At P

R I

@ { .EP ONE KILOMETER

THETA PINCH FUSION ENERGY CENTER :

BRIEF DESCRIPTION s
OF PLANT ‘ 1

3
2
] _i '
g [N L ]
oW 3 “ o 4 &
saals Sinak 5 |
= *"i e T, ' ~ . m-*-j»q' v_ S .).,—.,U-n -y ] N 4 T i PRy o e B LI - !
waum.@u&ﬁ% 41—1»«0.‘(-1— v-ﬁ . e . o ™ - L= i i
| p—— e m.- v‘-" its = } sy G A G 2t '
e O g "’ ¥ \_1‘“-‘ J .;'! ‘_“ o %l ¢ i i
: : P, i-'o: .-.-m"—--;-~ . " - Il |\
ﬁ/v‘An.‘mr‘c\ & T % 4 ,J
B *"“L““..";- Tl $ :
o _'.{-‘m“w ’l"-q_g“i. » ¥ 4 '._
L By o B e R e m e X K I ik 55 R
4 3 PRRACES 7 T Toplea Sn % % s
“‘5-3*«___ 10 Uy ¥ b,
""‘”"," o O 1 : . - ‘
o 3] ey e v e I T .
2 I¥| ?' I o B : -

e ."IH'lj . - ey -
0 S R LR IR S .3,"»;3-;;1 >
'_‘l"EHw‘"Vk’f"*’,l-g'a:j'“ §

sy
F‘VJ ?l“i- £ ‘1-14 b

.

.

1

g ol shn b e

ki b AR i il i . i TS g e, -l
= e MR SR -\ _mSRENENR s, e F

..J..

gt
H]i’ﬁd
sl

AT

o At

L

T G
nu 3 o™
ey -a - F
,IVF g o 4o
‘Lf* "LI\_ ' R pul I '-'u.' ..I' N "j g l: J !
v RIS Ui S SN At e e sl o T BT 4 R L Pt A eimaiad It

R e b T AN AT R SR R J

T T AT
b il e LIy Dt S




R ———————

(b % BT 0 G o v DL B <o N ed - .

N— T R— E————
-

E I SIS Bl e

22 B O UY iy

. L | a—

By T}

i85

OKTP o KILOMETER
THETA PINCH FUSION ENEREY CENTED

BRIEF DESCRIPTION
OF PLANT

@.7 wited engineers



SUMMARY LIST OF SYSIEMS 18 "eiiel

PETY_ =< ONE RITORMETVR V0N, VOReh FUSTON ESVREY. CENTER

DESCRIPTION OF PLANTY

Fe B s By > T s Bk #EY = Bl RE "l i

:

—

1
2

w

. s
& W R

OO o WA A s

-
L

o
.

\.\OO-‘:@@O‘ -
W T NS LN -

10

s
11.2
11.3
1.4

*

Cepera

——

!A

]

1t

o

!
|

OFTP BEACTOR

REACTOR AUYILIARY SYSIENS

implosicn Yeating System
Adiabaric Compression Systen
Cryogenic System

Vacuam Systenm

HEAT TRANSTER SYSIEMS

Primary Coolant System
Secondary Ceolant System
Pricary Ccolant Doctor System
Secondary Coolant Doctor System

ENERGY CONVERSION SUSTEMS

taln Turbine Generators

Main Steam, Aypass & Feedwater
Turbine-Generator Auxtiliacy Sys.
Heat Refection System

Alpha Endloss Energy Conversors

KIMOTE FANDLING SYSTEMS

Module Mandling Machine
Rotary Vacuum Lock
Module Storage

Hot Cells

Module Shippiang

ELECTRICAL PWER SYSTMS

Switchyards
Onsite a-¢ Fower Systema
Onsite d-c Power System

INSTRUMENZATION & CONTROL SYS(EMS

Reactor 4T

Reactor Auxfliaries I&C

Heat Transfer I4&C

Energy Conversion TAC

Remote Handling Systems Controls
Auxiliary Systems 1&C

Control Rooma

Plant Computer Systems

AUXILIARY SYSTEMS

Tritlam Processing Gyeatem

Radlosctive Waste Systema

Water Sysfems

Provess Auxtlinry Syaiems

Meating, Ventlilating aod
Atr Conditloning (HVAC)

Othey Auxlliary Systems

PIANT STRUCTURES

Reactor Pullding
Alpha Fadloas Bulldings '
Adatotatratton Bulldins

Warelumines, Yialtor dldes,ere,
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BREIEF DESCRLPTION OF PLANT

hy Daniel M, Axclrod, 5/76

1.0 GINERAL

United btoginecrs & Constructors luc, has pertomsed o preliminary evolna-
tion of an OKTP == One Kilometer Theta Pinch fusion energy center as a poten- ,
tial large-scale, long~term veplacement for depleting oil and gas supplics. :
The OKTY linear theta pinch reactor is an extrapolation from the Los Alawos/
Argonne toroldal reference theta pinch reactor.® The ORTP is nominally vated
at 34,000 megawatt thermal (MWr) and 10,000 MHe.,  The alternate version, which
is not discussed below, would use ten hydrogen preduction plants to produce
approximately 3.6 billion stondard cubie foor (sef) Hp/day. The enerpy conter
output is equivalent in energy to a medium size oil refinery of 200,000 barrels
per day.

The following brief description of the 10,000 Mie (10 GWe) OKTP is intended
as a synopsis of the overull plant features based on the preliminary evalua-
tion,** After a highlight regarding sitc requiremcnts, the five main systems
of the plant are described, namely: (1) OKTP reactor, (2) reactor auxiliary
systems, (3) heat transfer systems, (4) cncrgy conversion systems, and (5) re-
mote handling systems, The remainder of this discussion then describes the
clectrical power systems, the instrumentation and control systems, the aux-
iliary systems, and the plant structures. An arrangement drawing is enclosed.

2,0 SIE

The OKTE [usion energy center vequires a level land site of approx baately
5 to 6 square miles. The OKTP reactor building, which houses almost all
of the basic plant systoms, is 460 feet wide and 3600 feet long. Topether
with the two alpha end less energy convertor buildings, the two switchyards
and a few miscellancous buildings (administration and warchoise) , the plant
proper requires less than 150 acres or 14 square mile., The bulk of the land
arca is for an artificial lake for transferring heat from the turbine-gonera
tors to the enviromwment. Hopefully, such a system might be used product ively
for acquaculture or other purposes.

An alternative site offshore would probably consist of a manmade island
sufficient for the reactor building and auxiliary structures, and would
use the ocean as the heat sink,

* los Alamos Scientific Laboratory--Argonue National Laboratery, “An Eugincer-
ing Design of a Reference Theta=Pinch Reactor (RTPR) ™, LA-5336/ANL-8019, 3/74,

CEERS R s R TR el e e e T

#% Note that all data is preliminary and that the design requires iteration to
achieve consistency in some arcas.
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N0 BRACTOR

The OEKTE xeactor is a lincar thets pinceh fusion reactor, The basic
vierpy process is the Tesion ol deterion gnd tritiwe as tollows:

D+ T a0, DN om0’ He? ¢ N t 17 6 Mev

vy — e

% Kew) T Mes) thhul Mev)

the reaction, whiich involves only a tew prams of tuel in the pla o,
takes place in a good vacwmn in the presceoce of appreciable magnet e | le ks,
Accordingly, the reactor consists of 528 OKIP reactor modules placed end to
end ro form a lincar contiguration, Sivee cach wodule is nminally two wetoers
long (approzimately 6 ft)sthe total reactor length is 1,056 nweicrs fapprox-
imately 3,600 ft), The reactor modules are basically a series of concentric
rings surrounding an approximately 1 meter vacuum chambor,  In the Los Alamos
Scientific Laboratory design of the Reference Theta Pinch Reactor (ITPR), the
blanket which consists of the lithium based coolant, graphite moderator, and
niobium structure, extends from 10U centimeters in 1,D, to 176 centimeters
O,h, Tt is then surrounded by an insulator, a copper implrsion heating coil
(186 centimeters 0.0,), further insualation; an adiabatic compression coil
(276 centimeters 0,D,), and titanium support bands, For the OKTP reactor,
the copper compression and implosion heating coirls may be placed inside the
blar set to achieve higher magaetic ficlds in the vacuum spaces and to reduce
stress and the magnet, ‘The primary coolant chosen for the OKIP is FLIB?
(Li¥,beFy) molten salt, which still provid s a lithiwn base for brecding
tritium fuel by absorption of necutrons while aveiding the liquid metal-wvater
reactions,

The 80 ton OKIP module is suspended from a thick, horizontal first vacuum
isvlation »nlate, which is supported at its edges on a concrete reactor caviiy
wall, 'The modules are placed in close proximity to each other, with only
about a centimeter pap between themy but it is dmportant to vote that there
is this gap, and there is no welded connection between modules which requires
remote assembly and disassembly, Various lines penctrate the first vacnum
isolation plate to provide a “superstructure” servicing cach eylindrical
rodule,  These include the FLIBE inlet and outlet cooling ]it‘lt‘:i. the D=1
facl line, the electrical leads to the implosion heating coil, the clectrical
leads to the adiabatic compression coils, and the wvater coolant lines for
the adiabatic conpression (oils, Fwh of these leads has to be remotely
discomected and reconuectes when the UKEP reactor module is removed and
replaced, A view of the RT ' module is enclosed.

4,0 REACTOR AUXELIARY SYSTENS

- ——r -

Act  Caparitor lwmplosion Heat fug, Syntem (CHIS)

The porpase of the dmplosion heat ing system is to <hock heat the plasma
to its initial temperature prior Lo lurther adiabatic compression to §inal
trmperature, A capacitor dmplosion beat ing systeom (CHIS) is beiug evaluated,
with an alterniate being a lagcor implosion heating system (LINS).  The enparitor
implosion heating system cvonsists of capacitor bhanks, charpe and discharse

i

switches, electrical leads and a capacitor encrpy charping system, Une

4283
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Capacitey bank (R will he wied lor coah of the 527 00L0F reactor wodule s
a with 100 cpane CE s dustalled as vedupdiit undtse A prolimivary concept

for the capacitor bank supgests a 150 « 15"0 x 16"W unit, delivering six
- mepa jonles in 100 picrosceonds and corpoaed of 360 8. kilojoule copicitors
n ol 170 microfarad and W KV, The vapacitor bank discharpe switehes (CRDS)

associated with each ol the 527 operating capacitor bavks must olose within |

4oone microsccomd sl be capable of handting over 200,000 aaps of averars '

enreent during the 0 picrosecond discharpges  Since the ORTP operates on a l
n ooe pulse per second eyele, there are over 25 million pulses per vear at 800 |
o oad factor, Because of this, it iy <ill te be determined whether a vechani- g

eal switeh will be acceptable or whethor solid state thyristor type switches :
will be required, By comparison, the capacitor bank charge switch (ches)
need only close iv approximately 1 millisccond and need handle only approxi-
mately 200 amperes during the 990 msce capacitor bank charge time,

Vnd

It has not been determined yet whethor Jeads (rom the CBDS to the
implosion heating coil conncction of the OKIP reactor module will be normally
conducting copper or superconducting. The capacitor encrgy charge systom |
(CECS) is used to transfer approximately 3,000 MWe from the capacitor |
auxiliary power (CAP) transformer in each switchyard to the cbes, This system |
will include the necessary current dividing circoitry and rectifier equipnment
to convert from the switchyard a<c to the capacitor charging d-¢c, [If dircet
convertors are used to transfom alplin end-loss cnergy, they produce dec and
could be fed throuwgh CECS to cbes without the need for a=c/d-c vect il ical iun.

B e

4.2 Adiabatic Compression Magnetic tnerpy Transfer and Storape (METS)
System

B SR

The purpose of the adiabatic comprogsion MUES  system is to lurther heat
and compress the thewa pioch plasma Trom the initial temperatures achicved
under implesion heating wntil the plasma sustaine sell heat ing by the deposi-
tion of encrpy Frow the helivm products,  When the burn is complete, about 3
milli-seconds after the start of the puise, the adiabatic compression magnetic
field is reduced allowing enerpy from the expanding plasma helium ions te be
directly converted to electricity which is returned to the METS system, ‘The
primary energy storage services under cousideration are ¢ . 1.3 gigajoule |
homopolar motor genvraters, Because these rotating mach ines must diseharge |
and recharge in one millisccond time intervals, stiich may not be practical |
for large moving components, superconducting magncetic encrgy storage (SHES) is
also under consideration,

¥
-

SRR See R NS |

1
In the conceptoal M08 circnit wider consideration, there are two homo- 1
polar wotor gencrators in serics acting as capacitors, «ith a combined voltage |
of approximately 22 kv and a combined current of 12 megamps.  These discharge i
:

I

into 196 adiabat ic compression coils (28 per module % 7 two meter long, GRITP
reactor modules) cach cavrying approvimately 62 kiloamp: of curvent, There
are four solid state switches for cach coil or approxivately a total of 60,000
twitches required for the entire OKIP.  Conceptually, these switehes cach
contain 525 silicon controlled rectificrs at 1,300 volts and 1,800 amp rating,
sut it is anticipated that advances in SCR technology over the next several yuars
will improve the 5% rating and decrcease the required mumber of SCR's per
switeh, A significont reduction in SCR cost will be required te meot METS and
overall OKTP cost objectives,
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4.1 Uryogenic System

e mapnets of the DETY Feartor metntes are pot seperconduct oy, Haovot
fred for the 05 howopoblir weter yenctators or

y storage), aml possibly for th

The eryopenic systew will have te

cryopenie systons are reqe
altermat ively superconducting wapnel  Cnery
CMs te reactor module clectrical leads,

attain :.u[wr(‘nndm'tim-, temperatures v the 'v-lfi"ll Yange o

hofs Vacinan Hystet

fhe KPP plasma operates at densitios of approzimately ! ox W jemsfenbis
cont iweter which is eguivalent to a dennity of approzimately 1 orove (ome u
Hi), Ihis necessitates a flushing of the plasma chimber prive o the initia-

tion of cach pulse,
In additien, initial outpassim; at the start ol operat fon or the resmpt ion ol

opuration following reactor outage way roquire 1077 to 10°" torr, ‘These lattox

valucs are subject to Turther definitiong bowever, it is elear that the vacuns
systems must provide jpood vacuum and pust do it on a pulse basis once a sveowd
following the fuel burn in each pulse, Conceptually, three types of vacuws
pumps have been provided as follows:

1. Roughing pumps, M owach (1 per 20 reactor wodules)
2. Pirst-stage vacumm pumps, 1056 cach (2 per reactor modnled
3, Second=sbape vacuuin pumps, 526 each (1 per reactor module)

Fathvays are provided threugh L reactor cavity eoncrete shicldim to the

vacums pimaps which are focat ¢d envath the seactor, A wehiled steel] wall

Lines the reactor cavity, The vacumn spare cpe losure iy completed by tha
First vaewmm isolat foa plate wideh foous the sappord for the reactor vl i
and reactor superstructurc. A sceond vacuus isolat ion plate is provided above
the fivst as an additional buffer to the ambient atwosphere,

5.0 LAT_TRANSFER SYSTE

5.1 Privary Coolant ‘

Phe functions of the primary ceolant are te sloadoun and absorb the
emitted during the fusion vvacdion, to transher the result ing Loat

wevtrous
y convers bon system, and to breed new tritiwa focl by

ey toward the covrg
capture of the neutron by a Lithium atos,

The primary coolant o tected is welten salt FLIEER (i.i}"-"-"'.z). A olton

salt, rather than Figuid Fithimm tal, was chosen lor satety resonn Lo aveid

potent ial Tiguid ool alfwater-air veack ions, aml alao to miniai e vlocty ieally
copdine t ingy Vigprid met ol interierems o Vi e OFFF preastor wmodu e mapnet iy
Pielda,  The heryl v component vhiich nndi rgoes o ity 7m) neutron
padt iplication, s added 1o the wolten salt 1o partially ottact the Fluworine
neut Fon capture,  Tritiom brecding rat jos with Flibe should be on the ondey
of L0 te 1.0, that is the OCTF will breed 1,0 to LT atvas ol pew Lrif o
for vach atom of tritiom fuel which is lused.

down to perhaps 10°" tore, which is a medium guality vacuus,

e SN —— . it et A
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The primary coolumt pomps will be Lape contvifoupgal type pumps, e
primary heat exchanpers will be molten salt (Flibe) te wolten salt (Nalil'% )
shell and tube heat eschangers w ' no change of phase planved By e ither
workivg [luid under normal oper ot ing conditions. The heat exchanpers will
be four per 3000 tth output and tronstfer heat toward one turbine pencrator,

Initial desipgn called for vectical pricary coolant pumps and vertical pY imary

heat exchangers, but space requirements for the implosion heat ing systew
capacitor banks and velated equipment way require that borizontal penp
heat exchangers be used,

The Flibe, flowing at nominally & (t per second, will traverse the
approximately six foot lonp reactor module and 1 ft long entrance and exit,
in approximately one second, During that one second the reactor is pulsed,
and the fusion enerpy is releaszed causing a temperature rvise in the Flibe
from about 800°F tou 10004°F, The flow from eleven reator modiles is
headered to each primary Leat vxchanger, and amounts to approximately 19 x

106 1b/br or 19,000 gal/min per heat exchanger, vhich then corresponds to the

rating of each primary Flibe pump, A prelimivary estimate of primary hoat
exchanger size suggests on the order of 10,000 1™ 0,D,, 40' long tuhes
assembled into a tern foct 0.D, shell,

5,2 Secondary Coclant

The secondary coolant selected is sadlum fluorcborate, hazically Bablry,
at the suppestion of the ORNL molten salt program manager. It offers advan-
tages in removing tritium which may diffuse or leak from the primary to the
secondary coolant system. There will be four secondary coolant pumps and
four moleen sall-steam generators per 3000 Mith serving cach turbine poeoncra-
tor, The m.lten sall secondiry coolant pumps will be vertical centrifupal
pumps.

The wolten salt-steam g.nerator heats 2600 pei supercritical water from
700°F te somewhat less than 10009F. The design avoids phase change in Nably,
(with @ 7229F liauidus) and phase charge in water by using sup: reritical
pressures, ‘The steam generator is envisioned as a J-tube design, with about
2000 3/4" 0,D, tubes, each 140 ftr long, in approximately a séven foot O.D,
shell,

5.3 Primary Coolant Doctor Systew

The primary coolant system will have a “doctor" or purilication system,

which vill operate on a partial flow bypass stream, The purpose of the doctor

system will be to purify the primery coolant by remwing foreign contaminants

such as corrosion products, and also to pemit separation of the tritiwe whiech

is bred in the primary coolant, The tritivm will then be sent to the Lritiwm
handling svstem (see Section 10,1)

4%, 26
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54 hweeondary Ueelant Doctor 5ysiem

he secondary cooltant doctor systoam has funet ions siuilay to the priwary
coolant, except that tritive removal is tess amd Limited to tritime whiich has
diffused or leaked to the sccondary coolant,

B0 ENIRGY CONVERS LN

6.1 Main Turbinc=tencrators
There will be twilve wain tarbinc=ponerators in the 1000 Mo ¢ lass,  Thoers

will bhe six ripght hand and six left howd taebine peperators to accomodate

plant layout requirements, e tarhine pencrators ave typicaily tandem

compoingd ;. single shalft ; six Ulew, 30" Last stage bucket machines, They are

typically 200 foot long, 28 feel widi, wnl 18 feet hipgh,. They are [ossit

type turhine generators rated at 3500 paip inlet, 0001000 F rehieat ; 57 iy

backpressure, ‘The heavivst picce during erection, the pencrator stater

weighs on the order of A0 tons; the heaviest pieee after ercetion, the gen-

erator ficld rotor, weighs on the order of 100 tons,

The current preliminary main steam [low diagram calls for two 910 Myt
steam generators and a 420 Mit reheater, for each 3000 MWt (nominal) turhine-
genvrator, therchy modifying somewhat the secondary coelant steam gonerators
deseribed in Section 3,2,

6,2 Main Steam, Main Steam Bypass and Pecdwiater Systems

Tire main stear system tvansfors the stean from the two 910 MWt stoom
generatoers, with soitable headeving, to the hipgh pressare turbine; and also
includes the reheat steom piping from the turbine penevator to the roheater
and back to the intermediate pressure turhine, There are 6,8 x 10 Ih/hir of
L0009 and 3600 psia steam (3515 psia at tarbine inlet) Clowing to the tarbine,

The main steam bypass system is used to divert steam past the turbine
during startup uatil sufficient steam is ready to enter the turbine, and, most
importantly, to divert steam flow from any turbine-gencrator 'that trips out
without shutting down the balance of the plant, A steam vent is actuated
for 15=-30 seconds following turhine tyip to blow off excess steam during the
transient, The steam hypass inchulos pressure reducing valves and desupoer-
heaters, using water spray from the condenser to cool the steam, A flash
tank collects the main steam amd passes it throaph tie vebeater, whience the
rebicat o steam is apain pressure redoced and desuperheoated prior te being
introduced to the wain condensers,  The bypass will be desipned to hand le
1007 flow (less the small amount of venting), so that reactor power is not
redoced on trip of a single turhine pencrator,

The fecdwater heat ing systoms ipe budes two 14,000 10 tovbhines for e

fecdpumps , operating of [ extraction stemn, There will he Tive to sceven
stages of feedwater heat ing,
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B3 Turbim and Conergtor Anxiliarvy Lyutems

The Lurblue anxiblary systoemws foe bale the buby icnt ton syibom, the
condensate polishing syabtem and the plaod sealing system,

The pencrator anxiliary systewms inelude the hydrogen cooling systom
and exeitation anxiitarics,

Fh QNI’I-il"")',('lll'lt‘dtﬂr s norsal controlled by aa 4 ||-¢'[1“d.y|[|,‘n.|‘i" M-
trol (1NC) systewm, typically congsidered port of the overall fast romcnl.an bon

and control system,

6.4 leat Rejection Niystem

The turbine~gencratore exhaust their steam [low to three water coolod
condensers, one for cach lew picssore turbine of the twelve turbine=gencrat oy
sets.  The condensors operate at 3-5" Hy absolute on the steom side, CGooling
vater flows through the typical 1" 0,0, condensor tubes. The steam condenscs
at about 115-12591, while the cooling water inlet Is typically at 9G-959F on
a design basis swmer day, On the ovrder of 1,000,000 gpm at 10-15F in-
crease in temperature is required to condense the steam,

The ceoling water leaving the condensor then {lows through large (10-15
0.D.) concrete pipes, 1000' long into o manmade lake, ‘The lake is approxi-
mately five square miles in area, Within the lake are sigteen, 400' diascter,
natural draft dry cooling towers on 2500 center=to-center minimm spacing,
Approgimately half of the heat dischargoed to the atwosphere fs throuph the
natural draft drvy ceoling towers, and about hall of the heat is lost from the
Lake by evoporation, The cvaporation will requirve on the order of 100,000
pallous per mivute of makoup water, The heat vejection density is about 6,7
MWt /acre or about 1900 Mét/kn?, The larpe arca of thye lake dominates the
fvatures of the plant proper which, as noted in scction 2 abhove, reguires less
than 150 acres or less than ! square mile,

6,5 Alpha Fndloss bnerpgy Converters

'

Approx imately 207 of the total fusion encrpy is in the form ol 3,5 Mov
alpha particles (helivm fons), the other H0L bedng in the form of neutrons
which are eventually converted te bt to drive the turhine generators, O
the 200, halfl is anticipated to be divectly converted to clectric encrpy to
be recovered an the adiabat ic compression magnetic envrpy transfer and
sterage (METH) systew,  This still leaves abowt 57 of total fusion CHer Ry, O
about 1500 MWL, to stream out of cach end of the UKIP reactor as average
1.75 tiev alpha particles,

these alpha particles might be abrorbed and comverted te heat enerpy and
thence to steam to drive two 600 Me torbine penerators (one at ecach end of
the reactor) with overall efficiency of about 407 of Cneryy recovery.,  The
alphva heat absorbing sovface might be o 1 thick plate, 100" hipgh by 100° of
GO are for a total surface area of WLO000 T02, The alpha port icles would
have te he switably diverted by magnoet ic Fields from their 20 em diametos
stream to wniformly strike the Gnpingement surface,  Nevertheless, ther
would =till be a 506,000 RiU/hr-1t? heat vate, which is approximately ten

s bt
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twes gound comvent foral heat transler, crcating & tvasibility probles,
Alternately the alpha particlos wmiplit be direct by converted te elocty -

City ot over B0L comverston eflficiency, wiivg cither @ Post LLL s bt ipe id
et levtor evacnated converter or a mapnetoligdrodyramic (8ID) convertey do-
Sipged Toy woldti-mev adphas,  Over 1200 MU0 of A0G KV G0 would be produced
by the divect eonvertors at each ewd of the OETT peacton,

7,0 RIMOTE HANDLING SYSTIMS

7.0 Module Mandling Machine (MiM)

The OETP reactor is exposed diveet by to the 1 Mev peatrons emittod by
the fustion plasma in the evacuated reactor apace,  Forther, there are rovghly
four tives as many neutrons emitted per unit of encrpy release in fusion than
in fig<cion, Further, becouse the i Hev neutrong are considerably vore
inprpetie than the (ission spectrum, it bas not yel been possible to measure
their effect on metals, However, it is known that the intense, high encrpy
reutron bovbardment will canse every atom in the walls of the fusion reactor
te be displaced every year, and that some of the high encrpy nentrous will be
absorbed by the wall creating new metalic elements of creat ing helium bobbles
by (0,8} reactions, v {4 therefore neccssary teo deaign the OKTY plant to
permit periodic replacoment of OKTP reactor modules, although at this ¢ ime
we cannot predict the replacement [Trequiney,

Two wodule handling machines ave wsod to replace the ORI veactor pedelo,
The module bandling wachines ride on overbead steel boam tracks amd are po-
«it iotd above the ORI reactor wodules,  Coe modole handling machine 18 used
to discommect amd remove the reactor msodule which is to e replaced; the secomd
modile hawdling wachine is waed to install the reploconent module,  Because
of the induced radiatios in the OTE reactor modoles; the wodule hand ] ing
wochines are all remotely operated,  They have the folloving funet fons:
vicwing, positioning, lifting veactor module, disconnect ing/reconnecting
Flihe eooling lines and adiabatic compiession water cooling lines, dis-
connect ing/reconnect ing implodion hieat tng and adiabatae Compress ion electrwal
leads, disconnect ing/recemect ing sodale =1 fuel ling di SEONE ctinpg/re-
contpet ing valve electrical operator leads and reactor module instrement ation
and controls, cooliong the removed module, ond alse of performing necensary
gquality assurance to assure proper installation of the replacement modulte,
The La=53336 LASL/ANL report on the RiPE suppested that Yig is conceivable
that o wodule ¢an be yeplaced in bess than an bour,”  However, lorther cavefal
analysiin of the actual mechanical desipgn o) the module commect ions and the
module bandling wachine will be requived to substantiate this replacement
time estimate,

7.2 Rotary Vicuwm Lock

Six rotary vacuwn locks are provided, one for cach of the 600" long
reactor building seoct o,  They separate the wodole ol Ling mackive spoee
above the cvacuated OKTE peactor chamber from the atmosphere of the module
stovape bing., They serve to minimize inleakage of air during medule rvo-
placcment and routine opevation,
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A transfer eart slips wnder the wodule handling machine and the ORTV
reactor module that it carrvies, and trssters the reactor module Prom the
sotary vaciams lock arca to the wodule stovage bing, A transler cort s
alao available on the hot cell (loor level should it be desired to tran ter
a mednle by wse of the overhead crane throuph hatches in the wodule handling
mach bie arva ceiling,

fmicrovs module stourage bivs arte provided, estasated at 1728 sterane
spaces, or roughly three time the mmber of modules in the reactor during
operation, this is significantly greater than fuel clement storage eapa-
bility for fission rcactors, but allows for en-site hot cell maintenance
operat ions, The linear geometry has wmore wmodule storage capability than the
KTPR toroidal geometry., ‘Twelve module trausfer mochines are previded f{or
moving the modules and other replacement parts within the module storape
bin area,

7.4 Hot Cells

Significant hot cell space is provided in the lincar geometry as the
ot cells run the entire length of the 3600' reactor building, The hot
cells permit off-line repair and maintenance eof irradiated reactor modules,
Four foot thick shielded windows are provide:d on ecither side of the 307
wide hot cells, Scrvo-controlled powercd remote manipulators are provided
at each shiclded window statlon, with: one spaced every ten to twenty fect
of hot cell length, At 15' average length, there are 240 hot cells,

7.5 Module Shipping

The exterior bay of the veactor building is provided for module shipping
activitics, These will consist primarily of wash downs after the spent
modules or other plant components which may have radicactivity are packed
in shipping casks for offsite disposal, There is grade level access for
trucks, and the vossibility exists for prade level or below ground railroad
access rumning the longth of the reactor building., However, a decision may
be made to reduce hot cell/storapge biv capacity, which may be excossive,
and incorporate the module shipping function periodically within the currently
assigned bot cell/storage bin arca.  This vould reduce the width of the
teactor building by up to 50 [eet, with considerable savings, and sluo
reduce the requirements on tiie cranes used for rescetor building covstruct ion,

8,0 PLICTRICAL POWLER SYSTINS

H.1  Switchyards

There are twe 5V pan fmaddated 700 BV switchynrds, Each switehyard
contains [ifteen circwit breakers in breaker and one<halfl contigurat ien,
This allow: Six maio torbine=pgenceators amd one alpha turbive -penerat og
inputs to the switchyard, two 765 KV olfsite transmission lines, and oo
on=site anxiliary power line por switchyard, Each switchyard is only
200" x 260',

47,7090
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tach peneriator transiormer is conpocted to the nearest switchyard with
Lhree sivgete plase gos dusulaled bus runs carricd in an open trench,  Appros-
imately 100,000 feot of single phase 765 kv gas insulated bus is required to
coiect the generator transformers to the switchyard,

8,2 Unsite a-c_ Power Systems

Ihe op=site auxiliary power line in cach switchyard teeds a JOHNV/ 690V,
1600 Mie capaciter ausiliary power (CAP) transformer. The CAPF triansformrs
are provided to fecd energy, through the capacitor energy charging system
(C1CS), te the capacitor implosion heating system (CHIS), Auxiliary power
caii be tapped off the CAP transformer, or if CAP transforwer rating in
final desipgn exceeds available transformer capability, four instead of two
CAP transformers will be used and the switchyard rearranged accovdingly,

The on=site a=c power distribution system ineludes necessary buses,
transformers, breakers, and motor control centers to deliver power to the
major pump requirements (e,.g. primary coolant, secondary coolant, feedwater,
cirev'sating water, and cooling tower pumps) typically at 6.9 or 4,16 KV and
Lo r caergy users, including fans, motors, lighting, cte, (Lypically in
480 - motor control centers),

Twelve emerpency divsel generators, rated at 3000 KWe each based on
fission plant expericnce, are provided in the reactor building., ‘They are

located at the base of the control room/relay room/switchgear room/diesel gen-

erator room hierarchy, and are placed betueen the secendary conlant pump

and heat exchanger systems. This is the reason there are six lefu-hand

and six right-hand turbine-generators; it gives maximum spacing of secondary
conlapt systems to allow room for the control room-electrical complex,

8,3 Ousite d-c Power System

A battery operated, 125 V de onsite power system is provided for in-
strumentat fon functions,

9.0 IESTRUMENTATIUON AND CONTROL SYSTIHS

The instrumentation and controel syste s are the "nerves" which sonse
and control the operations of the «otire plant,  The first two types of L
listed below will have many unique requireaents to fusion power;  the other
four shiould be more similar to conventional powcer plants and remote handling
systems,

9.1 Feactor I&C

9.2 leactor Auxiliarics la

9.3 Heat Transfer I1aC

9.4  lnerpy Conversion L&C

9.5 Remote Handling Systems Controls
9.6 Auxiliary Systems 18C

4=~
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Six vontrol vome areas ave provided, ene in ecach 600" yeactor building
section, They ave nominally 70" wide by 140" Jong, with the leongth divided
inte #0' control rooms and 60 of fice/computer/service arvvas,  Lach contyol
room handles the operation of two main turbine pencrators, the hot colls &
stovape areas of ite bwilding section, aond the K07 module vemote Do Vi

resporsibility, as follows:

Control Room lLas:Alpha turbive-poncrator 1& 2, respectively

Control Room 2: Emergency control center, site access, enviromment,
health physics

Control Room 3: Main control centerv

Control Reom 4: Reactor control

Control Room 5: Auxiliary power, switchyards, lead dispatch

9,8 FPlant Computer Systems

The control rooms will be based on extensive use of CRT (cathode ray
tube) display systems, This in turn will require extensive use of computer

10,0 AUXILIARY SYSTIMS

10,1 Tritiwm Processing Systems

There are two tritium processing systems: once which separates the
fuel-1sh mixture, and ene which separates bred tritium from the primary
cool it,

LAS' JANL (LA-5336) base their fuel-ash mixture on a maxibmum inlet of
3 Kg/hr of 497% b, 497 1, 17 1, 1Z He. 'The 17 He would represent approxi-
mately 17 fuel burnup per pulse of OETP reactor operation; the 14 Il is due
to residual H in the D-T fuel mixture and also due to I'-D fusion reactions,
The object is to rewmove the H and lle and recyecle the D and T, To do this
the inlet stream is chilled te 509K, compressed and enters a 6™ dia x 15°
high distillation column with a Joule Thouson valve bypass., The overhoead
product or distillate, at 22,59 and 800 torr, is fed to a catalyzer which
converts 20D to liy and Dy. A second column, of 3" diameter and 15" height |
distills off the He amd Hy and recyeles as bottom product a Dy /UD mixture,
The bottom product of distillation colum 1, a mixture of by, bI, T, and
1Z HT is returned to the fuel injector,

A tritium handling and storapge systom holds the fael mixture in storape
and Fecds Bt to the OETP reactor modules as vequived for cach pulse, 1t is
to be determined whether the fuel will be fed, possibly uniformly, along the

to a swall (perhaps 10 module) section at the center of the OKTP reactor,
Fuel lines to the reactor modules are expected to be. about lam dismeter.

of its building sccetion, In addition cach con’rel reowm is assipgned addit fonal

systems for receiving, storing, analyzing, displaying and contrelling functions,

entive length of the 3600" OLTP reactor, or vhether fuel feed will be limited
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Thee 1rit o precessing syalem whiich separates the Bred teit iom rom
the blasket is parc ol the privary coolast doctor systom and secon by

coolant doctor system, Bascd on their speocificd Viguid metal Lithiwn blanket >

LASL/ANL (1A=5336) rvecomnend o liguid=liquid extraction system for removal
of the brod tritium, but they caution that the data used in the conceptual
design summarized below is basced on extensive extrapolation which necds to
be experimentally confirmed, o their concept Lill is exiracted from Lit-1d
by wse of a LIN-LICL molten salt, o proctice e lithima and the Ligh i
halide zalt (e.p. LiCI-ECL)Y are f[ed simultancously into a centriftucal cou
tactor where they arc intimately mixzed to offect an equilibrium sceparat ion ol
the LiT, and then further separated by centrifugal action, LA-9336 est imatcs
a molal distribution cocfficient for Lil between LiCL amd Li of aboul & at
870 ; and the report notes that salt/liquid metal specific gravity ratio

is greater than 3, Tritiws partial pressure over the Llithivm { low ig

limited to 10710 pory, Fifty convent ional contactor wnits (50 em dia, x

43 cm high), running at rotor speeds of 1700 rpm, and operat ing cout inuous by
on 1 Mie are required, After the salt phase is separated, the tritium is
either removed electraochemically or by sparging the salt using DC1 (X1 +
LiT-LiCl + DT).

boctor systems alse have to remove oxygen, nitrogen and carbon which can
be expected to find their way into the primary and secomdary coolant, as well
as solid correosion products, In the case of the primary coolanl, which i«
exposed to the neutron {lux, the solid corrosion products may be radiocactive,

10,2 Radicactive Waste Systems

In addition to the tritiwn handling systoms, it is expected that radweaste
systems will be required for such itows as the primary coolant corvosion
products, f{or Lot cell air filters, tor decontaminat ion faciliticvs, oo the
wodule shipping decontamivation waste water, and for other items which ace
still to be identified, These may be bhoth high level, small voluw: and
low level, high volume radioactive wastes in Liquid and solid form. In
addition there will be low level solid wastes from routine operat ions soch
as protective gear which are used ounce and disposed of, Accident systems
may also be required,

10.3 Vater Systoms

Water systems supply auxiliary cooling and process makcup watcer., In
the latter catepery is omakenp waler 1o the steam turbine penerators, aml
np to 20,000 gpm process feedwater if the Len Iy process envergy conter

(rather than 106We) is built, Water supply is alse used for fire protect ion
and sanitary and potable water purposes,

The auxiliary cooling streams will typieally transler heat to secondary
hcat exchangers, with secondary walor loops connected Lo the wltimate heat
sink,
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leportant cxmples of suxiliavy cooling watvr streams are:

. Adiabatic compresslon coils cooling water Lor the OKTP reacton

wodu e

. INS system capacitor bank cooling water

.

10,4 Process Auxiliary Systoms

Adiabat ic compression METS system solid state switches cooliug

Module handling wachine cooling water (i requived)

Process aumiliary systoms vequired for the normal functioning of

a power plant, including OETP fusion encrpy cevter,

include: instrument

air, service air, hydraulic power system (for large hiydraulically activated
valves), sampling system (some of which may be radicactive), and equipment

and {loor drains,

10,5 jleating, Ventilating and Air Conditioning (IVAC) Systens

HVAC systems are required throughout the OKT? reactor building, and inp
the auxiliary building, (Lf the alpha end loss encrgy converter is a direct
energy converter, the alpha end loss building may be a huge vacuun chamber,
rather than use a IIVAC system). In the OKTP reactor building, because of

its size and different functions there are a mumber of aifferent WAC require-

ments, These range from nonvadiocactive IV for the turbine-generator areas of
the building, to class [ type HVAC for the control rooms which must maintain
habitability in the event of accidents, to potentially radivactive primary
coolant system areas, to METS and CIHS rcactor power supply arveas which nay
use extensive air as well as water cooling, to radivactively contaminated hot

cell areas,

10,6 Other Auxiliary Systemns

Other auxiliary systems arve those required for the normal funet foning
of a power plant, including the OKTP fusion encrgy center, and include: fire
protection, communication, lighting, cathedic protection, and stovm drain
systems, and equipment & persomnel decontamination facilities!,

11.0 PLANT STRUCTURES

11.1 Beactor Building

The ORI reactor building is the domimant structure of the OETI' fusion
enerygy conter, housing almost all of the functions of the plant, Its overall

dimensions are 3600" loug x 460" wide x 210" high,

It contains at least

LS million cuyds of concrete [loors aud walls, and way contain up to 2,2
million cuyds if al! floors, walls and roofs are made of concrete, (By com-
parison the Jarpest hydroelectric phmts have up to 7,5 nillion cuyds ol cou-
crete for 6000 Mie of capacity,) Considerotion is being given to emplacing
the conerete as procast concrete modules, wsing a poliath (shipyard-type)

crance which spans the entire width of the building,

47, ~n4
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The following list of reactor building functional {loor arvas is
indicative of the large size of the building, (By comparison a 50 story
offic. buildipg with floors 10Q' x 200' has a total floor area of 1,0
million ft2,)

« Reactor 0,2 Million ft? {loor area
. Reactor Auxiliaries 1.3 Million ft? floor area
» Heat Tramsfer 0.4 Million 1Y floor ares
« Turbine~Cenerator 0.8 Million §t? floor arca
o lemote Mandling 0.6 Hillion 2 floor area
. Electrical, controls, 1,2 Million ft? floor area

maintenance; shops

The OKTP reactor building is not designed as a containment boilding,
Indeed, because of tritium's characteristic as a lighter-than-air moleenle,
consideration is being given to providing rapid escape paths for tritiuvm
in the event of m accident or nomal leakage, This way the tritivm, shich
is absorbed only 0.17 in the body, can cscape to the upper atmosphere before
forming rritiated water, which is 1007 absorbed by the body.

11,2 Alpha Endloss Buildinpgs

Two alpha endloss buildings house the alpha endloss energy convertors
at ¢ither end of the OKTP reactor building. Thev will cither bhe conventional
turbine-generator buildings with steel framing at atmospleric pressvre, or
there will be two large evacuated housings if a multiprid dircet cobverter
is wsed, The evacuated housing case might be a fan shape over a 2709 Sre,
with a major radius of up to 400 foot length,

113 An administration building will be provided, This may also howse
the control room simulator rooms,

11,4 Other Structures will include scveral warehouses, a visiter building,
guard houses, possibly additional waintenance buildings, and small miscelian-
ecus buildings such as fire pump houscs,

'
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