Pacemakers/LaSALLE
Reclaim heat, steam to save energy

At this lilinois nuclear pdwer plant, energy from exhaust air streams
preheats ventilation air, and reactor steam is tapped to power
auxiliaries. Backup systems assure that all operating conditions are met

The LaSalle County station (LSCS)
of Commonwealth Edison Co con-
sists of two 1100-MW units located
six miles southeast of Marseilles, 111,
on the Illinois River. Each unit is
powered by a boiling-water reactor
enclosed in a Mark II type contain-
ment (over/under configuration),
which is steel-lined and made of
reinforced concrete.

The turbine-cycle heat sink is a
2058-acre cooling lake having an
average depth of 13 ft. Makeup
water for the lake is pumped five
miles to the plant from the Iliinois

River. The ultimate heat sink is a
75-acre emergency-core-cooling-sys-
tem pond excavated within the cool-
ing lake.

A unique feature at LSCS is its
station heating and- auxiliary steam
systems (also see Table 1). Large
quantitics of heat are required (1) to
preheat the ventilation air, and (2)
to generate steam [or processing
radwaste, servicing gland seals,
inerting moisture-separator/reheat-
ers, ete. Historically, oil- or gas-fired
boilers have been used to supply this
auxiliary steam. At LSCS, ventila-

Commonwealth Edison Co's LaSalle County station consis!s of two 1100-MW
bolling-water reactors. Plant, lacated on the Illinois River, Is six miles from Marsellles
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tion air is preheated by an air-to-
glycol-to-air heat-recovery system,
with backup electric blast coils.
Electric unit heaters supply perime-
ter areas of the plant. ‘
Nuclear steam reboilers with
backup electrode boilers were select-
ed to gencrate process steam. This
makes LSCS an all-electric station
which will yield 2 projected saving of
roughly 68,000 bbi of oil annually.

Heat-recovery system

A study was conducted in 1971 by
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1. Heat-recovery system consists primarily

Sargent & Lundy, the architect/en-
gineer on the project, to determine
the best design for station heating
and auxiliary steam generation at
LSCS. Three designs considered by
the engineering firm: :

Design A. Heat-recovery system
with backup electric blast coils, elec-
tric unit heaters for perimeter heat-
ing, and nuclear-steam reboilers
with backup electrode boilers to
provide process steam.

Design B. Electric heating, with
electric blast coils for preheating
ventilation air, electric unit heaters
for perimeter heating, and electrode
boilers to provide process steam.,

Design C. Oil-fired steam boilers
for station heating and process
steam--a conventional scheme used
at most of Commonwealth Edison’s
existing nuclear power stations.

The results of this study showed a
present-worth saving of about $]-
million for Design A over the closest
. alternative. Since then, of course,
* ceiling prices for new domestic oil
have increased dramatically and
imported-oil costs have quadrupled.
An updated study shows a total pres-
ent-worth saving of $20-million for
Design A when compared with
Design C, which was the second
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choice. Compared with Design C, a
saving of 132%/yr in revenue
requiremenis is reflected and the
‘investment is paid up in one year
_(see Table 2). '

Sources of heat recovery

Heat dissipated from such sources
as pump casings, pump metors, fans,
generators, switchgear, transform-
ers, pipes, pipe fittings, pipe sup-
ports, heat exchangers, and re-
straints is normally discharged to the
outdoor environment via ventilation
exhaust air and various cooling-
water sysiems connecied with the
ultimate heat sink in the cooling
lake. These are desirable heat
sources, '

Closed cooling-water systems for
the reactors, turbines, and associated
components are not atiractive
sources of heat recovery for station
heating because (1) the load on these
water systems changes continuously
during normal plant aperation, with
peak load lasting for only a short
duration, and (2) the systems are not
available for heat recovery during
plant shutdown. Ventilation exhaust
air pravides a more dependable,
continuous source of heat energy,
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2. Healing requirements during three
modes of operation; also, outside alr
temperatures at which the heat-recovery
system Is self-sustaining for each mode

conducive to the design of a self-
sustaining system.

System design

An air-to-liquid-to-air heat-recov-
ery loop between distant supply- and
exhaust-air plenyses is installed at
LSCS. A solulid!f sthylene glycol
(40%) in demineralized water is used
as ‘the heat-transfer medium. A
conceptuffikdesign of the heat-recov-
ery systenl is shown in Fig Lg
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3. Auxiliary steam system consists of reboilers using main steamn, and electrode bollers supplying steam to reboliler

Heat is recovered from the ex-
haust air of Units 1 and 2 reactor
and turbine buildings, switchgear
rooms, and the radwaste facility.
Heat is recovered directly from
ethylene-giycol-cooled condensers of
the primary-containment chillers.
The recovered heat is used to
preheat ventilation air for the reac-
tor and turbine buildings and to
supply air for the radwaste facility.
Ventilation air for the switchgear
rooms is preheated by recirculating a
part of the rooms’ exhaust air back
to supply.

"The primary-containment chill-
er/condensers are provided with two
coil bundles. One is used with the
heat-recovery system containing the
ethylene-glycol solution; the other
with the service-water system, to
dissipate heat when the recovery
system is not in operation during the
summer. Three-way control valves
are provided with the ventilation-air
preheat coils to centrol the coil leav-
ing-air temperature for varymg lig-
uid temperatures.

Freeze protection. The leaving-air

temperature at the supply inlet to
the heat-recovery eolls may be as

low as 18F when the outside air
temperature is —10F. This may
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result in frosting on the air side of
the coils. Three-way control valves
are provided in the ethylene-glycol

lines downstream of the coils. These

valves are controlled by individual
pressure-differential controllers,
sensing pressure across the corre-
sponding heat-recovery coil. As

ﬁi
,Addlt onal estimate lnveslrne
LB (without Indiracts) at 1 8CS overiia:

higher than normal- pressure is
sensed across each coil, the glycol
solution bypasses the coil, resulting
in coil defrost.

Supplementary electric heat. The
heat-recovery system is self-sustain-
ing during normal station operation.
However, supplementary heating is
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required during these three abnor-
mal modes of plant operation:

® One-unit outage, in which only
the operating unit’s equipment heat
is available.

B Two-unit coincidental autage,
in which equipment heat is not avail-
able.

= Cold plant startup.
Supplementary heat is provided
by:

® Electric blast coils in the venti-
lation airstreams.

® Electric immersion heaters in
the ethylene-glycol circulation
stream,

® Electric unit heaters located at
the perimeter of most buildings.

Energy balance

The energy balance and percent
heal recovery for various modes of
plant operations are shown in Tables
3 and 4. During normal plant opera-
tion, some 87% of the ventilation-
heating requirements are recovered
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.General Electric Co, Combustlon Engineering Inc (Unlt 1y;
; .. General Electrle.Co, Chicago Bridge & Iron Co {Unit 2)
vassal height, 72 ft-11 in.; Inside diameter, 20 f1-11 In.; 800
) ase malerial,tlow-alloy stes! plate; cyllndrical shell and’
“hamispherical head clad with 0.125-In.-thick stainless staei; thormal
oulpll; 3293 MW: 14.166 X 10°-ib/hr steam flow at 1020-psia
nominal steam-dome pressure; core approximatos g right circular
cylindsr with @ naminal central-portion outside dlameler of 187 in.
-fual helght of 150 In.; avaraga power densily, 50
kWeilter; average heat flux, 145,208 Btushr-sq t; 764 fusl assem-
fuel rods - pei assembly with & maximum lnear heat
generation of . 13.4 ' kW/ft; Zircaloy-4 tusl-channs! material with
'0.032-In.-wall  Zircaloy-2 | fusi-cladding ' materiaf; 0.410-in.-dlam
uranium-dioxide fuel pellets, 1.91-wt % average enrichment. Reac~
for:ls designed (o achieve g tirst-cora average discharge exposure

? p$'Clifculate reactor coolant from reclrculation
5 through'’ fuef assemblles In the core and are capable of
producing a total ‘core flow of 106.5 x 10° ib/hr, Steam-separator
assembly Is located [nside the reactor vassel above the core. Steam
dryers are localed above the steam saparator and remova molstura
from ‘tha wet :gteam leaving the separators. In-core monitaring
nt Includes the ' following: Source-rangs, intermediatae-
g6, (ocal-power-range,: avarags-power-rangs, and rod-block
monltors and & traversing In-core probs system
cvisisninerens Walsh Construetion Co {concreta),
BT Chicago Bridge & Iron Co {liner}
ontainment.is of an over-pressure and under-prassure-
'on design, constructed of post-tensionad concrete with a
" steel liner. Drywell I3 a right circular cylinder toppad with a frusium
of a cang and lined with carbon-stesl plate. The prassure-suppres-
77 slony chamber (wetwsll} Is a right clrcufar oylinder lined with stain-
_lass-steal plate. Both drywell and wetwell are designed for an
* Intérnal pressure of 45 psig. Free voltima of the drywall Is 221,518 cu
11, free volume of the welwell Is 166,400 cu fi, and the wetwell watar
doors (interlocked) and

Bingham-Willlametta Co

from exhaust air, the balance from
primary-containment chillers. The
system operates sclf-sustained, with
no supplementary healing required.

During onc-unit outage, the per-
cent heal recovery is 78%; the heat-
recovery system is self-sustaining
with no added heat needed when the
ambient air temperature is SF and
above (Fig 2). During two-unit
outage, the percent heat recovery on
a design day is 58% and the system
is self-sustaining when the ambient
air temperature is 20F and above.

Annual energy requirements are
conservatively calculated based on a
typical year's weather data, assum-
ing a 60-day one-unit outage and a
30-day two-unit coincidental oulage
during worst-winter conditions. In
actual practice, energy savings will
be better if the outages are planned
in less severe winter months.

Auxillary steam system

Nuclear steam is used for rad-

Unlts 1 and 2, LaSalle County Statlon, Morrls, lll, Commonwealth Edison Co
: - Gontrol-rod drive systam - N
Hydraulic control units, 185 per unlf ..........oidieee Beneral
Water pumps, 2 per unit. vaeraninpensrranns H
- Each cenirifugal typs, 100 gpm at 3678-1t head ..,
Flow-control vaives, 2 per unit cenn
Pressure-controt valves, 2 per unit ,
Stabilizing valves, 2 per unit
Pump suction filters,-1 per unit .
Pump discharge filters, 2 per unit ......... vt

Safely aystams

Reactor-water cleanup system

Maln cleanup pumps, 3 per unit ' yonens
Each centritugal lype, 180 gom at 500-ft head .
Regenerative heat exchangers, 2 per unit...... Atlas Manifacturing ©
Each three-stage design, 18-in.-dlam X 25-fi-long type-304 staln
lass-steal shell, 88 0.75-In.-diam lype-304 stalnless-steal U-tubes,
. 1425-psig/575F tube dasign conditions . .
Norregenerative haat exchangers, 2 per unlit

Each two-staga design, 18-in.-dlam X 31-f-long "A 10
carbon-stesl shell, 99 0.75-In.-dlam typse-304 stainiess-st
tubes, 1425-psig/575F tube design conditions il
Filter demineralization system .......... Ecodyne Corp; Giravi ite
Powdex rasin typs; three resin tanks arranged In paratiél, each wit
/ gpm; maintains conductivity.of :reaclor v
below 0.1 micromho/em and undissolved solids befow 10 ppb
Precoat tank, 1 per unit
Pracoat pump, 1 per unit

a rated fow of 135

High-preasure core-spray system {HPCS) Is a standby salaty €

used to pump makeup water Into the reactor vessel In the event of a

coolant loss that Is small encugh to permit the primary systeam .}

remain at high pressure. : E b

HPCS pump, 1 per unit Ca
Cenlrifugal type, vartical orlentation, eight stage, double suction,
6942 gpm a! 662-H head ) :

Reactor-core-isolation cooling system (RCIC) provides makaip wat
1o the reactor vessel when the vessel s isolaled. .
ACIC pump, 1 per unit

waste processing and other auxiliar-
ies at LSCS. This source was consid-
ered in Design A of the economic
study, in conjunction with the heat-
recovery system for station heating,
because no other sources of steam
peneration were available. In the
other two designs, the auxiliary
steam system is common to both
heating and process requirements.
A conceptual design of the auxil-
iary steam (AS) system is shown in
Fig 3. Auxiliary steam at 50 psig is
penerated by three reboilers—one
assigned to each unit, with the third
being shared. The reboilers are also
heated by -100-psig stearm. Two
reboilers use nuclear {main) steam;
the common reboiler uses steam
generated by four electrode boilers.
The common reboiler is used only
when nuclear steam is not available.
Also, two 3000-kW steam elec-
trode boilers are available to supply
inerting steam to the moisture-sepa-
rator reheaters during reacior shut-
down. The steam blankets the inter-

. » :Atlas Manufactur
‘4106 (

Waler DI
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Goulds Pumps |
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625 gprn at 2850-1t head, 700/130-hp steam-{urbine drive s
RCIC-pump steam-turblna drive, 1 per unit eseserindiditar




nal surfaces of the main steam
system, thus protecting it from
corrosion. This system is a closed
vapor-cycle design.

Startup, steady-state operations.
The AS system will be operated
when steam is required for the
radwaste evaporators and/or for
inerting the main-steam systems.
The reboilers can be operated during
any planned plant operation, using
either main steam or electrode boiler
steam to heat the specific rebaoiler.
The inerting-steam portion of the
AS system is normally used during
refueling and extended plant shut-
downs, and for achieving criticality.

Energy consumption for the AS
system is based on a 50% use factor
and electrode-boiler use during two-
unit ceincidental outage for 30 days
at worst-winter conditions. =
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N operat!ng condltlons Thig Includes prmectlon of personnel from fire,

©..  smoke, radiation, chlorine, and ammonla, any or all of which may be

present outsida- the control reom. A two-traln system serves the

controf room, with the loilowlng equlpmant In sach traln:

“Ajr-handling units, 2 . Carrler Corp

Each l}low-through type wim & direct—expanslon refrigerant coll In
0

ducts” Diraci-expansion cofls, arranged In sl rows and of split
deslgn, use Freon-22 and have 10 ﬂns/ln Hausing Is constructed of
A{-gaga ga!vanlzad shoet mataf iy
: upply-alr fllter unit, 2 ; i-tUndlsclosed
... Each .conslgis of a h!gh—sﬂ!c!sncy air mfer and an Impregnated-
absorbar with bypags and isolatlon dampers; filters reclrcu-
_qr ,a mlxrure of outside and recirculated air, from the
: iz hig3,.a.90% minimum efficlency raling in accordancs
A ASHRAE,srqndard 52-68. Carbon absorbers, dasigned to
e odor. and smoke, ara of vertical-bed weldad construction
Cwith 240, -deap charcoal sectlons; alr residence time Is 0.125 sac
‘ Retrigeratlon units and galr-cooled condensers, 2 each .. Garrler Corp
R i Each cansists of @ direct-couplad reclprocating compressor and
- comfrol-pansl assembiy with a remote air-coolad condanser. Tha
. = dirget-expansion coll has a hot-gas bypass; condenser-capacity
o - cantrols are of the Hood-back typs
P Emarglncy makeup alr-filtration units, 2......... S . CVI Corp
) .Each consists of a moisture saparator, haating colls, prefilter, HEPA
fiiter, charcoal bed, and HEPA filter; removes all of the radloactive
partlculates or lodlna prssant in the outslde makeup air for the
“-; control room o
Tornado chack dampers 2. . :
- Installad in the control-room oulside-alr Intake duct, thay prolect
B tha control room and fts equipment from the positive and negative
affacts of a tornada

covary syslem

Ven Ilatlon preheat collg Carrier Corp
Two: prehaar colls are Installad In the reactor-buﬂdlng ventilation
system, each ratad 110,600 cfm and 7,52 X 10° Biu‘hr; four ara
installed In the rurblne-bulldlng ventilation systam, each rated

radwasteufacﬂlfy vantllatlon systam rated 96,000 cfm and 6.99 x
102 Biushr

. Carrler Corp
~ Twp coils ara Instatiad In the reactor-bullding vanmauan systam,
each rated 110,000 cfm and 4.54 x 10° Btu/hr; iwo are instalied in
the furbina—bulldfng vantilatlon system, each rated 300,000 cfm and
203 X 10" Blusbr; three are Installed In the radwasle-faciiity

one g Installed In the swltchgear ventilation sysrem ratad 60,000

) t-‘fm and 0.614 X 10' B!u/hr .

- Glyco] heaters, 2 ,; .

Each 1000 kW 480 V lhraa phasa 60 Hz

Drywal! chlllara. : . Carrler Corp

Each  hermetic csnm'fugal liquid type using Freon-12; doubla-

ndfa shajl-and-tubg condenser (for glycol and water service):
ded-rype evaporator; 8.8 X 10°-Btu/hr cooling capaclly 84 x

10 Blustr hea_t-refeclfon aapabﬂlty ;

CAM ‘Industries Inc

Gould Inc;

: Emerson E!ectrlc Co, Chromatox Div
Conslsts ‘of 225 electric unit heaters, plus two elsctric bilast-coll
banks In the reactor-bullding ventiiation system, each rated 800 kW,
480.V, three phass,” 60 Hz; four eleciric blasi-coll banks In ths
rurbln_ bullding venmat!on system, each rated 800 KW, 480 V, threa
phase; 60 Hz; and. .one elecirle blasi-colf bank In the radwaste-

'Electroda bollars.
- Each 4500 kW, 6.9 kV. thres phase, 60 Hz

Inarﬂng-sieam electrm:le bollers, 2 .......comenirrananns CAM Industrles Inc
. . Each 3000 kW, 6.9 kv, es phass, 60 Hz
Evaporative rebollers, 3 ,iiiiiimanman. Uniltoch Manufacturing Corp
Each high-temperaturs, shell-end-tubs iype; two units rated 40,000
hr at 50 pslg/297F one 60,000 ibshr at 65 psig/297F

adwasie ”processing syalem

Thé liqu d-radwalle -gyatem conalsts of several major subsystems,
"aach designed to ‘process & different type of waste. The waste
_characleristics and the degree of treatmant assoclated with each

CAM Industries Ine

'procass[ng subsystem Is treatsd by setiling, filtration, and lon-
: “demineralizatlon; (2) low-purlty, high-conductivity waste
from ‘the floor-drains procassing subsyatem Is trested by evaporation
and lon-exchanga demineralization; (3) very-high-conductivity waste
from the cherhical-waste subsystem is treatéd by chemlcal neutrallza-
- tion,.@vaporation, and ion-exchange demineralization; (4) waste from
;. the laundry-waste subsystem Is treated by fitration and reverse
P4 osmogls; Wastey processed by these subsyslems are sampled and
o _analyzad i satlslactory lor rause, thay are transferred to the conden

T 20

d déck.and an sleciric heating coll In the individual zone *

Techno Caorp -

150,000 ofm and 10.45 X 10° Btu/hr; one Is Installed In the

enﬂ-'aﬂon system, each raled 48,000 cim and 2.38 x 10° Btu/hr; .

" Water 50paralors, 2 per UMl .....iwivienss Proceass Equlp

© Cooler/condensers, 2 par UNH .....c.reeeccconmeenrinsin ......Gena

- subsystam 13 as follows: (1) low-conductivity waste from the waste- .

sate storaga tank —that 1s, unless plant water-balance’re
dictate that they be discharged fram tha statlon.
Another part of the radwaste processing system:[s the ‘g|
subsystem. It coirslsis of a group of tanks and pumps - which provid
Intarmediate storage for slurries produced by tha radwaste decontam
; Inatlon equipment, and by other radioactive-liquid cléantp’ sysiems
prior to transferring them to the solld-radwaste handling: system Th
solid radwaste system receives, solidifies, packages, handles,
pravides temporary storage factiities for the wet solld 1
at the statlon before It 13 shipped ofi-slte for disposal.
Radwaste demineralizers, 5 per unit ........ lllinois Water Tréatment’
Each of the mixad-bed demineralizers uses regenerabla -niclg
gradae rasing; two units are ratad 300 gpm, thred ara rated 75 gp (
Radwaste flliters, 2 per unit ............... Croll-Reynolds Englneerlrlg Co
Each 300 gpm, praecoat typa, dlatomaceous—earth filter. msdfum

Radwaste evaporators, 3 per unit ............ Ecodyne Gorp, Unitech D
Each forced circulation, 300 gpm, 21,000-Ib/hr steam’ requlrsmen
Solid radwaste stations, 2 per unit .........rvernvmny: Stack Equipment C

Miscellaneous tanks Chicago Bridge & Iron co
Continental Bolter Works ing, Niles Steel Tank ©
Miscellanecus PUMPS ceeceeree Goulds Pumps Inc, Robblns & Myera in

Turbine /generator and auxiliaries

Turblne/generator, 1 per unit. . actric
Tandem compound, six flow, rehsat, 88-1:1 las!-stage biades,
14,151,068 Ib/hr of steam at 965 psla/540F, 1-in. -Hg-abg ‘backpras
sure. Steam Is admitted to the horizontal, double-flow, extraction
high-prassure turbine via four stop valves and four controf valves,
exhausts at 164.4 psia and 13% moistura o two, two-stage moistur
separalor/rehealers, which supply ihrea horizontal; double-flow,"
extraction, low-pressure lurbines via six combination stap/lntercept :
valves. The three-phase, 60-Hz, 1800-rpm, wye-conneclsd genera-~.
{or Is rated 1119 MW (net) at 75, -psia hydrogen pressure, 0.9 po
factar, 0.58 short-circult ratlo. Stator and rotor weights are 375 and
204 tons, respectively. Exclier Is rated 2250 kW, 500 V., 4244 amp
Malsture ssparator/reheaters, 2 per unit .............General Electric
Maln condensear, 1 per undt .....eccceeevevevenee Westlnghouse Electrié Cor
Steam-jet alr ejactors, 2 per unit ................ Graham Manufacturing G

Condenser off-gas treatment lysla'rh

Free hydrogen In the condenser off-gas Is camblined ‘with oxXyg
calalytlc recombiners and dehumiditied using condenslng hea
axchengers. It I3 processed further through high-efticlen itel
heldup piplng, and charcoal absorbars belore being - disc!
through the plant stack. o
Off-gas preheaters, 2 per unit .,...c..ivuis n
Each has a carbon-steel shell das gnad for 350~pslg/400F se
and stalniess-steel tubes deslgned for maa-psrgxsr
Catalytlc recombiners, 2 perundt. . . . .
. . . Unlversal Ol Products Inc' Ir carreatlon Dl
Each has' a steinless-stesl cartrldge containing a pmc!aus- 16ta
catalyst on nichroma sirips {cartridge Is replaceable wlmaur ram
Ing the vessel), Cr/Mo-steel shell daslgned - for. 350-psig/9
sarvica
Off-gas condensars, 2 per unit..5.. .51 Whitlock h.lanufa::turlngg
Each has a Cr/Mo-stesl shell dasigned for 350-pslg/900 Y
and stalnless-steel lubes designed for 250—pslg/900F

Each has a carbon-steel shell designed for 850-psig/250F e
and stainless-stes! wira mesh - - .

30-min holdup pipe.. ; | .
Carbon-steel plps, radlographad and ‘burled, has i ga‘
wrappad and coated for corrosion protecﬂon' ends an
rainforced to withstand 1000-pslg/ 150F candlﬂons

Ele
Each has a sfainlass—srael shell designed Ior 350-psfg/150F $6,
and stalnless-steal tubes deslgned for 100-psig/ 150F service
Moisture separators, 2 per unit ....... SPRURT— o 11T Equlprnent ;
Each has a carbon-steal sheli deslgnad far 350~p F ;
and stainlass-stesl wire mesh -
Off-gas reheater, T per unit e

mountad on the outside of the pipes
Giycol rafrlgeratlon machines, 2 per unit. . |
. . . LCordon Iniematlonal COI’

Prefilters and afterfiiters, 2 each par unlt .............

comaining a 16-K# packed secflon wlth 3 rons or
{Columbla G or equlvalent)

- Emergency electrlcal wa!em‘

' Diesel/generators, 5 ........... !
Two dlessl/generators serve each unit; ona ls shared
units. Each is rated 2860 kW, 0.8 power factor, 4. 16 kV’
60 Hz for 2000 hr/yr; 2987 kW for 168 hr' 3040 kW




