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INTRODUCT 10N

Over the past severa) months, considerable attention has beon given to the
potential effecte of the previously reported changes to the Monticello scram
reactivity insertion rate as applied to abnorma) operationa)l transient analyses,

An additional factor, the inability of the Target Rock Safety/Relief valves to
mect tha orfginal design opereting specification (delay time) of 0.200 seconds
from attaimnent of setpoint pressure to valve opening has also been evaluated,

The effects apply to the satisfaction of the GE recommended 25 psi margin
between the peak pressure resulting from the worst case single failure ceused
abnormal operational transient (turbine trip with faflure of the bypass

valves) and the setpoint of the lowest set spring safety valve, i.e., the relfef
valve sizing transient,

The safety valve sfzing event (main steam isolation valve closure with
indirect scram) is used to determine satisfaction of ASML pressure vessel
code requirements and, while affected by the variables discussed here, does
not result in limiting conditions. This event is, however, analyzed here for
comparison and completeness.

Efforts have been made (and reported) to determine the magnitude of these
effects and the time (cycle Z core exposure) at which they fiitroduce possibie
operational restrictions.

Recause several variables are involved, many evaluations were made to obtain

2 solution (or solutions) that was both optimum and conservative from the
analytical, operational and practical standpoints, including such factors as
shutdown schedules, modification possibilities, plant availability requirements,
analytical capability, license 1imitations and regulatory considerations.

The end result has been the development of a specific short term solution
based on plant modifications and operating restrictions for the present cycle
and a long term solution for future cycles; the former is reported here.
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SUMMARY
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Based on analyses performed at severa) core exposure values throughout cycle 2
and adoption of the proposed modifications to the relief and safety valves,
operation for the entire cycle has been defined. For the interval up to

1640 MWD/T, full power operation was obtuined; between 1640 and the early

October 1973 outage, a control rod pattern 1imitation coupled with 3 power
restriction was applied; from the outage (following the RV and SV modifications)
to 2680 MWD/T, full power operation s permissible; between 2680 MWD/T and the
end of cycle 2 (3635 MWD/T) reactor power must be restricted to 91%.

The sensitivity of the transient effects to changes in the analytical input
parameters and analysis under varied assumptions have shown that the operating
envelope described adequately ensures operation of the plant within the intended
constraints and, given adequate consideration to the conservatisms involved,
within desired margins,

DISCUSSION

A. Background

As reported in the past (Feb 73), development and improvement of analytical
methods at General Electric revealed changes to the scram reactivity inser~
tion curve applied to Monticello. Recognition of additional scram reactivity
curve degradation was made early last year with subsequent development of
the Monticello end of cycle (EOC) curve, designated curve "C." Because

the analysis in effect at that time was based on the "Generic 72," (1.e.,
“B") curve, an evaluation wes made to estimate the Cycle 2 exposure at

which the “B" curve ceased to adequately described the scram reactivity
insertion rate, the effect of the assumption of “C" curve inputs at that
time, and what actions might be taken to compensate for any adverse effects.

Attainment of "B" curve conditions was conservatively estimated to

occur at 2250 MWD/T in Cycle 2 Beyond that exposure, reactor operation
would be restricted, (assuming no changes to the plant) based on the
E0C2 "C" curve.
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The initia) estimations indicated the margin would remsin above 25 psi
untdl « 2000 MND/T in Cycle 2. (At the time of this evaluation, the B
curve exposure was assumed to be 2400 MWD/T.)
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At 2000 MWD/T *he reactor power 1eve) reduction would have to tegin,
holding a fixed control roé inventory, unti) power “coasted down" to 90%.
This would adequately compeniate for the longer RY delay time, The new,
lower pover level could the. be maintained up to 2400 MKD/T, the cut off
point for operation under reviewed analyses based on the B curve. (Betwaen
‘ 2000 and 2400 MWD/T, the power level could follow @ Yocus of roints with
the ‘owest powe: point eccurring at 2400 MWD/T. However, because these
intermediote noints have not been revieved, the end point restriction 1s
applied to the entire interval.)

Beyond 2400 MWD/T, the more 1imiting "L" reactivity curve (a1l rods out,
end-of -cycle) would have to be applied.

The latest evaluations based on refined input information, revised the
2000 MUD/T figure to 1640 MWD/T and the 2400 MWD/T figure to 2680 MWD/T.

During the course of determining the exposure values above, analyses and
evaluations were concurrently made to define what analytical, hardware

and Tech Spec changes could be applied to mitigate the change to the analyzed
plant conditions. ‘

Two changes were committed for alleviation of the overall effects:

1) Increasing the setpoints of the safety valves to four at 1240 psig
from 2 each at 1210 psig and 1220 psig, and 2) modifying the relief
valves to ensure a delay time less than 0.400 seconds, a value selected

on the basis of actua) tests of modified valves where measured delay

times for all tests were less than 0.350 seconds. These tests, conducted
by General Electric, were performed at & steam test facility utilizing
sophisticated equipment and methods in suppnrt of a program to improve the
response of all Target Rock valves.




Some of the other possible changes considered are 1isted below:

Lowering RV setpoints 10 psi

2. Reducing control rod scram times

3. Applying an operationally oriented rather than o design value multiplier
to the scram reactivity curve and void coefficient inputs to the
enalysis ¥

4. Operating Power restrictions

Some of these factors were applied to the aralyses performed in support
of the proposed changes.

Although these extra analyses are not completely applicable to the existing
and proposed plant conditions, they have been useful in establishing the
sensitivity of the transient results to variations in assumptions and
modification possibilities, Additionally, more accurate relationships
among the input assumptions can be derived,

The net effect of the many analyses and evaluations is to increase confidence
in the analytical methods and to fdentify those parameters having & signi-

ficant effect on transient outcomes.

Reanalysis Bases

The transient reanalysis of Monticello, Cycle 2 1s based on the latest
available data at three specified core exposures for which scram, void and
Doppler reactivity characteristics are defined., The specified exposures
are:

a) 1640 MWD/T, which corresponds to the projected exposure to which the plant
can operate at full power without violating defined pressure margins,

b) 2680 MWD/T, which is the exposure at which the scram reactivity profile
is equivalent to the Generic 1972 (B) scram curve.

* Because of a better understainding of the actual scram curve and void coefficient,
the multipliers originally applied (design conservatism factors, DCF) for
uncertainty could be somewhat reduced,




¢) 3635 MWD/T which 1s the exposure corresponding to the planned £OC2.

The scram reactivity curves employed in the reanalysis are siown in
Figure 1.

The scram curves for 1640 MWD/T and EOCZ represent calculated reactivity
profiles for the plant at the specified exposures with consideration of
current exposure data. The scram curve at 2680 MUD,/T represents a previously
defined curve but s equivalent to a calculated reactivity profile at that
exposure,

Four operating conditions were considered in this analysis based on a
scheduled outage during the cycle to modify the Target Rock relief valves
and to change the safety valve setpoints. The outase is assumed to occur
at some time between the core exposure of 1640 MWD/T and 2680 MWD/T.

The modification of the re)ief valves will reduce the time delay from

800 milliseconds to 400 milliseconds. The safety valve setp 5 will be
raised to 1240 psig. The four operating conditions conside orrespond
to conditions prevailing during four cycle intervals:

. BOC to 1640 MWD/T

1640 MWD/T to Outage

Outage to 2680 MWD/T

2680 MWD/T to EOC2 (3635 MWD/T)

o O @ >

The conditions assumed for these intervals are tabulated as follows:

TABLE 1

(BOC-1640)  (1640-outage) (outage 2680)  (2680-EOC)
Operating Cycle Cycle Cycle Cycle
Corditions Interval A _Interval B Interval € Interval D
Power 100% 90% 100% 974/91%
SV Set Pt (nominal) 1210 psig 1210 psig 1240 psig 1240 psig
RV Set Pt (nominal) 1070-1080 1070-1080 1070-1080 psig + 1%

psig + 1% psig + 1% & 1080 psig + 1%
RV Time Delay 800 ms 800 ms 400 ms 400 ms
CRD 67 PL 67 PL 67 PL 67 PL
Scram Curve 1640 MWD/T 2680 MWD/T 2680 MWD/T £oce

“8" Curve “B" Curve

"C2" Curve



The scram reactivity profile for Monticello s degraded from LOC to the

£OC on the basts that the scram reactivity function s characterized by

the amount of reactivity inserted in 2 specified period of time. The
decreasing functicn results in pressure responses to operational transients
which are incrensingly more severe, Consequently, the scram curves considered
for each cycle interval, except interval B, correspon' to the end of tnat
period to ensure & conservative margin for the entire interval., No scram
curve is defined for the end of interval B tu the next defined curve is used.

Analysis of & plant in the design phase using a mathematica) model employing
design data must consider uncertainties assuciated with the model, des’gn
data, and design characterist cs and features. Consequently, design conser-
vatism factors (DCF) should logically be larger than the conservative
factors used after the plant is operating where as-built inputs may be
applied. The concept of operating conservatism factors (OCF) vas applied

in the Monticello reanalyses to gain a better understanding between the
design, pre-operatfonal analyses and the more realistic current plant
condition analyses.

C. Transients Analyzed

The change of the scram reactivity curve from BOC to EOC and the time
delay of the relief valves affects primarily the transients employed as
the bases for sizing the relief and safety valves. The design basis for
gizing the relief valves is to avoid 1ifting the safety valves. The
transient which defines this basis is the most severe abnormal operational
transient, turbine trip with the bypass valves failed. The design basis
for safety valve sizing is to avoid violating the vessel pressure code
1imit of 110 of design vessel pressure, or 1375 psig. The event used to
define this is the closure of all main steamline isolation valves (MSIV)
with flux scram, assuming direct scram has failed.

The relief valve sizing transient, turbine trip without bypass, is more
1imiting than the safety valve sizing event. Consequently, power reduction
levels are defined on the relief valve sizing basis, Safety valve sizing



SR e R B R ——

events are evaluated in al) cases at full power but only for cycle interval
B to cover from BOC to the outage and for cycle interval D to cover from

the outage to EOC 2. This full power analysis over the entire cycle ensures
conservatism and eliminates the need for analysis at the various power
plateaus in the four exposure intervals,

Fourteen analyses (Table 2) have been performed, eight using the design
conservatism factors and six using operating conservatism factors which
establishes the sensitivity of the analyses to both design (DCF) and
operating conservatism factors (OCF). Those six analyses for the exposure
period up to the outage (3 with DCF and 3 with OCF) werre assumed to have
RV setpoints at a nominal 1070, 1075, and 1080 psiq + 1%, a conservative
application of “as set" RV's, (RV's are set 1% below specifications to
ensure setting methods account for possible setpoint changes related to
environmental conditions and other factors.) For the eight analyses for
the period following the outage, five were performed using DCF and three
with OCF. 0f these eight, two were run using RV setpaints of all at
1080 psig + 1%,

Results of Analyses

The pertinent results of the current analysis of the Monticello plant based
on the latest data available, including exposure data, is tabulated in
Table 2. The relief valve sizing transient for cycle interval B is eval-
vated at 90% power because that power leve! had been defined by a previous
analysis. Cycle interval D is evaluated for relief valve sizing at power
levels corresponding to defined pressure margins with both the operating
conservatism factors (OCF) and the design conservatism factors (DCF).

The tabulated data specifies the peak steamline pressure (iSL) for the

relief valve sizing transient of turbine trip without bypass with the margin
to the Towest safety valve setpoint noted in parentheses. Peak pressure

at the bottom of the vesse) (5,) fs tabulated for the MSIV closure events

with the margin to the 1375 psig code 1imit noted in parentheses, Appropriate
figure numbers for the transient plots are shown in brackets [ ].
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TABLE 2

: MONT1CE YCLE 2 DATA

‘ P?wzr) TYTN{O gP F‘NSlg
! Cycle Conservatism Level (% . Trip Scram . Flux Scram
= Interval factors 1.1 Msly - Ps) (psig)[Fig]l Py (Psig)[Fig])
i
! A) BOC to 0CF 100 117¢ 31; [71
[ 1640 MWO/T o3 100 1193 17 &
E B) 1640 MD/T to 0CF 90 100 1167 43 [9? 1266 5109) 10]
j outage DCF 90 100 1182 28 1] 1276 99) [5)
¢) Outage to 0CF 100 nes (58 12]
h 2680 MWD/T DCF 100 1208 k¥4 13
g OCF 100 1211 (29) * [3)
. D) 2680 MWD/T to oCF 97 100 1213 27 14 1289 ibﬁg [15)
e £OC2 (3635 M4D/T) DCF 9 100 1212 28 16 130 74 6)
| DCF 9 1216 25) + (4]

' * 4 RV's 0 1080 psig + 14; al) others with RV's @ 1070, 1075 and 1080 psig + 1%

i As shown in table 2, the application of OCF versus DCF yields an analyzed peak pressure?
! difference of ~15 psi; the post outage analyses reveal similar relationships including |
| a 6% power equivalence for the OCF/DCF conditions as well as a 3 psi margin change
f for a consolidation of all the RV setpoints at 1080 psig + 1%,

Tr analyses discussed below are those necessacy for operation from the outage
to the end of cycle, after the RV and SV changes have been made. Figures 3
through 6 are the transient plots for these analyses. Figures 7 through 16 are
the transient plots for the remaining ten analyses and are provided for com-
parison with those parameters not noted in this report.

Figure | shows the scram reactivity curves applied to the various analyses.

Relief Valve Sizing (TT w/o Byp)

Case 1 - Outage to 2660 MWD/T. Figure 3.

; Assunptions: NB rated power and flow, design conservatisms
(FSAR), SV's set 4 @ 1240, RV's set 4 @ 1080,
67 PL scram time, 2680 MWD/T reactivity curve,
RV delay time 0.400 seronds.

e
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Case 3 - BOC to outage. Figure . |

Assumptions: NB rated power and flow, design conservatisms (FSAR),
SV's set 2 @ 1210, 2 ¢ 1220, RV's set in 3 groups at
1070, 1075, and 1080 psig ¢ 1%, 67 PL Scram time,
2680 MWD/T reactivity curve, RV delay 0.8 seconds,
indirect (high flux) scram.

Both a turbine trip without bypass and closure of all main steam line isolatton
valves produce severe overpressurc transients., Analyses for these two cvents
have shown that the 3 second closure of the isolation valves is slightly more
severe for the final plant configuration when direct reactor scram is neglected.
This results because the longer steam 1ines, alluwing more volume for steam
compression, more than compensates for the faster acting turbine stop valves in
the former transient, when compared Wwith MSLIV closure. The latter event is
therefore provided here as the basis for determining the adequacy of the

safety valves.

Pressure increases follow this reactor isolation until limited by the opening
of the safety valves. The peak allowable pressure is 1375 psig (according to
ASME Section 111, equal to 110 percent of the vessel design pressure of 1250
psig). The Target Rock set points are < 1080 psig and the spring safety valve
cet points are at 1210 psig (2 valves) and 1220 psig (2 valves). Thus the

ASME code specifications that the lowest safety valve be set at or below vessel
design pressure, and the highest safety valve be set to open at or below 105
percent of vessel design pressure are satisifed, The four spring valves to-
gether have nameplate capacity greater than 35 percent of turbine design flow.

Figure 5 shows the resulting transient assuming the capacity of the 4 relief/
safety valves (474 of main steam generation rate) and the 4 safety valves
(36.9% of main steam generation rate). An abrupt pressure and power rise occur
as soon as the isolation becomes effective. Neutron flux reaches scram at ap-
proximately 2.10 seconds initiating reactor shutdown; it peaks at a value of
5924. The assumed safety valve capacity (Target Rock plus spring safety ca-
pacities) keeps the peak vessel pressure 99 psi below the peak allowable ASME
overpressure of 1375 psig. Therefore, the relief valves plus the spring safety
valves provide adequate protection against excessive overpressurization of the
nuclear system process barrier with a large margin.
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Figure 4 - Case 2 - 2680 NAD/T to EOCZ, RV Sizing
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Figure 8 - BOC to 1640 MWD/T, DCF, TT w/o Byp, 100%
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Figure 10 - 1640 MID/T to Outage, OCF, MSIv, 100%
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Figure 11 - 1640 MdD/T to Outage, OCF, 1T w/o Byp, 90%

A_mazais A
2/728, 4TIRV

PRT

OCF §7R-

is)

ALDkad3 W/0

MONT
1T W/0 BP.

TIME (SED)




(PERCENT OF RATED)

i
i

..1 x L5 H 5 —~_ Q
- \ T ———
g \Ai;_'
."““1...._ * A = L
TIME (SEC)
1 t
g% ¥ 1 INCHES)
N O ()
150, >
.S
\
\.\ ) .
o &
) : =
“..|..I ,..z. 2 . 2.1. -n.-annl-nLA- n 3 “4;
TIME (SEC) CORE FLOW (0

Figure 12 - Outage to 2680 MWD/, NCF, TT w/o Byp, 100%

!
MONT &03 W/0 PRT
11 W/0 BP. OCF 67R-2/728, YT/RV W/2 PUMP TRIF



JdlHL gWNd 2™

2001 *dAg o/m 11 2@ ‘1/GMH089Z 03 3beang - g1 3unbirj

(7Z) M01d 3u03
)

_uwm- U.:._- 5 T
i 2 i frrrrpre]
PR
I.M ——
I —
| ¥4
) o wdis dy & _ |
w0 |

(3351 3L
9 .|

(23S} ML
9

(031bY 40 IN3OM3d)



-

~ dldl dWid Z/M ‘AHZLNh "WZIEL/8-HLS 400 “d8 O/M L1
184 O/M ESI0T INOW

%46 “dAg o/m 11 430 2203 03 L/QMA 0892 = ¥l 34nbLi

iZ) M014 3600
s b »
T eaes | / TYYYYTrYY T ERaET v
B
J
/ E
f A.‘v &
i , ; "
' |

-4

(338} Il (J3S) 3Mil
> ]

A
i |
o s




CORE FLOW ()

TIME (SEC)

.

— A
2~

(0318 40 IN3DM3d)

i)

Figure 15 - 2680 MD/T to EOC2, OCF, MSIV, 100%
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