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March 3, 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: An Application by Newfoundland and Labrador Hydro (Hydro) for the approval of the
of the Refurbishment of Bay d'Espoir Penstock 2 and Bay d’Espoir Unit 3 Turbine
Major Overhaul.

( Please find enclosed the original and 9 copies of the above-noted Application, plus supporting
affidavit, project proposal, and draft order.

Bay d’Espoir Penstock 2

Bay d’Espoir Penstocks 1 and 2 have been in service for 50 years. In 2016, Penstock 1
experienced two weld failures, which led to the refurbishment of 900 m of original penstock
weld material. Penstocks 1 and 2 were constructed under the same construction contract, and
Hydro is concerned that the weld conditions in Penstock 2 could be similar to that discovered in
Penstock 1 and could also experience weld failures. Penstock 2 supplies water to generating
Units 3 and 4 at the Bay d’Espoir Generating Station and is essential to the reliable operation of
Units 3 and 4. Based on the condition of the welds in Penstock 1, it is anticipated that the welds
in Penstock 2 are in a similar deteriorated state and in need of refurbishment. A weld failure in
Penstock 2 would result in a loss of 153 MW of generation capacity from the Bay d’Espoir plant,
which will result in an unacceptable impact to the generation capacity plan for the Island
Interconnected System. Hydro considers the risk of weld failure in Penstock 2 to be too high to
delay inspection and refurbishment past 2017. If a weld failure was to result in an open crack in
Penstock 2, especially during a winter season, the consequence would be the loss of 153 MW of
supply from the Bay d’Espoir plant, affecting generation capacity for the island possibly during a
critical time of year. Therefore, Hydro is proposing to refurbish Penstock 2 in 2017 at an
estimated cost of $9.1 million and is expected to require eight weeks to complete, resulting in
an outage affecting generating Units 3 and 4 at Bay d’Espoir during that time period.



Ms. C. Blundon 2
Public Utilities Board

Bay d’Espoir Unit 3

During the annual inspection of Bay d’Espoir Unit 4 turbine, primary turbine seal clearance
measurements revealed accelerated reduction in the clearance between the stationary and
rotating parts. As a result, Unit 4 was overhauled in 2016 pursuant to a supplemental capital
application. Subsequent to that application, Hydro submitted, as part of its 2017 Capital Budget
Application Five Year Capital Plan, a plan to complete one major generating unit overhaul
annually of Unit 1, Unit 2, Unit 3, Unit 5, Unit 6 and Unit 7, starting with Unit 3 in 2019 and
ending with Unit 7 in 2024. Considering Unit 1, Unit 2, Unit 3, Unit 5, and Unit 6 turbines are of
similar vintage and design as Unit 4, the units have undergone equivalent protective and
corrective maintenance programs, and their existing condition is based on information from
Unit 4, Hydro anticipates the condition of these units are similar to that of Unit 4 prior to its
2016 major overhaul. To ensure reliable turbine operation, Hydro decided to advance the
timing of each major overhaul in the plan by one year, starting in 2018, and all turbine major
overhauls would completed by 2023. Hydro is now proposing to advance the Unit 3 turbine
major overhaul such that it coincides with the Penstock 2 Refurbishment project. This will avoid
an additional extended outage to Unit 3 for a turbine major overhaul in 2019 and will
accelerate Hydro’s plan for the remaining Bay d’Espoir turbine major overhauls from 2023 to
2022, with the remaining major overhauls of Units 1, 2, 5, 6 and 7 commencing in 2018 and
ending in 2022. The cost of this project is estimated to be $2,361,500.

Should you have any questions, please contact the undersigned.

Yours truly,

Newfoundland & Labrador Hydro

“Tuew, ﬂnn!;@/

Tracey L. pbhnell
Senior Counsel, Regulatory

TLP/bds
cc: Gerard Hayes — Newfoundland Power Dennis Browne, Q.C. — Consumer Advocate
Paul Coxworthy — Stewart McKelvey Stirling Scales Thomas J. O'Reilly, Q.C. — Cox & Palmer

Sheryl Nisenbaum — Praxair Canada Inc.
ecc: Larry Bartlett — Teck Resources Limited



IN THE MATTER OF the Electrical Power

Control Act, RSNL 1994, Chapter E-5.1 (the

EPCA) and the Public Utilities Act, RSNL 1990,
Chapter P-47 (the Act), and regulations thereunder;

AND IN THE MATTER OF an Application

by Newfoundland and Labrador Hydro

for the approval of the Refurbishment of Bay d'Espoir
Penstock 2 and Bay d’Espoir Unit 3 Turbine

Major Overhaul pursuant to Subsection 41(3) of the Act.

TO: The Board of Commissioners of Public Utilities (the Board)

THE APPLICATION OF NEWFOUNDLAND AND LABRADOR HYDRO (Hydro) STATES THAT:

1. Hydro is a corporation continued and existing under the Hydro Corporation Act, 2007, is
a public utility within the meaning of the Act, and is subject to the provisions of the

Electrical Power Control Act, 1994.

2. Hydro is the primary generator of electricity in Newfoundland and Labrador. The largest
of Hydro’s hydro-electric generating stations is located at Bay d’Espoir. The Bay d’Espoir
Generating Station (Bay d’Espoir) provides 613 MW of electrical capacity and 2,560
GWH of energy annually to the Island Interconnected System. it consists of four

penstocks which supply water to each of the seven generating units.



Bay d’Espoir Penstock 2
3. Bay d’Espoir Penstocks 1 and 2 have been in service for 50 years. Penstock 1
experienced two weld failures in 2016, which led to the refurbishment of 900 m of

original penstock weld material using the Allowance for Unforeseen items account.

4, Penstocks 1 and 2 were constructed under the same construction contract, and there is
a concern that the weld conditions in Penstock 2 could be similar to that discovered in
Penstock 1 and that Penstock 2 could also experience weld failures. Penstock 2 supplies
water to generating Units 3 and 4 at the Bay d’Espoir Generating Station. The integrity
of this penstock is essential to the reliable operation of Units 3 and 4. Based on the
condition of the welds in Penstock 1, it is anticipated that the welds in Penstock 2 are in
a similar deteriorated state and in need of refurbishment. A weld failure in Penstock 2
would result in a loss of 153 MW of generation capacity from the Bay d’Espoir plant,
which will result in an unacceptable impact to the generation capacity plan for the

Island Interconnected System.

5. Hydro has considered keeping Penstock 2 in service until the next capital budget cycle;
however, Hydro considered the risk of weld failure in Penstock 2 to be too high to delay
inspection and refurbishment past 2017. If a weld failure was to result in an open crack
in Penstock 2, especially during a winter season, the consequence would be the loss of
153 MW of supply from the Bay d’Espoir plant, affecting generation capacity for the

island possibly during a critical time of year.



The scope of work is set out in the engineering report attached as Schedule 1 to this

Application.

The estimated cost of this project is $9,063.700 and is expected to require eight weeks
to complete, resulting in an outage affecting generating Units 3 and 4 at Bay d’Espoir

during that time period.

Bay d’Espoir Unit 3

8.

In 2016, during the Bay d’Espoir Unit 4 turbine annual inspection, primary turbine seal
clearance measurements revealed accelerated reduction in the clearance between the
stationary and rotating parts. As a result, Unit 4 was overhauled in 2016 pursuant to a
supplemental capital budget application. Subsequent to the supplemental capital
budget application for the major overhaul of Unit 4 and prior to the completion of that
overhaul, Hydro submitted, as part of its 2017 Capital Budget Application Five Year
Capital Plan, activities to complete one major generating unit overhaul annually of Unit
1, Unit 2, Unit 3, Unit 5, Unit 6, and Unit 7 (in successive years). Those activities were to

start with Unit 3 in 2019 and be completed in 2024.

Considering Unit 1, Unit 2, Unit 3, Unit 5, and Unit 6 turbines are of similar vintage and
design as Unit 4, the units have undergone equivalent protective and corrective
maintenance programs, and their existing condition is based on information from Unit 4,

Hydro anticipates the condition of these units are similar to that of Unit 4 prior to its



2016 major overhaul. To ensure reliable turbine operation, Hydro decided to advance
the timing of each major overhaul in the plan by one year, starting in 2018, and all

turbine major overhauls would completed by 2023.

10. Hydro is proposing to advance the Unit 3 turbine major overhaul such that it coincides
with the Penstock 2 Refurbishment project to avoid an additional extended outage to
Unit 3 for a turbine major overhaul and to accelerate its plan for the remaining Bay
d’Espoir turbine major overhauls from 2023 to 2022, with the remaining major

overhauls of Units 1, 2, 5, 6, and 7 commencing in 2018 and ending in 2022.

11. The scope of work is set out the engineering report attached as Schedule 2 to this

Application.

12. The estimated cost of this project is $2,361,500 and, if commenced to coincide with the

Refurbishment of Penstock 2, is expected to be completed by the end of August.

Summary

13. The Applicant submits that the proposed refurbishment of Bay d’Espoir Penstock 2 and
Bay d’Espoir Unit 3 Turbine are necessary to ensure that the Hydro can continue to
provide service which is safe and adequate and just and reasonable as required by

Section 37 of the Act. Engineering Reports supporting this application are attached.



14. Hydro therefore makes Application for an Order pursuant to section 41(3) of the Act
approving the Refurbishment of Bay d'Espoir Penstock 2 and Bay d’Espoir Unit 3 Turbine
Major Overhaul, at an estimated capital cost of $9,063,700 and $2,361,500,
respectively, all as set out in this Application and in the attached project descriptions

and justification documents.

DATED at St. John's in the Province of Newfoundland and Labrador this 3 day of March 2017.

47%&7 Z/)M

Tracey L. Pennell

Counsel for the Applicant
Newfoundland and Labrador Hydro
500 Columbus Drive P.O. Box 12400
St. John's, NL A1B 4K7

Telephone: (709) 778-6671
Facsimile: (709) 737-1782
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Refurbish Penstock 2 - Bay d’Espoir Generating Station

Summary

The Bay d’Espoir Hydroelectric Generating Station (Bay d’Espoir) relies on penstocks to
supply water to each of the generating units. This proposal outlines a project required to
complete a detailed inspection, analysis, and refurbishment of deteriorated welds on Bay
d’Espoir’s Penstock 2. Penstock 2 supplies water to Units 3 and 4 and is an integral

component of the 153 MW of generation from these two units.

Penstock 1 experienced two weld failures in 2016. The first failure was repaired and the
penstock was returned to service. After the second failure occurred, a more detailed
assessment was undertaken, which led to the refurbishment of approximately 900 m of

original penstock weld material.

Penstocks 1 and 2 were constructed in 1967 and have been in service for 50 years. There is
a concern that the weld condition in Penstock 2 could be similar to that discovered in
Penstock 1, since these penstocks were constructed by the same contractor under the one

contract.

A condition assessment of Penstock 2 was completed in June 2016 after the initial weld
failure of Penstock 1 in May 2016. There were localized interior coating failures noted with
localized corrosion of the penstock steel. The welds were visually inspected in the areas
where the coating had delaminated from the penstock metal. Given available information at
the time of the Penstock 2 inspection, the welds were not inspected for microscopic
cracking. A few months after the Penstock 2 inspection, the deteriorated condition of the
welds in Penstock 1 was discovered and the consultant who performed the earlier Penstock
2 inspection recommended that a more detailed weld inspection be completed in Penstock
2 due to the possibility of significant weld deterioration similar to Penstock 1. The detailed
inspection requires localized coating removal on the welds as well as weld inspection with

specialized equipment.

Newfoundland and Labrador Hydro i
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Refurbish Penstock 2 - Bay d’Espoir Generating Station

Since the weld condition in Penstock 2 is considered to be similar to the weld condition in
Penstock 1, Hydro has determined that there is a high risk of a Penstock 2 weld failure,
significantly reducing Hydro’s available capacity for the Island Interconnected System. As a
result, Hydro is proposing to complete a detailed weld inspection and stress analysis, as well

as refurbish an anticipated 900 m of deteriorated welds, in Penstock 2.

It is estimated that this project will require eight weeks to complete, resulting in an outage
affecting generating Units 3 and 4 at Bay d’Espoir during that time period. The budget

estimate to complete the Penstock 2 refurbishment is $9,063,700.

Newfoundland and Labrador Hydro ii
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Refurbish Penstock 2 - Bay d’Espoir Generating Station

1.0 Introduction

The Bay d’Espoir Hydroelectric Generating Station (Bay d’Espoir) relies on penstocks to
supply water to each of the generating units. There are four penstocks that supply water for
generation from the Long Pond Reservoir to the Bay d’Espoir Hydroelectric Generating

Station, which produces a maximum of 613 MW of peak capacity.

Penstocks 1 and 2 have been in service for 50 years of the typical 80-year life expectancy for
a steel penstock. Penstock 1 experienced two weld failures in 2016. The first failure was
repaired and the penstock was returned to service. After the second failure occurred a
more detailed assessment was undertaken, which led to the refurbishment of 900 m of

original penstock weld material.

Penstocks 1 and 2 were constructed under the same construction contract, and there is a
concern that the weld conditions in Penstock 2 could be similar to that discovered in
Penstock 1. A weld failure in Penstock 2 would result in a loss of 153 MW of generation
capacity from the Bay d’Espoir plant, which Hydro determines would result in an
unacceptable impact to the generation capacity plan for the Island Interconnected System

(ns).

This report outlines a proposal to complete a detailed inspection, analysis, and

refurbishment of welds of Penstock 2.

2.0 Project Description

This project involves the refurbishment of Penstock 2 at the Bay d’Espoir Hydroelectric
Generating Station, similar to work executed under the Allowance for Unforeseen Items
account completed in the fall of 2016 for Penstock 1, as detailed in the final report
contained in Appendix A, submitted to the Board of Commissioners of Public Utilities (the

Board) on January 9, 2017.

Newfoundland and Labrador Hydro 1
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Refurbish Penstock 2 - Bay d’Espoir Generating Station

The scope includes:
e Completion of a Level 2 detailed condition assessment of the welds of Penstock 2;
e Anticipated refurbishment of 900 m of penstock weld based upon Penstock 1 scope;
and

e Completion of a stress analysis for Penstock 2 by a specialized consultant.

It is anticipated that the work will be completed during an eight week outage scheduled for
May and June 2017, affecting generating Units 3 and 4 at the Bay d’Espoir plant during that

time period.

3.0 Justification
Penstock 2 supplies water to generating Units 3 and 4 at the Bay d’Espoir Generating
Station. The integrity of this penstock is essential to the reliable operation of Units 3 and 4

and ultimately 153 MW of electricity from these two units.

Based on the condition of the welds in Penstock 1, it is anticipated that the welds in
Penstock 2 are in a similar deteriorated state and in need of refurbishment. Hydro has
considered keeping Penstock 2 in service until the next capital budget cycle; however, given
the potential for weld failure in Penstock 2, delaying inspection and refurbishment past

2017 could result in a reduction of 153 MW of electricity from the IIS.

This project is justified on the requirement to refurbish deteriorated infrastructure in order

for Hydro to provide reliable electrical service.

3.1  Existing System

Penstocks 1 and 2 were constructed in 1967 and supply water to Units 1 through 4.
Penstock 3 was constructed in 1970 and supplies water to Units 5 and 6 while Penstock 4
was constructed in 1977 and supplies water to Unit 7. See Photo 1 for the layout of the four

penstocks as they relate to the reservoir and the hydroelectric plant.

Newfoundland and Labrador Hydro 2
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Refurbish Penstock 2 - Bay d’Espoir Generating Station

Long Pond
Reservoir

Photo 1: Layout of Penstocks, Reservoir and Plant

The penstocks are designed to handle expected live loads, such as water hammer and water
pressure, as well as dead loads, such as the penstock material weight and backfill weight.
The thickness of the penstock base plate material is selected as a result of the stresses
developed in the steel by these noted loading combinations. Likewise, the welds are
designed in a similar manner and must also effectively handle the expected load

combinations without failure.

Weld investigations completed of the interior of Penstock 1 in September 2016 revealed
corrosion and microscopic cracking concentrated in the weld with less pitting shown in the
adjacent base plate material. This weld corrosion and resulting loss of the weld material
thickness, as shown in Photo 2, indicate that the remaining weld thickness no longer meets
minimum design requirements for Penstock 1. Detailed discussion can be found in the Bay
d’Espoir Penstock 1 Refurbishment report submitted to the Board on January 9, 2017
(Appendix A). As a follow-up to the work on Penstock 1, a root cause analysis was
performed by a third party consultant. The root cause analysis report is expected to be

submitted to Hydro by mid-March and will be forwarded to the Board at that time.

Newfoundland and Labrador Hydro 3
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Refurbish Penstock 2 - Bay d’Espoir Generating Station

Weld :
* \Material Loss

Pitting
Corro;ion

Photo 2: Deep Pitting Corrosion and Material Loss Shown in Weld

Penstock 2 was constructed immediately following the construction of Penstock 1, under
the same contract. It is reasonable to expect that the weld condition in Penstock 2 isin a

similar deteriorated condition to that found in Penstock 1 in late 2016.

3.2 Operating Experience

In June 2016, prior to the second weld failure of Penstock 1, a visual inspection of Penstock
2 was completed by Kleinschmidt Canada, Inc. (Kleinschmidt). Kleinschmidt employs a
specialized penstock team and their lead penstock structural engineer visited Bay d’Espoir
to complete the inspection. Penstock 2 was inspected prior to the September 2016 weld
failure in Penstock 1 and prior to the detailed weld inspection of Penstock 1. The

Kleinschmidt inspection report is attached in Appendix B.

The results of this inspection indicated that, like Penstock 1, the interior of Penstock 2 has
algae covering the interior coating with localized areas noted where the algae, along with

the coating, had peeled off the interior surface. This loss of coating and resulting corrosion

Newfoundland and Labrador Hydro 4
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is shown in photo 3. As a result of the algae, it was difficult to visually inspect most of the
welds and the weld inspection was limited to the areas where the algae and coating had
fallen off the metal surface. These areas showed corrosion; however, cracking was not
visible. A recommendation of the report was to complete a detailed weld inspection,
including microscopic crack testing of Penstock 2 in 2017. This level of inspection would
include removal of sections of algae and coating in each penstock can® and testing for

cracks using both magnetic particle equipment? and angled beam equipment.?

For planning purposes, it is anticipated that results of the detailed weld inspection for
Penstock 2 will be similar to the results from Penstock 1 and that approximately 900 m of

weld refurbishment will be required for Penstock 2.

Photo 3: Surface Corrosion Where Algae and Coating Have Fallen Off Surface

' The penstock is constructed of many cans, one connected to the next, end to end using a circumferential
weld where each can touches the next. Each can was constructed individually by welding two halves together
along the longitudinal axis (horizontal weld) of the can and then each can was welded end on end
(circumferential weld).

2 Magnetic particle test equipment helps to identify microscopic surface cracking of the weld and surrounding
metal.

3 Angled beam test equipment helps to identify cracking that is in the center of the weld thickness but has not
progressed to the surface of the material.

Newfoundland and Labrador Hydro 5
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Refurbish Penstock 2 - Bay d’Espoir Generating Station

3.2.1 Reliability Performance

Prior to the weld failure on Penstock 1, Hydro has not had this type of weld failure before in
any of Hydro’s penstocks. A weld failure in Penstock 2 would cause an extended forced
outage for two Bay d’Espoir generating units with a combined generation capacity of
153MW. Bay d’Espoir Penstock 2 has not caused any forced outages in its operational
history. However, due to the recent findings with Penstock 1, it can be reasonably assumed
that the expected future reliability would reduce drastically without this proposed
intervention. During times of system peak loads, an extended forced outage on this

penstock would impact delivery to customers.

3.2.2 Legislative or Regulatory Requirements
There are no legislative or regulatory requirement issues related to the justification of this

project.

3.2.3 Safety Performance

There are no past safety performance issues related to the justification of this project.

3.2.4 Environmental Performance
There are no past environmental performance issues related to the justification of this

project.

3.2.5 Industry Experience

Although corrosion of steel can be a common occurrence in penstocks, the level of pitting
corrosion observed in the Penstock 1 welds, as compared to the lack of pitting in the
adjacent base metal, is not common. Hydro has no previous experience with this type of

differential corrosion between weld and adjacent base metal.

3.2.6 Vendor Recommendations

Kleinschmidt has recommended a more detailed weld inspection be completed to

Newfoundland and Labrador Hydro 6
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Refurbish Penstock 2 - Bay d’Espoir Generating Station

determine if Penstock 2 weld condition is similar to the deteriorated weld condition of

Penstock 1.

3.2.7 Maintenance or Support Arrangements

Hydraulic generating units are inspected and maintained by Hydro.

3.2.8 Maintenance History

The five-year maintenance history related to interior and exterior inspection for Penstock 2

is shown in the following table:

Table 1: Five-Year Maintenance History

Preventive Corrective Total
Maintenance Maintenance Maintenance

Year ($000) ($000) ($ 000)
2016 73.5 2.1 75.6
2015 0.2 0 0.2
2014 0.2 0 0.2
2013 0.2 0 0.2
2012 0.2 0 0.2

3.2.2 Anticipated Useful Life

The typical life expectancy for a steel penstock is 80 years. This penstock is currently 50
years old so some deterioration is expected given its age. The Kleinschmidt inspection
report concluded that Penstock 2 is in good condition with little loss of steel plate thickness;
however, weld refurbishment, if required, and interior coating replacement are required to
extend the service life of the asset. If the interior coating is replaced within manufacturer
recommendations of every 20 years and any welding refurbishments are completed, the life

of the penstock can be expected to be extended another 80 years.

Newfoundland and Labrador Hydro 7
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3.3 Island Generation

Hydro filed its Energy Supply Risk Assessment with the Board on November 30, 2016." This
analysis considered Hydro’s supply risk in advance of interconnection to the North American
grid. It considered a number of factors including the projected unit availability across
Hydro’s asset classes, Hydro’s load forecasts including sensitivity analysis, and existing

transmission constraints within Hydro’s system.

As part of that analysis, Hydro calculated its reserve margin and expected unserved energy
in excess of planning criteria for a number of considered cases based on projected unit
availability. The unavailability of Penstock 2 at Bay d’Espoir would result in a net reduction
in 1IS capacity of 153 MW, resultant from the unavailability of Units 3 and 4. This
unavailability would result in violation of Hydro’s planning criteria for all cases considered as
part of Hydro’s Energy Supply Risk Assessment in the immediate term, while bringing Hydro
very close to its minimum reserve margin target of 240 MW in the near term. As such, Units
3 and 4 at Bay d’Espoir are critical to the reliability of the IIS in advance of interconnection.

Reserve margin analysis for the unavailability of Units 3 and 4 is presented in Table 2 below.

* From NLH - Energy Supply Risk Assessment Report - UPDATED November 2016 - Revision 1 - 2017-01-26.

Newfoundland and Labrador Hydro 8
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Refurbish Penstock 2 - Bay d’Espoir Generating Station

Table 2: Reserve Margin Analysis

Island Interconnected System
Winter
2016-17

Winter
2018-19

Winter
2019-20

Winter
2017-18

Expected Reference Case

A: 115 Forecast Peak Demand
B: Less Available Capacity Assistance (90 MW) 1,710 1,706 1,703 1,703
C: Capacity at Peak 1,856 1,856 1,966 1,966
Reserve Margin (MW)  (C-B) 146 151 263 263
Reserve Margin (%)
Fully Stressed Reference Case
A: 115 Forecast Peak Demand 1,800 1,796 1,793 1,793
B: Less Available Capacity Assistance (90 MW) 1,710 1,706 1,703 1,703
C: Capacity at Peak 1,856 1,856 1,966 1,966
Reserve Margin (MW)  (C-B) 146 151 263 263
Reserve Margin (%)
Fully Stressed Reference Case with Sensitivity Load Projection |

A: 115 Forecast Peak Demand 1,800 1,804 1,803 1,802

B: Less Available Capacity Assistance (90 MW) 1,710 1,714 1,713 1,712

C: Capacity at Peak 1,856 1,856 1,966 1,966

Reserve Margin (MW)  (C-B) 146 142 253 254

Reserve Margin (%) 9% 8% 15% 15%)
A: 115 Forecast Peak Demand 1,809 1,807 1,805 1,806

B: Less Available Capacity Assistance (90 MW) 1,719 1,717 1,715 1,716

C: Capacity at Peak 1,856 1,856 1,966 1,966

Reserve Margin (MW)  (C-B) 137 140 251 250

Reserve Margin (%) 8% 8% 15% 15%|
Fully Stressed Reference Case with Sensitivity Load Projection Il

A: 115 Forecast Peak Demand 1,812 1,807 1,805 1,805

B: Less Available Capacity Assistance (90 MW) 1,722 1,717 1,715 1,715

C: Capacity at Peak 1,856 1,856 1,966 1,966

Reserve Margin (MW)  (C-B) 134 139 251 252

Reserve Margin (%) 8% 8% 15% 15%

Naote: Installed capacity does not include 20 MW of valtage reduction

3.4 Development of Alternatives

Hydro does not believe there are other viable alternatives to refurbishing the Penstock 2
welds. Hydro considered the risk involved in keeping Penstock 2 in service until the next
capital budget cycle; however, the associated timing would result in a condition assessment
and weld refurbishment in 2018. Given that the condition of the welds in Penstock 2 are
expected to be similar to that of Penstock 1, Hydro considered the risk of weld failure in
Penstock 2 to be too high to delay inspection and refurbishment past 2017. If a weld failure
was to result in an open crack in Penstock 2, especially during a winter season, the
consequence would be the loss of 153 MW of supply from the Bay d’Espoir plant, affecting

generation capacity for the island possibly during a critical time of year.

4.0 Conclusion

The generation of 153 MW using Penstock 2 is necessary to maintain generation planning

Newfoundland and Labrador Hydro 9



O 00 N o »uu A W N B

[ = S
N O

13
14
15
16
17
18

Refurbish Penstock 2 - Bay d’Espoir Generating Station

criteria for the island interconnected system. The visual inspection of Penstock 2 completed
in 2016 by Kleinschmidt recommended a more detailed weld inspection report be
completed to determine if the Penstock 2 weld condition is similar to the deteriorated weld

condition of Penstock 1.

The only viable option considered is to complete a detailed weld inspection and refurbish
the deteriorated welds using the same method as for Penstock 1. Refurbishment will extend

the life of the penstock while providing reliable power to the island system.

4.1 Budget Estimate
Table 3 outlines the capital cost required to complete the detailed weld inspections, stress

analysis and weld refurbishment for Penstock 2.

Table 3: Project Budget Estimate

Project Cost:(S x1,000) 2017 2018 Beyond Total
Material Supply 0.0 0.0 0.0 0.0
Labour 400.6 0.0 0.0 400.6
Consultant 547.5 0.0 0.0 547.5
Contract Work 6,350.0 0.0 0.0 6,350.0
Other Direct Costs 19.4 0.0 0.0 194
Interest and Escalation 282.7 0.0 0.0 282.7
Contingency 1,463.5 0.0 0.0 1,463.5

TOTAL 9,063.7 0.0 0.0 9,063.7

The cost to complete the Penstock 1 refurbishment, including engineering and construction,
was approximately $7 million. The overall engineering and construction budget estimate to
assess and refurbish Penstock 2 was increased to $7.3 million to account for increased
difficulty with accessing Penstock 2 compared with Penstock 1, as well as the stress analysis
required. Interest and escalation costs as well as contingency equate to $1.8 million,

resulting in a total budget estimate of $9,063,700 for this project.

Newfoundland and Labrador Hydro 10
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1 4.2

Project Schedule

2 Table 4 outlines the project schedule for the Penstock 2 refurbishment project.

Table 4: Project Schedule

Activity Start Date End Date
Planning Planning Jan 2017 Feb 2017
Design Consultant procurement Jan 2017
Design Feb 2017 March 2017
Procurement Tender and Award Construction March 2017 April 21, 2017
Construction Construction Contractor Mobilization April 2017 May 2017
Construction May 2017 June 2017

Commissioning

Final Inspection

June 28, 2017

June 28, 2017

Water up June 29, 2017 June29, 2017
Penstock back in service June 30, 2017
Closeout Closeout July 2017 August 2017

Newfoundland and Labrador Hydro
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January 9, 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: Bay d’Espoir Penstock 1 Refurbishment
Allowance for Unforeseen Notification

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

Tracey L.(P/ennell
Senior Counsel, Regulatory

TLP/Ib
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1. INTRODUCTION

On September 14, 2016, a leak was discovered in Penstock 1 at the Bay d’Espoir plant. Site
investigation revealed a 1.1m open crack along a horizontal weld in the penstock (see Photo 1)
approximately 230m downstream of the penstock intake gate. This open crack followed
another open crack that had developed in May 2016, which was repaired at that time. Both
open cracks were in close proximity. With the second open crack development, it was then
suspected that the May crack was not an anomaly and that a more detailed investigation was

required.

The penstock was removed from service to repair the open crack, complete a detailed
inspection of the penstock to determine if any further issues existed affecting penstock
reliability, and to determine the root cause of the failure. Hatch, having local metallurgy
expertise, was engaged to assist Newfoundland and Labrador Hydro (Hydro) in completing the
detailed inspection, developing the resulting refurbishment plan, and determining the root

cause of failure.

Photo 1: Open crack in Penstock 1

Newfoundland and Labrador Hydro Page 1
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As a result of removing Penstock 1 from service, generating units 1 and 2, totaling 153 MW,

were unavailable to supply power for the refurbishment project duration.

This report details Hydro’s investigation into the crack failure and refurbishment of Penstock 1

in order to ensure continued reliable operation of the penstock.

3. PROJECT DESCRIPTION

Upon discovery of the the second open crack in penstock 1, work commenced to restore the

penstock to service prior to December 1, 2016. December 1 is date that Hydro commits to

having its assets ready for the pending winter operating season (Winter Readiness). The scope

of work for this project included:

Detailed expert investigation of the weld cracks as well as root cause analysis;
The refurbishment of 905m* of weld in Penstock 1 between the intake structure and
surge tank 1; and

The re-establishment of the backfill that was removed during welding rehabilitation.

The work tasks for each of these objectives included:

Visual inspection and Magnetic Particle testing of the penstock welds from the
intake to the scroll case to determine the extent of required refurbishment;
Sampling and laboratory analysis of the affected welds, base plate metal, interior
and exterior coating, interior algae, reservoir water;

Development of work method and safety plan for welding refurbishment;
Excavation and creation of access points and ventilation holes in the penstock
between the intake and the surge tank;

Refurbishment of welds with specialized equipment including automatic welding
equipment;

Testing of refurbished welds;

! The initial length of weld refurbishment reported to the Board of Commissioners of Public Utilities on October 14,
2016, was 700m. Upon completion of detailed weld testing it was found that a total of 905m of weld
refurbishment was required.

Newfoundland and Labrador Hydro Page 2
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Re-establishment of exterior coating as required and backfill of penstock; and
Water up of penstock using a slower water up rate than usual due to the extended

dewatered state of penstock, as identified and recommened by Hatch.

Challenges that impacted the project work included:

Tight confined space for the number of workers required, which reached 25 to 30
people at times inside the penstock;

Specialized equipment was required to minimize the concentration of harmful
emissions from welding activities in the penstock;

There was only one existing manhole access to the penstock in the general location.
Three additional access doors were cut into the penstock to improve access
efficiency and reduce fall arrest and ladder use for multiple crews;

Two additional ventilation holes were cut in the crown of the penstock to meet
proper ventilation requirements and improve worker safety;

Equipment procurement such as automatic welding machines were transported to
the site from New Brunswick;

Road washouts triggered by Hurricane Matthew caused delays during mobilization
to the penstock site;

Poor weather conditions, consisting of snow and rain, affected backfilling of the
penstock as well as exterior site conditions;

Logistics complications due to multiple work crews on site to meet the expedited
work schedule;

Increase in grade of penstock in the lower half of the work site presented a
challenge for work crews for scaffolding set up and walking access, and;

Limited accommodations in the local communities.

The welding work was completed by contractor work crews while exterior work was completed

by contractor and Hydro operational work crews.

The welding refurbishments were completed by November 27, 2016 with the required penstock

Newfoundland and Labrador Hydro Page 3



AW N

10
11
12

13
14

15
16
17
18
19
20
21
22

Appendix A
Page 7 of 22

backfilling completed by November 29, 2016. Penstock water up was started on November 28,
2016 with the penstock placed back in service on November 30, 2016. The final project closeout

was completed on December 15, 2016.

4. JUSTIFICATION
4.1 Existing System

There are 4 penstocks which supply water for generation from the Long Pond reservoir to the
Bay d’Espoir generating station. Penstocks 1 and 2 were constructed in 1967 and supplies water
to units 1 through 4. Penstock 3 was constructed in 1970 and supplies water to units 5 and 6
while Penstock 4 was constructed in 1977 and supplies water to unit 7. See Photo 2 for the

layout of the 4 penstocks as it relates to the reservoir and the hydroelectric plant.

Penstock 4

" .

Long Pond

Reservoir Penstocks 1-3

- 5 e S
T

'

Photo 2: Layout of penstocks, reservoir and plant

The penstocks are designed to handle expected live loads such as water hammer and water
pressure as well as dead loads such as benstock material weight and backfill weight. The
thickness of the penstock base plate material is selected as a result of the stresses developed in
the steel by these noted loading combinations. Likewise, the welds are designed in a similar
manner and must also effectively handle the expected load combinations without failure. In the
case of Penstock 1, the base plate steel design thickness varies throughout the length of the

penstock. In the area of the open crack, the design penstock thickness is 11.7mm.

Newfoundland and Labrador Hydro Page 4
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4.2 Investigation

Once the September 2016 leak was discovered, Penstock 1 was taken out of service so as to
minimize further damage to the penstock and surrounding bedding support as well as

investigate the leak.

Preliminary investigation revealed an open crack in a horizontal weld of Penstock 1. The open

crack location is shown in Photo 3.

/Penstn:k 2

Open crack location
Penstock 3 /
\ - (/Penstock 1

Photo 3: View of Penstocks 1, 2 and 3 as viewed from intake area

An investigation of the open crack area, initially including the area 10m upstream and
downstream of the crack area, was completed by Hatch with Bay d’Espoir operations support.
The welds in this area of the penstock displayed corrosion primarily concentrated in the weld
with less pitting shown in the adjacent base metal. Photos 4 and 5 show the extent of the

corrosion observed in the horizontal welds in the inspected area as compared to the base plate.

Newfoundland and Labrador Hydro Page 5
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Photo 4: pitting in weld on interior of penstock

Photo 5: Deep pitting shown in weld

Given the visible pitting and general poor condition of the welds in this initial area, further
investigation was undertaken to inspect the penstock from the intake gate to the scroll case, for
a total distance of 1.2km. Weld deficiencies were identified between the intake gate and 460m

downstream of the intake gate. Most of the welds between these stations displayed material

Newfoundland and Labrador Hydro Page 6



Appendix A
Page 10 of 22

1 lossin the weld adjacent to the base plate as shown in photos 6 and 7. As shown in these
2 pictures, the surface of the weld material adjacent to the base plate appears to be below the

3 surface of the base plate as is evidenced by the noted erosion channels each side of the weld.

Base plate
Weld thickness less
than adjacent base

plate thickness

Photo 6: Loss of weld material at interface with base metal

Newfoundland and Labrador Hydro Page 7
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Photo 7: Weld thickness less than base plate thickness

These erosion channels represent loss of the weld material. Proper weld design dictates that
the weld material needs be the same thickness or thicker than the adjacent base plate material.
In the case of some of the welds in Penstock 1, it was noted that these eraosion channels
reduced the weld material thickness to less than that of the adjacent base plate thickness, thus

the remaining weld thickness no longer met minimum design requirements of the penstock.

Cracking was also evident in the welds. Many of the weld cracks were, on average, found to be
2.5mm deep, and were located along the base plate / weld interface. Cracking in the weld also
acts to reduce the effective thickness of the weld material. There were multiple areas
discovered in the vicinity of the open crack where weld cracks were measured at more than half

the thickness of the base plate; up to 6mm deep. Cracks in the weld material indicate a

Newfoundland and Labrador Hydro Page 8
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reduction in effective weld thickness and crack depths to 6mm indicate that failure of the weld
is highly probable under normal loads. Given both the loss of material thickness due to
corrosion as well as the weld cracking, refurbishment of these deficient welds was concluded by

Hydro’s consultant to be required before operation of Penstock 1 could safely be resumed.

The refurbishment work rendered Bay d’Espoir Units 1 and 2 unavailable for generation until
the work to rehabilitate the welds could be completed. Due to the criticality of Bay d’Espoir to
the Island Interconnected System, urgent and immediate work to refurbish these welds was

determined to be necessary to ensure reliable service to customers.

4.3 Investigation Results

Hatch concluded that the majority of the horizontal welds between the intake and 460m
downstream of the intake had enough material loss, as well as visible crack depth, to be
ineffective at resisting the stresses caused by normal operation. For the most part, the
circumferential welds displayed minimal corrosion; however, some of these welds were
deteriorated to the extent where refurbishment was also required. Generally, the
circumferential welds that were deteriorated were those located close to the intake.” The
remaining welds 450m from the intake down to the scroll case were found to be in good

condition with no need for refurbishment.

A root cause analysis to determine why the weld deterioration occurred is currently underway

with a report expected in February 2017.

‘It was also determined that the almost 50 year old interior coating system had failed

throughout the penstock. The coating system will also be considered as part of the root cause

report.

2 The penstock is constructed of many cans, one connected to the next, end to end, using a circumferential weld
where each can touches the next. Each can was constructed individually by welding two halves together along the
longitudinal axis (horizontal weld) of the can and then each can was welded end on end (circumferential weld).

Newfoundland and Labrador Hydro Page 9
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4.4 Refurbishment Effort

Due to the nature of the weld deficiencies, the existing welds in the area noted no longer met
the minimum design requirements and therefore, it was recommended by Hatch that
refurbishment of the deficient welds was required prior to repressurizing the penstock.
Ultimately, 453m of the penstock (905m of total welding length) required gouging of the

corroded and cracked weld material followed by installation of new welds.

In order to complete the amount of welding refurbishment required in the specified timeline,
significant logistical challenges were overcome to complete the work. These challenges, as
listed in section 3, included a lack of accommodations for the number of workers required to
meet the schedule, Hurricane Matthew access damage, and transportation of specialized
equipment from other provinces. In order to meet the challenging schedule, the contractor
engaged a total of 70 construction crew members to work on the penstock, 7 days a week, in
two 10 hours shifts per day. A considerable effort was made to complete this project before the
winter readiness timeline and re-establish generation on units 1 and 2 at the Bay d’Espoir

hydroelectric station.

5. CONCLUSION

This project was required to ensure the reliability of Penstock 1, especially with winter
approaching. If Hydro had only repaired the open crack area and returned the penstock to
service without investigating and subsequently refurbishing the other corroded and cracked
welds, there was a high probability that another leak would have occurred in the next 3 to 4
months, forcing the penstock out of service for a period of time during the winter season. This
type of shut down would result in losing the 153MW supply from units 1 and 2 at Bay d’Espoir

over the winter which Hydro deems to be unacceptable.

Hydro recognizes the urgent interest of the Board and intervenors in the findings of the root
cause analysis with respect to implications for reliability of other penstocks. Hydro continues to
work with its consultant, Hatch, on the root cause report. Hatch has, in turn, engaged third

party materials testing organizations to complete various materials testing as part of the root

Newfoundland and Labrador Hydro Page 10
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cause investigation into the penstock leaks. The sample testing results are important to the
final findings of the report. Hatch will receive the final aspects of information from the third
party in January. The results of these third party tests will then be reviewed and incorporated
into the root cause report. Hydro expects to receive a draft of the root cause report in early
February, and will work with Hatch to finalize the report by the end of February. The report,

including any recommendations, will be communicated to the Board, once final.

The work to refurbish the welds was not contemplated in the annual capital budget as the
condition of the welds, or the risk of a crack developing, was unknown. Hydro has modified its
inspection program for its remaining penstocks, and will have those penstocks inspected
internally over the next several years. The Hinds Lake penstock was inspected in Fall 2016 with
the penstock and welds found to be in good condition, as was the penstock generally.
Penstocks 2 and 3 at Bay d’Espoir will have detailed inspections completed in 2017. All
remaining penstocks will have engineering inspections completed between 2018 and 2020.
Hydro is coordinating the timing of the inspections with other work requiring the penstocks to

be dewatered.

Hydro does not believe there were any other viable alternatives to refurbishing the penstock
welds, as was completed. Hydro could have put Penstock 1 back in service following the repair
of the known crack, and postponed the major refurbishment work. However, in Hydro’s view,
postponing the work until the next maintenance season would have carried unreasonable risk
that an additional crack would develop, removing 153 MW of supply, which could have

occurred in the middle of the critical winter season.

6. PROJECT COSTS

The expenditures for this project are shown in Table 1.

Newfoundland and Labrador Hydro Page 11
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Table 1: Project Expenditures

Project Expenditures
Material Supply $19,828
Labour $167,375
Overtime $129,688
Contract Work $6,030,497
Travel $1,224
Equipment Rental $7,000
Overheads $170,617
TOTAL $6,526,229°

The original estimate proposed to the Board for this work was $12,900,000 based on the
original quote from the welding contractor developed after a site visit. The welding contract
was based on a time and materials basis and their cost estimate was adjusted once the

engineering refurbishment plan was finalized and construction began.

* Summation of costs reported to date. This value will change marginally as final invoicing is received from all
vendors.

Newfoundland and Labrador Hydro Page 12
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BDE Penstock 1 Refurbishment
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BDE Penstock 1 Refurbishment

Photo A-1: Congestion with scaffolding and cables inside the penstock
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BDE Penstock 1 Refurbishment

Photo A-3: Access road washouts due to Hurricane Matthew

Photo A-4: Automatic gouging machine setup
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BDE Penstock 1 Refurbishment

Photo A-5: Congestion on site
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BDE Penstock 1 Refurbishment

Photo A-6: Example of scaffolding required
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BDE Penstock 1 Refurbishment

Photo A-7: Weather conditions during penstock backfill requiring temporary shut down

Newfoundland and Labrador Hydro Page A- 7
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PENSTOCK NO. 2
INSPECTION AND EVALUATION

BAY D’ESPOIR HYDROELECTRIC DEVELOPMENT

1.0  INTRODUCTION

Newfoundland and Labrador Hydro (NL Hydro) contracted with Kleinschmidt on June 24, 2016
to inspect and evaluate the condition of their Bay d’Espoir Hydroelectric Development’s
Penstock No. 2. Kleinschmidt’s inspection is the first external engineering consultant evaluation
completed for Penstock No. 2 since the surge tanks were reviewed in 1988 and is part of NL
Hydro’s recent review of their preventive maintenance program for asset management, setting a

baseline for NL Hydro to build on for future management of their penstocks.

In addition, NL Hydro discovered a 2-foot long crack in Bay d’Espoir’s Penstock No. 1 in

May 2016. Kleinschmidt responded and assisted with the design of the crack repair, Crack
Investigation and Repair Report — Penstock No. 1 Bay d’Espoir Hydroelectric Development
(June 2016). Penstock No. 2 was built at the same time as Penstock No. 1 which raised NL
Hydro’s concerns about the possibility of similar cracking occurring in Penstock No. 2. As
Penstock No. 2 was dewatered for recoating of the surge tank during June/July 2016, NL Hydro

opted to have Kleinschmidt provide a detailed penstock inspection and evaluation at this time.

Since the inspection was completed, a second large crack opened up in Bay d’Espoir’s Penstock
No. 1 in September 2016. This second crack lead to a detailed weld investigation that has
discovered interior weld cracking throughout the penstock. The investigation was still ongoing at

the time this report was submitted to NL Hydro.

This report presents our evaluation of the capacity of the penstock in its current condition,
provides recommendations for inspection procedures in the future, and estimates the remaining

service life.
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2.0 PROJECT DESCRIPTION

NL Hydro owns and operates the Bay d’Espoir Hydroelectric Development in Bay d’Espoir
Newfoundland, Canada. The Project went into service in 1967 and is supplied by Jeddore Lake
with the tailrace feeding a canal leading to the tidal waters of Bay d’Espoir and the Atlantic
Ocean. The plant has a hydraulic head of approximately 176 meters (577 feet) and seven
generating units with a total capacity of 604 megawatts (MW). The development comprises two
intake structures, feeding four penstocks into two powerhouses where seven units operate with a
total annual generation of approximately 2,650 gigawatt hours (GWh). Penstocks No. 1, No. 2,
and No. 3 have surge towers approximately 727 meters (2400 feet) upstream of the powerhouse.
The first phase of the project construction involved the installation of the main intake structure
and a four-unit powerhouse with Penstocks No. 1 and No. 2 connecting the two. The second
phase consisted of installing Penstock No. 3, along with two additional units in the powerhouse,
and a separate intake structure and powerhouse for Unit No. 7, connected by Penstock No. 4 in
1970. Penstock No. 2 supplies Units No. 3 and No. 4. The rated flow across all seven units is
397 cubic meters per second (m®/s) (14,020 cubic feet per second (cfs)). Penstock No. 2 is buried
along its entire length from the intake to the powerhouse. There are four original manholes: one
manhole upstream of a turbine-isolation valve inside the powerhouse and three larger manholes
on the crown of the penstock; (1) approximately halfway between the powerhouse and surge

tower, (2) at the surge tower, and (3) halfway between the intake and the surge tower.

Appendix A includes the original 1965 profile drawings of the penstock including original plate
thicknesses. The penstock steel plate thicknesses range from 11 millimeters (7/16 inches) at the

intake to 41 millimeters (1 5/8 inches) at the powerhouse.
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3.0 INSPECTION

Jillian Davis P.E., and Keenan Goslin P.E. of Kleinschmidt inspected the entire interior and
exterior, of Penstock No. 2 between June 28, 2016, and June 30, 2016, with the assistance of
personnel from Tacten (rope access safety support) and NL Hydro. Ray Buffet and other NL
Hydro personnel assisted with safety procedures and site access and answered questions about

the history, operation, and maintenance of the station.

Kleinschmidt’s inspection consisted of measuring shell thicknesses, observing pitting and
cracking and overall condition of the interior of the shell, inspecting the condition of the coating
of the penstock and observing the exterior of the buried penstock for signs of leakage.

Appendix B shows a table of our key field observations.

3.1 WORKING CONDITIONS

Kleinschmidt’s inspection team entered the penstock on June 28 through the manhole at the
surge tank and existed at the powerhouse manhole. On June 29 the team entered through the
intake and exited manhole at the surge tank. On each day the intermediate manholes (each
approximately 360 meters (1181 feet) and 253 meters (830 feet) downstream of the entry points
respectively from the intake and surge tank) were used to re-rig the safety ropes. Photos 1
through 4 in Appendix B show each of the access points and manholes. The ropes were used to
access the steep portions of the penstock and provide a means of rescue by Tacten if necessary.
Kleinschmidt anchored the ropes to a ladder system at the intake and at each manhole as it was
passed while Tacten and NL Hydro provided and manned a retrieval tripod at intermediate
manholes of each section. Some leakage into the penstock was encountered from the upper and
lower right hand corners of the headgate (looking downstream) during the inspection. This
leakage can be seen in Photo 5. The penstock’s interior was generally dry with the interior
surface conditions mainly damp until just upstream of the powerhouse where a low spot has
collected water and additional organic build-up. The penstock has varying slopes with two main
steep sections. The penstock slopes range from 2 degrees to 7 degrees along most of its length
but just upstream of the surge tank there is a section with a 16-degree slope for approximately
91 meters (300 feet) and just upstream of the powerhouse the penstock has a 19-degree slope for
approximately 58 meters (190 feet) as noted in Appendix A. The slope levels out as the penstock

enters the powerhouse.

DECEMBER 2016 -3- Kleinschmidt



Appendix B
Page 8 of 71

The exterior of the penstock was inspected on June 30. The exterior was mainly rocky conditions
covering the penstock. It rained before and during the inspection causing footing to be slippery
and muddy where it was not rocky. The rain combined with poorly draining soils caused pooling
in low areas including excavations completed the prior week for inspection of the crown of the
penstock. The grade nominally followed the penstock slope between the intake and the

switchyard.

3.2 INTERIOR INSPECTION

All stationing measured during Kleinschmidt’s inspection is based on the downstream face of the
headgate acting as STA 0+00 with stationing measured in feet rather than meters. The

Appendix A Penstock Layout Drawings have the headgate at STA. 0+42 with stationing in feet
as well. Where possible, the stationing presented herein is first shown in metric units (meters)
based on Kleinschmidt’s field measurements and the drawing stationing (in meters as well) is

given in parentheses. This is then followed by the imperial equivalent stationing in brackets.

Kleinschmidt inspected the penstock interior from the headgate at STA 0+00 (STA 0+12.8 in
Appendix A drawings) [STA 0+00 (STA. 0+42)] to the scroll case at the powerhouse,
STA.11+71 (STA 11+88) [STA 38+42 (STA 38+96)].

Penstock thickness readings were recorded from the interior at various locations. Shell thickness
measurements were taken with a Panametrics Model 38DL Plus Ultrasonic gage. A dual element
transducer, Panametrics Model D790, was used and the readings were taken in the “standard”
mode. In “standard” mode the paint thickness does not affect the steel thickness readings if the
paint thickness is below 1/64 (0.0156) inch (15.6 mils). The gage was calibrated before the field
measurements to an accuracy of 0.001 inch. Due to the fact that both the field measurements and
Appendix A drawings give shell thicknesses in inches, this evaluation did so as well. However,
where possible in this report, we give the metric equivalent first with the imperial thickness in

parentheses.

Thickness readings were recorded from the interior of the penstock at several positions around
the circumference of the penstock, typically near 5 o’clock, 6 o’clock and 7 o’clock based on an
orientation looking downstream. All references to penstock left and right are also oriented
looking downstream. Table C-1 in Appendix C summarizes the average shell thickness readings

for each section of penstock.
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The following sections describe the interior shell and joint condition and ovalization and present

our observation of dents.

3.2.1 INTERIOR SURFACE, COATING AND JOINT CONDITION

The interior of the penstock was generally in good condition with some scattered moderate
corrosion and pitting no more than 1.6 millimeters (1/16 inch) in depth (Photo 6). The steel in
areas where the coating was intact showed little corrosion since the coating was well applied and
in fair condition. There were many locations of localized delamination (Photo 7). Overall there
appeared to be more delamination of the upper portion of the penstock than the lower, although
actual areas of delamination were not counted or measured. This difference may be due to
possible operating temperature differences (the upper penstock is closer to the ground surface
than the lower) or possible change in construction conditions. If the interior coating was shop
applied, then construction conditions should not affect delamination, but if the coating was
applied in the field, weather and ambient temperatures could affect coating adhesion. One of the
larger areas of coating loss was along the invert and crown of the lower section of penstock at
STA 9+55 (Bend 9B and STA 9+58 in Appendix A drawings) [STA 31+32 (STA 31+42)], as the
penstock incline changes, the water velocity increases which increases scour of the penstock

coating.

Penstock No. 2 is fabricated from 20 different plate sizes. Inspection thickness readings were
taken at 14 of these plates, ranging from 12 millimeters (1/2-inch) to 41 millimeters (1 5/8-inch).
Many of these sections exhibited little to no appreciable material loss with thickness readings
averaging up to 6-7% greater than the listed original plate thickness and the average thickness for
all plates being 1.82% greater than the listed original. There is one exception, the 41 millimeter
plate, near the powerhouse at STA 11+71 (STA 11+88) [STA 38+42 (STA 38+96)], exhibited a

large material loss, averaging a 15.5% loss at three reading locations.

The welded joints were in good condition and did not have any apparent visible cracks. Both the
longitudinal and circumferential welds were convex and there was no sign of significant
deterioration along the weld edges. The invert of the circumferential joint at STA 1+95

[STA 6+60] was misaligned between adjacent sections during construction with an

approximately 12 millimeters (Photo 8) and tapered to flush at approximately the 4 o’clock and
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8 o’clock positions of the penstock. There were no visible cracks at this location but is a location

to continue to monitor.

Kleinschmidt noted a “hollow ring” when taping the penstock shell with a steel hammer at

STA 0+45.7 (STA 0+64.6) [STA 1+50 (2+12)], Bend 1B, along the invert of the penstock
between 5 and 7 o’clock and extending approximately 1 meter upstream and downstream of the
bend. This could be indicative of a void beneath the penstock. However, Kleinschmidt was
unable to find signs of interior cracking that could be allowing leakage to pipe away the soil
bedding. This is also where the penstock is still deep below grade of the earthen embankment, so

there were no signs of settlement or leakage on the exterior.

3.2.2 OVALIZATION

Table 3-1 provides measurements of the penstock vertical internal diameters (ID) along the
length of the penstock. Out of roundness percentages are comparisons to the specified penstock
diameter per supplied design drawings as horizontal internal diameter measurements were not

available due to the size of the penstock.

TABLE3-1  INTERNAL DIAMETER MEASUREMENTS (STATIONING PER FIELD

MEASUREMENTS)
StAaTION | VERTICALID | % OUuT-OF- | StATION | VERTICALID | % OUT-OF-
(FT) ft. in ROUNDNESS (FT) ft. in | ROUNDNESS
0+25 16 |- | 11.24 0.38% 25+32 13 |-]6.11 0.04%
1+50 16 |- | 9.65 1.50% 26+52 13 | - | 5.50 0.31%
3+75 16 |- | 1191 0.05% 28+32 13 | -] 5.96 0.02%
7+50 16 |- | 10.34 0.82% 28+82 13 |- | 5.86 0.09%
9+25 17 |- | 0.82 0.40% 29+82 13 | -|591 0.05%
11+50 16 |- | 8.94 1.50% 31+82 13 |- | 552 0.30%
14+60 15 |- | 2.84 0.09% 32+82 13 |- | 544 0.35%
16+40 15 |- | 2.85 0.08% 34+82 13 |- | 545 0.34%
18+75 15 |- | 1.83 0.64% 36+82 13 |- | 545 0.34%
22+32 13 |- | 5.19 0.50% 38+42 9 |-|0.07 N/A

The penstock is not noticeably ovalized anywhere along the length of the penstock with a peak
out-of-roundness measurement of 1.50%. The industry standard for new penstock fabrication
limits out-of-roundness to 1% (ASME 2004); ASCE No. 79 (see Section 4.1 for full reference)
recommends a minimum penstock thickness for shipping and handling concerns based on the
maximum of D/288 or (D+20)/400. Based on these the minimum recommended thickness for
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each pipe section is 18 millimeters (0.71-inches) for 5182 millimeters (17-foot), 16 millimeters
(0.635-inches) for 4572 millimeters (15.25-foot) and 14 millimeters (0.56 inches) for

4115 millimeters (13.5-foot). The minimum plate thickness for the 5.18 meter and 4.57-meter
sections is 11 millimeters (0.4375 inches), less than the minimum recommended for shipping and
handling, however, Kleinschmidt has seen ovalization existing between 5% and 10% in
penstocks that continue to operate safely. Our evaluation of the penstock buckling capacity due
to exterior loads is provided in Section 4.0. Included in the evaluation is the check for minimum
recommended plate thicknesses for each diameter by ASCE No. 79 for shipping and handling.

Similar to the findings of the Penstock No. 1 inspection report which noted approximately 2%
out-of-roundness near its crack, these amounts are not a concern and are common for buried
large diameter penstocks with high diameter to thickness ratios. Based on the recommend ASCE
No. 79 thicknesses for shipping and handling, the 5.18-meter diameter penstock and some of the
4.57-meter sections are the only ones of concern that may rely heavily on the surrounding soil
support below spring line to maintain their roundness. Proper compaction and material of the
bedding from the invert to the spring line is critical to these sections to help support and maintain
shape and functionality. Since the ovalization of the 5.18-meter diameter penstock is less than

1.5%, the foundation material is not a major concern at this time.

3.2.3 APPURTENANCES

Penstock appurtenances include vents, valves, access ports, manholes, and other components of
the penstock other than supports. Bay d’Espoir’s Penstock No. 2 has four manholes, two vent

openings at the intake, and a bifurcation wye at the powerhouse.

The manholes were in good condition with moderate corrosion to the interior surface of the
manhole. Kleinschmidt understands that old bolts were troublesome to remove to open some

manholes and would be replaced when the manhole covers are reinstalled (Photo 3).

The vent and access shafts are shown in Photo 9. The concrete structure did not show notable
deterioration, spalling or delamination. The steel ladder was in fair condition with corrosion
increasing with depth but not excessive.
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The downstream face of the steel headgate appeared to be in good condition with some rust
tubercles and minor leakage as shown in Photo 5. No thickness readings were taken of the

headgate steel.

The bifurcation upstream of Units No. 3 and No. 4 was in good condition with minor corrosion
as seen in Photo 10. Slightly more corrosion was visible near the invert of the penstocks than
shown in this photo with similar conditions in the photo towards the upper portions of the
penstock (Photo 11).

Mud and silt have accumulated at the invert of the penstock from the bottom of the slope beneath
the bifurcation for approximately 3 meters to a maximum depth of about 100 millimeters. This is

not an item of concern, but it does prohibit inspection of this area of the shell.

We were unable to verify drain locations during the site visit. If drains are not functioning or not
installed as per design drawings, this could cause a problem with the compaction of backfill
around the penstock. Kleinschmidt recommends locating the drains and clearing them as
necessary. The drains should be regularly inspected and cleaned as necessary by NL Hydro

maintenance personnel.

3.2.4 SURGE TANK

A few days prior to Kleinschmidt’s inspection of the No. 2 Penstock, Tacten notified NL Hydro
of cracking at the surge tank interface with the penstock. Kleinschmidt reviewed the cracking
and provided recommendations separately of the penstock inspection and evaluation. These are
located Appendix E.

3.3 EXTERIOR INSPECTION

Kleinschmidt began the exterior inspection at the intake and moved downstream. The penstock is
buried along its entire length with rock fill over each of the penstocks as seen in Photo 12.
Kleinschmidt observed the exterior ground surface for signs of leakage while walking the length
of the penstock. The weather during the day of the exterior inspection was a steady, light rain
with heavy rain at times. NL Hydro operations personnel hand dug to the crown of the penstock
in several locations the previous week with more completed the afternoon of the exterior
inspection. Typical exterior shell conditions can be seen in Photo 13. Several of the holes dug

down to the penstock crown in the previous week were filled with water and not usable for
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inspections due to the rate of flow into the hole. Coating thickness and steel thickness
measurements were taken at the locations that were not under water. The depth of cover varied
from several millimeters to over half a meter. Shallower depths of cover are not a concern
provided adequate cover is provided to protect the pipe where vehicles travel over it (at the
intake and switchyard). There is adequate cover provided at these locations according to our

evaluation in Section 4.

The location of the dug holes is estimated and shown in Appendix A. Coating thickness
measurements were taken with a DeFesko PosiTest Dry Film Thickness (DFT) gauge and

readings are summarized in Table 3-2.

TABLE 3-2 SUMMARY OF COATING THICKNESS MEASUREMENTS

STATION AVERAGE COATING THICKNESS
(FT) (mils)
2+96 12.9
14+60 24.4
26+31 13.4
30+81 18.0
33+17 17.6
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4.0 EVALUATION

The purpose of the evaluation is to assess the condition of the penstock and its suitability for
continued operation and to identify repairs or maintenance that may be required to ensure its safe
operation. Based on Kleinschmidt’s experience and judgment the four potential ways that the
penstock could fail are (1) bursting due to excessive internal pressure or loss of shell thickness,
(2) general buckling due to external pressure, (3) local buckling leading to tensile cracking or
general buckling, and (4) local weld failure due to improper weld procedures during

construction.

4.1 LOADING CONDITIONS AND ALLOWABLE STRESSES

The loading conditions and allowable stresses were determined from the criteria presented in the
American Society of Civil Engineers (ASCE) Manuals and Reports on Engineering Practice

No. 79 Steel Penstocks, 2" Edition. The allowable primary stress intensity is the lesser of the
material yield stress (Fy) divided by 1.5 or of the ultimate tensile stress (Fu) divided by 2.4. A
summary of assumed yield stress, ultimate tensile stress, and allowable stress intensity for each
section of penstock can be found in Appendix D. The allowable steel stress used in this analysis
was 17,000 pounds per square inch (psi). This was conservatively estimated from the two types
of steel used in the penstock construction, ASTM A285 and CSA G40.8 Grade B. ASTM A285
Grade B steel was used from the intake to STA 2+99 (STA 3+13) [STA 9+80 (10+26)] with
CSA G40.8 Grade B steel used for the remainder.

The welded seams are not as strong as the original base material; these strength reductions are
designated as “joint efficiency, E” and are calculated in Appendix D and included in the
penstock stress tables in Appendix C. A joint efficiency of 70% was assumed for all welded
joints per Table 3-3 of ASCE No. 79.

Load cases considered include:

e stresses in the penstock under normal operating conditions;

e stresses in the penstock under flood conditions;

e transient stresses in the penstock during a load rejection at normal pond elevations;
e allowable vent opening to prevent vacuum pressures; and

e external surcharge loads in a dewatered condition.
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4.2 SHELL STRESSES INDUCED BY INTERNAL PRESSURE

Table 4-1 summarizes the statistical analysis of our steel-shell thickness data and internal
pressure steel stress analysis results. See Appendix C for detailed thickness data and stress
calculations. Stationing for the inspection originates at the intake and follows the path of the
penstock until it reaches the powerhouse. Average thickness and a 97.5% confidence interval
(CI) were calculated for each station. The 97.5% CI is the average thickness minus 1.96 times
the standard deviation of the thickness readings; it is considered the minimum thickness likely in
the penstock and conservatively accounts for thicknesses less than the average thickness (ASCE
1995).

The maximum hoop stress in the penstock shell is due to internal static and dynamic water
pressures. The stress ratio is the maximum hoop stress divided by the allowable steel stress. A
hoop stress less than 1.0 indicates that the penstock meets industry-standard factors of safety as
designated in ASCE Engineering Practice No. 79, Steel Penstocks (2012).

Normal pond or Full Supply Level (FSL), flood, and dynamic water hammer pressures were
determined based on elevations given in the Appendix A drawings, an extra 0.6 meters
(2.08 feet) was added to all water elevations to match maximum levels described in the

Regulation Study of Bay D’Espoir System by Acres International Limited in 1988.

Normal pond static pressures were based on a total head of 182.6 meters (599.08 feet) at the unit
centerline. This head was given by original profile drawing provided in Appendix A with a
headpond FSL of 181.7 meters (596.08 feet) with 0.63 meters (2.08 feet) added for the raised
head pond level after original construction. The maximum flood elevation used in the analysis is
184.2 meters (604.3 feet) with a static head of 183.3 meters (601.3 feet). Dynamic head rise due
to water hammer was found on the Appendix A reference drawings maximum dynamic head of
271.3 meters (890 feet) noted at the turbine.

The calculated stress ratio results for FSL and flood water levels are all less than 1.0 for the pipe
including the reduced joint efficiency. The peak stress ratios for the FSL and Flood conditions,
of 0.91 (Table C-1) and 1.08 (Table C-2) respectively, occurred at STA 6+74.2 [STA 22+12],
19 millimeter (32-inch) original plate, and conservatively neglects overburden pressures. The
maximum dynamic head stress ratios are presented in Table 4-1 and in Appendix C, Table C-3.

The water hammer pressures over stresses almost all plate sections greater than or equal to the
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14.3 millimeter (9/16-inch) original plate thickness which show an average material loss of
approximately 1.2%. However, these ratios are based on current industry guidelines for new
design. When the hoop stress is compared to the plate yield stress, also shown in Table 4-1, the
minimum factor of safety is 1.31, acceptable for late 1960 steel pipe.

TABLE4-1 ~ SUMMARY OF THICKNESS DATA AND STRESSES DUE TO INTERNAL PRESSURE
DYNAMIC ToTAL
MAX Hoopr WATER
JOINT STRESS HAMMER FACTOR OF
STATION STRESS™® | INCREASE'® | STRESS!® STRESS SAFETY AGAINST
(ft.) (psi) (psi) (psi) RATION?® YIELD

0+25 5913 78 5991 0.33 451
1+50 7182 579 7761 0.43 3.48
2+96 8386 1059 9444 0.52 2.86
3+75 9812 1414 11226 0.62 2.41
5+00 10465 1588 12054 0.67 2.24
7+50 13793 2878 16670 0.93 1.62
9425 14676 3340 18016 1.00 1.50
11+50 16454 3984 20438 0.81 1.86
14+60 18971 4120 23091 0.91 1.65
16+40 21870 4152 26021 1.03 1.46
18+91 16769 3323 20091 0.79 1.89
20+25 20902 4248 25150 0.99 151
22+12 22570 4356 26926 1.06 141
22+32 18655 3175 21830 0.86 1.74
24+32 19781 5158 24939 0.98 1.52
25+32 19714 5744 25457 1.01 1.49
26+31 20672 6509 27182 1.07 1.40
26+52 19311 6268 25579 1.01 1.49
27+72 20811 7389 28200 1.11 1.35
28+32 19747 7405 27153 1.07 1.40
28+82 19179 8140 27319 1.08 1.39
29+82 17817 7356 25174 1.05 1.43
30+81 18813 8121 26934 1.12 1.34
31+82 18184 8315 26499 1.10 1.36
32+82 17745 8580 26325 1.10 1.37
33+17 18719 8808 27527 1.15 1.31
34+82 17061 8423 25484 1.06 1.41
36+82 17120 8772 25892 1.08 1.39
38+42 21302 5813 27115 1.13 1.33

1 Joint efficiency of 0.7 included

2 Total stress / Allowable stress

3 Uses 97.5% confidence thickness

4 SF = Fy/Total stress
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4.3 GENERAL BUCKLING INDUCED BY EXTERNAL LOADS

General shell buckling occurs when an external pressure implodes the penstock shell along its
longitudinal axis. Two external loading conditions were considered in the analysis of the
penstock: combined soil surcharge and live load due to an AASHTO HS-20 design vehicle
traveling through the switchyard or nominal 445 newtons per meter (100 pounds per linear foot)
elsewhere, and subatmospheric internal penstock pressure. The penstock appears to be located in
cohesive fine grained soil above the local ground water table and drainage piping provided in the
in the soil; therefore, external water pressure on the dewatered penstock is not considered an

applicable loading condition.

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.
The snow load calculated was approximately 6224 Pa (130 psf). The depth of soil cover on the
penstock used was 0.6 meters (2 feet). Another conservative value applied to the top of the
penstock was a live load of 445 N/m (100 plf). No vehicular loading was used in the analysis
where it does not pass under roadways. 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, soil cover, live load, and snow load
was 20.5 kPa (2.97 psi). This is less than the allowable buckling pressure of 40.4 kPa (5.86 psi).

4.3.1 SURCHARGE LOAD ANALYSIS

Kleinschmidt evaluated the external loading on the penstock where it crosses under the
switchyard. At this location the penstock has a diameter and a wall thickness, which result in
different buckling pressures under an assumed equivalent surface pressure and circular cross
section. The combined calculated external pressures resulted in an equivalent pressure of

53.57 kPa (7.77 psi) on the pipe, much less than the allowable buckling pressure of 254.69 kPa
(36.94 psi) using a factor of safety of 2.0 beneath the switchyard. Low soil stiffness values were
used assuming less than optimal soils used to backfill from around the pipe with conservative
compaction levels. Kleinschmidt’s feels these calculations are conservative and additional

materials testing of the backfill is not required.
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An HS-20 truck load is per AASHTO Standard Specifications (AWWA 2004) is a 72,000-
pound, three-axle truck with axles spaced at 14 feet from the front axle to middle axle then

variable from 14 feet to 28 feet to the rear axle. Both rear axles weight 32,000 pounds.

4.3.2 SUBATMOSPHERIC INTERNAL PENSTOCK PRESSURE ANALYSIS

Subatmospheric internal pressure can occur if the penstock is dewatered quickly without
adequate venting downstream of a headgate or as the result of a negative transient wave pressure.
Evaluating negative internal pressures due to transient pressures was outside the scope of this
project and no detailed hydrodynamic model was created, but the likelihood of occurrence of
subatmospheric pressure is minimal, and allowable buckling pressures are greater than potential
negative pressures due to transient waves at startup. The two 1.5-meter by 1.67-meter (5-foot by
5-foot — 6-inch) vents at the intake structure were evaluated according the Hydroelectric
Handbook, Section 31 — Air Inlets (Creager and Justin 1950), assuming that water is stopped due
to a headgate closing and that the full flow of the penstock is stopped all at once at the intake.
Based on this calculation the required vent area is approximately 0.29 square meters (3.07 square
feet), which is well below the area provided by the approximately 5.1-square-meter (55-square-

foot) existing openings.

4.4 LOCAL BUCKLING AND STRESSES

Local buckling occurs when a point load causes a small area of the shell to be stressed beyond its
material buckling stress limits, and it becomes permanently deformed. Boulders and rocks could
be a source of point loads but no serious deformations were noted in the inspection. The
penstock is continuously supported by the soil so it is unlikely there are excessive local buckling
stresses in the penstock.

4.5 LocaL WELD CONDITIONS

As noted in Section 1.0, NL Hydro discovered a 0.6 meter (2-foot) long crack in Penstock No. 1
in May 2016. Kleinschmidt responded and assisted with the design of the crack repair, Crack
Investigation and Repair Report — Penstock No. 1 Bay d’Espoir Hydroelectric Development
(June 2016). Kleinschmidt’s investigation theorized that the crack, which occurred near a weld,
was caused by an improper weld procedure during construction that resulted in incomplete
fusion. After repairing the crack NL Hydro rewatered the penstock A second crack then opened

in the Penstock No. 1 in September 2016. This crack led to a detailed weld investigation that has

DECEMBER 2016 -14 - Kleinschmidt



Appendix B
Page 19 of 71

found many other microscopic cracks in the welds and, upon submittal of this report in
November 2016, was still ongoing and conclusions as to the cause of the cracks have not been

finalized.

Penstock No. 2 was built immediately following Penstock No. 1 which raises a possibility of
similar cracking and weld failures occurring in Penstock No. 2. Kleinschmidt’s inspection in
June 2016 was a visual inspection only of the welds and there were no overt indications of
cracking occurring in the penstock. With the microscopic cracking occurring in Penstock No. 1,
Kleinschmidt’s inspection does not preclude the same happening in Penstock No. 2. For that
reason, we recommend that NL Hydro complete a detailed weld investigation within Penstock
No. 2 in 2017.
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5.0 CONCLUSIONS

Based on our inspection findings and evaluation, the existing steel penstock has significant
remaining service life. No cracks were found in this penstock and the coating was in fair

condition.

5.1 SHELL CONDITION AND THICKNESS

Measurements of the penstock shell thickness indicate minimal loss of material thickness. Some
pitting was noted with organic material buildup on the interior. Assuming similar rates of

material loss, the penstock should have significant service life remaining.

5.2 INTERNAL PRESSURE STRENGTH

Stress ratios for a combined static and dynamic internal pressures peak at 1.15 (Table 4-1). This
indicates that the penstock does not meet present day design criteria for new penstock design.
However, when the hoop stress is compared to the plate yield stress the minimum factor of safety

is 1.31, acceptable for late 1960 steel pipe.

5.3 REMAINING SERVICE LIFE

The expected service life for a steel penstock is typically at least 80 years (ASCE 2012). This 50-
year-old penstock, however, has shown little loss of thickness from the original plate thicknesses.
We therefore anticipate that the penstock has an additional 80 years of useful service life (est.
2096) provided that the penstock interior coating is replaced before the steel begins to

significantly deteriorate and other recommendations discussed in Section 6.0 are completed.
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6.0 RECOMMENDATIONS

The penstock is good condition but several maintenance and repairs are recommended to ensure
the penstock continues to operate as required. These recommendations include recoating the
interior of the penstock, monitoring of the exterior for signs of leakage, and continued

inspections of the interior.

6.1 COATING

We recommend recoating the interior of the penstock in 10-15 years. Areas where the coating
was intact were in very good condition whereas areas with delaminated coating showed greater
corrosion. The penstock also has organic build-up along the pipe which can contribute to
accelerated corrosion on bare steel. Stress ratios are high enough that it would be prudent to plan
for a recoating to reduce loss of material thickness and extend the service life of the penstock. A
quality field applied penstock coating can last 20-40 years or more. If the penstock is recoated
prior to significant steel deterioration every 20-40 years, NL Hydro can anticipate extending the
life of the penstock another 80 years (give or take). The coating will not prevent cracking
comparable to what occurred in Penstock No. 1 and it will not prevent the eventual corrosion of

the shell from the exterior. The exterior is currently coated but it is difficult to tell its condition.

6.2 OVALIZATION

Due to the limited ovalization, 1.5% or less, of the penstock that is well within expected
tolerances, Kleinschmidt does not have any immediate recommendations for NL Hydro to
address the issue. We recommend that NL Hydro continue to monitor ovalization during their
interior inspections (see Section 6.4). The stations where ovalization was measured by
Kleinschmidt are in Table 3-1, and it is at these locations that future readings should be taken.
We recommend taking three measurements at each location and finding the average. If any
trends of decreasing vertical diameter are noted, then the compaction of the bedding and backfill

material should be investigated.

6.3 MONITOR EXTERIOR

Kleinschmidt noted two locations where the ground was depressed during the external
inspection, both were located on the right side of the penstock between STA 4+41.9
[STA 14+50] and 5+18 [17+00] and were marked with a red ribbon (Photo 14). These locations
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could be original from construction or could be signs of unnoticed leakage. These locations and
the entire length should continue to be monitored for leakage indicated by unusual wetness
and/or slumping or depressions of the ground over and around the penstock. The drains should
also continue to be monitored for unusual increases in water levels. These should be routinely

inspected and cleaned as necessary by NL Hydro.

6.4 INTERIOR INSPECTIONS
6.4.1 GENERAL EVALUATION

Kleinschmidt recommends that NL Hydro conducts an internal inspection in 2021 and 2026.
These two inspections, spaced at a 5-year interval, should take thickness readings and vertical
diameters at each station noted in Kleinschmidt’s inspection report. Due to the larger material
loss in the 41-millimeter (1 5/8-inch) plate, which was also an outlier with the other plate data,
we recommend taking additional readings during the next inspection to get a more accurate
measurement of material loss. These inspections should give a good indication as to the rate of
coating delamination, shell deterioration, and ovalization. If the current condition of the penstock
remains essentially unchanged over the next 10 years, Kleinschmidt would recommend
continuing to inspect the coating condition visually every 5 years until it is replaced. The more
detailed inspection of thickness measurements and vertical diameters could then be extended to a
10-year interval which is more typical of industry standard for penstock inspections.

6.4.2 DETAILED WELD INSPECTION

Kleinschmidt recommends that NL Hydro conduct a detailed weld inspection of Penstock No. 2

in 2017. The weld inspection should proceed similar to the Penstock No. 1 investigation:

e Recommend inspecting longitudinal and circumferential welds within Bay d’Espoir
Penstock No. 2.

e Since no cracks are visable, we recommend starting in a location near the two large
cracks in Penstock No. 1 (cracks No. 1 and No. 2). Since this was the “weakest link” area
in Penstock No. 1, it is possible to also be weaker in Penstock No. 2.

e The weld inspector should begin with a visual inspection, looking for signs of weld
corrosion, premature wear, and cracking. Where weld corrosion is noted, mag particle
and angled beam testing should be completed. Mag particle testing is the preferred
method for finding surface cracks, however many of the cracks in the No. 1 Penstock
were within the center of the weld and angled beam (or similar) was necessary to find
those.
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e Testing should focus on areas where the black algae has peeled off the coating and weld
corrosion is already present.

e |f cracking is found on these areas, the weld tester should begin methodically testing each
penstock can until no more cracking is discovered for a minimum of 2-3 consecutive
cans. Where the coating has not peeled, the welds should be pressure washed prior to
testing.

e Where cracking is noted, grind out a bit of each surface cracked weld and complete the
mag particle test again. Repeat this step until there is no more surface cracks.

e At locations with weld erosion and/or cracking, add new weld to bring it back flush to
original. The general weld repair procedure should be similar to that detailed in
Kleinschmidt’s June 2016 Penstock No. 1 Crack Report.
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