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_Jl_JJ_ AND CONCLUSIONS
,IIi= i i ii i

o

The prlmar_ benoflta from the installation of operational chari_--dlscharzeare,
(I) e_tlon of cmta£_ time for chan/_-dlschar_e oTefuel ele_nta, and (2)
reduction of the effects of r_p_m/'edf_el element,s®

?u_ _acto_pow_r lev_im pa_ba_ will be _Imi_ed by _ _c_Ax'_nc_ of r_p_
slugs, lt is hard 50 visuali_e I% _ present 51mo the fab_Icatlon of Duel elements
of smch quali_ that the number of raptures would be small _hen reactor po_r levels
an increased substantially above forecast levels. As a r_sult, one of the primary

b_neflts resul_Lng from operational charEeL-_ char_ appears to be t_ reduct4on ofe effects of ruptured slugs by permit_ir_Wmore rapid detection and operational
O

disc._rEe of thc_Se slugs. The resultant gains are of two maJc_ types l

I. Reactor po_r levels may be _raased until the occurrence of ruptures
again limits the total p_oduction.

2. Ths dis_aL concen_-a%ion of 5he m_81 ma_ be incroas_d until the
occurrence of ruptures again is limiting the pr_ductlon.

If the reac50r power levels am increased as a result of Installa_on of operational
chart_-dischs_zo and the metal discha_ con_n_ra%ion is n_t changed_ the annual
gain because of increased production is appr_ximatel_ _I_00_000, and the installa-
tion cost of $2h,_0,000 will be paid oft in appraximatel_ I._ 7ears. If, on the
other hand, the metal dischar_ concentration is increased with no increase in po_r
lovels, the annual return, due _ to reduced metal thr_u_hout_ is appr_imately
$_8_600,000 and the paT-off period is appraxi_atel_ 0.9 years (see ta_es I, I_, and
_ZI). Additional benefits on _d_ichno econon_c value are pla_ed at this time because
of the man_ controversial and intangible aspects are:

I. Y_ed reactlvi_ con%r_l.
2. L_prv_d metal uttli_ation i_ product quali_ is i_ortant.
3. Reactor crash dischar_ in a very short period of time. "
h. A deoreas_ in reactor outages r_sultlnZ in less reactor ther_a°lshock and

•less nnolear hazard during reactor start-ups.
5. _ette_ _l_a_!on of personnel.
6. Advancement of reactor technology. • •
7. Installa_ion of ne_ process 5mbe fittings with _e fo]lowlng advantages©,

a. Better gas seals on the rear face of the reactor.

b. Provision for increased process _nbe expanslo_ at higher tabs operating
te_ratares.

c. Hossles designed to facilitate futara process _nbe replacement.
d. Rear face fittings compatible with pressurisation or boiling conditions.
e. Tube fittings designed %o _ini_Am aain_nance costs.

8. Rsduced persoz_el exposure due to _adlatAon, Imrt_cularl_ as the result of
reduced reactor maintenance work and ellalnatAon of _uickie and shutdo_u
disc_s.

If new fuel elements _hlch result in a very _ of r_p_s are available after
_stallation of operational charge-disc_, thepr_ benefit resulting _
installation of operational __char_ then become a reaction of the reactor
outage ti_ r_ far char_echa_ of the fUel elements. In this case, lt
_s_ be assumed that the reactor p_er levels will be L_c_ased until ther_ is some
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definite l_tat_on of t_e power levels,e However, since there appears to be no
defini_ ]_mit to reactor Do_r levels if we obtain relatively perfect fuel ele_en_,
it has been aasumed that the power levels can be increased until they are double those
obtainable as a r_su.lt of the completion of PToJec_s C_-558 and 05-600 at the six

old reactors. In this case the installation of operational charge-d_harEe can be
amortized in apm'oximately three years solely _n the basis of the reduction of

r_actor ou_e time for charge-dlscharge.
@

The extra production resulting from operational chargee-_ischarge equipment should

also be compared 50 the capital investment for new reactor construction required
bo obtain an equivalent pr_ductlon gain. This required capital invest_en5 would vary
from 48 to 126 _L'llion dollars for the three cases mentioned above as compared to
$24,450,0OO for charge-discharge equipment for the same increase in production.
(See Table YII. )

DISCUSSION
• ,, _-

@

_Future r_actor ope_rating _o_ditions @

@
• Because the operational charge-_ischarge equipment probably will no_ be i,_talled

until 1959 or 1960, it is _eces_ary to forecast operating conditions t_at far in

the future in order that the benefit_ resultin_ f_om this installation may be

determined. It is anticipated that various improvements in the r_tor _quipment
will be made over the next four %o five y_ar_ so that the reactor pOWeT levels will
be ranch higher than a_ the present or they are anticipated 50 be in the near future.

As a resul_ it has been assumed that the old reactors will be operaSi_g a5 the
Project CG-558 design water flow of 71,O00 g_eaand 120 degrees C maximum outlet

temperature (I) (3). No revisions to the r_ac_or water systems are anticipated to
permi_ hi_her water flows o_ outle% temperatures. Similarly, the IOO-C Reactor is

assumed to be operating at a pr_oess water flow of 94,500 _Sm (2), an_ the lOO-K
Reactors ar_ assumed to be operatln_ at a process water flow of 168,000 gpm. (4)
lt is also assumed that the _etal discharge conc_tration will be 500 _D per ton
because of rup_"_ considerations, o

@
@

_._ _or _L___to_ or',o_,_tio.al c_.e_chart.

A.,

i. Reduction of outag_ t_ for charge-dischargeeof fuel ele_nts.
@

Installation of operational charge-dlscharge e_ui_ent should eliminate
all reactor downtime required for loading fuel elements into the reactor
process t_bes and discharging those fuel elements which have not

mpt_. Equipment should be of such design that all of t_ work canbe performed during reactor operation.

2. Reduction of the effects of ruptams.

@

_iabl_ t_ aff_ts of r__s u a ,_Xt e_ _om r_F_ _t_tion
and_ of the _rp_.-'.e ,,-_rS.al, o

o
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In addition to the present header sampling system, the proposed operational
char£e-disch_ge equi4mmnt will provide a separate system for monitoring the
effluent water from each tube. This should result in the detection and verifica-

tion of a ruptured slug and identification of the tube very soon after the rnpP&re
occurs° Discharge during operation o_ a major portion of the ruptured slugs should
be po_slble before they have rup_d so seriously that they are stuck i.nthe tube.

e

Verification of ea rupture should occur sooner than with present equipment. The
inst:illationof a second monitoring system would result in two independent JL_o,

permbttlng not only identification of the tube containing the rupture but also
earlier confirmation of the existence of the rupture.

Thee,dischargeoperation is facilitated because discharging e_hematerial in the _
s_pected rcp_ar_d tube will consist simply of opening the ball valve on the nozzle
_d flushing the entire t_be contents out into t_ discharge area. Zt seems
r_asonable to assume that the ruptured _aterlal could be discharged from 'Lhc tube
within a few mi_ntes after verlficatior_of the rupture, eThe tcbe could then be

recharged later after the necessary rentaland eq_ipmen_ have been transported to the
front nozzle of the tube. • _

I'_coutrast, at the uresent tj_mewhenever a ruptare occurs, it usually is several
• hours before the ruptured material is removed from the tube. The reactor may
continue to operate for a considerable length of time after first indications before
the rupture signal repeats often enough to _uSt_ action and the reactor shutd_n_m_
_ verify and identify the tube. Throughout this period of time the rupture condi-
tion is continually getting worse es that the poeslbillt_ of a st_ck rupture increases.

Since the time required to ren_ve a rupture after IteCs verified should be reduced
from a matter of hours to a few nd.rmtesby the installation of operatinnal charge-
discharge equipnmnt and sidle verd__cation should occur sooner, it is assumed that
the effects of rupt_x_s on reactor production efficiency will be reduced by 75 per
C_to

Advantage may Be taken of this benefit by increasing the severity of reactor operation
_mt41 the occurrence of ruptures is again li_itln¢ reactor p_oductlon. This mt7 be

_ done either by inc_asing reactor po_r level_ i.e. tube po_er_ or increasing the
discharge concentration of the metal. Then ¢_ possibilities ar_ discussed below_

@

a. Zncreased metal di,charge concentration. \
e @ $

At the present time, the ruptazw frequency appears to be dependent
on the metal discharge concentration and to increase approximately

the metal. Since _ne installation ct' operational charge-discharge
equipment should permit the more rapid detection and discharge of
ruptured material, it is anticipated that installation of this equip-
mlnt will reduce the effects of rupture by a factor of' four. As a@

• result, increasing the di_charCe concentration of the metal by approxl-
ma_el_ 150 _D pmr _on to 650 N_D per ton should be possible.
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b. Ir,,'._a_d reactor p_w_r ]_vel. •
• Q

Su_c_ the _ptu_ frequency appears to double for eve._y IOO _

inc1_se kn _ac'_r tube power, (.5)lt follows that if we can
__educe _he effects of mlpturss by se_nty-five per cent by use

of op_ratlonal char_e-_is_harE_ equipment, we can _hen !@crease

the .._ect_r . _ _. + aC,
power lev i to _ at point vbi ch _Iptures azai'_.

become llmitin_ to total produc_on. In _-_s case, a tuoe power
tncr_ase of 200 _N is possible.

3. R_quired capita] investment.
@

If Increased r_actor p_-,_d_ctiomi_ desired a% tha Kanfcrd Operatlom,
,_ general m_thods of obtainlm£ this imcrease_ pro_tlon ar_ availah!_.

• Th_ first would be the construction of m_w reactors; second would be
improvement of the existing reactors to get the same produc_on gain.

Consequently, w_ define the re_ired capital investment as _hat inves_ _
_ent in new r_actors necessary _n ordereto obtai_n %hs same &dditicnal
annual production to be realized by improvements to the existing |i

• reactors. This cost for new reactors would De from $h8 to $126,0OO,0OO i
as compared to _h,_O,OO0 for charge-discharge eqmlpm_nt. (See Table III)

_. Miscellaneous benefits from operational charge-discharge, t.
@ •

I

There are several other benefits which 7manbe reali_ed f_.m the installa-
tion of operational charge-dlscharEe. Eo_ever, the effects of many of
these b3nefits ar_ intangible and cannot be calculated with reamv_able

accuracy because of tbelr nature. Consequently, it was decided to discuss
these items and n_t attempt to determine the associated economic benefits.

lt should be realized though, that these items will result in additional
benefits which should reduce the pay-off period for installation of
operational charge-discharge.

• a. Improved reactivity control.

Since material may be charged into the reactor process t_bes during

operation by the use of the operational char_m-discharge equipment,
it should be possible to adjust the flattening of the r_actor to

- minimize production losses due to non-aquillbr_um operating conditions. !
As an e_._mple, the overall r_actlvlty of the reactor may be adjusted
during start-up sc that _b_ maximam possible power level canebe realized

in a minlmam of time. The effects of lack of control rod capacity and

operating, problems such as hot s_ts should be minimized, i£ not _llmina-
• _ed. Most of the gains that can oe _alized due to re@actlon of t_mse

losses will be realized by use of the _clson column control equipment
tc be installed in the near future. Calculation of the gain that would
be realized from operational charge-dlscharge would be v_ry difficult
b_cause the benefits from poison column coutrol cannot be determined

accurately at present, but to provld_ the ability to use a_v of the

_actor t_bes for person or metal charges without moving ar_ equipment
car_t help but be of grmat value.

e
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b. Imprcve metal ut.ili_tlen if tr.eproduct qcalitg is Important. o

Whenever it is desirable to produce a produ:t of very high cplality_
• such as the current low concentration material, substantial savings in

metal cost can be realized if it is possible to discharge Me material
at the maximum permis_ible concentration. At the p_s@nt time _ch

discharge is not po_slble because the r_actors have to cperata for
sewral days between metal discharg_ periods. However. if operational

• charge-discharge were installed, it would be possible to discharge
the metal during ope_tion at exactly the maxismum concentratlon. The
reduced metal consumption w_ld result in a _ubstantial cost sa_ngs.

Since requirements for material of th_s type at t_ time operational
charEe-discha._ge will be installed is unknown, it is not po_slble to

• estimate the associated cost savings.
@

c. Reactor crash discharge in a very short period of time.

The use of crash discharge ha_ been proposed as a means of sit,sizing

the damage to a reactor in the case of @ predictable loss of cooling
water or f_ooding of the reactor area by a disaster at Grand Coulee

Dam. At the present time, a crash discharge is _ot possible i_nthe
time permitted before the area would be flooded or the disaster would

occur because of the inherently slow methods available for discharging

the msta_n the reactor. However_ if operational charge-discharge
were insCalledp it would be possible to discharge any portion or all of

• the me._l in a reactor within a few minutes so that a successor! crash
discharge could be accomplished.

d. A decrease in reactor outages resulting in less reactor thermal shock

and less hazard to the reactor during startups.
@

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

to the fuel _lements and the reactor itself plus a nuclear hazard in
that an excessive reactor power level could occur. Installation of

operational charge-dlscharge would reduce the n_mber of reactor

• outages9 particularly for charge-discharge of the fuel elem, nt_ so •
• that there should be less thermal shock to the reactor and less

possibility of reactor hazards.

e. Better utilization of personnel. •

@

Whenever a reactor shuts down, personnel must be moved immediately
to tha_ reactor to accomplish the necessary outage work so that the

• reactor may be started up as soon as possible. As a result, whenever
several reactors are shut down at the same time, personnel requirements
are very large and usually oa,n.not be fulfilled without having an

excessively Large forage. Since the installation of operationm_ charge-

e discharge wuu_ r_duce the m_r of reactor outages, the frequency of
semsral r_act_rs being shutdown at the same time _n_Id be lower_d and
personnel requAre._m_-_ d_'ir_ such periods also should be lower.

Certainly overtime _rk reqmir_ments would be reduced, a_d possibly
total force could be r_duced.

@
@
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f. Advancement of reactor technology.
@

• At the present time, on_ of the major obstacles 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 operation Qf reactors, it is possible that heterogeneous
reactors may not compete with homogeneous reactors in the future.
Y-nstallatlonof operational charge-discharge on a full reactor scale
would be a substantial step forward in reactor technology, and if the
use of the equipment is successfulp this serious obstacle to the use
of heterogeneous reactors alightbe eliminated.

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

In order that operational charge-discharge may be installed on thee 6

reactors, a substantial period of reactor downtime is necessary. At i
that time I% would be possible to install at a mlninmm cost new process

• tube fittings of advanced design permitting maximum reactor production
in the future. As an example, at the present time the reactor power

" levels are probably limited by the maxin=m permissible tube expansion
at higher tube operating temperatures. New tube fittings could be

installed permitting much greater process tube expansion so that much I• higher reactor operating temperatures would be permissible. Very
little additional reactor outageetlme over _hat required for the
installation of operational charge-dlscharge would be required.

@ e
Other improved tube fittings included arel I) Better gas seals for the
rear face of the reactors, 2) Nozzles designed _ facilitate future
process t_be replacement, and 3) Re_.rface fittings compatible with

• pressurization or boiling conditions.

h. Reduced personnel exposure to radiation particularly as a result of
reduced reactor maintenance work and eli_nation of quickie discharges. ¢

The major portion of the radiation exposure received by Reactor Section
• personnel occ_1 during reactor outages for reactor malnte_ance, discharge |

of ruptured si:ags,and charge-discharge. Any reduction in reactor outage
work, such as that which would result _m the installation of operational

charge-dlscharge_would result in a corresponding reduction of persozmelexposure to radiation. .-

" IB. Possible increased operatin¢ Oosta re_tlng from installation of operational
charge-dlscharge.

!
I. Zncreased maintenance cost. I

• !

Althouch the installation of operational charge-discharge equipment , !
0o'¢ld In_ale ibm cmxplexlt_ of the t_be fittings, installation of

Mwlainti_anoefitt4ngecoet.ofproper design should not result in increa_ed e :!
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• p p c sN tube nozzle, the result would be mor_ equipment
and undoubtedly more maintenance of the reactor, particula9ly

@ @ dl_ reactor outages. However, as long as major alterations are
to be made to the process tube fittings (9), it would be loglca_e to

• install n_ t_be fittings which would minimize or eliminate a major
portion of the mintenance work presently required on process tube
fittings. Typical exampl_E are. l) reloca_on of themmocouple _mlls

• ,to accessible _sitions, _ qudck-connect couplings for fast removal
_nd replacement of rear face equipment, 3) installation of improved

@ gas seals on the reactor pr_ess tubes so that leak testLng and repair
" of the seals would no lo_r be required, an_ 4) installation of

process l_tbeteflttingssuc_ that the Van Stone flanges a_e elL_tnated.@ In this r case, repair of Van Stone flanges would no longer be

necessary. • • " • I

@ 2. Increased chemical cost for water tr_eatment.

Increased reactor water plant chemical cos_ undoubtedly _ould result
from the installation of operational charge-discharge. The increase

• in reactor operating efficiencies and in water flow rates would result
in the delivery of additional process water to the _actor. Since water
plah_ ehemlca_'eowts kre prepor_ionaX tot hb "amsmntef _ater delivered
to the reactorp increased c!_emicalcosts would result, m

C_ses .ofFuture Reactor Operations Considered T-This Doc_n_ •
"

A. @erier_l •
e • • •

Consideration of future operating conditions indicates that the reactor powe_ levels
will be determined primarily by the frequency of metal ruptures. The r_actors
probably would be operating at the _ power levels possible without excess

Prt°_r_cs_s_lel°_ses._e F r_m__al of m_lWr_pt_s. Since at@the present time lyeit is
_A=uA_ _A_y OZ _ne mecaA oezng used after the installation of

operational charge-discharge equipmer@, it aEpea_s necessary to evaluate the benefit .
from the q_erational charge-discharge as if I) t_ere is a rupture limitation on
power levels, and 2) there iseno such limitation. Xf %he _tal q_allt_ is ashamed %_
be cood enough that there is no rupture limitation on po_r levels, then it must be
assume_tha% necessary plant modifications in order to permit higher po_r levels _ill

be performed. As an e_le, the reactor effluent systems c_ald be pressurized to
permit higher process outlet wate_temperature or the water plants could be
modified to permit ranchhigher reactor cooling water flo_ rates.

In order to evaluate the benefits to be r_alized 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_ future reactor operation without
operational charge-discharge, with a rupture limitation on power levels and with no
rupture limitation offthe power levels, respectively. Cases III, IV, and VI reprmsent
operation ufter installation _f operational charge-dischargeequipment. Case II
rmprmsents a_ intermediate or _upplemntary case necessary in order to determine the
_duction in metal costa in Case III as a result of a hither metal dischar_ conch. [_

tration. A detailed description of these cases is on the following page. Also, seeTables I _md@ZZ. •
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B. C_ses Considered •

_se I •

@

C_se I r_presents _peratlon of the reactors vith a _pture limitation on polr •
_ev_ls and without operational charge-discharge,oIt is assumed thatothe r_actor_

_ _ro0_ct CG-55_,_nd at the maximmm tube effluent temperatures permissible
" _-_t2.outpressurizatlon_f the effluen# systems. A rupturm limlt_o_ on power

levels is assumed, and consequently the metal discharEe concentra%_n is r_duced
to 500 _/ton in order to minimize the effects of ruptures.

• _ •

"U"we install operational charge-_Ischarge on_eactors _blch have a rupture

, _f_t_n on ____..r_leveJ_ it la possible t_i_creas+ rh. dlsch+_g, concentration
o...... _+,+,..,._,+-_,, ms" opera+xonaA cnarEe-_ischarEe equil_Lmntreduces the

_- _ causec _y rup_Lred slugs._ In addition there ia_the benefit ¢f red_ced
r_actor outage time for charEe-di_charge of the _eleblements. _- "@

• !Operati°nal char_-dlscharEe equipment should permit increasing discharge concentra-
tion of the metal from 500 M_D per ten'to approximately @50 M_D per ton. Investigations

. _fr_vPetU_O0_" reacto_ has shown ._a_._l.__ Pa_r+_alm. _ a i_ctor_f 2.5
++ .++; ,-+ __n _u_rease mn _n_cnarge ooncentratlon of the me i _-J
o_nce _ Is assumed that the_Anstallation of or_rational -_---- _--_ .... ta. : _ __

_educ. the effects of r_ptures by a factor of four, lt follow_ that the dlschar_e concen-
tration _ the metal can be inoreased by 150 _ per tca.

@ •
@ Dete_nniningth_enefits _sul_n_ from asm,._n_ +_-@_++_can b - ....._ ---- --- m_ta_ discha_e concentration

e increased reqniA_s the use of a _pplemental case. Calculation of the _tal

r_p_ired after insta_ation of the opera_iorml charEe-discharg_ equipment and
increasing the metal _mcentratl@n and then eom_r_on of this amount of nmtal to that• r_quired in Case I

• -_. v_uu_n_uecause _ne higher reactor one_ati_ -._'_'_,,_....

after installation of operational oharEm-discharge results fn an i_crea_ Ire_al
, r_quirements _d_Ichwould offset part of the reduction re_Iting from increased metal

concentration. Consequentl_ 4t is necessary to calculate tons of metal required at
the lower (500 _MD per to_ met_ discharge concentration but with the higher_peratlr_
efficiency. The amount of metarobtained as a result of thls calculation is then
compared to the tons of metal required if the metal dlsch_e concentration is 650 M_D
pwer ton. Case II represents4_his intermediate condition _here the reactors are

_porating at t_e higher operating efficiency, but are discharging metal at 500 _D.per
_on concenurau_on. Case III represents t_ condition for the reactors operating a'tthe
higher ope_tin_ efficiency and discharging metal at 650 _ per ton

Then, in order that the total benefits _aiized from installation of operational

charge-discharge equipment can be determined, the %s of metal used in Ca_ _TIare c_mpar_d to the tons of me_al used in Case II, t tlm total reactor prod_ction
i_ grams for Case I_ is compared to the total reactor pr_ctlon in grams in Case I.
T_e productions in grams mast be coml_red rather than in _gD_s because the change in

metal con_utratioa at discharEe results in a different conversion ratio for the.uroduct. •

@
@ •

• @
• @

@ @
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_ there is a rupture limitation or_rmactor po_r _vels, the installation of ,e
_peratioual charge-discharge may al_o permit increasing the reactor power levels.

In Caze IV we assume that after the operational charge-ditch,-ge equipment has been
ir_alled, th_ effects of ruptures has been reduced by a {ac_o-_bf four, and con._-

_.'ently it is possible to raise t_epo_r levwls until ruptu._es again limit total @

. p:_ac tlon. ,_ • '_ .a •

• Ar-_lysis of rnptnre experience indicates that the frequency of _tur_s dc_b_es
_or every IO0-Eg im_cmase in the rmactor tnbe power. (5) Since _ are@assmming
t2_t the Installat_n of operational _narg_-dischar_s equipment will reduce the

effects of ruptures b_ a _ctor of _our, it is possible to Increase reactor tubeepo_r by 200 E_.

@ • a,_ • • ®
The

major benefits resnlti_ fr_sa_stallati_n of operational charge-discharge
in Case IV then become (I) increased reactor operating efficiency because of the

a elimination af downtime for char_-di_r_e and (2) increased reactor production
h_cause of b_r permissible reactor power levels. Since no chan.----_ In _etal

discharge concentration is u_mmed in this case, total production is compared to

C_ I on the basis of _gDVs_ • • •

sev °e • • • o
If :t_s as__. that there is no r_pt_re limitation on reactor power levels, the
_ac_ors.snou_c _nen De operating _i_power levels determined by the nex_ limita-

e u_on. _uce _erm acesnut appear to l_e a_ limitatio_on the reactor power levels
• which ca_not@be relaxed _y appropriate feasible reactor or water plant alteration,

it has been _med that _ reactor _ be operating at t_ice the Po_mreSewl of O
Case I. In o_der that hbese@powe_ levels may be xmalized, it probably would be
ne_essary to increase the capacity of the water plants or to pressurize the reactor

e_fluen_ systems to permit highmr water temperatures. Ho_r, the incentive for

performing snch a_te_ratlons_ reactors are snfficientethat_mmdonbtedly such work
_uld be performd _ necessary. e

@.

Casm_ V rep_esmnts the base case without operational charge-discharge and withou_t a
ruptnr_ limitation. It has been assmmed that _he metal concentration has been

ased to a hig_r value representative cf the optimsm operating comditions.
ry effect of this higher metal concentratlon is to reduce the benefits from

installa_ of operational charge-dlscharge, since at higher m#cal discharge
concentrations_ _bore would _e less time reqnlr_ for charge-dlschar_ of the m_tal

during shutdown, amd, consequently, less increase in reactor operating efficiency

._rom installatiOne Qf operational charge_ilscharge equlpmen_ • ¢
@

@ @

Anstallation of opeerational charge-diScharge equipment on • reac_r not _llmited by
ru_s _hl_ wx_Id mot result in a_ increase in reactor po_er lev_l or metal

discharge co_cent_atlon. _ent_, the on_ _asor _eneflts resultln_ from this
installation _'o_ahly would be t_e e_tion of dowatim_ for charge-dlscharge, lt

is this ca_',_span which _sarl_ all of the pr_v_as economic _ana!yses have been b_sed,
i_-moring the _r_ significant rnp_ |In_ aspects am reprmmented incases I, II,
III, and IV. • • •
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" @ • • •

Basic Assumptions • _:_,_ _=_ __

• •

I. All charge-dis_arge time during shutdown will
use of operational charge-dischar_ equipment. _ eliminated bYe the

® @

2. The basic react_ water.flows for Case I are ?l,OOO4_pm at IqO,_, D,

De, F, and _ Reactors.(1)(]) o|.,5OO_, at iOO_ aeac_or,(_ le_OOOogl:m at IOO-K Reactor. _;
• • • • • •

o
3. _ reactor cooling water temperature rill be 120 C vithout pree*

• Su_t_ of the reactor effluent eystens. This corresponds to a •• b_lk cooling rater tenperature 0£ 97 Co

_. Ave_e reactor inlet cooAing _ter temperature is 12 C.
e

o, 5. Zirconiumetubes will be ins_lled in the reactors starting in I_58. •

Consequentl_ reactor tube replacement _ill be a relatively insigni-
ficant problem by the tlne operational charge-dischar_ is installed_

• •

• 6. T_e operational charge-_scharge equipment and process tube fittings

w_AAne or adv_.ncea des1_u 8o that t_e reduction in tu_e flttAng
ma_n;enance _A_I compensate for an_ additional maintenance r_-_-_
_or operational charge-dlecharge equipm_nto -' ....

• •

7.O The reactor prod_ction e_ficienc_ changes by aelactor 0£ i._ times
ar_ change in tile operating efficiency.

e

e

q_ •

_o _s 1_oo andat 100-_ andr_ e_eactere._.,,21_oo.
" Effective central pover tubes at the 100 B, D_ C, DR, F, and H Reactors

®

e

11. L_ a nov reactor wece built in order to obtain the production gain •
resulting £rem installation o_ operational charge-dlscharge equipment,
the hey reactor _ be of IOO-K design, costing $80,000:000. This
r,actor will have the oaae production as one of the existing IOO-I_act aZ'8, • •

o

" z',,o;,,,,.
• rien and _M5,50 per p4nand at >u _4) per t_n di_ckar_ concentration.(6)

13. The shutdown charge-di_cbar(e ra_es are 330 _abes per day at IOO-B
C, D, DRj F, and H and 360 tubes pe_ day at lOO-_-Dg.

_. St___lat.in ].959, t,4zO ei_'atlq efnelency eZ
c_rEe-_lscaarEo oqUll:mon% ioSO per cen_ and _ reattore w_h_tc erresF_nding
_roductien efficiency is 70 pe_ cent.

O
O
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B. Rupture Eimitatio@n on the Power Levels.... n __

I. The metal discharge concentration is 5_O _n_OpexSton when operational

charge-discharge e_ipment h_ not been ins_alled on the reactor.

2. Inst_41ation of operational charge-41scharL_ reduces the effects of

@ ® ruptures by 75 per cent.

3. The rupture frequency at a reactor doubl@es_f= every iOO KW increase
in tube po_sr. (5) e • •

@ @ @@ ®®

4. The rupture rate increases bY a factor of 2.5 fo_ e_e_y I00 MWD per @
ton increase in the metal discharp concen_ion. _

• @

@ C. No Rupture Limitation on Reactor Powgr Level • .
i i i 1111

%.I. irradiated "me_al

@ ce_tration of 1,000 _ per ton. - •
® @ @

@ 2. The reactor production efficiency d_crea%es lO per cent for _very
50 per cen% increase in power levll over the Project CG-558 • •

® operating co.ii%ion. _i8 assunes a major e_4_ _ill be made in
order to niniaize the _bcrease in productioa efficienoy as power

level i8 increa8ed® As an example 81n_ chsrgo-di_charge equip-
4kent could be i_proved. @

• @ ®

3, Shutdown charge-di_harge rate for all reac_r_ will be 360 tube_
• per@day, • c

@

@

@ • ®0 @ O

• @ @ @ O@0

@
@

@ • • @• @ _r

@o ee .

• @ •
@ o

@
• @ O

@

@

@
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@
' @ • @ @
° @ _IOW OF CASZS

i ii i --i i

o

_'C.,.A,SE , , • •
--'-- Base Case I

I • Ilo ope-rat'_onal chax'Z,,-d_cha_e, rupt-u_
• limi_at_s on 1_nmr level_OPostC_-558 and

e 6OO reactor coollngewaterflow, 120° _x_
Q outle% Iratertemper_t_xre._500 K_/ton metal

discharge_co_centration. •
•_ • • ,,I

• • @
l_o @ Case I with operationalcha_ge-<lischar_e.

• ® . Reduced dovntin_ for charge-discharge.(This
case used o_r,o calculate_bs reducedmetal .

Q @ @ @ cons_tion in Case III.) •
• •• • @0

Case X with operationalcharge-discharge.
111•@ @ _sc_c_l dov_L_ns for c_-<lischarge. •

• _tal d_sch_ cmm_atratisnIncreaselto
@ @ _O H_D/tnn po_ta_ lq_ red, cod effeqt

- O

® Reduceddovnti_ for char_e-discharge.
"+' Xnc:_ase_ reactor pover levels permitted

by r_ced offec_ of ruptures.
• @

@ • • Base Case: o
v _g%_-_nal cbar_-_tscharZe.Ho _p_

• 3_.n_'_o_' on _ levels, e Power levels
tvice'tha_t of Cue X. lOCO lq_D/tonoptAnnm

• notsl d.5.a_T,go concentration.

• • •
o

VI • Case V with opo_at_.o_81 charge-Cischarge.
• Ib_uced do_ntl_ for charge-discharge.

• o • •
• •

• • • •
• •

• •

• •
e®

• • • •

@

III
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o @ o

o o o °o aoTABLE III @ @
@

Comparison of .Cases
o @ - o °o

SUMMARIZED BENEFITS DUE TO INSTALIATIGN OF OPERATIONAL CHAM]E-DISOHA_E
,, _ - - | | | tl ,,_.- _ ,.mm-- ,.. ', ,

o _' _
0 _

- - @ _ ,._> •

@ '_ /es no •Rmpture Limitation on Power Lev_l yes @

Primar7 Benefits__ O @ GO @@ @ @ @O O

En_na_oOn_ O_ta_onm _,68_,OOO _,_,OOO _,?_,,000 i

0 for Charge-Discharge - i

-- |7,z_5,ooo --
o Increase'dPo_r Level @ @ _'@ ,

Increased Metal Discharge COn- • $22,066,_00" _ .-- __ I
centration. " O @ .............

0 $28,751,000 $13,870,OOO $7,705,000o O Gross Annual Gain @ @ "_

O Incr_ased_l{_emic_l Cost _ _ @®_
Net Amm_l Gain @'$

0 0 • @
o Installation Cost @ o $24,450_OOO _24,450,OO0 $24,450,OO0

@

Pay-Off Period (Years)0 O O.85 _ 1.8 _ 3.3
@ @ ® O

Production Gain: • @@ @ ®
• @

o Percent O • @ 13 13 19® @
O

Equivalent lOO_K@_actors Oo • o.6o _.58 _ 0.88•@ o
Equivalent Capital CostO @@ _48,O00,OOQ _6,0oo,000_o,ooo,ooo

o @
O

o o o _o i
o o @ O
o 00 0 O

0 @
@ o

Savings o_metal cost reduced by lower conv_rslon ratio.

o o . @ _ @ •
o @

o o o @

o o
o o

o • "
0 0 O i

@
@

o o

o o @o o •

o

0

' - _'-r_,_w,'441"_-----_'-.._'_-' : _ _'J.-_-_-,_-.-_--.'-_ .... ".................



,I




