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" From Octobe# 18 to’ November 2, 197

- (SOx} a1r pollution emission 1imitations. :
‘*}sg:ious‘!y affect human -health through increased incidences:of 'respire“_-':__

" hearing was called because power plants are the Jargest source of SOx '~
Jemissions in the U.'S,, because large numbers of power plants were not =~ -
Jyet in compliance with SO, emission 1imitations, and because, tn most
;. casesy, only 1 1/2 years remained under the established implementation -

INTRODUCTION = i ' =70

| Novembx 3;°the Envirommental Pro- © .

tection:Agency held a national public hearing in the Washington; D.C. AR

area to review the status of power plant compliance with su fur oxide = ' -
Regulatfons 1imiting =~ ~~

emissions of SOx have been imposed because excess quantities of 50x

ry disease and damage wany types of materfals. The national -
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Plans for these plants to achieve compl 1ance.\‘ ! |

During the hearing, testimony was taken from scme 50 witnesses
representing electric utilities, trade ass ations; vendors of pollutfon
control equipment, and other interested groups and individuals. It was
generally agreed by these witnesses-that flue gas desulfurization (FGD)
technology must be installed-on large numbers of power plants 1f SOx " .
‘emission s adopted pursuant to the Clean Afr Act are to .met -
in the s. Supplies of Tow-sulfur fuels are and will continue to™. -

ridequate to provide the sole means of compliance. ' . -

7 It was aisé-generally agreed at.the hearing that FGD systems, when - °
operating properly, would reduce SOx ‘emissions by 85 to 90%, *he levels
required by most states. Questions were, however, raised by many utilities
as to whether FGD systems could be made. to operate relfably and as to
whether an environmentally acceptable method existed to dispose of the
sludge produced by sowe types of FGD systens.\;;;; R A

After considering the testimony, the hearing aiel found that the:.
problems allegedly affecting FGD relfability could be, dnd ‘had been, - "
solved at one plant or another, and that reliability was sufficlently - ' -
demonstrated to warrant widespread cosmitments by utilities to L 28
tems at coal- and ofl-fired power plants. The panel recos . PR
EPA create an incentive for such commitments by vigoms'ly-.anforcing VT
reasonable schedules to comply with sulfur oxide emissfon 1imites’s he .
panel additionally found that technology was available to reclaim sludge
waste as landfill and that regenerable systems that do not produce any
apgrggiab: waste were avaflable for use where throwaway systems could .
no used, < - ——n L R

[P S .

At the time of the hearing, there were 44 FGD systems efther fn =
operation, under construction, or being planned by 23 utilfties-at 26 =
plants. Only 10 of these systems were operational, 16 under construction, )

and 18 planned; 8 of those under construction were projected to: start-up
by the end of 1974, R




FGD INSTALLATION STATUS .. R
Nearly 1 year has elapsed sinze the public h«ar?in?“ and ft 1s
appropriate to.review the present. status of FGD {nstallation as an .. . :
indfcation of the effectiveness of the hearing and EPA's follow-up pro-- . .-
gram]angl_ as.an indication of the continued validity of. the hearing panel's.:
conclusions. . Co IR : oL “ :‘Ta‘r" R

The data 'covith.\g' the present status of FGD insta'l‘lationsfo'llows o

e in Tables I through V. The total numoer of FGD units operational, under . *,

construction, or otherwise committed to has more than doubled over this - |
year--to 93 systems at Sl’?lants by 39 utilities. .The number of units .. . '}
now on-1ine has jumped to 19, and three additional systems are scheduled to.

start-up by December. In additfon to the 19 operating units, 14 are now.. - i A
being constructed, and electric utilities have decided to install 60 more .- *\. € ,
systems. Contracts have already been awarded for 17 of these 60 planned '
units; letters of intent have been signed for 4; bids are being taken. ..

for 7; engineering studies are underway for 17; and preliminary plans. . - .
are continuing for 15, - N

The bulk of the 93 units will have started-up by the end of 1977.
Aside froa the 19 operating units and the 3 units scheduled to start-up _
this year, companies are projecting start-up dates of 1975 for 10 units, 1976
for 12 units, and 1977 for 19 more, The remaining 30 desulfurization systess
will begin operatior in 1978 or 1979, or have unknown start-up dates., Many
of these 93 units are assocfated with new plants (47) and their instaliation
is tied to the start-up dates of the plants. .

FGD OPERATING EXPERIENCE

Recent operatin? experience with FGD systems has demonstrated = =
increasingly high relfability factors with ihe elimination of the problems
that plagued many of the early systems. Increasingly higher reliability
(availability to the boiler) factors are seen both for those units re-
cently started-up and for those units with longer operating experience.
Several of these units showing high availability factors for = .
several months can be characterized as very successful; other units, .
which are yet in experimental stages or sti11 undergoing shakedown and/or
adjustment, are also evidencing increasingly relfable performance. - Only
onel%yp? of FGD systex has proven too troublesome to warrant further in- . .
stallst ons. - . : Co e St L

Many proble=s have, of course, been axperienced with FGD system . .-
operation, particularly with earlier installaticns. Effarts to resolve
these problews have naturally lead to fmprovements in system design and _
operation ard to subsequent improvements in relfability. This clear. . .
trend tr highly relfable, long-term FGD operation is best 11lustrated
by reviewing the experience at each of the operating unfts.




Two ‘of the earlier FGD installations, & 1ime scrubbing System ‘and a
magnesium oxide system, can be characterized as very successful by their -
recentl,y demonstrated reliabilities. Loufsville Gas and Electric - -
Company's (LGSE) 1ime scrubbing system installed on its Paddy's Run No,'6.
station started-up 1n April 1973 and operated until October 1973 -~ "
at 70% availability to the boiler;l from October until shutdown 1n- -
December 1973, availability was greater than 90%. 'Because Paddy's Run. '
No. 6 is a peak-load boiler, the botler, and consequently the scrubber, -
was shutdown in December because of a low demand for electricity, Ine
creased demand caused LGSE to restart the botler, controlled by the FGD
system, in July 1974. Since the recent start-up, the unit has been ~ -
operating at 100% avaflability, burning 3% sulfur coal with-an SOx
removal efficiency of 90%. Early problems with this closed-loop system,
which were minor and mechanical in mature, have been: solved. “This company
is so convinced of the workabilfty of fts system, which has operated - -
for 5§ months at over 90% reliability, that it 1s commftted to the
installation of similar control systems on several additional boflers.

A recently completed 2-year FGD test project conducted by the
Boston Edison Company at -fts ofl-burning Mystic station has also been
successful., Since start-up in April 1972, this 150-megawatt magnesium-
oxide scrubber, which 1s a regenerable system producing sulfuric acid
as a by-product, has experfenced most of the typical process and
mechanical problems. During the first year of operation, Chemico, the
vendor, constantly worked on and corrected these problems. Over this:
perfod, the scrubber was avafiable to the boiler only 17% of the time,
Efficiency, however, indicated 90% sulfur oxide removal usi_n? 20% virgin
magnesium oxide and 80% regenerated magnesium oxfde. Beginn ng in June
of 1973, relfability figures reached 68%, but declined s owly to 13% in-
December due to deterioration of the equipment from erosion and corrosion,
The problems occurring pointed out the need to carefully control the =~
chemistry of the system, and in January and February of 1974, the company
and the vendor extensivelgboverhaulad the system. By March the system
was 87% available to the boiler. Availability figures recently obtained
were: April - 81%, May - 57%, and June - 80%. Despite the g:gd-_av_a'l'l-j '
ability figures shown, the system was shutdown as scheduled because the’
2-year test period was coplgleted.' Boston Edison seems generally satisfied
with the efficiency and relfability of 1ts Mag-Ox scrubbing unit, has been

ted as calling it “"a visble technology for our particular purpose,*2 and
$ still considering whether it will fnstall flue gas scrubbing systems
on {ts other boflers. L ' R AR

TThis ApriT to October 1973 avaflability factor must be viewed with"
caution since the boiler was down much of this time and the FGD
system, while available to the bofler, was run only intermfttently.
2Electrical Week, July 29. 1974, p.7. _ L T
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Several of . the more’ recently 1nstalled units have ;d nstrated. v -

: .very _high reliabi1ity factors for several months.and are not.troubled

" with many of the problems experienced at some of the ear‘l fer.installa-
tions. One of these successful units 1s a 32-megawatt. doub'le -alkali;
system designed and operated by General Motors at its. Pavma: Chevy . -~
Transmission plant in Cleveland. With an SOy removal efficiency. of
98%, the system has been available to the bo*ler 100%:.0f operating . -
time in June. July, and August 1974, Avaﬂabﬂ‘lty at start-up.fn ;. -
April was 87%, but the serubber was shutdown for the month of May. be- -
cause of unexpected pluggage by calcium carbonate deposits in the
overflow 1ine between the clarifiers and .in: the !ine from one of the
clarifiers to the mix tanks; this. subseguently ‘caused. overf'low into -
the scrubber. This problem was solved during shutdown by using-a. ... FE
polymeric .flocculating agent. to improve settleabiiity and by withe, . 0 o
drawing sludge from the clarifier more frequently.. The scrubber has s e
operated continuously since May 29 except for brief. non-scrubber PR
related shutdowns. = L ‘e - ot

Two other companies. which started-up their scrubbing units late ' |
in 1973, are-also showing good performance. Arizona Public Service . . -
Co. (APS) started-up 1ts 115-megawatt 1imestone scrubber designed by.
Research-Cottrell in December 1973. This 2-module scrubber averaged 892
availability for the 7 months from January through July 1974; :

module A (SOx and particulate scrubbing) availability was 92% and module
‘B (particulate scrubbing only) availability was 87%.. Downtime was used .

to correct wiring, meter calibration, reheater vibration, and 1nstrumenta-
tion problems and to repair leaks, packing glands, and reheater.tube - -
bundles. Acid condensation on the reheater tubes was solved by. proper
insulation, and cross baffles installed at the inlet.stopped reheater - -.
vibration. System avaflability climbed to 93% in August after these - . .
problems were solved, and module A alone showad an avai!ability factor

of 98%. SOx removal efficiency remained at about 92%.'J5,ﬂ . PRI

Southern California Edison (SCE) started-up their. 160-negawatt o
experimental lime scrubber in November 1973 on their Mohave unit No. 2. .
The system was designed by the company in conjunct‘lon with Stearns-Roger -
and SCE has taken over as the opzrating agent. . This 1ime scrubber s . . .
half of a two-part experimental program that. the. company will use to de-
cide whether it will use a 1ime or 1imestone system at its Mohave.station.
A 160-megavatt vertical 1imestone system designed by Universal 011:Products
is now being constructed on Mohave No. 1 and results -fmthis:unit'uﬂln-
be compared to experience with the Mohave No. 2 1ime scrubber. The 1ime-
stone system was scheduled to start-up in January 1974 in order to
parallel experience 2t No., 2, but extensive unrelated fire dmge has

de]lyed St&l‘t-llp at ]east until October ’97‘ woo ‘.j',. oty *_i'_':_‘. T .
The formal test progrm for Mohave No, 2 began on January 'IS. 1974.

and the horizontal absorber has to date operated: continuously &t 84% e
availability to the boi'ler _




o

Operating experience at some of the earliest units, ‘notably those L
boiler injection type units at Kansas Powsr and Light's Lawrence station ‘and
Kansas City Power and-Light's Hawthorne station, 'has-‘n_c;tbeen:fsatiSfa‘i:torfy.
Both of these companies experimented with two ‘Timestone boiler injectfon ™
‘systems using :3.5% sulfur coal. ‘Problems with this type of ‘system -in¢luded
corrosion, plugging, scaling,’ settlin?.’ and reheater/demister difficulties,
and proved substantially more difficult than those found ‘with-tail-end ==
type FGD systems, The companfes have decided to convert their scrubbers :
to tail-end scruhbing with 1imestone and EPA knows of no plans for
additional units of the ;I;:oﬂer Tnjection type, . i wowod Loyl

LR ew e

Kansas City Power and Light has already converted 1ts Hawthorne .

No. 4 100-megawatt scrubber 1o taii-end, and ‘seems to have eliminated == - '

many of the problems it experienced with injection, A few problems remain
with the recirculation system but modifications are expected to solve
these problems. Combustion Engineering says that the tail-end system
has operated since February 1974 with no major problems, although the -
demister must be cleaned by hand during boiler 'downtime, ~ - - .

Varying degrees of success are being obtained with the rest of -
the scrubbing units now operating. In many cases the units have not
been on-1ine long enough to fully evaluate ‘their performance. " From the
Vimestone systems that could be terwed less successful to date than Ari-
zona Public Service's Cholla installation, several crucial operating - -
problems have been resolved. Kansas City Power and Light, for instance,
installed an 820-megawatt system at La Cygne No. -1 that started up in
June 1973, Proper design and operation of this unit §s complicated by
the fact that it must remove large amounts of both partfculate and SO0x
that result from the burning of coal having especially high sulfur and ash
contents. In_addition, this system was built without any means to bypass
the scrubber.3 Its init{iai problems are nearly all attributable to poor -
pH control, further emphasizing the importance of proper -control of system
chemistry for 1ime and limestone systems. B

The City of Key Heét., operating a 37?ﬁegawéft scrubber 'tﬁat éollec;s’
both particulates and SOx, has found that one of 1ts major problems ‘s
controlling dust from its unique coral grinding system. -

The 2-scrubber system at Commonwealth Edison's Wil1- County station,
started-up in February 1972, showed rather poor availability factors due
to many problems in the first 2 ycars of operation.  Scrubbei*'B was -
shutdown in April 1973 for internal modifications, but 'scrubber A has .
shown marked imorovement recently, Availability was 72% in April of this
year and 93% in May. A plugged venturi throat caused some domtime in
June, but following repairs, the unit operated at 95% availability in
July and 91% 1n August. Although Commonwealth Edison has ‘experienced
many problems at W11 County, recent operation shows good signs for "
reliable long-term operation. g A R I

JAs recognized by the natgonal hearing panel, bypass systems should be
installed on scrubbing systems to make it easier to repair and adjust

the system and to ensure that generating capacity 1s not lost during .
possible malfunction. : -




7. .Californfa Edison's Mohave unit, cannot be.ful y. assessed at this-

M

- Experience at operating-1ime-scrubbing systems other .thanthe . -
...successful performance at LG&E's Paddy's Run .u ft .and . Southern ;. -

~time, . Duquesne Light's Phillips 410-megawatt scrubber, on-1ine-only. - _
;. for-a'few months, has achieved availability factors for modules:l-and .
.4 which-were-hetter than 70% from start-up through June. . Duguesne is... ..

- presently concentrating the load on these two modules and plans to. .-

: placehthe-full‘p1ant;capgc1ty_on all_4-modules:jn;thegfuturEegh-;‘Jsp-.;ﬁ’

Dairyland Power Coop. has been running its Alma 1ime-injection = -
unit since August 1971, but only as a research system. Short test
runs at 90% availability have been conducted, but no longer runs have
been conducted from which reliability might be adduced. ... ... .

EPA is funding a 30-megawatt research unit being operated by TVA .- .
on its Shawnee No. 10 boiler. It is designed to use 11me, limestone, .-
sodium carbonate, or air/water as the scrubbing medium and has been S
operating under experimental conditions since April 1972. . There are .3
different types of scrubbing systems operating in parallel that are
sti11 being evaluated under a variety of operational modes. : ;. .-

. Aside from Boston Edison's successful Mystic unit, only one other -
magnes{izn-oxide system is now {n operation. This 100-megawatt scrubber,
also designed by Chemico, is being operated by Potomac Electric Power -
Company at Dickerson No.- 3, Start-up took place in September 1973, but. -
full operation was not begun until July 1974 when the regeneration - -
facility became available. This system represents the first large-scale -
application of the magnesium-oxide process to a coal-fired bofler, -

- _I11inois Power Company has at its Wood River station the only . ...
catalytic oxidation system operating in the U. S.- .The 110-megawatt x
scrubber designed by Monsantn started-up in September 1972 and was ... ...
dccepted from the vendor after completion of testing in July 1973.. o
Mechanical difficulties experienced during shakedown called for modifica-
tions which are now nearly complete. The scrubber {s scheduled to
start-up for continued operation this month. - R T O T

The Nevada Power Company is now testing two aqueous sodium base
scrubbers at its Reid Gardner station and will start-up a third unit
there next year. The 125-megawatt units have only been on-l1ine for a . . -
short time but excellent test results have already been cited and PR
performance seems promising. S N S A SRt LISIO

~ SLUDGE DISPOSAL .

£ty

It is recognized that large quantities of semi-solfd sludge are . .. -
produced by 1ime and 1imestone scrubbing systems and that this sludge .
must be carefully disposed of to avoid any adverse impact on.the environ-
ment. EPA does not view sludge disposal as an {nsurmountable problem,

[ R I




however, since disposal methods:are now offered cormercially-that.c:.. ..~ =~
treat sludge in_an-environmentally acceptable manner. . Wet sludge can -~

be hardened (fixated) through.chemical.reactions tc form a: dry,izit v o
solid, largely fnert material or it ca be ponded. - - .

Although fixation technologies: ire offered commercially, many-:  :
- companies have been temporarily pording-sludge while concentrating on im- _
proving relfabilities of their FED systems. Now that scrubber operating: =
problems are being solved and system reliabilities are improving, more: sludge
is being generated by 1ime/1imestone units and utilities-are beginning: to
focus more:attention on techniques for disposing of sludge.-''For example,
full-scale sludge fixatfon;is now underway at at Teast-two U;'S." power .
plants. Commonwealth Edison fixates sludge from its Will:County scrubber
and stores the product on-site. The company plans to ultimately dispose
of the sludge 1n an off-site landf111 area. Duquesne Light fs now: :
- fixating sludge from three boilers at the Phillips plant, . This fixated-.
sludge 1s temporarily stored in on-site ponds, then hauled to off-site..:
lined ponds for disposal, It {s ultimately planned to dispose of this:::
fixated sludge in unlined ravines. In addition, a prototype facility "=
at Southern California Edison's Mohave station fixates the sludge, dis-
charging part of the treated sludge to a concrete-lined disposal site. :
The remaining sludge is used to manufacture aggregate pellets which can =

be used as a concrete admixture.

Chemically fixated sludge has several uses, the most important
of which is landf{11. Numerous 1andfil1l sites are available in the
U. 5., especially in areas where coal has been strip-mined. Fixated
sludge can be used to restore such land to its original condition.
Limited use 1s possible in such other applicatfons as roadbase.

Wet sludge can also be ponded, and where leaching into ground or
surface water 1s feared, ponds can be 1ined with an impermeable 1iner
?r cg:structed with a drainage system to collect and isolate any

Sludge disposal problems occur, however, only with 1ime and }ime-
stone scrubbing systems. Where disposal of such sludges is impractical
because of geographic location, space avajlability, or other considera~
tions. alternative FGD systems can be used. Regenerable systems, such as
magnes{um-oxide, catalytic oxidation, and Wellman-Lord processes, do
not produce sludge. Rather, these systems regenerate the scrubbing

ag:rfn and prnduce such valuable materials as sulfuric acid and elemental _
sulfur. -

SUWRY & CONCLUSIONS

The past year has seen a major increase (over 100%) in the < < =
commitment of utilities to the installation of ‘FBD contro_‘ls’.\ -_‘-;Hh_i_'!e«“'_
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' the coulnitnent to. control 3 .ODO megawatts:of generating. capaci ty,, R
~ 1s sti11-short of :the need,? 1t represents a rapidly growing acceptance

by utilities of: the need for and workability of FGD controls, u::x: et

‘ _ R B woiene ok AR STA LT S S
L Hhile a few utilities continue to argue that FGD. systems have’ not -
- - yet demonstrated: reliable operation,:actual: experience: over the:past

~ few months clearly refutes these claims.: Experiences at:Louisville Gas::
- “and: Electric, Arizona Public Service. -and: Southern>California Edison-~“win
.;are:41lustrative. LGAE's Paddy's Run unit. has: been’ available.to the :
boiler for a total of 5 months at well over 90%.reliability.::APS!si::
Cholla unit has- operated continuously: for.8 months with a: reliability »u%.'
of 90% or better, and SCE's Mohave unit has operated: continuously from
January to. September 1974 at 84% reliability. .‘“»-,a K "

Based on FGD cperating experience to date. the availability of
commercial methods to treat sludge wastes, and the. rapidly growing .
commitment of utility companies to install FGD, no other. conclusion
can. be reached than that flue gas desulfurization systems are avail- wc=
able and can be used to continuously, reliably. and effectivelv control
sulfur oxide emissions from power plants. SRR _ : _

TTn the national hearing panel's report, EPA estimated that to meet
primary ambient air quality standards and new source:performance.
standards through 1980 the use of some 90,000 megawatts of FGD
control would be required
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