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MAINTENANCE OF VARIOUS REACTOR TYFES

UNCLASSIFIED

I. INTRODUCTION

: It has been & conmon prectice in the past to investigate maintenance tech-

niques and related equipment after many reactor features were esteblished. This

is especiallyftrue of some of the experimental end research reactors; the operation
and maintenanée of which unfortunately comprise most of our actual knowledge in
this field; These reactors did not have as thelr objective the demonstration of
mintenance fgaéi‘bility. With this in mind, it can be seen that many proposed
power r'eactorémintenance concepts are Just what the name implies; ideas, that
may or may not be practical unﬁl tried out under at least simlated reactor
operating conditions.

In the sbsence of predecessors in most cases u;éon which plant layout and
design may be ﬁased, it has been necessary to establish certain rules in order
that these processes may proceed while further ~c}x—:velo;pmra::ﬂ; work is done on compon-
ents and concé;pts. There are certain baesic maintenance fundamentels that are common
:to ell types of reactors that may 'be;"incox"povrated. in a power préducing \facility.
The verious components of en idesl system should 'bjé'igrouped and related in such
a manner that the maintenance of the equipment is réadily accomplished. In
eddition, the 'system ghould be convenient for operation and require & minipum of
manpower and c@pit.al outlay to achieve the desired objectives. It can be seen then
the necessity ;)f making an eafly study of maintenance procedures in order that the
resulting desién will produce & program integrated and balanced with other ;t’eatureé

of the plent. :For this reason, & primary plant maintenance philosophy should be

developed at the beginning of the layout work.

II. TYPES OF MAINTENANCE

:_Basically,% there are only two types c;f maeintenance proceduies. The direct
type, which 1s common to conventibonal steam plants,.may be used 1n some ereas
where the redioactivity level is low enough. In most parts of the plant, main-
tenance will of neceésity be remote dﬁe to the high level of radioactivify.
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Remote mintehance may be further subdivided into "wet” or "dry."

In the "wet" remote type of mintena.nce, after the equipment is shut down and
- ~ dreined, the area is flooded, the roof removed end maintenance is done by tools °
with long extension handlee looking down through 15 or 20 feet of water. However,
a disadvantagé ie that where e piping system must be opened during paintenance
operations there is alweys the possibility that the shielding water can enter and
conteminate the system.

With "dry" remote maintenance, after the equipment is shut down and dreined,
manipulators mounted. on cranes or remote tools operated from behind mobilé‘ 1ea.d
sh.i’elds are used. However, the present development of remote dry malntenance has
'béen ﬁm limited. In the past, decontemination and direct maintenance have been
- relied upon té permit repair of equipment, but in e 500 mw hémogeneous plant,

e for example, radistion levels of 106 roentgen can be expected in some areas, thus

s

s the inaccessibility for direct meintenance.

, III. APPLICATION

For simplicity of description in this report, all reactor types are divided
into two gene:al lcnzlasses, i.e., solid fuel ;Eypes and circulating fuel types. It
shall be our ﬁurpose to e:':amihe the various resctor types in each cla.ssiﬁ.cati’on
‘for progress, feasi'bility and problems still faced by the design in q_uestion.

A. Solid Fuel Types

- ; . In generé.l, it may be said that solid fuel type reactors are easier to

maintain than icirquating fuel_types;_ This 1s due, of course, to the retention

;Of the fissioxi fragmexits and poisons within the cladding of the fuel elements.

:s: iH'owever, soine ?sol:!.d fuel reactors are more difficult to'mintain than others.

‘ s lfbca.mples are the boiling water reactors which due to steam activation and the
presence of aétivated. impurities and radicactive non-condensibles (Nl6 and Ahl)

in the coolant make meintenance of the primary loop impossible during operation,
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end the sodium cooled reactors which contain highly active Na™ upon irradiation
of the coolant.

1. Gas -Cooled Reactors

An integral part of maintenance on solid-fuel reactors is fuel

handling a.ssoc:lated with charging and discharging th.e unit at periodic intervsls.

,This' fuel handling equipment must be highly relisble since failure of certain

components may be very costly. Handling equipment 1s subjected to severe environ-
mentel conditions. In addition, the equipment must be resistent to radiation
attack.

- With the exception of the Savannsh River Reactor, most experience
has been gainéd on charging reactors having horizontal channels for fuel elements.
At Calder Hall the chamnels are verticel and blind st the bottom, thus charging

and discharging must be accomplished from the top. Two mobile charging machines

and two discharging machines are provided for each reactor. The machines are

electrically ﬁropelled end cerry & winch and an electrically operated grab for

raising end lowering the fuel elements. When the magazine of the /discha.rge machine

is ioa.ded with spent fuel elements, it moves to & circulé.r well through which the

magezine is lowered to ground level and aeposited in & shielded flask for trans-

portation to the storage pond. The time rei;_uired for the charge end discharge of

one group of 4 channels is sbout 1 1/k hours. There are six fuel elements per

channel and & E"l‘.oi;e,l of 1696 channels to give some idea of the work involved.

| At en early stage of the Calder Ball design, it was decided that
time did not permit the development of & system that would permit charging and
discharging the reactor while running at full power, _thus the operation is performed
et shutdown a.nd with the unit depressurized. '

A hazerd that must be guarded sgainst in the operstion of a solid
fuel type rea.ctor is the possibility of a fuel element failure which ygulg gjelea.se

fission products into the coolant 'system and create redistion hazards in the portion
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of -the plant occupied by operating personnel. q{his would, of course, add con-
slderable complications_in the maintenance of ecomponents in the coolant circuit.
At Calder Hall each of the 1696 fuel channels is provided with a stainless steel
tube which bleeds off a small portion of the gas passing through the channel and
carries it to monitoring devices vhich detect the presence of the released fission
products. For the first 8 months of operation, only 2 slug failures have occurred
which is much lower than predicted.

Thus the complete system of burst slug detection and fuel replace-
ment,if somewha.t cumbersome and laborious, is also quite reliable which was the
desi#‘ed goal.i -

. An important feature of gas-cooled reactors from both design and
ms.in}tenance sta.ndpoints is the freedom to use mild ca.rbon steels throughout the
reac]tor, heat exchanger and duetwork systems. This results from the use of clean, |
non-corrosive gas coolant. |

" For the prdposed gas-cooled stations to be built i:n Great Britain,

the most 'significant advence in new designs is the introduction of fuel changing

‘under load. It hzas 'been postulaeted that this a.bility to charge a.nd discharge

fuel elements under full load end without eny interruption to the operation of the
plant may prove to be one of the most 1mportant factors in establishing the
superiority of the gas-cooled reactor over other designs. At present, one of the
most serious objections to the designs of liquid cooled reactors is the need to

shut down in order to cha.nge fuel elements. This is due Yo the hig,h operating

) pressure of liquid cooled reactors.

Three of the f:our new designs utilize, 8 conventional top loading,
however, it is proposed by the GEC-Simon Carves group to load the Hunterston
plant (e 300 mw electric station) from the bottom of the reactor. This design
coupled with chsrging and discharging under full loed conditions represents quite

an advance over the Calder Hall design.\
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In genersl, maintenance of a gasécooled. réa,c-t-.or~ plant is feasible
since the radiation is kept below tolerance levels throughout most of the plant,
and the burst-slug detection equipment should ensble removal of a defective
element 'before‘ any serious contamination occurs. With the new designs, the gas-
cooled reactdrs ere placed in an even more _favozfa.'ble light as far as maintenance
is corlxcerned.:

‘2. - Organic Reactors

Orgenic cooled and moderated reactors offer several advantages as
far as power reactors are concerned. First, the lack of acti'vation of ‘the coolé.nt
in conjunctiqn with a good purification system could eliminate all secondary
shielding. Secqnd, the low vapor pressure of organics which are being considered
for the coolant .e.nd modératozf results in reduced thickness of pressure véss&l and.
piping wall. | Third, the relatively low corrosiveness and good lubricating
properties of diphenyl have been confirmed and this considerably simplifies the
material probiems by eliminating the customarily required stainless stéels(l)_.

~ One important uncertainty in this system is the rate at which the
organic would have to be replaced as & result of thermal and radiation damage. In
any event, the stebility limitations of the most radiation stable organic materials
are such that a pufiﬁcajbion systen must bé a part of any reactor design. This
damage of the? orgenic is noted. because of the possibility of deposition on heat
transfer sﬁrféces of the prod.ucts of decomposition. However, tests by the
California.‘Reisearch Corporation(a) indicate that no a.pprécia'ble -depositioﬁ oceurs
until a vpointi of. consid.era'ble decomposition is reached.l The puriﬁcé.tion system
should preveni: this occurrence. ' |

Maintenance-wise this reactor concept is promising. Centrifugal
pumps with shaft seals can be used- since the coolant is non-ra:dioac;cive and leakage
is not a problem. This of course permits the use of conventionsl styie pumps with
théir greater. ‘backgroundv of operé.tional and maintenance experience. The ﬁse of

commercially available carbon steel pipe will result in initisl savings on fabri-
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cation plus easier maintenance after the plant is in opefation.

A plate-fin type heat exchanger has been proposed for application
in an orgahic;:‘ reactér. The 1ow pressure on both primary and secondary sid.és of
the reactor ﬁ;ake this: feasiblé. Ad\‘rantaggs claimed for this 'bype__e of unit are‘ im-
proved heat 'f;ransfer, lower“fa'bz;iéation coé‘ts' as a result of eliminating large

pressure shells, and trouble-free operatio_n.. since all critical wé;ds , those which

“would allow fluid to escape, are on the outside and readily accessible for repair.

The significantly lower weight of the plate-fin type heat exchanger should result
in easier reﬁlacement of units should a gross failure occur.

A disadvaxitagé of an organic moderated and cooled reactor system is
the need for ‘a heating system to preheat the loop. Hov}ever, the melting point of
diphenyl is 156°F which is cgnsidera.bl& lower than the melting point of sodium
and some of 'Ehe fused salts used in other reactor types, and therefore should
present problems of no greater mgﬁitude than are faced by these ‘types.

" Only limited date is available costwise on opeifation and maintenance
of an organié moderated reactor. For a 12.5 mr plént, operation and minﬁenance
have been estimated to be 2.7 mills/kwh. |

| In summery, an oréanic reac'.bor plant should be one of the'ea,sier
types to ma.initain for the following reasons: eaccessibility to componeﬁts since
extensive shiield.ing is not required; use of conventional pumps; use of low pressure
carbon steel piping and components; and the possible application of conventional

maintenance pfroéedures to & J.é.rge part of the plant.

Be Pressurized Water ﬁeactors '
A typical lsyout for a pressurizgd water reactor consists of a .
reactor and a:‘ number 6f circuleting coclant lbops. i The FWR, for example, has four

coolant loopsi each loéated in & shiélded compa.rtmfem;(3 )'. The shielding is

'designed to provide radiation protection, from adjacent loops and the reactor cell,

to personnel who mey be inside the compartment engaged in maintenance work. All
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of the loop eciuipment 1s located within the ahield except the hydraulic inlet and.
- outlet stop valves.

The installstion of hydraulic and manual stop velves in each inlet
b and outlet pipe provides double protection for personnel performing maintenance
work on & depreseurized and,'decontaminated_? ‘coolant loop. In addition, drain
lines are'provided betwe_en each .s'et of' double stop velves to revesl eny lesk through
the first valte. | |
:Any loop may be drained separately into the discharge sys‘tem.

After drainage is complete ) it can be decontaminated. by means of & chemical vash
line. Once & loop hes been drained and decontaminated, repair personnel can enter
the loop canpartment and isolate the loop by means of the manual stop velves.
~ Thus direct maintenance is possible on & 1arge portion of the circulating coolant
| loops. Accessi'bility to the core may 'be provided by & water shield over the pressure
- | vessel, which is drained during operation. All -work done in the reactor compartment
' must be done remotely, working through the water shield.

_ The refue‘ling of the reactor will be accomplished 'by g fuel handling
crane, which is equipped. with impact wrenches, extraction ool , &and transfer end
handling devices. A problen faced in refueling ell solid fuel type reactors is

b,methOd)s of hea.t re:"noval: from the core during ehntdown. To remove the reactor heat
during an unloading operation, &8 separate circuit is usually provided. In this
systen primary water is pumped through an external heat exchanger thus removing
heet from the core of the reactor. In addition, when fuel elements are removed,,
uneven coolant flow may result in the ereation of hot spots in some areas of the
& core. Further study is necessary to determine the i’easibility of plugging these °
leskage paths during refueling(h). This problem of cooling the core would be of
even greater magnitude should the coolant nireulating pumps fell during ol)erxa.t:lon°
The coste i’or operation and maintenance of & pressurized water reactor

Pover pla.nt in the rangc of 150 mv to QOOnthave ‘been estimated et 1 mi11/kvh
(5,6).
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~ The feasibility of maintenance on & reector of this design has

been demonstra.ted 'by the subma.rine reactor progrem end will be further exhibited
when the Shippingport plent of the DuquesnePower and Light Company goes on the

line .

1;. Boiling Watexr Reactors
- A boiling water reactor presents problems' from & maintenance point
of view‘due ;to gteam sctivation and the presence of é.ctivated _impurites in the
coolant. The reactor vessel and supportiné core structure will contain various
emounts of induced s.ctivity ‘"elsi"*ﬂe result of direct neutron irradistion. Hence,
the radiation levels cannot be lowered by decontamination processes. Structurel
failures inside the reactor vessel could possibly be repaired 'by removal of fuel
elements a.nd flooding the vessel. Tools equipped with extension handles would
enable the repairs to ,'be made. FIf _the reactor should fail, it would probably
-ha.ve to be removed and repla.ced with & new one.. The problem of removing the vessel‘
and subsequently storing or sa.fely disposing oi' it has never been satisfactorily
golved in any known reactor design. Appa.rently it is pla.nned to solve this problem
irhen it occurs. | ‘
| The equipment essociated with the primary loop 'becom’es highly
activated during opera;tion, 'but. should be“‘a.cc'es'si'ble e. short time after shutdown.
- This is due to the q_uick decay of the activated steam. It e.ctive.ted impurities
deposit in the circulating loops during long periods of operation, decontamination
by chemical washing would be req_uired. This is true of the stean separation drums
which should impose a.bout the same general mechs.nical pro’blems as are encountered
in large cepacity steam 'boilers s limited only by the presence of the rs.dioactive
materials adhering to the interna.l surfeces of the drums or lodged in the steam
separator elements. The use of remote tools 1s not planned for these units(7 ).
Velves whieh are associsted with the steam and also the feedwater systems should
impose about the same maintena.nce problems as are faced in any large capa.city

steam ple.nt egein, 1imited by the residual mdioactivity deposited on exposed
surfaces.
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Since the steam to the turbine is radioa.ctive and. more corrosive

than . ordinary due to the carryover of oxygen relea.sed by: disassociation of the
water, . the turbine nu‘st be designed to be especia.lly lesk tight as well as unusually
corrosion resietent. Due to the severe oxygen generation by radistion in the

EBWR, gbout 25 ppm in the water, the carbon steel steam pipes and turbines have

.been nickel pleted since ste.rt/-fup". The radietion"levels near the turbine complicates

theue of pr'eventive maintenance procedures s & fact which further decreases the
probability -of long periods of trouble free operation. Thus the requirements of
high integrity end complication of design edd considerably to the cost of plant
construction e.nd maintena.nce. o

" When the turbine or condenser require me.intenance they are decon-
ta.minnted by i‘illing with hot water, which is circulted at & slow rate for a
number of houre while the turbine is rolled 'by the turning gea.r. After several
citric acid wvashes, a i’innl water wash is made ai‘ter which the turbine and con-
denser may be inspected. The time required for d.ec_on_tamination could " extend. to
seyerel_ da.ye should the activity rema.in e.‘beve tolerance levels. This undesirable .
delay time in"‘common to all d.econtaminntion processes and hence" any reactor d.esign.
that tends to 5preed. activity throughout the system 1s inviting longer plant
outa.ges a.nd higher maintenance costs,

One adventage of the boiling water reector plent from & mein-

tena.nce sta.nd.point 1is that since the operating pressure is 1ower than the 2000

pei pnessurized water reactor, the pressure vessel and prima.ry loop components
'ere easier to fabricate. Procurement of cmnponents 1s eleo easier eince they more

| closely approach etock items. ‘

In summary, 1t may be said that & ‘boiling water reector presents
more maintennnce pro'blems than ga.s cooled or pressurized water reactors due to
increa.sed activity levels throughout the circuleting 1oop e.nd the difficulty of

access to components as & result of increesed. shield.ing requirements. However,

( 'ee.rly operation of the EBWR ind.icetes thet redioactive steam is less of a problem .
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than feared ~ the activity level of the steam leaving the reactor being on the
order of 5000 times less than the activity of the water in the core(B) . This,
of course, ,'benefits the maintenance, progrs.m. -

5. Sodiun Graphite Reactors

Sodium graphite reactors are not strictly speaking camparsble to- the

solid fuel reactors that have been descri'bed previously. The difference is that

. ‘when SOdium is used as & coolant _.in 2 heterogeneous reactor, it becomes highlv

radioactive 'due ‘to the form‘ation of Eaah as & result of neutron cepture. This

rediocactive isotope hss 8 15 hour half: life and emits in sddition to ‘neta o
particles, tvo gamma photons of fairly high energy, namely, 1.38 and 2.75 mev,

As & result, maintenance problems are inereased snd shielding is necessary for piping

pumps s &nd heat exchangers. ' This condition is somewhat similar to s circulating
fuel homogeneous reactor with the exception that the radioactive sodium produces
no induced activity in the piping, valves, or contaimnent vessels.

. 'ﬂne volume to 'be shielded may be decreased by the use of &

gecondery coolant, vhich leaves only the primary circulating loop requiring

-extensive shielding. This is noted hecanse -maintenance of ,shi_elded equipment is

. alvsys complicated due %o its inaccessibility.

Conceptual designs of sodium graphite reactor plants usually place

the reaetor core -in a large diameter steel- tank, often located belov grou.nd

L _The circulating sodium coolant is divided into separate snd independent loops

and flows from the core to intermediate beat exchangers, It is proposed to

' contain these 1oops in individusl shielded vanlts around the reactor tank e.nd
" below ground level(g) ‘Ehese individus.lly shielded compartments pemit
'maintenance on s.ny one of the loops without complete shntdown oi’ the pla.nt.

_This is contingent of course on the nonleakage of the mainstop vealves on each

loop end the a'bility to drain the sodium from the loop requiring maintenance.

*After draining the radioactive sodium, the 1oop is flushed with clean sodium to

remove any activity adhering to the pipe walls or crevices in components. I£
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some activity remains after fluehing, it probably will be necessary to wait until
the Naah d.eca.ys to tolerance levels,

T \ A feature of liquid metal coolent reactors is that pump maintenance
ghould be simplified. The electro-magnetic pump, having no moving parts, should
zjequire less naintenance th'an_ conventional pumps and this is important because
the pumpe may be contaminated with radica.etive i:a.teria.ls. 8ince oxygen free liquid
sodium doee not attack stainless steels &t tempereatures below 1110 degree F,
failures of loop components due to metal atteck should be reduced. However, the
tempefatum of the fuel elements of the Sodium Reactor Experiment run as high
as 1200/degrees F, and it is Loped that the mass transfer occurring in steel a.t

);zi;his temperature can ‘be controlled by cerbain additives. The sodium temperature

- lea.ving the core however, is only 960 degree F.

Fuel bendling and charging ﬁfesent "proyblemsv similer to those faced

by other reactor designs using solid fuel elements. The basic need is to f£ind

P

materials, cladding especia,lly that are suita.ble for use in molten sodium.

' Estimates of general operation end maintenance costs for a 160 mw,
electricaﬁ sodium graphite reactor planf range in the area of 1 mil/kwh, which is
in line with other solid fuel‘reactor designs.

One factor which might cause an upward trend in this figure is the
problem of heating the system. Sodium h}a.s‘ & melting point of 208 degrees F end
therefore it is ﬁeeessary to first raise the temperature of the syetem from embient
to at least 208 degrees F in order to allow filling end circulating of the sodium.
This can be done with imners:lon heaters (only if the sys‘cem is full), cla.m Bhell

pipe hea.ters s resistance heater mpping or 60 eycle Vinduction heating. The latter

é

is being advocated for the EBR-II because of ite promise of greater reliability.

: v ' ) Induction heating o:f.’ & non-ferritic stainless steel systen requires
the 1nste.llation of a carbon steel shell arcund all the piping and components.
This shell plus the insuletion and the eqpper wire wrepped around the outside to
provide the heating presents seversl barriers_to cross if maintenance is required

on the system. Meintenance would be especielly cumbersome should it have to be

UNCLASSIFIFD
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' done.remo@ely.
In summary, e sodium graphite reactor should be as easy to maintain
as & boiling water reactor plent with the possibls exceptlion of the hinderances caused
by the hea.ting elements attached to the system.

6 Fast Rea.ctors :

Fast rea.ctors generelly present ell the problems associa.ted with
Sodium cooled reactors plus geveral unique problems of their own. Large fest
breeder resactors generating electric power place severe burdens on equipment.
This is vespecia.lly true of the fuel handling facilities which must ‘be -d.esigned for
& high qegi-eg of reliebility. |

Ae & resuljt- of frequent shutdowns\ for fuel replacement, ‘ox’zee’ per
veek for the 100 mw eleéfric' Enrico Fermi Atasis Plant at startup, the fuel
handling systém must 1nc91§omte ‘autc'ma.ﬂs ’ remoté ofera.ted., fest moving com-
ponents 1s the system.~ Th,ei use of sodium 28 a coolans adds additional problems
of sea.ling penetrations in the reactor shield in order to keep the sodin;m and its
assosiated vapors conteined within the vessel and free fram contamination. The
resultant fuel handling sys;tem is complex; costly, a.nd. not adaptable to other
reector types. ?ui‘themore s the system as desig’nsd ,fo;' the above mentioned plant -
cen never refuel the reactor while under 1oa.d... It cannot be said that a fast
reector can hever te refuelecl under load,» however, the ccmpactness of the machine
makes the ranoval of & fuel element risky gince there ney not be enough excess
rea.ctivi’cy present to sustain criticalithy. This ig contrasted to & gas-cooled
rea.ctor of simila.r low pressure which due to 1te 1arge bulk, if using natural
ura.nium, may have fuel elements removed. a.ncl the loss compense.ted for by the control
rods, thus enabling recha,rging while under lozad.,

- Im ord.er to red.uce the rsdiation effect on the components of the

fuel he.ndling a.nd control mechanimns s 88 much of the equipment as possible ‘should
be located outside the biologica.l shield. Extensions are then required to reach

) uncmss_lﬂfﬂ
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throﬁgh this shield end to the reactor whieh»_ is submerged under several feet of
sodium. It becomes apparent then that if a ma].fu_netion occurs, either in the feel
handling or in the control meehaniems during operation or refueling; the following
problems will be faced by meintensnce personnel:

Tempereture ebove the submerged reactor core is more then 700

- degrees F even during ahutd.own for refueling..

2. Sodium is opaque and this mee.ne thet much of theequipment
within the reaetor vessel cennot be gseen. The internal heat generation of the
fuel elements makes it impossible to drain the sodium during e ehutdown. This
clearly points up the need £or relisble mechanigms inside the vessel.

3. Ind.uced. activity in mechanisms inside the veeeel end the
continued activity of the core req_uire remote methods of maintensnce, thus only
minor repa.ir is posei‘ble within the reactor veesel. However, since &ll electrical
components and d.rives ere loceted outside the biological shield in en erea of low
redietion, most maintenance of th:le eq_uipnent 18 poesible by direct meens, '

The ‘operating cost for & 500 mw fest breeder reactor ;pla.nt have
been estimated to be 1 mill/kwh(lo)

In emnna.ry, e fast ‘breed.er reector power ple.nt requires the
1netelletion of & eomplex a.nd expensive (estimated. at $1,500,000 for the Enrico
Fermi Atemic Pla.nt) fuel handling eystem The opere.tion and, meintene.nce of the

plant should po_se problems of no greater magnitude tha.n are fa.eed ‘by other reactor

types using liq_tii& metels as coolants. Hewever, in any 1nste.11ation where complex

eomponente opere.te and reme.in in unfavoreble enviromnents P troubles are invited to )

e lerger degree than would 'be present under more fe.vomble eonditions.

Ba Circuleting Fuel Reaetors

The maintenanee of circulating fuel reactore is eomplicated. due to the
spreading of ectivity throughout the syetem and ag & result, remote maintenance
is a necessity. Because of the spread of this high level activity, it may ‘be ‘said

that circulating fuel reactors as & class are ha.z;d.er' to maintain than the solid
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fuel type of ree.c'ﬁors described previously.

1._Aqueocus Homogeneous Fuel Reactor

In & reactor of this type, mueous fuel golutions of urenium:gelts
are circulated through ‘a. core vessel where criticality occurs and thence through an
externsl heat exchanger and back through & cemned motor pump to the core. The fuel
Isolution leaving the core is no longer criticel lbu,t does continue to emit
deleyed neutrons, which cause radiocectivity to be induced in all parts of the
circuleting eystem. Most of the metal present in the componente and comnecting
pipe is 'steihless .steel. Afi:er one d&yfe decay time, the activity rer&a.ining in stein-
less steel is lergely due to cobalt ehich hes & 5.3 year half-life, hence the speeia.l
care required for meihtenance operations.

If the circulating fuel is kept below the eritical velocity, an
oxide film will form on the internal surfa.cee of the syetem and although this is
beneficial .from the standpoint of reduced eerrdsiqn ettack, it slso 1s & source of
deposited activity when the system is dreined for maintemence. It is hoped that
decox;tamination by acid rinses will remove moet of lthis d.eposited. e.etivity, ~hoWever,
the presence of the induced a.c'hivity in the metel precludes any direct maintenance.

The question may arise as to the feasibility of operating and main -
ta.ining 8 -hoﬁogeneeas resctor plant. Westinglwuse Electric Corporation in conjunction
with The Pemisylvania. Pover end Light cmnpe.nyhad sﬁuﬂiesimde of this phase of the
proposed Pennsylvania. Adva.nced Resctor (PAB) Pro,ject (11,12). These snalyses 1nd.i-

cated that ma.intena.nce is feasible.

chever, the maintenance philosophy of this la.rge scale, 150 mw
electric, rea.etor plent differs widely fram thet empleyved on the experimental
resctors constructed to d.e,te. It wa.s d.ecid.ed ea.rly in the design sta.ge of the PAR
not to rely on remote vet mintena.nce fer the following nea.sons. (13)

1. Hydrostatic pressures involved. in flooding the plant
require inereasegl structurel strength in the shielding and vapor container.

2. Increased' c'csst's in all electricel equipment and mammien-

tation for vaterproof construction. “NB[ASSI”ED
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3. Poseibility that shielding ;a_.ter can enter eand contaminate
the system. |

L. Deley time neeessary to allow large pieces of equipment to
cool down before being su'bmerged in shielding vater to avoid thermal shock.

As & basic tenant of the maintenance philosophy, it vae decided
that only lerge components such as steam .gener_ato:rs would be repaired in place,
thet is, within the vepor shielq.. The preferred maintenence procedure for all
other items i to disconnect the" faulty ccnponents es quickly es possible and
replace with & epa.re unit and then d.econta:ninate and repair the feulty unit and use
it as & spare. This philosophy has limitations eince e large capita.l investment
is required for stocking standby equipment. For this reeaegon, &ll four fuel circu-
la.ting loops of the PAR will be of the same "ha.nd thus permitting & sma.ller
stock of replacement parts. .

Another decision. mede eerly in the 'PAR design progrem was to
eliminate all flenges end valves in the msin 20 inch diemeter fuel 'circule.ting

loops. Therefore, efter the plent goes critical, any maintenance req_uiring‘

cutting the main loop ie dependent upon the develomment of successful remote

positioner, cutter-grinder, welder; and inspection devices. Since one might say

‘the future suceessful opera.tion and maintenance of the plant depends upon these devices,

._‘Westinghouse is cmnmitted to & sizable development program in this respect. BStudies

have ind.icated. the.t remote welding end inspection are feasible(lh-)
; Problems still to be solved 4in the homogeneous reactor design that

: to some extent are .common to all reaetors ere:

1. Insulation - Wnen insulstion is placed on canponents and

: piping it not omy presents & pro’blem as ra.r gs removal with remote tools is
_concerned, but it elso hides the looe.tion and size of & defect. Ea.sily detachsble

prewfomed insula.tion msy be the e.nswer to this pro'blem.
2. Steem Generator Meintenance Equipment - Detection of -3 leaking

tube in & steem generator containing bundreds of tubee has never 'been satisfactorily
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regolved. After the lesking tube is found, plugging by remote means presents
furfher difficulties. Vertical steam genersators may help slleviete this problem.
3. Repair of components - Faulty pileces of equipment, such &s

circuleting pumps, when removed from the reactor will be radioactive end hence if

.they are to be salvaged, must be repaired using remote tools and menipulators.

These tools should be rugged end relieble in operetion in order to complete the
repair Job once it has sterted. Techniques will have to be developed for the
epplication of these remote toole to every item in the plent ae most will have to
be either repleced or repairgq. during the lifetime of the plant. S&mall items of
equipment Amigl'rl-. be scrapped rather than repe.;l_red economically.

Estimates on the maintenance coste of homogeneous reactor plants
vary from 0.70 mills/kwh to & figure of from 2 to 5 times the operating end
maintensnce costs of & cdmparable fossil fired steam plant. 'The estimate of 0.70
mills/kwh was based on 1 per cent per year of the capitel investment of the turbine-
generator plent plus 3 per cent per year of the ca;.pité.l investment of the reactor
plant. It was estimated thet meintenence of the reactor plant would be of the
same order costwise &5 that of an industrial chemical processing pla.nt(ls). The
estimate of 2 to 5 times the cost of & fossil fueled plant was based on the
observation that maintenance performed with remote tools end manipulators plus the
possible. limited working time of pez'sonnel due to ra.diation levels would lnvolve
longer periods of down tine. '

} As & group, circulating fuel rea.ctors are the most difficult to
maintain. A survey of proposed homogeneous circula.ting fuel resctors revea.ls that
the present philOSOPhy is directed tmrd. remote dry maintenance. This method of
maintena.nce d.epends elmost entirely on the use of remotely operated tools and
equipment whig:h at the present are Just_e_ntering the d.evelopmentg stage. It seems
quite pro'ba'blé that & year will be required before an 'evé.luatibﬁ ca.ﬁ be made of
this development program.

2. Fused Salt Homogeneous Resctors

The use of & fused salt homogenecus reactor system has been proposed

UNCLASSIFIED
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for the sttainment of high temperatures without the neceseity for excessive pressures.
A ree.ctor of this design reta.ins most of the good features of & circula.ting fuel
reactor with the a.dded feature of low pressure camponents. One of the disad-
venteges a.cqnired however, is the neceSsity for heating the circulating loop y dump
tanks, and other components in which the fused salt might be present. The

problenm is more difficult than that faced for example in sodium cooled reactors
because the se.lts usually have & higher melting point. The capacity of the pre-
heating equipment should be large enough to raise the loop temperature to at

least 1000 degrees F. '

A feasibllity study on & fused salt reactor plant has been made by
the Oak Ridge School of Reector '.Eechnology(16) A duplex-compsrhnented shielding
design was adopted to fit their philosophy that no maintenance will be performed
inside the contsimment vessel while the resctor is criticel.

. The e.rra.ngement of the plent pls,ces the reactor, primary hea.t ex-
changers, and fuel dump tanks within the primary shield. Located in six shielded.
compartments around the primary system are_the primary loop sodium circulating pumps,
expa.nsion tanks, drain and charge tanks, and intermediste heat exchengers.

Outside the shielding but isols,ted to prevent spreading of fires in case of
sodium lea.ks ere the steem generators end intemédiete sodium plmps. _

The prims.ry shield is designed to protect personnel from decay

‘ gamas only, since maintena.nce will not be perfomed while the reactor is in

- operation. Provisions are ma.de for draining and flushing the sodium from individue.l

intemediate hea.t exehanger circuits o that no radio‘active sodium is within the

cmnpartment where maintena.nee is to be performed. The sides ‘of the radiel com-

ps.rtments serve &s shields a.nd provide protection from decay gemmas f‘rom the

radiocactive sodium in ad,jacent compartments. As & result, it is not necessary
to drain all the_ primary loops when only one circuit reqnires maintens.nce.
The equipment outside the conteimment vessel is non-radioactive

&and may be maintained in the conventional man_ner. : Maintenance of the equipment
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g
inside the conteirment vgsse]. end shielded areas will require remote tools and

techniques. The major items vhich will require this special equipment ere the
fuel circula.ting pumps, primary heat exchanger tube 'btmdles ; intermediate heat
excha.nger tube bundles, and primery circuit sodium circula.ting PUMDE o -

Access to the fuel circuleting pumps and primary heat exchanger tube
bundlee 1_5 through en opening in the top shield plug.. Feulty pumpe can be removed
and repleced by spare units which will be kept on ha.nd

The maintenance of the primary heat exch;.nger tube bundles poses
more difficult problems. A leek in & tube bundle wouldintroduce sodium into the
fused fluoride selt fuel solution and dilute it s Which might be onemethod of
identifying & lesk. However, the methods of dstermining which bundle is leaking and
éohsequently remotely cutting the feed 'lines to that bundle and blanking them off by
wvelding have not yet been developed.

It is hoped that maintenance on the intermedieste sodium systems cen
be performed directly in the shielde_c}. compartments after dralning and flushing
the radiocactive sodium from the loop. | |

¥While this is only one of several proposed designs for fused salt
homogeneous rgacbr systems, it illusltrates most of the maintensnce problems faced;
na nely, induded a.ctivity in a.]_l'cmnponents touched Ey the circulating fuel,
decrea,sed a.ccessibility to primary a.nd intemmediate loops as & result of
ghielding, and. fina.lly d.ifficulty o:t‘ Bccess to :l’a.ulty component should & method
such e.s inducticn hea.ting be used A5 2 mesns of preheating. - Maintensnce costs
for a plant of this type will probably run higher than for an agueous homogenecus
resctor plant for the above Teasons.

3. Liquid Metal Fueled Reactor

One of the many reactor concepts which appear prqmising for electric
power production is the liquid metel fuel reactor under development at ‘Brookhaven
Netional Leboratory. A studyll7)by the Bebcock and Wilcox Compeny indicates the

feasibility of a reactor of this design. Included in the study progrem was the
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n

.
EAN

UNCLASSIFIER | =

engineering design of & reactor which generates 550 mw of heat.

' Maintenance of & liquid metal fuel reactor will not be easy. Most
of the problems faced in an squeous homogenous system ere present in this reactor
type; namely, j.nduced ectivity in all eomponen’cs'due to-'deleyed neutron emission
form the circuiating fuel, extensive ahieldiﬁg requi:ed because of activity in the
primary system: end Po],onimnalo s &nd the requiremen_t of & leek tight system to contai'n
the ectivetee. fuel end Po2l0, In eddition, heating facilities are required for the
piping and cemponents , thus ed.ding to the maintenance problem,

The complexity of the heating problem may be 111ustra.ted. in the
following mazmer. Should the heaters feil after the reactor has been critice,l for
some time, the=dece.y heat of the fuel plus the expaneion voi\nnes in the blanket
end fuei aystenis ehould.' prevent eolidifice.tion of the fuel and blenket liquids
vith their ecccmpenying volumetric expansions. However, if the heefeis failed
during eta.rtup, no decay heet would be. present to prevent solidiﬁce.tion and &
serious failure could occur. The results of this possiblity are duplicate hesater
eircuits and sta.ndby emergency diesel-generetor sets. .

The use of ahielded compartwents for the circule.ting loops in the
1nteme§.iete ayetem will permit the isoletion of & single faulty intermediate
heat exch_engeréor primary co'olant'ﬁump.k ﬁmver, even after & period of cooling
off and deconteminetion the equipment will still be quite active as ‘e ree\ilt of

induced ectiviﬁy end the vpresence‘ ef‘- fieeion and corrosion pred.ucts vhich fém&in

e.fter decontaminetion. Removel of the equipment will of neeeasity be & remote
operstion end will be diffieult et beetg

As 1g the case ‘with a.queous homogeneous reaetors s the success of

the meintenance effort will depend.;tp e le,rge_ degree upon the development off remote

cutting, welding, end inepection devices.

It 18 understood that design plenning f_ox; the IMFR is progressing
even though the pfroblem of pittiﬁg o:i the inside of loop coﬁpone‘nts hes not been
resolved. The ,eigniﬂcm;ee of this problem on the maintenance aspecte of the pleht
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could be importe.nt since heretofore corrosion, if it be that ) wase not considered
28 design problem.

‘ In the opereﬁon end me.intena.nce of & reactor plant using bismuth
ae & fuel ca.rrier, certain heazardous conditiona exist because of the foma,tion of

21owhich is toxic a.nd. baxdto contain. For this rea.son, the lesk tightnees of

P
the eystem nmst be of & high level of integrity.

- Operating and meintene.nce costs of the 550 mw liquid metal reactor
plant proposed in the Babcock a.nd-Wilcox fea.si'bility ‘study are 0.60 mi]ls/kwh.
In view of the complexity of the maintenance problems faced, this eppears to be &
‘rather low figure |

Summarizing, 1t might be seid that & plent of this design would be
one of the'most difficult types to 'maintain. Aetivity moughm the system
requires shielding vhich in turn reduces eccessibility to components, hesting
requirements edd to the opera.tional and me.intena.nce problems, and the formetion of
Po 2:'fonecessit,a.{tets e.»leek ti-ght system. The poesibility of corrogbn or ness transfer
of metel could reduce the 1ife ;einpectcncy' of the—equipnlent‘ and incree.se' the neintenence
‘costs, | | | | | ' | |

4

Maintennnce of rea.ctor power pla.nts is more complex the.n conventional foseil
fired steam turbo-generator pla.nts beca.uee of the presence of radioactivity either
localized in the reactor veseel or scattered throughout the circulating loops
depending upon the rea.ctor type.' It is _obvio_u_s that the ea.siest syatems to
opere,te and ma.inta.in_are those vhich permit the use of COnventioncl tocls and tech-
niques on & ‘lejrge portion of the reactor am:iliariesf ‘ Following is a list of ‘
reactor pover ple.nt types , a.rranged. in order of incree,eing difficuitj of mainten-
b'ance in the opinion of the a,uthor vith e.dvanteges and disadva.ntcges me.intene.nce-

wise of each,

«
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ADVANTAGES

Lov pressure oyatem piping and componen‘tis -
Clean and Konecorrosive coolant
Use of ‘stainiess steels not required
FPermits fuel cha.nging under load
Coolant does not became radioactive
Some opemtiné end maintenance experience eveilsble from Calder Hall
Activity limited to "reaci:or vessel |
No induced activity in pipihg end components
- DISADVAH‘EAGES

Ko dicadiantages epparent coﬁnpnro.ble to 'o“i;hef, reoctor fypes

oxcmxc-ﬁmmAm |

ADVANTAGES
Low pressure. system piping and. components N
Non-corrosive coola.nt 7
Use of stainless steels not _:V'equired‘in piping or auxiiinriec
Cooia.nt does not'become radicactive unless there is & iea.keige of steem into coolent
Activity 1e 1imited to rea.ctor vessel e | 4
'No induced. activity in piping a.nd components
‘DISADVANTAGES

) Orga.nic decomposes under ra.dia.tion requ‘iring purification and make-up
Possibility of decomposition products depositing on heat exchanger. surfaces

Ko sa.tisfactory metels are available for use as fuel element cladding a.nd reactor'
vessel material in organic coola.nts : . , _ ‘
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' PRESSURIZED WATER

¢ o P
~Relatively non-corrosive coolent
Coolent does not 'become radioactive

\

¥With exception of corrosion prod.ucts ’ activity ghould be concentrated in reactor
vessel

Shielded canpartments a.].low maintenance to be carried out on an individual loop
‘ without shuttingdown the entire system

No induced c.ctivity in piping end components

DI&AVANTAGES
High pressure piping and components required. .

COrrosion products become rediocactive and may settle out in auxilia.ries » however,
water rinses should reduce sctivity level to tolerance limite for meintenance

Steinless steels required. in primary loops
High operating pressure makes fuel cha.nging under load elmost an impossiblity

Bonmc ' WATEB

ABVANTAGES

Low pres:sure piping and components permissible s
No induced e.ctivity in piping a.nd components

DIGADVANTAGES

k]

Stea.m activation requires. extensive shielding which reduces cmo'unt of preventive
‘ maintena.nce possib].e ‘ ,

Stainless steels required in primery system

Corrosion products become activated and deposit in system, requireing decontam-
ina.tion before maintena.nce is possible -

Oxygen ce.rry-over necessitctes corrosion resistant turbines a.nd anxiliaries.

 SODIUM GRAPHITE
" ADVANTAGES

o induced sctivity in piping end ccuponents .

‘Sodiwm 1g non-corrosive in the a,bsence of oxygen

leP minthance ghould be easier ir electro;megnetic' pumps are perfected

Low pressure piping eod componcate pemtsstble  (INCLASSIFIED
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DISADVANTAGES

Formetion of Ns. makes coola.nt highly radiocactive
Possibility of sodimn-water rea.ction present

Heating facilities are necesse.ry on cimulating system end storage tanke to keep
sodiun in & liquid phase

Stainless steel piping a.:l:d. ggmponents are required
FAET REACTOR

ADVANTAGES
Low pressure piping and components permisgible
No induced ectivity in piping and components

Pumps end hest exchangers cen be d.esigned to be removed. without cutting p:l.pes
or draining system _

Sodium 1s non-corrosive in the ebsence of oxygen

BISADVANTAGES

Steinless steel piping end camponents required

Expensive a.nd ccmplex fuel ha.ndling system required
Frequent down t:lme for refueling -

Possibility of; sodimnf-water reaction“pxjesent |

Heating facili‘ibbs necessary to keep‘ sqd.imnrih.‘_iiquid phase -

2k

Coolant ‘becomes redioactive due to formation of Na uhder irredistion

AQUEOUS H(MOGENEGUS

| ABVANTAGE
Continuous ruel processing should red.uce d.own t.tme
Absence of control rods eliminates the associated ma:l.ntenance req_uirements
_ DISADVA!ITAGES

Induced dctivity in all l'netals touched. ‘by the fuel solution
Stainless steels z‘eq_uired thraughout system

High pressure pipip_g end components required. '

Cireuleting fuel solution s both corrosive and radioactive
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A very leak t:lght system 1e required
F’ilm fo:mation on 1nsid.e of piping &nd auxilieries may be hard to remeve

- Equipment a.nd techniques not perfected for remote cutting, wvelding and inspection
of pipe '

' FUSED SALT EOMOGENEOUS
, Anmmens |
~ Low pressure j)iping and components pen_nissible 7
‘Wo induced acftivity in sodivm systems
DISADVANTAGES

Stainless steel required throughout the system
Large heating cepacity necessary to keep fﬁéed..salt in liquid phese
" Remote cutting, welding and inepection equipment not yet developed

Possibility of sodium-water reaction

LIQUID METAL FUEL REACTOR
B Anmmens |
Low pressure piping and ccmponents pemissable
Continuous fuel processing possi‘ble

'DISADVANTAGES

Induced activity in all metals'touciaea by fuel

’Heating facility necessary to keep sodium 1in liquid phase N

; Requirement of extremely leak tight syetem_ due to the fomation of Poalo:lf |

‘bimuth ie used as & fuel ca.rrier
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