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15.4.2.2.2 System Operation

The focal point of this transient is localized to a small portien
of the core. Therefore, although reactor controls and
instrurentation sre assumed to function norrally, credit is taken
:n%y for the RBM aystem. A discussion of the transient follows
elow.

While operating in the power range in a norrmal mode +

of cperation, the reactor cperater
makes a procedural error and withdraws the highest worth control
rod until the RBM system inhibits further withdrawal.

Under most rormal operating conditions, no operator action is
required gsince the transient which weuld occur would B3 very
mild. Should the peak linear power design limits be exceeded,
the nearest local power range monitor (LPRM) would detect this
phenomenon and sound an alacrm. The operator must acknowledge
this alarm and take appropriate action to ractify the situation.

If the rod withdraval error is severe enough, the RBM systen
would scund alarms, at which time the operator would acknowledge
the alarm and take corrective action. Even for extrevely severe
conditions (i.e., for highly abnormal control rod patterns,
operating cenditions, and assuming that the operator ignores all
alarms and warnings and continues to withdraw the contrel rod),
the REM system will block further withdrawal of the contrel reod
before the fuel reaches the point of boiling transition or the
1%, plastic strain limit impesed on the cladding.

15.4.2.2.3 The Effect of Single Failures and Operator Errors

The effect of operator errors has been discussed above., It was
shown that cperator errors (which initiated this transient)

cannot impact the consequences of this transient due to the |
highly reliable RBM system. See Section 15.9 for details. |

15.4.2.3 Core and System Perforrance

g _27;56/2,‘@
15.4.2.3.1 mtmuzt;ﬁ‘%&ﬁﬁ;—_’
For this transient, the reactivity insertion zate 1§ very slow. -

Therefore, /it is adequate £o assume that the core has sufficient
time to equilibrate (1.e., that poth the reutron flux and heat |

ux are in phase). Making use'of the above assdrption, this | ¢
ftransient is calculated using & steady-state. three-diTens.onal, -
/|coupled nuclesr therpal hydraulics cotputer prcgram,” The progranm
C}’ is described in detail]l in Ref 15.4-2. All spatial effects are
~ |included in the calculation. / i . SO

T AR A T
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'r rate (LMCR); ¢t ariation of the minimum critical

nuclear parameters, orcsz‘xho variation of the linear leal
v

atio (MCPR), the total reactor power; and the variation of

the incore inltruments/éurtng the transient. A Jdetector response

codeé uses the instrument responses to predict tlie R3M action
under th,'spocttiod/tondltlon for the rod withdrewal eiror.

The ;niiytlcal methods and ca:&ﬁptiono usod’ir evaluating the

conseguences of this transient are considered tu provide »
realistic, yet,tbnsorvntxvg’asscssvcnt of the coisequences.

18.5.2.5.3 //fnput Parag‘%otl end :nx;{il Conditions '

The number of posstbln/nwt transients is extremely lérgye dye to
the number of contrel rods and the wide range of expusures ard
power levels. In order to encompassi 8ll of the possible RIEs
which €ould conceivably occur, @ limitirg amalysis (s defirned (o
provide a conservative assesstent of the consequences.

Thp'conserg.tivo assuMptLoﬁi are:

\\_/’/ b .

c.

_/fho assumed erfbr is a continuous withdrawal of the

highest worth rod at its raximum drive speed.
The core is assumed to'be operating at rated conditions.

The reactor is presured to be in its most reactive stale
and devoid of all xencn. This ensures that the amount
of €xcess reactivity «hich must be controlled by the
movable control rods is maximy®, ’

Furthermore, it is assumed that the operator has fully
inserted the highest worth rod prior to its removal, ghd
selected the rermaining contrel rod pattern so that
thermal limits are approached in the fuel bundles in the
vicynity of the rod to be withdrawn (see Figure 185.4-1).
It should be emphasized that this control rod -
ALonfiguration would te highly abrorral, and could only
be achieved by deliberate operator action or by nurerous
cperator errors.

The oporatof is assumed to ignore all wa}nings during
the transient. ,

Of the four LPRM strings nearest to the ccnt;ol rod
being withdrawn, the two highest reading LPRM during the
transient are assurmed to have 'failed.

One éY’fi; two instrument channels (s assuved to te
bypassed and out of service. Tne A and C LPRM charvlers
input to one channel, while the B andygmphggpera>*ﬁput

)
*/\ - e ———— RS
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/
r to the other. W.z with the 3
assumed to be. ypaSﬁ;dﬁ {
l The cgﬁscrvativo,,liumptions indicated above provide /a high J
, degr@e of assurance that the transient, as analyzed,/bounds all |
! RWES that could possibly occur. Table 15.4-2 presents the other |
| parameters vsed in the enalysis of this transient,

/

5.‘.2;355.1 RBM sy;tem 0p0ra§xbﬁ ,// |

. 4 ’ ; s }
he RBM system minimizes the consequences of ‘an RWE by blocking |
e motion of the control rod before the safety limits are .
exceeded. / e '
The RBM has three trip levels (rod withdrawal pérmissive /
removed).  The trip levels may be adjusted and are nominally 8%
of reactor power apart. The highest trip Jével is set s0 ‘that
the safety limit 1{s not exceeded. The lovwer two trip levels are
intended to provide a warning to the operator. Settings are
106%, 98% and 90% of initial, steady-state, cperating power at
100% flow. ~The trip levels are automatically varied with reactor
coolant flow to protect against fuel damage at lower flows. The
variation is set to assure that rio fuel damage will cccur at any
\ indi ed coolant flow. The operator may encounter any nurmber
(up to three) of trip peints, depending on the starting power of
\ a given control rod withdrawal., The lcwer two points pay be
| passed up (reset) by manusl operation of a pushbuttor. The reset
‘perﬁissive is actuated tand indicated by a light: «nen the RBM

reaches 2% power less than the trip point. Tne €perator should
then assess his local power and either reset or select a new rod.
The highest (power) trip point may not be rese:.

1 15.4.4.3.3 Résults

The ésnsoqﬁences of this transient are relatively m{l3d. Neither
localized nor gross occurrence of ‘boiling transition, nor
{violatxon of the 1% plastic strain limit on the cladding, eccur,

'€ variation in thHeé MTPR and MLHGR,™ 8§ 2, LMZTish &£& withdrawa)
of the highestworth rod; is presented 1in iqvcog;i%;;:#;.ndf i
| #a =3 respectively. The bundles present®2 [n FimT .4=2 and
1 15.4-3 represent the envelope of the MCPR ard the MLMGR for each
| two=foot interval during the transient. Variation-in the total ~
 reactor power is aleo shown 1n these figures. Although these N
figures show the change in therral limits from the fully inserted
to the tully/;tfhdrawn position, the control rod is avtomatically
blocked at 57feet, even under the worst set cf assuTptions. &he
variation in the signal respgonse of the twe .indepergdent channels
as dhovn {h Figures 15.4-4 /and 15.4=5. Qv th a setgpint 6f 3106% -

' the rod is shown to bBlock 4t & ff:f, resulting in K aMCPRBY 0198
and MPLHGR of 14.B4 kw-ft, e i
’I,—_——F’-—.\—-—‘\-\ o F

>

15.4=7
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15.4.2.4 Barrjer Performance

An evaluation ¢f the barrier performance was not made for tiis
transient, since this is 8 localized transient with very little
change in the gress core characteristics. Typically, the

increase in total core power is less than 5% and the changes (n

pressure are negligible.
15.4.2.% Rad ica ngeguence

An evaluation of the radiological consequences is not required
for this transient, since no radicactive material is released
from the fuel. ’

15.4.3 CONTROL ROD MALOPERATION (SYSTEM MALFUNCTION OR CPERATOR
ERROR)

This transient is covered by the evaluations cited in Sections
15.4.1 and 15.4.2.

15.4. 4 ABNORMAL STARTUP OF IDLE RECIRCULATICN PUMP
15.4.4.1 Jdentification of Caus and Freguenc lassification
15.¢.4.1.1 identification of Causes

This action results directly from the operator's ranual acttion to
initiate purp operation. It assurmes that the remaining loop is

already coperating.
15.4.4.1.}).1} Ncrmal Restart of Recirculation Purp at Power

This transient is categorized as an incident of moderate
frequency.

15.4.4.1.1.2 Abnormal Startup of 1dle Recirculation Pump

This transient is categorized as an incident of moderate
frequency.

15.4.4.2 Sequence of Events and Systen eration

15.4.4.2.1 Sequence of Events

Table 15.4-3 lists the sequence of events for Figure 15.4-€.

15.4-8
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SEQUENCE OF EVENTS FOR CONTROL ROD WITHDRAWAL ERROR IN POWER RANGE

0 Operator selects and withdraws the highest worth
contrel rod

WW&"WWW”‘/

The LPRM system indicates excossivo iocalized
peaking, but wam.na ‘= :aner

B\ By perate Staree mcniie s sominme_—

~15.0 The RBM system indicates excessive localized
peaking, bul warning Is /gnered

PR NIRRT et g <o yen———

£30.0 The RBM system initiates a rod block inhibiting
further withdrawal

AN\ \Beattet cbre stabilixes st tighbe-tore prverlevel

~ 60.0 Operatcer re-inserts control rod to reduce core
power level
normg!
~ 80.0 Core stabilizes at ﬂi conditions

-~



TABLE 15.42 . DRAF

INPUJ PARAMETERS AND INITIAL CONDITIONS FOR
CONTROL ROD mmonw)x. TRANSIENT (

_—

i / / 7 \
Reactor power, Mwt 3293 )
’éore exposure, Mwd/t / \

Average
F

x.:;y’utnte P, ////
/
Avegrage 14 ar heat oon’tation rato, w/ft 5.34

/\
im inear hea neration Q kw/ft 1.34 x 1048
//”3! ue/ e t/",' at t@t ’ $ _D / ‘

. /

/ /
Control rod pattern / zguro 15/4-)

| Locatf&h of maximym LHGR bund;g (21-38) //
nimun CPR . o / / 1 1/8 /,// fl
Location °€/ inimum CPR bundle g (21-38) ////
Highest 7brth controlztod ; ; (26-3{)/ |
) Red vi;ﬁdrnwai spccﬂ, in, /scc / //”v i;z/// (
f Core coclant flow rate 1b u/hr i ’ 140 x 10+ o }
f Cofs coolant, 4/1ot cntha'fpy, Btu/lb / //5.261 x 10+€ / /
} Care ave;lgc steam %91une fractign / 3.7 x 10-1 //// 1
\ Realtor coolant pt’ﬁlur., avgpﬁqe. psia ,// s 035 X 100' / \

. RBM trip setpoint. % 106%

—— ‘_—/_\—//
. L;/LACE— »
EpC ¢ 5
At Bk e
ZJ/ i \,U)\/N \f_)b, o



2 DRAF 1

TABLE 15.4¢

ROD WITHDRAWAL ERROR SUMMARY

Rod Block

Set Point Rod Pesition ACPR MLHGR
(%) (Feet Withdrawn) (Kw/Ft)
104 39 0.101 15.3
105 4.0 0.122 15.9
106 4.0 0.122 15.9
107 4.5 0.141 16.2
108 5.5 0.178 16.3

s

New TABee”




P
764 ASBEVBLIES
185 CONTROL RODS D R h " d
J
J g 1 3 ) ? - " 19 " 1 "w 2 2 28 F o » '
4 { :
+
e ﬁ —l
% . 1 18 ’
s - % 4 4 .
« [) 18 e 8 - '
r 1% 1 -1
2 . . (] . 4 . 8
» 18 1 « “ 2 e 1 n
* .4 L] 0 ° L) 4 13
" " 10 “ - . 18 18 15
F 34 - & 0 o} 8 K 1
22 16 16 4. 7 @ 18 w
T 4 - - - 4 4 2
23
6 L 6 16 % 8 & .
——— )
" 4 4 . .
27
[} 1@ 16 18
2
03 L—< h—]
02 e 10 14 18 22 2 SOM 4% 80 B4 58
/ ( \
*ON LIMITS BUADLE (21:38) -
P et |
. m\ " oq-1 /
g / 5. -’
Rg/ﬂ P
d TH -
P ! rHE D LIMERICK GENERATING STATION

UNITS 1 AND 2
FINAL SAFETY ANALYSIS REPORT

ROD PATTERN FOR 20D
WITHDRAWAL ERAROR
ANALYSIS, ROD (26-35)

FIGURE 164




; il
Di T
i Lu e b
FIGURE 15.4-1

LIMITING CONTROL ROD PATTERN FOR ROD WITHDRAWAL ERROR
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FIGURE 542
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also put in an incorrect location. Third, the misplaced bundles
would have to be overlooked durlnY the core verification
performed following initial core oeding.

15.4.7.1.3 Freguency Classification

This accident occurs when a fuel bundle is loaded into the wrong
location in the core. It is assumed the b.ndle is misplaced in
the worst possible location, snd the plant is operated with the
mislocated bundle. This accident is categorized as an infreguent

incident based upon the following data.
Expected FrequencCy: 0.004 events/cperating cycle

The above number is based upon past emperience. The only
misloading accidents that have occurred in the past were in
reload cores where only two €IIors are necessary. Therefore, the
frequency of occurrence for initial cores is even lower since

three errors must occur concurrently.

The postulated sequence of transients for the misplaced bundle
accident (MBA) is presented in Table 135.4-3.

Fuel loading errors, undetected by incore instrumentation
following fueling operations, may result in undetected reductions
in thermal margins during power cperations. Ko detection is
assumed and, therefore, no corrective operator action or
automatic protection system functiening occurs.

15.4.7.2.1 The Effect of Single Failures and Operatcr Lrrors

This analysis already represents the worst case (i.e., cperation
of a misplaced bundle with three SAF or SOE) and there are no
further operator errors which can make the accident results any
worse. 1t is felt that this section is not spplicable to this
accident. Refer to Section 15.9 for further details.

15.4.7.3 Core ang Systenm Perfogmance

This event is discussed in Section $.2.5.4 of GESTAR 1! (Ref.
15.4-3). |'A sumrary of the input parameters 10
(given in Table 15.4-6 2nd Figure 15.4-8. ——

Results of analyzing the worst fuel pundle lcading error are
reported in Table 15.4-6. As can be saen, MCPR remains well
above the point where boiling transition would be eipected to
occur, and the MLHGR does not exceed the 1N plastic strain limit

S the cladding. Therefore, no fuel damage occurs as & result
o ent.

Rev. 22, 07/8) 15.4-74
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777 IK2UT PARAMETERS AND INITIAL CONDITIONS POR
Y FUEL BUNDLE LOADING ERROR \
(/' ; " 7 T— —
| V. Power, % rated , /100
1 / / ~ - /
| Flow, ¥ rated f " p A0 S
/ y /' //
,htintod nCPR Opc:uxng limit S A J//
. MLHGR op-:otan aimit, XWAL | 13.4 / i
Average cou‘posute, n\jd/t 0. O t /;

e L‘?‘Non/ot/mlnmw C2R b;m/dlo 25-3/4)/ & _
. ation of maximum L bundle

) ’)9‘
fCon}’rol :od pattotn /

/;3)«46) / f
Figure 15.448 |
/ /

| NOTE: Core conit‘t}éns are assumed to be normal fof a hot,
\ operating core at BOC. [/ ,

| y
e R PR TR e 4
L EPLACE wiTH
“NEW //}JLL .
4ﬂﬂCHeD



TABLE 15.4-6

INITIAL CONDITIONS AND RESULTS
OF FUEL BUNDLE LOADING ERROR*

Reactor Power, % rated

Core Flow, X rated

For Largest ACPR:

Core Exposure, MWD/ST

Location of Error

Minimum CPR with Fuel Loading Error
Minimum CPR Operating Limit

Minimum CPR Safety Limit

For Largest AMLHGR:
Core Exposure, MWD/ST
Location of Error

Initial LHGR (Assumed at Operating
Limit), KW/FT

LHGR with Fuel Loading Error,
KW/FT

URAFT

100
100

7810
(15,15)
1.29
1.24
1.06

5000
(11,04)

13.4

16.97

* Core conditions are assumed to be normal for a hot,

operating core.

"New THELE
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( L MISPLACED BUNDLE ANALYSIS
/ e ’ J/’ ,/] |

/ £ 1
3;%3-u/o enriched bundle st Iocotson~f;5-34). adiacent to highest
. teadinig LPRM, feplaced with natural vraniuvm, 0.711 w/0 enriched
. bundle from Jocation (23-60) st zero exposure. The four bundles
around the LPRM are then assumed to be put on the CPR limit by
the operator. . / 4

ESTIMATED /
|/ MCPRA) MCPR(®) P SR T
AT 7 - HWEBA,  /ANCER il
i /)4;TUU | 1."!8 // -0.1412 - =10.78
V . , / // , /
| 2.19 w/0 enriched bundle ug/}ocatton (21-46), replaced with

natural uranium, 0.711 w/0 enriched bundle frem location (23-60)

at zero exposure. The four bundles surrounding the LPRM are then
‘ assumed to be put on the MLHGR limit by the operator. .
| ESTIMATED ' > apLHGR |
; MLHGR? : MLHGR® : / [ '

LIMIT M.P.B.A. SMLHGR / L] |
13.4 /AT ve2 / 11.32
| // | ' e //’ i r
| - |/ / |
| €1) Instrumented location t// j
. (&) Non-instrumented location | :
\ \ /‘
]
!/
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TABLE 15.4-10

INCREMENTAL CONTROL ROD WORTHS USING BPwS(1)

CONTROL BANKED CONTROL . INCREASE
CORE ROD AT ROD DROPS IN
CONDITION GROUP(2)> NOTCH (X, Y) FROM-TOQ Kef f
e “;?::—f::L—::::::L\N i AR A
BOC-I Sequ/ﬂce A 12 26-35 0->48 .004658
G! through G4 wo) ) o =N
all pthers at 0 / o / / , |
|/ Boc-1 Sequen»e T AN 12/ 2643 /o->48  .002518
/, G1 through G4 W/D ~ / / / / / )
/ / all etnets at 0 / / / / / /
/ / / / / / / /
W BOC-1} Sequencc A S / 74 /- 30 / 0->8 4002154
‘ G1 through G4 W/D // /  / / i /
G5/through G8 at 12 / / / / /
6;10 at 0 , / / / /
{ BOC-1 Sequence A 10 / /‘ 22431 0->8/ .0¢3141
\ G1 thgough G4 W/D / / 7* / / / /
‘ GS chrough GB at 12 v /

Gy 0

e —— e eme—

The f llowing assumptions were made to ensure that fhe
rod worths were conservatively high for the BPWS:

a. BOC \
\\ b. Hot startup , )
‘\‘/) ¢c. No xenon R b . :
e e o ~ gL e
o (2> For definition of rod groups, see Figures 4.3-27 and _.><
( 4.3-28.
\\\ The worst case for each rod grocup is given. -
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TABLE 15.1.;’

INCREMENT WORTH OF THE MOST
REACTIVE ROD USING BPWS

Control Banked Control Increase
Core Rod At Rod Drops In K sub
Condition Group Notch (1,3) From-To (eff)
Sequence B 8 12 (26,55) OwePp 48 0.0097
0 GWD/ST
Groups 1-6
Withdrawn

NOTE: The following assumptions were made to ensure that the rod worths
were conservatively high for the g : 1
Banﬁed po;.' tien W thdrqaual -quuengc

) BOC
:) Hot Startup (Bows ),
¢) No Xenon
,. T e
Aew 7 a



