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Q.  Reference:  Improve Boiler Load Capacity ‒ Units 1, 2 and 3, Holyrood, June 1, 1 

2018, Appendix A, B&W Engineering Study Report, Page A14. 2 

 3 

 “The current fuel oil atomizing temperature (approx. 187 F) is lower than required 4 

for optimal combustion. It is recommended to increase firing temperature to 220-5 

225 F to ensure proper combustion with the current range of oil viscosities.” 6 

 7 

 Has operating at these lower temperatures contributed to the abnormal ash 8 

deposits encountered in recent years and does Hydro intend to follow the 9 

recommendation to operate at the higher temperature? 10 

 11 

 12 

A. Of the three units, only Unit 3 has had this minor differential in fuel oil atomizing 13 

temperature, yet the hard ash exists on all units. Therefore, the implication of this 14 

minor difference is not deemed material to the ash build up. The resulting change in 15 

Unit 3 atomization temperature is about 5 degrees Celsius, and the current 16 

temperature has been in use for 15 years. Hydro receives advice every season on 17 

improving its operating parameters and intends to adjust the operating 18 

temperature this season. 19 

 20 

For information, the referred statement from the B&W report has been removed in 21 

Revision 3 of the report Performance Study Unit Capacity Limitations, which was 22 

issued on June 8, 2018. This revision to the report was made to address a 23 

misunderstanding regarding the atomization temperatures maintained at Holyrood. 24 

The new statement, on page 14 of 90, is as follows: 25 

“The current fuel oil atomizing temperature (approx. 187 F) is at 26 

times lower than required for optimal combustion. It is 27 
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recommended to increase firing temperature to achieve target oil 1 

viscosities as discussed in Section 6.1.”   2 

 3 

The updated report is attached as NP-NLH-005, Attachment 1.  4 
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1 INTRODUCTION 

 

The three oil fired units at Newfoundland and Labrador Hydro’s Holyrood station are 

currently not capable of generating their rated megawatt outputs. Newfoundland and 

Labrador Hydro (NLH) requested B&W to perform this engineering study to identify the 

causes of the current limitations and make recommendations to return the units to full load 

capability. The B&W proposal for this study was B&W reference TP001082 issued on 21 

November 2017. A two stage approach was proposed. The first stage identifies the causes 

of load limitations and the second stage focuses on the steam generator heating surface 

effectiveness. This report summarizes the results of both stages. 

 

The Unit #1 and #2 boilers at Holyrood are Combustion Engineering (CE) units built in the 

late 1960’s. The Unit #3 boiler was provided by Babcock & Wilcox Canada (B&W) in 1979. 

All three boilers are pressurized (i.e. forced draft fans only). The turbine-generator sets for 

all three units were supplied by Hitachi Ltd. The three units were originally rated at 150 

MW (Gross). Units #1 and #2 were up-rated to 174.2 MW in 1988 and 1989 respectively.  

 

The maximum unit load for Units #1 and #2 was limited to 133 and 125 MW (gross) 

respectively by furnace pressure per the January / February 2018 operating data 

considered in this study. The maximum load for Unit #3 was limited by FD fan capacity 

to128 MW per January 2018 operating data. 

 

The load limitation for Unit #1 and #2 is maximum furnace pressure thus this study focuses 

on the factors which affect furnace pressure for these units. The load limiting factor for Unit 

#3 is FD fan capacity so the focus is on fan capacity. 

 

The common fuel oil supply system is also considered with respect to issues that affect 

boiler performance. 
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2 EXECUTIVE SUMMARY 

 

Recent losses in the capacity of the three Holyrood units are primarily a result of: 

 

i) Increases in air and flue gas pressure drops across the cold end boiler heating 

surfaces (economizers and air heaters) due to oil firing deposits (fouling) on these 

surfaces. These deposits form predominantly during periods of low load and startup 

when the heating surfaces are cold and combustion efficiency is low.  

 

ii) Degradation of unit heat rate which increases the required heat input per MW. 

These increases lead to increased furnace pressure and FD fan loading in turn.  

 

Units #1 and #2 are currently load limited by the maximum allowable furnace pressure. 

Unit #3 is load limited by the FD fans. 

 

Reductions in maximum load capability for Units #1 and #2 have been present since 

2015/2016. The reduction in maximum load for Unit #3 occurred relatively quickly in the 

Oct 2017-Jan 2018 time period. 

 

Due to excessive deposition, all three units experience increased draft losses. The air 

heaters on all three units are affected. Units 1&2 are equipped with extended surface 

(finned) economizers which also experience increased draft losses. Replacing or cleaning 

of fouled heat transfer surfaces to ‘as new’ condition (if possible) will restore the design 

maximum unit load capability. 

 

If unit load capability is restored by cleaning and/or replacing heat transfer surfaces, 

reoccurrence of unit de-rates caused by fouling can be prevented by: 
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- Ensuring air heater Average Cold End Temperatures (ACET) are maintained above 

212 F (100 C) at all times. 

 

- Reinstating use of the fuel MgO dosing system 

 

- Increasing the fuel oil atomizing temperature to ensure proper atomization and 

combustion. 

 

- Ensuring sootblowing steam is dry 

 

The key findings of this study are outlined below. 

2.1 Units #1 and #2 

The maximum output of Units #1 and #2 is currently limited by the maximum allowable 

furnace pressure. Maximum furnace pressure is established by the boiler manufacturer 

according to the structural design of the boiler and furnace. Unit #1 was limited to 133 MW 

on Jan 18, 2018 at a furnace pressure of 17.9” wg. Unit #2 was limited to 125 MW on Feb 

2, 2018 at a furnace pressure of 19.9” wg. Loads of 170 MW were last achieved in Jan 

2015 and Oct 2016 for Units #1 and #2 respectively. 

 

The operating furnace pressures are significantly higher than design primarily due to the 

combination of: 

a) Higher than design air heater and economizer pressure drop due to fouling of the 

heating surfaces 

b) Higher than design unit heat rate due to reduced boiler efficiency and increased 

Turbine Generator (T-G) heat rate. 

c) Higher than design air flows 
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The potential increases in unit load as limited by furnace pressure that would occur if the 

above issues are corrected are illustrated in Figures #1 and #2.  The gains associated with 

restoring economizer / air heater pressure drops are based on new heating surfaces or 

surfaces restored to ‘’as new’ condition and are thus best case scenarios.  

 

Unit heat rate could be restored by restoring T-G efficiency, correcting lower than design hot 

reheat steam temperatures, and restoring air heater / economizer heat transfer efficiency 

(Boiler efficiency).  

 

The higher than design air flows are due to underestimation of the combustion air quantity as 

indicated by the OEM boiler supplier data sheets (Appendix 8.1) and are therefore not 

considered ‘correctable’. 

 

Figure 1 Unit #1 Potential MW Output Increases 
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Figure 2 Unit #2 Potential MW Output Increases 

 

 

If both air heater and economizer pressure drops are restored, the full rated 174.2 MW will 

be achievable on both units without exceeding the current 20” WG furnace pressure alarm 

point limit. According to site reports, cleaning of these heating surfaces has proven very 

difficult in the past. Unless more effective methods can be employed such as chemical 

cleaning the most effective means of reducing furnace pressure would be to replace the 

fouled air heater elements. Replacement of economizer surfaces would very likely not be 

economically viable. 

 

Less significant increases in maximum unit load capability are possible by restoring turbine 

/ generator (T-G) heat rate.and/or restoring the heat transfer effectiveness of the boiler 

heating surfaces.  Results of the ‘Stage 2’ study indicate poor heat transfer effectiveness 

of the air heaters and economizers. It is important to note that if pressure drops as above 

are restored by surface cleaning or replacement, a significant portion of the MW gains 

from increased boiler efficiency will also be realized along with the associated fuel savings. 
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Unit # 1 was operating at a furnace pressure of 17.9” wg on January 18, 2018, reportedly 

load limited by furnace pressure. The reason for this lower operating pressure at that time 

is unknown. If the maximum operating furnace pressure is increased to 19.9” as per Unit 

#2, an increase in maximum load of 7.2 MW would be realized. 

 

The reheaters on both units are underperforming significantly. While the cause of poor air 

heater and economizer performance is clearly fouling as evidenced by high pressure 

drops, the cause of poor reheater heat transfer performance is not known and should be 

investigated. Sootblower usage patterns and blowing pressures may need to be adjusted 

to improve effectiveness. Poor reheater heat transfer effectiveness reduces unit efficiency 

(and MW output) on four fronts:  

 

a) Low hot reheat temperature (increased T-G heat rate) 

b) High burner tilts (less furnace effectiveness – loss of boiler efficiency) 

c) High superheat sprayflows (increased T-G heat rate).  

d) Increase in stack temperature. (loss of boiler efficiency) 

 

Of the above, item a) is the most significant. 

2.2 Unit #3 

 

Unit #3 is load limited by the current capability of the FD fans. Maximum load dropped 

from 150 MW in October 2017 to 128 MW on January 4, 2018 as air heater pressure drop 

increased. The pressure drop increased most significantly during lower load operation 

(less than 100 MW) and when air heater Average Cold End Temperature was less than 

100 C (212 F). 

 

The fan VIV’s have been restricted to 54/70% open on the east/west fans respectively due 

to inlet ducting vibration which occurs at higher openings under some operating conditions. 
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Without this restriction, full load operation would have been attainable on January 4, 2018 

when load was limited to 133 MW. An inspection and test program should be implemented 

to determine how the full fan capacity can be restored. 

 

The required FD fan duty is higher than design primarily due to higher than expected air 

heater pressure drop and higher than design Unit heat rate (lower than design unit 

efficiency). Full load operation would be restored given the current FD fan VIV restrictions 

if the fouled hot end air heater elements are replaced with the proposed “ARVOS” 

elements and if the existing cold end baskets are clean and in good condition. 

 

With reference to the Jan 4, 2018 operating point (128 MW), increases in unit load 

capability as per Figure #3 would be possible for fixed fuel input. The largest contributor to 

unit efficiency reductions is turbine – generator inefficiencies. The largest boiler related 

contributor to the increase in unit heat rate is low hot reheat temperature. 

 

Figure 3 Unit #3 Potential MW Output Increases 
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The heat transfer effectiveness of the Unit #3 superheater and reheater declined significantly 

during the time period from Oct 2017 to Jan 2018. These surfaces should be inspected for 

cleanliness to determine the cause of this decline. Sootblowing patterns and/or blowing 

pressures may need to be revised to improve cleanliness. 

2.3 Fuel Related Issues (Common Units 1,2,3) 

 

The quality of fuel oil has improved significantly in recent years. A significant reduction in 

fuel oil Vanadium and Sulphur content occurred in 2006. These improvements would be 

expected to reduce the tendency towards boiler cold end (air heater and economizer) 

fouling and boiler corrosion. From a combustion standpoint, the currently utilized fuels are 

very close to the original Unit #3 design fuel.  

 

The current fuel oil atomizing temperature (approx. 187 F) is at times lower than required 

for optimal combustion.  It is recommended to increase firing temperature to achieve target 

oilviscosities as discuused in Section 6.1. The MgO additive system was taken out of 

service in 2014 and reductions in unit load capability for Units #1 and #2 started to occur in 

2015-2016 and Unit #3 in late 2017. This system should be placed back into service and 

the oil dosed at a rate of 1 lb. MgO per lb. V2O in the fuel oil. 

 

The Unit #3 air heater fouled rapidly between Oct 2017 to Jan 2018. During this time 

period, air heater pressure drop increased most notably during periods of both low load 

operation and low ACET. When ACET was maintained above 212 F there was no 

significant increase in pressure drop. It is recommended that air heater ACET is 

maintained at a minimum of 212 F for all three units.  

 

For Unit #3, the combination of low load operation (possibly poor combustion due to low 

atomizing temperatures), the lack of MgO additives, and low ACET is the most likely cause 

air heater fouling that occurred between October 2017 and January 2018. 
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Fouling in the Unit #1 and Unit #2 air heaters and economizers occurred between 2015-16 

and 2018. The operating conditions during which this fouling occurred is unknown. It is 

most likely that the economizer fouling occurred start-up operation and the air heater 

during low load and/or start-up operation. 

 
3 CONCLUSIONS AND RECOMMENDATIONS 

 

The conclusions and recommendations of this study are summarized below: 

3.1 Units #1 and #2 

 

3.1.1 Conclusions 

a) The current maximum achievable load of Units #1 and #2 is limited by furnace 

pressure due to the combination of the following factors: 

i. The draft loss across boiler surfaces is higher than design, most notably 

the economizer and air heater 

ii. Unit efficiency is lower than design 

iii. The calculated fuel air flow requirements (per unit fuel flow) are higher 

than original design 

b) The air heater and economizer pressure drops have increased significantly between 

the 2015/16 and 2018 

c) Pressure drops across the superheater and reheater are significantly higher than 

design but are not a major contributor to higher than design furnace pressure. 

d) Reheater heat absorption is lower than design as evidenced by lower than design hot 

reheat steam temperatures. Low hot reheat temperatures are leading to an up to 

1.5% increase in TG heat rate. 

e) The current largest contributors to higher than design furnace pressures and unit 

derating are: 

i. For Unit #1, high air heater pressure drop 
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ii. For Unit #2, high economizer pressure drop 

f) Restoring the air heater and/or economizer pressure drops to original design would 

increase maximum load as limited by furnace pressure per the following table: (Note 

that restoring both components results in increase above that of individual 

components- if just one component is restored, furnace pressure is still limited by 

restriction in the other) 

 

MAXIMUM LOAD AS LIMITED BY FURNACE PRESSURE 

  Unit #1 Unit #2 

Maximum Load Per 2018 Data MW 133 125 

Increase Maximum Furnace Pressure up to 19.9” WG (Unit #1) MW 140 125 

Restore Design Air Heater Pressure Drop MW 159 141 

Restore Design Economizer Pressure Drop MW 145 151 

Restore Both Economizer and Air Heater MW 175 175 

 

g) Improved heat transfer and boiler efficiency will follow restoration of heating surface 

cleanliness. FD fan power consumption will also be reduced. 

h) Alternate methods of economizer / boiler surface cleaning such as explosives or 

acoustic shock – blast methods could be considered if it is not possible to clean these 

surfaces by conventional means. 

i) Maximum boiler load as limited by furnace pressure may be increased if 

modifications/repairs to the turbine/generator set are made to improve heat rate. 

j) It may be possible to increase the current furnace pressure alarm and trip points. The 

original boiler supplier could advise if this is possible. 

k) The heat transfer performance of the economizer and air heater on both units is 

significantly lower than design, reducing boiler efficiency significantly 

l) The heat transfer performance of the reheater heating surfaces is significantly lower 

than design, reducing Turbine-Generator efficiency significantly and boiler efficiency. 

m) Removal of air heater heating surfaces is not recommended due to the negative 

effect on combustion efficiency and structural limitations of downstream flues/stack. 
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n) Partial removal of economizer heating surfaces to reduce pressure drop should be 

considered as a last resort only due to negative effect on downstream boiler structure 

and boiler performance. 

o) Increasing the maximum furnace pressure of Unit #1 to 19.9” as per Unit #2 

operation will account for 7.2 MW of additional unit output. 

 

3.1.2 Recommendations 

 

a) Reduce the pressure drop across the air heaters and/or economizers by cleaning and/or 

replacement of heating surfaces. Prioritize this work as follows: 

1) Unit # 1 air heater 

2) Unit #2 Economizer 

3) Unit #2 Air Heater 

4) Unit #1 Economizer 

b) If economizer and boiler surfaces cannot be cleaned by ‘conventional’ methods 

investigate alternative methods such as explosive or acoustic shock-blasting 

c) Ensure that the steam supply to economizers and air heater sootblowers is dry 

d) Determine if the current furnace pressure alarm/trip setpoints can be increased. (By 

original boiler supplier) 

e) Inspect the reheaters to determine the cause of low reheater heat transfer performance. 

f) Use burner tilts within manufacturers recommended range as required to increase hot 

reheat temperatures 

g) Consider turbine – generator – condenser upgrades which would improve heat rate. 

h) Consider increasing the maximum furnace operating  pressure of Unit #1 to 19.9” wg 

i) Consider increasing the furnace pressure alarm pressures. 

3.2 UNIT #3 
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3.2.1 Conclusions 

a) The current maximum achievable load Unit #3 is limited by the capacity of the FD 

fans due to the combination of the following factors: 

i. The FD fans capacity are currently not operated at their maximum 

capacity 

ii. Air heater leakage rates are up to 3 times higher than design 

iii. Air heater pressure drops are 3 to 4 times higher than design 

iv. Unit heat rate approximately is approximately 10% higher than design 

due to lower than design boiler efficiency and higher than design 

Turbine Generator Heat Rate 

v. Operating excess air to burners approximately 2% higher than design 

 

b) If the existing FD fan capacity was unrestricted, the full 150 MW unit output could have 

been attained for the January 4, 2018 operating conditions when maximum load was 

128 MW. 

c) Replacing the air heater hot end baskets will restore the unit full load capability of 150 

MW if the cold end baskets to be re-used are clean and in good condition.  

d) The combustion air flow requirement of the fuel oil currently utilized at site is very close 

to design on a lb/btu input basis. 

e) The calculated fuel flows based on unit PI data and the measured fuel flow are both 

significantly higher than expected confirming that unit efficiency is lower than design. 

The calculated and measured fuel oil flows are within 3% of each other. 

f) Removal of air heater heating surfaces is not recommended due to the negative effect 

on combustion efficiency and structural limitations of downstream flues/stack. 

 

3.2.2 Recommendations 

a) Establish if the current operating restrictions placed on the FD fans can be removed. 

i. Perform an operating test with increased FD fan VIV position and RPM 

at high load to determine current operating limitations (duct vibration?) 
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ii. Inspect the FD fan internals, instrumentation, inlet/outlet ducts and 

correct any anomalies which may lead to operating problems. 

iii. Perform an FD fan test after inspections, including inlet/outlet pressure 

measurements and inlet airflow measurements. 

b) Refurbish the air heater seals to reduce leakage and FD fan power consumption. 

c) Clean or replace air heater heating elements which are leading to the high pressure 

drop and load limitations. 

d) Ensure that the steam supply to economizer and air heater sootblowers is dry. 

e) Consider turbine – generator - condenser upgrades / repairs which would improve TG 

heat rate 

3.3 Fuel Related Issues (Common Units 1,2,3) 

3.3.1 Conclusions 

a) From a combustion and heating value standpoint, the fuel oil currently utilized is very 

close to the original Unit #3 design fuel.  

b) Fuel oil Sulphur and Vanadium content have been reduced significantly since 2009. 

c) Fouling of the Holyrood units leading to reduced maximum load capability has occurred 

between 2015 and 2018, following the discontinuation of fuel oil MgO injection.  

d) The unit #3 operating conditions between October 2017 and January 2018 show 

increasing air heater pressure drop occurs at reduced loads, and when air heater ACET 

drops below 212 F. 

e) Atomizing fuel oil temperatures must be sufficient to ensure proper atomization / 

combustion of the range of fuels currently burned (Up to 200 SFS @ 122 F) 

 

3.3.2 Recommendations 

a) Recommission the fuel oil MgO injection system and inject MgO into the fuel oil supply 

at a rate of 1 lb. MGO per lb. V2O in fuel oil. 

b) Maintain a minimum air heater ACET of 212 F 

c) Maintain atomizing oil atomization as follows for fuel oil viscosities up to 200 SFS@122 

oF 
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a. Units #1 and #2 that temperature required to achieve 100 SSU or in the absence 

of viscosity data 230 oF 

b. Unit #3: that temperature required to achieve 135 SSU or in the absence of 

viscosity data 225 oF 

 

4 UNITS #1 and #2 

4.1 Unit Description and History  

The Unit #1 and #2 boilers were supplied by Combustion Engineering Canada in 1969. 

The boilers supply main and reheated steam at a design 1000 F to Hitachi steam turbines. 

Air is supplied by two Forced Draft fans through steam coil air heaters and regenerative air 

heaters to tilting tangentially fired burners in the furnace. Products of combustion leaving 

the furnace pass through a parallel flow secondary superheater, followed by a counter flow 

reheater, primary superheater, and finned tube economizer before entering two 

Ljungström regenerative air heaters.  

 

The units were uprated to deliver 174.2 MW in 1987. Four rows of primary superheater 

were removed and tube material upgrades were made to the secondary superheater as 

part of the uprate. The unit was originally designed to control steam temperatures with the 

combination of flue gas recirculation and burner tilts. The gas recirculation fans have been 

removed from service. 

 

Neither unit has been capable of operating at loads above 170 MW in recent years. The 

most recent time period that operating data was available for 170 MW was February 2015 

for Unit #1 and October 2016 for Unit #2. The maximum load achievable is currently 

limited by maximum furnace pressure which has an alarm setpoint of 20” wg. The units will 

trip if furnace reaches 25” wg. Operators currently maintain furnace pressure below the 20” 

wg alarm point. 
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4.2 Basis of Study  

This study is based on information provided by NLH as outlined below.  

 

4.2.1 Fuel 

NLH supplied a spreadsheet summary of the analysis of fuel oil deliveries to Holyrood 

between 1997 and 2017. Heating value, density, and trace element composition was 

included in this spreadsheet. A discussion of the fuel characteristics is included in a 

following section of this report. 

 

4.2.2 Base Heat Balance Information 

The expected original design plant operating information for the uprated unit was 

supplied by NLH as follows: 

- Alstom letter to NF Power “Boiler Predicted Performance Data for Boiler #1 & 2” 

dated Aug 03, 2000. This document is the predicted boiler performance in the 

“Uprated” condition 

- Turbine heat balance conditions as outlined in document “TIR# 10236-893A, 

UPRATE” Dated 8/5/88. 

- The original Combustion Engineering ‘Contract Data Sheet’ (Contract 68119) 

These documents are included in Appendices 8.1 and 8.2 for reference. 

 

4.2.3 Unit Operating Data 

B&W requested historical operating data representative of unit operation which was not 

restricted by furnace pressure and current restricted operating data. In response, ‘PI’ 

plant historian data was provided by Newfoundland and Labrador Hydro (NLH) in 

spreadsheet form for the two units at two time periods as outlined in Table 1. 
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Table 1 Units #1 and #2 Operating Data Conditions 

 Unit 1 Unit 2 

Date Jan 18, 2018 Feb 9, 2015 Oct 18, 
2016 

Feb 2, 2018 

Unit Output MW 133 169 170 125 

Operating 
Condition 

Load Limited by Furnace 
Pressure 

@ 17.9” WG 
 

Not 
Restricted 

Not 
Restricted 

Load Limited by Furnace 
Pressure 

@ 19.9” WG 

 

It is not known why furnace pressure was limited to 17.9” wg on Unit #1 in January 

2018. On possibility is that unstable furnace pressures may have led operators to 

reduce load to keep furnace pressure out of alarm. 

4.2.4 Unit Physical Arrangement 

NLH provided boiler general arrangement drawings defining the boiler heat transfer 

surface arrangement. 

4.2.5 Heat and Mass Balance Calculations 

B&W Single Heat and Material Balance Program – P08475 was used to calculate flue 

gas flow, flue gas analysis, combustion air flow, and boiler efficiency based on the fuel 

analysis, and the operating steam/water, and the air/gas boundary conditions. 

 

4.2.6 Boiler Surface Heat Transfer Effectiveness Calculations 

 

The boiler convective component heat transfer effectiveness (Kf) calculations were 

performed using B&W’s proprietary convective surface heat transfer program “P140”. 

The inputs to this program are the FEGT, the flue gas flow / composition from P08475, 

and the boiler tube bank heating surface geometry.  

 

The thermal performance of the boiler heat transfer components (superheater, reheater, 

and economizer) heating surfaces is characterized by B&W as ‘Kf’ factors. Kf is 
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calculated by P140 based on the operating data, (component outlet gas temperature 

and calculated flue gas flow, steam or water inlet and outlet conditions and flow). The 

component Kf factor is the ratio of ‘test’ gas side heat transfer conductance to 

‘expected’ gas side conductance: 

 

exp/UgUgKf test
 

 

The tube bank geometry and flue gas flow are known. P140 calculates the expected 

gas side heat transfer conductance Ugexp (Btu/hr/ft^2/oF) on this basis using the 

standard Kf. For oil fired units, the expected Kf is 1.0 for superheater, reheater, and 

economizer surfaces. The overall component heat absorption is calculated from the 

measured steam or water inlet/outlet conditions (enthalpies) from which a test gas side 

conductance is determined (Ugtest). For oil firing Kf less than 1.0 indicates the heating 

surfaces are absorbing less heat than expected due to fouling, gas bypassing, 

unexpected gas flow patterns, etc. 

 

The flue gas temperatures throughout the boiler are calculated by heat balance starting 

with the measured temperature at the economizer outlet. 

 

4.2.7 Furnace Heat Transfer Effectiveness Calculations 

 

The actual Furnace Exit Gas Temperature (FEGT) is calculated by heat balance around 

the convective heating surfaces. The difference in temperature between the calculated 

FEGT and the FEGT as predicted by Alstom is an indication of relative furnace 

effectiveness. An actual FEGT higher than the expected FEGT indicates 

underperforming (dirty) furnace surfaces (or higher than expected burner tilts). 

 

4.2.8 Air Heater Heat Transfer Effectiveness Calculations 
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B&W relies on air heater vendors calculations to predict thermal performance of 

regenerative air heaters. Air heater heat transfer effectiveness Kf values are thus 

calculated based on the ratio of the actual heat transfer to the air heater vendors heat 

transfer adjusted to the actual operating conditions. The ‘base’ Kf factor to match air 

heater vendor predicted performance is set to 1.0 thus a calculated Kf value of less than 

1.0 indicates heating surfaces are under performing. For Units #1 and #2 the base 

performance operating condition was taken from the Alstom August 2000 predicted 

performance data ‘MCR’ load case. 

4.3 DISCUSSION OF RESULTS – Units #1 and #2 

Both Units #1 and #2 are currently limited by the maximum allowable furnace pressure. 

Furnace pressure is a function of the flow resistance (geometry, cleanliness) of the 

downstream boiler components and the flue gas flow through these components. Flue 

gas temperature is also a factor, (higher temperatures = higher resistance at a given 

mass flow) but this effect is small relative to resistance and flue gas flow and is not 

considered in this study. 

 

4.3.1 Review of Operating Data  

The ‘PI’ system operating data used in this study analysis is generated by the plant 

permanent instrumentation. It is adequate for detecting trends but not always accurate 

for measuring ‘bulk flow’ parameters such as flue gas and air temperatures in large 

ducts were temperature stratification is expected. As such, the analysis which is based 

on plant instruments can be considered accurate from a relative standpoint (i.e. to 

illustrate trends) only. Evaluation of absolute plant performance requires calibrated 

instruments and air/gas temperature grids in large flues and ducts. 

 

In general, the most accurate plant instruments are those indicating the conditions of 

major unit inputs/outputs (i.e. fuel flow, MW output), and the ‘terminal point’ connections 

between boiler and turbine cycle (i.e. feedwater flow, steam temperatures and 
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pressures). Steam flow as indicated by HP turbine pressure is not considered as 

accurate as feedwater flow thus steam flow was calculated from the measured 

(feedwater flow – blowdown flow – Aux steam flow). Reheat steam flow was calculated 

based on (calculated steam flow - HP turbine ‘leakages’ - #6 feedwater heater steam 

flow). The HP turbine leakages were taken from the Hitachi 1988 turbine heat balances, 

and the #6 feedwater flow is calculated by heat balance around the heater based on 

operating data. 

 

The heat transfer effectiveness analysis (Kf study) requires steam and water – side 

enthalpies in and out of each boiler component. For units with superheat attemperators, 

attemperator water flow and attemperator inlet steam temperature are required to 

determine the heat absorption of the primary and secondary superheater. The 

measured attemperator steam outlet temperature is prone to reading low due and is not 

considered accurate. The Units #1 and #2 attemperator inlet steam temperatures are 

not available, thus only total superheater surface effectiveness (Kf) can be evaluated. 

 

The effect on calculated Kf values of the above factors can be significant. The accuracy 

of the calculated Kf values would not be expected to be better than +/- 0.1. 

 

4.3.2 Unit Heat Rate 

The resistance (Pressure drop) of boiler components and thus the furnace pressure is 

proportional to the square of flue gas flow. The required flue gas flow is a function of the 

required unit MW output, the unit efficiency, the fuel theoretical air flow requirements, 

and the excess air required for complete combustion. Unit efficiency is the combination 

of Turbine-Generator (TG) efficiency (Heat Rate) and boiler efficiency.  These 

parameters are shown in Table 2. 
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Table 2 Units #1 and #2 Heat Rate Effect on Furnace Pressure 

UNIT HEAT RATE EFFECT ON FURNACE PRESSURE 

  Design UNIT #1 UNIT #2 

Date  Uprate 
2000 

Feb9, 2015 Jan18, 2018 Oct18,2016 Feb2,2018 

Unit Output MW 174.2 169.5 132.6 170 125.2 

TG Heat Rate Btu/kWhr 7982 8541 8540 8156 8377 

Boiler Efficiency % 90.01* 
88.06** 

85.1 86.51 85.14 86.07 

Unit Heat Rate Btu/kWhr 9053 10037 9871 9579 9733 

Fuel Theoretical Air Lb/10,000 
btu 

6.865 7.407 7.407 7.407 7.407 

Excess Air % 5 5.4 8.1 3.6 7.3 

*Design boiler efficiency per Alstom data based on 18,600 btu/lb fuel, steam coil and oil 

heating steam provided by external supply. 

**Efficiency based on 18,450 Btu/lb fuel, steam coil and oil heating steam provided by 

unit (For direct comparison to B&W calculations – this study) 

 

Significant observations from Table 2: 

- The TG heat rates are both higher than design.   

o Unit #1 approximately 7% higher 

o Unit #2 approximately 2-5% higher 

 

- Boiler efficiency is approximately 4% lower than design with heat credits (aux steam 

from ‘outside’), approximately 2% lower than design without heat credits. 

 

- The theoretical combustion air used by Alstom is inconsistent with the fuel analysis. The 

airflows reported by Alstom in the updated expected performance are not consistent with 

the combustion airflow required for heavy fuel oil. Per the Alstom 2000 uprate letter data 

sheet, the MCR theoretical airflow used was 6.73 lb air per 10,000 btu input i.e. (air 

heater outlet airflow / excess air) / (fuel flow * 18,600 Btu/lb) / 10,000. Heavy fuel 

oils typically require theoretical combustion air 7.4 to 7.6 lb. per 10,000 Btu input. My 

calculations are based on a theoretical air requirement of 7.35 lb per 10,000 Btu thus my 
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calculated airflows are higher than the Alstom airflows. This additional airflow contributes 

to higher furnace pressure. 

 

Figure 3 illustrates the MW gains that would be expected for a fixed firing rate if the 

original design T-G heat rate and boiler efficiency were restored (ref the 2018 operating 

data) 

 

 

Figure 4 Units #1 and #2 Potential MW Output Increases from Improved Efficiency 

 

A significant portion of the increased T-G heat rate is due to lower than design hot 

reheat steam temperatures. Unit #2 was operating at 898 F at the turbine in February 

2018 leading to a T-G heat rate increase of approximately 1.5%. The reheaters on Units 

#1 and 2 should be inspected to identify the cause of the performance shortfall. 

 

The net effect of the increased unit heat rate, the higher theoretical air, and change in 

excess air is an increase in unit flue gas flow for a given unit MW output. The increased 

flue gas flows by themselves are responsible for a significant increase in furnace 

pressure (reference original design draft losses). The MCR expected furnace pressure 
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per the Alstom data is 11.3” wg @ 174.2 MW. The increased flue gas flow associated 

with increased unit heat rates alone increases expected furnace pressure to 13.9” wg 

for Unit #1 and 12.7” wg for Unit #2.  

 

4.3.3 Fuel Oil Flow 

 

 The measured and calculated fuel oil flow in relation to expected oil flow provide an 

indication of unit heat rate. Table 3 illustrates these quantities for the two units and test 

times. The Expected / Calculated Oil Flows are consistently above 1.0, which is an 

indication of higher than design unit heat rate. 

Table 3 Fuel Oil Flow Calculated/Expected Units #1 and #2 

Fuel Oil Flow Calculated/Expected Units #1 and #2 

    

Unit  1 2 

Date  Feb 9 2015 Jan 18 2018 Oct 18, 2016 Feb 2, 2018 

Unit Output MW 170 133 170 125 

Expected Oil Flow 
(18,450 btu/lb HHV, HR and Blr 
Efficiency) 

Lbs/hr 82176 64175 82383 60487 
 

Calculated Oil Flow Lbs/hr 92392 71110 88436 66170 

Calculated/Expected Oil Flow - 1.12 1.11 1.07 1.09 

Plant Measured Oil Flow Lbs/hr 90628 68157 90466 65602 

Oil HHV Btu/lb 17,193 - 18,702 (2015-2017 Deliveries) 

 

 

4.3.4 Restore Unit Output by Reducing Flue Gas Pressure Drops 

Furnace pressure is driven by the pressure drops of the ‘downstream’ boiler 

components. These are the superheater/reheater, economizer, air heater, flues to stack. 

The predicted and actual pressure drops (i.e. the furnace pressure) for Units #1 and #2 

are illustrated in Figures 4 and 5. 
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Figure 5 Unit #1 Furnace Pressure Design Vs Actual 

 

Figure 6 Unit #2 Furnace Pressure Design Vs Actual 
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The original pressure drops were almost doubled at the times when full load was nearly 

(170 MW) achieved in the 2015/2016 data with furnace pressures approaching the 20” 

wg alarm. Between that time and 2018, pressure drops increased even further, 

predominantly due to increases in economizer and regenerative air heater pressure 

drops. As these pressure drops increased, unit load was restricted in step. It is not 

known if the pressure drop increases were gradual or associated with particular 

operating scenarios. A review of all operating data between 2015-2016 and current 

would be required to reveal trends. 

 

The predicted, 2015/2016, and current flue gas pressure drops by boiler component are 

shown in Figures 6 and 7. Pressure drops were prorated from actual operating 

conditions to 174.2 MW for illustration. The 174.2 MW output is not currently achievable 

on either unit with the current furnace pressure constraint. For Unit #1, the air heater is 

the largest contributor to current total pressure drop. For Unit #2, the economizer is 

currently the largest pressure drop contributor.  

 

The superheater and reheater pressure drops are also significantly higher than design, 

indicating fouling in these components and / or tube misalignment. The magnitude of 

this contribution to furnace pressure is small relative to the air heater and economizer.  

Hot reheat temperatures are currently much lower than design, which combined with the 

high pressure drop suggests that the cleanliness of these surfaces is also poor. 
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Figure 7 Unit #1 Pressure Drops Prorated to 174.2 MW 

 

Figure 8 Unit #2 Pressure Drops Prorated to 174.2 MW 

 

Figures 8 and 9 illustrate the current load limitations of Units 1 and 2 and the expected 

increases in load capability if: 
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- The air heater pressure drops can be restored to original design 

- The economizer pressure drops can be restored to original design 

- Both air heater and economizer pressure drops are restored to original design 

- Both air heater and economizer pressure drops and boiler efficiency restored to original 

design. (Reduced stack temperature will be associated with cleaner surfaces) 

 
Figure 9 Unit #1 Furnace Pressure - Restore Surface Cleanliness/Efficiency 
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Figure 10 Unit #2 Furnace Pressure - Restore Surface Cleanliness / Efficiency 

 

The potential increases in maximum load as limited by the furnace alarm pressure are shown 

in the Table 4: 

 

Table 4 Maximum Load As Limited by Furnace Pressure- Restore A/H and/or Econ Pressure Drop 

MAXIMUM LOAD AS LIMITED BY FURNACE PRESSURE – RESTORE A/H AND/OF ECON PRESS. DROP 

  Unit #1 
(Per Jan 18, 2018 Data @ 133 MW) 

Unit #2 
(Per Feb 2, 2018 Data @ 125 

MW) 

Action Units Maximum Load Load Increase Max Load Load Increase 

Increase Maximum Furnace 
Pressure to 19.9” (UNIT #1) 

MW 140 +7 - - 

Restore Design Air Heater 
Pressure Drop 

MW 161 +28 141 +16 

Restore Design Economizer 
Pressure Drop 

MW 146 +20 151 +26 

Restore Both Economizer and 
Air Heater (Max 175 MW) 

MW 175 +53 
(Inc. FP Increase) 

175 56 

 

Table 4 shows that the largest gain in MW output for Unit #1 is restoring the air heater 

pressure drop. For unit #2, the biggest gain is in restoring the economizer pressure 
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drop. If both economizer and air heater pressure drops are restored on both units, they 

will not be load limited below 174.2 MW by furnace pressure. From the charts above, it 

can be seen that the gains in unit MW output from largest to smallest are: 

1) The Unit #1 Air Heater 

2) The Unit #2 Economizer 

3) The Unit #2 Air Heater 

4) The Unit #1 Economizer 

If cleaning air heater surfaces is not possible, replacement of heating surfaces which 

are fouled would restore air heater pressure drop.  

Replacement of economizer surface is likely not economically viable if conventional 

cleaning methods are ineffective. Other methods of cleaning such as the use of 

explosives or acoustic shock methods (Shock pulse) should be considered. 

Improvements in surface cleanliness will increase boiler efficiency, slightly increasing 

maximum load (if limited by furnace pressure) and reducing fuel oil consumption. There 

will also be a reduction in FD fan power consumption. These effects were not calculated 

as part of the current study. 

 

4.3.5 Other Considerations to Restore Unit Load 

Improvements in TG heat rate through modifications / repairs to the turbine-generator-

condenser would increase unit output when unit input is limited by furnace pressure. 

The effect of this type of modifications has not been considered in this study. 

 

It may be possible to increase the furnace pressure alarm and trip settings. This would 

increase the maximum achievable load.  The original boiler structural design 

calculations would need to be reviewed.  This review would need to be done by the 

original boiler designer. 

 

Once cleaned (or heating surfaces replaced), methods of preventing future fouling of air 

heater and economizer surfaces should be employed. For the air heater, a sufficiently 
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high Average Cold End Temperature (ACET) must be maintained at all loads and during 

startups. Air heater pressure drop trends from Unit #3 (See Unit #3 section of this 

report) suggest a minimum ACET of 212 F should be maintained.  For the economizer, 

temperatures are high enough during operation to prevent fouling. Fouling may occur 

during start ups when feedwater temperatures and/or flows are low.  

 

Sootblowing steam must be dry to prevent the formation of sticky oil-ash deposits. This 

is particularly important during low loads and startups when combustion efficiency is at 

its lowest. 

 

Unit #1 could deliver an additional 7 MW of output if furnace pressure is increased to 

the 19.9” wg level per the Unit #2 Feb, 2018 data. While it is unlikely that the furnace 

trip point of 25” wg may be increased, it may be possible to increase the alarm point 

from the current 20” wg dependant on the stability of furnace pressure during high load 

operation.  

 

4.3.6 Heating Surface Effectiveness (Kf Study) 

 

B&W performance program P140 was used to calculate the convective surface Kf 

values of the boiler components for the operating periods which were considered. FEGT 

is also calculated by P140 based on heat balance around the boiler components. The 

air heater Kf values were determined with reference (Kf = 1.0) to the Alstom predicted 

performance data (2000). The expected and actual Kf’s are shown in Table 5. The 

expected Kf for bare tube surfaces is 1.0. The expected Kf for finned tube economizer 

surface is 1.2.  
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Table 5 Kf and FEGT Summary, Units #1 and #2 

Kf and FEGT Summary, Units #1 and #2 

Unit # 1 & 2 1 2 

Date Expected Feb, 2015 Jan, 2018 Oct, 2016 Feb, 2018 

Unit Load 174.2 170 133 170 125 

Air Heater Kf 1.0 0.66 0.7 0.53 0.67 

Economizer Kf 1.2 0.67 0.74 0.65 0.64 

Superheater Kf 

(Avg Prim+Sec) 

1.0 0.92 0.88 0.93 0.78 

Reheater Kf 1.0 0.88 0.67 0.72 0.72 

FEGT(oF) 

(Expected/Actual) 

2589 2577 

2590 

2438 

2439 

2577 

2669 

2408 

2396 

Burner Tilt (Deg) 

(Expected/Actual) 

+10 +10.5 

-1.4 

+14.8 

4.7 

+10.5 

-6.3 

+15.7 

+0.2 

Hot Reheat Temp 

(Deg F) 

1000 966 901 947 898 

 

Table 5 illustrates that Kf factors in all cases are less than expected, thus all surfaces 

downstream of the furnace are underperforming from a heat transfer standpoint. The Unit #1 

reheater and the Unit #2 superheater Kf’s have dropped significantly between 2015/16 and 

current operation. As expected from the observed greater than expected draft losses, the 

economizer and air heater surfaces have the lowest Kf’s. On the other hand, there is not a 

significant difference between the 2015/16 Kf’s and current Kf’s of the economizer and air 

heater when draft losses were seen to increase.  The cause of this apparent anomaly is not 

clear. It is possible that some sections of these components are currently cleaner than they 

were, but blockages in other sections (i.e. center of bank where washing has not penetrated) 

have increased. 
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The reheater performance is significantly lower than expected. This has the effect of both 

increasing stack gas temperature (reducing boiler efficiency) and increasing heat rate. 

 

Burner tilts are not being utilized to maintain design hot reheat temperatures. Positive burner 

tilts between 10 and 15 degrees would be expected; actual burner tilts are in the +/- 5 degree 

range. The calculated FEGTs are generally higher than expected, even with the lower than 

expected burner tilts, suggesting that the furnace surfaces are also underperforming. 

 

In general, the most effective means of reducing stack temperature to improve boiler efficiency 

is by improving the performance of boiler components in the low gas temperature regions i.e. 

the air heater and then the economizer. Table 6 illustrates the effect of a 10 F reduction in gas 

temperature on stack temperature and boiler efficiency. 

 

Table 6 Stack Temperature Change for Change in Upstream Gas Temperature 

Stack Gas Temperature Change for Change in Upstream Gas Temperature 

Component / 

Location 

Change in Component Gas 

Outlet Temperature (F) 

Change in Stack 

Temperature (F) 

Change in Boiler 

Efficiency (%) 

Air Heater Gas 

Outlet 

10 10 +0.2 

Economizer Gas 

Outlet 

10 4 +0.08 

Primary SH Gas 

Outlet 

10 0.8 +0.016 

 

Improvements of boiler heat transfer performance to improve unit efficiency should be 

prioritized as follows: 

 

1) Air heater (Increased Boiler Efficiency) 

2) Economizer (Increased Boiler Efficiency) 
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3) Reheater (Increased Boiler Efficiency and Reduced T-G Heat Rate) 

4) Superheater 

 

Note that improvements in reheater heat transfer performance will have three positive effects 

on unit efficiency: 

 

- A small improvement in on boiler efficiency due to lower stack temperature 

- A reduction in T-G heat rate by means of higher hot reheat temperature 

- Lowering of burner tilts leading to lower superheat spray quantity 

 

If burner tilts are modulating to control hot reheat steam temperature, improvements in furnace 

surface performance will have little to no effect on unit efficiency. Burner tilts respond to the 

required hot reheat steam temperature and adjust for reduced furnace cleanliness until the 

maximum negative tilt (Normally -30 Degrees) is approached. Excessively dirty furnace surface 

can lead to slag falls and this must be monitored visually and controlled accordingly. 

 

5 UNIT #3 

5.1 Unit Description and History  

 

Holyrood Unit #3 is a B&W ‘El Paso’ type boiler. The unit is coupled to a 150 MW Hitachi 

steam turbine. The boiler delivers a nominal 1000/1000 F steam to the HP/IP turbine. 

Steam temperature is controlled by biasing the firing rate between the three levels of 

burners. Air is supplied by two “Sheldons” FD fans. Air flows from the two fans to steam 

coil air heaters for ACET control and then into two “Howdens” Ljungström type 

regenerative air heaters. Oil is burned in nine circular oil burners arranged in three levels. 

Flue gas exits the furnace to the reheater and secondary superheater, then down through 

the primary superheater and bare tube economizer before passing through the 

regenerative air heater to the stack. 
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Reheater surface was removed by Alstom in 2001. The intent of this modification is 

unknown. The most likely reason to would have been to reduce high load reheater 

sprayflow.  

 

The FD fan VIV’s have been limited to approximately 54% and 70% open on the East and 

West fans respectively due to vibration of the fan inlet ducting.  

 

B&W are not aware of any other modifications to the unit which would affect the results of 

this study 

5.2  Basis of Study 

 

5.2.1 Fuel 

The fuel oil analysis as used in the original Unit #3 design was used (Ref discussion in 

following sections of this report). 

 

5.2.2 Base Heat Balance Information 

Baseline predicted unit performance was taken from the original boiler design B&W 

boiler Performance Data (PD) sheet dated 9/5/78 and the original heat balance diagram 

sheet NLH Drawing AO-1403-200-M001 Rev 2. These documents are included in 

Appendices 8.3 and 8.4 for reference. 

 

5.2.3 Unit Operating Data 

B&W requested unit operating data representative of operation for a time period when 

the unit was capable of full load and another when unit was not capable of full load. 

NLH subsequently provided plant ‘PI’ data from Oct 22, 2017 with the unit at 150 MW 

and January 4, 2018 when the maximum attainable load was 128 MW. 
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Due to the relatively short time period over which maximum attainable unit load was 

reduced, B&W requested hourly operating data for the time period between Oct 22, 

2017 and January 4, 2018 in order to understand the conditions that were leading to 

maximum load reductions. 

 

5.2.4 Unit Physical Arrangement 

The original B&W boiler arrangement drawings of the boiler physical arrangement were 

used as basis of the calculated performance. The performance model (P140) was 

adjusted to reflect the 2001 reheater surface removal. 

 

5.2.5 Heat and Mass Balance Calculations 

B&W Single Heat and Material Balance Program – P08475 was used to calculate flue 

gas flow, flue gas analysis, combustion air flow, furnace heat absorption, Furnace Exit 

Gas Temperature (FEGT), and boiler efficiency based on the fuel analysis, 

steam/water, air/gas boundary conditions, and furnace heating surface arrangement. 

 

5.2.6 Boiler Surface Heat Transfer Calculations 

Convective surface heat transfer was calculated using B&W program “P140”. The 

methodology is described in the above discussion for Units #1 and #2. 

 

5.2.7 Furnace Heat Transfer Effectiveness Calculations 

As described above, for Units #1 and #2, furnace performance is quantified by the 

difference between the actual and predicted FEGT. For the B&W unit, the predicted 

FEGT is calculated by P8475 per B&W standard methods. FEGT higher than predicted 

indicates underperforming furnace surfaces and/or large amounts of burner fuel input 

biasing. 
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5.2.8 Air Heater Heat Transfer Effectiveness Calculations 

Air heater heat transfer effectiveness is calculated as per the above discussion for Units 

#1 and #2. 

5.3 DISCUSSION OF RESULTS 

 

5.3.1 Review of Operating Data  

A discussion of the limitations of PI operating data vs test data and the effect on 

calculations is included in the above Units #1 and #2 analysis.   

 

Notable omissions and anomalies in the data received were: 

- The FD fan inlet/outlet pressures are not available 

o Assumptions were required to estimate FD fan pressure rise 

- The #6 Feedwater heater water inlet temperature reading is not valid. 

o Assumptions were required to calculate reheater steam flow 

- The PI reported superheater spraywater flow was implausible 

o Assumptions were required in Stage 2 (Kf) analysis 

 

5.3.2 Turbine Generator Heat Rate 

The original design and the current turbine heat rates for the Oct 22 and Jan 4 data are 

shown in Table 7. 
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Table 7 Turbine - Generator Heat Rate Design vs Current Unit #3 

TURBINE – GENERATOR HEAT RATE DESIGN vs CURRENT 

  Design 
(Ref AG 1403-200-M001 Rev2 

Oct 22, 
2017 

Jan 4, 
2018 

Gross Output MW 150 149.2 128.2 

Turbine Heat Rate Expected Btu/kwhr 7621 7623 7665 

Turbine Heat Rate (Adjusted for 
off design boiler boundary 
Conditions i.e. hot RH Temp) 

Btu/kwhr - 7597 7720 

Turbine Heat Rate Actual Btu/kwhr - 8188 8260 

Required Boiler Output To 
Turbine 

Btu/hr/1
0^6 

1143 1222 1059 

Increase in Turbine Heat Rate %  - 7.4 7.8 

The current heat rates are significantly higher than design, increasing the required boiler 

output per MW generated.  

 

Note that the boiler heat output also includes other loads such as Aux steam to other 

units/building heat, etc. and output to blowdown.  These outputs were not included in 

the turbine heat rate calculations. The boiler output calculations assumed that: 

- No aux steam flowed into or out of the Unit 3 boiler envelope 

- The aux steam extracted from the boiler was used within the boiler envelope 

(Predominantly steam coil air heaters, fuel atomization and fuel oil heating) 

- No sootblowing steam consumption 

- Boiler blowdown flow 1% of main steam flow 

Steam flows for calculation of turbine heat input were determined as follows: 

- HP Steam flow to turbine = (Feed Water Flow) – (Blowdown Flow) – (Aux 

Steamflow) 

 

- Reheater Flow = (HP Steam flow) – (Design HP Turbine Leakages) - (#6 Heater 

Steam Extraction Steam Flow calc. by heat balance) 
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HP steam flow calculated from feed water flow is generally more accurate than the 

commonly used steam flow inferred from HP turbine inlet pressure, particularly for older 

turbines. 

 

5.3.3 Deviations from Design Turbine – Boiler Boundary Conditions 

The operating turbine heat rates illustrated above are affected by deviations in boiler 

operating conditions from design. These conditions are:  

- Main steam temperature / pressure 

- Hot reheat temperature 

- Superheater and reheater sprayflows 

- Boiler blowdown and aux steam flows 

- Reheater pressure drop 

The magnitude of these corrections is relatively small.  The corrections are indicated in 

Table 8 were made using heat rate correction curves for a Hitachi turbine of similar 

vintage, size, and design conditions. 

 

Table 8 Heat Rate Corrections Unit #3 

HEAT RATE CORRECTIONS 
DEVIATIONS FROM DESIGN TURBINE – BOILER BOUNDARY CONDITIONS EFFECT 

   Oct 22, 2017 Jan 4, 2018 

Unit Output  MW 150 149.2 128.2 

  Design Measured 
 

Heat Rate 
Correction 

Measured Heat Rate 
Correction 

Main Steam Temperature F 1000 1000 1.0000 1000.4 0.9999 

Main Steam Pressure  Psig 1800 1799 1.0000 1798 1.0000 

Hot Reheat Temperature F 1000 1005.5 0.9992 941 1.0089 

Superheat Spray flow Lb/hr 0 48000* 1.0022 48000* 1.0026 

Reheat Spray flow Lb/hr 0 2140 1.0011 2196 1.0013 

Boiler Blowdown & Aux Steam 
Flows 

Lb/hr 0 16500 0.9942 12700 0.9945 

Overall Turbine Heat Rate 
Correction Due to Deviations in 
Boiler Boundary Conditions 
(Positive=Increased HR) 

- 
(%) 

1.0000 
(0) 

- 0.99660 
-0.3% 

- 1.0071 
0.7% 

*Estimated (Plant superheater spray flow measurement is implausible) 
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A further correction for reheater pressure drop is available but was not applied since total 

reheat pressure drop (including piping) was not measured. This correction is normally very 

small. The correction for Condenser vacuum was also not applied. This correction can be 

substantial, but was not considered as it is outside of the scope of this study. 

 

The small boundary condition corrections here indicate that the majority of the increased T-G 

heat rate is due to T-G inefficiencies. In general aging steam turbines experience heat rate 

increases due to high condenser pressure, higher than design turbine valve and gland 

leakages, depositions on and wear of turbine blades. B&W has seen heat rate increases similar 

to those indicated in the above table on T-G units of similar vintage and size. 

 

5.3.4 Fuel Oil Flow 

Although inaccuracies exist in measurements of the fuel oil flow to the unit and there are 

variations in fuel heating value, fuel oil flow relative to unit MW load is an indicator of unit heat 

rate. Table 9 shows the expected, calculated, and measured fuel oil flows for the Oct 22 and 

Jan 4 data.  Calculated oil flows are based on 18450 Btu/Lb. The calculated oil flows are within 

3% of the measured oil flows. 

 

Table 9 Fuel Oil Flow Calculated/Expected Unit #3 

Unit Output MW 149.2 
 (Oct 22, 2017) 

128.2  
(Jan4, 2018) 

Expected Oil Flow 
(Design HHV, HR and Blr Efficiency) 

Lbs/hr 69,579, 60,114 

Calculated Oil Flow Lbs/hr 77,367 67,138 

Calculated/Expected Oil Flow - 1.11 1.12 

Plant Measured Oil Flow Lbs/hr 79,276 67,199 

Oil HHV Btu/lb 18,278-18,472 (2017 Deliveries) 

 

  

GT-NLH-005, Attachment 1 
Increase Generating Capacity at HTGS - Improve Boiler Load Capacity – Units 1, 2 and 3, Page 44 of 90



Babcock & Wilcox PGG Canada              Newfoundland and Labrador Hydro  

B&W Ref. 312C                                                                                 Holyrood Units #1,2,3 

 

Newfoundland and Labrador Hydro (NLH) Holyrood Station 

Engineering Study – Unit Capacity Limitations        Page 45 of 90 

5.3.5 Boiler Efficiency and Air Heater Leakage 

 

Boiler Efficiency is predominantly driven by excess air and the difference between inlet air 

temperature and outlet flue gas temperature (Corrected for no a/h leakage i.e. undiluted). Other 

factors such as atomizing steam flow, radiation loss, and unburned carbon loss are small for oil 

fired units. The key parameters are illustrated in Table 10 with reference to the original design 

conditions. 

Table 10 Boiler Efficiency and Air Heater Leakage (Unit #3) 

BOILER EFFICIENCY AND AIR HEATER LEAKAGE 

  Design (B&W PD Sheet 
C/7391, MCR Load) 

Oct 22, 
2017 

Jan 4, 
2018 

Excess air To Burners % 3 5 7 

Air Inlet Temperature F 80 45 61 

Gas Temperature Entering A/H F 662 747 737 

Stack Gas Temperature (Diluted) F 280 318 324 

Air Heater Leakage (% of Inlet Gas 
Flow) 

% 9.5 22.2 27.5 

Stack Gas Temperature (Corrected 
for No Leakage) 

F 297 364 376 

Boiler Efficiency % 88.59 86.45 86.46 

Air Heater Leakage Flow Lb/hr 103,000 267,000 305,000 

     

 

The boiler efficiency is approximately 2% lower than design, mainly due to the higher than 

design corrected air heater outlet temperature and the lower than design air inlet temperature. 

The reduction in efficiency combined with the higher than design excess air and much higher 

than design air heater leakage increases the required FD fan air flows significantly. These 

increases compound with the additional air flow required by the increased T-G heat rate 

discussed above. 
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5.3.6 FD Fan Duty Requirements – Design vs Current 

5.3.6.1 Required Air Flows 

The required boiler airflows to achieve a 150 MW unit output at current operating conditions are 

summarized in Table 11. The required air flow leaving the air heater is calculated based on TG 

heat rate, boiler efficiency, and excess air from the Oct 22 (149.2 MW) site data. The required 

air flow entering the air heater was calculated based on both the Oct 22 and Jan 4 data to 

illustrate the effect of the increased air heater leakage resulting from the higher Jan 4 air heater 

air/gas side differential pressure. 

Table 11 FD Fan Airflow Requirements - Design vs Current (Unit #3) 

FD FAN AIRFLOW REQUIREMENTS – DESIGN vs CURRENT OPERATION (150 MW) 

  Design (MCR, 150 
MW) 

Oct 22, 2017 Jan 4, 2018 
(Additional AH 

Leakage) 

Original Design Airflow 
Leaving AH 

Lb/hr 1,029,700 - - 

Additional AirFlow due to 
TG Heat Rate Increases 

% - 7.4 

Additional AirFlow due to 
Boiler Efficiency Loss 

% - 2.5 

Additional AirFlow due to 
higher Excess Air 

% - 2.0 

Total Additional AirFlow to 
Burners (Entering AHs) 

% - 12.3 

Required Air Flow Leaving 
Air Heaters 

Lb/hr 1,029,700 1,156,000 

Additional Flow Air heater 
leakage (% Air Leaving) 

% 10 23.1 26.4 

Required AirFLow Entering 
Air Heaters 

Lb/hr 1,132,700 1,423,000 1,461,000 

Required Airflow Entering 
Air Heaters / Fan 

Lb/hr/fan  715,500 753,000 

% Increase in FD Fan Outlet 
Airflow vs 150 MW Design 

%  25.6 29.0 
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5.3.6.2 Required FD Fan Pressure Rise 

The boiler air and flue gas side pressure drops during Oct 22 and Jan 4 operation vs the design 

pressure drops are summarized in Table 12. Pressure drops are higher than design due to the 

combination of increased required air and flue gas flow along with increased resistance. Due to 

the assumptions made regarding air heater and steam coil air heater air-side pressure drop, the 

pressure drop summary should be considered ‘approximate only’ until actual FD fan pressure 

rises can be confirmed. 

 

The pressure drop in the FD fan inlet ducts is not measured thus it has been assumed 

unchanged from original design. The FD fan outlet pressures are also not available. This was 

estimated by adding the Ljungström air heater air-side pressure drop (proration of the design 

pressure drop by the ratio of measured/design gas side pressure drop), and an estimated 

steam coil air heater pressure drop (estimated at two times a ‘typical’ steam coil since the 

steam coils are reportedly fouled/damaged). 

Table 12 Fd Fan Pressure Rise - Design Vs Operating Unit #3 

AIR AND GAS SID PRESSURE DROPS – DESIGN VS OPERATING 

  Design 
150 MW 

Oct 22, 
2017 

(149.2 
MW) 

Jan 4, 2018 
(Prorate to 
150 MW) 

Airflow To burners Lb/hr 1,029,700 1,156,000 1,156,000 

Air Heater Leakage Lb/hr 103,000 267,000 305,000 

Airflow Leaving FD Fans (Inc AH 
Leakage) 

Lb/hr 1,132,700 1,423,000 1,461,000 

Draft loss Burners in Wg 4.9 7.2 9.9 

Draft loss Furn and CP in Wg 6.3 9.2 6.6 

Draft Loss AH Gas Side in Wg 3.1 8.6 11.4 

Draft Loss AH Air Side 
(Prorate from Gas Side) 

in Wg 2.4 6.6 8.8 

Draft Loss SCAH (Est) in Wg 1.7 6.4 6.8 

Ducts Draft loss  
(Prorate from Design) 

in Wg 5.4 6.8 6.8 

Flues Draft Loss  
(Prorate from Design) 

in Wg 2.1 2.6 2.6 

Total Draft Losses in Wg 25.7 47.3 52.8 
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The largest contributor to additional fan pressure rise duty is the additional flow associated with 

the combination of increased turbine heat rate, higher than design excess air, and reduced 

boiler efficiency.  The additional pressure drop in the regenerative air heaters and the steam 

coil air heater are the next most significant contributor to additional fan loading. 

 

5.3.7 FD Fan Capacity Discussion 

The combination of turbine heat rate increases, boiler efficiency reduction, air heater leakage, 

and higher than design combustion system excess air increase the required airflows as 

discussed above. The increased flows inherently increase the system pressure drop by 

approximately 26% relative to the original design. Pressure drop increases of a similar 

magnitude are observed due to changes in flow path resistance, such as dampers throttled, 

burner air register settings, boiler convection pass and air heater fouling. The expected 

performance for each fan as operating on Jan 4, 2018 is illustrated in Figures 10 and 11. The 

curves are based on the original Sheldons Eng. fan curve (Ref Appendix 8.5), corrected for 

inlet air density and fan RPM. 

Figure 11 West FD Fan Jan 4/18 Unit #3 
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Figure 12 East Fan Jan 4/18 Unit #3 

 

 

Under the Jan. 4, 2018 operating conditions, the FD fans would have been capable of 

delivering the required air flow to the unit if operated at the rated 1150 RPM and 100 % VIV 

opening. On that day, the fan speed was limited to approximately 1080 RPM and the VIV’s 

were in the 54%/70% east/west position with the unit at 128 MW. The required fan duty to 

make 150 MW per the Jan 4 data is illustrated in Figure 12. This curve is based on the original 

Sheldons fan curve. A correction was required for lower than design inlet air temperature 

(Sheldons Fan Curve temperature basis was 105 F). 
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Figure 13 FD Fans Estimated Operating Point, 150 MW, Jan 4/18 Unit #3 

 

 

5.3.8 Air Heater ‘ARVOS’ basket replacement 

A proposal from ARVOS for replacement air heater hot end heating elements was 

reviewed from the standpoint of the restoration of maximum boiler load capability and FD 

fan capacity. The expected performance as received from ARVOS for the new elements 

if installed with the existing cold end elements (assumed to be in ‘as new’ condition from 

a heat transfer / pressure drop standpoint) is included in Appendix 8.6. Table 13 outlines 

the required fan performance with the new heating elements installed. The existing FD 

fans will easily deliver sufficient airflow for 150 MW operation at approximately 960 RPM 

and 60-65 % average VIV opening. 
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Table 13 Arvos Replacement Hot End Heating Elements Performance 

 

Note the following: 

 

- Combustion air flows requirements are based on boiler operating data Oct 22, 2017 @ 

150 MW 

o No adjustments were made for improved efficiency (Which should be achieved 

with AH basket replacement). This will result in a conservative capacity estimate 

- Air heater leakage calculated two ways to assist in evaluation value in new seals  

o Without new seals, air heater leakage adjusted from Oct 22, 2017 calculated 

leakage for reduced differential pressures with the new baskets 

o With new seals, air leakage adjusted from ARVOS predicted data based on 

higher hot end air heater differential pressure 

- FD Fan performance is calculated based on ‘typical’ current operating VIV openings, Fan 

RPM selected to match required pressure rise 
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- Air Heater Outlet plenum pressure setpoint reduced due to reduced air heater pressure 

drop 

- There is a savings in fan power as shown (estimated) in Table 13. 

 

Figure 13 illustrates the estimated fan operating points @ 960 RPM with the proposed air 

heater upgrades. 

 

Figure 14 FD Fan Performance - New ARVOS Air Heater Hot End Elements Unit #3 

 

 

5.4 Heating Surface Effectiveness (Kf Study) 

Heating surface effectiveness factors (Kf’s) were calculated by B&W program P140. 

Table 14 summarizes the results. 
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Table 14 Kf and FEGT Summary Unit #3 

Kf and FEGT Summary, Unit #3 

Date Expected Oct 22, 2017 Jan 4, 2018 

Unit Load 150 150 128 

Air Heater Kf 1.0 0.91 0.88 

Economizer Kf 1.0 0.91 0.98 

Superheater Kf 

(Avg Prim+Sec)* 

1.0 0.90 0.75 

Reheater Kf 1.0 0.96 0.71 

FEGT(oF) 

(Expected/Actual) 

2482 2482 

2528 

2394 

2476 

Main Steam 

Temp (Deg F) 

1000 1000 1000 

Hot Reheat Temp 

(Deg F) 

1000 1006 941 

*Superheater Kf Estimated (Spraywater Flow Not Available) 

 

The Kf analysis shows that all surfaces are underperforming from a heat transfer 

effectiveness standpoint. The effectiveness of the superheater and reheater surfaces 

dropped significantly during the Oct 2017 – Jan 2018 time period. The air heater and 

economizer Kf’s, while below expected, did not change significantly during that time 

period; this is somewhat unexpected for the air heater given the large increase in 

pressure drop seen during this time. One possible explanation may be that localized 

depositions are blocking flow in a relatively small portion of the depth of the heating 

surfaces. Flow patterns may also have changed if the two air heaters are not fouling at 

the same rate, leading to an air and flow ‘shift’ between them. This could affect the 

indication of stack temperature from the plant instrumentation. 
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As discussed above, the major deficiencies in the Unit #2 performance as they affect 

efficiency as based on the January 2018 data are the higher than expected Turbine-

Generator heat rate and reheat cleanliness / hot reheat temperature.  The low heat 

transfer effectiveness of the superheater and reheater surfaces is not a major factor in 

terms of boiler efficiency due to the relatively good thermal performance of the air 

heaters and economizers. The significant reduction in superheater and reheater Kf 

values should be investigated i.e. the surfaces should be inspected for cleanliness. 

Increases in sootblowing frequency and/or blowing pressures may be necessary to 

maintain cleanliness of these surfaces.  

 

Figure 14 illustrates the additional unit output that that would be expected if the boiler 

and T-G inefficiencies are corrected. 

 

Figure 15 Unit #3 Potential MW Output Increase from Improved Efficiency 
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6 FUEL OIL RELATED ISSUES (COMMON UNITS #1,2,3) 

Fuel oil is supplied to the three units from common storage tanks. Oil is pumped and 

heated to the required pressure and temperature for burner atomization by independent 

pumping / heating sets for each unit.  

 

The fuel oil analysis data in the NLH supplied spreadsheet database was reviewed. 

From a combustion and heating value standpoint, the fuel analysis in recent years is 

very close to the Unit #3 original design fuel. Combustion calculations were therefore 

based on the Unit #3 design fuel. The Sulphur content has been consistently below 1% 

since early 2009 per Figure 15. The Vanadium (V2O) content dropped significantly in 

late 2005 and is currently consistently less than 50 ppm per Figure 16. Overall the fuels 

currently burned are better than ‘typical’ Bunker fuels with lower than normal levels of 

both Sulphur and Vanadium. 

Figure 16 Fuel Oil Sulphur % by Wt. (1995-2017) 
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Figure 17 Fuel Oil Vanadium PPM (1995-2017) 

 

Interactions of Vanadium, SO2 / SO3, and unburned carbon in the products of 

combustion lead to air heater fouling. These deposits can block the flue gas passages 

on air heater heating surfaces, increasing pressure drop and reducing heat transfer 

effectiveness. Finned tube economizers may also be affected during start-up and very 

low load operation. Unburned carbon is the largest component of these deposits and it is 

typically highest during start-up and low load operation.  

 

Low air heater metal temperature as indicated by the Average Cold End Temperatures 

(ACET) increase the condensation rate of SO3 on the baskets and increase the 

tendency for deposits to form. Air heater metal temperatures are also lowest at low loads 

if sufficient inlet air preheating is not supplied. It is thus imperative that air heater ACET 

is maintained at all loads and operating conditions. 

 

The regenerative air heaters of all three units and the finned tube economizers of units 

#1 and #2 are experiencing significantly higher than design pressure drops. 
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6.1 Atomizing Temperature 

The viscosity of oils currently utilized at Holyrood range between 50 and 189 SFS (@ 

122 F). Sufficient fuel oil heating must be supplied to ensure proper atomization and 

complete combustion.   

 

The required atomizing temperature for Units #1 and #2 atomizers as a function of SFS 

viscosity is shown in Figure 17 (Ref. Alstom info supplied to B&W by NLH). According to 

site reports, atomizing temperatures are currently approximately 187 F (86 C) 

Figure 18 Atomization Temperature vs Fuel Oil Viscosity Units 1 & 2 

 

 

The Unit #3 B&W atomizers are designed for 135 SSU viscosity at the burners. Figures 

18 and 19 illustrates the required atomizing temperature as a function of the fuel oil SFS 

@122 F to achieve the required atomizing viscosity. 
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Figure 19 Recommended Oil Atomizing Temperature, Holyrood Unit #3 (Celsius) 

 

Figure 20 Recommended Oil Atomizing Temperature, Holyrood Unit #3 (Fahrenheit) 
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To accommodate fuel oil viscosities up to 200 SFS (@122 F): 

For Units 1 & 2, an atomizing temperature sufficient to achieve 100 SSU Is 

recommended or in the absence of viscosity data 110 C (230 F)  

For Unit #3, an atomizing temperature sufficient to achieve 135 SSU Is recommended or 

in the absence of viscosity data 225 F.  

 

Low atomizing temperature leads to incomplete combustion and increased unburned 

carbon in fly ash. This ash combined with SO3 condensate in low temperature regions of 

the boiler lead to corrosion and fouling. 

6.2 Fuel Oil Additives 

 

Fuel oil additives reduce the potential for high temperature corrosion and low 

temperature fouling due to the fuel oil Vanadium. These issues are linked to the 

catalysing effect of Vanadium on high temperature tube metal corrosion and on the 

conversion of SO2 to SO3. MgO added to the fuel stream is effective in reducing these 

effects. B&W recommends a minimum dosing rate of 1 lb MgO per lb V2O in the fuel oil 

to reduce the potential for both corrosion and fouling. Figure 20 illustrates this 

recommended dosing rate per unit MWhr output based on an average unit heat rate of 

9807 Btu/Kwhr. If a higher dosage rate is recommended by the supplier of the additive 

due to the specific composition of his additive package, the higher recommended 

dosage rate should be implemented.  

GT-NLH-005, Attachment 1 
Increase Generating Capacity at HTGS - Improve Boiler Load Capacity – Units 1, 2 and 3, Page 59 of 90



Babcock & Wilcox PGG Canada              Newfoundland and Labrador Hydro  

B&W Ref. 312C                                                                                 Holyrood Units #1,2,3 

 

Newfoundland and Labrador Hydro (NLH) Holyrood Station 

Engineering Study – Unit Capacity Limitations        Page 60 of 90 

Figure 21 B&W Recommended MgO Dosing Rate lb/Mwhr 

 

 

NLH discontinued the use of the plant fuel oil additive system in 2014. The decision to 

take the system out of service may have been based on the improved fuel quality in 

2006 and 2009. Load limitations started to occur in 2015 and 2016 on Unit #1 and #2 

respectively and 2017 on Unit #3. No significant changes are seen in the fuel analysis 

between 2009 and 2015. With no other apparent changes in operating conditions, the 

MgO system was most likely reducing the tendency towards fouling of the air heater 

surfaces. It is recommended that the MgO dosing system is returned to service. 
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Vendors of oil additive packages often supply and recommend fuel oil additives which 

are designed to improve combustion.  B&W has not seen any benefit to using these 

‘combustion improvers’ in utility boilers as it relates to fouling or ash ‘stickiness’. 

6.3 Air Heater Differential Trend – Oct 22, 2017 to Jan 4, 2018 (Unit #3) 

Unit #3 experienced a relatively rapid increase in air heater pressure drop associated 

with a reduction in load capability between Oct 22, 2017 and Jan 4, 2018. A trend of air 

heater differential vs. time based on Unit #3 PI operating data on an hourly basis was 

developed to identify if low load operation and/or low ACET was leading to increased 

fouling. An ‘index’ of air heater cleanliness was calculated i.e. (Air Heater 

Differential)/(Total Air Flow). If no further pluggage is occurring this index would be a 

constant over time. The index is plotted below In Figure 21.  A plot of the unit MW output 

follows in Figure 22, and Figure 23 illustrates the air heater Average Cold End 

Temperatures (ACET) trend. Although these trends are based on Unit #3 data, they are 

also relevant to the similar air heaters of Units #1 and #2. 

  

GT-NLH-005, Attachment 1 
Increase Generating Capacity at HTGS - Improve Boiler Load Capacity – Units 1, 2 and 3, Page 61 of 90



Babcock & Wilcox PGG Canada              Newfoundland and Labrador Hydro  

B&W Ref. 312C                                                                                 Holyrood Units #1,2,3 

 

Newfoundland and Labrador Hydro (NLH) Holyrood Station 

Engineering Study – Unit Capacity Limitations        Page 62 of 90 

Figure 22 Air Heater Differential Index - Unit 3 

 

Figure 23 Unit 3 MW Output Oct 2017- Jan 2018 

 

Figure 24 Air Heater ACET Oct 2017- Jan 2018 Unit 3 
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Gaps in the chart data correspond to times when unit was off line or the differential 

pressure measurement was not available.  The most rapid rise in differential index was 

during the November operating time frame. During this time period the unit operated for 

significant periods at loads less than 100 MW.  The ACET for the west air heater was 

significantly lower than the east side, often dropping to as low as 80 C (176 F).  The 

B&W recommended minimum ACET for regenerative air heaters on oil fired units is 190 

F (88C). Although the operating ACET was not significantly lower than recommended 

there is a correlation between low ACET and increased draft loss.  

 

Air heater differential pressure measurements were not available from mid December 

until a short shutdown on December 31 as the economizer gas outlet gas pressure 

transmitter appeared to be malfunctioning (Pegged?). During this time period, load 

dropped rapidly and the ACET’s were at even lower levels. This further suggests that low 

ACET is leading to high rates of air heater pressure drop increase. Note that the air 

heater differential did not increase during the period from Nov 21 to mid December when 

the ACET was maintained above 100 C and unit load was above 140 MW. Based on 

this, a minimum 100 C (212 F) ACET target is recommended. 

 

Figure 21 shows a significant drop in the differential index on or about November 20 and 

another on December 31, suggesting that the air heaters were washed at that time. 

6.4 Heating Surface Removal 

 

Removal of boiler heating surfaces (economizer or heater surfaces) which are leading to 

increased pressure drop would reduce furnace pressures and reduce FD fan loading. 

Surface removal can have multiple negative effects on boiler performance and 

mechanical integrity as follows: 

 

6.4.1 Air Heater Heating Surface Removal 
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If removing just the 'hot end' elements, the air heater vender predicted performance with 

only cold end baskets installed would be required to evaluate the effect on boiler 

performance and efficiency. The air heater vendor would need to advise the effect if the 

air heaters structural integrity is suitable for the higher outlet gas temperatures under 

these conditions and any effect on air heater leakage rates. 

 

Other problems that may occur if removing only the hot end baskets are as follows: 

 

- Reduced combustion air temperature leading to unacceptable combustion i.e. high CO, 

high unburned carbon loss, and a visible plume. (Likely at part loads, possible for high 

loads)  

 

- High flue gas outlet temperatures leading to possible structural damage to the air 

heater, downstream expansion joints, flues, and stack. (Likely at high loads, possibly at 

low loads)  

 

- A significant drop in boiler efficiency (Certainly - all loads)  

 

- Reheat spray flow required at high loads (Likely at high loads)  

 

- Overheating of superheater and reheater tube metals, particularly primary outlets due 

to increased superheat sprayflow and high fluegas/steam flow ratio (Possibly - all loads)  

 

The removal of hot end air heater baskets for continued operation is therefore not 

recommended.  

 

Complete removal of air heater surfaces would certainly lead to very poor combustion 

and very likely structural damage of the flues / expansion joints / stack and thus would 

not be recommended. 
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6.4.2 Economizer Heating Surface Removal 

 

Limited removal of economizer surfaces which are blocked by fouling may be a viable 

option to reduce pressure drop if cleaning these surfaces is not possible. Any removal of 

economizer heating surfaces must consider the following:  

 

- Increases in flue gas temperature to the air heaters which could lead to structural 

damage to air heaters and air heater inlet gas flues/expansion joints. 

 

- Increases in air heater outlet gas temperature possibly leading to similar structural 

problems discussed for air heater surface removal. 

 

- Exceedance of maximum stack temperature limitations structurally or environmentally 

 

- Combustion air temperature increases, possibly beyond the temperature limitations of 

structural design and expansion joints in the ducts and burners.  

 

- Higher levels of s/h spray and possible overheating of superheater tube metallurgy 

 

- Possible negative effects on boiler natural circulation issues due to low feedwater 

temperature to drum (Would require review by boiler designer) 

 

A thorough ‘survey’ of where the current areas of blockage are located in both banks would be 

required to estimate performance and performance predictions of the remaining surface would 

be ‘estimates’ at best. The path forward would be dependent on the results and accuracy of the 

survey. 
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If the blockages are primarily in the bottom bank simplest would be removal of entire bank 

(After investigating the constraints listed above). If the blockage is in the top bank, and that 

bank is removed the temperature limitations of the bottom bank supports would also need to be 

understood. 

 

Considering the above issues, partial removal of economizer surfaces should be considered as 

a last resort solution. It would also require a considerable inspection, engineering (including 

pressure part modifications), and construction effort. 

 

Complete removal of economizer surfaces would certainly lead to boiler structural and 

operational problems and is thus not recommended.  
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7 WARRANTY / LIMITATION OF LIABILITY 

B&W warrants that advice and consultation services and engineering studies will be performed 

in a manner consistent with generally accepted industry standards and practices.  The sole 

remedy is that any portion of the services furnished to Purchaser which is shown not to have 

been so performed shall be corrected or re-performed to the standards in effect at the time of 

original performance at B&W expense; provided all necessary information and access 

requested by B&W is given to substantiate such claim, and further provided that such non-

conformance is detected by Purchaser within ninety (90) days following completion of that 

portion of the services, and B&W is immediately notified in writing. 

 

The foregoing shall not apply to services performed under the direct supervision of Purchaser.  

B&W shall not be responsible for suitability or performance of work done by others or for loss or 

expense arising from same, unless it is specifically ordered by B&W. 

 

There is no warranty or representation, express or implied, with respect to the accuracy, 

completeness or usefulness of the information contained in any report, or that the use of any 

report contents may not infringe privately-owned rights.  Moreover, B&W will assume no liability 

for any direct or indirect damages, however caused, including (without limitation) by 

professional negligence or fundamental breach of contract, resulting from reliance upon or 

application of the contents of the report by any person. 

 

IN CONSIDERATION OF THE ABOVE EXPRESS WARRANTY EXTENDED BY B&W, ALL 

OTHER WARRANTIES OR CONDITIONS, EITHER EXPRESS OR IMPLIED WHETHER 

ARISING AT LAW, IN EQUITY, BY STATUTE, CUSTOM OF TRADE, OR OTHERWISE, 

INCLUDING MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE 

EXCLUDED. 

 

End of Report 
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8 APPENDICES 

8.1 Alstom Letter Fritz Vogel – NLH Aug 3, 2000 “Predicted Performance Data For 

Boiler #1 & 2 
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8.2 Turbine Heat Balance Conditions Units #1 and #2 Uprated 1988 

 

GT-NLH-005, Attachment 1 
Increase Generating Capacity at HTGS - Improve Boiler Load Capacity – Units 1, 2 and 3, Page 72 of 90



Babcock & Wilcox PGG Canada              Newfoundland and Labrador Hydro  

B&W Ref. 312C                                                                                 Holyrood Units #1,2,3 

 

Newfoundland and Labrador Hydro (NLH) Holyrood Station 

Engineering Study – Unit Capacity Limitations        Page 73 of 90 

GT-NLH-005, Attachment 1 
Increase Generating Capacity at HTGS - Improve Boiler Load Capacity – Units 1, 2 and 3, Page 73 of 90



Babcock & Wilcox PGG Canada              Newfoundland and Labrador Hydro  

B&W Ref. 312C                                                                                 Holyrood Units #1,2,3 

 

Newfoundland and Labrador Hydro (NLH) Holyrood Station 

Engineering Study – Unit Capacity Limitations        Page 74 of 90 

GT-NLH-005, Attachment 1 
Increase Generating Capacity at HTGS - Improve Boiler Load Capacity – Units 1, 2 and 3, Page 74 of 90



Babcock & Wilcox PGG Canada              Newfoundland and Labrador Hydro  

B&W Ref. 312C                                                                                 Holyrood Units #1,2,3 

 

Newfoundland and Labrador Hydro (NLH) Holyrood Station 

Engineering Study – Unit Capacity Limitations        Page 75 of 90 

GT-NLH-005, Attachment 1 
Increase Generating Capacity at HTGS - Improve Boiler Load Capacity – Units 1, 2 and 3, Page 75 of 90



Babcock & Wilcox PGG Canada              Newfoundland and Labrador Hydro  

B&W Ref. 312C                                                                                 Holyrood Units #1,2,3 

 

Newfoundland and Labrador Hydro (NLH) Holyrood Station 

Engineering Study – Unit Capacity Limitations        Page 76 of 90 

GT-NLH-005, Attachment 1 
Increase Generating Capacity at HTGS - Improve Boiler Load Capacity – Units 1, 2 and 3, Page 76 of 90



Babcock & Wilcox PGG Canada              Newfoundland and Labrador Hydro  

B&W Ref. 312C                                                                                 Holyrood Units #1,2,3 

 

Newfoundland and Labrador Hydro (NLH) Holyrood Station 

Engineering Study – Unit Capacity Limitations        Page 77 of 90 

GT-NLH-005, Attachment 1 
Increase Generating Capacity at HTGS - Improve Boiler Load Capacity – Units 1, 2 and 3, Page 77 of 90



Babcock & Wilcox PGG Canada              Newfoundland and Labrador Hydro  

B&W Ref. 312C                                                                                 Holyrood Units #1,2,3 

 

Newfoundland and Labrador Hydro (NLH) Holyrood Station 

Engineering Study – Unit Capacity Limitations        Page 78 of 90 

GT-NLH-005, Attachment 1 
Increase Generating Capacity at HTGS - Improve Boiler Load Capacity – Units 1, 2 and 3, Page 78 of 90



Babcock & Wilcox PGG Canada              Newfoundland and Labrador Hydro  

B&W Ref. 312C                                                                                 Holyrood Units #1,2,3 

 

Newfoundland and Labrador Hydro (NLH) Holyrood Station 

Engineering Study – Unit Capacity Limitations        Page 79 of 90 

GT-NLH-005, Attachment 1 
Increase Generating Capacity at HTGS - Improve Boiler Load Capacity – Units 1, 2 and 3, Page 79 of 90



Babcock & Wilcox PGG Canada              Newfoundland and Labrador Hydro  

B&W Ref. 312C                                                                                 Holyrood Units #1,2,3 

 

Newfoundland and Labrador Hydro (NLH) Holyrood Station 

Engineering Study – Unit Capacity Limitations        Page 80 of 90 

GT-NLH-005, Attachment 1 
Increase Generating Capacity at HTGS - Improve Boiler Load Capacity – Units 1, 2 and 3, Page 80 of 90



Babcock & Wilcox PGG Canada              Newfoundland and Labrador Hydro  

B&W Ref. 312C                                                                                 Holyrood Units #1,2,3 

 

Newfoundland and Labrador Hydro (NLH) Holyrood Station 

Engineering Study – Unit Capacity Limitations        Page 81 of 90 

GT-NLH-005, Attachment 1 
Increase Generating Capacity at HTGS - Improve Boiler Load Capacity – Units 1, 2 and 3, Page 81 of 90



Babcock & Wilcox PGG Canada              Newfoundland and Labrador Hydro  

B&W Ref. 312C                                                                                 Holyrood Units #1,2,3 

 

Newfoundland and Labrador Hydro (NLH) Holyrood Station 

Engineering Study – Unit Capacity Limitations        Page 82 of 90 

GT-NLH-005, Attachment 1 
Increase Generating Capacity at HTGS - Improve Boiler Load Capacity – Units 1, 2 and 3, Page 82 of 90



Babcock & Wilcox PGG Canada              Newfoundland and Labrador Hydro  

B&W Ref. 312C                                                                                 Holyrood Units #1,2,3 

 

Newfoundland and Labrador Hydro (NLH) Holyrood Station 

Engineering Study – Unit Capacity Limitations        Page 83 of 90 

GT-NLH-005, Attachment 1 
Increase Generating Capacity at HTGS - Improve Boiler Load Capacity – Units 1, 2 and 3, Page 83 of 90



Babcock & Wilcox PGG Canada              Newfoundland and Labrador Hydro  

B&W Ref. 312C                                                                                 Holyrood Units #1,2,3 

 

Newfoundland and Labrador Hydro (NLH) Holyrood Station 

Engineering Study – Unit Capacity Limitations        Page 84 of 90 

GT-NLH-005, Attachment 1 
Increase Generating Capacity at HTGS - Improve Boiler Load Capacity – Units 1, 2 and 3, Page 84 of 90



Babcock & Wilcox PGG Canada              Newfoundland and Labrador Hydro  

B&W Ref. 312C                                                                                 Holyrood Units #1,2,3 

 

Newfoundland and Labrador Hydro (NLH) Holyrood Station 

Engineering Study – Unit Capacity Limitations        Page 85 of 90 

GT-NLH-005, Attachment 1 
Increase Generating Capacity at HTGS - Improve Boiler Load Capacity – Units 1, 2 and 3, Page 85 of 90



Babcock & Wilcox PGG Canada              Newfoundland and Labrador Hydro  

B&W Ref. 312C                                                                                 Holyrood Units #1,2,3 

 

Newfoundland and Labrador Hydro (NLH) Holyrood Station 

Engineering Study – Unit Capacity Limitations        Page 86 of 90 

 

 

GT-NLH-005, Attachment 1 
Increase Generating Capacity at HTGS - Improve Boiler Load Capacity – Units 1, 2 and 3, Page 86 of 90



Babcock & Wilcox PGG Canada              Newfoundland and Labrador Hydro  

B&W Ref. 312C                                                                                 Holyrood Units #1,2,3 

 

Newfoundland and Labrador Hydro (NLH) Holyrood Station 

Engineering Study – Unit Capacity Limitations        Page 87 of 90 

8.3 B&W Boiler Performance Data Sheet (C/7391) 
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8.4 Unit #3 Heat Balance Diagram (NLH 1403-200-M001 Rev 2) 
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8.5 Unit #3 FD Fan Performance Curve (Sheldons Engineering) 
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8.6 ARVOS Replacement Hot End Heating Surfaces Performance (Unit #3) 
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