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Safety: 
Criteria: 

(:_I 

RELATIVE SAFETY J)!1-£-J/3 

Avoid Hz explosiQn · 
Avoid release of fission products to public 
Cool the core (avoid •elting) 
Process paraaeters should be available by 

acasure~: cnt 

1. R.C. Pump (ireatest de&ree of safety) 

Advantages a. Effective coolin& 
.· b. Has the most back up options 

c. Probably &ives aost core flow 
d . Involves items normally used 
e. He know its workin& .. 

Disadvantazes 

.. 
a. Adds to System as auch beat as the core (or ~ore) 
b. Requires off-site pover 
c. Requires hi&her pressure 
d. Requires make-up pump 

2. Natural circulation vith solid primary and solid secondary systems. 

, 

Advanta&es 

Disadvantazes 

a. 
b. 
c. 

d. 

Probably better heat transfer than HPIS wi ll &i ve 
Still has quite a fev options left 
Gas evolution is less than with boilin& natural 
circulation 
Permit~ ~older shut down at lover pressure 
than Vlth ll. C. Puaps 

a . Effectiveness not verified either by analysis or 
test 

b. Requires off-site pover or jury-ri& 
c. Can't have bad leaks in primary syste• or needs 

considerable make up 
d . Off-desirn mode 

3. National Circulation with Nucleate ~oilina with secondary syste• sol i d . 

Advantaaes a . 

b. 

c. 

Di•advantaaes a. 

b . . c . .. d. 
e . 

Probably rives better heat transfer than solid 
natural circulation in priaary systea. 
Nay perait jury-riaaina to rely only on on-s i te 
power. 
Is a lo1ical sequence if solid primary syste• 
natural circulation doesn't wort well. 

Gas evolution cou ld be a proble•. · •nd could lead 
to blockina candy cane. 
May disturb core •ore than solid natural circulation 
Pt'essure ••lntenaftce required 'in P S 
RequiTes off-sit~ ~ijwer 
Has not been vtrifled by analysis on test 
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4. HPIS 

Adv:t.nta&es 

Dis.1dvantages 

.· 

s. RHR 

Advantages 
. . 

Disadvantages 

a. 
b. 
c. 

a. 

b. 
c. 

a. 
b • 
c. 

a. 
b. 

c. 

In principle, provides forced flow th:-ough 
Doesn't require sccon~ary system. 
Requires only on-site power 

Potential for by-passing core (via S.G. 's) 
to be studied 
Keeps S)'Ste:ll at higher press than RIIR 
Vent, to the conta:.nr:tent and adds to watc:r 
in the containcent 

Was desi~ned to cool core for long tera 
Requires on site ·power only 
It operates at relatively low pressure 

High radioactivity in the coolant 

core 

neec!s 

\ ' O 1 uoe 

Should be upgraded by providinz more redundancy 
for long term cooling 
Operability of containment valves i~ system not 
confirced 

6. Containm~nt Flooding 

Advantages a. 
b. 

Disadvantages a. 
b. 

c . 
d . 

e. 

f. ,. 
h. 

!t is the last available resort to cool core. 
It is better than letting core melt in dry 
containment 

Heat transfer capability is unconfiraed 
Mzkes eventual clean up difficult because of large 
volume of water and because wat~r will carry debris 
to points otherwise cleaner 
Endangers process aonitoring capability 
Potential theraal shock problem if there are 
si~nificant hot spots 
Loses sump valve, suap puap, reactor systea drain 
tank pump, etc. 
Tnis is aost severe off-desl&D use of coaponent 
If there is eontaina~nt liner daaaae, there is 
possible leak path to public 
It puts positive pressure on containaent 

. .... 
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~~/ TABU I 
• 

I . . . ....... 
Forw~s of nerattow . . ... .. Se uence I ortlnce ProtabiUt -. ,. . . . . . . . . 

Loss of offs1tl ~ J A • t · Loss of 1nstnr.enut ~ J A A 
T,., Tc• Core Ttt•s·• Preu"n• core .f1=r, 
pre\surfzer level l -~ .......... 

loss .of RC pu:aps I 8 A 

loss of. RC PUQ suls u A A 

Can~t close pressur1ttr valve III B 8 

Can't open pressurizer valve I 8 A 

loss of pressurizer heaters I c A 

loss of secoodcry c1rcultt1on IY 8 8 

J let down valve stuck open I B 8 .. 
loss of letdown systm ,, B A . . '· 
Nftrogen ·fr~ accu=ulator I 8 t . 

I 

necu=ulators stuck closed I c c 

•• 
Conta fn:nent breach VI A c 
Personnel ~fslocatfon A A 

Human error possfbflfty I A A .. 
H~ explosion I B B 

Flooding ~ontainment VI A B 

Failure of barrel check valves I c c 
Failure of R.Y. head seals Itt c c 
loss of fncore instr~ntatfon seal III B c 
Ffre in contafment• VI A 8 

Fire fn auxfl hry • I A 8 • 
Ffre fn other areas• s A 8 

Atr crash into plant I A c 
I • • 

tlOoctfng . I . A c 
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f" -: •• . . ~ ·--~ . . .. . A·~ ·t"··~ 
-2-./ -.:.· -~ ~- ·~·· • ·~·< .:r'o.~ . ~- . 

: '":· ~~j;<:;; ·:. ... . , . ::.: ... 

• . "' ... rorws· of· .,-At1on uence J rbr.ce Prob3bflft n . • ~· .. J!; -:.- -:-· .. . .. .. 
. I ccolab11tt7· ~a~tt~ . A c · : r:.- - .;: , ... ._ -~ ;: ,J 

ucUng :~~ .. :~!'f~~r. ~anc:1'7 YU • A 
FOI"Q tf ~ , a_f. ~ ,.,. Oi "¥?-~ .. I c A l. .. 
F& flure of conta1n:nent ptNtratfoa VI A v • t I Ev~cu~t1on of control room • A c J : Breacb .of •ute systa (Site enc.)• A B I '•lve aligr~t errors I A A 

I 

! 

' loss of all A/C ~r I A B 

t 
Instrument/S~~lfn~ line leak III 8 8 

! Boron dt1utfen. I A c 

1 loss of key personnel I 8 8 .. . 

'I 
Short term power Interruption I A a . 

I 

*Requires further ~tudy 

. . . 

. ·. 
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OEG~TIO~ SEQUENCE STUDY .. 
. · ··.• . .. .. 

. . . .. 
08-JECTJYE . . . 
Identify rcvf~~s to tha planned cooling degradat1~, sequenr.e fn the event of .. 
plant/syste= failures. 

RESUlTS 

.A lfst of possible p1Mnt/syst~ failures fs provided tn Ta~te I. Additfon~tly, 
.• 

each failure has been annotated to indtcate proba~111ty and consequ~nce 

(f~port&nce). These prob~bflity and importance designations range fran A to .c 
in descending order ~nd are bJsed on engineering judge~nt of the group • 

. . . . 
Eacn faflure event hls been considered relative to the need for revision of 

the reference sequence (Sequence I). Sequenc~s are identified by number fn 

Table II. 

Four identified plant/systeo failure events deserve detailed and urgent 

consfder4tion. These are identified by • in Table I. 

. ..... ..... 
. . 
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