THE STUDIES continved

octor sphere outside the eylinder, and
in the dump and makeup tanks.

aggregote concrete, B ft thick, shields
the reactor, see sketch p 102. Steel
plates line the inner and outer surfaces
of the shield. The vertical fuel-element-
charging and control-rod tubes and the
horisontal watcr-discharge pipes lead-
ing from these tubes to the hesders
form a large part of the top shield.

Shielding around steam generotors,
piping, pumps and miscellaneous stor-
age tanks consists of 3-ft-thick con-
crete floors, walls and ceillngs. Steam
generators and pumps stand in indi.
vidual cells reached through plug-type
trap doors. Turbines, turbine piping
end auxiliaries stand in open, un-
shielded areos accessible for ‘normal
maintenance.

To moke repairs an a unit of equip-’

ment, motor-operated shutoff valves
first isolate it from the heavy-woter
system. The activated heavy water in
the unit then dralns to a shielded stor-

_ age tank. Light woter flushes out the

unit until radioactivity falls to o level

-safe for men to enter the cell and per-

form the necessary repanir work.

Reactor Control. Amount of heavy
waoter flowing from the reactor and its
temperature ot cach fuel-tube outlet
and control-rod opening are monitored.
Manually operated velves on each tube
adjust Gow distribution over the re-
nctor lottice area. Adjustments are
made on the basis of two thermo-
couple readings at eoch tube outlet. A
rapid-acanning device for pressures
and temperatures helps localize defects
as they develop. The scanning equip-
ment automatically shuta down the
reactor when certain limits are ex-
ceeded. Failure of both thermocouples
on any tube shuts down the unclor
Defective flow d are
a serious hazard.

Severnl thermocouples in the hottest
oree of the reactor measure and record
the uranium-metal temperature.

Safety rods dropping into place su-

. tomatically shut down the renctor on:

(1) loas of sphere pressure (2) exces.
sive reactor power (3) short reactor
period (4) Hfuel-element failure (S)
serious heavy-water leok (6) steam-
generator foilure (7) excesslve radio.
activity in ceactor building.

Control rods of 1.5%-boron steel are

* clod with stalnless steel to resist cor-

sosion. Guide tubes prevent the rods
jamming in the tube sheets or shifting
thelr pasition by flow ol the coolant.
Coalont flow dissipates hent gencrated
in the rods.

Piping. To minimize the amount of
coolont holdup in the piping, a flow

velocity of 25 ft per sec was chasen,

and the length of piping was held to a
minimum by arranging the steam gen-
erators in o tight circle nround the re-
actor as shown at top of p 102,

Angle headers, toking the heavy
water from the 211 individual fuel
clements and control-rod headers, con.
nect to o cing heoder 21 {t in rodius
circumseribing the reactor. This heod-
er feeds the 18 individual 12-in. head-
ers connected to the top of the steam-
generator coolant boxes. The t2-in.
outlet connections, from a pair of
steam generators, join an 18-in. auc-
tion line to one of the nine coolant-
circulating pumps. The pumps’ dis-
charge headers, 18 in. dia, connect to
the reactor at equally spaced intervols
around the reactor shell,

Stoam Gonerators. Each of the 18
units produce 180,000 Ib per hr of 180-
psig saturated steam, These are ar-
ranged in pairs to reduce the number
of coolant pumps and velves. Each
unit has an 88-in..dia shell, 24 1t long.
The 656 U-tubes hove o total heat-
transfer surface of 3975 sq ft. The cool.
ant enters and leoves ot the same end
from o single box with o horizontal
division wall to scparate inlet and out-
let compartmenta.

By using n double tube sheet, one
serves as an end plate for the steam
ond water shell and the other as the
plote of the coolant box. This ovoids
leakage of the coolant Inlo the light-
water system and llmplmu detection
of tube-roll leak A ling sec-

trolling plant output on load variation.

Turbine.Oenorotors. Three 80,000
kw units supplied by the reactor can
generate o total of 254,000 kw with

1-in.-Hg abs backpressure, ot a heat’

rate of 14,111 Btu per kwhr. Net steam
available for maln turbines will gen-
erote 246,100 kw. Electrical ouxiliariey
will use 14,600 kw, leaving a net out.
put of 232,100 kw. At 2.5-in.-Hg back.
pressure the net drops to 211,500 kw,

The tondem-compound double-flow
turbines have 35-in. last-stage buckets,
Since the turbines use saturated steam
they have two molsture-extraction to-
cations. One uses notches in the lead-
ing edge ol the buckets to throw the
molsture to an annulus in the casing,
where it is carried out of the turbine
by 1% extraction of steam. Thls re-
duces moisture from 7.4 to 6%.

The other consists of a scries of cor-
rugated plates in the large crossover.
‘The plates separate the molsture and
carry it to a drain, reducing steam
molsture content from 10.6 to 6.6%.

Becouse of the low steam pressure
and the nonextraction cycle used, the
surface condensers become very large.

To ottain 1.in..Hg backpressure there

must be 130,000 sq It of surfece. Four .

35,000-3q-1t units per turbine seem to
be the best arrangement. Makeup water

for the plant comes from o demineral- ¥

lzer since bled or exhoust steam is not
avaiiable for evaperators.

Costs, Table 1l shows the estimated 4
i for the 240,000-kw in. |

tion usey incoming feedwater to yub-
cool the leoving coolant,
Coolantcireulating pumps  pre-
sented one of the major design prob-
lems of the plont. This arose from the
combination of the large flows to be
handled, the high suction pressure to be
aeoled, the cisentially low gland leak-
age, the high liquid temperature and
the coolanl ndloncllvlty Thz pumps
are
design wilh the oue |)nnd exposed to
suction p To avoid flashing in

stalied-copacity plant. The total of
$118.000,000 represents $492 per kw,
1f the renctor was designed for light-
water cooling and moderation, which
would require enriched fuel, the initlal
investment could be reduced by about
$47.000,000. Cost per kw would drop
from $492 to $297. These cost figures
azsume thot fabricoted fuel elements
are furnished by others. Cost of the

-
initlal fuel charge bos not been in-

cluded.
Conelusl Considert

the (Innd, coolant at 100 F entery an

intermediote point of the gland. The

seal coolant flows along the shaft

through labrycinthine packing into the

pump In one direction nnd Imo an
1 lll lht i

that the heavy-water-reactor concept

hos the best economic poasibilities. Un- 4§

certainties are svailability and coat of
heavy woter, practicallty and cost of

About 5 to 10 gpm of seal coolant Is
needed. The small external leakage
droins back to the makeup tonk.
Oland-seal coolant comes from each

clements.

The geas-cooled reactor could pro-
vide o substantial beginning in atomie
power with minimum interference with

pump di passing through a
small hest exchunur before entering
the gland,

One of the u\ree pumps for each
main unit s steam-turbine-driven,
the other two are driven by 2000-hp
electric motors through hydreulic
couplings. The couplings assist in con-
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:(ructlan or contemplated. Fuel ele-
ments should be less coatly than some

of these used in production reactors, .}
in existing 4§

they caon be processed
plonts. Both reactor designs are feas-
ible from engincering and operating
standpoints.

rower 3

present '.
status of reactor technology, it ls felt .

reactors now under cone |

plants to process the fuel "y
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g DATA SHEET

Typi&al Cable Applications in Generating Stations

" Service
GENERATOR LEADS, 2,000
BUS VIES, ETCY
13,000
17,000
17,000
AUXILIARY MOTORS 2,000
15,000 .
V1,000
" 500
. 5,000
CONTROL CABIES €00
[
-
EXCITER AND 15,000
HIELD LEADS!
17,000
RHZOSTATS 300
SOILER ROOMS, 5,000
ASHPITS
5,000
2,000
" rowen TRANSFORMIRS 2,000
Primary and
sscondory
sarvkes
9,000
17,000
122, noo

Netex; l—m.u, overlouatates. 1essmatiolly dry; it meht consider ducts,
% Mach, 4=—meist locotlont, S——Neopeane heta-typa jucket everull

. 1 pretacticn egolnst corveslon and electrelpshs. é—preferably shlelded
1. S—emesth block or

®ore 3 kv, T—iesk up shledfing secommen
Sevburniag paint.fitled and finlhed for indear

SIS

#Max 3.ph voltoge

tasulotion
Heot-rerisront rabber (RH)

Ozonc-resistont rubbert

Yomnishod-cambric

Imptegacted paper
Heot-rasistant rubber (RH)

Ozone-resistant rubbers

Yarnishad-cambric

Yinpl resln
Asbestor-rarmished-combrie

Heot-rasistant rubber

Oiena-reslitant rubber

Vinyl rasin, polycthylens

O1oag-ratistont rubber

Vomishad-combric
All osbestas

Asbestos-vomishad-cambric

Varnithad-combric

Heot-resistont rubber (RH)

Heot-resistant rubber (RH)

Quone-rosistont rubbere

Varaished combric

Impragnoted poper

9—lntertecked

conductsr o fo

molsture-resistaat,

Instollotion Coraring Finith
Conduity Cotton brold Note 3
tnsulators Cotton braid Note 3
Ducty* Neoprane |ocket None
Conduit, ducts  Laad sheoth Note $
Condolts Cotton brald Note 3
Ductys Neoprene jocket None
Conduit, ducts Lead sheath Note S
Candulte Cotten broid Noto §
Insulotors Catton brold Note 8
Duetst Lead sheath? Noto §
Any Lood sheoth Note
Cenduirs Cotton broid» Note 3
Conduit, ducys Neoprons jacker Nono
Ductst Leo thie Note 5
Condult, ducts  Neoprens focket None
Condulr® - Cotton broide Note 3
Ducts* Lead sheothy, 10 Note §
Condulre * Cotton broid Note 8
Ductys Lood sheath MNote §
Conduit None Nono
Conduir Catton broids Note 8
Conduits Asbastos bralde HFY,
Ducts* Laod sheothre Note §
Conduit? Catton braid Nete 3
Condult, ducte* Lead shoothis Note 8
Ducts* Neoprane jocket Noae
Condults Cotton broid
Condusy, ductst  Leod shoothis
Ducter Neoprene jocket
Condult, ducts Yinyl resio
Conduit, ducts Leod shoathis
Conduit, ducts Neoprene jocket
Conduit, ducts Cotton brald
Conduit, ducts Leod sheathre
Foceplata to
resistory Asbsstos brold HFu
Coaduir Cottoa braid® Note 8§
Canduit Asbestos broid® HFu
Ducty¢ Leod shooth Note §
Conduit® Cotton braids Noto 8
Ductse Laod sheoth Note 3
Condulie Cotton broide Noto 8
Ductss Load shooth Noto §
Conduit, ducts Neoprons Jocker None
Condult Asbestes braid Paiat-
‘ filled
Ductye Leod shooth Note §
Conduit, ducts Nooprane jocket Nong
Condult Asbestos braid Paint-
filled
Ducty? Lead shoath Note 5
Conduls, ducty Neoprene Jacker None
Conduit Cotton braid Nota 8
Duets¢ Leod sheath Nots §
Conduls, duch Load sheoth Noto 3

12—ia  dotter tocatlonms,
Courtesy F Aime, Eloctrical Enginser, Anocondo Wire & Cable Co
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