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BLU/< 'c,_z._,'_='"".%'__[MFERA[_JREL_--MITS

V _u•,'--]AUFD INCP_ED _tEAC'ZORPOW-_ _:_T

In ,% _=cent _.,_r-,._"_y j _ Yo,_%g, means of circ,anvent±ng the present bulk
,__e_zl!,.e uuu do not presentt empez'ature i_it5 are _ugge=__. _%ese have - =" "_ merit _ _

an over-all pictrtre of the problem. _%e.":efore_this b,'_lktemperature limit is

reviewe,i in o_er to place the problem in its full pers;,ectiveo A program of

acticn, i._-_s_igges%,edthat should lea,i bo:

1 o Revi_ .=..--ope_,t-Lr.g_,__-_-r,_.,_.._.~_,_,_._and process ..DiDing._to obtain higher_._ power
levels _t the saz.ebuS_k _"_=. +=_-"_+"_

:. l_.e com.:@le%ior,,of production tests to Detroit h__gne_"b'_-ikoutlet tem-

perattu_es _[ith no significant changes in reactor _Iping, or

elmm_.,-__ b.,__Iktemperatures as3. Re!es_ig_ o_ the effluent system to " _-_
a reactor operating limit.

SL_AR Y

,,YT._ecurren_ reactor bulk outlet temperature specifications will actually limit

reactor power levels zhree t,o four mohr,hs in.1958 and possibly all year in 1959.
Since a reactor bulk temperature ip_crea,t_eof 1° C at constant flow represents

increas.ed preduczion valued at about $7_700 per month per old reactor, or

$16..,300per month per K reactor_ there is real incentive for either raising this
limit< or circumventing it by changes ia the reactor system operation or piping.

Two interim mea.sures for increasing this production are:

1 ir_creae_- " _ ....o _..gthe fringe _o_.e reactor _iow by opening th_ orifice diameter

2o Raising the bulk outlet temperatures under carefully controlled pro-

duction test prc cedures.

._o'= flow i rel_tively simple, but its value is not clear
Increasing the ..... _ zop.e s

cut_ and depends upon the interaction of process pump flow capacity and the
central zone 6u%d fringe zone flow resistances. Since the central zone flow

I resistance is in the process of being changed_ a power level increase by this

h- _ e 58 a_ud of little value in 1959method may be wort_._h_l in "o

-_. _. ,,_ -The present bulk e.f__e..t temoer_-ture limit is based upon a theoretical balance

i between the v_lue of production gains attributed solely to this limit and the

esnim_te_ costs of possible effluent system damage. In view of the theoretical

na,ture of this !imit; a production test is proposed to e_qplore the possibilities

of increasing i.t° Tb_e first part of this testing program will serve to sub-
stamtiate the _ ...._+ limits +'_gh verification of the m_jor reactor tempera-

ture trar.sie_',es _o-- ......... p.,_ COmDle+,ion of this and a possible b_mlk temperature limit

,.evm.:mo.._a .u: _.=e_ productic,n test is proposed to investigate 9urther outlet

_em_.era,,_u.._increases. Power level gains from bDis latter test are considered

_empo-,z__:_/beca,ase of 'the basic u:?.d.esirabiiityof operating the reactor con-
tinuously near t,c the effluent line failure conditions.

• ;.'.._.::' ,. , .
.." . • '_ •

...-,%.:_ ...,.-. , _, ,. , _!.. {

.,,_" ._.._',.:./_ _ ._.. <..-.. , .-_
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-r._,_,...... methc..b: :,e < __ :,::,:::e:f._l.::g _'...........s bu_'Lk <e::z _--........... il.L_r.£_ ,:.:,': e, r,_,rent basis
...... e ,;O_f_1!C.:.:,'_._ ..... "_ fT_,'.y_. :?.:e.-.e a.-:'o.-

1 A.ii ec.,.'L,i ;,'a_,_'° "::.e::..sh _" "'_ _ .....•...... ?t .... 79:<. 'J':" t_-e _.r-,_...... 4 -_ ",,',

,:......... _ .,:':.e :of., of f.,,£e .i:,_u:.cc,mer so the
e._'-_..e_,:.4; a,2:,:.....=.,_,c _o

._,, _o,_±,_e, _ru, o,zc._e .:.e ez::_'_:.ze::5 ..pi:.:i:.:_ %,'<";e_,_

t._hemc,::"_s.,iesmrgbi¢,:- t,:t..=.sem.=_,_o6_,?.ro:Duo:.be s,--.iecr,ei v_:z,zl % ....,adZ of their
_,e-.,,;.-:LtflltZ ........a.nc., i.{. comn" eZ e:i o - --_

a ] oz.< ,,r_%_ _,;"_ .....m'_ : _ _e:::e.:ca,1 ,9,Svan,_&a'e:-: ..... _ _ P= " of " _o]¢ever.,..... G....... _e :s ea,cy_o we

ca,::.. ;a.:/ that Obe s":'e::,.'.-'._.<i.:.&':.,i,:,n._'e =:-_-_ ._.i±,b,:'uid& P_-_t_v i,:_ t,he only one that
•m:.,ll =II.ro" r_:]_y _im:.Z.fi_-,::.% -'-.-..,-_-.:-_,.:s,.__...... _•-"-_'_,'" ._..'9......,..,ro_ will eliminate

+he.....m=_..:e:robLe:r,r=z.o',<:;_.,:='..?-:__,.....,zicirh _-_.,"k.,..-....-_-,.;_k._,_-_:__=,........"_-.:.li_i*.£_

e:>_,eri::e":i,&! i,--t,a, pez:,5-;.r-._ez's".%crea, _-_:-_. b:z!k o_-.ZIeZ ---. -, ,'_,_-=,-,. .... ,.,_m.ee..... ._._ li.:m.%s a_nd the
•:' y=:'teF_ _"_ ....... " "'" " " _ '_"

_.:..m.,[J.__m,_U i.!'

Problem

" " " "_' 1 °V"Sp_._ -' :- OVA"probl.em -,s _"" Cete_::_::-e hew we ,.:a:'.'.sa_e.L r%ise the reactor
-='_;_*--.-=_ l.c. inerezse rea,:J:.or _,.....:..... ,....bu_lk eu:ias ..... ._........... ..... _ .....-_,'_*: :>_ or cb.ta±n _he equivalent

ir.crea,_e,i_-o_ucsio , by other means wit:bin the _'-'_'_",*__o+"-_ limits lt

m_y :_,e.,po:.-_..le t,r;,ooe:---ge.._.,.. a re_ctcr at _OC'° C '_"_-,--,-_._ outlet, with only minor

-r.. b__.m.... On ha_r__ ou-rc pe.ra, ci:g - :, 1 _ -. the other pre:er:.tl.-:_ite:_kuowledge indicates,

and ._.:=._,-.v _,+_.-' lower b_K %emcerat'are,_ _.,_,._en-,,_ bulk t_m2ez_ture.... _ _, '_"_' _ ""'_' -"_'" .9 .. _ o ..,_- _.., _.. ,.., .... _ -,

limi_:s _.b.c'.uli _"' _" b_ _c:_ _--_ u:,&_'_ careft_lly contrclled Production Test_..,.c._.._j ., _,.. ...... _._ _,_ .. _..

ce:oiitionso 'i_n.e_=,roduc:ionva.!_e ,of such an ir.crease_ howzver_, amo'_uts to

$7,700 per '_C oer m_,',+.h&t at:.olC reactor_ or $16 o. _...... _300 per u per month at a
...." - .'_' i_,_:.t.lvelo:_ :_ debailed -_ "= of"K re_,ctoro "'_ _UlJ:'-ius ....... ".......... ,__uuy this problem,

Act_lly, the %.--:eDro,luction value of increase& bulk outlet, tempez_,ture_ is
by no mear:s _, simple cle{r-c'_'.bDictuD2eo A %;._c:-.&egr_=eincrease in +_.hebulk ef-
fluent .... _ _" *.....',em__e...=......limit may z'es_-]tin ac%_%l inere_-se& _roduction only 3 to

month_ of the yea,ro ':_'hi.=..wouZ,i he in the sum_er monZhs _,zhenthe high inlet
wa,ter 9em_ez,Ktu-_..._ . __.._,v_.__.,_the iLm.lting bulk temmerat'&re_ at power levels only 80

percenT, of the "_'+_" • ,w: ....... time bulk limit val'_es However,, in the case of fuel rod

r'apture's e_d corrosion limits: the _,ctu_]. t-abe power level is controlling. There-
for'e, %}","--....." ...._:o..-..... _,.:"or<%b'e si:u2,tio_ is r ..... _"..... o,:,=ra,,:,,._on bulk .limits d,_Lng the summer

mc.nths a:.:.,: o.,:. :_"::7*.... _ ' ":' _......" __. ....,..en,_ c:-,rz-,._sior.,limit:: _'-+,_-e wizSero This considerably re-
i'a.c er_: _"_-".......,:r,ct,en.*',ia,l_::::_oivalo._ of i'n,.;z'ea'se.!b_i!k outle_ _emperatureso

11%= _a.-_.... ," 1',.':,'*'.b_L:_:,,-m_{ + __-- Of ] _!ize,_ o ,,,_ -" _ " n'-" ' _....... _R-_ca_.¢._ c_ a b'_'Ik,t,empera_ure-.A.t._,.._.,_. ., _.!.' ,.. .v .... _._., ) ._, ,..,_. ....

_,,:_.e'--',e, e'e _9:re .v= f,:_._he:t.' _rc_em +'_=_ the i_c ....._s ,:_, co........_9 _:.a,t +.he elevated

curie% -'_:n_.,: rg t,_.,:?e:._._ c.:'._e ":?.O'b':':'3,-:_ f'-"Om ,ismage to "t,ke.... rea, ctcr effluent system,
b=t also :?r,?m _'...... _ :'=-=' *","e_...........a............ r:.-,C ......4,.-'_."_,,.:-,-,_-P.,:__&i:ir.z_ee,..,se_- proceg.$ _be corrosion.

. _- .,_,. _.,.1 ":I " ' ' ..=._c_ '.... "_ as,:oc:9. ..... w±th theCo,.._,.._._. ....... 0 .; %.'.-e:4% :s]:;,J, _T:'T O'5.L,_C _,,'-<Y"_s.::',_. - "":"" '-'+ "" ,...,_,,... "' " _'=_

higher :pc_,..'e.T.levo.l:.-:_,..:..........-_i=_....:.,...-,_,z,y_.'"c.ecre.:tse.,n.ev_.l:zeof' the p:'_i'action,increase
t,ha,+.,we cg..nu,,:......l............ .,zi"e_,me:~ b:_lk out!_t ":em_e_--a''- _",.__r_..:=o

:N•:.,.. ,..,,_.: .. .....,:.._. ('.:,,;.'"
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An over-ali economic evaluation of this problem has not been made. But,

depending upon the nature of these costs_ the obvious situation of increased

reactor production value with increased bulk temperatures may occur through
O_._3.y_ i:im.-tt,.._,:- "...... r,,:'- -_"

Hi stc._]f+

The or_ _nai - .+--.'.' +....+.g.... +_p.:_.rtT$.onof the manford reactors +ms under the concept of "Excess
Header Presr-.ure"_''; " _-- TD._= required that sufficient header pressure be avail-

able to sweep ::_te_nfrom a process channel if some temporary condition should

cause it to be fonnedo Thi.s require_ment suffered from the implicit assumption
that the .+_._._:,._._,4:+ioncausing boiling was ve_/ transiento It considered that

fu ..... excessessentially +-,++ header pressure was available to remove the steam in a

matter of a fe_+ seconds after ils occurrence in the process tube° Because of

the inherent in.::tabi!ityof the reactor with respect to bci!ing_ i°e., the gain
in react i_,'iryupon _-=.,_ssof water to a tube, tending to cause vaporization in

surrounding tubes e etcoe the prevention of outlet boiling was a cardinal require-

ment of react.or operation.

In 1954 the ox<ross header,_,ressure req-direment was relaxed to a requirement of
trip-before-in_tabilityo ('_ The Pane!itr gauges were revised and their main-

tenance _nprcvedo As improved slugs and water with "improved corrosion pro-

pe_.rtieswere deve!oned and as the graphite expansion problem was alleviated,

rho reactor p:,wer levels were raised to the point where tube outlet water te_n-

perature:= appruached !0O ° Co The bulk outlet temperatures under transient con-

ditions _DDroached saturation temperatures at 'h top of the do+mcomer and the

probi_n of bulk water boiling was considered°

It was pcin;-e/ out that numerous potential problems were involved at i00 ° C
bulk outlet temperatures; namely:

io Unstable bulk flows at i00 ° C that might cause tube boiling.

2° Cavitation erosion and fatigue failure at the Parker fittings and in
the rear cross-headerso

3° Radioacti_;ity problem from escaping '_hot mist°"

. _4° Loss of Dower ._e_el measurement wherever two phase flow occurred up-
stream of the outlet temperature monitor.

As the program of increased reactor flows and power levels continued0 the

i00 _ C bulk temperature problem shifted in emphasis from consideration of over-
ali. effluent problems to the proble_as of the reactor tubes and charges. It

(I) W° Ko Wood:; and H° Worthington_ "Boiling in the Pile,:' DUH-10169, April I,
1943 °

• _ z I1(2' Ko G° Tc,yoda., _2ube T_mperature LJ_nits by Trip-Before-Instability Concept,
..... June ]6 1954HW'--3__o_ _ _ , °

(__ So S° u"_,nez+... _Tem.perature Limits of the P_ie.._Effluent System," }_-31733,

May 5_ "_,.95_-0
_9:_ _ m -- -

,g ,_ .++i,. ¢ " " _'"" ' ' ' "" _ ' • ._' r -.i_i_/:,-_ _. _- - :....... , ....
_ '_ :,J ,.l+. .+ _+., _.'. :. . . ._ . .
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was concluded in a _u_-ey(4) that a failure in the effluent system would create

no serious problem mad that sufficient data. could be obtained in 4 to 6 weeks

to operate ". _= _t !00 ° C on a Production .Test basis

Fruzdamentaliyj hcwever_ in the desi_% of a.!i the Hanfol_- reactors the criteria
of no bulk _o _._'- ha_ _-_(}" (6] _:-_.in a more recent p_ogram- report the

...... oec_ to :_pez_t±on at lO0° C bulk tem_eratuxe areunso-v=_ prcblems _.i ..... _-='
again emphaaize,_._o(A.)

To summ_rlze the bi_--_;o-rof th±s p::'oblem__""........_ _lo development has consisted of a

gradual approach to the point where " _k boiling considerations m_y soon
l:m_., power combine_ with a,wide variation i-=_concern about thea ctually _ _+' level

problems t.b_z exi_; a.zd fin_ily, very little progres_ towards the determination
Of _'_" .... " . _ - ._._e _,,.t,_J=%_ 4 ._.... -__..g_._.,.e of these _rob_ems _z.d their best solution.

Pote..._-a,_Prchlems

At the pre._ent time the followi.ng problems are foreseen as potential stumbling

blocks to s;e_ o_.._+_'_e'_+ .....opera.tion at I00 _ C Other problems may appear
%',4 ",

as t,._ ._rogr_n .-.--,_o"e_'_s".._. to:^,a"_dthe achievement of this goal of lO0 e C bulk
outlet _ .........

1. Prea_ure Surges

We ha.re m_-le some top_ot-io_,-ncomer pressure measurements that indicate

......=y=_em pressure s.t this po__nt is essenti_lly at atmospheric

pre_.s'..:rea.tbulk effluent temperatures up to 95_ C. Our measurements,

hewever_ ,:$eremade with high inertia manometers and do not give us

any accurate picture of high frequency vibration or pressure surges.

in a,..di_ion_as the effluenZ temperatures reach the minimum effluent
boiling _ _po,n_, the v_porization effect m_y produce marked pressure

s,&_ging _,-'"-'"_4__'',___..o.Such surges increase the probability of damage

to this st.._cturally weak effluent piping system. At the C, DR, and
......._.-,.__h_s slttu%tion is fuz_her complicated by suction heads in

the &i,zcharge line to the downcomer that causes the minimum effluent

boiling point to be less that. i00 ° C.

2o Bulk Effluez.t Tem=erature Mee.s_&rement,,, ,, _ -

At the present time_ t-hebulk effluent temperature is measured down-
._tre_m of" the reactor dow_-comers. Whenever vaporization occurs at

the to_ cf .__..edowr.comer with the release of vapor to the atmosphere,

the meas_ed bu/tk temperature is in errcr. This error consists in

the liquid cooling produced by the flashing of water to steam. In
addition to this error, we have the problem of a 15 to 30 second time-

=_ coolant temperature change at the reactor and the indi-l_g be _we_._ a
caZion of this cha.uge in the control room. The various problems posed

(4) W. Do Gilbert and So Goldsmith, "Pile Operation at Hig_-er B:'_IkOutlet
Tempers,tu_es_" P_4-36415, A_ril 29, 1955•

(5) M° H. Russ_ "Desig?. Criteria," Vol. l, Rev. i, B-C Areas, HW-304OI V-l,

R--l, September 15, 1955.

(6) Lo Po Bupp_ Vo Eo Cooper; F° W. Woodfield, "i00 Areas Process Improvement
Program for Period April '56 - Seal.to1-56," EW-430_, March 31, 19_6.
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by this fia-_hing e,:r.-,rand time-!ag are discussed in the following
sect ".:c.ns°

3= n,.fec+.,o_ R._.ac__or.£ic._,arati,:_gTran,_ients

a. Electrical Out<-._eEffect_

The 'o,:-;s:)fe'__+,:itr!c.£1power to a process pump ,orpumps causes an
m_a{_cid.abl:-_u_'let t=r._o_r-t.&_surge as the orocess flow decreases

befoce the :-e_.c=orc_n he effectively scran_z'_ed°By requiring a

_._p_._electzic trip of the reactor for the loss of power to any

pu;v,por ptu_.ps,,th:_ tr_n_:ie,:,ttemp-_rature surge can be reduced to

a ...._.in_.u,um-° How--vet:,:t w_......].]_lwavs occur an.l must be allowed for
-.-=s*_biishino • reacto," bulk ou+iet = }-._ ° If this............ z_mpera .u._ itraits

surge <,arrles the effluent temperature above !00 _ C o then two-phase

flow with a large in-./redsein fluid velocity w:ii! occur or the

w..±..,bec_._.esuffic_ent!y pressurized to suppress this boil-:lyS qe/[] " " _

ing° The wor_:t cen iition _:nat might occur would be an intermittent
,_r,-,_,-.-a'--..,..._,__..=,._.= of b(:,_h,';._t_L_;e.__ effects. This would present us with
I +..oo,.nmomen-_um an -_pre-au -_ ,-.'.tresseffects on the low strength

effluent system°

_ ' b Power L_vei ,-qur,_s

1 These c_._,,oc.::urmv _._,_,J,.,,_.rtentcontro I rod movement_ or poison

I d:.,_cn_:g.._ excessive t_&_e power levels and]o:."boiling in the
,' centra,_ ...::n,.=..o...._ aaain pose the problem of bo_] ing and/or

pre._.,_urizationin the effluent system° With power level surges
_......or,orvieto_ha_ immediate reactor scram will not

I, we have '-.he_,":,"-_ ' _ _ -
be _, _, '"" .bt__._e_., At_ the o.cesent time there would be a !O to 15 per

-i cent increase in ouwe_,"level before the reactor would receive a
_° , I..._: .%cram __i.Jr_a_ Tfhis metros t.,_tpower level surqe effects are im-

-_' por_,_n_ pa::a_aet_r_ in consiaering reactor bulk tempera,ture limits.
i This is described in detail in a.reDort to be issued, [7) and is
' _ur_maz'izec.rc a recent d.cc_nent°(8)"

-, c° Power Level Disto'_,'+-!on

:i In a_dition to the orob!em cf transient power level surges_ we
?,

II have the further problem of power level distortion° Under cer-
_''_ a considerable difference can existI, rain operatirg con_.-z,.ns_

between the _:ota! power level of the tubes on the near and/or the

i' far side of _he -._-ctc, r° This means that f,-,_a constant bulk
outlet temperature as measured at the present location beyond

1 _-_ed,m._._._ccmer_we can have a considerable difference in the

(7) So So .Jones _Pre!iminary Analy._i'_o:f Bulk Outlet Tempez'atures_ '_ Bq-51327.
]

. . _ Hatch 6(8) S S !ones_ 'q{eactcr Bulk 'Outlet Temperature Limits_ _ HW-5.,,793_ ,
" 1958
I °

-

.i-.-?i'::,","',."..

_mnu_m_m_'mnu'um_mm_m'mm=nn_n=|_i_N_n_m_nm_n_nnnnmn_m|unmnnm_m_!nn_mmmu_n_m_m_m_|_m_i_i_m_I_|_|_N_|_R_|1N_NII_MI_l_NIl|[
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t_-m-,_rature of the wa-_,erleaving the r.,ea_s_d far risers Since

,_,Tea.._retct s,ss_ne _':.S *.=',m_',',n+_.-'_=.,.__.=._,_ .___ mi_'ti:_gin the sho_ pipe run

bet_<eer.+_',henear riser e,::_.ithe ,_o_::com._.,we az_ limited by the

.. " _'" ,-_ "_ '_ un_ not measured_hi.gh.es + rz_"er ...-me_..,r=,_areo At the prese-._t tLme _-" - is
a=.d lit+,le _=',-_'__',.,,,-_..,_,.,.. ",.=" -m,_iiable conce__z-ing the var!e,tion in the
out-e-_ =.i,_:6r {:;e_er_.._.-;_,.=.s ,,¢_t,.. reactor _ ', _.ope, e,_,, _,_° Ce__,ai_,_y, be-
for,,:._,roc_ed!rg with a _r.,_,oductiont,est to raise bo_Ik outlet tem-
_-_r _'._-_'.,,_= _" _ _--_' ._._ _. ,._............... ..... .._.. _..,zv_._.c_ riser temperatures must be determined.

d,. _._rt,_ "_ ,-.............. r,lo _ :3ecre_ses

A_ila f'ron'_T_)umr,=,robiems re'actor flow ,!ecrea.sescan occur either

,'k-,_.?,,:_<-.proca _ line :r,_lvi_'._or piping damage, 'The valve closing

.ra%,e:'iare =.'lowenou_iu so that rapid transient problems do not

-'."'_ "'+ ]ar,_,r.=.ve_:_.:le:_,.', the propo..--.edb-,_ikwater temperature monitor

-_...._m( _ '. ..... ,.-.= ,:= .: . S_; i'_ zr. effect we ca_u '-o_ve process flow decreases of as
,,ru:..h _,._ 5 tc lO per cent before a P_nellit trip of the reactor.

__;:_ a corresponding iqcrease in the bulk effluent

bempez'-_t:_r_o At the _.r_e.,,",_ime _ no power level allowam.ce is

mad?. for the possible effects of' a process line rupture. This repre-
_ ._.._ _ ..:,=__._5e, ca,lcul&ted -.,4_.k_hat involves a very low probability of

_ 1.,:_= c_m_-i"'_dwith the pc,,ss._uzllt7of conside__able reactor damage,

._._:.ha,s bean assa_,_edon the be,sis of the importance of plutonium
Drod.vcsiO'<.°

k q+_;'+_ of' _'_ _f'?q;"_'_'b System

A &etailed analysis is in l-rogress both of the strength of the effluent

system and t.}-epressuz'izaLion effects produced by boiling Zn the ef-
6_ 'f=u_nz system at bull,' ...... + ,=_t_m_ez,_u___ in excess of i00° C.(I0) These cal-

culations in,iics.teallowable working pressures of i to 2 psig and n_ximum

bull: tempe__a.t;_es of 104 _ C at the B, D_ F, and K reactors, and somewhat

less at the C_ DP_ and H _= . -"_ .aC _O_,_ •

There are fo,xc criDica! points _.._ithrespect to bciling in the effluent ..
system.

a. The approach section to the downcomer.

b o _e top of the iowrcomer.

_ c. _.he dca,ro.comer first cascade tray.

d° The bcttom wall..---of the do_,_.=comer.

In the __' _ap=_oa_,._section to the r!o_mcomer at all but the F-R_actor; the
.. m_,.,e:=a ,,,r_...on_al to vertical flow down

_: efflue'=% "_.... 90 _ bend f:-om _o __ . flow
into r.:',etop of the do}m_comer S._is introduces considerable momentum

I forces upon t.b.eelbc;.."that +.,u_nsthe flow do,_nward. As soon as boiling

. "D..,,_-_' for _]m,_o,ed Control of Bulk Efflu_._t .Te..mpg.ra.t.ur.e.(9) So S Jone.._., ..... ._-- r _,-,,
Surge'5, _T,I-.__' _,_,_'_. '_ ,,_, 19 58. !": " ' : " ' ' "• , ,•

,,., . , "'.'. . • . /"

Oo Soso "c it!o z AZZowk fe' Wor n'  .ess  es
at the Top of Hanford Reactor Downcomers_" HI.Z-t&447 to be issued.

! _', ,
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occurs w::.thtwo-phase flow_ we have a relatively large increase in
velocity with the same mass flow rate° This in turn means a signi-
ficant increase in momentum forces on the elbow. Static stress
calcuiatio_._ of this value indicate allowable working pressures in

the :¢ange of !. to 3 p_ig_ which corresponds to 2 to 5° C above the

. saturat±o_L pze_ure_ Effluent system calculations have sho_m that
after af_ initial, transient boiling effect, pressurization will occur

with ]i.quid pha_e flow iDto the downcomer.

Unfortu.:_ate!y_ the top_of-downcomer at the Bo C, D, DR 0 F_ and H
zeacto.[_ i_ it_elf a _ery weak point and it also has allowable

working pre,_sures in the range of 005 to 2 psig. Thusg the pressuri-
zation Lh.at will relieve the elbow stresses may very well cause the

top=of:,do_ncome._"to fail. This will eliminate the pressurization

and again produce aevere entrance elbow stresses if the bulk outlet
flows a.nl temperature_ are ._till at full level°

A further point of potential difficulty is the do_.a%comertop cascade
tra},o :Iiitsis present at all but the _[ reactors_ and although there

is cont_oversy a_: to it5 probability of failure, there can be no

question _, to the serioua_ nature of such a failure event. Such a

failuz'e would probably take out all the successive cascade trays and

tend tc. _top the effluent flow. This would severely damage the down-

comer _,;_ll_;andjust where the water would go freza here in uncertain,
but iz ccal.],cause considerable reactor damage. Stress calculations
on thesa .downc,qnerwalli_ have indicated maximum allowable working

stre_,_e'_equivalent to that produced by a static head of water standing
in the downcomer to an elevation of 20 to 30 feet above the reactor
zero level. At the F reactor the _tatic level is already close to

the i:hnit because of the wa_er back-up in the up-hill line to the re-
tention ba_ino It _,'._ldseem desirable at this reactor to take ad-

vanzage of the po_zible syphon action in the discharge section of the
effluent line from it_ high point down to the retention basin. At

the pz'e_ent time there is an open vent at this point which prevents
_he discharge syphon action from reducing the static level in the
do_mcc_nero

To sunslarize our current knowledge of this effluent piping system_ we

may say that it is fundamentally weak_ that its failure in itself
should not cause reactor instability or burnout. However_ the ,_amage

caused by 72_000 to 170_000 gallons of water per minute fallin,_ 50

feet onto alluvial fill is not very encouraging with respect to building

and per_:_onnelsafety° Consequent!y_ considerable conservatism is re-
con_erLde,Zwith respect to reactor operation that would cause severe

effluent system damage°

5. Radioact._vity Hazards

One further problem that may exist is the radiation hazard of large

quantities of steam coming off the top of the downcc_ner immediately

after its exposure in the reactor. A conservative calculation of this
effect coald certainly indicate the magnitude of this hazard and whether

any special precautions would be neces_aryo Aiready_ over-all building

contamination is experienced at H reactor when they attempt to use their

far dc._$accxaerwhich apparently has accumulated various leaks.

...... Ii,i iii,t ,, r
j i_ ,,|

iI I
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Besides radioacrivity probl,e_nsat the top of the downcomer_ we also

have the probie_n of increa_'ed radioactivity at the retention basins.

This could no doubt be handled by appropriate personnel restrictions

adjacent to the_;e bas 4_n_-°

This represent_ the problems that ._.reforeseen as potential difficulties in
... <;nt:.eLteramerature Ways to circumvent allobtaining the de sirec/ i(',i3r-"n bulk - "" -_ . .

of these problems appear 9ea_sib!e, but the first step is to establish the

actual magnitude cf each one. Only after thl,s has been done for these problems,

plus any additional one_ that appear as this program progresses 0 can we reach
sound conciu,sion:3a__ to the best manne± to proceed to_._ardour I00 ° bulk outlet

goal o

Possible Solutio_.s

_.7-, icture of the pi'obl=Jninvolved in achieving this 100 ° CAlthough the __=..,.p
bulk outlet temperature is not kno_, it seems desirable to examine possible

solutions, This should _-erve to expedite the progr_n of reaching the i00° C

qoal, It should ._iso present a clearer picture of the problems by indicating
d=-.flcul ,...esinvolved and the manner in which they can beboth the operating := ...."_

controlled or eliminated° For instance_ the problems of i00 ° C bulk outlet

temperatures can be eliminated by _enching with cold raw water. Therefore, a
number of different means of achievinq the desired goal of increased production

are presented and analyzed in the f _ _' '. o__u_lng section o

I, Tnc._/ea,--'.ein Bulk Outlet T___2_eratur___es Un._der Production Test Conditions

Becau_;e the present bulk temperature limits are based upon a consider-

able amount of tbm o---f_,.,rithrespect to the effects of various reactor

operating conditions upon the effluent flows and temperatures_ it will
be very much in orrler to experimentally verify the magnitude of these

effects before oroceeding _'__ w,_r_nthe main test of increasing the bulk

fo._owing preliminary program isoutlet t_peratureso Tl"_u.,-?,_the ,I
recommended.

a, Test Location

.In chocsing the reactor it is essential that it have maximum flexi-

bility cf operation and two do_ncomerso Therefore0 C or H reactor

will be selected° DP, fits this requirementg but its downcomer is
somewhat weaker and therefore undesirable for initial testing.

b. Test !nstr_anentation

Because th.i.zi3 an exploratoz3 r test to deteinnine the operating pro-

blem._ and poasible effluent system damage a_scciated with higher

bulk outlet tempe_-'atures0 very complete reactor instrumentation will

be re'juiredo The following instrumentati.on changes or additions to

the reactor are anticipated:

().)New bulk outlet temperature ,_ensing elements.

('2)_ransducer type pressure sens i_._gelement= to be installed in
the crcss._over line and the downcomero

' '" ' ',Ii,' .' tl} ._:.r.', :" _ .... 'L ; ', ,
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(3) Ins tall five _olid dc_Lstream dummy charges in widely spacedcentral tubes and .install new high sen,sitivity (< 1 secj cali-

brated tube o_tJ,et temperature elements. The temperatures of
these elements _houid be simultaneously recorded on a high

speed o_-:ci!lographor similar instrument during the transient
tests o

(4) in_,t_J.lnumerous ctrain gage e!_Lent_ at cril-ical points in
the cro_._.ever and dot,a%come_'.Again these gages should be

simultaneously recorded during the transient tests.

(5) Install appropriate vibration insz___mentation on the cross-
over and downcomer to monitor any dynamic stres__ conditons.

(6) Install any req_ _="_.=.,_upper cross-header orifices to handle the

problems of poJ.Fib!e crc,._{s..headerboiling because of local

high temperatures o*

(7) In_t_][: brace::;under" the top cascacie tray in r_hedownc(xmer to

positively en,_,ure<hat this tray failure does not occur.

c. Pre!imin_,.__y Tesr,s

The fo!io,,n.ngpreliminary test{=!_-'.hou!dbe made with this completely
instrumented reactor tc confirm our present theories with respect
to reactor tra_s __enr. effects and effluent syste_a conditions:

(a' During the 9irst _ 30-hour reactor shutdown after comple-
[ion of <he described instrumentation0 complete instru-

.I_
mentation ,._ta should be obtained.

(b) Upon start-up_ the reactor should be brought up to 45 to 55

--- per cent of full level as rapidly as is permitted and then
held at this level for _-J hours.

i (c) At this t±me_ the electrical power to the 180 Annex process

ptuuDS should be tripped and the resulting BPA outage trans-
-_ients foi_ow.d by the special reactor instrumentation.

(d) The re,_ults _:f thi:_ te_t should be _tudied careful_and
compared with the theoretical results of:HW-513_.7._-" _

I (2) Proce_ P_ano Tri_,_Out Test

i The f].o_ characteristics and frequency of this transient are
sufficiently dlfferent from that of a BPA outage_ that two

(7) Cp. Cit. page 7.

* The cros.__-headerorif_r_e re_uirement_ will be established by" laboratory tests

'!
' discussed on page 18.

_ :'_, . .' . ..• . •, . .

'_., -.......... .
,_. !;_,._,_,..... ,
,,.!"..]..:.:_;._,.::-'._.,'..-:
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tests are justified: p_rticular!y when they both can be made

with only minor production losses. The suggested procedure

for this test is:

(a) At the time of the first _scheduied reactor outage after

oompiet_on of the over-all test instrumentation_ the
reactor _hc.uld be shut do_n% by first tripping the pc_er

to a process p-_np which has its reactor trip signal by-

by_-pa_sad°

' One rainate later_ the reacto," should be scrammed if it has not(bl
already been shut down b_" the low..pres_ure trip of a pro-

cea_ tube Pane!lit g_.qeo

- {c) Again, the te._'.tresults _,'hculdbe studied and compared
with theory.

(._d, A review of the-'Z two tests shouie indicate whether any

changes can be made in the bulk temperature limits within

the present ba_._icanalysis°

d. K__erimen_a]_ Bulk Water Tem._.,e.z'a_'oz'eIncrease

This te._t proposes %o carry a reactor up into a range of operation
where oossib!e effluent piping damage may °occur° A detailed

anaiy._s of this probl_n has indicated that even with conservative
estimates of the gross cos__s associated with higher temperature

operazion._ there la: _,trong indication that higher temperature

operation will be worthwhile0 at least on a short-term basis.
Conse,_uent!y_ this production test could serve to permit a pro-

__.-, during the period of study and developmentduction ..........

necessary to make more permanent and satisfactory increases in
the effective balk temperature limit.

The anticipated, te_t procedure would be as follows:

(1) Obtain both 'Ucoldf_and °UhoZ_° instrumentation base-points
readings.

(2) With the reactor at e_i!ibrium full flow, and 90° C bulk out-

let temperature, run a cgntrolied power level surge up to 96° C
and doom .o, u:,_,,_C over a IN_minute elapsed-time period.

i_ (3) After complete analy_is of the e_perimentai data, i.e., 24 to 48

bourse, repeat this power surge test from 9_.° to 98° and back to
94 ° C°

(4) Repeat the_e tran_ient_ for step_ of 94 to 1000 96 to 102, and

98 to 104 _ C, with careful data analysis after each step.

(5) Stop te_ting whenever data is obtained that indicates the pro-
bability of effluent system damage.

.-...... • "'"7'',_

_;,_-":i:_ • • , ,, ,_
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<.g)If _.h_ te_¢iinq procedure is successful up to i04 ° C_ permit
a bull< water temperature increase from 94_ to 96 ° C°

{7_ After a m_nth ,_',..... = ',:ucces:._u_,oDeration at this new temperature,

the,se transient tests should be repeated up to i10 ° C and

reactor bulk outlet temperatures of 98_ C permitted if this
second set of tests i:,-',successful. Because of the inherent

• r", '} -pr,b,.-_:mof unavoidable temperature surges_ it will always be

necessary to operate the reactor some x degrees below the

peak - 1_=__,owabl= value. The purpose of this test is to evaluate
the problems azsociated with these transients and to establish

bc_h a peak temperature limit and a reasonable value for x

,'therequired decrease in nominal bulk limit below this peak
temperature )°

2. _e Zt;he Qaench_._ng_

As suggested by J. Ro Youn% (!I) it is possible to increase reactor
power level without an increased bulk outlet temperature by increasing

the water flow through the fringe tubes and allowing a small increase

in the outlet temperature and power level of the central zone tubes.

In con_ide:_ng this propo_al_ the following basic properties of the

system are pertinent _-

(a) Wi_.h a f':.xedbulk outlet temperature any given increase in total

reactor flow will give a constant increase in production, no

matter how the reactor flow is distributed, provided other tube
limits are not exceeded°

(b) The increase in reactor flow gained by opening the fringe zone

tubes will cause a decrease in central zone flow corresponding to '
the effect of decreases in pump discharge pressure that occur
with increased total flowo

(c) The s6une power level increase can be obtained by reducing in some

manner the overo_il reactor central zone flow resistance, i.e.,

larger nozzles and pigtails_ thin-skinned fuel elements0 etc.

(d) The cn!y time reducing the fringe flow resistance is of sure value

in increasing production is when:

(1) The bulk temperature limit is fixed°

('z_:The central zone flow resistance cannot be reasonably decreased.

I.3_The reactor water plant can adequately provide the increased
flow °

(!!) J° R° Young zo T° Prudich, "3Avoiding the Bulk Outlet Water Temperature

Limit_ e" FebruazT¢..24_ 1958o

• ".- . .

.'.,_;,:_,:'.:'""
_.', . "'.

• ., , ... .. , .

•



I_-55801

Page 14

(e) For any other conditions0 an economic study of the advantages of
decreased fringe or total resistance as a function of central and

fringe zone flows, rupture limits, corrosion limits_ trip-after-

instability limits_ top=.of-annu!us boiling limits, and cross-
header pressurization effect,-.-must be made°

It ,should be emphasized_ [however_ that on a short=term basis0
o1_Z_c,e_ may be a convenient way of increasingopening the fringe "" "_....

production at ccn_'tant bulk outlet temperazureo

3 Rear Riser Quenchin_

A second mean_ of _ _ma_nLaining a constant effective bulk outlet tem-

perature while increasing the reactor power level would be to add

cold quench water to the rear risers° Thi_ me_hod of increasing

production was mentioned in a survey report(3) and is again suggested

by I_ Ro Young.(ll) Let us first consider the general case and_ in
light of this. examine Mr. YoungOs proposal° For the case of a com-

p!e_e cold water q_encho it would be added to the bottom of both rear

risers° Under these conditionsg the cold water would mix with hot

effluent all the way up the risers; and it is _ite reasonable to

-- expect an effective mixing and quenching of the effluent temperature.a

| The problems a_sociated with this system are as follows:

:,a;,This raw _cdter flow would have to be at lea,_z as reliable as the

i reactor flow and have similar flow" decay characteristics. In

other words 0 a raw water quench that permitted a 5 per cent in-
crea_e in reactor power level for the _ame effective bulk outlet

= temperature would reauire a lower permissible bulk outlet tem-

perature if the nature of this raw water supply would mean an

increa._e in the frequency of bulk effluent temperature surges.

(b) Even with a well backed-up raw water system o the very nature of

the system with an increase in the multiplicity of valves, pumps.

controls0 etc.0 that could fail would indicate the need for some

decrease in the allowable bulk effluent temperature°

(c) The only _ime that the use of this system is _urely indicated is
as follows :

(I) The bulk temperature limit is fixed°

(2.)No further increase in reactor flow can rea_sonably be ob-

tained because of water plant or reactor limitations.

(3) An economical means of providing effluent quench water is
available o

(3) Opo Cit° page 5°

.._ -.- , • . !

(ii) Opo Cit. page 13o '",......" .

..

;I
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_) Thi_' quench water can be pzo_!ded with assured adequate mix-

ing _,_5ththe effluent before re_ching the _,_o_of the risers

_'j,.wi,_h _succe_ flow reli_bility°

There is one _:s_ible advantage of this system in comparison with just
an increa:_e in reactor flowo if this system were not affected by a

BPA electr_cah out.aqe_ then it would tend to diminish the BPA outage

effects, by supplying a proportionally increasing amount of cold water

quench a:_ the reactor flow dec_yed° This condition would tend to
cancel the frequsncy effect mentioned earlier and permit the bulk

tempezature limit t,_remain unchanged°

U_e __f_]iotW.._uerRecirculat.ing Sz_tem to Quench Water in Near Rear
Ri_er

[he _p6c:ific uae of this hot water recirculating system as an effluent
quench ha_,.sea-era! dra_._b_ckso These are:

(a_ ]n!-_ufficien<miz.ing distance°

(/_)No _ruench wazer a_ded to one.-ha!f the effluent in an effluent

pip&ng low-.pressure region_ ioeo_ the near riser°

T_he_'e_ra_,iDacksare -_"_ _<;.._l_u=_in that adequate mixing of the whole ef-

ELuent with muench water mu:_'tbe provided in a manner that will limit

effluent boiling at any point in the effluent system° Otherwise, the
quench is ineffective in permit/ing higher allowable outlet water

teraperatures o

The t_nperature mixing distance requirements are not known; however,

their order of magrLitude may be estimated from data giving the (L/D)
requirements for reaching fully-developed heat transfer conditions in

a smooth tube° This turns out to be about Z5 to 30 feet, according

to charts presented by Deissier '12' for the development of full
_.['assettvalues _n a tube° This is only qualitative_ but it does indi-

cate that we cannot now assume adequate temperature mixing in a few
feet of ri_er piping°

4, _e _Do_omer

A system of an open vent line from the top of the downcc_er to the

reactor purge-gas stack has been suggested as a means of permitting

an increased bulk outlet temperature° This has the advantage of re-

ducing sya:t_ pre'..-'.suresto prevent to_>-of-downcomer fai!ure_ but it

only increases the probabl!ity of inlet elbow failure° This is because

depressurization increases the momentum effects. This venting should

eliminate the radiation problems from radioactive steam° However it

ha_ nu_terous disadvantages_ including the following:

(12) R. G. Deissler_ _Ana!y_is of Turbulent Heat Transfer_ Mass Transfer_ and

Friction iriSmooth Tubes at High Prandtl and Sc.hmidt Numbers_ _"NACA 1210,
(1955)o

!
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(a) The outlet '- T "91_ -,o'._._-_Z_.m_eraz,__e _ ...... _ s.houl& be moved to the rear risers to
a,vcii the d.ecrease iz_bulk temperatures beyond the dc_ncomer as steam

_'" 1 _ - _ 4'_O m '..D-_se_T_ ' _ _i_' _a_ its top. _:.e -_ _'.._ mon_,_cr would indicate a con-

_t:_t bulk outlet temperat'_'e even though the reactor bulk temperature
va,s ri.-'irsgo_f._'ofuz_he:¢ reasons for moving thi_ monitor are to measure

riser tem_'eratu_e_ aa_d obtain a more raoi_ b,_Ik temper._,r,'ureresponse.

(b) Wir,h *"_.,n_ tc/pooi'._dowrzcomervented to -_ '_'y!e_ atmospheric pressure

(<o5 psig), _;hemoment_an effects induced by crcss-over boiling would
be __ ' _,_el,.- greatest° i_nere woul6_ he ma_fl.mum stres_ on the entrance el-

bow a_d ,.,._0he to:p casc_._ tray.

(c) T_e ve'z:tliz_e wo,'_idhave considerable capacity requirements a_udmight

well require shielding. "For instaa'_ce,it is estimated that a 4-foot-

_+_ ve_:.tline would be required to handle the steam venting at

IIC _ C _,._itha _:d__um to}-of-dowucomer pressure of O. 5 psig. This does
h-_'_ _.....','_ _r allowaL-.celcr t,_e si "_"_ "_...... __.._ _r.,_._ua._tvol_mnes of air and gases

t._t wcul'i alsc be vented.

• .Kt ._..

(di,, _:______._large _r_!_ o__ steam in=o the regalar e_haus,t air stack would

tend _,c reiuce the non-realexhaust of reactor gases an& might even
cau,sea tempoz_e,__yreversal o2 the contaminate& air flowo

Co._::.e._._'.r,.._.._., csza concluded _na_' the bulk effluent problem cannot

be adeq,_ately haa:died merely by _t_.ing a IO-inch _ent line from the top-of-
dcw__comer tc _h= r,-'l= e..x_auststack On the .ho,,er hand, a larger short

vent line mig_ht release the ste._n without pressurization and top-of-downcomer

failure° _b.is would not_ however, eliminate the momentum or radioactivity

proble_.so

= Effluent System Pressurization

One fur_her _,___n_erof increasing reactor production_ with respect to bulk

temperature limlt._ is to press_z'ize "the effluent piping system. This

will probably involve installing complete new effluent piping from the
top of the rear risers to the retention basin. It will involve a study
of the effect_ of a marked increase in vapor emission from the retention

basin, a_ one fur+_her problem will be the pressurization produced by two-

phase flow at the di:_c_rge to this effluent system° With this effluent

system pres_:/rized_ there -gill be a time lag of about a m_i_ute between an

increase in bulk effluent tem-oerature caused bv a power surge or a water
los_ a_nd the _ " +el,luen_ pressu2.'izaZion effect By this time, in every

trar_ient coz.dition except a flow or power change too small to cause a
Beckma_ or a P_nelllt trip_ the reactor will be scrammed seconds before

there i5 a_y i_crease "'_•_. system pressurization° Therefore, except for the

follcwir.g _ifficulties_ this system ..Dosesno serious operating problems.

(a) A marked increase in vapor loss from the basin a__ the bulk outlet

temperatures are increa:_ed.

(b) A si@r.ific_t installation cost.

Such a _ystem _ _ _ _ _-" ._._a=L_e._ _-_'-ed for the H reactor with a water quench to
. o, _z3)e!imir_te the w_Dorizat,in., "

(13) R. Eo JohnseL,_ "Rear Face Pressurization Applied to__qO-H Area" EW-41298,
- - _ _ _ ,_4.

Februa-_ 6 _ 19 56° _ '_ _ _ _ _ "" "
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A._Proposed .Pr_ram.... for fncrea:._e4_____.______.__.ProductionThrguqh_______._=BulkEffluent Temperature_

Increases or'Bulk T_em/c,erat',_reLimit Circumvention

1° General

At the pre__'enttime we _o not ,_.Lavea.nswer_ to the many problems posed
in the eariier _ection_._of this report. Therefore_ before a specific

schedule carlbe decided upon for increased production by any of the

proposed met,hods u it i.snece,_sa.ryto secure answers to many of these

pr obl ems o

In other wo..d.j•" _ it i.'=:important to make an over-all _tudy of this pro-

blem before we can ,decide with any engineering accuracy the best means

of securing this production increase° Thi_ will require a program of

laboratoxy experlments_:_ ino_piie testing_ and engineering study. In

the following xections thi:5 program i..%presented in sufficient detail

to start our program studlezo

(':,_) We+_er Te_nperature M,ixinq

One of the impc,rtant pz'oblem_ with respect to the bulk effluent
problem i_-_determining the rapidity of temperature mixing in
the water after the confluence of two water streams at different

temperatur,e_° Little e:_perimental information on this subject

_ppear_ availableg yet it has a significant bearing upon the

degree of flashing that we could obtain at the top of the rear

risers and at the entrance to the downcomer. Therefore_ a
theoretical and scaled-down model study should be made of these

temperature mixing effects:° Basically_ we need to know the

effect of velocityc temperature_ cross-sectional area 0 and

geometry upon the degree of water temperature mixing at various
distances, do_r_tream from the confluence of the mixing streams.

A suggested means of completing this investigation would be

to c_nstruct _e-v_era.-_models _'-imulatingthe effluent system

using clear plastic c_nponents. These should range in size

from 6 inches to .i_ inches diameter or larger. A careful

ar,.aly_:iaof the flow problera invoi'¢ed would be rec[uired to de-

cide upon the relative importance of the various fluid di-

mensionless number._:_[Reyno!d_s Number_ Fronde Number_ etc.).

With these differenz sizes_ and with flow velocities adjusted

to approach model simultude_ then it may be possible to extra-

polate to reactor conditions. At least our knowledge of mixing
condition_ ' "' '_hou_o. be improved.

Probably the bigge_t difficulty in such a te_ting program will

be satisfactory m.easuremenz of the fluid local temperatures.
The information from thi,_ study will be useful in three months'

time° an:/ c_rtainly _hould be rec_.ired by ADr_I_._.._9.
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(2) Scale Model Boiiinq

With these scale models for water temperature mixing_ it

would be very desirable to model effluent pressurization

effects. The purpose of these tests would be to measure the

degree of pressure surges produced by variou;s degrees of
transient boiling" and the momentum effects produced upon

critical components of the piping model. With various
nominal oDe.rating _,_ier temperatures and flows, a sudden

increase in water temperature wo_ald be imposed° High speed

sensing elements would then be used to measure pressure and
m,xaentum effects.

The purpose of these test_ would be to apply the pressure and
mc_entum effects tc an analysis of the maximum allowable

operating ccnditiorLs fe__"present effluent piping system, and
also to any desig_L of a pressurized system° These tests should

be performed _ith and without top_of=do;.rncomer venting.

(b) _'drauiic Op.grati__

In addition to Zhe hydraulic laboratory studies propoi_ed,

it may be necessary or desirable to run the larger flow or

higher temperature Darts o_ this effluent mock-up study in the

189-.D Thermal Hydraulics Laboratory. in this case, it is

anticipated that the downcomer mock-.up could be moved to Hanford
for these studies°

(c)___.en t eoeration

There is now a cross-header mock-up under the direction of
C. W° Bctsford in the 108-D Building° This mock-up should be

used to test the following conditions_

(i) Effect of introducing one or several orifices in the header

upon tube outlet pressures, and possible cavitation erosion
downstream of these orifice plates.

(2) Cavitation erosion in the cross-header at points where

cavitation may occur, i.e. opposite the pigtail entrances

and just do_nstream of the elbows°

(.3)The effect of supplying part of the cross-header flow from
simulated rubes 5 to 20 ° C above the cross-header saturation

temperature with the bulk cross-header fluid near saturation.

i With these orob!ems to be solved the following _e_] testing

procedure i5 :_o.gge_te,i:

I (i) With the cross-bee.der loop :_ I +_ at 90° C and with no

c.. cuba __ng

cross-header orifice plates_ raise the loop temperature to
lO0 ° C with not more than 8 psig pressures at the cross-

, header ouzlet and circulate for a time sufficient to give

I ind!cation_ cf caTitationo A careful comparison of all

I

, ,
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system pressures should be made at the 90° point and the
initial and final I00 ° C point.

(2) Similar tests _hou!d be run at cross-header temperatures

up to 120 ° C and cros,_'-headeroutlet pressures as low as 8

psigo

(.3)With the increased temperature parameter investigated in

an open cross-headero the same tests should be repeated
with "various cross-header orifices in order to determine

the desirable rear cross-header orificing for higher tem-

perature reactor operation.

The result_ from these tests will be needed for the H or C

Reactor Bulk Outlet Temperature Production Te_t. This test

is tentatively sclheduled for July or August of 1958.

In order to achieve the desired cross-header temperatures at low

enough pressures_ it will be necessary to quench the pump inlet

. to prevent pump cavitation° This will require reheating the

loop between the pump and the test section° Therefore_ plans
should be _tarted for loop modifications such as"

(I) Insertion of quench water far enough away from the pump to

ensure adequate mixing°

(2) Insertion of a steam heated heat-exchanger between the pump
and the simulated cross-headero

(3) Installation of suitable controls including temperature
measurements to permit automatic operation of the loop

with only routine inspection about twice a shift.

d. Instrument Deve!olm___en_tOperation

There are a number of instrument development facets of this

proposed increase in bulk outlet temperatures° One important

problem is in the proper location of revised bulk effluent
temperature element_o For the proposed production test and for

several of the other proposals for increasing the bulk-limited

production_ the present bulk outlet temperature elements will
not give a true indication of outlet temperatures whenever any

significant steam evolution occurs from the top of the down-

comer° Therefore, new temperature elements should be installed

at several positions in the rear risers between the top cross-
header and the cross-overo The desirable location is one high

enough above the top cross-header to ensure a reasonably mixed
water temperature and a position far enough below the cross-

over to be away from effluent boiling conditions. Since these

requirements are probably incompatible it will be necessary to

place temperature elements at several points on the risers.
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Two other development problems are high speed pressure measure-
ments in the effluent system and strain_gaqe stres._ measurements

at critical structural points° With this production test tenta-

tively progranm_ed for the summer of 1958_ it will be necessary
to organize the necessary equipment and know-how on both of these

problems to carry out the production test operation°

(e) _4echanical De'velo__.9._tOperation '°B"

One of the most important problems associated with this increased

temperature operation is the possibility of cavitation erosion
limiting the .service life of the effluent system and causing

seriou_ losses in production° As another approach to this problem,
that doe_ not require full scale operation or any reactor down-

time_ it i_ recommended that cavitation studies ib,e made using the
method proposed by Robinson0 Holmes, and Leith° tl%) This equip-

ment is generally used to compare the cavitation resistance of

different materials° However_ it may be possible to adapt this
equipment to studying the effect of operating changes upon the

same material° An indication of the effect of outlet temperature

inczea_es may be determined by making these cavitatior tests at

various conditions of temperature_ pre,ssure_ and pHo(15)

3° _ Studies

(a) Reactor Modification Desiqn__Operation

In connection with the suggested alternatives to increased bulk

outlet temperatures_ it will be necessary to clearly define the
design and construction costs associated with each proposal°

Thereforeg it is recommended that these proposed methods be
studied and a suitable design for each case be obtained° The

two methods that involve the minimum amount of effluent piping
changes are

(i) Adding quench water to the bottom of the rear cross-headers.

(2) Venting the top of the downcomero

Pressurization will involve considerably higher installation

costs_ but will yield a considerably greater increase in pro-

duction and will eliminate the present effluent system low
strength problems that are the basis for our current bulk tem-

perature limit°

18 O(14) Robinsbno Holmes0 & Leighg Pr gress Report on Standardization of the
Vibratory _ Cavitation Test0" ASME-56_A-85° (1956)

(I_) J o Mo Fox o Jr o_ Personal Communication° 4_3-58o

tei_k._i.!'l., ._,-: ,_,k'_ _:.:_t. ;. _, ., ..- ,_
..;. • .',_.., ;"I..,._"'"'<. _ .'+.,-_

(llllilillllllll,
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fm. 4_I _rActually a, _.o,_._..,._ietailed st._gy of this _roblem has already

bee_ _'_a_e; for the iO0_H re_,ctor (13)("6)i These reports_ -'._ _.,-- ._ _ •

imcl_e aum._rou:_ re,_,ctcr modificatious tb_t go along with
pre_sL_izatio-z. Bec-_e of the significant increase in reactor
power levels "_ more recent information on

i the need _*'c_._and the e_._oecbed_,costs associa,te_ wi_. _e_e.._ char_es

_houl ,__ "ce available° In addition_ the - "'-_" __Jro%uuu_o._va.l_e in these

, -r,-,+-- wa._ based aDen the production cos,t value of $15/gm of- re.: 0 ...... _
t.,,_-. %he ...... z + _Pu :_°a,l,he'_'-.... " c__.e-._ AoE.,_o maximum payment v_iue of $30/gm.

fr," _ ,a -,,._., _. -,'_tr,s ...._c revision would permit pressur'izatio_, _s presented

in tbe._e iocuments_ to be c_rried out at a cos_, _er reactDr, of

at:,.o,/t $i_,000:,000 with s, production gain of _bout 30 per cent.

c_ns__.u.:__y ___uce...if quer:ch w_ter is not
r_.,,_._P _o reduce t_ __ .....* water below its boili_.g point

before .l/:_'chargeinto the ._-_=_,ti,_-___, .._,_.,_ b.&,_i:,..

IL con!_i<ering press'oi:'izablon,major factors should be evaluated:

(i) in a,[iition to the obvious increase in safety obtsined from
the elimimm.tion of the weak effluent piping system, an over-

all _a.f._,2analysis sho_Id be m6ule which i.qclu_.esthe effects

of increased flow a_.n.dpower level upon the z'eactor safety.

(2) TT...e_,ct:,ua!increases in production that we obtain will not
necessarily be she m_ximum, permitted from the new bulk

limiS considerations. In fact, ur_less we car. considerably

reduce the fuel rc_i rupture problem a_ud _he corrosion

: problem, o_r. actual g_J.ns from this major reactor modifi-
cs,tion will be small°

i (3) '!T_evalue of production gains that may accomps_?.ythis
pre_st_ization must be distributed to the _everal different
developments that p_mit the increase in power level.

_Thi_ re,iuces the value cf any one prcjec'b or modification.

However, it reflects the t_le value of any one project.

4. Enginee ri_ng_tudi es

(a) Reactor Engineering 0peratio _

It will be necessary at ali times for R & E to b_ve the safety

a_pect_ of this problem well in hand. It will be our obligation

to a.na.lyzeproposed operation s_d. potent'.al problems and. to
izd.ics,tethe s_fe limits for _ny proposed .iesi__. and procedure.
At, the ssme time it will be ._._o._t,_+_..,_ tc look for possible

(13) op.cit° pag 16o

(16) Ro E o Jol'_-_son, "_ud.get Study for Production Increases __nrough Reactor
Rear Face Pressurization." HW-40985_ J&at_ry 19, 1956.

1: ._ , ... _ .... ..,
.... _l.._,_ %; ._,;
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°. 4--_ .J
rel_xa__o_:.s or operating improvements that will permit safe

r_acto___ _ o_e_tion_ at even .hi@her power levelso

r _ " . ..%
(b) Process Az_l_rsi5 o_era_io:i;" or Reactor Modification Operation

Cer+_air_lyin the case of f-_inge zone cooling, mud probably in
the choice of an alte_ate to increased bulk outlet tempera-

i _ures_ it _ill be necessary to make a complete analysis of
the rel_tive merits of the different methods oi' increasing

productio_-_ In fringe zone cooling, we must consider the

merits of sacrificing some central zone flow in om!er to
.Jb.._1_a n_,_ increase in reactor flow and t_2_Ispower level

at a constant b_alk ,*_ou._e5 tempe_-_%tu'e Here, care must be
_._ke....to consider the pump characteristics and the various

f'1"I "in_lzl<:/_%ltube iimi'hs rbat m&y be more restrictive tl_ the

bulk cutle t temperat-_-e limit.

In the case of the alternate piping methods, it is important

to cozsider not only the design costs but the potential hazard
" costs associate_, wit_ each. 'ISqeseare discusse.i briefly in

" pages 14 to 16 of this report.
I

In the case of the effluent system pressurization, the in-
creased costs should be considered in conjunction with the

- possibilit_ of a considerable increase in production. Here

again_ the increased production will depend upon raising other
limits beside the reactor bu].k outlet temperature. Therefore,

the value of effluent pressurization will depend upon the

success of develo_ment efforts to raise these other limits

associated with reactor operation.

CONCLUSIONS

At the present time, our bulk temperature limit is based upon an analysis of
the costs to be associated with possible problems at elevated bulk temperatures

combined with the high value of increased production. However, both the damage

effects of temperatume surges and their frequency are only estimates and the

present costs estimates do not include _pture and corrosion costs. Consequently,
our cost data is inherently inaccu_&te although considered to be conservatively

high.

In raising this bulk temperature limit, therefore, there are three important con-

siderations. First, it is essential t_hat more fundamental reactor data be ob-

tained before we are justified in raising reactor bulk limits further. Secondly,
because these limits are based upon possible effluent damage conditlons_ it is es-

sential that a careful production test procedure be adopted. And thirdly, because

we are considering the operation of the reactors up in the range of progressive

effluent system dsmage it is not recommended that such operation be considered

on a permau_ent or long te_nn basis. In other wo__!s, it is not considered good

operating practice_ despite the economic incentive, to operate the reactors for

long period,_ at a ;,olr.twhere any severe transients will cause piping damage.
It can be concl;!ded t.u%_ 3uch operation with cumulative effects cf smaller

transients is ir_herently damaging to the piping system and prolonged operation
under these conditions cou/id lead to more severe effluent damage than the short

term tests wo'u!.!in,iicate. This does not mean that Production Test operation _of

the reactors at high bulk temperatures for several years is no_ feasible, but it

does suggest that for a 5 to i0 year operation a more complete solution to this

bulk problem should be developed. _.__ ':'"_-'_/-_._"'_____

...........................,_.._.,.,.. _--mn,...,i,mm,m_mllm_|l||_|__| _
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Along with the prc,duction tes_ for increasing the bulk outlet temperatures,
several me!,ho-l_ha.v_ %ecn proposed for gaining the equivalent production

increase by other me_z_.r-..oBefore the best means of obtaining a long-term
solution to _,his ._rctlem car_be reached, studies of all the various proposals

must be comFleted._ s,t least in s_ficient detail to estimate proiuction

gains_ insta!ia_ Lon c:o:_-f_:-_.,an& reactor s_fety considere.tions. Therefore,
we should per foi_,.9_t 9_.alysis of:

i. Fringe zor_e q_lenchingo

2. Rear ri_er q,J.er:.chingo

3o Top _,of',_ic_..comer venting°

40 Effluez,t _ystiem ;ressurizatiOno

It should be notei th&x this last mebhod shoul_, eliminate bu_ik temperatures
as a reactor' iLmit and permit IO to 30 per cent temperature increases with no

effluent system problem_o TT.erefore, in any program for significsa%t increases

in old reactcr production, it becomes almost mandatory to consider effluent
system presa_[ization as a pa,rb of the reactor modification program. These should

be complete_ by t.he appropriate IPD organization to the extent necessary to reach

fi_nn economic and safety conclusions concerning the best of the four methods.

In this respect the sugge_'Se@,labora.tory studies of:

i
o _._.............__.temperature flow studies

2° Effluent _ystem scale studies.

3o Water tempezzt'_"e mixing studies.

are all impoz_nt adj _,'_-tu...._ to the actual production test itself in establishing

maximum bu_k opera=ring limits.

In a report, of thi:_ natume involving the progream/ng of possible work for

many different Hazfo.._igroups it is obvious that allowance must be made for

many different points of view and. for the fitting in of this suggested work

i with many other problems° Therefore, it is hoped that this report will serveto point out the basic problems, 6a%dtheir possible solutions; and to stimu-
late the deve!o_t_ner.tof an active organized effort towards the achievement

of the desire_ produetioz goals.

Resae_O _n_ering

SS Jones:ehj
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