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DISCLAIMER

This is a historical document that is being released for public availability. This
was made from the best available copy. Neither the United States Government
nor any agency thereof, nor Battelle Memorial Institute, nor any of their
employees, makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use
would not infringe privately owned rights. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the United States
Government or any agency thereof.
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190-DR STEAM TURBINE BACKUP ADEQUACY 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 Qutage - April 6, 1962

On April 6 at 1509, BPA lines 1 and 2 relayed out at 100-B and 100-F respectively,
creating a canplete 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 TQORP through-
out this report) dropped to a vaelue 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 184-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 opersting 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.

Although the high tank trip pressure of 50 psi TORP wes closely approached, high
tank flow was not initiated. Adequate secondary coolant flow was provided DR
reactor at all times.

l'I‘his 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 se b sensitive
to this change. ﬁg?tggg!F!Eﬁ
BLuLA




-3- HW-7 5542

G.oTnA datiup syshem was hanldled in ar efficienT uarner. As scol a:
crmantg o the steam svsten was Oorserved wo be less than expezted, we

L gu2an Turhinss were placed into ssrvice within approximazelv five
‘C-DR. This az“ion pius the =f fe:n of graduasl” increasing steaw
m 134-D raised tke TORP tc a value of adcut 8C psig. This ac*tiox
.ratle suep to increass th2 Ilow rate Yo an expected vralue; Lowever,

ow To DR reactor would hee ween adequate withcout the adiitional pumps.

Correction *o Steam Backup Svstenm

Fzllowinz “he April € outage. steps were taken to assure tha* if needed again
The stean “'lav+ ka kup system wowl d provide sufficient flow to insure a TORP
1n the S0-.0C psig range. Eight stean pump units instead of the customary seven
were placed cn standby status. The turtine speed governors were set up *%c the

Also. *he 1382-D steam pump on the condensing systex was placed
cr avtomatic backup.

Fpower cutags, he No. 5 boiler forced iraft fan was repeatedly
v instance functicned normally.

Powsr Gutags - Jilo 10, 19952

J01% a power line at Priest Rapids Dax relayved out causing
Midws to open. A surge onthe 230 kv line was initiated by

azticr L=0~DR the eignt e2ls:iric primaryv pumps stopped a:s & resuals of
the power sirz: aud the steam turbines picked up the cooling icad. On sTandsy
Ior automaTil DalK.p at This time wers eight units, auxiliary nozzles ;losed.

-y
<

UZ-D condansinzg water steam unit. The top-of-riser pressure as measured

C=DR 2on~rol room Haise gauge reached a minimum of 92 psig. From test

T w3 aave peer 103 peis, winicr, when considering tims ilffEren"es
Lrat.on, 1s not at all unreasonable. Numsers L. 2. and 4 toirlers

'=“a'°4 dne *2 the power surge and ovmher than the Ccpe= cen-

SL1RY atting scmewhan s;uzgish, The steaw lcad Jor tae emerzent

sfaztorliyv picked up ani tarrisd. Steawm prsss.ure was normal.

'_A
O et

winions describad atove have been in effect or a ten po ary
ting progran distusszd below was zmpizted and the results
ne p:;m;r, purpcse ¢f this report tc prass tre res.lts of
waks recoumzadations for the standi v o ions of tna

solant catkap syvstem ad DR reattor.

- -~ . . - - -~ £ b ~ T}
: af onansh of Juns, A8

1952, <he steam backup svster wes tested for fizw aod
TORP se.07 varviny numters oF punpine anits on the line Ea;h sef of puzps was

CeETan e Toadeneing and lon-vondersiug Oﬁd-wl s Alsc, thue alxslilary
PR 1 = an adiivicnal steam jet tc the turtines for extra pumping
S-S provided ancther variatie in thes test -ondiv.cas

UECLASSIFIED



Results cf Test With Auxiliary Nozzles Open

No. of Turbines Flow glgo;* Flow glOEQ* TORP Boiler load

9 condensing 35, 500 40,000 132 197,000
& non-zondensing 32. 100 35, 500 108 207,000
8 condensing 33,400 37,000 116 179,000
8 won-condensing 30,000 33,200 96 193,000
7 condensing 30, 500 34, 500 103 161,000
7 norn-:ondensing 27,700 29,600 80 183,000
5 coniensing 22,400 26,000 65 155,000
5 non-condensing 21,90C 24,400 59 168, 000

Resuits of Test With Auxiliary Nozzles Closed

=z condensing ~ad reading 37, 300 118 143,000
5 non-zondensing 27, 300 31,5600 88 165,000
£ condernsing 30, 100 3k, 200 103 158. 00C
& rown-tondsasivg 2%, koo 29,000 78 152,000
7 conisnaing 27,600 32, 400 93 147,000
7 ncn-condensin: 23,400 26,700 68 147,000
A condensing 2k, 800 29,500 79 137,000
A pnon-zondensing 21,600 2L, 800 60 138,000
5 coudeasing 21.700 25,700 3 134.000
T oy oecondensnng 19.0C0 21.50C JIte 13,000

fan

tation see Figure 1.

sure &% 19C-DR was above minimum standard requirement
sugnouT tie testing.

s o-nainei 1s. g a telibrated O-H0C psi Heise gauge. The accurasv
'pS;-
may we deterwined Lrowt ne ancwe data that tne .oss ¢l tae con-

rine is egual in fiow Or pressure o atouwt the ionss of wwo 13C-DR
vohe Taren inse consideretacn: wheln advising oo the standty

~~-r ene P O
"mure LV Sal RNt

wroine wetered
raawl? derand oo
iy a+ + e _L.B.tT ¥
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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 fo mean that the allowance for

steam pump failure can include either two of the 190-DR steam turoine coolant
backup units or one such unit plus the 182-D steam pump supplying the condensing
wvater. It is assumed that the probability of losing two steam turbines simul-
faneously is the same in the two cases cited. However, even though improbable,
+the loss of all three turbines would still yleld adequate reactor coolant flow
although slight high tank contribution would be experienced.

Recommendations

In order to meet the criteria for secondary coolant system backup as stated, in
part, above, it is recommended that the f&llowing minimum conditions be adopted.
Specific standby pump conditions may be changed to suit maintenance schedules,
ete., as long as these minimum requirements are met.

Pumping Status Min. No. of 190 Steam Units

1. Auxiliary nozzles open, 7
182-D condensing steam
unit on automatic

2. Auxiliary nozzies open, 7
182-D steam unit menual

3. Auxiliary nozzles closed, 7
182-D stear unit on automatic

L. Auxiliar, nozzles closed, 8
182-D steam unit manual

Twe 19C-DR turbines will be left at the maximum governor speed setting in order
2t these minimum pumping requirements.

Wi~ toe steam nackup system described abeve, the failure of either two 1GG-DR
stean turoines or one 1920-DR steamw turcine plus the 182-D condensor water
turrine snould not lower system pressure to the point where high tank flow is
esmariished. i.¢., 50 psig TORP.

The finsl recommendevioci. is that all werk performed on the 190-DR steam turbines
whick ma change tne purping caaracteristics be followed by testing fc assure

DECLASSIFIED
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conformance 1o the basiz waliup criteria. When suzh ftesting becomes neceasar-
cop of tne test dats will be made availavle Lo tne process englneer.

Engineer, ocess Engineering Unit
Process Technology Sub-Section
Research and Engineering Section
IRRADIATION PROCESSING DEPARTMENT

Engineer, D-LR Power (@peratior
D-DR Reactors Opsraticn
Manufacturing Section

IRRADIATION PRCCESSING DEPARTMENI

WH Radtke:ER Keplinger:mdi
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