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THE EFFECT OF OPERATIONAL CEARGE-DISCHAROE ON THE SLUG RUPTURE LIMIT
INTRODUCTION

The installation of opsrational charge-discharge oequipmsnt on the Hanford reactors

has been proposed as a msans of eliminating the rwactor downtime required for charging
and discharging the metal in the reactors. Additional benefits such as the minimiza-
tion of the effects of slug ruptures, improved reactivity control, and improved matal
ftilization have beceme apparent duoring the investigation of the use of the equipment,
Sincs the minimization of the effects of ruptures has been considered only
qualitatively in previcus justification documents for operational charge~discharge,
e parpose of this document is to evaluate qantitatively the effect of such equip=-
ent on gperation with a slug reptore limit.

The operaticnal charge~discharge equipment currently is visualised as equipment which
permits the charging and discharging of reactor fuel elemsnts during operation,
Specifically, it consists of new process tube fittings and associated control equipment
of such & nature that fuel elsmente may be charged into the front end of the process
mbasanddischamd&mthmucxdofmhboadWth flow and power

conditions, (9) 0 R
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SUMMARY AND CONCLUSIONS

o
The primary benefits from the installation of opsrational charge-discharge are:

(1) elimination of outage time for charpe=discharge 0T ofuel elemsnts, and (2)
reduction of the effects of ruptured fuel elements,

Future reactor®power levels probably will be limited by the Seccurrence of ruptured

slugs. It is hard to visualize at the present time the fabrication of fuel elements
of such quality that the number of ruptures would be small when reactor power levels
are increased substantially above forecast levels, As a result, onme of the primary
bgnefits resulting from operational charge-dischargs appears to be ths reduction of

the effects of ruptured slugs by psrmitting more rapid detection and operational
discharge of thase slugs. The resultant gains are of two major types:

l. Reactor powsr levels may be hmased until the cccurrence of ruptures
again limits the total procuction,

°
2. The dia&mm concentration of the metal may be increased until the
occurrence of ruptures again is limiting the production,

If the reactor power levels are increased as a result of installation of operational
charge-discharge and the metal dischargy conesntration is not changed, the amnual

gain because of increased production is approximately 313,)60 000, and the installa=
tion cost of $24,L50,000 will be paid off in approximately l.é Years, If, on the
other hand, the metal discharge concentration is increased with no increase in power
lovels, the ammual return, dus primarily %o reduced metal throughout, is approximately
3285600,000 and the pay-off pericd is approximautely 0.9 years (see tables I, IT, and
oI

o Additional benefits on which no economic value are placed at this time because
of the many controversial and intangible aspects ara:

1. Improved reactivity control.
2. Improved metal utilization if product quality is important,
3. Beactor crash dischargs in a very short period of tima,

o
L, A decreass in reactor outages resulting in less reactor thermal shock and

eless mclear hazard during reactor start-ups,
S. Better utilisation of persommel,

6. Advancement of reactor technology. ° o

7. Installation of new process tube fittings with the following advant.ages?
a. Better gas seals on the rear face of the reactor.

b. Provision for increased process tube expansiop at higher tybe operating
tempsratures,

c. Nozzles designed to facilitate future process tube replacement,

d. Rear face fittings compatible with pressurization or boiling conditions.
e, Tube fittings designed to minigpise maintenance costs,

Reduced psrsomnel exposure due to radiation, particularly as the result of

reduced reactor maintenance work and elimination of Ruickie and shutdown
discharpss,

8.

If new fuel elemsnts which result in a very miniumm of mptures are avallabls af%ar
installation of operational charge-discharge, ths primary benefit resulting Yrom
installation of operational charge-discharge then becomes a reduction of the reactor
outage time required for charge-discharge of the fuel slements. In thls case, it
mist be assumed that the reactor power levels will be increased until therw i{s some
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definite l%mitation of the power levels] Howaver, since there appesars to be no
dsfinite 1imit to reactor power lsvels if we obtain relatively perfect fuel elemsnts,
it has been assumed that the power levels can be increased until they are double thoss
obtainable as a result of the completion of Projects CG-558 and CG-600 at the six

cld reactors. In this case the installation of operational charpe-dischargse can be

armortized in apmraximately three ysars solely ¢n the basis of the reduwction of
reactor cutage time for charge-discharge.

[ ]
The extra production resulting from operational charge-.-discharga equipment should
also be compared to the capital investmsnt for new reactor construction required

to obtain an squivalent production gain., This quired capital investment would vary
from L8 to 126 on dallars for the three cases msntioned above as compared to

$24,450,000 for charge-discfarre equipment for the same increase in production.
(See Table IIT.)

°
DISCUSSION o
Future reactor operating ®onditions @

Because the opsrational charge-discharge equipment probably will nct bs installed
mtil 1959 or 1960, it is nscessary to forecast opsrating conditions that far in
the future in order that the benmefits resulting from this installation may be
determined, I% i3 anticipated that varicus improvements in the ref:tor quipment
vill be made over the next four to five years so that the reactor power levels will
te much higher than at the present or they are anticipated to be in the near future.
As a result it has been assumed that the old reactors will be cperating at the
Project CO=558 design water flow of 71,000 gpa and 120 degrees C maximum outlet
temperature (1) (3). No revisions to the reactor water systems are anticipated to
permit higher water flows og outlet temperatures., Similarly, the 100-C Reactor is
assumed to be operating at a process water flow of 94,500 ¢hm (2), and the 100-K
Reactors are assumed to be operating at a process water flow of 1&

It is also assumed that the metal discharge concentration will be 500 MAD per ton
because of :uph:m considerations,

°
Results of Installation of Operational Charge-Discharpe
Ay Ovmarul Types of Gain Esallsed

1, Reduction of outage tims for chargc-diacharge.or fuel elsments,

®
Installation of opsrational charge-dischargs ecfuipmnt should eliminate
all reactor downtims required for loading fuel elements into the reactor
process tubes and discharging those fuel elements which have not
mptured. Equipment should be of such design that all of thia work can
be performed during reactor operation. ¢

°

2. Reduction of the effacts of ruptures,

[
Tustallation of operaticnal-eharge-iigchuarge equipmnt showld reducs s
appreoisbly the affecte of ruptures as & reenlt of more rupld detection
and digadarge of the mptare material,
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Irn addition to the present header sampling system, the proposed operational
charge-dischdtge equigmant will provide a separate system for monitoring the

affluent water from each tube., This should result in the detsction and verifica-

tion of a ruptured slug and 4dentification of the tube very soon after the rupture

occurs, Discharge during opsration of & major portion of the ruptured slugs should

ba possible before they have ruptured so seriously that they are stuck in the tube,
®

Verification of a rupture should occur sooner than with presant equipment. The
installation of a second monitoring system would result in two independent mignals
permétting not only identification of the tube containing the rupture but also
sarlier confirmation of the existence of the rupture,

Theedischarge operation is facilitated because discharging ®he material in the
suspected ruptured tube will consist simply of opening the ball valve on the nozsle
and flushing the entire tube contents out into the discharge area, It seems
Iwasonable to assume that the ruptured paterial could be discharged from %he tube
within a few minutes after verification of the rupture. eThe tube could then be

recharged later after the necessary metal and equipmenti have been transported to the
front nozzle of the tube,

Ir\a oontrast, at tha prasent time whensever a rupture occurs, it usually is several

o NOUrs befors the ruptured material is removed from the tube, The reactor may
contirmse to cperate for a considerable length of time after first indications before
the rupture signal repeats often enough to justify action and the reactor shutdowm:
to verify and identify the tube, Throughout this periocd of time the rupture condie-
tlon is contimally getting worse so that the possibility of a stuck ruptures increases,

Since the time required to rendve a rupture after itels verified should be reduced
from a matter of hours to a few mirmtes by the installation of operational charge-
discharge equipment and simte verification should occur gooner, it is sssumed that
ths effects of ruptares on reactor production efficiency will be reduced by 75 per
cant,

Ad7antage may be taken of this benefit by increasing the geverity of reactor opsration
wtll the ocourrence of ruptures is again limiting reactor production. This may be
done either by increasing reactor powar level, i.e. tube power, or increasing the
discharge concentration of the metal. These two possibilities are dischssed belows
(-]
a. Inoreased metal discharge concentration. \
® 9
At the present time, the rupture frequency appsars to be dependent
on the metal discharge concentration and to increase approximately
2 1/2 times §3r every 100 MiD/ton increase in the goal exposure of
the mtal, ( Since the installation of oparational charge-discharge
equipment should permit the more rapid detection and discharge of
riptured material, it is anticipated that installation of this equip-
ment will reduce the effects of ruptures by a factor of four, As a
° W result, increasing the discharge concentration of the metal by approxi-
mafely 150 MWD per %on to 650 MWD por ton should be possible.




Te- | DEL
° - duna o, 1956
b °
°
o °* .
b, In:™aysd reactor powsr lavel, °
e

Sinca the ripture frequency appears to double for evary 100 KW
inciwagse in mactor tube power, (5) it follcws that if we can
medoce the effacts of miptures by sevmnty-five per cent by uss
of oparational charge-discharge squipment, we can then ijcreass
the reector powsr level to hat point at wihlch miptures azain
Pecom Limiting to total production, In thls case, a ‘ube pewar
incraagse of 200 KW is possible,
®

Required capital investmant,

If increased resactor prrduction is dssired at tha Harford Oparation, two
gensral metrhods of obtaining this increased prodngtion are availahls,
Tha first would be the consiruction of bew reactors; second would bs
improvement of the existing reactors to get the same production gain, ®
Consequently, we define the required capital investment as that invest=-

§°nt in nsew reaciors necessary in order®to ctbizin ths same sdditicnal

anmal production to bs realized by improvements to the existing
reactors. This cost for new reactors would be from $L8 to $126,000,000
as comparsd to $24,150,000 for chargpe-discharge equipment, (See Table III)

Miscellanaeous bemi;its from operationsl charge-g.dischsrge.

Thers are several other benefits which gan be realized from the installa=
tion of operational cherge-discharge, However, the effscts of many of
these bsrefits are intangible and cannot be calculated with reascnable
accuracy because of their nature, Consequently, it was decided to discuss
thess items and n®t attempt to detsrmine the associatsd economic benefits,
It should be resalized though, that these items will result in additional
benefits which should reduce the pay-off period for installation of
operational charge~discharge.

°
a4, Improved reactivity control.
®

Since material may be charged into the resctor process tubes during
operation by the use of the operational charge-discharge equipment,

it should be possible to adjust the flattening of the reactor to
minimize produstion losses due to non-equilibrium operating conditions.
As an example, the overall rsactivity of the reactor may be adjustsd
during start-up sc that the maximaum possible power level carebe realized
in & minimmm of time, The effacts of lack of control rod capacity snd

operating problems such as hot spots should be minimized, if not slimina-

® ted. Most of the pains that can o realized due to reduction of these
losses will be realized by use of the pcison columm control equipment
to be installed in the near future. Calculation of the gain that would
be realized from operational charge-discharge would be very difficult
s cause the benefits from polson columm coutirol cannot bs determined
accurately at present,but to provides the ability to use any of the

Tsactor tubes for poison or metal charges without moving any equipment
canngt help but be of great value.
®
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Imprcv’e metal wtiiization Lf tha product quality ie& important,

Whenever 1t is desirable to produce a produzt of vwexry high quailty,
suct as the current low concentration material, substantial savings in
metal cost nan be realized if it is possitle to discharge the material
at the maximum permissible concentration. At the presgnt time such
discharge is not pogsible becauge the reactors have to cperats for
sgveral days htetwsen matal discharge periods, Howsver, if opsraticnal
charge-discharge were inatalled, it would be possible to dischargs
the metal during opemtion at exactly the maximum cencentration., The
raduced metal consumption wmld rssult in a yubstantial <os*t savings,
Sincs requirements for material of thPs typs at the tims operational
charge=discharre will be installed is unimown, it is not poasible to
estimate the sssociated coat savings,

®

Reactor crash discharge in a very short period of time.

The use of crash discharge has teen proposed as a means of minimizing
the damage to a reactor in the case of § predictable loss of cooling
water or f!ooding of the reactor ares by a disasber at Grand Coulse
Dam., A% the present time, a crash discharge is mot possible in the
time permitted before the area would be flooded or the dilsastsr would
occur because of the inherently slow methods avallable for discharging
the metal in the reesctor, However, if operationsl charge-discharge
wre installed, it would be possible to discharge any portioen or all of

the metal in a reactor within a few minutes so that a successful crash
discharge could be accomplished,

A decrease in reactor outages resulting 4in less reactor thermal shock
and less hazard to the reactor during startups,
[ ]

Every time that a reactor is started up there 1s a thermal shock

to the fuel glements and the reactor itself plus a nuclear hazard in
that an excessive reactor power level could occur. Installation of
operational charge-discharge would reduce the number of reactor
outages, particularly for charge-discharge of the fuel elemants,so
that there should be less thermal shock to the reactor and lass
posaibility of resctor hasards,

Better utilizaticon of persomnsl, °

Whensver a reactor shuts down, persormel ma':be moved immediately

to tha} reactor to accomplish the necessary outage work so that the
roactor may be started up as soon as possible, As a result, whenever
several reactors are shut down at the same time, psrsomnel requirements
are very large and usually cannot bs fulfilled without having an
excessively iarge force., Since the installation of operationa® charge-
discharge \mu.Ld reduce the nmumber of reactor outages, the frequency of
several reactors being shutdown at the same time would be lowered and
persemel requiremsnts during such periods also should be lower,
Certainly overtime work requiremsnts would be reduced, and possibly

the total force cou%d be reduced,




To:

B. Posaible increased operating costs regulting from installation of operational
charge-discharge, -

Flles

f.

e

h.

HW -4 3343 l DEL I

- T = @ June 6, 19564
Advancement of reactor technology. o

At the present time, on8 of the major obstalles to very high power

levels for heterogeneous reactors is the amount of time required to
charge~discharge the fuel elements during reactor shutdowns. Unless
techniques are developed for performing the charge~-discharge operation
during the cparation of reactors, it is possible that he terogeneous
reactors may not compete with homogeneous reactors in the future,
Instsllation of operational charge-discharge on a full reactor scale

would be a substantial step forward in reactor techn

ology, and if the
use of the equipment is successful, this serious obstacle to the use
of heterogensous reactors might be eliminated,

Installation at a minimum cost of new process tube fittings compatible
with proposed future operations,

In order that operational charge-diacharge may be installsd on the®
reactors, a substantial period of reactor downtime is nscessary. At
that time 4t would be possidle to install at a minimm cost new process
tube fittings of advanced design permitting maximm reactor production
in the future. As an example, at the present time the reactor power
levels are probably limited by the maximmm permissible tube expansion
at higher tube operating temperatures. New tube fittings could be
installed permitting much greater process tube expansion so that much

higher reactor operating temperatures would be permissible,

Very
little additional reactor cutage®time over that required for the
installatlion of operational charge~discharge would be required,
[

Other improved tube fittings included
rear face of the reactors, 2) Nozzles
proceass tube replacement, and 3) Resr
pressurization or boiling conditions,

)

are: 1) Better gas seals for the
designed go facilitate future
face fittings compatible with

Reduced porac?xmel exposure %o radlation particularly as a result of
reduced reactor maintenance work and elimination of Quickie discharges,

The major portion of the radiation exposure received by Reactor Section
personnsl occuss during reactor outages for reactor maintenance, discharge
of ruptured slugs, and chargs-discharge, Any reduction in reactor outage
work, such as that which would result from the installation of operational

charge-discharge, would result in a corresponding reduction of persornel
exposure to radistion,

1, Increased mainternance cost.

Although the installation of operational charge-discharge equipment

could increase the complexity of the tube fittings, installation of

mw £ittings of proper design should not result in 1ncroa%ed
maintenance cost, °
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oIi' operational charge-dischargyg equipmer;é were simply added onto
1

the present “proces® tube nozzle, the res®it would be more squipment
and undoubtedly more maintenance of the reactor, particula®ly

e Y during reactor oufages. However, as long as major alterations are
to be made to the process tube fittings (9), it would be logica® to
° install né tube fittings which would minimize or sliminate a major

portion of the maintenance work presently required on process tubs
fittings. Typical exampl

are: 1) relocation of thermocouple wells
e sto accessible positions, g quick-connect couplings for fast removal
and replacement of rear face equipment, 3) installation of improved
®

€as sezls on the reactor Progess tubes so that leak testing and repair
of the seals would no longer be required, ani L) installaticn of
process iube fittings such that the Van Stone flanges s®e eliminated,
Py In this latter case, repair of Van Stone flanges would nc longsr be
P necessary. . ° LIPS
* 2. Increased chemical cost for water tre.at:uent.

®
Increased reactor water plamt chemical cosis undoubtedly Bould result
from the installation of operational charge-discharge, The increase
® in reactor operating efficiencies and in water flow rates would result o
in the delivery of additional prgcess water to the Ractor. Since water
plant chemical mosts are. proportional to thd smount of water delivered

e to the reactor® increassd chemical costs would resmlt.
Capes of Future Reactor Operations Considered In This Document e
——M
A, denerfl ®
° ¢ ®

Consideration of future operating conditions indicates

[
that the reactor power levels
will be determined primarily by the frequency of metal ruptures, The reactors

probably would be operating at the W power levels possible without excessive
production losses dge to remBval of meta®ruptures. Since atethe present time it is
not possible to predict quflity of the mstal being used after the installation of
operational charge-discharge equipmeng, it a S necessary %o evaluate the benefit
from the qperational charge=discharge as if F ere is a rupture limitation on

power levels, and 2) there isgno such limitation. If the metal Qality 12 assumed ¢o
De ¢ood enough that there 1s no rupture limitation on power levels, then it masat be
assumal that necessary plant modifications in order to pPermit higher power levels will
be performed, As an e 10, the reactor effluent systems could be pressurized to
permit higher process tubs outlat wate temperature

% or the water plants could be
modified to permit mmch higher reactor cooling water flow rates,

In order to evaluate the benefits to be realized from the installation of operational

charge-discharge equipment, it is necessary to define six cases of future reactor
operation, Cases I and V are base

cases represent®g future reactor operation without
opaerational charge-discharge, with & rupture limitation on power level?and with no
rupture limitation ofi the power levels, respectively., Cases III, IV, and VI represent

operation after installation of operational charge-discharpe equipmnt, Case IT
represents an intermsdiate or Supplementary case necessary in order to detarmine the
Teduction in metal costs in Case IIT as

a result of a higher metal dischar CONCENa
tration, A detailed description of these cases is on the following page. gil.so, see
Tables I andglI, ‘ ’

.
F



Saeuii | DEL |
Tac Files ¢ June 6, 156
B, Cuses Considered .
Case I o
Rl ® .

®
Cas2 I rapresenig gperatlon of the reactors with ®
+8vels and without operational charge-disckfarge. OIt i3 assumed thatethe reactors
ama operating®at®he maximmm cooling water flow rate permissible after completion
of Projict (0-558, @nd at the maximam tube efflu

ent temperatures permissibls
without pressurization ®f the efflueng systems. A rupture limi o® on power
levels is assumed, and consequently the metal discharge concentrat®n is reducad
to 500 MWD/ton in order to minimize the effects of ruptures,

CassqIT and ITT o .
L

-l we install operational c)mrge-gischarzo on ®eactors wvhich have a rupture
limitation on power level, it is possible tm® increase the dischargs .concentraticn
of the mstal because th® operational charge-discharge aquip;.nnt reduces the

citsge jime caused bty ruptured slugs.® In addition there is®the benefit cf redyced
¢

™wactor outage time for chargo-digcharge of the Mel®lements, °

#Cparational charge-discharge equipment should permit increasing discharpe concentra-
#iion of the metal from 500 M{D per ton®to

approximately 650 MWD per ton, Investirations
°f ruptuges in the reactors has shown that the rupture rate. incresges by a ﬁc“rt;%f 2,5
{or every ®00 MD per ton increase in th®discharge concentration of the metal. e
Since it is assumed that the stallation of operational charge=discharge equipment will
“educe the effects of ruptures by a factor of four, it follows that the discharge concen-
tration @ the metal can be increased by 150 MWD per ton,

® L
Determining the®benefits resultﬁxg from _asquming th:t the meta? discha®e concentration
can be increased requires the use of a ﬁxpplemental case. Calculation of the asetal
roquired after mu:&.uon of the operational charge~discharge equipment and
increasing the matal ®oncentraticn and then oompa:ion of this amount of mstal to that
required in Case I wopld result in incorreq infortftion concerning the actual reduction
in metal x'quimmnta. This dtcurs becd®use the higher reactor opegating efficiency

ts ‘2 an incmagp irPmsial

t part of the reduction remlting from increased metal
concentration, Congequently, &t is necessary to calculate tons of metal required at
the lower (500 MAD per tog) me discharge concentration but with the higher@®perating
effiﬁiency. The amount of me obtained as a result of this calculation is then
Ted to the tons of metal re

a Mpture limitation on power

onmting at tfle higher operating efficliency, but are discharging metal at 500 MWD per

-<on concentration, Case ITI Tepresents the condition for the reactors operating al the
higher operating efficlency and dia’charging metal at 650 MWD per ton.

Then, in order that the *otal benefits reaiized from installation of operational
charge-discharge equipment can be determined, the tons of metal used in Ca® Qs

are compared to the tons of metal used in Case II, Tut the total reactor production
ig erams for Case IIT 1is compared to the total reactor production in grams in Case I.
Tge Productions in

the metal conceatratica at discharge results in a
producst,
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Case IV ° . ® @ g

o

T there is a rupture limitation &macwr power ﬁvels, the installation of 4
cparational charge-discharge may o permit Increasing the reactor powsr levels.
In Case IV we assums that after the operational chargo-dl?charge equipment has been
installed, the effects of ruptures has been reduced by a facjor®f four, and conse-

J:ently it is possible to raise tha. power levels until ruptures again limit total °
. ori¥&uction, ¢® ° .

’ ‘ - @ -
Aralysis of rupture experisnce indicates that the fm%gg‘ncy of r!l%mms dcubles °
for every 10C-EKd increass in the rsactor tube power,

Since we are"ass-urrdng
that the installatidn of operational &mrge-diachargo equipment will reduce the

effects of ruptures bga g\ctor of Jour, it 1s possible to :anmsse reactor tubs®
power by 200 Kw, PY ’
@ ® ® ®

The two major benefits resulting rron.ﬁatallatign of operational charge-discharge
‘n Case IV then become (1) increased reactor operating efficiency because of the

elimination of downtime for charss-discharge and (2) increased reacjor production
refc

@ °

tecause of higher permissible tor power levels, Since no change in #etal 3
dlscharge conceniration is assumed in this case, total production is compared to
Case T on the basis of MiD's$ b L

L 2Py ® ®
Case ¥V L] b
Smsrenasm— ® . ' .
If 1493 as

that there is no rupture limitation on reactor powsr levels, the
reactors should then be operating witly power levels determined by the next limita-
tion, Sinces there doesn't appesr to be any linﬂ.tatioxbon the reactor power lsvels
vhich camotgbe relaxsd by appropriate feasible reactor or water plant alteratiom,
it has besn that the reactor will be operating at tuwice the power® Jevel of
Case I, In order that thesegpower levels may be realized, it probably would be
recessary to increase the capacity of the watsr plants or to pressurize the reactor

effinenf, systems to permit higher water temperatures. However, the incentive for

performing such alterations®o reactors are sufficient that®undoubtedly such work
wvould be performad necessary.

Case V represents ths base case without operatiocnal charge-discharge and withodt a
rzpture limitation. It has been assumed that the metal concentration has been
gricreased to a higher valus representative of the optimm operating conditions.
Timary effect of this higher metal concentration is t1 reduce the benmefits from
installation of operational charge-discharge, since at higher m®al discharge
concentrations, there would Be less time required for charge-discharge of the metal
during shmtdown, and, consequently, less increase in reactor operating efficiency
fron 1nstallati‘on of operational charge-discharge oquipmen& ®

[
Case VI ]
] ° e ¢ °
Installation ¢f operational cha.rge-dfachargv equipment on a reactor mot 1limited by
ruptures prodably would not result in any increase in resctor power lsvel or metal
discharge concentration, Consequently, the only major benefits resulting from this
installation probably would be the elimination of docwntine

for charga~dischargs., It
is this ca=e upon which pearly all of the previcus economic analyses have been based,
ignoring the more significant rupture slug aspects as represented in Cases I, IT,
III, and IV. o @ e

° °
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WiTH GELEVIONS
(
ngrgo time during simtdown will be eliminated by the
use of operational cbarge-discharge equipaent, ‘Q ®
The basic reactqr water floys for Case I are 71,000@grm at 1Q0.B, D
.4 (% zi) 94,500 gpm at 100-C Reactor, ?273 1g§,ooo
® ® . o ° ¢
ng vater temperature will be 120 C without presa

reactor effluent systeams.
btulk cooling water tempersture of 97 C.

This correspords to a

Avegpge reactor inlet cocoiing water temperature is 12 C.

Zirconiun®tubes will be insthlled in the

Congequently

‘.Efrocth'o central

® is 1500 and

If & new reactar were duild in
resulting from installsation of
the new reactor would be of 100

reactor will
Teactors,

Metal costs $6,11 per pound at SO0 MWD
tion and $56.50 per pound at 650 MWD per

The shutdown
c! D’ DRD

reactor tubs replacement will bs a re
ficant problem by the time

-

[ ]
charge-discharge rates are 330 tabes
F, and H and 360 tubes per day at 100-KB-XW.

Starting in 1959, the operati

power tubes at the 100 B, D,
at 100-KW and KE Reactars,is 2);00,

reactors

[ ]
per ton dischar
t:n discharge

»000,000,

starting in 1958,
latively insigni-
opsrational chlrgo-di;charp i1s installed s

The opsrational charge-dischar
will be of advanced design
maintenance will compensats
for opsrationsl charge~disc

g€® equipment and process tube fittings
8o that the reduction in tube fitting

for any additicnal maintenance required
harge equipmsnt,

ction efficiency changes by a®actor of 1.5 times
e operating efficiency.

c, .DR, ¥, and B Reactors

order to obtain the production gain
operational charge-discharge
-X design, costing $80
hsve the auo. production &3 one of the sxisting 100-K

equipment,
This

g® concentra- 6
eonc‘ntrauol.( )

per day a% 100-B,

fficlency of all resctors wfihout

e
charge-discharge equipment un%o psr cent and the corresponding

productien efficiency 13 70

per cent,
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B. Rupture Limitation on the Power lavels
l. The metal dfscharge concentration is S.OO MD® per®ton when operational
charge~discharge e%xipment h§s not been installed on the reactor.
2. Instslation of operational charge-discharge reduces the effects cf
@ ® ruptures by 75 per cent, .
®
@
3¢ The rup%ure fre?uenc: at a reactor doublu‘fcr every 100 XW increase
in tube power, ® ®
¢® ¢®
Le The rupture rate increases by a factor of 2.5 ro; ers‘y 100 MWD per °
ton increase in the metal discharge concentration.
o
C. No Rupture Limitation on B.uctor Powur Level *
1. 'I'h. irrediated ‘netal uill be disehtrpd at an optimum economic con-
® centration of 1,000 MWD por ton, °
®
2. The reac®r production etricioncy decreases 10 per cent for grery
SO per cent increase in powsr level over the Project CG-558 LX)
® operating condition. 3 assunes a major effort will be made in
order %o minimize the rease in production efficliency as power
level is increased. 4s an example siraitdown charge-discharge equip-
@rent could be improved, ®
® o ®
3. Shutdown charge-digcharge rate for 2ll reactars will be 360 tubei
o per®day, ®
® . °
® e o9 ® °
® e [
L] . .
L J
¢
® ® 5
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®
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°
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®
]
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TRSCRIEPTION OF CASES
® ?
®

Bass Case:
() operati'onal charge-discharge, rupture
® limitatigns on power levels®ost (M=558 and
° 600 reactor cooling water flow, 120° max
® outlet water tempsrsture. 9500 MWD/ton metal
discharge®concentration., ©
o
() ° ®
I#, @ Case I with operational charge-discharge.
o Reduced downtime for charpe-discharpe, (This
® case used only®o calculate the reduced metal
@® consumption in Case III.) ¢

®
o , & c® ©®

PY Case I with operational charge-discharye,
° Reduced downtimes for charge-discharge, ©
® Fetal disc cancentration increasef to
® ® 650 BiD/ton permittad by reduced effect

® @ o of ruptures, ®

® (]
Gug I with operational ciarzo-discharge.

® Reduced downtime for charpe-discharge.
Increased reactor power lsvels permitted
by redunced effect o£ ruptures,

pescarprIof *

&
lgw ‘O

@
H
®

@
Base Cases

fo o nfvml charpe -discharge, No rupture
® 11z Bition on power levels® Power lavels
twice that of Case I. 1000 MWD/ton optimmm
® metal dischyrge concentration,
® [ J
° Case V with operational charge-disch;rze.
Reduced dowmtime for charge-discharye,
° ®
® °




r © .

) L o ©
* 031306 TP~ e33BYD TrRUOT}EaedO JO uojyeTI¥IsuUT 03 enp syWeudq Jo :oSSHEanu J0] LIBEEROSU 30U UOTFBULIOJUT &
> ® . ° ©
m“w mhw . ® * o 8’501 €62t - @ * (c0T) 350D Tv3oH
et % I ol pseasdmon ese)
ot % : 0 MMBa o O, ° 0 wfrompon
PrCTI * (o) €} 0
mw =T é ° ‘s 28501 * . .ph\ﬁsqmﬂﬂom
& ® ®
|2 3 — A o # 1 m g » ® * ol %oh&ﬂoo e58)
eoss » ] » 00010 & 0 SureID
o = 00g'602T 0 000°€25°T 000 NEL 9 0 — ax"®
fbaom w. ° ) e ® ® ugep coﬁoﬂﬂoum
&= - o0 ° o
*sud Te30]
‘nt - PR, IO Te300
o ®  000°07T'¢ 80._N.H.N 609°2 000792E e 000°92€"2 0007926°T M ‘D
000 026 000°58L ‘lel 000°9€9 00075€9 . 000GENS 0
0005 T9E “€ 000®L62 ‘mLe 000¢62€¢2 0006262 § ©0O‘2g0‘c __H ‘I ‘ug ‘q ‘g
1 @® ® U0T30UpoIJ TEaudy
. . . & ° ®
® $5°29 %05 25°78 ¥5°M9 £s°ng $oL M ‘Y
° 9°85 3054 30°18 ® %0°19 %0°18  ° %0L 0
5°95 W5~ o® {97 $€° 0L ¥ gL g /) ‘1°mq ‘q ¢
A @ @ ® AOUSTOTIJY uoj3onpodd
® ) ®
[ ] 9. ¢ ﬂ ® ( { ﬁ [ 4 4 [ [ 1 s T -.H H’O.H
¢ * o o om“m.m o & Ol sy o T . M T
® 00€¢N 00E¢N oM‘e ost‘z 0ST2 o ostie
oR‘e 092‘¢ 0261 ®© 0£9°tT @ 0£9°1 0£9°t °
° ° @ @ . T0A0] JaMUd
@ - @ ) »
@ s . L w @ ® ?3»18;5
. ®ooo‘t T @ooo; o 005 oo ® 00% 005" @ UgTIBIIULIUCD T¥} el
e ¢ 1 v TTie b « 5
L @ hd @ g
 (°seses jo uoyjdiadosep Louz/u erqel eeg) j
e 3 . ® ©
®  FOSVHDSIA-FDMVHO TVNOILVYIJO 40 NOILVTIVISNI *
® [ © [
L
. ... o gl , , ° : *
i 9561 ‘g ounr : -t T, SOTHI  iol
; * #
. 1 \Nwaamgmg-%



[ aad

-— % o el [

® ®
To: Files ° o -17-" ° June 6, 1956
) P °
o oo (-] o
00 TaBLE IT ©
(-]
Comparison of Cases
o () N -] °°
SUMMARIZED BENEFITS DUE TO INSTALLATION OF OPERATIONAL CHAK}E-DISBHA?GE
S > )
(o] o
c O % & IV & -V1
adds Compared . ® B.III ® IV Ye @V °
Rupture Limitation on Power Level yes g Jjes no °
° ®
Primary Benefits © @ ° 0, © ®
o o .
Elimnati®n & Outage Time $,665,000  $6,685,000 37,78 ,000
o for Charge-Diacharge )
o :
Increased Poder Level - o _ 37,185,000 -
@ @9
Increased Metal Discharge Con- @ $22,066,g)0’ @ *— .
centration,’ o ° 9
W
o 9
© o © Gross Anmual Gain @ 8,751,000 $13,870,000  $7,705,
O Increased Anmml Chemicad Cost . 163,000 7,000 ©® “20
Net Ammal Gain o 825,584, 3,413,000 @ W,?o'%“m,,
0 o ° . o @ © é.
o Installation Cost o 8 ® $24,450,000 ®L,L50,000 $24,450,000
®
Pay-0ff Period (Years) © ° o O @ 1.8 €® 3.4
® [}
Production Gain: P @ ® ®
o ® @
) Percent g v @13 13 19 ©
Equivalent 100iKgfiegctors ° 0.60 1.58 @ 0,88
o ()
\J
Equivalent Capital Cost® © o 81:8,000,00% 3126,000,000 370,000,000
(]
o o o ° e9
o © - o
0 % o °
o (-]
» ® °
5 Savings oio metal cost reduced by lower conversion ratio,
o ©O . ® ® @
o [
o o o )
(o] o °
°
°
o
° )
[] oo ° (-]

' ’wa,..uwyl',m @ AT F DT S —— s e










