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The 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 Corporate Services & Board Secretary 

Dear Ms. Blundon: 

Re: 	The Board's Investigation and Hearing into Supply Issues and Power Outages on the 

Island Interconnected System — Phase Two — Filing of AMEC Report 

In January and February of 2016, Hydro experienced tube ruptures in the re-heater sections 

of Units 1 and 2 at the Holyrood Thermal Generating Station (Holyrood). Emergency repairs 

were completed immediately with more extensive tube replacements planned as part of the 

2016 summer annual outage. 

To mitigate the risk of further boiler tube failures over the remaining operating period of the 

Plant, Hydro determined that it would operate the boilers at lower pressures and therefore 

proposed that the units be de-rated while undertaking a further review. Hydro engaged 

engineering specialty firm, AMEC Foster Wheeler, to review the technical basis for this de-

rate assessment and to apply alternative assessment methods to maximize unit load 

capability while maintaining acceptable reliability. 

Because of the planned tube replacements, AMEC recommends continued normal operation 

of Unit 1 and 2 with regular monitoring. Based upon their calculations for Unit 3, AMEC 

recommends operating at 90% of the operating pressure and replacement of some tubes 

within the next year. Hydro has completed some preliminary non-destructive testing and to 

date has not observed deterioration of a level that would cause concern. Hydro intends to 

carry out further testing in the coming year when the opportunity arises. The report notes 

that a 10% de-rate in operating pressure will provide additional assurance for reliable 

operation in the short-term. In the event of a forced outage during the 2016/2017 winter 

season, Hydro will replace Unit 3 lost generation with existing emergency back-up 

generation while immediate repairs are made using in-stock spare tube materials. 



Ms. C. Blundon 	 2 
Public Utilities Board 

Hydro is corresponding with its boiler regulator, Government Services Center, on this 

matter. Hydro accepts AMEC's recommendations with the earliest opportunity for planned 

tube replacement being Summer of 2017, after the 2016/2017 high demand winter season. 

Should you have any questions, please contact the undersigned. 

Yours truly, 

NEWFOUNDLAND AND LABRADOR HYDRO 

GZffrey P. Young 

Senior Legal Counsel 

GPY/bs 
Encl. 

cc: 	Gerard Hayes — Newfoundland Power 

Paul Coxworthy —Stewart McKelvey Stirling Scales 

ecc: 	Roberta Frampton Benefiel — Grand Riverkeeper Labrador 

Thomas Johnson, Q.C. — Consumer Advocate 

Danny Dumaresque 



Direct Tel: (416) 217-2504 

Fax: 	(416) 217-2548 

Email: 	Tyler.Barteaux@amecfw.com  
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August 8, 2016 

Mr. Nelson Seymour 

Nalcor Energy 

PO Box 12400 

Hydro Place, 500 Columbus Drive 

St. John's, NL 

AlB 4K7 

Dear Mr. Seymour, 

RE: HOLYROOD TGS BOILER TUBE THINNING ASSESSMENT 

Nalcor has a need to potentially operate the three generating units at Holyrood TGS to 2021 
with a high degree of reliability. A risk assessment conducted by Nalcor has identified boiler 
tube failures due to tube thinning as a reliability risk and has proposed de-rating the units as a 
means of mitigating this risk over the remaining operating period. Amec Foster Wheeler Nuclear 
Canada has been engaged to review the technical basis for this de-rate assessment, and to 
apply alternative assessment methods to maximise unit load capability while maintaining 
acceptable reliability. The initial Nalcor assessment was provided as a basis [1]. 

Following this review, Amec Foster Wheeler concurs with the overall approach taken in the 
original Nalcor de-rate technical basis. However, there were issues with the process for 
establishing the normal and emergency operating loads that created uncertainty in the 
outcomes and assessment of continued reliability. 

Using design and operational data provided by Nalcor [2][3] (also tabulated in Appendix 1), 
ASME [4] code calculations were revisited while also exploring alternative assessment methods. 
Amec Foster Wheeler recommends a fitness-for-service approach be taken using B&W Plant 
Service Bulletin PSB-26 [5] for water-touched components and API 579-1/ASME FFS-1 [6] creep 
rupture calculations for steam-touched components. From the analysis, it is concluded that with 
planned replacements completed there is a low risk of boiler tube failures due to wall thinning 
on Units 1 and 2, operating at current pressures, with no de-rate, to 2021. 
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The assessment for Unit 3 has concluded there is a high risk of tube failures due to wall 
thinning within the next year. A 10% de-rate in operating pressure is recommended in addition 
to monitoring and tube replacement. 

If it is assumed that there is a linear relationship between operating pressure and unit load for 
load ranges being considered, the target loads for Units 1 and 2 are 175 MW (gross), and 
135MW (gross) for Unit 3. Additional recommendations are provided below. 

It needs to be noted that the above assessment is based on calculations conducted with the 
current ASME code allowable stress values and therefore represents a variance from the 
registered design. Concurrence from the boiler and pressure vessel jurisdictional authority is 
recommended. These conclusions also consider only boiler tube wall thinning, and do not 
address other potential reliability risks. 

	

1.0 	BACKGROUND 

Holyrood TGS consists of three oil-fired conventional steam cycle generating units. The units 
have a maximum output rating of 175 MW for Units 1 and 2, and 150 MW for Unit 3. Units 1 
and 2 (Stage 1) were commissioned in 1969/70, and Unit 3 (Stage 2) was commissioned in 
1979. Units 1 and 2 were uprated in 1987 with modifications. Unit 3 has not been uprated but 
the material changes have been made and the reheater surface was modified (tubes removed) 
in 2001 to improve boiler performance. 

The boiler tubing on all three units has experienced various forms of degradation that presents 
a reliability risk. The primary concerns were oil ash corrosion in the high temperature sections 
of the tubing and fireside corrosion and erosion in the low temperature tubing. A change in fuel 
is considered to have mitigated the impact of these degradation mechanisms. Pad-weld repairs 
or replacement of tube sections have been completed in all three units to address tube failures. 
Wall thickness surveys are also being conducted annually to monitor tube wall loss. 

	

2.0 	ASSESSMENT METHOD 

The original assessment consisted of a re-calculation of design pressure for the lowest 
measured wall thickness observed over the period of 2010 to 2016, using ASME BPVC Section I 
rules (para PG-27.2.1) [4]. The original ASME minimum wall thickness was used to back-
calculate the allowable stress. Where the original ASME minimum wall thickness was not 
available the supplied wall thickness was used. 

The assessment was based on ASME code of construction allowable stresses (1968 for Units 1 
and 2, and 1977 for Unit 3), and assumed uniform wall thickness. No other tube failure 
mechanisms were considered. In addition, adoption of the analysis results assumed no further 
wall thickness reductions over the remaining operating period. 

The original assessment identified a new design pressure for each inspection location where the 
lowest measured thickness was less than the original ASME wall thickness. A revised load was 
estimated for locations where the new allowable pressure was less than the original operating 
pressure. The revised load reflected the percentage reduction in pressure adjusted for 

AM212/015/000001 R01 
	

Uncontrolled if copied or printed from AMEC NSS Ltd. Intranet 	 Form 111 R15 

Amec Foster Wheeler 
41h Floor, 700 University Avenue 
Toronto, Ontario, Canada. M5G 1X6 
Tel: (416) 592-7000 Fax: (416) 592-8284 
www.amecfw.com  

Registered Office: AMEC NSS Limited 
Registered in Ontario, Canada 
No, 001534951 

Page 2 of 19 

    



measurement at the turbine stop valve, assuming a linear relationship between steam pressure 
and unit load. 

In the original assessment the average load for the target sections of tubing was identified as 
the Emergency Maximum Load. The Normal Maximum Load was based on the Emergency 
Maximum reduced by a further 10 MW to derive a target operating load. 

Following the original assessment, Nalcor contracted Babcock & Wilcox (B&W) to evaluate the 
Unit 3 boiler superheater, reheater, and economizer tube metal temperatures. B&W generated 
ASME wall thickness and temperature maps for each tube length in the Unit 3 boiler, for an 
equivalent fuel and using the code of construction allowable stress values. The results of this 
study were documented in a report [3]. This action was undertaken to address potentially 
significant limitations in the original work where supplied wall thicknesses were used as the 
minimum. Note that the results presented in this letter are based on the materials and 
temperatures stated in the Revision 02 of this B&W report. If significant changes are made to 
this evaluation, or if any undocumented field modifications are identified, the analysis presented 
here should be revisited and revised if necessary. 

The present analysis considers four alternative methods for evaluating Maximum Allowable 
Working Pressure (MAWP) as listed below. For Unit 3, the B&W analysis was used to identify 
tube metal temperatures and materials. The B&W analysis considered the impact of the 
reheater surface removal in 2001. For Units 1 and 2, the post up-rate conditions were used [2]. 

1) Application of the B&W Plant Service Bulletin PSB-26 [51  

This bulletin provides guidance on limits for boiler tube wall loss tolerance based on 
supplied wall thickness, and takes advantage of manufacturing tolerances and design 
tolerances. For tubes satisfying this criteria, no change in operating pressure will be 
proposed. 

2) Application of the current (2015) ASME code (Section I, PG-27.2.1) [4] 

The allowable stresses for ASME materials was increased in 1999 by reducing the factor 
of safety. This increase in allowable stress permits an increase in the allowable pressure 
for a given tube wall thickness. The MAWP is derived for each section for the lowest 
measured wall thickness using the same method applied in the initial analysis. The 
margin (difference) between the calculated MAWP and original operating pressure, and 
the margins for incremental pressure reductions are provided. 

3) Application of the current (2015) ASME code (Section I, Appendix A, para A-317.2.1) 
L41 

In addition to the increases in allowable stress in the current code, Appendix A, para A-
317 provides a non-mandatory alternative for calculating wall thickness for boiler tubes 
and piping that further reduces the required tube wall thickness for a given pressure. 
Calculations similar to the method described above were completed to determine 
MAWP. 
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4) Assessment of Tubing Operating in Creep Range (API 579-1/ASME FF5-1) 161 

For high temperature components, the creep life evaluation methods identified in API 
579-1/ASME FFS-1 were applied. These methods are used for fitness-for-service 
assessments and are accepted in the National Board Inspection Code (NBIC) [7]. These 
evaluations result in estimated total life in operating hours for a given wall thickness, 
operating pressure, material, and temperature. 

Assumptions 

For the purpose of this wall thinning failure risk assessment, the following assumptions were 
applied. If any of these assumptions change, this assessment should be revisited. 

• The station is required to operate in a manner consistent with current operations until 
2021 in terms of cycles, hours, and operating temperatures. 

• Over the next five years, the units will accumulate approximately 35,000 operating 
hours each (-80% operating factor per year). 

• Currently, Unit 1 has approximately 193,000 total operating hours, Unit 2 has 
approximately 186,000 total operating hours, and Unit 3 has approximately 149,000 
total operating hours. 

• Wall thickness is uniform around the circumference and there is no further wall thinning. 

• All tubing has been in-service since unit commissioning without accommodation for 
replaced tubing. 

• The lowest wall thickness is representative of the tube bank for the respective area. 

• Data supplied by the boiler manufacturer is correct; materials, minimum and supplied 
tube dimensions and temperatures. 

• Allowable stresses and methods from the 2015 versions of the ASME Boiler and Pressure 
Vessel Code, Section I are applicable. 

• Creep life calculations using lower bound Larson-Miller Parameter material properties are 
applicable. 

• The set pressures for the closest upstream safety valves are taken as the maximum 
expected operating pressure for a given region. 

3.0 	RESULTS 

The outcomes for the fitness-for-service methods described above are summarized in Table 1 
and all analysis results are presented in detail in Appendix 1. These results provide a snapshot 
of current condition based on the inspection results and design documentation available at the 
time of this assessment. 
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Note that for Units 1 and 2, results in Appendix 1 are presented for the reheater section being 
replaced in 2016. Appendix 1 also presents the results for the boiler floor tubes on Unit 3 that 
are planned to be restored in 2016. Discussion of these tubes are excluded from the comments 
below. 

Acceptance Criteria  

The following acceptance criteria were applied when evaluating the analysis results: 

• B&W Plant Service Bulletin PSB-26: Current measured thickness greater than criteria is 
considered acceptable. 

• ASME Code: Safety valve set pressure less than the code calculated MAWP using current 
tube wall thicknesses is considered acceptable. 

• Creep Rupture: Calculated minimum creep life greater than 2x desired total life 
(projected total operating hours at 2021) is considered acceptable. 

o Unit 1 target: 456,000 hours 

o Unit 2 target: 442,000 hours 

o Unit 3 target: 368,000 hours 

o Tubes with calculated minimum creep life between the current number of 
operating hours and target number of operating hours are considered marginal 
and at medium risk of failure. Tubes with current operating hours exceeding the 
calculated minimum creep life are considered to be at high risk of failure. 

	

3.1 	Waterwall and Economiser Tubing 

The waterwall and economiser tubing in all three units pass the PSB-26 criteria. This result 
indicates current operating pressures should not challenge the integrity of these tubes. 

In Units 1 and 2, integrity of the economiser overhead bends at the 5" floor, and the Unit 3 
economiser 6th floor lower tube wall bends are challenging ASME minimum wall thickness. 
Additionally, the waterwall upper rear tubes in Unit 2 were also found to be challenging ASME 
minimum wall thickness. However, these tubes currently still satisfy the PSB-26 criteria and are 
not anticipated to challenge creep life before end of operations. It is concluded these sections 
of tubing in all three units represents a low risk of failure due to tube wall thinning. Greater 
attention is required at these locations going forward to confirm and monitor wall thickness. 

	

3.2 	Superheater and Reheater Tubing 

The steam tubing was assessed against the PSB-26 criteria, current ASME BPVC Section I 
(2015) code requirements, and evaluated for creep rupture life in accordance with API 579- 
1/ASME FFS-1. 
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• Unit 1 

The steam tubing in Unit 1 does not satisfy the PSB-26 criteria in all cases, but satisfies 
all ASME Section I criteria using the current code and original operating pressure. 
Therefore the risk of tube failure due to thinning is considered low. 

• Unit 2 

The limiting location for Unit 2 is the primary superheater Eith floor bend. This location 
fails both the PSB-26 criteria and the current code ASME requirements at original 
operating pressure. The lower bound creep rupture life at the assumed operating 
pressure is approximately 2.6 million hours. The major factors leading to this result are 
extensive wall loss and a material (SA-210 Al) operating at the upper end of the 
acceptable range. 

The results indicate this section of the primary superheater would require dropping 
operating pressure by approximately 10% to satisfy the current ASME code criteria. 
However, since the creep rupture life is shown to be extensive, it is concluded that the 
boiler can be operated for an additional five years at full operating pressure with low risk 
of tube failure due to thinning. Re-inspection of the area can confirm wall thickness, and 
replacement can be considered if the most severe damage is localised. 

• Unit 3  

The Unit 3 steam tubing fails to satisfy the PSB-26 criteria and the ASME code 
requirements in several locations within the secondary superheater and reheater 
sections. Additional metallurgical concerns have also been identified with respect to the 
use of SA-213 T11 and T2 in the primary superheater. 

The limiting locations are in the 9111  floor cavity in the reheater. With only 64% remaining 
wall thickness, the 9th floor overhead reheater bends do not satisfy the PSB-26 criteria 
for steam tubing, do not meet the current ASME code requirements at full pressure (or 
with a 20% pressure de-rate), and do not meet the remaining creep life criteria. Creep 
life exhaustion is also predicted for the SA-213 T11 tubing below feet. Although there 
may be some life remaining before creep rupture based on available inspection results 
(currently no evidence of creep damage), it should be noted that predicted creep life is 
on the same order of magnitude as the reheater tubing that failed in Unit 1 earlier in 
2016. To provide additional assurance in the short-term (1 year), a 10% pressure de-
rate is recommended until additional targeted inspections/repairs can be conducted. 

The main issue with the 9th floor cavity reheater tubes, in addition to wall thinning, is 
predicted metal temperatures at the upper limits of the allowable range. In this 
temperature range the ASME allowable stresses begin to drop significantly. Creep life is 
also highly dependent on temperature. This is illustrated where, although passing the 
PSB-26 thickness criteria, the SA-213 T11 spans are now challenging predicted creep 
life. 
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Similarly, high predicted metal temperatures at the 10th floor primary superheater tubes 
are challenging predicted creep life, although still satisfying the PSB-26 criteria for wall 
thickness. This concern of elevated metal temperatures has also been identified in the 
B&W study [3]. Longer-term operation without mitigation (either through tube 
replacement or measures to decrease local temperatures) represents a reliability risk. 

The Unit 3 reheater tubing at the 9th floor overhead south side bends and the 9th floor 
reheater T11 tubing below feet present a high risk of tube failure if mitigating action is 
not taken. The compromised primary superheating tubes should also be closely 
monitored. A 10% de-rate will provide additional assurance in the short-term (1 year), 
but selective, or bulk replacement of these tubes should be considered at the earliest 
opportunity followed by annual monitoring and replacement to ensure longer-term 
reliability. 

4.0 	SUMMARY AND RECOMMENDATIONS 

The methods applied in the initial assessment by Nalcor for assessing boiler tube reliability 
associated with tube wall thinning are consistent with industry practice. Reductions in pressure 
for boiler component integrity management is common but acceptance from the local 
jurisdictional authority is typically required when operating outside of the original design 
configuration. Operating parameter changes to be applied over an extended period are 
consistent with direction in NBIC Section 3.4.1 "Re-Rating". The action can address the need to 
de-rate for integrity management, redefine ASME limitations using a more recent code, or up-
rating. 

The revised analysis completed by Amec Foster Wheeler presents options for establishing a load 
limit for the remaining operating period (2016 to 2021) that would mitigate boiler tube reliability 
concerns due to tube wall thinning. 

The results of the analysis indicate that Nalcor has two options: 

• Base the target loads on the 2015 ASME BPVC Section I Code para. A-317.2.1 
requirements. 

• Base the target loads on the B&W PSB-26 for water-touched tubing where the failure 
mechanism is controlled by overload, and based on creep rupture where failure is 
controlled by creep life (steam-touched tubing). 

The first option is more consistent with the re-rate alteration process. The second approach is a 
fitness-for-service case. Margins on safety for the ASME case are based on limits on allowable 
stress. In the fitness-for-service case, the margins are based on extended life well in-excess of 
the requirements for creep, and manufacturing and design margins for PSB-26. It is also noted 
that PSB-26 is consistent with the recommended practice for erosion corrosion (FAC) in ASME 
B31.1 Appendix IV. 

To support extended life, Amec Foster Wheeler recommends adoption of the fitness-for-service 
approach. 
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Through application of the PSB-26 criteria and predicted remaining creep life calculations, the 
analysis performed using currently available data suggests that Units 1 and 2 can continue to 
operate at full pressure with low risk of boiler tube failures due to wall thinning, to 2021. 
Target loads can therefore be maintained at 175 MW (gross). This conclusion assumes minimal 
future wall loss, with ongoing monitoring and repair. 

For Unit 3, creep life is exhausted for the 9th floor cavity reheater tubing, where predicted creep 
life values are now in the same order of magnitude as the reheater tubing that required 
replacement on Units 1 and 2. Creep life is also being challenged for tubing in the primary 
superheater (10th floor). A 10% de-rate will provide additional assurance for reliable operation 
in the short-term, but corrective action is recommended at the earliest opportunity (within 1 
year) to avoid tube failures. Assuming a linear relationship between pressure and load, a target 
load of 135 MW (gross) is recommended. 

A summary of the tubes challenging ASME minimum allowable wall thickness and/or creep life, 
with recommended actions (for 1- and 5-year time horizons) assuming adoption of the fitness-
for-service approach, is provided in Table 1 below. 
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Table 1: Recommendations for Boiler Tubes of Concern 

Unit 
Appendix 1 

Row * 
Compromised Tube Location 

Fitness-for-Service Evaluation 
Criteria at 1000/0 Operating 

Pressure' 

Immediate Action(s) 
(1 Year of Continued Operation) 

Longer-Term 
(5 Years of Continued 

Action(s) 
Operation) 

Recommended 
Unit De-Rate 

Recommended 
Action 

Recommended 
Unit De-Rate 

Recommended 
Action B&W PS13- 

26 

Creep Life 
(Larson-Miller 

Parameter) 

1 21 Economizer, 5th Floor, Overhead (Bends) PASS IXTEIVSIVE 
REMAINING LIFE 

Continue monitoring 
tube wall thinning, None Required 

Continue monitoring 
tube wall thinning. 

None Required 

2 

8 Primary Superheater, 0thFloor (Bends) FAIL EXTENSIVE 
REMAINING LIFE 

Continue monitoring 
tube wall thinning, 

None Required 
Continue monitoring 
tube wall thinning. 

None Required 22 Water Wall Upper Rear Tubes PASS EXTENSIVE 
REMAINING LIFE 

23 Economizer, 5th Floor, Overhead (Bends) PASS E1/27ENSIVE 
REAWNING LIFE 

3 

1, 2 
Economizer Tubes, 6th Floor, Lower Tube Wall 
(North and South Bends) PASS EXTENSIVE 

REMAINING LIFE 

identify a suitable wall 
thickness for each 
zone and conduct 

Inspection and 
selective replacement 

at the earliest 
opportunity (within 1 

year). 

10% (15 MW) 
(risk of creep 

rupture may be 
reduced, but not 
eliminated with a 
reduced operating 

pressure) 

Proactively replace 
tubing at or near end 

of creep life at the 
earliest opportunity, 

p lacing priority on the 
highest-risk tubing. 

Continue monitoring 
tube wall thinning on 

other tubing. 

10% (15 MW) 
(risk of creep 

rupture may be 
reduced, but not 
eliminated with a 
reduced operating 

pressure) 

Re-assess based 
on inspection and 

replacement 
results. 

16, 17 
Low Temperature Superheater, 10. 
Floor, Below Feet (Boller Side) (Bends 
and Tubes) 

PASS 
MARGINAL — 

MEDIUM RISK  

18 
Low Temperature Superheater, 10. 
Floor, Below Feet (Economizer Side) 
(Bends) 

PASS 

19 
Low Temperature Superheater, 10. 
Floor, Below Feet (Economizer Side) 
(Tubes) 

PASS 
MARGINAL — 

MEDIUM RISK 

20 
High Temperature Superheater, 8th Floor, 
Overhead (Bends) 

FAIL EXTENSIVE 
REMAINING LIFE 

25, 26 
High Temperature Superheater, 8.5 Floor, 
Below Feet (Tubes and Bends) 

PASS 
EXTENSIVE 

REMAINING LIFE 

29 
Reheater Tubes, 9. Floor, Overhead 
(Bends) FAIL 

30 
Reheater Tubes, 9. Floor, Overhead 
(Tubes) FAIL MARGINAL— 

MEDIUM RISK 

31 
Reheater Tubes, 9. Floor, Below Feet 
(Tubes, SA-213 111) PASS 

32 
Reheater Tubes, 9. Floor, Below Feet 
(Tubes, SA-213 T22) PASS 

MARGINAL — 
MEDIUM RISK 

'Most relevant evaluation criteria for a given tube (based on metal temperatures) are bold. 
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Recommendations 

The following recommendations are provided to support Nalcor in optimising load capability and 
mitigate the outage risk associated with boiler tube wall thinning: 

1. It is recommended a fitness-for-service approach be applied to manage boiler tube 
integrity related to tube wall thinning. Limits for water-touched tubes should be based 
on the PSB-26 criteria, and for the steam-touched (high-temperature) tubes, based on 
predicted creep rupture life. 

2. The results of this analysis should be reviewed with the local jurisdictional authority to 
assess regulatory requirements associated with implementation. It is expected that this 
discussion will confirm the feasibility of adopting the fitness-for-service approach. 

3. It is recommended additional tube replacements be completed in the Unit 3 primary 
superheater and reheater at the earliest opportunity. The creep life analysis has 
determined that the primary superheater tubing on the 10th floor (below feet) and 
reheater tubing in the 9th floor cavity are approaching end of life. Creep life is predicted 
to be in the same order of magnitude as the reheater tubing in Units 1 and 2 that 
required replacement in 2016. A 10% (15 MW) de-rate is recommended in the interim 
period in order to regain margin and reduce the risk of creep rupture. 

4. An assessment should be performed to determine minimum acceptable wall thickness 
for compromised areas to support inspection and selective replacement. 

5. Conduct follow-up inspections in 2016 to confirm materials and wall thickness in limiting 
locations (extent of damage). 

6. Continue with annual boiler tube wall thickness surveys to monitor damage 
accumulation rates and locations. If there is evidence of additional wall thinning, the re-
rating needs to be revisited. The cause(s) of tube thinning on Unit 3 should be 
investigated and mitigated where possible in order to reduce the risk of early tube 
failure. 

7. Other failure mechanisms beyond wall thinning, such as fatigue cracking, are outside 
this scope of this thickness-based analysis. Fatigue failures are due to 
pressure/temperature cycles, therefore it is recommended that stops/starts and load 
cycling be limited when possible. 

8. Use of pressure for control of generator output is recommended over load control, due 
to potential non-linearity in the translation between the pressure and load at higher 
pressure reductions (i.e. >10%). Additionally, if a long-term de-rate is applied, a boiler 
performance assessment is recommended to evaluate other impacts. 
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APPENDIX 1 

Analysis Results 
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