
Stephanie L, Stumbo 
Executive Diiector 
I<entucky Public Service Commission 
21 1 SoweI Boulevard 
Frankfoil, Kentucky 40601 

November 10,2008 

Dear Ms Stumbo: 

This letter is in iesponse to the October 29, 2008 letter sent to you by 
counsel for the Henderson lJtility Commission (“Henderson”), which letter and 
attached documents purported to support Henderson’s claims concerning the 
condition of Nenderson Station Two. As I explain herein and as the 
attachmeiits hereto show, I-lenderson’s claims concerning tlie condition of 
Station Two are poorly supported, highly inaccurate, and are refuted by its 
actual performance. Henderson‘s own actions suggest limited concern about 
the condition of Station Two as it lias delayed the budgeting of certain 
maiiiteiiance prqjects W I G  lias proposed over several years. 

1 address the points in I-Ienderson’s letter and exhibits in the order 
presented. beginning with the four Exothermic Engineering reports. 

A. There Is No Credible Evidence of Damage Resulting from 
the Long-Term Firing of Petroleum Coke at Station Two. 

The Exothermic E.ngineering report upon which Henderson relies in 
claiming there is damage to Station Two resulting from the h i n g  of a niixtui,e 
of coal and petroleum coke (also referred to as pet coke) is seriously flawed and 
cannot be taken to be credible evidence to support any damage claim. A 
credible unit condition assessment based on accepted sound engineering 
practices requires serious quantitative study and testing of tlie pliysical 
condition of system components, including non-destructive testing, tube 
sampling, and other life assessment techniques, The Exothermic report 
employed no such careful and time-consuming study; rather, as Henderson 
described it, the Exothermic “study“ involved its engineer, Bill Smith, doing 
only one day of “visual external on-Iiiie inspection,” later doing “some internal 
inspections,” and a review of Stanley Consultants’ Reports concerning Station 
Two from 7001 through 2006 (the Stanley reports are themselves unreliable, as 
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1 discuss below). In other words, Mr. Smith walked around Station Two for a 
few days and read some old and faulty reports. This is not a sound method for 
an ob,jective and meaningful anit condition assessment; indeed, the Exothermic 
report describes its conclusions as “qualitative,” which is fitting for a study that 
did not involve doing the kind of rigorous work required to provide ob,jective, 
quantitative data.’ Consequently, the Exothermic Engineering repod on this 
issue is of no probative value in  answering the questions regarding the impact 
of burning a mixture of pet coke and coal. 

The following examples of inaccuracies in the Exothermic r’eport 
illustrate its uimliability: 

The report states that Station Two’s mill lift liners are 
“extremely worn,” and that such pet cole  can cause such 
accelerated wear of fuel pulveriziiig and transport equipment 
because it is difficult to grind and more coarse than coal post- 
grinding.2 In particular, the report asserts that most coals have a 
IHardgrove Grindability Index (“HGI”) of 45 to 60, whereas pet 
coke typically has a 35 HGI (lower I-IGI indicates less 
gri~idability).~ In fact, though, the pet cole  WKE. burned at 
Station Two had an average IHGI of 48 to 57 - the same as the 
coal - making it less likely that pet coke grinding is 
disproportionately responsible for any wear.4 

The report further asserts that mill liners usually last 10 to 15 
years:’ however, mill liner lire is a function of throughput of fuel 
(i.e , tons ground), not simply a number ofyears. Station Two’s 
1-1-1 mill liners were replaced in 1981, 1986, 1996, 2005, and its 
H-7 liners were replaced in 1989, 1997 and 2004. (No history 
was available prior to 1989 011 H-2.) This shows an average mill 
liner life of nearly eight years at Station Two. The fact that the 
1-1-1 liners lasted from 1986 to 1996 is most likely due to a lower 
unit capacity factor during that time frame (50% to 60%), which 
would require the grinding of less fuel. 

See Exothermic Engineeiing Pet Coke Report at 4 I 

? I d  at 4. 6 ’ 111 at 6 
” Attachment 1 cooliliiis independent lab test reports showing HG1 and otlier cliaracteristic~ of 
the pet coke liked ilt Station Two during 2004-2005, wlien WKE fired the Iiighest percentage 01 
pet coke 

E:sotliermic E.nginecring Pet Coke Report at I 5  
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The report then erroneously claims there is an accelerated rust 
environment in the entire facility due to the high sulfur dioxide 
(SO2) of pet This seems unlikely given that the design 
paraineters for Station Two call for fuel with an SO2 content of 
4 to 6 Ibs./nimbtu, and the pet coke blended fuel fired at Station 
Two during 2004 and 2005 (when the percentage of pet coke 
was higliest) was within these design specifications: 5.64 
Ibs/mnibtu (2004) and 5,,4 Ibs/mmbtu (2005). 

The Exothermic report further claims that pet coke has 
contaminated and damaged Station Two’s Selective Catalytic 
Reduction (.‘SCR’) catalyst.’ The facts of tlie catalyst’s 
performance refute this assertion, though. The Station Two 
catalyst has a designed life of 16,000 hours. Currently tlie 
catalyst has over 18,000 hours of service and the 2007 catalyst 
sample reports from both EON Engineering and Cormetech (the 
catalyst manufacturer) state that the catalyst sliould last 
approximately 28,000 to 30,000 Iiours.’ 

1-lie report states tlie Station Two mill ball charge is probably 
incorrectly classified; however, tlie H-1 mill balls were classified 
during tlie fall 2007 outage according to tlie manufacturer’s 
reconimendation. 

The report states that pet cole is responsible for boiler tube 
erosion, slagging, and fouling in tlie superheater. I n  fact, 
though, these conditions result not from firing pet coke, but 
rather result from Station Two’s low NOx burners installed in 
1996. Indeed, the author of the Exothermic Engineering report, 
Mr. Smith, while working as a Service Engineer for Burns & 
McDonnell in 1997, identified these same performance issues as 
problems related to the poor design of low NOx burners.’ 

Station Two’s H-1 boiler is in better condition today than 
when WKE took over operations in 1998. 

E. 

‘ ~d at 4 
’ I d  at 4 ‘ Atvacliment 2 contains the E ON E,ngineering and Cormetech catalyst reports 

NOx Burner Perforinance at I-IMP&L. Station Two Unit 2,” at 2 ,  5-7 (fax cover sheet indicates 
Bill Smith sent the report) 

See Attachment 3. “Draft Report, Big Rivers Electric Corporation. Ileview of D B Riley CCV 9 
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As Henderson noted in its letter, on .January 27, 2007, Station Two’s H- 
1 boiler underwent a “dry fire” event, after which W I G  returned the unit to 
unrestricted operation; however, evidence in the Exothermic report and from 
WICE’s own independent metallurgical analysis indicates there is no need for 
restricted operation, boiler tube repair, or other repairs beyond what WKE has 
already performed. According to its report, Exothermic Engineering removed 
eleven boiler tube samples from the 1-1-1 furnace for metallurgical analysis.’” 
Concerning that analysis, the report stated: “The visual and dimensional 
analyses did not indicate any cause for concern with the tubes received. 
Metalliirgical analysis of the tube samples did not reveal any concerns with the 
microstructure. The microstructure of each sample is considered normal for the 
time in service. There was no evidence of creep damage identified in any of the 
tube samples.”” W l E ’ s  own previous metallurgical analysis of fourteen boiler 
tube samples showed that the thermal incident resulted in no significant loss of 
expected life of the boiler tubes Indeed, Exothermic’s outside metallurgical 
consultant, MacDonald Inspection Services (“MacDonald”), did not 
recoinmend replacing any boiler tubes at this time l 3  

MacDonald did have a handful o l  recommendations,“ which are stated 
below with WIE’s  responses: 

1. Tube sampling should continue, on a regular basis, as part of 
an ongoing inspection program for the sub,ject boiler. 

Response: WICE already has a boiler condition assessment 
program, which includes routine tube sampling during each 
scheduled outage along with waterwall mapping and header 
inspections. 

2. The water treatment and or conditioning program should be 
reviewed to ensure tliat proper guidelines are being met for 
the boiler design conditions, 

~~~~~~ 

I‘ I4eiiderson Municipal Power Br L.ight Station Two, Boiler 1-1 I ,  Thermal Incident Assessment 
Reporl Br Repair Estimate at 4-5 (March 27, 200s) 
I ‘  I d  at Appx. I1 p 5 
I’ SPP Attachment 4; “Unit 1 South, East and West Waterwalls Condition Assessment,“ by 
David N Fiench Metallurgists, at I (Feb 8, 2007) (“There was no evidence of metallurgical 
degradation of the sample waterwall tubes resulting from the coolant disruption ”) 
”See  I-lendeisoii Municipal Power & Light Station Two, Boiler H I ,  Thermal Incident 
Assessment Repor,! & Repair Estimate at Appx I 1  p 5-6 (March 27, ZOOS) 
I.’ ICI at 5 
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Response: WICE. monitors boiler water chemistry closely 
and a quality assurance program is in place to monitor tlie 
accuracy of the lab department. 

3 .  If tlie water treatment program and pre-boiler circuitry is not 
adjusted, strong coiisideratioii should be given to chemically 
cleaning the boiler, within 3-5 years time to remove the 
excessive waterside deposits. 

Response: Tube sampling is conducted during each outage 
(every two years) to determine deposit density and chemical 
cleaning is based on the results of tlie tube samples. 

4. Based on results of future tube sampling in tlie radiant 
superlieatei outlet section, large areas of tube replacement 
should be scheduled in the next 5-7 years. 

Response: I t  is premature lo forecast when to replace some 
or all such tubes, which should be replaced in accord with 
tlie conditions revealed over time by tlie testing described 
above. 

In addition to the above recommendations li.0111 MacDonald, 
Exothermic made several other suggestions for repairs, all of which WKE has 
performed with the exception of replacing the H-1 water walls, which 
Exothermic recommended because there was some bowing of those walls due 
to the thermal event. WKE does not believe such a repair is necessary. The H- 
1 unit operated with similarly warped water walls from 1984 until WKE 
replaced the water walls - at its sole expense - in 2005, Previously, a low 
water event in 1984 had similarly distorted the walls, leaving them warped 
when WICE began operating Station Two in 1998. rhus, today the water 
walls are warped as they were after the 1984 event, but unlike the case when 
WKE assumed operation of Station Two, the H-1 water wall tubing is relatively 
new and in iiiucli better condition than in 1998. Moreover, water wall 
deformation is not uncomiiion for 30 year-old coal fired units, and is simply 
cosmetic; indeed, H-1 operated from 1984 to 2004 witli a similarly warped 
water wall witli little, if any, difficulty resulting from it .  

1s - 

I s  Anacbincnt 5 is a Riley-Stoker inspection report that resulted from thc 1984 low water event 
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C. Because the Visual Condition Assessment Report of Station 
Two and the Visual Condition Assessment Repairs Cost 
Estimate are based on only a set of photographs, they are 
unreliable and have proven greatly to overstate costs based 
upon the cost of improvements WKE has made to Station 
Two. 

HMPL, contracted with Exothermic in fall 2007 to conduct a visual 
inspection of Station Two, which resulted in over 2300 photographs of 
supposedly problematic conditions at Station Two, which Exothermic compiled 
into its Visual Condition Assessiiient Report. Before addressing the serious 
flaws in the report itself, i t  sliotild be noted tliat Station '1-wo's units are outdoor 
units tliat by design have been exposed to tlie elements for over thirty years. 
Moreover, the units have positive-pressure furnaces and ball mills, meaning that 
any sinall leaks or cracks will tend to look mLicli worse than they actually are 
due to tlie positive pressure forcing dust and other particulates out of any such 
cracks or leaks. For these reasons, Station Two by design caimot be over time 
the pristine showplace one might more reasonably expect from an indoor and 
negative-pressure facility, and will cause a stirface-level, merely photographic 
surwy of the facility to give a more grave assessment than is accurate or 
appropriate. 

Turning to the serious inethodological flaws in the Exothermic report, as 
I noted above, a visual condition assessinen1 is not an empirical technical 
condition assessment Exothermic conducted no testing or instrumented 
measurement. Neither did Exothermic interview anyone at Station Two, nor 
did it ask for or review any third-party inspection reports or any operating data. 
Instead of doing the liatd and he-consuming work required to produce a 
meaningful report, Exothermic personnel walked around Station 'Two taking 
photographs, as the Exothermic report itself stales: 

The assessment was conducted as a visual 
condition assessment as opposed to a technical 
condition assessment. There was no testing or 
instrumented measurement conducted. 

This condition asscssnient is a Visual Condition 
Assessment; not a Technical Condition 
Assessment A Teclmical Condition Assessment 
would include nondestructive testing (NDT) and 
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rotating equipinent remaining life studies to 
accurately determine the life remaining in each 
major piece of plant equipment. 

This Visual Condition Assessment includes no 
NDT and no ancillary remaining life studies. 
Instead, this assessment is based solely upon a 
visual plant inspection as documented via 2,364 
p1iotograpIis.'6 

Rather than relying on rnerely visual inspections, typical due diligence 
and condition assessments include interviews of production and maintenance 
departineiit personnel, as well as reviews of forced outage reports, scheduled 
outage reports, plant maintenance programs, and third-party reports froin 
turbine generator overhauls and transformer and switchgear maintenance 
programs. Because the Exothermic report is the product of no such rigorous 
empirical study, it is largely a collection of subjective opinion and is of no 
probative value for understanding the true performance characteristics and 
long-term prospects of Station Two. 

Building on its flawed approach, E,xotherinic sent its myriad 
photographs to a third pai-ty, Associated Mechanical, Inc. ("AMI") to determine 
tlie cost estimate to address the 2109 issues Exothermic claiined to have 
discovered - the great majority of which are ininor cosmetic or housekeeping 
issues - resulting in the Exothermic Visual Condition Assessment Repairs Cost 
Estimate. AMI looked at each Exothermic photograph and provided a cost 
estimate to remedy each supposed problem, which, apparently without any 
supplemental technical specifications or site inspections, is a difficult and 
inaccurate way to estimate repair costs. A few examples of issues WICE has 
addressed illtistrate the deep infirmity of Exothermic and AMI'S approach: 

Figure # 22 shows the H-1 boiler penthouse roo€ lagging and insulation. 
The cost estimate table in this report includes this repair twice, once for 
$72,422 and again for $55,422. WKE replaced the same lcind of roof on 
tlie 3 -2  unit for less than $40,000. 

Figure # 27 shows the drum level transmitter pit covered in ash. The 
actual pit has a volriine of only 18 cubic feet, yet the report lists 
vacuuming cost twice, once for $9,404 and again for $8,904. 111 fact, it 

Esothermic E,ngineering Visual Condition Assessment Report at 3 ,  5 I 1, 
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should be substantially less expensive than those costs, taking one inan 
less than an houi to vacuum out the ash 

Figure ## 428 shows that H-2’s lagging is loose and needs to be replaced 
at the corner of the boiler on the seventh floor The cost estimate 
included in the report is $450,000 WKE replaced the lagging and 
insulation for $22.487. 

Figure # 46 shows that H-1’s sootblower seal air box is leaking and 
needs to be replaced. The cost estimate included in the report is 
$1 19,037. It is planned to repair this item during the H-1 Spring 2009 
outage The material and labor to replace the seal air box is $4,000. 
The labor and inaterial to replace the entire sootblower is only $40,000 

This handful of examples shows how, due to its superficial and flawed 
approach, the E.xotherniic/AMI Repairs Cost Estimate for Station Two can 
dramatically overstate the cost to remedy some, if not most, of the issues it 
identifies. Indeed, WICE has already addressed 7.38 of the 2109 mostly 
housekeeping or cosmetic itenis identified by Exotherinic at a cost of less than 
$600,000, notwithstanding that ExothermiclAMI estimated the cost to repair the 
same items to be $3,163,840. Of the items WICE has addressed, a number were 
already 011 WKE’s maintenance log to be performed during the next unit 
outage; the reniainder W I G  addressed not because they agreed with the 
Exothei-niic report’s analysis, but rather to be cooperative with Henderson. 

Exothermic/AMl’s cost estimates are also overstated by assuming that 
when a problem is found with one piece o f  equipment, a complete repair or 
replacement of every such item in the plant must be necessary. Their cost 
estimate compounds the problem by neglecting to take into account that many 
such repairs or replacements are already in WKE’s operations and maintenance 
budget, so additional budgeting is double-counting. For example, 
Exotheriiiic/AMI used a bid for repair. of major motors during the 1-1-1 outage 
and determined a cost per motor ExotherniidAMI then niultiplied this price 
times the number of all major motors in the plant and included the cost to repair 
every inajor motor in this report. In fact, though, WKE performs major motor 
inspections and repairs on a scheduled two- to six-year interval per the plant’s 
preventive maintenance program; the repair cycle times depend on the 
environments in which the motors operate. Moreover, the cost of the 
inspections and repairs are already in the normal O&M budgets previously 
liskd in the Exothermic/AMI report. This example shows both of the problems 
with ExotherniidAMl’s approach to these kinds of cost estimates: (1) there is 
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no need to repair or replace each piece of a particular kind of equipment at the 
same time; and 2) by ignoring already-budgeted-for anlotints to conduct such 
repairs and replacements, the report effectively double-counts such costs. 

In summary, the Exotherniic/AMI assessment was poorly considered 
and prepared, resulted in significantly overstated cost estimates, and identified 
mostly minor cosmetic or housekeeping items. Like the visual inspection of 
damage for pet cole  firing report, this Exothermic report is flawed and 
tireliable. 

D. The Stanley Consultants, Inc. Annual Condition Assessments 
upon which the Exothermic Engineering reports rely are 
themselves unreliable, further eroding the credibility of the 
Exothermic Engineering reports. 

Henderson notes that the Exothermic reports relied on visual inspections 
of Station Two and on the Stanley Consultants, Inc. Annual Condition 
Assessments for calendar years 2001-2006.'7 (Curiously, I-IMPL, provided the 
Commission the Stanley reports only through 2005.) I-Ienderson goes on to 
note that the 2003 and 2005 Stanley reports indicate that the Station Two units 
are not being properly maintained and that WKE's operation of the units is 
compromising the expected life of the plant." 

The operating facts tell a different story. By several objective measures, 
Station Two has performed better under WKE's control than it did before, 
showing the Stanley reports to be unreliable. For example, the average capacity 
factor during the WKE era has increased froin the previous 15 years. 

1-1- 1 
14-2 

Average Capacity Factor Average Capacity Factor 
1982 - 1997 Pre WKE 1998 - 2007 

72% 78.1% 
67.1% 74.69% 

Case No 2007-00455, Letter *om John N Iiughes, counsel for Henderson, to Steplianie 
S(uinbo, Executive Director 01 lbe Kentucky Public Service Commission, dated October 29, 
2008, a1 3 

I d  
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The average annual generation from the Station Two units has also 
increased under W I G .  The average annual generation pre-WKE was 2,060,080 
MWh coinpared to 2,282,309 MWh while WKE has operated the plant. 

The Equivalent Forced Outage Rate (“EFOR”) has continued to 
improve since 2002 and the three year average EFOR from 2005 through 2007 
is in the top quartile when coinpared to units of this size and vintage. The 
Stone & Webster report dated March 24, 2008 (discussed further below) 
coiifiriiis this statement, Per the Stone & Webster report dated March 24, 2008, 
the Industry Average EFOR el the North American Electric Reliability 
Council (NERC) data is 6.03%.!’ .The Station Two units achieved an average 
EFOR of less than 4% over the three year period from 2005 through 2007.’” 

Also, the Equivalent Availability Factor (“EAF“) has continued to 
improve since 2002 and the three year average EAF from 2005 through 2007 
has been greater than 87% compared to the NERC Industry Average of 85.7%. 

WKE could not have achieved these perforinance iiiiprovenients if the 
Station Two units were in the condition implied in the Stanley and Exothermic 
reports. Moreover, Big Rivers Electric Corporation (“BREC’’) has stated it will 
not close the transaction at issue in this proceeding unless all the generating 
units are “in good condition and state of repair,”” giving assurance that Station 
Two caiiiiot be in the state depicted by the Stanley and Exothennic reports. 

E. The Stone & Webster Management Consultants, Inc. Report 
of March 17, 2008, shows that Station Two’s performance 
has improved and that Big Rivers hns properly budgeted for 
its future needs. 

I-lenderson further states in its letter that the Stone & Webster 
Management Consultants, Inc. Report of March 17, 2008, confirms the City of 

In Case No 2007-00455. Supplemental Response of Alcan Primary Products Corp, and Century 
Aluminum ofl<entucky to Attorney General’s Supplemental Request for Information, 
“Technical Assessment of  Reid Station, Henderson Station Two, Green Station, I< C .  Coleman 
Station, D B Wilson Station” by Stone & Webster Management Consultants, Inc (“Stone & 
Webster report”) at 52 (March 17,2008). 
’‘I Attachment 6 contains spreadsheets lion1 Sebree Station Energy Reports showing EFOR for 
units H-l and H-2 for 2005-2007. 
2 ’  Big Rivers’ Supplemental Response to Item 88 of the Attorney General’s Supplemental 
I<equest for Information at 4 (Sept 19, 2008) 
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IHeiiderson’s co~iceriis with respect to the condition of the Station Two units; 
however, as shown in the previous section, the Stone & Webster report actiially 
confirms Station Two’s recent above-average EFOR performance. Moreover, 
the Big Rivers work plan iiicludes $1.44 million per year for major operation 
and maintenance and capital expenditures for 13-1. Stone & Webster projects 
H-1 will need approxiinately $1.38 inillion per year in  this classification, which 
is $60,000 less than already is in the Big Rivers plan for H-l 

The same is true for M-2. The Big Rivers work plan includes $1.53 
million per year in the classificatioii of major operatioil and maintenance and 
capital expenditutes for 1-1-2. Stone & Webster prqjects 13-2 will need 
approximately $1.38 inillioii per year in this classilication, wliicli is $150,000 
less than already is in the Big Rivers plan for H-2. 

The Big Rivers work plan foi Station Two also includes most of the 
other items Stone & Webster suggest; indeed. some have already been 
completed. For example: 

New air heater rotors were installed in H-1 in 2003 and H-2 in 
2004 

Both units are currently being retrofined with new Distributive 
Control Systems 

The B W C  work plan includes Structural Life Assessment for H- 
1 in 2009 and H-2 in 201 0 

The re-beater was replaced on 14-2 in 2008 

New buIners for the boilers are in  the BREC capital plan for H-1 
in 201 1 and H-2 in 2012 

Turbine blade replacements in later years are included in the 
baseline capital budget. 

Therefore, far from confirming that Station Two is in sub-par shape, the 
Stone & Webster report shows that Station Two is performing well to date, and 
that there is adequate provision made in the Big Rivers work plan for future 
repair and replacement work needed on H-1 and 
1-1-2 Such work is typical for units of this age and type. 



F. Repair costs in Tab 7 of‘ the information attached to 
Henderson’s letter contain projects at inflated costs and 
some unnecessary projects. 

Attached as Tab 7 (entitled, “Exhibit C”) to Henderson’s letter is a 
schedule purporting to support the claim that Station Two requires $92,000,000 
of repairs; however, of that amount, almost $47 million is actually planned 
operation and maintenance expense that is already contained in the BREC work 
pian for Station Two (see section A of Exhibit C). The items listed in Section B 
of Exhibit C, which total $18.,7 million, were removed from the initial BREC 
work plan afier further research showed them not to be necessary; indeed, 
HMPL management stated at the time they were removed, “[Tlhere is no way 
we can approve or fund this plan.”” It is noteworthy that some of the cost 
estimates in the Exothermic report do not match with those submitted in Exhibit 
C;, such as boiler painting. For example, Exhibit C includes $6,000,000 total for 
boiler painting ($3,000,000 per unit), whereas the Exothermic report includes 
$3,500,000 total for boiler painting.23 

In section C of Exhibit C are two items, the “I31 and H2 Exothermic 
Engineering Repair L.ist” ($1 7,134,000) and the “HI Exothermic Engineering 
Dry Fire Fire [sic] Assessment Repair’’ ($3,484,344). Concerning the first item, 
WICE has shown in section C of this letter that the cost estimates associated 
with the 2109 problems the Exothermic report claimed to find at Station Two 
have been grossly exaggerated; WKE has remedied 738 of the claimed 
problems for less than $600,000, whereas ExothermiclAMI estimated the cost 
for the same repairs to be $3,163,840. Given that there is already $5,729,840 
set aside in the BRIX Station Two work pian for repairs covered in the 
Exothermic report, there should be more than enough to complete the remaining 
repairs, if such are in fact necessary. Concerning the thermal incident repairs, 
as stated at length in section B of this letter, no repairs are needed at Station 
Two as a result of the 2007 dry fire incident. 

Finally, with respect to section D of Exhibit C, “Dredging Station Two 
Ash Pond,” more than the amount set out in Exhibit C is already part of the 
BREC Station Two work plan, albeit for ash pond dredging in 201 5. 

22 Vcibal statement of Wayne Thompson upon BREC’s presentation of first draR Station Two 
woi k pian to HMPL and WI<E 

Case No 2007-00455, Letlei hoin John N Iiughes, counsel for Iienderson, to Stephanie 
Stumbo, Executive Director of the Kentucky Public Service Commission, dated Octobei 29, 
2008, at Exli C 
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Attachment 7 hereto is a schedule showing the various Exhibit C 
amounts as compared to the amounts set aside in the B W C  Station Two work 
plan, along with annotations for entries where relevant. 

G .  The City of Henderson bears some responsibility if certain 
repairs to Station Two have not been timely made. 

The last full paragraph of Henderson’s letter states, “Henderson did not 
eliminate any project during this 5 year period that is currently listed in Tab 7 
Exhibit C of Henderson’s proposed Draft Station Two IJnwind Termination and 
Release Agreement ” In fact, HMPL. began deferring requested repair items 
during the 2005-2006 fiscal budget period. One such item is the deferral of 
sootblower replacements which is specifically identified and included in 
Section C item XXI of Exhibit C. In Tab 8 to Henderson‘s letter it can be seen 
that MMPL, finally eliminated these sootblowers from the 2008-2009 fiscal 
budget Other items deferred include cooling tower repairs, specifically the 
distribution These items were deferred by HMPL when at their request 
the H-2 outage was deferred from the 2007-2008 fiscal year to the 2008-2009 
fiscal year.’5 Deferring maintenance items has the same impact as eliminating 
them, as the maintenance is not performed when it is needed 

H. Conelusion 

In conclusion, there are significant reasons to doubt the credibility of the 
evidence the City of I-Ienderson has provided to support its claims with respect 
to Station Two. First, the four Exothermic Engineering reports Henderson has 
provided suffer from poor preparation and analysis and are not a serious or 
objective facility condition assessment of Station Two based on empirical data 
Second, the cost estimates for repair work suggested in the Exothermic reports 
are severely exaggerated, and WICE has already remedied over a third of the 
2109 problems Exothermic claims to have identified - all at a cost less than one 
fifth of what Exothermic estimated the repairs should cost. Third, Stanley 
Consultants, Inc. Annual Condition Assessments upon which the Exothennic 
reports rely are themselves inaccurate, claiming that Station Two is not being 
properly maintained and that WKE is compromising the life of the units 
notwithstanding that capacity factor, availability, and EFOR performance 
measures all show that Station Two is now performing as well as or better than 

”’See Tab 8 of Iiughes Letter, “lienderson Station Two 2007-2008 Budget ” 
’’ Anacliment 8 is an e-mail fiom Wayne Iliompson of I-IMPL to WKE personnel requesting 
the outage delay (“I would like for you or your staff to looli at tlie possib[ility] of tlie Spring 
2008 1-17 Planned Outage being moved to the Fall of 2008 to help with this year[’s] budget ”) 
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it did prior to 1998 when WKE took over operations. The Stone & Webster 
Management Consultants, Inc. Report of March 17, 2008, further bolsters this 
conclusion with positive performance data and evidence that the current BREC 
work plan for Station Two contains budget items to account for proper repair 
and maintenance of the plant in the future. Finally, WKE has shown that 
I-lenderson has exaggerated the amount of repairs that need to be done to 
Station Two in the ftiture, and ignores its role in delaying repairs WKE has 
suggested in the past few years. 

For all of these reasons, I rcspectfully suggest that the Coininission 
should give little, il any, probative weight to the information supplied in 
I-lendeison’s letter to Ms. Sttimbo on October 29,2008 

Sincerely, 

Q Ralph Bowling 
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ATTACHMENT 1 

PET COKE HGI ANALYSES 2004 - 2005 



D e c e m b e r  21, 2004 b 

SGS Noilli A m r i m  i i ic 

WESTERN KENTUCKY ENERGY CORP 
P .  0 .  BOX 1518 
HENDERSON KY 42419 
JACK JACOBS 

Minerals SeNiCe5 Division 
PO. Box 752. Henderson. KY 42419 112701827.1IF7 f1270)82&0719 wwwsqscom 

Kind of sample P e t  C o k e  
reported to us 

Sample taken at 

Sample taken by - - - - -  

Date sampled - - - - - -  
Date received N o v e m b e r  5, 2004 

Sample identification by 
C l i e n t  

P e t  C o k e  B a r g e  C o m p o s i t e  
Henderson P l a n t  

S e p t e m b e r  2004 
V/N 389 &KO& WRfLe 

Analysis Report No. 63-60369 

PROXIMATE ANALYSIS ULTIMATE ANALYSIS 
AG Received L33 Basis As Received D r v  Basis 

% Moisture 6.53 xxxxx 
% Ash 0.32 0.34 

% Volatile 11.02 11.79 
% Fixed Carbon __ 82.13 87.87 

100.00 100" 00 

Btu/lb 14164 15153 
% Sulfur 5.26 5.63 
MAF Btu 15205 

Alk. as Sodium Oxide 0.01 0.01 

% Moisture 6.53 xxxxx 
% Carbon 81 97 87 70 

% Hydrogen 3 28 3 51 
% Nitrogen 1 35 1 44 

% Sulfur 5.26 5 63 
% Ash 0.32 0 34 

% Oxygen (dif f 1 1.29 1.38 
100.00 100.00 

% Chlorine 0.02 0.02 

FUSION TEMPERATURE OF ASH, (?a 
Reducinq Oxidizing 

Initial Deformation (IT) 2700+ 2010 
Softening (ST) 27001 2095 

Hemispherical (HT) 2700+ 2240 
Fluid (FT) 2700+ 2350 

GRINDAEILITY INDEX P 51 at 0.35 % Moisture 



December 21, 2004 b 

SGS No:ih Arnsiica lnc 

WESTERN KENTUCKY ENERGY CORP 
P. 0. BOX 1518 
HENDERSON KY 42419 
JACK JACOBS 

Minerals Seivices Division 
EO. Box 152, Henderson. K Y  a 1 1 9  11210) 827-1187 11210) 1320.0119 w s g s  corn 

Kind of sample Pet Coke 
reported to ua 

Sample taken at - - - - - -  
Sample taken by -I--.- 

Date sampled - - - - - -  

Date received Novembei 5, 2004 

Sample identification by 
Client 

Pet Coke Barge Composite 
Henderson Plant 
V/N 389 
September 2004 

Analysis Report No. 63-60369 

FORMS OP SULFUR 

AS Received DN Basis 

% Pyritic 0.01 0 01 
% Sulfate 0.01 0.01 

% Organic(diff) 5 24 5.61 

% Sulfur 5 26 5 63 



December 21, 2004 b 

S6S Nnrlli America lnc 

WESTERN KENTUCKY ENERGY CORP .. 
P 0 .  BOX 1518 
HENDERSON KY 42419 
JACK JACOBS 

Minerals Services Oivirlon 
Po Bor752, Henderson. XY 42419 112751827-11F7 11270)826.0719 w w s g r c o m  

Kind of sample Pet Coke 
reported t o  UE 

Sample taken a t  - - - - - -  
Sample taken by - - - - -  

Date sampled - - - - - -  
Date received November 5, 2004 

F.'M 

Semple iden t i f i ca t ion  by 
c l i en t  

Pet Coke Barge Composite 
Henderson Plant 
V/N 389 
September 2 004 

Analysis report  no. 63-60369 

ANALYSIS OF ASH 

s i l i c o n  dioxide 
Aluminum oxide 

Titanium dioxide 

Iron oxide 
Calcium oxide 

Magnesium oxide 
Potassium oxide 

Sodium oxide 

Sulfur t r ioxide 
Phosphorus pentoxide 

Strontium oxide 
Barium oxide 

Manganese oxide 
Nickel oxide 

Vanadium oxide 
Undetermined 

S i l i c a  Value = 52.08 
l3ase:Acid Ratio = 0.76 

~ 2 5 0  TempRratUre = c 2000 

WEIGHT %, IGNITED BASIS 

16.14 
7.59 
1.27 

8.42 
5.21 
1.22 
0.50 
3.71 

6.80 
0.08 
0.03 
0.06 
0.16 
10 ., 82 
36.28 

100 " 00 

Type of Ash = BITUMINOUS 
Fouling Index = 2.82 

Slagging Index - 4.28 



December 21, 2004 b 

SGS North A m e m  liic 

WESTERN KENTUCKY ENERGY CORP 
P .  0. BOX 1518 
HENDERSON KY 42419 
JACK JACOBS 

Minerals Senices Oivision 
PO Box 752. Hentlerson. KY 92419 t12701827.11E7 112701826-0719 wvnvsgacom 

Kind of sample Pet Coke 
reported to ua 

Sample taken at - - - - - -  
Sample taken by - - - - -  

Date sampled - - - - - -  
Date received November 5, 2004 

F ‘65 

Sample identification by 
Client 

Pet Coke Barge Composite 
Henderson Plant 
V/N 389 
September 2004 

Analysis Report No. 63-60369 

Arsenic 2 ug/g 
Vanadium 813 Ug/g 

Re~pecllully submilled. 
SGS NORTH AMERICA INC 

WendelSon Laboralow 



December 21, 2004 b 

SGS Noiih hineiicii lnc 

WESTERN KENTUCKY ENERGY CORP. 
P. 0. BOX 1518 
HENDERSON KY 42419 
JACK JACOBS 

Minerals Sewices Division 
PO. 80x752, Helldersos. KY 42419 I 12701 827-1187 f 12701 8254719 vnvwsgs corn 

Kind of sample Pet Coke 
reported to us 

Sample taken at -----. 

Sample taken by - - - - -  

Date sampled - - - - -  
Date received November 5, 2004 

Sample identification by 
Client 

Pet Coke Barge Composite 
Henderson Plant 

October 2004 
V f N  389 ’. ./,, . ).J.P& i ’ i  2. 

Analysis Report NO. 63-60370 

PROXIMATE ANALYSIS ULTIMATE ANALYSIS 
As Received Dry Basis 

% Moisture 7.76 xxxxx % Moisture 
% Ash 0.34 0.37 % Cerbon 

% Volatile 10.45 11.33 % Hydrogen 
% Fixed Carbon - 81.45 88.30 % Nitrogen 

100.00 100.00 % Sulfur 
% Aeh 

Btu f lb 13988 15165 % Oxygen(diff) 
% Sulfur 5.29 5.74 
MAP Btu 15221 

Alk. as Sodium Oxide 0.01 0.01 % Chlorine 

FUSION TBMPBRATURE OF ASH, {sl 
Reducing Oxidizinq 

Initial Deformation (IT) 2700c 2020 
Softening (ST) 270Oc 2110 

Hemispherical (HT) 2700+ 2260 
Fluid (PT) 2700c 2390 

GRINDABILITY INDEX ii 46  at 0.33 % Moisture 

Re~pe~iIul ly SubmillEd 
SGS NORTH AMERICA INC 

As Received 

1.76 
80.38 
3.15 
1.35 
5.29 
0.34 

100 “00 

0.02 

1.73 

D w  Basis 

xxxxx 
87.14 
3.42 
1.46 
5.74 
0.37 

100.00 

0.02 

1.87 



December 21, 2004 b 

SGS North Arnsiica IIII: 

WESTERN mmuem ENERGY CORP 
P. 0. BOX 1518 

Minerals Services Oivlsioil 
PO. Box 752. Henderson, KY 42419 t l2701827.1107 I12701 826.0719 w w s g r  corn 

HENDERSON ICY 42419 
JACK JACOBS 

Xind of sample Pet Coke 
reported to us 

sample taken at - - - - - -  
Sample taken by ----.  

Date sampled - - - - - -  

Date received November 5, 2004 

Sample identification by 
Client 

Pet Coke Barge Composite 
Henderson Plant 

October 2004 
V/N 389 

Analysis Report No. 63-60370 

FORMS OF SULFUR 

As Received DrY Basis 

% Pyritic 0.01 0.01 
% Sulfate 0.01 0 01 

% Organic(diff) 5.27 5.72 

% Sulfur 5.29 5.74 



December 21, 2004 b 

SGS Nonli A m ~ m  iiic 

WESTERN KENTUCKY ENERGY CORP 
P. 0. BOX 1518 

Mineials Services Division 
PO. Box 752. Heiideisoil. KY 42419 I12701 827-1 167 I12701 826.0719 w W C o m  

HENDERSON KY 42419 
JACK JACOBS 

Kind of sample Pet Coke 
reported to us 

Samp1.e taken at - - - - - -  
Sample taken hy - - - - -  

Date sampled 

Date received November 5, 2004 

Sample identification by 
Client 

pet Coke Barge Composite 
Henderson Plant 

October 2004 
V/N 389 

Analysis report no. 63-60370 

ANALYSIS OF ASH 

Silicon dioxide 
Aluminum oxide 

Titanium dioxide 

Iron oxide 
Calcium oxide 

Magnesium oxide 
Potassium oxide 

Sodium oxide 

Sulfur trioxide 
Phosphorus pentoxide 

strontium oxide 
Barium oxide 

Manganese oxide 
Nickel oxide 

Vanadium oxide 
Undetermined 

Silica Value E 40.44 
Base:Acid Ratio = 1.04 
T250 Temperature = c 2000 

WgICWl' %, IGNITED BASIS 

12.84 
7 , 9 8  
1.25 

10.46 
7.10 
1.35 
0.52 
3.60 

6.95 
0.35 
0.04 
0 . 0 6  
0.13 
11.18 
35.22 

100.00 
0.97 

Type of Aeh = BITUMINOUS 
Fouling Index = 3.74 
Slagging Index = 5.97 

ReSpeCHUIIy submilled 
SGS NORW AMERICA INC 

I 
Hendemon Laborslory 

TUlMS AND CONDiriONS ON REVERSE 



December 21, 2004 b 

SGS North Ameiice Inc 

WESTERN KENTUCKY ENERGY CORP 
P. 0. BOX 1518 
HENDERSON KY 42419 
JACK JACOBS 

Minerals Servcer Division 
PO Box 752. Heilderson, KY 42118 I 12701027.1187 t 12751 026.0719 w v s g r  corn 

Kind of sample Pet Coke 
reported to ue 

Sample taken at - - - - - -  
Sample taken by - - - - -  

Date sampled - - - - - -  
Date received November S, 2004 

Sample identification by 
Client 

Pet Coke Barge Composite 
Henderson Plant 

October 2004 
V/N 389 

Analysis Report No. 63-60370 

Arsenic 2 us/g 
Vanadium 5S2 ug/g 



February 15, 2005 b 

SGS Noiili Ainuiica lnc 

WESTERN KENTUCKY ENERGY CORP 

Minerals Sewices Division 
EO. 80x152. Hendwron. KY 92419 tl270l827~4187 1127018260719 w . s g s . c o m  

P 0. BOX 1518 
HENDERSON KY 42419 
JACK JACOBS 

Kind of sample P e t  Coke 
reported to us 

Sample taken at - - - - - -  
Sample taken by - - - - - -  

Date sampled - - - - - -  
Date received January 5, ZOOS 

Sample identification by 

EXXON/MOBILE 
December 2004 
V/N 389 

Analysis Report NO. 63-65746 

PROXIMATE ANALYSIS ULTIMATE AHALYSIS 
As Received Dry Basis 

% Moisture 11-39 Xxxxx % Moisture 
% A s h  0.53 0 . 6 0  % Carbon 

% Volatile 10.18 11.49 % Hydrogen 
% Fixed Carbon ___ 77.90 87.91 % Nitrogen 

100 .oo 100.00 % Sulfur 
% A s h  

Btu/lb 13435 1 5 1 6 2  % Oxygen(diff) 
% sulfur 5.48 6.19 
MAF Btu 15254 

A l k .  as Sodium Oxide 0 02 0 02 % Chlorine 

FUSION TEMPERATURE OF ASH, (%A 
Reducinq Oxidizinq 

Initial Deformation (IT) 2580 2060 
Softenins (STI 2635 2100 

2160 
2200 

Hemisphericai (HT) 2700+ 
Fluid (FT) 2700+ 

As Received 

11.39 
77.09 
3.35 
1.36 
5.48 
0 . , 5 3  
0.80 
100.00 

0.03 

GRINDABILITY INDEX ii 49 at 0 . 2 5  % MOiStUr8 

Rsspscllully submilled, 
SGS NORTH AMERICA INC 

Dry Basis 

lONOU( 

87.00 
3 . 7 8  
1.53 
6.19 
0. 60 
0.90 
100 " 00 

0 .03  

http://w.sgs.com


February 15, 2005 b- 
WESTERN KENTUCKY ENERGY CORP 
P. 0. BOX 1518 
HENDERSON KY 42419 
JACK JACOBS 

Kind of sample Pet Coke 
reported to us 

Sample taken at - - _ - - -  

Sample taken by 

Date sampled - - _ - - -  
Date received January 5, ZOOS 

Sample identification by 

EXXON/MOBILE 
December ZOO4 
V/N 389 

Analysis Report No. 63-65746 

FORMS OF SULFUR 

As Received DN Basis 

% Pyritic 0.02 0.02 
% Sulfate 0.01 0.01 

% Organic(diff) 5 . 4 5  6.16 

% Sulfur 5 48 6.19 

RBSPBCIIUIIY submlitea, 
SGS NORTH AMERICA INC 

SGS Nunh Aniciica lnc Minerals SeNices Division 
PO. OOX 752. Henderson. KY 42419 112701 827 1187 I12701 826.0719 w . s g E . C o m  

Mandior 01 \Os SGS Grow 

TERMSAND WNDITIONSON REVERSE 

http://w.sgE.Com


February 15, 2005 B 

SGS N ~ i l l i  Atneiica lnc 

WESTERN KENTVCKY ENERGY CORP. 

Minerals Services Division 
PO. 60x752. Henderson. KY 42419 812701827-1181 112701 8260719 w.sos . com 

P. 0. BOX 1518 
HENDERSON KY 42419 
JACK JACOBS 

Kind of sample Pet Coke 
reported to us 

Sample taken at 

Sample taken by 

Date sampled - - - - - -  

Date received January 5, 2005 

Sample identification by 

EXXON/MOBILE 
December 2004 
V/N 389 

Analysis report no. 63-65746 

ANALYSIS OF ASH 

Silicon dioxide 
Aluminum oxide 

Titanium dioxide 

Iron oxide 
calcium oxide 

Magnesium oxide 
Potassium oxide 

Sodium oxide 

sulfur trioxide 
Phosphorus pentoxide 

Strontium oxide 
Barium oxide 

Manganese oxide 
Nickel oxide 

Vanadium pentoxide 
undetermined 

WEIGHT %, IGNITED BASIS 

25.45 
8.32 
0 83 

13.95 
4.23 
1.29 
1.06 
2.58 

9.52 
0.17 
0.03 
0.09 
0.08 
4.12 
27.10 
l.lB 
100~00 

ue~pocllully submilled. 
SGS NORTH AMERICA INC 

P--- Hendenon !~I~ralov 

TERMS RND CONDmONS ON REVERSE 

http://w.sos.com


February 15, 2005 b 

SGS Nurlh America liic 

WESTERN KENTUCKY ENERGY CORP 
P. 0 .  BOX 1518 

Minerals Services Divisian 
P.0. Eor752,Hendsrson. KY 42419 I12701827 I107 112701826-0719 w w w s g r . c o m  

HENDERSON KY 42419 
JACK JACOBS 

Kind of sample Pet Coke 
reported to us 

Sample taken at - - - - - -  

Sample taken by - - - - - -  
Date sampled 

Date received January 5, 2005 

Sample identification by 

EXXON/MOBILE 
December 2004 
V/N 389 

Analysis Report No. 63-65746 

Arsenic 1 4 9  
Vanadium 981 ug/g 

Respecllully submined. 
SGS NORTH AMERICA INC. 



January 16, 2006 b+ 

PO Box752,Henderson. KY 42419 11210]827.1187 1(27018?6fl719 ww~lus.sgscomlminerals 

WESTERN KENTUCKY ENERGY CORP 
P 0 BOX 1510 
HENDERSON KY 42419 
JACK JACOBS 

’ Kind of sample 
reported to us 

Pet Coke 

>Sample taken at Henderson Station 

Sample taken by Client 

Date sampled 

Date received October 24. 2005 

Sample identification by 
Client 

September 2005 Composite 
Exxon Mobile/Joliet 
Henderson Station 
V/N #3a9 

Analysis Report No. 63-91668 

PROXIMATE ANALYSIS ULTIMATE ANALYSIS 
A s  Received Dry Basis AS Received D-q Basis 

% Fixed Carbon ___ 02.36 88.95 
100.00 100 00 

,% Moisture 7.41 XXKwl % Moisture 7.41 xxxxx Y 

% Ash 0 . 2 9  0.31 % Carbon 01. 35 07 I 86 
% Volatile 9.94 10.74 % Hydrogen 3.40 3.76 

% Nitrogen 1-40 1.51 
% Sulfur 5.35 5 ., 76 

% Ash 0-29 0.31 
.L Btu f lb 14106 15321 % Oxygen (dif f )  0.72 0.78 

\ %  Sulfur 5.35 5.78 100.00 100..00 
MAF Btu 15369 

Alk. am Sodium Oxide 0.01 0.01 % Chlorine 0.02 0 .02  

FUSION TEMPERATURE OF ASH, ( S 2  

Reducinq Oxidizing 

Initial Deformation (IT) 2300 
Softening (ST) 2360 

Hemispherical (ET) 2430 
Fluid (FT) 2605 

GRINDABILITY INDEX = 51 at 0 50 % Moisture 

2700+ 
2700+ 
2700+ 
27004 



January 16, 2006 b 

SGS Noilh America Inc 

WESTERN XENTIICXY ENERGY CORP 
P. 0, .  EOX 1518 
HENDERSON KY 42419 
JACK JACOBS 

Minerals SBNices DNision 
P.0.80~752, Hendcrson,~~ 42419 t12701827 lie7 112701826 0719 w.us.sgs.com/minc.nls 

Kind of sample Pet Coke 
reported to us 

Sample taken at Henderson Station 

Sample taken by Client 

Date sampled __-- - .  

Date received October 24, 2005 

Sample identification by 
Client 

September 2005 Composite 
Exxon Mobile/Joliet 
Henderson Station 
V/N 8389 

Analysis Report NO. 63-91668 

FORMS OF SULFUR 

As Received Dry Basis 

% Pyritic 0.01 0.01 
% Sulfate 0.01 0.01 

% Organic(diff) 5.33 5.76 

% Sulfur 5.35 5 . 7 8  

Rerpectlully wbminsd, 
SGS NORTH AMERICA INC 

O E I I E W  CONDlnONS OF SERVICE ON REVERSE 



January 16, 2006 

WESTERN KENTUCKY ENERGY CORP 
P. 0.. BOX 1518 
HENDERSON KY 42419 
JACK JACOBS 

k 

SGS Noilh America Inc 

Kind of sample Pet Coke 
reported to us 

Sample taken at Henderson Station 

Sample taken by Client 

Date sampled - - - - - -  

Date received October 24. 2005 

Minerals Services Division 
P.0. Box 752. Henderson, KY 42419 I 12701 827..1107 I i2701926.0719 vnvw.us.sss.com/minerala 

Sample identification by 
Client 

September 2005 Composite 
Exxon Mobile/Joliet 
Henderson Station 
V/N #389 

Analysis report no. 63-91668 

ANALYSIS OF ASH 

Silicon dioxide 
Aluminum oxide 

Titanium dioxide 

Iron oxide 
calcium oxide 

Magnesium oxide 
potassium oxids 

Sodium oxide 

sulfur trioxide 
Phosphorus pentoxide 

Strontium oxide 
Barium oxide 

Manganese oxide 
Nickel. oxide 

Vanadium oxide 
Undetermined 

Silica Value = 
Base:Acid Ratio = 

35.79 
1.35 

WEIGHT %, IGNITED BASIS 

11 57 
5 46 
0 84 

11.03 
8.32 
1 41 
0.47 
2.92 

14.53 
0.27 
0 05 
0 09 
0.11 
5.78 
35.80 

100 ., 00 
15.49 

Type of Ash = BITUMINOUS 

Rospcdlully submitled. 
SGS NPRTH AMERICA INC 

F 4 0 5  
GENEWU. WNDIllONS OF SERVICE ON REVERSE 



--- 

SGS Nolil i  Amerm Inc 

January 16, 2006 b 

Mineralr Senricss Oivision 
PO Box 752, Henderson. KY 42419 112701 027-1107 I12701 0264719 w,us.rgs.com/minerals 

WESTERN KENTUCKY ENERGY CORP 
P. 0 .  BOX 1518 
HENDERSON KY 42419 
JACK JACOBS 

Kind of sample Pet Coke 
reported to us 

Sample taken at Henderson Station 

Sample taken by Client 

Date sampled - - - - - -  
Date received October 24, 2005 

Sample identification by 
Client 

September 2005 Composite 
Exxon Mobile/Joliet 
Henderson Station 
V/N #389 

Analysis Report No. 63-91668 

Arsenic 3 ug/g 
Vanadium 601 ug/g 

RospeCllully submilled. 
SGS NPRTH AMERICAINC 

o"---- Henderson Laborslory 



January 16, 2006 b 

SGS North America lilt 

WESTERN KENTUCKY ENERGY CORP 
P. 0. BOX 1518 
HENDERSON KY 42419 
,SACK JACOBS 

Minerals S ~ N ~ C C S  Oivision 
p.0 80x752, Henderson, KY 42419 112701827.1187 f12701826.0719 w.ur.sgs.com/rnineraals 

Kind of sample Pet Coke 
reported to us 

Sample taken at Henderson Station 

Sample taken by Client 

Date sampled November 1-30, 2005 

Date received December 7, 2005 

Sample identification by 
Client 

November 2005 Composite 
Exxon MobileIJoliet 
Henderson Station 
V I N  8389 

Analysis Report No. 63-95868 

PROXIMATE ANALYSIS ULTIMATE ANALYSIS 
As Received Dry Basis 

% Moisture 9.06 x x x x x  % Moisture 
% Ash 0 23 0.25 % Carbon 

% Volatile 9 93 10 92 % Hydrogen 
% Fixed Carbon ___ 80.78 88.83 % Nitrogen 

100 00 100 00 % Sulfur 
B Ash 

Btullb 13884 15267 % Oxygen(difff 
% Sulfur 5 45 5.99 
MAF Btu 15305 

Alk. a5 Sodium oxide 0 01 0 01 % Chlorine 

FUSION TEMPERATURE OF ASH. (ea 

As Received 

9.06 
79.08 
3.25 
1.54 
5.45 
0 ., 23 
1.39 
100 .oo  

0.01 

Reducinq Oxidizing 

Initial Deformation (IT) 2700t 2375 
Softening (ST) 2700t 2440 

Hemispherical (HT) 2700+ 2500 
Fluid (FT) 2700+  2580 

GRINDABILITY INDEX = 50 at 0.80 % Moisture 

D r y  Basis 

xxM(  
86.96 
3.57 
1.69 
5.99 
0.25 
1.54 
1 0 0 . 0 0  

O . , O l  



January 16, 2006 b 

SGS Norlli America Inc 

WESTERN KENTUCKY ENERGY CORP 
P. 0. BOX 1518 

Minerals Services Division 
P.0. QoxlSZ. Hsndsrson, KY 12419 t (2701677-1187 I1210)8260119 wwwus.sgs.com/mineraIr 

HENDERSON KY 42419 
JACK JACOBS 

Kind of sample Pet Coke 
reported to us 

Sample taken at Henderson Station 

Sample taken by Client 

Date eampled November 1-30, 2005 

Date received December 7, 2005 

Sample identification by 
Client 

November 2005 Composite 
Exxon Mobile/Joliet 
Henderson Station 
V/N fl389 

Analysis Report No. 63-95868 

FORMS OF SULFUR 

As Received Dry Basis 

% Pyritic 0.01 0.01 
% Sulfate 0.01 0.01 

% Organic (dif f )  5.43 5.97 

% Sulfur 5.45 5 .. 99  

Respsc(fully submilled. 
SGS NORTH AMERICA INC 

I Membarallhe S(iSB!*w 

GENERAL CONOlnONS OF SERVICEON REVERSE 



... 

January 16, 2006 b. 
WESTERN KENTUCKY ENERGY CORP 
P 0 BOX 1518 
HENDERSON KY 42419 
JACK JACOBS 

Kind of sample Pet Coke 
reported to us 

Sample taken at Henderson Station 

Sample taken by Client 

Date sampled November 1-30, 2005 

Sample identification by 
Client 

November 2 0 0 5  Composite 
Emon Mobile/Joliet 
Henderson Station 
V/N #389 

Date received December 7 .  2005 

Analysis report no. 63-95868  

ANALYSIS OF ASH WEIGHT %. ZGNITED BASIS 

Silicon dioxide 5 . 3 9  
Aluminum oxide 3.08 

Titanium dioxide 0.15 

Iron oxide 
Calcium oxide 

Magnesium oxide 
Potassium oxide 

Sodium oxide 

Sulfur trioxide 
Phosphorus pentoxide 

Strontium oxide 
Barium oxide 

Manganese oxide 
Nickel oxide 

Vanadium oxide 
Undetermined 

Silica Value = 
Base:Acid Ratio = 

4 5 . 0 7  
1.08 

4 24 
1 . 9 1  
0 .42  
0 . 2 5  
2 . 4 7  

3 1 8  
0 11 
0.02 
0 05 
0 03 
8 67 

6a BO 
0.25 
100 . o o  

Type of Ash = BITUMINOUS 

Respecnully submiiied. 
SGS NORTH AMERICA INC 

GENERAL CONDIllONS OF SERVICE ON REVERSE 



January 16, 2006 b- 

SGS Nail2 Arnorica liic 

WESTERN KENTUCKY ENERGY CORP 
P. 0. BOX 1518 
HENDERSON KY 42419 
JACK JACOBS 

Minerals Services Division 
PO. Box752. Henderson. KY 42419 tl2701827-1187 l(270) 826.0719 wwwus.sgs.corn/rninerals 

Kind of sample Pet Coke 
reported to us 

Sample taken at Henderson Station 

Sample taken by Client 

Date sampled November 1-30, 2005 

Date received December 7, 2005 

Sample identification by 
Client 

November 2005 Composite 
EXXOn Mobile/Joliet 
Henderson Station 
V/N # 3 8 9  

Analysis Repor't No. 63-95868 

Arsenic 2 u3/3 
Vanadium 963 ug/g 

RespecH~iiy submitted. 
SGSNORTHAMERICAINC 

(IENER&CONDlnON8OFSWCEON R M R S E  



February 7 ,  2006 Dc 

SGS North America Inc 

WESTERN KENTt7CKY ENERGY CORP 
P 0 .  BOX 1518 
HENDERSON KY 42419 
JACK JACOBS 

Minerals Services Division 
PO. Box152, Henderson. KY 42419 I(27DI 827-1187 I12701 826 0719 w.us.sQs.com/rninerals 

Kind of sample Pet Coke 
reported to us 

Sample taken at Henderson Station 

Sample taken by Client 

Date sampled December 1-31, 2005 

Date received January 5 ,  2006 

Sample identification by 
Client 

December 2 005 Ccimposi te 
Exxon Mobile/Joliet 
Henderson station 
VfN 8429 

Analysis Report No. 6 3 - 9 8 5 3 0  

PROXIMATE ANALYSIS ULTIMATE ANALYSIS 
As Received Dry Basis As Received Dry Basis 

'% Moisture 5.62 xxxxx % Moisture 5 , 6 2  xxxxx 

% Volatile 8.99 9.53 % Hydrogen 3.53 3.74 
% Fixed Carbon ___ 85.24 90.31 % Nitrogen 1.62 1 72 

100.00 100 . D O  % Sulfur 4 . 4 9  4.76 
% Ash 0.15 0.16 

Btu/lb 14495 15358 % Oxygen(diff) 1.88 1.99 
% Sulfur 4.49 4.76 100 00 100.00 

Alk. as Sodium Oxide 0.00 0.00 % Chlorine 0.01 0 01 

% Ash 0.15 0 16 % Carbon 82 71 87 .64 

MAP Btu 15383 

FUSION TEMPERATURE OF ASH, (2% 

Reducing Oxidieinq 

Initial Deformation (IT) 2400 2700+ 
Softening (ST) 2460 2700+ 

Hemispherical (HT) 2530 2700+ 
Fluid (FT) 2590 2700+ 

GRINDABILITY INDEX I 49 a t  0 6 7  % Moisture 

Respectfully submitfed, 
SGS NORTH AMERICA INC 

r- Henderson Labolabw 

GENERPL CONOlllONS OF SERVICE ON REVERSE 



February 7, 2006 b 

SGS North America Inc 

WESTERN KENTUCKY ENERGY CORP. 
P .  0 .  BOX 1518 

Mineials Sewicss Division 
P.0.00~752. Hendnison. KY 42419 r(270)827-1187 11270)8266719 w.us.yls.comlminn1aals 

HENDERSON KY 42419 
JACK JACOBS 

Kind of sample Pet Coke 
reported to us 

Sample taken at Henderson Station 

Sample taken by Client 

Date sampled December P31, 2005 

Date received January 5, 2006 

Sample identification by 
Client 

December 2005 Composite 
Exxon MobilejJoliet 
Henderson Staticin 
V/N #429 

Analysis Report No. 63-98530 

FORMS OF SULFUR 

As Received D r y  Basin 

% Pyritic 0.01 
% Sulfate 0.01 

% Organic(diff) 4.47 

0.01 
0.01 
4.74 

% S u l f u r  4 49 4 76 

Respsd(ully wbrnilted. 
GS NORTHAMERICA INC e.- , 

Hsndemon Laborabv 

GWERPILCONDITtONS OF SEAVICE ON REVERSE 



r’ebruary 7, 2006 b 

SGS Norih Ameiica Inc 

WESTERN KENTUCKY ENERGY CORP 
P. 0. BOX 1518 
HENDERSON KY 42419 
JACK JACOBS 

Minerals Services Division 
PO. Box152. Henderson. Ky 42419 11210)827.1187 112701ELG-0119 www.us.rgs.com/minemIr 

Kind of sample Pet Coke 
reported to us 

Sample taken at Henderson Station 

Sample taken by Client 

Date sampled December 1-31, 2005 

Date received January 5, 2006 

Sample identification by 
Client 

December 2005 Composite 
Exxon Mobile/Joliet 
Henderson Station 
V/N #429 

Analysis report no. 63-98530 

ANALYSIS OF ASH 

silicon dioxide 
Aluminum oxide 

Titanium dioxide 

Iron oxide 
Calcium oxide 

Magnesium oxide 
Potassium oxide 

Sodium oxide 

Sulfur trioxide 
Phosphorus pentoxide 

Strontium oxide 
Barium oxide 

Manganese oxide 
Nickel oxide 

Vanadium oxide 
Undetermined 

Silica Value L 40.91 
BaserAcid Ratio = 1.12 

WEIGHT %, IGNITED BASIS 

4 3 2  
2 52 
0 13 

3 35 
2 39 
0 50 
0 05 
1 54 

3 88 
0 05 
0 02 
0 05 
0 02 

11 62 
68 30 
1.26 
100 . o o  

Wype of Ash = BIJXMINOUS 

Respocl(ully submilled. 
SGS NORTH AMERICA INC 

OENEWU.CONDVONGOFSERVlCE ONREVERSE 



February 7, 2006 b 

SGS Nonh America lnc 

WESTERN KENTUCKY ENERGY CORP 

IIENDERSON KY 42419 
JACK JACOBS 

P o BOX 1518 

Minerals Senices Division 
KO. Box 752. Hendenon. KY 42419 t 12701 827.1187 I I2701 6760713 wwwus.r@s.cam/mineraIs 

Kind of sample Pet Coke 
reported to UB 

Sample taken at Henderson Station 

Sample taken by Client 

Date sampled December 1-31, 2005 

Date received January 5, 2006 

Sample identification by 
Client 

December 2005 Composite 
Exxon Mobile/Jol iet 
Henderson Station 
V/N #429 

Analysis Report No. 63-98530 

Arsenic 6 u9/9 
Vanadium 1429 Ug/g 



March 6 ,  2006 

WESTERN KENTUCKY ENERGY CORP 
P. 0. BOX 1518 
HENDERSON KY 42419 
JACK JACOBS 

b 

SCS Noiih America Inc 

Kind of sample Pet Coke 
reported to ue 

Sample taken at Henderson Station 

Sample taken by Client 

Date sampled January 1-31, 2006 

Date received February 15, 2006 

Minerals Services Division 
P.D. Box 752. Henderson. KY 42419 I 12701 827-1 I87 f 12701 8264719 w . u s  sos cornlrninerals 

Sample identification by 
Client 

January 2006 Composite 
Exxon McbileIJoliet 
Henderson stat i cn 
V/N #466 

Analysis Report No. 63-102115 

PROXIMRTE ANALYSIS ULTIMATE ANALYSIS 
As Received D r y  Baeis A8 Received D r v  Baeis 

% Moisture 9.14 xxxxx % Moisture 9.14 XXXXX 

% Volatile 10.28 11.31 % Hydrogen 3.39 3.73 
% Ash 0.34 0 ,, 37 % Carbon 79.10 87 .. 06 

% Fixed Carbon - 80.24 88.32 % Nitrogen 1.49 1.64 
100.00 100 ,, 00 % Sulfur 5.06 5 ., 57 

% Ash 0 34 0.37 
Btullb 13860 15254 % Oxygen(diff1 1.48 1.63 

% sulfur 5.06 5.57 100.00 100 . o o  

Alk. as Sodium Oxide 0.,01 0 .02  % Chlorine 0.02 0.02 
MAP Btu 15311 

FUSION TEMPERATURE OF ASH, (SF,, 

Reducinq Oxidizinq 

Initial Deformation (IT) 2120 2700+ 

Hemispherical (HT) 2180 2700+ 
Softening (ST) 2140 2700+ 

Fluid (FT) 2220 2700+ 

GRINDABILITY INDEX = 54 at 0.51 % Moisture 



March 6, 2006 F 

P.O.80~752. Ilendeison. KY 42419 112701827~1187 112701028.0719 wwwur.~~~.com/mii ie iair  

WESTERN KENTUCKY ENERGY CORP 
P. 0. BOX 1518 
HENDERSON KY 42419 
J A C K  JACOBS 

Kind of Sample Pet C o k e  
reported to us 

Sample taken at Henderson Station 

Sample taken by Client 

Date sampled January 1-31, 2006 

Date received February 15, 2006 

Sample identi,fication by 
C l i e n t  

January 2006 Composite 
Exxon Mobile/Joliet 
Henderson Station 
V/N #466 

Analysie Report No. 63-102115 

FORMS OF SULFUR 

AS Received Dry Basis 

B Pyritic 0 01 0.01 
8 Sulfate 0.01 0 01 

% Organic (dif f) 5.04 5.55 

% Sulfur 5.06 5 57 

RsspscUully submllled. 
SGS NORTH AMERICA INC 



March 6 ,  2006  

WESTERN KENTUCKY ENERGY CORP 
P. 0 BOX 1518  
HENDERSON KY 42419  
JACK JACOBS 

b 

SGS N o r l  Amsrica Iiic 

Kind of sample Pet Coke 
reported to ua 

Sample taken at Henderson Station 

Sample taken by Client 

Date sampled January 1-31,  2006 

Date received February 15, 2006 

Minerals SErvicEs Division 
Pa. 00x752, Henderson. KY 42119 I 12701 827-1 181 11270) 826.0719 w m s g s  comlminerals 

F 161 

Sample identification by 
Client 

January 2006 Composite 
Exxon Mobile/Joliet 
Henderson Staticn 
V/N #466 

Analysis Report No. 63-102115  

ANmYSIS OF ASB 

Silicon dioxide 
Aluminum oxide 

Titanium dioxide 

Iron oxide 
Calcium oxide 

Magnesium oxide 
Potassium oxide 

sodium oxide 

Sulfur trioxide 
Phoaphorue pentoxide 

Strontium oxide 
Barium oxide 

Manganese oxide 
Undetermined 

Silica Value = 5 1 . 5 1  
Base:Acid Ratio = 0 . 9 0  
T250 Temperature c 2160  OF 

WEIGHT %, IGNITED BASIS 

2 1 "  20 
4.89 
0 85 

1 3 . 1 0  
5 .  67 
1 . 1 9  
0 .53  
3 .76  

1 4  1 5  
0 .26  
0 .04  
0.07 
0 1 6  

100  00 
34.13 

Type of Ash = BITUMINOUS 
Fouling Index = 3 . 3 8  
Slagging Index = L O 1  



March 6, 2006 b 

SGS Noli, Ameiiia l i lc 

WESTERN KENTUCKY ENERGY CORP. 
P. 0. BOX 1518 

N,insralr %Nicer Division 
PO. Box 752. Henifetson. KY 42419 I (27Dl827-1181 I12701 8280119 www.ur sgs.com/minerals 

HENDERSON KY 42419 
JACK JACOBS 

Kind of sample Pet Coke 
reported to us 

Sampl,e taken at Henderson Station 

Sample taken by Client 

Date sampled January 1-31, 2006 

Date received February 15, 2006 

Sample identification by 
Client 

January 2006 Composite 
Exxon Mobile/Joliet 
Henderson Station 
V/N #466 

Analysis Report No. 63-102115 



April 27, 2006 b 

SGS Norlli Amcrica liic 

WESTERN KENTUCKY ENERGY CORP 
P. 0 BOX 1518 

Minerals Services Division 
P.0. Qox752, Henderson, KY 42419 l(Z701827.11Q7 l1270)8?64719 w . u s  sgs.com/minsrals 

HENDERSON KY 42419 
JACK JACOBS 

Kind of sample Pet Coke 
reported to us 

Sample taken at Henderson Station 

Sample taken by Client 

Date sampled March 1-31, 2006 

Date received April 10, 2006 

PROXIMATE ANALYSIS 

% Moisture 
% Ash 

% Volatile 
% Fired Carbon 

Btu/lb 
% Sulfur 
MAF Btu 

Alk. a s  Sodium Oxide 

Sample identification by 
Client 

March 2006 Composite 
Exxon Mobile/Jol iet 
Henderson Station 
V/N %466 

Analysis Report No. 63-107409 

As Received 

0 36 
0 34 
9.96 

81.31! 
100.00 

13878 
5 99 

0.01 

Dry Basis 

xxxxx 
0.37 
10 87 
88.76 
100 00 

15144 
6.54 
15200 
0 01 

ULTIMATE ANALYSIS 

% Moisture 
% Carbon 

% Hydrogen 
% Nitrogen 

% Sulfur 
% Ash 

% Oxygen ( dif f) 

% Chlorine 

As Received D r y  Basis 

8 36  xxxxx 
70.59 85.76 
3.18 3 67 
3 18 3 47 
5 39 6.54 
0 34 0.37 
0.36 0.39 
100 00 100 00 

0 02 0 02 

FUSION TEMPERATURE OF ASH, (ga 

Reducinq Oxidiz inq 

Initial Deformation (IT) 2310 
Softening (ST) 2420 

Hemisphericai (HT) 2490 
Fluid (FT) 2540 

2700+ 
2 7 0 0 +  
2700+ 
2700+ 

GRINDABILITY INDEX = 47 at 1 00 % Moisture 

Rarpcllully wbmllled. 
SGS NORTH AMERICA INC 

Hondssoo Laboreby 



April 2 1 ,  2 0 0 6  E- 

SGS Noiih A m l i r a  liic 

WESTERN KENTUCKY ENERGY CORP 
P 0. BOX 1518 
HENDERSON KY 42419 
JACK JACOBS 

Minarals Selvicas Division 
PO. Box 752. Henderson. KY 42419 112701 827-1187 I12701 8260719 wwwus.~s.com/miileralc 

Kind of sample Pet Coke 
reported to ns 

Sample taken at Henderson Station 

Sample taken by Client 

Date sampled March 1-31, 2006 

Date received April 10, 2006 

Sample identification by 
Client 

March 2006 Composite 
EXXOn Mobile/Joliet 
Henderson Station 
V/N a 4 6 6  

Analysis Report No. 63-107409 

ANALYSIS OF ASH 

Silicon dioxide 
Aluminum oxide 

Titanium dioxi,de 

Iron oxide 
Calcium oxide 

Magnesium oxide 
Potassium oxide 

Sodium oxide 

Sulfur trioxide 
Phosphorus pentoxide 

Strontium oxide 
Barium oxide 

Manganese oxide 
Undetermined 

Silica Value = 4 4 . 4 8  
Base:Acid Ratio = 1 17 

T250 Temperature = 2150 OF 

WEIGHT %,  IGNITED BASIS 

7 37 
3 18 
0 20 

5 87 
3 00 
0 33 
0 04 
3 37 

7 50 
0 21 
0 02 
0 07 
0 04 

100 00 
68.Bp 

Type of Ash = BITUMINOUS 
Fouling Index = 3.94 
Slagsing Index = 7 6 5  

Rsspsdfully submilled. 
SGS NORTH AMERICA INC 

-.. 

Hendemon Laboralow 



April 27, 2006 Ib 

SGS N ~ r i l i  America Inc 

WESTERN KENTUCKY ENERGY CORP 

HENDERSON KY 42419 
JACK JACOBS 

P O. BOX i 5 i a  

Minwals Services DiviSlOn 
PO. BOX 752, Henderson, KY 42419 1[270)827-1187 I12701 8265719 Wu3.S9js .COm/min8t~ lS 

Kind of sample Pet Coke 
reported to us 

Sample taken at Henderson Station 

Sample taken by Client 

Date sampled March 1-31, 2006 

Date received April 10, 2006 

Sample identification by 
Client 

March 2006 Composite 
Exxon Mobile/JoLiet 
Henderson Station 
V/N # 4 6 6  

Analysis Report No. 63-107409 

Arsenic 1 u3/g 
Vanadium 33 U d 3  

Respecthilly submitted, 
SGS NORTH AMERICA INC 
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14,808 Operating Hours 
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CORMETECH, INC. 
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Western Kentucky Energy 
Henderson Unit 1 

SCR Catalyst Pilot Performance Test Report 
February 7,2008 
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CORMETECH, INC. 
Laboratory Services 

Western Kentucky Energy 
Henderson lJnit 1 

SCR Catalyst Pilot Performance Test Report 
February 7, 2008 

PURPOSE 

This test is conducted to audit the catalytic potential of an SCR catalyst by measuring 
the performance of a field catalyst sample that has been in operation for a known 
duration. The catalytic potential is measured by laboratory scale testing of field samples 
removed from the SCR. Pilot tests are conducted in a controlled, laboratory 
environment allowing accurate comparisons of field sample catalytic potential to that of 
fresh catalyst. The deactivation rate is determined by comparing the change in catalytic 
potential versus operating hours of the sample. 

Field performance, as indicated by plant-supplied measurements and observations, is 
also analyzed and discussed relative to the performance of the catalyst samples tested. 
Measured field performance in conjunction with laboratory measurements of field 
sample catalytic potential is used to determine actual unit scale-up factors. Utilizing 
actual unit scale-up factors significantly improves the accuracy of future performance 
predictions. 

If laboratory test results are inconsistent with any of the following, further catalyst andlor 
field operation analysis may be recommended: 

0 Cormetech's experience base of comparable units 
e The plant's reported field performance, if available 
e The results of previous audits of the unit, if applicable 
0 The performance expectations for the unit 

CORMETECH CONFIDENTIAL Page 3 



CORMETECH, INC. 
Laboratory Services 

Western Kentucky Energy 
Henderson Unit 1 

SCR Cataivst Pilot Performance Te: Reo , r t  
February 7,2008 

BACKGROUND 

In order to achieve design performance requirements of a Selective Catalytic Beduction 
system for a specified timeframe (life) of the SCR catalyst, the catalyst formulation, 
structure, and volume are specifically designed to accommodate the system operating 
conditions, the predicted system scale-up factors, and a predicted rate of decrease in 
catalyst potential over time. 

If any of the design or operating parameters above is not realized, then the actual 
duration that the design performance requirements can be met may deviate from the 
design life. The individual contribution of each parameter on actual life is described 
below. In actual practice, one or more of these parameters may deviate from design 
and either counteract or complement each other. 

Performance Requirements: If the actual plant performance requirements are more 
stringent than the design performance requirements, actual life will be less than design 
life. An example of this would be a unit that was designed to achieve a certain NO, 
reduction at given ammonia slip, but is actually required to achieve a higher NO, 
reduction. 

Operating Conditions. Flue gas flow rate, inlet NO, levels, temperature, oxygen 
content, and water content impact catalytic potential. If the catalyst is at an operating 
condition where the potential is lower than design, actual life will be less than design 
life 

Scale-up Factors. The full NOx reduction potential of the catalyst is not attained in the 
field due to non-ideal flow distribution, temperature distribution, ammonia to NOx molar 
ratio distribution, catalyst blockage, and/or flue gas bypass. Collectively, these non- 
ideal conditions are accounted for with 'system scale-up factors'. If the overall actual 
system scale-up factors are more severe than the design scale-up factors, then the 
potential of the SCR system to meet a given performance requirement is reduced. 

Catalyst Deactivation Rate: Catalytic potential decreases over time. This catalyst 
deactivation rate has a direct impact on actual life. If the deactivation rate is more than 
design, then actual life effectively reduced. If the deactivation rate is less than design, 
the actual life is effectively increased. 

CORMETECH CONFIDENTIAL Page 4 



CORMETECH, INC. 
Laboratory Services 

Western Kentucky Energy 
Henderson Unit 1 

SCR Catalyst Pilot Performance le :  Report 
February 7,2008 

If any or all of the first three parameters; namely, performance requirements, operating 
conditions, and scale-up factors, are more stringent than the initial design, then less 
margin for catalyst deactivation remains. Therefore, actual life will be less than design 
life. 

At any given time and operating condition, the SCR system performance is dictated by 
the NO, reduction potential of the catalyst and the system scale-up factors. These 
factors reduce performance from the catalytic potential to the performance achievable in 
the operating SCR system. 

Pilot performance tests are purposefully conducted in a controlled environment, free 
from the scale-up factors that adversely affect SCR system performance, and at 
repeatable operating conditions so that changes in catalytic potential may be evaluated 
accurately. Catalyst deactivation can be determined by testing the field catalyst sample 
at the same operating conditions as the test of the fresh sample and assigning the 
relative change in catalytic potential to catalyst deactivation. 

In conjunction with pilot test results, analysis of field SCR system performance data can 
confirm: the field performance requirements, the plant operating conditions, and actual 
system scale-up factors. 

Carmetech's SCR catalyst design and testing experience enables analysis of the actual 
versus design values of: performance requirements, operating conditions, system scale- 
up, and catalyst deactivation to predict future catalyst performance. 

CORMETECH CONFIDENTIAL Page 5 



CORMETECH, INC. 
Laboratory Services 

Western Kentucky Energy 
Henderson lJnit 1 

SCR Catalyst Pilot Performance Test Report 
February 7,2008 

FACILITY OPERATIONAL HISTORY 

Western Kentucky Energy Henderson Unit 1 is a Pulverized Coal Unit. The SCR 
system consists of a single reactor. The reactor currently contains two layers of 
Cormetech 7 1 mm pitch catalyst. The SCR was put into operation in November 2003. 

On November 2, 2004, catalyst samples were removed for testing. At the time the 
samples were removed, the SCR had accumulated 3,333 operating hours. The results 
of this previous audit are included in this report. 

On October 14, 2005, catalyst samples were removed for testing. At the time the 
samples were removed, the SCR had accumulated 6,931 operating hours. The results 
of this previous audit are included in this report. 

On October 20, 2006, catalyst samples were removed for testing. At the time the 
samples were removed, the SCR had accumulated 11,062 operating hours. The results 
of this previous audit are included in this report. 

On October 3, 2007, one sample was removed from each layer and returned to 
Cormetech for laboratory testing At the time the samples were removed, the SCR had 
accumulated 14,808 operating hours. This report summarizes the results of the audit. 

CORMETECH CONFIDENTIAL Page 6 



CORMETECH, INC. 
Laboratory Services 

Western Kentucky Energy 
Henderson Unit 1 

SCR Catalyst Pilot Performance Test Report 
February 7,2008 

PROCEDURE OVERVIEW 

1. 

2. 

3. 

4. 

5" 

6. 

One catalyst sample was removed from the field sampler in each layer at the 
Western Kentucky Energy Henderson Unit 1 SCR. The samples were shipped to 
Cormetech's laboratory. Operating history was recorded by the Generating Station 
and forwarded to Cormetech. 

The physical condition of the catalyst was documented by Cormetech. 

The catalyst was loaded into a Pilot Activity Test Apparatus and then evaluated at 
the design conditions for the plant SCR. The Pilot Activity Test Procedure Standard 
is included in Appendix 3. 

The results include catalyst potential expressed as WKo 

Test results were compared to design. Expectations of catalyst deactivation were 
determined by the time on-line, experience data of similar coal-fired facilities, and 
fresh catalyst performance 

An expected catalyst life prediction is based on the above testing and analysis 

CORMETECH CONFIDENTIAL Page 7 



CORMETECH, INC. 
Laboratory Services 

Western Kentucky Energy 
Henderson Unit 1 

SCR Catalyst Pilot Performance Test Report 
February 7,2008 

FIELD SAMPLING AND UNIT OPERATING CONDITIONS 

Field Samding 

One catalyst sample was removed from the field sampler in each layer at the Western 
Kentucky Energy Henderson Unit 1 SCR and sent to Cormetech's Laboratory for 
evaluation, 

ODeratina Status: 

Field records supplied by Western Kentucky Energy are summarized in the table below. 

First Gas-In Date with Catalyst 
Installed November 2003 
. . . - . . . . . . . . 

I 

Samale Removal Date I October 3, 2007 

Total Operating Hours On 
Catalyst Sample 

Primarv Fuel Fired 

14,808 

Blend 

CORMETECH CONFIDENTIAL Page 8 



CORMETECH, INC. 
Laboratory Services 

Western Kentucky Energy 
Henderson 1Jnit 1 

SCR Catalyst Pilot Performance Test Report 
February 7,2008 

LABORATORY PERFORMANCE TEST CONDITIONS 

A pilot test was conducted on the sample received using the conditions below. These 
conditions reflect the original pilot test condition for which there is fresh catalyst test 
data available for direct Comparison. 

Temperature 356 "C (673 OF) 

Area Velocitv 

299.3 @ 3.10% 0 2  

(301.0 @ 3% 02) 
Inlet NO, ppmvd 

10.0 Nmlh 

CORMETECH CONFIDENTIAL Page 9 
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CORMETECH, INC. 
Laboratory Services 

Western Kentucky Energy 
Henderson Unit 1 

SCR Catalyst Pilot Performance Test Report 
February 7,2008 

RESULTS 

Physical InsDection 

The figures on the following pages show photographs of the flow entrance face and the 
flow exit face of the elements as they arrived at Cormetech. 

The samples received were 18 cells x 18 cells and exhibit plugged cells in two opposite 
corners. This is a result of the sample tray design and does not affect the results of the 
testing. The testing of the elements was not adversely impacted by the element 
condition. 

CORMETECH CONFIDENTIAL Page 10 



CORMETECH, INC. 
Laboratory Services 

Western Kentucky Energy 
Henderson Unit 1 

SCR Catalyst Pilot Performance Test Report 
February 7,2008 

ID #: 0508-2960-0249 
Layer 

Flow Entrance Face 

Flow Exit Face 

~ 

Physical lnsoection Observations: 

Sleeve Marking: H-I #58 top layer 
10-3-07 Western Kentucky Energy 
iMPL Unit-I 

3ax Marking: Henderson unit-1 Box: 
i-I Top layer #58 10-3-07 

:ell Count: 18 x 18 shaved 

'lugged Cells 

.ength: 1206 mrn 
nspectian Notes: Element in good 
:ondition 

Initial: 14 Final: 0 

CORMETECH CONFIDENTIAL Page 11  



CORMETECH, INC. 
Laboratory Services 

Western Kentucky Energy 
Henderson Unit 1 

SCR Catalyst Pilot Performance Test Report 
February 7,2008 

Phvsical Inspection Observations: 

Sleeve Marking: H-I #58 middle 
ayer 10-3-07 Western Kentucky 
Znergy HMPL Unit-1 

3ox Marking: H-I #58 middle layer 

Cell Count: 18 x 18 shaved 

Plugged Cells 

Length: 1206 mm 

Inspection Nates: Some surface 
cracks on the shaved side. 

10-3-07 

Initial: 12 Final: 0 

ID#: 0312-291 
Layer 

Flow Entrance Face 

Flow Exit Face 

0241 

I 

Page 12 CORMETECH CONFIDENTIAL 



CORMETECH, INC. 
Laboratory Services 

Western Kentucky Energy 
Henderson Unit 1 

SCR Catalyst Pilot Performance Test Report 
February 7,2008 

Results of Laboratorv Tests- Pilot 

The catalyst performance was measured and is reported as WKo. WKo is a measure of 
the change in catalytic potential relative to fresh catalyst. A WKo of 0.50 would indicate 
that the catalyst potential of the field sample had declined to one-half of the fresh 
potential. 

The lab performance threshold (based on design scale-up factors), represents the 
design WKo, as measured in the pilot reactor, at which the actual field performance at 
design operating conditions is expected to reach end-of-life. Field performance is 
based on a design performance requirement of 90% NO, removal efficiency and 2 
ppmvdc ammonia slip. 

In field scale (actual) operation, flow, temperature, and ammonialNOx nonuniformities 
exist. In the highly controlled laboratory environment these nonuniformities do not exist, 
therefore the lab results must be scaled-up to reflect expected field performance. The 
scale-up factors limit achievable NOx reduction performance in operating SCR systems. 
The performance threshold value is based on design values for the scale-up factors. 
The actual threshold may be lower if actual scale-up is less severe, or higher if more 
severe. 

I Threshold (based on design scale-up factors) 

CORMETECH CONFIDENTIAL Page 13 



CORMETECH, INC. 
Laboratory Services 

Western Kentucky Energy 
Henderson Unit 1 

SCR Catalyst Pilot Performance Test Report 
February 7,2008 

The figure below shows the trend in catalyst performance 

Western Kentucky Energy Henderson Unit I 
WKo vs. Operating Hours 1 , 10 ,-.~~~~.___~..,.._______.____-_I_ ~ 

I Octo 
2004 

I 

1 0 0 0 :  

0.70 4 -. 

Oct 0 
2007 

Threshold 2 0.60 1 

0.50 .L~ ~ ,__-~.._--.I_.--_.----_ 
0 4,000 8,000 12,000 16,000 20,000 

Operating Hours 

This audit of the Western Kentucky Energy Henderson lJnit .1 SCR catalyst shows a 
decrease in catalytic potential of the SCR catalyst, as measured by pilot-scale testing. 

Based on the results of this audit, the SCR catalyst installed in Western Kentucky 
Energy Henderson Unit 1 is above the Performance threshold and is projected to 
continue to meet the design field performance requirements of 90% NO, reduction at 2 
ppmvdc ammonia slip for at least the period of the guarantee life. 
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RECOMMENDATIONS 

The catalytic potential for Western Kentucky Energy Henderson Unit 1 remains above 
the performance threshold required for the SCR system to meet the design performance 
requirement of 90% NO, removal efficiency and 2 ppmvdc ammonia slip. Carmetech 
recommends auditing the catalytic potential at Cormetech’s laboratory after one year of 
additional operation. 
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APPENDIX 1 : Location of Sample Retrieval 

Both Layers 

=Denotes 2007 sampling location 

=Denotes previous sample location 

=Denotes alternate sample location 
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APPENDIX 2: Field Records 

Western Kentucky Energy 
Catalyst Information: CONFIDENTIAL 

960,000 ** 

760 deg F 
673degF - 

301 ppm design __ 

I_,.--- - ~ 

I 

Plant 
Unit 
Capacity (GrosdNet) 

Number of Reactors per Unit 
Total #of layers 
Layers in use 
Modules per layer 
Volume per layer 

Catalyst Manufacturer 

Composition 
Start Activity 
Surface Area (mZm3) 
Av (testing through 2 layers) 
Catalyst Pitch 
Catalyst Length 
Number of plates per module 
Number of elements per module 

Date of SCR start up 
Date of sampling 
Operating hours at sampling date 
Year round operation (Yes/No) 
Bypass available (YeslNo) 
Load (base load or cycled) 
#of start and stops 

li, pe 

3300design- 3300desi n=' 
39.2 design ** 
3.0 design * *  3 o-....- 
8.0 deslgn .* 8.0 design 1 39.2 design '*_._ 

. _. 

_. 

Catalyst Test Conditions 
Actual flue gas flow per unit (acfm) 
Operating Temperature 

Design 
Actual (Test ) 

Inlet Nox (ppm dry) @3 0% 0 2  

Actual flue gas composition 
SO2 inlet (ppm dry) @ 3 0% 02 
SO3 inlet (ppm dry) 
0 2  inlet (% by voi dry) 
H20 inlet (% by voi wet) " 

HMP&r Station Two 

161 MWNet ___ 154 MW Net 
,I-_- 

._ -. 

Cormetech 
Honeycomb 
V - W - T i  

nla 
502 
i n  

- 

n/a 
- 72 ...I__- 

9 6 0 . 0 0 0 ~ - _ -  

673de F + ppm design - 
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APPENDIX 3: Performance Test Standard Procedure 

Purpose 
The laboratory pe~ormance testing for SCR catalyst is conducted to determine the 
catalytic potential of a representative sample of SCR catalyst at conditions that closely 
match the actual operating conditions of the SCR system. The sample should represent 
a typical cross section of the SCR, and the operating history should be known. The test 
is conducted in a controlled, laboratory environment on custom-built, rigorously 
validated SCR catalyst test apparatus allowing accurate determination of performance 
and comparisons of the sample catalytic potential to the system requirements previously 
tested catalyst(s). 

Test Equipment Description 
The Cormetech Laboratory SCR test reactors consist of three basic systems: 

0 Simulated flue gas generator 
SCR catalyst test chamber 

e Measurement system 

The purpose of the simulated flue gas generator is to provide a stable controlled supply 
of heated gas with the required mix of gases at the required flow rate and temperature 
to the SCR catalyst test chamber. It consists of a bulk flue gas generator, a flue gas 
modification system, a flue gas heater, a reactive gas injection system, and a flue gas 
mixer. 

Bulk Flue Gas Generator - The bulk flue gas is produced by either the combustion of air 
in a natural gas fired water-cooled cornbustion chamber, the extraction of nitrogen from 
air via a membrane system, or the delivery of nitrogen from liquefied nitrogen. This 
system is adjusted to achieve the overall flue gas flow rate required for the specified 
test. 

Flue Gas Modification System - The gas stream produced by the bulk flue gas 
generator is modified by the addition of oxygen/air and water/steam to achieve the 
targeted concentrations of water vapor and oxygen in the flue gas stream. 

Flue Gas Heater - The flue gas stream is heated to the target test temperature by an 
electric pre-heater 

Reactive Gas lnjection System - Calibrated mass flow controllers are used to deliver 
SOz, SOs, NOz, NO, and NH3 into the flue gas stream. 
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The table below summarizes the range of process conditions that can be produced by 
various apparatus in Cormetech’s laboratory Cormetech’s laboratory maintains 
multiple testing units, each with varying capabilities for temperature, flow, and gas 
composition. The unit selected for a given test will depend on the specific requirements 
for the sample tested 

1: Some apparatus have the capability to control water concentration 
Other units supply water as a product of combustion When water 
concentration is not controlled, Cormetech corrects the results to 
the target concentration with a standardized correction factor 

2: NO2 addition capability is not available on all test units 

Flue Gas Mixer - Following the reactive gas injection, the gases are mixed using a high 
efficiency static mixing element 

The simulated flue gas next enters the SCR test reactor where the SCR test sample or 
samples are located. Each sample is sealed tightly to the walls of the test chamber to 
ensure that all of the flue gas passes though the sarnple[s]. Along the length of the test 
chamber there are electric heating elements that maintain the specified test 
temperature. There are test ports located at the entrance to the test reactor and at the 
exit of each sample layer to extract a sample of flue gas for analysis, measure the static 
pressure of the flue gas, and monitor the temperature of the catalyst samples and the 
flue gas. 
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The process conditions of the SCR catalyst under test are monitored by the 
measurement system: 
Gas Flow Rate - The flue gas flow rate is measured by an averaging pitot tube in the 
exit of the simulated flue gas generator. The flow rate is also calculated from the mass 
flow controllers for the various gas constituents as they are added. Finally, an annubar 
is installed in the exhaust of the reactor which allows another cross-check of the flow 
rate. For the testing to be determined valid, the flow rate must be within the allowable 
limits from the target flow rate. 

Gas Temperature - The temperature of the gas and the catalyst samples is measured 
by a series of thermocouples throughout the test reactor. For the testing to be 
determined valid, both the spatial and temporal variability must be within the allowable 
limits from the specified set point. 

Component Concentration - The components of the flue gas are determined by the 
methods described below. Different systems may not have every type of sampling 
measurement system. 

NO, - Chemiluminescent NOx Analyzer / infrared Spectroscopy. Average value 
at each sampling point recorded for each sampling cycle 
NH3 - Ion Chromatographylinfrared spectroscopy 
S02- Precipitation Methodhnfrared spectroscopy 
SO3 - Controlled Condensation; Collective Precipitation Method 
0 2  - Micro-fuel cell and Paramagnetic 02 Analyzer 

Procedure DescriDtion Summary 
The following stepwise description is a guideline to understand how an audit proceeds 
from sample receipt to reported results. 
1. Upon receipt, each sample is inspected for condition and photographed. The 

sample dimensions are recorded. 

2. The Test Plan is prepared based on the needs of audit. The appropriate test 
apparatus is selected based on the test requirements and the test is scheduled. 

3. Each sample is prepared for testing. [This process includes cleaning the sample, 
and cutting to the required test sample size.] 

4. The reactor is opened, inspected, and prepared for operation. 

5. Each catalyst sample is loaded according to the Test Plan and sealed in the reactor. 

6. An equipment leak test is performed. 
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item Location Measured 
NOx concentration Multiplexed to measure NOX at 

each sampling point 

Frequency 
Average value at each 
sampling point recorded per 

1 sampling port 
1 Exit of combustion chamber 

I performance is measured 
I Continuously controlled and 0 9  Concentration 

NH3 Concentration 

SO2 Concentration 

SO3 Concentration 

each sampling cycle 
Depends on test method 
[Multiple analyses recorded] 
When SO2 oxidation 

When SO2 oxidation 

At exit of sample[s] 

Entrance and at each 
sampling port performance is measured 
Entrance and at each 
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Gas Flow 

Gas Temperature 
Pressure Drop 

and multiplexed with NOX monitored 
Analyzer 
Exit of combustion chamber 

At each sampling port 
Entrance and at exit of testing 
chamber recorded as required 

Continuously controlled and 
monitored 
Inlet continuously controlled 
Continuously monitored, 
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PURPOSE 

This test is conducted to audit the catalytic potential of an SCR catalyst by measuring 
the performance of a field catalyst sample that has been in operation for a known 
duration. The catalytic potential is measured by laboratory scale testing of field samples 
removed from the SCR. Pilot tests are conducted in a controlled, laboratory 
environment allowing accurate comparisons of field sample catalytic potential to that of 
fresh catalyst. The deactivation rate is determined by comparing the change in catalytic 
potential versus operating hours of the sample. 

Field performance, as indicated by plant-supplied measurements and observations, is 
also analyzed and discussed relative to the performance of the catalyst samples tested. 
Measured field performance in conjunction with laboratory measurements of field 
sample catalytic potential is used to determine actual unit scale-up factors. Utilizing 
actual unit scale-up factors significantly improves the accuracy of future performance 
predictions. 

If laboratory test results are inconsistent with any of the following, further catalyst and/or 
field operation analysis may be recommended: 

* Cormetech's experience base of comparable units 
0 The plant's reported field Performance, if available 

The results of previous audits of the unit, if applicable 
The performance expectations for the unit 
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BACKGROUND 

In order to achieve design performance requirements of a Selective Catalytic Reduction 
system for a specified timeframe (life) of the SCR catalyst, the catalyst formulation, 
structure, and volume are specifically designed to accommodate the system operating 
conditions, the predicted system scale-up factors, and a predicted rate of decrease in 
catalyst potential over time. 

If any of the design or operating parameters above is not realized, then the actual 
duration that the design performance requirements can be met may deviate from the 
design life. The individual contribution of each parameter on actual life is described 
below. In actual practice, one or more of these parameters may deviate from design 
and either counteract or complement each other. 

Performance Requirements: If the actual plant performance requirements are more 
stringent than the design performance requirements, actual life will be less than design 
life. An example of this would be a unit that was designed to achieve a certain NO, 
reduction at given ammonia slip, but is actually required to achieve a higher NO, 
reduction. 

Operating Conditions: Flue gas flow rate, inlet NO, levels, temperature, oxygen 
content, and water content impact catalytic potential. If the catalyst is at an operating 
condition where the potential is lower than design, actual life will be less than design 
life. 

Scale-up Factors: The full NOx reduction potential of the catalyst is not attained in the 
field due to non-ideal flow distribution, temperature distribution, ammonia to NOx molar 
ratio distribution, catalyst blockage, andlor flue gas bypass. Collectively, these non- 
ideal conditions are accounted for with 'system scale-up factors'. If the overall actual 
system scale-up factors are more severe than the design scale-up factors, then the 
potential of the SCR system to meet a given performance requirement is reduced. 

Catalyst Deactivation Rate: Catalytic potential decreases over time. This catalyst 
deactivation rate has a direct impact on actual life. If the deactivation rate is more than 
design, then actual life effectively reduced. If the deactivation rate is less than design, 
the actual life is effectively increased. 
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If any or all of the first three parameters; namely, performance requirements, operating 
conditions, and scale-up factors, are more stringent than the initial design, then less 
margin for catalyst deactivation remains Therefore, actual life will be less than design 
life 

At any given time and operating condition, the SCR system performance is dictated by 
the NO, reduction potential of the catalyst and the system scale-up factors. These 
factors reduce performance from the catalytic potential to the performance achievable in 
the operating SCR system 

Pilot performance tests are purposefully conducted in a controlled environment, free 
from the scale-up factors that adversely affect SCR system performance, and at 
repeatable operating conditions sa that changes in catalytic potential may be evaluated 
accurately. Catalyst deactivation can be determined by testing the field catalyst sample 
at the same operating conditions as the test of the fresh sample and assigning the 
relative change in catalytic potential to catalyst deactivation 

In conjunction with pilot test results, analysis of field SCR system performance data can 
confirm: the field performance requirements, the plant operating conditions, and actual 
system scale-up factors 

Cormetech's SCR catalyst design and testing experience enables analysis of the actual 
versus design values of: performance requirements, operating conditions, system scale- 
up, and catalyst deactivation to predict future catalyst performance. 
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FACILITY OPEFUATIONAL HISTORY 

Western Kentucky Energy Henderson Unit 2 is Pulverized Coal Unit. The SCR system 
consists of a single reactor. The reactor currently contains two layers of Cormetech 7.1 
rnm pitch catalyst. The SCR was put into operation in April, 2004. 

In December, 2004 catalyst samples were removed for testing. At the time the samples 
were removed, the SCR had accumulated 3,173 operating hours. This report 
summarizes the results of this previous audit. 

On December 3, 2005 catalyst samples were removed for testing. At the time the 
samples were removed, the SCR had accumulated 6,817 operating hours. This report 
summarizes the results of this previous audit. 

On October 14, 2006 one sample was removed from each layer and returned to 
Carmetech for laboratory testing. At the time the samples were removed, the SCR had 
accumulated 10,231 operating hours. This report summarizes the results of this 
previous audit. 

On October 10, 2007, one sample was removed from each layer and returned to 
Cormetech for laboratory testing. At the time the samples were removed, the SCR had 
accumulated 13,840 operating hours. This report summarizes the results of the audit. 
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PROCEDURE OVERVIEW 

1. One catalyst sample was removed from the field sampler in each layer at the 
Western Kentucky Energy Henderson Unit 2 SCR. The samples were shipped to 
Cormetech’s laboratory. Operating history was recorded by the Generating Station 
and forwarded to Cormetech. 

2. The physical condition of the catalyst was documented by Cormetech 

3. The catalyst was loaded into a Pilot Activity Test Apparatus and then evaluated at 
the design conditions for the plant SCR. The Pilot Activity Test Procedure Standard 
is included in Appendix 3. 

4. The results include catalyst potential expressed as WKo 

5 Test results were compared to design Expectations of catalyst deactivation were 
determined by the time on-line, experience data of similar coal-fired facilities, and 
fresh catalyst performance. 

An expected catalyst life prediction is based on the above testing and analysis. 6. 
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Sample Removal Date 

Total Operating Hours On 
Catalyst Sample 

Primarv Fuel Fired 

FIELD SAMPLING AND UNIT OPERATING CONDITIONS 

Field Sampling 

One catalyst sample was removed from the field sampler in each layer at the Western 
Kentucky Energy Henderson Unit 2 SCR was removed and sent to Cormetech's 
Laboratory for evaluation 

Operatina Status: 

Field records supplied by Western Kentucky Energy are summarized in the table below. 

October I O ,  2007 

13,840 

Blend 

April, 2004 First Gas-In Date with Catalyst 
Installed 
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Area Velocity 

LABORATORY PERFORMANCE TEST CONDITIONS 

A pilot test was conducted on the sample received using the conditions below. These 
conditions reflect the original pilot test condition for which there is fresh catalyst test 
data available for direct comparison. 

10.0 Nmlh 

I Temperature I 356°C (673°F) I 

0 2 ,  VOI. %, dry 

Inlet NO, ppmvd 

3.10% 

299.3 @ 3.10% Qz 

(301.0 (ii, 3% 0 7 )  
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RESULTS 

Phvsical Inspectm 

The figures on the following pages show photographs of the flow entrance face and the 
flow exit face of the element as they arrived at Cormetech. 

All the samples received were 18 cells x 18 cells and exhibit plugged cells in two 
opposite corners. This is a result of the sample tray design as does not affect the 
results of the testing. The testing of the elements was not adversely impacted by the 
element condition. 
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ID #: 3016-3268-0279 
Layer. 

Flow Entrance Face 

Flow Exit Face 

Phvsical lnsoection Observations: 

Sleeve Marking: H-2 top layer #58 
10-10-07 Western Kentucky Energy 
HMPL Unit-2 

Box Marking: Henderson unit-2 Bax: 
H-2 #58 Top layer 10-10-07 

Cell Count: 18 x 18 shaved 

Plugged Cells 

Length: 1205 rnrn 
Inspection Notes: Element in good 
condition 

Initial: 13 Final: 0 
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ID#: 301 6-3268-0282 
Layer 

Flow Entrance Face Physical Inspection Observations: 

Sleeve Marking: H-2 #58 middle 
layer 10-20-07 Western Kentucky 
Energy HMPL Unit-2 

Bax Marking: H-2 #58 middle layer 

Sell Count: 18 x 18 shaved 
10- 10-07 

Yugged Cells 

.ength: 1205 mm 

nspection Notes: Some edge 
famage and surface damage on 
jhaved side This will not effect 
esting. 

Initial: 12 Final: 0 
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Element Time On-Line 
Identification (Hours) 

1 Fresh Reference a 

WKo 

1 .OO 

3,173 

6,817 

10,231 

Hed2-1-05-0114 
30 16-3268-0280 
3016-3268-0291 
30 16-3268-0278 

November 2004 

December 2005 

October 2006 

October 2007 

30 1~-3268-a230 
30 16-3268-031 2 
3016-3268-0279 
301 6-3268-0282 13,840 

Threshold (based on design scale-up factors) 
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The figure below shows the trend in catalyst performance. 

Western Kentucky Energy Henderson Unit 2 
WKo vs. Operating Hours , 10 ~~ 

I 

Oct 0 
2006 

Oct 0 
2007 

0 6 0  a Threshold 2 

0 50 j-~- ~ .___._,.^l___ ~ -- I__.,,___..._ _I_." 

0 4,000 8,000 12,000 16,000 20,000 
Operating Hours 

This audit of the Western Kentucky Energy Unit 2 SCR catalyst shows a decrease in 
catalytic potential of the SCR catalyst, as measured by pilot-scale testing. 

Based on the results of this audit, the SCR catalyst installed in Western Kentucky 
Energy Unit 2 is above the performance threshold and is projected to continue to meet 
the design field performance requirements of 90% NO, reduction at 2 ppmvdc ammonia 
slip for at least the period of the guarantee life. 
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RECOMMENDATIONS 

The catalytic potential for Western Kentucky Energy Henderson Unit 2 remains above 
the performance threshold required for the SCR system to meet the design performance 
requirement of 90% NO, removal efficiency and 2 ppmvdc ammonia slip. Cormetech 
recommends auditing the catalytic potential at Cormetech's laboratory after one year 
additional operation. 
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APPENDIX 1: Location of Sample Retrieval - 
North 

Both Layers 

=Denotes 2007 sampling location 

=Denotes previous sample location 

=Denotes alternate sample location 
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APPENDIX 2: Field Records 

Western Kentucky Energy 
Catalyst Information: CONFIDENTIAL 

Plant 
Unit 
Capacity (GrosslNet) 

Number of Reactors per Unit 
Total * of layers 
Layers in use 
Modules per layer 
Volume per layer 

Catalyst Manufacturer 

Composition 
Start Activity 
Surface Area (mUm3) 
Av (testing through 2 layers) 
Catalysf Pitch 
Catalyst Length 
Number of plates per module 
Number of elements per module 

Date of SCR start up 
Date of sampling 
Operating hours at sampling date 
Year round operation (Yes/No) 
Bypass available (YeslNo) 
Load (base load or cycled) 

Type 

#Of Start and StODS 

Catalyst Test Conditions 
Actual flue gas flow per unit (acfm) 
Operating Temperature 

Design 
Actual (Test ) 

Inlet Nox (ppm dry) @3 0% 02  

Actual flue gas composition 
SO2 inlet (ppm dry) @ 3 0% 02 
SO3 inlet (ppm dry) 
02 inlet (Oh by vol dry) 
HZO inlet (% by vol wet) .- 

HMPBL Station Two 

154 MW Net 161 MW Net 

301 opm design 
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APPENDIX 3: Performance Test Standard Procedure 

Purpose 
The laboratory performance testing for SCR catalyst is conducted to determine the 
catalytic potential of a representative sample of SCR catalyst at conditions that closely 
match the actual operating conditions of the SCR system. The sample should represent 
a typical cross section of the SCR, and the operating history should be known. The test 
is conducted in a controlled, laboratory environment on custom-built, rigorously 
validated SCR catalyst test apparatus allowing accurate determination of performance 
and comparisons of the sample catalytic potential to the system requirements previously 
tested catalyst(s). 

Test EquiRrnent Descrbtion 
The Cormetech Laboratory SCR test reactors consist of three basic systems: 

Simulated flue gas generator 
SCR catalyst test chamber 
Measurement system 

The purpose of the simulated flue gas generator is to provide a stable controlled supply 
of heated gas with the required mix of gases at the required flow rate and temperature 
to the SCR catalyst test chamber. It consists of a bulk flue gas generator, a flue gas 
modification system, a flue gas heater, a reactive gas injection system, and a flue gas 
mixer. 

8uk Flue Gas Generator- The bulk flue gas is produced by either the combustion of air 
in a natural gas fired water-cooled combustion chamber, the extraction of nitrogen from 
air via a membrane system, or the delivery of nitrogen from liquefied nitrogen This 
system is adjusted to achieve the overall flue gas flow rate required for the specified 
test. 

F/ue Gas Modification System - The gas stream produced by the bulk flue gas 
generator is modified by the addition of oxygen/air and waterkteam to achieve the 
targeted concentrations of water vapor and oxygen in the flue gas stream. 

F/ue Gas Heater - The flue gas stream is heated to the target test temperature by an 
electric pre-heater 

Reactive Gas hjection System - Calibrated mass flow controllers are used to deliver 
SOz, SO3, NO*, NO, and NH3 into the flue gas stream. 
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The table below summarizes the range of process conditions that can be produced by 
various apparatus in Cormetech’s laboratory. Cormetech‘s laboratory maintains 
multiple testing units, each with varying capabilities for temperature, flow, and gas 
composition. The unit selected for a given test will depend on the specific requirements 
for the sample tested. 

Parameter 
Gas Temperature 
Flow rateIEntrance velocity 
0 2  
H20 
NO 
NO2 

Units Range 
OC 200 - 600 

Nmls 1.25 - 7.05 
volume YO dry 1 -20  

volume YO 1-20’ 
ppmvd 0 - 2,000 
PPmvd 0 - 2000’ 

NH3 
so2 
so3 

Other units supply water as a product of combustion. When water 
concentration is not controlled, Cormetech corrects the results to 
the target concentration with a standardized correction factor. 

2: NO2 addition capability is not available on all test units. 

Hue Gas Mixer - Following the reactive gas injection, the gases are mixed using a high 
efficiency static mixing element. 

The simulated flue gas next enters the SCR test reactor where the SCR test sample or 
samples are located. Each sample is sealed tightly to the walls of the test chamber to 
ensure that all of the flue gas passes though the sample[s]. Along the length of the test 
chamber there are electric heating elements that maintain the specified test 
temperature. There are test ports located at the entrance to the test reactor and at the 
exit of each sample layer to extract a sample of flue gas for analysis, measure the static 
pressure of the flue gas, and monitor the temperature of the catalyst samples and the 
flue gas. 

wmvd 0 - 4,000 

ppmvd 0-25 
ppmvd 0 - 2,000 
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CORMETECH, INC. 
Laboratory Services 

Western Kentucky Energy 
Henderson Unit 2 

SCR Catalyst Pilot Performance Test Report 
February 7,2008 

The process conditions of the SCR catalyst under test are monitored by the 
measurement system: 
Gas Row Rate - The flue gas flow rate is measured by an averaging pitot tube in the 
exit of the simulated flue gas generator. The flow rate is also calculated from the mass 
flow controllers for the various gas constituents as they are added. Finally, an annubar 
is installed in the exhaust of the reactor which allows another cross-check of the flow 
rate. For the testing to be determined valid, the flow rate must be within the allowable 
limits from the target flow rate. 

Gas Temperature - The temperature of the gas and the catalyst samples is measured 
by a series of thermocouples throughout the test reactor. For the testing to be 
determined valid, both the spatial and temporal variability must be within the allowable 
limits from the specified set point. 

Component Concenfrafion - The components of the flue gas are determined by the 
methods described below Different systems may not have every type of sampling 
measurement system. 

NO, - Chemiluminescent NOx Analyzer I Infrared Spectroscopy. Average value 
at each sampling point recorded for each sampling cycle 

e NH3 - ion Chromatography/infrared spectroscopy 
SO2- Precipitation Methodhnfrared spectroscopy 
SO3 - Controlled Condensation; Collective Precipitation Method 
Q2 - Micro-fuel cell and Paramagnetic 0 2  Analyzer 

Procedure DescriDtion Summary 
The following stepwise description is a guideline to understand how an audit proceeds 
from sample receipt to reported results. 
1. Upon receipt, each sample is inspected for condition and photographed The 

sample dimensions are recorded 

2. The Test Plan is prepared based on the needs of audit The appropriate test 
apparatus is selected based on the test requirements and the test is scheduled 

3 Each sample is prepared for testing [This process includes cleaning the sample, 
and cutting to the required test sample size.] 

4. The reactor is opened, inspected, and prepared for operation. 

5 Each catalyst sample is loaded according to the Test Plan and sealed in the reactor 

6. An equipment leak test is performed 

7 The Bulk Flue Gas Generator is started and the test conditions are set for 0 2 % ,  
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Item Location Measured Frequency 
NOx Concentration Multiplexed to measure NOx at Average value at each 

each sampling point sampling point recorded per 
each sampling cycle 

[Multiple analyses recorded] 
NH3 Concentration At exit of sample[s] Depends on test method 

SO2 Concentration Entrance and at each When SO2 oxidation 

SO3 Concentration Entrance and at each When SO2 oxidation 

0 2  Concentration Exit of combustion chamber Continuously controlled and 

sampling port performance is measured 

sampling port performance is measured 

and multiplexed with NOX monitored 
Analyzer 

Gas Flow Exit of combustion chamber Continuously controlled and 

Gas Temperature At each sampling port Inlet continuously controlled 
Pressure Drop Entrance and at exit of testing Continuously monitored, 

monitored 

chamber recorded as required J 
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1 Executive Summary 

Based upon the catalyst test elements sampled in October 2007 (14,808 / 
13,840 operating hours), Henderson stations' lJnit 1 SCR reactor has an effective 
potential of 4.1 and the SCR reactor of Unit 2 of 4.8. Variation in deactivation is to be 
expected from different sampling years because of statistical effects. Therefore, 
considering all test results since 2005, the average expected potential for both units 
was around 4.5. The required minimum potential is 3.6 (90 YO NOx removal efficiency, 
2 ppm slip, 301 ppm NOx inlet). 

e Provided that the fuels fired and unit operating regime do not significantly change, the 
SCR reactors of Unit 1 & 2 will be able operate throughout the 2008 OTAG season 
(approx. 4,000 operating hours). Unit 2 may even be able to operate until the spring 
outage in 2010. 

The SO2 to SO3 conversion coefficients vary from 3.0 to 3.8 ' I O - *  m/h and did not 
change to prior results. The total SO2 to SO3 conversion rate per SCR reactor under 
typical operation conditions should be fairly low: between 0.3 to 0.5 YO are expected, 

e The chemical analyses confirmed the changes in chemical Composition reported for the 
last years., Further increase of arsenic occurred during the 2007 ozone season. Arsenic 
was the main reason for activity loss at Henderson Station, 

The degree of the actual operation margin required for any particular plant can only be 
determined by physical inspection of the DeNOx plant, ammonia slip testing after the 
last catalyst layer and sophisticated NOx distribution field testing (e.g. by €.ON'S 
MARA team). 

Different catalyst management strategies were developed within this report. Please 
refer to section 6.4. EEC will gladly assist HMPL in discussing the different options, in 
preparing RFQs and in bid evaluation. 

EEC 

9-November-07 Dr. Peter Struckmann Dr. Dinah Dux 
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2 Task Description 

Western Kentucky Energy (WKE) operates four stations to generate electricity. HMP&L 
Station Two, owned by Henderson Municipal Power and Light, consists of two coal 
fired plants; Henderson Unit 1 and Unit 2. They went into commercial operation in 1973 
/ 1974, were retrofitted with scrubbers in mid-1990's and have recently been retrofitted 
with one SCR reactor each. Both units and their SCR systems are constructed similarly 
and produce 154 I 161 net-MWs. 

WKE requested E.ON Engineering Corporation to determine several characteristic 
properties of the catalyst material following the German guideline VGB R 302He 
(Lit 1). 

For this purpose, catalyst samples were pulled from each layer of Henderson Unit 1 
and 2 in October 2007. New "unexposed to flue gas" material was tested in 2005. 

The obtained bench reactor activity test results were used to calculate the current 
DeNQx potential and ammonia slip concentration downstream of the last catalyst layer 
at the time of catalyst sampling. 

tltilizing all catalyst samples tested so far, a long term catalyst replacement plan will be 
discussed within this report, considering different scenarios like adding a third layer 
and a two layer approach. The scheduled outage plan was considered for this 
evaluation. 

The analysis of changes in the chemical composition of the catalyst provides indicative 
information regarding the main influences and causes of changes in catalyst activity. 
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Columbus Test Facility 

3 Test Methods 

According to the VGB guideline (Lit. I), the catalyst activity and the SO2 to SO3 
conversion were tested in E.ON's bench scale reactor under the actual SCR operating 
conditions described in Table 4 (Unit 1 and 2). The gas composition, flue gas velocity 
and the gas temperature were established at close to the actual full load flue gas 
conditions of the full-size reactors with the exception of SO3, which was not injected for 
bench scale testing. 

Name: Dr Dinah Dux 

Dale: 9-NOV.07 

Phone: 614-8367272 

Fax: 6 w a 3 0  oai6 

ReporLNo: 07-WKE-05 

3.1 Catalyst Activity 

The NO, removal efficiency was determined under steady state conditions. Deviating 
from the actual operating conditions in the full scale reactor, the bench reactor tests 
were performed with a molar ratio of NHdNOx fixed to 1 The actual activity constant K 
is defined as follows: 

K = -AVx In (1 - q) 

K 

0 :  
F catalyst surface 

AV : area velocity of the test element 

17 NO, removal efficiency 

activity constant at a = 1 .O 

flue gas volume flow rate 

The necessary flue gas volume flow rate for the bench reactor test was calculated by 
dividing the total volume flow rate at the boiler outlet by the number of honeycombs per 
layer. Adjustments were made if the catalyst has been cut down from the original 
channel number and / or if channels were plugged. 
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3.2 Catalyst SO;! to SO3 Conversion Rate and Conversion Coefficient 

In accordance with the VGB guideline (Lit. I ) ,  the catalyst SO:! conversion was measured 
without ammonia in the flue gas (a = 0). As the NOx removal and the SO:! oxidation are 
competitive chemical reactions, the catalyst SO:! conversion determined without ammonia 
is the largest, "worst case" value to be expected. The catalyst SO:! conversion usually 
decreases when ammonia is added to the flue gas. The measured SO:! conversion 
coefficient (Ks~:!) is defined as follows: 

Ksoz SO:! to SO3 conversion coefficient [10-' mlh] 
so,.,,,, sulfur trioxide concentration after test element [ppmvd, act. 0 2 1  

so3.hdwc sulfur trioxide concentration before test element [ppmvd, act. 04 
so, h c r m  [ppmvd, act. 0 2 1  

V,W flue gas flow rate in test element [STP m3/h] 

sulfur dioxide concentration before test element 

AVtest area velocity in the test element [m/hI 

A,,,, exposed surface area of test element [m21 

The SO2 to SO3 conversion rate for each catalyst layer was calculated by dividing the 
measured SO:! to SO3 conversion coefficient by the area velocity in the SCR. 

ksoz 
Ksoz 
AVSCR 

SO:! to SO3 conversion rate 
SO:! to SO3 conversion coefficient 
area velocity in the SCR 
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3.3 Chemical Composition 

The chemical composition of the catalyst material was determined by using x-ray 
fluorescence analysis. For each catalyst sample two different analyzing methods were 
used. 

To estimate the influence of intrusive elements such as arsenic, soluble and mobilized 
alkali salts andlor phosphorus, portions of the catalyst were ground to a fine powder. 
Changes in the bulk chemistry characterize intrusion of gaseous and soluble liquid 
catalyst poisons. 

To identify masking and plugging effects on the catalyst surface, the catalyst surface 
was analyzed as received without sample preparation. Differences between bulk and 
surface analyses characterize the formation of surface layers, blinding or pore 
blocking. 

Chemical analysis was performed on both the inlet and outlet section of each individual 
catalyst layer separately to determine any within layer or layer to layer dependent 
effects. Within the first 100 mm the flow conditions in the catalyst channels change 
from turbulent to laminar. Therefore the entrance section can be utilized to detect 
absolute chemical changes very clearly. However, the exit section is far more 
representative for the quantitative effect of the chemical changes. 

To correlate the activity loss to chemical changes, it is important to use so called 
“weighted average values” for the respective chemical elements. In E.ON’s experience 
the best results are obtained when 20 % of the inlet values are combined to 80 % of 
the outlet values. 
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The relevant design and operational data of the installed catalyst material in 
Henderson Unit 1 & 2 are summarized in Table 5. The catalyst beds have each a 
volume of 117 m3 and are equipped with 60 modules. Every module is filled with 72 
Cormetech honeycombs with a length of 1209 mm. The catalyst pitch is 7.1 mm and 
the specific catalyst surface (A,,) is 502 m2/m3. 

E.QN Engineering Corp. received honeycombs in steel test boxes from each layer to 
perform the laboratory tests. The honeycombs were cut down from 21x21 channels to 
18x18 channels by Cormetech to fit into the steel test boxes. The number of plugged 
channels per honeycomb varied between I I and 20, this is considered low plugging. 
The flue gas volume flow was adjusted proportionally to the number of existing, free 
channels for each honeycomb (Tables 6/7) The honeycombs were removed from the 
steel boxes prior to bench scale testing. 

According to the instructions of the VGB guideline (Lit. I ) ,  the total surface of one 
honeycomb was determined to be around 9.25 in2, 

Catalyst Design Data and Geometric Values of the Test Element 
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Operating Start Activity Activity Constant 
Henderson Hours KO Layer 1 

29.8 mlh 
Unit 2 13,840 h 34.7 mlh 

14’808 44.6 mlh 
Unit 1 

5 Test Results 

5.1 Catalyst Activity 

The activity test results are listed below and in Tables 6/7 in the appendix. All catalyst 
samples have seen flue gas during four ozone seasons, due to pre-tests, outages and 
trips the exact operating hours varies between the units. 

Activity Constant 
Layer 2 
31.4 mlh 
35.8 m/h 

Unit 1 samples showed deactivation around 30 %, which is in a typical range far the 
operating hours and coal type fired. The average activity loss of Unit 2 samples was 
with 22 % a little bit lower compared to Unit 1 

Figures 1 and 2 in the appendix show the trend of activity over time for both units, 
including all test points determined up to date. Some variation between the different 
years to the average trend is obvious, but was expected. The reason therefore lies in 
deactivation variation throughout one catalyst layer. Each layer contains 4,320 
honeycombs and since the flue gas flow and ash accumulation is mostly not 
hamogeneaus throughout the full layer, the deactivation can also vary. Future catalyst 
testing will improve these graphs. 
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I 

Unit I 

Unit 2 

Columbus Test Facility 

so2 Layer 1 Layer 2 
Conversion SO;! Conversion SO2 Conversion 
New Material Coefficient Rate Coefficient Rate 

3.3 10-2 m/h 3.1 m/h 0.26 % 3.8 "10" m/h 0.32 Yo 
0.27 % 3.0 lo-:! m/h 0.25 % 3.3 "10-2m/h 0.27 % 
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5.2 Catalyst SO;! to SO3 Conversion Coefficient and Conversion Rate 

The complete results of the measured SO2 to SO3 conversion coefficient and SO:! to 
so3 conversion rates per catalyst layer are shown below and in 6/7 in the appendix and 
below. All samples showed conversion coefficients within in the same range. 

The SO2 to SO3 conversion rate per full reactor (2 layers) is between 0.5 % and 0.6 % 
and did not change compared to the initial installation. The SO2 conversion rate was 
measured at a molar NH3/NOx ratio of zero without ammonia (a = 0). Regarding the 
reducing impact of ammonia on the conversion rate, lower values are to be expected for 
the full-scale reactor. As the molar ratio (a) changes from layer to layer with operation 
time, it is difficult to calculate the exact total SO2 conversion rate at the full- scale 
reactor 

Based on E.ON's experience, a total SO:! to SO3 conversion rate per SCR reactor under 
the typical operation conditions of a= 0.9 at the reactor inlet is expected to be: 

Unit 1 / 2: 0.3 to 0.5 % per SCR reactor 

A more accurate SO:! to SO3 conversion rate of the SCR reactor can only be determined 
by means of in-situ flue gas measurements up- and downstream of the SCR reactor. 
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4,394 ppm / 2,240 ppm for Unit 1 and 3,934 ppm I 1,958 ppm for llnit 2. Further 
enrichment with arsenic is likely, if the coal source is not change or secondary 
measures are not implemented. This will cause ongoing deactivation of the catalyst 
material. 

Overall, the recent catalyst samples from Unit 1 showed higher amounts of catalyst 
poisons accumulated than the samples from Unit 2. This trend goes along with the 
determined catalytic performance of the different samples. 
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6 SCR Performance Forecast 

This section describes the actual installed DeNOx potential and the actual effective 
DeNOx potential. The first is derived from the activity tests performed at E ON’S catalyst 
test facility. The effective potential, which is responsible for the DeNOx reaction in the 
SCR, is calculated from the installed potential, considering the effects of plugging, flue 
gas distribution and NH3 to NOx distribution. 

For the DeNOx potential calculation, the actual SCR operating data listed in Table 4, the 
catalyst design data listed in Table 5 and the bench reactor test results listed in Tables 
6 & 7 were used. 

Figures 1 to 6 in the appendix display the SCR Performance graphically; including 
hereby the influence and history of each single layer. 

Dr Dinah Dux 

9-Nov-07 

614-630 0816 

Name: 

Date: 

Columbus Test Facility Phone: 614-8367272 
Fax: 

6.1 Installed Potential Pg,,, at Time of Sampling in October-2007 

Under full boiler load conditions a flue gas flow rate of 708,000 m3/h (STP, wet, act 02) 
is passed through the reactors, Considering a specific catalyst surface of 502 m2/m3 
and an installed catalyst volume of 117 m3 per layer, the area velocity AV was 
calculated as 12 1 m/h per layer The initial potential was 7.4 for the start-up 
installation with two layers. Regarding the measured catalyst activities for the installed 
layers after 14,808 (Unit 1) / 13,840 (Unit 2) service hours, the actual total installed 
DeNOx potential was 5.1 for Unit 1 and 5.8 for Unit 2 .  

6.2 Operation Margin and Effective Potential at Time of Sampling in Oct-2007 

Usually a proportion of the installed DeNOx potential cannot be applied because of 
clogged catalyst channels, eroded material, imbalanced gas flow, 
NH3 I NOx maldistribution and other effects. These effects will reduce the actual 
installed potential. The degree of the actual operation margin for plugging required for 
any particular plant can only be determined by physical inspection of the SCR plant. 
Based on the chemical analysis, operating hours and E.ON’s experience it is 
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reasonable to consider 14 % plugging for the first layers and 9 % plugging for the 
second layers 

Usually the flue gas distribution is not equal throughout a layer, possibly caused by ash 
deposits on the catalyst modules, by burner imbalances or other effects. This will result 
in different distributions of temperature, flue gas flow and catalyst poisons. As 
temperature and the actual volume flow directly influence the activity, it also impacts 
the potential. Based on E.ON’s experience a safety margin of 2 % is reasonable for the 
case of a typical flue gas distribution. 

Since no information about the NH3 to NOx distribution is available for either unit, we 
consider, according to our experience, a minimum operation margin of 5 % for the 
potential. The determination of the actual NH3 to NOx distribution for each reactor by 
field testing would provide more detailed information about the type of distribution and 
possible degree of maldistribution. The minimizing effect on the potential of a NHdNOx 
maldistribution increases exponentially with the NOx removal efficiency, and it is 
additionally dependent on the type of distribution. For operating at high removal 
efficiencies a perfectly adjusted ammonia injection system is required. AIG tuning can 
increase the overall SCR reactor performance and can increase the catalyst lifetime. 

Based on the above discussion, an overall operation margin of 19 % was used for the 
effective DeNOx potential calculation. Considering this operation margin the actual 
effective DeNOx potential Pnet was determined to be 4:l for Unit 1 and 4.8 for Unit 2 
based on the recent samples. Considering all test points since 2005 the calculated 
average effective potential was 4.4 for llnit 1 and 4.5 for Unit 2. Ammonia in fly ash 
data provided by WKE indicated a slightly better performance for Unit 1 than for Unit 2, 
but the overall performance seems to be similar. 

To keep the average ammonia slip lower than 2 ppm (90 % NOx removal efficiency 
and 301 ppm NOx inlet concentration), a minimum DeNOx potential of P,i, = 3.6 is 
required. 

Assuming a homogenous NH3 to NOx distribution, a NOx removal efficiency of 90 % 
and a NOx inlet concentration of 301 ppm the ammonia slip was calculated to be below 
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0.3 ppm for both Units. Ammonia slip test after the last catalyst layer is a suitable tool 
to determine the exact slip value 

The combination of annual bench reactor catalyst testing, periodical ammonia slip 
testing and periodical NH3 to NOx distribution measurements result in the most 
complete SCR performance evaluation. 

6.3 SCR Performance over Time 

Activity and potential of all layers over time are presented in Figures 1-4. 

Figures 5 & 6 present the NOx removal efficiency versus operating hours for 
Henderson Station Units 1 & 2. Most power stations try to achieve higher NOx removal 
efficiencies than 90 %. The trends for an average ammonia slip of 1 and 2 ppm are 
shown As already mentioned, at higher NOx removal efficiencies the impact of an 
inhomogeneous NH3 to NOx distribution is significantly larger than for lower removal 
efficiencies. In contrast to the chart 'potential versus operating hours' (Figures 3 & 4) it 
is possible to include in Figures 5 & 6 adjusted operation margins for the different 
removal rates, if NOx distribution data are available. In the case, that the power plant 
operator intends to operate at NOx removal efficiencies above 90 %, it is advisable to 
decrease the limit for the allowed ammonia slip. Already slight changes in the DeNOx 
performance can have a large impact on the ammonia slip in this case Therefore 
Figure 3 includes the 'NOx removal efficiency over time' curve for 1 ppm ammonia slip 
limit. 
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6.4 Catalyst Replacement Strategies 

Based on the test results at E.ON's bench scale reactor since 2005, a long term 
catalyst replacement plan until 2023 was developed for both Henderson llnits. All 
discussed scenarios assume that the unit operating regimes and the SCR operating 
conditions do not change to those prior 2007. As mentioned above, annual catalyst 
testing and periodical ammonia slip testing and NH3 to NOx distribution testing are 
required to verify and update these long term strategies. 

Following strategies were developed: 

1. Three layer approach: A third layer will be installed at the next reasonable 
outage time. 

2. Two layer outage based approach: Operation of the SCR reactors only with two 
layers of catalyst and all replacements are fit into the outage schedule. 

3. Two layer approach: Another two layer SCR operation but based on the catalytic 
performance of the installed material. 

Both Henderson units will be discussed together and differences will be pointed out for 
the individual scenarios. 

6.4.1 Three Layer Approach 

Figures 7 and 8 in the appendix display the replacement strategies for both units. 
Based on the deactivation behavior determined to date, Unit 1 would have to invest in 
three catalyst layers until 2023 and Unit 2 probably in two layers. For these scenarios it 
does not matter, if new material is purchased as reload for the upper two layers over 
time or if the used material is regenerated. Typically, E.QN made the experience that 
the deactivation of regenerated material is very similar to the original one. 

Additionally, based on the actual performance of Unit 2, it was anticipated that the third 
layer would only be installed during the 2010 outage. A more conservative approach 
would be installing this layer in 2008, as a result three layers instead of two would have 
to be purchased until 2023 (similar to Unit 1). 
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Catalyst material with a little lower initial activity (KO > 40 mlh) was considered 
compared to the start-up installation (KO 44.6mlh). From the NOx removal point of view, 
the higher the initial potential the longer the will be the operation time of this layer. But 
from the perspective of SO3 emission, high activities are connected to moderate SO:! to 
SO3 conversion rates. Lowering the initial activity slightly can have a significant benefit 
towards a lower SO2 to SO3 conversion rates. To decide for the correct material for a 
catalyst reload, both factors have to be considered. Also, the position of the layer in the 
SCR has to be taken into account. Ammonia in the flue gas reduces the capability of 
the catalyst to convert SO2 to SO3; the lowest layer in the SCR sees the lowest amount 
of ammonia. Thus, it is advisable to choose a low SO2 to SO3 converting material for a 
third layer installation, even if the NOx removal performance is a little bit less, 

The so3 amount produced by the actual installed two catalyst layers was expected to 
be between 10 and 17 ppm. A third layer would cause in a worst case about 10 ppm 
additional SO3 emission; this is based on the actual conversion rate of the installed 
material. Choosing a low SO2 to SO3 converting material, the SO3 amount produced by 
the third layer might be 5 ppm or lower. Considering a typical boiler conversion of 1 % 
the total SO3 emission would be 40 to 47 ppm for two layers and 47 to 54 ppm for three 
installed layers Part of the SO3 will be removed by the air heaters, ESP and FGD, but 
only actual testing at different locations of the flue gas path can determine the exact 
amaunt of SO3 emission. 

6.4.2 Two Layer Approach Outage Based 

Figures 9 and 10 show this replacement strategy for Unit 1 and 2. For a biannual 
catalyst replacement and two layer operation approach, catalyst material with an initial 
activity of 45 mlh or higher is required. Unit 2 shows a little lower average deactivation 
than Unit 1, therefore it might be possible to skip the 2008 outage for any catalyst 
replacements and start only with 2010 for the biannual reload strategy. Until 2023, nine 
(9) reloads would be required for Unit 1 and seven (7) reloads for Unit 2. Again, 
regeneration should be considered as an alternative to new material purchases. 
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6 4.3 Two Layer Approach Catalyst Based 

In the case of Unit 1, it seems that the required reloads fit very well into the outage 
schedule; no additional scenario seems to be reasonable. Based on the catalyst test 
results, Unit 2 showed a better performance in average over time. Therefore, some 
outages might be postponed for some months, see Figure1 1 in the annex. Over the 
time period until 2023, it would be possible to reduce the required reloads from seven 
(outage based) to six layers (catalyst based). 

6.4 4 Summary and Recommendations 

Typically, adding the third layer is the most cost efficient way for catalyst management 
strategies, because each individual layer is operated for a longer time than in a two 
layer approach, so more of the catalytic potential is used. Therefore, we strongly 
recommend an evaluation of the consequences of an increased SO3 emission by up to 
10 ppm (prior ESP and FGD) However, utilizing a low SO:, to S O 3  converting material, 
the additional S O 3  emission caused by the third layer might be reduced to less than 
5 ppm. This would consequently come along with a little lower NOx removal 
performance (requiring the addition of one more layer until 2023 per unit), but would 
still require less catalyst reloads than the two layer approaches. Following catalyst 
replacements could also be made with a low converting catalyst time that eventually 
the same S O 3  emission is reached as with the actual installed two layers. 

However, the difference in performance and deactivation found in the catalyst test at 
the bench reactor should be verified by ammonia slip testing. Tuning of the AIG by for 
example E.ON's MARA team (mobile automated flue gas analyzer) could improve the 
overall SCR performance and prevent locally high ammonia slip. The ammonia in fly 
ash data indicate a significant imbalance between the different hoppers, the reason 
should be traced down since it could be also a source having a negative impact on the 
SCR reactor performance. 
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Columbus Test Facility 

Strategy 

1 

Name: Dr Dinah Dux 

Dale: 9-Now07 

Phone: 614-836 7272 

Fax: 614-630 0816 

Report-No: 07-WKE-05 

Required Expected total 
Unit Catalyst Layers so3 production 

until 2023 (boiler & SCR) 

Required Required 
KO [m/h] KE [m/h] 

> 40.0 
1 3 > 23 0 after 

2 2 (3) a 45,000 h 
up to 55 ppm 

2 

3 

1 9 

2 7 up to 45 ppm > 4 5 0  

2 6 

> 27.0 after 
35,OOOh 
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7 Annex 

8 Literature 

1. VGB Guideline for the Testing of DeNOx Catalytic Converters, VGB-R 302He, 
2"d Revised Version, Published by VGB Kraftwerkstechnik, Klinkestrasse 27-3 1, 
45 136 Essen, Germany 

2. Catalyst Test Report, Henderson Station Unit 1&2 2005, E.ON Engineering 
Corp. 

3. Catalyst Test Report, Henderson Station lJnit 1&2 2006, E.ON Engineering 
Corp. 
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Name: Dr Dinah Dux 

Dale: 9-Nov-07 

Fax: 614-830 0816 

Station Henderson 
Capacity MWm 
Fa IF"I I 

Unit 1 Unit2 
154 1 161 

coal 

* not injected for bench reactor test 
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Dr Dinah Dux Name: 

Date: 9-Nov-07 

Test Results of Catalyst Test Element 

Activity Constant K’ rnlh 
NOx Removal Efficiency (11) 

Pressure Loss Ap mbar 
SO, Conversion Coefficient Kso2 10.’ mlh - 

Report-No: 07-WKE-05 

Unit 1 
Layer 1 Layer2 New 

29.8 31.4 44.6 
0.913 0.923 0.973 
3.1 3.0 3.3 
1.7 1.7 1.6 

Table 6: Bench Reactor Test Results for Henderson Unit 1 

Test Results of Catalyst Test Element 
Layer 1 Layer2 New 

Activity Constant K mlh 34.7 35.8 44.6 
NOx Removal Efficiency (q) 0.944 0.947 0.973 

Pressure Loss Ap mbar 1.6 1.6 1.6 

Unit 2 

- 

SO, Conversion Coefficient KSO2 10” mlh 3.8 3.3 3.3 

Table 7: Bench Reactor Test Results for Henderson Unit 2 

mnndonllai 



Engineering Corp. Columbus Test Facility 

Dr Dinah Dux Name: 

Date: 9-Nov-07 

Phone: 614-8367272 

Fax: 614-830 0816 

Report-No: 07-WKE-05 

Table 8: Catalyst Layer Performance Data 

Henderson Unit I (at time of sampling in 0 

* results for installed, clean layer in SCR reactor 
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Eiigineering C.orp 

Installed DeNOx Potential PGross 

Pluggage 

Effect of NH, to NOx Distribution 
Effective DeNOx Potential Pnet 

Operation Margins 

Effect of Flow Distribution 

Name: Or Dinah Dux 

Date: 9-Nov-07 

Fax: 614-8300816 

- 5.1 

% 14 9 12 
% 2 2 2 
% 5 5 5 
- 2.0 2.2 4.1 

1 2.5 1 2.6 1 empty I 

Table 9: SCR Performance Data for Henderson llnit 1, Sampling Oct-2007 

Minimum Potential P,,, (90% NOx Removal Efficiency, Zppm slip, act. NOx inlet) 3.6 

Table I O :  SCR Performance Data for Henderson Unit 2, Sampling Oct-2007 

- Installed DeNOx Potential PGross 
Operation Margins 
Pluggage % 
Effect of Flow Distribution % 
Effect of NH, to NOx Distribution % 
Effective DeNOx Potential Pnet 

Layer 1 Layer 2 Layer 3 I Total 
5.8 2.9 3.0 empty I 

14 9 12 
2 2 2 
5 5 5 

2.3 2.5 4.8 
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Name: Or Dinah Dux 

Columbus Test Facility 
Date: 9-Nov-07 

Phone: 614-8367272 

Fax: 614-830 0816 

Reuort-No: 07-WKE-05 

111 UI 2 
Layer 2 

1 
Layer 2 1 Layer 1 Layer 1 

New 
43 
- in 

47 
07 
0 09 
80 8 
14 
0 1 1  
0 14 
0 14 
l"2 
0 03 
0 61 
92 
0 30 
3,493 

7 
out 
45 
07 

0 06 
81 4 
14 
0 09 
0 13 
0 1 1  
12 
0 02 
0 57 
92 
0 23 
2,363 

- in 
47 

0 09 
80 7 
14 
0 10 
0 16 
0 18 
14 
0 03 
0 60 
92 
0 27 
3,282 

- 
07 

out 
4.9 
0.8 
0 07 
80 8 
14 
0 08 
0 13 
0.12 
14 
0 02 
0 58 
9.2 
0.21 
1,367 

- in 
47 
07 
0 07 
81 2 
1 1  
0 15 
0 08 
0 11 
12 
0 05 
0 67 
92 
0 32 
2,551 

- out 
46 
07 
0 06 
81 4 
1 1  
0.15 
0 08 
0 09 
12 

0 64 
92 
0 28 
2,076 

- 

0.05 

in 
47 
07 
0 08 
81 1 
1 1  
0 16 
011 
0 13 
1 1  
0 05 
0 67 
92 
0 32 
3,029 

- 

2 

out 
46 
07 
0.06 
81 5 
1 1  
0 14 
0 07 

12 
0 04 
0 66 
93 
0 24 
1,117 

- 

a 08 

%SiO, 
%AI2o3 
% Fe,o, 
% TiO, 
% CaO 
% MgO 
% Na20 
% K,o 
% so, 
% P,05 
% v,05 
% wo, 
% MOO, 
As (ppm 

0 59 
0 05 
82 5 
12 
0 15 
0 02 
0 02 
13 
0 03 
0 81 
88 
0 04 
188 0 

Table 1 2  Chemical Composition of the Catalyst Surface (XRF Analysis) 

UI 
Layer 1 

1 
Layer 2 

UI 
Layer 1 

New 
25 
0 27 
0 15 
83 6 
0 88 
<O 10 
<0 10 
<o la 
17 
0 07 
0 94 
96 

<0 10 
e500 

- 
Layer 2 

in 
12 0 
24 
0 66 
66 6 
18 
0 11 
0 55 
0 34 
67 
0 18 
0 83 
6.7 
0 32 
4,400 

- out 
52 
13 

0 33 
78 3 
14 

<0 10 

0 19 
26 

<0 10 
0 83 
85 
0 28 
4,330 

- 

a 26 

in 
11 4 
18 

0 45 
69.4 
18 
a10 
0.44 

54 

0 85 
70 
0 30 
4.320 

- 

0 20 

<a 10 

out 
49 
10 
0 38 
79 0 
14 

<0 10 
0 20 
0 15 
27 

<0 10 
0 81 
87 
0 26 

- 

I ,720 

in 
78 
1.5 
0 47 
73 7 
13 

0 21 
0 22 
4.7 

0 96 
78 
0.34 
3,910 

- 

<o la 

0 20 

out 
41 
09 
0 22 
80 1 
1 1  

<o 10 
0 12 
0 10 
23 

<0 10 
0 95 
90 
0.35 
3,940 

- in 
79 
16 
0 46 
73 8 
13 
<0 10 
0 24 
0 20 
43 
0 16 
0 93 
79 
0 33 
4.350 

- out 
42 
09 
0 22 
80 3 
1 1  

e0 10 
0 11 
0 12 
21 

e0 10 
0 97 
92 
0 33 
1,360 

- 
%Si02 

% Fe,O, 
% TiO, 
% CaO 
% MgO 
% Na,O 
% K 2 0  
% so, 
% P,OS 
% V,OS 
% wo3 

As (Ppm 

%AI203 

% MOO, 
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1 Engineerillg C,orp. Columbus Test Facility 

... :: ~ 1. EONTest .-__ Results 

'S 20 .- 
1 

8 10 
Layer 1 

0 
0 10,000 20,000 30,000 40,000 50,000 

SCROperating Hours [hl 

Name: Dr Dinah Dux 

Date: 9-Nov-07 

Phone: 614.0367272 

Fax: 614-830 0816 

Report-No: 07-WKE-OB 

40 

30 I ._I r 

8 10 

I 

Layer 2 
0 

0 10,000 20,000 30,000 40,000 50,000 

SCR Operating Hours[h] 

-- 

'5 20 .. 

0 ~10,000 20,000 30,000 40,000 50,000 

SCROperating Hours [hl 
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Engineering Corp. 

Figure 2: Activity over Time, Henderson Unit 2 

Name: Dr Dinah Dux 

Dale: 9-Nov-07 

Columbus Test Facility Phone: 614-8367272 
Fax: 614-830 0816 

Report-No: 07-WKE-05 

50 
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30 
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SCR operating Hours [h] 
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Name: Or Dinah Dux 

Figure 3: DeNOx Potential over Time, Henderson Unit 1 

Henderson Unit 1 
8 0  

7 0  

6 0  

5 0  - m .- c 
4 0  

c 
0 a 

3 0  

2 0  

I O  

0 0  

B 
14,808 h 
Oct-2007 

-_I. _.._I. ,I 

__-_ 
---Total lnstalied Potential FGross (resulling fromcatalyst activity data) 

.--MinimumPolential Rnin (90% NOx Removal Efficiency. Zppmslip, act NOx inlet) 

Total Effective Potential Pnet (avaiiable for NOx Removal. fixed Safely Margin) 

!a EONTest Resulls FGross 
- 

0 10,000 20,000 30,000 40,000 50,000 

SCR Operating Hours [h] 

4 0  - 
3 0  - 

Potential Layer 1 
0 0  

Potential Layer 2 I 
l o ?  

7 ,__- _____ .___ 0 0 ___..__- 
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SCR Operating Hours [hl 
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Date: 9-Nov-07 

Fax: 614-830 0816 

ReDort-No: 07-WKE-05 

Figure 4: DeNOx Potential over Time, Henderson Unit 2 

8 0  

7 0  

6 0  

5 0  - 
m .- 
.d 5 4 0  
I 

0 
n 

3 0  

2 0  

1 0  

0 0  

1 

Henderson Unit 2 

I 
13,840 h 
Oct-2007 

I 

.- -. 
-Total Instaliec tengal FGross (resulting from catalyst activity data) 

Total Effective Potential Fnel (available for NDx Removal. fixed Safety Margin) 

-Minimum Potential Rnin (90% NOx Removal Efficiency. 2ppm slip, act NOx Inlet) 
n EONTest Resuits PGross 

0 10,000 20,000 30,000 40,000 50,000 

SCR Operating Hours [h] 

l o  I 0 0  
Potential Layer I 

4 0  - 

3 0  ?-- -- 
2 0  ' 

Potential Layer 2 
.- ?-- 7 

0 ~ 0 , 0 0 0  40,000 50,000 
10'ooO S&'@erating ours [h] 
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Report-No: 07-WKE-05 

Figure 5: NQx Removal Efficiency over Time, Henderson Unit 1 

0 10,000 20,000 30,000 40,000 50,000 

SCR Operating Hours [h] 

[:-- NOx Renaval Eifmency Skp NOx Removal Efflciency 2 ppm Slip I 
_._ -- __ --..__i 

Figure 6: NOx Removal Efficiency over Time, Henderson Unit 2 
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I Engineering C,orp. Columbus Test Facility 

Figure 7: Henderson Unit 1, Catalyst Management Strategy 1 -Three Layer Approach 

Name: D i  Dinah Dux 

Date: 9-Nov-07 

Phone: 614-8367272 

Fax: 614-830 0816 

Reoort-No: 07-WKE-05 

HMPL Unit 1: Potentlai Over Time 
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Dale: 9-Nov-07 

614-8300816 Fax: 

Reoort-No: 07-WKE-05 

Figure 8: Henderson Unit 2, Catalyst Management Strategy 1 -Three Layer Approach 

HMPL. Unit 2: Potential Over Time 
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1 Engineering Corp. Columbus Test Facility 

Name: Dr Dinah Dux 

Dale: 9-Nov-07 

Phone: 614-8367272 

Fax: 6 14-830 08 16 

Report-No: 07-WKE-05 

Figure 9: Henderson Unit 1, Catalyst Management Strategy 2 -Two Layer Approach Outage Based 

H M P L  Unit 1: Potential Over Time 
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.... , ,, . ..... 
~ = I o ,  >e.‘. ....-, (2 IQ’? Engineet ing Corp Columbus Test Facility 

Name: Dr Dinah Dux 

Dale: 9-Nov-07 

phone: 614-8367272 

Fax: 614-830 0816 

Reeorl-No: 07-WKE-05 

Figure IO: Henderson Unit 2, Catalyst Management Strategy 2 -Two Layer Approach Outage Based 

H M P L  Unit 2 Potential Over Time 
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Dale: 9-Nov-07 

Fax: 614-830 0816 

Report-No: 07-WKE-05 

Figure 11: Henderson Unit 2, Catalyst Management Strategy 3 -Two Layer Approach Catalyst Based 

HMPL Unit 2: Potential Over Time 
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ATTACHMENT 3 

BURNS AND MCDONNELL REPORT 



FAX MESSAGE 

-- . .. . _ _  



RcpoIt (XaLinr; 
Big Rivm Elecuic Corporation 

Review of D5Riley CCVLow NO, Burner Performanix 
at HMP&L Stdon Two Unit 2 

1. Investigarion 

II. Data & Data Reduction 

A. Date,Tme&hnpose 
B. CieneralComments 

A. TestDataSummary 
B. Control Board Data Sheets 
C. Fcnnaee Gas Tanpaamre Profiles 
D. Velocity Calculations 
E. CoalAdyses 
F. AshAaayses 

El. Pmformanm & Operability 
A. N4, 
B. Opacity 
c. LO1 
D. SteamTanpemture 
E. High Load Stability 
F. O,!inbalanee 
G. Slagging 
X. side Wall Flame Impingement 
1. Fmnt Wall Flame h+gcmcnt 
J. Firebox Flame Dtscription 
K. 

N. Evaluation 
A. Secondary Air Velociw 
E. Primmy Air Velocity 
C. S M A  VelodiyRatio 
D. FumacePlanArca 
E. Controls 

A. Performance 
B. PerformanceTes&ug 

Sensitivity to Fuel and Load Changes, and Adjusrment 

V. Conclusions 



Draft Rcport 
Big Rivers Ekciric Corporation 

Review of DB-Riley CCV Low NO, Burner Paformance 
at HMP&KsEL. Statim Two Unit 2 

I. Investigation: 
A. On Monday July 14,1997 rhrough Thursday July 17.1997 Bums and McDonnell 

visited HMP&Id Slation Two Units 1 and 2 at be request ofBig Rim. Bill 
Smith and Bob Kaltenhach of Bums and McDonncll spent Twday,  Wednesday 
and "bmday w&g down both uits while observing full load operation under 
a variety of bumer adjustmmts and fuels. The purpse of the visit was to assess 
and report on the p e r f o m e  of the Units whh the installed low NO, burners 
supplied by DB-Riley. 

A lertm of preliminary fmdings was issued to Big Riven on Thursday, July 24, 
1997. 

B. ' h e  investigation was conducted over a 3 day period of time. 
Both unib were made available for observation at the same time firing the s u m  
fuel and operating at the same load. DB !Gley apparently left BREC vrith a set of 
opemling sdtings for the air registers, burners and 0, for each unit. We were able 
to observe the performance of each unit while adjusted to those same DBR 
aetltng, and again on the Same day with adjustmenis chosen by BREC for 
impoved operability. 

The Units were firing an unknown blend o f f  of the Ready Pile on the first day o f  
testing, straight Laham coal on the secondday aad straight Weshuood coal on 
the third day. UnfortunarAy, Unit 2 developed a tube la& on the third day and 
could not be observed while firing Westu~od coal. 

Bums & McaOnnell brought an infra-red pyometer to the site for rht purpose of 
d e t e r m i  nlative furnace gas temperalures and tempefature profiles in both 
& at operational sews The infra-red pyrometer provides an average 
only, and does not identify absolutely a c m e  temperatwes. 'The emissivity 
s&g remained at 88 for all tests, which is a compromise of convenience. The 
data isusehl for canpaxison, at intend& but not for determining accurate 
temperature at a specific point location. 

Each unit walkdoan included writttln comments regardkg furnace observations, 
and photographs taken through the observation door openings. ?he comments are 
included in this report. nte photographs an: also included in instances where the 
photograph provides a c l ~  image. Clear photo& of fire can be ditFcult fo 
Obta in  
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U., Data and Data Redunion: 
A. The test data for each unit i s  summarized ina table in tbis 

report. The sheet records control roam data, burner settings, coal analyses a& ash 
d y s e s .  

-: The contiol board data sheets .we included in this 
rem. "he sheets nwrd control board d& patinem to the operation and 
gcrformancc of the units. A m  logs were not retrieveh 

B. 

c. : The k.&a-red pyrometer data taken through 
the furnace obseriation doors is included in this report, and graphed in order to 
wmpare HI wirh €E and to compare the two operatiug methods. 

&k&yCaicul b: The DB-Riley burner design data sheet and the CCV 
burner drawings were reviewed to calculate secondmy air velocity and primary air 
velacity exiting each buma. The calculation results are shown in the calculation 
data shed A bumer throat diameter of 47-inches was used ratha than 49-inches. 
After reviewing the burner throat design we believe that the short expansion from 
47 to 49-indKs is too abrupt in effectively reduce velocity within the bunur 
throat I 

m: One coal sample w u  retrieved by tbe BREC operrrfing staff 
during each test The sample was analyzed lo determine proximate analysis, 
ultimit analysis, gdndability, heating value, ash fusion tempmimes (8 point), 
and asb minmk. 

D. 

E. 

F. : One set of eight hoppa ash samples were reaieved by the BREC 
operating staff dming each test- Each sample was heated to determine the 
moistme fraction, and then heated to determine the combustibles fraction. 

III. Perforraance and Opersbiiity: 
A. &: NO, reduction WBS rhe primrrry purpose far installing the low NO, burners. 

The perknuance of both units has improved considerably overthe operalion 
observed in April of 1996. The two identical units &have differently from cacb 
other, but both seaned to be able to achieve a NOx performaace of approximately 
.50lb/l00 Btuat 161 Mwduxingthetests.NOxpcrfo~eduringthctens 
varied from ,418 lWlO6B!u lo "493 Ib/106Btu. Full bad on Unit 2 however is 172 
Mw. Plaar records indicate NOx p&nnance is v a y  inconsistem; and canvary 
frcmunder.50 lW10dBtuinashighasabout.55 lb/lOdBhl. 

N& on H2 varied from ,418 Ib/lodBtu to as high as .478 lbll06Btu. We would 
a9sume that the DBR settings were determined either to maximize NOx IedUctiOn 
OT to optimize the ine*table tradeoff that occur18 between NO,, 201, steam 
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rcmpcmhlre and unit dperability. Tbe BREC seUjng3 wem chosen pdrnarily to 
inwove the openbiiity of tbe unit However, &e performance of H2 improd  in 
n d y  every area, inclndisg NG, stmu temperaatre, and opaabity when using 
the BREC settings LO1 changed very little, i n w i n g  on one fuel and 
decmsing on an&r fuel with the BREC settings. 

NO, performance of H1 scarcely changed fium about ,487 lb/i@Btu as fuel or 
adjustments were changed. 

m: Opacity is still an isme, espeEially on H2. The H2 opacity is 
consistently highm lhan HI : and spikes Gequently. The control mgm 
instnunentation does nor secm to indicate a w o n  for the opacity s p h "  Opacity 
was affected most by the fuel selection, and little by the burner adjwents. 

Average opacity of both Units exceeded the 20% h u t  on 6 of the IO tests. 

LQI: LO1 reports indicatedaspreadof5.70%to 10.12%onHI and6.66%to. 
792% on H2. Graphically the 10.12% test onH1 appears to be a bad test 
Without h i t  test the data a l l  IXIs in line, indicating a variation of 5.70% to 8.83% 
on HI. Awumng die samples axe representative, LO1 seans to be under control 
at 161 Mw. 

Steam: Units HI and H2 were designed to conuol reheat 
temperatuze via excess air. There are na backpass damps, pa9 recirculation fans 
or burner tilts. As such, operation at low 0, can significantly impect reheat and 
superheat temperatures. During the H2 test with DB-Riley wtings we wimessed 
a peridd of t h e  when reheat rempera.tme was low, spmy valves were not open, 
butkheat tube metal itmpaahlres were in alarm. Assuming the alarms are 
legitimate, this is at least an indication of very WVCII firing and uneven heat 
release within the furnace. 

Both units appear to have a problem making srpperfieat and reheat steam 
temperature. W e H 2  usually comes close to 100O"F, ncitherunirused any 
desuperheater spray during any ofthe 10 tests. Sleam tempaatun was as low as 
938OF for HI 

B. 

C. 

D. 

and 9839 for H2 reheat. 

Unit srabiiiv and operability are the primary tcaso~s for the 
BREC burner aad tit register sextiqs. On tho Ltmham wd in particular, tho unik 
m vev Unmabie with the DBR senings. kt one point \he operaror~ had to drop 
load and go tu d in order tn mover fmm unit ins&bibility. J3ur-1~ B3 and 
B4 both became deeched on Lanham and Wesr~oai l  w& wih c i h r  set of 
adjusrments. 

E, 
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F. -: There is an indicated imbalancz in economiza exit 0, whiah is 
abnormal and detiimental to performance of the unit, and especially detrimental to 
NO, reduction effom. We believe he Ox imbalance is real, and not just an 
insmnnent mor. T i i  unbdwce was apparent in April of 1996, and is Still present 
today. These unit have pressurized furnaces, so inleakage should not be a 
considerationa. 

G. Unit slaggins persists. The front (target) wall usually has 1-inch to 2- 
inches of tacky piastic slag, often with char particles buming off on and around 
the slag. Burner eyebrows have decreased in size. There is still a significant 
amount of slag in the radiant superheater pendants, however. 

-: Side wall flame impingemem & occurring for up 
to W !  of the length of the sidewall. While d& is rather subjective, it ceaainly 
has to be d e ~ e n r a l  to the life ofthe tubing. 

H. 

L I m u i n m  : There was no front (target) d flame 
impiigement during a ~ y  of the 10 tests 

-e Des- : This report includes descriptive notes documenting 
observatiom made through the tirmace i m p t i o n  doors d u c i  each inrpecuon. 
In gewral, both wits were full of flame h m  the burner level al l  the way up to 
and through the mdim superhearcr. The flame and the high iwpcratures in the 
upper furnace are obvious. Temperatures in the uppa furnace arc also oflen 

J. 

llnwcu. 

Very dense flame is also rolling up and off of ihe upper end of the slope. This is 
tm in both bates 

The h c  impingement on both si& aalls is vcry heaby for the first 40% ofthe 
length ofthe wall, and thennearly norrexistent There is minimal Bent wall 
Dsmeimpingement 

The burner flames are very turbulem, as if they were not from lowN0, burners. 
Only very seldom was there a visible coal skirt at the basc of the flama Burners 
B3 and B4 very aftm refused IO ignite for about 4-feet This uias always 
correuable by closing d o m  on the air register y 8 n e 9 .  

I n ~ , t h e e n t i r e ~ c e l s N l o f ~ e , w i r h m i n i m a l t a r g e t w a l l  
impkigemenr and abut 40% side wall impinganenl The h m  conhi i s ,  
concentrates along the rear wall slope, and &en reaches the pendank Burner 
flame appears ha and Nrbulent, but often detaches on burners B3 and 84. 



K. -vi& to Fu e ' Bo& units s c a n  to be 
very sensitive to all adjwments. Changing excess 0, air register hood position, 
or air register vane position o h  have significant affects on unit pedomance. 
The ~~ vane position adjllstmem range is between 30 degrees and 3.5 degrees. 
The useful hood position adjustment m full load is 59 percent to 80 percent. Even 
minor adjustments wi~hin thcse ranges can significantly improve or deteriorate 
combustion qualrby and NO, emissions. As a result, the burners and subsequently 
tfrcmtire unit is very sensitive to minor chengm in fuel he- value, fuel 
moishne, fuel grh.ldability and bumer heat input @?ad). 

IV. Evaluation: 
A* S?;SQE&YA i r  Vclccik: Sccwdary air velocity varied fiom 116 to 129 fps 

through the air registerhurncr throat. This would normally be well within the 
acceptable range of most burner manufactmr?r guidelines. In this ease however, 
the close proximity of the target wail cornbind with the very narrow upper 
furnece may suggest loweriag both the secondary air and the pimay air velocity 

B. Air V e m  ' : The pnmaryau velocity as calculated by Bums & 
McDonnell is 97 fps. If correct, then we believe this to be too high for this 
Aunace. For a secondary air velocity of 129fps we would expect's see DB Riley 
target about 80 fps for p- air velocity 

&3&.,4 VelocitvRaria: DB-Riley refers to h i s  as VsNN. The secondary &-to- 
primary air velocitj ratio dwhg the ta ts  was about 1.3. Loweringthe primary air 
velocity to 60 f p s  would raise the ratio to about 1.6, which is more in Line with 
most succasful lovrNDx bumerinstallations. 

&maw P w .  The DB-Riley design data sheet indims a calculated furnace 
Que gas velocity ofahour 26.8 fps. We confvm the game number. as long as the 
lncnlion under coosidemion is within the burna zone. The b e  depth 
h o w ,  reduces from 35 feet to 15 fat jus above the top bumer deck, This 
reduces plim area from 1208 fP to 51 8 ftz, which inneases velocity from 26.8 fps  
tn 62 fps. %Y increase m gasvelocity as it approaches the radiant heat transfa 
sections signilicwtly shorteas the time available for burnout wmpletion and 
additional k a t  uansfkr. Very little em be done abaut it an an misting fiuaace, 
which places even more emphasis on completing the bumour &fore rearhag the 

C. 

D. 

uppm furnace., 

E. The controls on both uf these units are old pneumatic d a y s  WighaUy 
desigrsd by Republic. Thcy HII: wiiquatcd in wery sense of the word. Taey a(c 
hard to program, are very inflexible, and hard m calibrate. However, they do 
fluxtion. Aftp walking these unirs down 10 times in rhne days under a vaiety of 
firing conditioned it is our opinion that them is no wntrol system capabfe of 
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comcting the obscrvtd combustion problems. The pmblems are rooted in burner 
fmnt mixing, fumace height, fumoce plan rum burner b a t  size and buma 
nozzle size, but not in controls. A m v  rtate-of-the& control system may 
enhimce rbe technician's ability to cope with the sysiem, but will not f i x  it. 

V. Condunions: 
k I ! ! & :  Based upon the information we have at -%is time, we ham drawn 

tfic following conclusions ngarding the operation of mits HI and HZ and their 
performencc: 
1. Adquate NO, reduction on these units will be difficult bccausc of the 

close proximity of the rear wall, the major flow arcareduction m the upper 
fumacc gas path, the mall amount of heboard abow the burners aad the 
small burner thoat. 
The p h m y  air velocity is prohably too high. 
"le secondarylpnmarq. air velocity ratio is too low. 
Txe buiner/ar register combination is much too sensitive to cbmges in 
load and fuel quality. 
The superheater and rehearer surf%ces are too small. 
Ihe high and uneven temperatures combined with the presence of flame in 
the upper furnace will increase tube leak incidents. 
The hi@ ges temperatures combined MIII the pesence of Hame in the 
upper fumace w i l l  increase radiant supaheater slaggiy and pluggage. 

2. 
3. 
4. 

5.  
6. 

7. 

B. Performance: Bssed upon the three days of observation and evaluation i t  
u OUT opinion thnt this unit would be an unaooeptable performer witb increased 
main!enan~c and Rrould require constant adjustment to follow coal quality and 
load. For those rea~ons a perfonnance test for rile purpose of acceptance s e e m  
pmnatm. In our opinion ihcse units are not nady for acceptance testing if 
performance and operability as witnessed during this hvesti@ion is 
representative. The unitsprobebly can maiatainNOx below 5 0  lW106Btu. 
However, 0, is unpredictably unbalanced on both unio, opacity M H2 kefrequently 
spikes, steam fempetanvc is low on both unirs, and rebeat t u b i i  r n d  
temperatrm;s go into high temperature alarm on HZ. Tiese are not problems 
which h e  ro accompany dK M a t i o n  of low NO, burners. 
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REPORT 07-009 Western KY Energy, HMP&L Station I1 
DAVID N. FRENCH METALLURGISTS 

2/8/2007 
P rrge I 

I. Introduction 

HMP&L, Station 2 Unit 1 experienced a coolant disruption. As a result fourteen waterwall tubes were 
submitted for condition assessment: 

West Tube 6A, removed from elevation 5 12’ 10”. 
West Tube 14A, removed from elevation 492’10” 
West Tube .30A, removed from elevation 512’10” 
West Tube 47A, removed from elevation 492’10” 

East Tube 6A, removed from elevation 5 12’10”. 
East Tube 14A, removed from elevation 492’10”. 
East Tube 27A, removed from elevation 5 12’ 10”. 
East Tube 4 1 A, removed from elevation 492’ 10”. 

South Tube 14A, removed from elevation 5 12’10”. 
South Tube 35A, removed from elevation 492’10”. 
South Tube 5 1 A, removed from elevation 492’10”. 
South Tube 65A, removed from elevation 512’10”. 
South Tube 10.3A, removed from elevation 512’10”. 
South Tube 123A, removed *om elevation 512’1 0”. 

All tubes were specified as 2.5” OD x 0.203”MWT x SA-I78 Grade C. They had been in service 1.3 
months and had seen 9 start/stop cycles. 

11. Conclusions 

1. 

2. 
3. 
4” 
5. 

There was no evidence of metallurgical degradation ofthe sample waterwall tubes resulting from the 
coolant disruption. 
Typical microstructures were observed in the tubing, as for new SA-I78 Gr C. 
There bas been no significant loss ofexpected life of the boiler tubes from the low water event. 
Some ID corrosion pitting was seen but deemed superficial 
Deposit weight density was measured on a sample from each of the three wails, and the 
measurements showed the waterside to be clean. Even with the high temperature excursion, the 
tubes have not been oxidized on the waterside. 

This report represents findings only of the material samples specified herein. and may not be ailered or reproduced. except in fuii, without the 
express written permission of DAVID N FRENCH METALLURGISTS (DNFM) Ail material samples are retained by DNFM for at least 60 
calendar days from the date of this report and may be disposed of thereafler unless specifled otherwise in writing by the customer DNFM 
certifies this report to be accurate and will correct any discovered inaccuracies free of charge DNFMs liability for damages arising from this 
repoit shaii be limited lo liquid damages not to exceed the tolai of fees collected by DNFM from the customer in connecllon with this report 
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111. Recommendations 

1 I Inspect attachments such as buckstays on waterwall tubes for any damage 

IV. Results and Discussion 

West Waterwall tubes 
Four tube samples removed from the West Waterwall for condition assessment are shown in Fig. 1 .  The 
samples had some light ash on the outside but were generally clean with no evidence of damage or 
burning. The inside of the tubes appeared clean. 

I W-6A I I W-14A I I W-30A I I W-47A I 
This report represents findings only of the material samples specified herein, and may not be altered or reproduced, except in full. without the 
express written permission of DAVID N FRENCH METALLURGISTS (DNFM) All material samples ere retained by ONFM for at least 60 
calendar days from the date of this report and may be disposed of thereafter unless specified otherwise in wrieng by the customer DNFM 
certifies this report to be accurate and will correct any discovered inaccuracies free of charge DNFMs liability for damages arising from this 
report shall be limited to liquid damages not to exceed the total of fees wllected by DNFM from the customer in connection with this report 
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Metallurgical samples were obtained by cross-sectioning each tube. These samples were mounted, 
polished, and etched to reveal their microstructure. Figure 2 illustrates the structure ofWest Wall Tube 
6A, which is ferrite and pearlite, the expected shnCtureS for SA178-C carbon steel tube. The pearlite 
and ferrite are in bands, the result of orientation during tube fabrication, Fig. 3 .  This was typical of all 
the waterwall tubes. A decarburized layer (no pearlite) was present on the OD surface and also on the 
ID, Fig. 4. Some slight surface corrosion was seen. The structure here looks like new tube, and shows 
no evidence of overheating. Similar structures were observed on the cold side of the tubes. 

Figure 2. Decarburized 
layer, typical in tube 
manufacturing, is visible here 
at the OD of the hot side of 
Tube W-6A. 200x. 

Figure 3. Typical pearlite and 
ferrite mid-wall microstructure 
at hot side of Tube W-6A, and 
common in all West wall 
tubes. 400x. 

This report represents findings only of the material samples specified herein. and may not be altered or reproduced, except in fuii, without the 
express written permission of DAVID N FRENCH METALLURGISTS (DNFM) All material samples are retained by DNFM for a1 reas1 60 
calendar days from the date of this report and may be disposed of lhereafler unless specified otherwise in wriling by the customer DNFM 
certifies this report lo be accurate and wiii correct any discovered inaccuracies free of charge DNFMs liabiiity for damages arising from this 
report shall be limited to liquid damages not to exceed the tolai of fees collected by DNFM from the customer in conneciion with this report 
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Figure 4. Slight 
decarburization and TD 
corrosion at ID at hot side of 

The OD fireside cross-sections of tubes fioin the West Wall Tube 14 (W-14), Tube 30 (W-30) and Tube 
47 (W-47) are illustrated in Fig. 5,6 and 7 respectively. All show fenite and pearlite microstructures, 
with a decarburized layer, like new tube. All show nonnal fireside corrosion. 

Figure 5. OD of W-14, hot 
side. 200x. 1 

This report represents findings only of the material samples specified herein. and may not be altered or reproduced. except In full. without the 
express written permission of DAVID N FRENCH METALLURGISTS (ONFM) Ail material samples are relained by ONFM for at least 60 
calendar days from the date of this report and may be disposed of lhereafler unless specified otherwise in writing by the customer DNFM 
certifies this report to be accurate and will correcl any discovered inaccuracies free of charge DNFMs liabilily for damages arising from this 
report shall be limited to liquid damages no1 to exceed the total of lees collected by DNFM from the customer in canneclion with this report 
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Figure 6. OD of W-30, hot 
side. 200x. 

Figure 7. OD of W-47, hot 
side. 200x. 

This report represenls findings only of the material samples specified herein, and may not be altered or reproduced, except in full. without the 
express written permission of DAVID N FRENCH METALLURGISTS (DNFM) Ail material samples are relained by DNFM for at least 60 
calendar days from the date of this report and may be disposed of thereaner unless specified otherwise in wriling by the customer DNFM 
certifies this report to be accurate and will correct any discovered inaccuracies free of charge DNFMs ilabllity for damages arising from this 
report shall be limiled to liquid damages no1 to exceed Ihe total of fees collected by ONFM from Ihe customer in Connection wilh this report 
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Ring samples were cut from each of the wall tubes to make dimensional and hardness measurements 
Figure 8 illushates the rings, which show no visual evidence of significant thinning or distortion. The 
tubes were slightly larger measured &ont to back, Table A, suggesting some distortion. The hardness 
values for the tube averaged 63,69,68 and 70 Rocltwell B (RB), acceptable values for new tube There 
was no significant difference in hardness between the hot side and the cold side of the tubes. If there 
had been significant ovcrheating, the hot side might have been different 

Figure 8 Sample rings removed from West Wall tubes. 

This report represents findings only of the material samples specified herein, and may not be aliered or reproduced. except in full. without the 
express wriften permission of OAViO N FRENCH METALLURGISTS (DNFM) All material samples are retained by ONFM for at least 60 
calender days from the dale of this report and may be disposed of thereafter unless specified otherwise in writing by the customer DNFM 
certilies this report to be accurate and will correct any discovered inaccuracies free of charge DNFMs liabiiily for damages arising from this 
report shall be limited to liquid damages no1 to exceed the total of fees collected by ONFM from the customer in connection with this report 
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Table A 

This report represents findings only of the material samples specified herein, end may no1 be altered or reproduced. except in full. without the 
express wrillen permission of DAViD N FRENCH METALLURGISTS (DNFM) Ail material samples are relained by DNFM for a1 leas1 60 
calendar days from the dale of this report and may be disposed of lhereaftar unless specified otherwise in writing by the cuslomer DNFM 
certifies this report to be accurate and will correct any discovered inaccuracies free of charge DNFMs llabiiiy for damages arising from lhls 
report shall be limited to liquid damages no1 to exceed the total of fees collected by DNFM from Ihe cuslomer in connecllon wilh (his report 
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East Waterwall tubes 
Four tube samples, removed froin the E.ast Waterwall for condition assessment are shown in Fig. 9. The 
tubes were generally clean with no evidence of damage or overheating, The inside of the tubes were 
clean. 

Figure 9. As- 
received tubes from 
East wall. 

This report represenls findings only of the maleriai samples specified herein, and may no1 be altered or reproduced. except in full, wilhout the 
express writlen permission of DAVID N FRENCH METALLURGISTS (DNFM) All material samples ere retained by DNFM for at least 60 
calendar days from Ihe date of this report end may be disposed of lhereafter unless specified otherwise in writing by the customer DNFM 
certifies this report to be accurate and will correcl any discovered inaccuracies free of charge DNFMs liability for damages arising from this 
report shall be limited lo iiquld damages not lo exceed the total of fees collected by DNFM from the customer in connection with this report 
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The cross-section at the surface of East Wall Tube 6, Fig. 10, shows fenite and pearlite microstructure, 
and a decarburized layer at the surface The same structure was found on the cold side of the tube. At 
the mid-wall, Fig. 11 ,  the pearlite and ferrite were present in a banded structure, and this was common to 
all the wall tubes. 

Figure 10. Tube E-6 OD on 
the hot side. Decarburized 1 surface layer,, 200x., 

Figure 11 .  Typical pearlite 
and ferrite mid-wall 
microstructure at hot side of 
Tube E-6, and common in all -- East Wall tubes. 400x. 

This report represenls I'ndings only of Ihe malerial samp es specifieo here n, and may no1 be allered or reproduceo, except in full, w;lhoul the 
express wrillsn permiss.on of DAV.D N FREhCH METALLURGISTS (DNFM) AI, malciial samples are ielalned by DNFM for a1 least 60 
calendar days fiom Ihe aale of lnis repon ana may be disposed of Ibereaflcr Lnless speclfied olhcrvlse In nriltng by 1Pe cuslomer DNFM 
ceri fies (his repon lo oe accurale ana will correct any o'scovered 8naccxac:es free of charge DNFM's I ab lily for damages arising from this 
repon shal be limllea lo .squid aamages not lo exceca the lolalo1 fees col ecleo oy DhFM from Ihe cuslomw in COnneClon u lh (his repon 
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The fireside surface cross-section of East Wall Tube 14 is illustrated in Fig. 12, again ferrite and pearlite 
with a decarburized layer on the surface, fairly thin hcrc Figure 13 illustrates the decarburized layer 
and the typical fenite and pearlite structure at the waterside surface 

hot side 200x. 

of Tube E-1 4, hot side. 200x. 

This report represents findings only of the material Samples specified herein, and may not be altered or reproduced. except in full. without the 
express written permission of DAVID N FRENCH METALLURGiSTS (DNFM) All material samples are retained by DNFM for at least 60 
calendar days from the date of this repon and may be disposed of lhereaner unless specified othelwise in writing by the customer DNFM 
certifies this report to be accurale and will correct any discovered inaccuracies free of charge DNFMs liabiliiy for damages arising from this 
report shall be limited to liquid damages not to exceed the total of fees coliecled by ONFM from the customer in connection with this report 



REPORT 07-009 Western KY Energy, HMP&L Station I1 
DAVID N. FRENCH METALLURGISTS 

The OD cross-sections microstructures at the hot side of East Wall Tubes 27 and 41 are typical ofnew 
tube, Fig. 14 and 15 respectively. Therc was no evidence of inetallurgical degradation in the East Water 
Wall tubes 

Figure 14. OD of Tube E-27, 
hot side. 200x. 

Figure 15. OD of Tube E- 
4 l ,  hot side. 200x. 

This report represents findings only of the material samples specified herein, and may not be aliered or reproduced, except in full, without the 
express written permission of DAVID N FRENCH METALLURGISTS (DNFM) All material samples are retained by DNFM for at least 60 
calendar days from the date of this report and may be disposed of thereafter unless specified otherwise in writing by the customer DNFM 
certifies this report to be accurate and will correct any discovered inaccuracies free of charge DNFMs liability for damages arising from this 
report shall be limited to liquid damages not to exceed the iotal of fees collected by DNFM from the customer in Connection with this report 
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Rings were cut from the sample tubes for dimensional and hardness measurements, Fig. 16 There was 
no visual evidence of thinning or distortion, although the measurements in Table B indicate the tubes 
were slightly wider from crown to crown than membrane to membrane, so the walls may be slightly 
deformed. Average hardnesses measuring 64, 65,66 and 66 Rockwell B (RB) were acceptable for this 
material. Cold side measurements (4, 6, 8 o'clock) were 66, 67, 67, and 68 compared with 62, 63, 65 
and 64 for the hot side These suggest that the hot side may have softened slightly, but this is not 
conclusive. 

Figure 16. Removed rings froin the East wall. 

This report represents findings only of the material samples specified herein, and may not be altered or reproduced. except In full, wilhout Ihe 
express written permission of DAViD N FRENCH METALLURGISTS (ONFM) All material samples are relained by DNFM for at least 60 
calendar days from the dele of this report and may be disposed of thereafter unless specified otherwise in writing by the customer ONFM 
certifies lhis report lo be accurale and will correct any discovered inaccuracies free of charge ONFMs iiabilily for damages arising from this 
report shall be limited lo liquid damages no1 to exceed the total of fees collected by ONFM from the cusiorner in connection with lhis report 
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South Waterwall tubes 
Six tube samples, removed from the South Water Wall for condition assessment, are shown in Fig. 17 
There was no visible evidence of surface damage or overheat. The inside ofthe tubes was clean. 

I S-14 1 I S-35 I I S-51 I I S-65 I I S-10.3 I I S-12.3 I 
Figure 17. As-received tubes from South Waterwall. 

This report represenb findings only ofthe material samples specified herein, and may no1 be altered or reproduced. except In full. wilhout the 
express Written permission of DAVID N FRENCH METALLURGISTS (ONFM) All material samples are relained by DNFM for a l  least 60 
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The cross-section at the surface of South Waterwall Tube 14, Fig. 18, shows a banded ferrite and 
pearlite microstructure, with a decarburized layer, seen in all the tubes. The decarburized layer was also 
observed on the ID, Fig. 19, and was seen on all the South Wall tubes. Some waterside pitting is also 
seen in Fig. 19. 

Figure 18. Tube S-14 hot 
side OD. 200x. 

Figure 19. Tube S-14 hot 1 side ID corrosion pit. 200x. 

This report represents findings only of the materiel samples specified herein, and may not be ailered or reproduced. excepl in fuil, without the 
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calender days from the date of this report and may be disposed of Iherealler unless specified otherwise in writing by the customer DNFM 
certifies this report to be accurate and will correct any discovered inaccuracies free of charge O N F M s  liability lor damages arising from this 
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Figures 20 through 24 show the microstructure at the fireside OD of Tubes 35,51, 103 and 123, all 
with ferrite and pearlite inicrostructures with a decarburized surface layer. None of them showed any 
evidence of overheating. Figure 25 illustrates, again, soine minor waterside corrosion. 

I Figure 20. Tube S-35 hot 1 

Figure 21. Tube S-51 hot 
side OD. 2OOx. 

This report represenls findings only of the maieriai samples specified herein. and may no! be altered or reproduced. except in full, wilhoutthe 
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I Figure 22. Tube S-65 hot side I 1 OD" 200x. 

side OD. 200x. 

This report represents findings only of the material samples specified herein, and may not be altered or reproduced. except in fuil, without the 
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Figure 24. Tube S- 12.3 hot I 
side OD. 200x. 

side ID. 200x. 

Ring samples from the South Waterwall are shown in Fig. 26. There was no visual evidence of 
distortion, although the tubes measured a larger diameter from crown to crown compared to membrane 
to membrane, Table C, like all the tubes measured here No significant thinning was measured. The 
tube hardnesses averaged 65, 65,62,65,  and 67 RB, acceptable for this tube. There was not much 
difference in hardness when comparing the cold side with the hot side. 

This reporl represenls findings only of Ihe malerial samples specified herein, and may no1 be allered or reproduced, except in full, without the 
express wrilten permission of DAVID N FRENCH METALLURGISTS (DNFM) Ail malerial samples are retained by DNFM for at least 60 
calendar days from the date of this report and may be disposed of Ihereafler unless specified olherwise in writing by Ihe customer DNFM 
certifies lhis report to be accurate and will comect any discovered inaccuracies free of charge DNFMs liabilily for damages arising from this 
reporl shall be limited to liquid damages no1 lo exceed the lolai of fees coilecled by DNFM from Ihe customer in conneclion wilh this report 
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1 Figure 26. Ring samples removed froin South Wall lubes I 
This report represents findings only of the material samples specified herein, and may not be altered or reproduced. except in full, without the 
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Deposit Weight Density Measurernents 

Deposit weight density was measured on a tube froin each wall with the following results: 

1. East Wall Tube 6A Hot Side - 8 g/f? 
2. East Wall Tube 6A Cold Side - 8 dft' 
3. South Wall Tube 14A Hot Side - 16 g/f? 
4. South Wall Tube 14A Cold Side - 8 g/ft2 
5. West Wall Tube 47A Hot Side - 8 g/ft2 
6. West Wall Tube 47A Cold Side - 8 g/ft2 

All of these results indicate that the boiler is clean 

This report represents findings only of the malerial samples specified herein, and may no1 be altered or reproduced, except In full, without the 
express wrillen permission of DAVID N FRENCH METALLURGISTS (DNFM) All malerial samples are retained by DNFM for at least 60 
calendar days from the dale of lhis report and may be disposed of thereafter unless specified otherwise in wriling by the cuslomer DNFM 
certifies this report lo be accurate and will correct any discovered inaccuracies free of charge DNFMs liability for damages arising from lhis 
report shall be limited lo liquid damages not lo exceed Ihe lolal of fees collected by ONFM from the customer in connection wilh lhis report 
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RTLEY-STOKl3R H-1 BOILER INSPECTION 12-28-1984 



INTEROFFICE CORRESPONDENCE 

TO: E a r l  M i l l s p a u g h  

FROM: L e e  Morgan d#'!+* 
RE: n-1 BOILER INSPECTION 

DATE: December 28, 1984 

COPIES TO: R i c h a r d  G r e e n w e l l  
X e r z y  Hay 
D a r r e l l  Anderson 

T h e  p u r p o s e  o f  the inspection on the a-1 B o i l e r  was t o  d e t e r m i n e  t he  damage 
t h a t  resulted f m m  o v e r h e a t i n g  o f  the Boiler on November 12, 1 9 8 4 .  
inspection d a t e s  w e r e  f r o m  December 1 7 t h  t h r o u g h  D e c e m b e r  2 l s t ,  1 9 8 4 .  

All f o u r  w a l l s  w e r e  i n s p e c t e d  .by R i l e y  Stoker's Engineer;  J i m  B a n t a o f  Conti- 
n e n t a l  I n s u a n c e ;  m y s e l f ;  K e r r y  n a y ;  and s e v e r a l  other B i g  R i v e r s '  e m p l o y e e s .  
I t  was  agreed  to  t a k e  f i v e  t u b e  s a m p l e s  out o f  the Boiler W a l l s  t h a t  appeared  
to be i n  the w o r s t  a r e a s .  T h e s e  were:  one t u b e  o u t  o f  the north Wall l o c a t e d  
a t  a n  e l e v a t i o n  of 187'2" k i n g  the 1 7 t h  tube from the N / W  corner; one t u b e  
out o f  the e a s t  w a l l  located a t  an  e l e v a t i o n  o f  498'0" b c i n g  the 4 5 t h  t u b e  
f r o m  the N/E c o r n e r ;  one tube o u t  o f  the south w a l l  l o c a t e d  a t  a n  e l e v a t i o n  
o f  508'6" being the 34th t u b  f r o m  the S /E  corner; and tw tubes o u t  o f  the 
west w a l l  l o c a t e d  a t  a n  e l e v a t i o n  o f  487'2" b e i n g  t he  32nd and 42nd t u b e  f r o m  
the N/E corner. See the a t t a c h e d  sheet for  a l l  s a m p l e s ,  

we a l s o  took a U.T. r e a d i n g  on a l l  f o u r  W a l l s  l o c a t e d  a t  the same e l e v a t i o n  
t h a t  the t u b e  s a m p l e s  w e r e  t a k e n .  See the a t t a c h e d  sheet for t u b e  sa inple  
thickness. 

W e  dropped  a plumb bob and took Wal l  d e f l e c t i o n  i n  the same a r e a s  a s  samples 
w e r e  t a k e n  w h i c h  i s  g i v e n  on the same sheet as the t u b e  s a m p l e s .  
w i l l  & sent to  both R i l e y  Stoker and D. N .  French for m e t a l  a n a l y s e s  an8 
thickness t e s t i n g .  

There w e r e  s e v e r a l  p i c t u r e s  taken b y  both R i l e y ,  Ed C h i s h o l m ,  and R.  D. S m i t h  
w h i c h  a r e  a v a i l a b l e  if y o u  need them.  

R i l e y  inspected the Back P a s s  of  the Boiler;  the o u t s i d e  structure and B a c k s t a y .  
T h e y  reported t h a t  t h e y  saw m p r o b l e m s  other t h a n  what was visible on the 
i n s i d e .  M r .  R i c h a r d  B u b i e r ,  R i l e y ' s  E n g i n e e r ,  s a i d  he would be s e n d i n g  u s  
his repojrt a f t e r  s e e i n g  the tube a n a l y s e s  b u t ,  a t  present, saw no problems 
i f  the  tube s t r u c t u r e s  are mt damaged. 
The W a l l  Sootblowers w e r e  i n s p e c t e d  and re-set t o  a l l o w  for w a l l  deflection 
a s  n e c e s s a r y .  As can hs seen b y  the U.T. t e s t i n g ,  w e  do  h a v e  some t h i n n i n g  
o f  s o m e  of the wall t u b e s  - the thinnest b e i n g  on one t u b e  .160 w h e r e a s  the 
o r i g i n a l  s h o u l d  have been .203 . Mr. R a l p h  Pentecost and R i c h a r d  B u b i e r  
of R i l e y  Stoker; Mr. J i m  Eanta  w i t h  Continental I n s u r a n c e ;  and m y s e l f  a l l  agreed  
there i s  1 ~ )  danger  ox immediate problems w i t h  continued r u n n i n g  o f  the Unit 
a t  i t s  f u l l e s t  o p e r a t i n g  l o a d  a t  the present time or i n  the n e a r  f u t u r e .  

I f e e l  that we d i d  a good inspection a n d ,  when we see the t u b e  a n a l y s e s ,  we 
c a n  d e t e r m i n e  the amount o f  s h o r t e n e d  Boiler l i f e  d u e  to  the o v e r h e a t i n g .  

T h e  

T u b e  s a m p l e s  

The  results Will be forwarded  to  y o u  when we receive them.  
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1) - CONSTRUCTION DIVISION 

XASF %ALL 

El. 49R1-O1I,  From North t o  South 

A 20 ipch Dutchmm waa placed on the  45th tube. 
43x6 tube, tho wall dr . f lected outward 2 1/8". (&I the Emt Wall 
a l l  de f l ec t ions  f a c e  (wtward8, except approximately iRI1  a.t 
each end o f  the w a l l ,  
and continued t o  E l .  50111-Otl. 

A t  e lev&t ion  l , eve l  4871-2f1, a d e f l e c t i o n  of 3 I /?**  outwRrd 
occurred at approximately 1W from the  North Side and continucd 
ovex two-thirds. o f  t he  way towwd the South Wall. The span o f  
t h e  de f l ec t ion  was l ivd ted  t o  ~ ~ p p r o x ~ m a t e l y  10 feel: i n  he ipht .  

On the  

The de f l ec t ions  began a t  E l .  492'-0" 

WEST WALL d 4 b b  

a r e  even wi th  the  cen te r  l i n e  on the ! op burner. 

0 "  5 fill 
From Korth t o  South 

tube and on the  42nd tube. These sam' le  tubes and t h e  def lec t jonf i  

71 ?# ,  .p 

A 20 inch Dutchman was i n n t e l l e d  a t  El , .  487'-211 on the  72rid 

The 17 th  tube de f l ec t ed  3nwards 1 5/R". 
On the  26th tubc ,  the  wall de f l ec t ed  outward 3 1/411. T h i s  

waa the b igges t  dePleat ion Jn t.he e n t i r e  b o i l e r .  
The 30th tube, ( loca ted  - Southside West Wall), Deflected 

A t  e leva t ion  l e v c l  499'-0*1. 
West Wall), def lec ted  outwerd 1 3/4". 

NOR'I'B WALL 

From West t o  East 

17th tube; and the  d e r l e c t i o n  was outward a t  2 l/?". 
d e f l e c t i o n  however, i i i  l iml ted  t o  a Rpproximat? 10 f o o t  ai-ea. 

outward, the d is tance  of 2 5/Rn. Again, t h f s  deflaqtion 5s 
confined i n t o  a l i m i t e d  a rea  of approximately 10 foot  area.  

soul% Wk LL 
Prom E n s t  t o  Weet 

outward 2 3 / V .  ,d5 fM 6hrrC. & r/4RI6* 
The 17th tuhe,%outhside 

A 20 inch Dutchmnn waa i n s t a l l e d  a t  XI. 1878-21t, or! the 

As well, the  $7111 tube a t  e l eva t ion  479,'-?", I s  deflected 

This 

A 2Off Dutchman w:is 1nutnll::d a.t  E l .  WY'-6", on the  31th 
tube,  which had a de f l ea t ion  ciutward of 2". 
s t a r t e d  a t  approximately 18" 011 the  Zast 'dlla.17 and continlied 
unforrnily t o  approxirwtely 1H" from the  West Wall. 

S o o t  blowers 2, '5 and 4 a m  located a t  cen te r  of t k i i s  
def l ec t ion .  When m i ( ;  i a  turned on l i n e ,  these u n i t s  muel; 
be re3 Omted. 

T h i 8  de f l cc t i rm 
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1. 
2. 
3. 
4. 
5. 
6. 
7. 

If: 

10. 
11. 

01-00-00-00-00 

m m  I OUTAGE 

DAMAGE ONLY - 

Insulation 3” x 4” x 48” Delta  Board x 24 
Lagging ( S a m  reused old material) 
Insulation and Lagging (Labor) 36 Hours 

Tube cost  
Soot Blower Inspection (B.R. Labor) 
Soot Blower Adjllstm2nt (B.R. Labor) 

Boiler Inspection (B.R. Labor) 
e Analysis (Cost) 

A. Tnickness Testing, Welding (Iabr) 
B. Scaffold and Equipment 
C. Materials (Rods, etc.) 
D. Outside Specialist 
Thickness Testing (B.R. Labor) 

Misc. Labor (Chemist, ~ngineers, mod. mpt. 
hint. Supt., etc.) 

E2a€er 

$122.88 
-- 

412.64 
568.00 
232.56 
118.80 
68.00 
- 

11,880.00 
- 
_. 

__ 
45.00 

255 .OO -. 

Henderson I 
OFF: l0:31 P.M. on 12-15-84 
a: 11:04 P.M. on 12-21-84 



TUBE REPAIRS 

UNIT H-1 ______. 

DATE _. 11/24/84 

CONTRACTOR OR FOREMAN Riley Stocker Corp. 

___ LOCATION 

WELDERS AND I.D. NOS. Riley Stoker Certified Welders - 

DESCRIPTION OF WORKOn Nwenrdwr 12, 1984, ( 3 )  Water Wall W s  ruptured. (1) on West 
Wall and (2) on East Wall. On the West Wall, 13th tu& North of center line of # 13 Wall 
Sootblower had thin lip rupture. The East Wall,(2) tubes ruptured and one had a pin hole, 
(found after hydroing). The 13th and 321x3 tubes, North of center line of # 19 Wall Scot- 
blower had tkin lip ruptures, 17th tube, South of center line of # 5 Sootbl- has a pin 
hole at approximtley 11:OO o'clock. BoilexmXers installed a 59" Dutchman to replace 
ruptured tube on west Wall and rmved a tube sample from the 14th tube, ~orth of center 
line of # 1 3  Wall Sootbl~r and installed a 55 112" Dutchman in its place. Installed a 
59'' Dutchmn for the 13th tube ti a 30" Dutchman for # 32 tube, North of center line of l# 19 
Wall Sootblower and pad welded pin hole on # 17 tube, South of center line of # 5 Wall 
Scotblower. all on East Wall. 

-- - 
- -. 

-- - 

I - 
-. 

FUTURE REPAIRS REQUIRED 
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SEBREE STATION ENERGY REPORTS FOR EFOR 
2005-2007 
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COMPAFUSON OF EXHIBIT C TO 
THE BREC PRODUCTION WORK PLAN 
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ATTACHMENT 8 

EMAIL FROM WAYNE THOMPSON TO 
WKE PERSONNEL 



2007/2008 Station Two Budget Page 1 of 1 

Crosby, W. Duncan 

From: Wayne Thompson [WThompson@hmpl net] 
Sent: Monday, April 09,2007 5:35 PM 
To: Berry,Bob 
Cc: Ken Brooks; Baronowsky, Larry 
Subject: 2007/2008 Station Two Budget 

Bob 

I would like to thank you and your staff for your time on April 5th to 
discuss the draft 2007/2008 budget year Station Two Budget This meeling 
was a good start but we have a long ways to go in this area 

As was discussed in that meeting it will be hard for HMP&L. to support a 
$1.3.000,000 increase over last year's budget of $2.3,000.000 for a total 
budget of over $36,000,000 in this budget year 

I understand what the major cost drivers are (outages. capital 
expenditures)and that we have agreed to fund some major capital improvements 
at Station Two such as controls replacement, and the dry fly ash system. We 
will continue to support those projects that we have started but we can not 
all of the capital improvements in the dnft  budget. 

We need to reduce this budget a lot more than what was agreed to so for. I 
would like to request that your staff go back over the budget and look at 
any item that may be moved out of this budget. 1 would like for you or your 
staff to look at the possible of the Spring 2008 H2 Planned Outage being 
moved to the Fall of 2008 to help with this year budget 1 understand that 
this i s  a lot of work and that WKE will have to look at this request from 
what impact it may have on the WKE system as a whole. 

I appreciate your help in this matter. 

Wayne 

11/7/2008 
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