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1 INTRODUCTION  
Ontario Power Generation (OPG) owns and operates the Nanticoke coal-fired generating 

station (Nanticoke GS), which is located on the North shore of Lake Erie in Haldimand County.  
The station, originally built in the early 1970’s, consist of eight (8) units.  The units were origi-
nally designed for 505 MW (gross) at maximum continuous rating while firing high-sulfur bitu-
minous coal and currently have an adjusted output of 490 MW (gross) based on the approved 
fuel plan of a blend of Eastern Appalachian low sulfur and PRB coals.  All units are equipped 
with electrostatic precipitator (ESP) to collect fly ash. 

During the 1980’s OPG was faced with reducing sulfur dioxide emissions at the Nanti-
coke GS to comply with the new environmental regulations.  After careful review of available 
technologies and strategies, the station chose to switch to a coal blend of <1% sulfur (S) to 
achieve the desired reduction in sulfur emissions.  Subsequently, Nanticoke GS had to employ 
dual flue gas conditioning (Dual FGC) to inject controlled amounts of sulfur trioxide (SO3) and 
ammonia (NH3) so that existing ESP’s could cope with the high resistivity fly ash resulted from 
firing low sulfur coal blend.  Additionally, ammonium sulfate and ammonium bisulfate bypro-
ducts helped to improve the fly ash agglomeration and an inter electrode space charge, which 
helped to further enhance the ESP’s performance.  

When the FGC systems were installed, it was determined to only employ the FGC on the 
outlet of the two Secondary Air Heaters (SAH) upstream of the precipitators.  It was decided at 
the time not to condition the flue gas flow exiting the Primary Air Heater (PAH), which 
represents approximately 20% of the flue gas flow.  At the time, there was concern that the flue 
gas temperatures exiting the primary air heater were sufficiently low enough that corrosion could 
become an issue if sulphur trioxide were injected into this gas stream.  Therefore, 20% of the 
flue gas flow entered the precipitator unconditioned with a corresponding impact on the particu-
late capture efficiency.  

2 BACKGROUND  
In late 2005 the Nanticoke GS engineering and project group explored opportunities to 

improve the overall particulate capture efficiency of the existing precipitators.  This could be ac-
complished by upgrading the existing precipitators with additional collection area, rigid dis-
charge electrodes (RDE), new collecting plates, new T/R sets, new rappers and new controls.  
The study also identified two potential modifications to the current FGC systems that would be 
key to the particulate capture improvement program.  The first recommended that FGC injection 
probes be installed on the primary flue gas flow to ensure 100% of the flue gas is conditioned 
prior to entering the precipitator.  Although, not installed originally because of corrosion con-
cerns, it was agreed that the flue gas temperatures with the current fuel burn are higher than the 
original 1980’s study and therefore corrosion may not be an issue.  Secondly, the study recom-
mended that FGC probe biasing be implemented into the plan to optimize the injection of sul-



phur trioxide and ammonia.  Probe biasing is a techniqué whereby each individual injection 
probe is tailored for the flue gas temperature and gas flows local to that probe.  This biasing op-
timizes the injection of both SO3 and NH3 into the flue gas and results in a better resistivity mod-
ification and an improved overall system performance. 

2.1 PATTERNED  OR  "TAILORED"  FGC  INJECTION  
The effectiveness of the SO3 and NH3 flue gas conditioning is greatly dependent on flue 

gas temperature and flue gas flow.  The current system is setup to treat the worst ash condition 
and is dependent on boiler load only.  This results in over conditioning the flue gas in certain 
areas and under conditioning in others.  By individually tailoring the injection rates for tempera-
ture and flow differentials, better sulphur trioxide and ammonia coverage and utilization can be 
achieved.  This results in an overall improvement in the effectiveness of the system and a corres-
ponding improvement in precipitator efficiency.  Typically, probe biasing will also result in a 
reduction in SO3 and NH3 consumption due to better utilization. 

Ideally, the amount of conditioning gas delivered to any single injection nozzle in the flue 
gas stream should be proportioned to the amount of ash passing through that nozzle's treatment 
area and adjusted for the flue gas temperature at that point.  It is entirely possible to make com-
prehensive sets of measurements which determine these values, at least for one set of operating 
conditions, and it is also possible to divide the delivery of conditioning gas among the injection 
nozzles in accordance with such measurements.  In practice, a full scientific treatment of this 
type is never done, and is rarely even approximated.  The reason, aside from the variability of the 
target conditions, is that ESP's have a considerable degree of built-in tolerance for random varia-
tions.  Witness to this fact is provided by many existing installations where FGC was neither 
needed nor used.  It is common in these units to find that a wide spread of temperatures across 
the air preheater outlets is passed through to the ESP inlet along with non-uniform dust concen-
trations, in spite of which the ESP exhibits excellent operation.  

In general, inlet conditions which meet industry criteria for satisfactory ESP operation, 
allow treatment of a flue gas conditioning system on the basis of uniform temperature and flow 
distribution.  Another way to state this is that situations which could require special precautions 
for distribution of conditioning gases usually also require modifications to permit satisfactory 
ESP operation, and incorporation of the latter will usually eliminate the former. 

2.2 GAS  FLOW  DISTRIBUTION  
Another potential upgrade that was identified early in the project definition phase was to 

review and improve the flue gas flow distribution on the inlet and outlet of the existing precipita-
tor. 

In the early 1990’s OPG conducted a flow model study on the existing precipitators.  As 
a result of this study, a number of flow correction devices were installed in the existing precipita-
tors.  These flow correction devices were for the most part installed on the internal walkways of 
the precipitator and serve to skew the flow in the precipitator.  Skewing the flow in the precipita-
tor is a flow adjustment technique popularized in the early 1990’s.  This flow correction tech-
nique when properly applied is intended to improve precipitator performance.  Although in-
stalled on the Nanticoke precipitators, the resulting performance improvements were mixed and 
subjective.  Over the years, some of the devices have fallen off or have been removed with little 
or no consequences to the performance of the precipitators. 



As a part of the overall particulate collection improvement program, the project team de-
cided to remove the previous skewed flow devices and install flow correction devices to provide 
an even gas flow distribution across the inlet and outlet of the precipitators in accordance with 
industry standards.  This technique is the standard for design of new precipitator installations and 
is documented in the “Institute for Clean Air Companies” guideline “EP-7”.  The ICAC EP-7 
standard is used throughout the industry as the standard for precipitator modeling and when fol-
lowed, results in a uniform velocity profile at the inlet and outlet of the precipitators. 

3 EQUIPMENT  
3.1 BOILERS  

Nanticoke GS has total of eight (8) opposed-fired B&W radiant boilers rated at 490-512 
MW gross (3,600,00 lb/hr steam at 2,450 psig) each.  Superheat/Reheat temperature is 1,000 °F.  
Each boiler-unit has 61,300 ft2 heating surface and 107,700 ft2 tube transfer surface and is 
equipped with two Ljungstrom SAH’s and one Ljungstrom PAH. 

Table 1 presents the recent boiler combustion data based on firing of a blend of up to 
80% PRB and up to 20% Eastern Appalachian low sulfur coal 

3.2 FUEL  PROCESSING  AND  HANDLING  
Each boiler is fired by five (5) B&W 10E Pulverizers with the capacity of: 

• 37 tons Eastern Appalachian low sulfur coal or  

• 53 Tons when fueling 100 % Powder River Basin (PRB) coal.  

Individual pulverizer(s) are feeding particular rows of the burners (A through E). 

Table 1. Boiler Combustion Data 

COMBUSTION DATA (@ 500 MW GROSS) RANGE TYPICAL 
Stack gas flow rate (am3/sec) 805 – 900 850 
Stack gas temperature (°C) 126 – 150 138 
ESP inlet PM loading (g/am3) 3.1 – 5.0 3.9 
ESP inlet fly ash LOI (%) 5.0 – 14.0 9.0 
Flue gas conditioning system (in service at all times)   
 Current SO3 injection rate (ppm)  8 
 Current NH3 injection rate (ppm)  5 
 

3.2.1 Fuel Characteristics 
The units burn a mixture of PRB and Eastern Appalachian low sulphur bituminous coal.  

The fuel specification below is based on the respective 80/20% PRB/Eastern Appalachian low-
sulfur coal blend. 

3.2.1.1  Coal  Analyses  
Table 2 and Table 3 present coal Proximate and Mineral analyses. 

 



Table 2. Coal Proximate Analysis (as received) 

ITEM RANGE TYPICAL 
Moisture (%) 14 To 25 23 
Volatile matter (%) 30.5 To 34 31 
Fixed carbon (%) 39 To 46 40 
Ash (%) 5.0 To 8.0 6.0 
Sulfur (%) 0.3 To 1.0 0.4 
HHV (Btu/lb) 9,300 To 11,000 9,450 

 

Table 3. Coal Ultimate Analysis (as received) 

ITEM RANGE TYPICAL 
Carbon (%) 54 To 64 55 
Hydrogen (%) 3.6 To 4.3 3.7 
Oxygen (%) 8.5 To 12.0 11.5 
Nitrogen (%) 0.7 To 1.2 0.9 
Sulfur (%) 0.3 To 1.0 0.4 
Ash (%) 5.0 To 8.0 6.0 
Moisture (%) 14 To 25 23 

 

3.2.1.2  Ash  Mineral  Analysis  
Table 4. Fly Ash Mineral Analyses 

ITEM RANGE TYPICAL 
Li2O (%)     
P2O5 (%) 0.7 To 1.8 1.5 
SiO2 (%) 39 To 49 42 
Fe2O3 (%) 5 To 11 6.5 
Al2O3 (%) 17 To 24 18 
TiO2 (%) 0.9 To 1.5 1.1 
CaO (%) 9 To 18 15 
MgO (%) 2.0 To 5.0 4.0 
SO3 (%)     
K2O (%) 0.5 To 1.3 0.7 
Na2O (%) 0.5 To 1.4 1.0 

 

3.3 ELECTROSTATIC  PRECIPITATORS  
Each boiler-unit is equipped with a Joy/Western precipitator (Table 5).  Each precipitator 

has two (2) chambers and three mechanical fields in the direction of the gas flow.  The collecting 
plates are nominally twelve (12) feet long and 30 (thirty) feet tall.  Each precipitator is powered 
by twelve (12) 1,600 mA sets.  All T/R sets are equipped with Belco/Merlin AVC’s.  There are 
80 gas passages nine (9) inch wide in each chamber for a total of 160 gas passages across the gas 
flow. 

Original design SCA was 225 ft2/1000 acfm at a gas flow of 1,538,000 acfm and 246 °F, 
however, currently the actual gas flow is typically around 1,800,000 acfm and 280 °F, which re-
sults in the SCA of about 192 ft2/1000 acfm.   



Table 5.  Precipitator Design Data 

ITEM UNITS 
VALUE 

DESIGN ACTUAL 
Design Gas Flow Rate acfm 1,538,000 1,800,000 
Gas Temperature at the ESP Inlet °F 246 280 
Average Gas Velocity ft/s 7.12 8.4 
Specific Collection Area (SCA) ft2/1,000 acfm 225 191 
Inlet Loading gr/scf 4.878 2.7 
Efficiency % 99.5 98.5-99.05 (w/FGC) 
Treatment Time s 5.05 4.3 
Current Density mA/ft2 (plate) 0.0556 0.0556 

 

3.4 FLUE  GAS  CONDITIONING    
3.4.1 FGC Systems 
3.4.1.1  SO3  Flue  Gas  Conditioning  System    

The original SO3 FGC systems were manufactured by Wahlco, Inc.  Each FGC system 
injects SO3 independently of the ammonia, based on the Boiler Load signal represented by a coal 
flow rate.  The design sulfur flow was rated 0–74 kg/hr as 0-100% on the Ratio Station (control-
ler).  Maximum SO3 flow was 24 ppmV based on flue gas flow of 2,760,870 Nm3/hr @127 °C 
and the Ratio Station signal of 100% on use of ¾ in. diameter plunger pump with the pump 
stroke set to 1 and ⅞ inches.  The built-in interlock provides the FGC system shut-off at the fuel 
flow rate below 20%. 

Recently, in the process of the upgrading the old piston-type molten sulfur metering 
pumps, the latter were replaced with the diaphragm-type LEWA pumps.  The deliverable sulfur 
flow was also reduced by 50%, thus reducing the maximum SO3 injection rate down to 12 
ppmV. 

3.4.1.2  NH3  Flue  Gas  Conditioning  Systems  
The NH3 FGC systems were also manufactured by Wahlco, Inc.  Each system was de-

signed to inject NH3 independently of the SO3 injection, based on the Boiler Load signal 
represented by a coal flow rate.  The design ammonia flow was rated 0 – 28 kg/hr as 0-100% on 
the Ratio Station (controller).  Maximum NH3 flow is 20 ppmV based on flue gas flow of 
2,760,870 Nm3/hr @127 °C and the Ratio Station signal of 100%. 

3.4.2 Original Injection Probes 
3.4.2.1  SO3  Injection  Probes  

The SO3 injection probes are installed downstream of the SAH’s in both pant legs of the 
exhaust gas flow.  Initially it was thought to install the SO3 injection probes in the PAH duct as 
well, however, due to the lower gas exit temperatures in this duct, it was decided not to inject 
SO3 for fear of acid attack in this duct.  During initial operation the SO3 injection probes operat-
ed very successfully.  However, over time, the probes were prone to pluggage.  Consequently, 
the probes were modified.  The latter included “shortening” the probes and adding a single larger 
nozzle pointing downwards to prevent dust build-up and subsequent plugging.  This new SO3 
probe design is the standard at the station. 



3.4.2.2  NH3  Injection  Probes  
The NH3 injection probes were installed downstream of the secondary air heaters (SAH) 

and upstream of the SO3 injection probes.  There were no NH3 injection probes in the primary air 
(PAH) duct. 

Figure 1. Unit 2 SO3 Distribution Down-
stream of the Injection Probes 

Figure 2. Unit 2 SO3 Distribution in a Hori-
zontal Plane  

Figure 3. Unit 5 SO3 Distribution Down-
stream of the Injection Probes 

Figure 4.Unit 5 SO3 Distribution in a Hori-
zontal Plane 

4 WORK  PERFORMED  

4.1 FLUE  GAS  CONDITIONING  UPGRADES  
4.1.1 Design 

To determine the number of new SO3 and NH3 probes required in the PAH duct and de-
sign of the probe biasing, a computational fluid dynamics (CFD) modeling was performed. The 
CFD included modeling the flue gas flow and temperatures distribution from the air pre-heater’s 
outlet, to the precipitator’s inlet.  From the CFD model, the proper number of SO3 and NH3 
probes were determined as well as the optimum injection rates for all the probes to ensure a uni-
form distribution of SO3 and NH3 across the inlet of the ESP. 



4.1.2 SO3 System 
Based on the CFD model it was determined that four (4) new SO3 probes would be re-

quired for Unit № 2 and two (2) SO3 probes would be required for Unit № 5 (Figure 1 and 
Figure 2).  The latter was done in anticipation of a slightly different temperature distribution pro-
file somewhat similar to the one on Unit № 7 due to the new deeper baskets in the Unit № 5 
PAH.  However, there was a provision made to install an additional two (2) probes on the PAH 
duct of Unit № 5 if required.  As shown on Figure 3 and Figure 4, although there is a provision 
for the four (4) SO3 probes, only two (2) are currently being used (shown by the SO3 flow).  The 
piping design was kept the same for both unit № 2 and № 5. 

Table 6. Design Input Data for SO3 Injection Bias CFD Study 

Figure 5. Unit №2 “AS IS” Gas Temperature 
Distribution 

Figure 6. Unit №5 "AS IS" Gas Tempera-
ture Distribution 

Figure 7. Unit №5 . “Averaged” Flue Gas 
Temperature Profile 

 

Figure 8. Nanticoke GS Blend SO3 Theo-
retical Requirement 

Furthermore, all probes orifices were biased to fine-tune the local injection rates in ac-
cordance to the CFD study.  As discussed previously, the FGC bias or SO3 and/or NH3 injection 
custom tailoring is typically done to accommodate significant stratification of the temperature or 
flue gas flow distribution (or both) while providing for a required SO3 concentration at a selected 
plane (typically, at a precipitator inlet).  For this particular study, Allied Environmental Technol-
ogies, Inc. developed a unique approach whereby the SO3 injection bias was done based on com-



paring a theoretically estimated SO3 requirement with CFD computed temperature and SO3 in-
jection profiles (Table 6).  The results of the CFD simulation in the form of specific Correction 
Coefficients were given to probe supplier (Wahlco, Inc.) who calculated the revised SO3 flows 
and re-sized the respective orifices to match the CFD estimates.  Subsequently, the CFD model 
was re-run to corroborate new FGC injection probes operation. 

Figure 9 presents a summary of the CFD computed SO3 Distribution at the Unit №2 ESP 
inlet.  It compares three cases: (a) AS IS without FGC Injection Probes in the PAH duct, (b) with 
new Injection Probes and “averaged” inlet gas temperature and flow distribution, and (c) results 
of the SO3 injection bias based on Wahlco’s computed SO3 flows.  Figure 10 presents a summary 
of the Unit №2 SO3 “differential” for the above-described three cases.  There, Red represents 
“positive/excess” and the Blue indicates “negative/deficiency” as compared to the theoretically 
calculated SO3 requirement at any given point of a selected cross section, in this case, it is pro-
jected to the ESP inlet.  Clearly, the results confirmed significant improvement in the SO3 distri-
bution at the ESP inlet plane. 

Similarly, Figure 11 presents a summary of the Unit №5 CFD computed SO3 distribution at the 
ESP inlet for three cases:  

i 4 new SO3 injection probes (5 NH3 probes) in the PAH duct; unbiased SO3 flow,  

ii 2 new SO3 injection probes (3 NH3 probes), averaged inlet temperature and flow 
distribution; unbiased SO3 flow, and  

iii Final corroborated bias.   

Figure 12 presents a summary of the Unit № 5 SO3 “differentials” for the above-
described three cases. 

4.1.2.1 NH3 System 
There were five (5) additional NH3 injection probes installed in the PAH duct on Unit 

№2 and three (3) new NH3 injection probes on Unit №5.  New NH3 probes were of the same de-
sign as the current Nanticoke GS design.  All ammonia probes orifices were biased to match the 
revised local SO3 flows.  Similarly to the SO3 piping, the ammonia piping design was kept the 
same for Units № 2 and № 5.  Accordingly, there was a provision made to install an additional 
two (2) probes on Unit № 5 if required in the future. 

  



 

Figure 9.  Unit №2 SO3 Distribution at the ESP Inlet 

AS IS – No FGC Probes in the Primary 
Duct 

With SO3 Probes in the Primary Duct 
(Symmetrical Input Data Set) Biased SO3 Probes 

 

Figure 10.  Unit №2 SO3 Differential Distribution - Difference Between Theoretically Estimated and CFD Computed 

AS IS – No FGC Probes in the Primary 
Duct 

With SO3 Probes in the Primary Duct 
(Symmetrical Input Data Set) Biased SO3 Probes 

 

 

 



Figure 12.  Unit № 5 SO3 Differential Distribution - Difference Between Theoretically Estimated and CFD Computed 

4 New SO3 Probes in the Primary Duct. 
Unbiased 

2 New SO3 Probes. Symmetrical Input 
Data Set. Unbiased Final Bias Review 

4 New SO3 Probes in the Primary Duct. 
Unbiased 

2 New SO3 Probes. Symmetrical Input 
Data Set. Unbiased Final Bias Review 

Figure 11.  Unit № 5 SO3 Distribution at the ESP Inlet 

 

 

 

 



4.2 ELECTROSTATIC  PRECIPITATORS  
4.2.1 Gas Flow Distribution 

Both flow correction techniques (skewed and ICAC) have their proponents and both can 
provide successful results when properly applied.  However, it was decided by the EIP team that 
a physical model and a CFD model of the precipitator would be constructed and flow devices 
designed to attempt to achieve the ICAC criteria on the inlet and outlet of the precipitators.   

The modeling studies recommend changes to existing flow correction devices or the in-
stallation of new flow correction devices in order to achieve the ICAC-EP-7 precipitator inlet 
and outlet criteria.  The physical model suggested that the following items did achieve a precipi-
tator velocity distribution that was acceptable to ICAC recommendations at the outlet of the first 
and last fields. 

(a) Installing a 50% open area vertical strip comb below the existing kicker baf-
fles on the inlet perforated plate. 

(b) Removing the skewed flow walkway baffles between the 1st and 2nd, 2nd and 
3rd fields. 

(c) Removing the existing outlet baffle and installing a 20% open area outlet 
screen. 

The CFD model corroborated the physical model recommendations.  Table 7 and Table 8 
present a Summary of the gas flow distribution for both Units № 2 and № 5.  The flow correc-
tions were performed by installing 20% open screen at the ESP outlet.  Visual comparison of the 
inlet and outlet gas flow distribution on Unit № 2 (Figure 13 - Figure 16 and Figure 14 - Figure 
17) confirms significant improvement from the AS IS to ICAC cases.  Unit № 5 results also cor-
roborated achieving the ICAC gas flow distribution criteria (Figure 15 and Figure 18) with a 
20% open screen at the ESP outlet.  Table 8 presents the same summary in a 3-D, while Table 9 
demonstrates statistical results calculated at the inlet and outlet of ESP’s for each case-study. 

Figure 22 through Figure 24 depict the gas flow distribution along the gas flow from the 
inlet to the first field to the outlet of the last field.  Clearly, adding new 20% open flow correc-
tion screen at the precipitator outlet improves the gas flow distribution in both Units № 2 and № 
5.  Statistical analyses confirmed an agreement with the ICAC EP-7 standards.   

From the air preheater outlets to the ID fan inlets the estimated pressure loss measured 
from the physical model was 0.72” H2O for a flow of 1,800,000 acfm at 280 °F, an increase of 
0.32” H2O with the new outlet screen added.  Table 10 presents a summary of the pressure losses 
computed by the CFD and measured by the physical model for each case. 



 

Table 7. Precipitators Inlet and Outlet Gas Flow Distribution Summary. 

Inlet Gas Flow Distribution 

Figure 13. Unit 2 AS IS. "Symmetrical" Figure 14. Unit 2 ICAC Figure 15. Unit 5 ICAC 

Outlet Gas Flow Distribution 

Figure 16. Unit 2 AS IS. "Symmetrical” Figure 17. Unit 2 ICAC Figure 18. Unit 5 ICAC 

 

  



 

Table 8. Gas Flow Distribution Summary in 3-D 

Figure 19. Unit 2 AS IS.  Figure 20. Unit 2 ICAC. Figure 21.  Unit 5 ICAC. 

 

Table 9. CFD and Physical Model Gas Flow Distribution Study Statistics Summary 

MOD-
EL CFD PHYSICAL/COLD 

FLOW 

Case ID Unit 2 – AS IS Unit2 - ICAC Unit 2 - “Variable” 
Screen Unit 5 - ICAC Unit 2 - ICAC 

Location 

Deviation, 
% 

RMS 
Devia-
tion, % 
of Mean 

Deviation, 
% RMS De-

viation, % 
of Mean 

Deviation, 
% RMS De-

viation, % 
of Mean 

Deviation, 
% RMS De-

viation, % 
of Mean 

Deviation, 
% RMS De-

viation, % 
of Mean 1.15 

Vav 
1.4 
Vav 

1.15 
Vav 

1.4 
Vav

1.15 
Vav 

1.4 
Vav

1.15 
Vav 

1.4 
Vav

1.15 
Vav 

1.4 
Vav

Inlet 22.2> 0 30.6> 14.9
> 0 12.2 15.3

> 0 14.4 7.3> 0 10.4 12.8
> 0 14.4 

Outlet 46.7> 29.1
> 65.4> 0 0 5.4 25.8

> 0 22.6 9.4> 0 12.6 0.9> 0 8.6 

  



 

Figure 22.  Unit № 2 Gas Flow Distribution – AS IS.  Inlet to Outlet (left-to-right). 

 
Figure 23. Unit № 2 Gas Flow Distribution - ICAC.  Inlet to Outlet (left-to-right). 

 
Figure 24. Unit № 5 Gas Flow Distribution - ICAC.  Inlet to Outlet (left-to-right). 

 
 

 



Table 10. CFD and Physical Model Pressure Loss Summary 

MODEL CFD PHYSICAL/COLD 
FLOW 

Case ID Unit №2 
- ASIS 

Unit №2 - 
ICAC 

Unit №2 - “Varia-
ble” Screen 

Unit №5 - 
ICAC Unit №2 - ICAC 

Location Pressure Loss, in H2O 

Inlet 
Ductwork 0.31 0.31 0.31 0.29 0.37 

ESP 0.11 0.32 0.19 0.31 0.31 

5 FGC  POSTRETROFIT  OPERATION  
5.1 UNIT  №2  

5.1.1 First Trial 
The initial FGC injection rates optimization took place during the week of November 

13th, 2006.  For reasons other that opacity, the unit was limited to the maximum load of about 
395 MW.  According to the plant information, the coal fired during this period had slightly high-
er sulfur content. 

There were three (3) basic SO3 with respective NH3 settings tested (Table 11): 

Table 11. First Trail Stoichiometric Ratios Tested 

SO3 NH3 STOICHIOMETRIC 
RATIO (SR) 

Nominal 54% (6.5 ppmV) Nominal 21% (4.2 ppmV); 1.55 
Nominal 86.5% (10.4 ppmV Nominal 44% (8.8 ppmV) 1.2 

Nominal 42% (5 ppmV) Nominal 15%  ppmV)  (3 1.67 

Figure 25 presents relationship between the  stoichiometric ratio and the 4-min. aver-
age stack opacity at the boiler load in the 389 – 393 MW range. 

5.1.2 Second Trial 
Second trial took place during the week of March 19th, 2007.  During the second trial 

Unit № 2 was generally operating at the boiler load of about 480-491 MW with the stack 4-min. 
average opacity in the 7 to 13% range. 

On March 20th, 2007 (during the first part of the day), the Unit operated at the boiler load 
of 400-402 MW, which is somewhat close to the first trial.  The 4-min average stack opacity was 
about 5.8% with SO3 flow of about 50% and NH3 flow of 33%.  Figure 26 presents the  stoi-
chiometric ratio and the 4-min. average stack opacity observed during the first trial with the addi-
tional data points from the second trial of the similar boiler load.  Although the coal might be 
slightly different between two trials, the stoichiometric ratio vs. stack opacity appears to be ra-
ther similar. 



Figure 25. Unit №2 SO3/NH3 Stoichiometric Ratio vs. Opacity – First Trial @ 389-398 MW 

 
Figure 26. Unit 2 SO3/NH3 Stoichiometric Ratio vs. Opacity @ 389-398 MW 

 



Following days were devoted to a “Trial and Error” type search for the optimum    
stoichiometric ratio with respect to the lowest 4-min stack avg. opacity.  As it turned out, the 
“old” ratio of 70% (8.4 ppm) SO3 to 30% (6 ppm) NH3, which corresponds to the    stoichi-
ometric ratio of about 1.4 seems to be most agreeable with overall boiler load range for Unit № 
2. 

5.2 UNIT  №5  
The Unit № 5 optimization was conducted during the week of March 19th, 2007.  The 

unit was operated at the maximum load with the 4-min. stack average opacity in the range of 8-
10% with the SO3 injection rate of 52% (6.25 ppm) and ammonia flow in the range of about 30% 
(6 ppm).  The latter corresponds to the    stoichiometric ratio of about 1.04.  

Rather that investigating further, it was recommended to stay with the same injection 
rates combination as on Unit № 2, i.e. 70% on the SO3 flow and 30% on ammonia. 

6 RESULTS  
Based on the comparison of the operating data, it was observed that the performance of 

Nanticoke Unit № 2 precipitator significantly improved following the modifications performed 
(Figure 27).  Improvements observed are the following: 

Figure 27 Unit № 2 Performance Summary 

 
 

1. Average Opacity improvement – reduction 2-3%; 

(i) When operating at a load of 50 MW greater than prior to the modifications, 
opacity did not deteriorate – opacity maintained same overall average. 

(ii) Opacity reduction in the high load range under similar comparison conditions.  



2. Reduced level of Opacity spikes; 

(i) Opacity excursions have been sizably reduced.  The opacity values, both for 
the 4-min and instantaneous, do not vary to the same magnitude following the 
outage. 

(ii) Magnitude of opacity (%) spikes observed has sizably decreased. 

(iii)The general trend of improved opacity stability, with less variation, is consis-
tent across multiple comparison scenarios. 

3. ESP Power consumption has improved 

(i) Improvement observed, particularly on rows A and B. 

7 SUMMARY  
Nanticoke GS identified a number of key projects that would help the station accomplish 

this goal.  During 2006 – 2007 time period several projects where implemented on Units №2 and 
№5:  

(i) Design and installation of the additional FGC injection probes in the PAH’s of 
both units,  

(ii) SO3 and NH3 injection probes bias to tailor to the current flue gas temperature and 
gas flow distribution patterns, and  

(iii) Conversion of the ESP’s gas flow distribution from the “skewed” flow distribu-
tion concept to the “uniform” as described in the ICAC EP-7 document. 

Thus far, both Unit №2 and №5 demonstrated significantly reduced stack opacity con-
firming the ESP’s overall performance improvement.  The station has decided to replicate this 
work scope on Units 1, 3, and 4. 

7.1 UNIT  № 2  
The first trial was conducted in November 2006.  For reasons other than opacity, the Unit 

№ 2 load was limited to about 380-395 MW.  Several combinations of the SO3 and NH3 flows 
were tested with the 4-min. avg. stack opacity approaching 1%.  The second trial took place in 
March 2007 with the Unit № 2 boiler load around 495 MW.  The 4-min. avg. stack opacity this 
time was in the range of 10-13%. 

The comparisons under different scenarios show apparent improvements, in terms of the 
opacity level and the magnitude of opacity excursion, as a result of the various modifications.  
The reduction in either the average (4 minute) or instantaneous opacity will help to alleviate the 
operational problems associated with the unit being limited by opacity. 

The benefits of individual modifications performed on the ESP, such as the addition of 
FGC injection points at the PAH duct, cannot be ascertained from the above assessment.  This 
could only be made by special arrangement, for example, shutting off the FGC to the PAH duct. 

Quantitative assessment on the overall improvement in ESP performance on Unit №2 
will be made at the time of the particulate sampling test. 



7.2 UNIT  № 5  
The Unit 5 trial was conducted during the week of March 19, 2007.  The boiler load 

reached 520 MW with the 4-min stack avg. opacity of about 8 – 10%. 

Based on the up to date data available, the “old” ratio of 70% (8.4 ppm) SO3 to 30% (6 
ppm) NH3, which corresponds to the    stoichiometric ratio of about 1.4 seems to be most 
agreeable with overall boiler load range and coal supply/blends variations for both Units №2 and 
№5. 

 
                                                 
Contact information: 
i Mr. Thomas L. Lumley, Business Programming Manager, Nanticoke GS  +1 (519) 587-2201 x3478 
 
ii Mr. Marc D. Voisine P. Eng, Project Engineering Manager, Neill & Gunter  +1 (506) 451-1214 
 
iii Dr. Henry V. Krigmont, QEP, Allied Environmental Technologies, Inc.  +1 (714) 799-9895 
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