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intagrated operating tize at the power-ts=flow ratio duriag the 12

etize of

any segzent shall not exceed the following limics,

3.1 Power=to~Flcw Ratio 3etween 1.17 and 2.3

The combination of the reactor core power-to=flow ratis and the total
integrated operatiag tize at this power=to=-flow ratio during the lifetize of
any segzent shall not exceed the lizit given in Figure 3.1-1, This safety
lizit is exceeced when the combination of operating parameters (pcwer, flow
and tize) lies above or to the right of the line ziven ia Figure 3.1-1.

Tor the purpose of obtaining the total effecctive incegrated opveratin:
time Ior Figure 3. l-l, only transients resultiang iz a power-to-flow ratios szcve

the curve of Figure 3.1-l, at the aporopriate core power level shall e used.
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3.1.3.3 Powver=to-Flow Ratio Greater =han 15

; The tize interval (t) from the start of the transient in power-to-flow
ratio above Figure 3.1-l to the time at which the power=to-flow ratic goes below
a value of 2.3 shall be reduced by 60 seconds and the remaining tize shall he

, imited to a total allowable time of 2 alnutes. The allowable tizme for pewer-toe
flow ratios less than 2.5 at tizes larger than (t) are givea in 3.1.3.1.

- .-

| 3.1.3.4 Power-to-Flow Ratic Less Than 1.17

for power-to-flow ratics exceeding values of Figure 3.1-2 buz less than
1.17, an cperating time limi: of 100 hours shall be used. If the combination

} of power-to-fleow ratioc and percentage of dasizn core thermal power
!
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Tne gration of the fuel keraels through their coatings. The iapendence of

the rata of migration of the particle kerzel upon tamperaturs and temperatura
diffarence scross the parsicle karmel usiag 337 confidence levels on th2 ex=

serizenctal <ata was used. DJuring power operasion, there is a2 texsarasura
gradient across each fuel rod, tae hizher tamterature Seing at the center

-

the fuel rod and the lower temperature at the outar edze o
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1 Overtamperature condition, fuel kermels can move through sheir coatiags

§o
3

2 this taoperature gradienc, ia the direction cf the higher temperatura.

The Core Safety Limit has been constructed to assure that a fuel ker-
nel migrating at the highest rate ia the core will penetrate a distance less
than the combized thickness of the bHuffer ccating plus the imner isotrosic

coating on the particle.

The quantity of failed particle ccatiags ia the core at all tizes
is deterzinable by =easurement o0f zaseous Iission product activisy ia the pri-

:;ary loope.
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liniting curve. The range of regicn radial power peaxiag factors (averaze

power density in aay refueling regiocn, ?-eg’ divided by averagze power densi:v
-

~~re} was assumed t3 be less than or equal to 1,33 and gresater

-~ -
-

t2an or equal 2 0.4, The maximm intraeregion power jeaking factor (averaze

power censity ia a fuel colump, ?_9,. divided by the average power densitr

- -

<o

in a fuel rvegiocn, P ) used was 1.46 + 0,2 for regicns with control rods

inserczad and 1.34 for all uarcdded regions. A conservative estimata
of the dost unfavorable axial power distributicn was also used. Tha: is, the
ratio of power demsity ia the botscm layer of fuel elements of a core region,

to the ("~rage power density of cthe region, ?teg’ is less than

“lower layer’
or equal ¢o 0.90 # 0,09 for regions with control o fully inserted or with-
drawn, and 1.23 = 0,12 for regions wich control rods inserted more than ctwo
Zeet. The measured regicn coclant outlet temperaturs for the 2ine regions

Wwilh their orifice valves 20st fully closed and all regions with coatrol zods

ioserted zcre than two feet, was assumed to Se act Tcre tian 50°F greater

taan the core average cutlet texperature. The 2easuryd regicn coolant cute
L

-2t temperatures for the remaia’ag cors Tegions was assumed to Se not zers than
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above average anculd not persist for longer than a few hours. A
Reasurenent uncertaiasy for the core region ocutlat texmperature of + 50°F was
assumecd., A 3% uncertainty in {low ceasurement and a 1" uncertainty in reacter

theraal power measurexzent was assumed in establishing the limit,

gratist of the fuel particle kermel through its coating woulld be less than
20 =microns for the fuel with the mosc damaging temperature history and with
the core ocperatad constantly at any of the power-to=flow ratics and power come-
Sinations shown on the curve of

igure 3J.1-2. Cut of a total immer coatin

thickness of 70 =aicrons, only 30 aicrons have been used for t.e determination

L

0 fuel particle failure ia settiag the linmis curve ia Tigure 3.lel.

As can been seen froxm Tigure 3.l1=l, sufficiens time (2t least nine

Ll

adnutes) is available for the cperator to take corrective action to prevent

the core safety lizit from beiang exceedad for power-to=flow ratios less than
or equal to 2.0. Ia order tn reach a power-to=-flow ratio of this magnitude
tarough an increase in core power, significant equisment malfunction, or

failure, apd/or one or dore significant deviations from cperating procedures

vould have £o occur.

However, high core power-to-Zflow ratics can also Le obtai-ed as a
result of a reduction or loss of primary coclant circulation. The core nega-

tive coefficient of reactivity provides aa iatriasic zeans tc reduce the core

-
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The allcwable tize, after the delay tizme, for all transients which

£ 2.5 is set at 2 a:inutas which is

b
9
[
(&%
o
L
)
(8 ]
14
&
m
1
'
o
»
1
'
O
[
21
™
o
.‘
9
e
&)
w
I
5
n
i
W
(¥

also the allowabla time I¢r a power-to=Ilow ratic of 2.3 given 3y Figure 3.1-
Tae limitaticn of allowable operating time to a value of 100 hourss
ZIor all cperatiosns with a power-to=flow ratioc above the curve aof Figure 3.1

< and delow a value o7 1.17 provides a conservative lizmit since this is =&

s

"

allcowable tize for a powereto=flow ratic of 1.17 given by Figure 3.l-l.
Linicing the continuous operating tide in cthis range of power-to=flcow ratiocs
t0 a value o < hours is additionally coaservative. The 4 hours contisucus
cperating tize liait must be included as a fracticn of the 170 hours alluwable

tize.



i

17

“ae ) Tiwm Ao ges aa0)

(661

- - - - - -— s -
- B aa e ari m- -~ - - — e
-—
= A A AR . s S P
. e mmit mw o - - - o - e .- “ ewn
_— — ~ L)
. . . .
- ’ -
- g = LA
-
- .- - - - -
- . . ? - Eees e s b adEms & . e - . . -
. . — . ® . e = - e e e s s -—-— . - . - — e .- - - {
o — — - . - . o e ey e - - . - e Vmsas s = -
— - —— - - - ow I RS S ——— . - " - e . -
—_— —_— .
- . . - e - .. - . e e - - . .-
T - - - - - .- e e - e e aa - —— - — . o con e . -
& . - N T - - . - - R .
- - . . - - 3 ! - 3 o - - - T s = . 4
- — . ] - e - o - « ¥ . : - . - i
— - = - - -
— : —
———— ~ — - : - — - — . ————— . — -
- . . - - - -
S ———— L ———— ——— — ———— . ———— — —— - —  ————— —— —— .
J— . —— —————
a ' i
T cm— ———
U —— —
p =
e . _/-—-—.——-—. -
—— - — - ————— —— ———— - —— o —— -— -_— — - —
-
- - - s -
s 3 Py ——
! - v -
i
- e - —
— . — — —
- . . —
- - \
. v § oai re s = 3
o —
——
. =
b - : - . . . -— 3
- K —_ ]
- - / —_—TT L
i , / . < !
- P— — -— —
= * —_ i
. T c—
» > -—-
— -
- —
- L
- - !
—
— ‘
P -
- —
= _— !
- ST
A —
- :
p— ]
=
-— :
i
—
]
-
1
-
i
|
———
/ ; H
b —— — -
-— — ¢ — — ——— —— e . e e = e
s . . e = . — — 1 —— —— — —_—— — | — " — - S—
— .
—
o - o Fereem $ r - camms & tmeme oy s mr e s - s . .
—— e e e — e 8 ‘. L e | om—- - - | — - —— - S .o = -
P e b —— e - - f ) emmen ae———- IR R SIS [N —— T R -
— - — - - J - - ey e e o - - - e cws e b - H
. . - . b
—— - f e . - > sases ' - . - P . — “ »
b R P e s § i . & p e s s dmpemids o vuins saignes - | e s chsey = W > i
- - 1 e o= 4 —— e ™ . - . e i ver wm e .
————— e ———— e — —_— -
: v . : |
———— — — ] - - - —— - ——— ———
/
—— pa— —
| ——— - — | e— - — . — Sl mieme e - ———— .- —-— o & s s wse
/
e—— . — ] - - - ——— —————— - — y we—— % -
7
| I— - o - | RCRETPICERy ———— o e = — SRS (S o & o g apwame et N ‘ :
S—— . ———— — " ——— > —— - - - — - 4
. | |
— — . — 1 — - . — — . —
Be v s —— e w4 L e —— ——— - —— — — — - ——— | 5w —— = . - L —
. ' ‘'
——— - — ————— | — . ——— " —— — . { — ) — . ——— — - - D ——
o —— wwm § e e m— e ae b e §—— ek — - — - — . - b - — - .
- hv-?“:ew_
. ey
-
- .
-
-

0
|
—
o
o
oo
o

SUCTIIEDT ITSRCT TEOTCUSD f‘ nr\nn
3 1# UTeIs °*3§ 33103 ﬁ@GR . A
L/U\B]JLJLU.-.J UL




N — — ——— — ——— " — P —

— — Pap—
. b - . .
" $ -— -~y . .y .t - - -

— e S —— . - — - — — . — —— . — - -
— - — - - — . . S . S—————0 — - — ——— — - - —§ ——— -3

P - - - - op—— [ S o SRS S A = A——— - N 2 s PR, - e b1, S S N D M R —
o P B - = | ——— o | oo — e e - — — — . ————
- - e e S ———— i . —— 5 Y, '+ & S = Y ———————————— e——— s o S——_— e ———
| S - o ettt A e S —————————e s Wy e — o - - -
Posay. S0 - ] — —— e — po————————— c——n - —— . —— <
pe— — | — . — | . ——— . . ——— . — e . - p— - — gty
p—— - - e — o cmt—— - — ——— — s e ———— "~ — pe— - ni -— . s
e " . = - o ———— e, & = S - & NS WA iy %22 54 < i o SO 5 Vo SIS SV . DA D S 4 i S v
ey - .- e e e L+ § R & T h— S — - A ————" S———— -t " @ S —" " S —— Y ———— . < T ——
ity - g —— v o —- § > w——— 5 i o . = > —— - ' ———— —— + S— o S tr— =@ o v
— - —— | ————— . o ——— - <ot———— oe— s— B . e et < —— e
- - - o ot o, o <m—— | .4 - —— P ————— — —— — e — e & .
pe— - s Sh s - ————— i — . P e . — - e— — — . —
s #40 - S e a—— | ——— - S ———. T — ——— ————— . a——— r— o e — ——
prmmangC LW - — i —— - enmm— Rtk L —————— PR ———
— N " W % B e — § —— — —————————— ——_ - S——— v — e e e oo O — —— ——— —————— —-
pr— - - e e R P g —— ey e T ———
—— < . . o i v S——— e . > ———— — —— v o — N — —— -—
o, e o p S s 5 i = e | e oo < ——————————— + e i ey — W) e e— — v - —
— — - —— —— o T <. ) S—— S 1 — o\ —— — - — et — . ——— 5 o— — & o—
S - - " . | ———— ——— —— —— — . —— s S & | E— Sa—— s —— . —— ——————— . — . — — .
- P =25 Sy | s . + —o— S SO S 8 + A, W—. 5, . ~ 5V S > b o Ny . S S —————— i . § ey et

Nk - — -y
— - ——— —
B — —— —

P e . e - b -
. i o — .
' - -

- ——

-
\

!‘.‘x"\"rfl l") N (L

) By ?.’ ( i vn-.
I AL NS

Uiy U




