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Director of Nuclear Reactor Regulation
Mr. B. J. Youngblood, Chief

Licensing Branch No. 1

Division of Licensing

U. S. Nuclear Regulatory Commission
Washington, D. C, 20555

References: (1) B. J. Youngblood to W. G. Counsil, Request for Additional
Information for Millstone Nuclear Power Station, Unit No, 3,
dated May 31, 1983.

(2) W. G. Counsil to B. J. Youngblood, Millstone Nuclear Power
Station, Unit No. 3, N-1 Loop Operation, dated April 9, 1984.

(3) B. J. Youngblood to W. G. Counsil, Millstone Unit No. 3
Safety Evaluation Report, dated August 2, 1984,

Dear Mr. Youngblood:

Millstone Nuclear Power Station, Unit No, 3
Three (N-1) Loop Operation

In Reference (1), Northeast Nuclear Energy Company (NNECO) received NRC
Core Performance Branch (CPB) question number 492.3 which requested NNECO
to provide additional information concerning our intention to use N-1 loop
operation at Millstone Unit No. 3. In Reference (2), NNECO stated its intention
to pursue an operating license which permits such operation and also committed
to make changes to affected portions of the Millstone 2 FSAR to take into
account N-1 loop operation. This was identified as confirmatory item (#15) in
Reference (3).

We have recently completed LOCA and non-LOCA accident analyses in support
of operation of Millstone Unit No. 3 with one reactor coolant loop out of service
and isolated. The enclosed analyses package (Enclosure I) consists of FSAR
change pages which include thermal hydraulic design parameters (Chapter 4,
Reactor), mass and energy release data (Chapter 6, Engineered Safety Features)
and accident analysis %éhapter 15). These FSAR change pages will be
incorporated in a future FSAR amendment.

Enclosure I describes the design basis information for the modification to the
solid state protection system such that the system can be configured for 3-loop
operation. It also provides identification of parameters and conditions
associated with 3-loop operation. As agreed in a discussion between your
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Ms. E. L. Doolittle and our Mr. R. G. Joshi during an October 2, 1984 meeting,
information contained in Enclsoure Il has been prepared to facilitate the NRC's
review of our request. Appropriate changes to the FSAR pages (Chapter 7,
Instrumentation and Control) will he forwarded to the NRC in a future
amendment.

NNECO is hereby requesting for approval to operate Millstone Unit No. 3 (a 4-
loop Westinghouse plant) with only three active coolant loops. The purpose of
this request is to allow the plant to continue operating with one loop out of
service in the event of an equipment failure in that loop. Three loop operation is
defined as power operation of Millstone Unit No. 3 with one of the four reactor
coolant loops isolated by loop isolation valves in both the hot leg and cold leg of
the inactive loop at reduced power levels.

The proposed Technical Specifications for 3-loop operation for Millstone Unit
No. 3 are being developed at this time and will be submitted to the NRC by the
end of January, 1985. All procedures related to 3-loop operation and
surveillance, including revised or new emergency operating procadures are being
developed at this time and these procedures will be uniquely identified.

A human factors evaluation wiil be performed to review the adequacy of the
interface between the control room operator and plant processes as found in the
control room for 3-loop operation. The schedule for completion of this effort
and docuinenting the results in a report for the NRC review will be accomplished
to support fuel load in November, 1985.

If you have any questions regarding this submittal, please feel free to contact
our licensing staff directly.

Very truly yours,

NORTHEAST NUCLEAR ENERGY COMPANY
et. al.

BY NORTHEAST NUCLEAR ENERGY COMPANY

Their Agent

W. G. Counsil
Senior Vice President




STATE OF CONNECTICUT )
) ss. Berlin
COUNTY OF HARTFORD )

Then personally appeared before me W. G. Counsil, who bei duly sworn, did
state that he is a Senior Vice President of Northeast Nuclear Energy Company,
an Applicant herein, that he is authorized to execute and file the foregoing
information in the name and on behalf of the Applicants herein and that the
statements contained in said informatica are true and correct to the best of his

knowledge and belief.
\ , ("‘ 4 f C -
A lae 1"}’(/61./{77:1('(/>
otary Publig” /
A%

My Commussion Expires March 31, 1988
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Director of Nuclear Reactor Regulation
Mr. B. J. Youngblood, Chief

Licensing Branch No. 1

Division of Licensing

U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

References: (1) B. J. Youngblood to W. G. Counsil, Request for Additional
Information for Millstone Nuclear Power Station, Unit No. 3,
dated May 31, 1983.

(2) W. G. Counsil to B. J. Youngblood, Millstone Nuclear Power
Station, Unit No. 3, N-1 Loop Operation, dated April 9, 1984,

(3) B. J. Youngblood to W. G. Counsil, Miilstone Unit No. 3
Safety Evaluation Report, dated August 2, 1984,

Dear Mr. Youngblood:

Millstone Nuclear Power Station, Unit No. 3
Three (N-1) Loop Operation

In Reference (1), Northeast Nuclear Energy Company (NNECO) received NRC
Core Performance Branch (CPB) question number 492.3 which requested NNECO
to provide additional information concerning our intention tu use N-1 loop
operation at Millstone Unit No. 3. In Reference (2), NNECO stated its intention
to pursue an operating license which permits such operation and also committed
to make changes to affected portions of the Millstone 3 FSAR to take into
account N-1 loop operation. This was identified as confirmatory item (#15) in
Reference (3).

We have recently completed LOCA and non-LOCA accident analyses in support |
of operation of Millstone Unit No. 3 with one reactor coolant loop out of service
and isolated. The enclosed analyses package (Enclosure 1) consists of FSAR
change pages which include thermal hydraulic design parameters (Chapter 4,
Reactor), mass and energy release data (Chapter 6, Engineered Safety Features)
and accident analysis %éhapter 15). These FSAR change pages will be
incorporated in a future FSAR amendment.

Enclosure Il describes the design basis information for the modification to the
solid state protection system such that the system can be configured for 3-loop
operation. It also provides identification of parameters and conditions
associated with 3-loop operation. As agreed in a discussion between your
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Ms. E. L. Doolittle and our Mr, R. G. Joshi during an October 2, 1984 meeting,
information contained in Enclsoure Il has been prepared to facilitate the NRC's
review of our request. Appropriate changes to the FSAR pages (Chapter 7,
Instrumentation and Control) will be forwarded to the NRC in a future
amendment.

NNECO is hereby requesting for approval to operate Milistone Unit No. 3 (a 4-
loop Westinghouse plant) with only three active coolant loops. The purpose of
this request is to allow the plant to continue operating with one loop out of
service in the event of an equipment failure in that loop. Three loop operation is
defined as power operation of Millstone Unit No. 3 with one of the four reactor
coolant loops isolated by lcop isolation valves in both the hot leg and cold leg of
the inactive loop at reduced power levels.

The proposed Technical Specifications for 3-loop operation for Millstone Unit
No. 3 are being developed at this time and will be submitted to the NRC by the
end of January, 1985. All procedures related to 3-loop operation and
surveillance, including revised or new emergency operating procedures are being
developed at this time and these procedures will be uniquely identified.

A human factors evaluation will be performed to review the adequacy of the
interface between the control room operator and plant processes as found in the
control room for 3-loop operation. The schedule for completion of this effort
and documenting the results in a report for the NRC review will be accomplished
to support fuel load in November, 1985.

If you have any questions regarding this submittal, please feel free to contact
our licensing staff directly.

Very truly yours,

NORTHEAST NUCLEAR ENERGY COMPANY
et. al.

BY NORTHEAST NUCLEAR ENERGY COMPANY
Their Agent
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W. G. Counsil
Senior Vice President




STATE OF CONNECTICUT )
) ss. Berlin
COUNTY OF HARTFORD )

Then personally appeared before me W. G. Counsil, who being duly sworn, did

state that he is a Senior Vice President of Northeast Nuclear Energy Company, |

an Applicant herein, that he is authorized to execute and file the foregoing |

information in the name and on behalf of the Applicants herein and that the |

statements contained in said information are true and correct to the best of his |

knowledge and belief. |
|
|
|
|

(22880 D’A o
< Notary Public” e

My Commission Expires March 31, 1988
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MNPS-3 FSAR
guide thimble cooling flow, head cooling flow, baffle leakage, and
leakage to the vessel outlet nozzle.
4.4.1.4 Hydrodynamic Stability Design Basis

Basis

Modes of operation associated with Condition I and II events shall
not lead to hydrodynamic instability.

4.4.1.5 Other Considerations

The above design bases, together with the fuel clad and fuel assembly
design bases given in Section 4.2.1, are sufficiently compreliensive
so additional limits are not required.

Fuel rod diametral gap characteristics, moderator-coolant flow
velocity and distribution, and moderator veid are not inherently
limiting. Each of these parameters is incorporated into the thermal
and hydraulic models used to ensure the above-mentioned design
criteria are met. For instance, the fuel rod diametral gap
characteristics change with time (Section 4.2.3.3) and the fuel rod
integrity is evaluated on that basis. The effect of the moderator
flow velocity and distribution (Section 4.4.2.2) and moderator void
distribution (Section 4.4.2.4) are included in the core thermal
(THINC) evaluation and thus affect the design bases.

Meeting the fuel clad integrity criteria covers possible effects of
clad temperature limitations. As noted in Section 4.2.3.3, the fuel
rod conditions change with time. A single clad temperature limit for
condition I or Condition II events is not appropriate since, of
necessity, it would be overly conservative. A clad temperature limit
is applied to the loss-of-coolant accident (Section 15.6.5), control
rod ejection accident, and locked rotor accident.

4.4.2 Description
4.4.2.1 Summary Comparison

The design of Millstone 3, as described in this report, has thermal-
hydraulic parameters similar to the SNUPPS Units  (Docket
Nos. STN-50-482, STN-50-483, STN-50-485, and STN-50-486).

values of pertinent parameters, along with critical heat flux ratios,
fuel temperatures, and linear heat generation rates, are presented in
Table 4.4-1. The key design parameters for N-1 (three-loop) opera-
tion are provided in Table 4.4-1A. In power capability evaluation,
there has not been any change in this design criteria. The reactor
is still designed to a minimum DNBR 2 1.30, as well as no fuel
centerline melting during normal operation, operational transients,
and faults of moderate frequency.

All DNB analyses performed for this application have included a DNBR
multiplier of 0.86. The results of 17 x 17-geometry DNB tests

Amendment 12 4.4-3 February 1985
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(WCAP-8298-FB and WCAP-8299-A) are discussed in.Section 4.4.2.2.1 and
indicate that a DNBR multiplier of 0.88 is requfed for the "R" grid
DNB correlation. Thus, the multiplier used results in conservative
DNB evaluations.

Fuel densification has been considered in the DNB and fuel
temperature evaluations utilizing the methods and models described in
WCAP-8218-P-A and WCAP-8219-A.

4.4.2.2 Critical Heat Flux Ratio or Departure from Nucleate Boiling
Ratio and Mixing Technology

The minimum DNBRs for the rated power, design overpower, and
anticipated transient conditions are given in Table 4.4-1. The
minimum DNBR in the limiting flow channel will be downstream of the
peak heat flux location (hot spot) due to the increased downstream
enthalpy rise.

DNBRs are calculated by using the correlation and definitions
described in Sections 4.4.2.2.1 and 4.4.2.2.2. The THINC-IV computer
code (discussed in Section 4.4.4.5.1) is used to determine the flow
distribution in the core and the local conditions in the hot channel
for use in the DNB correlation. The use of hot channel factors is
discussed in Section 4.4.4.3.1 (nuclexr hot channel factors) and in
Section 4.4.2.2.4 (engineering hot channel factors).

4.4.2.2.1 Departure from Nuclear Boiling Technology

The W-3 correlation and several modifications have been used in
Westinghouse CHF calculations. The W-3 was originally developed from
single tube data (Tong 1972), but was subsequently modified to apply
to the 0.442-inch 0.D. rod "R"-grid (WCAP-7695-P-A and WCAP-7958-4),
and "L"-grid (WCAP-7988 and WCAP-8030-A), as well as the 0.374-inch
0.D. (WCAP-8298-P-A and WCAP-8299-A; WCAP-8296-P-A and WCAP-8297),
rod bundle data. These modifications to the W-3 correlation have
been demonstrated to be adequate for reactor rod bundle design.

A description of the 17 x 17-fuel assembly test program and a summary
of the results are described in detail in WCAP-8298-P-A and
WCAP-8299-A. A correlation factor was developed to adopt the W-3
correlation to 17 x 17-assemblies with top split mixing vane grids
referred to as R-grid. , This correlation factor, termed the #fodified
spacer factor,K ®was dcéioped as a multiplier on the W-3 correlation.

Figure 4.4-1 shows the 17 x l7-data obtained in this test program.
The predicted heat flux includes a 0.88 multiplier which is part of
the 17 x 17-modified spacer factor. However, as noted previously
(Section 4.4.2.1), a multiplier of 0.860 has been conservatively
applied for all DNB analyses.

The test results indicated that a reactor core using this geometry
may operate with a minimum DNBR of 1.28 and satisfy the design
criterion. However, as stated in 4.4.1.1, a minimum DNBR of 1.30 is
conservatively used in this application.

Amendment 12 4.4-4 February 1985
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TABLE 4.4-1A

THERMAL-HYDRAULIC DESIGN PARAMETERS FOR

ONE OF FOUR COOLANT LOOPS QUT OF SERVICE
Total core heat output, MWt 2,560
Total core heat output, 108 Btu/hr 8,735
Heat generated in fuel, % 97.4
Nominal system pressure, psia 2,250
Coolant Flow
Effective thermal flow rate for heat transfer, 10% lbm/hr 105.5
Effective flow area for heat transfer, ft2 $1.1
Average velocity along fuel rods, ft/sec 12.9
Average mass velocity, 10 lbm/hr-ft2 2.07
Coolant Temperature
Design nominal inlet, °F 550.6
Average rise in core, °F 61.4
Average in core, °F 582.7
Heat Transfer
Active heat transfer surface area, ft?2 59,700
Average heat flux, Btu/hr-ft2 142,400
Minimum DNBR at nominal conditions >2.02
Minimum DNBR for design and anticipated transients 21.30
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Determination of Dryout Time

During the blowdown following a steam line rupture, a point may be
reached when all the initial fluid inventory of the affected steam
generator, including that added from outside sources, will be
depleted. At that time, the blowdown rate out of the break will be
limited by the rate at which water is added to the steam generator

from the auxiliary feedwater system. This point in the transient is
termed ‘"dryout." The time of dryout can be determined as described
in WCAP-88&0.

Additional mass and energy flow from the affected steam generator to
containment results from:

s Liquid flashing in the unisolated portion of the main
feedwater pipe

2. Pumped main feedwater
3. Auxiliary feedwater flow before isolation

The main feedwater flow to the affected steam generator is
conservatively assumed to be at runout flow for the various power
levels depicted in Table 6.2-59 from the time of the break until the
main feedwater isolation valve (FWIV) receives a signal to close.
The unaffected steam generator FWIVs are then assumed to close
instantaneously while the affected steam generator FWIV is assumed to
have a longer closing time.

All main feedwater is diverted to the affected steam generator for
the duration of the valve closure time. During the FWIV closure at
the affected steam generator, feedwater flow is conservatively
increased to 4 times the value in Table 6.2-59. No flow reduction is
assumed to occur during the closure sequence. The main feedwater
system runout flow at various power levels, feedwater temperature,
and FWIV closure times are listed in Table 6.2-53. The time of main
feedwater isolation is dependent upon the time that the isolation
signal setpoint is reached, which varies with the break condition.

The auxiliary feedwater flow to the affected steam generator is
42.4 lbm/sec at 120°F. The flow 1is limited by passive flow control
devices (cavitating venturis) installed in the line to each steam
generator (Section 10.4.9).

The initial inventory of the affected steam generator is increased to
include the liquid in the unisolated portion of its main feedwater
pipe.

6.2.1.5 Minimum Containment Pressure Analysis for Performance
Capability Studies of Emergency Core Cooling System

The containment backpressure used for the limiting case break for the

emergency core cooling system analysis (Section 15.6.4) 1is depicted
on Figure 6.2-59 for the N-loop analysis, and on Figure 5.2-59A for

Amendment 12 6.2-37 February 1985
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the N-1 loop analysis. The containment backpressure 1is calculated 1.50 1R
using the methods and assumptions described in Appendix A of

WCAP-8339 (1974). This section describes the input parameters 1.52
including the containment initial conditions, net coentainment volume,

passive heat sink materials, thicknesses, surface areas, and starting 1.54

time and performance parameters of containment cooling systems used

in the analysis. 1.55

6.2.1.5.1 Mass and Energy Release Data «1.57
(Anb‘ 6 2'7"

The mass and energy releases/ to the containment during the olowdown 1.58

and reflood portions of the (imiting break transient are presented in 1.59

Tables 6.2-72 y @@ 6.2-73A for the N-loop analysis, and in 12~
Tables 6.2-% and 6.2-@7)‘ for the N-1 loop analysis. 2.1

The mathematical models which calcula®e the mass and energy releases
to the containment are described in Section 15.6.5 and conform to
10CFR Part 50, Appendix K, ECCS Evaluation Models. A break spectrum
analysis is performed (references in Section 15.6.5) that considers
various Dbieak sizes, break locations, and Moody discharge 2.6
coefficients for tiic double-ended cold leg guillotines which do not

NN
w B W

affect the nass and energy released to the containment. This effect 2.9
is considered for each case analyzed. During refill, the mass and 2.10
energy released Gto the containment 1is assumed tc be zero, which
minimizes the containment pressure. During reflood, the effect of 2.12
steam water mixing between the safety injection water and the steam 2.13
flowing through the reactor coolant system intact loops reduces the 2.14
available energy released to the containment vapor spaces and
therefore tends to minimize contalnment pressure. 2.3
6.2.1.5.2 Initial Containment Internal Conditions 2.17
The following initial values were used in the analysis: 2.18
1. A containment pressure of 9.5 psia - 5 §
- & A containment temperature of 30°F 2.22
3, A refueling water storage tank temperature o€ 40.0°F 2.23
4. An outside temperature of -20.0°F 2.24

These containment initial conditions are representatively low values 2.26
anticipated during normal full power operation.

6.2.1.5.3 Containment Volume i 5
The volume used in the analysis is 2.35 x 106 cubic feet, the maximum 2.35
estimated volume. This value was determined by calculating the 2.36

containment gross volume and subtracting the volumes of all of the
containment internal structures and equipment. 2:37

Amendment 12 6.2-38 February 1985
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The gross volume was maximized by assuming the containment lirer is
erected at the maximum radial tolerance. The internal volume
subtracted from the gross volume was minimized by reducing the
nominal values for internal concrete and some equipment by 5 percent.

Amendment 12 6.2-38a February 1985
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6.2.1.5.4 Active Heat Sinks 27.47

The quench spray system operates to remove heat from the containment. 27.48
Table 6.2-60 gives the pertinent data for this system. 27.50

The heat removal capacity of this system is maximized by using the 27.51
minimum RWST water temperature, the minimum delay time for the system 27.52
to become effective, and maximum system flow rates.

6.2.1.5.5 Steam Water Mixing 27.54

Water spillage rates from the broken loop accumulator are determined 27.5%5
as part of the core reflooding calculation and are included in the 27.56
containment code (COCO) calculational model.

1[—;1‘7

6.2.1.5.6 Passive Heat Sinks ‘M‘ - 27.59

The passive heat sinks wused in the (analysis, with their 27.60
thermophysical properties, are given in Table The passive 28.2
heat sinks and thermophysical properties were derived in compliance

with Branch Technical Position CSB 6-1, Minimum Containment Pressure 28.3
Model for PWR ECCS Performance Evaluation.

6.2.1.5.7 Heat Transfer to Passive Heat Sinks "_a-¢o 28.5

The condensing heat transfer coefficients used for hea
the steel containment structures are given on Figur
limiting break.
lbre s shown on Fi -

transfer to 28.6
for the 28.7

tgg.ia.s

6.2.1.5.8 Other Parameters 28.12

No other parameters, including the operation of the containment mini- 28.13
purge system, have a substantial effect on the minimum containment 28.14
pressure analysis.

6.2.1.6 Testing and Inspection 28.17
Preoperational and pericdic tests are performed on the containment 28.19

structure and supporting systems. These are discussed in the 28.20
sections as referenced.

Test Section 28.25
Containment shell leakage 6.2.6 28.27
Containment valve and penetration leakage 6.2.6 28.28
Containment spray system 6.2.2.4 28.30
Containment atmosphere recirculation 9.4.7.3.4 28.31
ESF sump test 6.2.2.4 28.32
High head safety injection 6.3.4 28.33
Low head safety injection 6.3.4 28.34
Residual heat removal (RHR) 5.4.7.4 28.35

6.2-39
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1205.820
1188.017
1186.953
1171.073
1155.971
1141.605
1127.937
1114.800
1102.232
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TABLE 6.2® 75

Energy
(Btu/sec)

181756.118
165482.036
153152.907
143309.101
135213.878
128392.292
122524.400
117400.826
112857.702
108788.69%4
105115.356
101778.752
98734.427
95942.952
93372.426
90992.350
88771.876
86695.143
84756.472
82944 .957
81250.616
79660.556
78163.326
76748.563
75416.560
74178.002
73010.401
71890.991
70829.569
69952.315
69005.455
68104.972
67248.412
66433.430
65650.107
64900.729

1 o0f 1

BROKEN LOOP INJECTION SPILL DURING BLOWDOWN

Enthalpy

(Btu/lbm)

59.620
59.620
59.620
59.620
59.620
59.620
59.620
59.620
59.620
59.620
59.620
59.620
59.620
59.620
59.620
59.620
59.620
59.620
59.620
59.620
59.620
59.620
59.620
59.620
59.620
59.620
59.620
$9.620
59.620
58.934
58.925
58.916
58.977
58.898
58.890
58.881
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TABLE 6.2-( 74

REFLOOD MASS AND ENERGY RELEASES 1.12
(DEcLG[Active Loop Break] Ca=0.4) B
A (-t 100p Op evalidn)
Time Mrotal Mrotal bl
(1lbm/sec) (Btu/sec) 1.17

; 0 0 1.19
51.326 0.053 69. 1.20
51.926 0.053 69. L2l | o
52.126 0.928 1205. 1.22 |/
57.313 30.29 40262. 1.23
68.882 342.63 120971. 1.24
89.132 386.56 123465, 1.25

114.532 403.24 122106. 1.26
143.532 414.32 119453. 1.27
175.632 423.49 116251. 1.28
249.532 440.32 109099. 1.29
343.532 461.75 101733. 1.30

Amendment 12 1 of 1 February 1985
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TERUETURAL HEAT SINK DATA

wall Material
1 Paint

Cen (v om—tee)

2 Stainless Stee!

3 Concrete

4 Concrete

5 Paint
Concrete

6 Paint
Concrete

7 Paint
Concrete

8 Paint
Concrete

9 Paint
Concrete
Carbon Stee)
Concrete

10 Paint
Cardbon Stee)
Concrete

11 . Paint
Carbon Stee!
Concrete

1635Q:1

Thickness (1n)

0.004
0.11

0.45

25.92

18.0

0.004
16.32

0.004
25.32

0.004
36.0

0.004
21.0

0.004
24.0

0.25
120.0

0.004
0.514
54.0

0.004
0.514
54.0

Area (th)

191922.6

8540.00

1732.0

15348.0

133277.0

17926.0

6563.0

2007.0

12269.0

24675.0

38493.0



wall

13

14

15

16

17

18

19

1635Q:1

&
TABLE §

a,z—;pr'<’a,ur.)

n

HEAT SINK DATA

g'-\c)S'\\IE/

Matertal

Paint
Carbon Stee!
Consrete

Stainless Stee’

Paint
Carbon Stee)

Stainless Stee)

Stainless Stee!

Paint
Carbon Stee!

Paint
Carbon Stee)

Paint
Stainless Steel

Paint
Carbon Stee!

Thickness (1n)

0.004
0.554
w.’z

1.2v

0.004
0.710

0.004
0.99

0.004
v.383

0.004
0.728

0.004
1.158

Area (Ft?)

34100.0

1722.0

§52.0

13200.0

2063.0

1282.0

239261.0

4342.0

21803.0
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will automatically maintain prescribed conditions in the plaat even
under a conservative set of reactivity parameters with respect to both
system stability and transient performance.

For each mode of plant operation, a group of optimum controller
setpoints is determined. In areas where the resultant setpoints are
different, compromises based on the optimum overall performance are made
and verified. A consistent set of control system parameters is derived
satisfying plant operational requirements throughout the core life and
for various levels of power operation.

The study will comprise an analysis of the following control systems:
rod cluster control assembly, steam dump, steam generator level,
pressurizer pressure and pressurizer level.

15.0.3 Plant Characteristics and Initial Conditions Assumed in the
Accident Analyses

15.0.3.1 Design Plant Conditions

Table 15.0-1 lists the principal power rating values which are assumed
in analyses performed in this report. Four ratings are given: two for
N-loop operation and two for N-1 loop operation.

1. The guaranteed NSSS thermal power output. This power output
includes the thermal power generated by the reactor coolant

pumps .

& The engineered safety features design rating. The NSSS
supplied engineered safety features are designed for thermal
power higher than the guaranteed value in order not to preclude
realization of future potential power capability. This higher
thermal power value is designated as the engineered safety
features design rating. This power output includes the thermal
power generated by the reactor coolant pumps.

Where initial powsr operating conditions are assumed in accident
analyses, the guaranteed NSSS thermal power output, plus allowance for
errors in steady state power determination, is assumed. Where
demonstration of adequacy of the containment and engineered safety
features are concerned, the engineered safety features design rating,
plus allowance for error, is assumed. The thermal power values used for
each transient analyzed are given in Table 15.0-2. 1In all cases where
the 3,579 megawatt thermal (MWt) rating is used in an analysis, the
resulting transients and consequences are conservative compared to using
the 3,425 MWt rating.

The values of other pertinent plant parameters utilized in the accident
analyses are given in Table 15.0-3.

Amendment 12 15.0-6 February 1985
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15.0.3.2 1Initial Conditions
For accident evaluation, the initial conditions are obtained by adding

the maximum steady state errors to rated values. The following steady
state errors are considered:

1. Core power t 2 percent allowance for

calorimetric error
&
2. Average reactor coolant t@? allowance for centroller
system temperature deadband and measurement error

and steam generator fouling
penalty

3. Pressurizer pressure t 30 psi allowance for

steady state fluctuations
and measurement penalty

Initial values for core power, average reactor cocolant system
temperature, and pressurizer pressure are selected to minimize the
initial departure from nucleate boiling ratic (DNBR) unless otherwise
stated in the sections describing specific accidents. Table 15.0-2
summarizes the initial conditions and computer codes used in the
accident analyses.

15.0.3.3 Power Distribution

The transient response of the reactor system is dependent on the initial
power distribution. The nuclear design of the reactor core minimizes
adverse power distribution through the placement of control rods and
operating instructions. Power distribution may be characterized by the
radial factor (FAH) and the total peaking factor (Q* ). The peaking
factor limits are given in the Technical Specifications®

For transients which may be DNB limited, the radial peaking factor is of
importance. The radial peaking factor increases with decreasing power
level due to rod insertion. This increase in FAH is included in the
core limits illustrated on Figure 15.0-1. All transients that may be
DNB limited are assumed to begin with a FAH consistent with the initial
power level defined in the Technical Specifications.

The axial power shape used in the DNB calculation is the 1.55 chopped
cosine as discussed in Section 4.4) The radial and axial power
distributions described above are input to the THINC Code as described
in Section 4.4,

For transients which may be overpower limited, the total peaking factor
(F,) is of importance. All transients that may be overpower limited are
asSumed to begin with plant conditions including power distributions
which are consistent with reactor operation as defined in the Technical
Specifications.

For overpower transients which are slow with respect to the fuel rod
thermal time constant, for example the chemical and volume control

Amendment 12 15.0-7 February 1985
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system malfunction that results in a decrease in the boron concentration
in the reactor coolant incident which lasts many minutes, and the
excessive increase in secondary steam flow incident which may reach
equilibrium without causing a reactor trip, the fuel rod thermal
evaluations are performed as discussed in Section 4.4. For overpower
transients which are fast with respect to the fuel rod thermal time
constant, e.g., the uncontrolled rod cluster control assembly bank
withdrawal from subcritical or low power startup and rod cluster control
assembly ejection incidents which result in a large power rise over a
few seconds, a detailed fuel heat transfer calculation must Dbe
performed. Although the fuel rod thermal time constant is a function of
system conditions, fuel burnup and rod power, a typical value at
beginning-of-life for high power rods is approximately 5 seconds.

15.0.4 Reactivity Coefficients Assumed in the Accident Analyses

The transient response of the reactor system 1s dependent on reactivity
feedback effects, in particular the moderator temperature coefficient
and the Doppler power coefficient. These reactivity coefficients and
their values are discussed in detail in Chapter 4. (See Figure 15.0-6).

In- the analysis of certain events, conservatism requires the use of
large reactivity coefficient values whereas in the analysis of other
events, conservatism requires the use of small reactivity coefficient
values. Some analyses such as loss of reactor coolant from cracks or
ruptures in the reactor coolant system do not depend on reactivity
feedback effects. The values used are given in Table 15.0-2. Reference
is made in that tab.e to Figure 15.0-2, which shows the upper and lower
bound Doppler power coefficients as a function of power, used in the
transient analysis. The justification for use of conservatively large
versus small reactivity coefficient values are treated on an event-by-
event basis. In some cases, conservative combinations of parameters are
used to bound the effects of core life. For example, in a lcad increase
transient, it is conservative to use a small Doppler defect and a small
moderator coefficient.

15.0.5 Rod Cluster Control Assembly Insertion Characteristics

The negative reactivity insertion following a reactor trip is a function
of the accelerstion of the rod cluster control assemblies and the
variation in rod worth as a function of rod position. With respect to
accident analyses, the critical parameter 1is the time of insertion up to
the dashpot entry or approximately 35 percent of the rod cluster travel.
The rod cluster control assembly position versus time assumed in
accident analyses 1is shown on Figure 15.0-3. The rod cluster control

assembly insertion time to dashpot entry is taken as O seconds, unless

otherwise noted in the discussion. The use of such a long insertion
time provides the most conservative results for all accidents and is
intended to be applicable to all types of rod cluster control assemblies
which may be used throughout plant life. Drop time testing requirements
are dependent on the type of rod cluster control assemblies actually
used in the plant and are specified in the plant Technical
Specifications.

Amendment 12 15.0-8 February 1985
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Figure 15.0-4 shows the fraction of total negative reactivity insertien 3.17
versus normalized rod position for a core where the axial distribution 3.18
is skewed to the lower region of the core. An axial distribution which 3.19
is skewed to the lower region of the core can arise from an unbalanced
xenon distribution. This curve is used to compute the negative 3.20
reactivity insertion versus time following a reactor trip which is input

to all point kinetics core models used in transient analyses. The 3.22
bottom skewed power distribution itself is not an input into the point
kinetics core model.

There is inherent conservatism in the use of Figure 15.0-4 in that it is 3.23
based on skewed flux distribution which would exist relatively 3.24
infrequently. For cases other than those associated with unbalanced 3.25
xencn distributions, significant negative reactivity would have been 3.26
inserted due to the more favorable axial distribution existing prior to

trip.

The normalized rod cluster control assembly negative reactivity 3.27
insertion versus time is shown on Figure 15.0-5. The curve shown on 3.28
this figure was obtained from Figures 15.0-3 and 15.0-4. A total 3.29
negative reactivity insertion following a trip of 4 percent is assumed
in the transient analyses except where specifically noted otherwise. 3.30
This assumption is conservative with respect to the calculated trip 3.31
reactivity worth available as shown in Table 4.3-3. For Figures 15.0-3 3.33
and 15.0-4, the rod cluster control assembly drop time is normalized to

2% @D seconds, unless otherwise noted for a particular event, in order to 3.34
provide a bounding analysis for all rod cluster control assemblies to be 3.35
used in the Millstone 3 cores, as previously stated.

The normalized rod cluster control assembly negative reactivity 3.36
insertion versus time curve for an axial power distribution skewed to 3.37
the bottom (Figure 15.0-5) is used in those transient analyses for which

a point kinetics core model is used. Where special analyses require use 3.39
of three dimensional or axial one dimensional core models, the negative

reactivity insertion resulting from the reactor trip is calculated 3.40
directly by the reactor kinetics code and is not separable from the 3.41

other reactivity feedback effects. In this case, the rod cluster 3.42
control assembly position versus time of Figure 15.0-3 is used as code
input.

15.0.6 Trip Points and Time Delays to Trip Assumed in Accident Analyses 3.46

A reactor trip signal acts to open two trip breakers connected in series 13.49
feeding power to the concrol rod drive mecnanisms. The loss of power to 3.52
the mechanism coils causes the mechanisms to release the rod cluster
control assemblies which then fall by gravity into the core. There are 3.54
various instrumentation delays associated with each trip function,
including delays in signal actuation, in opening the trip breakers, and 3.55
in the release of the rods by the mechanisms. The total delay to trip 3.56
is defined as the time delay from the time that ¢trip conditions are
reached to the time the rods are free and begin to fall. Limiting trip 21.58
setpoints assumed in accident analyses and the time delay assumed for
each trip function are given in Table 15.0-4. 3.59

Amendment 12 15.0-9 February 1985
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Reference is made in Table 15.0-4 to the overtemperature and overpower
trip shown on Figures 15.0-1 and 15.0-1A. These figures present the
allowable reactor coolant loop average temperature and AT for the flow
and power distribution, as described in Section 4.4, as a function of
primary coolant pressure. The boundaries of operation defined by the
overpower AT trip and the overtemperature AT trip are represented as
“protection lines" on this diagram. The protection lines are drawn to
include all adverse instrumentation and set point errors so that, under
nominal conditions, trip would occur well within the area bounded by
these lines. The utility of this diagram is that the limit imposed by
any given DNBR can be represented as a line. The DNB lines represent
the locus of conditions for which DNBR equals the limit wvalue (1.30).
All points below and to the left of a DNB line fer a given pressure have
a DNBR greater than the limit value. The diagram shows that DNB 1is
prevented for all cases if the area enclosed with the maximum protection
lines is not traversed by the applicable DNBR line at any point.

The area of permissible operation (power, pressure, and temperature) 1s
bounded by the combination of reactor trips: high neutron flux (fixed
set point); high pressure (fixed set point); low pressure (fixed set
point); and overpower and overtemperature AT (variable set points).

The limit value, which was used as the DNBR limit for all accidents, is
conservative compared to the actual design DNBR value required (1.31 for
the thimble cell and 1.33 for the typical cell) to meet the DNB design
basis as discussed in Section 4.4.

The difference between the limiting trip point assumed for the analysis
and the nominal trip point represents an allowance for instrumentation
channel error and setpoinc error. Nominal trip setpoints are specified
in the plant Technical Specifications. During plant startup tests, it
will be demonstrated that actual instrument time delays are equal to or
less than the assumed values. Additionally, protection system channels
are calibrated and instrument response times determined perioditally in
accordance with the plant Technical Specifications.

15.0.7 Instrumentation Drift and Calorimetric Errors - Power Range
Neutron Flux

The instrumentation drift and calorimetric errors used in establishing
the power range high neutron flux setpoint are presented 1in
Table 15.0-5.

The calorimetric error is the error assumed in the determination of core
thermal power as obtained from secondary plant measurements. <“he otal
ion chamber current (sum of the top and bottom sections) 1s calibrated
(set equal) to this measured power on a periodic basis.

The secondary power is obtained from measurement of feedwater flow,
feedwater inlet temperature to the steam generators and steam pressure.
High accuracy instrumentation 1is provided for these measurements with
accuracy tolerances much tighter than those which would be required to
control feedwater flow.

Amendment 12 15.0-10 February 1985

4.18
4.19
4.20
4.21
4.22
4.24
4.25

4.29




ul217912sral2k 11/07/84 243
MNPS-3 FSAR

15.0.8 Plant Systems and Components Available for Mitigation of
Accident Effects

The NSSS is designed to afford proper protection against the possible
effects of natural phenomena, postulated environmental conditions and
dynamic effects of the postulated accidents. In addition, the design
incorporates features which minimize the probability and effects of
fires and explosions. Chapter 17 discusses the quality assurance
program which has been implemented to assure that the NSSS will
satisfactorily perform its assigned safety functions. The incorporation
of these features in the NSSS, coupled with the reliability of the
design, ensures that the normally operating systems and components
listed in Table 15.0-6 will be available for mitigation of the events
discussed in Chapter 15. In determining which systems are necessary to
mitigate the effects of these postulated events, the classification
system of ANSI-N18.2-1973 is utilized. The design of "systems important
to safety" (including protection systems) 1is consistent with IEEE
Standard 379-1972 and Regulatory Guide 1.53 in the application of the
single failure criterion.

In the analysis of the Chapter 15 events, control system action is
considered only if that action results in more severe accident results.
No credit is taxen for control system operation if that operation
mitigates the results of an accident. For some accidents, the analysis
is performed both with and without control system operation to determine
the worst case. The pressurizer heaters are not assumed to be energized
during any of the Chapter 15 events.

Amendment 12 15.0-10a February 1985
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TABLE 15.0-1

NUCLEAR STEAM SUPPLY SYSTEM POWER RATINGS

N-Loop N-1 Logg“’

Guaranteed NSSS thermal power output (MWt) 3,425 2,569
Thermal power generated by the reactor 14 9
coolant pumps (MWt)

Guaranteed core thermal power (Mwt) (1’ 3,411 2,560

Engineered safety features design rating 3,579 3,579

(maximum calculated turbine rating) (MWt)

NOTE :

1. LOCA accident analysis currently limits the guaranteed core thermal
power to 2,217 MWt. The original accident analyses were performed
with an assumed 75 percent power and i this was found unacceptable,
as in the case of the LOCA analysis, a reanalysis was done based on
a conservative step decrease in power. The limiting power level is
therefore subject to change.

Amendment 12 1o0f 1 February 1985
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Faults

15.1 Increase in heat removal

by the secondary system

feedwater system ma!funcrions
that result in an incresse
in feedwater flow

Excessive increase in
secondary steam flow

Iinadvertent opening of a
steam generator relief or
safety valve

Steam system piping
failure

Decrease in heat removal
Ly the secondary system

Loss of external electrical
joad and/or turbine trip

Loss of nonemergency ac
power to the station
auxiliaries

Loss of normal feedwater flow

feedwater system pipe break
Decrease in reactor coolant
system flow rate

Partial and complete loss of
forced reactor coolant flow

Amendment 12
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TABLE 15.0-2

SUMMARY OF INITIAL CONDITIONS AND COMPUTER CODES USED

Computer Codes
_Ugilized

LOFTRAN

LOFTRAN

LOFTRAN

LOF TRAN,
THINC

LOFTRAN
LOFTRAN

LOF TRAN

LOFTRAN,
FACTRAN, THINC

LOF TRAN,
FACTRAN, THINC

Reactivity Coefficients

Moderator rator
Ioupor:turo Density
1ak/"F)

- 0.43

Fig. 15.0-6
and 0.43

- Function of
moderator
density

Sec. 15.1.4,
ig. 15.1-11)

- Function of
moderator
donsltg ( Se

+ 3.3

""ﬂ'ﬁ-i:s.llli)

- Fig. 15.0-6
and 0.43

- NA

- Fig. 15.0-6

- fFig. 15.0-6

- Fig. 15.0-6

' of 3

lower (a)

lower (a)

~2.2 pcm/°F

Refer to
sec. 15.1.5

upper (a)

upper (a)
upper (a)

upper (a)

Initial NSSS Thermal Power
Output Assumed (b)
_AMvt)

0 & 3,425

N-1 Loop

2,569

2,569

0 (Subcritical)

0 (Subcritical)

2,569

2,755.83

2,755.83
2,755.83

2,569
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15.4

5.

5

faults

Reactor coolant pump shaft
seizure (locked rotor)

Reactivity and power
distribution anomalies

uncontrolled rod cluster
control assembly bank
withdrawal from a sub-
critical or lower power
startup condition

uncontrotled rod cluster
control assembly bank
withdrawal at power

Rod cluster control
assembly misalignment

Startup of an inactive
reactor coolant loop at
an incorrect temperature

Chemical and volume control
system malfunction that
results in a decrease in the
boron concentration in the
reactor coolant

Inadver tent
operation of
in an imprope:

foading and
» focl assembly
pos:tion

Spectrum of rod cluster
control assembly ejection
accidents

Increase in reactor coclant
inventory

Inadvertent operation of the
ECCS during power operation

Amendment 12
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Computer Codes
. Utilized

LOFTRAN,
FACTRAN

TWINKLE,
FACTRAN,

LOF TRAN

THINC,

LOF TRAN,
FACTRAN,

NA

LEOPARD,
TURTLE

IWINKLE,
FACTRAN,
LEOPARD

LOF TRAN

THINC

TURTLE
LOFTRAN, LEOPARD

THINC

MNPS-3 FSAR

TABLE 15.0-2 (Cont)

Reactivity Coefficients

Moderator

Imo rature
o

Refer to
15.4.1.2

Refer to
Sec. 15.4.8
min., max,
feedback

2o0of 3

rator
Density

Fig. 15.0-6

Fig. 15.0-6
a 0.43

Fig. 15.0-6

0.43

Fig. 15.0-6

upper (a)

Consistent
with lower
limit shown
on Fig.
15.0-2

lower and
upper (a)

lower (a)

lower (a)

NA

Consistent
with lower
limit shown
on fFig.
15.0-2

lower (a)

243
Initial NSSS Thermal Power
Output Assumed (b)
(Myr)

N-Loop N-1 Loop
3,425 2,569
0 ( Sub~

critical)
3,425 2,569
3,425 -
a:sgﬁ

NA
0 & 3,425
3,425
0 & 3,425 2,569
3,425 2,569

fFebruary 1985
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faulys

15.6 Decrease in reactor coolant

inventory

inadvertent opening of a
pressurizer safety or
relief valve

Steam generator tube failure

Loss of coolant accidents
resuiting from the spectrum
of postulated piping breaks
within the reactor coelant
pressure boundary

NOTES:

(a)
(b)

Refer to Fig. 15.0-2.

A minimum 2 percent margin is applied to the values shown for analysis purposes.

Amendment 12
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Computer Codes
. Ugilized

LOF TRAN

NA

SATAN-VI,
WELASH,
WREFLOOD,
COCO, LOCTA-IV

MNPS-3 FSAR
TABLE 15.0-2 (Cont)

Reactivity Coefficients
Moderator rator

Tmr:tun Density

- fFig. 15.0-6
NA NA

Refer to -

Sec. 15.6.5,

References

Jorsi

upper (8)

NA

Refer to
Sec. 15.6.6,
References

Initial NSSS Thermal Power
Output Assumed (b)

A-Loop N-1 Loop
3,425 2,569
3,565

a7
3,an

february 1985
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TABLE 15.0-3 1
NOMINAL VALUES OF PERTINENT PLANT PARAMETERS 1
UTILIZED IN THE ACCIDFNT ANALYSIS'!’ 1
N-Loop N-1 Loop 1
Thermal output of NSSS (MWt) Table 15.0-2 Table 15.0-2 1
Core inlet temperature (°F) 557.0 550.6 1
Vessel average temperature (°F) 587.1 579.6 1
Reactor coolant system pressure (psia) 2,250 2,250 1
Reactor coolant flow per loop (gpm) 94,600 99,600
Steam flow from NSSS (lb/hr) 15,050,000 10,780'000
Steam pressure at steam generator 990 935 1
outlet(psia) 1
Maximum steam moisture content 0.25 0.25 1
(percent) 1
Assumed feedwater temperature at 436.2 404.2 1
steam generator inlet (°F) 1
Average core heat flux (Btu/hr-ft?) 189,800 142,400 1

NOTE :

1. Steady state errors discussed in Section 15.0.3 are added to these
values to obtain initial conditions for transient analyses.
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TABLE 15.0-8
POTENTIAL OFFSITE DOSES DUE TO ACCIDENTS
Dose (Rem) - 2 Hr Exclusion
FSAR A r
Sect ion inyroid ~ Gamma Beta
15.1.5
8 3E+00 _OE-01 " 7€-02
2. 1E+00 _7€-03 .0E-03
1 26401 SE-O1 _9€-02
2 1€+00 8€-03 uéa
5 3.3
2 9E+00 6E-01 9E-02
5_4E+00 9€-01 _4E-01
15 48
1 26401 7€-01 3E-01
1 7E-01 1E -02 _7€-02
1.3E+01 8E-O1 _3E-01
2 0€-02 4€-03 SE-C3
15 6 2 2 1E+01 SE-01 7€-02
15 6.3
2 1€+00 9€ -02 6€-03
3 4E-01 8€-02 9€-03

Dose (Rem) - Low Population
Zone (3862 m)

inyrotd

6.6E-01
1.4E-01

7 .9€-01

1. 3€-01

2 4E-O1

7 6E-02

9 6E£-03
1.26-04

1. 4E-02

3 1E-02
1 1E-03

2.7€-02

1 26-03

1. 1E-03

7.3E-05

5.7€-04
$ 3E-04
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TABLE 1S 0-8 (Cont)

Dose (Rem) - 2 Hr Exclusion Dose (Rem) - Low Population
Postulated FSAR Area Boundary (524 m) Zone (3862 m)
Accigent Section Inyroid Gamma Beta Inyroid Gamma Beta
LOCA 15 6 5 2 4E+02 1 TE+O 9 1E+00 1.6E+01 1 6E+00 7.3E-01 2.12
vaste Gas System 57 1 0. 0E+00 2 26-01 1 T€E-01 e T w 2 14 freo-n
Fatlure 2.1%
Ragioactive Liguid .2.2 4 3E-01 4 76-04 2.5€-04 b e e .97
waste System Lesak or 2.18
Failure (Atmospher ic 2.189
Release) 2.20
Fuel Handling Accirgent 157 4 7. 6E+00 S 9E-01 6 8E-01 - i L 2. 23
Spent Fuel Cask Drop 15. 7.5 ke v " vaa o e 2.25
NOTES 2.28
' 1 OE-O01 = 1 O x VWO .9
2 2 howrs of release or less; a 30-cday gose is not applicable 2.32
3 Not applicable - see Sections 15 7 5 2 and 15.7.5 3 2.33
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15.1 INCREASE IN HEAT REMOVAL BY THE SECONDARY SYSTEM

A number of events have been postulated which could result in an
increase in heat removal from the reactor coolant system (RCS) by the
secondary system. Detailed analyses are presented for several such
events which have been identified as limiting cases.

Discussions of the following RCS cooldown events are presented in
this section.

1. Feedwater system malfunctions that result in a decrease in
feedwater temperature.

- Feedwater system malfunctions that result in an increase in
feedwater flow.

3. Excessive increase in secondary steam flow.

4. Inadvertent opening of a steam generator relief or safety
valve.

5. Steam system piping failure.

The above are considered to be American Nuclear Society (ANS)
Condition II events, with the exception of steam system piping
failures, which are considered to be ANS Condition III (minor) and
Condition IV (major) events. Section 15.0.1 contains a discussion of
ANS classifications and applicable acceptance criteria.

15.1.1 Feedwater System Malfunctions That Result in a Decrease in
Feedwater Temperature

15.1.1.1 Identification of Causes and Accident Description

Reductions in feedwater temperature will cause an increase in core
power by decreasing reactor coolant temperature. Such transients are
attenuated by the thermal capacity of the secondary plant and of the
RCS. The overpower/overtemperature protection (neutron overpowver,
overtemperature and overpowerA T trips) prevents any power increase
which could lead to a departure from nucleate boiling ratio (DNBR)
less than 1.30,

A reduction in feedwater temperature may be caused by the accidental
opening of a feedwater bypass valve which diverts flow around a
portion of the feedwater heaters. In the event of an accidental
opening of the bypass valve, there is a sudden reduction in feedwater
inlet temperature to the steam generators. At power, this increased
subcooling will create a greater load demand on the RCS.

With the plant at no-load conditions the addition of cold feedwater
may cause a decrease in RCS temperature and thus a reactivity
insertion due to the effects of the negative moderator coefficient of
reactivity. However, the rate of energy change is reduced as load
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and feedwater flow decrease, so the no-load transient 1is less severe
than the full power case.

The net effect on the RCS due to a reduction in fesdwater temperature
is similar to the effect of increasing secondary steam flow, 1i.e.,
the reactor will reach a new equilibrium condition at a power level
corresponding to the new steam generatorAT.

A decresase in normal feedwater temperature is classified as an ANS
Condition II event, fault of moderate frequency. See Section 15.0.1
for a discussion of Condition II events.

The protection available to mitigate the consequences of a decrease
in feedwater temperalure is the same as that for an excessive steam
flow increase, as discussed in Section 15.0.8 and listed in
Table 15.0-6.

15.1.1.2 Analysis of Effects and Consequences

Method of Analysis

This transient is analyzed by computing conditions at the feedwater
pump inlet following opening of the heater bypass valve. These
feedwater conditions are then used to recalculate a heat balance
through the high pressure heaters. This heat balance gives the new
feedwater conditions at the steam generator inlet.

The following assumptions are made.

) Plant initial power level corresponding to guaranteed
nuclear steam supply system (NSSS) thermal output.

Low pressure heater bypass valve opens, resulting in
condensate flow splitting between the bypass line and the
low pressure heaters; the flow through each path 1is
proportional to the pressure drops.

Heater drain pumps trip: this increases the effect of the
cold bypass flcw.

Plant characteristics and initial conditions are further discussed in
Section 15.0.3.

Results

Opening of a low pressure heater bypass valve and trip of the heater
drain pumps causes a reduction in feedwater temperature which
increases the thermal load on the primary system. The calculated
reduction in feedwater temperature is less than 35°F, resulting in an
increase in heat load on the primary system of less than 10 percent
of full power. The increased thermal load, due to opening of the low
pressure heater Dbypass valve, would result in a transient very
sim.lar (but of reduced magnitude) to that presented in
Section 15.1.3 for an excessive increase in secondary steam flow,
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which evaluates the consequences of a l0-percent step load increase.
Therefore, the transient results of this analysis are not presented.

15.1.1.3 Conclusions

The decrease in feedwater temperature transient is less severe than
the increase in feedwater flow event (Section 15.1.2) and the
increase in secondary steam flow event (Section 15.1.3). Based on
results presented in Sections 15.1.2 and 15.1.3, tae applicable
acceptance criteria for the decrease in feedwater temperature event
have been met.

15.1.1.4 Radiological Consequences

There are no radiological consequences associated with a decrease in
feedwater temperature event, and activity is retained within the fuel
rods and reactor coolant system.

15.1.2 Feedwater System Malfunctions That Result in an Increase in
Feedwater Flow

15.1.2.1 1Identification of Causes and Accident Description

Addition of excessive feedwater will cause an increase in core power
by decreasing reactor coolant temperature. Such transients are
attenuated by the thermal capacity of the secondary plant and of the
RCS. The overtemperatureAT trip and the overpower AT trip prevent
any power increase which could lead to a DNBR less than 1.30.

An example of excessive feedwater flow would be a full opening of a
feedwater control valve due to a feedwater control system malfunction
or an operator error. At powar, this excess flow causes a greater
load demand on the RCS due to increased subcooling in the steam
generator. With the plant at no-lcad conditions, the addition of an
excess of feedwater may cause a decrease in RCS temperature and thus
a reactivity insertion due to the effects of the negative moderator
coefficient of reactivity.

Continuous addition of excessive feedwater is prevented by the steam
generator high-high level trip, which closes the feedwater valves.

An increase in normal feedwater flow is classified as an ANS
Condition II event, fault of mcderate frequency. See Sect.ion 15.0.1
for a discussion of ANS Condition II events.

Plant systems and equipment which are available to mitigate the

effects of the accident are discussed in Section 15.0.8 and listed in
Table 15.0-6.
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15.1.2.2 Analysis of Effects and Consequences

Method of Analysis

The excessive heat removal due to a feedwater system malfunction 3.9
transient is analyzed by using the detailed digital computer code 3.10
LOFTRAN (WCAP-7907). This code simulates a multi-loop system, 3.12
neutron kinetics, the pressurizer, pressurizer relief and safety
valves, pressurizer spray, steam generator, and steam generator 3.13
safety valves. The code computes pertinent plant variables including 3.14
temperatures, pressures, and power level.

The system is analyzed to demonstrate plant behavior in the event 3.15
that excessive feedwater addition, due to a control system 3.16
malfunction or operator error which allows a feedwater control valve 3.17
to open fully, occurs. Two cases are analyzed as follows: 3.18

1. accidental opening of one feedwater control valve with the 3.20
reactor just critical at zero load conditions assuming a
conservatively large negative moderator temperature 3.21
coefficient; and

reactor in automatic control at full power.

.24
st

An accidental opening of one feedwater control valve with the reactor
just critical at zero load conditions, assuming a conservatively
large negative moderator temperature coefficient and one loop
isolated, is bounded by the N-loop analysis at zero load conditions. 3.26

2. accidental opening of one feedwater control valve with the 3.22
\

ww

Case 2 is analyzed for operation with four loops in service and for 3.27
operation with three loops in service.

The reactivity insertion rate following a feedwater system 3.28
malfunction is calculated with the following assumptions.

1. For the feedwater control valve accident at full power, one 3.30
feedwater control valve is assumed to malfunction, resulting 3.31
in a step increase to 140 percent of nominal feedwater flow
to one steam generator.

8 For the feedwater control valve accident at zero load 3.32

condition, a feedwater control valve malfunction occurs
which results in an increase in flow to one steam generator 3.33
from zero to 200 percent of the nominal full load value for
one steam generator. 3.34

3. For the zero load condition, feedwater temperature is at a 3.35
conservatively low value of 32°F.

4. No credit is taken for the heat capacity of the RCS and 13.36
steam generator thick metal in attenuating the resulting
plant cooldown. 3.37

February 1985
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3. The feedwater flow resulting from a fully open control valve
is terminated by a steam generator high-high level trip
signal which closes all feedwater control and isolation
valves, trips the main feedwater pumps, and trips the
turbine.

Initial operating conditions are assumed at values consistent with
steady state N and N-1 loop operations.

Plant characteristics and initial conditions are further discussed in
Section 15.0.3.

Normal reactor control systems and engineered safety systems are not
required to function. The reactor protection system may function to
trip the reactor due to overpower or high-high steam generator water
level conditions. No single active failure will prevent operation of
the reactor protection system. A discussion of anticipated
transients without ¢trip (ATWT) considerations is presented in
WCAP-8330 (1974).

Results

In the case of an accidental full opening of one feedwater control
valve with the reactor at zero power and the above mentioned
assumptions, the maximum reactivity insertion rate is less than the
maximum reactivity insertion rate analyzed in Section 15.4.1 for an
uncontrolled rod clustar control assembly bank withdrawal from a
subcritical or low power startup condition, and therefore the results
of the analysis are not presented here. It should be noted that if
the incident occurs with the wunit just critical at no-load
conditions, the reactor may be tripped by the power range high
neutron flux trip (low setting) set at approximately 25 percent of
nominal full power.

The full power case (maximum reactivity feedback coefficients,
without rod control) gives the largest reactivity feedback and
results in the greatest power increase. Assuming the reactor to be
in the automatic rod control mode results in a slightly less severe
transient. The rod control system is not required to function for an
excessive feedwater flow event.

When the steam generator water level in the faulted loop reaches the
high-high level setpoint, all feedwater control and isolation valves
and the main feedwater pumps are tripped. This prevents continuous
addition of the feedwater. In addition, a reactor trip and a turbine
trip are initiated.

Transient results (Figures 15.i-1 and 15-1-2) show the core heat
flux, pressurizer pressure, T, . and DNBR, as well as the increase in
nuclear power and loop & T assoé‘ntod with the increased thermal load
on the reactor. The DNBR does not drop below 1.30. Figures 15.1~1A
through 15.1-3A show the transient results with three loops in
operation.
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Since the power level rises during the excessive feedwater flow
incident, the fuel temperatures will also rise until after reactor
trip occurs. The core heat flux lags behind the neutron flux
response due to the fuel rod thermal time constant, hence the peak
value does not exceed 118 percent of its nominal value (i.e., the
assumed high neutron flux trip setpoint). The peak fuel temperature
will thus remain well below the fuel melting temperature.

The transient results show that DNB does not occur at any time during
the excessive feedwater flow incident; thus, the ability of the
primary coolant to remove heat from the fuel rod is not reduced. The
fuel cladding temperature therefore does not rise significantly above
its initial value during the transient.

The calculated sequence of events for this accident is shown in
Table 15.1-1.

15.1.2.3 Conclusions

The results of the analysis show that the DNBRs encountered for an
excessive feedwater addition at power are at all times, above the
limiting value of 1.30; the DNBR design basis as described in
Section 4.4 is met. Additionally, it has been shown that the
reactivity insertion rate which occurs at no-load conditions
following excessive feedwater addition is less than the maximum value
considered in the analysis of the rod withdrawal from a subcritical
condition analysis.

15.1.2.4 Radiological Consequences

There are no radiological consequences associated with this event.
There is no adverse eflect to the core and the RCS, and the activity
is retained within the fuel rods and reactor coolant system.

15.1.3 Excessive Increase in Secondary Steam Flow
15.1.3.1 Identification of Causes and Accident Description

An excessive increase in secondary system steam flow (excessive load
increase incident) is defined.as a rapid increase in steam flow that
causes a power mismatch between the reactor core power and the steam
generator load demand. The reactor control system is designed to
accommodate a 10 percent step load increase or a 5 percent per minute
ramp load increase in the range of L5 to 100 percent of full powver.
Any loading rate in evcess of these values may cause a reactor trip
actuated by the reactor protection system, Steam flow increases
greater than 10 percent are analyzed in Sections 15.1.4 and 15.1.5.

This accident could result from either an administrative violation
such as excessive loading by the operator or an equipment malfunction
in the steam dump control or turbine speed control.

During power operation, steam dump to the condenser is controlled by
reactor coolant condition signals, i.e., high reactor coolant
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temperature indicates a need for steam dump. A single controller
malfunction does not cause steam dump; an interlock is provided which
blocks the opening of the valves unless a large turbine load decrease
or a turbine trip has occurred.

Protection against an excessive load increase accident is provided by
the following reactor protection system signals:

1. overpowerdT

2. overtemperature AT

3. power range high neutron flux; and b

4. low pressurizer pressure
An excessive load increase incident is considered to be an ANS
Condition II event, fault of moderate frequency. See Section 15.0.1
for a discussion of Condition II events.

15.1.3.2 Analysis of Effects and Consequences

Method of Analysis

This accident is analyzed using che LOFTRAN Code (WCAP-7907). The
code simulates the neutron kinetics, RCS, pressurizer, pressurizer
relief and safety valves, pressurizer spray, steam generator, steam
generator safety valves, and feedwater system. The code computes

pertinent plant variables including temperatures, pressures, and
power level.

Four cases are analyzed to demonstrate the plar‘ Lehavior following a
10 percent step load increase from rated load. These cases are as
follows.

Reactor control in manual with minimum moderator reactivity
feedback.

2. Reactor control in manual with maximum moderator reactivity
feedback.

. Reactor control in  automatic with minimum moderator

reactivity feedback.

4. Reactor control in automatic with maximum moderator
reactivity feedback.

These four cases also are analayzed for a 10 percent step load
increase from 77 percent power with three reactor coolant pumps in
service,

For the minimum moderator feedback cases, the core has the least

negative moderator ctemperature coefficient of reactivity and
therefore the least inherent transient capability. For the maximum
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moderator feedback cases, the moderator temperature coefficient of
reactivity has its highest absolute value. This results in the
largest amount of reactivity feedback due to changes in coolant
temperature, For the cases with automatic rod control, no credit
was taken for AT trips on overtemperature or overpower in order to
demonstrate the inherent transient capability of the plant. Under
actual operating conditions, such a trip may occur, after which the
plant would quickly stabilize.

A conservative limit on the turbine throttle valve opening is
assumed, and all cases are studied without credit being taken for
pressurizer heaters. Initial operating conditions are assumed at
extreme values consistent with the steady state full power operation
allowing for calibration and instrument errors. This results in
minimum margin to core DNB at the start of the accident.

Initial operating conditions are assumed at values consistent with
steady state N and N-1 loop operation.

Plant characteristics and initial conditions are further discussed in
Section 15.0.3.

Normal reactor control systems and engineered safety systems are not
required to function. The reactor protection system is assumed to be
operable; however, reactor trip is not encountered for any case due
to the error allowances assumed in the setpoints. No single active
failure will prevent the reactor protection system from performing
its intended function.

The cases which assume automatic rod control are analyzed to ensure
that the worst case is presented. The automatic function 1s not
required.

Results

Figures 15.1-3 through 15.1-6 illustrate the transient with the
reactor in the manual control mode. As expected, for the minimum
moderator feedback case there is a slight power increase, and the
average core temperature shows a large decrease. This results in a
DNBR which increases above its initial value. For the maximum
moderator feedback, manually controlled case there is a much larger
increase in reactor power due to the moderator feedback. A reduction
in DNBR is experienced but DNBR remains above 1.30.

Figures 15.1-7 through 15.1-10 illustrate the transient assuming the
reactor is in the automatic control mode. Both the minimum and
maximum moderator feedback cases show that core power increases,
thersby increasing the coolant average temperature and pressurizer
pressure above their initial value. For both of these cases, the
minimum ONBR remains above 1,10,

Figures 15.1<3A through 15.1<10A depict the previously described
cases, but considering three loops in operation.
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For all cases, the plant rapidly reaches a stabiliized condition at
the higher power level. Normal plant operating procedures would then
be followed to reduce power. Note that due to the measurement errors
assumed in the setpoints, it is possible that reactor trip could
actually occur for the automatic control cases. The plant would then
reach a stabilized condition following the trip.

The excessive load increase incident is an overpower transient for
which the fuel temperatures will rise. Reactor trip does not occur
for any of the cases analyzed, and the plant reaches a new
equilibrium condition at a higher power level corresponding to the
increase in steam flow.

Since DNB does not occur at any time during the excessive load
increase transients, the ability of the primary coolant to remove
heat from the fuel rod is not reduced. Thus, the fuel cladding
temperature does not rise significantly above its initial value
during the transient.

The calculated sequence of events for the excessive load increase
incident is shown in Table 15.1-1.

15.1.3.3 Conclusions

The analysis presented above shows that for a 10 percent step load
increase, the DNBR remains above 1.30; the design basis for DNBR as
described in Section 4.4 is met. The plant reaches a stabilized
condition rapidly following the load increase.

15.1.3.4 Radiological Consequences

There are no radiological consequences associated with this event and
activity is _retained within the fuel rods and reactor coolant system
and rudion‘tlido concentrations remain within the limits of the
Technical Specifications.

15.1.4 Inadvertent Opening of a Steam Generator Relief or Safety
Valve gausan a ioprcssurization of the Main Steam System

15.1.4.1 Identification of Causes and Accident Description

The most severe core conditions resulting from an accidental
depressurization of the main steam system are associated with an
inadvertent opening, with failure ¢to close, of the largest of any
single steam dump, relief or safety valve. The analyses performed
assuming a rupture of a main steam line are given in Section 15.1.5.

The steam release 43 a consequence of this accident resul®s in an
initial increase in steam flow which decresases during the accident as
the steam pressure falls. The energy removal from the RCS causes a
reduction of coolant temperature and pressure. In the presence of a
negative moderator temperature coefficient, the cooldown results in
an insertion of positive reactivity.

Amendment 12 15.1-9 February 1988
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The analysis is performed to demonstrate that the following criterion
is satisfied:

Assuming a stuck rod cluster control assembly, with offsite power
available, and assuming a single failure 1in the engineered safety
features system there will be no consequential damage to the core or
reactor coolant system after reactor trip for a steam release
equivalent to the spurious opening, with failure to close, of the
largest of any single steam dump, relief, or safety valve.

Accidental depressurization of the secondary system is classified as
an ANS Condition II event. See Section 15.0.1 for a discussion of
Condition II events.

The following systems provide the necessary protection against an
accidental depressurization of the main steam system due to the
opening of a steam generator relief or safety valve.

1. Safety injection system actuation from any of the following:
& two out of four pressurizer pressure signals;

b. two out of three low steamline pressure signals in a
loop.

2. The overpower reactor trips (neutron flux and 4T) and the
reactor trip occurring in conjunction with receipt of the
safety injection signal

. Redundant isolation of the main feedwater lines

Sustained high feedwater flow would cause additional
cooldown. Therefore, in addition to the normal control
action which will close the main feedwater valves following
reactor trip, a safety injection signal will rapidly close
all feedwater control valves and back up feedwater isolation
valves, and trip the main feedwater pumps.

4. Trip of the fast-acting steam line stop valves (designed to
close in less than 5 seconds) on:

a. safety injection system actuation derived from two out
of three low steam line pressure signal in any loop
(above Permissive P-ll);

b. high negative steam pressure rate indication from two
out of three signals in any loop (below Permissive
P-11).

Plant sys ems and equipment which are available to mitigate the

effects of che accident are also discussed in Section 15.0.8 and
listed in Table 15.0+6.
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15.1.4.2 Analysis of Effects and Consequences

Method of Analysis

The following analyses of a recondary system steam release are
performed for this section.

1. A full plant digital computer simulation using the LOFTRAN
Code (WCAP-7907) to deteru.ine RCS temperature and pressure
during cooldown, and the :ffect of safety injection.

2. Analyses to determine that there is no damage fao the core or
the reactor coolant system.

The following conditions are assumed to exist at the timea of a
secondary steam system release.

1. End-of-life shutdown margin at no-load, equilibrium xenon
conditions, and with the most reactive rod cluster control
assembly stuck in its fully withdrawn position. Operation
of rod cluster control assembly banks auring core burnup is
restricted in such a way that addition of positive
reactivity in a secondary system steam release accident will
not lead to a more adverse condition than the case analyzed.

2. A negative moderator coefficient corresponding to the end-
of-1ife rodded core with the most reactive rod cluster
control assembly in the fully withdrawn position. The
variation of the coefficient with temperature and pressure
is included. The K versus temperature at 1,000 psi
corresponding to th:” negative moderator temperature
coefficient used is shown on Figure 15.1-11.

3. Minimum capability for injecrion of concentrated boric acid
solution corresponding to the most restrictive single
failure in the safetvy injection system. This corresponds to
the flow delivered by one centrifugghl charqiaqé{h;qh head
safety injection pump delivering its full contents to the
cold leg header. Unborated water must be swept from tLhe
safety injection lines downsteam of the refueling warer
storage tank (RWST) prior to the delivery of concentrated
boric acid (1,950 parts per million, ppm) to the reactor
coolant loops. This effect has been accounted for in the
analysis.

4. The case studied is a steam flow of 268 pounds per second at
1,200 pounds per square inch absolute (psia) with offsite
power available. This is the maximum capacity of any single
steam dump, relief, or safety valve. Initial Lot shutdown
conditions at time zero are assumed since this represents
the most conservative initial condition.

Should the reactor be just critical or onarating at power at
the time of a steam release, che reactor will be tripped Dby
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the normal overpower protection when power level reaches a
trip point. Following a trip at power, the RCS contains
more stored energy than at no-load, the average coolant
temperature is higher than at no-load and there is
appreciable energy stored in the fuel. Thus, the additional
stored energy is removed via the cooldown caused by the
steam release before the no-load conditions of RCS
temperature and shutdown margin assumed in the analyses are
reached. After the additional stored energy has been
removed, the cooldown and reactivity insertions proceed 1in
the same manner as in the analysis which assumes no-load
condition at time zero. However, since the initial steam
generator water inventory is greatest at no-load, the
magnitude and duration of the RCS cooldown are less for
steam line release occurring at power.

$. In computing the steam flow, the Moody Curve (Moody 1965)
for fL/D = 0 is used.

6. Perfect moisture separation in the steam generator is
assumed.

3 Cases are shown for four loops in operation and three loops
in operation.

Results

The calculated time sequence of events for this accident is listed in
Table 15.1-1.

The results presented are a conservative indication of the events
which would occur assuming a secondary system steam release since it
is postulated that all of the conditions described above occur
simultaneously.

Figures 15.1-12 and 15.1-13 show the transient results for a steam
flow of 168 lb/sec at 1,200 psia from one steam generator.

The assumed steam release is typical of the capacity of any single
steam dump, relief, or safety valve. Safety injection is initiated
automatically by low pressurizer pressure. Operation of one
centrifugal charging/high head safety injection pump 1s assumed.
Boron solution at "1,950 ppm enters the RCS providing sufficient
negative reactivity to prevent core damage. The calculated transient
is quite conservative with respect to cooldown, since no credit is
taken for the energy stored in the system metal other than that of
the fuel elements or the energy stored in the other steam generator
tubes. Since the transient occurs over a period of about 5 minutes,
the neglected stored energy is likely to have a significant effect in
slowing the cooldown.

Figures 15.1-12A and 15.1-13A show the same parameters as

Figures 15.1-12 and 15.1-13 only for the case with one loop out of
service. The steam leak is assumed to occur on one of the loops
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which is in service. Safety injection 1is initiated automatically
f:om a low pressurizer pressure SI Signal.

15.1.4.3 Conclusions

The analysis shows that the criteria stated earlier in this section
are satisfied. For an accidental depressurization of the main steam
system the minimum DNBR remains well above the limiting value and no
system design limits are exceeded. The radiological consequences of
this event are not limiting.

15.1.4.4 Radiological Consequences

The inadvertent opening of a single steam dump relief or safety valve
can result in steam release from the secondary system. Normally, no
activity release to plant personnel or the public is expected.
However, if steam generator leakage exists coincident with the
failed fuel conditions, some activity will be released.

The dose, being a function of steam release, will be less than that
calculated for the steam line break accident (Section 15.1.5).

15.1.5 Steam System Piping Failure
15.1.5.1 Identification of Causes and Accident Description

The steam re’-ase arising from a rupture of a main steam line would
result in an iu.tial increase in steam flow which decreases during
the accident as the steam pressure falls. The energy removal from
the RCS causes a reduction of coolant temperature and pressure. In
the presence of a negative moderator temperature coefficient, the
cooldown results in an insertion of positive reactivity. If the most
reactive rod cluster control assembly (RCCA) is assumed stuck in its
fully withdrawn position after reactor trip, there is an increased
possibility that the core will become critical and return to power.
A return to power following a steam line rupture 1is a potential
problem mainly because of the high power peaking factors which exist
assuming the most reactive RCCA to be stuck in its fully withdrawn
position. The core is ultimately shut down by the boric acid
injection delivered by the safety injection system.

The analysis of a main steam line rupture is performed to demonstrate
that the following criteria are satisfied.

9.6

the mosth limubng

1. Assuming the most limiting single failur:&:f a stuck RCCA
with or without offsite power, and assuming(@® single failure
in the engineered safety features, the core remains in place
and intact. Radiation doses do not exceed the guidelines of
10CFR100.

2. Although DNB and possible clad perforation following a steam
pipe rupture are not necessarily une .ceptable, the following
analysis. in fact, shows that the DNB design basis is met
for any rupture assuming the most reactive assembly stuck in
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its fully withdrawn position. The DNB design basis is
discussed in Section 4.4.

A major steam line rupture is classified as an ANS
Condition IV event. See Section 15.0.1 for a discussion of
Condition IV events.

Effects of minor secondary system pipe breaks are bounded by
the analysis presented in this section. Minor secondary
system pipe breaks are classified as Condition III events,
as described in Section 15.0.1.3.

The major rupture of a steam line is the most limiting
cooldown transient and is analyzed at zero power with no
decay heat. Decay heat would retard the cooldown, thereby
reducing the return to power. A detailed analysis of this
transient with the most limiting break size, a double ended
rupture, is presented here.

The following functions provide the protection for a steam line

rupture.

1.

Safety injection system actuation from an? of the following:
a. two out of four low pressurizer pressure signals;

b. two out of three hi-l containment pressure signals;

€. one low steam line pressure signal in any two lcops.

The overpower reactor trips (neutron flux and AT) and the
reactor trip occurring in conjunction with receipt of the
safety injection signal

Isolation of the main feedwater lines, via closure of the
redundant main feedwater isolation valves

Sustained high feedwater flow would cause additional
cooldown. Therefore, in addition to the normal control
action which will close the main feedwater valves, a safety
injection signal will r=pidly close all feedwater control
valves and back up feedwater isolation valves, and trip the
main feedwater pumps.

Trip of the fast acting steam line stop valves (designed to
close in less than 5 seconds) on:

a. hi-2 containment pressure;

b. safety injection system actuation derived from two out
of three low steam line pressure signal in any loop;
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¢, high negative steam pressure rate indication from two
out of three signals in any loop (below Permissive
P-11).

Fast-acting isolation valves are provided in each steam line; these
valves will fully close within 10 seconds of a large break in the
steam line. For F+-e=aks downstream of the isolation valves, closure
of all valves would completely terminate the blowdown. For any
break, in any location, no more than one steam generator would
experience an uncontrolled blowdown even if one of the isolation
valves fails to close. A description of steam line isolation is
included in Chapter 10.

Steam flow is measured by monicoring dynamic head in nozzles located
in the throat of the steam generator. The effective throat area of
the nozzles is 1.4 square feet, which is considerably less than the
main steam pipe area; thus, the nozzles also serve to limit the
maximum steam flow for break at any location.

Table 15.1-2 lists the equipment required in the recovery from a high
energy line rupture. Not all equipment is required for any one
particular oreak, since the requirements will vary depending upon
postulated break locations and details of balance of plant design and
pipe rupture criteria as discussed elsewhere in this application.
Design criteria and methods of protection of safety related equipment
form the dynamic effects of postulated piping ruptures are provided

in Section 3.6.
15.1.5.2 Analysis of Effects and Consequences

Method of Analysis

The analysis of the steam pipe rupture has been performed to
determine:

X, The core heat flux and RCS temperature and pressure
resulting from the cooldown following the steam line break.
The LOFTRAN Code (WCAP-7907) has been used.

2. The thermal and hydraulic behavior of the core following a
steam line break. A detailed thermal and hydraulic digital-
computer code, THINC, has been used to determine if DNB
occurs rfor the core conditions computed in WCAP-7907.

The analsysis has been performed with four reactor coclant loops in
operation and with three loops in operation (N-iloop).

The following conditions were assumed to exist at the time of a main
steam line break accident.

1. End-of-life shutdown margin at no-load, equilibrium xenon
conditions, and the most reactive RCCA stuck in its fully
withdrawn position. Operation of the control rod banks
during core burnup is restricted in such a way that addition
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of positive reactivity in a steam line break accident will
not lead to a more adverse condition than the case analyzed.

2. A negative moderator coefficient corresponding to the end- 10.34
of-life rodded core with the most reactive RCCA in the fully 10.35
withdrawn position. The variation of the coefficient with 10.36
temperature and pressure has been included. The K 1637
versus temperature at 1,000 psi corresponding to éﬂt
negative moderator temperatur: coefficient used is shown on 10.39
Figure 15.1-11. The effect of power generation in the core 10.40
on overall reactivity is shown on Figure 15.1-14.

The core properties associated with the sector nearest the 10.42
affected steam generator and those associated with the
remaining sector were conservatively combined to obtain 10.43

average core properties for reactivity feedback
calculations. Further, it was conservatively assumed that 10.44
the core power distribution was uniform. These two 10.45

conditions cause underprediction of the reactivity feedback

in the high power region near the stuck rod. To verify the 10.46
conservatism of this method, the reactivity as well as the

power distribution was checked for the limiting state points 10.47
for the cases analyzed. This core analysis considered to 10.48
Doppler reactivity from the high fuel temperature near the

stuck RCCA, moderato- feedback from the high water enthalpy 10.49
near the stuck RCCA, power redistribution and nonuniform

core inlet temperature effects. For cases in which steam 10.51
generation occurs in the high flux regions of the core, the
effect of void formation was also included. It was 10.53
determined that the reactivity employed in the kinetics
analysis was always larger than the reactivity calculated 10.54
including the above local effects for the state points.

These results verify conservatism; i.e., underprediction of 10.55
negative reactivity feedback from power generation.

3. Minimum capability for injection of high concentration boric 10.57
acid (1,950 ppm) solution corresponding to the most
restrictive single failure in the safety injection system. 10.58
The emergency core cooling system consists of three systems: 10.59
(1) the passive accumulators, (2) the residual heat removal 10.60
system, and (3) the safety injection system. Only the 11.1
safety injection system is modeled for the steam line break
accident analysis.

The actual modeling of the safety injection system in 11.3
LOFTRAN is described in WCAP-7907. The flow corresponds to 11.4
that delivered by one charging/high-head safety injection

pump delivering its full flow to the cold lez header. No 11.6
credit has been taken for the low concentration borated
water, which must be swept from the line: downstream of the

RWST prior to the delivery of high concentration boric acid 11.7
to the reactor coolant loops.
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For the cases where offsite power is assumed, the sequence
of events in the safety injection system is the following.
After the generation of the safety injection signal
(appropriate delays for instrumentation, logic, and signal
transport included), the appropriate valves begin to operate
and the charging/high-head safety injection pump starts. In
12 seconds, the valves are assumed to be in their final
position and the pump is assumed to be at full speed. The
volume containing the low concentration borated water is
swept before the 1,950 ppm borated water reaches the core.
This delay, described above, is inherently included in the
modeling.

In cases where offsite power is not available, an additional
10 second delay is assumed to start the diesels and to load
the necessary safety injection equipment onto them.

Design value of the steam generator heat transfer
coefficient including allowance for fouling factor

Since the steam generators are provided with integral flow
restrictors at the main steam nozzles with a 1.4 square foot
throat area, any rupture in a steam line with a break area
greater than 1.4 square feet, regardless of location, would
have the same effect on the NSSS as the 1.4 square foot
break. The following cases have been considered in
determining the core power and RCS transients.

a. Complete severance of a pipe, with the plant initially
at no-load conditions, full reactor coolant flow with
offsite power available.

. Case (a) with loss of offsite power simultaneous with
the steam line break and initiation of the safety
injection signal. Loss of offsite power results in
reactor coolant pump coastdown.

- Cases (a) and (b) with one reactor coolant loop out of
service,

Power peaking factors corresponding to one stuck RCCA and
nonuniform core inlet coolant temperatures are determined at
end of core life.

The coldest core inlet temperatures are assumed to occur in
the sector with the stuck rod. The power peaking factors
account for the effect of the local void in the region of
the stuck control assembly during the return to power phase
following the steam line break. This void, in conjunction
with the large negative moderator coefficient, partially
offsets the affect of the stuck assembly. The power peaking
factors depend upon the core power, temperature, pressure,
and flow, and, thus, are different for each case studied.
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The core parameters used for each of the two cases
correspoend to values determined from the respective
transient analysis.

The analysis assumes initial hot shutdown conditions at time
zero since this represents the most pessimistic 1initial
condition. Should the reactor be just critical or operating
at power at the time of a steam line break, the reactor will
be tripped by the normal overpower protection system when
power level reaches a trip point. Following a trip at
power, the RCS contains more stored energy than at no-load,
the average coolant temperature is higher than at no-load
and there is appreciable energy stored in the fuel. Thus,
the additional stored energy is removed via the cooldown
caused by the steam line break before the no-load conditions
of RCS temperature and shutdown margin assumed in the
analysis are reached. After the additional stored energy
has been removed, the cooldown and reactivity insertions
proceed in the same manner as cooldown and reactivity
insertions proceed in the same manner as in the aaalysis
which assumes no-load condition at time zero.
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