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MOTION OF EAST KENTUCKY POWER COOPERATIVE, INC., TO 
AMEND THE CERTIFICATE OF PUBLJC CONVENIENCE 

AND NECESSITY ISSUED APRIL 18,2006 

East Kentucky Power Cooperative, hic., (“EKPC”) hereby moves the Kentucky Public 

Service Commissioii (the Toiiiinissioii”) for an ainendmeiit to the certificate of public 

convenience and necessity granted in this case on April 18, 2006, for the Spurlock Station 

Unit 2 (“Spurlock 2”) Flue Gas Desufurizatioii (“FGD” or “Scri.lbber”) system. As 

grounds for this Motion, EI‘PC states as follows: 

1. At the time that EI‘PC filed its Application in this case, on October 7, 2005, 

EKPC believed that the existing Spurlock 2 chimiiey would be suitable for use with the 

Spurlock 2 Flue Gas Scrubber system. Since the Commission granted the certificate of 

public convenience and necessity for that system, studies conducted by EI‘PC’s 

consultants deteiiniiied that tlie existing cliiinney would not be compatible with the wet 

operating coiidi tions associated with the new Spurlock 2 Scrubber. Evaluations of all 

possible alternatives to the construction of a new Spurlock 2 chimney showed that tlie 

construction of tlie new cliiinney was the best and most econoniical alternative. The 

attached Prepared Testimony of Gary Crawford (EKPC Motion Exhibit 1) explains these 
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evaluations regarding the Spurlock 2 Scnibber system and EIQC’s decision in regard to 

tlie new stack. 

2. Also attached in support of this Motioii are the Prepared Testimony of Kyle 

Shadoan (EKPC Motioii Exhibit 2), which explains the attached studies performed in 

regard to tlie need for the new Spurlock 2 chimney (Shadoan Exhibit A) and describes the 

coiistruction and location of the iiew chimney (Shadoan Exhibit B); and the Supplemental 

Prepared Testimony of Frailk Oliva (EIWC Motion Exhibit 3), which explains EKPC’s 

econoinic evaluation of the updated cost of the Spurlock 2 Scrubber project (Oliva 

Exhibit A). 

i. The construction of the new Spurlock 2 cliiinney is required as an essential 

functional pal? of the Spurlock 2 Flue Gas Scrubber system, and represents the most 

economical engineering alteiiiative for that component of the system. The addition of the 

new Spurlock 2 cliimiiey does not significantly change EKPC’s justification for the 

Spurlock 2 Flue Gas Scrubber, and will have iio sigiiificarit adverse effect on the schedule 

for the commercial operation of tliat system. 

WHEREFORE, EKPC respectftilly moves the Commission for an amendment of 

the subject certificate of pirblic convenience and necessity to add the new Spurlock 2 

chimney, and to incorporate tlie updated estimated costs for the project. 

Respectfully submitted, 



CHARL,ES A. LILE 

ATTORNEYSFOREAST 
KENTUCKY 
POWER COOPERATIVE, INC. 
I?. 0. BOX 707 
WINCHESTER, KY 40392-0707 
(859) 744-4812 

CERTIFICATE OF SERVICE 

This is to certify that an original and ten copies of the foregoing Motion of East 

Kentucky Power Cooperative, Iiic. to Anleiid the Certificate of Public Convenience and 

Necessity in the above-referenced case were delivered to Elizabeth O'Donnell, Executive 

Director, Kentucky Public Service Commission, 2 1 1 Sower Boulevard, Frankfort, 

Kentucky 40601, on this 1'' day of August, 2007. 

CHARLES A. LJLE 
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COMMONWEALTH OF KENTUCKY 

BEFORE THE PUBL,IC SERVICE COMMISSION 

In the Matter of: 

THE APPLICATION OF EAST KENTUCKY POWER 
COOPERATIVE, INC. FOR A CERTIFICATE OF PUBLIC ) 
CONVENIENCE AND NECESSITY FOR THE ) CASE NO. 2005-00417 
CONSTRUCTION OF A FLUE GAS DESULFVRIZATION ) 
SYSTEM ON SPUF&OCK POWER STATION UNIT 2 

) 
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PREPARED TESTIMONY OF GARY T. CRAWFORD 
ON BEHALF OF 

EAST KENTUCKY POWER COOPERATIVE, INC. 

QI. Please state your name and address. 

A1 I My name is Gary T. Crawford, and my work address is PO Box 707, Winchester, 

Kentucky 40392-0707. 

Q2. By whom are you employed and in what capacity? 

A2. I am employed by East Kentucky Power Cooperative, Lnc. (“EKPC”), as Vice 

President, Constniction. 

4 3 .  What fiinctional areas of EKPC operations are you responsible for in that 

position? 

A3. I am responsible for generation construction and major plant improvement 

projects. 

4 4 .  When did you assume your responsibilities for EKPC’s Flue Gas Desulfurization 

(“FGD”) Projects? 

A4. I assumed responsibility for the FGD Projects on May 1 1 2007 



QS. 

AS. 

What is the purpose of your testimony? 

The purpose of my testimony is to explain and support the background of EISPC’s 

request for an ainendment to the certificate of public convenience aiid necessity granted in this 

case for the Spiirlock Station Unit 2 (“Spurlock 2”) Flue Gas Scrubber system. 

Q6. 

A6. 

Why is EKPC requesting the amendment to tlie certificate granted iii this case? 

Since the issuaiice of the certificate of public conveiiieiice and necessity for the 

Spurlock 2 Flue Gas Scrubber system, EISPC has determined that the existing unit chirniiey is 

not suitable for use with the Scrubber, aiid that a new chiniiiey will be required. 

Q7. How did EIQC detennine that a new chirniiey for Spurloclc 2 is required, in 

connection with the Spurloclc 2 Scrubber system? 

A7. Engineering studies performed after the original decision to build a new Scrubber 

on Spurloclc 2 concluded that tlie existing chimney would not be able to function acceptably 

without emitting an acid plume due to high gas velocities in tlie chimney liner. This detail is 

furtlier explained in the testimony of Kyle Sliadoan and the exhibits aiid appeiidices attached 

thereto. The iiecessity to include a new chimney in tlie Spurloclc 2 Scrubber project scope was 

the result of detailed ecoiioinic and teclmical analyses as referenced above. The project cost 

addition for the chiinney is $18,995,000 and iiicludes a new 6.50 foot high concrete shell with a 

carbon steel borosilicate lined flue. 

Q8. 

Scrubber project? 

A8. 

Have there been any other changes to the scope or cost of the Spmloclc 2 FGD 

Yes, the Scrubber project cost has increased due to a number of factors, and tlie 

ainouiits are listed below: 

Demolition Work to clear the site: $2,600,000 
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Engineering: 

Foundations for Chimney; ETC. 

Piling for Chimney and Scrubbers: 

Material Handling 

IDC 

1,900,000 

1 , 100,000 

5,900,000 

2,500,000 

15,400,000 

TOTAL INCREASE (Not hicluding Chimiey) $29,400,000 

The total estimated cost of the Spurlock 2 Scrubber is now $207.4 Million, iiicluding the 

above listed changes aiid the new chimney. 

Q9. 

Scrubber Project? 

A9. 

Have there been any other developments which have impacts 011 the Spurlock 2 

Siiice the original Order granting the certificate in this case, EIWC has entered 

into a Consent Decree with the Eiiviroimeiital Protection Administration (“EPA”) which 

commits EKPC to have the Sptirlock 2 Scrubber operational not later than October 2008. This is 

a coiiditioii of settleiiieiit of the EIWC New Source Review (“NSR”) case which has been 

pending in federal court since early 2003. 

QlO. Has EICPC done a iiew ecoiiomic evaluation of the Spiirlock 2 Scrubber project, 

in light of the cost escalatioiis that you have discussed? 

A10. Yes, a new ecoiioinic analysis has been prepared, utilizing the updated cost 

estimates for the project. The ecoiioinic analysis is explained in the Supplemental Prepared 

Testimony of Frailk Oliva, aiid the results of the analysis are attached to that testimony. 

Ql 1. Does the iiew analysis show that the project is still ecoiioinically justified? 
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A1 1. Tlie new analysis shows a long-tenn net present value savings to EIOPC of 

approxiinately $3 11 million, based on the escalated project cost of $207 inillion. 

Q l2 .  Has EICPC evaluated the tiiiiiiig of tlie installation of tlie Spurlock 2 Scrubber, in 

light of tlie increase in pro; ect costs? 

A12. Construction of the Spiirlock 2 Scrubber began iii early September, 2006, and is 

currently 20% coiiiplete, as originally designed. Tliere is oiily approximately oiie year between 

tlie cun-ent scheduled commercial operation date, and the date by which EICPC would be 

required to install tlie Spurlock 2 Scrubber purstiaiit to EPA clean air compliance deadlines. The 

coiiiinitineiit to tlie cun-ent coiiiiiiercial operation date in the NSR Settlement Agreeiiieiit with the 

EPA precludes any change in the ciii-rent schedule. Even without the EPA commitment, delay of 

the project would certainly increase overall costs substantially, due to demobilization expenses, 

escalation of materials aiid other construction cost iiicreases that would be involved. Tlie new 

economic analysis shows an additional $1.8 million NPV cost fiom a one year delay in tlie 

project. 

Q13. Does EKPC believe that tlie changes to the project are needed aiid that tlie project 

continues to be ecoiioiiiically justified? 

A 13 I EJOC has cai-efully evaluated the addition of tlie Spurlock 2 cliiiiiney to the 

Sci-ubber Project scope, and believes that the infomiation iiicluded in this filing denionstrates that 

the iiew chiiiiiiey is essential to the proper operation of tlie system. EIQC’s analysis also shows 

that the Scrubber Project, at the new estimated cost, remaiiis economically justified. 

Q14. 

A14. Yes .  

Does this conclude your testiiiioiiy? 
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COMMONWEALTH OF I(ENTUCKY 

BEFORE THE PUBLIC SERVICE COMMISSION 

IN THE MATTER OF: 

THE APPLICATION OF EAST KE,NTUCKY POWER 
COOPERATIVE, INC. FOR A CERTIFICATE OF PUBLIC ) 
CONVENIENCE AND NECESSITY FOR THE ) CASE NO. 2005- 
CONSTRUCTION OF A FLUE GAS DESULFUFUZATION ) 00417 
SYSTEM ON SPURLOCK POWER STATION UNIT 2 

) 

) 

AFFIDAVIT 

STATE OF mNTUCKY ) 

COUNTY OF CLARK ) 
) 

Gary T. Crawford, being duly sworn, states that lie has read the foregoing prepared 

testimony arid that he would respond in tlie same inaruier to the questions if so asked upon taking 

the stand, and that the matters and tliirigs set forth therein are tnie and coil-ect to the best of his 

5% 
Subscribed and swoi-n before me on this.$i day of July, 2007. 

&& K. 2Qaarnf 
Notary Public 

My Corrimissioii expires: la /so,/ 08 
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EKPC Motion Exhibit 2 

CCPMMONWEAL,TH OF KENTIJCKY 

BEFORE THE PIJBLIC SERVICE COMMISSION 

In  the Matter of: 

THE APPLICATION OF EAST KENTUCKY POWER 
COOPERATIVE, INC. FOR A CERTIFICATE OF PIJBLIC ) 
CONVENIENCE AND NECESSITY FOR THE ) CASE NO. 200500417 
CONSTRUCTION OF A FLUE GAS DESIJLFURIZATION ) 
SYSTEM ON SPURI_,OCK POWER STATION UNIT 2 

) 

PREPARED TESTIMONY OF KYLE SHADOAN 
ON BEHALF OF 

EAST KENTUCKY POWER COOPERATIVE, INC. 

Q1. Please state your naine aiid address. 

A l .  My name is Kyle Sliadoan, and my work address is P. 0. Box 398, Maysville, 

K.entucky 41056. 

Q2. By wlioni are you employed and in what capacity? 

A2. I ani employed by East Kentucky Power Cooperative, Inc. (“EKPC”), as a plant 

engineer at Spurlock Station. I am serving as the on-site project manager for tlie Spurlock 

Station Units # l  and #2 flue gas desulpliurizatioii (“FGD”) Projects. 

Q3. What filiictional areas of EIQC operations are you responsible for in that 

position? 

A.3. Construction project manager of tlie Unit # I  aiid Unit #2 FGD Projects. 

Q4. Wlien did you asswile your respoiisibilities for EICPC’s FGD Projects? 

A4. I assunied the construction management responsibility for the FGD Projects in 

November 2005. 
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QS. 

AS 

What is the purpose of your testimony? 

Tlie purpose of my testimony is to explain aiid support EIWC’s request for an 

ainendiiieiit to tlie certificate of piiblic convenience aiid necessity granted in this case for tlie 

Spurloclc Station Unit 2 (“SpurIocls 2”) Flue Gas Scrubber system, to include a new Spurloclc 2 

chimney. 

Qb. 

Ab. 

Why was a new cliiiiiney not included in tlie original application in this case? 

An FGD system liad been constructed for Spurloclc 2 in 1982, which operated for 

a short period before it was deteiinined that tlie iise of conipliance coal was inore economical. 

When the new FGD system was designed, the existing Spurloclc 2 chimney was anticipated to be 

suitable for wet FGD operation. This initial detemiiiiatioii was based on the chimney having an 

acid brick liner, aiid tlie fact tliat it had previously operated with the original Spurlock 2 FGD 

system. 

Q7. How did EIQC subsequently determine that a iiew chimney for Spurlock 2 is now 

required, in connection with tlie Spurlock 2 Fhre Gas ScrLibber system? 

A7. After tlie Spurlock 2 FGD systeni was designed, EIQC began to evaluate tlie 

additioii of a scrubber system to Spurlock Station Unit 1 (“Sp-urlock 1”). Spurlock 1 had never 

operated with an FGD system, and therefore a more detailed evaluation of the Spurlockl 

cliimney was included in tlie design phase. During tlie design phase of the Spurlock 1 FGD 

system, it was discovered that tlie existing Spurlock 1 chimney was not acceptable for wet FGD 

operation, due to excessive gas velocities. At tliat time, an in-depth review of tlie Spurloclc 2 

cliiniiiey, aiid its ability to operate in a wet FGD enviroiment, began. Tlie attached report of 

Stanley Consultants, designated as Exhibit A, reflects the conclusions of that review. 
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Q8. Please explain tlie operational concenis with the Spurlock 2 chimney that were 

identified. 

A8. Siiice the time EISPC began to use compliance coal in Sprirlock 2, the original 

FGD system was bypassed. Due to the use of the original FGD system’s bypass function, the flue 

gas temperature was above tlie dew point and the chimney operated as a dry stack. The wet FGD 

presently wider constnictioii is designed so that 100% of the flue gas will be scrubbed, aiid there 

is no bypass in tlie system. Due to the lack of bypass flue gas to raise tlie temperature of the gas 

in the chimney, considerable coiideiisatioii will occur. Also, the flue gas velocity in the existing 

chimney is more than double the operational limit for a chimney with an acid brick liner and a 

wet stack. This means that condensation will not drain down the chimney’s liner walls so that it 

can be collected aiid handled appropriately. Operating tlie existing cliininey at a flue gas velocity 

above tlie recomiiiended h i i t  will result in re-entrainment of acidic water (pH 3-3 3, which will 

be discharged out tlie chimney into the atmosphere as “acid rain”. 

A significant ainount of acidic condensation will reach the ground and have 

corrosive effects at Spurlock Station. The areas that would be adversely affected would be 

structural steel, outdoor equipment, vehicles, and switchyard equipment. Additional studies by 

NELS aiid Alden Research are referenced in the Stanley Study and are attached to that study as 

Appendices B aiid C, respectively. Tlie NELS aiid Alden Research studies both state that tlie 

existing unit #2 chimney is not acceptable for wet operation, aiid that tlie design aiid constniction 

of a new unit #2 chimney is the best option. Tlie attached study (Exhibit A) performed by 

Stanley Consultants provides iiifoniiatioii 011 tlie various options that were considered during tlie 

chimney evaluation process. Using good engineering judgment, and an evaluation of the 

updated ecoiioiiiics, Stanley and EISPC personnel concluded that the best option for EKPC was 
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the desigi and construction of a new unit #2 chimney. This option avoids technical and 

operational coiiceiiis, and the impact of an extended outage on Spurlock 2 which would require 

the purchase of higher cost replacement power for a longer period of time. 

Q9. 

A9. Yes 

Q IO.  

A10. 

Will tlie new chimney replace the existing Spurlock 2 chimney? 

Please describe the coniponents of the new Spurlock 2 chimney. 

Tlie Spurlock 2 Chimney will consist of a concrete shell that is 650 feet tall. It 

will have a carbon steel liner that is 27”” in diameter and protected with borosilicate bloclc. 

Q 1 1. 

A1 I I 

Ql2 .  

What is the estimated cost for the new Spurlock 2 chimney? 

The Spurlock 2 cliimney is expected lo cost $1 8,995,000, iiicluding installation. 

Have there been any other changes to the capital or operating costs associated 

with the original facilities which were approved in this case? 

A12. There have been escalations in the estimated capital costs for the Spurlock 2 

Scrubber Project, and those cost increases are discussed in the Prepared Testimony of Gary T. 

Crawford (Motion Exhibit 1). 

Q 13. What are the estimated annual operating costs relating to the new Spurlock 2 

cliimney? 

A13. 

$100,000 per year. 

Q14. 

The aixiual operating costs relating to the Spurlock 2 chimney are estimated to be 

Is the location of the new cliiinney indicated on any maps which were included in 

tlie Application in this case? 

A14. No, tlie location of the Spurlock 2 chimney is noted on site layoat drawings that 

are attached to this testimony as Exhibit 4. 
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Q15. Will the addition of the Spurlock 2 chimney in any way change EKPC’s plans for 

financing the Spurlock 2 Flue Gas Scrubber project? 

A1S. No. The Sprrrlock 2 chimney will eventually be f h d e d  by a loan from the Rural 

Utilities Services, along with the rest of the Spurlock 2 Flue Gas Scrubber project. 

Q16. Will the addition of the Spurlock 2 chimney affect the schedule for the 

constniction of the Spurlock 2 Flue Gas Sci-ubber? 

A16. No. The Spurlock 2 chimney is expected to be completed by August 15, 2008, 

which will allow the Spurlock 2 Flue Gas Scrubber to be placed in service by its scheduled 

October 6, 2008 completion date. 

Q17. Will the addition of the Spurlock 2 cliimiiey require any additional permits in 

regard to the Spurlock 2 Flue Gas Scrubber, or affect the timing of any necessary permits or 

approvals? 

A17. A review of permit requirements by oiir environmental staff indicates no new 

approvals are required, and the addition of the new chiiiiney should not impact any other permits 

for the Spurlock 2 Scrubber Project. 

Q 18. 

A18. Yes. 

Does this conclude your testimony? 



COMMONWEALTH OF KENTUCKY 

BEFORE THE PUBLIC SERVICE COMMISSION 

IN THE MATTER OF: 

THE APPLJCATION OF EAST KENTUCKY POWER ) 
COOPERATIVE, INC. FOR A CERTIFICATE OF PUBLJC ) 
CONVENIENCE AND NECESSITY FOR THE ) CASE NO. 2005- 
CONSTRUCTION OF A FLUE GAS DESULFIJRIZATION ) 0041 7 
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AFFIDAVIT 

STATE OF KENTUCKY ) 

COUNTY OF CLARK ) 
) 

Kyle Shadoan, being duly swoiii, states that lie has read the foregoing prepared testiniony 

aiid that he would respond in the same iiianiier to the questions if so asked upoii taking the stand, 

aiid that the matters and things set forth therein are true and correct to the best ofhis knowledge, 

iiifoiiiiatioii aiid belief. 

Subscribed aiid sworn before me on this 25th day of June, 2007. 

My Comniissioii expires: 
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Spurlock Station Unit 2 Chimney Suitability Study 

introduction and Scope 

East Kentucky Power Cooperative (EKPC) is installing a wet flue gas desulfkization (FGD) 

system on Unit 2 at Spurlock Station. The original purpose of this study was to determine the 

suitability of the existing Unit 2 chimney for reuse with the new wet FGD system. Specific tasks 

include: 

e Review of Alstom Power, Inc.’s stack study and initiation of an additional study if 

needed. 

e Review the econoniic impacts of the stack reheat option. 

0 Establish the scope for a spring 2006 inspection of the existing Unit 2 chimney by 

others. 

e Review the results of the Unit 2 chimney inspection Ieport. 

e Review design and operational data including gas velocity, gas volume, etc. 

e Address regulatory issues 

0 Review costs such as capital, operating, maintenance, and outage costs. 

Recommendation regarding the feasibility of reusing the existing Unit 2 chimney. 

The complete scope of the study is contained in the request for proposal from East Kentucky 

Power Cooperative dated February 9, 2006. Refer to Appendix A. 
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The scope has since been expanded to include development of options and pricing for 

replacement of the Unit 2 chimney and to include the Spurlock Unit 1 chimney in the discussions. 

Spurlock Unit 1 is also being retrofitted with a wet FGD system 

The evaluation incorporates information from the Electric Power Research Institute (EPRI) Wet 

Stack Design Guide, TR-107099 90 17, dated November 1996. 

Description of the Existing Unit 2 Chimney and Liner 

The existing Unit 2 Chimney is a tapered concrete shell with a pressurized annulus and acid brick 

liner The overall height of the chimiey is 805’. The brick liner consists of ASTM C980-82 

Type I1 acid resistant brick with potassium silicate mortar. At periodic intervals, courses of brick 

are turned perpendicular to the face of the liner and project into the gas stream. 

The liner consists of two tapered sections. The lower liner section starts above the inlet elbow 

and lower support ring. The internal diameter of this section tapers from 35’ to 22’ at the upper 

ring wall. The upper liner section starts at the upper support ring with an internal diameter of 26’ 

and tapers to 22’ at the chimney cap Liner Ieinforcement consists of 3” wide stainless steel 

bands at 5’ intervals. The chirnney and liner were originally intended for operation with a wet 

FGD system. 

With the original FGD system, a portion of the incoming flue gas was bypassed around the 

scrubber to reheat the saturated scrubber flue gas discharge above its dew point. After operation 

with a wet scrubber for approximately 1 ?4 years, the scrubber was shut down. The chimney never 

operated as a “wet” stack. The chirnney and liner system have since been operated with hot, dry 

un-scrubbed flue gas for more than 20 years. 

Description of the Existing Unit I Chimney and Liner 

The existing Unit 1 Chimney is a tapered concrete shell with a fiberglass reinforced plastic (FRP) 

liner. The overall height of the chimney is 805’. The FRP liner has a constant diameter of 15’ 

and is integrated with the chimney cap at the top of the concrete shell. Approximately 1 3 million 

cubic feet per minute of flue gas passes up through the chimney. The flue gas velocity through 

the chimney is approximately 120 feet per second. This is well in excess of the recommended 

velocities for any of the various liner materials operating with a wet FGD system. 

Thus it was realized at the beginning of the Unit 1 FGD project that the existing Unit 1 chimney 

was unsuitable for use with a wet FGD system due to the high flue gas velocity The 1.Jnit 1 FGD 

project scope included a new chimney to replace the existing 

erb:erb/rncrmus-fs2: 16000 21rpt2 doc 2 Stanley Consultants 



Unit 2 Wet FGD Flue Gas Design Parameters 

Installation of a wet FGD will change the operating parameters of the flue gas entering the Unit 2 

chimney, when compared with historical operation. Table 1 - Wet FGD Flue Gas Design 

Parameters, includes the Unit 2 full load values that have been used in this study. These values 

were obtained from the Alstoni Power Inc. design data for the Unit 2 wet FGD system currently 

being installed under Contract 16000-D204. The velocities under the new flow conditions at 

various locations of interest in the chimney are shown in Table 2 - Full L.oad Chimney Velocities 

Under Wet FGD Flow Conditions. 

Table 1 Unit 2 Wet FGD FJue Gas Design Parameters 

Descrktion Quantity and Units 
Flue gas from Unit 2 WESP, mass flow rate 6,929,252 l b h  w e t  - 

6,248,436 l b h  dry 
680,768 Ib/hr 

1,769,178 acfin, wet 
131°F 

Water vapor mass flow rate 
Volume flow rate 
Flue gas temperature .- 

Table 2 Full Load Chimney Velocities Under Wet FGD Flow Conditions 
- 
Location in Stack Diameter V, ft/min v, ft/s 

Upper ring liner transition and support 22’-0’7 4,652 77.5 
Bottom of upper h e r  26’-0” 3,33 I 55.5 
Exit of chimney 227-077 4,652 -- 77.5 

Mitered elbow at entrance%to chimney 229-497 4,5 14 75.2 

Unit 2 2006 Chimney Inspection 

To determine the present condition of the Unit 2 chimney, EKPC commissioned International 

Chimney Corporation (TCC) to perform an inspection of the chimney during the 2006 spring 

maintenance outage. ICC reported the IJnit 2 Chimney and all appurtenances are intact. The 

chimney and its brick liner are in good operating condition. Refer to the original inspection 

report for specific inspection findings. ICC made the following specific recommendations: 

0 Consideration should be given to reinstalling the two air terminals of the Iightning 

protection system, which have been removed These would be attached to the 

fiberglass hood. 

0 To assure that the concrete column remains structurally sound, consideration should 

be given to coating the exterior top portion, approximately 50’, of the concrete shell. 

- 
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It appears that flue gas from adjacent chimneys at times engulf the concrete column 

This condition has caused minor wear to the concrete column, which has resulted in 

heavy aggregate within the concrete to become exposed. 

* The pressurization system rubber tubes which extend through the lower concrete 

support ring within the annular space should be replaced entirely. 

ICC stated the approximate cost to complete the repairs as described above would be in the 

range of $40,000 to $50,000. It is not known if any of the recommended repairs have been 

completed to date 

- ICC was asked to comment upon the reuse of the TJnit 2 chimney for a wet FGD application, 

including any recommended changes or upgrades and the suitability of the existing brick 

liner. ICC provided the following comments: 

* The major item affected when operating with a wet FGD system is the brick liner. 

As previously stated, the brick liner is currently in structurally saund condition with 

no excessive wear points being noted. The brickwork and the mortar joints are intact 

and in very good condition. Since the shut down of the original wet FGD system, the 

flue gas into the chimney has been hot and dry and well above the saturation 

temperature. This is the preferred opeiating condition for this type of brick liner 

constsuction. 

* With the introduction of the new wet FGD system, the flue gas temperatures will 

decrease greatly and be at saturation. The brickwork will be exposed to wet, cool, 

flue gas The brick itself can withstand these conditions The main concern would 

be the mortar joints. The mortar utilized for this lining is a potassium silicate moItar, 

which when exposed to the wet saturated conditions, will deteriorate over time. The 

key to utilizing the existing brick liner is the annulus pressurization system. The 

increased pressure within the annular space will deter the migration of moisture 

through the mortar joints and slow deterioration 

Hot, dry operation is preferTed over wet operation. Regular inspections and performing 

required maintenance become more important when operating the same stack in a wet versus 

dry condition. 

._ 
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Proper operation of the annulus pressurization system is necessary to slow wastage of the 

mortar. Potassium silicate mortars are more resistant to sulfation than other types of silicate 

based cements. Potassium silicate based mortar is the mortar of choice in new installations 

utilizing ASTM C980 brick 

The maintenance costs for a chimney operated under wet conditions will be higher than the 

same chimney operated under dry conditions. The recommended inspection interval is 

shorter, every two or three years in order to keep repairs at a manageable level If inspections 

are only carTied out every 7 or 8 years, the extent of necessary repairs will be much higher. 

ICC did not address other design issues such as flue gas velocity in the chimney. 

Regulatory I s s u e s  

The existing Unit 1 and 2 chimneys are 805’ tall. Regulations in effect at the time of construction 

allowed for some dispersion of local emissions through increased chimney height. The current 

method of chimney height determination, “Good Engmeering Practice”, limits the height of a 

chimney to 2.5 times the adjacent building height. New chimneys if constructed would thus be 

limited to 650’ in height, the same as the existing Unit 3 and future IJnit 4 chimneys. This would 

not be expected to result in difficulty with regulatory agencies or affect existing air permits as the 

existing air models and permits already in place are based on an effective height ofthe Unit 1 and 

2 chimneys of 650’. An Owner can not take credit for chimneys which exceed current height 

regulations. 

Unit 2 Chimney Evaluation 

EPRI Guidelines 

The Electric Power Research Institute (EPRI) recommends a flue gas velocity range for a 

chimney with an acid resistant brick liner operating with a wet FGD system of 45 - 55 

feet per second At velocities above this level, water condensed within the chimney due 

to cooling of the flue gas will agglomerate into droplets, become entrained, and be canied 

out the top of the chimney This condensate is acidic and will cause damage to surfaces 

of vehicles and building structures At velocities below the EPRI guidelines, the water 

will flow by gravity down the walls of the liner where it can be collected, drained and 

treated. The allowabIe flue gas velocity range can vary due to the roughness of the 

surface. The permissible flue gas velocity without condensate carryover in a fiberglass 
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lined chimney is much higher than a brick lined chimney since the fiberglass liner is 

smoother. A brick liner has variations in the surface due to offsets in the brick and 

mortar joints. This provides sites where moisture can collect and become entmined in the 

gas stream The existing 'Chit 2 chimney liner is especially poor in this regard due to the 

periodic brick layers jutting into the gas stream 

Table 2 - Full L.oad Chimney Velocities Under Wet FGD Flow Conditions, shows the 

variability in flue gas velocity through the different sections of the Unit 2 chimney. At 

full load, the flue gas velocity is above EPRI's recommended range in all sections of the 

chimney 

Plume Downwash 

A CIOSS wind at the top of a chimney will deflect the plume from its vertical path. When the 

ratio of the vertical plume momentum to horizontal wind momentum falls below two (2.0), 

the plume may become partially entrained in the vortices that form on the downwind side of 

the chimney. Downwash increases the potential for deterioration of the chimney concrete 

shell. Downwash is most likely to occur during reduced load operation under high wind 

conditions and cold ambient temperatures. Estimates were made to predict when the 

downwash potential is the greatest for wet operations. These estimates are presented In 

Figures 1 and 2. Downwash is likely to occur at wind speeds in excess of 35 mph during full 

load operation and in excess of 30 mph at 80% load. The downwash wind speeds were 

compared to the wind direction and speed data as presented in the Unit 3 and Unit 4 Design 

Outlines. The cumulative frequency for a wind speed greater than 2 1 knots (24 17 mph) is 

only 0.00148 (0.148 %), or approximately one half day per year. This indicates downwash 

rarely will occur. 

___- 
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FIGURE 1 FULL LOAD MOMENTUM RATIO FLUEMIND 
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NELS Study 

A study of the Unit 2 chimney was commissioned by Alstorn Power Inc. through NELS 

Consulting Services of St Catharines, Ontario The purpose of the report was to evaluate the 

existing TJnit 2 chimney with respect to wet operation with a wet FGD system and the various 

options available to reduce droplet emissions Stanley Consultants reviewed the preliminary 

report and concluded there was little depth and no detailed analyses of the existing Unit 2 

design to reduce canyover of liquid. No support information was provided and there were 

multiple misapplications of EPRI recommendations A copy o f  the report with Stanley 

Consultants’ comments is included in Appendix B 

Alden Research Study 

Alden Research (Alden), Holden Massachusetts, conducted the 1996 study and authored the 

EPRI guidelines for wet stack operation previously referenced. Subsequent to the NELS 

study, EKPC employed Alden to review the existing Unit 2 chimney design and future 

operatirig conditions to determine its suitability for wet stack operation. Mr. David Anderson 

of Alden presented the results of the study at a meeting on October 2, 2006. Highlights 

included: 

e The existing brick chimney liner has a low tolerance for wet operation. The current 

recommended maximum velocity in a brick flue is 45 feet per second This is a 

reduction from the original Alden study and EPRl guidelines published in 1996. 

e Free moisture in the chimney flue gas stream is from carryover from the wet FGD 

system, cooling of the flue gas and condensation in the chimney, and fiorn adiabatic 

effects from flue gas pressure losses. 

e With an FRP or metal alloy liner such as C276, gravity downward forces and 

upward velocity (shear) forces are in balance at a velocity o f  80 - 90 feet per 

second. 

0 Approximately 5 - 10 gallons per minute of condensate will be formed in the Unit 2 

chimney, although not all would be emitted from the top of the chimney 

0 Drop out of water carryover from the chimney normally occurs within 200’ o f  the 

chimney I 

The existing brick chimney liner would have an expected flue gas velocity of 76 

feet per second. This is not favorable for wet operation and is not recommended. 
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Tlie existing brick offsets in the liner are an added problem Mr. Anderson stated, 

“The brick liner just will not work.” 

In response to a question, Mr. Anderson indicated that removing the narrower top 

section of brick liner to reduce the velocity would not be solution Moisture 

entrained in the flue gas in the lower section of the brick liner would still be carried 

out the chimney 

A copy of the Alden report is included in Appendix C. 

Conclusions 

Operating the existing tJnit 2 chimney and liner under the proposed wet FGD conditions 

would result in flue gas velocities above those recommended for the brick liner. Entrainment 

of liquid condensate is expected to occur. This entrainment will result in carryover of liquid 

water and localized droplet fallout. The result of long term operations under this condition 

will be degradation of nearby structures caused by the acidic liquid. Discussion arid 

evaluation of new chimney and liner configurations are discussed in subsequent sections. 

Chimney Liner Material Options 

Considerations 

Multiple economic considerations play a role in the design of a chimney liner, including 

minimizing the diameter. The controlling parameter for effective wet stack operation is the 

liner gas velocity and the resulting effect on liquid collection. The various liner types and 

construction techniques have different velocities considered favorable for wet opelation. The 

liner diameter should be selected so that the gas velocity is less than the critical re- 

entrainment velocity (with a desirable margin). This will allow liquid to be collected in the 

chimney rather than emitted with the gas stream. An estimate was made of the resulting stack 

internal diameters using the wet FGD flue gas flow rate and the EPRI velocity guidelines for 

the different available liner materials. These materials include: 

e AcidBrick 

e Borosilicate Glass Block 
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Fiberglass Reinforced Plastic (FRP) 

0 Metal Alloys 

Coatings 

This information is presented in Table 3 - Unit 2 Flue Diameter vs. EPRT Recommendations. 

Table 4 - Liner Summary contains qualitative information on the various liner materials. 

Alden Research Laboratory Inc. was heavily involved in establishing the origmal EPRI 

recommendations. Since those recommendations where made many years of additional 

testing and industry experience have been accumulated. The recommended maximum flue 

gas velocities for some materials have been adjusted. Industry experience has shown the 

offset between brick layers has a greater effect on re-entrainment than originally predicted 

when establishing the EPRI guidelines. Alden has also done more testing and has more 

actual physical data on the borosilicate block lina system manufactured by Hadek. Alden 

now recommends 60 feet per second as the maximum flue gas velocity for the Hadek 

borosilicate block liner system. 

Table 3 Unit 2 Flue Diameter vs. EPRT Recommendations 

EPRI EPRI TJnit 2 
Recommended Recommended Chimney 

Velocity Velocity Resulting 
Liner Material - FffSec - FtiMin Diameter 
Acid Brick 45 2,700 28.9 
Borosilicate Glass Block 50 3,000 27.4 
Fiberglass Reinforced Plastic so 3,000 27.4 
Alloy 60 3,600 25.0 
Coatings 60 3,600 25.0 
Borosilicate Glass Block") 60 3,600 25.0 
Fiberglass Reinforced 55 3,300 26.1 
Plastic(') 
Alloy"' 55 3,300 26.1 

- 

( l )  Alden Research Laboratory updated recommendations. 

Table 4 Liner Summary 
I_ _____I- 

- 
Estimated Installed 

Cost Per Sq Ft, 1996$ Liner and Material or 
Coating Advantages Disadvantages 
Acid Resistant BIick Good conosion Surface discontinuities $45 - $55 

resistance re-entrain liquid. 
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Piotective Coating on 
Carbon Steel 

Borosilicate Foamed 
Glass Block on CaIbon 
Steel 

Fiberglass Reinforced 
Plastic 

Alloy C276 

Titanium Grade 2 on 
Carbon Steel 

Cost-effective 
Liquid adheres to the 
porous suxface 

Fair conosion 
resistance. 
Ability to retrofit to 
existing steel liner 
systems 

Good coiiosion 
I esistance 
Good insulator 
(ductwork & liner 
should not be insulated) 
Ability to retrofit to 
existing steel liner 
systems 
Good surface for liquid 
flow 
Good corrosion 
resistance 
Easy to add liquid 
collectors 

Excellent corxosion 
resistance. 

Excellent corrosion 
resistance. 

Not recommended in 
high seismic areas 
Maintenance of liner 
accessories 
Annulus pIessuxization. 

prior to placement 
Very frequent repair and 
maintenance r equir ed. 
Limited acceptable 
selections 
Cannot toleIate abrasion 
or physical and 
mechanical abuse 
Limited source of 

Care required to install 
properly. 

Surface pxeparation $55 - $60 

$75 - $80 

supply. 

Maximum 300°F gas 
temperature exposure 
Quality contIol duing 
fabrication and 
installation requked 
Limited souxces of 

Compxessive strength 
limitations usually 
requires two support 
levels and expansion 
joint. 
Welding quality control 
High material costs carbon steel 
Welding seam. 

Acid cleaning 
Welding process 
Welding quality control 

$85 - $90 

supply. 

$80 - $90 Wallpaper on 

$1 10 - $120 Roll Clad 
Iron contamination $120-$130Solid 

$80 - $90 WallpapeI 

High matexial costs. 

Current 2006 costs provided by Jim Naylor, Pullman Power, are $125 per square foot installed for 

an FRP liner and Alloy C276 5/16” thick clad material, installed, $225 per square foot. 

Chimney Option Evaluations 

General 

Numerous options for the Unit 1 and 2 chimneys wexe developed in conjunction with EKPC. 

These options as shown below include various plans for constructing new chimneys, dual flue 

chimneys, and reuse of existing chimneys. 
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0 New individual chimneys for Units 1 and 2 

0 New single chmney with two internal flues to serve both Units 1 and 2 

Reuse existing l Jn i t  2 chimney for Unit 1; New IJnit 2 chimney 

e Line existing Unit 2 chimney with borosilicate block; New Unit 1 chimney 

0 Reuse existing TJnit 2 chimney shell. Remove brick liner and install new carbon steel 

flue with borosilicate glass liner system; New Unit 1 Chimney 

0 Shorten Unit 2 chimney to decrease flue gas velocity; New 7Jnit 1 chimney 

New chimney adjacent to existing Unit 2 chimney to share Unit 2 gas flow; New Unit 

1 chimney 

0 Unit 2 flue gas reheat system; New Unit 1 chimney 

e Operation with existing Unit 2 chimney; New Unit 1 chimney 

Conceptual cost estimates were developed for each of the options evaluated. The cost 

estimates include foundations and any additional duct work required. Unless stated 

otherwise, tie ins to existing systems could be accomplished in a normal three to four week 

outage window. 

Costs of construction, materials, labor, etc. were developed from published data sources and 

industry references, vendor quotes, and previous work performed by Stanley Consultants. 

The costs are evaluated on a present value basis. 

The costs include the categories of undeveloped design details, engmeering design, 

contingency, and contractor’s overhead and profit. Undeveloped design detail is a term used 

for items that are not included in the cost estimate but will need to be included in the final 

estimate. This includes items not known or not realized at the time of estimate preparation. 

Engineering design covers the cost of executing the detailed design including the preparation 

of plans and specifications for bidding and construction purposes. Contingency is included in 

a cost estimate to allow for minor scope changes, variations in bidding climate, cost 

estimating inaccuracy, and unforeseen problems during construction. 
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The costs are conceptual in nature and are based on the information available at the time of 

the estimate. The final costs will depend on actual labor and material costs, actual site 

conditions, productivity, competitive market conditions, final project scope, and other 

variable factors Thus the final project costs may vary somewhat from the estimates 

presented. 

New Individual Chimneys for Unit 1 and Unit 2 

The total estimated cost for new individual chimneys for Unit 1 and Unit 2 is $40.7 million. 

This includes a cost of $19.7 million for the Unit I chimney and $21 million for Unit 2. The 

chimneys would be 650’ tall in accordance with EPA’s “good engineering practice.” The 

shells would include a concrete shell with independent alloy C276 clad flues The main 

advantages of individual chimneys are operational and maintenance independence. Also each 

chimney would have the optimal design for the unit’s operating conditions. 

An FRP flue would cost approximately $3.4 million less per chimney to construct. However, 

FRP currently has a reported lead time of several years from the reputable FRP liner 

manufacturers due to the heavy demand. FRP also has additional issues with proper 

installation and requirements for maintenance. 

New Individual Chimney with Two Flues 
The estimated cost of a new chimney with two internal flues to serve both Unit 1 and Unit 2 

is $43.1 million. Jim Naylor of Pullman Power reported that the cost of a dual flue chimney 

would only result in a savings of approximately $1 million when compared with the cost of 

individual chimneys This savings would not actually be realized. The final cost is hlgher 

because a larger foundation is required and additional duct work is needed. Approximately 

300’ of duct work would be required for Unit 1 to the new chimney location. This ductwork 

is constructed of alloy 2205 for corrosion resistance to the wet, acidic flue gas and is very 

expensive, costing about $$11,000 per foot installed with foundations and supports. The new 

chimney would be located near the existing coal conveyors serving TJnits 1 and 2. The 

disadvantage of using a single chimney serving two units is reliability. The failure of a flue 

and the need for maintenance on either flue would be difficult and would require the shut 

down of both TJnits 1 and 2 Each flue would be designed for the individual unit operating 

conditions 
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Reuse Existing Unit 1 and Unit 2 Chimneys for Unit 2 with New Unit 1 Chimney 
This plan would reuse both the existing Unit 1 and Unit 2 chimneys. The flue gas flow from 

the Unit 2 scrubber would be split and ducted to the two chimneys. There would be 

significant flue gas flow issues that would have to be addressed during modeling and design. 

Approximately 400’ of duct work would be required to access the Unit 1 chimney from the 

outlet of the Unit 2 scrubber. This represents a significant pressure loss. Additional fan 

horsepower would be expended to move the flue gas through the additional duct work. A 

control damper would be required in the flue duct to the existing Unit 2 chimney to equalize 

the duct losses to the TJnit 1 chimney. Each inch of pressure drop needed to balance flow 

between the chimneys will result in approximately 0 25 MW of additional auxiliary power. 

Also, assuming the flue gas flowrate for the Unit 2 chimney is controlled to a velocity of 45 

feet per second, the resulting velocity in the IJnit 1 chimney will be 70 feet per second. The 

Unit 1 chimney flue velocity would be above the recommended Alden Research figure for 

FRP liner material of 5 5  feet per second. 

The estimated cost of reusing the existing Unit 1 and [Jnit 2 chimneys for TJnit 2 is $24 

million. Of this amount, the new Unit 1 chimney represents $19.7 million of the total cost. 

On the surface, this seems to be an attractive solution to obtain coritinuing use from the 

existing chimneys However, closer analysis reveals this plan does not solve the problem of 

stack liquid discharge as the resulting flue gas velocity in the chimneys still exceeds 

recommendations. 

Line Existing Unit 2 Chimney with Borosilicate Block 

Borosilicate glass block has been considered for attachment directly to the inside surface of 

the existing chimney’s concrete shell to provide protection against wet flue gas. The 

estimated cost for this liner system and a new TJnit 1 chimney is $33.6 million. Although 

glass block can provide an effective corrosion resistant barzier, there are risks involved. 

Damage to the concrete colunm is possible if leakage through the block and adhesive 

develops The location of the leakage and the extent of damage to the concrete column would 

be difficult to detect and then evaluate. 

Demolition of the existing liner would be required prior to installation of the glass block 

liner. The total outage time for demolition of the existing brick liner, construction of the 

chimney flue gas inlet structure to replace the existing mitered elbow, and surface prepation 

and installation of the glass block liner is estimated at 20 weeks. The existing platforms and 
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CEM equipment located within the annulus of the chimney would need to be removed New 

platforms and CEM equipment would need to be installed on the outside of the chimney 

shell. Flanged ports would be added to the chimney shell to mount the CEM equipment 

Others have indicated a portion of the block could be applied to the chmney shell with the 

chimney in operation in order to xeduce the total Unit 2 outage time. The working conditions 

would be very poor due to the heat and the presence of flue gas leaking through the existing 

liner. During demolition of the brick liner, the glass block would be very easily damaged, so 

extreme care would need to taken. 

Potentially, the glass block could be applied to the inside of the existing brick liner.. However 

this would reduce the internal diameter of the flue further and would exceed the 

recommended flue gas velocity for glass block. 

Although the capital cost is low, the required outage time and resultant requirement to 

purchase power from other sources elevates the total cost. 

Existing Unit 2 Chimney Shell with Carbon Steel Flue Lined with Borosilicate Block 

In this plan, the existing Unit 2 chimney would be modified for continued use. The existing 

brick liner would be demolished. A new carbon steel flue would be installed, which in turn 

would be lined with borosilicate block. The carbon steel flue would be 25’-8” in diameter to 

meet gas velocity recommendations for borosilicate block. The total time to accomplish 

these tasks is estimated to be 32 weeks. 

This scenario would eliminate some of the drawbacks of the previous plan. The existing 

annular CEM platforms could be maintained. It may be possible to reuse the existing CEM 

equipment. Inspection for leakage through the glass block liner and corrosion can be readily 

accomplished by inspecting the exterior of the cabon steel flue from the chimney annulus. 

The major problem with this proposal is the Unit 2 outage time required of 32 weeks. 

Purchase power costs during the unit outage would be very significant. The conceptual cost 

of this plan is $36 4 million 

Shorten Existing Unit 2 Chimney to Decrease Flue Gas Velocity 

The existing Unit 2 chimney could be shortened to 650’ to correspond with the other new 

chimneys at Spurlock Station. Shortening the chimney would increase the brick liner 

diameter and the top of the chimney since the diameter tapers inward with increasing stack 

height. This would result in a flue gas velocity estimated to be 63 feet per second with this 
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configuration This velocity is still significantly higher than the recommended velocity for a 

brick liner. Also, Alden Research has stated that once moisture has been entrained, 

decreasing the velocity does not “resettle” the moisture and allow collection. The support 

ring on which the upper liner sits creates a choke point that increases the flow velocity and 

causes moisture to re-entrain 

The total cost of this plan with a new Unit 1 chimney is $23.4 million. Shortening the 

existing Unit 2 chimney is estimated to cost $3.7 million. The total outage time for 

demolition of the upper portion of the existing shell and brick liner is estimated at sixteen 

weeks. 

New Chimney Adjacent to Unit 2 Chimney 
A new chimney could be constructed to share the gas flow with the existing Unit 2 chimney. 

The flue gas velocity in the existing chimney could then be lowered to acceptable limits The 

estimated cost of a new chimney to serve with the existing Unit 2 chimney is $16.8 million. 

This arrangement also has flue gas flow issues that would need to be addressed during 

modeling and design. Dampers would be required to control the flow to each chimney. 
There are advantages of ths  arrangement over utilizing the existing Unit 1 chimney. The 

main advantage is the new chimney would be located much closer to the IJnit 2 wet FGD 

system, thus reducing the amount of additional duct required. The chimney could also be 

designed with the proper flue diameter. However the savings are low ($4.2 million) when 

compared to a new Unit 2 chimney designed for the total gas flow from the unit. The total 

cost of this plan with the new Unit 1 chimney included is $36.5 million. 

Unit 2 Flue Gas Reheat System 

The temperature of the flue gas from the TJnit 2 wet FGD system will be at saturation. 

Cooling of the flue gas as it rises through the chimney results in condensation and the 

formation of liquid water. If the flue gas was heated above the saturation point, condensation 

in the chimney could be reduced 

An estimate was made of the energy necessary to reheat the flue gas. The source of the 

reheat energy would be auxiliary steam which is derived from the cold reheat steam system. 

The loss of turbine generator output resulting from extraction of the cold reheat steam, 

assuming 50 degrees of flue gas reheat, is estimated at 10.2 megawatts. The electrical output 

loss at $25/MWhr would result in approximately $2.2 million in lost revenue each year“ The 

addition of a flue gas reheat heat exchanger in the FGD system outlet duct will also result in 
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highe1 draft losses in the flue gas system. As previously stated, each inch of draft loss will 

result in approximately 0.25 MW of additional auxiliary power required Inspection and 

maintenance costs are expected to be approximately $500,000 each year. 

The estimated capital cost of the flue gas reheat system for Unit 2 is $5 8 million. The 

estimate is based on using alloy C276 material for construction of the heat exchanger due to 

the corrosive nature of the flue gas. With the addition of the new Unit I chimney, the total 

cost of this plan is $25.5 million. 

Operation with Current Unit 2 Chimney 

Table 5 - Stack Velocity vs. Load shows the flue gas velocity when utilizing the existing 

Unit 2 stack configuration. When operating below 60% boiler load, the flue gas velocity 

will be within the Alden Research guideline velocity of 45 feet per second for the 

existing brick liner. Downwash can be expected when wind speeds are greater than 25 

mph. Down rating the unit and running at reduced load could alleviate the need for a new 

chimney, although at a substantial loss in generating capacity. 

EPRI reported that based on their survey, stack liquid discharge effects, if seen, usually occur 

within 1/2 mile of the chimney. Alden Research reported the majority of the deposition will 

occur with 200 feet of the chimney. The new Unit 2 FGD system could be placed into operation 

with the existing chimney arxangement to determine if the effects are as predicted If so, a new 

chimney could then be rebrofitted. However this plan is not recommended. 

Table 5 Stack Velocity vs. Load - 
- Stack Exitelocity Flue Gas Flow RaG- - 

YO Unit Load ACFM .- Ft/Sec Ftrmin 
100% 1,768,517 77.5 4,652 
95% 
90% 
8.5% 
80% 
75% 
70% 
65% 
60% 
55% 
50% 
55% 

1,680,091 
139 1,665 
1,503,239 
1,414,814 
1,326,388 
1,237,962 
1,149,536 
1,061,110 

972,684 
884,259 
795.833 

73.7 
69.8 
65.9 
62.0 
58.2 
54.3 
50.4 
46 5 
42.6 
38 8 
34.9 

4,420 
4,187 

3,722 
3,489 
3,257 
3,024 
2,791 
2,559 
2,326 
2.094 

3,955 

erb:erb/mc:mus-fs2:16000.21 rpt2 doc 17 Stanley Consultants 



Exit Configuration 

The existing Unit 2 chimney has a choke. A choke is the narrowing of the internal diameter of 

the stack at the outlet. This is usually done to assist dispersion. In stacks that have chokes, some 

of the fine droplets entrained in the gas flow will be deposited on the choke surface. The liquid 

collected on the choke will lead to stack liquid discharge if the local gas velocity is high. This can 

be expected for the Unit 2 stack exit when operating under wet conditions. 

Summary and Conclusions 

The plans for resolving the potential pIoblems with the Unit 2 chimney and the resulting capital 

costs are summarized below: 

Table 6 - Chimney Plans and Capital Costs 

I CHIMNEY PLAN CAPITAL TECEINICAL UNIT 2 

(Millions $) TIME 

New Individual Chimneys for IJnits 1 and $40.7 Yes 4  week^'^' 

New Single Chimney to Serve Both TJnits $43.1 Yes 4 weeks'4) 

COST"' OUTAGE: 

2(1) 

1 and 2 
$26.9 

Chimney"' 
Reuse Existing Unit 1 and Unit 2 $35.0 Yes 4 weeks'4' 
Chimneys forunit 1; New IJnit 2 
ChimneyQ 
Line Existing Unit 2 Chimney Shell with 
Borosilicate Block; New Unit 1 
Chimney"' 
Existing TJnit 2 Chimney Shell with 
Carbon Steel Flue with Borosilicate 

$27.7 Yes 20 weeks 

28.2 Yes 26 weeks 
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No 
Block Liner; New Unit 1 Chimney"' 
Shorten Existing Unit 2 Chimney to 16 weeks 
Decrease Flue Gas Velocity; New 'CJnit 1 
Chimney"' 
New Chimney Adjacent to Existing Unit 
2 Chimney to Share Unit 2 Flue Gas 

Unit 2 Flue Gas Reheat System; New Unit 
1 Chimney"' 
Operation with Existing TJnit 2 Chimney 
As Is; New Unit 1 Chimney"' 

Flow; New Unit 1 Chimney") 

$36.5 Yes 4 weeks(4) 

- 
$25.5 Yes 4 weeks(4) 

$19 7 No 0 weeks 

_ .  I_L__ 



(2’Alloy C27G clad liner material assumed due to current availability. FRP material is estimated 
to be $3 4 million less 
(3)Defined as meeting flue gas velocities as recommended by Alden Research in their report dated 
September 2006 
(4kJnit outage time required for tie in 

I ‘5)Includes $21.0 million for new Unit 2 chimney 

Other considerations must be taken into account in addition to those presented herein in mahng a 

determination as to how to proceed. The market for new chimneys is extremely tight Many 

utilities are currently planning and constructing chimneys for new scrubbers and new generating 

units The capacity of the industry to build new chimneys has been exceeded. The selection of 

the chimney option may be the one that can be built in the shortest period versus the least cost or 

technically optimal solution. If for example, only a single chimney constniction slot is available 

to EKPC, the construction of the dual flue chimney may be best, It has also been reported that 

FRP chimney liner fabricators are busy for the next several years. It may be necessary to use a 

more expensive alloy liner in order to build a new chimney. Bids are due to be received for the 

new Unit 1 chimney on November 17, 2006. A determination of the availability of materials and 

the ability of chimney contractors to respond to the Unit 1 schedule can be made at that time 

based on the bids received. 

Various economic factors must also be included in the selection. These include the costs of 

purchased power to offset power during unit outages for the chimney rebuild options and tie ins. 

Some of the plans require longer outages than others. Also, it may be better to delay start-up of 

the scrubbers and build chimneys when contractor schedules allow with optimal technical 

considerations rather than using more expensive materials at higher market costs in order to get 

the scrubbers on line sooner. The costs of sulfur dioxide emission allowances and low versus 

high sulfur fuel costs play a large role in these decisions. 

All of these items need to be considered in the final solution. 

I__ 
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. February 9,2006 

Steve Schebler, P,E. 
Senior Vice President 
Sfanley Consultants, hc. 
225 Iowa Avenue, 
Muscathe, LA 5276 1 

Deai Steve: 

Subject: Spwlock Station -- Unit 2 
Flue Gas Desulfhation @?FGR) Systems 
Existing Stack Suitability Request For Proposal 

Please submit a cost estimate to provide the enginekg reqilired to determine the 
suitability of reuse of the exifing Unit No. 2 stack for the new FGD System and which 
includes, but is not limited to the following tasks: 

._I Phase I-Idenf%ication of the Issues 

* Review o f ~ ~ s t o m ’ s  Stack study and Initiation o f ~ w n  study ifNedexj 

* Revicw of Bcojnomic Impact of Rcheat Option 

* Scope Defiiition for Unit No. 2 Stack Inqection for Spring 2006 Outage (March) 

I ,  

Includes Condition Asscsment of Liner 

Includes Cordition Assessmat of W Hood 

Includes Condition Assessment of Stack Pressurization System 

0 Review of Inspection Findings 

* Review of Desigd0perationa.l Data, i.s. Gas Velocity, and Gas Volume 

Address any Regulatory Issues 

6) Review ofCosts, i.c. Capital, Operating, Mainievnce, and Outage 

e Recommen&tion of Feasibility ofReuse of Existing Stack, 

4775 Lexington Road 40391 
EO. Box 707, Winchester, FCJX (859) 744-6008 
Kenfucky 40392-0707 htfp:ffwww.ekpc.com 

Tcl. (859) 744-4872 

http://htfp:ffwww.ekpc.com


Page Two 
February 9,2 36 

Phase 11-If Existing Stack C ~ R O ~  be Reused-Desim Process of New Stack 

Preliminary Resign - Engineer 

Address Regulatory Considerations 

Pexform Component-by-Componmt Design 

Economic Analysis 

e Pre.li.minatyDesign Review -. Engineer and Modeling Compwy 

Adjust Desigo for Suitability and Compatibility for Liquid Collection 

* Fluid Dynamic D6sign -Modeling Company 

’ Pei-fom FIow Model Rudy 

* Preparation o f  Bid .Specification - En&ineer 

rn Final Design - C h n e y  Contractor 

Detailed Design for Chimney Construction 

* Fouddation Design - Engineer 

Please reference EPRT Wet Stacks Design Guide. 

Kyou have any question, please contact JeBBmdt at 606/883-3166. 

Sincere1 y, 

RandyDials, Vice Preside b 
Power Production 

jmb:sg 
G: JeffBlrandt 

Diana Pulliala 
Sam Holloway 
Jim shipp 
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INTRQDUCTIO 
The East Kentucky Power Co-Operative Spurlock power station for Units #I & 

2 are being equipped with Alstom Power Inc. WESP’s & WFGD’s. The addition of 

these two components will result in the operation of a wet stack liner in both cases. 

Currently the liners are operating dry with no moisture carryover issues. The 

conversion of the existing stack liners will result in non-ideal wet stack operating 

conditions for both units. This report present an evaluation of the existing stack liner 

with respect to wet operation and the various options available to reduce droplet 

emissions. 
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1.1 Unit #I - Evaluation of Existing System 

The existing Unit #I stack liner is constructed of FRP at a constant diameter 

of 15 feet. The operating conditions are as follows: 

Existing operating conditions 

Stack Liner 

Volume Flow 

Stack Diameter 

Stack Velocity 

Proposed operating conditions 

Stack Liner 

Volume Flow 

Stack Diameter 

Stack Velocity 

FRP 
1,265,000 acfm at 330" F 

15.0' diameter (1 76.6ft2) 

1 19.4 fps (71 63 fpm) 

FRP 

1,020,000 acfm at 130" F 

15.0' diameter (1 76.6ft2) 

96.3 fps (5776 fpm) 

The recommended operating velocity far a FPR liner is 45 to 55 fps (2700 to 

3300 fpm) according to the EPRl wet stack liner guidelines. Based on Nels previous 

experience with similar FRP wet stack liners the optimum liner velocity is 

approximately 50 fps with respect to d raplet carryover and re-entrainment. 

At the proposed liner velocities any liquid collection devices that project into 

the gas stream will be rendered ineffective due to the high gas velocities and upward 

liquid flow patterns. If an optimized liquid collection system were to be installed a 

maximum collection efficiency of approximately 20% would be obtained. Any 

condensation that will form in the liner will be re-entrained and exit the stack. 

The mist eliminator (ME) carryover which is entrained in the gas flow would 

get partially removed from the gas stream in the absorber outlet ductwork, assuming 
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that the ductwork velocities are in the range of 3000 fpm. The estimated collection 

efficiency for this section of ductwork could range from 50% to 80% assuming the 

ductwork velocities are in the correct range. 

Despite the ability to remove some of the ME carryover the condensation rate 

will account for the majority of the liquid in the system. The estimated condensation 

rate for this liner would be 5.31 gpm for an ambient temperature of 25°F. The 

condensation rate does not include air infiltration, any amount of air infiltration will 

increase the condensation rate. Typically an FRP liner will have minimal air 

infiltration. 

The plume downwash and wind interaction effects for the liner would be 

minimal due to the high exit velocity. This would allow for stable operation and flow 

patterns at h e  stack exit for a wide range of wind velocities. The estimated wind 

velocity at which plume downwash would occur would be 43 mph (62.6 fps). 

The existing wet stack liner is not suitable for wet stack operation at the 

stated velocities without emitting an excessive amount of droplets. Any conventional 

liquid collection devices installed in the system would be rendered in-effective and 

the system would still emit excessive droplets. 
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'I .2 Unit #2 - Evaluation of Existing System 

4 

The existing CJnit #2 stack liner is constructed of acid resistant brick with a 

tapered liner with a bottom diameter of 35 feet and an exit diameter of 22 feet. The 

operating conditions are as follows: 

Existing operating conditions 

Stack Liner 

Volume Flow 

. Stack Diameter 

Stack Velocity 

Proposed operating conditions 

Stack Liner 

Volume Flow 

Stack Diameter 

Stack Velocity 

Acid Resistant Brick 

2,325,076 acfm at 350" F 

22.0' diameter at exit (379.9ft2) 

102.0 fps (61 20 fpm) 

Acid Resistant Brick 

1,768,517 acfm at 131" F 

22.0' diameter at exit (379.9ft2) 

77.6 fps (4655 fpm) 

The recommended operating velocity for an Acid Brick liner is 55 to 65 fps 

(3300 to 3900 fpm for a AR of 0) and 25 to 35 fps ( I  500 to 21 00 fpm for a AR of 1/8") 

according to the EPRl wet stack liner guidelines. Based on Nels previous 

experience with similar brick wet stack liners the optimum liner velocity is 

approximately 50 fps (AR=O) at the exit with respect to droplet carryover and re- 

entrainment. 

At the proposed liner velocities any liquid collection devices that project into 

the gas stream will be rendered ineffective due to the high gas velocities and upward 

liquid flow patterns. If an optimized liquid collection system were to be installed a 

maximum collection efficiency of approximately 35% would be obtained. Any 

condensation that will form in the liner will be re-entrained and exit the stack. 
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The ME carryover which is entrained in the gas flow would get partially 

removed from the gas stream in the absorber outlet ductwork, assuming that the 

ductwork velocities are in the range of 3000 fpm. The estimated collection efficiency 

for this section of ductwork could range from Soyo to 80% assuming the ductwork 

velocities are in the correct range. 

Despite the ability to remove some of the ME carryover the condensation rate 

will account for the majority of the liquid in the system. The estimated condensation 

rate for this liner would be 4.82 gpm for an ambient temperature of 25°F. The 

condensation rate does not include air infiltration, any amount of air infiltration will 

increase the condensation rate. Typically a brick liner will have air infiltration 

especially if the stack has a pressurized annulus. 

The plume downwash and wind interaction effects for the liner would be 

minimal due to the high exit velocity. This would allow for stable operation and flow 

patterns at the stack exit for a wide range of wind velocities. The estimated wind 

velocity at which plume downwash would occur would be 34 mph (50 fps). 

The existing wet stack liner is not suitable for wet stack operation at the 

stated velocities without emitting an excessive amount of droplets. Any conventional 

liquid collection devices installed in the system would be rendered in-effective and 

the system would still emit excessive droplets. 
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2 Review of Potential Options for Reducing Droplet 

Emissions 

The following is a review of potential options for reducing the droplet 

emissions for both units #I &2. The various options range from: 

1. Completely replacing both liners 

2. Partial liner replacement, Single New Stack 

3. Installing a reheat system 

4. Installing a mechanical moisture collector to remove the droplets from 

the system. 

All of the proposed options have benefits to minimizing liquid droplet 

emissions with varying degrees of effect on the system in terms of system pressure 

loss, cost of installation and energy consumption. 
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2.1 Install New Wet Stack Liners for each Unit 

Installing a new wet stack liner for each unit designed with an appropriate 

liner velocity and optimized liquid collection system. This option consists of high 

initial capital costs and extra space for the plant, but will have reduced maintenance 

cost compared to some other options. 

The recommended design parameters for each stack would be as follows: 

0 Liner height kept the same as existing hot stacks (Ground Level 

Concentration (GLC) should be evaluated for wet operation) 

0 Can be constructed of FRP or C276 lined 

0 Liner velocity between 50 and 53 fps for FRP and 53 to 56 fps for C276. 

0 Optimized stack breeching geometry 

0 Optimized liquid collection system in the inlet ductwork and liner. 

The above design parameters should increase the collection efficiency of the ME 

carryover to 80% and the proper liner velocities should reduce the condensate re- 

entrainment as the condensation will flow downwards and can be easily removed 

from the system. The ability of the gas flow to transport droplets over 200 micron in 

diameter will be reduced and the droplet emission from the stack liner will be 

minimized. 'The predicted condensation rate for this type of liner would be4.19 gpm 

for Unit #1 and 5.09 gpm for Unit #2 for an ambient temperature of 25°F. The 

revised liners would also have a reduced system pressure drop as a result of the 

lower velocities in the system. The requirement for a choke at the exit of the stack 

would have to be reviewed to determine if the plume downwash and wind interaction 

will affect the stack exit. If a choke is used, the pressure savings will be reduced. 

The wind data for the plant location and the exit velocity for the liner would need to 

be evaluated. 

The estimated total cost for each Ii ner would be $30,000,000.00. 
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2.2 Existing Stacks With the Addition of a New Stack. 

In this configuration the existing stack would be maintained and each would 

operate as follows: 

Unit # I  561,588 acfm at 130°F (53 fps) 

Unit #2 1 ,I 39,700 acfm at 131 O F  (50 fps) assuming a AR of 0 

The remaining flow from both units would be ducted to a stack with a single 

liner designed to handle the following total excess flow from both units: 

Excess 1,087,229 acfm at 130°F 

FRP liner diameter of 20.9 ft at a liner velocity of 52.8 fps (31 70 fpm). 

Estimated Total Cost Stack $20,000,000.00 

Ductwork $ 1,000,000.00 

Dampers $ 1,000,000.00 

The above option will allow the existing stacks to remain in operation and 

reduce the exit velocities to within tolerable levels and handle the excess gas flow 

from both units with a new separate stack liner. This option will have some capital 

cost savings compared to two new liners but maintenance costs for a third liner and 

the associated ductwork will be added. The complexity of the system will increase 

as well as the control logic for plant operation. Also when the one of the two units is 

offline and the gas flow in the third stack decreases, the wind interaction effects will 

become more predominant. Once again the evaluation of the wind data for the plant 

location would have to be reviewed with the various operating conditions and stack 

exit Velocities. 
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Another variation of this option would be to use the existing Unit #2 stack liner 

for Unit #I and construct a new liner for Unit #2. The overall cost would be similar 

but the maintenance of a third stack would not be present. The exit velocity for the 

existing Unit #2 stack with the gas flow from Unit #I would be low and a choke may 

need to be added at the stack exit to reduce plume downwash and the wind 

interaction effects, based on GLC calculation. 
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2.3 Stack Reheat 
In order to allow the existing stack to be reused it is proposed to reheat the 

scrubber outlet flow to 170°F using flue gas bypass. The various flow rates required 

will be as follows: 

Air Preheater Bypass (600°F) 

Reheat Flow 

Total Stack Exit Flow 

Stack Exit Velocity 

% Bypass 

165,000 at 600 "F (from air preheater) 

1,152,248 acfm at 170.0"F 

108.7 fps (6525 fpm) 

9.3% (Based on WESP Outlet) 

FGD Bypass (330°F) 

Reheat Flow 

Total Stack Exit Flow 

Stack Exit Velocity 

% Bypass 

330,500 at 330 OF (from FGD Inlet) 

1,317,730 acfm at 170.0"F 

124.4 fps (7462 fpm) 

21.7% (Based on WESP Outlet) 

Air Preheater Bypass (600°F) 

Reheat Flow 

Total Stack Exit Flow 

Stack Exit Velocity 

Yo Bypass 

278,200 at 600 "F (from air preheater) 

1,988,532 acfm at 170.0"F 

87.2 fps (5234 fpm) 

9.1% (Rased on WESP Outlet) 

FGD Bypass (330°F) 

Reheat Flow 507,800 at 350 "F (from FGD Inlet) 
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Total Stack Exit Flow 

Stack Exit Velocity 

Yo Bypass 

2,218,195 acfm at 170.0"F 

97.3 fps (5839 fpm) 

21 .7Y0 (Based on WESP Outlet) 

The above reheat rates are based on bypassing flue gas from either the air 

preheater or the inlet of the WFGD system. Reheating with this type of arrangement 

will cause unscrubbed flue gas to pass through the system increasing the SO2 outlet 

emissions. It is anticipated that this would he an undesirable operating scenario and 

will reduce the overall scrubber efficiency. The other options for reheating the flue 

gas would be to use steam coil heaters, hot gas from clean fuel combustion or a 

heat exchanger. There are several problems with these aptions ranging from high 

energy costs to deposition and corrosion issues. 

The reheat system will reduce the thin film condensation but it is difficult to 

The evaporation evaporate the ME carryover that is entrained in the gas flow. 

process is slow and requires a resonance time to be removed from the gas flow. 
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2.4 Stack Moisture Collector 

A moisture removal system would be installed near the stack exit between the 

CEMS location and the exit to remove the liquid from the gas stream. The system 

would operate by installing a set of spin vanes in the stack to use centrifugal force to 

force all of the droplets to the surface of the liner. Downstream of the spin vanes a 

vacuum extraction system would be installed to remove the liquid from the liner 

surface. The extraction system would consist of a mist eliminator (ME) and a 

suction fan to remove the liquid. The collected liquid from the ME would then be 

returned to the absorber reaction tank. 

An initial estimate is that this system will remove 90% of the moisture 

reaching the stack outlet (mist eliminator carryover and liner condensation). 

Unit #I Stack Exit Velocity 96.3 fps (5778 fpm) at 130°F. 

Moisture Separator additional pressure loss is estimated to be between 3 to 

8” of ti20 depending on the design of the system. 

Unit #2 Stack Exit Velocity 77.6 fps (4656 fpm) at 131 “F 

Moisture Separator additional pressure loss is estimated to be between 2 to 

5” of H20 depending on the design of the system. 

If the spin vane is installed in the 24’ diameter elevation in the tapered stack 

the additional pressure loss is estimated to be between 1.5 to 3.5” of H20 depending 

on the design of the system. 

The estimated cost to install one of these systems is $1,000,000.00 per stack. 

The additional pressure loss in the system will result in higher operating costs due to 

the additional required fan power. The design of these systems can vary from 100% 

spin vane coverage to a reduced amount based on the available pressure capacity 
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in the system. However, as the spin vane coverage is reduced, it’s effectiveness is 

reduced since more droplets can pass through the spinner arrangement. The 

development of such a system has not been fully evaluated for high velocity 

applications. 

Another variation of the system would be to install multiple levels of the 

extraction slots throughout the liner and eliminate the requirement for the spin vanes 

but the entrained droplets would be able to pass through the system. The 

performance of such a system is not known at this time and would require further 

development work. 
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3 ISCUSSIQ D RECOMMENDATIONS 
The existing stack liners are not suitable for 1000/, wet stack operation with 

respect to droplet emissions and liquid collection efficiency. An optimized liquid 

collection system could be installed in each existing liner but the high gas velocities 

will render it ineffective. The liquid flow patterns in the stack liners would be 

upwards throughout the majority of the liner making drainage almost impossible. 

The ability of a gutter to collect liquid that flows upwards is very difficult without an 

extraction system. The gas velocity in each liner would have to be reduced for a 

typical liquid collection system to operate correctly. To reduce the gas velocity in the 

system a secondary stack source would be the simplest option. The downside is 

that the relative location of the new stack could be difficult to locate and the ductwork 

to the stack breeching may be difficult to install. The additional stack could handle 

the excess gas from each unit but the extra capital cost, control system and space 

could be a concern. 

Two new wet stack liners would result in the most expensive option but the 

end result would be the simplest system layout with the least amount of plant 

maintenance. The location of each stack could be close to the outlet of each unit 

limiting the amount of expensive alloy ductwork to connect each stack to the WESP 

outlet. 

Rerouting the lJnit #I gas flow through the existing Unit #2 stack liner would 

save on some capital cost but the required alloy ductwork may be lengthy and 

difficult to layout. The resulting plant layout would be very complicated and 

potentially unorganized. 

Typically reheat systems are not used due to high maintenance and operating 

costs. The initial capital cost to install such a system is lower but the operating costs 

are high. The input energy for the reheat system is high whether it is from a heat 

exchanger, steam coil heater or flue gas bypass. The flue gas bypass is undesirable 

due to the fact that the overall absorber efficiency will be compromised as a result of 

the bypass of un-scrubbed gas. tf hotter gas is used then less bypass flow is 

required, but this still accounts to approximately 10Y0 of flue gas bypass, which is a 

significant amount. 
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Insulating the liners will reduce the condensation rate slightly and would 

subsequently reduce the amount of required reheat. The cost of this option is not 

known at this time. 

The mechanical moisture separator is an experimental device which has not 

typically been used in high velocity stack applications. This system currently has a 

high pressure loss and will result in violation of the EPA requirement for the CEMS 

location. The optimization of this device could be completed but the additional 

pressiire loss may still be too high. A modified system with multiple extraction points 

may work with minimal costs but will have limited collection efficiency. This type of 

operating configuration would need to be evaluated and optimized prior to 

implementing in the field. 

All of the costs included in this reported are estimated and should be verified 

with the appropriate vendors. 
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REVIEW OF THE LJQTJID DISCHARGE POTENTIAL, FROM THE 

WET DUCTS AND STACK AT EAST KENTUCKY POWER COOPERATIVE’S 

SPURLOCK GENERATING STATION UNIT N0 .2  

INTRODUCTION 

In support of an upcoming WFGD system 

installation at East Kentucky Power 

Cooperative’s Spurlock Generating Station, 

Unit 2, Figure 1, the stack inlet ducting and 

existing stack liner design were reviewed by 

Alden Research Laboratory, Inc. (Alden) with 

respect to key design variables for favorable 

wet stack operation. The currently planned 

WFGD installation consists of an open spray 

tower followed by a two module wet 

electrostatic precipitator (WESP). The two 

WESP modules are stacked one on top of the 

other. The flow from each module is tunied 

Figure 1 : EKPC Spurlock Generation Station 

vertical into a common outlet hood which transitions from a rectangular outlet to a 

23’6”diaineter circular discharge duct. This discharge duct turns 90 degrees downward then 90 

degrees horizontally towards the existing stack. The circular WESP outlet duct is then connected 

to the inlet of the existing 22’4”dianieter three miter stack bottom entry elbow (R/D=l) through 

a reducing expansion joint. The stack bottom entry elbow turns vertical and immediately enters 

the bottom of the existing brick stack liner. The existing stack liner consists of two tapered 

sections stacked one on top of the other. The lower section is approximately 382” long and tapers 

from 35’ dianieter at the bottom to 22’ diameter at the top. The liner second liner section is 

approximately 272’ long and tapers from 26’ diameter to 22’ diameter. The connection between 

1 



the upper and lower liner sections consist of a rapid transition. Plan and isometric views of the 

proposed Absorber-WESP arrangement are presented in Figure 2 and 3 .  

A number of possible stack scenarios were reviewed as part of this study ranging from reuse of 

the existing stack and liner, modifications to the existing stack to increase it’s favorability for 

wet operation and installation of a new stack. Potential problem areas were identified and 

recommendations made which should result in a duct-stack system favorable for wet operation. 

C I  

I 
--:-is - -  

Existing 
Stbck 

Figure 2 - Proposed Absorber-WESP Arrangement: Plan View 

Figure 3 - Proposed Absorber-WESP Arrangement: isometric View 



PROCESS FLOW CONDITIONS 

For this study the following process flow parameters were used: 

Boiler Load: 100% MCR 

Total flow to stack liner: 1,739,553 acfni, wet 

Flue Gas Temperature: 130 degrees F 

Flue Gas Density: 0.066 #/ft3 

Entrained Moisture: 13 #/hr 

Based on the drawings of the proposed duct arrangement and the process flow information 

provided, the expected gas velocities at key locations in the duct and stack liner were calculated. 

These locations, detailed in Figure 3 were. 

A - WESP Outlet face 

B - Duct between the lower and upper WESP outlct hoods 

C - Horizontal inlet to WESP outlet transition 

D - Vertical outlet of WESP outlet transition 

E - Circular WESP outlet duct 

F - Stack bottom entry inlet elbow 

G - Bottom of lower brick liner section 

H - Middle o f  lower brick liner section 

I - Outlet o f  lower brick liner section 

J - Inlet to upper brick liner section 

K - Outlet of upper brick liner section 

The dimension o f  the duct cross-sections and resulting gas velocities at these key cross-sections 

are detailed in Table 1 and Figure 4. As can be seen in this Figure a significant amount of the 

stack will be operating at a velocity greater that the maximum recommended value of 45 ft/s. 

3 



TABL,E 1 - SYSTEM GAS VEL,OCITIES 
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System Gas Velocities - Existing Liner 
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Figure 4 - Expected System Gas Velocities - Existing Liner 

WESP OUTLET DUCT 

For this study it was assumed that the flue gas flow profile exiting the WESP met ICAC EP-7 

specifications and was therefore essentially uniform. The expected fill1 load gas velocity at outlet 

face of the WESP collection fields is 8.7 ft/s, accelerating to 34 5 ft/s at the connection between 

the lower and upper WESP module outlet hoods. The outlet hood for the upper niodt.de is twice 

as wide as the lower hood to keep the gas velocities in the upper hood similar to those in the 

lower. 34.5 ft/s is generally considered to be favorable for wet operation as the liquid films 

collected on the duct walls from droplet deposition or condensation will be able to flow 

downward with low potential for re-entrainment from discontinuities on the duct surface. There 

are however numerous internal duct braces within these hoods which could act as sites for liquid 

deposition and droplet formation. The terminal velocities of SO0 and 1000 micron droplets are 7 

and 12 ft/s respectively which is significantly lower than the maximum gas velocity expected in 

the outlet hoods. Any droplets generated in this region could therefore potentially be re-entrained 

in the gas flow. 

The gas velocity at the inlet to the WESP outlet transition is 34.5 ft/s accelerating to 74.5 ft/s at 

the inlet to the square to round transition leading to the circular outlet ducting. The gas is then 

http://niodt.de


decelerated to 67 ft/s within the circular outlet duct. Both 74.5 and 67 ft/s are higher than usual 

but is considered acceptable with the current duct arrangement. Some liquid re-entrainment 

should be expected from within the square to round transition but these droplets should re- 

deposit on the duct walls before reaching the stack liner. 

There are two 90 degree elbows in the circular outlet ducting, one turning downward 

immediately after the WESP outlet hood, the second turning to horizontal upstream of the stack 

bottom entry elbow. Without flow controls or turning vanes in the elbows or straight sections of 

ducting, this geometry will generate a strong swirl leading into the liner inlet elbow which could 

persist into the liner. This swirl will result in an increase in the 

system pressure loss. It is highly recommended that this swirl be 

eliminated before the bottom entry elbow through the use of 

turning vanes in the middle elbow or a swirl suppressor in the 

form of a cross in the horizontal run upstreani of the stack inlet 

elbow. To be effective, this cross will require a length to spacing 

ratio o f 2  or greater and will require trailing edge liquid collectors 

to minimize the potential of droplet re-entrajnment. Eliminating 

the swirl should also result in some pressure recovery. 

011 the positive side, gas swirl within the ducting will help deposit 

droplets entrained within the gas on to the duct walls. This liquid 

will need to be collected and removed from the ducting before 

entering the liner. A ring collector in the horizontal run leading the 

to the stack inlet elbow is recommended. 

EXISTING STACK LINER ARRANGEMENT 
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The existing stack, Figure S, utilizes a 22’4” in diameter brick 

lined tlwee miter bottom entry elbow, operating at a fiill load gas Figure 5 - Existing Stack 
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velocity of 74 fVs. The brick stack liner consists of three tapered liner sections and two sudden 

enlargements. The inside diameter of the line1 at the discharge of the bottom entry elbow is 35’ 

whicli results in an average gas velocity of 30 ft/s. In actuality, tlie incoming gas jet is not 

expected to full expand to the full liner width for some distance so the actual velocity in the 

center of the liner will be higher than this value The average gas velocity iii  the liner varies 

between 30 and 76.3 fi/s. Most of the liquid deposition and condensation will re-entrain fiom the 

brick surface at velocities higher than about 45 ft/s. It is estimated that approximately 75% of the 

total existing liner surface will experience gas velocities equal to or gieater than 45 ft/s and will 

therefore be susceptible to re-entrainment For this reason, use of the existing stack liner is not 

recommended for wet operation. 

The use of a stack outlet choke for the collection of the entl-ained droplets was considered but 

rejected because of the large amount of liquid which will potentially need to be captured and the 

significant increase in system pressuie drop that would results with its installation. 

MODIFICATION AND RE!,-USE OF THE EXISTING STACK 

A major concern of the WFGD/WESP system installation is the re-use or partial re-use of the 

existing stack. For obvious reasons, re-use of all or even a portion of the existing stack will have 

less impact on the project’s budget and schedule. Given that use of the existing brick liner is not 

recommended for wet operation, it has been suggested that the existing brick liner be removed 

and the inside surface of the concrete shell be lined with borosilicate block. 

The diameter of the concrete shell at the outlet of the bottom entry elbow is approximately 61 ’. 

The gas velocity at this location during full load operation will be 9.9 ft/s. The flue gasses in the 

lined shell will accelerate to the stack outlet velocity of 40.1 ft/s. These velocities are fkvorable 

for wet operation for just about all liner materials. The resulting system gas velocities utilizing a 

borosilicate lined stack shell arrangement are presented in Figure 6. 
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Figure 6 - Expected System Gas Velocities - Lined Stack Shell 

The rapid expansion from the 22'4'' diameter bottom entry elbow to the 61 'diameter stack shell 

is not considered favorable for liquid collection as there is insufficient surface for the collection 

and drainage of liquid in the bottom entry elbow before the gas enters the liner and is rapidly 

decelerated. It is recommended that if the stack 

shell is used as the liner, that an extension or insert 

be added to outlet of the elbow with a length of 

approximately 44' to 56' (2 to 2.5 elbow 

diameters), Figure 7. This extended height will 

allow for the generation and dissipation of 

secondary flows within the elbow and the resulting 

droplet deposition and liquid film collection that 

occurs as a result of these secondary flows before 

the gas exits into the liner. The resulting 19' wide 

ring collector will collect any liquid flowing down 

the borosilicate block lined wall due to thermal and 

adiabatic condensation. A slight slope to either the 

Sloped Floor 
with Drains 

Figure 7: Liner Insert and Transition Ring 
Collector 

inner or outer diameter of the flat floor can be incorporated to concentrate the collected liquid to 

inultiple drainage points. All drains should incorporate a debris screen and must discharge into a 



seal pot to eliminate the potential for gas back flowing up the drain pipe. A physical flow model 

study will be required for the design and optimization of the of the liner insert, liquid collectors 

and drains. 

Lining the stack shell with a borosilicate block lining system is a good choice. This material 

operates well at velocities up to 62ft/s arid is a good thermal insulator. As with all liner 

coiistruction techniques, care should be taken to ensure the surface is free of horizontal 

discontinuities such as misaligned blocks. Also, the height of the mastic joints between blocks 

should be minimized as the joints are where liquid re-entrainment typically starts as the liquid 

flows out of the nook and crannies of the block and is exposed to the gas flow as it passes 

downward over the joints. 

Due to the favorable liner velocities over the entire height of the stack, no stack Iiquid discharge 

issues are expected. The stack will of course experience the white steam plume typical of wet 

stake operation but this is due to the very fine droplets generated due to adiabatic condensation 

as the gas passed up the liner. These droplets are typically 0.1 to 10 microns and will evaporate 

before reaching the ground. 

Finally, the existing windscreen cap may not be not favorable for wet operation. Specifically, it 

could be susceptible to plume downwash which could corrode the stack top and during the 

winter months lead to icing. A plume downwash study should be performed to identi@ design 

changes necessary to acliieve favorable wet operation. 

NEW STACK 

Another option under consideration is the installation of a new stack, Figure 8. Liquid collectors 

will be required in the WESP outlet hood and stack inlet ducting. The advantage of a new stack 

and liner is that it can be designed from the start to be very favorable for wet operation. Given a 

total gas flow rate of 1,739,553 acfm, a liner diameter of 25’1 1,’ is recommended for alloy and 



FRP liners and 24’ 10” for a borosilicate lined 

liner. These diameters correspond to liner 

velocities of 55 ft/s and 60 ft/s respectively. Either 

a bottom entry elbow, Figure 8, or side entry 

breach can be utilized. A side entry breach in 

conjunction with a sloped liner floor, Figure 9, is 

generally preferred for wet operation because they 

generate ideal flow conditions for liquid 

collection and drainage and the design of the 

lower liner liquid collection system is simpler, 

easier to maintain and is generally less costly than 

it’s counterparts in a bottom entry elbow. 

U 
Drainage 

Sump 

Figure 9 - Side Entry Breach 

New Stack 

Figure 8 - Proposed New Stack Location 

Care must be taken in the design of the side entry breach 

duct dimensions. The height to width ratio should be 

between 2 and 3 and the breach width to liner diameter 

ratio should be between 1 .S and 2. For an alloy or FRP 

liner of 25’ 1 I ” diameter, the ideal breach dimensions 

would be 14’9.5’’ wide by 37’0” tall. These dimensions 

result in key ratios of 2.5 (height to width) and 1.75 

(width to diameter). These dimensions will result in the 

formation of strong, well defined secondary flows in the 

lower liner which are needed for optimal liquid 

collection and drainage. 
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SUMMARY 

1.  The WESP outlet hoods operate at velocities favorable for wet operation. However, the 

numerous internal supports could act as sites for droplet formation and re-entrainment. It is 

recommended that even with favorable gas velocities that liquid collectors be utilized to 

keep liquid flowing down the hood walls away from surface discontinuities which could 

lead to liquid re-entrainment. 

2. Some liquid re-entrainment should be expected from within the square to round transition 

but these droplets should redeposit on the duct walls before reaching the stack liner. 

3 .  The circular WESP outlet ducting operates at a velocity higher than what is generally 

considered favorable for wet operation. The multiple 90 degree turns will result in the 

generation swirl in the flow entering the liner. This swirling flow will aid in the collection 

of droplets within the ducting but should be corrected before entering the liner. Elimination 

the swirl could also result in some degree of system pressure recovery. 

4. The existing brick stack liner is not acceptable for wet operation. Approximately 75% of 

the surface operates at a gas velocity above that recommended for brick liner operation. 

Therefore one could expect approximately 75% of the liquid deposited or coridensed on the 

liner surface to be discharged for the existing liner in the form of droplets during full load 

operation. 

5.  The use of an outlet choke is not recommended to collect the re-entrained droplets because 

of the potentially large quantity of liquid which would need to be captured and the 

significant increase in system pressure drop that would result Grom its installation. 
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6. 

7 .  

8. 

9. 

10 

11 

Removal of the existing brick liner and lining the stack shell with borosilicate block is a 

good alternative approach as it will result in velocities favorable for wet operation over the 

entire height of the liner. Partial removal of the existing brick liner is not recommended. 

If the existing brick liner is removed and the shell lined with borosilicate block, an extension 

should be added to the outlet of the stack’s existing bottom entry elbow extending 44 to 3% 

above the cnrrent elbow outlet. This extension or insert is needed to allow for the 

development of secondary flows in the elbow which are necessary for liquid collection and 

liquid film drainage from the elbow. Without this extension, liquid flowing along the walls 

or suspended within the gas flowing through the circular WESP outlet duct will not have a 

chance to be properly collected and drained fiom the system before being discharged into 

the liner. A flow model study is recommended for the optimization of the liner insert height 

and its attendant liquid collection system. 

A ring collector will be required at the transition between the liner insert and the borosilicate 

lined stack shell. This collector must be drained to a seal pot to prevent tlie possibility of gas 

back flowing up the drain pipe. 

A new stack is the ideal solution as it can be designed from the start to be favorable for wet 

operation. 

If a new stack is planned, consideration should be given to the use of a side entry breach in 

conjunction with a sloped liner floor. This arrangement has been shown to be more 

favorable for wet operation than the bottom entry elbow. 

. The windscreen cap arrangement does not appear to be good for wet operatioii and should 

be replaced with one more suitable for wet operation and icing control. 
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EKPC Motion Exhibit 3 

BEFORE THE PIJBLIC SERVICE COMMISSION 

In the Matter of: 

THE APPI,II@ATI[ON OF EAST KENTUCKY POWER 
COOPERATIVE, IIWC. FOR A CERTIFICATE OF PtJBkIC ) 
CONVENIENCE AND NECESSITY FOR THE ) CASE NO. 2005-00414 
COWSTRTJCTION OF A Fh,l[JE GAS DESULFIJRYZATBBPN ) 
SYSTEM ON SPURLOCK POWER $TATION IJNIT 2 1 

1 

SUPPLEMENTAL PREPARED TESTIMONY OF FRANK OLIVA 
ON BEHALF OF 

EAST KENTUCKY POWER COOPERATIVE, INC. 

Q1. Please state your name and address. 

AI My name is Frank Oliva, and my work address is P. 0. Box 707, Winchester, 

ICentucky 40392-0707. 

Q2. By wliom are you employed and in  what capacity? 

A2. I ani eniplo~~ed by East Kentucky Power Cooperative, Inc. (“‘EI<.PC”), as Manager 

of Finance aid Risk Management. 

Q3. Have you previously filed testimony in this case? 

A3. Yes,  my testimony was iiicluded as Exhibit 6 for this application filed 012 

October 7, 2005. 

Q4. X-lavc you bcen asltcd lo pcrforn~ any updated analyscs of the piojcct? 

A4. Ycs, J havc bcen asked 10 pcrforni an updated long-term analysis of this projcct 

Q5. Could you biiefly cxplaiii the nature of the iicw analyses of this project which 

were prepared by your staff. 
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A5. 'The iiat~ire ofthe new analysis of this project was to evaluate the continued 

viability of the Spurlock No. 2 scrubber based 011 revised capital costs of the liinesloiie scrubber 

and. a new chimney. 

Q6. 

A6. 

What factors were coiisictered in the economic analysis of the project? 

The economic evaluation ofthe viability of the Spurloclc Unit No. 2 scrubber 

focused on a comparison of the all-in cost of operating a scrubber burning high-sulfb~~ coal 

versus 1)urning 1ow-si.ilfur coiiipliaiice coal in the non-scrubbed unit. Factors considered 

included projected he1 costs, scrubber capital costs, SO2 allowance costs, maintenance costs, 

Iiiiie or limestone costs, ash landfill costs, arid other operating costs. The economic aiialyses 

covered the years 2008-2036 with revised capital costs of $207 rnillion including a new cliiiiiney. 

The only variable changed froin the origiiial evaluation subinitled was the capital cost of the 

project. 

Q7. 

A7. 

What did the new economic analysis show? 

Over the evaluatioii period, the riet present value (NPV) savings of operating a 

scrubber utiliziiig Northern Appalachian high-sulfur coal versus burning compliance coal in  the 

Spurlock No. 2 unit is projected to be about $3 11 million. Operation of a scrubber on Spurlock 

IJnit No. 2 appears to still be the least-cost compliance option when analyzed over the study 

period, even with the revised capital costs. 

Q8. 

As. Yes.  

Does this conclude your t.estiiiiony? 
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COMMONWEALTH OF KENTTJCKY 

BEFORE THE PUBLlC SERVICE COMMISSION 

IN THE MATTER OF: 

THE APPIIJUATION OF EAST ICENTIJCKY POWER ) 
COOPERATIVE, INC. FOR A CERTIFICATE OF PUBLIC ) 
CONVENIENCE AND NECESSITY FOR THE ) CASE NO. 2005- 
CONSTRUCTION OF A FLUE GAS DESULFURIZATION ) 00417 
SYSTEM ON SPIJRZ,OCK POWER STATION UNlT 2 ) 

AFFIDAVIT 

STATE OF FLONDA ) 
) 

COIJNTY OF LEE ) 

Frank Oliva, being duly sworn, states that he has re:td the foregoing prepared 

testimony and that he would respond in the same manner to the questions if so asked upon 

taking the stand, aiid that the matters and things set forth thereiu are true and correct to 

the best of his knowledge, information and belief. 

NOTARY PUBUC - STATE OFFLORlDA 
Roberta Abelson 

Z Commission # DD635366 
'Expires: FEB. 01,2011 

BONDED rtiRU " I l C  BONDING CO., U?C, - 
Frank OIiva 

Subscribcd and s~vurn before me on. this 31 day of 3oid ,2007. 

My Conimission expires: -_-___-_I_ 
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