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I_0-DR STEAM TURBINE BACKUP A_QUACY REPORT

Introduction

Because of the questionable performance of the 190-DR steam backup system during

the power outage of April 6, 1962, it is felt that a general review of the DR

secondary water system capabilities and the standby status of the pumping units

is warranted. This report shall briefly describe the performance of the steam

backup system during the April 6 power outage and the subsequent power outage of

July 10, 1962. Since the former outage, tests have been conducted on the steam

pump units to determine their capabilities; the test results are presented in

this report. A statement of the generally accepted criteria for secondary cool-

ant system adequacy is included and recommendations for meeting the criteria at

DR reactor are presented.

Power Outage -April 6, 1962

On April 6 at 1509, BPA lines 1 and 2 relayed out at 100-B and 100-F respectively,

creating a c_nplete power failure at all 100 areas. At 190-DR the electric pump

units stopped and the flow decayed normally. The seven 190 steam turbines on

standby accelerated and gradually picked up the cooling load as the electric pump

flow dropped off. The pressure at the top-of-riser (referred to as TQRP through-
out this report) dropped to a value of 56 psig corrected to the TORP. ± Two

things occurred which were responsible for the unexpectedly low TORP. (Normal

TORP supplied from the secondary coolant system following BPA loss would be

expected to be in the 80 to 100 psig range. ) First, the 18_-D boilers acceler-

ated upon loss of power, but the No. 5 standby boiler suffered a faulty forced

draft fan which decreased its capacity by approximately 30 per cent. As a

result, the steam pressure normally maintained at 228 psig was dropped to

approximately 190 psig at 184-D, or 175 psig at the 190-DR steam turbines where

the normal operating pressure is about 225 psig. This steam pressure reduction

tended to lower the capabilities of the steam turbines to deliver flow at the

normal TORP to the reactor° Secondly, the 182-D pump (electric) which supplies

cooling water to the 190 steam turbine condensers failed with the power loss,

as would be expected. The backup condensing water steam pump at 182-D was on

manual operation so did not pick up the load automatically. Therefore, the

190 building steam backup system suffered further losses by operating on non-
condensing status. 2

Although the high tank trip pressure of 50 psi TORP was closely approached, high

tank flow was not initiated. Adequate secondary coolant flow was provided DR
reactor at all times.

1This TORP is the average of A and B risers from 190 and 105-DR data corrected
by subsequent instrument calibration.

2The Worthington turbines at 190-DR tend to be quite inefficient when operated
on non-condensing; hence, this explains a portion of the observed difference

between DR and D where the Westinghouse turbines do not see_.___a_.s_e.nsitb ive
to this change.  JE];LASSIF/EB
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P:,:....=:_-=....4_:__.,....+".....-. =,a:_.:'A_system was haniied in an eff_c-,en: _rz.ero As scc.::a-_

_ --.____'=-*"_.__.._...._." :.he _team svsr,em was o"served. :,o be less _.han expe::_ed, :wo

-_:_,_:.:c=-_,_s-:_a_ _.:_r:_neswere pla_eA i_.tc servi_e within approxima:e!v five

m=nu_-_ _. ig©-DR_ TD..isazti:,= _i:_s the -_z.._.,-_'_of _raduall2_ increasing s,_eam

pressur.= from 184-D raised the _ORP to a value of abcut 80 ps!_o Ti'.,isaction

w_s a des±razle step to increase _"_= _'_--..... ___. rate to an expectei value; however

-,colant flow _.,oDR reactor wouli ha"'e been adequate wlthcu_ the ad,lttional p_m_@s_,

Correr tion to Steam Backup STs%em

F-.llowi'_],_t_.eApril 6 outage, steps were taken to assure x,hat if needed again

:-I've_eax, "=cclaut backup system would provide sufficient flow to insure a TORP

- +:-_-::'__' psig range, Eig_t steaz, pump units instead of the customary seven

-we_;s•pLace_ cn s_..andbys_atus The _urhine speed governors were se_,up tc the

ma._i::_.::<-<,s:-_cn, Also, the 182-D s_ea_ pump on the condens_.n_• system was placed

<.r.C_,:=-s_rU_TOI for automatic backup,,

S_-s_q.._;-_-..........c ",__._._._._._==_.outage, the No, 5 boiler forced draft fan was repeatedly

,es'e.= a::d -.,'_:e,'erv,_...,s_,a..;_e__ f,_ct!oned normally,

Powe'_" Cut, a_e ,- J-_i" i0,, i_62

0_ .:uL- ._t, ±_..,:,-_ OOi6 a power line a_, Priest, Rapids Da_. relayed out causin_

:>.:ro._erea_ers s:,-_Midwa7 to .open. A s'_rge on ¢he 2j_,_v _. _.ne was __ni_ated 0y

_-" __,., primary p.Amps s.-.oppedas a res,_!t o_.-.._s_-.±io_. A< iSC-DR the eign[,--_---,"_

,':hepower s.:::_,-aud *,he steam r,ua-bines picked up _he :ooling load._ On s:andby

fc]"au<om_-._ :,a._k_.pat th=s <ime were e__g__,units, auxiliary nozzles _losed.

. _-,---Drondensi.u_;wa_er steam unit The _op-of-riser _ressure as measured

_,.'.+.be 19C-DR _on':_ol,room Heise gauge reached a _in±mum of 98..•psig, Frcm tes_.
fP • a """ = TORP ...... __.......... =_,._.,,._..... ,._a_"e _ee:-.. lOR psi_, wnicr._ _her- :onsideri.ug t_.me iZfferences
ar;i f..:"::P- t. ::al:"cra',: on, is _.:o-. at all ,_easonableo N_m'se._.- l. 2. a:d. 4 bo_lers

......... _t,= power surge and o:her _..haz:.<,_e Cope.=_ con-

..... .... <. _.::,.:,ier al:<ln_ so_ewf_aT, -" .~ "-;,.... _-u.,glo,,, _ne stea_ lc:_d fo_ t.-_e emer_en:';
oz:_i:: " zc_.. W_S S_.,_Sfag *_' " '",...,,J._,, pic_:ed u.p ani car.rie,&, $ream p.re._s:.{ze was normal

U':._.. -::.,.... ,:.._:.".p -o__,dL:iO:_s descrZ:,=d_ a_,_'.:e have been ::: effect, or.. a <.emporarv
_s:_..: " ........ "'._e t.es*.i.r.;:..': progr_n ils:us_.e.i bekow was -c._.-:L_,t,e,i az,d _,a re_'il,t_

,. t:=' ... p.rz.zn_rV p_.&r3_ose c.._ this report _c pre;se:..': the res._-:.s of
....•:_s..- e,_-:., :,,,a c make " e:. :m]mer_dat .ions for t,he stand. _.v cs_,.&:'.:.=o_,s of :_,
!--._:::::. i.:, :-54_.< '2co,£ar._-, > -" • . &,_. ,.,,a ..,"{..,._ s_'ste=:: DR reactor

Z) ....... ,i,- _:'2C.t,.t. _ ._'iE9 , ".............. _02# Lhe s:.eax., ba'lkup sys__eE was Ses_;ed fc.r f!cw ao,d
UORP -_£..,,: : ar" :z :: ;_ ::umbe:_ ,ofp_._ping .u'_i<sor,. _he line Ea.:.h _et :,f p,mz@s was
.... ,..... ,.-..=_ _ _ _ _::] - ,-.,-rL. - . ..: {- .:.... "=,: ,: .,a.....o.,[:.;± & ...... :onde:r,s:.z_...=:.:"ond:_tions .. Also, Zne a<_m±£a:r
• :zz-.?.._. _,_! :_ prcvi.de ._n a.iil_:zo.r, al steam jet to the t,lr.hi:,%es for ex_.ra p_mpl.n_
: !:pa:-:.-: w.,:..e:..'.',pene& pro-..'i,_ed, another variable in the test :.ondi_.:.ons

I]E#L SSIFIED
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Resui[._ cf Test With A'_xiLaz_" Nozzles Open

No, of Turbines Flow (190)* Flow (105)* TORP Boiler Load

9 condensing 35,500 40j 000 132 197> 000

c,non-co_densin_ 32;100 35; 500 108 207 000J -- #

8 coniensinE- 33_400 37,000 ll6 179,000

8 non-c ondensing 30,000 33,200 96 193_ 000

7 conlensing 30,500 34,500 103 161,000

7 non-: ondens_a_g 27; 700 29,600 80 183,000

5 condensing 22> 400 26,000 65 155,000

5 no.".,-condensi_g 21, 900 24,400 59 168_ 000

Resui_.s of Test With Auxiliary- Nozzles Closed

9 con ienszn: bad reading 37,300 ll8 16'3_000

no:J-cor_denstng 27,300 31,600 88 165; 000

_.i:o._en_n, 30, I00 34 200 103 158. 000

;_' no).-:::,n_ens i_ :_ 26 ..400 29,000 78 152,000

-7....."_._....z,_, 27.,600 32, 4,00 93 I_7 000

7 r, cn-cc, ndenszn_ 23.,400 26,700 68 147.,000

6 condensing 24,800 29,500 79 137,000

6 no:.-::ondensi:_T 2!,600 24,800 60 138,000
_.:_.._de:_s:n_ 2i. ,_0 25 700 64 134. 000

'_-. • ' on.:i.e.r:s_._.4- _.y, _,...,., 21 ,500 49 _3..._," _ 000

F<.: <ca pLi.: ze#:-esa:,tation see Yig_re I.

t;0ZE_ 2he 5te__.presao.re at lgO-DR w_s above _±nim'_ stanaard requiTemen:

(20C.psi!g) unrougho,::Tthe _es_ing..

AL-_ TORP "/_.a _ae o:-<am_e_ :_s:::_ga __aiibra_ed O-_!,OOpsz Heise gauge. _e acc'_ra°,,
.°

:_. " ._ " U6 + ._ , psi.

.......... _ ' r.e a_,--_r._ _.'.:a tlua _. :he Loss c: f:,:._eco.[

.....--..,..--,.... z..:.c,w t_.,. ::i:,-;e is eq,_ l:: flo_, oz pressure ,..c, a!-ou.: _he i.oss of' <wo I._.-DR

.. _,. ... 1_

..F:"_:.£:5 m":S £-<:,S': :_ :gd<.el% "_;'-- c.or.si,._eratlo:: w;,e,, &,/_'.risi_5 D.::. ni-._. _,..&l_/[:."

5 : 9_'_.:. ?&C i[,..._" < , :3< _.'_'_

! :, :-: _ " "_"L6 'b 5 ie.S ' " _. m. :::.: .,:'._ %..d " ....." n_.. '_e.y_crK_!-_c{:- o.,,:::"i,_&..... ..:i,-;. :i&:: t_9:_ _.-._.l__ _ t...._St._., ."

• :-.-:,...;. " se.-:.s :.,us:, _:::.ive,: a:: a,ieq;,._i.,_ _gs:t.:_z p.::og:_;_, tc :>.e:::': f:..t_.Lre _.cz::g,.e
....:.... _""',-.. :i-,:-,s .-:, .desi.,'_;.:i ,;-',.e_',..::b.aP..:,-;:;ps'¢stev. "._..'.,e _res?.r:bed _r_. +:-:_.... s,ren_-...L

...... BEELIFIEB
.-, T i.-, . :'. L t;

• . . .

appl.:, a: i.e m,OR_.,_. _" :.:._.':.:m op.i".,:_o_-: .:.,f the a ;.- ::-ors t.i;a<. +,.',e latter would 0e _i_e
_r,=_- a-- _"a_._ s:[:::.::_ ,:u.:'re".- "-"--:'._ ._.:e xse_ __ '2Ol:t:i.'%',.i_' ''................ ,.;._. _.p,ia,:e t.'-,e delf_r,.d _urv,:
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Criteria

The generally accepted criteria for the secondary coolant system backup includes

the following requirements° The secondary process water system must be capable

of delivering adequate coolant flow to the reactor automatically upon loss of

power to the primary system pumps at a pressure sufficient to preclude the

possibility of initiating high tank flow. Further, allowance must be made so

that this requirement will be met in the event that two of the standby units
fail to accelerate.

This portion of the criteria is interpreted to mean that the allowance for

steam pump failure can include either two of the 190-DR steam _uro_ne coolant

backup units or one such u_uit plus the 182-D steam pump supplying the condensing
water. It is assumed that the probability of losing __o s_.eam turbines simul-

taneously is the same in the two cases cited° However, even though improbable_

the loss of all three turbines would still _"leld adequate reactor coolant flow

althoug_ slight high tank contribution would be experienced.

Recommendations

In order _p meet the criteria for secondary coolant system backup as stated, in
part_ above_ it is recommended that the fgllowi_g minimum conditions be adopted.

Specific standby pump conditions may be changed to suit maintenance schedules,

etc,, as long as these minimum requirements are met.

Pumping Status MAn, No_ of l_O S_esx_ Units

lo Auxiliary nozzles open_ 7

182-D condensing steam
unit on au_.omatic

2_ Auxiliary nozzles open, 7
182-D steam unit manual

3-_ Auxiliary nozzles closed, 7
182-D steam unit on automatic

4, Auxiliar5 _ nozzles closed_ 8
182-D steam unit, manual

Tue 19C-DR turbines will be left at the maximum governor speed setting in order

•c meet these minimum pumpin_ reqairementso

Wi-_;_.tc,.esteam backup system described abcve, _,&e failure of either two 190-DR

stea_ t_rbines or one 190-DR steam ,_ur_Ine plus the 182-D condensor water

%ur_'lne _aot_ld not lower system pressure to the poln% where nigh tank flow is

es_,.a;_-i'_._ued,_,e,, 50 pslg TORP°

The final recommendar.ioi_ _ tha_.,all work performed on the 190-DR steam turbines
which .':-rcavcha_ae _-,_ _x:.ep_r@ing characteristics be followed by tes_ ng tc assure

DECLASSIFIE[I



,_n_r.m.__._ the basi.._,:,_ cz=%erlao When su:h testing becomes necessar-:

a cCp_: of the test, data w__il be m_de a_:ailable to the process er_ineer°

_ring Unit

Process Technology Sub-Section

Research and Engineering Section
IRRADIATION PROCESSING DEPARTMENT

Engineer, D'-D_ Power _peratloe

D-DR Reactors Opera_ion

Manufacturin_ Secz_on
' IRPAD/ATION PROCESSING DEPARTME_'_

WH Radtke :ER Keplinger :rod
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