aeg Apoer SR TY e AL et €4 % —prpese ﬂr:~ 1“ . mn N . ~‘: .N...:. e 1: :.1‘@.-: _(5 m?lﬁv N - a- 41\ !um_?« m@ ~ t.va !.oh .A w - . s..l,w.—.# J‘) qn!.ﬁw—- 1.3/» . &im N ,.v “.b_. s. af 4..% “ “. * MMM Mﬂ M * ..4 > 4i.~y “4cml- xb 4 7~le tm,h‘ %\l‘ ik !lbil;»lw.ﬁ. o V' g o 4 bl . M of i}?. M W B+ € b de Tl A LR A rer At AP AL (Y e Wi ide a (e ! A‘.t‘. A'nbA o e e Aaa kot e reek Loy
d‘v * 3
D ﬁ.liw. - - - T s)(.;..)l-ti!iv {5 BPLS TR S Y N bﬁ 3 T Ny ¥ .r - l .._ . 1 X

. wa-.. -
. i . Al .
3 . - : . H i. . 0 N 2 R . s v, . . . s PR “ Ceoe ¢
p . L N M ’ 4 .m. d(..l..%‘fa N Vi gy AL ST T sx k/»ffr»vh«f»qx:!s.jl.lt.?. .l?..!oltkc?.ll_ﬁl.v’.wh i!!c!izv-l:.- t.as.tl..x‘ ‘t - & - A < . - v B .\ . !
i - Al. ﬂ

R , . o . . _ . . o N , < T o . s heRs TS .
hiad e hend N e e . v APy - 5 oo "~ . g AV e T RSN e lntlxgaullj S o No-d vy ~ a.bshquhillni!tﬁfll‘!a%ﬁl Lo
v lnM ﬁ..u.w;ﬁ . e . . , ' . ‘ . o ) L , . . . Co e, , ¢ . ) ,. . . x,,. L. .w.f.fy. - RS , . i N . R . o v o - ) , _.. , -, X t,,, . t . N f/».‘ . KN N ,.. . } : Con ST ,_,
T Cvenwages | L0 B BRI «.JM. @ ] Pt o v o . - , s . o o T e 0 N A oL T e s . Lt A Wt T C Lo , é%ﬂd?ﬂﬁgﬂgﬂg S onooo TRV S
I 3.5 NoaS ,z,?;ﬂ AL :fz ﬁzw.u?- NILYNYIN . , CoLh T S T PR S PR o Do L O 41 .m ucu..u} ﬁr A N PR SRR
[P Y, ‘. . , . ). Ce . Lo ﬂ. < N .o n N - " Al i n,.. - , - . ., .o K .u_ - R . - ' . . . :;.« . , ) L . . ] A. A ) .o 11 11 . .: * 5
b , \urz_auzuuzu ...M&w.ﬁ.ﬁ&wﬁm.m«_ ,muw.m,nmﬂ . o e e e e - C : , O R L R S LSO AT s e LT L e N ” . ; . e ;
y 3 PL{mP,OU Ag} mra« Qq: A RS !‘Hffﬁ M;N(. M s.n.“ﬁluh..u“ ui Tiwu ﬁ& WM\“:“LKJ-- YAt e tavhnan kﬂonu Thdrspac ,.-:a.....,t.. ety n%,a ﬂ.am qu&vﬁlya‘ w ..md A | " . = 3 ’ o - ,.. M ., . .w;_ e . ﬂ e i o ; I A..\ Iy . N K v, o Cn ‘ . A,. . . Lo S NI — .nl W ~ . ., .
. L A - “Clagese e P “ ﬁ\kﬁ \& . (W &4 & & LI ' ) o v : Lt e ' . ,4, s DRI N SN ) - S Vo .»”.. : v , . . , . . ‘- . D i e . e, v
. WY My TR T Y . nhm;u)kn .\ﬁﬂ- 2 ?M.Am p.\tj . 4 " ”V.t..l 3 \n@t@\‘ﬂt ! C o . e R : J ,m o, RS SRR - ..,e. § _u , , L - S . R e e et , / up : N L
N 3 cr‘{ﬁv. LG ..r... R \ . ., o e S RN . C . Lo et - "y . 1 B D N "ot v v y e . . . 4 . . . i f. i
;M . e ‘. R Fw&ﬂ*w«(«u?‘dmx—(tf. «ﬂuam n— -ﬂﬂ ﬁi < ’s‘ L AT ltﬂ -....H.Jnmm » ) '-.hwwﬁur‘a Q ?.MMM ﬁmo ”‘M Mﬂd Mu«”&- # p“«NZ .md HJ:M m &Hm u(##%m . R ) e “«.f,,a o - ;, . . B , e L ' .. e ., o .M. ~ . ' , . - N s . mll - 'l.l.ll!fl!llc.}nlflc ” *
D B P N e  a b R e :.13 AL 2 I , ~ , sl SRNTRE z m R D L dreoe U o AT ‘ S C : ERRER !
| MR- SR L daled 7 : | e R R A Y . e At L NPT R SR , q S o ey ,
J _. S04 patin a,,,uz r2u #2075...4:1 SN i GOLES| 2 : . - X E o opeds oS 8 @&:ﬁ% m - Bsy ._w, P T e e e e T R R , . L -, . :m a_ﬁ. ’ i
S BNDE @ €I T o rova TN Bl T BT I T TR S S O N PR TR g R L T e e e e LR A el R Sy m.w.
M 4 MM\\\W\“.-\Q m.:.. ﬁy(. 3.-)4 \. : o e . ,nw fﬁm.w.- Wm.ﬂu -ww % zhpw-.s»d, ﬂnﬂ-:ﬂﬂ Wm, ) et . S . St LT ‘ - L 1 - . - i . . . [ X Lt el e ' N rluf LN
: m . TANO DRI .-GO.L . —— o w»....M. . . ’ . st L . s, e N - e T P - . . o o . T s w D . W N ' L RRTRES . Yoo - t ’ - wp— ) e,
- N L ] N A S < . ' . o - Lo, R , [N . . PO e xr. L ' o . A v - o v [ A PG SR . P A N -~ e . N ! 4 ) oo ' O
. 1 - ) Lt e ST e e R ’ i ) ), ,w . o .H. Co, AR _»/. g N . L} ...w.‘ . o ! .., ll..l«&ol&f .Ilvl.llllll...izl.ol...l!ﬂ_sh.. - NI N n. P . e S M.. B B e et " % . ,
..,m o hmﬂmmﬂ %m%b ;“JW.FM @@?MQI ESNOCIS 1 ATZN . _— ) T L L . - C e Ca . T ' , . R R .- " \/ Z(sd!w m - L DR one h\ T s T e N e e .»U, RN, e Lo ,w. -
i R R - N ' N ey i . . o . L n1 oy =y _, A.;;. ind .- . . T £ . ‘ .: ¢ . . s ot Ve [ a, .a,....\ " uv BT By ‘.,. S m. &t ) .n, e ., fa NP ,.r. . ) . b >
m TP @AnTad NS ! AN Raicd NG 404 NAOGHS Shivaza 0 T L SNew207 ANIOD  Eod e e s TSNS cPZ.CW Inu.u O T A e TR VU S AL PSP OTA I, SRS ; S - . e
- . , : C e . ’ . ' ) , . - . o 0 ; S0 Al ey e el s sarer DETR R R . L e S
e bo 0 TR o ) : \ : C e ARV O NGHILWAZINR 23s 0 . S .&}mei O LLYA TS ...w.mm, Soe L .,.\m,..ze .5.004 ,rzhob &0& . S N n.,zn.r RO .rz*Ob Ko.u O P el S PR
5 = . ] R 'y . oo - . < {lw.\.ﬁlitnoﬂhllfjihu . ) ———— iy ,.“ . N , = paury - - - . - X > L RO . N A ' - ;
b | S TeReElE . L s U NEIReeE L e .mkwmw, EE S S ,;%am,a z?rﬁﬁ TS S |
i A o e T e e T e R év;,som_u CTE L s T TR ; ;
. . . o LT . ) . L0 o - " .o . R ) e S ..» Ll . ,L_ »,,. . s = SRS . o ) ‘...\ n . ,.~\. . . ) L - . - . .a. s .~... .u~ . - A ) N
M ' x S . 4 T, ’ ‘ Y u ' v i __“,wa ] ; ., T ~ B o i = ' L \\ a . ‘ - A : 4... - .v ,
PR S R N . - : P " - ‘ " AR . e
. A 5 < - I . v RS B A . A S
P A A . : .Sm._ e X " SO . W 3
H r,.\ \-._l\.,( - , N > A b : 4 y R . Aullvl.i.ll-“, - ’ - - «w.
4+ N - B > 4 - - - ¢ it .
- . N N ..b-!‘,.. <" & M A . - . ; ., . . - .l.ll\cl. » J!\lnﬁ N » «r Fy v ot L R -
w~ ) :wu.u,»ﬂa‘t\t P ERRS : . a . , } ﬂ. N m meﬂr_- w, ) oot T ?Iﬂ-.\u ) , - : L ) M } u.,..n\
! u\m\x\k‘.uo--”& s . - 8 4 “.WJ?.,I.!.. . IR L L RN A G Pl - : 73N ST . LT oo AT A ] Lo b v Rl e S - . S
;,ﬂ . B l%i?}.ttc . h.ﬂ . X . 2 \, v - o - ~ . N ~ o R IIJ.. u”~ [ r:d. N . A : u, - \.\ ) . ... A .n}.. . I;S___v‘.ﬂva - . g ,u nr... L. - L . .h J.,. A ~ — ,,n...\. R . SN . ) . ™ . B r..u., AR .‘., Sy - “.u 3\. .,, i - . ...;. - )U, .. s ,w.,e fA. ~ .\Z. ur . ..u N uv. .,uf. w».-n s ,\) ..u..,ﬂ. ~4 . © A.,_ .... J L N .».,mv .
e &i»‘v..n A5 . .\.lm.' . s e i EJAJV.., o ] mw . wm L T A . P g ﬂ..,\i ; .,_m. sl . -.Aun-u* LY Dot Sr s, - . P ] N R T IR ceate P e e Y Ny - N e ._r, L .Li,..,.h_ L ,e o .q PR . R ,,,.‘ ,.u s ., f/;. A {w ?)m mlu . . R
' ﬂﬁw ) m 2 - o\;._ww”w).\rn B . “a .‘w. A.“M. h .M‘ + o ; . G\. ' -y - . { ;, . ,wh W * WM ' e .Mﬂ\.u o . uas . w , .r " C . ) \«., « . ' _ o K R . - A " ST “. P ! * wﬁ «'AC— Wn‘ GOJ B . H.,. i . o, ..uq .,f.: = h“.v ”r
- %v.w‘ 1. 4 N TN - N m_ . , { I I\rll..m.f .. RIS * L 5 ~ - T e :l‘.i&am RSN I B * t . Cea o s s Wt - . P ot I s
- o - N att MMJ__NL ’ ',am Y - B ﬁ- | .v..' ¢ wm ' P -7 .,/ 1, M mM ,m,.m\~ - B ROV LT ‘ P : 1/. . T “(,., . . ,..Z ' {;..\. o ” ,.;. [ Rt . i N * w“n,fu ﬂnxvﬁ H. LT ' ~ ! i -
W - 2 R . L ~ - sIns, L -~ ot ‘zm . R e e ».,H.,.n ;.:x vt N ’ - \..y.. . - . O .l ) ) . M‘.v 1 3 : et » Lo R E . .u.... St . L . - .v ) =y
IR & LR IPEN RS T R - rr T e e AT RE] J - “,:m« N R L s P T IEI I IR S Py SN : REWILER TinTh R PO R SRR VENERE R R o . T
Lok O T e x IS e . i { P ) g i) B £ IR IBRRABREER RS Fraic 3y : = Ti @l 1111 Y [ “ i i * B B Mm; §o1oy Gt : Iw ;i L 4 -
BRSNS P AN . RN T RS T B R S Hl j M NSRRI o T
‘ ) - -~ - P 41 - 3 ¢ : 3 O 0 i ; Ry i ; HEREY e ' : Raag v : i Sl
BT e @ AT e e T e T S e SO AR e , ATNO. FDATL
{ = S S e iLd YR EE RN 1 h i3 it .;w Iw IREREN RN - A ETE I N Fidtad 114 w i1 HE T ! i H UREEDNIRNENS J.,T., - P
W, ; gy BEERENIRRARNARESRIIITRRRINE N_M RIERNEETRRESTS b g b ] g e P _w L i SRanakt SeERIAG g Q_IPZJ,.& @Z, 3}& .Q., R
' R v P " { J S S V= S > ik A .7 o - \ cg - o N S B AT , . Lid RS AR i - 4 U A S LA . IRNRRE il 4o T
= ? L Ry \ ' = xh.ﬂt..-l.l.l S A ; Wl R .Hw i oy .,'.v.w.:, . - e T A P St R - R - . : o .‘% W;_,... T = s 3
_ P LA e N Gl R f AR B o \f_:;,:. ;- Tl el WERTHIN L R N ., YR wMZ \\ 7) S iwz .,5 SN 4
- P - : -1, Sa cerl s ' et N : : oy - S : SR R § 9o T . SUALET X s : : o B , R RS AU BES I e
% e R 20 RN AR [ tas IR EE I T R e I EP S A ¥ ummax E SRR PN 2 i e L ‘n.vi HONAE . ot
o R AT st e S w ot RIS DILEER PeutaE ¢ IR S0 Eiune SO SRR teuws R o o , SRE I R S R B T 5 N R
CE B e R o) MENFRO: m je: oz e A S T B 1A Sy mama KLy L ; e , g
e : ,\ : FRRE S N I S L O B L 2= eiRl AN T e R S S e Loy N :
- . . . . - -, R .f} ~ - ¢ - L ‘ . £ . Lo T, ' - e ) A F u.-.\ H " - N - ‘ - R RS - . A N . N O “..Y..r - .. <. R - g
LR oiE el wo sviag. @ 1L nBs Mgl s Y A el N ERR AR SRR S v S _ T
R - o .. . A R . ) e . . . L e e , - ... Aw : e - et S it - —&) . ..H ,:, < s - J. ) i RPN v ~y O . ..‘.4 rr..). ~ " - ’
Loi b T oe 33T - Z}»CI@ a,m.. J.uﬁ Z :.:,,:Ju ﬂ HC TR L e r.lﬁij. TTho TR AT e P ;&: SRR \ 5 , A & o ot SN LR
St S . o o . . T . R AR A i R B ' Lo ¢ g7 oL ol Tl A T T mo R K .
R ,h H_ c T T ‘20 Ouhlr{ug b .nU .&Ulwrf ..".,v.”m , _Gfm 7,1%1 \Ji (Mw N!w/.“ n..MA n/.t\z.m-..mmmﬂﬂm ) ) A ’ P » m..MMI..F . e - A. 24T T Ty :. bt mi“w\ m . ,Z.an r.,. > ..nl.\m: e H s s ) ~ J oo - s, \H,:;,\ w T
Y . ; Y i_u ! L R E v ¥ ,n_.. "y ~zﬂy PR ,r y , ,:. PR .n o R . ‘. u..\ Vool ﬂw. ' B v - 4., .‘,.C\‘. .ot £ s R :, L % .u_ - .n — . \,4;,7\”. . - - . . o - B i \y :
P I , ; = G \..”.....J(ﬂ e 1T L e : o P hﬁ. it . VRN A VoL, Do e . z . Lot viewene e M a._ Et U np ~y o T AR el ! N o N
o o o o . , ) -n N -\.nnlsxl.. _ \,fn, 1\-\ M.ﬂnwim \ft)-owm r\.y.;u‘ .‘,. .M\r-.u?!\.‘h L v.rﬁq\wn..wi . dn,mﬂ.m.m v .(.\ - ,.(Y “\ .«y. e S ) m.. J\&h\u\ﬂ“ N ,( u - 7,‘.“. -t - .)....'VM\A P . T - . mﬂ .”m .ﬂ_‘ - ,,,.:. . e ‘cv v., H«..w.., .,.. - ﬁ. \2 U)t-nl ﬂ,,,..r.‘u,... _ im B \,, .,..: A.s., . - _\_x u n Ve Cem et z.l\*\lbou - N - ,ux _&\ W ”.A\Uxﬂ.w dr.\hu w\uﬂ4..hlmn udv - ... - \M N
. - e . . oy ; Lot T P e s o o L ,, e . - T e TR @ ST o RN R A I R 1712 Co ~ A .ﬂﬂ».ﬂ!;.(ﬁiiriikhw.m! pr ‘-
IEASE A o J. _7: LEBNG Qi ot LSONA - CILON HIAHLIHMS “ CLT T T m U R RIS SEPIRTERS g : . - RTINS .:‘Gm.ré Mm--xi DJmE rﬂ nwn:,.m h{ A ﬂ.».taudmmdu 12155 ?u ;4 s N L BANGERE P&mu»u u.r,. : C?OJ - : s
R ¢ , - T e P VIR ' R N . . : gty I3 I»).L ’ > vy et - N ! U ST R A A o 1, R e Tt ~ -z . s - - o A e CooC e
S - B ‘ . L ’ Ea o .- . g ) C - R N A a.ﬁ.. Cone .A\.I./ 4. % i s ¢ : Ty T : VRN A L AV \ SR T \.‘ S Ve el JnA \, r..r!. o 0 USTol | i . Lot ' - ER B Eo
NN S o SNOUDRELSNE O34 WIT3AAS CSy - 3300 T U L Nl A * w { 4 : J . o T ARG MRSl T T T LIS O t LT T m ADHS  HY2HL % CSNINGO T , m
. - . ' - . R S > - - . - . Tl - o - N ) ot e . .o LSRN M _ - L 3 o - + R LR N .-, - PR AR ot A " . . L. v\ P TR . R t‘lﬂ:“\ﬂnﬂnlﬂlﬂ S Lcemsretsr SO RN P N LT — s e . \ L. - L2 Y
S A CTIONIS NG OL WD SO M - BELCIN  JdRRLan: B/ N N wﬂ,ﬁm \, R az A3H 9%(30; c S E.:z ) NOLLYDOT SR : &1 50 ot _ﬁ.?kmo I o
-~ s - B M . LR - - . L. < F - - .= v - . ~. - - P F . . N - - Sy L. R “ . PR - - . - ! ps
Hl S v ¢ - , . ... B [ ..:\., N Tl . \.... . - P Wt s «? - oot .. = ! . - f hm.v.- .n/ . N - ..\ s PRI - vy . R L o :.;.. T Teo, L .‘.. T & ;.. ", L L7 R L.;(,_\.. R - wrL . . M Sow e 7T Ob I L \,. P N N C... .‘ % s s . _,H.J\ﬂ« i u.» ...n \._,v ... [ v v i .‘.s ke B - = . \, R . BT - \:. B . T a “ s /ﬂ. L AR . 3 gas ;....,:, P . e I S -t . N I~ S
k T, -, g 3y Y S T el Lo e P T SDE it NI UL S IE L e Tt P S R R R L T A P SV TR m“.k T AP SO c- .n“ A wi,w.m.; Ceer Ll o e el T s - ,,,.1/ w f,y S ”. e - J ; »..?;f e TR e e LT 7 S
| CHOSTONDIULDDEASNG JUHE  IWITESS VSRV 336 e s T ﬁmm e D T T P R e e L T T U R e T T e e T T T S e Ee u02m E,om .tq ﬂv._ dmw&( ST PP LT S S
o T - ) - : {2+ Skt < i ’ i o - ot ‘ i ’ T ) N A ’ o ) | ’ L7 - T B R A SR AR I B EERV A g e DT : T < - o -
. - - s Q»ﬂ’l mw e N n/‘a-.”\w, R | \Wm‘w r PR ) ; LR v A e “M. oo N R N ui .. .f o } ! < mwx - Y r.” yH,\\ - ’ NMM xu,. W P e - T - h ..n.\ D ..“.4 y... -, ,‘ . e \w - .‘.v w w ... i \. ) . ) s - ’ 3 ) et ! /\w.i. Mﬁ.ﬂWﬂ/—M ZQ mxﬁdﬁl 1 L‘Jﬁ // "% .wAA‘nSOlM o~ ,‘ HM - ,.h R h
N . “ ) . . . AN AN e N N B \ S .&giﬁlﬂ,nml. A e S m RS - ‘ n .L..Hz.. um. C e u...ﬁ: ,..”m . }nf ;Mf FE I S AN V,M - T P T AJ, i.i.t.u..n-i\ s .“W e , s . ‘ : o . .‘ . . T - i 00
L e e ehe gy STRREEETEEAT . L s s T B = ST e e e | A SR :
; _— . S RSO S R A e oS D P S T e A R &.{& MOELT L&x ﬂ.:\gn.ﬂnw kt.éxh. uw h T ; ,,J.,f CeEeSD LN i S S \v . ﬁ ’
- o - T L e oy T . v'w.ﬂll - vy 'J\ N L - P teo- 0 . - r. PR ) AR - . ] . . S ) P . Y oy .. : “ o : i ~ : ¥ . t%n . P . = y & Y A ) v * . '
C R DB ..mt..ﬂ..ulnmw huﬁﬂm «ltwftxﬂwﬁw o e, N - - . o R m ?..\Hq.t YM?“ ta Y ol t.?\w..i mn)..‘ 2 J,W . ol . BN .H, L , .\},. ! Amnf { , -
T R oLl . o ST S S . o . LT e e ee—— = 7 n - § ¥ - ‘ : T / ’ T - v a R :
- “ . , . , - - P _ - It \ - . i N . R SRR . R » ~ e % '
) - PANY -t tupipe = ol ? o . I N - =i i CoX : y AN d N 1 ’ / S
. N e en fﬂumﬁﬂ R=1C1a 1) L= - S B> L S 1 ) ﬁ.«“ﬂw& . - - c \y Al o Aoy e Ry , Ny U g & A PR m.\\\.v
, S . : , ! . e mum,.m? T A I Al T e TE T . St o ' R LU RS AUL;Z.OH. .\/
. . —~ . . ot . i L - o ) . L < w PR T LTI Teaeoo ‘ - oo - g N Je o Tn - o U \
a : D0 No L xu,u THE - - STONYREOL CATHE NS o S | _ ey IR 1 SRR RN SR T \ S P ,, RVHEROV
. oo cos . T R % o e . ‘ G : - SRR Y S B R o, fn, 3T B R A . ~ S TT R 3 B % .
e . - Co- - S s s .o .. Lol M e , < e ca s w. T R Lo a2 M,.,. ¢ , W G - L,:mwn .,?c% SR i T e b Ty Ea o - z Lok M 2 Ikl e - e e
) . . o . J,a - sl‘,nf! xﬁl\tzM.lN »m&w f.w. :,.t(.uw,ﬂw.m;vm,?hmw.m?,zﬂ . wlwm:ﬁwilﬁ. r,kmm-hf.-usu\m& “o s s_a..,f,, .<.‘.\Lt, SR 3 . * m.\. CE e e M«%mw, mu\uy.. 3, Qh&dz_.v.‘ M%J.ln; Mtﬂumw.dnﬂuf e+ AX.UWQQ..‘ - ) N fM, ; - ?sb?!\ .\.. - s e - .h, T,
Lu\im 7..1.@5}, e e [ - 7«.. e . ! , S ) *: " - f_ T . : ) o A ( ) , . , .. Lo K ﬁnh,ﬁ. = ri\ nﬂ.._tm \J\ ah. ”E {.vw“ qu.\. . n\a\o.u..hhl( .(w\-t;m wﬂ ﬂ.mml . :,‘;M... . v ,x W_\ » . > < s z.
h [ r4r e B . . . ' , P .‘.h 2 - . L rt._,r‘ - Yo o7 ' . s - U\j \l!r - - R .L. W WA, B M, : .. o " rﬂi et » H
- .. . - X ) . ﬂi%“’» .Mu Vm.mu . U - INMW;U« - mn\\ﬂm vq‘,.l; . 0\},& an{mM.Jx.mnmw B - - Ik.‘_u'lu\ k.....v)._.‘kwn. - . (.ﬁr»{_\ ,.(.%..1..'\«. uﬂm& . ~— . .m R ,..‘. i | A R )
. o - * . o .\ - . _ B - Iy . . W PRE X v 0T . vt N - - ’
S - o K o T T : SRR A F ﬁ.h\xﬁ.& 7RG QL SLNRLNT LIS L ,\\ﬁ,.x L | ,}W ¥ “ LT 2C T :
- E . . . ‘ : S e . o e - : ( - \ N I : A <. P ,
R . : . . km.. \4.&@.&1&& U«Qﬁw k(nﬂmq l}? w&ﬁ.w{eli_i; g ) - ,,‘: , # S LH3IA "
‘m. . (hmun W\\&“\k\wﬂthi\ﬂ.ﬁ W\}..L. o . «.\ﬂw@\)& U@\r\\m ﬂc&\.: - /I.m\ﬂ.\\: . ”.W_\ S i g R A % ] ﬂ
, , ppd BLyDG7 - 83 wmﬁw‘.ﬁ rMoLDEET oA ) F i N T 7o N RSP i
‘ ot P AR B R Vo NG |
o83 - . , , .- Lo A é-wi.-%-i{{.-l; ¥ EPREN N
s g"flll.oll’. ko PRV . . T, o * m‘!hl- 7u . vlliﬂ ~ o& v:lill, : B m!vh (I . N ..”_ A o ‘NW .
,.“ K ‘i{;f ! . m s @ f}ﬁ, ’ _ f . L 1.".' - g Mo !e,' T @ ) o -
- . . N e b .o L. - N . M T K . //.f‘ln'lllhl.l-!dve!\\... N u ¢ N ) + \anm lb-.l.q e
S - A N ,.:qufsl!l.,lrzfl s ) 3 o ;.PO“‘M ‘S ad ..mnw SaN3 =log zr{ m_ - .
_ , L e : : @ T rﬂm} - O NGILSEINNTS SWR
3 - .nill!l,..lnlp?l:l'if-.‘ . - - ﬂv M P it._ll l._.nnu 03 - f’ol.!roi.l.?r?l T <o . : . Y . i . . . , . MJOL” ZO hwyw{y IU?& - e Lo al
P ..ﬁ%rQ -~ g!awvrﬂill.!a!;{f o {!ﬂh« ™~ _?(L.Jl... ey L «ln«t.\. l”lrll.c!.rl{r..; H . - oo tmemmar e s e O . . . . NI e Y e
d”.n am', mﬁ‘}(wr S .”.l N e TN o If " amws!, b mm.u.mnvd . e e H . N ' . ' ) oo T : . B ! c e T TLS Z b o .
) B . ~ B 7IN [ T T R 4 ‘ ld\ ! o
Lo d .T.Qm.l“.t.i M!nl?lhmvﬂ.? o t.. ' -M%ouukmpﬁuaﬂ. lnm ’ I ﬁn‘” . .» .-«W\ . .N { ﬁ:q mn -« TNy \ll._r oy MZ—Ju&~ ' «w [y .r_.lo.
TSI SRR e (Bian R nstoe B! ;u,:.«m:oawa NELy T Er oy TS (mT30 2} 2 ac -SLAD oL , \ et
' nw . i ¥ .W..‘ !UVﬁ. o @m»}ﬂ _-vﬂim:‘-mh‘k L X A P e 1 t h.!lf ﬁx»o v dezlﬁ ..ml..unm . ] !omuﬁ%\ﬂ\ ull.m.w...f.lllll..lrf!...fr . - b s F B ™ e ) f Lus
F i \o R e} , VT =2 S I S T R R C B _ , o TEIS S SN I;Ifi:...: D SHEYLl HONAOG . REASN /& -; i — m—ee e
. ' ! . N e . \.. . B xv.—-x Hw- g "u N ' , . ! IVWu\ R \.\ & Nt e i, et La¥ & b -y :
, * X . ‘\.n.‘ ~L ,q.w. ?.6 gk S L RS LT . . y - ;
- - b ' ! i . - P L . ’ & . { {
¥ - L - . ' v
o N -~ }
]II’;"}’O}AI‘(:; . . NMW”J . !
| | TTTT— i |
M d ' N ,. ’ > . ) . S s ' P : . - A - - I . K ‘ " ' ‘ " ‘o 3 ¢ " i PR N ‘ 'qlN & ﬂ\f»_ ﬁm Jw B ‘ < 4 Jm ” ,.'— .w
. . . o ‘“1. raa? . . . , . win . o ; i . « . - : . ; ot . T ‘ N _ - " ¢ ,, R { 28 . . M K
[ ~y . X | . . A » { ‘ \ . . L4 . 3 " - 4 s ... 3 i . y . ! X : N m.u In./l\rx.l Laingl . -(.-‘Ellllf.lk ® o+ s ———n B
m . ’ T y - . . L R R " 4 5 : ’ o " . U mw o n\nv“mdhww @ ‘n.!!.i.-{la..lll..llllw".! ! W..‘M!Ut.w‘"k.v“ J ? sy
g P H 7 / T
{ . -ﬁh*{l ) n. nqﬂ“; .~ 4 -..
J
\ o w - - . :
| : m: o, £2:29:C [ IS ecd 3taY “
. . ,h.uﬂz.hit N . : e.i PRI SPrIE A — bflit!w..l'il %M&Dﬂl 3
. G AL o P e, & ,ﬁﬁﬂh% M e Dz 3 ;
' - -, D 2E€, N e \ . . 1 Qi Wil ~ aQTEd N
. o a“ /lir}m“ﬁ < B g .ﬂ.ﬂ‘o N 1,!3\!“ — m
T o e, -~ * K N PR oy ' :
ECH 7GR T e T 5/ r Ll 2807 € ,
, e / % I L3720 T !
-, N ' Lo Y ~ - % “ | » N
o] B N - N W - l” NY s:w Y CSwek - e xt.i‘.r!lthul-lflc a.\u l..‘.ml*is!ﬂ...b!&:.é‘ .L am g ey .@. \ n
ShENY TIVOLLHIEA NI OND 30NN @.,._Vr _ .
N ’ ° R ..!.fn ' oL _( x . *
. I,a.[...,.l! ) . /W, a_!t.b...l( N SRV 3N i..!_ hounr 4 ﬂ
« VN > P L Jre—— kol :
il .lr;rlllcl!.r{l - . ! . < f”“.”””f el e St . D k(‘!iaﬂ.\ l.d m mm M W’* s J i
v p et H h I/ ”
2 N
i - <
e s TR RN N slinﬂ!)illﬂ.}f:: e £ =M e e _|| e e lendaly, ) n . - - v ! hg t/ NXWHN“ “
; ﬁmp MOS0 TINLAS ON um % B | e : AN el Jomg ot (Y
s ' -y 1 e - \\ 7)0 v \ Nu ab
, s . , DR S N g | BT s 5aa :
, o : | ( ‘ _ L s o . SR B O J ﬁm«ww T ol Txtxﬁxuq.\z Faw . X\ ,.mﬂ e ..,?w.} WMWM y i i i i
. . ) « . . A 3 < a ) - , 1 P ' . , ot . & . - - b4
——— J— . ~ . d r u.«....loJ sawan NITo - ¢ \tmr o Eoasd Imvnﬂu‘\u\\\mﬁ\\uw\ , w . . . . m!m zo_iﬂuﬂ - \ m _ .. N ,
. s > 39 - - . vy Y N 4 IR e ! * .
R =R T SRS BEC-F0- T TN ~1o B P R S X - 908 e N0 TG VT I AP aAN Bl ,/,Mv ! d S
. ¥ - f N 4 - Gl - N M
, \ e R : L & zo T 1 — —— W - T b o g ,...T.IQN ‘ ~ M.HN w
e I..‘.r.lln. M f M\« : ....tvv_.u Z il 4 . Knﬁ Q~ o et Wom @ﬂw M ' r ww, Ll m ~ J sﬁ Mu.\. ﬁvw\\ .-J\é\\.(t “k.\— ' » _.4.' m
ot - ¢ "3 o -
: 1 : 1 B 3 e ) o e PR . . = :
\ e @ (8.8 |.1s38s ,p 1.6,82 v | ——— |  %& * e N A & | M
] M ¥ e . - J.iﬂ{:u - o m..ﬂ Eendadenadl| .w> | i
= 3 ~ t i H 3
: ~ A I ew o2 B D ST e w TELLE L&) e N ! ; ,.,,T;ﬂn. N Rve F <
N R T.ﬁ. - BN ~ L ! . e L vt e il . L_ AH - f,\ bl\.?*
Ve . - . -~ 3 ) . b ¢ \
R | o0 o L% e e S - = ve : U7 !
b ' t " . L .
H - i " -~ oy v " . " —_— 3 4 L) ~
L M ot o et ve 3% “.!s. R ! a&dq\,ﬂ‘f e i w ve : d ' Z : !
A 4 . ~ - o A = )., : !
& o 4 _ : { . . - % ¢ O e L e B wan  w ' Y
e m R DPTL,ER.CE D M RS L0, 1m0 ) e o2 ! w ] o , }
—— 4 3 L) ety - !
w . hd ¥ yatucey i e n it B 4 H .
‘ - i ‘ ! N = ! - .
L | SRINS AL SN, S 7 =) i vy oGN3 .. w & wa / ‘ w
. 1 ; o I
v it H
. - i N
i, v -~ .\* ~, w
: o . WA NG LV qrf — 4 :
- A v.s}.“‘ Mﬁ A ;
. v e e ’
‘ = Lt \
. N i o Jone Sy
I . - T J
N‘lt...:. ey Jovass USRS IS ..rtl.; [ S TRV «, e v “ . . . . « ' , I e s . . R R ) . L R . LRl Py - I, e u . “ S, v . - .- . - T T s i @ € s R R . TR L e b L T e L B I R e L N R —a e P P/« - ,t....r.:??..L
T : w
‘,.w
r‘?. -

H N S
o - s
EURA 24 3 S B S

e
LTt g A By

[

. . i ~"‘ R > Lo e T B -
N A LT B T - . - ‘ Terw T : - *
T POk AP At S e ™ el et s, SR ot P T SN St RO L B S, W A5 ANt N TN WA E L S B T

-

¢ -
«

el

Voo

i

. LT e . s AN s " . ¥ . “h o ‘
o Tr SRR T FAF TR IAATIE L L rvd XY #3 MR AR A A a7 i I T kw2 T LB iaet e £ UL B ket 20 Dl L st A,

R

Frda s el Do el o

4 AT

£

2 TR iy X syt Tt VU ¢ SR A R M T e, A Db IR LA St o € 0 e R R A L B T A EE RTINS o T R ¥ R B § G 2 e Ve o MM ) s % e a2 e A8 B K G4 Wa kT BaRr ot wwAD VL b a oV



PUB-NLH-006, Attachment 4
Reliability and Resource Adequacy Study
Page 156 of 157

80 Hebron Way, Suite 100
St. John's, Newfoundland, Canada A1A OL9
Tel: +1 (709) 754 6933



PUB-NLH-006, Attachment 4
Reliability and Resource Adequacy Study
Page 157 of 157







PUB-NLH-006, Attachment 5
Reliability and Resource Adequacy Study

Page 1of4
Printed on: 3/14/2019
ﬁ Newfoundland & Labrador Hydro HELP
@ HYDRO
f it HYDRO GENERATION Standing Instruction No. 62
EQUIPMENT INVESTIGATION REPORT Forced Outage Reporting & Investigation
Location: |  Upper Salmon | Unit No: Business Unit: Outage No.: | 2017-07 |

Equipment Name: [Upper Salmon Generating Unit

Brief Description of Event:

Unit was shutdown due to an unusual smell emitting from the unit.

Investigation Assigned to:  |Dan King |

Date of Event: | 2017/03/06 | Date of Investigation: | 2017/03/08 |
Parent Work Order Number: 1245721 Status of Investigation: Complete
Dan King Alvin Crant
Signature of Investigator Signature of Approver

Detailed Description of Event:

The Operator in the plant observed an unusaul smell emitting from the Generator area and noticibly on Generator floor and on the deck near

the office area. Due to a previous issue and similar smell that occurred when the rotor keys had caused damage to unit shrouds the unit was

removed from service and an inspection of the Rotor was undertaken. During the inspection four Rotor keys were found loose and had to

be re-welded back in place. Several top and bottom shrouds were removed and the rotor was inspected and no signs of damage observed

other that the broken welds on the identified keys..

BASIC /| ROOT CAUSES:

1. Basic/Root Cause Category: JF - EXCESSIVE WEAR AND TEAR |
Basic or Root Cause: | N/A |
Explanation:

This unit has been subject to the welding on Rotor keys breaking or cracking in the past and have been inspected and welded. The OEM

has been consulted on several occasions and have inspected the fretting and corrosiion issues with the unit and have recommended

that some major work be completed on the Rotor in 2018 .

2. Basic/Root Cause Category:
Basic or Root Cause:
Explanation:
3. Basic/Root Cause Category: |

Basic or Root Cause: |

Explanation:

Page 1 of 4
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r it HYDRO GENERATION Standing Instruction No. 62
EQUIPMENT INVESTIGATION REPORT Forced Outage Reporting & Investigation
Location: |  Upper Salmon | Unit No: Business Unit: Outage No.: | 2017-07 |

Equipment Name: [Upper Salmon Generating Unit

Brief Description of Event:

Unit was shutdown due to an unusual smell emitting from the unit.

BASIC / ROOT CAUSES Cont'd:

4. Basic/Root Cause Category: |
Basic or Root Cause: |
Explanation:
5. Basic/Root Cause Category: |
Basic or Root Cause: |
Explanation:
6. Basic/Root Cause Category:
Basic or Root Cause:
Explanation:
7. Basic/Root Cause Category:

Basic or Root Cause:

Explanation:

8. Basic/Root Cause Category: |

Basic or Root Cause: |

Explanation:
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‘A Newfoundland & Labrador Hydro HELP
- @ HYDRO
r it HYDRO GENERATION Standing Instruction No. 62
EQUIPMENT INVESTIGATION REPORT Forced Outage Reporting & Investigation
Location: |  Upper Salmon | Unit No: Business Unit: Outage No.: | 2017-07 |

Equipment Name: [Upper Salmon Generating Unit

Brief Description of Event:

Unit was shutdown due to an unusual smell emitting from the unit.

BASIC / ROOT CAUSES Cont'd:

9. Basic/Root Cause Category: |
Basic or Root Cause: |
Explanation:
10. Basic/Root Cause Category:
Basic or Root Cause:
Explanation:
11. Basic/Root Cause Category: |
Basic or Root Cause: |
Explanation:
12. Basic/Root Cause Category:
Basic or Root Cause:
Explanation:
13. Basic/Root Cause Category:

Basic or Root Cause:

Explanation:
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‘A Newfoundland & Labrador Hydro HELP
- @ HYDRO
r it HYDRO GENERATION Standing Instruction No. 62
EQUIPMENT INVESTIGATION REPORT Forced Outage Reporting & Investigation
Location: |  Upper Salmon | Unit No: Business Unit: Outage No.: | 2017-07 |

Equipment Name: [Upper Salmon Generating Unit

Brief Description of Event:

Unit was shutdown due to an unusual smell emitting from the unit.

BASIC / ROOT CAUSES Cont'd:

14. Basic/Root Cause Category:
Basic or Root Cause:
Explanation:
15. Basic/Root Cause Category: |
Basic or Root Cause: |
Explanation:
REMEDIAL ACTIONS:
Work Target Comp
Action Order Responsible Completion ?
1. Increase inspection frequency of rotor keys until Dan King 2018/12/31 Yes
2. Refurbish Rotor 2018 Capital Program. LTAP 2018/12/31 Yes
3. Monitor unit for abnormal conditions until Dan King 2018/12/31 Yes
4. Add inspection checklist to PM checksheets. LTAP 2017/05/31 Yes
5. Follow-up with OEM on findings from event. R. Willcott 2017/04/30 Yes
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
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Printed on: 3/14/2019
A Newfoundland & Labrador Hydro HELP
@ HYDRO
f e HYDRO GENERATION Standing Instruction No. 62
EQUIPMENT INVESTIGATION REPORT Forced Outage Reporting & Investigation
Location: | Hinds Lake | Unit No: Business Unit: Outage No.: |  2017-10 |

Equipment Name: |Hinds lake Geneerating Unit

Brief Description of Event:

While completing trending of unit Operator noticed and increased in lower generator bearing oil level.

Investigation Assigned to:  |Alvin Crant |

Date of Event: | 2017/04/19 | Date of Investigation: | 2017/04/21
Parent Work Order Number: 1254565 Status of Investigation: Complete
Alvin Crant
Signature of Investigator Signature of Approver

Detailed Description of Event:
While operation staff were completing regular schedule trending information from the unit they noticed an increase in the lower generator

bearing oil level. There were no alarms associated leading to any change in the operation of the equipment. Oil was drained from the oil water d

detector housing and it showed signs of contamination. More oil was drained and eventualy the water in oil alarm activated.

The unit was allowed to run and was shut down later in preperation for further investiagtion and remedial work. The unit was iolated and the
coolere were tested and 2 of 6 were found to be leaking. The unit was returned to serfvice with 4 coolers and all trend data was acceptable.

BASIC /| ROOT CAUSES:

1. Basic/Root Cause Category: OTHER
Basic or Root Cause: | Improper extension of service life
Explanation:

The coolers are original coolers approx 37 years old and have not been replaced or thoroughly inspected since installation. The service life

was not accuratley determined due to lack of information on the cooler design and led to running the coolers to this time period.

2. Basic/Root Cause Category: JF - INADEQUATE MAINTENANCE
Basic or Root Cause: Inadequate preventive maintenance
Explanation:

Due to the unit and cooler design a regular inspection of the coolers has not be completed.

3. Basic/Root Cause Category:

Basic or Root Cause:

Explanation:
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EQUIPMENT INVESTIGATION REPORT Forced Outage Reporting & Investigation
Location: | Hinds Lake | Unit No: Business Unit: Outage No.: |  2017-10 |

Equipment Name: |Hinds lake Geneerating Unit

Brief Description of Event:

While completing trending of unit Operator noticed and increased in lower generator bearing oil level.

BASIC / ROOT CAUSES Cont'd:

4, Basic/Root Cause Category:
Basic or Root Cause:
Explanation:
5. Basic/Root Cause Category:
Basic or Root Cause:
Explanation:
6. Basic/Root Cause Category:

Basic or Root Cause:

Explanation:

7. Basic/Root Cause Category:

Basic or Root Cause:

Explanation:

8. Basic/Root Cause Category:

Basic or Root Cause:

Explanation:
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Location: | Hinds Lake | Unit No: Business Unit: Outage No.: |  2017-10 |

Equipment Name: |Hinds lake Geneerating Unit

Brief Description of Event:

While completing trending of unit Operator noticed and increased in lower generator bearing oil level.

BASIC / ROOT CAUSES Cont'd:
9. Basic/Root Cause Category:

Basic or Root Cause:

Explanation:
10. Basic/Root Cause Category:
Basic or Root Cause:
Explanation:
11. Basic/Root Cause Category:
Basic or Root Cause:
Explanation:
12. Basic/Root Cause Category:
Basic or Root Cause:
Explanation:
13. Basic/Root Cause Category:

Basic or Root Cause:

Explanation:
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A Newfoundland & Labrador Hydro HELP
: HYERO HYDRO GENERATION Standing Instruction No. 62
EQUIPMENT INVESTIGATION REPORT Forced Outage Reporting & Investigation
Location: | Hinds Lake | Unit No: Business Unit: Outage No.: |  2017-10 |
Equipment Name: |Hinds lake Geneerating Unit
Brief Description of Event:
While completing trending of unit Operator noticed and increased in lower generator bearing oil level.
BASIC / ROOT CAUSES Cont'd:
14. Basic/Root Cause Category:
Basic or Root Cause:
Explanation:
15. Basic/Root Cause Category:
Basic or Root Cause:
Explanation:
REMEDIAL ACTIONS:
Work Target Comp
Action Order Responsible Completion ?
1. Source replacement coolers. R. Willcott 2017/10/30 Yes
2. Arrange temporary repairs. 1255389 K. Inkpen 2017/04/24 Yes
3. Create Pm inspection program for coolers B . Woodman 2017/12/31 Yes
4. Source external cooling. 1257583 C. Steele Yes
5. Engage external contarcator for temp repairs 1258510 R. Willcott 2017/05/24 Yes
6. Source replacement water in oil detector 1255392 R. Woodman 2017/05/24 Yes
7. Test existing coolers. 1256311 K. Inkpen 2017/05/15 Yes
8. Fabricate additioanl lifting mechanism 1255391 K. Inkpen 2017/05/24 Yes
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
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1. Executive Summary

OnJuly 03, 2017 at 17:39:58 hours, Unit 7 at the Bay d’Espoir (BDE) Generating station tripped
resulting in an unplanned 11 minute power outage which affected approximately 53,000
customers. At that time, BDE Unit 7 was generating at 125 MW while the total system load was
732 MW. The loss of generation resulted in the system frequency dropping to approximately
58.1 Hz activating under frequency load shedding protection. The load shed caused outages to
47,506 Newfoundland Power customers and 5,422 NL Hydro customers and Corner Brook Pulp
& Paper Limited.

BDE Unit 7 tripped due to activation of Unit 7 Lockout by the instantaneous overcurrent
protection (50RT) on the excitation transformer which operated at 17:39:58 hours. A review of
the System Sequence of Events log discovered that approximately 36 seconds before the unit
lockout there was a G7 Excitation Fault alarm triggered. This alarm had picked up and dropped
out 20 times starting at 17:39:22 hours with the last alarm at 17:39:58 hours followed by the
unit lockout operation. Refer to Appendix G for the Sequence of Events log of the trip.

Hydro's Energy Control Center (ECC) gave notification within two minutes of the event to
Newfoundland Power to its restore customers. All NP and NLH customers were restored within
11 minutes of the event occurring. Corner Brook Pulp & Paper were notified by ECC within five
minutes to restore normal loading.

Investigation into the trip of Unit 7 determined that there was a flash over between the positive
and negative slip rings which resulted in damage to the brush gear. The brushes wore out and
over time developed into multiple brush failures and ultimately a flashover on the slip rings
resulting in tripping of the unit.

A Tap Root investigation was completed into the Customer Outage and Bay D’Espoir Unit 7 trip.
This investigation revealed two causal factors, eight root causes, and 13 corrective actions to
address the root causes.
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2. Timeline

The following timeline is extracted from the Tap Root Autumn Snap Chart in Appendix A.

Pre-Event
e PM6 - Annual Inspection (July 12, 2016)
e PM9 - Six Year Inspection (July 12, 2016)
e 2015 Replaced Slip Ring (September 2015)
e 2015 All New Brushes (September 2015)
e Polarity reversed on slip rings (July 12, 2016)

Event Summary

e Generator Failure (July 3, 2017)

e Exciter Protection Operation (July 3, 2017)

e Unit Lockout Trip - unit offline (July 3, 2017)

e Load Shedding resulting in 53,000 customer load loss — activation of UFLS (July 3,
2017)

e Customer Outage (July 3, 2017)

e Unit Testing (July 4 to July 7, 2017)

Post-Event

e Unit Repair, Slip ring repair, re-install, mechanical testing (July 8 —July 9, 2017)
e Unit on-line testing, Unit released to ECC for normal operation (July 9, 2017)
e Tap Root Investigation was initiated (July 11, 2017)

3. Description of Equipment

The slip ring and brushes are part of the generator excitation system. The excitation system
provides on a continuous basis, the field current necessary to maintain the proper voltage at the
generator terminals under varying conditions of load. The slip ring is a band of electrically
conductive material, mounted on a shaft. Although it’s insulated from the shaft itself, the
slip ring is connected to the rotor through electrical connections. The outer part of this slip
ring remains in continuous sliding contact with the stationary brushes which provides
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continuous rotating unbroken contact between the rotating assembly and external

circuit. This ensures slip rings are able to transmit power at all times.

Slip rings may appear to be complicated devices, yet most all standard mechanical slip rings
can be easily broken down into two major components, these are:

The Brush

The brush is a stationary contact made of either graphite or metal, which then rubs against
the outside of the rotating metal ring.

The Ring

The ring is made of electrically conductive metal, usually brass, and is mounted on but
insulted from the center shaft. The insulation between the shaft and ring is generally made
of any number of synthetic materials, including nylon and phenolic plastic. As the ring
turns, the electric current is conducted through the brush to the ring making connection.
The slip ring is properly matched with the right brush, which is why they’re often sold as a
set, known as a slip ring Assembly.

The pictures 1 and 2 show the complete slip ring and brush assembly on Unit 7 with new
brushes and a cleaned slip ring.

Picture 1: Cleaned slip ring with new brushes and brush holders
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Picture 2: Different angle of complete slip ring brush installation

Picture 3, shows an example of a new slip ring and brush gear assembly and a typical failed
assembly. This is a new brush set-up with a cleaned slip ring. Picture 4, shows a typical damaged
brush. Refer to Section 9 for additional pictures and Appendix B, for a report outlining the
damage to the brush gear and slip ring.

Picture 3 — Slip ring and brush gear assembly



PUB-NLH-006, Attachment 7
Reliability and Resource Adequacy Study
Page 7 of 60

5

Picture 4 — Typical damage to brush

4. Pre Event Conditions

Unit 7 had been operating continuously since its last annual planned outage (which ended on
August 24, 2016) except for a 14 hour planned maintenance outage on June 21, 2017. This
maintenance outage was required to work on filters in the governor oil system. Unit 7 has a
total operating factor' of 99.7% since August 27, 2016 to June 30, 2017. During this period
there have been no alarms or issues identified with its operation.

During the last annual unit outage which was performed in July, 2016, using PM9 revision 6,
the brushes below the minimum wear level* were replaced on the upper ring and the ring
polarity was reversed. None of the lower slip ring brushes required replacement. Ring polarity
reversal is done to minimize the rate of wear on brushes and rings. This reversal resulted in
the lower ring becoming the positive ring and vice versa. In Hydro’s experience, the positive
ring usually experiences the higher rate of wear compared to the negative ring.

! Operating Factor is defined as the total generating time divided by the total period hours.
2 Minimum brush wear is the point where the brush will lose contact with the slip ring before the next
inspection interval
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The brush grade had been changed in recent years due to industry consolidation of the brush
manufacturers. This item is noted as brush grade can contribute to the wear rate of brushes
however they are not considered to be the cause of brush failure in this event.

5. Summary of Event

On July 03, 2017 at 17:39:58 hours, Unit 7 at the Bay d’Espoir Generating station tripped
ultimately resulting in an unplanned 11 minute power outage which affected approximately
53,000 customers (583,000 customer minutes). There was no abnormal system or weather
conditions at the time of the trip. At that time, BDE Unit 7 was generating at 125 MW which
was 17% of the total system load of 732 MW. The loss of generation resulted in the system
frequency dropping to approximately 58.1 Hz activating under frequency load shedding
protection. The load shed caused outages to 47,506 customers Newfoundland Power and
5,422 customers NL Hydro and Corner Brook Pulp & Paper Limited.

Bay d’Espoir (BDE) Unit 7 tripped due to activation of Unit 7 Lockout. The unit lockout was
activated by the instantaneous overcurrent protection (50RT) on the excitation transformer
which operated at 17:39:58 hours. A review of the System Sequence of Events log discovered
that approximately 36 seconds before the unit lockout there was a G7 Excitation Fault alarm
triggered. This alarm had picked up and dropped out 20 times starting at 17:39:22 hours with
the last alarm at 17:39:58 hours followed by the unit lockout operation. Refer to Appendix G
for the Sequence of Events log of the trip.

Hydro's Energy Control Center (ECC) gave notification within two minutes of the event to
Newfoundland Power to restore its customers. All NP and NLH customers were restored
within 11 minutes of the event occurring. Corner Brook Pulp & Paper were notified by ECC
within five minutes to restore normal loading. Table 1 outlines the customer load loss as a
resulted of the under frequency load shedding protection.

Table 1: Customer Load Shed Details

Customer Group Customers Affected Load Shed
Corner Brook Pulp and Paper 1 30 MW
NL Hydro 5,422 9.7 MW
Newfoundland Power 47,506 88 MW
Total Load Shed 52,929 127.7 MW
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6. Technical Investigation

6.1 Initial Investigation

Plant Operators immediately went to Powerhouse 2 to investigate the tripping of Unit 7.
Upon arrival they did not report any visual indication of smoke or any unusual odours.

6.2 Trouble Shooting

An inspection of the protection panels determined the unit had locked out after the
operation of the instantaneous over current protection (50RT) on the excitation
transformer. This led to the initial thought that an exciter issue had occurred and the
damage was the result of an exciter problem. Further investigation determined there was
no trip initialized from the exciter and no alarms indicating an exciter fault. This was
confirmed by an ABB engineer who arrived at Bay d’Espoir on July 6. The ABB engineer
with site assistance from Engineering Services reviewed the exciter operation. This
inspection determined there were no problems or components malfunctions with the
excitation system®.

Refer to Appendix E, for additional details on testing which was completed on the unit.

6.3 Brush gear Inspection

Long Term Asset Planning, Hydro Generation completed a mapping of the damage to the
slip (collector) rings and brush gear. Refer to Appendix B for the full report with pictures.
Highlights from the report are as follows;

e The unit was in service for a little under a year since the last PM6" inspection was
performed on the unit. (July 2016)

e During the 2016 PM9° outage, the brushes were inspected and 11 of 20 brushes on
the top slip ring were replaced due to wear, and all brushes on the bottom slip ring
were well within the minimum brush wear tolerance and were reused.

3 The field service report from ABB is available in Appendix V.

* PM6 is defined as Preventive Maintenance Inspection which is completed annually.
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Top slip ring: negative ring

Only one of 20 brushes was below minimum brush wear tolerance. All others
brushes were above the minimum wear tolerance but within limits of what was
acceptable would have been probably replaced on the next inspection.

The level of carbon dust on the brush rings was typical of a normally functioning
brush and ring assembly operating since the last maintenance.

There were no obvious signs of heat damage to this ring or the associated brush
components.

The surface was smooth with no signs of irregular wear.

Bottom slip ring: positive ring

Five brushes were burnt up and severely damaged and fell out of the brush holders
The other five brushes were worn below the minimum acceptable wear level
There were signs of excessive overheating on the full profile of the ring.

There were no signs of irregular wear prior to the failure — lack of gouging, etc.

The surface was rough (fine pitting / splatter) around the entire circumference on
both the upper and lower sections.

The visual inspection of the slip rings suggested that the lower ring was damaged by electrical
arcing between the ring surface and the brushes/brush holders.

6.4

Hydro Generation, LTAP Maintenance Notes

Maintenance notes on slip ring collected by Hydro Generation, LTAP

Varity of inspection intervals across time and industry. Historically, Hydro’s hydraulic
units were checked and replaced if necessary semi-annually. Thermal units were
checked and replaced on-line weekly. Changed many years ago to an annual inspection
and changed based on condition for all sites. No major incident across all units until
now.

Churchill Falls inspects daily/weekly by operators who can see by opening a door.

Not all units can be inspected on-line. BDE Unit 7 and Cat Arm Units 1 & 2 can. Other
units require a shut down and have a cover removed to insert a borescope or pole
mirror to view remaining brush length.

> PM9 is defined as Preventive Maintenance Inspection which is completed every five years.
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Most units require a one to two day planned outage to replace brushes

The planned maintenance schedule was changed from semi-annual to annual. It is not
known why this change was made but it’s believed to be due in part due to System
Operations hesitancy to shut down units during the winter availability season
(November 15" to March 31™)

History notes on slip ring failure collected by Hydro Generation, Long Term Asset Planning

(LTAP)

6.5

New slip ring installed in September 2015 — all new brushes

InJuly 2016, 11 of 20 brushes on the positive ring were replaced due to wear, no
negative brushes were replaced. Then the polarity was reversed.

No brush gear inspections from July 2016 until unit trip on July 3, 2017

Failure Description

When the failure occurred the lower ring brushes had been in service for almost two years
continuous operation. Calculations determined that two years of continuous normal operation
would have worn the brushes to the point where replacement was required.

During the investigation the slip ring was dismantled by Hydro Generation and removed for a
more detailed inspection and showed the following;

6.6

Damage to the surface of the lower ring was minor, indicating that the ring could be
repaired by machining and polishing.

The two sets of slip ring insulators (four between the upper and lower rings and four
between the lower ring and the drive disc) were in acceptable condition as indicated by
5 kV Megger tests.

The arcing damage between the upper and lower rings was minor and did not require
repair.

And there was no other damage to the unit.

Conclusion of Investigation

The conclusion of the investigation into the trip of Unit 7 determined that there was a flash over
between the positive and negative slip rings which resulted in damage to the brush gear. The
brushes wore out and over time developed into multiple brush failures and ultimately a
flashover on the slip rings resulting in tripping of the unit.
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The cause of the failure was excessive wear (insufficient length) of the brushes operating on the
lower slip ring. The brushes were worn to the point where the ends of individual brushes were
entering their brush holders. When a brush is worn to this extent, the brush pigtail can interfere
with the edge of the brush holder and restrict further inward movement of the brush. Also, at
this point, the brush holder spring is at the end of its travel and there is loss of pressure on the
brush. The result is that the brush loses proper contact with the slip ring and causes arcing
between the brush and the ring. Arcing causes deterioration of both the brush and the ring,
which accelerates overtime. This would cause an increase in current on the remaining brushes
which resulted in damage to the pigtails and the melting of the brush holders. It is expected that
this condition generated gaseous and particulate products in the air surrounding the brush gear
resulting in the establishment of electrical arcs between the lower slip ring and the upper slip
ring. It is expected that these arcs resulted in overloading of the excitation transformer and
subsequent tripping of the unit.

7. Return to Service

Repairs

The slip rings were removed and sent to a machine shop to be cleaned and resurfaced. All other
parts required to install the rebuilt slip rings and new brushes and associated brush gear was
available in Bay d’ Espoir.

Unit Return to Service

The slip ring was installed in the morning of July 8 and the penstock was watered up on July 8
and July 9. The first mechanical run was completed on July 9. During this run some brushes did
not make proper contact with the slip ring. The slip ring was realigned and the mechanical run
was completed with no issue. After this work was completed the unit was synchronized to the
grid and ran under load for approximately 60 minutes. No issues were found and it was released
to ECC for normal service on July 9 at 2151 hours.
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8. Tap Root Investigation -Causal Factors & Root Causes

The causal factors® were identified based on the sequence of events and the associated
conditions leading to the incident. They were then analyzed through the Tap Root process. The
following is commentary on the Causal Factors and Root Causes’ of the incident.

The Tap Root investigation into the Customer Outage and Bay D’Espoir Unit 7 trip on July 3,
2017 revealed two causal factors, eight root causes, and 13 corrective actions® to address the
root causes.

Causal factor 1: Load shedding resulting in 53,000 customer load loss.

This causal factor was identified during the investigation as contributing cause to the
unplanned customer outage. The current Interconnected System configuration requires the
use of under frequency load shedding (UFLS) to prevent customer equipment damage and
damage to NL Hydro's assets. In the future with the Labrador Infeed and the Maritime Link, this
could mitigate customer load shedding due to generation loss.

There is a Unit Maximum Load Guideline’ in place which determines the maximum generating
unit loading depending upon total system generation. This guideline is used by the ECC
operators to determine maximum loading for the largest unit connected to the system for
varying system loads and industrial load availability to avoid a UFLS event. The Unit Maximum
Load Guideline was followed correctly by ECC operators.

Root Cause #1: Unit Maximum Loading Guideline allows for customer outages.

Corrective Actions for improvements to Root Cause 1:

1. Review Unit Maximum Loading Guidelines to determine if any improvements can be
made to reduce customer outages.

Person Responsible: Engineering Services — P&C Engineering
Target Date: March 31, 2018

® Causal Factor - A problem or issue that, if corrected, could have prevented an incident from occurring or
significantly reduced the incident’s consequences

7Root Cause - The most basic cause (or causes) that can reasonably be identified that
Management/Leadership has control to fix and, when fixed, will prevent (or significantly reduce the
likelihood of) the problem’s recurrence. Root Causes are identified using the Tap Root process.

8 Corrective Action - Action taken to prevent the recurrence of an incident. The responsibility to
complete the action is assigned to a single individual along with a target completion date.

o System Operating Instruction T-068, refer to Appendix F
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Causal Factor 2: Excessive Brush Wear:

This causal factor refers to the fact that the excessive brush wear if detected earlier would have
prevented the unit trip.

The following are the major contributors/factors determined during the Tap Root process which
led to the failure. These conditions are:

e Semiannual unit inspections cancelled

¢ No specification for brushes

e Warehouse technical inspection of brushes was not completed

e The brush length changed from 4 % inches to 3 inches (same part number and
supplier)

e 2016 inspection replaced brushes as per inspection sheets. Leaving some
brushes which were not long enough the last until the next PM inspection.

e PM check sheets outline brush replacement at 1/8 inch brush wear remaining
however replacement was being done at % inch brush wear remaining.
Conflicting with the documentation.

e Older revisions of PM check sheet being used on inspections. Only current
revision should be used with updated information.

e The slip ring was replaced in 2015 with a new ring and all new brushes. The rate
of brush wear is not known with the new slip ring.

e PM check sheets are not being reviewed as per Asset Management procedures
for rate of brush wear.

e PM check sheet regularly showed that brushes reached the minimum
acceptable length but not flagged or noted for replacement.

e Rate of brushes wear can exceed the current maintenance replacement
practice, during this investigation it was estimated that the brush wear was
approximately % inch per year.

Root Cause #2: - Wrong information (facts) used on PM inspection sheets

Discussion for Root Cause 2

Specific maintenance items are completed annually and others after five year intervals.
Check sheets are completed for each annual PM6 maintenance and PM9 five year
maintenance. Document control of check sheets used for inspections needs to be
reviewed and revised as required. It should be ensured that only the latest revision is
used and the information on the sheets is accurate.
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Two of the maintenance check sheets which were inspected during the analysis were
found to have errors in that the brush replacement intervals stated on the PM6 and
PM9 forms were found to be different. Specifically, the PM6 which is used to record
annual maintenance data stipulated that the minimum brush tolerance was % inch
whereas the PM9 form which records the 5 year maintenance data stipulated 1/8 inch.

Corrective Actions for Root Cause 2:

2. Improve document control procedures for check sheets used for inspections.
Person Responsible: Hydro Generation - LTAP
Target Date: March 31, 2018

3. Revise procedures on PM6 (annual) and PM9 (five year) check sheets.
Person Responsible: Hydro Generation - LTAP
Target Date: April 30, 2018

4. Review PM check sheets to be determine brush instructions are current.
Person Responsible: Hydro Generation - LTAP
Target Date: April 30, 2018

Root Cause #3 - Wrong Revision of PM inspection sheets used

Discussion for Root Cause 3

Workers have been using check sheets of different revision numbers to complete
inspections. These check sheets had differing information (Appendix I). There may be a
problem with the usage of noncurrent document revisions. Some of the later PMs were
conducted using earlier versions of the check sheets.

Corrective Actions for Root Cause 3:

5. Ensure that only the latest revision of PM check sheets is used.
Person Responsible: Hydro Generation — Work Execution
Target Date: March 31, 2018
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Root Cause #4 — No Engineering standards in procurement of brush and acceptances

No Procurement Policy — Brush Specification purchasing and acceptances

A purchasing standard or specifications for procurement of brushes does not exist.

The purchasing of brushes does not have a document with a detailed description of the
brush components or materials composition. It is noted that brushes received were 3"
whereas 4 1/2" were listed in JD Edwards inventory. There is no technical inspection of
brushes upon receipt at the warehouse. Improvements are required to provide a
minimum specification to ensure the receipt of acceptable brushes.

Corrective Action for Root Cause 4:

6. Develop a brush standard and specification.
Person Responsible: Hydro Generation - LTAP
Target Date: March 31, 2018

7. Develop a technical inspection document for receipt of brushes at the warehouse.

Person Responsible: Hydro Generation - LTAP
Target Date: March 31, 2018

Root Cause #5 - Infrequent review (audits) and evaluation of PM inspection sheets
Inspection sheets review

Previous inspection sheets had brushes recorded as zero wear remaining. A review of
these PM inspection sheets by Front Line supervisors would have detected this as a
problem with the inspection interval. During the investigation an analysis of the wear
rate was performed and indicated that the interval between inspections of brushes for
possible replacement was inadequate (Appendix I). Analysis of brush wear rates should
be performed regularly with reference to operating hours. Data is available from check
sheets on brush wear but no analysis (trending) of the data is being performed.

False assumptions were made in that 1/2" brush remaining was acceptable for
operating to the next maintenance interval without confirmation through wear rates
analysis. This could have been prevented by review of the PM check sheets with timely
corrective actions. In the past check sheets were reviewed by additional levels of



PUB-NLH-006, Attachment 7
Reliability and Resource Adequacy Study
Page 17 of 60

15

supervisors. Asset Management guidelines do outline the current procedures. Improved
quality control of check sheets should be provided.

Corrective Action for Root Cause 5:

8. Review Asset Management procedures and responsibilities with front line Hydro
Generation personnel to improve or familiarize them with the procedures and
inspections results.

Person Responsible: Hydro Generation — Work Execution
Target Date: January 31, 2018

Root Cause #6 — Limited or not effective employee feedback on PM inspection sheets

Ensure compliance in checking PM inspection sheets by for process equipment issues by front
line employees

Ensure compliance for maintenance technicians to pass feedback to management.
However, as noted above, it appears this has been applied somewhat informally as
electricians use the % inch acceptance criteria even though the check sheet they are
using indicates 1/8" acceptance. Additionally, there was an example where zero brush
life remaining was not noted on an inspection sheet (Appendix I) for follow up with
further investigation.

Corrective Actions for Root Cause 6:
9. Review Asset Management policies with supervisors and LTAP personnel in Hydro
Generation to improve or familiarize them with the procedures and review concerns

with the inspections results.

Person Responsible: Hydro Generation — Work Execution
Target Date: March 31, 2018

Root Cause #7 — No detailed trending of PM inspection sheets
Implement a trending analysis for information on check sheets

There is no formal documented program for maintenance technicians or Hydro
Generation LTAPs to trend information collected during unit PMs. This information is
required to ensure the units are addressed before deterioration or wear surpass
acceptable limits.
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Corrective Actions for Root Cause 7:

10. Investigate further the possibility of implement trending analysis to monitor brush wear
and determine when replacement should occur.
Person Responsible: Hydro Generation - LTAP
Target Date: March 31, 2018

Root Cause #8 — PM6 and PM9 for equipment not fully Implemented

Develop and revise PM check sheets used for generators.

The preventive or predictive maintenance program did not allow or account for brush wear over
the shortest maintenance period (annually). The existing program is inadequate as the
estimated rate of brush wear is more than the % in acceptance allowance that was being used.
There is no OEM documentation on file regarding the rate of brush wear or grade of brushes to
be used. Brush grade should be approved by the OEM and rate of wear determined by the
owner through frequent monitoring with reference against operating hours. Maintenance
practices allowed brushes with 1/2" wear to remain however they could

Corrective Actions for Root Cause 8:

11. Develop improved and more detailed procedures for brush replacement.
Person Responsible: Hydro Generation - LTAP
Target Date: March 31, 2018

12. Hydro Generation LTAP to determine the rate of wear and minimum brush wear
measurement for the brushes.
Person Responsible: Hydro Generation - LTAP
Target Date: March 31, 2018
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9. Additional Follow-up Actions

As a result of the TapRoot investigation, items were identified which should be considered.

1. Analysis of the brush wear rates for Unit 7 indicated that the brush replacement
intervals were not frequent enough to avoid a brush failure. It is advisable to ensure
appropriate brush analysis is being conducted on other generators.

Person Responsible: Hydro Generation - LTAP
Target Date: March 31, 2018

2. This report should be circulated to all Hydro and Nalcor generating groups.

Person Responsible: Hydro Generation - LTAP
Target Date: March 31, 2018

3. Investigate the possibility of adding an additional alarm level to the excitation
transformer overcurrent relay to detect an increase in current related to a brush(s)
failures

Person Responsible: Engineering Services — Technical Services
Target Date: March 31, 2018

4. Review the annunciation in Powerhouse 2 versus Powerhouse 1, ensure critical alarms
are included.
Person Responsible: Hydro Generation - LTAP
Target Date: March 31, 2018
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10. Pictures

The following pictures are samples, the complete collection of pictures can be found on
at: X:\BDE Unit #7 Trip July 3, 2017\Pictures from Unit 7

07 (2017 20:50

Missing Brush and melted brush holder with lead burnt off

Acceptable brush with remaining wear
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Lead burnt off and brush wear at zero remaining life
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I

Brush with zero wear remaining

3
®

Close-up of a flashover point between the slip rings
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Picture of the slip ring, arrows indicated the flashover points (not all flashover points are
indicated)

11. Investigator/Investigation Team

An analysis team was put in place on Wednesday, July 12, 2017 to review the incident to
determine the root causes and identify corrective actions to mitigate the event from

happening again. The investigation was completed on July 15, 2017. The team members
are:

TEAM MEMBERS

Art Bursey Team Lead Engineering Services

Brian Tink TapRooT Facilitator System Improvements Inc.
Ern Buglar Investigator Engineering Services

Alvin Crant Investigator Hydro Generation

Charles Ezeoru Investigator Hydro Generation

TEAM GOVERNANCE

Nelson Seymour Sponsor Engineering Services



12. References & Attachments

PUB-NLH-006, Attachment 7
Reliability and Resource Adequacy Study

Page 24 of 60
22

Note: Appendix A to H is enclosed in this report, while the others are available in X:\BDE Unit #7
Trip July 3, 2017\Report Appendix

Appendix

Document

Notes

A

TapRoot Snap Chart
flow chart

Mapping Report into
Slip (collector) Ring
Failure

Bob Woodman’s notes on the brush
failure mapping

Causal Factor Root
Cause Tree

Load Shedding resulting in 53, 000
customer load loss

Causal Factor Root
Cause Tree

Excessive Brush wear

Testing Report Notes on
Unit 7

Guideline for Unit
Maximum Loading

System Sequence of
Events - Partial

PUB Outage Advisories
forms, 2017-H-027-a
and 2017-H-028-a

Notes on Slip ring
failure information, BDE
Planned Maintenance
Procedures, inspection
forms, PM master form
(GEN-52), PM9
inspection sheet (22
pages)

Relay targets — photo of
excitation relay ABB
SPAJ 140C (NEED TO
HAVE RELAY TARGET
CARD)

Minutes of update and
technical meetings




PUB-NLH-006, Attachment 7
Reliability and Resource Adequacy Study
Page 25 of 60

23

Art Bursey email dated
July 4, 2017 at 04:31
PM

Question to CEATI and
CEA Generation Groups
Root Cause Analysis —
Nova Scotia Power May
11, 2016

Churchill Falls PM
Program

Complete System
Sequence of Event Log
for event

Brush Information,
Mersen carbon brush
guide

CPM of Unit 7 Repair

Test Results of exciter
SCR, exciter PT’s,
excitation transformer

Test Results of Pl, pole
drop, slip ring, and
annunciator checks

Excitation Transformer
test results

ABB Field Service report
on Exciter Inspection
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APPENDIX A — TapRoot Snap Chart Flowchart
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The Tap Root investigation into the Customer Outage and Bay D’Espoir Unit 7 trip on July 3,
2017 revealed two causal factors, eight root causes, and 13 corrective actions to address the
root causes.

The sequence of events leading to the Customer Outage is illustrated in the following diagram.

Diagram 1: Tap Root Winter Snap Chart

A122016
2015 Replaced 2016 Polarity
Brush Blip Ring and all Reversed on
Procurement g Nl's‘sms&?gf‘; P new brushes slip rings - —b@
P (40) Annual
Requirement
Semi Annual Unit Inspection cancelled (year unknown) -
Original spec. for ordering brushes Difficullly in securing planned unit outages in the winte Old slip ring had wear which
cannot be located. Purchased from months. required it's replacement in
same supplier but not known if the Review determined semi annual inspection to frequent 2015 after inspections in 2013
grade of brush has changed. No to find unit issues.

technical evaluation of the current
brushes being supplied |

se same criteria in manned and unplanned
plants.

[ Maintenance Inspections (PM6 and PIM3) J
u

JD Edwards Inventory difference in
length description being purchased I

always following
Asset Management procedures

2016 brush measurement
inspection and replaced
brushes as per inspection
check sheet

[Cump\elea maintenance inspections sheets are not J

ATHZ01T 05:40 PM

AT 05 40PN PR AR s a0PM
| N 4
EE Load Shedding resulting in
Generator Ju'grglegf;r'}er Unit Lockout Trip o | 53,000 customer load loss
[:J » " Failure e (unit offiine) (Activation of the UFLS)

|
|

[ ]m Excitation Transformer Overcurrent Relay
Excessive Brush
Wear [ Operation (Instantaneous -50RT) Drop in System Frequency and Activation of UFLS affecting
Newfoundland Power,

‘ NL Hydro, and CBPP

nit trip/lockout operator could not do
anything at this time - not enough
time to respond

ndication of event 36 seconds before] ‘

Flash over between positive and
negative slip rings after multiple brush

failures on bottom slip ring Maximum Unit Guideline Policy allowed

system to recover after customer load
shedding

The causal factors™ (CF) include:

1. Under frequency load shedding occurred as a result of the system frequency dropping
below 58.8 Hz.

1% causal Factor - A problem or issue that, if corrected, could have prevented an incident from occurring
or significantly reduced the incident’s consequences
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2. Excessive Brush wear resulting in a flashover between the positive and negative slip
rings

The following root cause™ was identified based on a Tap Root analysis of Casual factor 1:

1. Unit Maximum Loading Guideline allows for customers outages.
(Standards, Policies, or Administrative Controls — Not Strict Enough — CF1)

The corrective action®” plan to correct the Causal factor 1:

Review Unit Maximum Loading Guidelines to determine if any improvements can be
made to reduce customer outages.

The following root causes™ were identified based on a Tap Root analysis of Casual factor 2:

Wrong information (facts) used on PM inspection sheets (CF 2)

Wrong revision of PM inspection sheets used (CF 2)

No Engineering standard in procurement of brush and acceptances (CF 2)
Infrequent review (audits) and evaluation of PM inspection sheets (CF 2)
Limited or not effective employee feedback on PM inspection sheets (CF 2)
No detailed trending of PM inspection sheets (CF 2)

PM6 and PM9 for equipment not fully implemented (CF 2)

PNk WN

The corrective action'® plan to correct the root causes for Causal Factor 2:
Root Cause 2 & 3

e Improve document control procedures for check sheets used for inspections
e Revise procedures on PM6 (annual) and PM9 (five year) check sheets.

! Root Cause - The most basic cause (or causes) that can reasonably be identified that
Management/Leadership has control to fix and, when fixed, will prevent (or significantly reduce the
likelihood of) the problem’s recurrence. Root Causes are identified using the Tap Root process.

'2 Corrective Action - Action taken to prevent the recurrence of an incident. The responsibility to
complete the action is assigned to a single individual along with a target completion date.

B Root Cause - The most basic cause (or causes) that can reasonably be identified that
Management/Leadership has control to fix and, when fixed, will prevent (or significantly reduce the
likelihood of) the problem’s recurrence. Root Causes are identified using the Tap Root process.

14 Corrective Action - Action taken to prevent the recurrence of an incident. The responsibility to
complete the action is assigned to a single individual along with a target completion date.
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e Enforce that only the latest revision of PM check sheets is used.
e Review PM check sheets to be determine instructions are current.

Root Cause 4

e Develop a brush standard and specification.
e Develop a technical inspection document for receipt of brushes at warehouse.

Root Cause 5

e Review Asset Management roles and responsibility with front line Hydro Generation
personnel. (RC5)

Root Cause 6

e Review Asset Management procedures with second line supervisors and LTAP
personnel Hydro Generation personnel to improve or familiarize with the
procedures and review concerns with the inspections results.

Root Cause 7

e Investigate further the possibility of implement trending analysis to monitor brush
wear and determine when replacement should occur.

Root Cause 8

e Develop improved and more detailed procedures for brush replacement.

e Hydro Generation LTAP to determine the rate of wear and minimum brush wear™
measurement for the brushes.

Additional corrective actions not related to a specific root cause:

e Add an additional alarm level to the excitation transformer overcurrent relay to detect
an increase in current related to brush(s) failures.

e Review the annunciation in Powerhouse 2 and Powerhouse 1, ensure critical alarms are
included.

'® Minimum brush wear is the point where the brush will lose contact with the slip ring before the next
inspection interval
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Inspection

Excitafion system
documentation Volume 10 &

Cancelled

Not available in Eng Services

Winter Availability Target
prevented any unit
maintenance between Dec
1 to March 31

Warehouse Inspection Procedures

Brushes are re-ordered without reference to
a spec. (repart orders) No record of spec on
what is being supplied. Known that brushes
have been supplied of a different grade or
spec. No technical evaluation has been made
SYSTEMATIC?

Straight forward specs are processed by
warehouse employees.
In more technical review is required, the
engineer or technican responsible
processes the material (LTAP team)

Document 5
Refer to Technical
Meeting minutes

Lab analysis of brushes is

unnecessary since wear rates for
2008-2016 were reviewed and
found to be very consistent and

without anomalies

INo formal process in place to receive
input/comments on any concern (i.e
like SWOP) Informal does exist. In

addition training and promotion
required to encourage participation

W

Brush Mapping of
damage - notes by

Original spec. for ordering brushes cannot be

located.

Brush Inspection, 2016 brush Bob Woodman
Brush Holder measurement
Slig Ring Wear acceptable

One halfinch of brush

quality and spec of brushes supplied have

changed over the years (not confirmed) No

information available if this was changed by
Hydro or chnaged by supplier. Inany eventany

Document 1 remaining is not sufficient
2016 brush inspection Communicated to field that chal
wear measuremenis was not acceptable

didnot receive a tech evlation

1
Several brushes found
with less than 1/8"or "0"
zero recording andnot
communicated

OEM Brush maintenance
check sheetacquired
actual practise is defecient

T Brush wear trends and documented and
reviewed (unit 1 & unit7)

Wear rate data 2008 to 2016 for brushes
indicates thatunit7 brushes needto be
replaced at a rate greaterthan every twoyears
which is the exising maintenance intervial

Electrical: performing annual PM and measuring
rushes used 1/2" of acceptable brush left rather
than 1/8" of wear on the inspection sheet.
Knowing that 1/8" of wear wasn't correct and
didn't address to correct measurement on the
inspection sheet.

Cancelling semiannual inspecion
-difficult to get unit in winter months for
-major inspedions
semi annual inspedion foo frequent
lecision made many years ago could ni

we have 3" brushes and
no history on when brush
lengths were changed

Churchill Falls Checklist

Received
More Frequent visual
)

inspections by Operations (daily

find emplyee that was here atthe time

Maintenance Check Sheet
hows replaced brushes with
ess than 1/8" remaining need

No way of showing
if brush quality

Replace worn
brushes at length of
1/2" - PM&

I
Brush Inspection

Unit 5 - 2017 found brushes with
nothing left and indicated by zero

—

oG (o 1ED free T changed Unit 8 - 2017 all brushes replaced
g 9 2016 - four brushes replaced
PM9- Six 2015 2015
— ®»  Year = Replaced P AllNew
Inspection Slip Ring Brushes (40)
Document ? 0ld Siip Ring - Brass CEA CCOS Generation

2016 PM9 Brush
Inspection

steel
no change

Replacemnet worn
brush length 1/8"
-PM9

Brush gear PMs are only considered in PM6 &
9 checksheets
-Conflicting infor. between PM& & PM6
-Maintenance cheks have been performed
gainst obsolate PM check sheets. sometimes
latest revision have not been used.

Reports of similar
failure at Holyrood, no

report found

New Slip ring - stainless

in brush wear

2014 attempt to
install new slip ring

2015 new slip ring
was installed after
alignment checked

committee/CEATI HPLIG group

Posted question on brush gear

failures and what information is
available

g

PM6& and PM9 inspections use same
criteria in manned and unplanned
plants.

Daily/weekly criteria is different based
on actual site visits (frequency of visits)

OM inspections are reviewed by person
assigned to execute the work. Not
reviewed or signed off by others levels.
Change in reporting levels. Positions

assigned tfo ather roles and responsibility

D Edwards Inventory difference
length description 4 1/2" vs
actual 3"

Independent quailty control check to review of|

inspection sheets. Asset Management
Procedures outline guidelines




PUB-NLH-006, Attachment 7
Reliability and Resource Adequacy Study
Page 31 of 60

29

Polarity - ,
Reversed _|Generator July 3 - Exmter _ Unit chkout

» Annual Failure Protection > Trip_
Requirement] Operation (unitoffiine)

= Document 2 @
Brushes - Unit 7 Excitation Transformer overcurrent
Wear and Contamination was relay
the factor which started Instantaneous Trip (240A secondary)
multiple brush failures 3-phase (without neutral current)

More brush wear on
positive slip ring unit 7
- 2017 Failure

Document 4
ystem sequence of
events log

NO DFR
New DFR required for BDE
- not installed as per other
generating plants

Get Churchill Falls slip
ring brush fault Report Communication befween
- No Copy Available generating plants on issues,
problems,or failures
Share Investigation
Share History

No system events
around unit trips - no
prior indication of events

Failure Investigation
nto generating unit trips

-need to complete

rush faults are not easy to
detect but existing relaying
did perform correctly

Existing DFR. at BDE TS1
was not operational due to
mory full - required to be
checked reguarly

Indication of event 36 seconds

before unit trip/lockout operator
ould not do anything at this time
- not enough time to respond
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53,000 customer load loss
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Document 3 i Ivati
Power Advisory sent to PUB BT Frequ:fl;z;‘li and Activation of BFLS
Reports o

Newfoundland Power,

2017-H-027-a NL Hydro, and CBPP

2017-H-028-a =

Document &

Art Bursey email

UFLS operation reviewed
and confirmed. no issues

UFLS details and overview
of event

with customer load
shedding - technically

NL Hydro customer load shed Customer Load Shedding due to under
schedule - reduce all customer frequency
load shed blocks to 58.1 Hz ithout UFLS extreme low frequency would
due to other system faults esult that would cause customers damages

and loss of customers. Note: Labrador
Infeed with Mitigate customer load shedding

Forced outage investigation reports -
Surge and Trouble Report Procedures.
Not consistent
rocess restarted on May 1, 2017 Formal
Process stopped in 2006

No accurate frequency

recorder available on
system

o Unit

Maximum unit guideline
policy

No issues guideline

followed by ECC

Maximum unit guideline
policy uses UFLS to

recover with limited
customer load loss

Testing

Unit Inspection Testing
Rotor
Stator

Excitation Transformer
Exciter Testing i

Document 8

. . 'ABB field Transformer test Results
identified - all tests Inspection Report DGA Test to be repeated
good No problems or issues founds

No problems

<

Testing esting of Excitation
TTR/Winding/Doble Transformer Relay

Document ?
xcitation overcurrent relay
est results - Test confirmed
no issues with relay

Testing was completed on
exciter ground fault

portection - no issues were
found
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Unit Repair
Slip Ring Repair
Re-install
Mechanical Testing

UnitOn-Line
Testing

PUnit released to

ECC for Normal
QOperation

Brush Gear Inspection

Brushes New work method for @
Slip Ring installation of slip ring and

brushes after replacement

Dave Cole
nspection Report on

Brush gear

Document 10
Mapping of brush gear
amage - Bob Woodman
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APPENDIX B — Mapping Report into Slip (Collector) Ring Failure
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Unit 7 Collector Mapping:

This document is a description of the collector slip ring and brush assemble after the
July 3™ 2017 failure.

The unit was in service for a little under a year since the last PM inspection was
performed on the unit.

During the 2016 PM9 outage, the brushes were inspected, an 11 of 20 brushes on the
top ring were replaced due to wear, and all brushes on the bottom ring were well within
tolerance and were reused.

Metal filings found in the pit were removed prior to this inspection to perform mapping.

Top ring (currently —ve)

Only 1 of the 20 brushes in service is boarder line with the tolerance. All others exceed
tolerance by a large margin. The level of carbon dust on the brush ring is typical for this
duration of operation since the last maintenance. There are no obvious signs of heat
damage to this ring or the associated brush components. The overall condition of the
top ring is excellent. The surface is smooth with no signs of irregular wear. This
condition is exactly what one would hope to find during the annual PM.

Bottom ring (currently +ve):
- There are signs of excessive overheating on the full profile of the ring.

- There are no signs of irregular wear prior to the failure — lack of gouging, etc.
- The surface is rough (fine pitting / splatter) around the entire circumference on
both the upper and lower sections.

Each ring contains two rows of 10 brushes. Based on the sketch that shows orientation
of the brushes for the lower ring the following observations were made for each brush /
holder (T =top, and B = bottom):
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T1: The brush holder has pits / splatter on the top, and some metal loss on the surface
adjacent to the ring (all signs of arching and overheating). The brush face shows signs of
abnormal carbon loss. About 20% was making poor contact, and the rest was not
making any contact with the ring. The brush wear is at the threshold for replacement.
The pigtail is not damaged. (Pictures 2 and 3)

R
-

07/05/2017 20:41
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07/05/2017 20:41

T2: The brush holder has some metal loss on the surface adjacent to the ring. The brush
wear is a little below the threshold for replacement. The pigtail is melted off at the
brush connection. (Picture 4)

07/05/2017 20:42

! ‘
T3: The brush wear is at the threshold for replacement. The pigtail is melted off at the
brush connection. (Picture 5)
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T4: There is minor damage to the brush holder. The brush wear is at the threshold for
replacement. The pigtail is melted off in the middle (between the brush and the
connector). (Picture 6)

07/05/201%- 2042

T5: There is arcing damage on one corner of the brush holder. The brush wear is at the
threshold for replacement. The pigtail is melted off. The spring is broken. (Picture 7)
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T6: The brush wear is at the threshold for replacement. The pigtail insulation is severely
damaged, and the copper is intact. There is no spring tension. (Picture 1)

L

P

T7: The brush holder sides have holes melted in them, and some metal loss on the
surface adjacent to the ring. The brush wear is at the threshold for replacement. The
pigtail is melted off. (Pictures 8, 9 & 10)
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T8: The brush holder has pits / splatter on the top, and some metal loss on the surface
adjacent to the ring. The brush wear is at the threshold for replacement. The pigtail is
melted off in the middle (between the brush and the connector). The spring is broken.
(Picture 11)
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T9: The brush holder has pits / splatter on the top. The brush wear is at the threshold
for replacement. The pigtail is melted off in the middle. There is full (poor) contact at
the brush face. (Picture 12)

T10: The brush holder has a small melt area on one top corner. The brush wear is at the
threshold for replacement. The pigtail insulation is melted through and copper is intact.
(Picture 13)
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, 0087201 7 20550

~

B1: Heavy heat damage to brush, pigtail and holde. The brush wear is less than the
threshold for replacement. (Picture 14)
) \

B2: The brush holder melted ahdm {He brush fell out. (Picture 15)
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07/05/2017 20:50

B3: Heavy heat damage to brush, pigtail and holder. The brush wear is less than the
threshold for replacement. (Picture 16)
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B4: The brush holder melted and the brush fell out. (Picture 17)

LS

p

nd holder. Tﬁe brush wear is less than the

B5: Heavy heat damage to brush, pigtail
threshold for replacement (Pictue 18)
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B6: Heavy heat damage to brush, pigtail and holder. The brush wear is less than the
threshold for replacemnt. (Picture 19)

o’ g ¢ N {-:
s -
’ ¥ A\
- b5 L i
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B7: Heavy heat damage to brush, pigtail and holder. The brush wear is less than the
threshold for replacement. (Picture 20)

BS: The brush holder melted and the brush fell out. (Picture 21)
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B10: The brush holder melted and the brush fell out. (Picture 23)
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The insulator near the cable connection to the slip ring has splatter damage. (Picture 24)
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APPENDIX C - Causal Factor -
Load Shedding resulting in 53, 000 customer load loss
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CAUSAL FACTOR: Load Shedding resulting in 53,000 customer load loss
Basic Cause Categories

1
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APPENDIX D — Causal Factor —
Excessive Brush Wear
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CAUSAL FACTOR: Excessive Brush Wear

i
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APPENDIX E — Testing Report Notes on Unit 7

An inspection of the protection panels determined the unit had locked out after the
operation of the instantaneous over current protection (50RT) on the excitation
transformer. This led to the initial thought that an exciter issue had occurred and the
damage was the result of an exciter problem. A protection and control technologist from
Hydro Generation reviewed the event log in the exciter and determined there was no trip
initialized from the exciter and no alarms indicating an exciter fault. This was confirmed by
an in depth review of the complete event log from the exciter by an ABB engineer who
arrived at Bay d’Espoir on July 6. The ABB engineer with site assistance from Engineering
Services reviewed the exciter operation. This inspection determined there were no
problems or components malfunctions with the excitation system®®.

The rectifying transformer overcurrent relay (50RT) was tested by TRO Central Protection
and Control department and was found to be in good working order. There was no issue
with its operation for this fault and the relay settings were confirmed to be as per
commissioning report and setting letter. Engineering Services had reviewed the relay
settings and confirmed the setting was appropriate for this application.

The exciter’s rectifying transformer was inspected and tested by Hydro Generation and
TRO Central personnel who determined no abnormal conditions were found.

Hydro Generation personnel checked all external connections in the exciter and rectifying
transformer for damage or loose connections which could be providing a false indication
of a fault to the protection. No problems were found and all connections were tight.

Additional testing was completed on the unit 7 generator which included the following:

1. The rotor winding insulation resistance test and results were acceptable.
2. The rotor winding resistance test results and were acceptable.
3. The rotor winding impedance test results and were acceptable.

4. The stator winding insulation resistance test and results were acceptable.

The following listing is action items which were completed to investigate the unit
tripping.

'8 The field service report from ABB is available in Appendix V.
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No. Action Item(s)

Visual inspection of rotor and stator

Megger test on rotor

Conduct pole drop test

Inspection of Isolated Phase Bus was conducted and megger tested

H(WIN|E

(9]

Test annunciator circuits associated with generator and exciter

Exciter was fully tested and fault log was retrieved and reviewed
Conduct a Pl test on the stator to look for a fault to ground.
Excitation transformer — turn to turn ratio and winding and doble testing

O 0| N[O

Over current relay checked on excitation transformer

10 Check grounding brush assembly

Bridge test to test the continuity and resistance of the stator windings. From the
11 terminals, test A-B, B-C, and C-A. The resistance values should be pretty much the
same.

12 | Testing of ground fault relay in exciter
13 Complete a mapping of brush gear failure
14 Review vibration readings, temperature’s during shutdown

15 Resistance test of the stator winding
16 Further inspection of the brush gear assembly

17 Damaged slip ring to be removed and shipped to St. John’s repair shop

18 | Slip ring to arrive at Bay d’ Espoir for inspection

19 Inspection of the unit for any signs of other damage not presently identified.

Unit covers to be installed before the re-installation of the rebuild slip ring and brush
gear

20
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21 Oil sample to be taken from excitation transformer
22 Mechanical start-up of unit and testing
23 Monitoring of excitation transformer for the first few days of operated after the unit

has been released for service
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APPENDIX F — Guideline for Unit Maximum Loading
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SYSTEM OPERATING INSTRUCTION

STATION: General Inst. No. T-068
TITLE: Guideline for Unit Maximum Loading Page 1 of 2

Introduction

The underfrequency load shedding scheme provides loads which will trip when a large
generator trips on the system. In this way the load and generation are matched and the
system remains stable. Once additional generation is brought on line the load can be
restored.

Under light loading conditions and high loading on the units at Holyrood or Unit 7 at Bay d'
Espoir there is a risk of having insufficient load available to cover-off the loss of one of these
units. In the extreme light load condition this could result in the system stalling. To
minimize the probability of this occurring it is recommended that the largest units on the
system be limited in their maximum output depending on the total system load. The total
system load is indicative of the amount of inertia and the amount of load available for load
shedding.

Procedure

The attached guideline shall be used to determine maximum loading for the largest unit
connected to the system for varying system loads and industrial load availability. Following
this guideline will prevent loads set to trip at 58.0 Hz from tripping if the largest unit trips.
The loss of the largest unit when following this guideline will result in the frequency staying
above 58 Hz. In this way customer load interruptions are minimized on loss of large
generating units.

The following table shall be followed whenever possible with consideration of unit
availability and system security.

Page 56 of 60
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STATION: General

TITLE: Guideline for Unit Maximum Loading

Inst. No.
Page 2

T-068

System Generation Maximum Unit Loading
816 175
794 170
772 167
750 162
728 157
706 152
684 146
662 142
640 137
618 134
396 130
574 124
552 120
530 115
508 111
486 106
464 101
442 97
420 92
338 87
376 a3
354 78
332 73
REVISION HISTORY
Version Number Date Description of Change
(0] 1996-02-08 Original Issue
3 2011-08-31 Replace table

PREPARED: Bob Butler

APPROVED:
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APPENDIX G — System Sequence of Events - Partial



DATE

2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03

17:39:21.943
17:39:22.111
17:39:22.174
17:39:22.195
17:39:23.323
17:39:24.832
17:39:33.494
17:39:33.595
17:39:33.674
17:39:33.695
17:39:33.854
17:39:33.995
17:39:34.034
17:39:34.055
17:39:35.123
17:39:35.253
17:39:37.074
17:39:37.175
17:39:37.354
17:39:37.375
17:39:37.654
17:39:37.675
17:39:37.894
17:39:37.955
17:39:38.843
17:39:39.192
17:39:40.574
17:39:40.595
17:39:40.674
17:39:40.815
17:39:41.968
17:39:42.577
17:39:44.074
17:39:44.095
17:39:44.354
17:39:44.415
17:39:44.494
17:39:44.515
17:39:44.594
17:39:44.615
17:39:44.694
17:39:44.915
17:39:44.994
17:39:45.295
17:39:45.374
17:39:45.475
17:39:45.574
17:39:45.595

ORIGIN

Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2

DESCRIPTION

PUB-NLH-006, Attachment 7
Reliability and Resource Adequacy Study

EVENT

G7 Voltage Reg Ready to Transfer OFF
G7 Voltage Reg Ready to Transfer ON

G7 Excitation Fault
G7 Excitation Fault

ALARM
NORMAL

G7 Voltage Reg Ready to Transfer OFF
G7 Voltage Reg Ready to Transfer ON

G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault

ALARM
NORMAL
ALARM
NORMAL
ALARM
NORMAL
ALARM
NORMAL

G7 Voltage Reg Ready to Transfer OFF
G7 Voltage Reg Ready to Transfer ON

G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault

ALARM
NORMAL
ALARM
NORMAL
ALARM
NORMAL
ALARM
NORMAL

G7 Voltage Reg Ready to Transfer OFF
G7 Voltage Reg Ready to Transfer ON

G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault

ALARM
NORMAL
ALARM
NORMAL

G7 Voltage Reg Ready to Transfer OFF
G7 Voltage Reg Ready to Transfer ON

G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault
G7 Excitation Fault

ALARM
NORMAL
ALARM
NORMAL
ALARM
NORMAL
ALARM
NORMAL
ALARM
NORMAL
ALARM
NORMAL
ALARM
NORMAL
ALARM
NORMAL
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VALUE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE



DATE

2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03
2017/07/03

17:39:46.000
17:39:46.853
17:39:47.702
17:39:48.000
17:39:50.233
17:39:54.262
17:39:58.404
17:39:58.407
17:39:58.418
17:39:58.424
17:39:58.430
17:39:58.437
17:39:58.443
17:39:58.451
17:39:58.453

ORIGIN

Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir GS
Bay d'Espoir PH2
Bay d'Espoir PH2
Bay d'Espoir GS
Bay d'Espoir PH2
Bay d'Espoir GS
Bay d'Espoir GS

PUB-NLH-006, Attachment 7
Reliability and Resource Adequacy Study

DESCRIPTION EVENT

G7 kV kV LOW LIMIT 1 EXCEEDED
G7 Voltage Reg Ready to Transfer OFF

G7 Voltage Reg Ready to Transfer ON

G7 kV kV RETURNED TO NORMAL
G7 Voltage Reg Ready to Transfer OFF

G7 Voltage Reg Ready to Transfer ON

G7 Excitation Fault ALARM
86-G7/T7 OPERATED
T-B11LO6 OPERATED
PH2 Station Service ALARM
G7 Electrical Fault ALARM
B11L06-3 PH. OPEN

G7 Run OFF
B11L06 OPEN
B10B11 OPEN

Page 60 of 60
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VALUE
129
SOE
SOE
135
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
SOE
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Executive Summary

A third rupture of Penstock No. 1 at Bay d’Espoir (BDE) occurred on November 4, 2017. The
rupture occurred in the form of a 2’ long crack just below the crack that was repaired only
14 months earlier (September 2016) in Can 35.

In general, the penstock cans are approximately 9’ long; each can is fabricated from two steel
plates rolled to a semi-cylindrical shape that are welded together longitudinally to form one
can. Cans are numbered starting from Can 1 at the manhole, located approximately 1,050’
from the intake, positive numbers towards the intake and negative numbers towards the
surge tank, see Figure 4-2 and Figure 4-3.

The first crack occurred in the adjacent can (downstream, Can 34) in May 2016. This crack
also occurred at the longitudinal weld on the north side of the penstock. All three ruptures
have occurred in the upper section of the penstock which is fabricated out of 7/16” thick
ASTM A285 Gr. C carbon steel plate.

Hatch mobilized a team to assist Newfoundland and Labrador Hydro (Hydro) in the repair and
commissioning/testing of the penstock. The penstock was inspected visually and laser
surveyed. Hatch designed a repair for the ruptured penstock which involved removal of a
longitudinal strip of the penstock can with the crack in the middle and welding in place a 1/2”
thick pre-rolled plate. Similarly, the repaired weld (May 2016) on Can 34 was removed as a
precaution and a new pre-rolled plate welded in place. To reinforce the new repaired area
and the one from May 2016, reinforcing plates (8’ 6" radius, 1/2" thick) were welded on the
exterior of Cans 33, 34 (ruptured in 2016), Can 35 (ruptured in 2016 and 2017) and Can 36.
These plates were then welded to each other to operate as one large reinforcement over the
entire area. Figure 1-1 and Figure 1-2 show the rupture area before and after repair,
respectively.
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Figure 1-1: Failure Location Can 35 - Backfill Removed

Figure 1-2: Strain Gauges & Wiring

A metallurgical analysis of the failed section confirmed that the latest rupture in Can 35
initiated at the toe of the 2016 repair weld and then propagated into the parent plate material
in an orientation parallel to the weld. Extensive material tests did not indicate any defects in
plate material or the welds.

During the original repairs in September 2016 on Penstock No.1, defects found in many
longitudinal seams on the inside lead to the repair of all 346 internal weld seams
(approximately 1,500’ of the total 3,900’ length of penstock), from the intake to Can -44. All
repaired cans (approximately 40% of the total penstock) were inspected visually and with
magnetic particle examination, prior to return to service.

During the repair of the latest penstock rupture in November 2017, the majority of the
longitudinal welds inside the penstock, from the intake to the surge tank (approximately
2272’'or 690 m of the total 3,900’ (1190 m) length of penstock), underwent Non-Destructive
Testing (NDT) utilizing Magnetic Particle Testing (MT). The 2017 NDT extended beyond the
examination completed in 2016 and utilized the same MT inspection method. Twenty-nine
(29) of the 346 seams (8.4%) repaired previously in 2016 exhibited defects (potential crack
initiation), within 14 months of the previous refurbishment (this includes the two ruptured
seams). Two (2) new seams with cracks were discovered beyond the 2016 refurbished cans,
for a total of 31 seams. Any defects or cracks found during this inspection (29 longitudinal
seams excluding the ruptured welds that were removed and replaced) were repaired and a
22" wide 9’ long 1/2” thick rolled reinforcing plate was welded on the inside over the top of the
refurbished longitudinal welds.
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To assist in determining the root cause of the penstock ruptures, strain gauges were installed
inside and outside on the already exposed sections of the repaired penstock (Cans 33-36)
and another upstream location (Can 65). Pressure transducers were also installed to monitor
pressure inside the penstock at Cans 33 and 65. The exposed sections of the penstock with
external strain gauges were backfilled and additional backfill was placed over approximately
328’ (100 m) of penstock length 164’ (50 m) upstream and 164’ (50 m) downstream from
Can 33). The additional backfill was placed to a higher level (2’ or 600 mm) and in a more
symmetrical configuration as was recommended by Hatch. The existing backfill profiles
(original backfill design) were unsymmetrical and had lesser overburden (1’ or 300 mm), and
therefore it was more susceptible to sloughing and preferential deflection of the penstock
towards the north side.

The instrumentation was monitored during filling of the repaired penstock and during a
planned part-load rejection test of Unit No. 2 which took place on December 8, 2017. Data
was collected for nearly two months after unit testing and compared to the data collected from
unit testing. Hatch has carried out a detailed analysis of the measured data and also carried
out a finite element (FE) analysis of the penstock geometry interaction with the backfill.

The investigations to-date indicate that the latest rupture was most likely caused by a
combination of the following factors:

1. High residual stress due to re-welding of the ruptured seam under high pre-load used to
bring the two edges of the ruptured joint together in September 2016.

2. High localized bending stresses under s 1030 mm
internal pressure (measured and verified (Typ)
by FE modeling) due to the non-circular
shell geometry at the longitudinal weld
seam from original fabrication \
(“peaking’- due to insufficient plate
rolling radius at start and end resulting
in deviation of surface at the seam from
a smooth arc; exaggerated illustration
right).

8'6"R

Fabrication Flaw at the Longitudinal Welds

3. Fatigue caused by high-cycle low-amplitude stresses due to pressure fluctuations in the
penstock transmitted from the turbine. The pressure fluctuations introduce cyclic stresses
in the penstock shell in addition to the stresses due to internal pressure, further
intensified by peaking at the weld seam. The surge pressures transmitted up the
penstock have a varying amplitude depending on the flow rate at the associated
generator output. The source of surge pressures is predominantly the draft tube flow
instability inherent in these units during normal operation. The pressure fluctuations are
more severe during part-load or “Rough Zone” operation. Units No. 1 and No. 2 have a
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“Rough Zone” between 25 and 45 MW. Extended operation of the units in the Rough
Zone over the last five years are likely to have accelerated fatigue in the weld seams.
Opening and closing of the spherical valves and the wicket gates during unit starts and
stops, as well as load rejections are additional sources of pressure surges in the
penstock, but likely minor contributors to fatigue due to the fewer number of cycles.

4. The as-built backfill was prone to sloughing due to insufficient depth of overburden (1’ on
top) and the shape of the backfill was unsymmetrical leading to unsymmetrical
deformation of the penstock shell when empty.

Hatch believes that the risk of failure of the repaired Penstock No. 1 from now until the next
inspection (summer 2018) is relatively low. However, it should be noted that very high
stresses were measured in the vicinity of the welds under normal operation and that the
penstock has accumulated damage over its life time in other areas not detectable by the
inspections carried out.

Several alternatives for a long-term solution to achieve safe and reliable operation of the
penstock were examined. Replacement of the entire length of the affected penstock (between
the intake and the surge tank) is the most reliable solution and is also most likely the most
expensive solution. The least cost solution is to continue inspecting the penstock annually
and repair any defects as they occur. There are several solutions in between with lower costs
but higher risks. It is recommended that a separate study should be carried out to evaluate
the relative costs and benefits of different long-term solutions. Until then we recommend the
following:

Penstock No. 1, Unit No. 1 and Unit No. 2 operation may be continued with the following
considerations:

e Operation of the units in the rough zones should be limited to that absolutely necessary.
Additionally, transitioning through the rough zone should be as quickly as practical; there
is no limit on the maximum load that the units can be operated at.

e Walk the penstock once a day and after unusual pressure transients, such as load
rejections, and monitor regularly by camera for evidence of leaks.

e Internal inspection of Penstock No. 1 during the summer of 2018 and determine
inspection frequency based on findings.

Penstock No. 1 remedial work:

e Backfill and re-coating operations should be postponed until completion and evaluation of
inspection summer 2018.

Inspection of Penstock No. 2 and Penstock No. 3 is also recommended since they are of
similar design and vintage as Penstock No. 1.
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Introduction

Hydro engaged Hatch’s engineering services in response to a rupture in Penstock No. 1 at
the Bay d’Espoir (BDE) hydroelectric generating station on November 4, 2017.

Hatch designed a repair solution and mobilized to oversee inspection and repairs. A test
program was prepared to monitor pressure and stresses in the rupture area of the penstock.
The penstock was placed back in service on December 8, 2017. An interim report was issued
on December 21, 2017 and presented results of the site inspection, repair design and
execution, testing, FE analysis and interpretation of the test measurements to-date. Since
then further analysis of the test data has been carried out and used in a fatigue analysis.

The instrumentation installed on the penstock for the commissioning tests on December 8,
2017 continued to collect data after the tests until February 20, 2018 when the data
acquisition system was returned to the National Research Council. Measurements taken over
a six-week period showed insignificant change indicating that the penstock repair remains
stable. Further analysis of the data during opening of the spherical valves on December 8,
2017 was analyzed to investigate potential contribution from this operation on the cause of
penstock rupture.

Several alternatives for a long-term solution were examined at a preliminary level. This final
report includes details of our investigation (also reported in the interim report), as well as
further analysis of data including a fatigue analysis. Various alternatives considered for a
long-term solution and recommendations are also presented. The recommendations include
considerations for inspection and evaluation of Penstock No. 2 and Penstock No. 3.
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Background

The BDE main powerhouse consists of six generating units fed from three penstocks.
Penstock No.1 feeds Units No. 1 & No. 2, Penstock No. 2 feeds Unit No. 3 & No. 4 and
Penstock No. 3 feeds Unit No. 5 & No. 6. Each penstock bifurcates near the powerhouse to
feed water to two separate units through two spherical valves. Units No.1 & No. 2 along with
Penstock No. 1 were built in 1967. Penstocks No. 2 & No. 3 were built in 1968 and 1969,
respectively, and, based on project As Built Drawings, were thought to have identical designs
to Penstock No. 1. However, there are two key differences that have been discovered during
repairs, analysis, and investigation.

1. Penstock No. 1 design and as-built backfill depth on top (1 ft) is less than as-built backfill
depth on Penstock No.2 (2 ft) and Penstock No. 3 (2 ft). This may cause Penstock No.1
to undergo larger deformation than the other penstocks during dewatering.

2. In 2016, during an inspection external stiffening rings (rolled angles, not shown on the
design drawings) were discovered in the upper sections of Penstock No. 2. These rings
may have been installed as construction and lifting aids for handling. It is unknown if
Penstock No. 3 was also built with external ribs (none shown on design drawings).

Penstock No. 1 is approximately 3,900 feet long and is constructed from a series of carbon
steel cans that vary in length depending on location, but in general the cans are
approximately 9’ long. Each can consists of two rolled semi-cylindrical steel plates welded
together longitudinally. There are no circumferential stiffener rings except in areas such as
bends and concrete embedded sections. The penstock is supported on a prepared granular
bedding and covered with backfill.

The penstock diameter varies from 17’ near the intake to 13'6” near the powerhouse, and the
wall thickness varies from 7/16” near the intake to 1-7/16" near the powerhouse. The upper
1100 feet of the penstock steel conforms to ASTM A285 Gr. C and the remainder CSA G40.8
Gr. B. Cracks in longitudinal welds have been discovered in both ASTM A285 Gr. C and CSA
G40.8 Gr. B sections. However, all the ruptures have occurred in the sections constructed of
ASTM A285 Gr. C. All cracking the CSA G40.8 section have occurred in the sections
fabricated with 7/16” plates.

The penstock sections are subject to varying internal pressure starting from 43.5’ of water
(18.8 psi or 130 kPa) near the intake to 590’ (255.7 psi or 1,763 kPa) at the powerhouse
under static hydraulic conditions.

During the era (1965-1966) in which Penstock No. 1 was constructed, plate rolling was
generally accomplished utilizing a three-roll single pinch point roll. When rolling plates with
this type of roller, the start and end of each plate will be flat (unless other techniques are used
such as pre-bending or by cutting off the flat section). This causes the cross-section of cans
at the longitudinal weld seams to appear as a cone rather than a circular arc, which is termed
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as “peaking” for the purpose of discussion in this report. The level of peaking is characterized
by the radial gap between the longitudinal joint and the theoretical circular arc. Peaking (10 to
30 mm) was noted on all Cans inspected. Peaking is not normal in the fabrication of penstock
shells today due to better plate rolling techniques. This discontinuity in the circular geometry
at the longitudinal seam induces localized bending stresses under internal pressure
(confirmed by FE modeling).

On May 21, 2016, BDE Penstock No. 1 was found to have a leak from a two-foot (600 mm)
long rupture along a longitudinal weld seam in Can 34. The crack was repaired and the
penstock was put back into service. On September 14, 2016, Penstock No. 1 experienced
another longitudinal seam rupture in Can 35, approximately 16’ (5 m) upstream from the
previous rupture in the adjacent can. The rupture was repaired by Hydro. Hatch was engaged
on September 22, 2016, to assess the penstock, at which time it was discovered that nearly
2000 ft of interior weld in the upper section of the penstock showed erosion and deterioration
with partial depth cracking. Hatch provided a refurbishment method and construction
assistance during the repair work. The penstock was put back into service on November 30,
2016.

A third rupture was discovered on November 4, 2017. This rupture was on the same can just
below the rupture that was last repaired (September 2016). Hydro immediately engaged the
services of Hatch to assist in the inspection, repair and assessment of the penstock.

Upon completion of inspections in September 2016, it was confirmed that the majority of
longitudinal weld joints from the intake down to Section 117 (Dwg.10830, approximately 3000’
of penstock length), had experienced a significant amount of weld metal loss due to
corrosion. A total of three hundred and forty-six (346) longitudinal seam welds (3114’) in this
section of the penstock were gouged out, repair welded and inspected before the penstock
was put back in service.

The root cause analysis conducted by Hatch in 2016 concluded that the 2016 failures
occurred most likely due to stress corrosion cracking resulting from the presence of high
stresses at the corroded longitudinal welds and the corrosive environment resulting from the
loss of internal penstock coating. The report also attributed the higher stresses to insufficient
backfill on top of the penstock and high residual stresses induced during penstock fabrication.
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Inspection

The latest penstock rupture on November 4, 2017 was inspected visually (Figure 1-1). The
entire length of the affected can around the crack was cut and shipped to a metallurgical
laboratory for metallurgical analysis and material testing (Figure 4-1). The majority of
longitudinal welds on the interior of the penstock from the intake to the surge tank (2272’ or
690 m) were inspected visually, by magnetic particle, and using laser survey. Laser survey of
the interior of the penstock was used to determine the interior shape of the penstock and
confirm the level of peaking present. Cracks or defects were discovered on twenty-nine (29)
longitudinal welds out of 430 seams inspected. Twenty-seven (27) of these were on 2016
repairs and two (2) were on original welds. Including the 2 longitudinal weld seams from the
ruptured portion of the penstock makes the total 31 repaired seams. A detailed inspection
chart is shown on the following page that shows 2016 repairs, 2017 repairs, cleared cans,
cans that exhibited new indications, and cans that exhibited extensive cracking in 2016. The
backfill and settlement monitoring posts over the same length of penstock were surveyed and
the data is presented.

None of the circumferential welds were inspected as no cracks were found in 2016 and these
joints only have half the stress due to internal pressure as compared to the longitudinal joints.

Hatch investigated if there was any loss of support at the bottom of the failed cans and
adjacent area by drilling through 3” couplings welded to the bottom of the penstock at four
different longitudinal locations. The visual examination of the bedding below the penstock,
and the laser survey of the penstock invert and external settlement monitoring posts showed
insignificant bedding loss.

The penstock between the surge tank and the powerhouse was not inspected as no cracks
were found in this section in 2016. The plate in these sections is thicker and the penstock
diameter is smaller. Additionally, no significant weld seam corrosion was found during the
2016 inspections. Absence of peaking at the longitudinal welds in the penstock downstream
of the surge tank should be confirmed at the next inspection.
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Figure 4-1: Close-up View of the Rupture in Can 35 (in the Laboratory for Material Tests)
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2017 Repairs

Hatch designed the repairs of the ruptured penstock can. It involved removal of a 2’ wide 9’
long longitudinal strip of the penstock can with the crack in the middle (Figure 4-1) and
inserting a 1/2” thick pre-rolled (8’6" radius) plate (CSA G40.21 350WT-CAT 4, which is
superior to existing) and welding it in place according to the procedure provided by Hatch. For
safety, the longitudinal weld in Can 34, repaired originally in May 2016, was also removed
and replaced by inserting another 1/2” thick pre-rolled plate. To reinforce the new repaired
area and the one from May 2016, spliced reinforcing plates (8'6” radius, 1/2” thick) were
welded on the exterior of cans 33, 34, 35 and 36 (see Hatch drawing 352666-D-M-0001.1,
rev B).

For the 29 longitudinal seams in other cans with defects or cracks, existing weld metal was
removed from inside of the penstock and repair welded. Prior to the installation of the
reinforcing plates, the excess weld reinforcement on the longitudinal welds was ground flush.
To reduce the stress concentration at the welds and allowed the reinforcing plates to sit
tighter to the existing plate surface. In each case a 22” wide 9’ long rolled patch plate

(8'6” radius, 1/2” thick) was welded in place on the inside of the repaired longitudinal welds,
as shown schematically in Figure 5-1 below. Figure 5-1 also shows peaking at the weld.

. | . SFE"R
R o

Internal Patch Plate

Figure 5-1: Weld Repair of Internal Longitudinal Seams

Table 5-1 shows the statistics of the longitudinal weld inspection and repair.
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There were 346 weld seams refurbished in 2016. Comparing the 2017 refurbishment to that
of 2016, there is a recurrence of 8.38% and the majority of these defects occurred on the
north side of the penstock. All ruptures to date have occurred on the north side.

Table 5-1: Longitudinal Weld Repair Statistics

Item Description Number  Units ‘
2017 Internal Longitudinal Seams with Defects 31 Count
2 2017 South Internal Seams with Defects 10 Count
3 2017 North Internal Seams with Defects 21 Count
4 2016 Total Seams Repaired 346 Count
5 2016 Total South Seams Repaired 173 Count
6 2016 Total North Seams Repaired 173 Count
7 Approximate Seam Total (Intake to Powerhouse) 870 Count
8 Seams Inspected 2017 430 Count
9 Approximate Total Longitudinal Seam Length 7830 ft
10 Approximate Visual (VT) & Magnetic Particle (MT) Length 2017 3870 ft
11 Approximate Seam Repair Length 2017 279 ft
12 Approximate Seam Repair Length 2016 3114 ft
13 2017 Defects Vs Inspection 7.21 %
14 2017 Inspection Percentage 49.43 %
15 2017 South Internal defects vs total 32.26 %
16 2017 North Internal defects vs total 67.74 %
17 2017 defects on 2016 repairs 8.38 %
18 Approximate 2016 Repairs Vs Total Penstock 39.77 %
19 Approximate 2017 Repairs Vs Total Penstock 3.56 %
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Testing

To investigate the cause of penstock cracking, Hatch developed a test program to monitor
pressure and stresses in the penstock during penstock filling and operation. The penstock
was instrumented with strain gauges on the inside and outside adjacent to the penstock
failures (T33, T35 and T36) and at a randomly selected location (T65) about 280’ (85m)
upstream from the last rupture location. Backfill was partially removed at T65 to expose the
external surface of the penstock for applying the strain gauges (see Appendix A for location
of strain gauges at T33-T36, T65, and pressure transducers at T33 and T65).

A data acquisition system was installed to record measurements of strains and pressure in
the penstock at T33 and T65. Hydro Operations also recorded unit operating parameters and
penstock pressure at the powerhouse.

Data was recorded for the following milestones:
e base measurement with strain gauges installed but no backfill at uncovered penstock

e after backfill to original profile per as-built drawing and after additional backfill per Hatch
recommendations.

e water at the bottom and top of test locations T33 and T65 (during penstock filling)
e penstock full of water at intake forebay level

e during Unit No. 2 start up and speed-no-load

e during Unit No. 2 rough zone operation

e Unit No. 2- 40 MW load rejection

e Unit No. 1 start up

e Unit No. 1 and No. 2 in rough zone

e Unit No. 1 and No. 2 operating at 70 MW.

Measurement on the inside of the penstock adjacent to the longitudinal weld seam indicates
high stresses (280 MPa), above yield (206 MPa) but still below the ultimate tensile strength
(380 MPa), with penstock under normal pressure. The increase in local stresses measured
adjacent to the longitudinal welds was confirmed by another FE model of the non-circularity
(peaking) at the longitudinal welds which is exhibited by all cans. In addition to the high
localized stress, cyclic (alternating) stresses of the order of +15 MPa (2.2 ksi) and +7 MPa
(1 ksi) were measured at the same location during load rejection and rough zone operation,
respectively.
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A spectral analysis of the measured stresses showed that a few frequencies were
predominant in the measurements of internal pressure as well as strains. Further detailed
analysis of the data measured shows the penstock is subject to cyclic stresses of lower
amplitude and frequency during other events as discussed in Section 8.4.
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Numerical Analysis

A two-dimensional FE model of the steel shell with the abnormal peaking at the longitudinal
weld seam and the surrounding backfill was analyzed using the commercially available
software ANSYS. The behavior of the backfill was modeled using large deflection non-linear
characteristics of the soil.

The results of the FE analysis are shown graphically in Figures 7-1 to 7-4 (see also
Appendix C for enlarged view) and the principal conclusions are:

The geometrical discontinuity due to peaking at the longitudinal weld seam creates very
high localized bending stresses.

The unsymmetrical as-built backfill creates unsymmetrical backfill loads resulting in large
deflection of the empty shell and higher stresses during penstock filling (oo-red line and

o1-blue line in Figure 7-1); however, the stresses in penstock under full pressure are not
impacted in the same manner by the unsymmetrical backfill (G2-black line in Figure 7-1).

Additional backfill recommended by Hatch creates uniform support of the shell and
reduces overall stresses with penstock empty and during filling (co-red line and o1-blue
line in Figure 7-2 vs Figure 7-1); however, there is only a small reduction in stresses with
penstock under full pressure (02-black line Figure 7-2 vs Figure 7-1). Also, increasing the
backfill more than that recommended by Hatch (>2’) has no incremental benefit in
reducing the stresses in the penstock shell when empty, filling or under full pressure.

Additional backfill beyond the 2 ft cover recommended by Hatch, does not reduce the
high local bending stresses in the vicinity of the longitudinal weld seam (30° position in
Figure 7-2 vs Figure 7-1) under internal pressure.

Figure 7-4: shows that when the penstock is empty and filling with no internal pressure
(t=1) the maximum bending stress reduces from 250 MPa to 150 MPa if the backfill is
symmetrical relative to the as-is unsymmetrical backfill. However, with internal pressure
applied, the maximum bending stress at the weld seam reverses to about 650 MPa and
the backfill has little or no impact on the amplitude. However, variations in pressure (30 to
45 psi) increases the maximum bending stress from 450 MPa to 650 MPa. It is concluded
from this analysis that improving the backfill significantly reduces circumferential bending
stress during de-watering/watering up and when the penstock is empty but has
insignificant effect on a pressurized penstock. This information was extracted from a
theoretical linear elastic model. This allows a comparison of stresses only as the material
thickness remains constant and the material does not self-relieve stresses that exceed
yield. In reality, material strain hardening takes place progressively in ductile materials
once the stresses exceed the yield stress of the material. This would mean the stresses
would not be as high as calculated above from strain measurements and the strains
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increase progressively as the material is deforming plastically. In essence, at the
location of high stress the material permanently stretches slightly which reduces the
localized stress.
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FE Model Looking downstream-Backfill-original FE Model-Recommended Backfil

Legend: O=empty penstock (soil + steel weight); 1=filled with water (soil + steel + water weight) 2=
pressurized (soil + steel +water weight + 38.21 psi internal pressure

Model 1 - T33 - Ongnal - 5¢ - Internal Model 2. 133 - Proposed - 5 - Intemal

Figure 7-1: Circumferential Stresses - As is Figure 7-2: Circumferential Stresses - Additional
Backfill - (looking downstream) Backfill by Hatch
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Figure 7-3: Influence of Non-Circular Geometry at Longitudinal Welds Under Pressure
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Circumferential stress (MPa) at the inside of a bulge as a function of time

No backiill
e Exiisting backsill
—— Fived backsill

(=== Pressure

Prossure{psi]

Inside bulge [MPa)

1

Water weight = hydrostatic pressure gradient with Opsi at the wp and 7.4psi at the borom applied at the inemal
surface

Pressure = a constant pressure applied at the intemal surface
t=1 : Water weight + Backfill weight = Opsi

t=2 : Water weight + Backfill weight +45 psi

1=3 : Water weight + Backfill weight = 30 psi

=4 Water weight + Backfill weight =45 psi

Figure 7-4: Linear Variation of Maximum Bending Stress at the Weld with Pressure and Change in Backfill
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Failure Analysis

Metallurgical Analysis

The penstock shell strip containing the latest rupture was shipped to Atlantic Metallurgical
Consulting and Wayland Engineering for metallurgical analysis and material testing. These
samples yielded similar material properties to those determined in the 2016 metallurgical
analysis completed by Cambridge Materials Testing. The shell material for the penstock was
confirmed to be compliant with 1982 chemical requirements for ASTM A 285 Grade C.
Additionally, the chemical compositions from both 2016 and 2017 tests noted the presence of
higher than normal sulphur content (0.032%) within the shell material by todays standards
(0.025%). The AMC report is included in Appendix E.

Initial visual inspection of the fracture surface showed (Figure 4-1) that the crack was
approximately 43 inches long and propagated along the toe of the weld for a large portion of
the seam and veered into the base metal along one end. During sample removal, the crack
continued to propagate parallel to the weld. This would indicate large residual stresses being
present within the weld joint. Figure 8-1 maps out different areas of a weld cross section for
clarity with regards to the metallurgical summary.

Figure 8-1: Weld Nomenclature

Macroscopic examination of numerous cross-sectional samples showed no evidence of
appreciable weld defects or anomalies (porosity, lack of fusion, incomplete penetration).
Several macro samples had additional hardness readings completed. The hardness values
ranged from 151-164 Hv10 for the base metal, 175-183 Hv10 for the weld metal, and
175-182 Hv10 in the area close to the cracks. The Hv10 hardness test is the Vickers diamond
indenter method with 10 kg load on the indenter. Additionally, the microstructures were
pearlitic (which is a ductile crystalline structure) in nature and showed no signs of a
martensitic (which is a brittle crystalline structure) structure. These results indicate there was
no formation of hard phases (that could cause brittleness or accelerated corrosion), that can
be caused by rapid cooling after welding.
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Two different types of cracks were discovered through macro examination and are shown in
Figure 8-2. The primary cracks (through thickness) generally propagate from the toe of the
weld through the heat affected zone (HAZ). All observed crack micro examinations had
pearlitic structures which is a desirable trait and would indicate that the cracks were not
caused by brittle structures. There is evidence of bending and high tensile loading when
analyzing the micro photographs. Several of the samples had secondary cracking
(interplanar) present. The secondary cracks appear to follow sulphide inclusions that are
present within the base material and can likely be attributed to the presence of said
inclusions. The sulphide inclusions are most likely caused by the higher than normal sulphur
content found in the parent material. Additional testing is being considered to determine if this
can be verified. It seems unlikely the secondary cracking is the primary cause of the rupture
but could have accelerated the failure.

Secondary Crack -

Secondary Crack -

Primary Crack _

Figure 8-2: Primary Cracks (Vertical) and Secondary Cracks (Horizontal)

Further to the visual, macro, micro and chemical analysis, a set of mechanical testing was
completed. The testing consisted of tensile testing for the base metal and the weld metal. The
tensile samples failed within the base metal and were also ductile in nature (similar to the
results determined in the 2016 investigation). This is further evidence that brittle fracture was
not involved and that the material and weld metal is ductile, which is preferred practice for
design of steel structures. The tensile test in Figure 8-3 shows an extensive reduction in area
and significant cupping which is typical of a ductile failure.
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Figure 8-3: Ductile Failure Tensile Tests Penstock No. 1

Analysis of Test Data

A detailed analysis of the measured data is presented in Appendix A. The following is a
summary of key observations. Since the strain gauges were installed with no backfill at the
gauge locations but the penstock was already under stress from backfill on adjacent sections,
the measurements do not represent accurately the stresses due to the backfill in other
sections of the penstock. Similarly, the gauges do not measure residual stress already in the
material at the time of gauge installation. The same is not true with the changes in
measurements due to internal pressure. It may be observed in Figure 7-1 that the stresses
due to backfill (0o-red line) are substantially lower than stresses under pressure (02-black
line). This would imply that measured stresses may actually be slightly lower than true values.
However, this does not affect the measurements of alternating stresses from pressure
fluctuations, which appear to be the more likely cause of metal fatigue contributing to
penstock rupture.

The principal stresses calculated based on the strain measurements at Can 65 are shown
graphically in Figures C-1 to C-2 (Appendix C). The blue line represents stresses on the
external surface and the red dotted line represents the stresses on the inside. It may be
observed that there is a significant increase in the stresses from Figure C-1 to C-2 due to the
static internal pressure of (38 psi). The stresses vary slightly from Figure C-2 to C-3 with unit
operating (lower dynamic pressure).

The following are some observations from the recorded measurements:

e As would be expected, the maximum stresses occur when the penstock is under dynamic
pressure and subject to a load rejection. The highest measured stress was on the inside
in the vicinity of the longitudinal weld seams by gauge T65_INT_P105. Stresses of the
order of 280 MPa (41 ksi (283 MPa) > Yield Strength 30 ksi (207 MPa) but < UTS 55 ksi
(380MPa)) were measured in the ASTM A285 Gr. C section with the penstock full and
during a load rejection. The measured values suggest that the operational stresses were
25% less than the ultimate strength and 37% above the yield strength of ASTM A285
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Gr. C. The high stress is attributed to the penstock peaking at the longitudinal weld
caused by the lack of rolling radius of the two mating edges.

A load rejection results in pressure rise of 10% at the powerhouse (259 psi+26 psi). The
corresponding pressure waves up the penstock cause fluctuations in pressure at T33 of
the order of £17% (6.8 psi) in the area where the rupture occurred (Figure 8-4). The
corresponding fluctuation in the maximum stress is 280 + 25 MPa during load rejection
(Figure 8-5). Load rejection occurs between 1500 and 3500 seconds and the peak was at
approximately 2700 seconds.

The fluctuations in maximum stress during rough zone operation are of the order of

+7 MPa (1.0) ksi) and 5 MPa (0.7 ksi) with two units and one unit in the rough zone,
respectively (Figures8-5 and 8-6). This is interesting as it was not anticipated that the
rough zone operations would result in significant stress fluctuations in the penstock.
Rough zone occurs from approximately 4500 seconds onward. Refer to Appendix D for
additional detail.

Pressure - Fressure Transducer @ Top of T33 - Unit Testing & Load Rejection - Dec, 8, 15:07
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Rough Zone

AL LN [

Figure 8-4: Pressure Measurement in Penstock at Can 33 during Rough Zone and
Load Rejection
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733,135,736 Circumferential Stress (eq. 1,8a/b/c) - Unit Testing & Load Rejection - Dec. 8, 15:07
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Figure 8-5: Circumferential Stresses in Penstock at Can 33 - Rough Zone & Load Rejection

T65 Circumferential Stress - Unit Testing & Load Rejection - Dec. 8, 15:07
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Figure 8-6: Circumferential Stresses in Penstock at Can 65 - Rough Zone & Load Rejection
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Operational History

Hydro provided the last 5 years of operational data to Hatch to help determine if any
operational changes contributed to the failures. The operational data shows high hourly
operation in the rough zone for each unit and decreasing start/stop modulation. In general,
eliminating unnecessary starts/stops is a common recommendation to increase the life of a
system. However, transitioning from stop/start to modulation shows an increased amount of
rough zone operation and it appears that the penstock may be spending substantially more
time in the rough zone. Based on the measured test results the hydraulic rough zone occurs
between 25 to 40 MW. Analyzing the data and approximating the total hydraulic rough zone
time shows that recently Penstock No. 1 spends more than 400 hours in the hydraulic rough
zone per year. Additionally, 2014 had the highest amount of rough zone operation to date at
over 800 hours. The rough zone hours, Figure 8-7, and starts, Figure 8-8, are presented from
2013 to 2017. Additionally, it should be noted that 2016 and 2017 had significant down time
for repairs and the duration of rough zone operation would be reduced.

Rough Zone Hours

E Rough Zone Unit 1

® Rough Zone Unit 2
iii i ii i i i & Rough Zone Penstock No. 1
= b = u il & Rough Zone Simultaneous
2013 2014 2015 2016 2017

Year

Figure 8-7: Rough Zone Trends
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Start Trends
M Starts Unit 1
M Starts Unit 2
’ | i Starts Penstock No.1
2013 2014 2015 2016 2017
Year

Figure 8-8: Start Trends

Fatigue Analysis

A comprehensive elastic fatigue analysis was carried out using the measured strains inside
the penstock by the gauge closest to the longitudinal weld. The procedure prescribed in
Section VIII Division 2 of the ASME Boiler and Pressure Vessel Code (Annex 3F) was used.
A detailed account of the analysis is included in Appendix D.

The maximum stress in the weld was calculated by extrapolating the measurements by the
strain gauge and a factor (1.42) determined from finite element analysis (Appendix D, 2.1.1).
The contribution to fatigue by the various modes of operations and associated cyclic stress
and number of cycles is summarized in Table 8-1 below.
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Table 8-1: Fatigue Assessment — Total Cycle Damage (No Environmental Factor)

Spherical Valve Opening 0.0025
2 Unit Rough Zone 0.1606

1 Unit Rough Zone 0.4512
Spherical Valve Closing 0.0036
Load Rejection 0.002389
Wicket Gate Opening 0.02583
Wicket Gate Closing 0.04327
Normal Operation 0.24279
Sum 0.932179

The above table used a lifetime of cycles (~50 years) for all zones except the rough zones.
The only available data for rough zone operation was from 2013-2017, therefore 5 years of
rough zone data was used for the assessment.

ASME BPVC VIII.2 notes an environmental modification factor should be applied to the
allowable design cycles calculation to account for fluid environment, loading frequency,
temperature, and material variables. ASME BPVC VIII does not outline permissible
environmental modification factors for this application. Literature research shows that
magnitude of the environmental factor as high as 4 has been used in design for extremely
corrosive environments with high oxygen content. ASME nuclear codes make reference to
the environmental factor and these codes can be considered for general reference but do not
directly relate to penstock design. NUREG/CR-6815 ANL-02/39 equates Fen = 1.74 for
carbon steels with temperatures less than 150°C. NUREG/CR-6815 also defines a factor of 4
for “moderate or acceptable environmental effects”. As the internal penstock environment is
known to be corrosive, the environmental factor >1.07 is considerably more than likely,
resulting in a fatigue damage factor greater than 1.00. When the factor reaches a value of
1.00 the design life has been reached.

Additionally, this analysis does not consider the fact that the penstock has undergone
stresses exceeding the elastic limit of the material. This would increase the damage factor as
well.

The fatigue analysis shows that metal fatigue is a large contributing factor of the most recent
failure of Penstock No. 1.

A FE elastic perfectly plastic model was used to determine the plastic strain induced in the
penstock at the peaking region from the first pressurization and each consecutive de-water
and water up (de-pressurization to re-pressurization). The model used a pressure range of
0 psi (uniform pressure) to 45 psi (maximum pressure during high level head pond and load
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rejection). The elastic perfectly plastic model works providing no resistance once vyield is
reached and therefore does not account for strain hardening. This is conservative in nature
as strain hardening would increase the yield stress upon each successive cycle until failure.
The penstock is able to withstand approximately 15% plastic strain induced before failure.
Upon the first pressurization, the penstock has an induced strain of approximately 1.5%.
Once plastic strain is induced, each successive cycle only adds a small additional amount of
plastic strain until the point of failure. This amounts to ~0.15% plastic strain increase for the
existing backfill or ~0.026% increase for repaired backfill, which amounts to approximately
100 cycles for existing backfill or approximately 580 cycles for repaired backfill.

Probable Cause of Failure

The strain gauge measurements have confirmed the presence of very high stresses (>Yield
Strength) in the vicinity of the penstock longitudinal welds on the inside. It is not uncommon
for ductile materials to redistribute high localized stress by yielding locally. A failure in such
circumstances can result from fatigue due to cyclic loading. The cyclic stresses measured
during load rejection and rough zone operation are most likely the cause of fatigue failure.

Based on recent discussions, we understand the September 2016 repair was carried out by
forcing the split plates together in order to close the gap to allow it to be welded together. This
would have caused very high residual stresses in the parent material and the weld. The
combination of the residual stress, the high localized stresses due to internal pressure and
newly discovered cycling loading from rough zone operation are likely to have resulted in the
November 4, 2017 failure. The failure occurred within 14 months of the original 2016 failure
so corrosion would not have played a role in this failure.

Although the magnitude of stress range due to load rejection is higher (2 to 3 times) than that
due to rough zone operation, the number of high stress cycles at each load rejection is less
than 10, whereas the rough zone operation involves many more cycles (hundreds of
thousands to upwards of millions each year).

It is unlikely that a repeat failure such as that occurred at Can 35, only 14 months after the
previous repair, can occur within the next 6 months. This conclusion is based on the
following:

e The residual stresses introduced by the method of repairing the failure in Sept 2016 are
absent in the current repair;

e The reinforcing plate welded over the repair weld seam shares the pressure load and
reduces stress in the repair weld by nearly 50%;

e The high localized stress due to peaking at the original longitudinal weld in Cans 34 and
35 does not exist as peaking is not there any more; a new plate was inserted which
blends well with the radius of the penstock shell.
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e The 29 cans with weld defects were repaired and have a reinforcing plate to reduce the
localized stress due to peaking geometry. It is noted that not all longitudinal welds were
repaired and a majority of them still exhibit peaking from original fabrication and the
accompanying high localized stress. However, with no previous signs of cracking in these
longitudinal seams it is not anticipated there will be problems over the next 6 months.

e With the discovery of rough zone impact on the penstock, the number of alternating load
cycles while operating in the rough zone is expected to be reduced significantly as
operation in the rough zone will be reduced significantly to suit these new findings.

Fatigue analysis indicates that a combination of alternating stresses in the penstock
measured during rough zone operation combined with the operation of the spherical valves,
wicket gate opening and closing, and operation of the units outside the rough zone have
contributed to significant fatigue of the penstock. Amongst these the highest contribution is
from rough zone operation (61%), followed by operation outside the rough zone (21%). It
should be noted that the latter (normal operation outside the rough zone) is accumulated over
the 50-year life-time and is caused by inherent draft tube instability of these units.

Appendix D.2.3.8 shows a measured stress range of about 1.1 MPa at a frequency of 0.4 Hz
during normal operation.
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This section examines the risk of penstock failure during the 2018 year.

Description of Risk

Mitigation

Risk
Ranking

Consequen
ces
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Actions

Cracks develop at the Peaking geometry causing high Low Failure None
location of previous local stresses has been removed. resulting in
repairs An overlapping patch plate has Units No.1 &
been welded to cover the l’:'ﬁévzaﬁ:'bqg or
longitudinal welds and thus share power
the load due to internal pressure. generation
All welds have been inspected by
magnetic particle examination
(MT).
Cracks develop at other | All welds were MT inspected. Low Failure Inspect Penstock
longitudinal welds in the | Defects were removed and resulting in No. 1 during the
upper section of the repaired by welding followed by Units 1 & 2 2018 summer and
penstock. MT. A 22’ wide patch plate was Bﬁ:\?ailable or i(:f“steg:t'igi future
welded on top of each repaired generation freguency.
longitudinal weld on the inside to
reduce high local bending stresses
caused by peaking geometry.
Accelerated growth of It is recommended that Units No. 1 | Low Failure Do not operate in
cracks in longitudinal & No. 2 are operated in the rough resulting in the rough zone.
welds due to cyclic zone no longer than necessary Units No. 1 &
Loading during load ramp up and shut- No. 2 being
downs. unavalla_lble for
generation
Other sources of Investigate spherical valve Low Failure None —
transient pressure due operation; measure pressure at the resulting in investigation
to unknown events such | valve and in the penstock during Units No. 1& | complete.
as malfunction of valve closing, closed and opening. l’:lr?é\/zaﬁslbqg or
spherical valve Remove any potential of hunting in generation
operation the seal controls which may cause
pressure transients.
Inadequate bedding Backfill has been added on top and | Very Low High stresses | None
support for the penstock | the backfill profile on the penstock in the
has been upgraded to reduce risk penstock due
of sloughing or unsymmetrical LO Iod'?g't”d'nal
loading on the penstock. ending
Penstock Failure Based on the lower pressures and | Low High stresses | Daily inspection;

resulting in loss of
bedding due to erosion
by release of water

history of previous ruptures, this
section of the penstock exhibits
“Leak before catastrophic failure”
characteristics. Therefore,
monitoring can reduce
consequences of failure. It is
recommended that the penstock be
inspected visually every day for
water leakage. Cameras should be
used to give the plant operator a
view of the upper reaches of the
penstock. Installation of an infra-
red camera should be explored.

in the
penstock due
to longitudinal
bending could
resultin a
massive
failure

install camera for
monitoring;
investigate leak
source.
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_ : S Risk Consequen n
Description of Risk Mitigation Ranking o Actions
Damage caused by The penstock was commissioned Premature Visually inspect
Load Rejection and tested for one-unit load penstock penstock after
rejection. Theoretically, a failure causing | each load

unavailability rejection.

simultaneous two-unit load -
of the units

rejection could double the range of
pressure cycles and hence the
localized stresses near the
longitudinal welds. It is
recommended that a visual
inspection of the penstock be
carried out after each load rejection
(one or both units).
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Long-Term Solutions for Penstock No. 1

The repair of Penstock No. 1 in November 2017 was carried out with the primary purpose of
reinstating it into service at the earliest possible date while ensuring penstock rupture would
not occur during the winter months. The investigation into the cause of recent failures,
discussed in this report, leads to the conclusion that there is a structural problem with
Penstock No.1 which is the deviation from the circular geometry at the longitudinal welds.
ASME BPVC VIII.1 states the permissible out-of-roundness of cylindrical shells shall not have
a cross sectional difference exceeding 1% between the maximum and minimum diameter
(1% of 17’ diameter equals ~50.8 mm; measurements of peaking is upwards of 30 mm or

60 mm on the diameter), therefore the penstock is not within the permissible limits. This
combined with the pressure fluctuations resulting from turbine operation, the corrosiveness of
the water and the age have all contributed to the recent ruptures. While the penstock may last
several more years before the next failure, long-term solutions should be examined.

Table 10-1 is a preliminary list of possible long-term solutions with advantages and
disadvantages of each.

The scope of this study and time constraints do not permit an analysis or discussion of these
alternatives at this time. The identification of a long-term solution requires further study.
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Penstock No. 2 and No. 3

Penstock No. 2 was built to the same design and specifications as Penstock No. 1 and was
constructed a year later. External rings were discovered during inspection in 2016. However,
there are no drawings showing these rings. Under similar operating conditions and depending
on their design, a penstock with external rings would be expected to last longer. NDT of
internal longitudinal welds in 2016 showed significantly lower defects as compared to
Penstock No.1.

Penstock No. 3 which is a similar design was built a couple of years later than Penstock No.2.
However, the drawings show a symmetrical and improved backfill design. These drawings,
and those for the other two penstocks, do not show any external reinforcing rings.

Considering the similarity in the design and operating conditions of the three penstocks and
the recent ruptures in Penstock No. 1, it is prudent to have a comprehensive inspection and
assessment program for Penstocks No. 2 and 3. This should include measurement of any
deviations from circularity of the penstock profiles at the longitudinal welds. This can be
performed by laser survey similar to Penstock No. 1 as completed in 2017. Backfill should be
removed at a few locations to ascertain the size and spacing of any external stiffener rings.
NDT of the longitudinal seams and shell thickness measurements should be carried out
inside the penstock. Since all 6 of the BDE units are known to suffer from instability due to
draft tube surges, instrumentation should be installed to determine the pressure variations in
the penstock during start, stops and regular operation.
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Conclusions

Visual inspection of the November 4, 2017 failure and metallurgical examination of the
material indicates that the failure originated at the toe of the previous repair weld and
progressed through the parent material. Metallurgical testing completed by Atlantic
Metallurgical Consulting and Wayland Engineering concluded the material in the penstock
met the criteria for the specifications on the design drawings and there were no brittle
microstructures induced by the welding process. No metallurgical contribution can be
attributed to the rupture. This failure was most likely caused by a combination of the following
factors:

e High residual stress due to re-welding of the failed seam under high load used to bring
the two edges of the ruptured joint together.

e Highly localized bending stresses due to the geometry (peaking) at the longitudinal weld
seam under internal pressure (measured and verified by FE modeling).

e Fatigue caused by high cycle low amplitude stresses due to extended operation in the
rough zone over the last year.

e Fatigue caused by high cycle low amplitude stresses due to pressure fluctuations
originating from inherent draft tube instability during normal operation over the 50-year
life-time.

Hatch believes that the risk of failure of Penstock No. 1 from now until the next inspection,
which will take place in the summer of 2018, is relatively low. Based on the observation in
November 2017 that showed defects appear in 8% of the longitudinal welds repaired the
previous year, it is possible that similar cracks may begin to form but is unlikely they will
progress to a critical depth to cause a rupture within this timeframe. However, it should be
noted that very high stresses were measured in the vicinity of the longitudinal welds under
normal pressure and that the penstock has accumulated damage over its life time in other
areas not detectable by the inspections carried out.

Backfill has only a marginal improvement of stresses for a pressurized penstock but
significantly reduces the circumferential bending stresses when de-watering, empty, and
watering up the penstock.
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Recommendations

The following recommendations, have been already implemented.

Repair the section of the failed penstock (Can 34) by removing the entire canned
segment with the crack, insert a new ¥2” thick plate and weld in place followed by MT.
Install a reinforcing overlap plate over the previously repaired longitudinal welds (Cans 34
& 35).

MT all longitudinal welds between the intake and the surge tank on the inside. Remove
defects, repair weld & MT. Install a 22" wide patch plate over the repaired weld on the
inside to reduce the localized bending stress due to the peaking at the weld.

Add backfill to make it symmetrical and prevent sloughing over part of the penstock.

Install strain gauges and pressure transducers in the vicinity of the affected areas of the
penstock and monitor during commissioning and periodically thereafter (unusual events
such as load rejections until February 2018.

Investigate the operation of the spherical valves and any adverse impact it may have in
causing pressure transients with potential to cause damage to the penstock.

Examine alternatives for long-term mitigation.

It is recommended that Penstock No.1 which serves Unit No. 1 & No. 2 operation may be
continued with the following considerations:

Operation of the units in the rough zones should be limited to that necessary to ramp up
and down through the rough zone.

Walk the penstock once a day and after unusual pressure transients, such as load
rejections, for evidence of leaks and regularly observe the area by camera.

Verify integrity of existing strain gauge signals by testing continuity. Purchase a data
acquisition system capable of receiving data from the existing instrumentation. Continue
to monitor the remaining strain gauges and pressure transducer periodically.

Inspect Penstock No. 1 during the summer of 2018 and determine inspection frequency
based on findings. Inspection procedure should be as follows:

+ Inspect interior re-pad welds using visual and magnetic particle. Welds need to be
cleaned, visually inspected and then inspected by magnetic particle. Suggest high
pressure water washing prior to inspection.

+ Inspect 5 additional cans upstream and downstream of the ruptured area (Cans 34-
36). Once complete, inspect every 5t can upstream of the rupture area to the intake
and similarly downstream to the surge tank. Inspect visually and with magnetic
particle.
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¢ Inspect the penstock downstream of the surge tank for out of roundness at the
longitudinal welds for ‘peaking’ which is present in the upper reaches of the penstock.

Penstock No. 2 should be inspected at the next available outage as follows:

Inspect all previously repaired welds with visual and with magnetic particle. Prior to
inspection, welds need to be cleaned.

Inspect 5 cans upstream and downstream of this area followed by every 5 can upstream
of the repair area to the intake and similarly downstream to the surge tank with visual and
with magnetic particle.

Complete internal laser survey to check ovality and peaking.

Install a pressure transducer to determine if pressure variations similar to Penstock No. 1
exist.

Penstock No. 3 should be inspected at the next available outage as follows:

Starting from the manhole, close to Can 0. Inspect 10 cans upstream and downstream by
visual and with magnetic particle. Prior to inspection, welds need to be cleaned with de-
scalers and flapper style grinding disks.

From the last inspected can, inspect every 10t can upstream and downstream until
intake to the surge tank has been fully inspected. Based on this inspection, we can
establish the extent of the required refurbishment, if required.

Complete shell thickness measurements.
Complete laser survey to check ovality and peaking.

Depending on findings, we may recommend mechanical testing to determine mechanical
and chemical properties of penstock material.

Install a pressure transducer to determine if pressure variations similar to Penstock No. 1
exist.

Penstock No. 1 planned remedial work:

Backfill and re-coating operations should be postponed. Based on findings from planned
inspections, if no further deterioration of the welds is discovered, replacement of the
penstock would likely be unnecessary. Backfill and re-coating would then be required for
long term operation. If further deterioration is encountered, the long-term solutions should
be revisited.
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Appendix A
Data Collection and Analysis
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Introduction

The following is a presentation of the tests and analysis of data carried out on Penstock No. 1
at the Bay d’Espoir Hydroelectric Generating Facility (BDE) after its repair in November 2017.
Hatch was involved in the repair procedure and as part of the root cause analysis,
recommended installation of strain gauge rosettes and pressure transducers in the affected
area of the penstock. Data was collected before, during and after filling of the penstock, and
during operation at various loads followed by a 40% load rejection.

ELBOW 1A

ELBOW 1A ELBOW 3A Material ELBOW 54 ELBOW 6A ELBOW TA

Grade Change PSS

Diameter

APPROXIMATE
RUPTURE LOCATIONS: END OF 2016 REPAIRS:
CANS 34 AND 35 CAN -44, Material

Thickness Change END OF 2017

INSPECTION: CAN -124

Figure A-1: Penstock Profile — Intake to Surge Tank

Figure A-1 shows the location of the failures in upper section of the penstock. Figures A-2,
A-3 and A-4 show the location of the strain gauges and the pressure transducers around the
penstock. Strain gauge rosettes (350Q 6mm gauge length) of the 0/45/90 pattern were
installed from Nov. 29, 2017 to Dec. 6, 2017. The strain gauge and data acquisition
equipment installation was completed by personnel from the National Research Council
(NRC) as a subcontractor to Cabhill.
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ECTION
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67deg 67deg
wl - Ti3
TEdeg

SECTION

A—A

Figure A-2: T33-T36 Strain Gauge Layout
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Figure A-3: T65 Strain Gauge Layout
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Nalcor- Bay d'Espoir Penstock No. 1 Hatch 2017.11.25
Monitoring Instrumentation - Post-repair Nov 4, 2017 Failure

Can Number 66 55 36 35 34 32
[ L JE b=
65 T36 T35 T33
@=
30° 0‘: Strain Gauge Rosette Locations rev D (minimized inside strain gauges)
Exterior: ¢
45° Interior: *
45° Circ.location@ ~ 0°  30° 45° 60° 67°78°90° 110° -45° -60° -90° -110°
60° . -§0° Section T33 . 4 4 . LR Exterior
i = Interior
Section T35 . ¢ Exterior
;90° Interior
Section T36 * * * * * Exterior
: Interior
: 110° Section T65 M M . . MMM ¢ ¢ . ¢ e Exterior
i or Alternate - - + - -* Interior
: Pressure T33P Exterior
: Transducer T65 P Exterior

X-Section Looking Downstream
Notes:
1 Use 0-45-90° 3-Strain Gauge Rosettes installed on cleaned and smooth surfaces; align inside and outside gauges to be opposite each other.
2 Protect gauges with epoxy coating and record location of gauges with tape measurement from the top of penstock (12 O'clock).
Drill holes on top of Cans 33 and 65, suitable for pressure transducers and pulling the wiring from the internal gauges, and install coupling
with water tight bushing (against max pressure of 75 psi)
4 Install pressure transducer on top of Can 33 and Can 65(range 0-100 psi)
5 Monitor strain gauges and pressure transducer as per test sequence below
6 Use software for on-line strain/stress calculations during commissioning and Data Logger for long-term data storage.

Test Sequence (measurements of strains, pressure and synchronizing Clock) Estimated Duration, days (cum
1 Install equipment and Zero all gauges with penstock empty; no backfill at repair area Cans 33-36 and at Can 65 5.0 5.0
2 Measurements during and after backfill placement at Cans 33-36 and Can 65 0.5 5.5
3 Measurements after additional backfill placement over 130 m of penstock (Can 34 +65m) 20 7.5
4 Measurements during Penstock fill up (after the water has reached the bottom of Can 34 (monitor pressure at Powehous displayed at Intake) 0.5 8.0
5 Measurements during U2 start up and at speed-no-load 0.5 8.5
6 Measurements during U2 ramp up to and in rough zone (25 MW) 0.5 9.0|
7 Measurements U2 at 50 MW 0.1 9.1
8 Measurements during 50 MW load rejection 0.1 9.2
9 Start U1 and take measurements with U1 on Load 0.2 9.4
10 Start U2 and take measurements with both U1 and U2 on Load 0.2 9.6
11 Periodic Monitoring for four weeks once per day for 1 hour (preferably with both or either unit on load 28

12 Evaluate 4 week data and decide on future need for recording data

Figure A-4: Location of Pressure Transducers and Strain Gauges
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Strain Gauge Installation and Data Acquisition

The strain gauge installation for cans T33, T35 and T36 was complete on Dec. 3, 2017,
followed by a 10-minute baseline data collection on Dec. 4, 2017 (11:12am). Backfilling of the
area started immediately after the baseline was taken. At 8:20am the backfill was to the
approximate existing level (till only) and 10 minutes of data collection was taken.

The strain gauge installation for can T65 was complete on Dec. 6, 2017 followed by a
10-minute baseline data collection. Backfilling of the area started immediately after the
baseline and was completed at approximately 19:45 that night.

Water up of the penstock began at 12:00am on Dec. 7, 2017:

1. The first hold point (T33 Bottom — 212 PSI at the powerhouse spherical valve) was
reached at 11:29am.

2. The second hold point (T65 Bottom - 216 PSI at the powerhouse spherical valve) was
reached at 12:07.

3. The third hold point (T33 Top - 220 PSI at the powerhouse spherical valve) was reached
at 13:11.

4. The fourth hold point (T65 Top - 223 PSI at the powerhouse spherical valve) was
reached at 14:17.

The filling of the penstock was complete at approximately 18:30.
The intake gate was cracked at ~19:17.

Speed-no-load Unit 1 started at ~19:51.

© N o a

Speed-no-load Unit 1 stopped at ~20:36.
Testing of the units and the unit 2 load rejection took place on Dec. 8, 2017:

1. Unit 2 flush started at approximately 9:40am. Approximately 1 hour later the unit was shut
down.

Unit testing started at 15:07.
Ramp up U2 to rough zone - 15:34.
Ramp up U2 to 40 MW — 15:42.

U2 Load Rejection — 15:53.

o o > w D

Ul & U2 Testing — Start U1 — 16:22.
7. Ramp up U2 - 16:45.

8. Control room stated both units in rough zone — 16:49.
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9. 70 MW U1l - 16:55
10. Gate full open — 16:56
11. 70 MW U1l & U2 — 16:59 — Testing complete for Dec. 8™

Following the testing completed on Dec. 8", the strain gauge data logger was left on-site and
continued to log data until approximately Dec. 24™. The logger was shut down for a period
until it was restarted on January 11%. For January 11, the logger collected data for
approximately 7 hours before it went offline.

Data Analysis

NRC installed 3-element rectangular rosettes, the strain gauges in the rosette has 1 gauge at
each 0°, 45°, and 90° positions. Strain values for the rosette are normally denoted ¢€a, €8, and

€c. Due to the configuration that NRC installed the gauges, they denoted each gauge with _A,
_C, or _H, for axial, combination, and hoop strain values. The naming convention for a strain

gauge is as follows:

15 _T65_INT_POO_A = [Channel]_[Can]_][internal(INT) or external(EXT)]_[P — positive, N-
negative for angle]_[A-Axial,C-Combination,H-hoop].

Hatch received the strain gauge data from the NRC in the format of Microsoft Excel binary
files at a sample rate of 50 Hz. The following calculations were performed on the data and the
data was graphed accordingly:

1. Principal stresses were calculated from the strain readings from each 3-element
rectangular rosette:

€4 + e 1 €4 — €0)? € — €4 T € 2]
01=E[2(1_p)+2(l+v)\/(4 o)+ (2 4 — )

n=1E [intef) 3a e PRI GC)z]

Figure A-5: Principal Stress Equations

2. The principal angle was calculated from the strain readings:

2ep — €a — €

tan 2¢ =

€4 — €C
Figure A-6: Principal Angle Equation

3. The circumferential and axial stresses were calculated from both the strain values and
the principal angle:



A3.1

PUB-NLH-006, Attachment 8
Reliability and Resource Adequacy Study
Page 52 of 140

Cxz = (1 + v)‘?l _ 2_”) [(1 - "-")5:::: + V(Eyy + Ezz)l
E
Oyy = d + »{d = 2v) [ = v)ey + v(ea + €2)]

Yoy = 2ep — €A — €
E
5“"“"_""_” Yzy
_t(]. + I’)
Gy = 0z COS2 6 + oy sin® 8 + 27, sin 8 cos @

T% 005 20 + 74 sin 26

I

_U'a::r:‘l"a‘yy_l_(rzx

2 2
oyy = Oy COSE 0 + o, sin? 0 — 27, sin 6 cos 6
a. o, g - -
= ﬂy;_ :tz+ vy 2 za:cos 26""'1'51, SIIl2e

Toy = Oy COS 0 8in B — 04, cos 6 sin 6 + 75, (cos? 8 — sin® 6)

='Eii"'——~ﬂ2;E sin 260 + 7., cos 26

Figure A-7: Axial and Circumferential Stress Equations

4. A Fourier frequency analysis was performed on various sections of the data to produce a
plot showing the frequencies of vibration/pulsation and the spectral amplitude of the
vibration. The analysis used a Fourier Fast Transform algorithm that is available in
Microsoft Excel or many data analysis oriented programming languages. As the principal,
circumferential, and axial stresses are directly proportional to the internal pressure of the
penstock, only the T33 pressure frequency analysis and plots will be discussed in the
following sections. The frequencies are identical for the T33 stresses and are very similar
for T65. There is a slight variation for the T65 stresses due to the distance between the
cans and the differing backfill between the locations.

Baselines and Completion of Backfilling

As expected, the baseline readings for each section of the penstock showed essentially zero
stress.

The calculated stresses for the sections of T33, T35, T36, and T65 showed a slight increase
in stress upon completion of the backfilling, but these stresses were still very minimal in
magnitude. See appendix A for the baseline and completed backfill plots.
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A.3.2 Water Up
Analysis from the T33 bottom hold point data shows minimal stress increase as the water
reached the bottom of can T33.
The T65 bottom hold point data shows minimal stress increase as the water reached the
bottom of can T65.
The T33 top hold point data shows, once again, minimal stress increase as the water neared
the top of can T33.
The T65 top hold point data also shows minimal stress increase as the water neared the top
of can T65. Slight variations in stress can be noted for can T33, T35, and T36 but are still of
minimal magnitude, see Figure A-8.
T65 Principal Stresses (PS1) - T65 Top Hold - Dec. 7, 14:18
5
10 —— 1-TH5_INT_POO_PS1
2 - TBS_INT_P45_PS1
—— 3- T65_INT_PE0_PS1
—— 4 - TB5_INT_N&5_PS1
— 5-TH5_EXT_P0O_PS1
= = - n — 6-T65_EXT_P30_P51
£ ™ 7 - T65_EXT_P45_P51
E 5 — B-T65_EXT_PG0_P51
£ . i
e = ——— e S R
— 11-T63_EXT_P30_PS1
12 - T65_EXT_N43_P51
= — 13- T65_EXT_NGO_PS1
™ — 14 -T63_EXT_NSO_P51
[ — 13- TG3_INT_P103 P51
BN S - R O AR 1 e S St
1] 10.0 Itllﬂ

300 400 500
Time ()

Figure A-8: T65 Principal Stress 1 (Circumferential) — T65 Top Hold Point (223 psi)

With the penstock reaching a full state, stresses are noted to increase by a considerable
magnitude upon pressurization, see Figure A-9. The location of the strain rosette indicating
the point of highest circumferential stress is on can T65, adjacent to the longitudinal weld
seam (T65_INT_P105). The rosette also shows this location to have the highest axial stress.
Cans T33, T35, and T36 also show increases in circumferential and axial stresses but are not
near the maximum values for the rosette located in T65 adjacent to the longitudinal weld

seam.
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T65 Principal Stresses (PS1) - Penstock Full, Gate Crack(19:17). U1 Flush(20:36) - Dec. 7, 18:59
oS A N LR LR LRLER LR L F’ T
— 1-T65_INT_POO_PS1
2 - TE5_INT_P45_PS1
—— 3. T&S_INT_P&0_P51
= 4-TES_INT_N45_P51
—— §-THS_EXT_POO_PS1
= — & THS_EXT_P30_PS1
£ 10 7 TBS_EXT_P45_PS1
2 —— §-T65_EXT_P§0_PS1
& L 9 - T65_EXT_P67_PS1
@ —"vw—n~._ —— 10-TBS_EXT_P78_PS1
r = 11-T&5_EXT_F20 P51
12 - T65_EXT_NA45_PS1
k- —— 13 -Té5_EXT_Né0_PS1
r —— 14 - TG5_EXT_N90_PS1
—— 15-T65_INT_P105_PS1
DR S A € PN |
I W b
foem
Y
=
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Time (s}

Figure A-9: T65 Principal Stress 1 (Circumferential) - Completion of Water Up to Full Penstock

It should be noted that the rosette hoop gauge T65_INT_P105_H started to have water
intrusion and was compromised hours just after water up was completed. On the above
graph, some noise is shown for T65_INT_P105_PS1 caused by water starting to infiltrate into
the gauge. As only 1 of 3 gauges of the rosette was compromised and as this location has
the highest stresses, one of the two remaining gauges, T65_INT_P105_C, was used with an
extrapolation equation to plot the missing data for T65_INT_P105_H. Using the data from
water up when all gauges of the T65_INT_P105 rosette were collecting data, a plot of
T65_INT_P105_C vs. T65_INT_P105_H was produced. Using this plot, a linear best fit
equation was produced and this equation was used to plot the T65_INT_P105_H values
going forward. As the relation between the combined and hoop gauge is linear, the best fit
produced an R? value of 0.998 for the plot.

Two pressure transducers were installed, one at the top of can T33, and one at the top of can
T65. During initial testing, both transducers showed good readings and appeared to be

adequately working. Upon water up, the transducer at T65 started producing inaccurate
readings and was deemed compromised.
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T33,T35.T36 Principal Stress (PS1) - Penstock Full, Gate Crack(19:17). U1 Flush(20:36) - Dec. 7, 18:59

- T33_INT_POO_PS1
- T33_EXT_POO_PS1
| — 3-T33_EXT_P30_Ps1
— 4-T3I3_EXT_P4S_PS1
—— 5-T33_EXT_P60_PS1
—— 6-T33_EXT P67 _PS1
T33_EXT_P78_PS1
# - T35_EXT_P30_PS1
9 - T36_EXT_POO_PS1

Stress (MPa)

10 - T36_EXT_P30_PS1
—— 11-T36_EXT_P45_PS1
12 - T36_EXT_P&0_PS1
—— 13- T36_EXT_P§7_PS1

L] 1000 2000 3000 4000 5000 6000 7000
Time (5)

Figure A-10: T33, T35, T36 Principal Stress 1 (Circumferential) — Completion of Water up to Full Penstock

A.3.3 Unit Testing — Dec. 8, 2017

Unit testing started on Dec. 8, 2017 at approximately 3:07 and proceeded according to the
Penstock No. 1 Test Plan (H356043-00000-240-230-0001). Data analyzed by Hatch was
from two different loggers. NRC provided the Strain Gauge (SG) Logger data and NL Hydro
provided the Plant Logger data. The data from the SG Logger consisted of the strain data
from 29 rosettes and the pressure data captured by the transducer at T33. The Plant Logger
captured the following data:

e Penstock Pressure (Unit 1), located near the spherical valve (psi)
e Unit 2 Scroll Case Pressure (psi)

e Unit2 MW (MW)

e Headpond Level (m)

e Unit 2 Voltage (kV)

e Unit 2 Speed (RPM)

e BI1T2 Status (V)

e Wicket Gate position (%)

Note: At the time of the unit testing, The Plant Logger and SG Logger clocks were not synched. All
graphs of data from the two loggers are approximately synched.
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The data acquired from Dec. 8™ will be discussed for the following slots:
e Unit 2 starting

e Unit 2 at speed no load

e Unit 2 rough zone

e Unit 2 load rejection

e Unit 1 and Unit 2 rough zone operation

e Unit 1 and Unit 2 operation outside rough zone

For the Dec. 8™ data, strain gauge 19_T65 INT_N45_C was compromised, therefore the

same interpolation (with the exception of C and H gauges reversed) was used as section 3.2
for the T65_INT_P105 rosette.

Stresses for the unit testing range from approximately -50 MPa (PS2 Axial at the
T36_EXT_P00 gauge) to a maximum of approximately 303 MPa (PS1 at T65_INT_P105)
during load rejection. The average for T65_INT_P105 (PS1 — circumferential) during the unit

testing was approximately 280 MPa, this gauge had the highest stress as it was ~5mm above
one of the longitudinal weld seams of can T65.

The location of highest stress for T33, T35, and T36 was T33_INT_P0O0 which had an
average of 149 MPa. The T33 pressure had an average of 37.91 psi throughout the testing.

T65 Principal Stresses (PS1) - Unit Testing & Load Rejection - Dec. 8, 15:07

2501
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—— 8- TES_EXT_P67_PS1
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2004

— 10 - TES_EXT_P90_PS1
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Figure A-11: T65 Principal Stress 1 (Circumferential) — Unit Testing and Load Rejection
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Plant Logger Data (1) - Wicket Gate Position & Unit 2 Speed - [t=0 - Dec. 8, 15:07]
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Figure A-14: Unit 2 Start & Speed No Load — Wicket Gate Position & Unit 2 RPM

From the Plant Logger data, Unit 2 is shown to start just prior to the start of data recording for
the SG Logger. The Unit 2 wicket gates open simultaneously with the unit starting at speed
no load. The plant logger data did not capture the spherical valve opening. A drop in pressure
is noted upon the opening of the wicket gates to ~25%, followed by a small spike in pressure
as the wicket gates are closed to ~8% and speed no load begins. The wicket gates open to
~25% to accelerate the fluid, once the unit reaches a speed of ~300 RPM, the governor
closes the wicket gates to ~8% to maintain 300 RPM while the unit operates under a no load
condition.

A.3.3.2 Unit 2 Speed No Load

Unit 2 speed no load takes place for approximately 20 minutes, see Figure A-13 time 0Os to
approximately 1375s. A decaying pulsation can be noted on the graph. The Fourier frequency
analysis shows this to occur at approximately 0.011-0.013 Hz. This corresponds with the time
period of the surge tank at approximately 81.72s. The spectral amplitude of the other
frequencies during this time are very minimal, although one other frequency to note that is
almost negligible is the 0.39-0.40 Hz, which corresponds to the critical penstock period of
approximately 2.54s.
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Table A-1: U2 Speed No Load — T33 Pressure, T65_INT_P105_PS1, & T33_INT_P00_PS1 Average,
Maximum, and Minimum

Unit 2 Speed No Load (0-1375s)
T33 Pressure T65_INT_P105_PS1 T33_INT_P0O0_PS1
(Psl) (MPa) (MPa)
Average 38.27 281.24 149.84
Max 40.18 287.37 155.12
Min 37.1 276.96 146.69
Frequecy Analysis - T33 Pressure - Dec. 8. 15:07 [0-400s]
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Figure A-15: Frequency Analysis — T33 Pressure — Unit 2 Speed No Load

A.3.3.3 Unit 2 Rough Zone

The unit 2 rough zone is displayed in Figure A-16 from approximately 1590 — 1825s. As unit 2
ramps up to approximately 29 MW, there is a notable increase in system vibration. The rough
zone is very evident from 30-40 MW. As the load on the unit is dropped shortly after ~1800s,
to ~24 MW the roughness decreases significantly.

From a Fourier analysis of 40s of rough zone operation (T33 Pressure), multiple frequencies
are notable. The frequency showing the highest spectral amplitude is approximately 1 Hz.
Other notable frequencies are approximately 0.025, 0.4, 0.9, 1.8, 2.05, and 3.1 Hz. The ~1
Hz frequency is caused by the turbulent “draft tube rope” vorticity and vortex shedding that
occurs as the fluid passes through the runner and travels downstream through the draft tube.
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Table A-2: U2 Rough Zone — T33 Pressure, T65_INT_P105_PS1, & T33_INT_P00_PS1 Average, Maximum,

and Minimum

Unit 2 Rough Zone (1590-1825s)

T33 Pressure

T65_INT_P105_PS1

T33_INT_P0O_PS1

(PSI) (MPa) (MPa)
Average 38.04 280.29 149.32
Max 39.12 288.32 152.3
Min 36.89 270.19 146.19

Table A-3: T33 Pressure Frequency Analysis — U2 Rough Zone

T33 Pressure - Frequency
Dec. 8, 15:07 [1630-1670s]
Frequency (Hz) | Spectral Amplitude (psi)
0.025 0.092881448
0.875 0.068069286
0.95 0.090820694
0.975 0.111941205

1 0.188703218
1.025 0.258205905
1.05 0.107910484
1.1 0.055916074
1.825 0.060897873
1.85 0.069054319
1.875 0.054918779
2.025 0.09520275
2.05 0.085497467
2.075 0.098155368
2.1 0.091207676
3.05 0.051583064
3.075 0.102168248
3.1 0.051883042
3.125 0.061452745
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Figure A-18: Frequency Analysis — T33 Pressure — Unit 2 Rough Zone (40s)
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Figure A-19: Frequency Analysis — T33 Pressure — Unit 2 Rough Zone (20s)
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Unit 2 Load Rejection

The Unit 2 Load rejection occurred at approximately 15:53 on Dec. 8. A notable spike in
pressure of approximately 35.98 psi occurred in the powerhouse (Unit 2 Scroll Case
Pressure). The pressure transducer at T33 showed an immediate increase of approximately
3.81 psi followed by an increasing oscillation that reached a maximum transducer reading of
43.19 psi and a minimum reading of 30.02 psi, the oscillation then started decaying.

The highest location of stress T65_INT_P105 showed a principal stress 1 (circumferential)
increase of approximately 18.66 MPa followed by the increasing oscillation with a maximum
reading of 303.33 MPa, and a minimum of 244.62 MPa before decaying. The highest stress
location on T33, T35, and T36 is T33_INT_P0O which had a maximum principal stress 1 of
163.67 MPa and a minimum PS1 value of 126.67 MPa.

The frequency analysis (T33, 20s interval at load rejection) shows the highest spectral
amplitude (PSI) to occur at approximately 0.4 Hz, the critical penstock period. Following the
load rejection (~100s), the most notable frequency becomes ~0.01 Hz, the time period for the
surge tank, followed by the same 0.4 Hz frequency as before.

Table A- 4: U2 Load Rejection — T33 Pressure, T65_INT_P105_PS1, & T33_INT_P00_PS1 Average,

Maximum, and Minimum

Unit 2 Load Rejection (2775-2815s)

T33 Pressure T65_INT_P105_PS1 T33_INT_P00_PS1
(PSI) (MPa) (MPa)
Average 38.12 281.17 149.63
Max 43.19 303.33 163.67
Min 30.02 244.62 126.67
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Table A-5: T33 Pressure Frequency Analysis — U2 Load Rejection

T33 Pressure - Frequency - U2 Load Rejection
Dec. 8, 15:07 [2768-2788s]
Frequency (Hz) Spectral Amplitude (psi)
0.1 0.117836462
0.2 0.221557221
0.25 0.279837902
0.3 0.322991067
0.35 1.233376034
0.4 1.783121443
0.45 1.480010302
0.5 0.552094744
0.55 0.393216047
0.6 0.361383451
0.65 0.13087565
0.7 0.314011571
0.75 0.188067903
0.8 0.253131598
0.85 0.230544369
0.9 0.182957888
0.95 0.155774393
1.05 0.079321091
1.1 0.100126494
2.15 0.052069859
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Figure A-20: Unit 2 Load Rejection
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Figure A-21: Frequency Analysis — T33 Pressure — Unit 2 Load Rejection (20s)
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Figure A-22: Frequency Analysis — T33 Pressure — Load Rejection Response (100s)

Another unique area to note on Figure A-20 is ~3622-3850s, this is the time after the closure
of the Unit 2 Spherical Valve, as noted by the loss of pressure from the Unit 2 Scroll Case
Pressure Transducer. As the spherical valve closes, a small pulsation is sent through the
penstock as shown by the T33 Pressure Transducer. The pulsation frequencies are as shown
in Table A-6. The spectral amplitude caused by the pulsation is almost negligible.
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Table A-6: T33 Pressure Frequencies — Unit 2 Spherical Valve Closing After Load Rejection

T33 Pressure - Frequency - U2 SV Close after
Load Rejection

Dec. 8, 15:07 [3622-3850s]

Frequency (Hz) Spectral Amplitude (psi)
0.004385965 0.085367594
0.00877193 0.18044968
0.013157895 0.179038206
0.01754386 0.053271335
0.021929825 0.03356087
0.355263158 0.026581902
0.359649123 0.033084492

0.364035088

0.042526185

0.368421053

0.071909627

0.372807018

0.038055164

0.478070175

0.025632904
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0.486842105 0.072701789
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Figure A-23: Frequency Analysis — T33 Pressure — U2 Spherical Valve Closing After Load Rejection
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Ul and U2 Rough Zone Operation

The 2 unit rough zone occurred at approximately 16:49 on Dec 8t. The plant logger data
provided ~230s of 2 unit rough zone operation. The 2 unit rough zone occurred with unit 2 at
approximately 29 MW.

The Fourier analysis (T33 Pressure) for the 2 unit rough zone versus the 1 unit rough zone,
shows more pronounced frequencies with less noise. Once again, the most notable
frequency is approximately 1.0 Hz, followed by 2.0, 1.8, 1.3, 0.9, 0.7, and 0.4 Hz. The highest
spectral amplitude is approximately 0.704 psi for the 1.0 Hz vibration.

Comparing the absolute or average values of the unit 1 and unit 2 rough zone and the unit 2
rough zone, the average pressure at T33 is lower for the 2 unit rough zone. This is to be
expected as the flow, and therefore velocity, is increased for 2 unit operation resulting in a
greater pressure drop throughout the penstock (dynamic head decreasing with increasing
flow).

Table A-7: T33 Pressure, T65_INT_P105_PS1, & T33_INT_P00_PS1 for Unit 1 & Unit 2 Rough Zone

Unit 1 & Unit 2 Rough Zone (6125-6450s)

T33 Pressure T65_INT_P105_PS1 T33_INT_P0O_PS1
(PSI) (MPa) (MPa)
Average 37.54 279.12 148.1
Max 39.2 290.44 152.6
Min 35.98 266.22 143.78
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Table A-8: T33 Pressure Frequencies & Spectral Amplitudes for Unit 1 & Unit 2 Rough Zone

T33 Pressure - Frequency - U1 & U2 Rough Zone
Dec. 8, 15:07 [6180-6200s]
Frequency (Hz) Spectral Amplitude (psi)
0.05 0.034874136
0.4 0.079282283
0.45 0.043840547
0.7 0.076458611
0.85 0.130661986
0.9 0.172735508
0.95 0.102447889
1 0.70419691
1.05 0.035349983
1.3 0.100395667
1.85 0.034828596
1.9 0.055162902
1.95 0.058945476

2 0.179936059
2.1 0.079249447
2.65 0.045209317
2.8 0.035964297
2.9 0.052633442

3 0.039251309
3.05 0.036311774
3.45 0.030606117
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Figure A-25: Frequency Analysis — T33 Pressure — U1 & U2 Rough Zone
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Referring to Figure A-26, unit 2 shows in increase in roughness as it passes through 27-28
MW. On Figure A-28, as unit 2 is ramped up to 70 MW, the roughness is very evident through
to ~40 MW, and gradually starts to decrease until ~53 MW is reached and following that point
the roughness is minimal. During testing, unit 1 reached 70 MW then unit 2 was ramped up
immediately following.

A.3.3.6 Ul & U2 Operation Outside Rough Zone — 70 MW

Following the 2 unit rough zone, the units were ramped to approximately 70 MW. The 70 MW
operation is quite smooth compared to the 2 unit rough zone. A vibration is still notable but is
minimal compared to rough zone operation.

From the Fourier analysis (20s interval analyzed), the most notable frequency is 0.4 Hz. The
spectral amplitude is considerably smaller, at ~0.076 psi which is 10% of the spectral
amplitude for rough zone operation. Other notable frequencies also include 0.7, 1.6, 1.9, and
3.05 Hz, but the spectral amplitudes are almost negligible.

Table A-9: T33 Pressure, T65_INT_P105_PS1, & T33_INT_P00_PS1 for Unit 1 & Unit 2 70 MW Operation

Unit 1 & Unit 2 Operation Outside Rough Zone (70 MW) (6800-7050s)
T33 Pressure T65_INT_P105_PS1 T33_INT_P0O0_PS1
(PSI) (MPa) (MPa)
Average 35.63 269.96 142.61
Max 35.92 271.2 143.41
Min 35.39 268.57 141.9

Comparing T33 Pressure, and the highest stress points for T65 and T33 of the 70 MW
operation and the rough zone, the T33 pressure is much less due to the increased flow of
both units at a peak operating point resulting in decreased dynamic head. As the pressure is
lower, the stresses are also lower as shown by T65_INT_P105_PS1 and T33_INT_P00_PS1.
The decreased spectral amplitudes are also displayed in Table A-4, as both the max and
mins are considerably smaller than Table A-7 for the 2 unit rough zone. Comparing the
differential or amplitude between the maximum, average, and minimum, the 2 unit 70 MW
operation is approximately 15% of the differential in the two unit rough zone.
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Table A-10: T33 Pressure Frequencies & Spectral Amplitude for Unit 1 & Unit 2 - 70 MW Operation

T33 Pressure - Frequency - U1 & U2 ~70 MW
Dec. 8, 15:07 [2768-2788s]
Frequency (Hz) Spectral Amplitude (psi)

0.35 0.02344908
0.4 0.075912927
0.45 0.038642885
0.5 0.026539181
0.55 0.013018671
0.65 0.011520902
0.7 0.023707081
0.75 0.015787861
0.8 0.015038223
0.85 0.015581806
0.9 0.011088838
0.95 0.012041834
1.55 0.011902587
1.6 0.015550114
1.65 0.011343933
1.7 0.013222011
1.75 0.010581412
1.85 0.015735313
1.9 0.025485501
2.8 0.01096312
2.85 0.011329448
2.9 0.012113623

3 0.010050805
3.05 0.016741819
4.35 0.010237795
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Figure A-27: Frequency Analysis — T33 Pressure — U1 & U2 at 70 MW Operation (20s)
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Additional Data
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Following the weeks of strain gauge installation, initial testing, water up, and unit load
rejection testing on Dec 8, 2017, additional data was collected after the tests for analysis.
Hatch determined the best course of action was to analyze dates for a comparison against
the previously collected data to verify consistent operation of the penstock. NL Hydro
dismantled the Plant Logger following the Dec. 8% testing therefore the only data afterwards
is from the SG Logger. Multiple hours of data were given to Hatch for each of the dates Dec.
12, Dec. 13, Dec. 24, and Jan. 11. To minimize the data analysis, Hatch did a general plot of
the T33 Pressure along with the various rosettes principal stresses to represent the range of
stresses. After ensuring there were no abnormalities throughout the hours of data, an hour
range was selected for comparison against the Dec. 8" data. As there is a direct correlation
between the penstock pressure and the principal stresses, the T33 pressure will be used for
further proceedings.

December 12

The Dec. 12t data had a generally smooth operation, therefore it best compares with the
Dec. 8™ out of rough zone data for 2 unit operation. The hour of 14:22 — 15:22 was selected
as it had a smooth operation and zones with both generators ~>55 MW.

Dec. 12 - Unit 1 and Unit 2 MW

13:26:24  13:40:48 13:55:12  14:09:36  14:24:00 14:38:24  14:52:48 15:07:12  15:21:36  15:36:00

—BDP G1 MW ——BDP G2 MW

Figure A-28: December 12 — Unit 1 and Unit 2 MW

Comparing Table A-11 with Table A-9, the values are slightly higher on Dec. 12, This is to
be expected as Unit 1 is operating at a lower load and the dynamic head will result in a
slightly higher pressure, and therefore higher stress as shown by the T65 and T33 values.
The differential between the average, max, and min is also slightly larger than the Dec. 8t
zone and is as expected due to Unit 1 operating at a lower load that is closer to rough zone
operation.



Table A- 11: T33 Pressure, T65_INT_P105_PS1, & T33_INT_P00_PS1 for Dec 12,
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December 12, 14:22 [0-3600s]

T33 Pressure T65_INT_P105_PS1 T33_INT_P0O_PS1
(PSI) (MPa) (MPa)
Average 36.43 271.41 145.32
Max 37.1 274.08 146.68
Min 35.88 268.3 144.09
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14:2

The frequency analysis (20s) of a sample from a 13 minute section of smooth operation (unit
1 and unit 2 were both greater than 55 MW) showed very similar frequencies and spectral
amplitudes to the 2 unit ~70 MW (out of rough zone) operation on Dec. 8. The 0.4 Hz
frequency was similar with a spectral amplitudes of ~0.07 psi.

Expanding the FFT analysis to the full ~13 minute section (2800-3600s), showed a

~0.01125Hz frequency (surge tank period) along with the ~0.4 Hz frequency.

Table A-12: Frequency Analysis — T33 Pressure — Dec. 12 (20s)

T33 Pressure - Frequency
Dec. 8, 15:07 [6970 - 6990s] Dec. 12, 14:22 [3500-3520s]
Spectral Spectral
Frequency (Hz) | Amplitude (PSI) | Frequency (Hz) | Amplitude (PSI)
0.35 0.02344908 0.25 0.021814647
0.4 0.075912927 0.4 0.072675528
0.45 0.038642885 0.45 0.073147052
0.5 0.026539181 0.5 0.034073608
0.55 0.013018671 0.55 0.024854846
0.65 0.011520902 0.6 0.022765097
0.7 0.023707081 0.8 0.028767595
0.75 0.015787861 0.9 0.02310961
0.8 0.015038223 0.95 0.024605553
0.85 0.015581806 1.85 0.024177285
0.9 0.011088838 1.9 0.04345635
0.95 0.012041834 2.9 0.024325991
1.55 0.011902587 3.1 0.026515033
1.6 0.015550114 3.15 0.033932016
1.65 0.011343933 3.2 0.041323918
1.7 0.013222011 3.25 0.020055666
1.75 0.010581412 3.3 0.024356288
1.85 0.015735313 3.5 0.021956522
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T33 Pressure - Frequency

Dec. 8, 15:07 [6970 - 6990s] Dec. 12, 14:22 [3500-3520s]
Spectral Spectral
Frequency (Hz) | Amplitude (PSI) | Frequency (Hz) | Amplitude (PSI)

1.9 0.025485501

2.8 0.01096312
2.85 0.011329448
2.9 0.012113623

3 0.010050805
3.05 0.016741819
4.35 0.010237795

spectral Amplitude {PS1)
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Figure A-29: Frequency Analysis —

T33 Pressure — Dec. 12, 14:22 [2800-3600s]
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Figure A-30: Frequency Analysis — T33 Pressure — Dec. 12, 14:22 [3500-3520s]
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Figure A-31: Frequency Analysis — T33 Pressure — Dec. 12, 14:22 [2900-2920s]
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A.4.2 December 13

For the Dec. 13t operation, two hours of data were analyzed with start times of 11:23:00, and
12:23:01. For comparison to the Dec. 8" data, Dec. 13™ is under normal operation and
therefore will have varying load on each of the generators but is comparable to Dec. 8™ two
unit operation outside of the rough zone when both generators operate at high load ranges
(>55-60 MW) and rough zone operation when both or one unit operates below ~50 MW.

Dec. 13 - Unit 1 and Unit 2 MW

75
70
65
60
55
50
45

40
0:00 2:24 4:48 7:12 9:36 12:00 14:24 16:48

MW

—BDP G1 MW ——BDP G2 MW

Figure A-32: Dec. 13 Unit 1 and Unit 2 MW

Table A-14 contains the averages, maximums, and minimums for 1000s (~11:48-12:04) of
one of the smoothest sections from Dec. 13. From Table A-13 and Table A-9, the values are
not quite comparable as Unit 1 operation for the selected dataset on Dec. 13 is approximately
54-56 MW versus Unit 1 operation (out of rough zone) for Dec. 8 is approximately 70 MW. As
Dec. 13 is at a lower operating point, the flow will be lower and the dynamic head will be
higher, as shown by the higher average T33 pressure (Table A-13). Average stresses should
also be slightly higher for Dec. 13, which is shown for T33_INT_P00_PS1.
T65_INT_P105_PS1 has a similar average value to that of Dec. 8. For the maximum and
minimum values, Dec. 13 shows a greater differential, of approximately twice the differential
of the Table A-9 values. A 20s frequency analysis shows prominent 0.4, ~1.0, and ~2.0 Hz
frequencies. As this zone is on the borderline between smooth and rough operation the rough
frequencies are becoming noticeable. The spectral amplitude of the ~1.0 Hz frequency is only
~0.094 psi (Table A-16 and Figure A-33) for the 20s analyzed which is minimal compared to
the rough zone ~1.0 Hz frequency for the 2 unit operation as shown in Table A-13. The rough
zone spectral amplitude of the smoothest section of Dec. 13™ operation is 10x that of the 2
unit ~70 MW operation. When a unit goes below ~55 MW, it starts showing the ~1.0 Hz
frequency much more prominently.
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Table A-13: T33 Pressure — Spectral Amplitude Comparison

T33 Pressure Frequency Comparison Spectral AmpI!tude of *1 Hz
Frequency (psi)

Dec. 8, 15:07 [6180-6200s] - 2 Unit Rough

Zone 0.70419691

Dec. 8, 15:07 [6970-6990s] - 2 Units ~70 MW 0.012041834

Dec. 13, 11:23 [1630-1650s] 0.09378687

Unit 1 and Unit 2 shows rough zone operation during three time periods of the Dec. 13 data.
Between ~11:00 — 11:40, ~12:10 — 12:50, and ~13:10 — 13:30 the units have the ~1.0 Hz
frequency occurring at a noticeable spectral amplitude. As discussed at the end of section
3.3.5, Unit 2 showed small spectral amplitude rough zone operation up until passing through
~53 MW as it ramped up to ~70MW on Dec. 8. Table A-15 shows the average, max, and min
values of an ~18 minute section (~12:30-12:48) where the Unit 1 is below 50 MW.

A frequency analysis was performed on the T33 Pressure for the first rough zone (11:00 —
11:40) in Figure A-36. The ~1 Hz frequency is present with a magnitude of ~0.31 psi.
Analyzing the next section (12:10 to 12:50), a 20s plot with U1 and U2 each at 47-48 MW
produced the frequency plot in Figure A-37 with the ~1 Hz frequency at 0.95 Hz and a
magnitude of 0.34 psi. These frequency magnitudes are approximately half the magnitude of
the Dec. 8 2 unit rough zone.

Table A-14: T33 Pressure, T65_INT_P105_PS1, & T33_INT_P00_PS1 for Dec 13, 11:23 [1500-2500s]

Dec. 13, 11:23 [1500-2500s]
T33 Pressure T65_INT_P105_PS1 T33_INT_P00_PS1
(PSI) (MPa) (MPa)
Average 36.44 269.4 144.04
Max 37.18 271.91 145.36
Min 35.86 266.24 142.67

Table A-15: T33 Pressure, T65_INT_P105_PS1, & T33_INT_P00_PS1 for Dec 13, 12:23 [400-1500s]

Dec. 13, 14:23 [400-1500s]

T33 Pressure T65_INT_P105_PS1 T33_INT_P0O0_PS1
(PSI) (MPa) (MPa)
Average 37.06 271.32 146.06
Max 38.09 279.77 148.44
Min 36.03 262.81 143.49
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T33 Pressure - Frequency

Dec. 8, 15:07 [6970 - 6990s]

Dec. 13, 11:23 [1630-1650s]

Spectral Amplitude

Frequency (Hz) (PSI) Frequency (Hz) | Spectral Amplitude (PSI)
0.4 0.075912927 0.25 0.016467561
0.45 0.038642885 0.3 0.015668734
0.5 0.026539181 0.35 0.020671255
1.9 0.025485501 0.4 0.067731598
0.7 0.023707081 0.45 0.059077378
0.35 0.02344908 0.5 0.018180798
3.05 0.016741819 0.6 0.022238063
0.75 0.015787861 0.65 0.019895616
1.85 0.015735313 0.7 0.016495934
0.85 0.015581806 0.75 0.018390044
1.6 0.015550114 0.9 0.047214582
0.8 0.015038223 0.95 0.09378687
1.7 0.013222011 1 0.017065677
0.55 0.013018671 1.05 0.016791676
2.9 0.012113623 1.3 0.024339736
0.95 0.012041834 1.6 0.042428789
1.55 0.011902587 1.65 0.015696534
0.65 0.011520902 1.75 0.015725144
1.65 0.011343933 1.8 0.01952806
2.85 0.011329448 1.85 0.060166238
0.9 0.011088838 1.9 0.090447907
2.8 0.01096312 1.95 0.029229314
1.75 0.010581412 2 0.039309874
4.35 0.010237795 2.15 0.021723973
3 0.010050805 2.2 0.015476356
2.8 0.018579382

2.9

0.021171611
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Spectral Amplitude (FSIH

Frequecy Analysis - T33 Pressure - 13.12.17 11:23:00 +[1630-1650s]
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Figure A-33: Frequency Analysis — T33 Pressure — Dec. 13 (20s)
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Figure A-34: Frequency Analysis — T33 Pressure — Dec. 13 (20s)
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Frequecy Analysis - T33 Pressure - 13.12.17 11:23:00 +[1870-1970s]
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Figure A-35: Frequency Analysis — T33 Pressure — Dec. 13 (100s)
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Figure A-36: Frequency Analysis — T33 Pressure — Dec. 13 (20s)
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Frequecy Analysis - T33 Pressure - 13.12.17 12:23:01 +[400-420s]
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Figure A-37: Frequency Analysis — T33 Pressure — Dec. 13 (20s)
A.4.3 December 24

The operational state on Dec. 24t had much rough zone operation throughout the day. Hatch
received 4 hours of SG logger data from Dec. 24" in rough zone operation. This data
compared very well against the data collected on Dec. 8" for rough zone operation. The
generators for the Dec. 24" data had an average of 43.55 MW for Unit 1 and 42.59 MW for
Unit 2. The dataset ranges from Dec. 24, 12:00 — 15:59. As shown in Figure A-38, on 4
occasions, both Unit 1 and Unit 2 MW dropped to 20-25 MW, increasing the rough zone
magnitude.
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Dec. 24 - Unit 1 and Unit 2 MW

11:52 12:21 12:50 13:19 13:48 14:16 14:45 15:14 15:43 16:12

——BDP G1 MW ——BDP G2 MW

Figure A-38: Dec 24 — Unit 1 and Unit 2 MW

On Dec. 24", Hatch identified 13:27:33 — 14:27:34 for comparison to the Dec. 8" two unit
rough zone.

Comparing the average, minimum, and maximum values of Table A-17 with Table A-7 of
Dec. 8, the average pressure at T33 is very similar (~0.42 psi difference). The unit loads on
Dec. 8 for the rough zone were ~29 MW (unit 2, unit 1 was noted to be similar during the
testing on Dec. 8, though no data was given for unit 1 from the Plant Logger) versus the
average 43.55 MW and 42.59 MW for unit 1 and 2 on Dec. 24. Due to the load differences on
the two dates, there will be a slight pressure variation caused by the dynamic head and
differing flow rates. The head pond level will be different for the two dates as the average
pressure is quite similar for both dates while they are at different operating loads. As Dec. 24
is, on average, operating at a higher load, the dynamic head should be slightly lower, and
resulting lower pressure should produce lower average stress levels, as shown in Table A-17.
Considering the maximum and minimum values, Dec. 24 shows a greater differential in
amplitude between the average and max/min values.

From the Fourier Analysis, for a period of 20s, the most prominent frequencies are 0.4, 1.0,
2.0, 3.0, and 3.10 Hz. As shown in Table A-18, both Dec. 8 and Dec. 24 have very similar
frequencies. The frequency magnitudes are also similar, but Dec. 24 is slightly higher, with
the ~1.0 Hz “rough frequency” having a magnitude of ~1.03 vs ~0.70 psi on Dec. 8. The
rough frequency having a larger magnitude is likely due to the variation in unit MW, whereas
on Dec. 8 the 2 unit rough zone was held at a more constant load for the test. Due to the
higher frequency magnitudes on Dec. 24, the maximum and minimum values are noted to
have a greater differential from the average value as shown when comparing Table A-17 and
Table A-7.

Further analysis of 20s rough zone sections on Dec. 24 produced some 1.0 Hz frequencies
with magnitudes as high as ~1.26 psi as shown in Figure A-40.
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Table A-17: T33 Pressure, T65_INT_P105_PS1, & T33_INT_P00_PS1 for Jan. 11, 13:27 [0-3600s]

Dec. 24, 13:27:33 [0-3600s]

T33 Pressure

T65_INT_P105_PS1

T33_INT_P00_PS1

(PSI) (MPa) (MPa)
Average 37.12 270.19 130.14
Max 39.38 284.96 135.53
Min 34.90 254.02 126.19

Table A-18: T33 Pressure Frequencies — Dec. 8 vs. Dec. 24 (20s)

T33 Pressure - Frequency
Dec. 8, 15:07 [6180 - 6200s] Dec. 24, 14:23 [1000-1020s]
Frequency (Hz) Magnitude (PSI) Frequency (Hz) Magnitude (PSI)

0.05 0.034874136 0.05 0.036340384
0.4 0.079282283 0.35 0.03862636
0.45 0.043840547 0.4 0.115627789
0.7 0.076458611 0.45 0.042660683
0.85 0.130661986 0.7 0.030629046
0.9 0.172735508 0.75 0.038962644
0.95 0.102447889 0.95 0.101839221
1 0.70419691 1 1.026391937
1.05 0.035349983 1.05 0.037539963
1.3 0.100395667 1.4 0.036585616
1.85 0.034828596 1.6 0.038310121
1.9 0.055162902 1.65 0.038011818
1.95 0.058945476 1.7 0.034342703
2 0.179936059 1.75 0.03938218
2.1 0.079249447 1.8 0.037846369
2.65 0.045209317 1.9 0.052700432
2.8 0.035964297 1.95 0.042637398
2.9 0.052633442 2 0.283019066
3 0.039251309 2.05 0.044993932
3.05 0.036311774 2.1 0.041528007
3.45 0.030606117 2.2 0.038718696
2.25 0.042930791
2.95 0.038559036
3 0.042997026
3.1 0.048912061
3.15 0.034965796
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Frequecy Analysis - T33 Pressure - 24.12.17 13:27:33 +[1000-1020s]
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Figure A-39: Frequency Analysis — T33 Pressure — Dec. 24 (20s)
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Figure A-40: Frequency Analysis — T33 Pressure — Dec. 24 (20s)
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January 11

Hatch received approximately 6 hours of data for the day of Jan. 11t from approx. 18:10 to
12:38 on Jan 12t Upon receiving the data, Hatch also received notification from the NRC
that many of the strain gauges had become compromised or were producing very noisy
readings. Almost all of the sensors for T33 — T36 remained fine (1 gauge on T33_INT_PO00O
was noisy, it appears water intrusion may be starting to occur) but 7 of the external rosettes
on T65 were considerably noisy and 4 rosettes on the inside had become compromised. For
the noisy sensors NRC opted to apply a 2 Hz Butterworth low pass filter to each strain
reading for the gauge and once again to some of the calculated principal stresses.

Jan 11-Jan 12 - Unit 1 and Unit 2 MW

M%mmm

15:36:00 16:48:00 18:00:00 19:12:00 20:24:00 21:36:00 22:48:00  0:00:00 1:12:00 2:24:00

—BDP G1 MW ——BDP G2 MW

Figure A-41: Jan 11 into Jan 12 — Unit 1 and Unit 2 MW

For comparison Hatch selected an hour of data from ~18:10 — 19:10 on Jan. 11. The average
MW for the generators for the 1 hour time period was 64.44 MW for Unit 1 and 68.87 MW for
Unit 2. As the generator loads for this time are quite similar to the “Out of Rough Zone
Operation” on Dec. 8, these datasets were compared.

The Fourier analysis was completed for a 20s time period. The prominent frequencies are
shown in the table below. The notable frequencies for both Dec. 24 and Jan. 11 in “smooth
operation” have very minimal magnitudes at less than 0.1 psi for a 20s sample.

Table A-19: T33 Pressure, T65_INT_P105_PS1, & T33_INT_P00_PS1 for Dec 13, 14:23 [0-3600s]

Jan. 11, 18:09:39
T33 Pressure T65_INT_P105_PS1 T33_INT_P0O0_PS1
(PSI) [0-3600s] (MPa) [0-3600s] (MPa) [2800-3400s]
Average 34.01 256.54 126.18
Max 34.41 258.34 127.19
Min 33.71 254.99 124.38

Note: T33_INT_PO00_PS1 showed areas with high noise, therefore the values in Table A-14 were selected from a

time where the noise was considerably less.
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Comparing the average, minimum, and maximum values to the Dec. 8 operation (out of rough
zone), unit 1 is operating at a lower load and unit 2 is operating at a load of 68.87 MW (Unit 2
on Dec. 8, out of rough zone averaged 68.17 MW). As unit 2 operation at both times has very
little difference in load, due to the difference in Unit 1 operation (64.44 MW vs. ~70 MW), the
dynamic head should result in a higher dynamic pressure for Jan. 11, Dec. 8™ shows a
higher average pressure (by ~1.62 psi) which is accounted to the difference in head pond
level as these two dates are over a month apart.

Stresses listed in Table A-19 and Table A-9 also compare similarly, but as the Jan. 11
pressure is lower, as are the T65 and T33 stresses.

Comparing the frequencies and magnitudes for T33 pressure (20s), both dates have similar
frequencies with the highest magnitude frequency being 0.4 Hz at magnitudes that are almost
the same (0.05 vs 0.06 psi). Referring to figure A-42, the T33 transducer shows some 5hz
and 10hz frequencies as well.

Table A-20: T33 Pressure Frequencies — Dec. 8 vs. Jan. 11 (20s)

T33 Pressure - Frequency
Dec. 8, 15:07 [6970 - 6990s] Jan. 11, 18:09 [1600-1620s]
Frequency Mag Frequency Mag

0.35 0.02166592 0.05 0.012021939
0.4 0.05123107 0.35 0.012094258
0.45 0.037552056 0.4 0.064029325
0.5 0.022304435 0.45 0.045451231
0.8 0.040133842 0.5 0.014456511
0.95 0.04064298 0.55 0.017627128
1 0.020792679 0.7 0.014165693
1.65 0.02249319 0.75 0.011983115
1.8 0.020083902 1.6 0.013338118
1.9 0.02363067 1.95 0.013731484
3.05 0.022879279 3.2 0.013833408
3.2 0.021650776 5 0.018047984
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Frequecy Analysis - T33 Pressure - 11.01.18 18:09:39 +[1600-1620s]

0.05

2
=
4

spectral Amphtude (PSI)
2
2
[

0,02

il

0.00

o0

55 60 83 7
Frequency [Hz]

.3 10 L3 J:U 4.3 30 ES-) ‘I-‘U 45 0 ) .3 8.0 &3 20 2.5 1

0.0 05 10 1L% 120 123

Figure A-42: Frequency Analysis — T33 Pressure — Jan. 11 (20s)
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Appendix B
Finite Element Modeling Results
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Model 1 - T33 - Original - Sc - External

Figure B-2: Circumferential Stresses (As-built Backfill) Stress Distribution on the Outside

Legend: O=empty penstock (soil + steel weight); 1=filled with water (soil + steel + water weight) 2=
pressurized (soil + steel +water weight + 38.21 psi internal pressure
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Model 2 - T33 - Proposed - Sc - Internal

Figure B-3: Circumferential Stresses (Additional Backfill by Hatch) Stress Distribution on the
Inside

Legend: 0=empty penstock (soil + steel weight); 1=filled with water (soil + steel + water weight) 2=
pressurized (soil + steel +water weight + 38.21 psi internal pressure
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Model 2 - T33 - Proposed - Sc - External

Figure B-4: Circumferential Stresses (Additional Backfill by Hatch) Stress Distribution on the
Outside

Legend: O=empty penstock (soil + steel weight); 1=filled with water (soil + steel + water weight) 2=
pressurized (soil + steel +water weight + 38.21 psi internal pressure



PUB-NLH-006, Attachment 8
Reliability and Resource Adequacy Study
Page 95 of 140

Appendix C
Test Results
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T65 - Principal (PS1) & Circumferential Stress - Fill to Bottorn of T33 Hold - Dec. 7, 11:2%am+40s
T33 Pressure = 0 psi
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—— T65 EXT PS1
--- T65 INT PS1
—— T85_EXT Syy
=== T6S_INT _Syy

Figure C-1: Measured Stresses(MPa) at T65 with Water to the Top of Penstock Section
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A
T65 - Principal (P51) & Circumferential Stress - Penstock Full - Dec. 7, 18:59 + 1300s
T33 Pressure = 38.21 psi
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Figure C-2: Measured Stresses (MPa) at T65 with Penstock Full
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TES - Principal (P51) & Circumferential Stress - Penstock Full (after flush) - Dec. 7, 18:39 + 7000s
T33 Pressure = 38.14 psi
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Figure C-3: Measured Stresses (MPa) at T65 After Unit Flush
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Appendix D
Fatigue Analysis
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Introduction

Stemming from the BDE Penstock No. 1 repair and root cause analysis, Hatch determined
the effect of Fatigue resulting from the “Rough Zone” produced during certain load operating
ranges for Units No. 1 and No. 2 at the Bay D’espoir (BDE) Hydroelectric Generating Facilty.
The rough zone produces a vibration or pulsation that travels up the penstock resulting in a
pressure/stress cyclical variation.

Various penstock/unit operations can also contribute to the fatigue of the penstock and were
broken down into the following zones for analysis:

Table D-1: Operational Zones Analyzed

Operational Zones Analyzed
Zone 1 Spherical Valve Opening
Zone 2 2 Unit Rough Zone
Zone 3 1 Unit Rough Zone
Zone 4 Spherical Valve Closing
Zone 5 Load Rejection
Zone 6 Wicket Gate Opening on Startup
Zone 7 Wicket Gate Closing
Zone 8 Normal operation
Zone 9 Penstock De-water and water up

Fatigue assessment of welds was chosen as the past recent failures have all been in the toe
of a longitudinal weld seam. The cans also have stress concentrations due to the geometry
“peaking” (from construction) at these seams and the stress concentration and environmental
factors increasing failure likelihood at the toe of the weld.

Fatigue Assessment
Method

The fatigue assessment was completed to ASME BPVC VIII.2, Section 3-F.2.2 and 5.5.5.
Using the procedure outlined in the noted sections, the allowable design cycles, N, was
calculated for each zone identified in Section 1.0 and compared with the estimated actual
number of repetitions, n. A fatigue damage factor was then calculated and summed across all
zones to determine the total fatigue damage on Penstock No. 1. The sum of the damage
factor, D, across all zones must be less than 1.0.

Strains from gauge T65_INT_P105 were used to calculate the stresses as it was the gauge
that was closest to a longitudinal weld seam. A stress concentration factor was then applied
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to approximate the stress, due to the “peaking”, in the weld seam. The resulting stress ranges
were used to determine the allowable design cycles.

Equation 3-F.22 (allowable design cycles, N), ASME BPVC VIII.2, uses an environmental
modification factor that accounts for the fluid environment, loading frequency, temperature,
and material variables. ASME VIII does not provide guidelines on the environmental factor
therefore, analysis was completed using an environmental factor of 1.0 (no effect) and
environmental effects are later discussed in Section D.2.5.

D.2.11 Bulge Stress Concentration

Referring to Figure 7-3, a FE model was produced to determine the stress concentration or
multiplication factor produced from the peaking/bulge. Using a conservative bulge distance, b
= 25 mm, produces a multiplication factor of approximately 1.42 (distance from bulge center,
d =~16mm, as the nearest strain gauge, T65_INT_P105, was approximately 5mm off of the
toe of the weld).

D.2.2 Zone Cycles

The number of cycles for reach zone described in section one was evaluated from the
following table:

Table D-2: Life Cycles

Number of Years in Service 50
Average no. of starts/stops per year 365
Life-time starts+ Stops 18250
Load Rejections per year 2
Life-time Load Rejections 100

NL Hydro provided Hatch with operational data from 2013-2017 for Unit 1 and Unit 2 MW
ranges. Using this data, Hatch tabulated the rough zone hours across these years based on
25-40 MW operation (this operational range was determined to produce the most significant
vibrations from the data analyzed from the Strain Gauge Logger and Plant Logger from Dec.
2017 — Jan. 2018).
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Table D-3: Rough Zone Operation 2013 - 2017

Year Unit # Rough Zone Hours 2 Unit Operation 1 Unit Operation
1 187.67
2013 31.67 302
2 177.67
1 700.33
2014 96.67 688.66
2 181.67
1 275.67
2015 38.67 486.66
2 288.33
1 441
2016 124.33 465.34
2 273
1 319.33
2017 36.33 347.34
2 100.67
SUM 327.67 2290
D.2.3 Zone Data
D.2.3.1 Spherical Valve Opening

Data for the spherical valve opening was captured on the morning of Dec. 8 prior to the Unit 2
flush and also Dec. 8 PM prior to the testing of 2 unit rough zone operation.

Table 2-3 shows the fatigue assessment for the spherical valve opening. This table uses an
average cycle stress range as the valve opening causes a spike in pressure followed by an
oscillation that attenuates. The oscillation occurs for approximately 300s upon opening with a
frequency of approximately 0.4 Hz, which was applied to the lifetime start stop value identified
in Table 2-2. As the operation of the penstock in recent years does not always result in
shutdown overnight (or each day), this method is conservative but still produces a very small

fatigue damage factor.

Table D-4: Spherical Valve Opening Fatigue Assessment Summary

Zone 1 - Spherical Valve Opening Dec. 8 morning flush - 9:15:08, t = 0)
T33 Pressure Peak (PSI) Valley (PSI)
38.52 37.995
765 INT P105 PS1 Peak (MPa) Valley (MPa)

- T - 277.42 275.575
Frequency ~0.4 Hz
N, (allowable design cycles) 8.23E+08
n, (actual number of cycles) 2.04E+06
D, (fatigue damage factor) 0.002474505
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Principal Stresses - Dec. 8 AM, t=0 - 09:15:08
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Figure D-1: Dec. 8 AM —T65_INT_P105_PS1 - Spherical Valve Opening, Wicket Gates Opening & Wicket

Gates “Throttle” Closure
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Figure D-2: Dec. 8 PM — Spherical Valve Opening & Wicket Gates
D.2.3.2 2 Unit Rough Zone

Data for the 2 unit rough zone was used from Dec. 8. As the rough zone has a variance in
the stress amplitude of roughness, an average was taken and applied across the cycles from
2013-2017. It should be noted, the rough zone intensity can vary. As the units were kept at a
more constant load for the unit testing on Dec. 8, the upper limit of rough zone stress ranges
is less than that of the rough zones from Dec. 24. Due to the varying loads, the intensity of
the rough zone can reach a higher stress range but will also be lower at times.

Table D-5: 2 Unit Rough Zone Fatigue Assessment Summary

Zone 2 - 2 Unit Rough Zone - Dec. 8
T33 Pressure Peak (PSI) Valley (PSI)
38.33333333 36.77333333
T65_INT_P105_PS1 Peak (MPa) Valley (MPa)
286.36 270.97
Frequency ~1.0 Hz
N, (allowable design cycles) 7.34E+06
n, (actual number of cycles) 1.18E+06
D, (fatigue damage factor) 0.160643213
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1 Unit Rough Zone

Similarly, to the 2 unit rough zone, as the stress amplitude varies, an average was taken and
applied to the cycles from 2013-2017. The stress range is lower for the 1 unit rough zone but
due to the increased number of cycles from 2013-2017, almost 7 times, the 1 unit rough zone
has a much higher D value.

Table D-6: 1 Unit Rough Zone Fatigue Assessment Summary

Zone 3 - 1 Unit Rough Zone - Dec. 8
T33 Pressure Peak (PSI) Valley (PSI)
38.44 37.42333333
165 INT P105 PS1 Peak (MPa) Valley (MPa)

- - - 284.86 274.55
Frequency ~1.0 Hz
N, (allowable design cycles) 1.83E+07
n, (actual number of cycles) 8.24E+06
D, (fatigue damage factor) 0.451165436

D.2.3.4

Spherical Valve Closing

The spherical valve closing fatigue assessment was completed similarly to the spherical valve
opening. An average stress range was selected and applied across all cycles due to the
produced oscillation that attenuates.

Table D-7: Spherical Valve Closing Fatigue Assessment Summary

Zone 4 - Spherical Valve Closing Dec. 8 PM - Unit Testing (after load rejection)
733 Pressure Peak (PSl) Valley (PSI)
38.57 37.93
T65_INT_P105_PS1 Peak (MPa) Valley (MPa)
283.83 281.38
Frequency ~0.4 Hz
N, (allowable design cycles) 4.29E+08
n, (actual number of cycles) 1.54E+06
D, (fatigue damage factor) 0.003595433

D.2.35

Load Rejection

The load rejection data from Dec. 8" was used for the fatigue assessment. The load rejection
stress and pressure spikes attenuate quite quickly and therefore do not produce a great
number of cycles throughout the penstock lifetime. The penstock pressure oscillation was
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averaged for a useable stress range that was applied across all cycles, producing a small
fatigue damage factor.

Table D-8: Load Rejection Fatigue Assessment Summary

Zone 5 - Load Rejection Dec. 8
£33 Pressure Peak (PSI) | valley (PsI)
41.37666667 34.68333333
165 INT P105 PS1 Peak (MPa) Valley (MPa)

- - 295.17 265.21
Frequency ~0.4 Hz
N, (allowable design cycles) 1.47E+06
n, (actual number of cycles) 3.51E+03
D, (fatigue damage factor) 0.002389379

D.2.3.6

Wicket Gate Opening

Following the spherical valve opening, data was captured showing the wicket gate opening.
The action of the wicket gates opening produces a greater pressure spike than the spherical
valve opening, resulting in a higher stress oscillation. The oscillation from the wicket gates
occurred at approximately 0.4 Hz for ~32s. This cycle was applied across the lifetime
start/stop value. The stress range used was an average from the attenuating oscillation.

Table D-9: Wicket Gates Opening Fatigue Assessment Summary

Zone 6 - Wicket Gate Open - Dec. 8 AM
133 Pressure Peak (PSI) | valley (PsI)
39.20666667 35.58
T65_INT_P105_PS1 Peak (MPa) Valley (MPa)
281.24 267.70
Frequency ~0.4 Hz
N, (allowable design cycles) 9.04E+06
n, (actual number of cycles) 2.34E+05
D, (fatigue damage factor) 0.025828608

D.2.3.7

Wicket Gate Closing

During penstock start up, the wicket gates are opened to accelerate the fluid; as the unit
reaches synchronous speed, the wicket gates close to accommodate the current load and
work up to the desired load. With the closure of the wicket gates to control the flow, a
pressure surge is produced similarly to the opening. As the only collected data with the wicket
gates closing to stop the flow is the load rejection, this data was used to estimate the wicket
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gate full closure. The actual number of cycles was doubled for this application due to the
“throttle closure” upon opening and a closure for shutdown.

Table D- 10: Wicket Gates Closing Fatigue Assessment Summary

Zone 7 - Wicket Gate Close - Dec. 8 AM
133 Pressure Peak (PSI) | valley (PsI)
40.715 37.275
765 INT P105 PS1 Peak (MPa) Valley (MPa)

-~ - 285.10 272.67
Frequency ~0.4 Hz
N, (allowable design cycles) 1.08E+07
n, (actual number of cycles) 4.67E+05
D, (fatigue damage factor) 0.043271897

D.2.3.8

Normal Operation

The penstock under normal “smooth” operation still produces a slight vibration. The data was
analyzed where unit 1 and unit 2 were each at ~70 MW on Dec. 8. This zone shows multiple
frequencies at low stress ranges. The ~0.4Hz frequency oscillation was most notable and
was analyzed at a stress range of ~1.1 MPa. The second frequency analyzed was ~2.5 Hz,
which had a lower stress range.

Table D-11: Normal Operation Fatigue Assessment Summary (~1.0 Hz)

Zone 8 - Normal Operation - Dec. 8
133 Pressure Peak (PSI) | valley (PsI)
35.74 35.6
T65_INT_P105_PS1 Peak (MPa) Valley (MPa)
270.60 269.50
Frequency ~0.4 Hz
N, (allowable design cycles) 2.94E+09
n, (actual number of cycles) 6.31E+08
D, (fatigue damage factor) 0.214316553
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Table D-12: Normal Operation Fatigue Assessment Summary (~2.5 Hz)

Zone 8 - Normal Operation - Dec. 8
T33 Pressure Peak (PSI) Valley (PSI)
35.63 35.57
T65_INT_P105_PS1 Peak (MPa) Valley (MPa)
270.02 269.57
Frequency ~2.5Hz
N, (allowable design cycles) 2.21E+10
n, (actual number of cycles) 6.31E+08
D, (fatigue damage factor) 0.028487602

D.2.3.9

Penstock De-water and Water Up

The cycle of de-watering the penstock and watering up the penstock again produces can be
considered for fatigue assessment. Due to the large differences in stress throughout the shell
between no pressure and full pressure, there is a large stress range for this zone. Using the
zero pressure stress (T65 water at bottom of can hold point — Dec. 7 water up) and the static
watered up stress, the cycle can be compared. A value of 10 cycles was estimated for the
current lifespan of the penstock.

Table D-13: Penstock De-water & Water Up Fatigue Assessment Summary

Zone 9 - De-water/Water Up
T33 Pressure Peak (PSI) Valley (PSI)
38 0

T65_INT_P105_PS1 Peak (MPa) Valley (MPa)

270.00 -0.50
Frequency
N, (allowable design cycles) 1.16E+04
n, (actual number of cycles) 1.00E+01
D, (fatigue damage factor) 0.000863931

D.24

Total Cycles

The total cycles calculated in Section 2.3 are summed below. Note: environmental factors
(i.e. corrosion) were not taken into consideration in Section 2.3. The fatigue damage factor
should sum to be less than 1.0, therefore the current summation in Table 2-15 is within
acceptable limits for this assessment but is quite high. Rough zone data was available for
years 2013-2017, therefore the rough zone should be considered an underestimation as
roughness was noted previous to 2013 but not accounted for in this assessment due to a lack
of data. As previous reports have shown the penstock internal has a corrosive environment, a
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fatigue environmental modification factor should be applied to the assessment, see Section
2.5.

Table D-14: Total Fatigue Damage Summary

Total Cycle Fatigue Damage

Zone Fatigue Damage, D
Spherical Valve Opening 0.0025
2 Unit Rough Zone 0.1606
1 Unit Rough Zone 0.4512
Spherical Valve Closing 0.0036
Load Rejection 0.002389
Wicket Gate Opening 0.02583
Wicket Gate Closing 0.04327
Normal Operation 0.24279
Penstock De-water/Water Up 0.0009
Sum 0.933079

Environmental Factor

As mentioned in Section 2.1, ASME BPVC VIII.2 notes an environmental modification factor
should be applied to the allowable design cycles calculation to account for fluid environment,
loading frequency, temperature, and material variables. ASME BPVC VIl does not outline
permissible environmental modification factors for this application.

Neglecting the environmental modification factor produces a fatigue damage, D = ~0.93.
Therefore, it would take a factor of ~1.07 to reach a fatigue damage factor D = 1.00. As the
internal penstock environment is known to be corrosive, a factor of 1.08 is considerably small
for the application.

ASME nuclear codes make reference to the environmental factor and NUREG/CR-6815 ANL-
02/39 equates Fen = 1.74 for carbon steels with temperatures less than 150°C. NUREG/CR-
6815 also defines a factor of 4 for “moderate or acceptable environmental effects”.

The internal environment of the penstock must be taken into account. Applying an
environmental factor will cause the fatigue damage factor to go over the acceptable limit of
1.0.

ASME BPVC VIII.2 Fatigue Assessment of Welds Calculation

The fatigue assessment of welds starts with section 3-F.2.2. This section outlines the
calculation of the design number of allowable design cycles, N.
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1
i fur€)"

N :
fE ASess, k

fi = fatigue improvement factor (1.0), fz = fatigue environmental modification factor
fur = material and temperature correction factor (1.0 for carbon steel at current temperatures)

C & h = constants, fyr — temperature adjustment factor,
AS,ss . — equivalent structural stress range parameter

The structural stress range parameter is calculated from section 5.5.5:

The elastically calculated structural stress range is calculated:
g — e e
""!.G'k = ﬁﬂm.k + hgb,;f
Followed by the elastically calculated structural strain:

,}.crf
Eya.k

ﬂz;f:’ -

The corresponding local nonlinear structural stress and strain ranges are then calculated:

Aay, - Agje = .-"'.Uf: . .'"'I.Ef
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Followed by the calculation for the equivalent structural stress range parameter:

Aoy,

72 — mgs |
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tess
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#
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From the standard: mg, = 3.6,t,5, = 16 mm
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Using the allowable number of cycles, N, and the actual number of cycles n, the fatigue
damage factor is calculated:

b
Df k= —&
Fok = N

Followed by the summation across all operational zones:

M
Df = ; z: IDf'k < 1.0
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Appendix E
AMC Report
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1.0 Introduction

AMC Atlantic Metallurgical consulting was contacted by Hatch, St. John’s, NL to determine the
root cause of cracks detected of a welded penstock used for NL Hydro.

The objective of this report is to determine the root cause of failure of the penstock and to

investigate the steel specifications through mechanical testing and chemistry of the steel used.

The investigation of the cracked item involved the following:

A detailed visual inspection.

Chemical analyses of the base metal and weld metal.

Mechanical testing of the penstock material which includes tensile and hardness testing.

Examination of the fracture surfaces and the presence of any anomalies or defects

pertinent to the failure.

5. Metallurgical investigation of the microstructural samples taken from the different
locations to verify the steel microstructure, the effect of welding processes on
microstructure, and any other microstructural features that might be related to the failure.

el NS -

2.0 Visual Examination

The item under investigation was delivered to AMC as a one piece as shown in Figure 1.
Measurements of the location of features of the fractured plate were made using a measuring
tape. The zero reference is shown at the top of the image in Figure 1. There was a large crack in
the plate that extended parallel and adjacent to the longitudinal weld for approximately 43 inches
of the 99 inch plate length. One end of the crack is shown in Figure 2, near the 39 inch mark.
The mid length of the crack is shown in Figures 3 and 4, while the opposite end of the crack is
seen near the 82 inch mark in Figure 5.

Figure 6 shows the end of the crack near the 39 inch mark on the opposite side of the welded
plate, what would have been the outside surface of the pipe in service. The crack at this end of
the plate appears to be away from the weld edge, traveling in the base metal. Figure 7 shows the
crack in the plate from the 52 inch location to the 72 inch location. In Figure 7 crack features are
apparent near the 65 inch mark and the 71 inch mark. The end of the crack near the 81 inch
mark is shown in Figure 8. The transition in the width of the weld is shown in Figure 9,
indicated by a black line. This transition is believed to be the extent of the repair weld, with the
original longitudinal weld shown on the left of the black mark. The end of the crack near the 81
inch mark is shown in Figure 10, indicated by a black mark. The feature identified near the 65
inch mark is shown in a closer view in Figure 11. It is noted that the fracture surface appears
shiny as well as having a good deal of corrosion product and debris present.

The plate was sectioned to allow for cleaning and examination of the fracture surfaces. The plate
appeared to have significant residual stresses present, as one section of the plate displaced away
from the main body of the plate when it was cut. The final displacement of the cut section is
shown in Figure 12. After sectioning the plate was cleaned of soil and loose debris using water,
detergent and a soft brush. The corrosion product was then removed using a rust removal
product (Evaporust) that does not attack the underlying metal.



PUB-NLH-006, Attachment 8
Reliability and Resource Adequacy Study
Page 115 of 140

The crack appeared to progress along the toe of the weld for virtually the full length of the
fracture. The fracture was apparent along the raised weld bead profile. The majority of the
crack length showed a flat region extending from the internal surface through the thickness of the
plate for a depth of approximately 3mm. The fracture surface shown in Figure 13 shows the flat
area as well as a change in orientation of the fracture progression through the plate. This feature
along with other were investigated further by removing samples for metallographic examination.
Sections were also removed and provided to Wayland Engineering for Metallography and SEM
analysis. The location of samples is illustrated in Figures 14 to 20. The location of tensile
specimens and macro sections are shown in Figures 14, 15, and 16. An additional tensile
specimen was taken adjacent to the T2 location, with the reduced section in the base metal to
allow for determination of the yield strength of the base metal. The location of the samples was
also identified with the distance along the plate, as determined originally for ease of
identification.

Specific areas identified for metallographic included the Macros shown in Figures 14, 15, and 16
as well as sections that were mounted in Bakelite and ground and polished. Areas of interest that
were examined by metallography were:
1) MW42 - An area where the crack deviated away from the toe of the weld as shown in
Figure 17
2) MWS869 — An area where a secondary crack propagated between weld passes, parallel to
the main fracture as shown in Figure 18
3) MWT71 — An area where there were crack like indications in the plane of the plate along
with a flat zone at the plate internal surface as shown in Figure 19
4) MWT79 — An area where there is a clear distinction between the flat zone along the plate
internal surface and the zone near the outside surface as shown in Figure 20

3.0 Metallography and Micro Hardness Testing

In all, 7 samples from the fractured area were prepared for metallography. In addition to the 4
macro samples, 3 micro sections were taken from different locations identified previously.
Micro hardness measurements were performed on the macro section M4B. The results did not
show any evidence of hard spots that might have contributed to the cracking. The results show
that the hardness of the base metal was in the range of 151-164 Hv10. The weld metal shows a
little bit higher hardness in the range of 175-183 Hv10. The micro hardness of the area close to
the cracks was also tested. The micro hardness was in the range of 175-182 Hv10. The results
show that there is no exceptional higher hardness values measured which might be a result of
formation of hard phases due to welding. The microstructures present adjacent to the weld toes
was pearlitic, with no evidence of martensite formation.

Figure 15 shows the polished section of macro M1 from near the 15 inch location on the plate.
Although visually there did not appear to be any cracking, it is evident that there was a crack
created in service. The as-polished section shows that a crack had propagated along the toe of
the weld for a distance of approximately 0.75 mm into the plate. An unusual feature was that an
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interplanar fracture then developed. Figure 16 shows the etched microstructure from the toe of
the weld to the interplanar fracture. There were no unusual microstructures evident to account
for the initiation of the original crack.

Figure 17 shows a crack in the M3 sample from the 42 inch location after etching. The crack
morphology appears similar to that seen in the M1 sample, except that there appeared to be
greater deformation opening the original crack. The lack of deformation along the fracture
surface shown on the left indicates that the through thickness crack may have been present
initially, with the interplanar crack developing later under stresses that caused the crack to open
as in bending. The location of the interplanar crack was approximately 0.86 mm below the plate
surface.

The crack in macro M4B shows a through thickness crack along with two short interplanar
cracks propagating at approximately 0.72 mm below the plate surface as seen in Figure 18. The
through thickness crack appears to have widened from its initial profile, but this appears to have
been due to physical displacement and not due to corrosion. The M4B macro is shown etched,
and with Vicker HV10 hardness points in the HAZ in Figure 19. The appearance of the crack in
Figure 19 shows that the sides of the crack were likely offset by tension along the internal
surface that was concentrated along the weld toe.

The etched microstructure in Figure 20 shows the MW42 sample. At this location a small
through thickness crack developed along the toe of the weld, with the main fracture
approximately 10 mm away. One thing of note is that the profile of the weld at this location is
flatter than seen over the majority of the plate length. The crack displacement at this location
appears to be due to tensile stresses along the internal surface of the plate, and not due to
corrosion.

Another area of unusual fracture was apparent in MW69 as shown in the unetched condition in
Figure 21. The crack appears to initiate as a vertical or through thickness crack and then turns 90
degrees and propagates interplanar. In the etched condition shown in Figure 22 it is apparent
that the crack initiates between the weld passes and turns interplanar once it passes through the
weld metal into the base metal. A greater magnification in Figure 23 shows the pearlitic
microstructure in the weld and base metal.

The examination of the MW79 sample shows the approximately 3mm deep flat area seen on the
fracture surface. This area shown in Figure 24 corresponds to the HAZ present at the toe of the
weld. At this location it appears that the through thickness crack is relatively flat, with the
surface transitioning to a rougher appearance and at a different profile as the crack propagated
through the plate. The microstructures were pearlitic with no unusual hard locations that would
promote cracking.

The as polished section from location MW71 shows deep interplanar crevices on the fracture
surface as shown in Figure 25. The etched cross section in Figure 26 shows that the through
thickness crack originates at the weld toe and propagates through the HAZ generating a
relatively flat surface. Several interplanar crack open up once the crack is approximately 1.6 mm
below the surface of the plate.
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Figures 27, 28, and 29 show inclusions that were typically found in the samples. These
inclusions were likely manganese sulphide, but little effort was made to identify or quantify
these inclusions. The orientation of these inclusions corresponded to the interplanar crack
observed at multiple locations along the main fracture. It does not appear that the main fracture
was due to these inclusions, but the manner in which the secondary cracks developed and
propagated could have been due to the presence of these inclusions, some exceeding 1 mm in
length.

4.0 Mechanical Testing

In order to verify the mechanical properties of the penstock materials, 3 samples were prepared
for tensile testing. One as a base metal (no weld) and the other two were transverse weld joints.
The results are shown in Table 1. The results show that the mechanical properties of the base
metal matches the specified Grade B ASTM285/A285M-12 steel shown in Table 1. We could not
determine the yield strength from the transverse weld tensile samples so a base metal sample was
removed in the same orientation as the fracture. The fractured tensile specimens are shown in Figure 30.
The fractures appear 100 % ductile and show considerable ductility in the reduction in the cross section.

Table 1. Mechanical properties of penstock material.

Material Elongation Maximum | Maximum Yield at Yield at
% Load (KN) | Stress (MPa) 0.2% (KN) | 0.2% (MPa)

Property

Weld joint 1 23 163.1796 |482.81 |- | -=----

Transverse weld

Weld joint 2 20 158.9037 |560.72 |- | mmeemeen

Transverse weld

Base Metal 40.96 114.1299 | 431.06 62.8169 237.26

Grade B 28 |- 345-485 | -------- 165

ASTM285/A285M-

12
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5.0  Chemical Analysis

Chemical analysis was performed on both base and weld metal as shown in. The base material
can be classified as ASTM grade B A285/A285-82 as shown in Table 2. The only comment here
is the percentage of sulphur since the old specification which was issued in 82 permits up to 0.40
%. However. The newest ASTM standards limits the sulphur to 0.025 %. The pinstock material
is within the range of the ASTM specifications (year 1982 issue). However, it has a 0.007 %
extra sulphur based on the ASTM specification (year 2012). Knowing the age of the penstock
and the current specification at the time of putting this item in use, we have no concern regarding
the base material used in this application.

It is worth noting that we reviewed the chemical analysis results that were provided by the client
and was performed by Cambridge Materials Testing Limited and found almost the same results.
The only difference was in sulphur content of the base metal. Their value was 0.020% and our
value was 0.030 %.

Table 2. Chemical analysis of base and weld metal.

Sample Penstock Grade B Grade B Penstock

Element Base Metal ASTM ASTM Weld Metal
A 285/A285M-82 A 285/A285M-12

C 0.209 0.22 Max 0.22 Max 0.075

Si 0.056 N/A N/A 0.309

Mn 0.520 0.98 Max 0.98 Max 1.021

P 0.0047 0.035 Max 0.025 Max 0.005

S 0.0320 0.040 Max 0.025 Max 0.013

Cr 0.041 0.054

Mo 0.006 <0.003

Ni 0.082 0.036

Al 0.005 0.004

Co <0.008 <0.008

Cu 0.037 0.037

Nb <0.005 0.007

Ti <0.001 0.041

V <0.002 0.018

B <0.0005 0.001

Fe 98.9 98.3
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6.0 Discussion & Conclusions

The materials used in the construction of the penstock have been confirmed to conform to ASTM
A285 requirements for strength and ductility. There did not appear to be any issues regarding
the chemistry of the base material or the weld consumable. There did not appear to be any issues
regarding hardness of the HAZ.

The fracture appearance shows that there was a 3mm deep section along the toe of the weld that
propagated through the thickness of the plate. This initial fracture was located almost
exclusively along the toe of the weld where the weld profile was raised. Along this initial
fracture zone there did not appear to be any significant corrosion where the initiation would have
occurred or along the fracture surface. The fracture appeared to change the mode of fracture and
orientation of the propagation through the plate. In areas where there was only the partial
fracture there was interplanar fracture apparent at many locations. The appearance of the
fractures suggested high tensile stresses along the internal surface of the plate, similar to the
stresses that would result from bending. From the complications of the repair from the initial
failure repair, there likely was a poor alignment of the plate that resulted in high tensile stresses
immediately after welding. There appears to be a subsequent loading event that resulted in the
complete fracture of the penstock plate. The magnitude of the stresses required to cause a failure
would depend upon the abnormal stresses due to the residual stresses and those from the
misalignment. Areas away from the initial repair area also showed evidence of initial cracking
that did not result in complete fracture, suggesting that the misalignment created a significant
portion of the stress that resulted in the failure.

If you have any further questions regarding this investigation, please contact the undersigned.
Sincerely,

J. Scott Maclntyre, P.Eng.
Manager, Forensic & Failure Investigation
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Figure 1 Failed Penstock plate as received
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Figure 3 Crack in the plate from the 45 inch mark to the 65 inch mark
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Figure 4 Crack in the plate from the 57 inch mark to the 75 inch mark
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Figure 5 Crack in the plate from the 70 inch mark to the end of the crack near the 82 inch mark
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Figure 7 Crack section from the 52 inch mark to the 72 inch mark showing crack travel along the weld.
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Figure 8 Penstock outside surface showing crack from 65 in. to 82 in.

Figure 9 Crack near the transition of original weld and repair weld
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Figure 10 Crack arrest location in base metal offset from weld

Figure 11 Feature at 65 in. location near edge of weld.
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Figure 12 Photograph of the plate as it was being sectioned showing deformation due to residual stresses

Change in
Fracture Profile

Initial Fracture
Zone

Figure 13 Photograph showing the fracture surface illustrating different fracture modes
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Figure 14 Photograph showing the location of Tensile 1 (T1) and macro 1 (M1) between the 13 & 16 in. marks

Figure 15 Photograph showing the location of Tensile 2, Macros M4A & M4B between the 72 & 75 in. marks
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Figure 16 Photograph showing the location of micrographic section the 39 & 42 in. marks
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Figure 17 Photograph showing the location of a metallographic sample from near 42in location
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Figure 18 Photograph showing the location of a metallographic sample from near 69in location
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Figure 19 Photograph showing the location of a metallographic sample from near 71in location
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Figure 20 Photograph showing the location of a metallographic sample from near the 79 in. marks
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Figure 21 Photograph showing the crack in the M1 sample from near the 15in location

Figure 22 Photograph showing the crack in the M1 sample at the 15in location after etching
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Figure 24 Photograph showing the crack in the M4B sample at the 86.5in location
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Figure 26 Photograph showing the crack in the MW42 sample at the 42in location after etching
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Figure 27 Photograph showing the crack in the MW69 sample at the 69in location, as polished

Figure 28 Macrograph showing the crack in the MW69 sample at the 69in location, etched
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etched

the MW69 sample at the 69in location

n

up of the crack

Figure 29 Macrograph showing close-

Figure 30Macrograph showing the microstructure near the crack in the MW?79 sample at the 79in, etched
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Figure 31 Macrograph showing the crack in the MW71 sample at the 71in location, unetched
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Figure 33 Inclusions in MW69 unetched

Figure 34 Inclusions in MW69 unetched
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Figure 35 Inclusions in MW69 unetched

Figure 36 Tensile specimens showing fracture surfaces
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Report No: 7078

SURGE AND TROUBLE REPORT ANALYSIS

Event Description: Generator #6 Tripped at Bay d’Espoir Generating Station (BDE)

Event Date & Time: Jun

Sequence of Events:

e 30, 2018 at 15:08:26 hours NDT

PUB-NLH-006, Attachment 9
Reliability and Resource Adequacy Study

At 15:08:26 hours NDT, generator #6 at the Bay d’Espoir Generating Station (BDE) tripped after the operation of the

unit’s lockout switch. This event did not lead to any customer outages.

Generator #6 at BDE was returned to service at 12:80 hours NDT on July 1.

Protection Information:

Relay Targets: 87N 86A/G6T6 86B/G6T6

Fault Type: N/A
Clearing Time: N/A

Permanent:
Reclosing:

Analysis and Conclusions:
The protective relay that operated the lockout switch which tripped Generator #6 was a “split phase differential” relay,
which is designed to detect turn-to-turn shorts in the generator stator by comparing the current flow through two sets of
parallel windings. The relay had recently been replaced as part of a protection upgrade on Generator #6. A review of
the relay records showed not a fault, but rather a background current due to an imperfect balance between the currents
flowing in the two sets of parallel windings that was fluctuating between approximately 70 amperes and 130 amperes.

N/A
N/A

The old protection relay was set at 80 amperes in 1972, but the setting was increased to 160 amperes in 1995. The
revised setting was updated in the setting database but there was no printed copy of the setting letter on file at Hydro
Place. The new relay was installed with settings based on the old 1972 setting of 80 amperes. If the setting had been
based on the 1995 setting of 160 amperes, the relay would not have tripped for the current levels recorded in the relay

records for this event.

The relay settings were updated to 160 amperes to align with the 1995 settings and avoid a reoccurrence.

Recommendations:

NL Hydro P&C Engineering should review their information management processes to see if changes are required.

Issued By:
Issue Date:
Checked By:

Approved By:

Jeffrey Streifling, P. Eng.
Asset Management and Reliability
2018/07/24
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FORMAL FORCED OUTAGE INVESTIGATION FORM:
(Note: This form is to be completed by the Lead Investigator following a Forced Outage. It is to be used to document
the investigation and any associated remedial actions.)

Location/Unit #:__BDE — Unit 2 WO#: 1347380

Start Time & Date | End Date / Time | Duration Outage / Derating Type

X | Sudden Forced Outage *

Immediately Deferrable Forced Outage *
29.5 hrs Deferrable Forced Outage 3

Starting Failure Outage *

Forced Derating ®

09/04/2018 09/05/2018
10:35 16:05

Lead Investigator:  Samantha Smith
Other Investigator(s):
Investigation Completed Date: Oct. 1, 2018

SUMMARY

On Tuesday, September 4, 2018, BDE Unit 2 was taken offline at 10:35 to investigate rotor
ground fault alarm.
Prior to this, the “Excitation Failure — Rotor Ground Fault F75” alarm came in twice:

2018-09-02 @ 22:25 — alarm was successfully reset

2018-09-03 @ 08:55 — alarm came in and was unable to reset
After the unit was removed from service on 2018-09-04, the Protection and Control
Department conducted an inspection on the Unit 2 exciter and found no issues. Subsequently, a
permit was put in place for more detailed inspection. During this inspection, the Electrical
Department discovered excessive carbon build up and that the carbon bushes were severely
worn.

All brushes on Unit 2 were replaced with a new brush type N3 during the unit annual in 2018.
Brushes were originally type Y4609, the brush type that has been inventory in Bay d’Espoir (JDE
inventory number 65300012). The unit returned to service from the annual outage on 2018-08-
14 @ 18:42. Since returning from annual, Unit 2 accumulated 497.48 operating hours. It is
noted that the typical time seem between brush replacements on BDE Unit 2 has been
approximately 2 years of wear.

! sudden Forced Outage: the occurrence of a component failure or other condition which results in the unit being automatically or manually
tripped.

2 Immediately Deferrable Forced Outage: the occurrence of a component failure or other condition which requires that the unit be removed
from service within 10 minutes.

® Deferrable Forced Outage: the occurrence of a component failure or other condition which requires that the unit be removed from service
from10 minutes up to and including the very next weekend.

* Starting —Failure Outage: the unsuccessful attempt to bring a unit from a shutdown state to synchronism with the electric system within a
specified time interval. The specified time interval may be different for individual units and should allow a reasonable time for the unit to pick
up load.

® A reduction of generating unit capacity in excess of 2 % of its Maximum Continuous Rating resulting from a component failure or other
condition which requires that the generating unit be de-rated at once or as soon as possible up to and including the very next weekend.
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In response to the excessive wear on the brushes, during the outage, all brushes on Unit 2 were
replaced with the original type Y4609 brushes from inventory. Additionally, any other type N3
brushes that were installed during the annual outages on other units were also inspected,
removed and replaced with the original type Y4609 brushes.

INVESTIGATION

Through the investigation process, the following root causes were identified:

Inadequate Specification on Requisition

The tender documents created in December 2017 for the procurement of new carbon brushes
were inadequate. There was no detailed specification included which should have included
necessary information on required brush grade. The only technical information provided
contained information on the brush dimensions and reference to a unique manufacturer's
brush grade (M56 — serial #:Y4609).

Inadequate Evaluation of Change

Brush grade should not have been changed without proper thorough technical review. The
review of bid submissions for the above mentioned tender was inadequate. Five bids were
received with three bidders pricing in the ~$55/brush range, and two in the $30/brush range.
The previous supplier of the M56 brushes had submitted a bid ($53.99/brush). The lowest
quoted price was disqualified based on the manufacturer being different that requested
(528.64/brush). The awarded bid was to Mill Supply ($29.95/brush) who in their submission
noted brush grade as being N3 and supplied previously in 1998. After completed a JDE WO
review, it was determined that these previously supplied N3 brushes had a history of excessive
wear in the period following the supply in 1998. All N3 brushes had been removed by Q1 2000.
(See WO#s 91551, 91555, 91557, 137382). A thorough review of the proposed change to brush
grade should have included a historical review.

REMEDIAL ACTIONS

1. Develop carbon brush specification documents for each specific unit and update JDE
Equipment Info to include this information.

2. Formally document any changes to current brush specs using the Management of
Change.

3. Ensure all PM checksheets are updated to latest revision for brush inspection
information.
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CONCLUSION

The development of detailed specifications for carbon brushes for each unit in the hydraulic
fleet as well as a more thorough technical review of submitted bids will prevent a situation such
as this from occurring in the future. Any changes required in the future should be documented

and follow the formal Management of Change process.

Unrelated to this specific outage, but still a critical take away, is the requirement to verify and
complete outstanding updates to ALL unit PM check sheets, as per the BDE Unit 7 2017 outage
TapRooT Report, to include the latest revision of required brush inspections. The review of
current sheets identified discrepancies from one PM check sheet to another.

ACTION ITEMS
ltem Work Descrintion Target Person
Order P Date Responsible
1 XXXXXX Develop carbon brulsj:iipeuflcatlon for each July 2019 | Brent Peddle
) XXXXXX Use MoC Process to d(.)c.um.ent changes to July 2019 | Brent Peddle
brush specification.
Update any outstanding PM check sheets to Aoril
3 XXXXXX reflect most recent information for brush 25{'9 Brent Peddle
inspection.
4 XXXXXX
REVIEW SIGN OFF
Operations Manager: Date:

LTAP Manager: Date:
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FORCED OUTAGE DATA:

Unit #:GF9 (Beeton)

Start Time & Date | End Date / Time | Duration Outage / Derating Type
X | Sudden Forced Outage '
Immediately Deferrable Forced Outage "

07:50 on Mar.03 Deferrable Forced Outage "
21:30 on Mar.03 | 14hr20m Starting —Failure Outage "
13.8MW Forced Derating*

02:40 on Mar.04
10:23 on Mar.04 | 7hr43m
16.3MW
11:33 on Mar.04
12:15 on Mar.04 | Ohr42m
12.1MW
12:50 on Mar.04
16:35 on Mar.04 | 3hr45m
26MW
26hr30m

SUMMARY

Unit GF9 is a Vertical Francis hydroelectric unit with a generator rated output of 33.3MVA.

On March 3™ @ 07:50 Gf unit #9 Governor Processor faulted (error P01:C62) and as a result
unit governor shut the unit down. After performing checks and troubleshooting it was found
the processor had lost its program after the error reset. Program was reinstalled and system
reset. The unit was put back online again at 21:20 but only able to get to 49.4% with the gates
sticking in this position. Unit left at that position but tripped again at 02:40, March 4th on 94E1
& 94E2.

With maintenance crews available again the next morning, the unit was tried several times but
not able to load properly. A decision was made to install the latest program from American
Governor. This process took longer than expected due to an incompatibility with the laptop
being used for programing and the governor processor. After minor changes to the latest
program the unit was put online again at 16:35 at 70% gate.

INVESTIGATION

Preliminary investigation by operations and maintenance revealed governor processor had
faulted causing a governor fault, thus tripping the unit. Conversation with Rockwell & IEAS
confirmed that error code meant that there had been a spike in processor supply voltage.
Further investigation showed program needed to be upgraded to be compatible.
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GF4 increased to 100%.
GF 5 & 8 units put online

CONCLUSION
Both processor and program needed upgrading.
Governor program needs further fine tuning around unit’s rough loading zone.

Recommendations

EXPLOITS GENERATION
FORCED OUTAGE REPORT

During April annual shut to have Alstom, American Governor, & IEAS resolve issues around
programming and unit loading through its rough zone.

Action Items

Arrangements are being made for manufacturer representatives and consultants to be on site
during the annual outage.

ACTION ITEMS

ltem Work Descriotion Target Person
Order P Date Responsible

1 1249270 American Govern_or to address programing April 28 Max
and tuning of governor. 2017 Hutchcraft

, 1249220/ IEg\S/AT'erican Sovirnor tc;‘addtrr:ess sphef: April 28 Max
1249219 | 2nd position mode of operation through the 2017 Hutcheraft

rough zone

3 12497235 Power supply to be thoroughly checked and April 28 Max

spare internal processor supply installed 2017 Hutchcraft
4 XXXXXX

"Sudden Forced Outage: the occurrence of a component failure or other condition which results in the unit being automatically or manually

tripped.

i Immediately Deferrable Forced Outage: the occurrence of a component failure or other condition which requires that the unit be removed

from service within 10 minutes.
Deferrable Forced Outage: the occurrence of a component failure or other condition which requires that the unit be removed from service

fromlO minutes up to and including the very next weekend.
" Starting —Failure Outage: the unsuccessful attempt to bring a unit from a shutdown state to synchronism with the electric system within a

specified time interval. The specified time interval may be different for individual units and should allow a reasonable time for the unit to pick

up load.

¥ A reduction of generating unit capacity in excess of 2 % of its Maximum Continuous Rating resulting from a component failure or other
condition which requires that the generating unit be de-rated at once or as soon as possible up to and including the very next weekend.
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FORCED OUTAGE DATA:

Location and Unit #:_Grand Falls Unit 4

Start Time & Date | End Date / Time | Duration Outage / Derating Type
X | Sudden Forced Outage *
Immediately Deferrable Forced Outage *
08:26 on March6, | 16:58 on March | L 93V y . 8
5017 17 2017 8 hrs, 32 Deferrable Forced Outage
! mins. Starting —Failure Outage *
Forced Derating °
SUMMARY

Grand Falls Unit 4 is a Vertical Francis hydroelectric unit with a generator rated output of 27.5
MVA. On March 6, 2017 @ 8:26am, Grand Falls Unit 4 (GF4) experienced a sudden forced
outage. During the execution of hot work in the Grand Falls Powerhouse #2 (housing GF4) a
piece of rag was ignited by a spark from an angle grinder. The smoke created from the
smoldering rag was drawn into the GF4 Generator. The unit tripped offline and the generator
fire suppression deluge system activated. There was no immediate impact to the system, and
no effect on customers as a result of this outage.

The GF4 deluge system was installed during the 2016 Runner Replacement project. This is a
new system for this unit, and was installed on the basis of safety and equipment protection.

INVESTIGATION

Below is a summary of the events which occurred that morning:
Sequence of Events:

e 7:00 am - Mechanical crew dispatched to perform work within Grand Falls powerhouse
#2. Work involved the removal of a manually operated overhead door separating
powerhouse #2 and powerhouse #3. This involved hot work (electric handheld angle
grinder) to remove sections of door.

e 8:25 am — During the execution of the work above, a piece of rag which was located in a
pipe chase in the concrete floor of powerhouse #2 was ignited by a spark. This pipe

! Sudden Forced Outage: the occurrence of a component failure or other condition which results in the unit being automatically or manually
tripped.

* Immediately Deferrable Forced Outage: the occurrence of a component failure or other condition which requires that the unit be removed
from service within 10 minutes.

® Deferrable Forced Outage: the occurrence of a component failure or other condition which requires that the unit be removed from service
from10 minutes up to and including the very next weekend.

4 Starting —Failure Outage: the unsuccessful attempt to bring a unit from a shutdown state to synchronism with the electric system within a
specified time interval. The specified time interval may be different for individual units and should allow a reasonable time for the unit to pick
up load.

® A reduction of generating unit capacity in excess of 2 % of its Maximum Continuous Rating resulting from a component failure or other
condition which requires that the generating unit be de-rated at once or as soon as possible up to and including the very next weekend.
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chase leads directly to the turbine pit of GF4. Fire was quickly extinguished by
mechanical crew.

e 8:26:14 am — Smoke drawn into GF4 Generator, causing the unit to trip offline and GF4
fire system alarm received.

e 8:26:34 am — GF4 deluge system activated, GF4 sprinkler system flow alarm received.
Unit engulfed in water.

e 8:27 am - Lead operator notified contractors (Bursey’s Excavation & Pennecon Heavy
Civil) working on fishway and main dam that a unit had tripped off-line and that there
would be significant increase in additional spill at the dam.

e 8:27 am - Operations Supervisor and Operator Apprentices proceed to GF4 to
investigate. Deluge system was active and water flowing across the floor of the
powerhouse. Water was draining to GF4 sump, but in the process was also flowing over
the GF4 sump pump controller enclosure.

e 8:27 am — Operations Supervisor and Apprentices proceed to open the electrical switch
feeding the cooling water sump pump controller to eliminate electrical hazard.

e 8:35 am — Lead Operator closed valve to shut off cooling water flow to GF4 thrust
bearing to keep GF4 sump level from rising too quickly (required as sump pump
controller had been electrically disconnected).

e 8:40 am — No sign of fire on GF4 Unit. Apprentice proceeded to close GF4 main deluge
valve to stop water supply to GF4 deluge system.

Once deluge system was isolated, investigation commenced immediately to determine the
underlying causes. A local Pennecon Energy Technical Services (PETS) technician was contacted
and immediately travelled to site to assist with the investigation.

The new deluge system was installed and commissioned by a subcontractor (Viking) to Voith
Hydro, who had the contract for the GF4 Runner Replacement. The deluge system consists
mainly of a main deluge valve and controller which automatically applies water to the GF4
generator in the presence of a fire. The controller pulls information from the installed smoke
and heat detectors on the generator and from the GF4 Generator protective relay and applies
logic to determine whether or not to activate.

The logic programmed into the deluge controller calls for a smoke or heat detector to activate
on the GF4 generator and a signal from the protective relay to indicate an electrical fault and
both the exciter breaker and main unit breaker are open (unit de-energized).

In reviewing the GF4 primary protective relay (G4-SEL-300G) immediately after the event, there
were no targets showing on the relay. The PETS technician logged on to and accessed the
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protective relay to investigate further, and found an output contact closed and latched. This
was the output to the GF4 deluge system to indicate an electrical fault and both the exciter
breaker and main unit breaker are open (unit de-energized). Upon further investigation, it was
determined that the programming within the protective relay was incorrect, which led to the
output contact closing and latching with no electrical fault.

The programming found in the protective relay did not match the originally proposed logic to
be used to provide the signal to the deluge system. The proposed logic to be used within the
protective relay had been altered during the programming; it is unclear however, where this
change request had come from. The commissioning procedure for the fire deluge panel
required only the jumpering of signal from the protective relay and did not require the full
commissioning complete with a fault signal through the protective relay.

Subsequent to the above, once a GF4 Generator smoke detector went in to alarm due to the
small fire caused by the mechanical maintenance crew, the GF4 unit tripped off-line upon
receiving indication of a fire. This signal was received by the GF4 Unit PLC from the Deluge
panel controller. Once the unit tripped and both the main breaker and the exciter breaker
opened (unit de-energized), the protective relay incorrectly indicated to the deluge system that
a fault was present. This met the conditions required to activate the deluge system and apply
water to the GF4 Generator.

REMEDIAL ACTIONS

With water supply to the deluge system shut off, immediate attention was turned to the drying
out of the GF4 generator and investigation into water damage. A large electric heating unit was
rented from a local company as well as dehumidifiers, equipment delivered to site, and
electrically connected to provide heat to the unit. Generator covers were removed to allow
circulation of air and heat through the unit and inspection of stator windings and rotor.

A visual inspection completed on March 6 of the generator equipment revealed 3 rotor poles
(12, 13, 49) with apparent damage along the top and bottom of the poles.

Testing commenced on March 7, 2017 after applying heat to the unit overnight. The table
below summarizes the insulation resistance test results over several days on the stator winding
and the rotor.

Rotor Stator
Date Time | Insul. Resist. Test Insul. Resist. Test Insul. Resist. Test PI
(500V DC) for 1 min. | (5kV DC) for 1 min. (5kV DC) for 10 min.
March 7 | 10:30 4.26 KQ 545 MQ 2410 MQ 4.4
March 7 | 18:00 4.87 KQ 500 MQ 2380 MQ 4.76
March 8 | 08:00 8.53 KQ 457 MQ 1500 MQ 3.28
March 8 | 16:00 11.6 KQ 420 MQ 1250 MQ 2.97
March 9 | 07:47 19.5 KQ 380 MQ 1030 MQ 2.71
March 13 | 07:55 183 KQ 627 MQ 3750 MQ 5.98
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March 14 | 19:58 232 KQ 627 MQ 3860 MQ 6.15
March 15 | 07:24 306 KQ 647 MQ 3710 MQ 5.73
March 17 | 08:30 3320 KQ 523 MQ 2890 MQ 5.5
March 17 | 13:43 2700 KQ 572 MQ 3300 MQ 5.76
A pole drop test was also completed during this time. Test results are below:
Pole # Measure Pole # Measure Pole # Measure
Voltage Voltage Voltage

1 2.34 18 2.44 35 (see note)

2 2.42 19 2.37 36 (see note)

3 2.31 20 2.42 37 (see note)

4 2.37 21 2.29 38 (see note)

5 2.33 22 2.30 39 (see note)

6 2.38 23 2.31 40 (see note)

7 2.27 24 2.40 41 (see note)

8 2.55 25 2.49 42 2.37

9 2.30 26 2.33 43 2.32

10 2.31 27 2.33 44 2.33

11 2.30 28 2.36 45 2.23

12 2.45 29 2.35 46 2.31

13 2.38 30 2.40 47 2.26

14 2.47 31 2.33 48 2.31

15 2.41 32 (see note) 49 2.28

16 2.39 33 (see note) 50 2.38

17 2.31 34 (see note) - -

Note: Pole drop test could not be completed on these poles due to location.

For the above test, these numbers are all within the min/max limits (2.129 — 2.603V)
established during the GF4 Runner replacement project completed in 2016. This test was
completed to confirm the condition of the poles found to be with apparent damage. It was
deemed that the rotor pole damage found was more aesthetic in nature with no impact on
operability. These poles were then coated with an insulating paint (Glyptal) along the tops and
bottoms of the poles.

Re-programming of the protective relay was completed on March 17, 2017 and testing
completed to confirm the functionality of the deluge system. Please refer to Appendix A and B
for report and test results.

Once testing was completed and generator covers re-installed, unit was placed back in service
on March 17, 2017 @ 16:58.
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CONCLUSION

The activation of the GF4 deluge system on March 6, 2017 was due to a small fire within the
powerhouse #2 and improper programming of the G4-SEL-300G protective relay. The improper
programming was not identified during the commissioning of the GF4 Deluge system as a
jumper was used to provide signal. Complete system commissioning was not completed to
confirm system functionality with the protective relay.

This collateral damage to Rotor poles #12, 13, and 49 was attributed to the cold water from the
deluge system spraying directly onto the warm rotor pole. Testing proved that the condition of

the rotor poles was acceptable and that the damage was aesthetic in nature.

RECOMMENDATIONS

1. Revise the programming of the GF4 Deluge system controller to incorporate a requirement
for smoke and heat as opposed to smoke or heat. This revision would be subject to the
approval of FM Global.

2. Require full system commissioning on future projects and not allow use of jumpers to verify

signals from vital equipment components. This will ensure system functionality once

commissioning is completed.

Test GF9 (Beeton Unit) deluge system during outage to confirm system functionality.

4. Clean-up of powerhouse, paying close attention to pipe chases and other areas where
hidden combustibles may be located.

5. Review of Hot Work Permits with the crews. Mandatory use of fire blankets during hot
work around floor openings where there may be potential for material/debris to

w

accumulate.
ACTION ITEMS
Work Person
| D ipti T D
tem Order escription arget Date Responsible
1 1249732 Revise the programming of the GF4 Deluge May 15, Phil Winsor /
system controller. 2017 Rick Hibbs

Full system commissioning on future
2 N/A projects and not allow use of jumpers to Ongoing
verify signals from vital equip. components

Exploits LTAP
/ PETS

Test GF9 (Beeton Unit) deluge system during

3 1249215 ) . .
outage to confirm system functionality

May 1, 2017 | M. Hutchcraft

Clean-up of powerhouses, paying close
4 1249231 | attention to pipe chases and other areas | May1,2017 A. Martin
where hidden combustibles may be located.
Review of Hot Work Permits with the crews. Exploits

5 N/A Mandatory use of fire blankets around floor Ongoing Maintenance
openings. / Contractors
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APPENDIX A:

NL Hydro PETS Report (Internal) - Grand Falls Unit 4 Deluge System Testing
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APPENDIX B:

Pennecon Energy Report - Simulating deluge permissive conditions from G4-SEL 300G Relay
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FORCED OUTAGE DATA:

Unit #:GF9 (Beeton)

Start Time & Date | End Date / Time | Duration Outage / Derating Type
X | Sudden Forced Outage '
Immediately Deferrable Forced Outage "
23:45 on June 16:45 on June 16hr 30m i
1ot 13th Deferrable Forced Outage
t t Starting —Failure Outage "
Forced Derating
SUMMARY

Unit GF9 is a Vertical Francis hydroelectric unit with a generator rated output of 33.3MVA.

On June 12™ at 23:45 the unit tripped on wicket gate response. Unit was in the process of
being loaded up from 60% wicket gate position to 80% when the trip occurred. Unit was stalled
at 60%.

On-call supervisor was contacted and units GF4 - GF6, and GF8 were loaded up to turbine the
water while GF9 was offline.

After the investigation was completed and it was determined that the root cause was friction
within the operating ring assembly and not some other underlying issue, unit was placed back

in service @ 16:45 on June 13",

INVESTIGATION

Investigation commenced into the cause of the trip. Electricians inspected and verified the
wicket gate position feedback transducer to ensure integrity of signal. PLC programming was
reviewed to ensure programming for timing for wicket gate response was appropriate
(Governor PLC replaced in 2016). Some minor deficiencies were addressed in the PLC
programming, but none of these were responsible for the root cause of the trip.

A trip of this nature has occurred several times over the past 2 years. The OEM (Alstom) has
been engaged on separate occasions to assist with trouble-shooting and determine the root
cause of this issue. Most recently, the OEM completed an inspection of the operating ring
assembly during the PM outage on GF9 in April 2017. During the inspection, a servomotor pin
was found broken which required replacement and a single wicket gate was found to require
significantly higher torque to operate compared to the remaining wicket gates. These
deficiencies were addressed during the outage.

After start-up, testing of the hydraulic forces were completed and results showed that a
significant increase in torque was still required to open and close the wicket gates. The
corrected deficiencies did not address the true root cause of the issue. The OEM advised in
there preliminary inspection report received on June 19" that even though during their testing
the unit operated without issue, they anticipated that wicket gate response issues would occur
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when the net head on the unit increased. The net head on June 12" was approximately 5 feet
higher than when testing was performed in April.

The OEM is recommending the replacement of the wicket gate upper and lower bushings to
decrease the frictional forces within the operating ring/wicket gate assembly. A substitute

bushing material would significantly reduce the frictional forces.

REMEDIAL ACTIONS

Once investigation determined there were no additional causes of the trip with the exception
of the frictional forces within the operating ring assembly, unit was placed back in service @
16:45 on June 13™. To correct the root cause requires advanced planning and procurement of
materials, significant downtime, and capital funding.

CONCLUSION

A trip of this nature has occurred several times over the past 2 years. The OEM (Alstom) has
been engaged on separate occasions to assist with trouble-shooting and determine the root
cause of this issue. Recent inspection and testing completed identifies the most likely cause as
frictional forces within the operating ring and wicket gate assemblies.

Recommendations
Complete wicket gate bushing replacement in 2018 Capital program.

ACTION ITEMS

Work Target Person

Item Order Description Date Responsible

Develop proposal and cost estimate for the
replacement of the wicket gate bushings as | Aug.1,

1 NA . P. Wi
part of the 2018 Capital program. 2017 ihsor
Ensure execution of capital project for Dec. 1, .

2 NA . . P.W
replacement of the GF9 wicket gate bushings. 2018 insor

"Sudden Forced Outage: the occurrence of a component failure or other condition which results in the unit being automatically or manually
tripped.

" Immediately Deferrable Forced Outage: the occurrence of a component failure or other condition which requires that the unit be removed
from service within 10 minutes.

" Deferrable Forced Outage: the occurrence of a component failure or other condition which requires that the unit be removed from service
from10 minutes up to and including the very next weekend.

V Starting —Failure Outage: the unsuccessful attempt to bring a unit from a shutdown state to synchronism with the electric system within a
specified time interval. The specified time interval may be different for individual units and should allow a reasonable time for the unit to pick
up load.

¥ A reduction of generating unit capacity in excess of 2 % of its Maximum Continuous Rating resulting from a component failure or other
condition which requires that the generating unit be de-rated at once or as soon as possible up to and including the very next weekend.
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FORCED OUTAGE DATA:

Unit #: BF2
Start Date End Date Duration | Unit Status (Select One)
and Time and Time
V Forced Tri [l Forced Deratin
Nov5/17 @ | December 38 days, P g
20:07 14/17 @ 19 hrs, 0 Forced Shutdown O  Start-up
15:00 ;
07 mins by Operator [0 Forced Derating

SUMMARY

On November 5, 2017 unit BF2 experienced a sudden trip on start-up. The trip was initiated by
a frequency transducer alarm. On shut-down, the unit would not come to a stop on its own,
wicket gates would only close to 5%. Operator intervention was required, and additional force
was required using the CMHP manual hand pump and servo to assist in closing gates. Gates
were able to be closed to 1.5%, however the unit was still turning over. Mechanical
maintenance personnel were called in to lower chamber gates into BF2 due to suspected
shearping failure. Upon doing so, the unit came to a complete stop.

INVESTIGATION

Upon entering the center column of the turbine, it was discovered that there was a broken
shearpin on gate #15 on the upstream wicket gate assembly. Adjustment to wicket gate
turnbuckles was required on gates 14,15,16, and 1. No immediate findings on why the wicket
gates would not close completely. Investigation commenced into determining the cause of the
wicket gates not closing. The manual hydraulic servo used to provide emergency gate closure
was disconnected and pins and bushings inspected to confirm there was no potential binding
caused by this equipment. Inspection was completed on the main hydraulic servo during an
outage in 2016 and no deficiencies found, so these pins and bushings were not suspect and
were not re-inspected. Wicket gate clearances were checked and the end clearances on the
wicket gates are very tight. Please see table below.

Design clearances for these wicket gates is 0.020".

In consultation with the OEM, it was recommended to attempt to clean the end seal surfaces of
the turbine to improve the tight clearances. An angle grinder equipped with an 80 grit flap disc
was used. Significant improvements were made to the end clearances as can be seen in the
table below.
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Upstream Assembly

Wicket | Readings Prior to Cleaning Readings After Cleaning % Improvement

Gate u/s D/S u/s D/S clearance u/s D/S
clearance clearance clearance clearance clearance

1 0.006 0.003 0.011 0.005 83% 67%

2 0.005 0.004 0.004 0.004 -20% 0%
3 0.003 0.005 0.004 0.013 33% 160%
4 0.003 0.003 0.005 0.010 67% 233%
5 0.003 0.006 0.004 0.015 33% 150%
6 0.003 0.003 0.005 0.005 67% 67%
7 0.006 0.003 0.005 0.007 -17% 133%
8 0.007 0.002 0.010 0.005 43% 150%
9 0.006 0.002 0.009 0.004 50% 100%
10 0.007 0.002 0.010 0.004 43% 100%
11 0.004 0.002 0.010 0.003 150% 50%
12 0.005 0.002 0.010 0.003 100% 50%
13 0.005 0.003 0.010 0.010 100% 233%
14 0.003 0.002 0.009 0.004 200% 100%

15 0.009 0.002 0.003 0.002 -67% 0%
16 0.009 0.002 0.005 0.003 -44% 50%

Downstream Assembly
Wicket Readings Prior to Readings After Cleaning % Improvement
Gate Cleaning
u/s D/S u/s D/S u/s D/S
clearance clearance clearance clearance clearance clearance

1 0.006 0.003 0.005 0.012 -17% 300%
2 0.005 0.004 0.003 0.015 -40% 275%
3 0.003 0.005 0.015 0.013 400% 160%
4 0.003 0.003 0.015 0.010 400% 233%
5 0.003 0.006 0.007 0.012 133% 100%
6 0.003 0.003 0.015 0.010 400% 233%
7 0.006 0.003 0.002 0.015 -67% 400%
8 0.007 0.002 0.004 0.015 -43% 650%
9 0.006 0.002 0.003 0.015 -50% 650%
10 0.007 0.002 0.010 0.003 43% 50%
11 0.004 0.002 0.010 0.015 150% 650%
12 0.005 0.002 0.010 0.015 100% 650%
13 0.005 0.003 0.010 0.007 100% 133%
14 0.003 0.002 0.010 0.013 233% 550%
15 0.009 0.002 0.008 0.015 -11% 650%
16 0.009 0.002 0.013 0.008 44% 300%

Note: Readings highlighted in red have been flagged as the clearance readings are lower after cleaning. Likely due
to a difference in the location along the gates where readings were taken.
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REMEDIAL ACTIONS

The OEM, American Hydro, has previously provided a proposal to complete a Turbine
inspection on the BF2 unit. This has been put forward as an operating project for 2018. This
detailed inspection will confirm the root cause of the issue is the reduced end seal clearances.

CONCLUSION

The reduced end seal clearances on the wicket gates due to buildup of dirt/sediment has
increased hydraulic forces required to close the wicket gates on BF unit 2. Cleaning of the
surfaces has improved the condition in the short term, however this condition is likely to re-
occur again in time.

RECOMMENDATIONS

e Engage American Hydro to determine a long term fix.
e Continue to monitor BF1-6 for similar conditions and clean surfaces of units as these
conditions present themselves.

ACTION ITEMS
Work .. Target Person
Item Order Description Date Responsible

Engage American Hydro to determine a long
term fix for maintaining wicket gate end seal

Dec. 1, .
1 clearances. Develop plan based on 2018 P. Winsor
recommendations.

Continue to monitor BF1-6 for similar
reductions in end seal clearances and clean
2 NA surfaces of units as these conditions present | Ongoing A. Martin
themselves.
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Introduction

American Hydro supplied (6) identical Seagull hydro turbine units for the Bishop’s Falls
plant. These units were installed and then commissioned in 2003. Recently U2 began to
have trouble closing the wicket gates as designed. Based on this observation
Newfoundland & Labrador Hydro contracted Wartsila Canada, Inc to observe the unit in
operation and perform a dewatered inspection. Wartsila Canada, Inc subcontracted this
work to American Hydro.

American Hydro sent Field Service Technician Tom Black to the site to perform this work.
He observed U2’s operational characteristics the week of August 13, 2018 and entered the
unit for inspection the week of August 20, 2018. Tom was the fabrication and assembly
shop foreman when these units were built in our York, PA facility.

Included in this report are the check sheets from the inspection, notes related to the
observed operational characteristics and our theory concerning the cause of the degraded
performance.

Observed Operational Characteristics

During a run with no load the unit was at 90% gate and running at 277 rpm. When the
gates were closed they stopped at 1% open and needed assistance from the manual
hydraulic system. It took an additional 500 psi on the hand pump to close the gates
completely. Prior to the manual pump assistance, the unit would only slow to a speed of 63
rpm.

During a run under load the unit was at 90% gate and running at 277 rpm. When the gates
were closed they stopped at 2% open and needed assistance from the manual hydraulic
system. It took an additional 700 psi on the hand pump to close the gates completely. Prior
to the manual pump assistance, the unit would only slow to a speed of 74 rpm.

The disc braking system it set to automatically engage at 58 rpm. Neither test run dropped
the rpm sufficiently to allow the disc brake to energize.

The HPU supplying the U2 servo was observed to be operating at 1000 to 1200 psi during
each test. Units 1, 2 and 3 share a common HPU. Units 4, 5, 6 and 7 share a second HPU.
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Interpretation of the check sheets

Please find the check sheet package in Appendix A of this report.

Distributor Clearances U2 Upstream —

Design wicket gate end seal clearance is .019” each end. Note that the end seal
clearance of .000” is consistent for all 16 wicket gates.

Distributor Clearances U2 Downstream —

Design wicket gate end seal clearance is .019” each end. Note that the end seal
clearance varies from .000” to .021”. The average nose end clearance is .006”, the
average tail end clearance is .013".

Based on the design value of .019” each end, the as found clearances on both distributors
are too tight for proper operation. In the photos below please note the buildup of scale on
the wicket gate interface surfaces.
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Gate Ring Clearances U2 Upstream & U2 Downstream —

Readings 1-4 were taken at the flat pads under the gate ring. Readings 5-8 were taken at
the arched pads. Readings 9-12 were taken under the bolt on retainer clips. Design
diametrical clearance of the arched pads is .010"/.030".

Note that measurements 5-8 on both distributors are .000”. Based on the design value of
.0107/.030” diametrical clearance, the as found clearances on both distributors are too

tight for proper operation.

Wicket Gate Bushing Wear U2 Upstream -

Design bushing clearance is .005"/.010” diametrical.

Gate #1 - .002” (snug)
Gate #5 - .005”

Gate #9 - .006”

Gate # 14 - .006”

Wicket Gate Bushing Wear U2 Downstream -

Design bushing clearance is .005"/.010” diametrical.

Gate #1 - .007”

Gate #5 - .005”

Gate #9 - .003” (shug)
Gate # 14 - .011”

All clearances appear to be acceptable. No excessive wear or binding is noted. As a
further check a turnbuckle was disconnected from a wicket gate and the gate operated
freely by hand.

Seaqull Dual Bearing Clearances -

While not a cause of the shutdown issues, the main bearing clearances were inspected
as a courtesy.

Design diametrical clearance is .017”

U2 Upstream - .016” vertical, .013” horizontal
U2 Downstream - .023” vertical, .013” horizontal

Both main bearing clearances are acceptable.
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Servomotor Pivot Bushings —

Personnel assisting our technician mentioned that the servomotor pivot bushing

clearances are extremely tight. Balloon numbers (73) and (83) point to these connections.

These bushings should have .002"/.007” diametrical clearance.

While we were unable to measure the servomotor pivot bushing clearances it is
anticipated that they may be too tight for proper operation.
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Recommendations to improve unit operation -

After reviewing the inspection results American Hydro has developed (3) distinct
recommendations to restore the desired operating characteristics of U2. Based on our
observations and measurements it is our theory that excessive friction is driving the need
for additional operational force.

While not common, we have seen ORKOT bushings and pads swell even though they are
not immersed in water. The Seagull center support column approaches 100% humidity
and it is surmised that this condition provides enough moisture for the ORKOT material to

absorb and swell.

Our first recommendation is to design a fixture that enables the servomotor pins to be
removed from the gate ring bushings and the servomotor clevis. Once the servomotor
pins are removed the bushing bores would be honed to the high side of the OEM
.0027/.007” diametrical clearance.

Our second recommendation addresses the undesirable line to line fit of the gate ring ID
to the stationary wear pads. While the servomotors are disconnected, one gate ring at a
time would be slid horizontally towards the center of the support column. Once the
stationary arched wear pads are exposed they would be hand sanded to reduce their
thickness. During this process the gate ring would be slid back over the pads and the
clearances would be checked several times. Once a diametrical clearance of .020” to
.030” is achieved the gate ring retainer clips would be re-installed.

Our third and final recommendation focusses on the scale buildup on the wicket gate
interface surfaces. Our technician disconnected one wicket gate turnbuckle and was able
to rotate the wicket gate nearly 360 degrees. This range of movement allows power tool
access to buff the buildup of scale from these surfaces. American Hydro has experience
with several abrasive wheels, discs and tools to do this work without undermining the
base metal. Ideally, the scale removal process would provide the OEM .019” clearance on
each end of the wicket gate. However, .010” clearance on each end would be acceptable.

Once the excessive friction generated in these three areas is mitigated we would expect
that the machine will return to its desired operating scheme.

Please contact us should you have any questions or need clarification on this report.
American Hydro would be pleased to provide a proposal for this work should you elect to
proceed with our recommendations.
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APPENDIX A — CHECK SHEETS
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° D t No.
American| INSPECTION RECORD SHEET [ *"* "™
HYd ro < Project Name 6’3’A@IO Fﬁ/lj
A Wartsda Company WARTSILA DISTRIBUTOR CLEARANCES Unit No. do)- Z/;.S/
Dimension
A B .
C Vertical 4
i Gate| Nose Tail Nose Tail seal | D 100% Open
| 1 €0 : KOO ; 7.
==t o8 | § 1A
, - 000 | 9332
S o000 | § 1
A ' 2 oo _| § 932
: 005 | § /32
7 (007 | §93/32
3 (00A | ¥ /7/‘52
9 L /990 3’ //5{
3 (063 |8 7°)34
11 (003 | ‘33z
13 i0ls | // [ .
12 003 | § :‘u/ 32
T E 1065 | & ;//.3.2
630 | X323
16 | , o0 o = :
1 025 8 I
| 18/
D [ \1s
Y
2y
JEN
[24]
[ 25
I 26
Check One:  Pre-Teardown [ ] Installation [ ] Shop [] Measured By:
Measurement Instrument Temperature AHC Representative:
Before: Cust, Representative:
After: Date:
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‘ newfoundland labrador EXPLOITS GENERATION
\ l_,] o FORCED OUTAGE REPORT
a nalcor energy company

FORCED OUTAGE DATA:

Unit #: BF5

Start Time & Date | End Date / Time | Duration Outage / Derating Type

X | Sudden Forced Outage *

Immediately Deferrable Forced Outage *
06:43 01-15-18 07:29 01-15-18 Deferrable Forced Outage *

Starting —Failure Outage *

Forced Derating ®

SUMMARY

BF5 tripped on loss of shaft seal cooling water flow. Operator cleared alarms, adjusted shaft
seal cooling water flow and put the unit back online.

INVESTIGATION

There have been three trips, including this one, recently on Unit BF5 for loss of shaft seal
cooling water flow and loss of turbine bearing cooling water flow. We have a known issue with
corrosion build-up and loss of flow capacity in the cooling water piping at BF Plant. In normal
operation, with full piping flow capacity, we run one of two cooling water pumps to supply
cooling water through a filtration system to the generating units. At present we find it
necessary to run two cooling water pumps in order to maintain sufficient flow through the filter
backflush cycles. Cooling Water Pump #1 had been taken off due to an issue with the
pump/motor coupling jacket leaving us with one pump running. As mentioned above, corrosion
build-up has reduced the operating capacity of the BF Plant cooling water system such that with
one pump running we are at risk of unit trips when the cooling water filtration system goes into
regular backflush. Trips for loss of cooling water flow are initiated by contacts in the flowmeters
on the shaft seal and turbine bearing cooling lines for each unit. The flowmeters on BF5’s
cooling skid seem to be more susceptible to triggering trips on loss of flow during one-pump
operation than those on the other Bishop’s Falls generating units. The fact that we see trips
triggered by both the shaft seal and turbine bearing flowmeters on BF5 would indicate
restriction in the piping upstream of the flowmeters.

! Sudden Forced Outage: the occurrence of a component failure or other condition which results in the unit being automatically or manually
tripped.

* Immediately Deferrable Forced Outage: the occurrence of a component failure or other condition which requires that the unit be removed
from service within 10 minutes.

® Deferrable Forced Outage: the occurrence of a component failure or other condition which requires that the unit be removed from service
from10 minutes up to and including the very next weekend.

4 Starting —Failure Outage: the unsuccessful attempt to bring a unit from a shutdown state to synchronism with the electric system within a
specified time interval. The specified time interval may be different for individual units and should allow a reasonable time for the unit to pick
up load.

® A reduction of generating unit capacity in excess of 2 % of its Maximum Continuous Rating resulting from a component failure or other
condition which requires that the generating unit be de-rated at once or as soon as possible up to and including the very next weekend.
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\ g ro FORCED OUTAGE REPORT
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REMEDIAL ACTIONS

Cooling Water Pump 1 has been repaired and put back in service. To date, since we have been
running two cooling water pumps in BF Plant, there has not been another unit trip for loss of
cooling water.

CONCLUSION

Plans are in place to change out the cooling water system piping at Bishop’s Falls Plant later this
year. When this work is completed we should be able to return to one-pump operation at the
plant with sufficient cooling water pressure/flow being maintained during normal river
conditions.

Recommendations

- Until work has been completed to replace the cooling water system piping at BF Plant,
both cooling water pumps should be kept in operation.

- Investigate feasibility of taking BF5 bearing oil pump out of service — this would reduce
cooling water demand on that unit

Action Items

ACTION ITEMS

o | o |
1 XXXXXX

2 XXXXXX

3 XXXXXX
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4 XXXXXX
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‘ newfoundland labrador EXPLOITS GEN ERATION
\ l:j o FORCED OUTAGE REPORT
a nalcor energy company

FORCED OUTAGE DATA:

Unit #:BF4

Start Time & Date | End Date / Time | Duration Outage / Derating Type

X | Sudden Forced Outage *
b b d Immediately Deferrable Forced Outage *
lz\l(;)ilgm er 16, ggilgem er 25, 3 days al S Deferrable Forced Outage *
total Starting —Failure Outage *
Forced Derating ®

SUMMARY

During start-up of BF1 and BF2 after planned work on those units, BF4 tripped when BF1 went
online. A subsequent re-start resulted in a trip, related to a field issue. It was decided that there
was a requirement for intervention to determine to source of the issue

INVESTIGATION:

Friday, Nov. 16: After the start-up of BF1, on Friday evening, BF4 tripped. The Micom protective
relay indicated “1GT % Trip” and a “Field Fault Trip”. (As a side note, a tree fell on the
transmission line Thursday, Nov. 15, and caused a full plant outage)

BF4 was again tried after it tripped with no luck and then tried the second time Friday night, it
was then left offline. Again, the Micom protective relay indicated “1GT % Trip” and a “Field
Fault Trip”.

Saturday, Nov. 17: No work on BF4 on Saturday.

Sunday, Nov. 18: An electrician was called to try to troubleshoot issue with BF4 and Elmo Hibbs
was contacted for assistance. The unit was tried two more times with no luck. Same trip alarms
in the Micom relay.

! Sudden Forced Outage: the occurrence of a component failure or other condition which results in the unit being automatically or manually
tripped.

* Immediately Deferrable Forced Outage: the occurrence of a component failure or other condition which requires that the unit be removed
from service within 10 minutes.

® Deferrable Forced Outage: the occurrence of a component failure or other condition which requires that the unit be removed from service
from10 minutes up to and including the very next weekend.

4 Starting —Failure Outage: the unsuccessful attempt to bring a unit from a shutdown state to synchronism with the electric system within a
specified time interval. The specified time interval may be different for individual units and should allow a reasonable time for the unit to pick
up load.

® A reduction of generating unit capacity in excess of 2 % of its Maximum Continuous Rating resulting from a component failure or other
condition which requires that the generating unit be de-rated at once or as soon as possible up to and including the very next weekend.
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INVESTIGATION (cont’d):

Monday, Nov. 19: The electricians were in to conduct a Meggar test on the rotor: result was 8
GQ, which indicated healthy rotor insulation. They also began checking the voltage control
signal from the BF4 switchgear and PLC and then to the Exciter cubicle. It was confirmed this
was functioning as it should. In addition, the interposing relays within the Exciter control and
Synchronization circuits were checked, and deemed to be working as they should.

Tuesday Nov. 20: Checked the rotor with an ohmmeter to verify that the winding continuity
was good and the resistance was the expected value of approximately 0.9 Q. This was good.
Again troubleshooting the Exciter for possible issues and communication between the PLC and
the Exciter chassis (had assistance from EImo Hibbs). The Basler RA-70 reference adjuster was
taken from BF6, and installed into BF4. The unit was started up and tripped again. The Micom
relay indicated a “Field Fault Trip”.

Wednesday, Nov. 21: Tried starting the unit in full manual mode. The unit started successfully
and synchronized. It stayed online for about 2 hours, until BF1 was started. BF4 then tripped
again. The Micom relay indicated a “Field Fault Trip”.

Again, troubleshooting the Exciter and any possible connection to the Auto-Sync PLC control
circuits, that may be an issue.

(As a side note, there was a HPU#1 PM completed that day not directly effecting BF4 but it was
ongoing with a minor oil spill)

Thursday, Nov. 22: Very limited to troubleshooting as there was a HPU#2 PM going on this day
which prevented any attempts to start BF4 unit, however, there were some checks completed
later upon start up. It was attempted to start BF4 in full manual mode, with no success. BF4
tripped, again with the Micom relay indicating a “Field Fault Trip”.

Friday, Nov. 23: Spent the day studying more drawings and narrowing down possible problems,
made a list of things to try and went to plant to try them.

Saturday, Nov. 24: Verified the proper operation of the K1 (field flashing release) relay, as well
as the pre-position release function in the Basler RA-70. After adjusting some PC board-
mounted Exciter potentiometers related to stability and reaction time adjustment of the AVR
circuit, we tried to start the unit in full manual mode. This proved unsuccessful. The unit
tripped again and the Micom relay again indicated a “Field Fault Trip”.
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REMEDIAL ACTIONS

The decision was made to remove the complete Exciter electronics chassis (containing the AVR
board, SCR Firing board, and sensing circuits) from BF6 Exciter enclosure and install it in BF4
Exciter enclosure. As the work was being completed, the entire BF plant was shut due to frazil
ice.

On Sunday, Nov. 25, BF4 unit was started when the rest of the plant was put online. Start-up
was successful. The issue was resolved.

CONCLUSION

The issue of BF4 not being able to synchronize in “Auto”, and even later in full manual mode
was believed to be an issue relating only to the Excitation control in BF4 itself. The Micom relay
trip descriptions, “1GT % Trip” and a “Field Fault Trip” clearly indicated an issue with VAR
control on the stator, which is in turn is controlled by the excitation on the unit’s rotor.
However, when BF1 would go online (with BF4 running) it would cause BF4 to trip, further
complicating the rationale behind thinking there was only an isolated problem with BF4, and
introduced the possibility of a relational issue between BF1 and BF4. This considerably widened
the scope of possible malfunction.

The troubleshooting process involved isolating portions of the controls, including
synchronization circuits and related equipment, as well and conducting tests on various parts of
the complete Excitation system and its peripheral pieces. This involved personnel and
specialists. (Some of whom have had many years’ experience with these units and the
integrated equipment)

The fact that BF4 would start up in Manual mode and respond to voltage raise/lower
commands from the operator, as well synchronize (meaning that the voltage control circuits
were functional, at least to the point of voltage-matching the generator to the incoming bus,
did complicate the approach to resolving the issue. However, using a step-by-step approach, it
was decided, after much testing and troubleshooting, that the issue was indeed unrelated to
BF1, including any synchronizing controls, and isolated to the BF4 Exciter only.

Upon inspection of the electronics taken out of BF4, it was noticed that there was a portion of
the integrated circuit board that appeared burned, with some minor damage. This could not be
seen readily from the front whilst it was mounted in the Exciter.
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Recommendations

Unlike more modern day Excitation equipment, the vintage nature of the electronics in the
Exciter units at Bishop’s Falls do not readily reveal any fault codes, led alarm indications or
visual clues that point to possible sources of problems.

Due to the nature of these units, it would be wise to contact Basler (the manufacturer) in order
to get as much information as possible on how to troubleshoot the electronics at the circuit-
level in these models, if possible. The large-scale integrated circuit components have several
test points (labelled TP1, TP2, etc.) from which voltage/signals may be measured with a meter
or oscilloscope to possibly determine if a component is healthy or in need of replacement. In
addition, these test points may be of use in tuning the Exciter to maximize stability and
response times to ideal values.

Prior to replacing the electronics in the BF6 Exciter, it is recommended to have the faulty circuit
board replaced/repaired and tested, either by Basler or by someone using an approved
methodology by the manufacturer.

Action Items
1. Have the defective electronics board replaced/repaired and tested

2. Get more detailed information on the Exciter tuning and troubleshooting faults
3. Ensure that we have a known, good swappable spare.

ACTION ITEMS
Work .. Target Person
Item Description .
Order P Date Responsible
. . Dec. 31,
1 Repair/replace Exciter board 2018 D.Cole
Get more information from Basler on Exciter Dec.31,
2 ) D.Cole
troubleshooting 2018
3 Ensure that we have a known, good Dec. 31, b.Cole
swappable spare 2018
4
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‘ ro Hydro Place. 500 Columbus Drive.
\ g P.0. Box 12400. St. john's. NL

a nalcor energy company Canada A1B 4K7
t. 709.737.1400 f. 709.737.1800

www.nlh.nl.ca
June 29, 2017

Board of Commissioners of Public Utilities
Prince Charles Building

120 Torbay Road, P.O. Box 21040

St. John’s, NL A1A 5B2

Attention: Ms. Cheryl Blundon
Director of Corporate Services & Board Secretary

Dear Ms. Blundon:

Re: Holyrood Unit 2 Fire Damage Restoration
Allowance for Unforeseen Items — Final Report

Please find enclosed the original and twelve copies of the final report in relation to the
above-noted matter.

Should you have any questions, please contact the undersigned.
Yours truly,

NEWFOUNDLAND AND LABRADOR HYDRO

,.ﬂc/\_’/
Michael Ladha
Legal Counsel & Assistant Corporate Secretary

ML/bs
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Unit 2 Fire Damage and Rehabilitation

1.0 Introduction

Newfoundland and Labrador Hydro (Hydro) owns and operates the Holyrood Thermal
Generating Station (Holyrood), which has a generating capacity of 490 MW. Holyrood is

an essential part of the Island Interconnected System.

Holyrood is composed of three thermal generating units along with sub-systems that are
vital to its daily operation. In this report, Hydro details the expenditure associated with
the use of the Allowance for Unforeseen Items account for the rehabilitation of Unit 2

following the fire and damage that occurred in May 2017.

2.0 Unit 2 Boiler Combustion System — Description and Layout
The four main components of a thermal generating unit are:

1. Boiler;

2. Steam Turbine;
3. Generator; and
4

. Transformer.

In the boiler, the main components of the combustion system are:
1. Forced draft fans;
Combustion air ductwork;
Ignitor air fan;

Fuel oil system;

Heavy oil burner guns;

2

3

4

5. Light oil burner guns;
6

7. Flue gas ductwork; and
8

Exhaust stack.

This project involved the Unit 2 boiler combustion system. The purpose of the boiler

combustion system is to deliver combustion air and fuel to the boiler to produce steam.

Newfoundland and Labrador Hydro Page 1
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For combustion of No.6 fuel oil in the boiler, there are twelve (12) burners in total
arranged at three (3) different elevations on the boiler with four (4) burners per
elevation. The burners at each elevation are located at the four (4) corners of the
furnace and are labelled A, B, C and D Corners. Combustion of No.6 fuel oil requires a
supply of combustion air which is provided to the burners by two (2) forced draft fans
and ductwork. During the initial boiler start-up, a smaller pilot flame is used to light-off
each No.6 fuel oil burner. Each burner has an ignitor that provides the pilot flame to
light-off the burner. The ignitors burn diesel fuel and are ignited using a spark plug. The
ignitors have a dedicated combustion air system. The system includes an in-line ignitor
air fan which takes air from the forced draft fan ductwork and discharges it into the
boiler at the twelve (12) burner gun locations. The ignitor air ductwork consists of ten
(10) inch steel ducting that contains flexible expansion joints that enable thermal
expansion and movement during operation. The typical burner gun arrangement on a

corner fired boiler is shown in Figure 1.

A Corner B Corner

Main Fuel

Nozzle 1 lgnitor

Secondary-
Air
Dampers

D Corner Z Corner

Figure 1 — Corner Fired Boiler

The Unit 2 ignitor air system ductwork is shown in Figure 2.

Newfoundland and Labrador Hydro Page 2
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Rigid

Ductwaork

Flexible

Nuicrtwnrk

Figure 2 — Ignitor Air System Ductwork

3.0 Project Description
This project involved the sectional replacement of electrical, instrumentation, and
controls cables and the replacement of a motor control center starter serving Unit 2

boiler that was damaged as a result of a fire that occurred in May 2017.

On Monday, May 1, 2017, a fire occurred on the Northeast corner of the Unit 2 boiler on
the second floor of the Holyrood Thermal Generating Plant. The fire was the result of a
failure of a metal hose clamp on the flexible duct on the boiler ignitor air system, which
allowed pressurized hot flue gas from the boiler to enter the powerhouse and affect
nearby equipment. The hot flue gas caused a fire in two (2) cable trays adjacent to the
duct failure location, forcing a unit trip and plant evacuation. The fire was extinguished
and an initial assessment determined that several electrical conduits were directly

exposed to the fire, which resulted in damage to power, control, and instrumentation

Newfoundland and Labrador Hydro Page 3
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cables. The presence of asbestos meant that a detailed assessment was not immediately

possible.

Immediately following the fire, site preparation work, including extensive asbestos
abatement, was required in the area in preparation for condition assessment, planning,
and cable replacements. Scaffolding and access platforms were required to be erected,
and once the asbestos abatement process was completed, an assessment was initiated
to quantify the full extent of the damage. The scope of work due to the fire damage
included the replacement of 15 m of approximately 100 damaged cable sections, which
are comprised of 600 V and 120 V power feeds, controls cables, and instrumentation
cables, by splicing in new cables using intermediate junction boxes, and replacement of
damaged electrical conduits. The motor control center servicing the Unit 2 boiler flame
scanner air fan had a damaged starter that required replacement. The boiler ignitor air
system flexible ducts were also replaced and all boiler flex duct connections on this unit

were modified to prevent future failures.

4.0 Project Justification

The sectional replacement of electrical, controls, instrumentation cables, and conduits,
and the replacement of the motor control centre starter that was damaged during the
fire on Unit 2 were necessary for the restoration of Unit 2, thereby enabling Hydro to
provide safe, least-cost, reliable electrical service to customers. The immediate impact
of the fire on Unit 2 was the loss of 165 MW of generation on the Island Interconnected
System. Due to the requirement to meet customer demand, this significant reduction in
generating capacity for Holyrood and the Island Interconnected System at that time
could not be sustained. In order to restore the unit and provide supply to the Island
Interconnected System, the most appropriate course of action was to expedite the
sectional replacement of cables, conduits, and the motor control centre starter that
were damaged during the fire. Waiting to replace the damaged cables until the next

capital budget process was deemed not appropriate or acceptable as the unit would

Newfoundland and Labrador Hydro Page 4
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have been offline for the remaining 2017 operating season, plus the following winter
due to the timelines associated with the capital budget cycle.! Also, utilizing the
supplemental capital budget process would have added several weeks to the schedule
before the unit could be returned to service. Hydro determined that this was also not
appropriate as the capacity of the unit was required to meet customer requirements as

soon as possible following the fire.

5.0 Project Cost
The expected total expenditure for this project is $541,673. A breakdown of the cost

components is provided in the Table 1.

Table 1: Project Cost

Project Expenditures
Labor $385,101
Materials $73,292
Contract $83,280
Total $541,673

6.0 Future Plans

There are no future plans to complete full replacements of cables that were damaged
during the May 2017 fire on Unit 2. Sectional cable replacements have been completed,
boiler ignitor air system flexible ducts were replaced, and all boiler flex duct connections
were modified to prevent future failures. All systems affected by the fire have been
commissioned and there are no current reliability issues that require immediate
attention. The boiler ignitor air system flexible ducts will also have to be replaced and all

boiler flex duct connections modified on Unit 1 to prevent future similar failures. This

1Using the 2018 Capital Budget Application process would mean that Hydro would not apply for approval
of the fire damage rehabilitation project until Summer 2017, with approval likely to occur in late Fall 2017.
This would mean that the project could not proceed until a scheduled unit outage in Summer 2018.

Newfoundland and Labrador Hydro Page 5
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work will be completed during the scheduled 2017 annual maintenance outage for Unit
1 under the approved budget for the Refurbish and Replace Critical Systems capital
project, and report it in the annual Capital Expenditures report. Unit 3 is of a different

design and does not have this issue.

7.0 Conclusion

The replacement of cabling and equipment was of an urgent and unforeseen nature,
and was required to enable Hydro to restore and maintain reliable service to customers.
A prolonged delay in reinstating generating capacity at this time of year would have had
negative consequences to the customers served by the Island Interconnected System.
Given the presence of the asbestos in the area of the cabling, safe removal was
paramount prior to allowing the work crews to make a detailed assessment. Therefore,
the full extent of the damage could not be determined until the asbestos was removed.
Upon completion of the site preparation work, including the asbestos abatement, it was
identified that a length of 15 m of 100 various cables had to be replaced. Refurbishment
was determined to be capital in nature, requiring the Allowance for Unforeseen Items
account; however, the extensive asbestos cleaning and the requirement to erect
scaffolding to complete a condition assessment resulted in a delay in Hydro notifying

the Board of the intention to utilize the Allowance for Unforeseen Items account.

Hydro respectfully submits this report detailing the costs of $541,6732 associated with

replacement of cabling and equipment damaged during the May 2017 fire on Unit 2.

2 Submission of costs reported to date. This value may change marginally as final costs are received.

Newfoundland and Labrador Hydro Page 6
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Figure 1 — Unit 2 Fire Damage (A)

Figure 2 — Unit 2 Fire Damage (B)
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Executive Summary

On October 28, 2017, Unit 2 at the Holyrood Thermal Generating Station (HTGS,
Holyrood) was in operation after returning to service that day from the annual maintenance
outage. At 20:00h during operation, the unit distributed control system (DCS) identified an
opacity alarm associated with Unit 2. The opacity alarm identifies an opacity of 20% or greater.
The board operator adjusted the excess oxygen (02) as per HTGS procedure; however, at
20:05h the excess 02 available for fuel oil combustion went to 0%. The unit operator continued
to operate the unit between 58-62% opacity levels. At approximately 21:30h, a control room
operator noticed there was boiler gas leaking from unit 2 air heaters. Unit 2 was shut down to
investigate the cause of the boiler gas leaks. The result of running the unit at elevated opacity
levels for approximately 80 minutes was soot being expelled over the community of Holyrood
damaging resident’s property.

The casual factors for this event were:

e Fuel oil mass flow meter (the spare) that was installed was returned from the
original equipment manufacturer (OEM) with a different scaling that was greater
and in different units of flow measurement from the fuel oil mass flow meter
that was identified as being in need of calibration and removed from the system.
Because of this, the system was sending fuel oil into the boiler that was not
subject to complete combustion causing fuel oil carry over through the boiler
and into the air heaters;

e The plant did not verify prior to installation if the new mass fuel flow meter (the
spare) was the same calibration as the fuel oil mass flow meter removed;

e Fuel oil pressure noted as high (1813.2 kPa, 1650 kPa is normal) in the station log
on unit 2 during night shift of October 28, 2017 which should have indicated an
issue with the fuel oil system;

e Opacity alarm during event was not addressed by operations as per HTGS
procedure: 0542 (POI-62 Boiler Operation - Opacity Monitor Control Points). The
HTGS procedure states “should the opacity monitoring alarm sound, the operator

should adjust the firing pattern and/or excess 02 (within unit constraints) to

Unit 2 Boiler Opacity Excursion Page 2
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reduce the opacity of the unit. In circumstances where the opacity cannot be
controlled, the Shift Supervisor should contact the operations on-call person to
notify them of the problem, initiate a SWOP and investigate the cause of the
opacity excursion. In extreme cases, load shifts to other available units or de-

rating the unit may be considered by the on-call person.”
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Initial Conditions

On September 19, 2017 a corrective work request was entered to calibrate the Unit 2
fuel oil mass flow meter. The Unit 2 fuel oil mass flow meter work request was entered because
it was out of calibration (the reconciliation of fuel oil burned did not equal the amount of fuel
oil measured). This work request was entered during the Unit 2 maintenance outage and not
included on the original annual corrective list developed by Maintenance Planning and Plant

Operations prior to the start of the Unit 2 outage on July 31, 2017.

Initiating Events

Holyrood plant staff replaced the Unit 2 fuel oil mass flow meter with a plant stocked
spare during the Unit 2 annual maintenance outage The fuel oil mass flow meter (the spare)
that was installed was returned from the OEM with a different configuration (scaling was
greater and in different units of flow measurement) from the fuel oil mass flow meter that was
removed. The plant did not know the scaling on the new fuel oil mass flow meter was different
nor did they verify that the mass fuel flow meter installed was the same calibration as the fuel
oil mass flow meter removed.

Startup of Unit 2 began on October 26, 2017. On October 28, 2017 at 19:11h, the unit

was synchronized and began to increase load.

Incident Description

At 20:00h, the Unit 2 load was 40 megawatts (MW) and the opacity was at 31.50%.
During operation, the unit DCS identified an opacity alarm associated with Unit 2. The opacity
alarm identifies an opacity of 20% or greater. At 20:05h, the operator tried to control the
opacity as per HTGS procedure: 0542 (POI-62 Boiler Operation - Opacity Monitor Control
Points) by increasing the 02 to the boiler. From 20:00h until 21:20h, the average opacity was

between 58-62%. The emissions during this time were:

e Carbon monoxide (CO) was greater than 500 parts per million (ppm). The normal

range for CO is less than 10 ppm.

Unit 2 Boiler Opacity Excursion Page 4
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e Sulphur dioxide (SO2) was greater than 1000 ppm. The normal range for SO2 is
less than 350 ppb.

Both CO and SO2 readings were greater than the above readings; however, plant
systems are not setup to read outside the above ranges of 500 ppm for CO and 1000 ppm for
SO2.

At 20:05h, the Unit 2 load was 49 MW and the opacity was 58.20%. At 20:09h, the
station shift supervisor noted the fuel oil header pressure as high (1813.2 kPa, 1650 kPa is
normal). Operations continued to vary the loading on Unit 2 for the next 75 minutes unit

21:20h.

Time MW Opacity (%)
19:10 0 8.90
20:00 41 31.50
20:05 49 58.20
20:12 48 62.30
21:00 40 62.30
21:20 50 62.30
21:30 33 25.90
22:00 33 14.00

During this 75 minute period, the opacity was between 58.20% and 62.30%. At 21:30h, a
control room operator noticed there was boiler gas leaking from the unit 2 air heater. Unit 2
was shut down at 23:29h to investigate the cause of the boiler gas leaks. The result of running
the unit at elevated opacity levels for approximately 80 minutes was soot being expelled over

the community of Holyrood damaging resident’s property.

Immediate Corrective Actions

Unit 2 was shut down at 23:29h to begin installing work protection permits for
maintenance to repair the boiler gas leaks on the air heaters. On October 29, 2017 at 01:15h,
work protection permits were installed and maintenance began repairing the boiler gas leaks.
Maintenance on the Unit 2 boiler gas leaks was completed on October 29, 2017 and on October

30, 2017 at 07:32h Unit 2 was synchronized. Due to Unit 2 turbine bearing maintenance issues,

Unit 2 Boiler Opacity Excursion Page 5
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the Unit was taken offline at 16:33h on October 30, 2017. On November 1, 2017 at 18:51h, Unit
2 was synchronized; however, due to opacity alarms, the operator reduced loading on Unit 2 to
40 MW to control the opacity levels as per HTGS procedure. The startup on November 1, 2017
was acceptable as per HTGS procedures. On November 2, 2017, investigation into the opacity
alarms by plant staff discovered that the Unit 2 fuel oil mass flow meter was incorrectly
calibrated with a scaling that was greater than the fuel oil mass flow meter that was removed
from service. The fuel oil mass flow meter controls were modified to match scaling in the DCS
and the plant was able to increase the loading on Unit 2. On November 2, 2017 at 17:00h, the

plant increased the loading on Unit 2 from 40 MW to 70 MW without any opacity issues.

Casual Factors and Corrective Actions

The casual factors for this event are:

e Fuel oil mass flow meter (the spare) that was installed was returned from the
original equipment manufacturer (OEM) with a different scaling that was greater
and in different units of flow measurement from the fuel oil mass flow meter
that was identified as being in need of calibration and removed from the system.
Because of this, the system was sending fuel oil into the boiler that was not
subject to complete combustion causing fuel oil carry over through the boiler
and into the air heaters;

e The plant did not verify prior to installation if the new mass fuel flow meter (the
spare) was the same calibration as the fuel oil mass flow meter removed;

e Fuel oil pressure noted as high (1813.2 kPa, 1650 kPa is normal) in the station log
on unit 2 during night shift of October 28, 2017 which should have indicated an
issue with the fuel oil system;

e Opacity alarm during event was not addressed by operations as per HTGS
procedure: 0542 (POI-62 Boiler Operation - Opacity Monitor Control Points). The
HTGS procedure states “should the opacity monitoring alarm sound, the operator

should adjust the firing pattern and/or excess O2 (within unit constraints) to

‘Unit 2 Boiler Opacity Excursion Page 6
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reduce the opacity of the unit. In circumstances where the opacity cannot be
controlled, the Shift Supervisor should contact the operations on-call person to
notify them of the problem, initiate a SWOP and investigate the cause of the
opacity excursion. In extreme cases, load shifts to other available units or de-

rating the unit may be considered by the on-call person.”

The corrective actions for this event are (not in order of priority, all actions are of equal
importance):

e Complete environmental awareness with Operations to detail their
responsibilities with respect to the plant certificate of compliance with the
Department of Environment and Conservation. Identify parameters and
procedures to follow during unit operation, startup, shutdown and maintenance;

e Update startup procedures to include reference to obligations to the plant
compliance with the Department of Environment and Conservation and
environmental controls;

e Develop and implement a maintenance procedure to verify existing equipment
settings, calibrations, positions or the like are replaced in kind during
maintenance, overhauls, recalibrated or the like. Ensure that changes to any
equipment are documented and signed using the management of change
process;

e Develop and implement (or modify existing) a check sheet to identify and
confirm the correct position of safety and operational controls (i.e.: transmitters,
positioners, valves) prior to startup;

e Ensure that valves associated with transmitters are included on the major permit
such that they are captured on the PC17A (switching order) to ensure they are in
the correct position prior to startup;

e Ensure all plant events recorded in the station log are sequential with time
stamps. The station log must also include all signatures and initials as per

indicated sections;

Unit 2 Boiler Opacity Excursion Page 7
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e Ensure operator and shift supervisor training includes key performance
indicators or a way to address, control and/or correct operational conditions
outside normal parameters;

e Investigate and develop a process to ensure that critical boiler feedback
parameters (i.e.: the boiler furnace pressure trip) are calibrated and functioning
correctly before any boiler is placed into service;

e Ensure all incidents are investigated using a formal root cause analysis that
begins no more than three (3) working days after an incident occurs;

e Modify existing HTGS procedure 0542 (POI-62 Boiler Operation - Opacity
Monitor Control Points) to include specific and direct instructions with
references to opacity and timelines such that known and accepted actions can
be taken by operations in the event of an opacity event exceeds thresholds
established by the procedure. Communicate to all operation personnel the

changes made to the procedure.

Investigators
The investigators for this event were Steve Kelly (Environmental Technologist, 29 years
with HTGS), John Rose (Environmental Technologist, 29 years with HTGS) and Jamie Curtis

(Mechanical Engineer, 10 years with HTGS).

Distribution
Jeff Vincent, Manager, Holyrood Thermal Generating Station
John Adams, Manager, HTGS Long Term Asset Planning
Tracy Smith, Manager, HTGS Safety, Health and Environment
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CONFIDENTIAL

To ensure the confidentiality of the witness statements, this
investigation report is intended for internal use only. It is to be
reviewed and discussed by supervisors and management only.
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1.0 Executive Summary

On February 22, 2018 at approximately 4:50 PM a fire occurred on Unit 1 Turbine
Bearing #2. The Plant evacuation alarm was initiated and ERT were notified
immediately. Operations crew and ER Technicians extinguished the fire. The “All Clear”
was given at approximately 5:10 PM. There was significant smoke in the Powerhouse,
however it was eliminated within 20 mins of extinguishment and the air quality reported
to be good at approximately 5:30 PM. There were no injuries or further equipment

damage.

The incident prompted an investigation. The investigation produced two (2) immediate
contributing factors, one (1) basic contributing factor and three (3) corrective actions.

An additional finding (1) was noted.

Immediate Contributing Factor:

1. Inadequate Instruction;
2. Inadequate Guards/Barriers.

Basic Contributing Factors:

1. Leadership and/or Supervision.

Additional Finding:

1. Inadequate Maintenance.

Corrective Actions:

1. Update/develop procedure to switch Lube QOil to “Seals Only ” when units are off

turning gear and the generator is pressurized;

2. Complete an inspection on Turbine Bearing #2 during the next scheduled Unit 1

Turbine Outage;

3. Create or modify existing checklist for field verification to ensure all maintenance
and/or repairs have been complete prior to removal of permit or work order

closed;

Page | 5
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2.0 Background Information

On January 20, 2018 there was a forced outage on Unit 1 as a result of excessive
movement on the Turbine Control Valve. The Servo Control cable was also replaced
during this outage. While Operations were attempting to restart the unit, the Boiler
Stop Valve failed, thus resulting in Unit shutdown.

On February 22, 2018 Unit 1 was returning to Operation after extensive maintenance,
when a fire occurred on the Turbine Bearing #2. The Plant evacuation alarm was
initiated and ERT were notified immediately. Operations crew and ER Technicians
extinguished the fire. There was significant smoke in the Powerhouse however it was
eliminated within 20 mins of extinguishment and the air quality reported as good. There
were no injuries or further equipment damage. The fixed fire protection on the unit did
not activate, as there was insufficient heat in the vicinity of the sprinkler heads. The fire
panel was inspected and the unit pre-action fire systems were active, with no damage.

Unit 1 Turbine Generator

Page | 6
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The Cause of the fire was a result of exposed Insulation that had absorbed Lube Gil and
“flashed” when the unit was heating up. While Unit 1 had been offline for Maintenance
repair, there was a period of time that the Turning Gear on the Turbine had been shut
off but the Lube Oil pressure remained on the bearing. Lube Oil had leaked and was
absorbed in a replaced section of pipe insulation below the bearing that did not have
protective cladding. The source of the oil was Bearing #2. A visual inspection was
complete following the incident, but there was no obvious identification of why the leak
has occurred. If cladding had been present it is likely that the oil would have ran down
the cladding and “pooled” at a location that could have potentially been observed by an
Operator during completion of the Turbine Checklist.

Exposed Pipe Insulation
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Name

Position

Roles and Responsibilities

Jason Penney

Emergency Response
Technician (ERT)

Emergency Response

Mike Murphy

Emergency Response
Technician (ERT)

Emergency Response

Dean Cantwell

Emergency Response
Technician (ERT)

Emergency Response

Tom Keats

Operator
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4.0 Incident Timeline

e 4:50 PM: Fire on Unit 1 Bearing 2;

e Plant alarm was initiated and ERT notified;

e ERT and the Operator extinguished the fire;

e 5:00 PM: ER Coordinator notified;

e 5:10 PM: All Clear given;

e 5:30 PM: ER Coordinator on site:

e 5:30 PM: All fire systems were verified;

e ERT coverage remained in place as precaution.
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5.0 Detailed Description of Events

On February 22, 2018 at approximately 4:50 PM a fire occurred on Unit 1 Bearing #2.
The Plant evacuation alarm was initiated and ERT were notified immediately.
Operations crew and ER Technicians extinguished the fire. The “All Clear” was given at
approximately 5:10 PM. The ER Coordinator was notified at 5:00 PM and onsite at 5:30
PM. There was significant smoke in the Powerhouse however it was eliminated within
20 mins of extinguishment and the air quality reported to be good at approximately
5:30 PM.

The fixed fire protection on the unit did not activate, as there was insufficient heat in
the vicinity of the sprinkler heads. The fire panel was inspected and the unit pre-action
fire systems were active, with no damage. All fire systems were verified at 5:45 PM.

ER Technician continued to monitor the area, completing checks and verification of heat
with Thermal Imaging Camera.
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6.0 Analysis of Contributing Factors

Immediate Contributing Factor:

1. Inadequate Instructions/Procedure;
The Lube oil pressure remained on the Bearing when the turning gear was shut
off. Discussion with Operation Specialists and Manager, as well as review of
available procedures related to the Turbine/Generator, there is no
documentation where it states that when the turning gear is turned off that the
Lube Oil pressure is to be switched to “Seals Only”.

2. Inadequate Guards/Barriers.

Cladding not replaced on Insulation.

Basic Contributing Factors:

1. Leadership and/or Supervision:

Inadequate procedures, practices or guidelines — the Lube Qil Pressure remained
on the Bearing. It is not identified in any Operational procedure/quideline to
remove the pressure from the Bearing when the turning gear is off - when no
maintenance is being performed on the turbine. Experienced personnel may
understand that it would be required to switch to “Seal Only” however it is not
documented in any procedure.

Additional Findings (Gap identified that indirectly resulted in the incident)
Inadequate Maintenance.

Maintenance job was not complete - no cladding installed on the Insulation. Lube
oil was absorbed in the exposed insulation.

Page | 11
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7.0 Existing Controls that failed

Hazard Recognition Evaluation and Control:

e Maintaining Lube Oil pressure on the Bearing and the possibility of leaking.

Guards and Barriers

e Insulation should have not remained exposed. The cladding should have been
replaced.

Page | 12
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8.0 Recommendations/ Lessons Learned

1. Develop and implement a procedure for switching the Lube Oil to “Seals Only” and
removing the Lube Qil pressure from the Bearings when the generator is pressurized
and turning gear is shut off. In addition, Operations should closely monitor and
assess for Lube Oil on the Bearing during start-up;

2. Implement Field Verification Checklist as part of the close-out process for work. The
cladding was not replaced on the Insulation.

Page | 13
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Action Responsible Target Date
Update and/or implement Evan Cabot July 31, 2018
procedure to switch Lube Oil to
“Seals Only” when off turning gear.
Have an inspection complete on John Adams September 30, 2018
Turbine Bearing #2 during next
scheduled Unit 1 Turbine Outage *.
Create or modify existing checklist | Todd Collins July 31, 2018

for field verification to ensure all
maintenance and/or repairs have
been complete prior to removal of
permit or work order is closed.

*upon visual inspection following the incident, there was no obvious identification of
why the Lube Oil had leaked. To ensure that there are no issues or damage, the Bearing

will be inspected during the next scheduled Unit 1 Turbine outage.

Page | 14
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UNIT-1 EAST FD FAN INBOARD BEARING FAILURE REPORT

On 16, June, at 23:15 hours Unit-1 was desynchronized and placed on turning gear for electricians to

replace worn out Generator brushes. On 17, June at 00:08 hours, Fuel Oil Heater set was found to be

blowing oil from the discharge pressure gauge piping. The discharge pressure gauge appeared to have
blown off. The East FD fan along with West FD fan was shut down at 00:15 hours and 00:18 hours
respectively. Enviro Systems cleaned up the oil spill. On 17, June. at 14:05 hours ignitors were lit off to

pre warm. At 14:30 hours, the east FD fan in board bearing vibration was observed to be 12.93 microns,

the vibration being higher than the alarm value which is 7 microns. The bearing was found to be hot and

hence the FD fan was shut down. The bearing was disassembled. On inspection the bearing babbit was

found to be badly scored.

2. INVESTIGATION

2.1 Observation

1.

2,11

Spike in bearing lube oil temperature prior to shutting down the fan,
High vibration prior to shutting down the Fan

The scoring on the bottom half of the bearing.

Loss of babbit at the leading edge of the bottom half of the bearing.
Dirt in the bearing cooling water housing.

Burr on the rotor journal.

Spike in bearing lube oil temperature prior to shutting down the fan.

The bearing lube oil temperature trends from 6, Feb to 18, Jun was printed from DCS.
The date, 6, Feb was selected to rule out the possibility of abnormal lube oil
temperature increase due to the ingress of dirt or any other foreign material

into the bearing from the Unit-1, Air Heater wash on 2, Feb.

The temperature ranged from 60 deg C to 75 deg C depending on Unit load and cooling
water flow. Normally the higher temperature being at 130 MW. On 14, June at 14:40
hrs, the bearing lube oil temperature has spiked to 73 deg C from 58 deg and then
stabilized at 57 deg C, the load being 70 MW. However at the time of FD Fan bearing
failure the temperature was 57 deg C which was a normal temperature for 70 MW. The
spike would have been either due to the temporary blockage of cooling water or an

1
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indication of liberated babbit fragments causing obstruction to lubrication inside the
bearing.

2.1.2 High vibration prior to shutting down the fan.

The Instrumentation group periodically measures vibration of FD fans. They had taken
measurements on the following dates:

# DATE VIBRATION IN MICRONS

Axial Horizontal Vertical
1 2017-12-6 0.4 2.4 0.95
2 2018-1-10 1.3 1.75 0.69
3 2018-2-4 0.4 2.25 4
4 2018-5-10 1.52 3.00 1.1

The above readings shown in the Table do not indicate a high vibration in the bearing.

The inboard vibration of the bearing had spiked to 12.93 microns prior to shut down as
seen in the DCS print out. The alarm for high vibration is 7 microns and the trip is 20
microns. The DCS print showing the 12.93 micron vibration is as shown below:

14:45:00
Jun 17
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The scoring on the bottom half of the bearing

The scoring at the bottom half of the bearing indicates ingress of material between the
journal and the babbit. The bearing housing is sealed by half an inch thick rope packing
and hence there is no possibility of any material entering bearing. The scores were the
result of liberated babbit getting between the journal and the bearing.
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Loss of babbit at the leading edge of the bottom half of the bearing.

The loss of babbit at the leading edge of the bottom half indicates fatigue failure. Fatigue failure
would begin as cracks at the leading edge of the bearing half and will progress to babbit loss.
Fatigue failure is caused mainly due to cyclic loading. The bearing halves were never checked for
cracks either by dye penetrant or ultrasonic examination during outages.

Dirt in the bearing cooling water housing

A lot of dirt was found in the cooling water housing of the bearing. This was due to the cooling
water piping not cleaned during the last outage. This job was omitted so as to meet the outage
schedule. However, the dirt in the cooling water pipes did not cause any high temperature in
the bearing. The temperature hovered around 60 deg C for most of the load.
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2.1.6  Burr on the rotor journal.

Bits of babbit in the bearing have diminished the polish on the rotor journal and henc the burr
on the journal

3. Time line as shown in SNAP CHART

SNAP CHART OF UNIT-1 EAST FD FAN INBOARD BEARING FAILURE 16 June 2018

Gauge blown off

at the Unit-1 Fuel

oil Pump set. Fuel
oil blowing.

‘leiro Systerrs

clean up oil spill

A 4

complete. Permits
off Fuel oil Pump
set

Sat Jun 16.00:08 sun _
DischharrS e Pr Fiztl Jsuﬂllglijnsl? lunseriasohrs \
X b P N i [ FD Fan inboard

FD Fan East in
board bearing

vibration 12.93p.
FD fan shutdown.

—H‘

\ bearing faily

v

v

V|brat|on Hialarm a /
/ \ Inspection of the bearing sleeves reveal IOSA

/

\ Tr|p at 20u / [ babbit at the leading and trailing edges of the

| bottom half of the bearing, an indication of faiI7

to be due to fatigue
2
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Analysis of Contributing Factors
Immediate Contributing Factor
1. High Vibration
2. Spike in bearing temperature
Basic Contributing Factor
1. Fatigue failure of babbit. Dye Penetrant or Ultrasonic testing of babbit during Boiler

outage would have identified fatigue failure cracks .
2. Dirt in cooling water piping to the bearing. Flushing the cooling water piping during

Boiler outage would have resulted in a larger cooling water flow to the bearing, thus
lowering the bearing temperature which in turn would have increased the threshold
limit of the stress levels on the babbit.

Recommendations/ Lessons Learned

1. Plant equipment requires periodic review of preventative maintenance strategies based
on the service life of equipment. Strategies should be revised as required.

2. FD fan PM should be upgraded.
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1.0 Executive Summary

On June 15 2018, Unit 1 at Holyrood Thermal Generating Station (HTGS) was scheduled to come off line
for Generator Brush replacement. At 10:25 PM, Operations started to unload Unit 1 and at 11:15 PM,
the unit was Desynchronized and placed on Turning Gear. At 12:08 AM on June 16 2018, the Electricians
notified the Shift Supervisor that there was an indication of a Fuel Qil leak on Unit 1 Fuel Qil Set. The
Shift Supervisor, along with the outside Operator discovered that the Pressure Gauge on the discharge
of the Primary Pump (East) had “let-go”, resulting in the release of Bunker C Fuel Oil. Operations
isolated the source of Bunker C, contained the oil spilled using the Spill Kit and closed the Isolation valve
on the Continuous Basin. The Boiler was shut down at 12:20 AM June 16. There were no injuries or
equipment damage. HTGS employees were assisted by Enviro Systems to complete cleaning and
removal of oil.

This incident prompted an investigation using Tap Root. The investigation has produced one (1) Causal
Factor:

1. Loose Pressure Gauge connections.

2.0 Incident Description

On June 15 2018, Unit 1 at Holyrood Thermal Generating Station (HTGS) was scheduled to come off line
for Generator Brush replacement. At 10:25 PM, Operations started to unload Unit 1 and at 11:15 PM,
the unit was Desynchronized and placed on Turning Gear.

OnJune 16 2018, at 12:08 AM, the Electricians notified the Shift Supervisor that there was a Fuel Qil
leak. Both the Shift Supervisor and Outside Operator went to investigate and discovered that the source
of the Bunker C fuel oil was a Pressure Gauge that had “let-go” on the discharge of the Primary Pump
(East) on Unit 1 Fuel Oil Set. The Shift Supervisor notified the Control Panel Operator, who removed the
oil from the burner and shut down the pumps. Both the Shift Supervisor and Outside operator isolated
the suction and discharge of the pumps, and closed the isolation valve on the Pressure Gauge that had
“let-go”. The Control Panel Operator shut down Unit 1 Boiler at 12:20 AM.

At 12:13 AM, the on-call manager and ERT (Emergency Response Technician) Coordinator were both
notified of the Bunker C Fuel Oil incident and at 12:45 AM the ERT Coordinator was onsite and assumed
the role of OSC (On Scene Commander). SNL (Service Newfoundland and Labrador) and Coast Guard
were notified at 2:31 AM. Enviro Systems were contacted at 2:40 AM and requested to provide the
resources required to assist HTGS employees complete the cleanup. They arrived on-site at 5:00 AM.

Figure 1: Snap Chart provides a detailed sequence of events.
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Figure 1: Snap Chart (Tap RooT) — Sequence of Events
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3.0 Immediate Corrective Action

The Control Panel Operator removed heavy oil from the burner and shut down the pumps. Both the
Shift Supervisor and Outside Operator isolated the suction and discharge of the pumps, and closed the
isolation valve on the Pressure Gauge that had “let-go”. The Control Panel Operator then shut down
Unit 1 Boiler.

4.0 Causal Factors and Corrective Action

Causal Factor: Loose Pressure Gauge Connection.
Root Cause — two (2) possibilities:
1. Vandalism or Destruction —the Pressure Gauge was intentionally loosened;

Inspection of the Pressure Gauge that had “let-go” and the connectors did not have any apparent thread
damage — maintenance did not have to replace the coupling or nipple, only the pressure gauge. This
would lead one to believe that the Pressure Gauge had been loosened. If the connection was tight when
it “let-go”, then there would have to be thread damage to one or both of the components. Also, during
the inspection of the Pressure Gauge, the threads closest to the gauge itself had a buildup of oil — see
photo below.

Photo 1: Pressure Gauge
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The oil would indicate that there was not a complete connection and that the Pressure Gauge had been
loosened or not tightened when installed.

Also note that the components of the Pressure Gauge were designed for the appropriate temperature
and pressure.

2. Inadequate or Incorrect Tools — the Pressure Gauge was accidentally loosened.

The Valve Wrench is used in the field to tighten valves. Depending on the size and/or length of the
wrench, it is possible that the tool would “strike” the pressure gauge and loosen it while tightening the
valve.

Corrective Actions:

1. Consider installation of mobile surveillance — “Go Pro Style”;
2. Develop a “Return to Service Checklist”, to be complete on the Fuel Oil Set;
3. Review tools used for the Job.

5.0 Additional Information

No PM in the System for Pressure Gauge calibration/replacement.

The Pressure Gauge that had “let-go” did not have a calibration sticker to indicate the last date of
calibration/replacement. Review of historian WO using the Part Number for the Pressure Gauge
revealed that the last potential date of replacement was August 2012. WO description lacks details of
work completed.

6.0 Action Plan

Action Responsible Target Date
Consider installation of mobile Steve Connolly June 30, 2019
surveillance.
Develop a “Return to Service John Adams March 29, 2019

Checklist”, to be complete on the Fuel
Qil Set — not just the Pressure Gauges
but the entire Fuel Qil Set.

Review tools used for the Job. Jamie Curtis January 31, 2019
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7.0 Investigators

The investigators for this event were Jamie Curtis (Manager — Work Execution (Acting), 10 years with
HTGS) and Tracy Smith (Manager — Safety, Health and Environment, 1 year with HTGS).

8.0 Distribution

Jeff Vincent — Senior Manager
Evan Cabot — Manager, Operations
John Adams — Manager, Long Term Asset Planning

Jamie Curtis — Manager (Acting), Work Execution.

9.0 References and Attachments

Eta Pro trends;

Alarm Manager;

Shift Supervisor Log;

ERT Coordinator Log Report;
Employee Interviews;

P&ID 238-10-0210-127.
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