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ABSTRAGT: The Jewett Mine is located near the town of Jewett in east central 

Texas. Minir~ depr/~s range from 20' To 250'. L~,nite produced at the Jewett M_ine 

i~ ~rom the upper portlo~ of the Calvert Bluff ~o=~_~=ion of the Wilcox Group. 

For studies conducted prior to mining, dewaterlng was evaluated in terms of 

slope s~abillty. Dewaterlng ~uld be utilized ~o prevent massive circular sllp 

failures that could impact the dra~lir~ operation x~/ch is ~he primar~ overburden 

removal system. The role of de%raterlng has been expanded to control piping, 

material flows, and in general, the amount of ~rater in the pi=. 

Dewatering at the Je~tt Mine started with 30 wells and has ex?anded to 

approx~tely 150 wells in 2 areas. Results of the detratering effor~ are evident 

is the pit, scraper operations, and water levels in observation ~lls. 

Early st~ies ~rovided a well field conflgu~at/on for a glven length of time. 

Logistical factors have affected the spacing. For a dewatering system to operate 

efficiently, many factors must be dealt ~rith on a daily basis. 

The Jewett Mine supplies lignite to the Limestor.~ Electric Generation Station 

of HL&P. Both the mine and power plant are locaned near the to~m of Jewett in east 

central Texas (figure i)° Mining depths range from 20' to 250'. Overburden is 

~-emoved at the Je~tt Mine by 3 Marion 8200 walking dragllnes and a fleet of 19 

Caterpillar 537 scrapers. The dragllne bench heights range from 20' to 103' 

depending on the depth of overburden, mode of operatlon and geotechrdcal 

considerations. Scrapers move the overburden not handled by the dragllnes. ~'ne 

life of mine area which is approximately 14,000 acres is divided into what is known 

as the West Half and East Half by a sand channel complex. Mining activities are 

presen=ly confined to the West K~if and sp~:iflc~lly Areas A and C (figure 2), 

Shaded areas on figt~e 2 indicates dewaterln~ activ£t/es. In, full production, =he 

Jewett Mine wl).l deliver 8 millioa tons per year to ch~ power plants, As mining 

progresses, so will ~he dewatering activities. 
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STUDIES 

State and Bureau of Economic Geology publications address the regional geology 

and lignite industry of Texas. 

Studies conducted specifically for the Jewett Mine that pertain to grouud~ter 

include baseline as w~ll as e~ineerlr4~ studies. Baseline studies provided a 

precursory understanding of the aquifer characteristics of the Jeuett Mine area. 

Engineering s~ud/es have included identifying potential mine hazards, 

geo~echnical/hydroloEic inves t~aLLons and mine plamrin E . The 

geotechnical/hydrologic s tud ies  related stratigraphy and water levels to highw-all 

and spoil stability. Slope stability analyses provided one justificati0m for 

de~aterir~ but did not cover all aspects of de~aterlng. Dewateri~ studies for 

mine plannlng have been expanded to included controlllng pit water as ~ as 

highwall failures. The basic well spa~ing %ms developed by means of a groun4water 

flow model. 

STRATIGRAPHY 

Lignite producclon at the Jewett Mine is from the upper portion of the Calvert 

Bluff Formation of the Wilcox Group. In the vicinity of the mine, the Calvert Bluff 

Formation is composed of sand, silt, clay and liEnlte with local ironstone 

concretions and channel la~ gravels. In portions of the mine, the Carrlzo Sand 

unconformably overlies the Calvert Bluff Formation. Both the  Calvert Bluff 

Formation and Carrlzo Sa-d are Eocene in age. The strar_~aphy varies oons~erably 

from area tO area at the Je~tt Mine. The recovery schemes ramEe from a s iuEle seam 

application to recover:hag as mmly as 4 seams from a si~Ele pit. Figure 3 is a 

generalized stratigraphlc section showinE the relative positlone of the lisnlte 

Area A is a single seam operation. The dewaterin~ tarEet in Area A is a 

~atertable sand that reaches over I00' in thirkness. Area C is a multiple seam 

area. A watertable sand above the 3 seam amd a confined samd 5et%~en the 4 and 6 

seams are the main targets in Area C. 

MINING CONDITIONS 

For the s t a r t  up o f  the J e ~ t t  Mine, an attempt was . ~ e  to  ha~ndle Eroundmter  

in the pits. In Area A the Erouud water has been successfully con t ro l l ed  i n  the pit 
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due to shallow mining depths and relacive_ly low water levels. Portlons of Area A-2 

have thick saturated sand sequences requiring dewatering. Area A-I was depleted and 

A-2 opened early in 1987. 

The flow of groundwater into the Area C pit proved to be more than could he 

effectively handled in this manner. Thick sections of satiated sand in the 

~_ighwall resulted in circular slip type failures. Piping, which is the rapid flow 

of grouchier into the pit, ~sed large cavities undercutting the high~l leading 

to sloughing t~e of f'c~ilures, Saturated material placed in the spoil caused spoil 

side slides. 

Coal recovery was ~hampered by "~-~er and mud in the pit. Slide material had ~o 

be rehandled to recover the coal. The slides created unacceptable pit conditions 

and an unsafe  environment. 

DE~TERZNG OPERA_~IONS 

Massive dewatering efforts at the mine require a regularly spaced pattern of 

~lls. The logistics of ias~.alling and servicing the wells and providing power and 

a pipeline discharge system lend themselves to a regular pattern of wells. The Well 

field -,,st bler~ with features of the mine such as service and haul roads, dragline 

po~mr feed and fueling operatlcns. As the dirt movlng operations approach the 

de~tering system, the %~_ils are retired one row at a time. Retiring an entire row 

of wells at one time saves rerou~ of power feeds and discharge pipelines. 

The initial installation was in Area C and consisted of 2 rows of 15 wells 

each, Wells were placed on 100' centers along the rows and the rows ~p.re spaced 

120' apart. This type of operation was a "quick fix" for ~ Area C piE. Extended 

mine de~teri~ operations require lengthy pumping periods, and ~t be Well in 

advance of the pit. The Well field in Area C has advamced from the initial 30 ~-I/s 

to over i00 wells active at one time ahead of the prebem~h operation. Well 

installation began. Lu A-ea A early in 1987. The well spacing is presemtly =he 

in both areas: 300' cente "~: alon~' the rows and 240' hetween r~. The rows of wells 

are staggered such that ~ %~_ii in one row bisects the distance between 2 ~ in 

the next row as in figure 4. This type of spacing as opposed to a square grid 

reduces the diagor~%l d~stance between Wells and creates more overlap of the cones of 

depression, 

Oheerva~_ion wells are inst~lled in each sand unit and sealed against leakage 

from other sands. Data generated from the observation wells yield information 
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concerning the effectiveness of the dewa~_ering efforts on different levels. Water 

levels in discrete sands can have in,pacts on different operations such as prebench 

versus the dra~line operation. 

WELL INSTAI~ON PROCEDUP.ES 

Dewatering wells are installed using both truck and buggy moLmted mud rotary 

drilling rigs. Dug pits are utilized to provide as clean a hole as possible and 

drilling mud is seldom used. At each site, a 5 1/4" pilot hole is drilled and 

geophysica/_ly logged. The mine site hydrogeologist designs the ~ for each site 

from the drill cuttings_ and geophysical log. The pilot hole is stage reams4 and the 

casing/slotted casing string is installed. Following casing installation the well 

is gravel packed and surged by the driller with a plunger o n  the bottom of the 

kelly. Bentonite is pl~ :ed on top of ~he gravel pack and a surface seal is then 

set. Well development follows installation and consists of jetting the well with 

air. See figure 5 for a typical well. 

WELL MKTERIALS 

Well easing consists of 6" schedule 40 PVC. Well screen is .016 mill slotted 

6" schedule ~0 PVC. The gravel pack is 16/30 silica sand. Centralizers are 

homemade items supplied by the drilling contractor. Drop pipe is threaded schedule 

80, I I/2" PVC. Steel coupling~ are used for the PVC drop pipe. Figure 6 is an 

enlargement of the wall head conflgurat.ion. 

Contractors are used for most aspects of the dewaterir~ work except 

electrical, h~-?~% certification in low and medi~ voltaEe is required for 

electricians so that work is d o r ~  in-~. The standard dewatering pump at the 

Jewect Mine is a 1,5 hp 3 phase 460 v all stainless steel suba~rslble pump. Power 

is fed from the dragline substation to transformers which step the voltage frum 22.9 

KV down to 460V. Aluminum URD cable feeds power to the control panels at each 

well. In certain instances, the load demand and distance requ/re a voltage boost 

installation. 

In each panel is a contact which starts the submersible pump. A flow switch 

installed in the discharge line breaks the circuit when low flow is experienced. A 

timer energizes the starter contact after a prescribed amom~t of time. 
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The discharge pipeline is constructed of 2", 6' and 12" polyethelene pipe. 

Polyethelene pipe is joined by a butt fusion process and can he cut ~ rejoined at 

any point along the llne. The polyethelene pipe can withstand llght traffic. 

Breaks in the polyetheimne pipe_ are often repaired by insta/ling a full circle 

repair clamp. The polyethelene pipe is flexible enough to bend arour~ obstacles and 

follow an irregular path when necessary. FittiuEs such as 45 ° or 90 ° bends; tee's, 

reducers and a variety of couplings are available for polyethelene pipe. 

REAL WORLD PROBLEMS 

An obstacle to =he developm~%t of an efficient de~terlng system, is ~rac/-~ng 

the performance of t-he well field and inlividual wells. Observat/on ~lls provide 

valuable i?lormar/on but do not document the performance of individual wells. 

Figure 4 shews flow meters which are planned for installation at the end of each row 

of ~3.1s. Regular monitoring of  the meCars wi l l  Frovide good est imates for" t o ~ l  

flow from the dewatering system. ~our meters to be installed in tD~ panels will 

provide a record of how long each pump has operated since the last reading. The 

hour meters at the wells and flow meters at the end of each row of ~lls is not the 

optimum ~onflguratlon for ob~ng data, but is considerably less expensive than 

flow meters et each %~II. The total flow from a llne of wells can be divided among 

the w~_lls based on pump set~/ng~ and hours pumped. This informanion is useful for 

planni~ well and pump mainteaance schedules and. ident/fying electrical problems. 

Dra~do~ verses time and flow information are vital to studies designed to opt/m~ze 

the dewater£ng system and exten~ dewatering ac~ivitles to new areas. Thls 

information can be used to calibrate groundwater flow models and match ~II spacings 

to the time allotted for dewatering. 

In some instances, insr~zlling wells on zhe des~ed pa~ern can be 41fflcult, 

if not impossible. The ~ell field plan may include ponds~ pi.~_llnes, roads etc. 

Interference from topography and other features can he minlmlzed £f the ~ll field 

£s plotted on a topography base map, but field adjustments are st$11 necessary. 

Well and pump maintenance is a problem at the Jewett Mine. Iron in the 

groundwater precipitates as an oxide in the well~ pump and drop pipe. .Regular 

clean/ng of ~he wells consists of brushing the screens and acid treatment. The 

screens are brushed with wire chimney ~rushes lo~red and raised through the 

screened see=ion by =he pump contractor. The pumps and drop pipe are changed when 

the wells are serviced. Before the .ptm~ps are again deployed, they are soaked in 
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an acidic solution. Steps have been taken to provide a well construction and pump 

placement that will prevent oxygen from reaching the pump and screens and inhibit 

the precipitation of the iron o~de. 

Damage to the electrical disrrlbution lines or pipeline cLtscharge header can 

cause a shut do%m of the entire system. Gate valves have been installed as in 

figure A to provide the capability to isolate sections of the pipeline for repairs. 

Figure 6 is an expanded view of the well head. A gate valve and umion are Installed 

to allow the discharge llne ~o be disconnected from a w~ll without  draln~ water 

onto the ground around the well. 

A tea/ challenge to the des~=uer is to layout the system such that the 

opportunity for damage from prebench or topsoil removal operations is minimized. 

The dewater ing system has to respond to changes in  mine p lans .  An 

i n s i g n i f i c a n t  change in  p lans  f o r  o p e r a t i o a s  may be a major change f o r  a dewater ing 

plan. The person responsible for dewaterlng ~zst keep abreast of operations and 

anticipate changes to the mine plan. Wells and electrical feed can be installed 

several months in advance of the anticipated service date ~.o help reduce respomse 

time for de%~tering. Stocking extra materials and pumps can reduce -i,.~.~,1 l ~ t i ~  and 

repair tim. 

~ Y  

Dewatering at the Jewett Mine involves a large uumBer of closely spaced wells. 

The spac ing  t~s  developed using a grromldwa~er flow model. After reaching a 

conclusion on the ~ spac-~, many decisions were made regardlng materlals and 

i n s t a l l a t i o n  procedures .  As the dewater ing  sys tem expands,  t r a c k i n g  performance o f  

the wells becomes more involved. The dematering system must be checked regularly 

for damage, failures and decreased well performance due to encrustatlon. Methods to 

improve the efficiency or decrease costs are constantly sought. 
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Enhancing Utility Baghouse Performance for Texas Lignite Ashes 

by 

Larz- I G. Felix, P. Vann Bush, and Randy L. Merritt 

Southern Research Institute 
P.O. Box 55305 

Birminghmm, AL 35255-5305 

ABSTRACT 

Utilities have come to expect clear stacks from the air pollution control 
devices associated with coal-fired boilers. Operating experience gained since 
the first installation of a utility baghouse in 1972 has shown that baghouses 
will provide r_his level of performance, even when alternative control device 
technologies cannot. Recently however, some utility baghouses have encountered 
particulate collection problams with the fly ash from certain Texas lignites 
from the Wilcox formation. 

Detailed fly ash characterizations have indicated that the surfaces of the 
lignite fly ash particles are much smoother than fly ashes from iow-snlfur 
western subbituminous or eastern bituminous coals, as well as being less 
cohesive. These features contribute to the formation of a filter cake with 
an inherently low porosity which tends to slowly bleed through typical bag 
fabrics. The result is a c~mpound problem of high pressure drop and high stack 
opacity. 

The Electric Po~.er Research Institute (EPRI), as part of a program T~ develop 
and extend baghouse technology for utility applications, has sponsored research 
devoted %0 enhancing utility baghouse performance with this Texas lignite fly 
ash. This research has produced two methods to enable baghouses filtering this 
lignite fly ash to achieve particulate collection efficiencies that guarantee 
clear stacks. Neither approach leads to pressure drop penalties that could 
limit unit load. The first approach, fl~e gas conditioning with NH 3 gas, has 
provided this level of performance with conventional fiberglass fabrics. The 
principal effect of flue gas conditioning is to increase the cohesivity of the 
fly ash by the reaction of N~ 3 gas with SO 3 present in the flue gas and on the 
fly ash particles, with the second approach, a convemtional fiberglass fabric 
that has been coated on the filtering side with a mlcroporous polytetrafluoro- 
ethylene (PTFE) film (Gore-Tex) has also provided this level of performance. 

These t%~ approaches have been tested in a year long fabric and flue gas condi- 
tioning study which was concluded recently at the TU Electric Monticello 
station Unit I baghouse. It has been determined that bor/1 approaches provide 
the capability of clear stack performance with no detrimental effect on 
haghouse eperation, pressure drop, or on ash removal. 
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INTRODUCTION 

Utilities have come to expect clear stacks from the air pollution control 
devices associated with coal-fired boilers. Operating experience gained since 
the first installation of a utility baghouse in 1972 has shown that baghouses 
will prcvide th/s level of performance, even when alt~_rnative control device 
technologies cannot (]). However, it has been es+ blished that haghouse 
performance depends on the filtration properties o: the ash being collected 
[ I-4). One case where baghouse performance has been clearly related to filter- 
ability of fly ash is at TU Electric's Monticello steam electric station, 
lo~ated near Mt. Pleasant Texas. 

In this paper we review research carried out at the Monticello station that 
determined the cause fo~- performance problems at the units 1 and 2 bagbouses. 
In addition, we describe approaches developed us significantly improve perfor- 
mance of these baghouses and present the results of compartment-level testing 
of each approach. One of these approaches, flue gas conditioning, represents 
the first application of a familiar technology for performance enhancement of 
electrostatic precipitators (ESPs} to a baghouse (2). 

BACKGROUND 

The Monticello station has three units fired with a locally strip-mined (Titus 
and Hopkins counties) Texas lignite coal. Units I and 2 are identical. Each 
is a 575-M~ Combustion Engineering boiler followed by a 36 compartment 
Wheelabrator-Frye shake/deflate (S/D) cleaned baghouse that is paralleled %~th 
four small Research Cottrell ESPs. unit 3 is a 750 M~ boiler followed by an 
ESP and a wet scrubber. This paper deals only with Units I and 2. 

Whe~ Units I and 2 came on line in 1974-75, they were equipped with four 
Research Cottrell ESPs per unit. Each boiler exhausted through two air 
heaters, and two ESPs were installed after each air heater. After startup both 
units e~hibited excessive emissions. Flue gas conditioning did not sufficient- 
ly reduae emissions, and each th%it was rer_rofitted with a 36 c a m p ~  S/D 
bagh0use. The baghouses were originally sized to take 80% of the boiler 
exhaust at a net air-to-cloth (A/C} ratio of 2.9 acflm/ft 2 with an outlet mass 
concentration of no more than 0.009 grains/acf (0.024 ib/186 Btu). In this 
configuration each ESP would take about 5% of the total boiler exhaust. 

Since coming on line in 1978-80, the Monticello baghouses have not performed 
like other utility baghouses associated with boilers fired with low-sulfur 
coals. These baghouses typically have a clear stack, flange-to-flam~e pressure 
drop that rarely exceeds 8 in. ~0, and bag lives of four years or longer (I). 
The Monticello baghouses, however, regularly have had after-cleaning opacity 
spikes that exceed 20%, flange-to-flange pressure drops of 10-12 in. H20 
(figure 1 ), and bag lives of three years or less. Because of the high pressure 
drop, these baghouses cannot take more than about 50% of the boiler flow. This 
increases the amount of flow that each ESP must carry, which contributes a 
constant 5-10% constant baseline opacity. 
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Boilers 

The 575 MW (net) Unit I and 2 Monticello CE boilers are supercritical, radiant, 
reheat steam generators with combined circulation. Each furnace is divided 
into two halves Dy a center wall with each half exhausting through an air 
heater. Table I shows the design fuel ultimate analysis (as received), the 
range expected and the results of an analysis carried out on a fuel sample from 
the Monticello Unit 2 coal supply. For comparison, results are also included 
from an analysis carried out on a fuel sample from the Public Service Company 
of Colorado's Arapahoe Station Unit 4 boiler which is the host boiler for the 
EPP~I Arapahoe Test Facility and burns a low-sulfur, westeLn, subbituminous 
coal. The Monticello lignite fuel has a very high ash and moisture content 
relative to that of the Arapahoe low-sulfur, subbituminous coal. This high ash 
content of the Monticello lignite results in very high mass loadings for flue 

gas exiting the Monticello boilers. Measurements at the air heater exit of the 
Unit 2 boiler gave an ~erage value of 10.2 grains/acf. 

Baghouses 

The Monticello baghouses were provided by Wheelabrator-Frye, Inc. Each 
baghcuse has 36 c~npartments with 204 bags per c~npartment and are S/D cleaned 
(figure 2). Table II gives detailed design specifications for the baghouses 
and the current bags. Figure 2 shows that each baghouse is made up of three 12 
compartment baghouses and that the middle baghouse for each uni~ actually 
functions as two separate six-compartment baghouses. Thus the A and B air 

heaters each exhaust into 18 compartments of bags. Each set of 18 ~partments 
is operated and cleaned independently. Presently a continuous cleaning cycle 
is used, with 18 compartments cleaned in 75 rain. To minimize the opacity 
spikes associated with cleenL-.g, the bags are shaken for only about I to 1.5 s. 

Several types of filter fabrics have been tried at the Monticello baghouses 
(2). Currem.tly, both baghouses are bagged with Menardi-Criswell 601-I-T 
fabric, with the warp side in (warp-in). This is a 9.5 oz/yd 2 fiberglass 
fabric woven in a ~ x I twill, with a 10% Teflon B finish. In such a 3 x I 
twill weave, 25% of the texturized fill yarns lie on the warp-in side of the 
fabric, and 75% of the texturized fill yarns lie on the other side of the 
fabric (t~he warp-out side). Thus this partic-~lar fabric has 25% of the si~e of 
the fabric which faces the dust covered with texturized or fuzzy yarns (25% 
exposed surface texturization) This fabric is widely used in utility baghouses, 
but usually in a warp-out configuration (75% exposed surface texturization). 
Bags made with warp side of the fabric faciDg the dust were chosen for the 
Monticello baghouses because they appeared to perform better than warp-out 
fabrics. Bag life with the warp-in fabric has been about three years. As with 
all of the fabrics which have been used at the Monticello baghouses, ash 
penetration into and through the fabric has been a continual problem which 
causes high pressure drops and large opacity spikes when a compartment comes 
on-line after cleaning. 
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;us z e c e i v e d  fuel analysis fo r  t:~e 
MoncLcel lo  ancl Arapah~ S = a t i o n s .  

Weight, • 

Nont£¢~11o ~'~iC 2 rln£s: 4 
He~u~e~ Measu L'ed 

c c ~ o n ~ u  ~ Typ i ca l  R~r~e { 3/14/e2} ( 1/13/s2~ 

M ~ l a t u r e  31.8 2 6 . C -  36.5 30.04 11.93 
Ca=ben 39.03 34.6 - 43.2 30.~.7 62.39 
Ry~L~o~ 2.98 2.6 - 3.4 2.56 5.02 
Nz~rogen 0.54 0.4 - 0.8 1.33 1.23 
C~/O~'L'~." 0.01 0.0 - 0.5 0 . :0  0.14 
S~.I f u r  0.62 0 . 4  - 1.0 0.48 0.60 
A ~  14.3 8.1 - 23.0 25.26 7.42 
Ox~en 10.72 3.0 -- 12.2 9.2G 11 .g6 

{Ecu/l~>} C6711 ) (5"/44 - "1883) (5~45) (11015) 

Table ZI. [~si~n and o~e~ati~x~ da~a for ~e 
~onc£cello EuA=s 1 ~ 2 Baghouses 

Manu2ac~u=er Wheelabca ~-PE!~ In=. 
Cle.~aq ~ ShLke/~e~3 ~tc 
DnsJ.gn P4Lrametecl: 

l :em~eca~.Te 400"~ 
Znlec ~ss Ic~lng 10.~ gr/acf 
oatl~. -~-s= le~£e G 0.0~ ~/ae~ 
p1ang~-~o-f1~ge 6P 7-0 In.~O 
A~r-l:o-ulQ~_h r a t i o ,  ~ r o s z  ~ 2 .71  actm~f,: 2 
A~r-co -c2ouh  r a t i o ,  n e t ' -  2 .93  ~ = ~ a / f c  2 
De fLa t e  g ~  a i c - c o - c l o c h  :ac~o 1.04 a c f ~ ' f c  2 
S/rake Fce¢mency 4 . 0  Hz 
~ c  oE ¢owpar~ -n t s  36, 18 i x=  s~dc 
NU~J~er Of b~;s p¢~ ccml~rc~cn~ Z04 
T~t&~ ~ of b ~ s  7344 
5~ d i ~  I 1.5 i n .  

le~h 30.75 Et 
C O l l ~ a g  area: 

Per ~a~ ~2.6 fcZ 
Pe~ ccmparcc~.nD 18.8~0 f~2 
To ta l  GB0,054 f t  2 

Me~sure¢] Param~te~n: 
A v e r s e  fZa~ge- to - f leJ~e Cp 1;-12 I s .  HsO 
Ave rSe  T.u~e. shee,= ~1~ 9-10 .L~. H20 
Af.~'-1:c--clor.h can lo ,  n~c e n  

~0 Ln. R20 ~ u ~  ~hee~ AP 2,30 acfm/'f~ 2 
B ~. ;'-20 "cube ~ ~P 2.00 a ~ e / ~ ' ~  2 
6 ~n. ~20 cube s~ec~ AP ~ .59 ~u/fc 2 

D~ag [C~ ~e~ 6 P / a l r - ~ o - c l u c h  =n~o )  
10 i n .  R20 f :U~ sheer. 6p 4.35 i n .  R20-mln/E~ 
8 i n .  R20 tube ~ e t :  ~ 4.00 . in.  R20,m~n/f~ 
6 i n .  H20 CuJ~ sh~-¢  ~p 3.'77 i n .  fl2o,-~ru'~c 

Shake f c e q u e ~ y  3.3 J~: 
fba3~ ~ p l £ ~ . o d e  : . 4  in., =sJ~l,,-co-sL~e 
shake  duration : - I  . 5  n 

cap accelecac~cn 1.8 g, 
~ n ;  [Ni~w i n  Sere , ice )  

Mnnu lecturer ~nazdi-Souche~ 
Fa~i¢ 60|-I-T, v iA 'p- in  
F~nlsh lOt  Teflon n 

Ho~hJ in ~eF~1~e 36 maximum [UnLP 1, K r¢~') 

**On~ ~par=aenu per mide cleeni,~ [2 c ~ . . ~ c n c s ) ,  ~ncl.~ing deflat£on qas 
.r~ow. 
" a * 5 7 5 - ~  un l~ l oad ,  Uni~ 2B ~ h o u n e ,  18 c o m ~ r t m ~ t n ,  1 o:aparl:ment c l e a n ~ .  
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RESEARCH 

In 1982, the Electric Power Research Institute (EPRI) through its contractor 
for "utility baghouse research, Southern Research Institute (SoRI), undertook a 
study of Monticello baghouses to determine the cause for their unusual 
behavior. 0n-site testing began in early in that year. Extensive testing was 
performed to characterize the behavior of the Monticello baghouses, coal, ash 
and dustcake samples were collected for laboratory analyses, and a small, 
portable Fabri2 Filter Sidestream System (FFSS) was USed to study the 
filtration properties of the Monticello fly ash (2,3). 

As this testing has been described in detail elsewhere, only the results will 
be reviewed here. 

Results from Baghouse Tests: 

I. 

2. 

The Monticello baghouses operate at an abnormally high flange-to- 
flange pressure drop. The opacity spikes associated with compartments 
returnimg to service after cleaning are not ~_ue to bag leaks or bag 
failures ( figure I ). 

Although the bag weights are quite low (0.2 to 0.3 Ib/ft2), samples of 
fabric removed from bags in the Monticello baghouses exhibit an 
unusually high resistance to air flow in either the forward 
(filtering) or reverse (cleaning) direction. 

3. The interior of compartments at the Monticello baghouses are extremely 
dirty (2 to 8 in. deep in ash), and the outside of a typica/ bag is 
heavily coated with ash (about I/8 in. thick). 

. Particle size distribution measurements made at the inlet of the 
Monticello Unit 2 baghouse showed that the Monticello ash is typical 
of that found at the exit of a pulverized coal-fired boiler. 

Results from Laboratory Tests: 

I. The Monticello fly ash has a chemical cumposition dissimilar to other 
low-sulfur coal ashes (I). Xn particular, it has a much higher 
calcium content than the fly ash from typical bitum/nous or subbitu~i- 
no~Is coal. 

2. The Monticello fly ash has a low cohesivity ccapared to fly ash from 
non-lignite coals (2,5,6}. 

3. Scann~ electron microscopy (S~) conducted on Monticello fly ash 
revealed very smooth particle surfaces which are more free of 
subm/crum sized fly ash agglomerates than are typical for fly ash from 
non-lignite coals ( I ,2 ). 

4. S~4 examination of bag/dustcake samples that were preserved by 
encapsulation with epoxy indicated that the Monticello ash had so 
completely filled the fabric interstices that few flow channels 
remained ( I ). 
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Results from short-term (I week) and long-term {1 month or longer) FFSS tests: 

I. Typical Teflon B finished fiberglass fabrics were found to exhibit 
substantial amounts of ash bleedthrough, unlike ash from a bituminous 
or subbituminous coal ( 3 ). 

2. Increasing the exposed surface texturization of fiberglass filtration 
fabrics tended to reduce ash penetEation. 

3. Gore-Tex (TM) membrane laminate on a standard fiberglass filtration 
fabric essentially eliminated ash penetration. 

4. NH 3 flue gas conditioning at levels of 10 to 15 ppm greatly reduced 
ash penetration for all fabrics. 

Nff 3 flue gas was considered because the Monticello Unit I and 2 ESPs are 
conditioned with NH 3 (10-15 ppm) which reduces their emissions. ~owever the 
SO 3 emissions are too low (I-2 ppm) to reduce the high ash resistivity 
[2 x 1012 obm-cm at 360°F); instead, the'NH 3 increases the cohesivity of the 
Ely ash which reduces rapping emissions (7). Flue gas conditioning with NH 3 
was evaluated because %~ suspected that it might increase the cohesivity of the 
Monticello fly ash to the point where a stable dustcake could be formed. To 
our knowledge, this ~rk is the first case where it was shown that flue gas 
conditioning could substantially improve the performance of a fabric filter 
(2). 

The aboue results led to the following general conclusions: 

I. The atypical behavior of the Monticello baghouses is caused by the 
Texas lignite fuel and is not related to the design of the baghouses 
or boilers. 

2. Flue gas conditioning with NH3, Gore-Tex(TM) membrane laminates, and 
heavily texturized fabrics all appeared to be possible approaches to a 
solution of the Monticello baghouse problem. 

LONG-TERM TESTS 

At this point, a long-term (I year) compartment-level testing progr~ was 
reca~mended to evaluate each of the possible approaches listed above. After a 
project review meeting with TU Electric personnel in Dallas, it was decided to 
proceed with such a program at the Monticello Unit IA baghouse. Four fabrics 
were selected for testing, each with and without NH~ injection. These four 
fabrics included a heavily texturized fabric (approximately 100% of the exposed 
surface texturized), the fabric regularly used at the Monticello baghouses 
(approximately 25% of the exposed surface texturized - a warp-in 3 x ~ twill 
fabric), the latter fabric tu~ed inside-out (approximately 75% of exposed 
surface texturized - the fabric most commonly used in utility baghouses), and a 
Gore-Tex (TM) laminate material on a f~glass filter fabric. Table III 
describes eaah of these fabrics in more detail. Figure 3 shows SE~ photographs 
of each of these fabrics. 
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1986, 72:30 p.m. - 3"30p.m.- unit load was 600 MW. 
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Four compartments in the I row (II3 - II6) and four c~mpartments in the J row 
(IJ3 - ]J6) of the Unit IA baghouse were rebagg~ with the test fabrics. NH 3 
injection s)~-t~s were fabricated and installed on the inlet elbows of the four 
compartments on z~ J row, and the test fabrics were arranged so that compart- 
ments that faced each other across the two rows were bagged with the same 

fabric. Table III lists the compartments in which the fabrics v~re installed 
and gives the installation date for each fabric. The NH 3 injection systems 
were calibrated for a nominal delivery rate of 15 ppm. Through an error, 
compartment 13"3 was rebagged with the 23% rather than 75% exposed surface 
texturization fabric. This error was not discovered until the test program had 
begun. 

When the test compartments came on line, and at various periods since that 
time, the performance of the test c(xupar+-ments u-as measured by monitoring 

particulate comcentrations inside the compartments and by recording tube sheet 
and flange--to-flange pressure drop. After several months, particulate emis- 

sions in all of the test compartments had stabilized at low levels, so later 
performance measurements involved the measurement of relative oumpartment drag 
(drag relative to compartment II4 which did not have N~ 3 injection and was 
hagged with the fabric conm~nly used at the Monticello baghouses) and dust cake 
w~ights (areal density of the permanent dustcake). Drag is defined as the 
ratio of tubesheet pressure drop [pressure drop across the bags in a compart- 

ment) to air-to-cloth ratio (the volumetric flow of gas through a compartment 
of bags divided by the effective filtering area of the bags in the compart- 
ment). These measurements are su-m~rized in Table IV. 

In the absence of flue gas conditioning, it is evident that ash slowly bleeds 
through the ba~s in the Monticello haghouse. When the bags are new, and the 
dust has not permeated the fabric, there are many pores in the fabric through 
which the non-cohesive dust tends to sieve. Later, when the dust has filled 
the fabric, mass emissions are much less. In NH~ conditioned c~mpartments, the 
emission rates are always low, but even these emission rates decrease as the 
bags season and stable dust cakes are formed. Measurements of mass emissions 
throughout a filtration cycle and average tubesheet pressure drop made in 

compartments II3 (no ~3) and IJ3 (with ~3 ) illustrate this behavior: 

Date 

Emissions Tubesheet AP 
{ib/106 Btu) (im. H20) 

Compartment 
II3 IJ3 II3 IJ3 

6/85 0.167 0.012 - - 
7/85 0.010 0.006 8.1 8.0 
9/85 0.012 0.002 9.2 8.9 

Figure 4 shows a flange-to-flange pressure drop and opacity record for the unit 
IA bagho,~se from May 15, 1986 with ca~partments indicated which ~.re being 

cond'tioned with ~3" At this time compartment IJI was also being conditioned 
with NH 3 to study effect of NR 3 conditioning on bags which had been in service 
for long periods of time (three years) before encountering NR 3 for the first 
time. Tn compartment IJI the opacity spike was greatly reduced, but drag was 
not lo~ered. 
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Real-time measurements with an optical particle counter indicate that most of 
the mass emissions (approximately 80 - 90%) occur durin 0 the opacity spike. 
Considering the above measurements and Figure 4, the ma~s content in an opacity 
spike must be very low. 

After more than one year of operation, tb~ NH 3 injected compart~.~nts have, 
overall, performed better than the compartments that w~re not conditioned with 
N~ 3 . Bag weights have been higher for the ammonia injeuted compartments, which 
is due to non-optimum cleaning and increased cohesivity of the NE 3 conditioned 
ash. On-lL~ measurements shown in Table IV and Figure 4, and off-line inspec- 
tions have shown that flue g~s conditioning with NH 3 reduced: 

• Particulate emissions 

o After-cleaning opacity spikes 

• Drag, for standard ba~ fabrics, and 

o Ash bleedthrough 

The following general, observations can be made (with or without NH 3 injection): 

• The best performing fabric is the Gbre-Tex membrane fabric. 

• Higher degrees of surface texturization texturization appear to 
reduce amissions with little drag penalty. 

Finally, recent laboratory measurements on fly ash samples from the interior of 
bags in compartments with and without ~7H 3 conditioning have shown that the bulk 
porosity and eohesivity of NH 3 conditioned Monticello ash are measurably 
greater than that of the unconditioned ash, as is shown in Table V. This table 
also shows that ash from bags that have been conditioned with NH 3 contain 
larger amounts of soluble S0~ ana much larger .amounts of soluble NH 3 compounds 
than do unconditioned ash samples. The cohesivity of Monticello fly ash that 
was conditioned with NH 3 is equivalent to the cohesivity of ashes from 
baghouses associated with boilers fired with low-sulfur subbituminous coal (8). 

CONCLUSIONS 

High pressure drop and opacity spikes at the Monticello baghouses w~re found to 
be fuel-related and are not cau~ by the boiler or baghouse design. The fuel 
used at the Monticello station yields a fly ash with avery low cohesivity. 

This low cohesivity allows the ash to impregnate the filter bags, which results 
in a high pressure drop. When a compartment comes on line after cleaning, ash 

which has bled through the dustcakes and filter bags creates large opacity 
spikes. 

Research was directed toward improving the performance of the Monticello 
baghouses to equal the performance of other utility baghouses associated with 
boilers fired with low-sulfur coals. Two methods for improving performance 
have been found: 
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Flue gas conditioning with NH 3 gas was found to increase the 
cohesivity of the Monticello ash so that it could be removed from 
the flue gas w~th conventional woven filtration fabrics. 

o Eoth heavily texturized, woven fiberglass filtration fabrics and 
w~ven fiberglass fabrics coated a C~re-Tex membrane were found to 
filter Monticello ash efficiently. 

Both of these approaches to improving the performance_ of the Monticello 
baghouses have yielded promising results and both appear to be equally viable. 

Plue gas conditioning is particularly interesting because it appears to be an 
effective means of transforming an essentially unfilterable ash into one that 
is easily filtered by most filter fabrics. Since theme are other utility 
coal-fired boilers fueled with low-rank coals similar to that used at the 
Monticello station, those utilities could consider the installation of a fabric 
filter with the knowledge that it could meet any foreseeable particulate 
emissions standard. 
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FLUE GAS CONDITIONING FOR BAGHOUSE PEi~OiO[ANCE I M P R ~  
WITH LOW-BANX COALS 

D.7.. L~'~.~I and S . J .  M i l l e r  

U n i v e r s i t y  o f  North  Dakota  Snergy  Resea rch  C e n t e r  

ABSTRACT 

Many l o w - r a n k  c o a l s  p roduce  h ~ K h - r e s : ~ s t i v i t y  fl.~ a s h e s ,  which makes 
e l e c t r o s t a t i c  p r e c i p i t a t i o n  u n a t t r a c t i v e  f o r  t h e s e  f u e l s .  As a r e s u l t ,  f a b r i c  
f i l t r a t i o n  has  become a c h o i c e  method o f  p a ~ t i c u l a t e  c o n t r o l  f o r - l o w - r a n k  
c o a l s .  F a b r i c  f £ 1 t r a t i o n  pe r fo rmance ,  however,  I s  dependen t  on t h e  p h y s i c a l  
and  c h e m i c a l  p r o p e r t i e s  of  t h e  f l y  a sh .  Some l o w - r a n k  c o a l s  have been 
I d e n t i f i e d ,  in  bo th  t he  p i l o t - s c a l e  and f u l l - s c a l e  t e s t s ,  t o  p roduce  f l y  a s h  
which i s  d i f f i c u l t  t o  c o l l e c t  w i t h  c o n v e n t i o n a l  f a b r i c  f i l t r a t i o n .  The e x a c t  
~ l y  ash  c h a r a c t e r i s t i c s  which cause  c o l l e c t i o n  problems i n  a baghouse  a r e  n o t  
w e l l  known, bu t  a r e  t h o u g h t  t o  i n c l u d e  p a r t i c l e  s i z e  and c o h e s i v e n e s s .  Ashes 
which a r e  more d i f f i c u l t  t o  c o l l e c t  have a low cohesJ .veness  compared t o  o t h e r  
a s h e s .  

P i l o t - s c a l e  t e s t s  have been conduc ted  a t  t h e  U n i v e r s i t y  o f  Nor th  Dakota  
Energy Research  Cen te r  In  which s m a l l  amounts o f  ammonia and s u l f u r  t r i o x i d e  
were tnject~.~] i n t o  t h e  f l u e  gas  ups t ream o f  t h e  baF~house. R e s u l t s  show t h a t .  
f o r  severr ,  l l ow- rank  c o a l s  which produce  d i f f i c u l t - t o - c o l l e c t  a sh ,  p a r t i c u l a t e  
emlss ion~ were s u b s t a n t i a l l y  r educed  when u s t n ~  t h e s e  c o n d i t i o ~ n E  a g e n t s .  As 
a bonus,  baKhouse p r e s s u r e  drop was a l s o  r e duc e d  makinz  t h e  p r o c e s s  much s o r e  
a t t r a c t t T e .  S i n c e  i n j e c t i o n  t e c h n o l o g y  f o r  c o n d i t i o n i n g  a g e n t s  such as  
ammonia ~ d  s u l f u r  t r i o x i d e  has been w e l l  deve loped  i n  the  e l e c t r o s t a t l c  
p r e c i p i t a t o r  i n d u s t r y ,  t h i s  method i s  r e a d i l y  a v a i l a b l e .  Longer term and 
l ~ r g e r  s c a l e  t e s t i n g ,  however,  i s  needed t o  more f u l l y  e v a l u a t e  the  p o t e n t i a !  
o f  c o n d i t i o n i n ~  ~ e n t s  t o  improve f a b r i c  f i l t e r  pe r f o r m a nc e .  

An economic a n a l y s i s  shows t h a t  t h e  use  o f  ammonia and s u l f u r  t r i o x i d e  as  
c o n d l t i o n i n z  a g e n t s  would add abou t  9~ t o  t h e  c o s t  o f  o p e r a t i n E  a baKhouse. 
However, t h i s  c o s t  c o u l d  be more than  r e c o v e r e d  i f  t he  s i z e  o f  the  baghouse 
c o u l d  be r e d u c e d  because  o f  t h e  lo~wr e x p e c t e d  p r e s s u r e  d r o p .  
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Fabric iilters are being applied to utility coal-fired boilers in 
increasing nusbe_~s, particularly in the ~est where high ash resistivity has 
made electrostatic precipitators (ESPs) less attractive. However, major 
questions exist as lo the cause and e~fect relationships between ash 
p r o p e r t i e s  and  e m i s s i o n  l e v e l s ,  an  w e l l  a s  p r e s s u r e  d r o p .  A l t h o u g h  m o s t  
b a g h o u s e s  a r e  a b l e  to  mee t  o r  e x c e e d  c u r r e n t  New S o u r c e  P e r f o r m a n c e  S t a n d a r d s ,  
high emissions from a utility ba~house have been reported (I). In addition, 
in recent years there has been increased concern over the effects of fine 
particle emissions on health. 

Results from previous tests at the University of North Dakota F.ner~ 
Research Center (UNDERC) in a pilot-scale combustor and baghouse have shown 
that baghouse particulate emissions are dependent upon the ash composition 
(2,3). Thls st~gests that changing the ash composition with additives may 
improve baghouse collection efficiency. 

Exploratory screening tests ~re conducted to evaluate ammonia and SO 3 as 
condit£onlng agents for reducing fine particulate emissions for difflcult-to- 
c o l l e c t  a s h e s .  I n i t i a l  t e s t s ,  w i t h  ammonia  and  SO 3 i n d i v i d m a l l y  d i d  n o t  
result in a significant improvement. ~owever. when ammonia was used in 
combination with SO 3. there was a signlfle~.nt reduction in fine particulate 
emlss£ons. Initial results of the effect o f  conditioning agents on baghouse 
performance were previously reported {4.5}. This paper summarizes earlier 
results and presents additional data ~roe research conducted in the past year. 

ml)i~rrAL 

T e s t s  we re  c o n d u c t e d  w i t h  t h e  UNDERC p a r t i c u l a t e  t e s t  c o m b u s t o r  (PTC) and  
p i l o t - s c a l e  b e g h o u s e .  The p i l o t  f u r n a c e  i s  a 5 5 0 . 0 0 0  b t u / h r  p u l v e r i z e d  c o a l -  
f i r e d  u n i t  d e s i g n e d  s p e c i f l o a l l y  t o  g e n e r a t e  f l y  a s h  r e p r e s e n t a t i v e  o f  t h a t  
p r o d u c e d  i n  a f u l l - s c a l e  u t i l i t y  b o l l e c .  The p i l o t  b a g h o u s e  i n c l u d e s  s e p a r a t e  
chambers, mhfch allow operation in either a pulse Jet or shaker cleaning mode. 
The pulse jet chamber bags are cage mounted while the shaker chamber has tube 
sheet mounted bags. The nine bag shaker chamber, which was used for these 
tests, has t.hree compartments with three bags in each. The fabric used was a 
c o n v e n t i o n a l  10 o z  woven g l a s s  w i t h  10~ t e f l o n  B f i n i s h .  The a i r - t o - c l o t h  
r a t i o  f o r  a l l  o f  t h e  t e s t s  c o n d u c t e d  u s i n g  t h e  s h a k e r  chamber  was 3 t o  1 
D u r i n g  t h e  e a r l i e r  t e s t s ,  t h r e e  b a g s  were  t a k e n  o f f - l i n e  and  c l e a n e d  e v e r y  20 
m i n u t e s .  For  t h e  r e c e n t  t e s t s  a l l  9 b a g s  w e r e  t a k e n  o f f - l i n e  and c l e a n e d  
s i m u l t a n e o u s l y  e v e r y  2 h o u r s .  The b u g h o u s e  t e m p e r a t u r e  f o r  a l l  t h e  t e s t s  was 
300"F. 

The method  u s e d  t o  ~ e n e r a t e  SO 3 was t o  c a t a l y t i c a l l y  c o n v e r t  SO z t o  SO 3 
u s i n g  v a n a d i u m  p e n t o x i d e  (V~05) .  A i r  and  SO 2 a r e  p a s s e d  t h r o u g h  a V205 f i l l e d  
r e a c t o r  t h a t  i s  h e a t e d  t o  8 0 0 ° F ,  o x i d i z i n g  t h e  SO 2 t o  SO 3.  The p e r c e n t  
c o n v e r s i o n  ~ s  m e a s u r e d  u s i n g  SO 2 a n a l y z e r s  a n d  was f o u n d  t o  be  g r e a t e r  t h a n  
99~.  T h e r e f o r e ,  t h e  q u a n t i t y  o f  SO 3 i n j e c t e d  was c o n t r o l l e d  by u s i n g  a f l o w  
m e t e r  t o  c o n t r o l  t h e  SO 2 t o  t h e  g e n e r a t o r .  The  ammonia  was i n j e c t e d  i n t o  t h e  
flue gas Just upstream of the SO 3 injection point at a temperture of 700°P. 
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The t e s t  program was d i v ided  i n t o  two phases. Phase I consisted o f  
i n i t i a l  t e s t s  on 3 low-rank coals (4) .  The tes ts  were conducted p r i m a r i l y  to 
d e t e r m i n e  i f  SO 3 and a ~ o n i a  c o n d i t i o n i n g  i s  an e f f e c t i v e  method f o r  improv ing  
f i n e  p a r t i c u l a t e  c o l l e c t i o n  e f f i c i e n c y  In a baghouse and to determine what 
effec% i t  may have on o p e r a t i n g  p r e s s u r e  d rop .  A f t e r  t h e  Phase I i n i t i a l  
e v a l u a t i o n  t e s t s  were c om pl e t e d ,  the  f o l l o w i n g  q u e s t i o n s  r ema ined :  

1. W i l l  t h e  p r o c e s s  work a t  l o w e r  I n j e c t i o n  t e m p e r a t u r e s  
( t e m p e r a t u r e s  e q u i v a l e n t  to  t he  c o l d  s i d e  o f  an a i r  
p r e h e a t e r ) ?  

2.  Can a lower  c o n c e n t r a t i o n  o f  a~monia be u s e d ?  
3.  What I s  t h e  e f f e c t  o f  c o a l  t ype  ( e . g .  h i g h e r  r ank  c o a t s ) ?  

Phase I I  t e s t s  were designed to help answer these quest ions.  

Two o f  the  c o a l s  chosen  f o r  t h e  Phase I t e s t s ,  F a l k t r k ,  Nocth Dakota  
l i g n i t e  an~ Big Brown. Texas l i g n i t e  were se lected because e a r ] t e r  t es t s  (2,3) 
w i th  these coals resu l t ed  In high f a b r i c  f i l t e r  emiss ions.  The t h i r d  coa l ,  
South H a l l s v l l l e ,  Texas l i g n i t e  was chosen because I t s  ash composit ion 
Ind ica ted tha t  t h i s  coal would a lso  produce a f l y  ash  t ha t  would be d i f f i c u l t -  
t o - c o l l e c t  i n  a f a b r i c  f ~ l t e r  ( 2 ) ,  For  e~ch c o a l  a b a s e l i n e  t e s t  was 
conducted wi thout  cond i t i on ing .  An I d e n t i c a l  t e s t  was performed w i th  SO 3 and 
ammonia cond i t i on ing  to determine d i f f e rences  in  emissions and pressure drop. 
Tes ts  w i t h  these coa ls  were completed w i th  the bughouse shaker chaaber 
s t a r t i n g  w i t h  new bags. The f i r s t  2 -3  hours o f  each t e s t  were perforned 
w i thout  bag c lean ing to  measure bo'~h p a r t i c u l a t e  emissions and pressure drop 
as a function tlme with dust cake bulld-up on the fabric. Bag cleaning was 
then initiated, and over several cleaning cycles, emissions as a function of 
tl~e as well aa total dust loading measurements were taken. In addition, two 
50 hou~ tests utillzlng South HallsvIlle lIEnlte were completed to evaluate 
the longer term e f f e c t s  o f  c o n d i t i o n i n g  on emissions and pressure drop. 

An i n j e c t i o n  l oca t i on  we l l  upstream o f  thu bat~ouse was chosen f o r  Phase 
I t e a r i n g  to provide enough residence t ime f o r  adequate mix ing  of  the SO 3 and 
ammonia w i t h  the f l u e  gas. At t h i s  InJec t ion  p o ~ t ,  the f l u e  gas temperature 
was 900"F. Additive concentrations iv +h=. " flue Has fo~ these tests were 12 
plm SO 3 and 45 ppm aRmonia. However, one shor t  t e s t  was conducted where the 
concentra t ions were Increased to ~0 ppm SO 3 and 225 ppm ammonia to help 
eva luate the reac t ion  products.  

For Phase I I  t e s t s ,  th ree d i f f e r e n t  coals were chosen. The f i r s t  coa l ,  
Mon t i ce l l o ,  Texas l i g n i t e ,  was se lec ted because t h i s  coa l  produced an ash tha t  
was d i f f i c u l t  to c o l l e c t  In  a f u l l - s c a l e  baghouse (1) .  The other two coals 
se lected were Sarpy Creek, Montana subbitumlnoua, and an Indiana bituminous 
coal .  Three runs were completed w i t h  Mon t i ce l l o  l i g n i t e  ~ncludtng a base]fne 
t e s t ,  a cond i t i on ing  tes t  w i th  high tenperature I n j e c t i o n  (qOO*F), and a 
c o n d i t i o n i n g  t e s t  wi th  low temperature i n j e c t i o n  (350°P). Two t e s t s  were 
conducted w i th  each of  the other  coa ls ,  a base l ine  t e s t ,  and a low temperature 
i n j e c t i o n  t e s t .  For  a l l  o f  t h e  t e s t s ,  t h e  ammonia and SO 3 i n j e c t i o n  r a t e s  
were set  a t  25 and 12 ppm, r espPc t t ve l y .  To provlde a b e t t e r  understanding of  
dust cake bu i ld -up  and i t s  r e l a t i o n s h i p  to  pene t ra t i on ,  the c leaning cyc le  f o r  
the Phase II tests ~as changed from that used during Phase I. Starting with 
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new b a g s  t h e  f i r s t  t h r e e  h o u r s  w e r e  p e r £ o r n e d  w i t h o u t  c l e a n i n g ,  a f t e r  R i c h  
a l l  o f  t h e  b a g s  w e r e  c l e a n e d  o f f - l l n e  e v e r y  two h o u r s .  

A Flow Sensor ,  s t x - s t a ~ e  m u l t i c y c l o n e  wes used to  l e a s n r e  the  I n l e t  f l y  
ash p a r t i c l e  s i z e  d i s t r i b u t i o n  as w e l l  as t o  c o l l e c t  s l z e  f r a c t l o n u t e d  m p l e s  
f o r  subsequent  a n a l y s e s .  EPA ae thod  5 was used to  d e t e r m i n e  the  i n l e t  and 
o u t l e t  d u ~ t  l o a d l n z s  f o r  e a c h  t e s t  t o  c a l c u l a t e  t h e  o v e r a l l  b s ~ o u s e  
e f f l c l en~-~y .  P a r t i c u l a t e  e u i s s ~ . o n s  f rom the  b a g h o u s e  were  m e a # u r e d  i n  r e a l -  
t i l e  w i t h  a TSI  APS 33 a e r o d y n a a t c  p a r t i c l e  s t z e r .  The APS 33 h a s  t h e  
c a r ~ a b t l t t y  t o  n e a s u r e  p a r t i c l e s  i n  t h e  s i z e  r a n g e  o f  0 . 5  t o  15 ~ and  h a s  been  
d e s c r i b e d  I n a  p r e v l o u s  r e p o r t  (6} .  S u b m i c r o n  p a r t i c l e s  (O.Ol  t o  1 . 0  ira) we re  
m e a s u r e d  u s i n g  a TSI  D i f f e r e n t i a l  N o b l i l t y  P a r t i c l e  S l z e r  (DIiP3).  T h l s  
i n s t r u m e n t  s e p a r a t e s  v a r l o u s  s l z e  p a r t i c l e s  u s i n g  e l e c t r i c a l  m o b i l i t y ,  whlch  
I s  d e p e n d e n t  on p a r t i c l e  s i z e ,  and  t h e n  c o u n t s  t h e  number o f  p a r t l c l e ~  i n  t h e  
r e s u l t a n t  m o n o d l s p e r s e d  a e r o s o l  w i t h  a C o n d e n s a t l o n  N u c l e u s  C o u n t e r  (CNC). 
S i n c e  t h e  DNPS c a n  t a k e  up t o  25 m i n u t e s  f o r  a m e a s u r e m e n t ,  t h e  CNC, w i t h  an 
l a p a c t o r  t o  r e s o v e  p a r t i c l e s  g r e a t _ - r  t h a n  I l ~ .  was u s e d  t o  o b t a l n  a r e a l - t i m e  
s u b e l c r o n  p a r t i c l e  c o u n t .  The  p a r t i c u l a t e  c a e p l l n g  scheme  i s  -~,ho~nn In  
F i g u r e  1.  

Flowrrmter . 
Dilute¢ 

rolL.. I .-.,'J Thermocouple 
L~.J Filler 

II Puml: Co~onse, I 8rinks Impactor 

L J YI 

F l ~ u r e  1. S c h e n a ~ I c  o f  p a r t i c u l a t e  s a a p l l n g  s y s t e m .  
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RESULTS AND DISCUSSION 

Baghouse Emissions 

Particulate removal efficlencies were determined by inlet and outlet dust 
loading measurements. The dust losdings were taken spannlag several cleaning 
cycles using woven glass bags and shaker cleaning. The results are summarized 
in Table 1 for both Phase I and Phase I I  tests. A significant improvement In 
removal efficiency is clearly seen using 503 and ammonia conditioning. 
Removal e f f i c i e n c y  ~or a Beulah l i g n i t e  I s  Inc luded  as a re fe rence  s i nce ,  
prior to flue gas conditioning, this coal resulted in the highest removal 
efficiency of all coals tested (3). The results from Phase I cannot be 
compared  d i r e c t l y  t o  t h o s e  from Phase I I ,  s i n c e  t h e  ¢ l e a n i ~  c y c l e  was 
different. During Phase I .  the outlet dust loadlngs included 3 to 4 20 minute 
cleaning intervals, while the dust loadlngs from Phase II were completed 
between bag cleanlngs. Therefore, the Phase I dust loadlngs included the 
increased emissions t h a t  occur  immedia te ly  f o l l o w i n g  bag c l ean ing .  However, 
for both Phase I and If, the dust loading measurements show significant 
improvement in remov~l efficiency. 

The APS 33 aeasRres emissions as a f u n c t i o n  o f  t ime f o r  p a r t i c l e  s i zes  
from 0 .~  to  15 lm. but  t o  avo id  m u l t i p l e  graphs f o r  d i f f e r e n t  p a r t i c l e  s i zes . -  
the r e s p l r a b l e  BaSS f u n c t i o n  o f  the APS was used. Th is  Is  a ~e lgh ted  sum o f  
t h e  mass of p a r t i c l e s  between 0 .5  and l o  im, i n c l u d i n g  a l l  t h e  mass of  
particles from 0.5 to 1.5 tm and a decreasing percentage of the mass of those 
between 1.6 and 10 pm. The calculation of mass concentration from number 
concentration data assumes spherical partloles and requires an input of the 
fly ash particle density. Flgure 2 sho~s the resplrable mass emissions from 
t he  shake r  chamber w i th  no c l e a n i n g  c y c l e ,  s t a r t i n g  wi th  new bags  f o r  t he  
three l l g n l t e s  tested during Phase I. Wlth conditioning, respirable mass 
emissions quickly drop for the first 40 minutes of dust cake build up and then 
appear to remain at a constant low level. Respirable mass emissions after 40 
minutes are reduced by 3 to 4 orders of magnitude by conditioning wlth SO 3 and 
ammonl~. The particulate removal efficiency for these th ree  coals after two 
hours is greater than 99.999~. 

Figure  3 i l l u s t r a t e s  the  c lean ing  cyc le  e f f e c t s  f o r  South H a l l s v l l l e  
l i g n i t e  wi th  and w i t h o u t  c o n d i t i o n i n g .  As e x p e c t e d ,  J u s t  a f t e r  s h a k i n g  the  
bags ,  t h e r e  i s  a s i g n i f i c a n t  i n c r e a s e  In  e m i s s i o n s  f o r  t he  c o n d i t i o n i n g  t e s t s  
bu t  t h e r e  i s  a l s o  a r a p i d  r e c ove r y .  Throughout  s e v e r a l  c l e a n i n g  i n t e r v a l s  
t h e r e  i s  a s l g n l f l c a n t  r e d u c t i o n  i n  f l n e  p a r t l c ] e  e m i s s i o n s .  The same r e s u l t s  
have been r e p o r t e d  f o r  the  Blg Brown and F a l k l r k  l l g u l t e s  (4 ) .  F i g u r e s  4 to  6 
show t h e  e f f e c t s  of  bag  c l e a n i n g  on e m i s s i o n s  u s i n g  N o n t i c e l l o  l i g n i t e ,  
I n d i a n a  b i t u m i n o u s ,  and  Sa rpy  Creek s u b b l t u n l n o u s .  Dur ing  Phase I I  t e s t s ,  a l l  
o f  t he  bags were c l e a n e d  o f f - l i n e  e ve r y  2 h o u r s  f o l l o w i n g  the  i n i t i a l  3 hour  
d u s t  cake b u i l d - u p .  For t he  M o n t i c e l l o  l i g n i t e  and the  I n d i a n a  b t t m n l n o u s  
c o a l ,  t h e r e  was a ve ry  s i g n i f i c a n t  d e c r e a s e  i n  r e s p i r a b l e  mass e m i s s i o n s  w i t h  
c o n d i t i o n i n g .  However ,  t o t  S a r p y  C r e e k  c o a l  t he  d e c r e a s e  was n o t  a s  
s l g ~ I f i c a n t .  Th i s  may be a r e s u l t  o f  d i f f e r e n c e s  i n  ash c h e m i s t r y  a s  w l l /  be  
d l ¢ c u s s e d  l a t e r  In  the  r e p o r t .  

3B-2-5  



TABLE I 

PERCENT BAGHOUSE REMOVAL EFFICIENCY DETERMINED BY 
EPA NETHOD 5 DUST LOADINGS 

Coal NoncondltLoned C o n d i t i o n e d  

( P h a s e  I - 20 mtn.  c l e a n l n g  i n t e r v a l )  

Beulah 99.93 - -  
F a l k i r k  94.70 99.64 a 
B ig  Brown 80.00 99.95 
S o u t h  H a l l s v l l l e  9 1 . 0 3  9 9 . 9 0  
S o u t h  H a l l s v l l l e  b 9 9 . 0 3  9 9 . 7 6  

( P h a s e  I I  - 2 hour  c l e a n i n g  i n t e r v a l )  

M o n t i c e l l o  96.57 99.98 c 
M o n t i c e l l o  96.57 99.97 d 
Sarpy Creek 99.82 99.92 
I n d i a n a  B i t u m i n o u s  99 .41  9 9 . 9 9  

a b l e a k  b e t w e e n  c o m p a r t m e n t s  c a u s e d  some f o r w a r d  f l o w  t h r o u g h  b a g s  w h i l e  
s h s k l n g .  Removal  e f f i c i e n c y  would  l l k e l y  be  h l z h e r  i f  t h e  l e a k  had  n o t  
o c c u r r e d .  

b P u l s e  J e t  r e s u l t s  w i t h  r e l i e d  f a b r i c .  

c HIEh t e m p e r a t u r e  I n j e c t i o n  o f  c o n d i t i o n i n g  a g e n t s  ( 7 0 0 ° F ) .  

d Low t e m p e r a t u r e  i n j e c t i o n  o f  c o n d i t i o n i n g  a g e n t s  ( 3 5 0 ° F ) .  

U s i n g  t h e  CNC and DNPS, t h e  s u b a l c r o n  p c r t i c l e s  ( 0 . 0 1  to  1 .0  Ira) w e r e  
m o n i t o r e d  f o r  t h e  S o u t h  H a l l s v ! l l e  t e s t s  d u r i n g  P h a s e  I and  f o r  a l l  t h e  t e s t s  
d u r i n g  P h a s e  r I .  The S o u t h  l t a l l s v l l l e  t e s t s  show t h a t  s u b e l c r o n  p a r t i c l e  
e m i s s i o n s  w e r e  a l s o  r e d u c e d  a t  t h e  b a g h o u s e  o u t l e t  by  o v e r  3 o r d e r s  o f  
m a g n i t u d e  when c o m p a r i n g  t h e  c o n d i t i o n e d  t o  t h e  n o n c o n d l t L o n e d  r e s u l t s .  T h e s e  
I n s t r u m e n t s  we re  u s e d  more  e x t e n s i v e l y -  f o r  P h a s e  I !  t e s t i n g  and  a g a i n .  SO 3 and  
a m m o n i a  c o n d i t i o n i n g  r e s u l t e d  i n  a s u b s t a n t i a l  r e d u c t i o n  in  s u b l i c r o n  
e m i s s i o n s  f o r  a l l  c o a l s  w i t h  t h e  e x c e p t i o n  o f  S a r p y  C r e e k .  F o r  t h i s  c o a l .  
s u b m l c r o n  p a r t i c u l a t e  e m i s s i o n s  w e r e  s l i g h t l y  l e s s  f o r  t h e  c o n d i t i o n e d  t e s t  
c o m p a r e d  t o  t h e  b a s e l i n e  t e s t .  F l u e  g a s  c o n d i t i o n i n g  h a s  b e e n  shown t o  be  a n  
~ f f e c t l v e  m e t hod  o f  r e d u c i n g  f i n e  p a r t i c u l a t e  e m i s s i o n s  f r o m  a b a g h o u s e  f o r  
a l l  l t g n i t e s  t e s t e d .  F o r  t h e  two  h i g h e r  r a n k  c o a l s  t e s t e d ,  t h e  b i t u m i n o u s  
c o a l  showed a s u b s t a n t i a l  r e d J c t l o n  I n  e m i s s i o n s  w i t h  c o n d i t i o n i n g .  Howeve r ,  
t h e  s u b b l t u m l n o u s  c e a l  t e s t e d  d i d  n o t  show a s  g r e a t  an  i m p r o v e m e n t .  
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, p r e s s u r e  Drop 

An I m p o r t a n t  c o n s i d e r a t i o n  Ln f a b r i c '  f i l t r a t i o n  i s  t he  o p e r a t i o n a l  
p r e s s u r e  d rop .  The e f f e c t s  o f  f l u e  gas c o n d i t i o n i n g  on p r e s s u r e  drop  Bust  be 
d e t e r l i n e d  be fo re  t h e  p o t e n t i a l  o f  t h i s  technolob'Y f o r  f u l ~ - s c a ] e  a p p l i c a t i o n s  
can be e v a l u a t e d .  Dur ing  t h e  i n i t i a l  d u s t  cake  b u i l d - u p ,  s t a r t i n g  w i t h  new 
f a b r i c ,  t he  s lope  o f  p r e s s u r e  d rop  as  a f u n c t i o n  o f  t t B e  was l e s s  w~th £ l u e  
g a s  c o u d l t I ~ n I n g ,  l u d l c a t l n g  t h a t  c o n d l t l o n £ n g  r e d u c e s  t h e  d u s t  cake 
r e s i s t a n c e .  ~ f t e r  I n l t i a t l n g  t h e  c l e a n l n g  c y c l e ,  t h e  r e d u c t i o n  i n  p r e s s u r e  
d r o p  a p p e a r s  to  c o n t i n u e .  As p a r t  of  the  Phase  I t e s t s ,  t o  e v a l u a t e  t he  
l o n g e r  t e r l  e f f e c t s  o f  c o n d l t l o n ~ n g  on p r e s s u r e  d r o p ,  f l f t y  hour b a s e l i n e  and 
cond i t i on i ng  runs were completed using South H a l l s v l l l e  l t c n t t e .  This data i s  
presented in  Figure 7. The data points were taken before the c leaning cyc le  
was i n i t i a t e d  and immediate ly  before each shake. The pressure drop f o r  the 
t e s t  w i t h  SO 3 and ammonia cond i t i on ing  was lower than t o t  the t e s t  per foraed 
w i thou t  cond i t ion ing and remained lower throughout the t e s t  as i s  I l l u s t r a t e d  
~n F igure 7. This was a l so  t~-~e f o r  the shor t  terR t e s t s  using B~Z Brown and 
Falklrk llgnltes. 

F o r  t h e  c o a l s  t e s t e d  d u r l n g  Phase I I ,  a r e d u c t $ o n  i n  p r e s s u r e  d rop  was 
a l s o  s e e n ,  as  i s  shown i n  F i g u r e s  8 to  I0 .  I t  was e s p e c l a l l y  s i g n i f i c a n t  c o t  
t h e  I n d i a n a  bLtmslnous c o a l .  The p r e s s u r e  drop r e a c h e d  14 inches  ~ .C.  a t  t h e  
end o f  t h e  two ho~r c l e a n i n g  c y c l e  wl thou t  c o n d i t i o n i n g  bu t  on ly  2 .5  i n c h e s  
H.C. w l t h  c o n d l t l o n l n g .  A l t h o u g h  t h e  o t h e r  two c o a l s  d i d  n o t  show as  g r e a t  an 
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i m p r o v e m e n t ,  t h e  b a g h o u s e  p r e s s u r e  d r o p  was s t i l l  r e d u c e d  w i t h  c o n d i t i o n i n g .  
The ava£1able data appear to be consistent for all the coals tested, 
indicating that with SO 3 and am~onla conditioning a sore porous dusz cake is 
~ormed, resulting in a lower pressure drop. 

p h y s i c a l  and  Chemica l  C h a r a c t e r i z a t i o n  

T h e r e  mus t  be some p h y s i c a l  and  c h e m i c a l  c h a n g e s  I n  t h e  f l y  a s h  a n d / o r  
d u s t  c a k e  t o  a c c o u n t  f o r  t h e  o b s e r v e d  e n h a u c e d  p a r t i c u l a t e  r e m o v a l  and l o w e r  
p r e s s u r e  d r o p .  U l t l a s t e  and  p r o x i m a t e  a n a l y s e s  f o r  a l l  t h e  c o a l s  used  in  t h e  
c o n d i t i o n i n g  t e s t s  a r e  g i v e n  i n  T a b l e  2.  The c o m p o s i t i o n  o f  t h e  b a g h o u s e  
h o p p e r  a s h e s ,  d e t e r m i n e d  by x - r a y  f l u o r e s c e n c e  {/C~F) a n a l y s i s ,  l s  g i v e n  f o r  
b o t h  t h e  c o n d i t i o n e d  and n o n c o u d l t l o n e d  t e s t s  i n  T a b l e  3.  The i m p o r t a n t  a s h  
c o m p o n e n t  t o  n o t e  f rom t h £ s  t a b l e  £s t h e  s o d l u a  c o n c e n t r a t i o n  o f  e a c h  a s h .  
A l l  t h e  c o a l s  u s e d  i n  Pha~e  I t e s t i n g  were  v e r y  low i n  s o d i u m  and  ~LI1 t e s t s  
w i t h o u t  SO 3 and  ammonia c o n d i t i o n i n g  r e s u l t e d  i n  h i g h  p a r t i c u l a t e  e m i s s i o n s .  
I n  P h a s e  I I  t e s t i n g ,  t h e  s o d i u m  c o n c e n t r a t i o n s  w e r e  v e r y  low f o r  t h e  
F 4 o n t t c e ] l o  and  t h e  I n d i a n a  b i t u m i n o u s  c o a l s  and t h e s e  c o a l s  r e s p o n d e d  v e r y  
w e l l  t o  c o n d i t i o n i n g .  The S a r p y  C r e e k  s u b b t t m m i n o u s  c o a l .  on  t h e  o t h e r  band .  
was q u i t e  h i g h  i n  s o d t , , - ,  a b o u t  51; s o d i m a  a s  No20. The a s h  f r o m  t h i s  c o a l .  a s  
p r e d i c t e d  f rom an a s h  c o m p o s i t i o n  model d e v e l o p e d  p r e v i o u s l y  ( 2 , 3 ) ,  would 
c o l l e c t  v e r y  w e l l  i n  a b a g h o u s e  and  t h i s  was f o u n d  t o  be  t h e  c a s e .  The 
b a 2 h o u s e  e f f i c i e n c y  w i t h o u t  c o n d i t i o n i n g  was a b o u t  99.81;  and I n c r e a s e d  t o  
9 9 . 9 ~  w i t h  c o n d l t l o n i n g .  T h i s  was n o t  a s  s u b s t a n t i a l  an  l s p r o v e ~ n t  a s  was 
o b s e r v e d  f o r  t h e  o t h e r  c o a l s .  The h i g h  sod ium c o n c e n t r a t i o n  s a y  h a v e  
i n t e r f e r e d  w i t h  t h e  m m o u l a  a n d  S03 r e a c t i o n s .  F o r  exmmple ,  t h e  SO 3 s a y  h a v e  
r e a c t e d  w i t h  t h e  a v a i l a b l e  s o d i u m  in  t h e  F l y  a s h  p r i o r  t o  r e a c t i n g  w | t h  

a m m o n i a .  L e a c h i n g  t h e  f l y  a s h  and  a n a l y z i n g  t h e  l e a c h a t e  f o r  a a a o n ~ a  showed 
t h a t  no t  a s  s u c h  oF t h e  ammonia  was p r e s e n t  on t h e  f l y  a s h  a s  f o r  t h e  o t h e r  
c o a l s .  As a r e s u l t ,  t h e  ammonia  c o n c e n t r a t i o n  i n  t h e  f l u e  g a s  d o w n s t r e a m  o f  
t h e  b a g h o u s e  was a l s o  h £ g h e r  f o r  t h e  S a r p y  C r e e k  t e s t .  

The e x a c t  m m o n t a - S O  3 s p e c i e s  t h a t  i s  d e p o s i t e d  c,: t h e  f l y  a s h  s u r f a c e  i s  
n o t  c l e a r .  ESCA ( E l e c t r o n  S p e c t r o s c o p y  f o r  C h e m i c a l  A n a l y s i s )  h a s  r e v e a l e d  
t h a t  a l l  t h e  s u r f a c e  s u l f u r  l s  p r e s e n t  a s  a s u l f a t e  r a t h e r  t h a n  a s u l f t t e ,  
wh ich  i s  c o n s i s t e n t  w i t h  r e s u l t s  r e p o r t e d  by  o t h e r s  ( 7 ) .  B e i n g  a s~_rong Lewis  
a c l d  SO 3 w i l l  r e a c t  w i t h  t h e  ammonia t h a t  i s  p r e s e n t .  At  t h e  P h a s e  I 
I n j e c t i o n  t e m p e r a t u r e  o r  7 0 0 " F ,  t h e  l i k e l y  compound t o  be  fo rmed  w i l l  be  
ammonium h y d r o g e n  s u l f a t e .  O t h e r  p o s s i b l e  p r o d u c t s  s u c h  a s  a s m o n l t m  s u l f a t e ,  
w h i c h  w o u l d  b e  f a v o r e d  a t  l o w e r  t e a p e r a t u r e s  would  d i s s o c i a t e  a t  t h i s  
t e m p e r a t u r e .  Aamonl,--  h y d r o g e n  s u l f a t e  h a s  a ( L i s s o c i a t l o n  t e m p e r a t u r e  o f  
7 7 0 " F ,  b u t  d i s s o c i a t i o n  i s  n o t  c o m p l e t e  u n t i l  842*F I s  r e a c h e d  ( 8 ) .  At 7OO'F 
a a m o n t u a  h y d r o g e n  s u l f a t e  i s  a b o v e  i t s  m e l t i n g  p o i n t  and  t h e r e f o r e  I t  mus t  be  
I n  a l i q u i d  s t a t e  and  i n  e q u i l i b r i u m  w i t h  i t s  d i s s o c i a t i o n  p r o d u c t s  ( 9 ) .  At 
t h e  P h a s e  I1 i n j e c t i o n  t e m p e r a t u r e  o f  550°F w h i c h  i s  b e l o w  t h e  ammonium 
s u l f a t e  d i s s o c i a t i o n  t e m p e r a t u r e ,  e i t h e r  ammonium s u l f a t e  o r  amaonium h y d r o z e n  
s u l f a t e  c o u l d  f o r e  d e p e n d i n g  on t h e  c o n c e n t r a t i o n  o f  ammonia ,  SO 3, and o t h e r  
f l u e  g a s  c o n s t i t u e n t s .  The e x a c t  c h e m i c a l  m e c h a n i s m s  o c c u r r i n g  a r e  c o m p l e x  
and  s o r e  l a b o r a t o r y  s t u d y  o f  t h e  r e a c t i o n s  o f  ammonia .  S03 ,  and  f l y  a s h  a t  
d i f f e r e n t  t e m p e r a t u r e s  i s  n e e d e d .  
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TABLE 2 

ULTIPATEAND PROXIMATE COAL ANALYSES 

Coal Analys fs  B ig  South Ind iana 
(eo is tu re  f r e e )  F a l k i r k  Brown H a ! l s v l l l e  Mon t i ce l l o  B i t .  SarDy Creek 

Prox ima te  

Ash 11.50 18.81 ~3.71 21.98 11.70 11.31 
V o l a t i l e  Mat ter  44.81 42.79 39.60 41.24 37.28 38.41 
Fixed Carbon 45.89 38.80 46.72 37.78 51.02 50.28 
Coal Moisture,  ~ 36 .7  25.3 ?.9 a 34.1 8.7 18.9 
(as  r e c e i v e d )  

Ul t imate  

Carbon 61.57 55.60 60.83 56.36 69.47 65.63 
Hydrogen 4.26 5.22 3.87 ~.5~ 4.96 4 . 4 3  
Ni t rogen  1.15 0.V8 1 .32  1.01 1 .44  0 .83  
S u l f u r  1.05 1.14 1 .28 0 .75 2 .46  0 .73  
Oxygen (by d i f f . )  20.47 18.47 24 .52  16.38 9 .95  17.05 

Hea t lng  Value 

Btu / l b  10,515 9,957 10,673 9,753 12,322 11,093 

a Coal was d r ied .  

F l y  ash cohesiveness appears ¢o be an Important  phys i ca l  c h a r a c t e r i s t i c  
a f f e c t i n g  baghouse performance. Cohesiveness was measured by forming a d isk  
shaped a s h  p e l l e t  (30 sm d i a m e t e r  by 5 sm t h i c k n e s s )  I n  a h i g h  p r e s s u r e  p r e s s  
~ d  then  a p p l y i n g  a f o r c e  t o  t he  c e n t e r  o f  t h e  p e l l e t  w h l l e  sup lp~r t lng  i t  on 
i t s  edge .  The magni tude  o f  t h e  f o r c e  r e q u i r e d  t o  b r e a k  t h e  p e l l e t  i s  a 
measure o f  t h e  a sh  c o h e s i v e n e s s .  A change In  f l y  a s h  c o h e s i v e n e s s  due to  
c o n d i t i o n i n g  Vas ob2erved  f o r  ~L1] t h e  t e s t  c o a l s  e x c e p t  f o r  Sa rpy  Creek ,  as  l s  
shown £n Tab le  4 .  Th i s  I s  c o n s i s t e n t  w i t h  t h e  b a ~ o u s ~  e ~ t s s l o n  r e s u l t s  where 
Sarpy  Creek shewed t h e  l e a s t  Improvement  w i t h  c o n d i t i o n i n g ,  To h e l p  v e r i f y  
t h i s  d a t a ,  samples  o f  the  n o n c o n d t t l o n e d  and c o n d i t i o n e d  Bt~ Brown f l y  a s h e s  
were s e n t  t o  Sou the rn  R e s e a r c h  I n s t i t u t e  (SoRI) t o  d e t e r m i n e  c o h e s i v e n e s s  
using a shear c e l l  method. This  Eethod a lso ind ica ted  a s u b s t a n t i a l  increase 
i n  c o h e s i v e n e s s  due t o  c o n d i t i o ~ t n g .  Othe r  n o n c o n d t t t o n e d  a s h  samples  s e n t  t o  
SoRI showed t h e  same r e l a t | v e  c o h e s i v e n e s s  a s  tha~ o b t a i n e d  a t  UNDERC, 
o o n f i r m l n z t h e  v a l i d i t y  o f  t h e  UNDERC t e s t  Re thod .  
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TABLE 3 

XRF ASH ANALYSIS OF BAGHOOSE BOPPER ASH 
( P e r c e n t  C o n c e n t r a t i o n  as Ox ides)  

5103 A]203 Fe203 TIO 2 P205 CaO NEO Na20 K20 SO 3 

F a l k l r k  
N o n c o n d l t l o n e a  
C o n d l t £ o n e d  

BtE Brown 
Noncond!~ioned  
C e n d i t l o n e d  

South  H a l l s v l l l e  
Noncond i¢ toned  
Conditioned 

Kontlcello 
(700°¥  I n j e c t . )  

NoncondJ t ioned  
Conditioned 

~lontlcello 
(350"F I n j e c t . }  

N o n c o n d i t i o n e d  
C o n d i t i o n e d  

indiana ~Itumlnous 
Noncondltloned 
Cond£tloned 

Sarpy  Creek 
Noncoudl t~oned  
Conditioned 

42 .2  12.1 12.6 0 .9  <0.1 20 .8  7 .0  
34.7  12.0 13.2 0 .9  <0.1 24 .5  8 .2  

0 .6  1 .5  1 .8  
0 .9  1 .3  4 .3  

51 .5  19 .3  8 . 3  
51 .9  19.8 7 .6  

1 .7  <0.1 14 .4  2 .9  <0.5 1 .0  1.E 
1 .7  < 0 . I  13.7 3 . 0  <0.5  0 .8  1 .3  

39 .6  12 .5  24.4 1 .7  < 0 . !  14 .5  2 . 9  <0.5  0 .4  3 .2  
35 .8  12.7 2V.5 1.7  <0.1 14.6  3 ,5  <0.5  0 .4  3 .5  

56 .1  17 .2  
5 5 . 2  17.4  

4 .1  1 .9  <0 .1  1 6 . 6  2 . 5  < 0 . 5  0 . 5  1 .2  
4 .1  2 .0  <0 .1  16 .8  2 . 5  < 0 . 5  0 .5  1 .2  

56.1 17.2 
55 .6  17.1 

4 .1  1 .9  <0.1 16 .8  2 . 5  <0 .5  0 .5  1 .2  
4 .1  2 .0  <0.1 17.0 2 .5  <0 .5  0 .5  1.1 

50 .5  24 .2  13.2  1 .4  O.1 
50.1 24.4 13.1 1 .3  0 .1  

3 .5  1 .7  <0 .5  3 .6  1 .8  
3 .0  1 .8  <0.5  3 .~  2 .5  

35 .0  20 .6  6 .4  1 .2  
34 .3  20 .9  6 4 1 .2  

0 .3  25 .5  2 .4  
0 . 3  25 .0  2 .5  

5 . 3 0 . ~  2 .8  
5 . 0  0 . 6  3.2  

Ash c o h e s i v e n e s s  would be e x p e c t e d  to  a f f e c t  t h e  r e s i d u a l  dus t  cake  
we igh t  on t h e  bags .  I f  t h e  ash  ~ t o o  " s t ~ c k y "  i t  may n o t  be e a s i l y  removed.  
On t h e  o t h e r  hand,  i f  t he  c o h e s i v e n e s s  o f  t he  ash  i s  i n c r e a s e d  wh i l e  t he  
a d h e s i o n  t o  t h e  f a b r i c  r emains  unchanged,  bag c l e a n l n z  l a y  be e a s i e r  s i n c e  t h e  
d u s t  would be removed In l a r g e  a g ~ l o o e r a t e s .  At t h e  end o f  t h e  50 -h r  t e s t s  
w i t h  South B a l l s v l l l e  and a f t e r  Phase I I  t e s t s ,  bag w e i g h t s  were measured 
a f t e r  sh~k lng .  The r e s i d u a l  d u s t  cake w e i g h t s  f o r  t he  c l e a n e d  bags were 
r e d u c e d  up t o  50% f o r  t h e  c o n d i t i o n e d  compared t o  t h e  b a s e l i n e  t e s t s  w i t h ,  
a g a i n ,  Sarpy  Creek b e i n g  t he  e x c e p t i o n .  The lower  r e s i d u a l  dus t  cake  w e i g h t s  
seem t o  | n d l c a t e  t h a t  t h e  c o n d i t i o n e d  ash  i s  more e a s i l y  removed from t h e  
bags ,  which I s  c o n s i s t e n t  w i t h  t h e  lower  o b s e r v e d  p r e s 3 u r e  d rop .  
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TABLE 4 

COHESIVE STRENGTH OF FLY ASHES AS MEASURED BY 
UNDERC'S COHESIVE TEST METER 

Coal F l y  Ash 
Breaking Force 

(lbs x 10 -z) 

Noncond t t i oned  C o n d i t i o n e d  

Beulah 52 - -  
F a l k l r k  4 .4  23 
Big Brown 5 .0  21 
South H a l l s v i l l e  lZ 18 
M o n t l c e l l o  (TO0*F i n j e c t i o n )  10 14 
M o n t i c e l l o  (350°F i n j e c t i o n )  10 18 
Indiana bituminous 11 14 
Sarpy  Creek 15 13 

Mechanisms 

P r e s s u r e  d rop  a c r o s s  t h e  baghouse d u r i n g  i n i t i a l  dus t  cake ~ e p o s i t i o n  can 
be compared t o  t h a t  In  g r a n u l a r  bed f i l t e r  and I s  d i r e c t l y  p r G 9 0 r t i o n a l  gas  
v i s c o s i t y ,  s u p e r f i c i a l  gas  v e l o c i t y ,  an~ bed dep th .  The p r o p o r t i o n a l i t y  
c o n s t a n t ,  d e f i n e d  by D a r c y ' s  law, i s  c a l l e d  p e r m e a b i l i t y .  An i n c r e a s e  In 
p e r m e a b i l i t y  o f  t h e  d u s t  cake  r e s u l t s  In  a d e c r e a s e  i n  p r e s s u r e  d rop .  The gas  
v e l o c i t y  and v i s c o s i t y  as  w e l l  as  t he  bed dep th  would be r e l a t i v e l y  c o n s t a n t  
when comparing t h e  c o n d i t i o n e d  and n o n c o n d i t l o n e d  r e s u l t s .  T h e r e f o r e ,  on ly  a 
change | n  p e r m e a b i l i t y  c o u l d  accoun t  f o r  t h e  reduced  p r e s s u r e  d rop  o b s e r v e d  
w i th  f l u e  gas  c o n d i t i o n i n g .  

Kozeny and Carman a t t e m p t e d  t o  r e l a t e  p e r m e a b i l i t y  t o  o t h e r  cake 
p r o p e r t i e s  such as  p a r t i c l e  s i z e ,  p o r o s i t y ,  and bed s t r u c t u r e  (10) .  The 
p a r t l c l e  s i z e  d i s t r i b u t i o n  and bed s t r u c t u r e  may be changed somewhat w i th  
c o n d i t i o n i n g  but not  eaough t o  accoun t  f o r  t h e  l a r g e  change i n  p r e s s u r e  drop  
o b s e r v e d .  Pef -~aeabt l i ty ,  on t h e  o t h e r  hand, ~s q u t t e  s e n s i t i v e  t o  p o r o s i t y  
(vo id  volu=e f r a c t i o n ) ;  f o r  example,  a 20~ I n c r e a s e  i n  p o r o s i t y  can cause  the  
p e r t e a b l l l t y  t o  t n c r e a s e  by a f a c t o r  o f  2 o r  more.  A p r o b a b l e  e x p l a n a t i o n  f o r  
t h e  observed r e d u c t i o n  In p r e s s u r e  drop  t~ trout t h e  c o n d i t i o n e d  a s h  forms a 
more porous  d u s t  cake  which i n c r e a s e s  t h e  o v e r a l l  d u s t  cake p e r m e a b i l i t y .  A 
more porous  dus t  cake  cou ld  r e s u l t  from an I n c r e a s e  In  ash  c o h e s i v e n e s s  s i n c e  
i t  would be l e s s  s u s c e p t i b l e  t o  p a c k i n g  and po re  c o l l a p s e .  

There a r e  two mechanisms, pinhole p e n e t r a t i o n  and seepage, which cou ld  
accoun t  f o r  h lgh  p a r t i c u l a t e  e m t s s l o n  l e v e l s  f o r  d i f f i c u l t - t o - c o l l e c t  a s h e s .  
In  p l n h o l e  p e n e t r a t t o n ,  l a r g e  pore  open ings  In  the  weave a r e  no t  b r i d g e d  o v e r ,  
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resulting in high local gas velcctties in comparison to the superftclsl face 
velocity (11}. Particles which penetrate the fabric through pinholes are 
never collected. Penetration by seepage refers to particles that were 
initially collected but eventually seep through the fabric (12). Some seepage 
Is expected during cleaning, if pinhole plugs break loose, or if ash is 
r e e n t r a i n e d .  An i n c r e a s e  i n  c o h e s i v e n e s s  due t o  f l u e  g a s  c o n d i t i o n i n g  would  
f a c t i l t a t e  b r i d g i n g  l a r e s  p o r e s  and  t h u s  r e d u c e  p i n h o l e  p e n e t r a t i o n .  In  
a d d i t i o n ,  a more c o h e s i v e  f l y  a s h  wcn ld  m i n i m i z e  p e n e t r a t i o n  by s e e p a g e  s i n c e  
p a r t i c l e s  c o l l e c t e d  would  be h e l d  more  f i r m l y  i n  p l a c e .  

ECOliO~CS 

The t e c h n i c a l  m e r i t s  o f  f l u e  g a s  c o n d i t i o n i n g  a r e  v e r y  s t r o n g :  b o w e v e r ,  
I t  mus t  a l s o  be  e c o n o m i c a l l y  v i a b l e  t o  be  c o n s i d e r e d  a s  an e n h a n c e m e n t  me thod  
f o r  p a r t i c u l a t e  c o n t r o l .  A p r e l i m i n a r y  e c o n o m i c  e v a l u a t i o n  was c o m p l e t e d  t o  
d e t e r m i n e  t h e  c o s t  o f  f l u e  g a s  c o n d i t i o n i n g  c o m p a r e d  t o  c o n v e n t i o n a l  f a b r i c  
filtration. The design criteria (13) used to determine the size and overall 
c o s t  o f  a bughouse  f o r  t h i s  e c o n o m i c  s t u d y  I n c l u d e  t h e  f o l l o w i n g :  

I .  The  p l a n t  i s  500 HW w i t h  a p c - f l r e d  b o i l e r .  
2 .  A i r - t o - c l o t h  r a t i o  I s  2 . 0  f t / e l n .  
3 .  The  bughous e  h a s  16 c o m p a r t m e n t s  wx -~ 744 t m ~  p e r  c o m p a r t m e n t .  
4 .  3 a g s  a r e  woven f i b e r g l a s s  w i t h  a T e f l o n  B f i n i s h  and have  s 4 y e a r  b a g  

l i f e  w i t h  a 25~ a n n u a l  r e p l a c e m e n t  r a t e .  
5 .  The bughous e  i s  o p e r a t e d  a t  a n o m i n a l  t e m p e r a t u r e  o f  

300 °F and i s  l o c a t e d  on t h e  n e g a t i v e  s i d e  o f  t h e  ID 
f a n .  

6. Desired maximum operating tube sheet pressure drop is 4.5 inches W.C.. 
7.  The  c l e a n i n g  mechan i sm i s  r e v e r s e  a i r  w i t h  a 1 h o u r  c l e a n i n g  c y c l e .  
8.  Inlet dust l o a d i n g  is 3 t o  4 grains/scf. 
9 .  D e s i r e d  c o l l e c t i o n  e f f i c i e n c y  i s  9 9 . 9 ~ .  

The t o t a l  c a p i t a l  i n v e s t m e n t  (TCI)  f o r  t h e  f a b r i c  f i l t r a t i o n  s y s t e m  u s i n g  
t h e s e  d e s i g n  c r i t e r i a  I s  $ 2 3 , 3 6 4 , 0 0 0  o r  $44.73/KW. The alllluQ1 l e v e l l z e d  c o s t  
i s  $ 1 1 . 2 0 7 , 8 0 0 / y r  o r  3 . 0 1  s i l l s / K W h .  T h e s e  c o s t s  we re  o b t a i n e d  f r o m  an  
E l e c t r i c  Power R e s e a r c h  I n s t i t u t e  r e p o r t  and  u p - d a t e d  t o  2nd q u a r t e r  1986 
d o l l a r s  ( 1 3 ) .  T h e s e  were  t h e  ba~e  c o s t s  t o  wh ich  f l u e  g a s  c o n d i t i o n i n g  c o s t s  
we re  c o m p a r e d .  

The e c o n o m i c 3  o f  c o n d i t i o n i n g  f l u e  g a s  with ammonia  and  SO 3 w i l l  d e p e n d  
on many f a c t o r s .  Some o f  t hese ,  such as q u a n t i t y  o f  agents  needed,  the  
e f f e c t s  o f  c o a l  t y p e .  and  t h e  e f f e c t s  o f  t e m p e r a t u r e ,  s t i l l  n e e d  t o  be  
d e t e r m i n e d  e x p e r i m e n t a l l y .  Fo r  t h i s  e c o n o m i c  e ' ~ s l u a t l o n  an  i n j e c t i o n  r a t e  o f  
25 pme ammonia and  lZ  ppm SO 3 was a s s u m e d .  I n  a d d i t i o n ,  i t  was a s sumed  t h a t  
c o n d i t i o n i n g  w i l l  n e t  a d v e r s e l y  a f : e c t  a s h  h a n d l i n g  o r  h a g  l i f e .  C a p l t e l  and  
o p e r a t i n g  c o ~ t s  a r e  d e t e r m i n e d  b a s e d  on a i r - t o - c l o t h  r a t i o s  o f  2 and  2 . 7  
i t / s i n .  The c o s t  o f  t h e  c o n d i t i o n i n g  e q u i p m e n t ,  a s  w e l l  a s  o p e r a t i n g  c o s t s ,  
were  o b t a i n e d  f rom Wahlco I n c . .  C a p i t a l  c o s t s  I n c l u d e  t h e  c o s t  o f  e q u i p m e n t ,  
i n s t a l l a t i o n ,  s h i p p i n g ,  and  s u p e r v i s i o n ,  a s  w e l l  a s  a c o n t i n g e n c y  f u n d  t o  
p r o v i d e  f o r  u n f o r e s e e n  e v e n t s .  O p e r a t i n g  c o s t s  f o r  c o n d i t i o n i n g  I n c l u d e  t h e  
c o s t s  o f  s , ~ ] f u r  and ammonia ,  a d d i t i o n a l  e n e r g y  n e e d e d  ( e l e c t r i c a l  and s t e a m ) ,  
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maintenance, and l abo r .  Costs are smmarized i n  Tabtes 5 and 6. For the 
economlc evaluation, she gas flow and the number of compartments were assumed 
to remain the same but with a reduction in the total number of bags. If the 
I n j e c t i o n  0£ ammonia and S0 3 c a n  r e d u c e  p r e s s u r e  d r o p ,  such  t h a t  t h e  baghouse  
can operate at an alr-to-cloth ratio of 2.7 ft/mln, then the TCI wlll be 
reduced by 10.8~. The annual levellzed cost savings at an air-to-cloth ratio 
o f  2 . 7  to  i would be 9 . 3 ~ .  The a n n u a l  l e v e l l z e d  c o s t  b r e a k  even  p o i n t ,  
comparing fabric filters w i t h  and without conditioning, would  occur for a 
fabric filter wlth conditioning operating at an air-to-cloth ratio of 2.32 
ftlmln. 

TABLE 5 

COMPARISON OF CAPITAL COSTS FOR FABRIC FILTRATION SYSTEMS 
WITHA.ND WITHOUT FLUE GAS CONDITIONING FOR A 500 MW PLANT 

UNITS $1000 (1986) 

Cos t  I t ems  
C o n v e n t i o n a l  ~ C o n d i t i o n e d  C o n d i t i o n e d  

A/C = 2 : 1  A/C = 2 : 1  A/C = 2 ,7 :1"  

T u r n k e y  Cost 
F a b r i c  F i l t e r  

SO 3 G e n e r a t o r  
plus S u p p o r t s  

~mmonia I n j e c t i o n  
Equipment  p l u s  
S u p p o r t s  

F r e i g h t  
I n s t a l l a t l o n  
Englnee~Ing 
Contingency 

T o t a l  C a p i t a l  
I n v e s t m e n t  

22,364 

22, ~64 

22.364 

1.300 

260 

8 
515 
208 
20_~8 

24,863 

17,444 

1 , 3 0 0  

260 

8 
515 
2O8 
2O8 

19 ,943  

a R e f e r e n c e  13. 
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Tab le  6 

COMPARISON OF OPFd~ATINC AI~ M~INTENANCB COSTS FOR A FABRIC 
FILTRATION SYSYEN WITH AND WITHOUT CONDITIONING 

UNITS S1000 (1986) 

Cost ~tems 
c o n v e n t i o n a l  a 

A/C ~ 2:1 
C o n d i t i o n e d  

A/C - 2 : 1  
Conditioned 

A/C = 2 . 7 : 1  

F a b r i c  f i l t e r  ma in tenance 2.18" / .7  2 ,187 .7  1 ,895 .0  
and bag replacement 

Ash Removal 450.7 450.7 390.4  
C o n d i t i o n i n g  

S u l f u r  • $ 1 7 5 / t n  d e l .  57 .4  57.4 
Ammonia I $ 1 6 5 / t n  d e l .  60 .7  60.7  
M i s c e l l a n e o u s  5 .0  5 .0  

Labor 709.6 867.3  690.6  
Ener~-~ Cost  2 , 492 .4  2 ,661 .7  2,? .56.9 
A ~ o r t l ~ a t l o n  5r367 .4  5r967.1  4~786.3 

L e v e l i z e d  Annual 11 ,207 .8  12 .257 .6  10 .142 .3  
Ope ra t l nE  Cost  

M l l l s / I ~ h  3.01 3 .27 2 .73  

a ReFerence 13. 

The f u t u r e  i n t e n t i o n s  o f  government  r e g u l a t o r y  a g e n c i e s  w i l l  have an 
impact on the  p o t e n t i a l  o f  f l u e  gas c o n d i t i o n i n g  t e c h n o l o g y .  I f  p a r t i c u l a t e  
c o n t r o l  r e g u l a t i o n s  b e c ~ e  more s t r i n E e n t  and I f  f i n e  p a r t i c u l a t e  s t a n d a r d s  
a r e  e n a c t e d ,  t hen  f l u e  gas c o n d i t i o n i n g  may wel l  become t h e  economic and 
t e c h n o l o g i c a l  c h o i c e .  

CONCLUSIONS 

A l t h o ~  t h i s  s t u d y  was e x p l o r a t o r y  In  n a t u r e  and p r e s e n t s  r e l a t i v e l y  new 
d a t a ,  s e v e r a l  c o n c l u s i o n s  can be made: 

o R e s u l t s  c l e a r l y  shou enhanced p a r t i c u l a t e  removal  wi th  SO 3 and ammonia 
c o n d t t l o n ~ n E  f o r  c o a l s  t h a t  p roduce  d i f f i c u l t - t o - c o l l e c t  a sh ,  f o r  a g iven  
f a b r i c  and c l e a n i n g  c y c l e .  

o For t h e  g i v e n  c o a l s  and t e s t  c o n d i t i o n s ,  c o n d i t i o n i n g  r educes  p r e s s u r e  
drop both  d u r i n g  i n i t i a l  d u s t  cake d e p o s i t i o n  and a f t e r  i n i t i a t i o n  o f  t he  
c l e a n i n g  c y c l e .  
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A l t h o u g h  t he  p h y s i c a l  and chemical  s echan i sPs  a re  complex, s u r f a c e  
deposition of an ammonia-SO 3 product and a resulting increase in f l y  ash 
cohes iveness  p a r t i a l l y  exp la in  the h ighe r  c o l l e c t i o n  e f f i c i e n c y  and lower 
p re s su re  drop.  

The conditioning effect dues not  spear to be dependent on the injection 
temperature ~nd therefore the Injection point say be after the air 
preheater. 

With all else being equal, the economics indlcate that to break even with 
conventional baghouses, the alr-to-cloth ratio would need to be 2.32 to 1 
using cond i t i on ing  compared to 2.0 to  1 w i thout  cond i t ion ing .  
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CONVEESION OF 
SAN ANTONIO CITY PUBLIC SERVICE 

J.T. DEELY UNIT NO. 2 ELECTEOSTATIC PEECIPITATOES 
FEOM ~OZ SIDE TO GOLD SIDE OPERATION 

by 3.E. P r u s k e  and 3.E. Schwegmann 
City Public Service, San Antonio, Texas 

The J°T. Deely Power Plant of San Antonio City Public Service 
consists of two (2) ~IS-MW western coal-fired units. J.T. Deely 
Unit #] went into commercial operation on August 8, 1977 and Unit 
#2 on AuEust i, 1978. 

Each unit consists of a Combustion EnEineerinE, Inc. balanced 
draft, drum type steam Eenerator, a single trisector Ljungstrom 
air preheater, and two Buell hot side, weighted wire 
precipitators. The decision to use hot side weighted wire 
precipitators for flue gas particulate removal was based on 
available technology and utility/consultant thinking during the 
early to middle 1970"s. 

Soon after the units went into operation in 1977 and 1978, 
CPS beEan to experience the well publicized problems associated 
with hot side precipitators. In Eeneral, the problem can be 
characterized by a gradual deterioration of performance. This 
deterioration was caused by the combined effects of ash buildup on 
the discharEe electrodes, development of a sodium depleted ash 
layer on the collecting plates, poor plate to wire clearances due 
to thermal expansions and contractions, and inadequate wire 
cleaninz. After about i0 t o  14 weeks o f  high load operation, the 
emissions from the precipitators would e x c e e d  opacity limitat~onso 
This forced CPS to shutdown the coal unit amd thoroughly wash each 
precipitator. The J.T. Deely coal units are the most economical 
generatinE units on the City Public Service system. 

As the years went by, the frequency of washing the 
precipitators increased. These frequent shut downs for a 
precipitator wash net only affected the integrity of the 
precipitators but also the performance of the entire coal unit. 
The inability of the J.T. Deely hot slde precipitator to maintain 
satisfactory performance became unacce@table to CPS. This paper 
summarizes the studies and work performed to convert the 
precipitators from hot side to co~d side operation. 
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COEVEESION OF 
SAN ANTONIO CITY PUBLIC SEEVICE 

J.T. DEELY UNIT NO. 2 ELECTROSTATIC PEECIPITA.TOES 
FrOM HOT SIDE TO COLD SIDE OPERATION 

by  

J . E .  P r u s k e  and  J . E .  S c h w e g u a n n  
C i t y  P u b l / c  S e r v i c e ,  S a n  A n ~ o ~ t o ,  T e x a s  

INTRODUCTION 

The J.T. Deely Power Plant of San Antonio City Public Service 
consists of two (2) 418-MW western coal-flred units. J.T. Deely 
Unlt #i went into commercial operation on August 8, 1977 and Unit 
#2 on August I, 1978. 

Each unit consists of a Combustion Engineering, Inc. balanced 
draft, drum type steam generator, a single trisector LJungstrom 
air pieheater, and two Buell hot side, weighted wire 
precipitators. The declslon to use hot side weighted wire 
precipitators for flue gas particulate removal was based on 
available technology and utillty/consultau~ thinking during the 
early to middle 1970°s. 

Soon after the units went into operation in 1977 and 1978, 
CPS began to experience the well publ£clzed problems associated 
wi~h hot side preclplnators. In general, the problem can be 
characterized by a gradual deterloration of performance. This 
deterioration was caused by the combined effects of ash buildup on 
t h e  discharge electrodes, development of a sodium depleted ash 
layer on the collecting plates, poor plate to wire clearances due 
Uo thermal expansions and contractions, and inadequate wire 
cleaning. After about I0 to 14 weeks of high load operation, the 
emissions from the precipitators would exceed opacity llmitatlons. 
This forced CPS to shutdown the coal unit and thoroughly wash each 
precipitator. The J.T. Deely coal units are the most economical 
generating units on the City Public Service system. 

As t h e  y e a r s  w e n t  b y ,  t h e  f r e q u e n c y  o f  w a s h i n g  t h e  
p r e c i p i t a t o r s  i n c r e a s e d .  T h e s e  f r e q u e n t  s h u t  downs f o r  a 
p r e c i p i t a t o r  w a s h  n o t  o n l y  a f f e c t e d  t h e  i n t e g r i t y  o f  t h e  
p r e c i p i t a t o r s  b u c  a l s o  t h e  p e r f o r m a n c e  o f  t h e  e n t i r e  c o a l  u n i t .  
The  i n a b i l i t y  o f  t h e  J . T .  D e e l y  h o t  s i d e  p r e c i p i t a t o r  t o  m a i n t a l n  
satisfactory performance became unacceptable to CPSo This paper 
summarizes the studies and work performed to convert the 
prec£pltators from hot side to cold side operation. 
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INITIAL STUDIES 

The concept of converting ~he preclpi~a¢ors from hoc side to 
cold side opera~ion ~as firs~ presented ~o C¢¢y Public Service in 
198A by ~ahlco, Inc. a California based company. ~ahlco studied 
the hot to cold conversion eoncep~ for several months and in Hay, 
1985 preseuted City Public Service with their findings on the 
preclpl~ator conversion concept. Wahlco ~oucluded tha~ by 
redlractlng the flue gas flow ~o the air prehea~er before enterlug 
uhe preclpltators and eonditionlug ~he flue gases with sulfur 
trioxide, precipitator performauce would be improved and ~he units 
would r~maln in compliance wluh =he 20% opacity requiremenT° 
~ahlco also concluded ~ha~ boiler efficiency would be improved 
primarily as ~ result of the reduction in air in-lea~age upstream 
05 nhe a~T preheater° The es=ima~ed cos~ for the conversion of 
both JoTo Deely units preelpiTa~ors ~o cold side opera~ion was 
$ 2 1 , 0 0 0 , 0 0 0 .  

~efo~e Wahlco's conversion idea came along, CPS had be~u 
consldeulng nhe replacemen~ of the bo~ side precipitators with new 
cold side precipltators or baghouseso However, the SI00 million 
cos~ for thls plan was considered extremely expensive by CPS. 
Therefore, CPS began ~o pursue the prec~pltator conversion concept 
in more detail. Specific areas cf concern ~o CPS engineerln E and 
opera~ions personnel w~re: 

2. 

3~ 

4. 

The s~ruc~ural integrity of the existlng hot side 
ps~cipitarors. 
The ~daptabillty of the existing rrlsector air 
prehea~er to handle the ash laden flue gases 
leaving ghe economizer. 
The adaptaSili=y of ~he exIstln E precipitators to 
cold side op~ra~ion. 
The effete of sulfur crloxlde "condiE¢oning on flue 
gas emissions from The pla=6. 

To answer uhese quesTions~ CPS began our own investlga~ion 
into the pEeclpltator couverslou concept. These Investlga~ions 
are summarized below: 

YrecIp£tator Structural Integrity 

CPS retained Ebasco Services, Inc. co conduce an independent 
structural investigation of the hot side precipi~ators. Ebasoo's 
idves~igation involved a review of the Buell preclpitator drawlngs 
and Black & Veatch duc~work drawings, a field inspection of the 
J.T. Deely Unlt #I precipitators, and a discussion vith CPS 
person=el to obtain a~ operational history of the preelpi~atOrSo 
Ebasco concluded that the snruc~ural design and nhe existing steel 
components of the preclpi~ators ate adequate for the existing hon 
side service and even more so for nbe lower operating Temperanures 
expected after conversion To cold side. Ebasco made several 
recomme=datlons for improvemeaTs/repalrs to the existing 
preclpi~ator systems° 

3 B3-3 



F e a s i b i l i t y  S t u d y  o f  P r e c i p i t a t o r  C o n v e r s i o n  

CPS retained Environmeutal Management Associates (EMA) to perform 
a ~echnlcal feasibility study for ~he conversion of ~he 
preclplta~ors from hot side ~o cold side operatlon and recommend 
to CP~ whether uhe proposed conversion is viable. EMA performed a 
very ~etailed and timely analysis and concluded that the 
conversion of the hot side preclpitators to cold side operation is 
technically feasible and should result in hlgh reliability 
operation and in continuous long term compliances wluh air 
pollu~ion regulations. EMA recommended several deslgn 
changes/modlflcatlons necessary to achieve this desired result. 
T h e s e  r e c o m m e n d a t i o n s  i n c l u d e d :  

- Stralghce= all bowed and warped plates 
- Repair, replace or redesign (if necessary) the place 

to plate clips and mld-point guide rakes to maintain 
plate allgnment 

- Eedeslgn t h e  lower guide system ~o insure free 
downward expansion of the plates while still 
reta£uing p r o p e r  alignment 

- Substitute compression insulators for the tension 
insulators 

- ~nstail three vlbrators/rappers per electrical bus 
secclon in lieu of o n e  

- Level and =ealign the discharge electrode system 
- R e p a i r  a n d / o r  r e p l a c e  t h e  p r e c i p i t a t o r  r o o f  

i n s u l a t i o n  
- P e r f o r m  m o d e l  s t u d y  a n d  i n c o r p o r a t e  r e c o m m e n d e d  g a s  

d i s t r i b u t i o n  d e v i c e s  
- Replace access door seals to reduce air in-leakage 
- Change separate insula=or compartments to Insulacor 

houses 
- Install air purge and heater syste~ for insulator 

h o u s e s  
- I n s t a l l  new h o p p e r  h e a t i n g  s y s t e m  o v e r  b o t t o m  h a l f  o f  

h o p p e r s  a n d  t h r o a t  
- Replace ~he hopper level alarms with a nu:lear type 

level alarm 
- Consider modifying the air preheater to reduce the 

temperature spread and average flue gas temperature 
leaving air preheater 

Al___rrPreheaCer  , ~ n v e s C i g a c i o n s  

CPS m e t  w i t h  C o m b u s t i o n  E n g i n e e r i n g  A i r  P r e h e a t e r  on  s e v e r a l  
o c e a s i o u s  co  d i s c u s s  t h e  a d a p t a b i l i t y  o f  t h e  e x i s t i n g  t r i s e c t o r  
L J u n g s ~ r o m  a i r  p r e h e a t e r  t o  c o l d  s i d e  p r e c i p i t a t o r  o p e r a t i o n .  
C o m b u s t i o n  E n g i n e e r i n g  A i r  P r e h e a t e r  r e c o m m e n d e d  c h a t  t h e  e x i s t i n g  
a i r  p r e h e a t e r  b a s k e t s  be r e p l a c e d  w i t h  a l o o s e l y  p a c k e d  b a s k e t e d  
element which would improve the cleauabillty of the baskets by 
soot blovlng. Al~c, Combustion Englneering Air Preheacer 
determined ~ha~ an addlclonal six inches of basket depth could be 
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added to further reduce the temperature of the flue gas leaving 
~he air preheacer. Combustion Engineering Air PreheaCer provided 
preliminary performance and c o s ~  information which was non 
considered a fatal flaw Co the preclpi~a~or conversion concept~ 

SuZf.......__.uc T c i o z i d e  (SO F~.) E m i s s i o n s  

If flue gas condi~¢onlnE =i~h SO5 was requlred to meeC 
opacity requiremenEs, CPS was concerned about ~he impact that SO 5 
inJec=ion would have on SO 3 emiss2ons from the ~ni~. Based on 
conversations vlth u~¢li~es with flue gas eond1~onlnE systems 
and based on several arrlcles which have been written on $0~ flue 
gas .condi=¢onlnE, 50~ is readily absorbed "by the flue ash 
part$c~es ac'~he lower flue gas temperatures and thus no 
addiCioual SO~ emiselons should be expecEed. ~n fac~, ~he lower 
ce~pecaEure of nhe flue gas followin E converslou Co cold side 
prec£pi~ation should enhance free SO~ removal. 

IMPLEMENTATION 

C o n c u r r e n t  w i t h  t h e  a b o v e  s C u d £ e s  and  ! n v e s t l g a c i o n s ,  CPS 
began to prepare the necessary speclflca~iou~ and documents for 
the pree2pitacor conversion proJecCo Every effort was made to 
perform the first precipitator conversion (J.T. Deely Unit #2) 
during the fall and wlnuer of 1986-87 in order co coincide wIch a 
planned major rework of the turbine's low pressure spindle. A 
schedule of che acclvlcles for the 3.T. Deely Un¢~ #2 pre~iplcacor 
conversion is shown below: 
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CPS wrote the specifications and documen=s in such a manner 
so as t o  place full responsibility for precipitator performance 
u p o n  a single source. CPS r e q u i r e d  each p r o s p e c t i v e  b i d d e r  t o  b e  
the lead =ompany in a partnership which must include a general 
contractor, a archltect-engineer, a precipitator design company, a 
S0~ flue gas conditioning system company, ~nd a flow ~odelln E 
company. 

T h e  s u c c e s s f u l  b i d d e r ,  o r  c o n t r a c t o r  w a s  r e q u i r e d  t o  
g u a r a n t e e  c h a c  ~ h e  c o n v e r t e d  p r e c i p i t a t o r s  w o u l d :  

i • 

2. 

3. 

Malncaln opacity at or below 20%, and 
Maintain mass emissions at or below 0.I Ib/MMBtu• 
and 
Maintain t h e  precipitator collecc~on efficiency a t  
or above 99.4Z• 

Compllauce with ~his guarantee is ~o be demonstrated through 
everyday readings from the opacity monitors and through actual 
field cesc£ng. The guarantee period is for one (I) year followlng 
inltlal operaclon. 

Also, t he  successful bidder, or contractor was required co 
perform the actual conversion work on J.T. Deely Unlt #2 during a 
~en (i0) week overhaul outage scheduled for Decembe~ 6, 1986 
through February 16, 1587. 0nly six (6) weeks was allowed for the 
J.T, Deely Unlt #I conversion. 

The contractors scope of work included: 

- Perform model s t u d y  to d e t e r m i n e  what modificatlons 
a r e  r e q u i r e d  c o  t h e  f l o w  d i s t r i b u t i o n  d e v i c e s  a n d  
d u c c w o r k  s o  a s  c o  minimize p r e s s o r e  l o s s e s  a n d  
a c h i e v e  g o o d  f l u e  g a s  f l o w  d i s t r i b u t i o n  i n  t h e  
c o n v e r t e d  p r e c i p i t a t o r s .  

- P e r f o r m  d r a f t  s t u d y ,  a i r  p r e h e a c e r  s t u d y  a n d  I . D .  F a n  
s t u d y  t o  d e f i n e  t h e  n e w  o p e r a ~ i n g  c o n d i t i o n s  f o r  t h e  
J . T .  D e e l y  u n i t s ,  c o  d e t e r m i n e  t h e  a d a p t a b i l i t y  o f  
t h e  e x i s t i n g  e q u i p m e n t  t o  c o l d  s i d e  p r e c i p i t a t o r  
o p e r a t i o u ,  a n d  t o  r e c o m m e n d  c h a n g e s / m o d i f i c a t i o n s  a s  
r e q u i r e d .  

- R e m o v e  e x i s t i n g  d u c t w o r k  a n d  d e s i g n  a n d  i n s t a l l  n e w  
d u c c w o r k  a s  r e q u i r e d  f o r  c o l d  s i d e  p r e c i p i t a t o r  
o p e r a t i o n .  

- Modify exisclng structural s t e e l  so as Co support the 
new d u c c w o r k .  

- Provide and install an S~ flue gas conditioning 
s y s t e m .  

- M o d i f y  e x t s ~ i n ~  p r e c i p i t a t o r s  f o r  c o l d  s i d e  
precipitator operation as discussed later in this 
r e p o r t •  
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CPS retalned the right ~o review and approve all drawings znd 
equipment and inspect the work. 

Nine companies were requested to bid. Four companies 
submitted bids. CPS evaluated the bids and issued a contract to 
H.B. Zaehry Company on April 17, 1986 for the J.T. Deely Unit #2 
precipitator conversion. 

SCOPE OF WORK 

Below is a detailed discussion of the work performed to 
convert the J.T. Deely U~!t #2 precipitators from hot side to cold 
side operatfo~ with flue gas couditionln g. 

Performance 

One of the first tasks of the Contractor was to define/the 
new operating conditions for the J.T. Deely uults with a cold side 
precipitator conversion. Of speclfic concern was the adequac7 of 
the existing a~r preheater and induced draft fans to perform 
contlnususly at full load conditions with a cold side precipitator 
eon~erslon. Combustlon Engineering performed the studies and 
determined that the precipitator conversion will have the 
~ollowlnz effects on unlt performance: 

1. The relocation of the precipitators downstream of 
the air p~eheater mill eliminate the preclpltator 
heat loss and air in-leakage effects on air 
prehea~er and boiler performance. With t h e  flue 
Eases going directly from the economizer to the air 
preheater more heat will be returned to the boiler 
through the air preheater ~hus, increasiag boiler 
efficiency. 

2. With the existing hot side precipitator 
arrangement, sodium gas added to =he ~oal to 
improve preclp!uator performance. Also, economizer 
soot blowing was limited in order to maintain a 
high flue gas temperature entering the hot side 
precipitators so as to maintain precipitator 
performance. Both the sodlum and limited soot 
blowing, compounded by frequent shutdowns to wash 
the preclpi=ators," resulted in severe economizer 
plugging. This p!uggage resulted in a high dr&ft 
loss across the economizer which limited I.D. fan 
and boiler eapabillty. The cold side precipitator 
conversion will eliminate the need for sodium, will 
allow for frequent economizer soot blowing and 
thus, reduce the draft loss across the economizer 
and increase the capability of the boiler. 

Table 1 shows the boilers performance ulth the exlstln g hot 
side precipitators and the predicted boiler performance w~th a 
cold side preclpita~or. 
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PREDICTED BOILER PERFOR~ABCE 

MAIN STEAM - LBS/HR 
HEAT 0~TPUT - 106 BTU/HR 
EXCESS OXYGEN - %(2) 
BOILER EFFICIENCY -- %(3) 
HEAT FIRED - -  10 6 BTU/HR 
FUEL HHV - BTU/LB 
FUEL FIRED - LBS/HR 

APE FLOWS - LBS/HR 
GAS ENTERING 
PRI. AIR BYPASS ( 4 )  
PRI. AIR LEAVING (4) 
SEC, AIR LEAVING 
GAS LEAVING (CORR'D 

FOR LEAKAGE) 

APE TEMPS. - OF 
PRI. AIR ENTERING 
SEC. AIR ENTERING 
GAS ENTERING 
PRI. AIR LEAVING 
SEC. AIR LEAVING 
GAS LEAVING (UNCORR'D) 
GAS LEAVING (CORR'D 

FOR LEAKAGE) 

HOT SIDE ESP 
EXISTING-80 = 
TIGHT-PACKED 

ELEME.NT~ 

3,061,000 
3,579 

4.65 
83.15 
4,304 
8 ,156  

527,700 

4 , 6 4 4 , 0 0 0  
1 4 5 , 0 0 0  
7 6 0 , 0 0 ~  

2 , 9 6 7 , 0 0 0  

5,014 ,000  

9 0  

8 5  

820 
761 
738 
340 

323 

COLD SIDE ESP 
80" LOOSELT 
PACKE~Y AP~ 
ELEMENTS(1) 

3,061 ,000  
3,565 

4.0  
8-3.86 
4,251 
8,156 

521,200 

4 , 4 3 4 , 0 0 0  
1 3 3 , 0 0 0  
7 6 0 , 0 0 0  

2 ,962_,000 

4 ,781 ,000  

90 
85 

810 
746 
721 
32.0 

305 

iCOLD SIDE ESP 
86 '~ LOOSELY 
PACKED AP~ 

ELEMENTS(1) 

3,061,000 
3,565 

4.0 
84.10 
4,239 
8,156 

519,700 

4 ,42~,000 
133,000 
760,000 

2 ,951 ,000  

4 ,770 ,000  

90 
85 

810 
752 
731 
314 

298 

NOTES: 
I. AIR PREHEATER IN AS-NEW CONDITION. 
Z. AT AIR PREHEATEE INLET. 
3. BASED O~ EXCESS AIR AT AIR PREHEATER EXIT GAS TEMPERATURE 

(INCLUDES 1.5% UNACCOUNTABLE LOSS). 
4. ESTIMATED VALUES. 

TABLE I 
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Because of the lignitic ash characteristics of the fuel being 
fired and the anticipated increased ash loading ~o the air 
preheaters with the precipitator eonverslon, Combustion 
Engineering recommended that the existing hot end and intermediate 
layers of element be replaced wiKh a loosely packed basketed 
element. This loose pack element will allow somewhat larger ash 
particles co Fass through t~e air preheater and improve the 
cleauability of t h e  baske=ed eleme=ts by soot blowing. In 
addition, Combustion Engineering recommended that an ash deflector 
be installed above the economizer gas outle~ duct in order to 
reduce the carry over of any large ash particles to the air 
preheacer, 

Because cold side pre=ipltator performance is affected by the 
flue gas temperature and temperature suing leaving the air 
preheater, Combustion Engineering was asked to idenclfy whet 
modlf~cat£on could be made ~o reduce the flue gas ~emperature and 
temperature swing leaving the air preheater. Combustlon 
Englneerlng determined ~hat the flue gas temperature could be 
reduced below 300 ° F by Ine=easlng =he element depth from 80 to 86 
inches. This could be aeaompllshed in a three-la~er configuration 
without casing modifications or structural modifications to the 
air preheater rotor, In order to reduce the tempe=at=re swing 
lezviug the air preheater from about 60 ~ F to 31 ° F Combustion 
Engineering recommended that the speed of the rotor be increased 
by approximately 2OZ. This =3difieatlon required a lower ratio 
gear reducer, a new electric drive motor and an extra auxiliary 
air motor. 

~odei  Stnd_Z 

Another of the early tasks of the Contractor was the 
construction of a 1/12 scale model in order to establlsh the gas 
flow performance of the precipitator and duo=work from the 
economizer outlet to the Z,D° fan iulets to evaluate draft losses, 
ash fallout, and gas dlstrlbu~ion ~hEou~h the precipitator before 
and after the conversion° Nels Consulting Services constructed 
~ha model and performed the model studies° 

Because of the lower flue gas temperature, f~ue gas 
velocities through the converted cold side preclplrator are much 
lower chat for the exlsnlug hot side arrangement. Due to these 
lower flue gas veloclules, Nels recommended several modifications 
to the precipitator iulet upzzle aud outlet plenum flow 
distribution devices in order to improve flue gas flow 
d£stributlon through the precipitators. In addluion, Nels 
recommended that the air jet system (fluffing air) in the bottom 
of the precipitator inlet nozzles be put back into service in 
order to remove expected ash deposits in this location. Nels 
predicted ~ha~ =he pressure loss for the =oral system would be 1.5 
inches less than the existing system based on the expected gas 
flow conditions. 
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The above recommendations ~ere incorporated into the 
precipitator conversion work by the Contractor without affecting 
~he schedule. 

Ductwork/Structural Modification 

In order to convert the Precipitators to cold side operation, 
the Contractor was required ~o: 

i • 

2. 

. 

4. 

Remove all existing ductwork from the economizer 
ou~le~ to the Z•D• fan inlet• 
Design and install new ductwork from the economizer 
outlet to the air preheater, from the air preheater 
to the precipltator inlet, and from the 
precipitator outlet plenum to the I.D. fans. 
Modify existing st:uctural steel as required to 
provide space for the new ductwork and to supporu 
the new ductwork• 
Design and install new ash hoppers under the 
vertical section of duc~work from the air preheater 
outlet uo the precipitauor inlet• 

Figure 1 shows the ductwork arrangement for the conversion to 
cold side precipitator operation. CPS was fortunate i~ that the 
existing plant arrangement allowed for this ductwork change 
without having to relocate any major equipment. 

Precipitator ~odificat£ons 

The Contractor was required to make several modifications to 
the existing preclpltato:s to allow for reliable long term 
performance. These modifications included: 

i• Rework of preclpiEator internals necessary to 
obtain the allgnments , clearances, and plumbness of 
emitting wires and plates such that performance 
guarantees are met. This included the removal of 
collectin E plates which could not be  straightened, 
leveling of rapper/collectlon p%ate beams, 
repalrlng/replacing plate to plate clips, and 
redesign of midpoint guide rakes. 

2. Replace all tension insulators with compression 
insulators. 

3• Repla=e the existing discharge electrode vibrator 
with a tapper and install two additional tappers 
per discharge electrode emittlng box beam• 

4. Install a new heater/blower system and ductlng to 
puree insulators. 

5. Remove existing ~reclpltatoc roof ~sulatlou and 
install new insulation and weather tight chockered 
plate walking surface above the insulation. 

6• Replace all precipitator access d o o r s  wi~h new 
leak-tight cast iron doors. 
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• 

8. 

9. 

InstalJ new "state of the art" automatic voltage 
control system. 
Install new blanket ~ype hopper heaters on lower 
half of all hoppers. 
Se~% weld cracks in preclpicacor roof and casing co 
minimize air in-leakage. 

T a b l e  2 s h o w s  a c o m p a r i s o n  o f  t h e  h o c  s i d e  a n d  c o l d  s i d e  
p r e c i p ~ C a c o r  d e s i g n  i n f o r m a t i o n .  

A i r  P r e h e a c e r  M o d i f i c a t i o n  

As discussed in ~he feas£billty study performed by 
Environmental Management Associates, the temperature of the flue 
gases entering the preclplcacor has a significant effect on 
preclpitaCor performance. Reducing the flue gas temperature 
entering the precipitators results in better preclpltacor 
performance and less need for 503 flue gas condltlonlng. 

In order co reduce the average flue gas Cemperature entering 
the precipitators t o  below 300 ~ F, CPS chose to modify the air 
prehea=ers as recommended by Combustlon Engineering. This 
modification involved: 

e 

2 ,  

. 

Replaclng all existing air preheacer baskets wlth 
loose pack b~skeced elements. 
Increasing che baskeced elemen~ depth from 80 
i n c h e s  t o  86 i n c h e s  by c h a n g i n g  t h e  a i r  p r e h e a t e r  
b a s k e t  a r r a n g e m e n t  f r o m  a f o u r - l a y e r  c o n f i g u r a t i o n  
t o  a t h r e e - l a y e r  c o n f i g u r a : i o n .  
R e b u i l d i n g  t h e  e x i s t i n g  F a l k  s p e e d  r e d u c e r  a n d  
i n s t a l l i n g  a l a r g e r  d r i v e  m o t o r  a n d  a u x i l i a r y  d r i v e  
system in o=der to increase =he speed of the air 
p r e h e a c e r  a n d  t h u s  r e d u c e  : h e  t e m p e r a t u r e  s w i n g  
l e a v i n g  t h e  a i r  p r e h e a ~ e r  t o  + / -  31 ° F .  

CPS p u r c h a s e d  t h e  m a t e r i a l s  n e c e s s a r y  f o r  t h e  a b o v e  
mod~flcations and hired a separate contractor to replace the 
baskets and change c h e  air preheater drive system. 

F l u e  Gas C o n d i c t o u i n  S S T a c e m  

As r e q u i r e d  by  t h e  s p e c i f i c a t i o n s ,  theContractor f u r n i s h e d  
a n d  i n s t a i 2 e d  a f l u e  g a s  c o n d i t i o n i n g  s y s t e m  f o r  i n j e c t i n g  up  t o  
t w e n t y  ( 2 0 )  p p m v  SO~ i n t o  t h e  f l u e  g a s  s c r e a m  e n t e r i n g  t h e  
precipitators. The system furnished is a Wahlco sulfur burmlng 
s y s t e m .  

The purpose of the SO flue gas conditioning system is to 
inject trace amounts of SOl into the flue gas stream ahead of a 
cold side ;recipltator so as to bring the reslstlvlty of the fly 
ash to a level at which an electrostatic precipitator can function 
efficiently, Many utilities have installed $03 flue gas 
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PRECIPITATOR COMPARISON 

Plan~ ~egawac~s 
Precipitator Collection Efficiency 

Gas Volume (ACFM) 

Gas Temp (Precipltato= Inlet °F) 
No. of Preclpi~a~ors 
Total Precipitator C611ec~lon Area Ft 
Specific Collection Area 

(Ft /1000 ACFM) 
Drift Velocity (CMlsec) 

No. of Fields in series (I) 

No. of Chambers per Precipl~a=or 
No. o£ Gas Passages per Chamber 
No. of TR Se~s per Precipitator 

Size TR Sees per Preclpltacor 

Spacing of Gas Passages 
Collectlon Plate Height 
E l e c t r o d e  R a p i e r s  

Treatmen~ Tlme (sees) 
Average Gas Veloc£cy fE/sec 
Opacity (withou~ ~lue gas co=di~ionlng) 

(with flue gas coudi¢ioning) 
Inlet Grain Loading GR/SCF 

Service 

J .  T. DEELY UNIT #2 

HOT SIDE COLD SIDE 
ESP'S ESP'S 

<99.4% 

2 ,715 .000  

800 
2 
850,176 

313 
8 .3  

2 @ 9 f~ 
3 @ 6 £c 

4 
41 
20 

(16) 14oo 
MA @ 45KVi 
and 

(4) ~S00 
MA @ 45KV 

9 n 

36 ft 
48 Vlbra- 

~ors 
7.17 
5.01 
20Z+ 

1.87-3.82 

Base 

418 
99.4%÷ 

1 .600 ,000  
(Max) 

290 
2 
850.176 

531.4 
4 . 9  (Min) 

3@6ft 
2@9f~ 

4 
41 
20 

( 1 6 )  1400 
MA @ 45KV 

and 
(4) 1800 
MA @ 45KV 

36 fc 
144 Rap- 

pe ts  
12 
3.01 
20% 

1 . 8 7 - 3 . 8 2  

Cycllug 

TABLE 2 
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conditioning s y s t e m s  in order ~o improve precipitator 
performance. 

The process Eor generating SO 3 for flue gas conditioning 
consists of a s y s t e m  c o m p r i s e d  of a molten sulfur storage cauk, a 
sul~ur metering pump, a sulfur burner and SO 2 co SO~ converter, 
and an InJeetlon system, Liquid sulfur is pumped tc the 
burner~converter where ~he sulfur is burned ~o form 502 and 
converted ~o $03 by means of a vanadium pentoxide catalyst. The 
SO 3 /air mlxture from the cunver~er is injected into the flue gas 
duct through a distribution manifold and injection probes. 

CONSTEUCTZON/TESTINC 

Construction work for the J . T .  Deely Uni~ #2 precipitator 
conversion started on October 6, 1986, nine weeks ahead of the 
planned s~art date. This early start was brought about by the 
additional time needed to send the ~urbine low p r e s s u r e  spindle co 
Westinghouse In order ~o Incorporate ~he necessary modlflca~ions 
recommended by Wesclnghouse. These first nine weeks were 
primarily devoted to tearing d o w n  ductwork, removing p r e e i p i ~ a t o r  
roof insulation and equlpmen~, and performing repair work. This 
repair work included: 

- Modifications to the economizer outlet due~ which 
included ~he replacement of cracked and corroded 
structural members and repairing all duct pia~e tears 
to prevent air In-leakage. 

- ~odlflca~ions to the precipitator roof and roof 
mounted collecting electrode support hanger 
assemblies which had become deformed due to long term 
o p e r a t i o n  a~ h i g h  ~emperatures. 

- Repair of numerous cracks and ~ears in the 
precipitator casing, inlet nozzles'and outlet p l e n u m  
in order To reduce air In-leakage. 

- Replacement of the lower collecting electrode spacer 
bar due To p o o r  design. 

Hodi£ieations to structural steel, installation of new 
duetwork and rework of the preclpltacors commenced as materlals 
were received on the Jobs£te. Material delivery was a problem in 
performing the precipitator conversion work during the scheduled 
outage period; however, the Contractor worked ten hours a day, 
seven days a week plus a second ten hour shift, when required, Co 
meet the scheduled February 15, 1987 start-up. 

ThrouEhoue the duration of t h e  precipitator conversion work, 
CPS inspecnors inspected the Contractor's work and worked wlth the 
Contractor ~o solve any problems or deficiencies thaC w e r e  
identified° Weekly construction meetings were held with the 
ConTractor to discuss the progress of The work and any problems 
which needed quick response. 
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As a quality assurance check to ascertain that mlnlmu~ 
acceptable clearances had been ac~ained between collection plates 
aud wires in the precipitator, the Contractor was required co 
perform an Air Load Test and obtain an electrical readlng of 42kV 
on all cabinets wlch all wires and plates in place. The 
Coucractor was able to obtain the &2kV reading on all cabinets in 
=ime to meet ~he scheduled scarf-up date. 

In aidltlou to the above, CPS pressurized the ductwork and 
precipitators with air to five inches of wa~er pressure Co check 
fcr air t~Eh~ness. Several small leaks were identified and 
repaired prior to startup of ~he un~=. 

OPERATIONAL STATUS/CONCLUSiONS 

On February 16, 1987, the boiler was fired wi=h fuel oll i n  
o r d e r  ~o warm up uhe  b o i l e r  a n d  r o l l  a n d  s o a k  t h e  c u r b l n e  p r i o r  t o  
placing =he unit in service. 0n February LT, i986, the u~it was 
synchronized with the system and began opera~ion on coal. Initial 
operation has been very good and qpacity has remained below 20% 
f o r  the first full mon~h of operation. Flue gas cosditioulng has 
not been required. 

Initial operation has shown that'A-slde precipitator has a 
much lower opacity than B-slde prec£plta~or, primarily due to the 
30 e F difference in flue gas ~emperaCure. The opacity on A-slde 
has ranged between 6-12Z while the opacity on B-slde has ranged 
between 12-25~. As discussed above, the temper&Eure difference is 
due Co the temperature swine leaving the air preheater. 

Ini=lal operacion and testing of the flue gas conditioning 
system has resulted in a signIEicant improvement in opacity =heu 
injecting only a small amo~n~ of SO~ into the flue gas. 

One of the major benefits of the precipitator conversion 
project has been the improvement in boiler efficiency a~d unIc 
heat race. As a result of the relocation of the precipitators 
oucslde the boiler envelope, ~he modifications to the ale 
preheacer, and repairing of numerous tears and cracks co reduce 
air in-leakage, more heat is being returned to the boiler thus, 
izprovlng boiler efflcleuey. In addition, the draft loss through 
the sysaem has been reduced to a point where ~he ~wo-speed I.D. 
Eats can operate at the low speed when carrylnE full 10ad on the 
unit. Before the conversion, the I.D. fans were often ~he 
limiting factor in carrying full load on ~he uuic. 

The chart on the nex= page shows a comparison of J.T. Deely 
Unlt #i wlth a hot side precipitator and J.T. Deely Unit #2 with a 
cold side precipitator under base load conditions. As can be seen 
from the chart, J.T. Deely Uni~ #2 wlth a cold side preclpi~a~or 
is generating more aloe=citify and burning less coal than J.T. 
Deely Unlt #I. This will result in significant savings to CPS. 
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FABRIC AND FINISH SELECTION, MANUFACTURING TECHNIQUES AND OTHER 
FACTORS AFFECTING FILTER BAG PERFORMANCE IN LIGNITE FIRED BOILER 
APPLICATIONS 

Charles E. Capps 
Menardi-Criswell Corporation 

3908 Colgate 
Houston, Texas 

ABSTRACT 

Filter bags are a small part of the overall cost of operating a 
fabric filter, however, they are one of the most important factors 
in the successful operation of the unit. 

Filter bags should be designed for specific applications. Many 
variables must be considered. This paper will address three areas 
which we consider of prime importance. 

First, the fabric selection. Through the years a number of fiber 
glass fabrics have been developed for utility boiler applications. 
This paper will address the fabric design and how it relates to 
bag life and performance. 

The second important variable which must be considerd is the 
finish. There are in use today, three groups of finishes with many 
variations in each. These are the Teflon based finishes, those 
described as acid resistant finishes and the tri-component 
finishes. This paper will discuss the function, composition, 
application and use of these various finishes. 

The final factor to be addressed will be filter bag fabrication. 
This paper will highlight those areas which are not normally 
considered by the end user when purchasing or developing a 
spcification for a high temprature fiber glass filter bag. 

# 

# 
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ECONOMIC ANALYSIS OF S02 CONTROL BY DRY SORBENT INJECTION 

by 

T.P. Dorchak, W.S. Lanier and S.B. Robinson 

ABSTRACT 

An economic analysis has been pe:~for~ evaluating furnace injection of 
calcium be~ed dry sorbent into lignite-fired utility boilers. A baseline 
a m a l ~ i s  considered aorben t  i n j ec t i on  a t  an e x i s t i n g  500 ~ b o i l e r  f i r i n g  low 
s u l f u r  North Dakota l i g n i t e .  Tae primary o b j e c t i v e  o f  t h i s  b a s e l i n e  a n a l y s i s  
was to  eva lua te  the. r e l a t i v e  ec~nouics o f  t h r e e  l e v e l s  o f  o ~ - s i t e  so rben t  
process ing  oss in ing  t h a t  the  sorbent be ing  i ~ j e c t e d  was a p r e s s u r e - h y d r a t e d ,  
h igh c a l c i t i c  m t e r i a l .  The f i r s t  opt ion examined was d i r e c t  lZ~rchage o f  the  
p re s su re  hydra te .  The second ovtion was t o  p rocu re  pebble quickl ime and to  
i nco rpora t e  ow-s i te  p r e s su re  hydration i n t o  the  s y s t e z  design. The" t h i r d  
op t ion  considered purchsse o f  limestone wi th  on-site c a l c i n a t i o n  and p r e s s u r e  
hydra t ion .  The b a s e l i n e  analyses were performed a t  assumed sorbent  i ~ j e c t i o n  
r a t e s  s u f f i c i e n t  to  ach ieve  50 to  70 pe rcen t  SOz con t ro l  while f i r i n g  th~ low 
s u l f u r  base l ine  coa l .  The lower in . iect ion r a t e  i s  r e p r e s e n t a t i v e  o f  en SOz 
reduc t ion  l e v e l  which may be required by pending a c i d  ra id  l e g i s l a t i o n  whi le  
t he  higher  i n j e c t i o n  r a t e  would provide s u l f u r  c o n t r o l  ccmme~urate wi th  EPA's 
New Source P e r f o r ~ m c e  Standard. Resul ts  from t h i s  base l ine  a n a l y s i s  i n d i c a t e  
a s i g n i f i c a n t  e c o n ~ i c  advantage f o r  purchase  o f  lmbbl-~ quicklime wi th  o n - s i t e  
p re s su re  hydra t ion .  This sorbent p r o c e s s i n g  option r equ i r e s  c a p i t a l  
expendi ture  f o r  o n - ~ i t e  p ressure  hydration e q u i l ~ e n t  but these  cos t s  a r e  more 
then o f f s e t  by the  lower un i t  cos t  o f  l ime r e l a t i v e  to  purchased p r e s s u r e  
hydra te .  The opt ion  o f  purchasing l imes tone  wi th  o n - s i t e  c a l c i n a t i o n  and~  
p re s su re  hydra t ion  becomes increas ingly  a t t r a c t i v e  ~ i th  i nc rea s ing  so rben t  
co~stmption. The s tudy  ind ica tes  tha t  l ime requi rements  above approximate ly  
500 tons per  day a r e  r e q u i r e d  before  t h i s  op t i on  i s  e c o n ~ i c a l l y  v i a b l e .  

E c o n ~ i c  e v a l u a t i o n s  o f  the type  p r e s e n t e d  in  the  c u r r ~ t  s tudy  a re  
p o t e n t i a l l y  s e n s i t i v e  t o  ~ Y  of  the  i nhe ren t  m t m p t i o n s  in the  a n a l y s i s .  
S e n s i t i v i t y  analy~es a r e  included e v a l u a t i n E t h e  impact o f  a s sum~  b o i l e r  
s i z e ,  b o i l e r  c a p a c i t y  f a c t o r ,  coal  s u l f u r  con t en t ,  sorbent  un i t  cos t  and 
calcium utilization efficiency. This type of analysis is ofmaxiumavalue in 
ccmlml-ative assessments. 

Disclaimer 

This r epo r t  was prepared  as an a ~ t  o f  work sponsored by an agency o f  
t h e  United S t a t e s  Government. Nei ther  t h e  United S ta tes  nor  any agency 
t h e r e o f ,  nor  any o f  t h e i r  enployees, makes any w a r r ~ t y ,  express  o r  implied,  
o r  assumes any l e g a l  l i a b i l i t y  or  r e s p o n s i b i l i t y  f o r  the  accuracy,  
completeness,  or  u se fu lnes s  of  any in fo rmat ion ,  apparatus ,  product ,  o r  p rocess  
d i sc losed ,  or  r e p r e s e n t s  t ha t  i t s  use would no t  i n f r i n g e  p r i v a t e l y  owned 
r i g h t s .  Reference h e r e i n  to any s p e c i f i c  ccsmerc ia l  product ,  p r o c e s s  or  
service by trade name, mark, manufacturer, or otherwise, does not necessarily 
c o n s t i t u t e  or  imply i t s  e n d o r s a e n t ,  t e e n ,  sa t ia t ion:  or  f avor ing  by t h e  United 
S t a t e s  G o v e r n ~ t  o r  any agency t he r eo f .  The views and opinions o f  au thors  
expressed herein do not necessarily state or reflect those of the United i 
States Government or any agency thereof. 
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INTRODUCTION 

A t h r e e - p h a s e  program has been conducted by the  Energy and Rnvirozmental  
Research Corpora t ion  (EER) under  c o n t r o c t  DE-ACIS-84FCI0616 to  the  U. S. 
Department o f  Energy. The purpose  o f  t h e  p rogrea  was t o  e v a l u a t e  f u rnace  
i n j e c t i o n  o f  dry c a l c i n e - b a s e d  s o r b e n t s  to  reduce S02 eniJssions from 
l i g n i t e - f i r e d  b o i l e r s .  The f i r s t  two pro~%~m phases  p rov ided  f o r  f i e l d  t e s t s  
t o  d e t e r m i n e  the  e f f e c t s  o f  ao rben t  i n j e c t i o n  on SO2 r e d u c t i o n ,  b o i l e r  
p e r f o r m m c e  and e l e c t r o s t a t i c  p r e c i p i t a t o r  p e r f o r ~ n c e .  The f i e l d  t e s t s  were 
.-~onducted a t  O t t e r  Ta i l  Power Cmspany's Hoot Lake Unit  2 which i s  a 53.5 Nk~ 
t m ~ e n t i a l l y - f i r e d  b o i l e r  bu rn ing  North Dakota l i g n i t e .  B e s u l t s  from t h e  
f i e l d  t e s t s  a r e  doctmented in  e a r l i e r  r e p o r t s . * ,  z The t h i r d  phase o f  t he  
p r o l & ~ ,  summarized in  the c u r r ~ t  repor t ,  c o n s i s t e d  o f  an ecoaomic eva lua t i cm 
o f  morbent i n j e c t i o v  t ec tmology .  

The p roces s  be ing  e v a l u a t e d  invo lves  i n j e c t i o n  of  p r e s s u r e - h y d r a t e d  l ime 
s o r b e n t  i n t o  the  upper  f u r n a c e  o f  • l i g n i t e - f i r e d  u t i l i t y  b o i l e r .  Within t he  
f u r n a c e ,  t h e  i n j e c t e d  so rben t  p a r t i c l e s  d e h y d r a t e  t o  f o r e  h i g h l y  porous l ime 
p a r t i c l e s  w i t h  high s u r f a c e  a r e a ,  which r e a c t  w i t h  SO2 t o  f o r l  s o l i d  c a l c i t m  
s u l f a t e .  The cap tu red  s u l f u r  i s  c o l l e c t e d  e i t h e r  in  an e l e c t r o s t a t z ~  
p r e c i p i t a t o r  or  baghouse and resoved  from the  b o i l e r  e~dmust.  The ash a long  
w i t h  spen t  and un reac t ed  s o r b e n t  can be d i sposed  o f  u s i n g  Dorwal u t i l i t y  
p r a c t i c e .  3 

A s e r i e s  o f  b a s e l i n e  ecoBmaic a n a l y s e s  were p e r f o m e d  to  e s t i m a t e  t h e  
c o s t  o f  r e t r o f i t t i n g  sorbent  i n j e c t i - n  t o  a h y p o t h e t i c a l  500 N~ b o i l e r  f i r i n g  
North Dakota l i g n i t e .  R e s u l t s  from the  f i e l d  t e s t  s t u d i e s  were used t o  
e s t h e t e  t h e  r e q ~ r e d  so rben t  i n j e c t i o n  r a t e  t o  ach i eve  a dmsi~-d SO2 c o n t r o l  
l e v e l .  In t h e  b e s e l i n e  s t u d y ,  a n a l y s e s  ~e re  perfonmed f o r  r e c r o f i t s  d e s i r e d  
t o  a ch i eve  both  50 and 70 p e r c e n t  SO2 c o n t r o l .  The f i f t y  pe rcen t  c o n t r o l  
l e v e l  was s e l e c t e d  as  r e p r e s e n t a t i v e  o f  t h e  SOz rmluct im~ l i k e l y  r e q u i r e d  by 
l a ,~ i ing  a c i d  r a i n  l e g i s l a t i o n .  Seventy  p e r c s ~ t  SO2 e o o t r o l  i s  the  l e v e l  
r e q u i r e d  by EPA's New Source P e r f o r ~ m n e  S t anda rd  (NSFS) f o r  l o w - s u l f u r  
c o a l - f i r e d  b o i l e r s .  At each c o n t r o l  l e v e l ,  an e ~ y  r e t r o f i t  s i t u a t i o n  
r e q u i r i n g  minor p l a n t  u o d i f i c a t i o n  and a d i f f i c u l t  r e t r o f i t  r e q u i r i n g  gSP 
r e p l a c m m n t  were cons ide red  i~ o r d e r  t o  b r a c k e t  t he  range o f  p o s s i b l e  c o s t s .  

A second aspec t  o f  t he  b a s e l i n e  e~mnomic a n a l y s i s  was an s s s e s s a ~ n t  o f  
t h r e e  o n - s i t e  sorben t  p r o c e s s i n g  o p t i o n s .  The s i m p l e s t  so rben t  i n j e c t i o n  
sys tem des ign  op t ion  i s  the  d i r e c t  purchase  o f  t he  p r e s s u r e - h y d r a t e d  sorbe~t  
.~rcm a vendor .  A second o p t i o n  i s  the  purchese  o f  pebb le  qu ick l ime  which 
r e q u i r e s  o n - s i t o  p r e s s u r e  h y d r a t i o n  o f  t h e  s o r b e n t .  The t h i r d  op t ion  i s  t he  
pu rchase  o f  l imes tone  and p r o v i s i o n  f o r  o n - s i t e  c a l c i n a t i o n  and p r e s s u r e  
h y d r a t i o n .  

As de sc r ibed  above, t h e  b a s e l i n e  economic a n a l y s i s  m i s t e d  o f  a 
p a r a m e t r i c  e v a l u a t i o n  exemiuing: 

O 

0 

50 and 70 pe r cen t  S02 c o n t r o l ,  
t h r e e  l e v e l s  o f  o D - s i t e  so rben t  p r o c e s s i n g ,  and 
ea sy  sad d i f f i c u l t  r e t r o f i t s .  

This  r e s u l t e 4  in s ma t r ix  c o n s i s t i n g  o f  twelve  cases  as shown in Table I .  Ali  
c o s t s  developed f o r  each b a s e l i n e  case  as  d e f i n e d  r e p r e s e n t  complete c o s t s  
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for capital charges, both direct and indirect, and l~velized c~sts inclusiv¢ 
of tax, debt and stockholder burdens along with infl~tionary factors. 

Table I. Baseline Evaluation Matrix 

CASE 

4 
5 
6 

7 
8 
9 

I0 
Ii 
12 

; 
IN, IECTED SORBENT I 

Purchased Pressure Hydrate 
Purchased Lime 
Purchased Limestone 

Purchased  Pressure Hydrate 
Purchased Lime 
Purchesed Limestone 

Furch~sed Pressure Hydrate 
Purchased Lime 
Purchased Limestone 

Purchased Pressure Hydrate 
Purchased  Lime 
Purchased Limestone 

S02 REMOVAL 

50~ 

70~ 

NETROFIT TYPE 

Easy 

Easy 

P.if f icult  

70~ Difficult 

In another portion of the economic evaluation, a series of sensitivity" 
soalys~ were performed ex~.ining the impact of process --d boiler variables 
on the cost of sorbent i-jection S02 control. Included was an evaluation of 
the impact of boiler size, boiler capacity factor, coal sulfur content, 
sorbent unit cost and the calcium utilization efficiency of the injected 
s o r b e n t .  

ECONOMIC ANALYSIS METHODOLOGY 

The current economic assessment of d~ sorbent injection has adopted the 
economic analysis methodology defined by the Electric Power Research Inst~.tute 
in their Technical Assessment Guide." Detailed capital cost estimates were 
developed including a series of contingency factors arid accounting for the 
spectrum of co.struction and preproduction c o s t s .  The capital costs are 
presented, normalized to the boiler rating (S/kW i.stalled capacity). 
Incremental operating and maintenance costs are calculated on a ~eneralized 
first year opera±ional basis and are expressed as mills per kilowatt hour. 
The current study focuses on technology retrofit. It is assumed that the 
boiler being retrofitted has a 15 year remaining book life. Economic 
parameters used to calculate capital and O&M cost levelizing factors are 
defined in Table 2. After levelization, the capital and 0~4 costs are 
combined and expressed as the incremental millage rate. The actual cost of 
the control technology is defined ~s the levelized annual cost normalized by 
the mass of S02 removed, expressed in dol]ars per ton S02 removed. 
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Table 2. Major Economic Premises 

Book Life, Years 
Tax Life, Years 
Inflation Hate, ~/Year 
Debt/Equity Ratio 
Debt Cost, ~/Year 

Preferred Stock Ratio, 
Preferred Stock Cost, ~/¥ear 
Co-mort Stock Ratio, 
Cc~on Stock Cost, %/Year 
Weighted Cost of Capital, ~/Year 
Federal Plus State Income Tax Rate, % 
Property Taxes end I~surance, %/Year 
Investment Tax Credit, 
Leve l i zed  Car ry ing  Charge Pa te ,  
O&M Cost Levelizing Factor 

15 
5 
6.0 

50/50 

II .0 
15 
11.5 
35 
15.3 
12.5 
50 
2 

i0 
16.01 
1.4517 

I 

BASELINE B O I M  ARAL.vSIS 

A 500 M~ boiler firing a North Dakota lignite was selected as the 
baseline boiler for evaluating the cost of retrofitting dry sorbe~t injection. 
The assumed boiler and lignite characteristics are defined in Table 3. Based 
on these parameters, the uncontrolled S02 emission rate is calculated as 5.10 
tons/hour (at I00~ load), or 29.07 ktons/year. 

The b~elineevaluation considered the economic impact of three system 
variables on the cost of dry sot*bent injection SOz control. Included are the 
impacts of [i) the extent of on-site sorbent processing, (2) the percentage 
SO2 control, and (3) the ease of technology retrofit. The study is based on 
use of pmsure-bydrated, h£~h-calcitic lime ms the dry sorbent material 
i n jec ted  i n to  the bo~ler.  The three sorbent processJJ~gepproacbes described 
p r e v i o u s l y w e r e  used in d e s i g n i n g  t he  t e c h n o l o g y  r e t r o f i t .  

As pert of the design study, various calciDer design options were also 
considered and an annular shaft kiln was selected for the sorbent injection 
t echno lo~  economic analyses. 

The second major system variable considered in the baseline mmlysis is 
the percentage SCh control achieved by sorbent injection. Control levels of 
50 and 70 percent were selected. The data presented in Figure I illustrate 
the variation in percent S02 capture as a function of sorbent injection rate 
(expressed as Ca/S molar ratio) as taken from field tests at Hoot Lake. In 
these tests, high-calcitic, pressure-hydrated sorbent was injected into a 
utility boiler burning the lignite defined in Table 3. Based on this field 
test data, 50 percent S02 capture is aC/lleved at calcium-to-sulfur molar ratio 
of 2.0j while 70 percent SOa capture requires calcimm-to-sulfur ratio of 4.2. 
Thus, to increase the SOz capture from 50 to 70 percent requires a ii0 percent 
increase in sorbent injection rate and a colm~olsurate incree.¢e in size of 
sorbent storage and handlinK hardware. 

The major system parameter considered in the baseline evaluation was the 
ease with which the required retrofit could be accomplished. There ace many 
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Table 3. Baseline Boiler and Fuel Characteristics 

BOILER CHARACTERISTICS 

Size  
Net Plan~ Heat  Ra te  
C a p a c i t y  Factor 
Bottom Ash-F ly  A~h S p l i t  
Excess Air-Air Heater Inlet 

-ESP I n l e t  
ESP 

ESP Inlet Temperature 

500 l~e - 
10,600 Btu/kWh 
65~ 
20~-80~ 
20~ 
35~ 
S ized  t o  Meet 1979 
NSPS f o r  P a r t i c u l a t e  
on B ~ e l i n e  Coal .  
300oF 

FUEL ANALYSIS 
PROXIMATE 

M oi s t u r e  
Ash 
V o l a t i l e  ~ t t e r  
F ixed  Carbon 

HIGHER HEATING VALUE (Btu/Ib) 

ULTIMATE ANALYSIS 

Mois tu re  
Carbon 
l lydrozen 
N i t r o g e n  
S u l f u r  
Ash 
Oxygen 

AS J ~ I W D  

35. O~ 
7.OX 

26.7~: 
31 .3~  

6 ,890  

35 .0~  
4 2 . 9 ~  

2 .85~  
0 . 6 ~  
O. 781; 
7 . 0 ~  

10 .87~ 

DRY 

1 0 . ~  
41. I~  
48 .1~  

10,500 

66.0~ 
4 .4~  
0.Se~ 
1.2~ 

10.8~ 
1 6 . ~  
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9C- 

8C-  

70" 

m 

0 

3C- 

2 0 -  0/~i 

w~ c 6C 
(P 

c 5C O 
~ m  

N 4G 

IoF " 

High-Calcium 
6 Nozzles 

o/ P 
, / /  :\ ,} 

High-Calcium 
3rd Floor 

, #  
. . .0 

O! 
0 1 2 3 4 S 

Ca/S Mole Ratio [Based on SO 2 Concentration) 

6 7 

~iguru i .  Summary of SO 2 Reduction Data from Field Test on 

Otter Tail Power's Hoot Lake Unit No. 2, from Ref. 1 
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boiler designs, facility layouts, and fuel characteristics which w i l l  ilpect 
retrofit cost for dry sorbent injection. One of the mt significant factors, 
however, is whether the boiler's existing particulate control device will be 
capable of handling the increased particulate loading and potentially increas- 
ed resistivity due to SO~ scavenging by the sorbent. In the previously noted 
field t e s t s  on Hoot Lake Unit Number 2, satisfactory ESP performance wa~ 
maintained ~mder all operating conditions. This particular boiler/coal 
combination would represent an "easy" retrofit mince no b o i l e r  or aPCD modifi- 
cations were required. It is possible, however, that situstions could exist 
requiring complete replacement of the existing p a r t i c u l a t e  c o n t r o l  hardware 
a~d trpgrading of moot blowing equipment. This would clearly represent a 
"difficult" retrofit situation. The current study attempts to determine the 
potential range of tec.~Iogy coats by defining an "easy" retrofit as a 
m i t u a t i o n  r e q u i r i n g  no upgrade  t o  t h e  s o o t  b lowing  c y c l e s  o r  t h e  t h e  APCD 
h a r d , a r e .  C o n v e r s e l y ,  a " d i f f i c u l t "  r e t r o f i t  would r e q u i r e  an i n c r e a s e  i~  t h e  
n t ~ b e r  of ~oot  blowers as well as replacement o f  the exiati~ ESP w.-:tb a 
b a g h o u s e .  The i n c r e a s e d  pressure drop  o f  a baghouse  r e l a t i v e  t o  an ESP would 
also require additional, fan capacity. For the difficult case, ~apit•l cost 
estimates ~re incrmed by a factor of 1.3 times that of an e~.d mi=~d new 
trait i n s t a l l a t  i on .  

Sorbent Hm~dling/Processing - The hardware configuration ust~ed for sorbe~t 
~nloading, long-term storage, processing and trmmport to the boiler for each 
of the three sorbent processing options is illtmtrated in Figure 2. Figure 2e 
i l l u s t r a t e s  t h e  l a y o u t  f o r  d i r e c t  i m r c h a s e  o f  p r e s s u r e  h y d r a t e  end s h o ~  t h e  
hardware f o r  d e l i v e r y  t o  t h e  s i t e  b y  r a i l r o a d  c a r ,  l o n g - t e r m  • t o r a g e  in  
c o v e r e d ,  c o n c r e t e  s i l o s ,  day b i n s  =rod Ime~mat i c  t r a n s p o r t  t o  t h e  b o i l e r .  The 
n ~ e r  and s i z e  o f  t h e  l o n g - t e r m  s t o r a g e  s i l o s  i s  a d j u s t e d  t o  r e f l e c t  p r o v i -  ( 
• i on  f o r  a 30-day  o n - s i t e  so rbeDt  s u p p l y .  F i g u r e  2b i l l tmt~--a te~ t h e  ha rdware  
requiresents for c~-site pressure hydration while FiEure 2c illustrates 
o n - s i t e  c a l c i n a t i o n  and  p r e s s u r e  h y d r a t i o n .  These g e n e r a l  l a y c m t s  a r e  d i r e c t -  
l y  p a t t e r e d  z f t e r  t h e  herdbcare reqp~irements  d e f i n e d  b y  t h e  T e n x ~ e  Ye~]ey 
b~rthority i~- their ~cono~ic  amse~mt of l i w e  end limestone based flue 
d e ~ u l ~ u r i z a t i o n ,  s In  f a c t ,  where a p p l i c a b l e ,  t h e  c a p i t a l  c o s t  f o r  t h e s e  
s y s t e ~  c ~ q ~ e n t s ,  i n c l u d i n g  equipment  and i n s t a l l a t i o n ,  were  d i r e c t l y  e x t r a c t -  
ed fro~ TVA'm Shawnee economic analysis model. Capital costs for c ~ t s  
not covered by the TVA model were determined by vendor quotes or other stem- 
d a r d  e s t i m a t i o n  p r o c e d u r e s .  In  eech  e v a l u a t i o ~  m e  s u f f i c i e n t  redundmncy has  
been  mssusL'd, c c s ~ e ~ s u r a t e  with utility industry p r a c t i c e .  

l o l l e r  ~ M i f i c a t i o n s  - For  e a s y  r e t r o f i t  c ~ e ~ ,  t e e  o ~ l y  b o i l e r  B o d i f l c a t i o n s  
r e q u i r e d  f o r  s o r b e n t  i n j ~ t ± o ~  r e t r o f i t  a r e  (1) movmeeDt o f  minor  i n t e r f e r -  
e n c e s  t o  g e t  s o r b e n t  t r a n s f e r  l i n ~  t o  t h e  b o i l e r  f a c e ,  (2)  a s e r i e s  o f  wa i l  
p ~ e t r a t i o n s  t o  a l l o w  sorb~ont i n j e c t i o m  ~ d  (3) a d d i t i o n  o f  a c o n t r o l  s y s t e m  
t o  m e t e r  Jmd modu la t e  p r o c e s s  o p e r e ~ i o n .  Y~vement o f  i n t e r f e r e n c e s  i s  e s t i -  
mated  to coBt ml~roximatels, $0.3/kW installed capacity while an appropriate 
c o n t r o l  s y s t e m  i s  e s t i m a t e d  t o  c ~ s t  a p p r o x i m a t e l y  $300,000.  For t h e  b a s e l i n e  
b o i l e r ,  i t  i s  assumed t h a t  t w e l v e  (12) w a l l  p e ~ e t r e t i o n s  w i l l  be  r e q u i r e d  a t  • 
cost of spproximately $i0,000 per penetration. For a difficult retrofit there 
will be costs associated with iDcreased soot bloeing capability, a recent EFA 
economic'evaluatio~ of the sorbent injection process estimated the ccpital 
cost of additional soot blowers st $1.09 per kilowatt of installed capa~ity.(- 
That mstmption has been adopted in the current study as well. 
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Figure 2c. £qutpment LAyout for 0n-stte Calcination and Pressure Hydretton 
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O&H Cost Estimation Bases - As will be sho~n, a critical component of the 
overa]l sorbent injection control technology cost is the OM4 component. 
Annual consumption quantities for sorbent, electricity, water, incremental 
solids disposal, operatinK labor and a n a l y t i c a l  labor are c a l c u l a t e d  (or 
estimated) for each individual evaluation case add multiplied by unit costs to 
estimate direct operating costs. Also included in the direct operating ccst 
are charges for added hardware and maintenance which is estimated as four 
percent of the direct construction cost. Indirect operating costs are taken 
a s  60 p e r c e n t  o f  m a i n t e n a n c e  l a b o r  aud m a t e r i a l s ,  o p e r a t i n g  l a b o r  and a n a l y s i s  
labor. The muz of direc~ and indirect operating costs represents the general- 
ized first year Of~ cost. Unit costs assumed for the baseline analysis are 
defined in Table 4. as will he shown, sorbent injection technology economics 
are dominated by the cost of consuDed sorbent and thus the unit cost fr.r 
sorbent hecame~ a critical evaluation parameter. 

Table 4. Unit Costs for Baseline Analysis 

In-House Electricity 
Water 
Natural Gas 
Operatingl~bor 
Analysis Labor  
Baseline Fly  Ash Dimf~sal 
Fly  Ash 4 Spent  S o rbe~ t  D i s p o s a l  
Pressure-~/drated, High-Calcitic Sorbent 
Pebble @nick Lime 
Limestone 

Unit Cost 

4.5 cents/kWh 
50 cents/kffal 
$3.75/10 • Btu 
$1S. 50/hour 
$25. O0/hour 
$4.25/ton 
$6.25/ton 
$80.00/ton 
$55.0Olton 
$20. O0lton 

Eamy Retrofit Economic A~e~. mlent~ - Table 5 pPesents s sugary of the capital 
coats for baseline cases 1,2 and 3 as defined in Table 3. As shown, the 
capital costs range from $16.77/kW for direct .ourch~e of pre~ure hydrate to 
$3S.66/hW for on-cite calcination and pressure hydration. Table 6 defines the 
O ~  c o s t s  f o r  c a s e s  1 ,2  and 3 ms we l l  as  p r e s e n t i n g  t h e  l e v e l i z e d  c o s t  s , ~ a r y .  
~_s s h o ~ ,  f o r  50 p e r c e n t  SOz c a p t u r e  w i t h  an e a s y  r e t r o f i t ,  t h e  l ~ t  r e t r o f i t  
cost is a c h i e v e d  by on-site pressure hydration of purchased quicklime. I t  is 
nig~ificant to note that direct purchase of pressure hydrate provides the 
lowest capital cost but that this option provides the highest overall cost as 
indicated by cost per ton of 302 removed and levelized .revenue requirements. 

The same gener~l trends are observed for cases exsmining easy retrofit 
designed for 70 perce~t SOz capture. Specific informatior~ noted is that 
on-site calcination is still more expensive than purchase of pebble quicklime 
but that the cost penalty is decreased. The general tre~d noted here is that 
on-site calcination becomes economically attractive" only when the lime use 
rate exceeds approximately 500 tons per day. This findinR is in general 
e~reesent with information provided by lime manufacturers. 

p ifficu]t Retrofit Cs~ea - As indicated previously for the difficult retrofit 
cases it is assumed that the existing ~SP will be replaced with a baghouse. 
For pricing purposes it is assumed 'that the replacement baghcese provides an 
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Table 5. Cap i t a l  Cost Stmmery f o r  Case 1 ,2  and 3: 
Essy R e t r o f i t ,  50 Percent  SO2 Cont ro l  

DIRECT CONSTRUCTION COSTS (DCC) 
Ceme 1 C a s e  2 Came 3 

( $ 1 , O 0 0 ' s )  ($1 ,000's)  ($1 ,000's )  

I. Sorbent Unloading, Storage and Reclaim 
2. Calcination end Lime Storage 
3. P r e s s u r e  Hydrat ion and Sorbent  S torage  
4. Sorbent  I n j e c t i o n  
5. Wall Penetrations 
6. N o v e ~ n t  o f  I n t e r f e r e n c e s  
7. Cont ro l  System 

Process ContinEency 
DCC TOTAL 

3,384 1,923 1,259 
- -  - -  4,0?4 
- -  3,778 4,283 
281 281 281 
120 120 120 
150 150 150 
300 300 300 

4,235 6,551 10,466 
423 655 1,047 

4,858 7,206 11,513 

I'NDII~CTCONST]~t~'rlON COST (Ice) 

General Facilities 
Engineering ~Bd Home Office 
Project C~ntingency 

ICC TOTAL 

466 721 1,151 
466 721 1,151 

1,397 2,162 3,454 
2,329 3,604 5,756 

TOTAL PLANT COST (DCC + ICe) 
ALLOWANCE FOR FUNDS DURING CONSTRUCTION 
TOTAL PLANT INVESllbEFr 

INITIAL INVENTORY 
~ D O C ~ O N  

TOTAL RET~FIT CaPITaL COST 

,987 10,810 17,269 
0 0 0 

6,987 10,810 !7 ,269 
689 358 233 
711 625 779 

8 , 3 8 " /  11,793 18,281 
(16. '7. 7/kW) ($23.58/id#) ($36.56/kW) 
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Table 6. O&H Cost Summery for Case 1,2 and 3: 
Easy Retrofit, 50 Percent S(h Control 

C ~ e 2  C ~ e 3  
{bantity Cost Guantity Cost Quantity Cost 

($1000s) . ($1000s) ($1000s) 
ITS, 
Sorbemt Consumption 
Utilities 
Electricity 
Natural Gas 
Water 

~crementa l  So}.iCs 
Disposal 

67,. 2kTPY 5372 50.82 2795 

876, O00hCCh 39 2,917,000 131 

-- -- 5,818kgal 3 

677 -- 677 

Naintenance Labor &Mater ia l  
Operating Labor 13,000hr/yr 
Analysis  Labor 1 ,000hr/yr  

Direct  Olara t i~g  Cost 
Ind i rec t  Operating Cost 

Ist Year OCl4Comt 
1st Tear Revenue gequiresent  
15 Year 5evelized Revenue Req. 

Control TechnoloKyCost 

240 27,000 499 
25 1,000 25 

SO. 75 1815 

4,187,000 188 
177,866 667 

5,616 3 

677 

35,000 647 
2,000 50 

6,541 4,419 4,508 
271 487 695 

$6,812 
2 . ~ i l l s ~ W h  
3.96mills/k4~h 

$4,906 
2.39mills/kWh 
3.16mills/V.4h 

$5,203 
2.86mi lls/k1~ 
3.6~ills/k~% 

$755/ton $520/ton $721/ton 

# 

# 

~1. l g t ' l  - - 1  "~ 



air-to-cloth ratio oF 2.0 ACFM/ft ~. Algorithms for projecting the capital 
c o s t  o f  bazhouses  have been developed by FEI A s s o c i a t e s ,  Inc .  TM and i m d i c a t e  
that a new unit sized for the baseline boiler (including booster fans) ~ould 
c o s t  app rox ima te ly  $17 m i l l i o n .  A f t e r  a p p l y i n g  a 1.3 r e t r o f i t  f a c t o r  i t  i s  
e s t i m a t e d  t h a t  t h e  i n c r ~ n t a l  d i r e c t  c o n s t r u c t i o n  cos t  f o r  a d i f f i c u l t  
r e t r o f i t  would be appr~_~imately $22.6 m i l l i o n .  Add i t i on  o f  v a r i o u s  c o a t i n g e n -  
t i e s  and o t h e r  f a c t o r s  e s t i m a t e d  as a f r a c t i o n  o f  d i r e c t  c o n s t r u c t i o n  c o s t  
i n d i c a t e  t h a t  t h e  L n c r e ~ _ n t a l  t o t a l  r e t r o f i t  c a p i t a l  cos t  i s  a p p r o x ~ a t e l y  
$37.4 m i l l i o n  o r  $74 .91 /k~ .  These a re  i n c r e m e n t s  t o  c a p i t a l  c o s t s  c a l c u l a t e d  
for an esz7 r e t r o f i t .  

As r eg~ :~-  0 ~  c o s t s ,  t h e  s i m p l i f y i n g  a s sumpt ion  was made t h a t  t h e  c o s t  
o f  o p e r a t i n g  a n d ~ a i n t a i n i n g  a baghouse w i l l  be a p p r o ~ t e l y  t h e  same am t h a t  
f o r  an ESP. On t h i s  b a s i s ,  t he  d i f f e r e n c e  be tween  e a s y  and d i f f i c u l t  r e t r o f i t  
w i l l  be r e f l e c t e d  o n l y  in  t h e  c a p i t a l  c o s t  i ~ c r e m e n t .  

Base Case S~omr~ - Tab le  7 p rov ides  an o v e r a l l  c o s t  s ~ e r y  f o r  a l l  twe lve  
base  c~se e v a l u a t i o n s  i m d i c a t i n g  c a p i t a l  c o s t s ,  O ~  c o s t s ,  15 -yea r  l e v e l i z e d  
revenue  r e q u i r e m e n t s ,  and c o n t r o l  tech~olog3- c o s t s .  As imd ica t ed  i~  t h i s  
t a b l e ,  the  most a t t r a c t i v e  op t ion  i s  t o  p u r c h a s e  qu ick l ime  and t o  pe r fo rm 
o n - s i t e  hyd_-~a~ion. The g e n e s i s  o f  t h a t  odvan t e~e  l i e s m i n l y  in  t h e  f a c t  t h a t  
l ime maximizes t h e  c a l c i t ~  c o n t e n t  in  t h e  ¢ ~ l i ~ e r e d  m a t e r i a l .  This  i~  t u r n  
minimizes s h i p p i n g  c o s t s .  If t h e  lime is h y d r a t e d  a t  t h e  a ~ u F a c t u r e r ' s  
f m c i l i t y ,  t r a n ~ o r t a t i o n  c o s t s  a re  i n c u r r e d  For  a s i g n i f i c a n t  we igh t  o f  r a t e r .  

The economic e v a l u a t i o n  o f  the  t w e l v e  b u e l i n c  cases  a l s o  i l l u s t r a t e d  
t h a t  t h e  cos t  o f  s o r b e n t  i n j e c t i o n  w i l l  depend h e a v i l y  oo the  a b i l i t y  o f  t h e  
e ~ i s t i n g  p a r t i c u l a t e  , . o l ] e c t i o n  hardware t o  m a i n t a i n  a c c e p t a b l e  p e r ~ o r ~ - e .  
A d d i t i o n a l  r e s e a r c h  i s  r e q u i r e d  to  d e f i n e  a p p r o p r i a t e  m o d i f i c a t i o ~  in  t h e  
e v e n t  t h a t  s i g n i f i c a n t  ~ P  pe r fo r l aDce  d e t e r i o r a t i o n  does occur .  I t  s h o u l d  be 
n o t e d  t h a t  e ~ v e r a l  o r g a n i z a t i o n s ,  i n c l u d i n g  t h e  D e p e r t ~ t  o f  Energy ,  a r e  
i ~ e ~ t i g a t i n ~ d u ~ t  h , ~ i d i f i c a t i o n  a~ a p o t e n t i a l  ~ f i c ~ t i o n e m d  p r e l M e ~ - y  
r e s u l t s  a re  r e p o r t e d l y  encourag ing  in t e r ~  o f  i e ~ r e a ~ d  s o r b e n t  c ~ c i t y ,  
s u l f u r  ~sp tu re  asd ~SP p e r £ o r ~ a c e .  

SENSITIVITY ANALYSIS 

Uni ts  o f  250 ~ and 750 ~ ,  were exeBined  t o  de te rmine  t h e  ~ . n s i t l v i t y  
t o  b o i l e r  s i z e ,  a s s t m i n g  t h a t  t h e  b a s z l i n e  l i g n i t e  i s  used as  f u e l  add t h a t  
t h e  u t i l i t y  i s  p u r c h a s i u g  l ime wi th  o n - s i t e  p r e s s u r e  h y d r a t i o n .  For a 250 Hk~ 
b o i l e r ,  t he  l ime consumpt ion  r a t e  i s  r e d u c e d  t o  4 .47  tons  pe r  hour .  This  
r educed  r a t e  a l l o w s  For tmlo~ding  o f  t h e  r a i l  c a r s  w i th  a l m e ~ a t i c  s y s t e n ,  
and a s i n g l e  c o n c r e t e  s t o r a g e  s i l o  i s  s u f f i c i e n t  f o r  s t o r i n g  a 30-day  supp ly  
o f  l ~ e .  However, due t o  l ack  of  turndown c a p a b i l i t i e s  on t h e  p r e s s u r e  
h y d r a t o r s ,  t h e  equipment  r equ i r emen t s  f o r  p r e s s u r e  h y d r a t i o n  would r ~ o a i o  the  
same s~ f o r  a 500 ~ i n s t a l l a t i o n .  The r e t r o f i t  cos t  f o r  t h e  s i t u a t i m ~  
d e s c r i b e d  8bore i s  e s t i m a t e d  to  be ~42.4/kW, and t h e  c o n t r o l  t e c h n o l o g y  c o s t  
i s  e s t i l a t e d  t o  be $806 per  ton  o f  30~ removed.  

For a 75C MW, b o i l e r  r e t r o f i t ,  t he  l i m e  cons tmpt ion  r a t e  is increased t o  
13.39 tons  pe r  hour .  The l ime un load ing  s y s t e m  w i l l  be t he  mare a s  t h e  500 
~ ,  system,  though  t h r e e  c o n c r e t e  s i l o s  w i l l  be r e q u i r e d  f o r  a 30-day s t o r a g e  
c a p a c i t y .  The f u l l - l o a d  so rben t  i n j e c t i o n  r a t e  o f  17.69 t o ~  pe r  hour  
r e q u i r e s  t h r e e  p r e s s u r e  h y d r a t o r s ,  a l t h o u g h  t h e  morbent s t o r a g e  and i n j e c t i o n  
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TABLE 7. BASE CASE SLI4HARY 

I 

CASE NO. 

I0 

II 

12 

PURCHASED 
REAGENT 

Ca(OH) 2 
CaD 

ca% 
Ca(OH) 2 

CaO 

l caco~,, 
Ca(OH) 2 

CaO 

CaCO~ 

RETROFIT 
TYPE 

EASY 

EASY 

EASY 

EASY 
EASY 

EASY 

DXFFICULT 
DIFFICULT 
DIFFICULT 

DIFFICULT 

SO 2 CAPTURE 

percent 

50 

50 

50 

70 ' 

70 

70 

SO 

50 

CAPITAL COST 

SlAW 

I6.77 
23.58 

36.56 

-27.87 

36~98 

56.64 

O&M COST 

mills/kWh 

3.47 

2,50 

2.65 

5.69 

4,42 

4.52 

3.47 

2.50 

2.65 

IS YR LEV, 
REV. REQHT. 
mIllslkWh 

3,96 

3.16 

3,68 

7o47 

5.46 

6.11 

5~10~ 
5.26 

5.78 

CONTROL TECH. 

755 
620 

721 

 o46 
764 

855 

1167 

1032 

1133 

1458 

1176 

1267 

Ca(OHJ 2 
CaO 

CaC03 

DIFFICULT 

DIFFICULT 

70 

70 

70 

50 

102.66 

111.77 

131.43 

91.55 

98.3? 

111.35 

5.69 

4.42 

4,52 

9.57 

7.56 

8.21 

COST 
S/ton SO 2 



hardware used for the 500 MWe system will be sufficient for the 750 M~, 
system. An economic analysis of this system indicates • capital coat of 
$23.6/kW, and a control technology cost of $594 per ton of SOz removed. 

The s e n s i t i v i t y  of cost  t o  v a r i a t i o n s  in b o i l e r  c a p a c i t y  f a c t o r  ~ a l s o  
examined. The b a s e l i n e  b o i l e r  was assumed t o  ope ra t e  a t  ~ p e r c e n t  c a p a c i t y  
f a c t o r .  Th i s  i s  t y p i c a l  o f  a b a s e - l o a d e d  u n i t ,  though many u n i t s  a r e  i n t e r -  
m i t t e n t l y  l o a d e d  and opera te  a t  s i g n i f i c a n t l y  lower c a p a c i t y  f a c t o r s .  All  
b o i l e r s  must be d e s i g n e d  to  meet f u l l - l o m l  o p e r a t i o n ,  however,  r e g a r d l e s s  o f  
c a p a c i t y  f a c t o r .  There fore ,  t h e  c a p i t a l  c o s t  o f  r e t r o f i t  f o r  S02 c o n t r o l  w£II 
not va ry  w i t h  t h i s  parameter .  Most of  t h e  06~ c o s t s  do v a r y  l i n e a r l y  wi th  
t h i s  p a r a m e t e r ,  and thus  the  i n f l u e n c e  o f  c ~ c i t y  f a c t o r  on sorbemt i n j e c t i o n  
c o n t r o l  t e c h n o l o g y  c o s t  w i l l  depend on t h e  r e l a t i v e  c o n t r i b u t i o n  o f  theme two 
f a c t o r s .  

F i ~ s r e  3 i l l u s t r a t e s  t he  i n f l u e n c e  o f  c a p a c i t y  f a c t o r  on 15 -yea r  l e v e l -  
i zed  revenue  r e q u i r e m e n t  and c o n t r o l  t echmology  cos t  f o r  a 500 M~, b o i l e r .  
F igure  4 p o r t r a y s  t h e  same i n f o r w a t i o n  f o r  a 250 MWe b o i l e r .  The e ~ t  o f  
morbent i n j e c t i o n  i s  seen to  i n c r e a s e  w i t h  r e d u c t i o n  in  c a p a c i t y  f a c t o r  f o r  
bo th  b o i l e r  s i z e s ,  bu t  the  i n c r e a s e  i s  g r e a t e r  f o r  t h e  250 ~ u n i t .  This i s  
p r i m a r i l y  due t o  t he  h igher  r e l a t i v e  c a p i t a /  cos t  f o r  t h e  s m a l l e r  u n i t .  I t  
should  be n o t e d ,  however, t h a t  S02 c o n t r o l  t e c h n o l o g i e s  w i t h  h i g h  r e l a t i v e  
c a p i t a l  c o s t s ,  such  as  FGD, w i l l  be even more sdve.~sely a f f e c t e d  by low 
c a p a c i t y  f a c t o r s .  

The c o s t s  f o r  s o r b e n t  in  the  b a s e l i n e  a n a l y ~ i ~ w e r e  s s swsed  t o  be 180/ ton  
f o r  p r e s s u r e  h y d r a t e ,  $55/ton f o r  q u i c k l i m e ,  and $20/ ton  f o r  l i m e s t o n e .  This  
s t u d y  examined t h e  e f f e c t  o f  an increm-_ntal  change in s o r b e n t  c o s t  on c o n t r o l  
t e chno logy  c o s t .  F i g u r e  5 p r e s e n t s  t h e s e  r e s u l t s  f o r  an e a s y  r e t r o f i t  t o  the  
b a s e l i n e  b o i l e r  a t  50 pe rcen t  SOz c a p t u r e .  This  f i g u r e  shows t h e  c o o t r o l  
t e chno logy  c o s t  f o r  lime purch~e w i t h  o e - s i t e  h y d r a t i o n  t o  be  ~ 8  pe r  ton o f  
SOz removed. To ach i eve  an e q u i v a l e n t  comt ro l  t e c h n o l o g y  c o s t  w i t h  d i r e c t  
purchase  o f  p r e s s u r e  hyd ra t e  would r e q u i r e  a h y d r a t e  c o s t  r e d u c t i o n  t o  ~ 4 . 3 0  
pe r  ton .  Us ing  l i m ~ t o n e  wi th  oft-mite c a l c i n a t i o n  end h y d r a t i o n  would r e q u i r e  
a l i m e s t o n e  u n i t  c o s t  o f  approx ima te ly  $9.33 per  ton .  

F i n a l l y ,  an economic assesement  was comducted t o  d e t e r m i n e  t h e  semsi -  
t i v i t y  o f  s o r b e n t  i n j e c t i o n  c o n t r o l  t e c h r ~ l o g y  c o s t s  t o  c a l c i u m  u t i l i z a t i o n  
r a t e s  r a n g i n g  from 15 to  40 p e r c e n t .  F i g u r e  6 i l l u s t r a t e s  t h e  impact  o f  t h i s  
v e w i a t i o n  f o r  50 pe r cen t  S0z c o n t r o l .  Here t h e  Ca/S r a t i o  i s  no t  h e l d  con- 
s t a n t ,  bu t  i s  d i c t a t e d  by a g iven  c a l c i ~  u t i l i z a t i o n  r a t e .  This  f i g u r e  shows 
t h a t  s i g n i f i c a n t  improvement in  s o r b e n t  i n j e c t i o n  economics may be r eed i zed  
th rough  t h e  development  o f  more r e a c t i v e  a o r b e n t s ,  a l t h o u g h  i n c r e a s e d  so rben t  
c o s t s  may p a r t i a l l y  o f f s e t  t he  r e d u c t i o n  in c o n t r o l  t e c h n o l o g y  c o s t .  

CONCLUSION 

The r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e  a s i g n i f i c a n t  e c m i c  e d v a n t ~ e  f o r  
t he  pu rchase  o f  l ime wi th  o n - s i t e  pressure h y d r a t i o n .  This  s o r b e n t  p r o c e s s i n g  
op t i on  r e q u i r e s  c a p i t a l  e x p e n d i t u r e  f o r  o n - s i t e  p r e s s u r e  h y d r a t i o n  equ£pment, 
but  t h e s e  c o s t s  a r e  compensated f o r  by t h e  lower u n i t  c o s t  o f  l ime as  opposed 
to  purchased  p r e s s u r e  hyd ra t e .  This  economic advantage  h o l d s  f o r  bo th  e ~ y  
and d i f f i c u l t  r e t r o f i t s ,  and f o r  sys t ems  d e s i g n e d  f o r  e i t h e r  50 o r  70 pe rcen t  
SOz removal .  The purchase  o f  l i m e s t o n e  w i t h  o n - s i t e  c a l c i n a t i o n  end p r e s s u r e  
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hydrat ion i s  economical ly  a t t r a c t i v e  only f o r  r e t r o f i t s  r e q u i r i n g  more than 
500 tons per  day o f  lime. This wi l l  occur  on ly  f o r  l a rge  b o i l e r s  which f i r e  
r e l a t i v e l y  h i g h - s u l f u r  coa ls .  

The sensitivity of sorbent  injection costs to  a v a r i e t y  of  parameters  was 
e x a i n e d .  B o i l e r  s i z e  above 500 MWe has r e l a t i v e l y  minor in f luence  on the 
economics. A 250 ~f~e b o i l e r  has approximate ly  30~ h igher  con t ro l  technology 
cos t s  than a 500 MM¢ b o i l e r ,  though un i t s  over  500 MWe show l i t t l e  decrease .  
The capac i ty  f a c t o r  has a l a rge  impact on t h e  con t ro l  technology c o s t ,  and the  
magnitude of the impact is dependent on the relative c o n t r i b u t i o n  o f  capital 
a~d fixed operating costs to the total revenue requirement. Calcium utiliza- 
tion r a t e s ,  p a r t i c u l a r l y  below F.~, can have d r ama t i ca l l y  nega t ive  impact on 
t he  economics. A c o r o l l a r y  t o  t h i s  i s  t he  v e r y  s i g n i f i c a n t  s e n s i t i v i t y  shown 
to  sorbent  un i t  cos t .  Overal l  sorbent  i n j e c t i o n  technology i s  p a r t i c u l a r l y  
a t t r a c t i v e  f o r  b o i l e r s  f i r i n g  l c ~ - s u l f u r  c o a l s .  Other comparat ive economic 
s tud ies  e have a l so  r e s u l t e d  in t h i s  conc lus ion .  
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ABSTRACT 

The Texas Municipal Power Agency operates a 440 MW, mine-south liEnite 
boiler in East Central Texas. ~ un/t, Gibbons Creek I, is equipped with 
a cold-side ESP and a limestone spray tower FGD system to conErol emissions 
from zhe combustion of a nominal IZ sulfur liEuite~ The ~GD system experi- 
enced numezous operatin 8 and reliability problems until TMPA inltia~ed an 
opEimization program in late 1984. As a consequence of TM2A's charaetezi- 
zation of th~ FGD system with ~he sssisEance of Radian Corporation and the 
subsequent implementatlon of man~, of the recommendaT/ons that resulted from 
this characterization, siEnificur reducuions in operatinE and malnzenance 
costs have been achieved. The ~ystem operability and reliabil£t7 have also 
been improved. This paper presen~ the results of the characterization 
study and a discussion of the FGD system improvements that have beea 
realized. 
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I. 0 INTRODUCT~ON 

The Gibbons Creek 1 Station of the Texas Municipal Power AEency 
(TMPA) is a 440 MW, mine-mouth liEnite unit. The plant is located in east 
central Texas -_ear Bryan. Unit 1 fires a 1.06~ sulfur lignite and is 
equipped with an emission control system comprised of a cold-side ESP, fol- 
lowed by three limestone spray towers. Operation of Uni~ I began in 1982. 

Radian Corporation completed a characterization of the Texas Mun~- 
clpal Power Agency (TMPA) flue 8as desulfu~ization system at Gibbons Creek 
during late 1984. The scope of the charactez-lzation included both a chemical 
and en~ineerln8 evaluation of the performance and desiEn of the ~GD ayste~n. 
Liquid, slurry, and solid phase samples were collected around the scrubbers, 
and process and design data on the _~GD system were collected. The primary 
objective of the characterization was ~o obtain the necessary ~nformat~on to 
develop an approach for improv~n E the reliability and reduein8 the operat~n g 
and mminten~uce costs of the Gibbons Creek scrubbers. Based on the results 
of the characterization, a list of recommendations to improve the performance 
of the scrubbers was developed and is in the process of bei~ 8 implemented by 
TMP~ Recent ~GD performance is reviewed in the final sect~o-- 

2.0 CHaRACTErIZATION TEST RESULTS 

2. ;. ~ Removal 

The Gibbons Creek FGD system was desisned to control SO~ emissions 
with %~o operating towers and a third for spare under normal lisnlte sulfur 
levels. Table 1 shows the number of tower~ and spray pumps required at 
varyin 8 sulfur loadinss to the FGD system- Accordiu E to analyses of the 
lignite burned at Gibbons Greek, the averase sulfur content was IZ in the 
fuel, with a ranse of 0.8~ to 1.2X. Compari= E this to the GE desisn, ~wo- 
tower operation with a ~otal of six or seven spray pumps in service should 
have controlled SO? embssions to below the 1.~ Ibs S09 per million Btu stan- 
dard. Because of ~.ario~xs problems, including h/gher~han expected tower 
pressure drops, m~st e!iminator scalin8 and pJuEEage, and p!ugse~ spray 
nozzles, three tower-~ and a total of nine spray pumps were operated the 
majority ef the time~ 

In addition, the pH setpoint in the reaction Yanks was maintained 
above 6.0, since below this value the tower removal efficiencies reportedly 
dropped off rapidly. At the time of the Radlan characterlza~ion test, the 
~H ~as not controlled closely and the average value measured was about 5.5. 
,'he FGD system was reportedly designed to operate at a limedtone s~ich~o- 
metl-ic ratio of 1.1. As dlscussed in more deta~l in Section 2.2, this ratio 
was measured to he above 1.5. 

The FGD system, as currently operated, is capable ~f ma/nralnin g 
the unit ~n compllance w~th the SO 2 standard with the current fuel quality. 
There is significant room for improvement in terms of reducing the scrubber 
operatic8 an~ maintenance costs, h~evero Specifically, there are three 
areas where siEnificant cost reductions are possible: 
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TABLE I. EFFECT OF SULFUR LEVEL ON DESIGN SPRAY PUMP AND TOWER REQUIRI~MENTS - GIBBONS CREE: 

Fuel Sulfur CE DesiSn ' Total Treated Total 
lbnSO2/ . . . . . . .  Number Number Gee Flow I Recycle Flow 
10 6 Btu Z Sulfur of Towers of Pumps (acfm) (8pm) Design L/G 2 

4.4 0.9 2 6 1,050,0003 109.000 104 

9.5 2.0 2 10 1,360,0004 182,000 134 

I 

11.8 2.5 3 15 1,360,0005 273.000 200 

bo 
! 
to 

iActual conditions - 142°F, saturated. 

2gala/t03 acf. 

3Assumed tower SO 2 removal efficiency of 92~| therefore, 23~ bypass. 

4Assumed tower SO 2 removal efficiency of 88Z~ therefore, no bypass. 

5Assumed tower SO 2 removal efficiency of 92Z~ therefore, no bypass. 



I. Limestone ut~_lizatlon; 
2. Number of operating spray pumps; and 
3. Scaling and pluggage in the mis~ eliminators. 

With several modifications, operation of the unit withtwo towers 
and six spray pumps, goo~ limestone urillzation (Erearer ~hau 90Z), and 
reduced mist el~nator scaling should be possible. The modif~catlons 
include: 

I. pH ~eedback control of limestone t o  the scrubbers; 

2. Operation at a =onsrant pH of 5.8 t o  6.0 ~o maintain a llme- 
stone sroicb/ometric ratio of 1.1; 

3. Upgrading the ball mill circuit so t~at it produces a prod~.~ct 
of at least 90~ less than 325 mesh; 

4. Washing the mist ellmln~tors ~rlth fresh water; 

5. Installation of density control instrumentation for the reac- 
r l o n  tanks; and  

6. Installation of a screen to remove sticks from the limestone 
slurry. 

An additional consideration £n achieving the mini~Jmoperat-ing and 
maintenance costs for the FGD ~s~emis examination of the feasibility of 
us~n 8 dibasic acid ~BA) in the scrubbers. A preliminary evaluation indi- 
cates that adding DBA would: 

I. Allow t-~o-pump operation per tower; 

2. improve reliabillryofthemist elimiua~orsby reducing 
secondary scrubbing of SO 2 in the mist eliminators; 

3. Allow 95Z utilization of limestone £n the scrubbers; and 

4. Maximize the amount of bypass for reheat, thereby, minim/zing 
the amount of steam needed to maiutaln the desired st~_Ic tem- 
perature. 

A preliminary cost/beneflt analysis was completed fur the use of 
DBA in the scrubbers, The analysis was based on the operation of the scrub- 
bers as observed during the characterlzat£on testing (three tuwe~, three 
pumps per ~ower, 6~ limestone utilization). Table 2 presents she results 
of the cos~/benefit analysis. A number of assumptions had to be made to 
complete the analysis. Table 3 presents these a~sumptions. 
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T~ 2. ~ITIALC0~/BENEFITANALYSISFORG~NSC~ F~ ~ 
0~I~TI~ 

DBA Annual Cost 

Feed Syszem A m o r t i z a t i o n  

Rma Mater-lsl 

Subtotal 

$ 42.000 

425,000 

$ 467.000 

Benef£t 

Limestone 

Limestone Milling 

Sludge Disposal 

Pump Power 

Fan Power 

Reheat  

Mist ~n.iminator Maintenance 

• Pump and Nozzle Maintenance 

Sub total 

Annual Benef i t  

$ 730.000 

40.000 

240,000 

774°000 

120,000 

100.000 

100,000 

50.000 

$2.154.000 

NET ANNEAL BENE~"rT $1.687.000 
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TA3LE 3. DASIS ~0R COST/BENEFITANALYSIS 

MvxisuffiUnitLoad 

Annual Capaci~yFactor 

Buzbar Cost of Electricity 

Reduction in N~=mber oE 0p~rating Spray Pumps 

Previous Limestone Srcich/ometr';.c Ear io  

L£mestone Stoicb/ometrlc Ratiowith D~A 

Cost o£ Limestone 

Power Eor Grindimg Limestone 

DBACousumpnion Rare 

C~t of DBAFeed System 
(The cost of the DBA feed system is 
amortized over 15 years at 12g 
interest.) 

C~st of DBA 

~intenance Costs Due ~oMis~ Elimi~tor Scale 

400 

0.90 

S0.045/1~-h~ 

6 

1.54 

1.05 

$131~on ( d e l l v e r e d )  

14E'T/-hr]~on 

30 lbslton SO 2 absorbed 

$150.000 

$0.1811b (delivered) 

$100.000/yr 
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The results of the analysis showed a substantial cost reduction is 
possible, Much of the 2.1 million dollar total benefit ten be realized 
without the use of DBA. For example, controlling the pH alone at 5.8-6.0 in 
the reaction tanks has resulted in an annual savings of slightly over I mil- 
lio3 dollars by reducing limestone consumption, disposal, and milling costs. 
The improvement in limestone utilization should also benefit mist eliminator 
reliability. The primary advantage that DBA offers is in reducing the number 
of operatin E spray pumps. The 600-hp spray pumps use 3.5 x I~ K~-hrs of 
electricity annually, and the 700-hp spray pumps use 4.1 x I0 KLt-hrs per 
year. Assuming TMPA could sell this power at $O.0Ab/KW-hr, the 600-hp pumps 
cost $160,000/year and the 700-hp pumps cost $185,000/year to operate, not 
includlng malntenance costs. By reduclng the number of operating spray pumps 
from the current level of six down to fuurwith DBA addition, the net station 
power output would be increased by I megawatt. A proportional reduction an 
nozzle and pump maintenance would also result. The annual delivered cost of 
DBA is estimated to be about $467.000. including the amortized cost for the 
fee~ system based on the S~u MiEuel test results. The benefit to TMPA of 
adding DBA would be -,bout $900,000 in increased power sales and a reduction 
in spray pump and nozzle wear. The net benefit associated with DBA after 
deductin g the cost for the raw material would be over $500,000 annually. 

2.2 Limestone Utilization 

Proper control of limestone utilization in a limestone scrubber is 
very important for ~wo reasons. First, the lower the utilization is, the 
greater the amount of !imestone sent to disposal and wasted. Second, Radian 
experience has seen the effect o~ utilization on mist eliminator scaling and 
plugg~e. Maintaining a utilization consistently above 9~ is important an 
helping to prevent scaling and pluggage in the mist eliminators. As will he 
discussed later, it is not the only ingredient to good mist eliminator per- 
formance, though. 

The results of the slurry analyses indicated that li,~stone utili- 
zatio~ wag generally very low. Analysis of the filter cake, which repre- 
sents4 a good composite of EGD system performance over a several day period, 
showed that limestone utilization was only 64~. This converts to a stolchl- 
ometric ratio of 1.56. This number was used for the calculations presented 
in the previous section. The average of the separate reaction tank samples 
was even lower than this. at ~ust over 60Z. The reason for the low utiliza- 
tion w~ due to the high reaction tank pKs, which were due in turn to the 
lack of control of limestone fed to the tanks. Figure 1 is a plot showln E 
the relationship between limestone utilization and pH based on slurry data. 
The general shape of the curve is the same as Radian hag observed at other 
ut~li~/ limestone ~G~ =ystems. 

The key to .mintaiDiu& a staSle concentration of li~stone in the 
reaction tank- is to control the pE in the ta~s at a constant value. Use 
of the pH to comtrol limestone addition to ~he reantion tsnks ~n a feedback 
mode o f  operation was recur,ended. Upgrading the current pg measurement sys- 
t ~-- to improve the accuracy and reliahillty of the pH signal was also needed. 
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In the recommended pH feed back control loop. the siena/ from the 
pH ~ransmitter is used to control the operation o~ the !~estone make-up 
value in an on/off fashio-- A controller ~eceives the 4-20 ma output from 
the pH transmitter, and then mainta~--,s the reaction tank pH within a dead- 
hand of 0.2 pH units by openi~ the make-up valve a~ low pH (5.8) and 
closing it at high pH (6_.0). This has worked successfu!l~" at a number of 
limestone FGD sy~.=ems that Radish has worked wit~ 

Further improvement in scrubber performance would also result from 
upgrading the ball mill circuit to p~oduce a finer limestone product. Mea- 
surement of the producn size showed that 83~ passed a 325 mesh scree~ This 
cate~o_--izes the product as a medium size. Based on observations of the cur- 
rent operatlon and design of the mill circuit and conversations with the 
cyclone vendor (Krebs), it is possible that the system may be easily modi- 
fied to produce a product of 92~ to 95Z passing a 325 mesh screem Pmst 
research -~-~-h -~pr-"y ~c",.~er= ~..~ ~een am improvement in SO 2 removal by feeding 
the system a finer limestone~ Radian has documented the effect of finer 
limestone utilization in scrubbers. Experience at Duck CrE~k (Central Illi- 
nois Light Company) has shown that the finer the limestone is, the higher 
the allowable pH setpoint to mainta/u a given utilizatiom ~'.~= ~y.uple, by 
fee~ing the Gibbons Creek scrubbers a rimer limestone, the reaction tank 
setpoint may be moved up to 5.0-6.2 and still achieve better thBn 90Z ut~li- 
zstiom The advantage would be that the scrubbers could operate at higher 
S02 removal efficiencies at the higher pH setpoint. In addition, the finer 
limestoue is less erosive, and therefore, pipe and nozzle life may he ex- 
tended. 

2.3 Mist Eli.minator Scaling 

Scaling and plugging in the m/st eliminstors needed to be elimi- 
mated, In addition, m/st carryover from the part~ally plugged mist elimina- 
tors might have contributed to the corrosion problems in the reheaters. 
Clean mlst eliminator operation should reduce carryover rates. As a result 
of the characterization testiug, Radish identified t-~o potential causes for 
the scale formation in the mist elim/nators. The first was poor limestone 
utilization in the scrubSers. The second potential cause was the use of 
thickener overflc~ and/or ~sh pond water ro wash the mist eliminators. 

The major catioms and anions were analyzed in the liquid smmplas 
collected around the FGD system. The analyses were input to the Radish 
Liquid Equilibrium Progrmm t o pzedic= the calcium sul~ate (gypsum) relative 
saturatior~ Relative saturat--'on is a convenient means for evaluating the 
scaling potential of a particular liquor o-- slurry. A guideline that has 
heed proposed for acceptable washwater quality is no greater than 0.5 gypsum 
relative saturation. Both the ash pond ,rid --he thickener overflow had a 
relative saturatlon higher than this. Furthermore, the best success with 
keeping mist eliminators clean has been seen with the use of a fresh wash- 
water source. In addition, the quanti~y of mist eliminator wash required 
can be kept to a minimum if good quality washwater is u~?d. 
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2.~ FGD System Water Balance 

A significant overflow from the thickener to the Eroundwas ob- 
served during the characterization period. Hydraulic constraints were 
reportedly responsible for zhis since there was not sufficient surge capa- 
citywithin the system to even out large influxes of slurry from the scrub- 
bers and filtrate from dewaterin~ to ~he thickener. 

Several changes which could alleviate or perhaps solve this prob- 
lem were identified. First, the control of the density in the reaction 
~az~ks should he put into automatlc operation using a denslry i~srrument and 
controller to regulate hlowdown from the scrubbers. The setpoiu~s for ~he 
controller should be selected so that large ~olumes of slurry are not dis- 
charged to the thickener. Tb/s can be done by narrowing the deadband on the 
controller so that it maintains density wi~hln a fa/rly narrow range of 
specific gravity (1.060 to 1.055). In addition, the hydraulic loading on 
the tb/ckener could be further reduced by installation of controls to pre- 
vent ~wo or three scrubbers from discharging Eo the thickener at the same 
time. 

Second, the !~el instruments could be used to automatically con- 
trol the make-up water rate to the scrubbers. In this way, as the scrubbers 
discharge slurry to the thi~k~m~rs Qn density conrrolm the resulting drop of 
the level in the reaction tanks will trigger the make-up valves re open s~d 
return displaced liquor from the thickener to the reaction tank. 

In addition, increasing llmesrone utilization should significantly 
improve thickener operation, as well as the hydraulic balamce. The re, on 
can ba seen in Table 4. Table 4 shows the effect of operating with improved 
utilization on the volumetric rate of bl~down from the scrubbers. By 
operatingwlth less limesrone fed to the scrubbers at higher utilizations, 
the blowdown rate to the thickener is substauuia!ly reduced. 

TABLE 4. EFFECT OF LIMESTONE UTILIZATION AND SLDRRY DENSIT~ ON SCRUBBER 
~LOWDOWN RATES 

Limestone Reaction Slurry ~o Solids in 
Utilization Tank Denslty Thickener Blowdown 

~) (W~. ~) (gpm) (tons/h=) 

64 10 1030 27 

91 10 780 21 

95 15 490 20 
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The blowdown to the scrubbers could be cut by more tham half in 
comparison to the previous operation. The result would be a noticeable 
improvement not only in the hydraulic balance, since much less water and 
slurry would be moving from the scrubbers to the thickener, hut &iso a 
signi icant increase in solids settling time in the thickener. Polymer 
dcsag; rates to the thickener could possibly be reduced as a result. 

If DBA is used in the Gibbons Creek scrubbers, it will be very 
important to operate the FGD system with an overall negative water balance. 
~y water that is discharged from the FGD sTstemwould carry dissolved DBA 
with it, increasing the DBA feed rate to =he scrubbers. For example, at J 
DBA concentration of 1000 ppm in the scrubber slurry, a 50 gpm continuous 
discharge of water from the FGD system would increase the annual cost for 
DBA by $40,000. Table 5 presents a rough estimate of the Gibbons Creek 
overall FGDwater balance. 

The best available information indicates that the current FGD 
water balance is negative by 80 gp~ However, if the source of the mist 
eliminator washwater is switched to fresh water to help keep i t  =lean, the 
second case shows that a positive water balance would result. As pointed 
out earlier, if DBA was being added to the scrubbers, this would result in a 
significant loss of the additive. The third case presents what the balance 
wo~Id look like if the source of limestone grinding was switched to thick- 
ener overflow and them/s= eliminators were washed with fresh water. In 
this case, the water balance is negative by almos~ 120 gpm_ Case IV shows 
the effect of converting all pack/n 8 81and pump seals to mechanical seals, 
Radian is invclved in several programs sponsored by EPRI or pz-ivate utili- 
ties comparing the technical and economic advantages and disadvantages of 
several different types of mechanical seals to packing seals on large volume 
absorber feed pumps. 

3.0 FGD SYST~ IMPROVEMENTS 

In 1985, TMPA began impl~en~ation of several of the recommen- 
dations outlined in Section 2.0. The most significant were the institution 
of a different control scheme for feedin 8 limestone to the scrubbers and 
adhering to a specific pH setpoint for the reaction tanks. The objective of 
these changes was to improve the limestone utilization in the FGD system and 
to improve system reliability and reduce operating and maintenance costs. 

In March 1985, Radiam again visited the Gibbons Creek Sta~iom and 
reviewed the installation and operation of the new limestone control system. 
Samples of the reaction tank slurry were collected and analyzed to quanr/ta- 
tivelymeasure the level of limestone utilization. The results of this test 
indicated that the scrubbers were averazing about 90Z utilization at a pH 
setpoinr of 5.8~ The scrubbers were achieving the goal that had been set 
for thea~ Furthermore, the limestone control system appeared to be opera- 
tins in a very stable and accurate mode. This was due in parr to the new 
state-of-the-art pHmeasurin 8 equipment and in part to the novel approach 
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Case Description 

TABLE 5. GIBBONS CRREK FGD SYSTEM WATER BALANCE 

Water In (~pm) .... 
Mist 

Limestone Pump Seal Eliminator 
Grlndln8 Water Wash 

[ ,, . 

Watqr, Out (gp,~) 

With 
Vaporized Sludge 

Ne~ 
Balance 
(gpm) 

! 

b~ 

I, Current Operation 

I I .  Current Opera- 
tion with Fresh 
Water Mist Ellmlna- 
for Wash 

III. ~reah Water 
Mist Elimlnator 
Wash with Recycle 
Water f o r  Limestone 
Grlndln 8 

IV. Fresh Water 
Mist Ellminatoz 
Wash with Recycle 
Water for Limestone 
Grinding and Mech- 
anical Pump Seals 

190 140 501 400 60 -80 

140 200 

0 200 400 60 -260 

400 60 -120 

190 140 200 400 60 +70 



that TMPA was usin 8 to interface the pH electrodes with the process slurry. 
This novel approach in~ol~ed mounting the pH probe in the side of the reac- 
tion tazLk through a valve, making maintenance and calibration easieL 

An added benefit of improving the limestone utilization was a 
simultaneous reduction in the rate of scaling in the scrubber mist elimi- 
nators. In the past, Radian has seen a strong relationship between llme- 
stone utilization and mist eliminator scaling. Although the scaling was not 
totally eliuLinatedas hoped for, further work is continuing to stop all 
scaling in the tower mist eliminators by converting the mist eliminator wash 
to a fresh water source. 

Addltlonal improvements that have been or are being imp!emented by 
TMPA include the use of self-limiting orifices in the seal water feed sys- 
tem, the ,use of thickener overflow (recirculated water) for limestone grlnd- 
in E, and the use of reclaim water for wash dowm. These changes result in an 
optimized use of fresh water in the system for areas such as the mist elimi- 
nator wash while maintaining the system water balance to avoid FGD system 
discharges. Some of the numerous other areas where work is ongoing include 
the nozzle size and design, the use of modulating valves in the limestone 
feed lines, an evaluation of new mist eliminator designs , the use of bypass 
reheat, absorber and outlet duct  materials, and the installation of g r a v i t y  
flow bleed lines from ~he secondary reaction tanks to the thickener. 

One final area where TMPA and Radian are workin 8 toga=her is the 
use of DBA as an FGD additive. As mentioned in Section 2.0, DBA would 
improve The liquid phase alkallnity of the scrubber liquor. As a result of 
increasing the alkalinity of the liquor, the S02 removal of the scrubbe~ 
will increase. If sufficient amounts of DBA are present then the removal 
efficiency will be raised enoch so that a spray pump can be turned off and 
the unit remain safely in compliance, increasinE the DBA concentration even 
more will further improve alkalini~ to the point that more spray levels can 
be turned off. 

As spray levels are turned off, the power consumption of the 
station decreases and the power may be sold instead of consumed by the 
operatln E spray pumps. With fewer pumps on-llne, the spray nozzle, motor, 
and pump ma<ntenancewill decrease in proportion to the number of spray 
levels turned off. In addition, the reduction in spray levels w£11 lower 
the overall scrubber pressure drop and thereby reduce the boiler ID fans' 
power consumptiom Furthermore, with fewer pumps on-line, the amount of 
m~s~ entrained in the scrubbers and carried up to the mist eliminators is 
reduced. This should help prevent scaling in the mist elimb nators. Since 
the initial opt~mizatlon in 1984, TMPA has been able to reduce the number of 
spray pumps in operation from a total of nine down to six. This has been 
possible through improved limestone addition control and the feeding of a 
finer limestone to the towers. Also. TMPA h~ made modifications to reduce 
the number of plugged nozzles, thereby improving gas/liquid contacting. 

Based on the current baseline operation of the scrubbers, which 
incorporates the improved control of the system, a DBA cost/benefit analysis 
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was completed to  assess whether this additive could further optimize the 
TMPA sc~-uhbers. The results are included in Table 6, This analysis assumes 
that with DBA only .~wo scrubbers and t~o pumps per tower would be ueeded for 
compliance operation. IT also assumes that sufficient flue gas bypass is 
possible to allow elimination of the in-line reheat system. For example, if 
the scrubbers were controlled at an SO 2 removal efficiency of 95~ (they 
currently operate at about 86~) throuEh the add~rlon of DBA, approximately 
18Z of the flue Eas could be Bypassed around the scrubbers for reheaL This 
would supply about 30 deE=ees of r~heat, allowin E the stack to operate at 
about 175°F. The assumptions used for the pump power and rebea= savlmEs 
were updated to reflect the ~urrent TMPA cost credits for power aud steam. 
These are $17/MW-hr for pump power and $1.48/1000 Ibs of stea~- 

TABLE 6. DBA COST/BENEFIT ANALYSIS FOR ~PA GIBBONS CREEK 

DBA Annual Cost 

Feed System A~ort~zat ion 

Mater i a l  

$ 40,000 

210,000 

Subtotal S 450,000 

Benefit Annual Benefit 

Pump Power 400°000 

Reheat Steam 290,000 

Nozzle Maintenance 15,000 

Pu~p and Motor Maintenance 15,000 

Subtotal $ 720,000 

NET ANNUAL BENEFIT $ 270,000 

The r e s u l t  i n d i c a t e s  t h a t  ~he use o f  D B A ~ y  be b e n e f i c i a l  f o r  
further oprim/zatiom .of the scrubbe~.~. Howe~er, before the major credit for 
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reheat can be taken, the carbon steel ducrwork from just past the reheat 
coils to the stack must be lined to prevent corrosiom TMPA is currentiy 
ex~m~/n 8 linin 8 the duct~or]~ independently due to corrosion of r.he carbon 
steel even with the reheat system in operatio~ Another consideration is 
that operarlon without d~reet or indirect reheat capabilities means that. 
wi:h higher sulfur fuel (which is seen periodically), the amount of bypas~ 
possible ~ill decrease to perhaps only 10Z and the stack temperature would 
drop below 170°F. 

Dete~Li~at~_o~ o£ t h e  met l e v e l  o f  b e n e f i t  f r o ~  t h e  a d d i t i o n  o f  , 
DBA ro the scrubbers can only be made by testin 8. The actual DBA feed rate 
required to achieve two-tower, two pump per te~er operation ~th 18Z bypass 
=t be measured over at least a four- to s l z -wee~  pe~iocL The eonsumption 
data and annual DBA c o s t  can then be compared t o  t h e  obse rved  benefits t o  
determine the attractiveness of usin E this additive on a lonE-term basis. 
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SO 2 SCRUBBER PERFORMANCE - "THE BOTTOM LINE" 

5y Mike Wadlington, Manager of Technical Services-Chemistry 
and Bryan Ferguson, Chemical Specialist - Scrubbers 

TU Electric Generating Division 

TU Electric Generatin E Division operates 12 lignite fired steam 
generating units at four locations- Monticello, Martin Lake, Big 
Brown and Sandow Steam Electric Stations. Five of these units (three 
at Martin Lake, and one each at Monticello and Sandow) have SO 2 
scrubber systems treating the flue gas. The first of these scrubber 
systeJms was placed in service on Martin Lake Unit No. 1 in 1977. 
The iast was place~ in service on Sandow unit No. 4 in 1981. These 
scrubbers, sometfmes referred to as Flue Gas Desulfurization (FGD) 
systems~ ace all of the limestone slurry-spray tower type hut have 
some significant differences as desiEned by the three separate vendors 
that provided the oriEinal equipment. OriEinal Equipment 
M~nufacturers (OEM's) were Eeseareh-Cottrell at Martin Lake~ Chemioo 
at Monticello, and Combustion Engineering at Sandow. 

All three systems are described, including major process/hardware 
changes and suhsequent improvements. Operatin E experiences are 
s,,-~arized especially with retard to scrubber performance monitorin E. 
Performance indices were developed and are utilized to evaluate 
SO 2 compliance and Megawatt limitations due to the scrubbers. 
Operating and maintenance costs for the past three years are also 
compared. 
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SO 2 SCRUBBER PERFORMANCE - "THE BOTTOM LINE" 

TU Electric Generating Division operates twelve lignite fired s=eam 
generating units at four locations: Monticello, Martin Lake, Big 
Brown and Sandow Steam Electric Stations. Five of these units (three 
at Martin Lake, and one each at Monticello and Sandow) have SO 2 
scrubber systems treating the flue gas. These Flue Gas 
Desulfurization (FGq)) systems are all of the limestone slurry-spray 
tower type but have some significant differences as designed by 
the three separate vendors that provided the original equipment. 
The Original Equipment Manufacturers (OEM's) were Kesearch-Cottrell 
at Martin Lake, Chemico at Monticello, and Combustion Engineering 
at Saadow- 

These three FGD systems are described including major process/harch:~-e 
changes and subsequen t  improvements. 

FGD SYSTEM DESCRIPTIONS 

MarZin Lake. The Martin Lake Steam Electric Station is located 
approximately 130 miles southeast of Dallas near the town of Tat,-,. 
Units No. I, No. 2, and No. 3 were placed in operation in April 
1977, May 1978, and February 1979, zespectively. Each unit is 
equipped with a Research-Cottrell Double Loop FGD System of eight 
towers (originally six). Two additional towers per unit and forced 
oxidation were retrofitted in 1983 to increase the gas and solids 
treating capacity so that higher sulfur lignite could be burned 
in the boilers. 

Figure 1 (Top, ~ shows the general arrangement of the absorber towers. 
Each tower pair, or module, is fed by a c~on absorber feed tank 
(AFT). Flue Eas at a flow rate of 3.9 million ACFM and 360°F enters 
the inlet manifold to the scrubber towers. Based on inlet sulfur 
levels, from 75 to 95 percent of the flue gas is treated while the 
remaining 5 to 25 pe_rcent of the flue gas by-passes the system 
to the outlet duct. A schematic of a typical absorber tower is 
shown in Figure 1 (Bottom). Flue gas enters the qL, encher where 
it is contacted b-r slurry and cooled to a temperature of about 140°F. 

Quenched flue gas then passes through the liquid gas separator 
commonly referred to as the "bowl" into the absorber scction. T,',e 
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bowl separates the absorber loop slurry from that of the quencher 
loop. In ~-he absorber section, the flue gas passes through absorber 
sprays, wetted film contactor (Primary Facking)~ and a set of mist 
eliminators (ME). The mis~ eliminators remove entrained moisture 
from the treat~ f l u e  gas prior to its entering the outlet d u c t  
where it mixes with any by-passed flue gas and exits to the stack. 

• As designed and initially operated, the mist eliminator wash frequency 
was controlled ~o maintain a constant slurry density in the AFT's. 
Limestone slurry was added to maintain the pH s~.tpolnt and all sl*~rry 
overflowing the AFT went to the quenchers. The density in the 
quenchers was controlled by discharging slurry to the thickeners 
on high density. Tne 13~.'el in the quencher ~anks was controlled 
by returning thickener overflo~; to the tank. 

/k~mticello. The Monticello Steam Eieotric Station is located 
approximately Ii0 miles east of Dallas near Mr. Pleasan=. Units 
No. I and No. 2 were placed in =ervice December 1974 and December 
1975, respectively. No F~) systems were required for these units. 
Honticello Unit No. 3 was started in August 1978 and is zquipped 
with three open spray towe~.~ provided by Chemieo Air Pollution Control 
Corporation (now General Electric Environmental Services, Inc.). 

Figure 2 [Top') shows the general arrangement of the FGD spray towers 
and a flow diagram uf an absorber is sho~n in Figure 2 (Bottom). 
After passage through the electrostatic precipitator for particulate 
removal, three centrifugal boiler I.D. fans drive the flue gas at 
360°F and 3.6 million ACKM, at full lead, into a common inlet manifold 
from which in can be equally distribu.~ed into the spray towers for 
SO 2 removal. The scrubbed gas leaving the spray towers is again 
collected in a common manifold together with any by-passed gas prior 
to entering the stack. 

The SO 2 scrubbing is accumplished hy three self-supporting spray 
towers with integral slurry recycle tanks. The gas enters the spray 
towers from the bottom inl~, takes a 90 ° turn and moves upward 
through four se~s of counter-current sprays follo~ed by chevron 
type mist eliminators for removal of liquid entrainment. The four 
banks of spray nozzles produce a large amount of reagent spray 
droplets thereby creating the effective surface area for mass transfer 
of the SO 2 from the gas. The drops then fall into the reaction 
tank (488,000 gallons capacity per tank) from which it is recycled. 
Limestone make-up slurry is added to the reservoir (reaction tank) 
at the bottom of the tower to maintain proper pH for SO 2 removal. 
Slurry is kept in suspension by four agitators which also aid in 
maintaining reaction equilibrium. Absorber recycle slurry is bled 
under pressure from the recycle pumps to maintain density control 
and is disposed of in am on-si~e pond. l"he reclaimed water from 
the disposal pond is recycled to the FGD' system. 
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Top and bottom wash sprays are provided to prevent solids deposition 

on the mist eliminators. The mist eliminator is divided into twelve 
pie shaped segments. Two opposing sections are sprayed sequentially 
on an adjustable timed cycle. The mist eliminators are washed either 
with service water or recycle water. 

Sanduw. The Saudow Steam Electric Station is located about 60 miles 

east of Austin near Rockdale, Texas. Units No. 1-3 were constructed 
in the early 1950's by Alcoa to generate electricity for an adjacent 
aluminum plant and 112 Electric was contracted as operator of the 
plant. Sandow Unit No. 4 is owned by TU Electric and was placed 
in operation in May 1981. The unit is equipped with three open 
spray towers provided by Combustion Engineering (C-E). Space was 
provided for a fourth tower if increased sulfur levels of lignite 
were to be utilized. 

A schematic of a typical absorber tower is shown in Figure 3 (Bottom). 
The C-E Scrubber utilizes both ladder type vanes within the module 
and a perforated plate at the absorber inlet to direct the 2.5 million 
ACFM flue gas. These devices are intended to aid in straightening, 
proportioning, and directing the gas flow upwards into an effective 
velocity profile. Sandow Unit No. 4 has four spray levels per 
absorber that discharge the slurry counter current to the gas flow 
creating a blanket of atomized droplets at each level through which 
the gas passes. Retention t i m e  in the absorber is provided by the 
towers effective height of 31 feet which when constructed was the 
largest on any C-E FGB system. As the flue gas leaves the spray 
portion of the absorber with entrained water droplets, it passes 
through the demister section which is cumposed of a bulk entrai-,aent 
separator (BE$) followed by a two-stage chevron mist eliminator. 
The treated flue gas exits from the absorber into the outlet duct 
where it mixes with any by-passed flue gas. An external ambient 
air reheat system was also supplied to allow I00~ gas scrubbing 
capability. The BUS and chevron vanes are washed with recycled 
scrubber pond water by four washer lances located b~tween the bulk 
entrainment separator ~nd the lower mist eliminator. Six venturi 
nozzles set at a A5 degree angle in the washer lance, coupled with 
a 360 degree lance rotation are designed to provide contact of each 
vane by a water jet. 

The absorbers are top supported so that the bottom of the absorber 
shell (the chute) hangs in its own reaction tank. In addition to 
providing a liquid holding area conducive to the completion of the 
chemical reaction and providing slurry to the recycle pumps, forced 
oxidation occurs in the reaction tanks (437,000 gallons capa©ity 
per tank) using air spargers to complete conversion of calcium sulfite 
to calcium sulfate. Primary process control was based on specific 
gravity of the scrubber liquor with limestone slurry being added 
to the reaction tank and waste slurry pumped to a settling pond. 
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FGD OPERATING EXPERIENCE 

Martin Lake. The ability to pass boiler gases through the scrabber 
towers dictated to a large extent, the ability to operate the Martin 
Lake Units in compliance with SO 2 emission standards at maximum 
output. Gas flow through a scrubber tower can vary due to the 
pluggage of that towers packing. By far~ the most costly problem 
with Martin Lake's scrubber towers in te.~ms of both maintenance 
expense and loss of generation due to compliance backdown was tower 
packing pluggage. The primary packing~ f~rst stage demister, and 
the second sta~e demister all saw pluggage due to the loss of flow 
through associated spray nozzles and the scaling of gypsum due to 
excursions in the process chemistry. 

Prior to late 1981, the major identified cause of pluggage in primary 
packing was the entrainment of solids as the nozzles over the packing 
plugged with debris and scale picked up by the pumps feeding the 
nozzle headers. This pluggage problem was addressed by the 
installation of pump suction screens in late 1981. The screens~ 
tested and recommended 5y the Scrubber O.E.M., greatly reduced nozzle 
pluggage which doubled the scrubber system's capacity and availability 
to treat flue gas. The ~roblem that still remained to be addressed 
was the scaling and pl~ggage due to chemical imbalance. 

TU Electric developed a maintenance program which involved manual 
cleanin E of each tower at approximately 40 to 60 day intervals. A 
tower would be taken off-line and isolated using its dampers~ and 
a crew of men would then remove plugged and damaged packing. The 
mist eliminators often required cleaning and replacement since they 
also were scaled and plugged. With this maintenance frequency, 
be~n in late 1981, the scrubber system could he operated so that 
few load reductions mere necessary to meet SO 2 compliance. The 
expense associated with the more concentrated maintenance program, 
however was very large. 

In September 1982, TU Electric formed a task force to evaluate, 
prioritize and recommend courses of action to improve the operation 
of the scrubber system. This task force yes composed of 
representatives from the  plant, the corporate engineering and 
technical support groupss the FGD system's O.E.M.~ and independent 
consultants. TU Electric was invited by EPRI to participate in 
the FGD. Process Troubleshooting Program iu mid-November 1982. A 
brief chemical and process characterization of the FGD system was 
performed by Radlans EPRI's contractor, in March 1983. After review 
by the FGD Task Force~ a test program was recommended to ~emonstrate 
the effectiveness of proposed equipment and operational changes 
to reduce the scale formation in the towers. The test program was 
conducted from December 1983 through April 1984. Based on the results 
of the EPRI test program, it was found that a split limestone 
feed/gypsum recycle modification would minimize chemical scale 
formation in the FGD system. The modification consisted of a separate 
feed line for limestone slurry to the quenchers and a controller 
to regulate addition of limestone to the AFT and quenchers together 
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w i t h  a r e c y c l e  o f  a p o r t i o n  o f  s l u r r y  f rom t h e  q u e n c h e r  r e c y c l e  
l o o p  t o  t he  AFT m o d u l e .  See F i g u r e  I ( B o t t o m ) .  The gypsum r e c y c l e  
i n c r e a s e d  t h e  gypsum c r y s t a l  c o n c e n t r a t i o n  i n  t h e  AFT t o  p r o v i d e  
a g r e a t e r  number  o f  c r y s t a l l i z a t i o n  s i t e s  f o r  t h e  c a l c i u ~  s u l f a t e  
formed in  t h e  t o w e r s .  With  i t s  f e e d b a c k  c o n t r o l  l o o p ,  t h e  s p l i t  
l i m e s t o n e  f e e d  s y s t e m  c o n t r o l l e d  t h e  a d d i t i o n  o f  l i m e s t o n e  t o  b o t h  
t h e  AFT's  and q u e n c h e r s  t o  m a i n t a i n  a c o n s t a n t  pH s e t  p o i n t  i n  b o t h .  

The decision was made to install the split limestone/~/psum recycle 
system on all three units during the Fall 1984 outages. The new 
system included new pH transmitters, piping and control valves for 
the modification, and ~ more durable primary packing developed by 
Poly Manufacturing. The tighter control of process operation that 
r e s u l t e d  c o u p l e d  w i t h  an  e x t e n s i v e  a ~ a l y t i c a l  p r o g r a m  e n h a n c e d  b o t h  
o p e r a t i o n  and p e r f o r m a n c e  a l l o w i n g  t h e  p r o d u c t i o n  o f  a c o m m e r c i a l  
g r a d e  o f  gypsum t o  be  p r o d u c e d  and m a r k e t e d  a s  a b y - p r o d u c t .  

M o n t i c e l l o .  I n  t h e  i n i t i a l  months  o f  o p e r a t i o n ,  s e v e r a l  b r e a k s  
i n  nhe f i b e r g l a s s  l i n e  t h a t  s u p p l i e s  r e c l a i m  w a t e r  from t h e  s l u d g e  
d i s p o s a l  pond t o  t h e  t o w e r s  werc  e x p e r i e n c e d  due  t o  i n a d e q u a t e  s u p p o r t  
and r e s t r a i n t  o f  p i p i n g .  Th i s  had been  t h e  o n l y  p r o b l e m  t h a t  r e s u l t e d  
i n  t h e  r emova l  o f  t h e  s c r u b b e r  when t h e  g e n e r a t o r  was o n - l i n e  and 
t h e  p rob l em was c o r r e c t e d  w i t h  t h e  r e p l a c e m e n t  o f  the  f i b e r g l a s s  
l i n e  w i t h  c a r b o n  s t e e l  p i p e .  

The more significant problem experienced with the FGD system was 
the repeated failures of the rubber lining of the slurry recycle 
pumps. Although the problem did not result in the loss of 
availabiiity of the FGD system or noncompliance with emission limits, 
it became necessary to operate with all three towers in service 
when p a r t  o f  t h e  r e c y c l e  pumps were  o u t  o f  s e r v i c e .  The r e c y c l e  
pumps t h a t  e x p e r i e n c e d  f a i l u r e  were  800 hp pumps r a t e d  a t  16 ,000  GPM. 
Both t h e  i m p e l l e r s  and  l i n i n g s  e x p e r i e n c e d  m a s s i v e  damage.  A f t e r  
e x t e n s i v e  t e s t s  and t r i a l s  w i t h  v a r i o u s  pumps and l i n i n g s  t h e  
s u b s t i t u t i o n  o f  p o l y u r e t h a n e  as  a l i n i n g  m a t e r i a l  ha s  been  shown 
t o  g i v e  t he  b e s t  r e s u l t s  f o r  t h i s  s y s t e m ' s  r e q u i r e m e n t s .  

A n o t h e r  p r o b l e m  e x p e r i e n c e d  has  b e e n  t h e  u s e  o f  a s h  w a t e r  and  pond 
water for mist eliminator wash. The high levels of calcium sulfate 
resulted in extreme fouling of the mist eliminator packing material 
even while using various scale inhibitors. The high velocity of 
gas  t h r o u g h  t h e  u n p l u g g e d  a r e a s  combined  w i t h  t h e  i n c r e a s e d  l o a d  
on o t h e r  t o w e r s  r e s u l t s  i n  s l u r r y  c a r r y o v e r  i n t o  t h e  o u t l e t  d u c t  
and chimney. In addition, the use of blended water often encouraged 
overwashing with little improvement and some detrimental effects 
t o  density control and plant water management. To improve the 
re!lability of the mist eliminators, the wash system is being upgraded 
by replacing the wash nozzles and eliminating leaks in the wash 
system valving. T'ne nozzle arrangement is also being modified to 
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improve distribution, so that areas that receive little coverage 
will nuwbe adequately washed. 

The leaking valves and resulting volume in the ~ wash greatly 
contributed to the FGD system as a net generator of water and an 
excessive volume of scrubber hlowdown. Rather than being able to 
maintain the 8-10 percent solids density~ the unit averaged only 
6 percent in 1986 and a blowdown rate of 700 GPM with the unit at 
full loag. This "led to problems in the return water piping from 
the scrubber ~ond due to scaling. The sulfite leaving the scrubber 
was oxidized to s~lfate in the final pond after leaving the initial 
se==iing basins where the solid~ and uureacTed limestone particles 
settle out before enterin~ the larger scrubber pond. The resultant 
scrubber pond water had a 8~?sum relative saturation of 1.4. In 
general, uutil the relative satu1:~ion is above 1.3 supersaturation 
is n o t  great enough for rapid scale formation to be seen but 
conversely cl~ar liquid precipitation of calcium sulfate crystals 
in the pond would not be expected unless the relative saturation 
exceeded 2.0. The resulting tendency is for ~alcium sulfate to 
precipitate on the pipe ~hrouEh which the pond wa~ is returned 
to The scrubbers. 

The liquid sulfite concentration in the blowdown is not affected 
by the solids concentration. Whether the slurry density is 2 percent 
solids or 20 percent solids, the sulfite concentration wi!l be 
constant at about 400 ppm. By returning the scrubber control to 
the higher density of i0 to 12 percent~ less slurry and therefore 
less sulfite will be sent ro the ponds and most of the oxidation 
will occur in the settling basin where sufficient particle sites 
for precipitation are present. The improvement in density control 
resulting from improved =ist eliminator wash and a phase in of 
mechanical seals will be further supplemented by dilution with make-up 
water when the FGD system is no longer operaning as a net generator 
of water. 

Sandow. The $andow Unit No. 4 FGD system was originally designed 
to limit SO 2 emissions to comply ~irh the 1971 New Source Performance 
Standards. The design operating conditions for three different 
lignite sulfur levels were specified: 1.2, 1.6, and 3.0 percent. 
Based on the original design, two tower operation should have been 
sufficient to keep the unit in compliance under current fuel 
conditions. However, due to higher than expected gas flow rates 
from the boiler, all three towers are needed to maintain compliance. 

Dur ing  i n i t i a l  o p e r a t i o n ,  t h e  o r i g i n a l  r ubbe r  i m p e l l a r s  o f  the  r e c y c l e  
pumps f a i l e d  to  pe r fo r m  as  d e s i r e d  and c o n t r i b u t e d  to  the  p luggage  
of nozzle spray headers. These were eventually changed to a high 
chrome material. In addition, the spray header clamps continued 
to crack~ break, and plug spray nozzles. This contributed to 
localized distribution problems causing localized liquid/gas (L/G), 
ratio problems. Even though overall tower L/G ratios were normal~ 
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localized problems can materially affect tower SO 2 removal. The 
problems with the spray header clamps and nozzle pluggage were greatly 
reduced working with the Scrubber O.E.M. to facilitate material 
changeouts and improvement of screens in the reaction tank. 

Scaling and pluggage of the FGD system BEg and  ME had been experienced 
from intial operation and continued beyond the previous mentioned 
modifications due in part to the high amount of gas treated by the 
scrubbers and therefore the velocity of gas through the spray section 
and the mist eliminators. It is important not to exceed certain 
velocities in the spray section because of mist entraiument and 
mist loading on the mist eliminators. The maximum expected velocity 
of Sandow is about 12 ft./see, at full load and no bypass with no 
pluEgage. The chevron type mist eliminators app-oach their design 
limitations on liquid drainage at velocities in the I0 to 15 ft./sec. 
range. (The optimum performance in terms of mist eliminators is 
considered the 8 to i0 ft./sec, range.) The result of the high 
velocity, which increases with any pluggage, is that re-entrainment 
of mis~ often occurs on the backside of the mist eliminators with 
subsequent corrosion and sludge accumulation in downstream ductwork. 

C-E and  some Sandow p e r s o n n e l  h a v e  a l s o  attributed t h e  ME p r o b l e m s  
to structural problems with the mist eliminator supports rather 
than scaling. The supports have apparently shifted as the tower 
aged. The supports are now far enough apart that ME sections could 
fall if they completely shift to one side of the supports. Material 
was welded to sections of the supports to reduce the distance but 
there has not been sufficient time to assess this modification. 

In July 1982, dibasic acid (DBA) was first used as an additive to 
the scrubber system where it was shown to be an effective mass 
transfer additive for wet limestone FGD systems. See Figure 3 (Top). 
Both SO 2 removal and limestone utilization were increased and allowed 
increased capacity without construction of an additional tower. 
Intermittent DBA feed has continued on an "as needed" basis. In 
1985, Radian Corporation was hired to conduct an optimization program 
and assist in development of an approach for improving the reliability 
and reducing the operating and maintenance costs of the Unit No. 
4 FGD system. As part of the study, it was indicated that substantial 
savings in spray pump horsepower could be achieved from continuous 
addition of DBA. A significant reduction in annual limestone cost 
would also result with this addition by being able to control ~he 
scrubbers at a lower reaction tank pH while still maintaining SO 2 
removal. 

In the data gathered by Kadian, the DBA concentration to maintain 
compliance was found to be about 1000 ppm with a pH setpoint of 
6.0 and 2 spray pumps per tower. The study also indicated the DBA 
consumption was approximately 74 lb. DBA per ton SO 2 removed. This 
i s  v e r y  h i g h  when  c o m p a r e d  t o  t h e  6 t o  30 l b . / c o n  o f  SO 2 r e m o v e d  
range reported by other utilities. The primary reason the DBA 
consumption rate is high at Sandow is because the system essentially 
operates in an open loop mode with respect to DBA. The DBA leaves 
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the scrubber with the disposed sludge and ends up in the scrubber 
pond which is so large that over five years would be needed to reach 
a steady state value. Therefore to make lonE-term continuous DBA 
use economically attractive, the solids concentration of the slurry 
d£scharEed grom the scrubbers had t o  be increased siEnlf£cantly 
to reduce the large ~m~unt of water and dissolved DBA which would 
be discharged to the ponds. The necessary increase In slurry solids 
concentration could not be achieved solely by controlling the reaction 
tanks at a higher density. Since hydroelones have been successfully 
app l ied  in other FGD installations to  increase the solids 
concentration of slurry from forced-oxidized scrubbers, a hydroclone 
system was designed for the Sandow scrubbers to achieve maximum 
r e c o v e r y  of DBA with a minimum of capital expe.diture. This 
hydroclone system is being installed during 1~7. 

SCRUBBER PERFORMANCE 

Having described our three different types of FGD systems and relating 
some experiences, especially with regard to improvin E scrubber 
operation, I would like to discuss the main topic of this paper 
"Scrubber Performance". 

There are many important parameters used as indicators of FGD system 
performance. Among these are SO 2 removal efficiency, limestone 
stoichlmetry, limestone utilization, FGD system availability, F&9 
system reliability, etc. These are all important; but I would like 
to suggest three parameters that are really the essential or ':bottom 
line" indicators for evaluating Scrubber Performance. These ace: 

* SO 2 Complianez 
* Megawatt Limitation 
* O&MCost 

The only reason we have scrubbers is to meet an air qua!ity compliance 
requirement; in our case 1.2 l b s .  SO2/~m BTU's, so we utilize a 
compliance factor defined as follows: 

Compliance Factor = Hours in Compliance X I00 
~ours tdenerator Gn-llne 

Our compliance factors have improved each year as shown in the 
attached bar chart. (See Figure 4.) The compliance factors for 
all five scrubbers are over 99Z for 1986. 

The second major indicator we use is a Megawatt limitation factor: 

Megawatt Limitation Factor = 
EFOH + FOE 

EFOH + FOH ÷ H o u r s  Gen.  O n - L i n e  
X i00 
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Waere EFOH (Equivalent Unit Outage Hours) is load curtailment due 
to the scrubbers and FOH (Full Unit Outage ~ours) is a unit shutdown 
due to the scrubbers. Spare tower redundancy at Martin Lake (eight 
towers per unit) as compared to Monticello Unit No. 3 and Sandow 
Unit No. 4 (three towers per unit) is one of the reasons for a better 
limitation factor at Martin Lake. The trend continues to improve 
with all FC9 systems less than .73~ for 1986. 

The last performance factor is scrubber 0&~i cost. Substantial 
improvements have been made since we began monitoring O&M cost in 
1984. The attached bar chart, Figure 6, shows our average O&M cost 
per unit of energy fur all five scrubbers. The downward trend 
reflects reduced costs of 4.2 million dollars in 1985 when compared 
to 1984 and 1.8 million dollars in 1986 when compared to 1985. Our 
scrubber O&M cost also compares favorably with the 1.3 mils/Kwh 
total O6nM average cost for 26 Limestone FGD Systems reported in 
EPRI's Report No. CS-2915. 

The 'bottom line" for performance munltoring of SO 2 scrubber consists 
of these three parameters: Compliance, Megawatt limltatiou, and 
O&M cost. TU Electric's five operating scrubbers show significant 
improvements in all of these areas as shown by the comparative bar 
charts for the last few years. The Table (Figure 7) provides a 
historical summary of these three performance indicators and sulfur 
values at each location. 

As TU E l e c t r i c  e n t e r s  i t s  s econd  decade  o f  FCD o p e r a t i n g  e x p e r i e n c e ,  
the progress of the first ten years mammarized in this paper provides 
a framework to evaluate decisions on new and existing units. An 
achievement of 99~ SO 2 compliance is a realistic target. Similarly, 
a Megawatt limitation factor below a target range of .5 to .75~ 
i s  a c h i e v a b l e  bu t  must  be e v a l u a t e 4  i n  te rms  o f  c a p i t a l  c o s t s  f o r  
r e d u n d a n c y  of  t o w e r s .  The a r e a  w i t h  an  i a ~ e d i a t e  p a y b a c k  i s  O&M 
c o s t s .  U t i l i z i n g  e x p e r i e n c e  g a i n e d  in a c h i e v i n g  b e t t e r  l i m i : a t i o n  
and c o m p l i a n c e  f a c t o r s ,  TU E l e c t r i c  o b t a i n e d  more  r e l i a b l e  p r o c e s s  
control enabling operating costs to become essentially fixed. 
M a i n t e n a n c e  c o s t s  have been  r e d u c e d  t o  the  b a r e  b o t t o m  by u p g r a d i n g  
when necessa_-y  o r  v i t a l .  B e t t e r  equ ipmen t  as  d e v e ! o p e d  w i l l  c o s t  
money. The payback of such an expenditure should be justified with 
an evaluation of "bottom line" performance parameters. 

A c k n ~ l e d E e m e n t :  The a u t h o r s  w i s h  t o  acknowledge  and t h a n k  R. C l a r k ,  
B. Hewitt, and J. Garela for their review and 
h e l p f u l  comments ou t h e  p a p e r  and e s p e c i a l l y  
r e c o g n i z e  a l l  o f  t h e  p l a n t  p e r s o n n e l  a t  M a r t i n  
Lake,  M o n t i c e l l o ,  and Sandow t h a t  have  c o n t r i b u t e d  
t o  o u r  c o n t i n u e d  s u c c e s s f u l  s c r u b b e r  o p e r a t i o n .  
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FiB. 1 

MARTIN LAKE UNITS NO. 1, 2, & 3 SCRUBBERS 
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Fig. 2 

MONTICELLO UNiT NO. 3 SCRUBBER 
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FiE. 3 

SANDOW UNIT NO. 4 SCRUBBER 
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Fig. 6 
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