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1. SUMMARY

This report justifies the expansion of the operating region of the power/flow
map for Millstone Point Nuclear Power Station Unit 1. The underlying tech-
nical analysis is referred to as the Extended Load Line Limit Analysis (ELLLA).

Previous analyses of this type, the Load Line Limit Analyses (LLLA), were

more restrictive in scope for most BWR/3s. Specifically, BWR/3 operation at
rated power and less than rated flow was not analyzed. However, LLLA for
BWR/4s routinely included analyses at rated power and minimum flows of 91 to
947% of rated. In early 1981, an ELLLA was performed for a typical BWR/3 to
support operation at rated power with flow as low as 87%. This work draws

on the previous analyses to develop a set of restricted generic conclusions
regarding applicability of the license basis safety analyses to operation
within this expanded domain (Figure 2-1). It is further shown that MPNPS-1,
Cycle 8 meets the conditions of validity of the generic conclusions, and hence
that for MPNPS-1, Cycle 8, the consequences of events initiated from within the
extended domain are bounded by the consequences of the same events initiated

from the license basis condition.

These analyses show that ascension to full power may proceed along a modified
power/flow line bounded by the 108% rod block* line up to the 100% power/87%

flow point as shown in Figure 2-1.

The discussion and analyses presented show that all safety bases normally
applied to Millstone Point Nuclear Power Station Unit 1 are satisfied through-

out Cycle 8 for operation within this envelope.

*RB = 0,58 UD + 50, where WD is drive flow in percent of rated.

1-1/1-2
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2. INTRODUCTION

Two factors which restrict the flexibility of a BWR during power ascension in
proceeding from the low-power/low-core-flow condition to the high-power/high-
core-flow condition are: (1) the FSAR power/flow curve, and (2) Precondition-

ing Interim Operating Management Recommendations (PCIOMRs).

If the rated load line contrcl rod pattern is maintained as core flow is
increased, changing equilibrium xenon concentrations will result in less than
rated power at rated core flow. In addition, fuel pellet-cladding interaction
considerations inhibit withdrawal of control rods at high power levels. The
combination of these two factors can result in the inability to attain rated

core power directly.

Recent analyses (References 1 and 2) justify the modification of the operating
envelope defined by the power/flow curve while remaining within previously
established operating limits and the PCIOMRs. The operating envelope is
modified to include the extended operating region bounded by the 108% APRM

rod block line, the rod block intercept line, the rated power line, and the

rated load line.

This report provides the analytical basis for Millstone Point Nuclear Power
Station, Unit 1 operation during Cycle 8 under a modified operating envelope
to permit the direct ascension to full power within the design bases pre-

viously applied.
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3. DISCUSSION

3.1 BACKGROUND

Operation of the Millstone Point Nuclear Power Station, Unit 1 utilizing the
power/flow map is described in Section III of the FSAR (Reference 3). This
section of the FSAR describes the basic operating envelope (Figure II1I-2,3)
within which normal reactor operations are conducted and provides the basic
philosophy behind the power/flow curve., FSAR Figure III-2.3 is reproduced

as Figure 3-1 of this document.

The MPNPS-1 operating domain was expanded with the issuance of Reference 1.
This analysis further expands the operating domain to allow power ascension
along the 108% APRM rod block* line to 100% power at 87% flow. Rated power
operation at any flow between 87% and 100% is acceptable.

Certain terminology from the previous Load Line Limit Analyses is retained

herein:
Rod Block Intercept Point - 85% power/61% flow.

100% Intercept Point - lowest flow point of which rated power operation
is acceptable. (877 flow for MPNPS-1)

Rod Intercept Line - a straight line between the Rod Block Intercept
Point and the 100% Intercept Point. Because the latter point lies on
the APRM Rod Block line, no Rod Intercept Line exists for MPNPS-1.

3.2 ANALYTICAL BASIS

To provide relief from the operating restrictions inherently imposed during
ascension to power by the existing power/flow curve and PCIOMRs, a modified
power/flow curve has been derived. In deriving this operating curve, five

design basis objectives were specified:

*PB = 0.58 Wp+50 where Wp is line flow in percent of rated.

3-1
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Extrapolated Rod Block Line* -

Channel Hydrodynamic Performance Natural Circulation Power
Channel Type Decay Ratio
P8x8R Channel 0.20
8x8 Channel 0.26

At this most responsive condition, the most responsive channels are clearly
within the bounds of the ultimate performance criteria of <1.0 decay ratio
at all attainable operating conditions.

3.3.1.2 Reactor Conformance to Ultimate Performance (Lriterion

The decay ratios determined from the limiting reactor core stability conditions
are presented in Reference 5. The most responsive case for this analysis is

the extrapolated rod block line* - natural circulation condition.

Extrapolated Rod Block Line* ~
Reactor Core Stability Natural Circulation Power

Decay Ratio, lexo 0.61

These calculations show the reactor to be in compliance with the ultimate

performance criteria, including the most responsive condition,

3.3.2 Loss-of-Coolant Accident

A discussion of low-flow effects on LOCA analyses for all operating plants
(Reference 6) has been presented to and was approved by the NRC (Reference 7).
The LOCA analysis for MPNPS-1 (Reference 9) is applicable in the power flow
domain discussed in this report,

3.3.3 Pressurization Transients

As shown in Reference 5, the most limiting transient for MPNPS-1, Cyclé 8 is

the Load Rejection without bypass. By examining the results of numerous
*RB < 0.58 HD + 50, where HD is drive flow in % of rated.

3=3



Y b by b B




NEDO-24366

conditions represent only a slight change in exposure, it is expected that
the void reactivity characteristics should be very similar. This trend can

be observed by comparing Figures 3-4 and 3-5.

In comparing the various Haling assumptions, both the "F" and "G/L" assump-
tions define unique EOC nuclear conditions (exposure and power shape) while
that applied to H resulted in only a change to the power shape. Since the

calculated exposure differences are rather small, all three of these calcu-

lational methods yield similar results.
3.3.3.2 Evaluation of Transient Results

This section provides transient result comparisons between high and low flow
initial conditions for various plants, and justification for extending the

conclusions reached to MPNPS-1, Cycle 8.

The transient results of primary importance for this study are ACPR and peak
vessel pressure. Either of these have the potential to impact operation.

To ensure that the reduced flow condition (100/87) is bounded by the reference
licensing condition, (100/100) it is necessary to consider ACPR and the peak

vessel pressures.

The Plant H results for 100/100, 100/92 and 100/87, show a clear trend of
decreasing ACPR with decreasing flow for both LRw/oBP and FWCF. The peak
vessel pressure for the MSIV flux scram event was unchanged between 100/100

and 100/92 (the 100/87 condition was not evaluated).

The Plant F results also clearly show ACPR improvement for the transient
originated from the lower flow condition. The Plant F analysis is somewhat
unusual because it assumes that 1/2 of the turbine bypass functions and the

scram signal is delayed 0.20 sec after start of turbine s“op valve closure.

3-5



The net effect is that the TTw/1/2BP for Plant | ; less sensitive to the
scram than other plants would be and thus the improvement due to the enhanced

ram is understated.

evaluations for Plants C and L are for smaller flow differences (5%Z) than
3%) and F (11%Z). These plants also differ in that they have RPT. The
ransient results show that the higher flow condition (104/105) still yields

her bound or are equivalent to the reduced flow condition

)eak vessel pressures are essentially constant for both
f I

K are for a smaller flow difference (6%).
initial power levels (104/100 and 100/94).

flow condition (104/100) results in larger

and flow. Above
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the rated load line.




TR P T T~

Number of Fuel Bundles
Rated Thermal Power (MWt)
Rated Core Flow (Mlb/hr)

Relief Valve Setpoint
(psig)

Relief Valve Capacity
(No. /ZINBR)

Safety Valve Setpoint
(psig)

Safety Valve Capacity
(No. /ZINBR)

Control Rod Drive
Specification

Table 3-1
PLANT CHARACTERISTICS

Plant
MPNPS-1

A B c D E F G H K L ~ Cycle 8
560 764 560 764 368 240 560 484 548 560 560 580
2436 3293 2436 3293 1593 997 2436 1670 2381 2436 2436 2011
77.0 102,5 77.0 102.5 49.0 29.7 77.0 57.6 73.5 78.5 77.0 69.0
1090 1105 1105 1105 1090 1065 1090 1108 1080 1080 1090 1095
11/85.7 11/66.0 11/87.4 i1/66.0 6/72.0 4/79.0 11/89.6 7/83.0 7/57.1 11/85.7 11/85.7 6/61.4
-— 1250 - 1230 1240 1210 - - 1240 - 1 S
— 2/14.8 - 2/13.6 2/18.9 6/122.4 -— - 3/19.8 ~-- - -
67B 67B €7B 67B 678 67B & MST* 678 678 678 678 &7B 678

*T (X insertion) = 0.375 (5), 0.776 (20), 1.57 (50), 2.75 (90), + 200 msec interrogation delay.
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Table 3-2b

TRANSIENT INPUT DATA AND OPERATING CONDITIONS FOR 100%Z INTERCEPT POINT

Thermal Power (MWt/%)
Steam Flow (Mlb/hr/2%)
Core Flow (Mlb/hr/%)
Dome Pressure (psig)
Turbine Pressure (psig)

NDP Void Coefficient
(¢/%Rg)

TAP Void Coefficient
(¢/7%ZRg)

NDP Doppler Coefficient
(c/°m)

TAP Doppler Coefficient
(c/°F)

Average Fuel Temperature

(°F)
NDP Scram Worth ($)

TAP Scram Worth ($)

N/A - Not Analyzed

Plant

A B C D E F G H* K kL
2436/100 3293/100 2436/100 3293/100 1593/100 N/A 2436/100 1670/100 2381/100 2436/100
10.47/100 13.42/100 10.47/100 13.38/100 6.84/100 10.47/100 6.77/100 9.57/100 10.03/100
72.4/94 93.3/94 72.4/94 93.3/94 45.2/92.2 72.3/94 53.0/92 73.5/94 73.8/9
1012 1013 1014 1013 1014 1021 1022 1014 1013
957 978 959 958 960 967 977 959 958
-9.16 -6.95 -8.65 -8.90 -9.98 -7.65 --
~11.45 -8.69 -10.81 -11.12 -12.47 -10.49
-0.2278 -0.2281 -0.2219 -0.2305 -0.2283 -0.225
-0.2164 -0.2167 -0.2108 -0.2190 -0.2169 -0.214
1472 1295 1490 1317 1321 1357
-39.39 -39.41 -38.81 -36.84 -39.29 ~38.46
-31.51 -31.53 ~31.05 -29.47 -31.43 -30.77

*Plant H analyzed at 92 & 87%Z flow.
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Table 3-2¢ :
TRANSIENT INPUT DATA AND OPERATING CONDITIONS FOR ROD BLOCK INTERCEPT POINT

Plant

A B c D 3 F c H K L M
Thermal Power (MWt/Z%) 2071/85 2799/85 2071/85 2799/85 1354/85 N/A  2071/85 1420/85 N/A 2071/85 N/A
Steam Flow (Mlb/hr/%) 8.72/83.3 11.18/83.3 8.72/83.3 11.13/83.2 5.70/83.3 8.72/83.3 5.64/83.3 8.35/83.3
Core Flow (Mlb/hr/%) 46.97/61 62.53/61 46.97/61  62.53/61 29.9/61 47.0/61 35.1/61 47.9/61
Dome Pressure (psig) 992 992 993 992 993 1078 1004 992
Turbine Pressure (psig) 954 953 955 954 956 988 972 953
NDP Void Coefficient -10.27 -7.95 -9.60 -10.42 ~11.26 -8.97
(¢/%ZRg)
TAP Void Coefficient -12.84 -9.94 -12.00 -13.02 -14.08 -11.31
(¢/%Rg)
NDP Doppler Coefficient -0.2275 -0.2269 -0.2217 -0.2283 -0.2258 -0,2277
(¢/°F)
TAP Doppler Coefficient -0.2161 -0.2155 -0.2106 -0.2169 -0.2145 -0.2163
(¢/°F)
Average Fuel Temperature 1303 1163 1317 1180 1183 1357
(°F)
NDP Scram Worth (§) -39.64 -40.69 -38.71 -36.60 -39.13 -38.63
TAP Scram Wocth ($) -31.71 -32.55 -30.97 -29.28 -31.30 -30.90

99€%Z-003N
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Thermal Power (MWt/Z%Z)
Steam Flow (Mlb/hr/%)
Core Flow (Mlb/hr/Z%)
Dome Pressure (psig)
Turbine Pressure (psig)

NI'? Void Coefficient
(¢/%Rg)

TAP Void Coefficient
(¢/%Rg)

NDP Doppler Coefficient
(¢/°F)

TAP Doppler Coefficient
(¢/°F)

Average Fuel Temperature
(°F)

NDP Scram Werth ($)

TAP Scram Worth ($)

N/A - Not Analyzed

dFeedwater temperature reduction

Table 3-2d

TRANSIENT INPUT DATA AND OPERATING CONDITIONS
FOR INCREASED FLOW POINTS

Plant

A-E F " G H K L M
N/A  997/100 997/100 2540/104 N/A N/A  2543/104  N/A

4.07/100  4.07/100  10.99/105 10.53/105

33.0/1.1  33.0/111  80.9/105 82.4/105

1004 1004 1019 1020

958 958 959 959

-8.15 -7.08

-10.19 -8.85

-0.222 -0.222

-0.211 -0.210

1377 1377

99€%7-003AN



NEDO-24366

MPNPS-1

Cycle 8
Core Power (MWt 32 3293 15 7 ) ) 2011
Core Flow (Mlb/hr) ) ( 5 02.5 49.0 . 7 .0 69.0
Reactor Pressure (psia) )35 0 103 1035 ] 1 035 1065

Inlet Enthalpy Btu/lb) 26, 521.5 526, ¢ - 5 S ) 20, 0. 224, 520. 4 526.0

Nonfuel Power Fraction ( 0! 03 0 ).035 0.C N ). 0.035

Axial Peaking ¥ Y X . &( 1.4 40 ] ] . &( 1.40 1.4( 0 .40 1.40
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Table 3-3d
GETAB ANALYSIS INITIAL CONDITIONS FOR INCREASED FLOW POINTS

Plant

A-E 13 G H K L
Core Power (MWt) N/A 997 2541 N/A N/A
Core Flow (Mlb/hr) 33.0 80.9
Reactor Pressure (psia) 1037 1043
Inlet Enthalpy (Btu/lb) 523.4 528.4
Nonfuel Power Fraction 0.04 0.04
Axial Peaking Factor 1.40 1.40
7x7 Fuel

Local peaking factor

Radial peaking factor

R-factor

Bundle power (MWt)

Bundle flow (10°1b/hr)
8x8 Fuel

Local peaking facvor

Radial peaking factor

R-factor

Bundl: power (MWt)

Bundle flow (10°1b/hr)

8x8R Fuel
Local peaking factor 1.20 1.20
Radial peaking factor 1.56 1.51
R-factor 1.052 1.051
Bundle power (MWt) 6.354 6.693
Bundle flow (10°1b/hr) 114.3  118.3
P8x8R Fuel
Local peaking factor 1.20 1.20
Radial peakiug factor 1.53 1.49
R-factor 1.052 1.051
Bundle power (#MWt) 6.231 6.617
Bundle flow (10°1b/hr) 115.2  119.0

N/A - Not Analyzed

3-15



NEDO-24 366

fable 3-4

ESSEL CODE COMPLIANCE:

Peak

Neutron Peak Heat

[nitial Flux @ Flux Q/A
(Z initial)

(X initial)




MPNPS -

Cycle

*7 Nominal Rated
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lable 3-5

TRANSIENT SUMMARY-~TURBINE TRIP WITHOUT BYPASS
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Table 3-7

TRANSIENT SUMMARY--LOSS OF FEEDWATER HEATIN(
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Table 3-9

YN TRANSIENT RESULTS FOR OFF-RATED
CORE FLOW CONDITIONS

Peak Pressure
(psig)

Power/ ) —

Flow % Steamline Vessel

H

LR w/o BP
100/100
100/92
100/87
100/100
100/92
100/87

100/100

100/92

100/111
100/100

G (w/RPT)

LR w/o BP
104/105
104/100
104/105

104/100

104/105

104/100
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this report in support of operation along

method of analyses described iu

4

modified power/flow line a2re of a bounding type that can be applied to eval-

. S0 J = , a . i
all BWR/3 and BWR4 plants whose operation is guided by a power/flow curve.

power/877% flow lies along the APRM flow-

represented by the equation:

a power/flow curve approximated

represented by the equation,

estrictive equation (0.58W + 507%) was approved by the United States

ion (Reference 8) and the analyses for this report

egulatory Commission

this line as the upper bound of the proposed operating

the current

few percent from these values.
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line, except the intersection with the rod biock intercept line

would occur at

slightly higher power and flow (Figure 2-1).

This is within
the analyzed envelope and, therefore, conforms with the bases and conclusions
this report.




FLOW
CONTROL

{

3
z
2
:
&
O

NATURAL CIRCULATION
(ASSUME NO LOOP FLOW)

|

40 50 80

RECIRCULATION FLOW (X W)







Docket No. 50-245

Attachment No. 4
"Supplement | to Extended Load Line
Limit Analysis Millstone Point
Nuclear Power Station Unit |
(Reverification for Cycle 9)"

NEDO-24366-1, dated June 1982

October 1982




