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November 20,1984

Docket No. 50-423
Bil368

Director of Nuclear Reactor Regulation
Mr. B. 3. Youngblood, Chief
Licensing Branch No.1
Division of Licensing
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

References: (1) B. 3. 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. 3. Youngblood, Millstone Nuclear Power
Station, Unit No. 3, N-1 Loop Operation, dated April 9,1984.

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

1 . Dear Mr. Youngblood:

Millstone Nuclear Power Station, Unit No. 3
t 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 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 (Chapt'er 6, Engineered Safety Features)
and accident analysis (Chapter 15). These FSAR change pages will be
incorporated in a future FSAR amendment.

Enclosure 11 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 our1Mr. R. G.~ Joshi during an October 2,1984 meeting,
information contained in Encisoure II has been prepared to facilitate the NRC's
review of our request. Appro
Instrumentation and Control) priate changes to the FSAR pages (Chapter 7,

'

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 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 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,

?. f(//NOL
W.'G. Counsil

'

.

Senior Vice President

,
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STATE OF CONNECTICUT -)
~ ) ss. Berlin

- COUNTY OF HARTFORD )

t

. 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 informatica are true and correct to the best of his.

' knowledge and belief.

Ad2d / b'
'

Notary Publi
,

My Commission Expires March 31,1988-
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November 20,1984

Docket No. 50-423
Bil368

Director of Nuclear Reactor Regulation
Mr. B. 3. Youngblood, Chief
Licensing Branch No.1
Division of Licensing
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

References: (1) B. 3. 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. 3. Youngblood, Millstone Nuclear Power
Station, Unit No. 3, N-1 Loop Operation, dated April 9,1984.

:

(3) B. 3. 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 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 (Chapt ~er 6, Engineered Safety Features)
and accident analysis (Chapter 15). These FSAR change pages will be
incorporated in a future FSAR amendment.

| Enclosure II 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 Encisoure II 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 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 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.

1 Very truly yours,

NORTHEAST NUCLEAR ENERGY COMPANY'

et. al.
~

i
BY NORTHEAST NUCLEAR ENERGY COMPANY

i Their Agent

'1i |f [ ??-Tt,

L W. G. Counsil
Senior Vice President

I
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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.

Mh,1&c fb ?)G*~A
' ' ' ''

, ,

ylotary Public' i
' *" ' '. i, , ,

,

- ,; ,

..

My Commission Expires March 31,1983
*
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NNPS-3 FSAR

guide thimble. cooling flow, head cooling flow, baffle leakage, and 1.11
leakage to the vessel outlet' nozzle.

. '4.4.1.4 Hydrodynamic Stability Design Basis 1.13

Basis- 1.15

Modes of --operation associated with condition I and.II events shall 1.17
not lead to hydrodynamic instability.

4.4.1.5 other Considerations 1.20

The above design bases, together with the fuel clad an'd fuel assembly 1.21
design bases given in Section 4.2.1, are sufficiently comprehensive 1.22
so additional limits are not required.

Fuel rod diametral gap characteristics, moderator-coolant flow 1.24
velocity and distribution, and ' moderator void are not inherently 1.25
limiting. Each of these parameters is incorporated into the thermal 1.26
and hydraulic models used to ensure the above-mentioned design 1.27
criteria -are met. For instance, the fuel rod diametral gap 1.28
characteristics change with time (Section 4.2.3.3) and the fuel rod
integrity is evaluated on that basis. The effect of the moderator 1.30 !

flow velocity and distribution (Section-4.4.2.2) and moderator void~

distribution (Section 4.4.2.'4) are included in the core thermal 1.31
(THINC) evaluation and thus affect the design bases.

Meeting the fuel clad integrity criteria covers possible effects of 1.32
clad temperature limitations. As noted in Section 4.2.3.3, the fuel 1.33
rod conditions change with time. A single clad temperature limit for .1.34
condition I or condition II events is not appropriate since, of
necessity, it would be overly conservative. A clad temperature limit 1.36
is applied to the loss-of-coolant accident (Section 15.6.5), control
rod ejection accident, and locked rotor accident. 1.37

li39
4.4.2 Description

1.40
4.4.2.1 Summary Comparison

.

The design of Millstone 3, as described in this report, has thermal- 1.41
hydraulic parameters similar to the SNUPPS Units (Docket 1.42
Nos. STN-50-482, STN-50-483, STN-50-485, and STN-50-486).

Values of pertinent parameters, along with critical heat flux ratios, 1.44
fuel temperatures, and linear heat generation rates, are presented in 1.45
Table 4.4-1. The key design parameters for N-1 (three-loop) opera- 1.46
tion are provided in Table 4.4-1A. In power capability evaluation, 1.47
there has not been any change in this design criteria. The reactor 1.48
is still designed to a minimum DNBR 2 1.30, as well as no fuel
centerline melting during normal operation, operational transients, 1.49
and faults of moderate frequency.

All DNB analyses performed for this application have included a DNBR 1.50
multiplier of 0.86. The results of 17 x 17-geometry -DNB tests 1.51

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 1.52
indicatethataDNBRmultiplierof0.88isreqdfedforthe

1.54)(
"R" grid 1.53

DNB correlation. Thus, the multiplier used results in conservative
DNB evaluations.

Fuel densification has been considered in the DNB and fuel 1.55
temperature evaluations utilizing the methods and models described in 1.56
WCAP-8218-P-A and WCAP-8219-A.

-4.4.2.2 Critical Heat Flux Ratio or Departure from Nucleate Boiling 1.59
Ratio and Mixing Technology

The ' minimum DNBRs for the ' rated power, design overpower, and 2.1
- anticipated transient conditions are given in Table 4.4-1. The 2.4
minimum DNBR in the limiting flow channel will be downstream of the
peak heat flux location (hot spot) due to the increased downstream 2.5
enthalpy rise.

DNBRs are calculated by using the correlation and definitions 2.6
described in Sections 4.4.2.2.1 and 4.4.2.2.2. The THINC-IV computer 2.7
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 2.8
for use in the DNB correlation. The use of hot channel factors is 2.9
discussed in Section 4.4.4.3.1 (nucler.r hot channel-factors) and in
Section 4.4.2.2.4 (engineering hot channel factors). 2.10

4.4.2.2.1 Departure from Nuclear Boiling Technology 2.12

The W-3 correlation and several modifications have been used in 2.13
Westinghouse CHF calculations. The'W-3 was originally developed from 2.15*

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-A), 2.16'
and "L"-grid (WCAP-7988 and WCAP-8030-A), as well as the 0.374-inch 2.18
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 2.19
been demonstrated to be adequate for reactor' rod bundle design.

A description of the 17 x 17-fuel assembly test program and a summary 2.20
of the results are described in detail in WCAP-8298-P-A and 2.21
WCAP-8299-A. A correlation factor was developed to adopt the W-3 '2.22
correlation to 17 x 17-assemblies with top split mixing vane grids 2.234

referred to as R-grid. anodified 2.2d
spacerfactor,e"wasdef{Thiscorrelationfactor,termedtheoped as a multiplier on the W-3 correlation. </
Figure 4.4-1 ushows the- 17 x 17-data obtained in this test program. 2.25
The predicted heat flux includes a 0.88 multiplier which is part of 2.26~

.the 17 x 17-modified spacer factor. However, as noted previously 2.27
'(Section 4.4.2.1), a multiplier of 0.860 has been conservatively
applied for all DNB analyses. 2.28

The test results indicated that a reactor core using this geometry 2.29
may operate with a minimum DNBR of 1.28 and satisfy the design 2.30
-criterion. However, as stated in 4.4.1.1, a minimum DNBR of 1.30 is 2.31
conservatively used in this application.

'
Amendment 12 4.4-4 February 1985

.-
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TABLE 4.4-1A 1.15

THERMAL-HYDRAULIC DESIGN PARAMETERS FOR 1.17
ONE OF FOUR COOLANT LOOPS OUT OF SERVICE 1.18

Total core heat output, NWt 2,560 1.21
Total core heat output, 108 Btu /hr 8,735 1.22
Heat generated in fuel, %

-
97.4 1.23

Nominal system pressure, psia 2,250 1.24

Coolant Flow A.26

Effective thermal flow rate for heat transfer, los ibm /hr 105.5 1.28
Effective flow area for heat transfer, fta 51.1 -1.29
Average velocity along fuel rods, ft/sec 12.9 1.30
Average mass velocity, 108-lbm/hr-ft2 2.07 1.31 J-

Coolant Temperature 1.33
.

Design nominal inlet, 'F 550.6. 1.35
Average rise in core, *F 61.4 1.36
Average in core, "F 582.7 1.37

Heat Transfer 1.39

Active heat transfer surface area, ft2 59,700 1.41
Average heat flux, Btu /hr-fta 142,400 1.42

. Minimum DNBR at nominal conditions >2.02 1. 3
Minimum DNBR for design and anticipated transients 21.30 1.

A

Amendment 12 1 of 1 February 1985
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Determination of Dryout Time 1.10
~

During the blowdown following a steam line rupture, a point may be 1.12
reached when all the initial fluid inventory of the affected. steam 1.13
generator, including that added from outside. sources, will be.

depleted. At that time, the blowdown rate out of the break will be 1.14
limited by the rate at which water is added to the steam generator 1.15
from the auxiliary feedwater system. This point in the. transient is 1.16
termed "dryout." The time of dryout can be determined as described 1.17
in WCAP-8860.

| Additional mass and energy flow from the affected steam generator to 1 1.18
containment results from:

B

1. Liquid flashing in the unisolated portion of the main 1.20
feedwater pipe

- 2. Pumped main feedwater 1.21 -

3. Auxiliary feedwater flow before isolation 1.22

The main feedwater flow to the affected steam generator is 1.24
conservatively assumed to be at runout flow for the various power. 1.25 )

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. 1.26
The unaffected steam generator FWIVs are then assumed to'close 1.27
instantaneously while the affected steam generator FWIV is assumed to 1.28

[ have a longer closing time.

All main feedwater is diverted to the affected steam generator for 1.29
the duration of the valve closure time. During the FWIV closure at 1.30
the affected steam generator, feedwater flow is conse rvatively
increased to 4 times the value in Table 6.2-59. No flow reduction is 1.324

assumed to occur during the closure sequence. The main feedwater 1.33
system runout flow at various power levels, feedwater temperature,
and FWIV closure times are listed in Table 6.2-59. The time of main 1.35
feedwater iso 1& tion is dependent upon the time that the isolation
signal setpoint is reached, which varies with the break condition. 1.36

The auxiliary feedwater flow to the affected steam generator is 1.37
i 42.4 lbm/sec at 120*F. The flow is limited by passive flow control 1.38

devices (cavitating venturis) installed in the line to each steam
generator (Section 10.4.9). 1.39

The initial inventory of the affected steam generator is increased to 1.40
include the liquid in the unisolated portion of its main feedwater
iP Pe-

.

6.2.1.5 Minimum Containment Pressure Analysis for Performance 1.43
Capability Studies of Emergency Core Cooling System 1.44

;
The containment backpressure used for the limiting case break for the 1.46

4 emergency core cooling system analysis (Section 15.6.4) is depicted 1.48
on Figure 6.2-59 for the N-loop analysis, and on Figure 6.2-59A for | 42- ,

.

Amendment 12 6.2-37 February 1985
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the N-1 loop analysis. .The containment backpressure is calculated 1.50 iA-

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 containment 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

and 6 1-7Lt
The mass and energy release to the containment during the blowdown 1.58
and reflood portions of the imiting break transient are presented in 1.59
Tables 6.2-72 y (53) 6.2-73 A for. the N-loop analysis, and in fg'
Tables 6.240D and 6.2-() for the N-1 loop analysis. 2.1

75 7G
The mathematical models which calculate the mass and energy releases 2.3
to the containment are described in Section 15.6.5 and conform to 2.4
10CFR Part 50, Appendix K, ECCS Evaluation Models. A break spectrum 2.5
analysis is performed (references in Section 15.6.5) that considers

various break sizes, break locations, and Moody discharge 2.6
coefficients for the double-ended cold leg guillotines which do not
affect the n. ass 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 to the containment is assumed to 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 containment pressure. 2.15

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 2.21

2. A containment temperature of 90*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
i

These containment initial conditions are representative 1y low values 2.26
; anticipated during normal full power operation.

6.2.1.5.3 Containment Volume 2.33

The volume used in the analysis is 2.35 x 108 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

6.2-38 February 1985Amendment 12 -
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The -gross volume was maximized by assuming the containment liner is 2.40
erected at the maximum radial tolerance. The internal volume 2.41
subtracted from the gross volume was minimized by reducing the
nominal values for internal concrete and some equipment by 5 percent. 2.42

.

1

Amendment 12 6.2-38a- February 1985
,
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l
I

6.2.1.5.4 Active Heat Sinks 27.47 I

i

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 I

Water spillage rates from the broken loop accumulator are determined 27.55 )
as part of the core reflooding calculation and are included in the 27.56

containment code (COCO) calculati.onal model.

6.2.1.5.6 Passive Heat Sinks 27.59

The passive heat sinks used in the alysis, with their 27.60
thermophysical properties, are given in Table y.z- 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 i

Model for PWR ECCS Performance Evaluation. g;

6.2.1.5.7 Heat Transfer to Passive Heat Sinks 60 28.5*

|The condensing heat transfer coefficients used for hea ansfer to 28.6
the steel containment structures are given on FigureU.2-T) for the 28.7
limiting break. J;.e wu saiummu s

'

gG ssure transicus Lt . cue 11mati2Tth 28.9
@reak is snown on Ficure 6.2-Ig N

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,

i

6.2.1.6 Testing and Inspection 28.17

Preoperational and periodic tests are performed on the containment 28.19
structure and supporting systems. These are discussed in the 28.20

1
sections as referenced.

Test Section 28.25
l

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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TIME MASS ENERGY ENTHALPY
Jsec) Jib /sec) JB tu /sec) JB tu/lb)

.

.

..

0.000 3087.145 184055.606 59.6201.010 2858.045 170396.659 59.6202.010 2675.961 159540.769 59.6203.010 2525.853 150591.358 59.6204.010 2399.673 143068.529 59.6205.010 2290.872 136581.774 59.6206.010 2195.482 130894.624 59.620
-

7.010 2110.787 125845.125 59.6208.010 2034.766 121312.753 59.6209.010 1966.066 117216,843 59.620
-

10.010 1903.785 113503.645 59.62011.010 1847.136 110126.266 59.62012.010 1795.268 107033.861 59.62013.010 1747.501 104186.002 59.62014.010 1703.190 101544.188 59.620
.

15.010 1661.934 99064.506 59.62016.010 1623.636 96801.181 59.62017.010 1588.062 94680.249 59.62018.010 1554.880 92701.961 59.62019.010 1523.809 90849.468 59.62020.010 1494.690 89113.403 59.62021.010 1467.827 87511.825 59.62022.010 1443.082 86036.534 59.62023.010 1419.715 84643.408 59.62024.010 1397.439 83315.306 59.62025.010 1376.467 82064.951 59.62026.010 1356.808 80892.883 59.62027.010 1338.211 79784.156 59.62028.010 1488.012 73875.512 49.647
!

29.010 1474.120 72904.721 49.45630.010 1660.817 71974.923 49.270| 31.010 1448.020 71081.103 49.088
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. TABLE 6.2@ 75. 1.9

BROKEN LOOP INJECTION SPILL DURING BLOWDOWN 1.11

-(DECLG @ctive Loop Break 3Cp = 0.4) %K
e4-n (oor ope Mcm )

Time Mass Energy Enthalpy '1.16
(sec) |(ibs/sec) (Btu /sec) (Ptu/lba) 1.17

0.000 3048.576 181756.118 59.620 1.19
1.010 2775.613 165482.036 59.620 1.20

; 2.010. 2568.818 153152.907 59.620 1.21
3.010 2403.708 143309.101 59.620 1.22'

'4.010 2267.928 135213.878 59.620 1.23
5.010 2153.510 128392.292 59.620 1.24
6.010 2055.089 122524.400 59.620 1.25
7.010 1969.152 117400.826 59.620 1.26-

' ' 8.010 1892.950 112857.702 59.620 1.27
9.010 1824.701 108788.694 59.620 1.28

10.010 1763.089 105115.356 59.620 1.29
11.010 1707.124 101778.752 59.620 1.30i

12.010 1656.062 98734.427 59.620 .1.31 y
13.010 1609.241 95942.952 59.620 1.32
14.010 1566.126 93372.426 59.620 1.33
15.010 1526.205 90992.350 59.620- 1.34
16.010 1488.961 88771.876 59.620 1.35
17.010 1454.129 86695.143 59.620 1.36
18.010 1421.611 84756.472 59.620 1.37
19.010 .1391.227 82944.957 59.620 1.38
20.010 - 1362.808 81250.616 59.620 1.39
21.010 1336.138 79660.556- 59.620 1.40
22.010 1311.025 78163.326 59.620 1.41
23.010 1287.296 76748.563 59.620 1.42
24.010 1264.954 75416.560 59.620- 1.43
25.010 1244.180 74178.002 59.620 1.44
26.010 1224.596 73010.401 59.620 1.45
27.010 1205.820 71890.991 59.620 1.46
28.010 1188.017 70829.569 59.620 1.47
29.010 1186.953 69952.315 58.934 1.48
30.010 1171.073 69005.455 58.925 1.49
31.010 1155.971 68104.972 58.916 1.50
32.010 -1141.605 67248.412 58.977 1.51
33.010 1127.937 66433.430 58.898 1.52
34.010 1114.800 65650.107 58.890 1.53
35.010 1102.232 64900.729 58.881 1.54

Amendment 12 1 of 1 February 1985
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TABLE 6.2-@ 74 1.10

REFLOOD MASS AND ENERGY RELEASES 1.12
(DECLGQctiveLoopBreahCg = 0.4) 4=M- K

^ ( 4-6 t oor Op c skon)
MTime ATotal Total 4,Mm.

(sec) (lbm/sec) (Btu /sec) 1.17

50.751 0 - 0 1.19
51.326 0.053 69. l'.20
51.926 0.053 69. 1.21

Ig,
.52.126 0.928 1205. 1.22
57.313 30.39 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

/

p
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Wall Material Thickness (in)
Area (Ft .).

2
_

1 Paint - 0.004
1

Mb 6 Stee'l 0.11 191922.6o - .

2 Stainless Steel 0.45 8540.00

3 Concrete 25.92 1732.0

4 Concrete 18.0 15348.0
.

5 Paint 0.004
-

, Concrete 16.32 133277.0

6 Paint 0.004
Concrete 25.32 17926.0

..

7 Paint
~

0.004
Concrete 36.0 6563.0

'

8 Paint O.004
Concrete 21.0 2007.0

; 9 Paint 0.004 -

Concrete 24.0
Carbon Steel 0.25 .-

Concrete 120.0 12269.0
.||

! 10 Paint 0.004
| Carbon Steel 0.514

Concrete - 54.0 24675.0

11 Paint 0.004
-

,
,

Carbon Steel 0.514
'

Concrete 54.0 38493.0
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will. automatically maintain prescribed conditions in the plant even 1.12
under a conservative set of reactivity parameters with respect to both
system stability and transient performance. 1.13

For each. mode of plant operation, a group of optimum controller 1.14
setpoints.is determined. In areas where the resultant setpoints are 1.15
different, compromises based on the optimum overall performance are made
and verified. A consistent set of control system parameters is derived 1.17 |

satisfying plant operational requirements throughout the core life and 1.18
for various levels of power operation.

The ; study will comprise an analysis of the following control systems: 1.19
rod: cluster control assembly, steam dump, steam generator level, 1.20
pressurizer pressure and pressurizer level.

15.0.3 Plant Characteristics and Initial Conditions Assumed in the 1.24
Accident Analyses ,

15.0.3.1 Design Plant Conditions 1.27

Table 15.0-1 lists the principal power rating values which are assumed 1.28
in analyses performed in this report. Four ratings are givent two for 1.31 , ,

N-loop operation and two for N-1 loop operation.

1. The guaranteed NSSS thermal power output. This power output 1.34
includes the thermal power generated by the reactor coolant
pumps.

2. The engineered safety features design rating. The NSSS 1.36
supplied engineered safety features are designed for thermal
power higher than the guaranteed value in order not to preclude 1.37
realization of future -potential power. capability. This higher 1.38
thermal power value is designated as the engineered safety
features design rating. This power output includes the thermal 1.39
power generated by the reactor coolant pumps.

Where initial power operating conditions are assumed in accident 1.41
analyses, the guaranteed NSSS thermal power output, plus allowance for 1.42
errors in steady state power determination, is assumed. Where 1.43
demonstration of adequacy of the containment and engineered safety
features are concerned, the engineered safety features design rating, 1.44
plus allowance for error, is assumed. The thermal power values used for 1.45
each transient analyzed are given in Table 15.0-2. In all cases where 1.46
the 3,579 megawatt thermal (MWt) rating is used in an analysis, the
resulting transients and consequences are conservative compared to using 1.47
the 3,425 NWt rating.

The values of other pertinent plant parameters utilized in the accident 1.48
analyses are given in Table 15.0-3.

Amendment 12 15.0-6 February 1985
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15.0.3.2 Initial Conditions 1.51

For accident evaluation, the initial. conditions are obtained by adding 1.52
the maximum steady state errors to rated values. The following steady 1.54
state errors are considered:

1. Core power 2 percent allowance for 1.58
calorimetric error 1.59

C.I
2. Average reactor coolant t(2)PFallowanceforcontroller 2.2

system temperature deadband and measurement error 2.3
and steam generator fouling 2.4
penalty z.5

3. Pressurizer pressure t 30 psi allowance for 2.7
steady state fluctuations 2.8
and measurement penalty 2.9

Initial values for core power, average reactor coolant system 2.12
temperature, and pressurizer pressure are selected to minimize the 2.13
initial departure from nucleate boiling ratio (DNBR) unless otherwise
stated in.the sections describing specific accidents. Table 15.0-2 2.15
summarizes the initial conditions and computer codes used in the
accident analyses.

,

15.0.3.3 Power Distribution 2.17

The transient response of the reactor system is dependent on the initial 2.18
power distribution. The nuclear design of the reactor core minimizes 2.20
adverse power distribution through the placement of control rods and
operating instructions. Power distribution may be characterized by the 2.22
radial factor (FAH) and the total peaking factor (F, The peaking 2.23
factor limits are given in the Technical Specifications #. ).

For transients which may be DNB limited, the radial peaking factor is of 2.24
importance. The radial peaking factor increases with decreasing power- 2.25
level due to rod insertion. This increase in EdH is included in the 2.26'
core limits illustrated on Figure 15.0-1. All transients that may be 2.27
DNB ' limited are assumed to begin with a EAH consistent with the initial
power level defined in the Technical Specifications. 2.28

The axial power shape used in the DNB calculation is the 1.55 chopped 2.29
. cosine as discussed in Section 4.44 The radial and axial power 2.30 x

distributions described above are input to the THINC Code as described
in Section 4.4 X

4

For transients which may be overpower limited, the total peaking factor 2.31
(F ) is of'importance. All transients that may be overpower limited are 2.32y

asYumed to begin with plant conditions including power distributions
which are consistent with reactor operation as defined in the Technical 2.33
Specifications.

For ove rpower transients which are slow with respect to the fuel rod 2.34
thermal time constant, for example the chemical and volume control 2.35

Amendment 12 15.0-7 February 1985
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esystem malfunction that results in a decrease in the boron concentration
in the reactor coolant incident which lasts many minutes, and the 2.36
excessive- increase in secondary msteam flow incident which may' reach-

Tequilibrium without -_ causing a reactor trip, the fuel rod thermal ,2.37
_

evaluations: .are . performed as discussed in Section 4.4. For overpower 2.39
' transients which'are fast with respect.to the fuel rod thermal time

-

constant, .e.g., the uncontrolled rod -cluster controlfassembly bank 2.40-
: withdrawal from subcriticaltor low power startup and rod cluster control
- assembly ejection . incidents which result in~ a large power rise over a 2.41.
few | seconds, a detailed fue1~ heat transfer calculation must be .2.42

,

~ performed. Although the fuel rod thermal time constant is a function of 2.43
~ ~ system conditions,: fuel -burnup and, rod power, a typical value- at 2.44

'beginning-of-life for high power rods is approximately 5 seconds.

15.0.4. Reactivity Coefficients Assumed in the Accident Analyses 2.46

The transient response of the reactor system is dependent on reactivity 2.47
feedback effects, in particular the moderator. temperature coefficient 2.49
andL the Doppler -power coefficient. These reactivity coefficients and 2.50,

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 2.51
large reactivity coefficient values whereas in the analysis of other 2.52 ,

events,. conservatism requires the use of small reactivity coefficient
values. Some analyses such as loss of reactor coolant from cracks or 2.53
ruptures in the reactor coolant system do not depend on reactivity 2.54
feedback effects. The values.used are given in Table 15.0-2. Reference 2.56
is made in that table to Figure 15.0-2, which shows the upper and lower
bound Doppler power coefficients as a-function of. power, used in the 2.57
transient analysis. The justification for use of conservatively _-large 2.58 :

an event-by- 2.59versus small reactivity coefficient values are treated on
event basis. In some cases, conservative combinations of parameters are 2.60
used to bound the effects of core life. For example, in a load increase 3.1
transient, it is conservative to use a small Doppler defect and a small
moderator coefficient. 3.2

15.0.5 Rod Cluster Control Assembly Insertion Characteristics 3.4

The negative reactivity insertion following a reactor trip is a function 3.5
of the accelerstion of the rod cluster control assemblies .and the 3.7
variation in rod worth as a function of. rod position. With respect to 3.8
accident analyses, the critical parameter is the time of insertion up to
the dashpot entry or approximately 85 percent of the rod cluster travel. 3.9
The rod cluster control assembly position versus time assumed in 3.10
accident analyses is shown on Figure 15.0-3. The rod cluster control 3.11
assembly insertion time to dashpot entry is taken as ([]b seconds, unless ~1 1
. otherwise noted in the discussion. The use of such a long insertion 3.13
time provides the most conservative results for all accidents and is
-intended to be applicable to all types of rod cluster control assemblies 3.14
which may be used throughout plant life. Drop time testing requirements 3.15
are dependent on the type of rod cluster control assemblies actually
used in the plant and are specified in the plant Technical 3.16
specifications.

.

Amendment 12 15.0-8 February 1985
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Figure 15.0-4 shows the fraction of total negative reactivity insertion 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 ex2st relatively 3.24
infrequently. For cases other than those associated with unbalanced 3.25
. xenon 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
1 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 1

2. L d[]b seconds, unless otherwise noted for a particular event, in order to 3.34 l
'

provide a bounding analysis for all rod cluster control assemblies to be 3.35'

-used in the Millstone 3 cores, as previously stated.-

I 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.

4

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 3.49I

feeding power to the control rod drive mecnanisms. The loss of power to 3.52
1

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,
i 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 3.58
setpoints assumed in accident analyses and the time delay assumed for:

each trip function are given in Table 15.0-4. 3.59
i

Amendment 12 15.0-9 February 1985
.

,.p ---v-+,-$- -+-,w--y--vw.w-vnwyv.,.,---w,,-,e,ewr--.-.y.w.w.w-w1,, w-,- ,,,-w, m 1-.m % e e-m e-v_ .ww--w,w
_ , ew v+ w w-- rw %- _ y--



- _
_

* *

~u1217912 arc 12k. (11/07/84 243
MNFS-3 FSAR

's made in Table.15.0-4 to the overtemperature and overpower 3.60' Reference i

trip shown on Figures'15.0-1 and 15.0-1A. These figures present the- 4.2'
allowable reactor ' coolant loop average temperature and AT for the flow
and power distribution,-as described in.section'4.4, as a . function' of 4.3-

primary coolanti pressure. The boundaries of operation defined by the 4.4

overpower AT trip and the overtemperature 4T trip are represented as
" protection lines" on this diagram. The protection. lines:are drawn to 4.6
include .all adverse instrumentation and set point errors so that, under
nominal ~ conditions, trip would occur well within'the area bounded by 4.7
these lines. The utility of this diagram is that the limit imposed by 4.8

any 'given DNBR 'can be represented as a line. The DNB lines represent .4.9
'the locus of conditions for which DNBR equals the limit value (1.30).
All points below and to the left of a DNB line for a given pressure have 4.10
a DNBR greater than the limit value. The diagram shows- that DNB is 4.11
prevented for all cases if the area enclosed with the maximum protection 4,
lines:is not traversed by the applicable DNBR line at any point. 4.12

The area of permissible operation (power, pressure, and temperature) is 4.13
bounded by the combination of reactor trips: high neutron flux (fixed 4.14
set point);~ high pressure (fixed set point); low pressure (fixed set
point); and overpower and overtemperature AT (variable set points). 4.15

The limit value, which was used as the DNBR limit for all accidents, is 4.16
conservative compared to the actual design DNBR value required (1.31 for- 4.17
the thimble- cell and 1.33 for the typical cell) to meet the DNB design
basis as discussed in Section 4.4. 4.18

The difference between the limiting trip point assumed for the analysis 4.19-
-and.the nominal trip point represents an allowance ~ for instrumentation 4.20
channel error and setpoint error. Nominal trip setpoints are specified 4.21
in the plant Technical specifications. During plant startup tests, it 4.22
will be demonstrated that actual instrument time delays are equal to or
less than the assumed values. Additionally, protection system channels 4.24

calibrated and instrument response : times determined periodibally in-are
accordance with the plant Technical Specifications. 4.25

15.0.7 Instrumentation Drift and Calorimetric Errors - Power Range 4.29
Neutron Flux

The instrumentation drift and calorimetric errors used in establishing 4.32
the power range high neutron flux setpoint are presented in 4.33

Table 15.0-5.

The calorimetric error'is the error assumed in the determination of core 4.40
thermal power as obtained from secondary plant measurements. The otal 4.42

ion chamber current (sum of the top and bottom sections) is calibrated
-4.43(set equal) to this measured power on a periodic basis.

The secondary power is obtained from measurement of feedwater flow,- 4.44
.feedwater inlet temperature to the steam generators and steam pressure. 4.45
High accuracy instrumentation is provided for these measurements with 4.46
accuracy tolerances much tighter than those which would be required to 4.47

-control feedwater flow.

Amendment 12 15.0-10 February 1985



. . .- . - - - . . _ . - _ - ..

,c s

u1217912sr:12k 11/07/84- 243
MNPS-3 FSAR

15.0.8 Plant Systems and Components Available for Mitigation of 4.51
Accident Effects 4.52

'

The NSSS is designed to afford proper protection against the possible 4.55
effects of natural phenomena, postulated environmental conditions and 4.57
dynamic effects of the postulated accidents. In addition, the design 4.58
incorporates features which minimize the probability and effects of,

fires and explosions. Chapter 17 discusses the quality assurance 4.59
program.which has been implemented to assure that the NSSS will
satisfactorily perform its assigned safety functions. The incorporation 5.1
of these features in the NSSS, coupled with the reliability of the
design, ensures -that the normally operating systems and components. 5.2 -

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 5.4

; mitigate the effects of these postulated events, the classification
4 system of ANSI-N18.2-1973 is utilized. The design of " systems important 5.6

to safety" (including protection systems) is consistent with' IEEE
-Standard 379-1972 and Regulatory Guide 1.53 in the application of the 5.7
single failure criterion.

In the analysis of the Chapter 15 events, control system action is 5.8
considered only if that action results in more severe accident results. 5.9
.No credit is taken for control system operation if that operation 5.10
mitigates the results of an accident. For some accidents, the analysis 5.12
is performed both with and without control system operation to determine
the worst case. The pressurizer heaters are not assumed to be energized 5.14

*

during any of the Chapter 15 events.

1
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TABLE 15.0-1 1.10

NUCLEAR STEAM SUPPLY SYSTEM POWER RATINGS 1.12
.

N-Loop N-1 Loop (1) 1.15

Guaranteed NSSS thermal power output (MWt) 3,425 2,569 1.17

Thermal power generated by the reactor 14 9 1.19-

coolant pumps (MWt) 1.20

Guaranteed core thermal power (MWt)(1) 3,411 2,560 1.22

Engineered safety features design rating 3,579 3,579 1.24
(maximum calculated turbine rating) (MWt) 1.25

sa*

NOTE: 1.27

1. LOCA accident analysis currently limits the guaranteed core thermal 1.30
were performed 1.31power to 2,217 MWt. The original accig nt analyses

Xwith an assumed 75 percent power and if this was found unacceptable, *

as in the case of the LOCA analysis, a reanalysis was done based on 1.32
a- conservative step decrease in power. The limiting power level is 1.33
therefore subject to change.

1

|

l
1

|
.
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1.19-TABLE 15.0-2
*

1.21
SUMMARY OF INITIAL CONolTIONS AND COMPUTER CODES USED

1.24Reactivity Coefficients
Assumed fa) Initial NSSS Thermal Powe r 1.25

Mode rato r Mode ra tor Output Assumed (b) 1. 26 .'

Computer Codes Tempera ture Density fMWt1 1.27-

Faults Utilized (A k / * F ) (Ak/en/cci Dooo l e r N-Loop N-1 Loop 4,G4--

1.30
15.1 increase in heat removal 1.31

by the secondary system

0.43 lowe r (a ) 0 4 3,425 2,569 '1.33
feedwater system malfunctions LOFIRAN -

1.34, that result in an incresso 1.35<

in feedwater flow

Excessive increase in LOFTRAN - Fig. 15.0-6 lowe r (a ) 3,425 2,569 1.37
and 0.43 1.38

secondary steam flow

Inadvertent opening of a LOFTRAN - Function of -2.2 pcm/*f 0 (Subcritical) 1.40
1.41modera torsteam generator relief or 1.42density

safety valve 1.43
>

(Sec. 15.1.4, 1.44Fig. 15.1-11)

Function of Refer to O (Subcritical) . 1.46.

Steam system piping LOFTRAN, -

i failure THINC mode rator Sec. 15.1.5 1.47
I

density (Se 1.)WE. /$#
1sDdLA 15.1.5, 1.50Fig. 15.1-11)<

'

1 1.52
15.2 Decrease in heat removal 1.53

j by the seconda ry system

Fig. 15.0-6 upper (a) 3,425 2,569 1.55
Loss of external electrical LOFTRAN -

1.56'
and 0.43load and/or turbine trip

Loss of nonemergency ac LOFIRAN - NA NA 3,579 2,755.83 1.58
1.59*

power to the station 1.60i

auxi l ia ries

Fig. 15.0-6 upper (a) 3,579 2,755.83 2.2
Loss of normal feedwater flow LOFTRAN -

Fig. 15.0-6 upper (a) 3,579 2,755.83 2.4
feedwater system pipe break LOFTRAN, -

2.5
FACTRAN, THINC

2.7
1 15.3 Decrease in reactor coolant 2.8

system flow rate

) Partial and complete loss of LOFTRAN, - Fig. 15.0-6 upper (a) 3,425 2,569 2.10
2.11

forced reactor coolant flow FACTRAN, THINC _.

1 of 3
Februa ry 1985
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TABLE 15.0-2 (Cont)

Reactivity Coefficients
Assumed fel Initial MSSS Therne t Power

Mode ra to r Mode ra tor Output Assumed (b)-
Computer Codes Tempe ra ture Density fMWtl

faults utilized (A k/* F1 fAk/am/ccl Dono le r N-Loop N-1 Loco

Reactor coolant pump shaf t LOFTRAN, - Fig. 15.0-6 upper (a) 3,425 2,569 2.13

seizure (locked rotor) FACTRAN ,

2.14
2,16

15.4 Reactivity and power 2.17d i st ri but ion ,a noma l ie s

Uncontrolled rod cluster TWINKLE, Refer to - Consistent 0 (Sub- 2.19

control assembly bank FACTRAN, THINC Sec. with lower critical) 2.20

wi thd rawa l from a sub- 15.4.1.2 timit shown .2.21
on Fig. 2.22

critical or lower power
15.0-2 2.23

startup condition

Uncontrolled rod cluster LOFIRAN - Fig. 15.0-6 lower and 3,425 2,569 2.25
control assembly bank and 0.43 upper (a) 2.26

2.27
wi thd rawa l a t powe r

2.29
Rod cluster control Till NC, TURTLE - Fig. 15.0-6 lowe r ( a ) 3,425 -

2.30
assembly misalignment LOFTRAN, LEOPARD

0.43 lowe r ( a ) [ (' NA 2.1ML g7'Startup of an inactive LOFTRAN, -

2.33
reactor coolant loop at FACTRAN, THINC

2.34
an incorrect temperature

Chemical and volume control NA NA NA NA 0 & 3,425 2.36 ;

2.37
system malfunction that 2.38results in a decrease in the 2.39
boron concentration in the 2.40
reactor coolant

Inadvertent loading and LEOPARD, - NA NA 3,425 2.42
2.43

operation of a (Jos assembly TURTLE 2.44
in an improper position

Consistent 0 k 3,425 2,569 2.46
Spectrum or rod cluster IWINELE, Refer to -

control assembly ejection FACTRAN, Sec. 15.4.8 with lower 2.47
accidents LEOPARD min., max. limit shown 2.48

feedback on Fig. 2.49
15.0-2 2.50

2.53
15.5 increase in reactor coolant 2.54

invento ry

Fig. 15.0-6 lowe r ( a ) 3,425 2,569 2.56
Inadvertent operation of the LOFIRAN -

2.57ECCS during power operation

Amendment 12 2 of 3 Februa ry 1985 ,
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TABLE 15.0-2 (Cont) .

Reactivity Coefficients *

Assumed fal Initia l NSSS Therma l Power
Modera tor Mode ra to r Output Assumed (b)

Computer Codes Tempera ture Density (MWtl
faults Utilized (A k/*F1 fak/am/cci Dopp l e r .1-Loop N-1 Loop

3.115.6 Decrease in reactor coolant 3.2
invento ry

Inadvertent opening of a LOFTRAN - Fig. 15.0-6 upper (a) 3,425 2,569 3.4
3.5

pressurizer safety or 3.6
relief valve

Steam generator tube failure NA NA NA NA 3,565 3.9

Loss of coolant accidents SATAN-VI, Refer to - Refer to 3,411 k be' 3.114 |h
resulting from the spectrum WFLASH, Sec. 15.6.5, Sec. 15.6.6, 3.12

of postulated piping breaks WREFLOOD. Re fe rences References 3.13
3.14

within the reactor coolant COCO, LOCTA-lV 3.15
pressure boundary

3.19
NOTES:

3.22
(a) Refer to Fig. 15.0-2,

3.25(b) A minimum 2 percent margin is applied to the values shown for analysis purposes.

t

Amendment 12 3 or 3 februa ry 1985
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TABLE 15.0-3 .1.10

NOMINAL VALUES OF PERTINENT PLANT PARAMETERS' 1.12
UTILIZED IN THE ACCIDENT ANALYSIS (18 1.13

N-Loop N-1 Loop 1.16

Thermal output of NSSS (MWt) Table 15.0-2 Table 15.0-2 1.18

. Core inlet-temperature (*F) 557.0 550.6 1.20

Vessel average temperature (*F) 587.1- 579.6 1.22

Reactor. coolant system pressure-(psia) 2,250 2,250 1.24

Reactor coolant flow per loop (gpm) 94,600 99,600 l'.26

#A-Steam flow from NSSS (lb/hr) 15,050,000 10,780,000 1.2%

Steam pressure at steam generator 990 935 1.D
outlet (psia) 1.31

Maximum steam moisture content 0.25 0.25 1.33
(percent) 1.34

Assumed feedwater temperature at 436.2 404.2 1.36
steam generator inlet (*F) 1.37

' Average core heat flux (Stu/hr-ft2) 189,800 142,400 1.39

NOTE: 1.41-4

-1. Steady state errors discussed in Section 15 0.3 are added to-these 1.46
values to obtain initial conditions for transient analyses.

Amendment 12 1 of 1 February 1985
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TA8LE 15.0-8 1.17
.

POTENTIAL OFFSITE DOSES DUE.TO ACCIDENTS 1.19

Dose (Rom) - 2 He Excluston Dose (Rem) - Low Population 1.22

Postulated FSAR Area Boundary (524 m) Zone (3862 m) 1.23

recedent Sectton Tnvrold Gamma Beta Thyroid Gamma Seta 1.24

1.26Main Steam Line Break 15.t.5

i.28
_t . N-Loop

a) Case I: MSLB 8.3E+00 1.OE-01'" 4.7E-02 6.6E-01 9.6E-03 4.4E-03 1.30
1.31with 1% Failed Fuel

b) Case II: MSLB with 2.1E+00 2.7E-03 1.OE-03 1.4E-OI 1.2E-04 7.3E-05 1,32
t.33preaccident todine 1.34sptke

i.362 N-t Loop

a) Case I. MSLB t.2E+01 1.5E-Of 6.9E-02 7.9E-Of 1.4E-02 6.3E-03 1,38
1.39with 1% Fatted Fuel

1. IEf3 1.3E-Ot t.8E-04 7.OE-05 1. 40tCb) Case II: MSLB wItn 2.SE+00 2.8E-03
1.41preacc6 dent todine
1.42spike

1.44Locked Rotor Accident 15.3.3

2~

N-Loop 2.9E+00 1.6E-Ol 7.9E-02 1.9E+00 3.1E-02 1.4E-02 1.k
1.

N-1 Loop 5.4E+00 2.9E-01 1.4E-Of 3.7E+00 5.OE-02 2.3E-02 1.y
1.49

Rod E j ect ion Acc 6 dent 15.4.8

1.51I N-Loop

a) Primary Sede 1.2E+01 2.7E-OS 3.3E-Of 7.5E-01 3.1E-02 1.2E-02 1.53

b) Secoew.lary S toe - 1.7E-Ot 2.tE-02 8.7E-02 9.1E-03 1.1E-03 9.3E-04 1,54

1.56
i 2 N-1 Leop

m) Premacy Side 1.3E+01 2.8E-Of 1.3E-Ot 7.6E-Of 2.7E-02 1.OE-02 1.54

b) Secoexsary Side 2.OE-02 4.4E-03 3.5E-C3 1. t Ed)3 2.3E-04 1.9E-04 1.59
o

Sn.4 l l Line LOCA 15.6.2 2.tE+01 1.5E-01 3.7E-02 '" '" '" 2.1
2.2outstJe containment

2.4Stcan Generator 15.6.3
2.5Tube Rupture

m) Preaccident fodine 2.1E+OO 1.9E-02 9.GE-03 2.4E-OS 1.2E-03 5.7E-04 2.7
2.8Sp th e

b) Concurrent todene 3.4E-Os 1.8E-02 8.9E-03 7.6E-02 1.IE-03 5.3E-04 2.9
2.10sptbe

teenoment 12 8 of 2 February 1985
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-TABLE 15.0-8 (Cont)

'ose (Rem) - Low PopulationDDose (Rem) - 2 Hr Exclusion
Postulated FSAR Area Boundary (524 m) Zone (3462 m)
Accident Sectton Thyroid Gamma Beta Thyroid Gamme Sete

LOCA 15.6.5 2.4E*02 1.7E+08 9.IE+00 t.6E+01 1.6E+00 7.3E-01 2.12-

2.14 h **U"' "' '"
War.te Gas System 15.7.t 0.OE+00 2.2E-Of 1.7E-Of

2.15
Fatture

'" "* "'- 2.17
Cadioactive Liquid 15.7.2 4.3E-Ot 4.7E-04 2.5E-04

2.18 4
Waste System Leak or 2.19
Foelure (AteospherIc 2.20
Releasel

Fuel Handitng Accioent 15.7.4 7.6E+OO 5.9E-Os 6.sE-Of "' '" "' 2.23

Spent Fuel Cask Drop 15.7.5 '" "* '" "* "* *" 2.25
,

'
2.28

NOIE5:
2.31

= 1.0 x 10-*4. 1.OE-OS 2.32
2. 2 hours of release or less; a 30-day dose is not applscante.

2.33
3. Not appltcable - see Secttons 15.7.5.2 and 15.7.5.3.

I
|

6

L

d

1

| 'l
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15.1 INCREASE IN HEAT REMOVAI. BY THE SECONDARY SYSTEM 1,9

A ' number of events have been postulated which could result in an 1.10
increase in heat removal from the reactor coolant system (RCS) by the 1.11secondary system. Detailed analyses are presented for several such 1.12
events which have been identified as limiting cases.

Discussions of the following RCS cooldown events are presented in 1.13this section.

1. _Feedwater system malfunctions that result in a decrease in 1.15
feedwater temperature.

2. Feedwater system malfunctions that result in an increase in 1.16
feedwater flow.

.

3. Excessive increase in secondary steam flow. 1.17
4. Inadvertent opening of a steam generator relief or safety 1.18valve.

5. Steam system piping failure. 1.19

The above are considered to be American Nuclear Society (ANS) 1.21Condition II events, with the exception of steam system piping 1.22failures, which are
considered to be ANS Condition III (minor) and

Condition IV (major) events. Section 15.0.1 contains a discussion o,/ 1.23
ANS classifications and applicable acceptance criteria.

15.1.1 Feedwater System Malfunctions That Result in a becrease in 1.26Feedwater Temperature 1.27
15.1.1.1 Identification of Causes and Accident Description 1.30

Reductions in feedwater temperature will cause an increase in core 1.31
power by decreasing reactor coolant temperature. Such transients are 1.33
attenuated by the thermal capacity of the secondary plant and of the
RCS. The overpower /overtemperature protection (neutron ove rpower, 1.35
overtemperature and overpowerA T trips) prevents any power increase 1735
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 1.37
opening of a feedwater bypass valve which diverts flow around a 1.38
-portion of the feedwater heaters. In the event of an accidental 1.39
opening of 'the bypass valve, there is a sudden reduction in feedwater'

inlet temperature to the steam generators. At power, this increased 1.41
subcooling will create a greater load demand on the RCS.

With the plant at no-load conditions the addition of cold feedwater 1.42
may cause a decrease in RC3 temperature and thus a reactivity 1.43
insertion due to the effects of the negative moderator coefficient of
reactivity. However, the rate of energy change is reduced as load 1.44

Amendment 12 15.1-1 February 1985
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tand feedwater flow ' decrease, so the no-load transient is less severe 1.45
than the full power; case.

The not effect on the RCS due to'a-reduction in feedwater temperature 1.46
is similar to the effect of. increasing secondary steam flow, i.e., 1.47
the reactor .will reach a new equilibrium condition at a power level

' corresponding to the~new steam generatorJLT. I r44

A decrease in normal feedwater temperature is classified as an ANS 1.49
Condition II event, fault of moderate frequency. See Section 15.0.1 1.50
for a discussion of Condition II events.

'The protection available to mitigate the consequences of a decrease 1.51
in feedwater temperature is the same as that for an excessive steam 1.52
~ 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 1.54

Method of Analysis 1.56

.This transient is analyzed by computing conditions at the feedwater 1.58
pump inlet following opening of the heater bypass valve. These 2.1
feedwater conditions are then used to recalculate a heat balance

_

through the high pressure heaters. This heat balance gives the new 2.2
feedwater conditions at the steam generator inlet.

'2.4The following assumptions are made.

1. Plant initial power level corresponding to guaranteed 2.6
nuclear steam supply system (NSSS) thermal output.

2. Low -pressure heater bypass valve opens, resulting in 2.8
condensate flow splitting between the bypass line and the
low pressure heaters; the flow through each path is 2.9
proportional to the pressure drops.

3. Heater drain pumps trip; this increases the effect of the 2.10
cold bypass ficw.

Plant characteristics and initial conditions are further discussed in 2.12
Section 15.0.3.

2.15Results

opening of a low pressure heater bypass valve and trip of the heater 2.17
drain pumps causes a reduction in feedwater temperature which 2.19
increases the thermal load on the primary system. The calculated 2.20
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 2.21
of full power. The increased thermal load, due to opening of the low 2.22
pressure heater bypass valve, would result in a transient very 2.23
similar (but of reduced magnitude) to that presented in 2.24

Section 15.1.3 for an excessive increase in secondary steam flow, 2.25

Amendment 12 15.1-2 February 1985



. _, - _

u1217912src122 11/09/84 243
MNPS-3 FSAR

which evaluates the consequences of a 10-percent step load increase.
Therefore, the transient results of this analysis are not presented. 2.26

15.1.1.3 Conclusions 2.28

The decrease in feedwater temperature transient is less severe than 2.29
the increase in feedwater flow event (Section 15.1.2) and the 2.31
increase in secondary steam flow event (Section 15.1.3). Based on 2.32
results presented in Sections 15.1.2 and 15.1.3, tne applicable
acceptance criteria for the decrease in feedwater temperature event 2.33
have been met.

15.1.1.4 Radiological Consequences 2.35

There are no radiological consequences associated with a decrease in 2.36
feedwater temperature event, and activity is retained within the fuel 2.37
rods and reactor coolant system.

15.1.2 Feedwater System Malfunctions That Result in an Increase in 2.41
Feedwater Flow 2.42

15.1.2.1 Identification of Causes and Accident Description 2.45

Addition of excessive feedwater will cause an increase in core power 2.46
by decreasing reactor coolant temperature. Such transients are 2.49
attenuated by the thermal capacity of the secondary plant and of the
RCS. The overtemperature/LT trip and the overpower /LT trip prevent 2.50
any power increase which could lead to a DNBR less than 1.30. 2.51

An example of excessive feedwater flow would be a full opening of a 2.52
feedwater control valve due to a feedwater control system malfunction 2.53
or an operator error. At powar, this excess flow causes a greater 2.54
load demand on the RCS due to increased subcooling in the steam
, generator. With the plant at no-load conditions, the addition of an 2.55
excess of feedwater may cause a decrease in RCS temperature and thus 2.56
a reactivity insertion due to the effects of the negative moderator 2.57
coefficient of reactivity.

Continuous addition of excessive feedwater is prevented by the steam 2.58
generator high-high level trip, which closes the feedwater valves. 2.59

An increase in no rmal feedwater flow is classified as an ANS 2.60
Condition II event, fault of moderate frequency. See Section 15.0.1 3.1
for a discussion of ANS Condition II events.

Plant systems and equipment which are available to mitigate the 3.2
effects of the accident are discussed in Section 15.0.8 and listed in 3.3
Table 15.0-6.

Amendment 12 15.1-3 February 1985
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15.1.2.2 Analysis of Effects and Consequences 3.5'

Method of Analysis 3.7

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 simulat's a multi-loop system, 3.12e

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

2. accidental opening of one feedwater control valve with the 3.22
reactor in automatic control at full power.

An accidental opening of one feedwater control valve with the reactor 3.24
just critical at zero load conditions, assuming a conse rvatively 3.25
large negative moderator temperature coefficient and one loop
isolated,,is bounded by the N-loop analysis at zero load conditions. 3.26

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.

2. 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 3.36
steam generator thick metal in attenuating the resulting
plant cooldown. 3.37

. .

Amendment 12 15.1-4 February 1985
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5. The feedwater flow resulting from a fully open control valve 3.38
is terminated by a steam generator high-high level trip 3.39
signal which closes all feedwater control and isolation 3.40
valves, trips the main feedwater pumps, and trips the
turbine.

,

Initial operating c.onditions are assumed at values consistent with 3.42 |
. steady state N and N-1 loop operations.

Plant characteristics and initial conditions are further discussed in 3.43
Section 15.0.3.

~ Normal reactor control systems and engineered safety systems are not 3.44
required to function. The reactor protection system may function to 3.45
trip the reactor due to overpower or high-high steam generator water
level conditions. No single active failure will prevent operation of 3.47
the reactor protection system. A discussion of anticipated 3.48
transients without trip (ATWT) considerations is presented in

WCAP-8330 (1974).

Results 3.51

In the case of an accidental full opening of one feedwater control 3.53
valve with the reactor at zero power and the above mentioned 3.55
assumptions, the maximum reactivity insertion rate is less than the
maximum reactivity insertion rate analyzed in Section 15.4.1 for an 3.57
uncontrolled rod clustar control assembly bank withdrawal from a
suberitical or low power startup condition, and therefore the results 3.58
of the analysis are not presented here. It should be noted that if 3.59
the incident occurs with the unit just critical at no-load
conditions, the reactor may be tripped by the power range high 4.1
neutron flux trip (low setting) set at approximately 25 percent of
nominal full power.

The full power case (maximum reactivity feedback coefficients, 4.2
without rod control) gives the largest reactivity feedback and 4.3
results in the greatest power increase. Assuming the reactor to be 4.4
in the automatic rod control mode results in a slightly less severe
transient. The rod control system is not required to function for an 4.5
excessive feedwater flow event.

When the steam generator water level in the faulted loop reaches the 4.6
high-high level setpoint, all feedwater control and isolation valves 4.8
and the main feedwater pumps are tripped. This prevents continuous 4.9
addition of the feedwater. In addition, a reactor trip and a turbine 4.10
trip are initiated.

Transient results (Figures 15.1-1 and 15-1-2) show the core heat 4.11
flux, pressurizer pressure, T q,and DNBR, as well as the increase in 4.~rz4
nuclear power and loop 46 T associated with the increased thermal load ---

on the reactor. The DNBR does not drop below L.30. Figures 15.1-1A 4.15
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 4.16
incident, the fuel temperatures will also rise until after reactor- 4.17
trip occurs. The core heat flux lags behind the neutron flux 4.18

'

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 4.19
assumed high neutron flux trip setpoint). The peak fuel temperature 4.20
will thus remain well below the fuel melting temperature.

The transient results show that DNB does not occur at any time during 4.21
the excessive feedwater flow incident; thus, the ability of the 4.22
primary coolant to remove heat from the fuel rod is not reduced. The 4.23
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 4.24
Table 15.1-1.

15.1.2.3 Conclusions 4.26

The results of the analysis show that the DNBRs encountered for an 4.27
excessive feedwater addition at power are at all times, above the 4.28
limiting value of 1.30s the DNBR design basis as described in 4.30
Section 4.4 is met. Additionally, it has been shown that the 4.31
reactivity insertion rate which occurs at no-load conditions
following excessive feedwater addition is less than the maximum value 4.32
considered in the analysis of the rod withdrawal from a suberitical 4.33
condition analysis. 4.34

15.1.2.4 Radiological Consequences 4.36

There are no radiological consequences associated with this event. 4.37
There is no adverse effect to the core and the RCS, and the activity 4.38
is retained within the fuel rods and reactor coolant system. 4.39

15.1.3 Excessive Increase in Secondary Steam Flow 4.42

15.1.3.1 Identification of causes and Accident Description 4.43

An excessive increase in secondary system steam flow (excessive load 4.44
increase incident) is defined.as a rapid increase in steam flow that 4.46
causes a power mismatch between the reactor core power and the steam
generator load demand. The reactor control system is designed to 4.47
accommodate a 10 percent step load increase or a 5 percent per minute
ramp load increase in the range of 15 to 100 percent of full power. 4.49
Any loading rate in excess of these values may cause a reactor trip 4.50
actuated by the reacter protection system. Steam flow increases 4.51
greater than 10 percent are analyzed in Sections 15.1.4 and 15.1.5.

.

This accident could result from either an a6ninistrative violation 4.52
such as excessive loading by the operator or an equipment malfunction 4.53
in the steam dump control or turbine speed control.

During power operation, steam dump to the condenser is controlled by 4.54
reactor coolant condition signals, i.e., high reactor coolant 4.55

Amendment 12 15.1-6 February 1985
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temperature indicates a need for steam dump. A single controller 4.56
malfunction does not cause steam dumps an interlock is provided which
blocks the opening of the valves unless a large turbine load decrease 4.57
or a turbine trip has occurred.

Protection against an excessive load increase accident is provided by 4.58
the following reactor protection system signals:

1. overpower 4 T 4r6>

2. overtemperaturedLT E_1

3. power range high neutron flux and 5.2*

4. low pressurizer pressure. 5.3

An excessive load increase incident is considered to be an ANS 5.5
condition II event, fault of moderate frequency. See Section 15.0.1 5.6
for a discussion of Condition II events.

15.1.3.2 Analysis of Effects and Consequences 5.8

Method of Analysis 5.10

This accident is analyzed using the LOFTRAN Code (WCAF-7907). The 5.13
code simulates the neutron kinetics, RCs, pressurizer, pressurizer
relief and safety valves, pressurizer spray, steam generator, steam 5.15
generator safety valves, and feedwater system. The code computes 5.16
pertinent plant variables including temperatures, pressures, and
power level.

Four cases are analyzed to demonstrate the plara behavior following a 5.17
10 percent step load increase from rated load. These cases are as 5.18
follows.

,

1. Reactor control in manual with minimum moderator reactivity 5.20
feedback.

2. Reactor control in manual with maximum moderator reactivity 5.21
feedback.

3. Reactor control in automatic with minimum moderator 5.22
reactivity feedback.

4. Reactor control in automatic with maximum moderator 5.23
reactivity faedback.

These four cases also are analayzed for a 10 percent step load 5.25'

increase from 77 percent power with three reactor coolant pumps in 5.26
se rvice.

For the minimum moderator feedback cases, the core has the least 5.27
negative moderator temperature coefficient of reactivity and 5.28
therefore the least inherent transient capability. For'the maximum 5.29

Amendment 12 15.1-7 February 1985
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moderator feedback cases, the moderator temperature coefficient of
reactivity has its highest absolute value. This results in the 5.31
largest amount of reactivity feedback due to changes in coolant
temperature. For the cases with automatic rod control, no credit 5.32
was taken for AT trips on overtemperature or overpower in order to 9ftt-
demonstrate the inherent transient capability of the plant. Under 5.34
actual operating conditions, such a trip may occur, after which the
plant would quickly stdbilize.

A conservative limit on the turbine throttle valve opening is 5.35
assumed, and all cases are studied without credit being taken for 5.36
pressurizer heaters. Initial operating conditions are assumed at 5.37
extreme values consistent with the steady state full power operation
allowing for calibration and instranent errors. This results in 5.39
minimum margin to core DNB at the start of the accident.

Initial operating conditions are assumed at values consistent with 5.40
steady state N and N-1 loop operation.

Plant characteristics and initial conditions are further discussed in 5.41
Section 15.0.3.

Normal reactor control systems and engineered safety systems are not 5.42
required to function. The reactor protection system is assumed to be 5.43
operable; however, reactor trip is not encountered for any case due

|
to the error allowances assumed in the setpoints. No single active 5.45
failure will prevent the reactor protection system from performing
its intended function.

The' cases which assume automatic rod control are analyzed to ensure 5.46
that the worst case is presented. The automatic function is not 5.47
required.

Results 5.50

Figures 15.1-3 through 15.1-6 illustrate the transient with the 5.52
reactor in the manual control mode. As expected, for the minimum 5.54
moderator feedback case there is a slight power increase, and the
average core temperature shows a large decrease. This results in a 5.56
DNBR which increases above its initial value. For the maximum 5.57
moderator feedback, manually controlled case there is a much larger
increase in reactor power due to the moderator feedback. A reduction 5.60
in DNBR is experienced but DNBR remains above 1.30.

| Figures 15.1-7 through 15.1-10 illustrate the transient assuming the 6.1
i reactor is in the automatic control mode. Both the minimum and 6.2

maximum moderator feedback cases show that core power increases,
thereby increasing the coolant average temperature and pressurizer 6.3

[ pressure above their initial value. For both of these cases, the 6.4

| minimum DNBR remains above 1.30.
!

Figures 15.1-3A through 15.1-10A depict the previously described 6.5
cases, but considering three loops in operation.

Amendment 12 15.1-8 February 1985
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.For all cases, the plant rapidly reaches a stabilized condition at 6.6 ,

'

the higher power level. Normal plant operating procedures would then 6.7
be followed to reduce power. Note that due.to the measurement errors 6.8
assumed in the setpoints, it is possible' that- reactor trip could
actually occur for the automatic control cases. The plant would then 6.10-
. reach a stabilized condition following the trip.,

j The excessive load increase incident is an overpower transient for 6.11
which the fuel temperatures will rise. Reactor trip does. not occur 6.124

l for any of the cases analysed, and the plant reaches a new
equilibrium condition at a higher power level corresponding to the 4.13'

' increase in steam flow. *

1 .

I Since DNS does not occur at any time during the excessive load 6.14 |

increase transients, the ability of the primary coolant to remove 6.15
4 ,

heat from. the fuel rod is not reduced. Thus, the fuel cladding 6.16
temperature does not rise significantly above its initial value
during the transient.

,

| The calculated sequence of events for the excessive load increase 6.17 r
'

incident is shown in Table 15.1-1. *

j 15.1.3.3 Conclusions 6.19 :
i

i The analysis presented above shows that for a 10 percent step load 6.20 l

increase, the DNSR remains above 1.30 the design basis for DNSR as 6.21
described in Section 4.4 is met. The plant reaches a stabilized 6.22
condition rapidly following the load increase. ;

j 15.1.3.4 Radiological Consequences 6.25
1

-

| There are no radiological consequences associated with this event and 6.26 I
; activity is etained within the fuel rods and reactor coolant system 6.29

| and radion lide concentrations remain within the limits of the X
j Technical Sp cifications.
r ;

; 15.1.4 Inadvertent opening of a steam Generator Relief or safety 6.33

| Valve gausing a p pressurization of the Main Steam System 6.34X

) 15.1.4.1 Identification of causes and Accident Description 6.37
:-

; The most severe core conditions resulting from an accidental 6.38 h
; depressurization of the main steam system are associated with an 6.40 :
' inadvertent opening, with failure to close, of the largest of any !

I single steam dump, relief. or safety valve. The analyses performed 6.41
assuming a rupture'of a main steam line are given in section 15.1.5. [

,

| The steam release as a consequence of this accident results in an 6.42
initial increase in steam flow which decreases during the accident as 6.43 i-

the steam pressure falls. The energy removal frem the RCS causes a 6.44 ;,

reduction of coolant temperature and pressure. In the presence of a 6.45 ;1

.
negative moderator temperature coefficient, the cooldown results in ;

! an insertion of positive reactivity. 6.46
!

!

Amendment 12 15.1-9 February 1985
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The analysis is performed to demonstrate that the following criterion 6.47
is satisfied:

Assuming a stuck rod cluster control assembly, with offsite power 6.48
available, and assuming a single failure in the engineered safety 6.49
features system there will be no consequential damage.to the core or 9,,, 9 f
reactor coolant system after reactor trip for a steam release 6.50

- equivalent to the . spurious opening, with failure to close, of the
largest of any single steam dump, relief. or safety valve. 6.51

i

Accidental depressurization of the secondary system is classified as 6.52 ;

an ANS Condition II event. See Section 15.0.1 for a discussion of 6.53
Condition II events.

t

The following systems provide the necessary protection against an 6.54
accidental depressurization of the main steam system due to the. 6.55 i

opening of a steam generator relief or safety valve.

1. Safety injection system actuation from any of the following: 6.57

a. two out of four pressurizer pressure signalst 6.59
,

b. two out of three low steamline pressure signals in a 6.60
loop.

2. The overpower reactor trips (neutron flux andakt) and the %We ,

!reactor trip occurring in conjunction with receipt of the 7.3
safety injection signal

,

3.- Redundant isolation of the main feedwater lines 7.4
'

Sustained high feedwater flow would cause additional 7.6
cooldown. Therefore, in addition to the normal control 7.7
action which will close the main feedwater valves following
reactor trip, a safety injection signal will rapidly close 7.8
all feedwater control valves and back up feedwater isolation
valves, and trip'the main feedwater pumps. 7.9

4. Trip of the fast-acting steam line stop valves (designed to 7.11 -

close in less than 5 seconds) one

a. safety injection system actuation derived from two ,out 7.13
of three low steam line pressure signal in any loop

7.14(above Permissive P-11);

b. high negative steam pressure rate indication from two 7.15
out of three signals in any loop (below Permissive
F-11).

Plant systems and equipment which are- available to mitigate the 7.17
effects of the accident are also discussed in Section 15.0.8 and 7.18
listed in Table 15.0-6.

.
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15.1.4.2 Analysis of Effects and consequences 7.20

Method of Analysis 7.22-
. . ,p

The following analyses of a N eondary system . steam release are 7.24
performed for this section. ,

1. A -full . plant digital computer simulation using the LOFTRAN 7 26
-Code (WCAP-7907) to datenaine RCS temperature and pressurec7.27
during cooldown, and the iffect of_ safety injection. /' , .

.i a P
2. . Analyses to determine that there is no damage tort M cor's or 7.24 ,,e,ys

the reactor coolant system. <w/N

The following conditions are a'ssumed to exist at the tim ( of a 7.31
secondary steam system release. .%' myQ

1.- End-of-life shutdown margin J at no-load, equilib[ lum menon 7.33^ -
conditions, and with the most reactive rod cluster contral '7.34
assembly stuck in its fully withdrawn; position, operation 7.36,
of rod cluster control assembly banks attring core burnup is 4

way ;thu addition of positive 7.37restricted in such a
reactivity in a secondary system steam release accident will
not lead to a more adverse condition than the case 'inalyzed. 7.38

1
-

*w
2. A negative moderator coefficient corresponding.to the end- 7.40

of-life. rodded core with the most reactive rbd clust/rc

control assembly in the fully ' withdrawn' poisition. The 7.42
variation of the coefficient with temperature,and pressure
is included. :The K versus temperature at 1,000 psi 7,46--

theY negative moderator temperaturecorresponding to
coefficient used is shown on Figure 15.1-11. 7.44'

*
.,

3. Minimum capability for injection of concentrated boric * acid 7.45
solution corresponding to the most restrictive single .
failure in the safety injection system. 'This cor esponds to 7.47
theflowdeliveredbyonecentrifugl chargin high . head W
safety injection ' pump delivering its full con nts to t!ie 7.49
cold leg header. Unborated water must be swept' from the 7.51
safety injection line's downsteam of the refueling water
storage tank (RWST) prior to the delivery of concentrated 7.52
boric acid (1,950 parts per million, ppm) tofthe reactor ,

coolant loops. This effect has been accountedJfor. in the 7.53
analysis.

4. The case studied is a steam flow of 268 pounds per second at 7.54
1,200 pounds per square inch absolute (psia) with offsite 7:55

power available. This is the maximum capacity'of any single 7.56
steam dump, relief, or safety valve. Initial hot shutdown '7.57
conditions at time zero are assumed since this represents
the most conservative initial condition.

Should the reactor be just critical or ot ara' ting at power at 47.'59i
the time of. a steam release, the reactor will be tripped by 7.60

Amendment 12 15.1-11 February 1985
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the normal overpower protection when power level reaches a
trip point. Following a trip at power, the RCS contains 8.1
more stored energy than at no-load, the average coolant
temperature is higher than at no-load and there is 8.2
appreciable energy stored in the fuel. Thus, the additional 8.3
stored energy is removed via the cooldown caused by the
steam release before the no-load conditions of RCS 8.4

temperature and shutdown margin assumed in the analyses are
reached. After' the additional stored energy has been 8.5
removed, the cooldown and reactivity insertions proceed in
the same manner as in the analysis which assumes no-load 8.6
condition at time zero. However, since the initial steam 8.7
generator water inventory is greatest at no-load, the
magnitude and duration of the RCS cooldown are less for 8.8
steam line release occurring at power.

5. In computing the steam flow, the Moody Curve (Moody 1965) 8.10
for fL/D = 0 is used.

6. Perfect moisture separation in the steam generator is 8.11
assumed.

7. Cases are shown for four loops in operation and three loops 8.12
in operation.

Results 8.14

The calculated time sequence of events for this accident is listed in 8.16
Table 15.1-1.

The results presented are a conservative indication of the events 8.18
which would occur assuming a secondary system steam release since it 8.19
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 8.20
flow of 168 lb/sec at 1,200 psia from one steam generator. 8.21

The assumed steam release is typical of the capacity of any single 8.22
steam dump, relief, or safety valve. Safety injection is initiated 8.23
automatically by low pressurizer pressure. Operation of one 8.24

centrifugalcharging(highhead safety injection pump is assumed. K
Boron solution at 1,950 ppm enters the RCS providing sufficient 8.25
negative reactivity to prevent core damage. The calculated transient 8.26
is quite conservative with respect to cooldown, since no credit is
taken for the energy stored in the system metal other than that of 8.28
the fuel elements or the energy stored in the other steam generator
tubes. Since the transient occurs over a period of about 5 minutes, 8.29
the neglected stored energy is likely to have a significant effect in 8.30
slowing the cooldown.

! Figures 15.1-12A and 15.1-13A show the same parameters as 8.31
Figures 15.1-12 and 15.1-13 only for the case with one loop out of 8.32
service. The steam leak is assumed to occur on one of the loops 8.33

Amendment 12 15.1-12 February 1985
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which is in service. Safety injection is initiated automatically 8.34
from a low pressurizer pressure SI Signal.

15.1.4.3 Conclusions 8.36

The analysis shows that the criteria stated earlier in this section 8.37
'

are satisfied. For an accidente.1 depressurization of the main steam 8.39
system the minimum.DNBR remains well above the limiting value and no 8.40
system design limits are exceeded. The radiological consequences of 8.41
this event are not limiting.

,

15.1.4.4 Radiological Consequences 8.43
'

The inadvertent opening of a single steam dump relief or safety valve 8.44
can result in steam release from the secondary system. Normally, no 8.47
activity release to plant personnel or the public is expected.
However, if steam generator leakage exists coincident with the 8.48
failed fuel conditions, some activity will be' released.

,

-The | dose, being a function of steam release, will be less than that 8.49
calculated for the steam line break accident (section 15.1.5). 8.50

15.1.5 Steam System Piping Failure 8.52

.15.1.5.1 Identification of Causes and Accident Description 8.53

The steam re: rase arising from a rupture of a main steam line would 8.54
result in an in.tial' increase in steam flow which decreases during 8.56 .

the' accident as the steam pressure falls. The energy removal from 8.57
.the RCS causes a reduction of coolant temperature and pressure. In 8.58

.

negative moderator temperature coefficient, the| the presence of a
cooldown results in an insertion of positive reactivity. If the most 8.60'

reactive- rod cluster control assembly (RCCA) is assumed stuck in its 9.1

fully withdrawn position after reactor trip, there is an increased'
possusility that the core will become critical and return to power. 9.2

i A return to power following a steam line rupture is a potential 9.3 ,

problem mainly because of the high power peaking factors which exist 9.4
assuming the most reactive RCCA to be stuck in its fully withdrawn
position. The core is' ultimately shut down by the boric acid 9.5
. injection delivered by the safety injection system.

The ' analysis of a main steam line rupture is performed to demonstrate 9.6
that the following criteria are satisfied. kmd Gna%g

.limitingsinglefailure(ofastuckRCCA 9.81. Assuming the most
b with or without offsite power, and assuming @ single failure 9.9

in the engineered safety features, the core remains in place 9.11+

and intact. Radiation doses do not exceed the guidelines of 9.12*

10CFR100.

2. Although DNB and possible clad perforation following a steam 9.13
pipe rupture are not necessarily une.eceptable, the following 9.14
analysis, in fact, shows that the DNB design basis is met
for any rupture assuming the most reactive assembly stuck in 9.15

.

i
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-its fully withdrawn position. The DNB design basis is -9.17
discussed in Section 4.4.

3. A -major steam line rupture is classified as an ANS 9.18
Condition IV event. See Section 15.0.1'for a: discussion of 9.19
Condition IV events.

4. . Effects of minor secondary system pipe breaks are bounded by 9.20
the analysis presented in this section. Minor secondary 9.21

system pipe breaks are classified as condition III events,
as descrfbed in Section 15.0.1.3.'

'5. The major rupture of a steam line is the mo,st limiting 9.22'

cooldown transient.and is analyzed at zero power with no
decay heat.. Decay heat would retard the cooldown, thereby- 9.25
reducing the return to power. A detailed analysis of this 9.26
transient with the most limiting break size, a double ended
rupture, is presented here.

The, following functions provide the protection for a steam line 9.28
rupture.

1. Safety injection system actuation from any of the following: 9.31

two out of four low pressurizer pressure signals; 9.33a.

b. two out of three hi-1 containment pressure signals; 9.34

one low steam line pressure. signal in any two leops. 9.36
c.

2. The overpower reactor trips (neutron flux and AT) and the 9 ,46-'

reactor trip occurring in conjunction with receipt of the 9.39
safety injection signal

3. Isolation of the main feedwater lines, via closure.of the 9.41
redundant main feedwater isolation valves 9.42

Sustained high feedwater flow would cause additional 9.44
cooldown. Therefore, in addition to the normal control 9.46
action which will close the main feedwater valve's, a safety
injection signal will rapidly close all feedwater control .9.47
valves and back up feedwater isolation valves, and trip the

9.49main feedwater pumps.

4. Trip of the fast acting steam line stop valves-(designed to 9.51-

close'in less than 5 seconds) one
9.53a. hi-2 containment pressure;

b. safety injection system actuation derived from two out 9.54
of three low steam line pressure signal in any loop;

Amendment 12 15.1-14 February 1985
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c. high negative steam pressure rate indication from two 9.55
out of three signals in any loop- (below Permissive

-P-11).
> .

Fast-acting isolation valves are provided in each steam line; these 9.57
valves will fully close within 10 seconds of a large break in the 9.58
steam lina. For breaks downstream of the isolation valves, closure 9.59
of all valves would completely terminate the blowdown. For any 9.60
breaki in. any location, no more than one steam generator would~'

experience an uncontrolled blowdown even if one of the . isolation 10.1
valves: fails to .close. A description of steam line isolation is 10.2
included in Chapter 10.

Steam flow is measured by monitoring dynamic head in nozzles located 10.3p'
in the throat of the steam generator. The effective throat area of 10.4'

'the nozzles is 1.& square feet, which is considerably less than the
.

main steam pipe area; thus, the nozzles also serve to limit the 10.5
maximum steam flow for break at any location.;

- Table 15.1-2 lists the equipment required in the recovery from a high - 10.6
energy.line rupture. Not all equipment is required for any one 10.7
particular creak, since the requirements will vary depending upon

,

postulated break locations and details of balance of plant design and .10.8
pipe rupture criteria as _ discussed elsewhere in this application. 10.9
Design criteria and methods of protection of . safety related equipment 10.10
form the dynamic effects of postulated piping ruptures are provided 10.11
in Section 3.6.

'15.1.5.2 Analysis of Effects and Consequences 10.13#

Method of Analysis 10.15

_The analysis- of the steam pipe rupture has been performed to 10.17.

i determine:

1. The core heat flux and RCS temperature and pressure 10.20
: resulting from the cooldown following the steam line break.

The LOFTRAN Code (WCAP-7907) has been used. 10.21

2. The thermal and hydraulic behavior of the core following a 10.22
steam line break. A detailed thermal and hydraulic digital -10.23

4,
computer code, THINC, has been used to determine if DN8
occurs for the core conditions computed in WCAP-7907. 10.24-

The' analsysis has been performed with four reactor coolant. loops in 10.26
operation and with three loops in operation (N-f loop).- 10.27 X

$

'

The following conditions were assumed to exist at the time of a main 10.28
steam line break accident.

1. End-of-life shutdown margin at no-load, equilibrium xenon 10.30
conditions, and the most reactive RCCA stuck in its fully
withdrawn position. Operation of the control rod banks 10.32'

.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 10.33
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 g . 19:37
versus temperature at 1,000 psi. corresponding to tHe

on 10.39negative moderator temperature coefficient used is shown
Figure 15.1-11. 'The effect of power generation in the core 10.40
on overall reactivity is shown on Figure 15.1-14.

properties associated with the sector nearest the 10.42The core
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,

conserv'atism 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 RRCCA, moderator 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

c 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 le; header. No 11.6

j

| credit has been taken for the low concentration borated
[

water, which must be swept from the lines downstream of the
L

RWST prior to the delivery of high concentration boric acid 11.7
to the reactor coolant loops.

|

|
| r
| .

| '

f

| Amendment 12 -15.1-16 February 1985'
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,

For the cases where offsite power is assumed, the sequence 11.8
of events in the safety injection system is the following.
After the generation of the ' safety injection signal 11.9
(appropriate delays for instrumentation, logic, and signal
transport included), the appropriate valves begin to operate 11.10
and the charging /high-head safety injection pump starts. In 11.11
12 seconds, the valves are assumed to be in their final
position and the pump is assumed to be at full speed. The 11.12 ,

volume .containing the low concentration borated water is
swept before the.1,950 ppm borated water reaches the core. 11.13

. This delay, described above, is inherently included in the 11.14
modeling.

In cases where offsite power is not available, an additional 11.15
,

10 second delay is assumed to start the diesels and to load 11.16
the necessary safety injection equipment onto them.

,

4. Design value. of the steam generator heat transfer 11.18
coefficient including allowance for fouling factor

.

5. Since the steam generators are provided with integral flow 11.19
restrictors at the main steam nozzles with a 1.4 square foot 11.20
throat area, any rupture in a steam line with a break area 11.21
greater than 1.4 square feet, regardless of location, would
have the same effect on the NSSS as the 1.4 square foot 11.23
break. The following cases have been considered in 11.24
determining the core power and RCS transients.

a. Complete severance of a pipe, with the plant initially 11.26
at no-load conditions, full reactor coolant flow with
offsite power available. 11.27

b. Case (a) with loss of offsite power simultaneous with 11.28
the steam line break and initiation of the safety
-injection signal. Loss of offsite power results in 11.30
reactor coolant pump coastdown.

c. Cases (a) and (b) with one reactor coolant loop out of 11.31
service.

6. Power peaking factors corresponding to one stuck RCCA and 11.33
nonuniform core inlet coolant temperatures are determined at 11.34
end of core life.

The coldest core inlet temperatures are assumed to occur in 11.36
the sector with the stuck rod. The power peaking factors 11.37
account for the effect of the local void in the region of
the stuck control assembly during the return to power phase 11.38
following the steam line break. This void, in conjunction 11.39
with the large negative moderator coefficient, partially
offsets the effect of the stuck assembly. The power peaking 11.41
factors depend upon the core power, ' temperature, pressure,
and flow, and, thus, are different for each case studied. 11.42

.

Amendment 12 15.1-17 February 1985
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The. . core ; parameters ~used for .each .of .the two cases 11.43-"

correspond tojvalues idetermined -from the respective
transient analysis. 11.44

The analysis assumes initial hot shutdown conditions at time 11.45.

.zero:since-this -represents the- most' pessimistic .initialL
condition.' Should the: reactor be-just critical or. operating 11.47
at power-at the time of-a steam line: break, the reactor will
be tripped. by the ' normal overpower protection system when 11.48

' power. level reaches a . trip point.1 ;Following a trip at 11.49
power,_ the RCS contains more stored energy than at no-load,
the. average coolant-temperature is' higher than at no-load. 11.50'

-
- _and there.1 is appreciable energy stored in the fuel. . Thus,- _11.51

.the_ additional stored energy is removed- via the cooldown.
caused by the steam line break before the no-load conditions 11.52
of RCS temperature _and shutdown margin assumed in -the-
analysis are reached.. After the additional stored energy :11.53
has been removed, the cooldown and reactivity insertions
' proceed _ in the same manner as cooldown and reactivity- 11.54
insertions proceed in the same manner .as in the . analysis

_ hich assumes no . load condition at time zero. 11.55a w

7. In_' computing the steam flow during a steam line break, the 11.57
Moody Curve (Moody 1965) for fL/D = 0 is used.

Results 11.59

The calculated sequence of events- for all four cases-analyzed is 12.1
shown in Table 15.1-1. The results, presented are a. conservative 12.3
indication. of the events which would occur assuming a steam line
; rupture since it is postulated that all of'the conditions described 12.4
above occur simultaneously.

- Core Power and Reactor Coolant System Transient, 12.7'

-Figures -15.1-15 through 15.1-17 show the RCS transient and core heat 12.9-
flux following a' main steam line rupture (complete severance, of a 12.11
pipe);at initial no-load condition (case a).

Offsite power is assumed available so that full reactor coolant flow 12.12
exists. The transient shown assumes an uncontrolled steam release- 12.13
from only~ one steam. generator. Should the core be critical at or. 12.14

:near zero power when the rupture occurs,- the initiation _.of safety ~ 12.17injection by low steam line pressure will trip the reactor. Steam
release from more than one steam generator- will be prevented by
automatic. trip of the fast acting isolation valves in the steam. lines 12.18'

by high containment. pressure signals or by low steam line pressure
signals.- Even with the. failure of one valve, release is limited to 12.19-

one 12.20no more than 10 seconds _for_the other steam generators while the
- generator ' blows down. The steam line stop valves are designed to be 12.21
fully closed in less than 5 seconds from receipt of.a closure signal.

-As shown Lon. Figure 15.1-15, the core attains criticality with the 12.22
one stuck RCCA) 12.23.RCCA's. inserted (with the design shutdown assuming

Amendment 12 15.1-18 February 1985
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'before boron solution at 1,950 ppm enters the RCS. A peak core power 12.24
:less than the nominal full power value is attained.

The calculation-assumes the boric acid is mixed with, and diluted by, 12.25
the water flowing in the RCS prior. to entering the reactor. core. The 12.27
concentration after mixing depends upon the relative flow rates in
the RCS and in the safety injection system. The variation of mass 12.28
flow rate in the-RCS due to water density changes is included in the

,

calculation as is.the variation of flow rate in the safety injection 12.29
.

system .due to changes in :the RCS' pressure. The safety injection 12.30*

system flow calculation includes the line losses 'in the system as.
well..as the pump head curve.

Figures '15.1-15A through 15'.1-17A show relevant parameters for Case 12.31
.(a) . assuming one reactor coolant loop is out of service when the 12.33;

steam line rupture occurs. Offsite power is available throughout the 12.34*

' transient. As in Case (a) with all loops in operation, steam is 12.35
released. from only one steam generator.due to tripping of the' fast
acting steam line ' isolation valves by high containment pressure 12.36-

i signals or. low steam line pressure. The core attains criticality 12.37
I with the RCCA inserted (with the design shutdown assuming one stuck
i. assembly) 'before boron solution at 1,950 ppm boron enters the RCS 12.38

from the SIS. The actuation and transport delays' are taken into 12.39j.
- account assuming all loops in operation.

! Based on the results of a generic study (WCAP-9227), the case with 12.41
loss of offsite power (case b)'is less severe than that described
above. The case without offsite power affects the transient in: 12.42-

: basically two ways. First, the delay to start- safety injection is 12.43
increased by the time. required to start the diesel, i.e., 10 seconds.'

Second, the loss of the main coolant pump reduces the flow in the 12.44
reactor coolant system. The additional 10 seconds does not 12.45'

significantly change the conclusions. The loss of forced- 12.46
circulation, however, makes the transient less severe than the case
with forced circulation. This-is due to: 1)Lthe core and steam 12.47
generator are more decoupled,- hence the time to go critical is much
longer, 2) without-forced coolant, the rate of heat transfer is 12.48
reduced in the- steam generator, thereby reducing the core cooldown 12.49
rate,.and 3) local density feedback effects minimize the power level
following the assumed steam break. All of these effects result in 12.50
the case with forced coolant flow being much more severe than the
case without offsite power for the potential of clad damage. 12.51

;

|
It should be noted that following a steam line break, only one steam 12.52 |

|' generator blows down completely. Thus, the remaining steam 12.53
' generators in operation are still available for dissipation of decay 12.54

heat after .the initial transient is over. In the case of loss of 12.56
offsite power, this heat is removed to the atmosphere via the steam
'line safety valves, and power-operated relief valves. 12.57 ,

Amendment 12 15.1-19 February 1985
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l

Margin to Critical Heat Flux 12.60 |

A'DNB analysis was performed for the limiting case with offsite power 13.2
available. It was found that the DNB design basis, as stated in 13.4
Section 4.4, was met for both cases.

15.1.5.3 Conclusions 13.6

The analysis has shown that the criteria stated earlier in 13.7
Section 15.1.5.1 are satisfied.

Although DNB and possible clad perforation following a steam pipe 13.9
rupture are not necessarily unacceptable and not precluded by the 13.10
criteria, .the above analysis,'in fact, shows that no DNB occurs for
any rupture assuming the most reactive. RCCA stuck in its fully 13.11
withdrawn position. The radiological consequences of this limiting 13.12
event are within the acceptable criteria of 10CFR Part 100.

15.1.5.4 Radiological Consequences 13.14

The main steam line break is postulated to occur in a main steam line 13.15
outside the containment. The main steam, fast acting, isolation' 13.17
valves shut automatically, forcing the steam to be released through 13.18
the main steam relief line safety valves. The plant is assumed to 13.19
have operated with Technical Specification fuel defects and primary -
to secondary leakage. A 1 gpm technical specification primary to 13.20
secondary leakage is as umed .to occur such that 0.347 gpm leakage 13.21
takes place in the affect steam generator and 0.653 gpm leakage Y
takes place ev'enly in the other steam generators. 13.22

f Associated with this accident is the assumption that 1 percent of the 13.23
fuel rods in the core fail at the onset of the accident. The gap 13.25
activity associated with the damaged fuel rods is uniformly mixed
with the primary-coolant and is therefore available for release to 13.26
the atmosphere via primary to secondary leakage.

!-

The . iodine partition factor is assumed to be 1.0 for the initial 13.27
steam release from the defective steam generator. An iodine 13.28
partition factor of 0.01 is used for the long term release from the

|
defective steam generator and for initial and long term releases from 13.29

| the non-defective steam generators. Offsite power is also assumed to 13.30

| be lost, thus making the condensers unavailable for steam dump. The 13.31
steam released from all steam generators is assumed to be released

! directly to the environment at ground level.

Two cases are analyzed and reported for both N-loop and N-1 loop 13.32
,

! plant operating conditions. The first case assumes fuel failure to 13.33
occur without a concurrent iodine spike condition. The fuel failure 13.34'

is presumed to result in the release of 1 percent of the fuel gap
fission product activity to the reactor coolant. The second case 13.36
includes a preaccident iodine spike condition when the steam line

,

break occurs.|

Amendment 12 15.1-20 February 1985
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The radiological consequences of a main steam line break (all cases) 13.37
.are reported in Table 15.0-8. The assumptions used to perform this 13.38
evaluation are summarized in Table 15.1-3.- Additionally, for the 13.39

b t the plant had beenN-1 loop operation ~ analyses, it was assume
operating at full power with all fou ufficiently long for core 13740 le*?*'
activities and coolant concentrations to reach equilibrium. The 13.41
plant. then began -N-1 loop operation, shortly after which the main
steam line break occurred. The use of these assumptions results in 13.42
the calculated releases to the environment listed in Table 15.1-4. 13.43
These releases, together with the atmospheric dispersion values 13.44
listed in Table 15.0-11, are used to compute the doses to the EAB 13.46

7 &w(0-2 hr) and LPZ (0-8 hr)greported in Table 15.0-8.
h

.The resulting doses to the EAB and LPZ for the Case 1 conditions do 13.47
not exceed the guideline values of 10CFR100. The resulting doses to 13.48
the- EAB and LPZ assuming Case 2 conditions do not exceed a small
fraction of 10CFR100.

15.1.6 References for Section 15.1 13.50

American National Standard Source Term Specification, N237. 1976. 13.52

Moody, F.S. 1965. Transactions of the ASME, Journal of Heat 13.55
Transfer. Figure 3, page 134. 13.56

WCAP-7907, 1972. Burnett, T.W.T. et al. LOFTRAN Code Description. 13.57

WCAP-8330, 1974. Westinghouse Anticipated Transients Without Trip 13.59
Analysis.

WCAP-9227,- 1978. Reactor Core Response to Excessive Secondary Steam 14.1
Release.

!

,

:

:

!
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TABLE 15.1-1 1.18

TIME SEQUENCE OF EVENTS FOR INCIDENTS WHICH 1.20
CAUSE AN INCREASE IN HEAT REMOVAL BY 1.21

THE SECONDARY SYSTEM 1.22

NyLoop N-1 Loop %
Time Time 1.26

Accident Event (sec) (sec) 1.27

Feedwater system- One main feedwater control 0.0 0.0 1.29
malfunctions that valve fails fully open 1.30
resul* in an in- 1.31
crea.se in feed- 1.32
water flow: 1.33

Minimum DNBR occurs 66.0 23.0 1.35

High-high steast generator 80.3 20.5 1.37
water level signal generated 1.38

Turbine trip occurs due to 82.8 22.5 1.40
high-high steam generator 1.41
level 1.42

Reactor trip occurs 84.3 22.6 1.44

Feedwater isolat' ion valves 87.3 27.5 1.46
close automatically 1.47

= Excessive in- 1.49
crease in 1.50
secondary 1.51
steam flow: 1.52

1. Manual reac- 10 percent step load 0.0- -1.54
tor control increase 1.55
(minimum 1.56

| moderator 1.57
o feedback) 1.58
!

Equilibrium conditions 150 1.60
reached (approximate 2.1
time only) 2.2(_

2. Manual reac- 10 percent step load- 0.0 2.4
| tor control increase 2.5

(maximum 2.6
moderator 2.7
feedback) 2.8

|

| Amendment 12 1 of 3 February 1985
|
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TABLE 15.1-1.(Cont)

NNgLoop N-1 Loop
Time Time-

Accident Event (sec) (sec)
.

Equilibrium conditions 100 2.11
reached (approximate ~ 2.12
time only) 2.13

.

3. Automatic 10 percent step load 0.0 2.16
reactor con- increase 2.17
trol.(mini- 2.18
mum moderator 2.19
' feedback) 2.20

Equilibrium conditions 200 2.22
reached (approximate 2.23.
time only) 2.24

s

4. Automatic 10 percent step load 0.0 2.26'

reactor con- increase 2.27
trol (maxi- 2.28

.

'

mum moderator 2.29
feedback) 2.30

Equilibrium conditions 100 | 2.32
; 2.33reached (approximate.

time only) 2.34

Inadvertent open- Inadvertent ' opening of 0.0 0 C) 2.36
ing of a steam one main steam safety- i 2.37
. generator relief or relief valve i 2.38
or safety valve 2.39

Pressurizer empties 156 55 t 2.41

1,950 ppm boron reaches- 107.50- ;L2.jk 0 2.43
'2.44core

N
.

2.46Steam system
2.47piping failure:

1. Case a Steam line ruptures 0 0 2.49

Pressurizer empty 13.4 11.4 2.51
-

Criticality attained 23.6 22.2 2.53
4

1,950 ppm boron reaches 44.20 48.2 2.55
2.56core

2. Case b Steam line ruptures 0 0 2.58~

.

-Amendment.12- 2 of 3 February 1985
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TABLE 15.1-1 (Cont)

N-Loop N-1 Loop
Time Time

Accident Event (sec) (sec)

Pressurizer empty 15.4 12.6 2.60

Criticality attained 27.0 27.2 3.2

1,950 ppe boron reaches 54.20 58.2 3.4
core 3.5

s

- s

\

Amendnent 12 3 of 3 February 1985
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TABLE 15.1-3 1.15

ASSUMPTIONS USED IN MAIN STEAM LINE BREAK ANALYSIS 1.17

Analysis Input Parameters 1.20
Expected N-Loop N-1 Loop 1.21

1. Reactor thermal power 1.23
-level (MWt) 3,411 3,636(18 3,636(1) 1.24

2. Fuel defects (percent) 0.12 0.29(28 0.2942)- 1.26

3. Primary coolant Table Table Table 1.28
concentrations 11.1-2 15.0-10 15.0-10 1.29

'4. Primary to secondary 1.31
-leak rate (gpm) 0.009 1.0 1.0 1.32

5. Secondary coolant Tables Table Table 1.34
concentrations 11.1-6 & 15.0-10 15.0-10 1.35

11.1-7 1.36

6. Activity released to 1.38
primary coolant from 1.39
failed fuel and avail- 1.40
able for release 1.41
(percent of gap inven- 1.42
tory) 1.43

a. Noble gases 0.0 1.0 1.0 1.45
b. Iodines 0.0 1.0 1.0 1.46

7. Core and gap Table Table Table 1.49
activities 15.0-7 15.0-7 15.0-7 1.50s

8. Iodine partition 1.54
factors in defective 1.55
steam generator 1.56

a. 0-30 minutes 1.0 1.0 1.0 1.58
b. 30 minutes- 1.59

8 hours 0.01 0.01 0.01 1.60

9. Iodine partition 2.4
factors in nondefec- 2.5
tive steam generators 2.6
throughout accident 0.01 0.01 0.01 2.7

10. Time to isolate 2.11
! defective steam 2.12

generator (hours) 8 8 8 2.13

s

Amendment 12 1 of 2 February 1985
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TABLE 15.1-3 (Cont)

Analysis Input Parameters
Expected N-Loop. N-1 Loop

-11. Initial steam and - 2.17
water release from. 2.18
defective steam 2.19
generator over the 2.20 )
first 30 minutes of 2.21.s

the accident (1b) 167,000 167,000 167,000 2.22 |

12. Long term (0-8 hour) 2.25 j

steam release from 2.26
~

the defective steam 2.27 |

generator (1b) 12 1,300 1,300 2.28

13. Steam release from 2.32
-three nondefective 2.33
steam generators (1b) 2.34

a. 0-2 hours 417,000 417,000 433,000 2.36
b. 2-8 hours 912,000 912,000 912,000 2.37

'14. Offsite power Available Lost Lost 2.40

15. Steam generator con- 2.43
tents (1b/sg) 2.44

s

a. Steam 8,000 8,000 7,600 2.46
b. Liquid 103,000 103,000 104,000 2.47

16. Feedwater flow to 2.51
nondefective steam 2.52
generator (1b) 2.53

a. 0-2 hours 589,000 589,000 589,000 2.55
b. 2-8 hours 1,019,000 1,019,000 1,019,000 2.56

17. Iodine spike factor No spike Pre-accident Pre-accident 2.60!

iodine con- iodine con- 3.1
centrations centrations 3.2

i shown in shown in 3.3
Table 15.0-12 Table 15.0-12 3.4

!

NOTES: 3.8'
s

1. Fuel gap activities are based on 3,636 MWt reactor power. 3.10
i 2. Based on 1.0 Ci/gm I-131 dose equivalent. 34

4
.

Amendment 12 2 of 2 February 1985
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TABLE 15.1-4 1.9

MAIN STEAM LINE BREAK RELEASES 1.11
(To the Environment) 1.12-

.

N-Loop 1.14

Case 1 - 1 Percent case 2 - Preaccident 1.17
Fuel Cladding Failure Iodine Spike 1.18

(Curies Released) (Curies Released) 1.19
Isotope (0-2 hr) EAB (0-8 hr) LPZ (0-2 hr) EAB (0-8 hr) LPZ 1.20

:Kr-83m 2.18E+01818 3.94E+01 4.32E-02 7.70E-02 1.23
85m 6.61E+01 1.75E+02 2.00E-01 5.20E-01 1.24
85 1.72E+00 6.86E+00 4.65E-03 1.82E-02 1.25
87 9.08E+01 1.34E+02 1.03E-01 1.50E-01 1.26

'

88 1.67E+02 3.68E+02 3.63E-01 7.86E-01 1.27
89 1.04E+01 1.04E+01 8.69E-04 8.69E-04 1.28

Xe-131m 1.57E-01 6.22E-01 1.52E-03 6.07E-03 1.30
133m 9.45E+00 3.63E+01 8.19E-02 3.13E-01 1.31
133 3.96E+02 1.56E+03 3.54E+00 1.37E+01 1.32
135m 2.49E+01 2.88E+01 2.84E-01 5.03E-01 1.33
135 1.01E+02 3.29E+02 6.36E-01 2.06E+00 1.34
137 1.63E+01 1.63E+01 1.53E-03 1.53E-03 1.35
138 5.95E+01 5.97E+01 1.53E-02 1.53E-02 1.36

I-131 2.04E+01 3.07E+01 5.73E+00 7.21E+00 1.38
132 2.27E+01 2.57E+01 1.87E+00 1.99E+00 1.39
133 4.21E+01 6.15E+01 3.43E+00 1.04E+01 1.40
134 3.44E+01 3.52E+01 5.66E-01 5.75E-01 1.41
135 3.54E+01 4.76E+01 3.96E+00 4.66E+00 1.42

.

NOTE: 1.44

1. 2.18E+01 = 2.18 x 101 1.48

Amendment 12 1 of 2 February 1985
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TABLE 15.1-4 (Cont)- 1.52

N-1 Loop 1.54
.

Case 1 - 1 Percent' Case 2 - Preaccident 1.57
~ Fuel Cladding Failure . Iodine Spike - 1.58

(Curies Released) (Curies Released) 1.59
' Isotope (0-2 hr) EAB (0-8 hr) LPZ (0-2 hr) EAS .(0-8 hr) LPZ 1.60

Kr-83m 3.20E+01(18 5.79E+01 4.30E-02~ 7.70E-02 2.3
-85m 9.72E+01 2.56E+02 1.98E-01 5.19E-01 2.4

85 2.50E+00 9.95E+00 4.61E-03 1.82E-02 2.5
87 1.32E+02 1.96E+02 1.01E-01 1.47E-01 2.6

88 2.45E+02 5.41E+02 3.65E-01 7.95E-01 2.7
89- 1.52E+01 1.52E+01 7.69E-04 7.69E-04 2.8

Xe-131 m 2.29E-01 9.08E-01 1.51E-03 5.97E-03 2.10x
;- 133rn 1.37E+01 5.26E+01 8.01E-02 3.05E-01 2.11k

133 5.63E+02 2.22E+03 3.45E+00 1.34E+01 2.12
135 n 3.65E+01 3.97E+01 2.89E-01 4.25E-01 2.13y
135 1.46E+02 4.75E+02 5.77E-01 1.93E+00 2.14
137 2.34E+01 2.34E+01 4.73E-03 4.73E-03 2.15

'
138 8.67E+01 8.71E+01 1.48E-02 1.49E-02 2.16

I-131 2.85E+01 3.64E+01 5.83E+00 6.74E+00 2.18
132 3.33E+01 3.61E+01 1.91E+00 1.99E+00 2.19
133 5.92E+01 7.39E+01 8.70E+00 9.93E+01 2.20
134 5.17E+01 5.26E+01 5.73E-01 5.79E-01 2.21
135 5.23E+01 6.22E+01 4.02E+00 4.46E+00 2.22

NOTE: 2.24

1. 3.20E+01 = 3.20 x 101 2.27

.
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15.2 DECREASE IN HEAT REMOVAL BY THE SECONDARY SYSTEM 1.9

A number of transients 'and accidents have been postulated which could 1.10
result in a reduction of the capacity of the secondary system to
remove heat generated in the reactor coolant system (RCS). Detailed 1.11
analyses are presented in this section.for several such events which
have been identified as more limiting than the others.

*

Discussions of the following RCS coolant heatup events are presented 1.12
; in Section 15.2.

1. Steam pressure regulator malfunction or failure that results 1.14;

in decreasing steam flow.
.

2. Loss of external electrical load. 1.15
,

3. Turbine trip. 1.16
i

4. Inadvertent closure of main steam isolation valves. 1.17

5. Loss of condenser vacuum and other events resulting in 1.18
turbine trip.

I 6. Loss of nonemergency ac power to the station auxiliaries. 1.19

7. Loss of normal feedwater flow. 1.20

8. Feedwater system pipe break. 1.21

The' above items are considered to be American Nuclear Society (ANS) 1.23
Condition II events, with the exception of a feedwater system pipe
break, which is considered to be an ANS Condition IV event.
Section 15.0.1 contains a discussion of ANS classifications and 1.24
applicable acceptance criteria.

t

15.2.1 Steam Pressure Regulator Malfunction or Failure that Results 1.28
in Decreasing Steam Flow

There are no steam pressure regulators in Millstone 3 whose failure 1.31
or malfunction could cause a steam flow transient. 1.33

15.2.2 Loss of External Electrical Load 1.35

15.2.2.1 Identification of Causes and Accident Description 1.36

A major load loss on the plant can result from loss of external. 1.37
electrical load due to some electrical system disturbance. Offsite 1.39
alternating current (ac) power remains available to operate plant
components such as the reactor coolant pumps: as a result, the onsite
emergency diesel generators are not required to function for this
event. Following the loss of generator load, an immediate fast 1.40
closure of the turbine control valves will occur. This will cause a 1.41
sudden reduction in steam flow, resulting in an increase in pressure
and temperature in the steam generator shell. As a result, the heat 1.42

Amendment 12 15.2-1 February 1985
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. transfer rate in the steam generator is reduced, causing the reactor
coolant temperature to rise,'which.in turn causes coolant expansion,
pressurizer insurge, and RCS pressure rise.

For a loss lof- external electrical load without subsequent turbine 1.43
~ trip,- no' direct reactor trip signal would be generated. The plant 1.44
would be . expected to trip.from the. reactor protection system if a
' safety; limit were approached. A continued steam load of 1.45
approximately- 5 percent would exist after total loss of external

U electrical load because of the steam demand of plant auxiliaries.
4

In; the ' event.that a' safety limit is approached, protection would be 1.46'

'. |provided by the high pressurizer pressure and overtemperature 1.47

LALT trips. Following- a complete loss of load, the maximum turbine 1.44
.overspeed would be approximately 8 to 9 percent, resulting in an 1.49
overfrequency of less than 6 Hz. This resulting overfrequency is not 1.50-
expected to damage the sensors in any way. However, it is noted that 1.51
frequent testing of this equipment is required by the Technical
Specifications. Any degradation in their performance could be 1.52
ascertained at that time. . Any increased frequency to the reactor 1.53
coolant pump motors will result in slightly increased flow rate and
subsequent fadditional margin to' safety limits. For postulated loss 1.55

,

of load and subsequent turbine generator overspeed, any overfrequency'

condition' is not seen by other safety-related pump motors, reactor 1.56
protection system equipment, or'other safeguards loads. Safeguards 1.57
loads are supplied from offsite power or, alternatively, from,

.,

emergency diesel generators. Reactor protection system equipment is 1.58
supplied from the 120 V ac instrument power supply system, which in
turn'is supplied from the inverters; the inverters are supplied from 1.59;

a Class IE 125 V direct current (de) bus energized from batteries or 1.60'

by a rectified Class IE ac voltage from safeguards buses.

In the event the steam dump valves. fail to'open following a large 2.1
loss of. load, the steam generator safety valves may lift and the 2.2
reactor may be tripped by the high pressurizer pressure signal, the
high pressurizer water level signal, or the 2.3

i overtemperaturesLT signal. The steam generator shell side pressure 2:4
and reactor coolant temperatures will increase rapidly. However, the 2.5
pressurizer safety valves and steam generator safety valves are sized

.
to protect the RCS and steam generator against overpressure for all 2.6
load. losses without assuming the operation of the steam dump system, 2.7'

pressurizer spray, pressurizer power-operated relief valves,'

automatic rod cluster control assembly control or direct reactor trip 2.8'

on turbine trip.

The. steam generator safety valve capacity is sized to remove the 2.9
steam flow at the engineered safety features rating (105 percent of 2.10

.

steam flow at rated power) from the steam generator without exceedingi

-110 percent of~the steam system design pressure. The pressurizer 2.12
safety valve capacity is sized based on a complete loss of heat sink
with the plant initially operating at the maximum calculated turbine 2.13
load along with operation of the steam generator safety valves. The 2.14

,

pressurizer. safety valves are then able to relieve sufficient steam

1
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to maintain the RCS pressure within 110 ' percent of the RCS design 2.15
* pressure.

A more complete discussion of overpressure protection can be found in 2.16
WCAP-7769.

A loss of external load is classified as an ANS Condition II event, 2.17
fault of moderate frequency. See Section 15.0.1 for a discussion of 2.18
Condition II events.

~A' loss of external load event results in a ' nuclear steam supply 2.19
(NSSS) system transient that is less severe than a turbine trip event
(see- Section 15.2.3). Therefore, a. detailed transient analysis is 2.20

not presented for the loss of external load.

The primary side transient is caused by a decrease in heat transfer 2.21
capability from primary to secondary due to a rapid termination of
steam flow to the turbine, accompanied by an automatic reduction of
feedwater flow (should feed flow not be reduced, a larger heat sink 2.22
would be available and the transient would be less severe).
Termination of steam flow to the turbine following a loss of external 2.23
load occurs due to automatic fast closure of the turbine control
valves in approximately 0.3 seconds. Following a turbine trip. event. 2.24
termination .of a steam flow occurs via turbine stop valve closure,
which occurs in approximately 0.1 seconds. Therefore, the transient 2.25
in primary- pressure, temperature, and water volume will be less
severe for the loss of external load than for the turbine trip dae to

a slightly slower loss of heat transfer capability.
'

The protection available to mitigate the consequences of a loss of 2.26
external load is the same as that for a turbine trip, as listed in
Table 15.0-6.

15.2.2.2 Analysis of Effects and Consequences 2.28

Refer to Section 15.2.3.2 for the method used to analyze the limiting 2.29
transient (turbine trip) in this grouping of events. The results of 2.32
the turbine trip event analysis are more severe than those expected
for the loss of external load, as discussed in Section 15.2.2.1. 2.33

Normal reactor control systems and engineered safety systems are not 2.34-

required to function during a loss of external load. 2.35
,

The reactor protection system may be required to function following a 2.36
complete loss of external load to terminate core heat input and
prevent departure from nucleate boiling (DNB). Depending on the 2.37
magnitude of the load loss, pressurizer safety valves and/or steam
generator safety valves may be required to open to maintain system
pressure below allowable limits. No single active failure will 2.38
prevent operation of any system required to function. See WCAP-8330 2.39
for a discussion of anticipated transients without trip (ATWT)
considerations.

*
,
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15.2.2.3 Conclusions 2.41

Based on results obtained for the turbine trip event (Section 15.2.3) 2.42
and considerations described in Section 15.2.2.1, the applicable 2.44
acceptance criteria for a loss of external load event are met.

15.2.2.4 Radiological Consequences 2.46

Loss of external load from full power would result in the operation 2.47
of the turbine bypass system. Operation of the turbine bypass system 2.49
results in bypassing steam to the condenser and atmosphere. Since no 2.50
-fuel damage is postulated for this transient the radiological
releases are less severe than those for the steam line break accident 2.51
analyzed in Section 15.1.5.

15.2.3 Turbine Trip 2.53

15.2.3.1 Identification of Causes and Accident Description 2.54

For a turbine trip event, the reactor would be tripped directly 2.55
(unless below approximately 50 percent power) from a signal derived 2.57
from the , turbine stop emergency trip fluid pressure and turbine stop
valves. The turbine stop valves close rapidly (typically 2.58
0.1 seconds) on loss of trip fluid pressure actuated by one of a
number of possible turbine trip signals. Turbine trip initiation 2.59
signals include:

generator trip 3.1.

low condenser vacuum 3.2.

loss of lubricating oil 3.3.

turbine thrust bearing failure 3.4.

turbine overspeed 3.5.

main steam riteat high level 3.6.

manual trip 3.7.

Upon initiation of stop valve closure, steam flow to the turbine 3.9 -

stops abruptly. Sensors on the stop valves detect the turbine trip 3.10
and initiate steam dump and, if above 50 percent power, a reactor
trip. The loss of steam flow results in an almost immediate rise in 3.11
secondary system temperature and pressure with a resultant primary
system transient as described in.Section 15.2.2.1 for the loss of
external load event. A slightly more severe transient occurs for the 3.12
turbine trip event due to the more rapid loss of steam flow caused by
the more rapid valve closure.

The automatic steam dump system would normally accommodate the excess 3.13
steam generation. Reactor coolant temperatures and pressure do not 3.14

,

'

significantly increase if the steam dunp system and pressurizer
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pressure control system are functioning properly. If the turbine 3.15
condenser was not available, the excess steam generation would be
dumped to the atmosphere and main feedwater flow would be lost, and .

_

causing -steam generator water level to fall. For this situation 3.16
feedwater flow would be maintained by the auxiliary feedwater system
to ensure adequate residual and decay heat removal capability.
'Should the steam dump system fail to operate, the steam generator 3.17
safety valves may lift to provide pressure control ~ See 3.18.

Section 15.2.2.1 for a further discussion of the transient.
.

!
A turbine trip is classified as an ANS Condition II event,: fault af 3.19
moderate frequency. See Section 15.0.1 for a discussion of 3.20'

Condition II events.

I A turbine trip event is more limiting than loss of external load, 3.21
loss of condenser vacuum, and other turbine trip events. As such, 3.22i

this event has been analyzed in detail. Results and discussion of 3.23
,

the analysis are presented in Section 15.2.3.2.
i
'

The plant systems and equipment available to mitigate the 3.24
consequences of a turbine trip are discussed in Section 15.0.8 and

l' listed in Table 15.0-6.
,

| 15.2.3.2' Analysis of Effects and Consequences 3.26
'

Method of Analysis 3.28

In this analysis, the behavior of the unit is evaluated for a 3.30
complete loss of steam load from 102 percent of . full load power 3.32
without direct reactor trip primarily to show the adequacy of the

! pressure relieving devices and also tc demonstrate core ' protection
margins;. that is, the turbine is assumed to trip without actuating 3.33'

all the sensors for reactor trip on the turbine stop valves. The 3.34
assumption delays reactor trip until conditions in the RCS result in-

,

a trip due to other signals. Thus, the analysis assumes a worst 3.35
transient. In addition, no credit is taken for steam dump. Main 3.37

,

feedwater flow is terminated at the same time of turbine trip, with
no credit taken for auxiliary feedwater to mitigate the consequences
of the transient.

The' turbine trip transients are analyzed by employing the detailed 3.38
digital computer program LOFTRAN (WCAP-7907). The program simulates 3.39
the neutron kinetics, RCS, pressurizer, pressurizer relief and safety
. valves, pressurizer spray, steam generator, and steam generator 3.40
safety valves. The program computes pertinent plant variables 3.41
including temperatures, pressures, and power level.

Initial operating conditions are assumed at values consistent with 3.42
steady state N and N-1 loop- operation. Plant characteristics and 3.43

' initial conditions are discussed in Section 15.0.3.

Major assumptions are sunmarized below. 3.44
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+ ' l. Initial operating conditions 3.47

The ~ initial- reactor. power and RCS temperatures are assumed 3.49
ith the steady state 3.51

~

at.their maximum values consistent w

' full power operation including allowances for calibration
~and instrument errors._ The initial RCS pressure is assumed 3.52

.

1at "a minimum value : consistent with the. steady state full-
,

power operation including allowances for calibratica and 3.53
This- results in the- maximum -power 3.54

~

. instrument- errors.
difference 'for the load loss, and the minimum margin to core_

protection ~lLuits at the initiation of the accident. Cases 3.56g

with four loops in operation and with~three loops,. based- on
77 percent ~ of four-loop full- power, in operation are 3.57

-considered.

2. Moderator 'and Doppler coefficients of reactivity 3.60

The turbine trip is analyzed with a least negative moderator 4.2
temperature. a large negative moderator temperature and 4.4.

Doppler power coefficients. (Figure 15.0-2). 4.5

3. Reactor control -4.8

From the standpoint of the mt.ximum pressures attained it is 4.10
conservative to._ assume that the reactor is in manual
control. If the reactor were in automatic control, the 4.12
control rod banks would move prior to trip and ureduce the

,

severity of the transient.

~

Steam release 4.154.

No credit is taken 'for the operation of the steam dump 4.17
system or steam generator power operated relief valves. The 4.19
steam generator pressure rises to the safety valve setpoint-
where steam release through' safety valves limits secondary
steam pressure at the setpoint value.

~

~ 5. ' Pressurizer. spray and power operated relief valves 4.22

Two cases for both the minimum and maximum moderator 4.24
feedback cases are= analyzed.

a. Full credit is taken for the effect of pressurizer 4.27
<

spray and power operated relief valves-in reducing or -

limiting the coolant pressure. Safety valves are also 4.28

available.-

b. No credit -is taken for the effect of pressurizer spray 4.29
and power operated relief valves in reducing or

limiting the coolant . pressure. Safety valves are 4.30
operable.
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6.. Feedwater flow 4.33

Main feedwater flow to the steam generators is assumed to be 4.35
lost at the time of turbine trip. No credit is taken for 4.37
auxiliary feedwater flow since a stabilized plant condition
will be reached before auxiliary feedwater initiation is
normally assumed to occur; however, the auxiliary feedwater
pumps would be expected to start on low-low steam generator 4.38
water level. The auxiliary feedwater flow would remove core 4.39
decay heat following plant stabilization.

7. Reactor trip is actuated by the first reactor protection 4.41
system trip setpoint reached with no credit taken for the
direct reactor trip on the turbine trip. Trip signals are 4.42
expected due to high pressurizer pressure,
overtemperatureAT, high pressurizer water level, and low- --

low steam generator water level.

Plant characteristics and initial conditions are further discussed in 4.44
Section 15.0.3.

Except as discussed above, normal reactor control system and 4.45
engineered safety systems are not required to function. Several 4.46

cases are presented in which pressurizer spray and power operated
relief valves are assumed, but the more limiting cases where these
functions are not assumed are also presented.

The reactor protection system may be required to function following a 4.47
turbine trip. Pressurizer safety valves and/or steam generator 4.48
safety valves may be required to open to maintain system pressures
below allowable limits. No single active failure will prevent 4.49

operation of any system required to function. A discussion of ATWT 4.50
considerations is presented in WCAP-8330.

Results 4.53

The transient responses for a turbine trip from 102 percent of full 4.55
power operation are shown for four cases: two cases for minimum 4.56
moderator feedback and two cases for maximum moderator feedback 4.58
(Figures 15.2-1 through 15.2-8). The calculated sequence of events 4.59
for the accident is shown in Table 15.2-1.

Figures 15.2-1 and 15.2-2 show the transient responses for the total 4.60
loss of steam load with a least negative moderator temperature 5.1
coefficient assuming full credit for the pressurizer spray and
pressurizer power operated relief valves. No credit is taken for the 5.3
steam dump. The reactor is tripped by the high pressurizer pressure 5.4
trip channel. The minimum DNBR remains well above the 1.30 limit. 5.5
The pressurizer. safety valves are actuated, and maintain primary 5.6
system pressure below 110 percent of the design value. The steam 5.7
generator safety valves limit the secondary steam conditions to
saturation at the safety valve setpoint.
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Figures.15.2-3.:through- '15.2-4 show the responses for the total loss 5.8
of steam load- with .a 'large- negative ' moderator temperature. 5.9
: coefficient. -All other plant parameters are the same as the above. 5.10
LThe magnitude of the reactivity coefficients used in the analysis in 5.11
Leonjunction with the pressurizer. pressure control assumed cause this 5.12
case .to ' differ from the previous case. The pressure control limits 5.13

-peak RCS ~ pressure, initially via pressurizer ~ relief valves, and the
large reactivity feedback causes the nuclear power to be reduced due 5.14

.to: the rapid. rise in average temperature. High pressurizer pressure 5.15
reactor. trip is prevented by the relief valve action followed by the
reduction in nuclear power due to reactivity feedback effects. If 5.17
less conservative reactivity coefficients were used, the reactor trip
_would occur earlier, on overpressure, as in the previous case. 5.18

The- system . stabilizes at about 75 percent of nominal nu: lear power b.19
due to the combined effects of the reactivity coefficients and the
steam fflow through- the~ steam generator safety valves. This 5.20
stabilized condition continues until sufficient secondary side mass
is~' lost through the steam generator safety valves to cause a reactor
trip on low-low steam generator water level. This is a highly 5.21
conservative analysis because,-in actuality, the level in the steam
generator downconer would rapidly decrease to the low-low level trip
setpoint within the first 10 seconds due to shrinkage in the
secondary fluid caused by the increase in secondary side pressure and 5.22
the . rapid primary side power reduction.

.

.The DNBR does not drop below its initial value at any time during the 5.23
transient. Pressurizer relief valves and spray prevent primary 5.24
system. overpressurization as described above; steam generator safety
valves . prevent overpressurization in the secondary side. The 5.25
pressurizer safety valves are not_ actuated for this case.

The turbine trip accident was also studied assuming the plant to be 5.26
initially operating at 102 percent of full power with no credit taken 5.27
for the pressurizer spray, pressurizer power operated relief valves,
or steam dump. The reactor is tripped on the high pressurizer 5.29
pressure signal. Figures 15.2-5 and 15.2-6 show the transients with 5.30
a least negative moderator coefficient. The neutron flux remains 5.31
essentially constant at 102 percent of full power until the reactor
is tripped. The DNBR increases throughout the transient. In this 5.33
case the pressurizer safety valves are actuated, and maintain system

5.34pressure below 110 percent of the design value.

Figures 15.2-7 and 15.2-8 are the transients with. maximum reactivity 5.35
feedback with ~ the other assumptions being the same as in the

Again, the DNBR increases throughout the transient 5.36preceding case.
and'the pressurizer safety valves are actuated to limit primary

5.37pressure.

; Figures 15.2-1A through 15.2-8A show the transient response for the 5.38
conditions previously described, assuming three loops in operation. 5.40

WCAP-7769 presents additional results of analysis for a complete loss 5.41
of heat sink including loss of main feedwater. This analysis shows 5.43

$
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the ove rpressure protection that is afforded by the pressurizer and
steam generator safety valves.

15.2.3.3 Conclusions 5.45-

Results of the analysis, including those in WCAP-7769 show that the 5.46
plant design is such that a turbine trip without a direct or 5.50
bnmediate reactor trip presents no hazard to the integrity of the RCS
or the main steam system. Pressure relieving devices incorporated in 5.51
the two systems are adequate to limit the maximum pressures to within
the design limits. 5.52

The integrity of the core is maintained by operation of the reactor 5.53
protection system, i.e., the DNBR will be maintained above the 5.54
1.30 value. The DNBR design basis is described in Section 4.4. 5.55
Applicable acceptance criteria as listed in Section 15.0.1 have been 5.56
met. The above analysis demonstrates the ability of the nuclear 5.57
steam supply system to safely withstand a full load rejection. 5.58 -

15.2.3.4 Radiological Consequences 5.60

The turbine trip transient and steam released for this event are 6.1
similar to the loss of load transient described in Section 15.2.2.4. 6.2

There are only minimal radiological consequences associated with this 6.4
events therefore, this event is not limiting. The radiological 6.5

consequences resulting from atmospheric steam dump are less severe
than those of the steam line break event analyzed in Section 15.1.5 6.6
since no fuel damage is postulated to occur.

15.2.4 Inadvertent closure of Main Steam Isolation Valves 6.8

Inadvertent closure of the main steam isolation valves would result 6.9
in a turbine trip. Turbine trips are discussed in Section 15.2.3. 6.11

15.2.5 Loss of Condenser Vacuum and other Events Resulting in 6.15
Turbine Trip

Loss of condenser vacuum is one of the events that can cause a 6.18
turbine trip. Turbine trip initiating events are described in 6.20
Section 15.2.3. A loss of condenser vacuum would preclude the use of 6.21
steam dump to the condenser; however, since steam dump is assumed not
to be available in the turbine trip analysis, no additional adverse
effects would result if the turbine trip were caused by loss of 6.22
condenser vacuum. Therefore, the analysis results and conclusions 6.23
contained in Section 15.2.3 apply to loss of condenser vacuum. In 6.24
addition, analyses for the other possible causes of a turbine trip,
as listed in Section 15.2.3.1, are covered by Section 15.2.3.
Possible overfrequency effects due to a turbine overspeed condition 6.25
are discussed in Section 15.2.2.1 and are not a concern for this type
of event,

i
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-15.2.6 Loss of Nonemergency AC Power to the Station Auxiliaries 6.27

15.2.6.1 Identification of causes and Accident Description 6.28

A. complete loss of emergency ac power may result in the loss of all 6.29
power to the station auxiliaries; i.e., the reactor coolant pumps, 6.32
condensate pumps, etc. ' The loss of power may be caused by a complete 6.33
loss of the offsite grid accompanied by a turbine generator trip at
the station, or by a loss of the onsite ac distribution system. 6.34

This transient is more severe than the turbine trip event analyzed in 6.35
Section 15.2.3 because for this case the decrease in heat removal by 6.36
the secondary is accompanied by a flow coastdown which further
reduces the capacity of the primary coolant to remove heat from the 6.37
core.- The reactor will trip: 6.38

1. due to turbine trip; 6.40

2. upon reaching one of the trip setpoints in the primary and 6.41
secondary systems as a result of the flow coastdown and 6.42
~ decrease in secondary heat removal; or

3. due to loss of power to the control rod drive mechanisms as 6.43
a result of the loss of power to the plant.

Following a loss of ac power with turbine and reactor trips, the 6.45
sequence described below wilt occur.

1. Plant vital instruments are supplied from emergency de power 6.47
sources.

2. As the steam system pressure rises following the trip, the 6.48
steam generator power operated relief valves may be
automatically opened to the atmosphere. Steam dump to the 6.49
condenser is assumed not to be available. If the steam flow 6.50
rate through the power relief valves is not available, the
steam generator self actuated safety valves may lift to
dis sipate the sensible heat of the fuel and coolant plus the
residual decay heat produced in the reactor. 6.51

3. As the no-load temperature is approached, the steam 6.52
generator power operated relief valves (or the self actuated
safety valves, if the power operated relief valves are not
available) are used to dissipate the residual decay heat and 6.53
to maintain the plant at the hot shutdown condition.

4. The emergency diesel generators, started on loss of voltage 6.54
on the plant emergency buses, begin to supply plant vital
loads.

The auxiliary feedwater system is started automatically as follows. 6.56

Two motor-driven auxiliary feedwater pumps are started on any of 6.58
the following:
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1.-. low-low level in any' steam generatort 6.60

2.= any safety injection signal: 7.1

3. loss of offsite powers or- 7.2

4. manual actuation. 7.3
.

One turbine driven auxiliary feedwater pump is started on any of -7.5
<the following:

'

1. low-low level in any two steam generators: 17 . 7

-2. loss of offsite powers or 7.8

3. manual actuation. 7.9

Refer to Section 10.4.9 for a description of the auxiliary feedwater 7.11
system.

.

The motor-driven auxiliary feedwater pumps are. supplied power by the 7.12
diesels and the turbine-driven pump utilizes steam from the secondary 7.13
system. Both type pumps are designed to start within 1 minute even '7.14
if a loss of all ac power occures simultaneously with loss of normal 7.15
.feedwater. The turbine exhausts the secondary steam to the- 7.16
atmosphere. The auxiliary pumps take suction from the domineralized 7.17
water tank (DWsT) for delivery to the steam generators.

Upon the loss of power to the reactor coolant pumps, coolant flow 7.18
necessary for core cooling and the. removal of residual heat. is 7.19
maintained by natural circulation in the reactor coolant loops. A 7.20
loss of nonemergency ac . power to the station aux liaries is

classified as an ANS Condition II event, fault of moderate frequency. 7.21
See Section 15.0.1 for a discussion of Condition II events. 7.22

A loss of ac power event, as described above, is a more limiting 7.23
event than the turbine trip initiated ' decrease - in secondary heat 7.24
removal without loss of ac power, which was analyzed in
Section 15.2.3. However, a loss of ac power to the station 7.25
auxiliaries as postulated above could also result in a loss of normal
feedwater if the condensate pumps' lose power to operate. A loss of 7.27
normal _ feedwater caused by a loss'of ac power is the most limiting
Condition II event in the decrease in ' secondary heat removal 7.28
category, and 'is analyzed in Section 15.2.7. Therefore, detailed 7.29

-

analytical results for a loss of ac power transient will not be
presented here. The results of the analysis in Section 15.2.7 are 7.30
applicable to the loss of ac power event.

Following the reactor coolant pump coastdown caused by the loss of ac 7.31'

power, the natural circulation capability of the RCS will remove
residual and ~ decay heat from the core, aided by auxiliary feedwater
in'the secondary system. An analysis is presented here to show that 7.33
the natural circulation flow in the RCS following a loss of ac power
event is sufficient to remove residual heat from the core.
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The plant systems and equipment available to mitigate the 7.34
consequences of a loss of ac power event are discussed in

'Section 15.0.8 and listed in Table 15.0-6.

15.2.6.2 Analysis of Effects and Consequences 7.36

Method of Analysis 7.38

A detailed analysis using the LOFTRAN Code (WCAP-7907) is done to 7.42
obtain the natural circulation flow following a station blackout.
The simulation describes the plant thermal kinetics, RCS including 7.43
the natural circulation, pressurizer, steam generators and feedwater 7.44
system. The digital program computes pertinent variables including 7.45
the steam generator level, pressurizer water level, and reactor 7.46
coolant average temperature.

The assumptions used in the analysis are as follows. 7.47

1. The plant is initially operating at 102 percent of the 7.49
engineered safety features design rating.

2. A conservative core residual heat generation based upon long 7.50
term operation at the initial power level preceding the
trip.

3. As the no-load temperature is approached, the steam 7.51
generator power operated relief valves (or the self actuated
safety valves, if the power operated relief valves are not
available) are used to dissipate the residual decay heat and 7.52
to maintain the plant at the hot shutdown condition.

4. The emergency generators started oa loss of voltage on the 7.53
plant emergency buses begin to supply plant vital loads.

A loss of normal feedwater is classified as an ANS Condition II 7.55.

event, fault of moderate frequency. See Section 15.0.1 for a 7.56
discussion of Condition II events.

,

|
'

The following provide the necessary protection against a loss of 7.57
normal feedwater.

1. Reactor trip on low-low water level in any steam generator. 7.59

2. High pressurizer pressure. 7.60

i
i 3. Reactor trip on overtemperaturetkT. SrF

1

4. High pressurizer water level. 8.2

The auxiliary feedwater system is started automatically as discussed 8.4
in Section 15.2.6.1. The steam-driven auxiliary feedwater pump 8.5

,

utilizes steam from the secondary system and exhausts to the'

i
atmosphere. The motor-driven auxiliary feedwater pumps are supplied 8.6

;

!
.

|
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by power from the emergency generators. The pumps take suction 8.7
directly from the DWST tank for delivery to the steam generators.

Upon the loss of power to the reactor coolant pumps, coolant flow 8.8
necessary for core cooling and the removal of residual heat is
maintained by natural circulation in the reactor-coolant loops. The 8.9
analysis presented in Section 15.2.6 demonstrates the natural
circulation capability of the RCS.

A heat transfer coeffficient in the steam generator associated with 8.10
'RCS natural circulation.

Plant characterist'ics and initial conditions are further discussed in 8.11
Section 15.0.3.

Steady state cases are run at a number of power levels consistent 8.12
with the decay heat generation rates expected. Equilibrium 8.13
conditions are established and the natural circulation flow through
the core is recorded for each power level.

Results 8.16
,.

The transient response of the RCS following a loss of ac power is 8.19
less severe than fer the loss of normal feedwater event analyzed in
Section 15.2.7, and the results are not reproduced here. 8.21

The first few seconds of the transient will closely resemble a 8.22
simulation of the complete loss of flow incident (see
Section 15.3.2), i.e., core damage due to rapidly increasing core
temperatures is prevented by promptly tripping the reactor. After 8.24
the reactor trip, stored and residual decay heat must be removed to
prevent damage to either the RCS or the core.

The natural circulation flow as a function of residual reactor power 8.25
is presented in Table 15.2-2. The results show that the natural 8.26
circulation flow available is sufficient to provide adequate core
decay heat removal following reactor trip and reactor coolant pump
coastdown.

15.2.6.3 Conclusions 8.28
.

Analysis of the natural circulation capability of the RCS has 8.29
demonstrated that sufficient heat removal' capability exists following 8.31
reactor coolant pump coastdown to prevent fuel or clad damage.

The loss of ac power transient is less severe than the loss of normal 8.32
feedwater event as analyzed in Section 15.2.7.

8.3415.2.6.4 Radiological Consequences

A loss of nonemergency ac power to the plant auxiliaries would result 8.35
in a turbine and reactor trip and loss of condenser vacuum. Heat 8.38
removal from the secondary system would occur through the steam
generator power relief valves or safety valves. Since no fuel damage 8.39
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is postulated to occur from this transient, the radiological

consequences are less severe than the steam line break accident 8.40
analyzed in Section 15.1.5.

15.2.7 Loss of Normal Feedwater Flow 8.42

15.2.7.1 Identification of Causes and Accident Description _8.43

A loss of normal feedwater (from pump failures, valve malfunctions, 8.44
or loss of offsite ac power) results in a reduction in capability of 8.46
the secondary system to remove the heat generated in the reactor
core. If an alternative supply of feedwater were not supplied to the 8.47
plant, core residual heat following reactor trip would heat the
primary system water to the point where water relief from the
pressurizer would occur, resulting in a.substanital loss of water 8.48
from the RCS. Since the plant is tripped well before the steam 8.49
generator heat transfer capability is reduced, the primary system
variables never approach a DNB condition.

The worst postulated loss of normal feedwater event is one initiated 8.50
by a loss of offsite ac power as described in Section 15.2.6. This 8.51

is due to the decreased capability of the reactor coolant to remove
residual core heat as a result of the reactor coolant pump coastdown. 8.52

As stated in Section 15.2.6.1, the following events occur upon loss 8.53
of ac power.

1. Plant vital instruments are supplied from emergency de power 8.55
sources.

2. As the steam system pressure rises following the trip, the 8.56
steam generator power operated relief valves are
automatically opened to the atmosphere. Steam dump to the 8.57
condenser is assumed not to be available. If the steam flow 8.58
rate through the power relief valves is not available, the
steam generator self actuated safety valves may lift to
dissipate the sensible heat of the fuel and coolant plus the
residual decay heat produced in the reactor. 8.59

A loss of normal feedwater caused by a loss of offsite ac power is 9.1
the most limiting Condition II event in the decrease in secondary
heat removal category, for the reasons presented in Section 15.2.7.1.
Therefore, a full analysis of the system transient is presented below 9.2
to show that following a loss of normal feedwater, the auxiliary
feedwater system is capable of removing the stored and residual heat,

9.3thus preventing either overpressurization of the RCS or loss of water
from the reactor core, and returning the plant to a safe condition.
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15.2.7.2 Analysis of Effects and consequences 9.5

Method of Analysis 9.7

A detailed analysis using the LOFTRAN Code (WCAP-7907) is performed 9.9
in order to obtain the plant transient following a loss of normal 9.10
feedwater. The simulation describes the plant thermal kinetics, RCS 9.12
including the natural circulation, pressurizer, steam generators - and 9.13
feedwater system. The digital program computes pertinent variables 9.14
including the steam generator-level, -pressurizer water level, and
reactor coolant average temperature. 9.15

Assumptions made in the analysis are as follows. 9.16

~1. .1Nie plant is initially operating at 102 percent of the 9.18
engineered safety features design rating.

2. A conservative core residual heat generation based upon long 9.19
term operation at the initial power level preceding the 9.20
trip.

3. A heat transfer coefficient in the steam generator 9.21
associated with RCS natural circulation.

4. Reactor trip occurs on steam generator low-low level. 9.22

5. The worst single failure in the auxiliary feedwater system 9.23
occurs.

6. Auxiliary feedwater is delivered to two steam generators for 9.24
N-loop analysis. The most limiting auxiliary feedwater 9.25
system configuration for N-1 loop operation is for auxiliary
feedwater to be supplied to one active steam generator. 9.26

7. Secondary system steam relief is achieved through the self- 9.27
actuated safety valves. Note.that steam relief will, in 9.28
fact be through the power-operated relief valves or
condenser dump valves for most cases of loss of normal
feedwater. However, for the sake of analysis these have 9.29
been assumed unavailable.

8. The initial reactor coolant average temperature is 6.5'F 9.30
higher than the nominal value since this results in a
greater expansion of the RCS water during the transient and,
thus, in a higher water level in the pressurizer. 9.31

,

The loss of normal feedwater analysis is performed to demonstrate the 9.33
adequacy of the reactor protection and engineered safeguards systems 9.34
(e.g., the auxiliary feedwater system) in removing long term decay
heat and preventing excessive heatup of the RCS with possible 9.35
resultant RCS overpressurization or loss of-RCS water.

As such, the assumptions used in this analysis are designed to 9.36
minimize the energy removal capability of the system and to maximize

Amendment 12 15.2-15 February 1985
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the possibility of water relief from the coolant system by maximizing
the coolant system expansion,'as noted in the assumptions listed 9.37
above.-

|one such assumption is the loss of external (offsite) ac power. This 9.39
assumption results in coolant flow decay down to natural circulationi

conditions and a corresponding reduction in the steam generator heat-

transfer coefficient. Following a loss of offsite ac power, the 9.40
first few ' seconds of a loss of normal feedwater transient will be
virtually identical to the transient response (including DNBR and.
neutron flux versus -time) presented in Section 15.3.2 for the 9.41
complete loss of ' forced reactor coolant flow.

If. ac power were not lost for this incident the reactor coolant flow 9.42
would remain at its normal value and the reactor would trip via the 9.43
low-low steam generator level trip with no change in DNBR below the
value at the start of the transient. The reactor coolant pumps would 9.45
be manually tripped at some later time to reduce heat addition to the
RCS. The auxiliary feedwater system has sufficient capacity, even 9.46
assuming the worst single failure, to preclude filling the
pressurizer should the pumps not be tripped. -9.47

Plant characteristics and initial conditions are further discussed in 9.48
Section 15.0.3. Plant systems and equipment which are available to 9.49
mitigate the effects of a loss of normal feedwater accident are
discussed in Section 15.0.8 and listed in Table 15.0-6. Normal 9.50
reactor control systems are not required to function during this
transient. The reactor protection system is required to function 9.51
following a loss of normal feedwater as analyzed here. The auxiliary 9.52
feedwater system is required to deliver a minimum auxiliary feedwater
flow rate. No single active failure will prevent operation of any 9.53
system required to function. A discussion of ATWT considerations is 9.54
presented in WCAP-8330.

Results 9.57

Figures 15.2-9 and 15.2-10 show the significant plant parameter 9.59
transients following a loss of normal feedwater with four loops in 10.1-

operation initially. Figures 15.2-9A and 15.2-10A are for three 10.2'

loops in operation initially.'

t

Following the reactor and turbine dripfromfullload,thewater 10.3
i level in the steam generators will fall due to the reduction of steam

. enerator void fraction and because steam flow through the safety|- g
; valves continues to dissipate the stored and generated heat. One 10.5

minute following the initiation of the low-low level trip, at least-

i
one auxiliary feedwater pump is automatically started, reducing the

! rate of water level decrease.

| The capacity of the auxiliary feedwater pumps is such that the water 10.6
|

level in the steam generator being fed does not recede below the
i lowest level at which sufficient heat transfer area is available to

dissipate core residual heat without water relief from the RCS relief 10.7'

or safety valves. From Figure 15.2-10 it can be seen that at no time 10.8
1
!-

|' Amendment 12 15.2-16 February 1985
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is the o tubesheet uncovered in the steam generators receiving

auxiliary feedwater . flow and that at no time is there water relief
from the pressuriser.

- The calculated sequence of events for this accident is listed in 10.9
Table 15.2-1. As'shown on Figures 15.2-9 and 15.2-10, the plant 10.10

, approaches- a stabilized condition following reactor trip and
ausiliary feedwater. initiation. Standard plant shutdown procedures 10.12
may be followed to further cool down the plant.

10.1415.2.7.3 Conclusions

Results of the analysis show that a loss of normal feedwater does not. 10.15
adversely affect the core, the RCS, or the steam system' since the 10.17
auxiliary feedwater capacity is such that reactor coolant water is
not relieved from the pressuriser relief or safety valves, and the

-

water level in all steam generators receiving auxiliary feedwater is 10.18
maintained above the tubesheets. ,

10.2015.2.7.4 Radiological Consequences

The steam release and resulting radiological consequences from this 10.21
transient would be the same as that for the loss of offsite ac power 10.22

and, similarly, radiological consequences resulting from this 10.24
transient are less severe than those of the steam line break accident 10.25
analysed in section 15.1.5.

10.2715.2.8 Feedwater System Pipe Break ,

~15.2.8.1 Identification of Causes and Accident Description 10.28

A major .feedwater line rupture is defined as a break in s feedwater 10.29
line large enough to prevent the addition of sufficient feedwater to

the steam -generators to maintain shell side fluid inventory in the 10.31
steam generators. If the break is postulated in a 'feedline between 10.32
the check valve and the steam generator, fluid from the steam
generator may also be discharged through the break. (A break 10.33
upstream of the feedline check valve would affect the nuclear ~ steam
supply system only as a loss of feedwater. This case'is covered by 10.34
the evaluation in Section 15.2.7).

Depending upon the size of the break and the plant operating 10.35
conditions at the time of the break, the break could cause either a
RCS cooldown (by. excessive energy discharge through the break) or a
RCS heatup. Potential RCS cooldown resulting from a secondary pipe 10.36
rupture is evaluated in Section 15.1.5. Therefore, only the RCS 10.37 '

heatup effects are evaluated for a feec' water line rupture.
i

A feedwater line rupture reduces the al.111ty to remove heat generated 10.34
10.39by the core from the RCS for the following reasons.

1. Feedwater flow to the steam generators is reduced. Since 10.42
feedwater is subcooled, its loss may cause reactor coolant
temperatures to increase prior to reactor trip.

Amendsent 12 15.2-17 February 1985
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2. Fluid in the steam generator may be discharged through the 10.43
break, and would then not be available for decay heat
removal after trip.

3. The break may be large enough to prevent the addition of any 10.44
main feedwater after trip.

An auxiliary feedwater system is provided to assure that adequate 10.46
feedwater will be available such that:

1. no substantial ove rpressurization of the RCS shall occur, 10.48
and

2. decay heat is removed in order to maintain sufficient liquid 10.49
in the RCS to keep the reactor core covered.

Refer to Section 10.4.9 for a description of the auxiliary feedwater 10.51
system interfaces.

A major feedsater line rupture is classified as an ANS Condition IV 10.52 |

event. See Section 15.0.1 for a discussion of Condition IV events. 10.53

A main feedwater line rupture is the most limiting event in the 10.54 |

decrease in secondary heat removal category. Therefore, a full 10.55
transient analysis is presented here.

The severity of the feedwater line rupture transient depends on a 10.56 |

number of system parameters including break size, initial reactor 10.57 |

power, and credit taken for the functioning of various control and-

safety systems. A number of cases of feedwater line break have been 10.58
analyzed. Based on these analyses, it has been shown that the most 10.59
limiting feedwater line rupture is a double ended rupture of the 10.60
largest feedwater line, occurring at full power with and without loss
of offsite power. 'and at 77 percent power for three loops in 11.1
operation with and without loss of offsite power with no credit taken 11.2
for pressurizer pressure control. These cases are analyzed below. 11.3

i,

The following provides the necessary protection for a main feedwater 11.4
rupture.

1. A reactor trip on any of the folicwing conditions: 11.6

a. high pressurizer pressurer 11.8'

b. overtemperatureA6T; 11.S

c. low-low steam generator water level in any steam 11.10
generators or

d. safety injection signals from either of the following: 11.11

1) low steam line pressure, or 11.13

2) high containment pressure (hi-1) 11.14
i
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.(Refer to chapter 7 'for, a . description of the actuation '11.16I

y; , system).+-

12. :An auxiliary feedwater system to provide an. assured source 11.18.~,

i: .of.feedwater.to the steam generators for decay heat removal.
'(Refer.'to Section 10.4.9 for a description of the ausiliary 11.19''

,

|
feedwater system)..

,

'15.2.8.2 Analysis of Effects and consequences 11.22

I' Nethod of Analysis 11.24'

i

'A _ detailed analysis using the 1,0FTRAN code (WCAP-7907) is performed 11.26
~ in order to determine the plant transient following a feedwater line,

| rupture.- The . code describes the plant thermal kinetics, RCS 11.28
including natural circulation, pressuriser, steam generators, and ,"

.feedwater system, and computes -pertinent variables including the 11.29
pressuriser pressure, pressuriser water level, and reactor coolant 11.30-

average temperature.

The cases analysed assume a double ended rupture of the largest 11.31
feedwater pipe at full power. Major assumptions made in the analyses 11.32
are as follows.

1. The plant is initially operating at 102 percent of -11.34
engineered safety features design rating (77 percent power
for three loops in operation). 11.35

o

2.- Initial reactor coolant average temperature is 6.5'T above 11.36
.the nominal value,.and the initial pressuriser pressure is 11.37

.

30 psi above its nominal alue.v

3. No credit is taken for the pressuriser power operated relief 11.38
valves or pressuriser spray.

,

4. Initial pressuriser level is at the nominal programmed value 11.39
plus 2 percent (error)t initial steam generator water level 11.40
is at the nominal value.

5. No credit is taken for the high pressuriser pressure reactor- 11.41
trip. Note: This assumption is made for calculational 11.42-
convenience. Pressuriser power operated relief valves and 11.43
spray could act -to delay- the high pressure trip.

Assumptions 3 and 5 permit evaluation of one hypothetical, 11.44

limiting case rather than two possible cases one with a
pressure control and one with 11.45high pressure trip and no

pressure control but not high pressure trip.

6. Ma'in feedwater flow to all steam generators is assumed to be 11.46
lost at the time the break occurs (all main feedwater spills 11.47
out through the break).

.

Amendsent 12 15.2-19 February 1985
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7. The worst possible break area is assumed. This maximizes 11.49
the blowdown discharge rate following the time of trip,
which maximizes the resultant heatup of the reactor coolant. 11.50

8. A conservative feedline break discharge quality is assumed 11.51
prior to the time the- reactor trip occurs, thereby
maximizing the time the trip setpoint is reached. After the 11.53
trip occurs, a saturated liquid discharge is assumed until
all the water inventory is discharged from the affected
steam generator. This minimizes the heat removal capability 11.54
of the affected steam generator.

9. Reactor trip is assumed to be actuated by low-low level in 11.55
the affected steam generator when the water level falls
below the top of the U-tubes of any steam generator. 11.56

10. The auxiliary feedwater system is actuated by the low-low 11.57
steam generator water level signal. The auxiliary feedwater 11.584 ge

supply _a total of @qpm to threJt --3 75system is assumed to
unaffected steam generators. ((gg'gpm to two intact steam 11.59
generators for three-loop operation.) A 60-second delay was 11.60
assumed following the low-low level signal to allow time for 12.1
startup of the emergency diesel generators and the auxiliary

12.2feedwater pumps.

11. No crelit is taken for heat energy deposited in RCS metal 12.3
during the RCS heatup.

.

12. No credit is taken for charging or letdown. 12.4

13. Steam generator heat transfer area is assumed to decrease as 12.5
the shell side liquid inventory decreases.

14. Conservative core residual heat generation is assumed based 12.6
upon long term operation at the initial power level

12.7preceding the trip.

15. No credit is taken for the following potential protection 12.8
logic signals to mitigate the consequences of the accident: 12.9

12.11a. high pressurizer pressure
13 ,42

b. overtemperaturesiT

12.13c. high pressurizer level
.

12.14d. high containment pressure

Receipt of a low-low steam generator water level signal in at least 12.16
one steam generator starts the motor-driven auxiliary feedwater 12.17
pumps, which then deliver auxiliary feedwater flow to the steam

The turbine-driven auxiliary feedwater pump is initiated 12.18generators.
if the low-low steam generator water level signal is reached in at 12.19
least two steam generators. Similiarly, receipt of a low steam line 12.20

Amendment 12 15.2-20 February 1985
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pressure signal in at least one steam line initiates a steam line
isolation signal which closes the main steam line isolatien valves in
all steam lines. This signal also gives a safety injection signal 12.21
which initiates flow of borated water into the RCS. The amount of 12.22
safety injection flow is a function of RCS pressure.

Emergency operating procedures following a secondary system line 12.23
rupture will call for the following actions to be taken by the 12.24
reactor operator.

1. Isolate feedwater flow spilling out the break of ruptured 12.26
steam generator and align system so level in intact steam
generators recovers.

2. Turn off all reactor coolant pumps (if offsite power is 12.27

still available).

3. Stop high head safety injection pumps if water level in the 12.28
pressurizer is recovering, and the intact steam generators 12.29
are at the safety valve setpoint, and water level in intact
steam generators is in the narrow range span. 12.30

Shutting off the reactor coolant pumps (action 2, above) serves to 12.32
decrease the addition of energy (approximately 3.54 MW per pump) to 12.33

the RCS. Isolating feedwater flow through the break allows 12.34
additional auxiliary feedwater flow to be diverted to the intact
steam generators (see Assumption 10, above). 12.35

Subsequent to recovery of level in the intact steam generators, the 12.36
high head safety injection pumps 'will be turned off and plant
operating procedures will be followed in cooling the plant to hot
shutdown conditions. Plant characteristics and initial conditions 12.37
are further discussed in Section 15.0.3.

No reactor control systems are assumed to function. The reactor 12.39
protection system is required to function following a feedwater line
rupture as analyzed here. No single active failure will prevent 12.40
operation of this system.

The engineered safety systems assumed to function are the auxiliary 12.41
feedwater system and the safety injection system. For the auxiliary 12.42

feedwater system, passive flow limiting devices (cavitating venturis)
limit flow to the faulted steam generator and pe rmits all intact
steam generators to receive auxiliary feedsater following the break.
The turbine-driven auxiliary feedwater pump has been assumed to fails 12.43
flow from the two motor-driven pumps delivers (13 gpm to tne three"~~4fd
intact steam generators Cl /s 9pm w %c, c..sa.4 N -t t o.e <,pe.whod .

Following the trip of the reactor coolant pumps, there will be a flow 12.44
coastdown until flow in the loops reaches the natural circulation
value. The natural circulation capability of the RCS has been shown 12.45
in Section 15.2.6., for the loss of ac power transient, to be
sufficient to remove core decay heat following reactor trip. Pump 12.46
coastdown characteristics are demonstrated in Sections 15.3.1 and

Amendment 12 15.2-21 February 1985
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15.3.2 for single and multiple reactor coolant pump trips, 12.47
respectively.

A detailed description and analysis of the safety injection system is 12.48-

provided in Section 6.3. The auxiliary feedwater system is described 12.49
in Section 10.4.9.

Results 12.52

Calculated plant parameters following a major feedwater line rupture 12.54 g
are shown on Figures 15.2-11 through 15.2-$f for four loops in 12.57
operation initially, and Figures 15.2-11A through 15.2-2M for three I

loops in operation initially. Results for_ the case with offsite 12.59
power available are presented on Figures 15.2-11 through 15.2-G;-17 ,

'

lost are presented on 12.60Resultsforthegasewhereoffsite,powerisFigures 15.2- 01 through 15.2- $ f7 The calculated sequence of events 13.1'

for both cases analyzed are listed in Table 15.2-1.

The system response following the feedwater line rupture is similar 13.2
for both cases analyzed. Results presented on Figures 15.2-12 and 13.3
15.2-PFl6(with ' offsite power available) and Figures 15.2-J0 Mand
15.2- without offsite power) show that pressures in the RCS and 13.4
main steam system re:nain below 110 percent of the respective design 13.5
pressures. Pressurizer pressure increases until reactor trip occurs 13.6
on low-low steam generator water level. Pressure then decreases, due 13.7

to the loss of heat input, until the safety injection system is
actuated on low -steam line pressure in the ruptured loop. Coolant 13.8
expansion occurs due to reduced heat transfer capability in the steam
generators; the pressurizer safety valves open to maintain primary .

pressure at an acceptable value. Addition of the safety injection 13.9
flow aids in cooling down the primary and helps to ensure that
sufficient fluid exists to keep the core covered with water.

'

14 ..

Figures 15.2-11 and 15.2- W show that following reactor trip, the 13.10
core remains suberitical except for a brief return to criticality 13.12
following a feedline break with offsite power available. This is due 13.13
to the cooldown caused by the steam generator blowdown. This 13.14 *No.11
condition is terminated when boron from the safety injection system t
reaches the core at approximately @ seconds. DNBR remains above 13.16,i
1.30 at al nts, as shown on Figures 15.2-Gl7
and 15.2-@gtimes during the transier the DNBR design basis is discussed in Section 4.4. 13.17
Release of radioactivity due to the steam generator blowdown is less 13.18
than that calculated for the staam line rupture, analyzed in 13.19
Section 15.1.5. i72-.

RCS pressure will be maintained at the safety valve setpoint until 13.20
safety injection flow is terminated by the operator, as mentioned 13.21
above. The reactor core remains covered with water throughout the 13.22
transient, as there is no water relief from the pressurizer.

The major difference between the two cases analyzed can be seen in 13.23
ty the plots of hot and cold leg temperatures, Figures 15.2-14 through 13.24f

n.Z - (with offsite power available) and Figures 15.2-22 through
15.2 (without offsite power) . It is apparent from the initial 13.26

1
.
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. portion of the transient (300 seconds), that the case without''offsite ,c

. power results in higher temperatures in the hot . leg. - For longer 13.'24

' times, however, the case with offsite power results in a more severe
rise in temperature until the coolant pumps are turned off and the 13.29' ,,

auxiliary feedwater system is realigned. The pressurizer does not 13.30
. fill for either case, and 'the core remains covered with water.

,

15.2.8.3 Conclusions 13.32
,,

,

Results of the analyses show that for the postulated feeduster line 13.33
rupture, the assumed auxilia;ry feedwater system capacity is adequats
-to remove- decay heat, to prevent overpressurizing the RCS, and to 13.35
. prevent uncovering the reactor core. Radioactivity doses' from the 13.36
postulated feedwater line rupture are less than those previously
presented for the postulated steam line break. All applicable 33.37

'

acceptance criteria are therefore met.

15.2.8.4 Radiological Consequences 13.39

The feedwater line break with the most significant consequences would 13.40
be one that occurred inside the containment between a steam generator 13.41
and the feedwater check valve. -In this case, the contents of the 13.43
steam generator would be relea' sed to the containment. Since-no fuel 13.44 '

failures are postulated, the radioactivity released is less than that
from the steam line break. Furthermore, automatic isolation of the 13.45
containment would further reduce any radiological consequences from

'

this postulated event. 13.46
,

15.2.9 References for Section 15.2 13.48
,.

WCAP-7769, 1971. Mangan, M.A. Overpressure Protection' for 13.50
Westinghouse Pressurized Water Reactors. ,

-

WCAP-7907, 1972. Burnett, T.W.T. et al. LOFTRAN Code Description. 13.54

WCAP-7908, 1972. Hargrove, H.G. FACTRAN-A FORTRAN-IV Code for. 13.'56 ,

Thermal Transients in a U0 Fuel Rod. ,

,

WCAP-8330, 1974. Westinghouse Anticipated Transients Without Trip 13.58
Analysis.

.
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TABLE-15.2-1 1.18
~

" .
TIME SEQUENCE OF EVENTS FOR INCIDENTS

1.20
WHICH CAUSE A DECREASE IN HEAT 1.21

REMOVAL BY THE SECONDARY SYSTEM 1.22

N-Loop N-1 Loop 1.25
Time Time 1.26

Accident Event (sec) (sec) 1.27

1.29
Turbine trip

1. With pressurizer Turbine trip, loss 0.0 0.0 1.31

control (minimum of main feed flow 1.32 7

1.33moderator feed- 1.34
back)

Initiation of steam 7.0 9.0 1,36

1.37release from steam
1.38generator safety valves

High pressurizer pres- 7.1 11.3 -1.40
sure reactor trip point- 1.41

1.42reached'

,

Rods begin to drop 9.1 13.3 1.44
,

Minimum DNBR occurs 10.0 15.0 1.46

Peak pressurizer pres- 11.0 14.0 1.48
1.49sure occurs

.

2. With pressurizer Turbine trip, loss 0.0 0.0 1.51'

1.52
control (maximum of main feed flow

; 1.53
|- moderator feed- 1.54

back)

Initiation of steam 7.0 9.0 1.56
1.57release from steam
1.58generator safety valves

|

Peak pressurizer pres- 7.0 6.0 1.60
: 2.1sure occurs

Overtemperature 9.9 48.8 2.3
2,4AT reactor trip
2.5setpoint reached

Rods begin to drop 11.9 50.8 2.7

at> cti 2.9Minimum DNBR occurs
.

:

' Amendment 12 1 of 5 February 1985!
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TABLE 15.2-1-(Cont)

N-Loop N-1 Loop
Time Time

Accident Event- (sec) (sec)

3. Without pressur- Turbine trip. loss 0.0 0.0. 2.12
izer' control' of main feed flow 2.13

2.14.

(minimum moder-
'

2.15ator feedback)

High pressurizer pres- 5.2 6.5 2.18
sure reactor trip point 2.19
reached 2.20

~

Initiation of steam 7.0 9.0 2.22
release from steam 2.23
generator safety valves 2.24

4

Rods begin to drop- 7.2 8.5 2.26

Peak pressurizer pres- 8.0 10.0 2.28
; 2.29sure occurs ,;

(18 (18 2.31Minimum DNBR occurs

4. Without pressur- -Turbine trip, loss 0.0 0.0 2.34

izer control of main feed flow 2.35
2.36

(maximum moder-
'

2.37ator feedback) f
-

High pressurizer pres- 5.2 6.5 -2.40
sure reactor trip point 2.41,

,

2.42reached
,

Initiation of steam 7.0 9.0 2.44 i-

| 2.45
|

' release fr team

generator $ya 2.46 X
!

Rods begin to drop 7.2 8.5 ,; 2.48

Peak pressurizer pres- 8.0 9.0 2.50
2.51- sure occurs!

! 818 818 2.53Minimum DNBR occurs
|

|-
' Loss of normal Main feedwater flow 10.0 10.0 12.55

'2.56
feedwater-flow stops

| '

Low steam generator 65.2 67.4 2.58,

2.59water level trip

Rods begin to drop 67.2 69.4 3.1
. .

Amenchment 12 2 of 5 - February 1985
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TABLE 15.2-1 (Cont)

!

N-Loop N-1 Loop-

Time Time i

Accident Event (sec) (sec)-

Reactor coolant pumps 67.2 69.4 3.3
begin to coastdown 3.4

3.6Peak water level in 70.0 -

pressurizer occurs 3.7~

3.10Two steam generators 126.0 -

begin.to receive 550 3.11
gpr. of auxiliary feed 3.12
from one motor-driven 3.13
auxiliary feedwater pump 3.14

126.7 3.18One steam generator -

begins to receive 484 gpm 3.19

of auxiliary feedwater 3.20

from one auxiliary 3.21
3.22, feedwater pump

1740 3.25Peak water level in -

pressurizer occurs 3.26

Core decay heat de- a 2000 g 1800 3J
creases to auxiliary 3.30
feedwater heat re- 3.31
moval. capacity 3.32

3.35Feedwater system pipe break

1. With offsite. Main feedline rupture 10 10 3.37
3.38power available; occurs

Low-low steam generator Q Q 3.42
level reactor trip set- 15 4 16 t 3.43

3.44point reached in ruptured ,

steam generator 3.45
n.8t it T

Rods begin to drop @ @ 3.48

Auxiliary feedwater is g @ 3.50
delivered to three 75 9 75.ag 3.51
intact steam generators 3.52

Low steam line pressure RID 3 6 3.55
D 'ipgstr alW setpoint reached in rup- acy.) 3.56

_,

A.A tured steam generator 3.57|i m f

Amendment 12 3 of 5 February 1985
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MNPS-3 FSAR

TABLE 15.2-l'(Cont)'

N-Loop N-1 Loop
Time Time

Accident ' Event (sec) (sec)
.

Borated safety injection Ehi 6- '4.1

flow enters cold legs l'93 79 t't 4.2

m Iwsm) S mi h 3 ff .

All main steam _line 4th-t 4h 5- - 4.5
isolation valves close 214 - t P4 9 4.6

Pressurizer safety 794P- 369- 4.8

valve setpoint reached 68 2.-( ~34 3 2. 4.9

Steam generator safety 469- +iHF 4.12
valve setpoint reached G ets 402-- 4.13
intact steam generators .4.14 .

trOS EA".7' 2/------*

. 2. Without offsite Main feedline rupture 10 10 4.24
4.25power occurs

Low-low steam generator 16 6 4-h e- 4.29
level reactor trip set-_ 15 4 %9 4.30,

point reached in ruptured 4.31
4.32steam generator

17 t+ 18 4
Rods begin to drop, power 4ed- -t'bre 4.36
lost to the reactor ~ cool- 4.37

4.38ant pumps

73 4 ~76-4
Auxiliary feedwater is 44HF WC- 4.42
delivered to three intact 4.43

<

4.44steam generators
7L~4 31 2

Low steam line pressure 36,4- 34.4 4.48
setpoint reached in rup- 4.49

|
tured steam generator .

4.50..

79.,4; - 3(1 - 8
Borated safety injection h, 50,0 4.54

|
' flow e.nters cold legs 4.55

83 4 Let 9'

All main steam line 64,4 4h6 4.59
-isolation valves close- 4.60

~2.E 2. g37
l .- Pressurizer Safety valve 449 ter 5.4
!

|- setpoint reached 5.5

|
359. 09-

|s Steam generator safety -440- -k49 5.9

|
valve setpoint~ reached in 5.10
intact steam generators 5.11

[
W \b3.SG RT~ '2,/I

|

Amendment 12 4 of 5 February 1985

m ..
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MNPS-3 FSAR

~

TABLE 15.2-1 (Cont)
i

i

NOTE: 5.15

1.. DNBR does not decrease below'its initial value. 5.19

,

.

!

,

|
,

Amenchnent 12 5 of 5 February 1985
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15.3 DECREASE IN REACTOR COOLANT SYSTEM FLOW RATE 1.10

cA number of faults.are postulated which could result in a decrease in- 1.11
' reactor coolant system flow rate. These events are discussed in this. 1.12
.section.- Detailed analyses are presented for the most limiting of 1.13
ithese events.

'

.

Discussions of the following flow decrease events are presented in 1.14
Section 15.3.'

I 1. Partial loss of forced reactor coolant flow. 1.16

1.172. Complete loss of forced reactor coolant flow.

| 3. Reactor coolant pump shaft seizure (locked rotor). 1.18

1.19,

4. Reactor coolant pump shaft break.
*

Item 1 above is considered to be an ANS Condition II event, Item 2 an 1.21-

ANS Condition III event, and Items 3 and 4 ANS Conditior. IV events. 1.22
*

'

Section 15.0.1 contains a discussion of ANS classifications. 1.23'

15.3.1 Partial Loss of Forced Reactor Coolant Flow 1.25~

15.3.1.1 Identification of Causes and Accident Description 1.264

partial loss-of-coolant flow accident can result from a mechanical 1.27A
or electrical failure in a reactor coolant pump, or from a fault in 1.29
the power supply to the pump or pumps supplied by a reactor coolant
pump bus. If the reactor is at power at the time of the accident, 1.30

i the immediate effect of loss-of-coolant flow is a rapid increase in 1.31
the coolant temperature. This increase could result in - DNB with 1.~32

sWasequent fuel damage if the reactor is not tripped promptly.

Normal power for the pumps is supplied through individual buses 1.33
connected to the generator. When a turbine or generator trip occurs, 1.34
the buses are automatically transferred to a transformer supplied
from external power lines, and the pumps will continue to supply 1.35
coolant flow to the core.

! This event is classified as an ANS Condition II incident (an incident 1.361.37of moderate frequency) as defined in Section 15.0.1.
f

The necessary protection against a partial loss-of-coolant flow 1.38
accident is provided by the low primary coolant flow reactor trip 1.39

|- signal which is actuated in any reactor coolant loop by two out of
|

three low flow signals. Above Permissive 8, low flow in 'any loop 1.,40

;
will actuate a reactor trip. Between approximately 10-percent power 1,41

i !(Permissive 7) and the power level corresponding to Permissive 8, low
1.42flow in any two loops will actuate a reactor trip.

1 -

,

a

! ~
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;15.3.1.2' Analysis of Effects and Consenquences 1.44

Method'of Analysis 1.46,

Two cases have been analyzed:- 1.48
,

1. . loss of pump with four loops in operation, and' 1.50

2. ' loss of pump with three loops in operation.- -1.51
,

.

| This transient is analyzed by three digital computer codes. First, 1.55 *

the LOFTRAN (WCAP-7907,-1972) Code is used to calculate the loop and-

.

. core flow during the transient, the time of reactor trip based on,the 1.57
icalculated flows, the nuclear power transient, and the primary system'

pressure and temperature transients. The FACTRAN (WCAP-7908, 1972) 1.59
code is then used to calculate the heat flux transient based on the

,

~ nuclear power and flow from LOFTRAN. Finally, the THINC Code 2.2
(Section 4.4) is used to calculate the DNBR during the transient
based on the heat flux from FACTRAN and flow from LOFTRAN. The "R" 2.4

'

grid spacer factor is applied. to the W-3 correlation. .The: DNBR 2.5
transients presented represent the minimum of the typical or thimble
cell.

Initial Conditions 2.8

.

. Plant characteristics and initial conditions are discussed in 2.10
Section 15.0.3. Initial operating conditions assumed for this event 2.12
are the most adverse with respect to the margin to DNB, i.e. , maximum 2.13
guaranteed steady state thermal power, minimum steady stat pressure,
and maximum steady state coolant average temperature and minimum 2.14 '

3 (thermal design) RCS flow rate.

Reactivity Coefficients 2.17
t

A conservatively large absolute value of Doppler-only power 2.19
coefficient is used (Figure 15.0-2). This is equivalent to a total 2.21*

4

integrated Doppler reactivity 'from 0 to 100-percent power of
k0.016 ,g .

' --

The least negative moderator temperature coefficient (Figure 15.0-3) 2.22
;

is assumed since this results in the maximum core power during the 2.23
' initial part of the transient when the minimum DNBR is reached.

Flow Coastdown 2.26

.The flow coastdown analysis is based on a momentum balance around 2.28 |
*

each reactor coolant loop and across the reactor core. This momentum 2.31
-

balance is combined with the continuity equations, a pump momentum
balance, and the pump characteristics and is based on high estimates 2.32
of system pressure losses.

|

Plant systems and equipment which are necessary to mitigate the 2.33
effects of the accident are discussed in Section 15.0.8 and listed in 2.34

Amendment 12 15.3-2 February 1985
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Table 15.0-6. No single active failure in any of these systems or- 2.35
- equipment will adversely affect the consequences of the accident.4

2.38I Results
-

Figures'15.3-1 through 15.~3-4 show the transient response for the 2.40
loss of one reactor coolant pump with four- loops in operation. 2.41

,

Figure 15.3-4 shows the DNBR to be always greater than 1.30. 2.43 ,

Figures 15'.3-1A through 15.3-4A show the transient response for the. 2.44
# loss _of reactor coolant pump with three loops in operation. The 2.46

minimum DNBR is greater than 1.30, as shown in Figure 15.3-4A. .

For both cases' analyzed, since DNB does not occur, . the ability of the 2.47
primary coolant to remove heat from the fuel rod is not greatly 2.48

t reduced. Thus, the average fuel' and clad temperatures do not 2.49
increase significantly above their respective initial values.

L

The calculated sequence of events tables for the two cases analyzed 2.50
are shown in Table 15.3-1. The affected reactor coolant pump will 2.51
continue to coastdown, and the core flow will reach a new equilibrium,

value corresponding to the number of pumps still in operation. With 2.53

the reactor tripped, a stable plant condition will eventually be
obtained. Normal plant shutdown may then proceed. 2.54

5

15.3.1.3 Conclusions 2.56.

. The analysis shows that the DNBR will not decrease below the limiting 2.57*

-value of 1.30 at any time during the transient. Thus, no fuel or 2.59
clad damage is predicted, and all applicable acceptance criteria are
met.

3.115.3.1.4 Radiological Consequences

F A partial loss of reactor coolant flow from full load would result in 3.3
a reactor and turbine trip. Assuming in addition that the condenser 3.5,

is not available, atmospheric steam dump may be required.

There are only minimal radi logical consequences associated with this 3.6
event. The radiological consequences resulting from atmospheric 3.7

| steam dump are less severe than the steam line break event analyzed 3.8
i- in'Section 15.1.5 since fuel damage as a result of this transient is

not postulated. Therefore, this event is not limiting. 3.9
,

15.3.2 Complete Loss of Forced Reactor Coolant Flow 3.11

! 15.'3.2.1 Identification of causes and Accident Description 3.12
,

i ~A complete loss of forced reactor coolant flow may result from a 3.13
|

simultaneous loss of electrical supplies to all reactor coolant 3.14

t. pumps. If the reactor is at power at the time of the accident, the 3.16
! immediate effect of loss-of-coolant flow is a rapid increase in the 3.17 L

! coolant temperature. This increase could result in DNB with 3.18
subsequent fuel damage if the reactor were not tripped promptly.

Amendment 12 15.3-3 February 1985
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Normal power for the reactor coolant pumps is supplied through buses 3.19
from a transfonner connected to the generator. When a turbine or 3.20
generator trip occurs, the buses are automatically .ransferred to a
transformer supplied from external power lines, and the pumps will 3.21
continue to supply coolant flow to the core.

This event is classified as an ANS Condition III incident (an 3.22
infrequent incident), as defined in Section 15.0.1.

The following signals provide the necessary protection against a 3.23
complete loss of flow accident:

1. reactor coolant pump underspeed, and 3.25 .

2. low reactor coolant loop flow 3.26

The reactor trip on reactor coolant pump underspeed is provided to 3.28
protect against conditions which can cause a loss of voltage to all 3.29
reactor coolant pumps, i.e., station blackout. This function is 3.30
blocked below approximately 10-percent power (Permissive 7).

The reactor t' rip on reactor coolant pump underspeed is also provided 3.31
to trip the reactor for an underfrequency condition, resulting from 3.32
frequency disturbances on the power grid. If the maximum grid 3.33
frequency decay rate is less than approximately 5 Hertz /second, this

,

trip will protect the core from underfrequency events (Section 8.2). 3.34
This effect is fully described in WCAP-8424, Revision 1 (1975). 3.35

The reactor trip on low primary coolant loop flow is provided to 3.36
protect against loss of flow conditions which affect only one reactor 3.37,

coolant loop. This fun; tion is generated by two out of three low 3.38
flow signals per reactor coolant loop. Above Permissive 8, low flow 3.39

in any loop will actuate a reactor trip. Between approximately 3.40
10-percent power (Permissive 7) and the power level corresponding to
Permissive 8, low flow in any two loops will actuate a reactor trip. 3.41

15.3.2.2 Analysis of Effects and Consequences 3.43

Two cases have been analyzed: 3.44

1. loss of four pumps with four loops in operation, and 3.46

2. loss of three pumps with three loops in operation. 3.47

This transient is analyzed by three digital computer codes. First, 3.51
the LOFTRAN (WCAP-7907, 1972) Code is used to calculate the loop and
core. flow during the transient, the time of reactor trip based on the 3.52
calculated flows, the nuclear power transient, and the primary system
pressure and temperature transients. The FACTRAN (WCAP-7908, 1972) 3.54

on theCode is then used to calculate the heat flux transient based
nuclear power and flow from LOFTRAN. Finally, the THINC Code 3.57
(Section.4.4) is used to calculate the DNBR during the transient
based on the heat flux from FACTRAN and flow from LOFTRAN. The "R" 3.59
grid spacer factor is applied to the W-3 correlation. The DNBR 3.60

.

Amendment 12 15.3-4 February 1985
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transients presented represent the minimum of the typical or thimble
cell.

The method of analysis and the assumptions made regarding initial 4.1
operating conditions and reactivity coefficients are identical to 4.2
.those discussed in Section 15.3.1, except that following the loss of
power supply to all pumps at power, a reactor trip is actuated by 4.3,

reactor coolant pump underspeed.

4.6Results

Figures 15.3-5 through 15.3-8 show the transient response for the 4.8

loss of power to all reactor coolant pumps with four loops in 4.9
operation. The reactor is assumed to be tripped on an underspeed 4.11
signal. Figure 15.3-8 shows the DNBR to be always greater than 1.30. 4.12|440i4*

Figures 15.3-5A through 15.3-8A show the transient response for the 4.13
loss of power to all reactor coolant pumps with three loops in 4.14
operation. The reactor is again assumed to be tripped on an 4.15
underspeed signal. The minimum DNBR is greater than 1.30, as shown 4.16
in Figure 15.3-12A.

For both cases analyzed, since DNB does not occur, the ability of the 4.17
primary coolant to remove heat from the fuel rod is not greatly 4.18
reduced. Thus, the average fuel and clad temperatures do not 4.19
increase significantly above their respective initial values.

The calculated sequence of events is shown in Table 15.3-1. The 4.21

reactor coolant pumps will continue to coastdown, and natural
circulation flow will eventually be established, as demonstrated in 4.22
Section 15.2.6. With the reactor tripped, a stable plant condition 4.23
would be attained. Normal plant shutdown may then proceed. 4.24

4.2615.3.2.3 Conclusions

The analysis performed. has demonstrated that for the complete loss of 4.27
forced reactor coetant flow, the DNBR does not decrease below 1.30 at 4.29
any time during the transient. Thus, no fuel or clad damage is 4.30
predicted, and all applicable acceptance criteria are met.

4.3215.3.2.4 Radiological Consequences

A complete loss of reactor coolant flow from full load results in a 4.33
reactor and turbine trip. Assuming in addition that the condenser is 4.35
not available, atmospheric steam dump would be required. The 4.36

quantity of steam released would be the same as for a loss of offsite
power incident.

There are only minimal radiological consequences associated with this 4.37
event. Since fuel damage is not postulated, the radiological 4.38

consequences resulting from atmospheric steam dump are less severe 4.39
than the steam line break analyzed in Section 15.1.5. Therefore, 4.40
this ever.t is not limiting.

'
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15.3.3 Reactor Coolant Pump Shaft Seizure (Locked Rotor) 4.42

15.3.3.1 Identification of causes and Accident Description 4.43

The accident postulated is an instantaneous seizure of a reactor 4.44
coolant pump rotor such as is discussed in Section 5.4. Flow through 4.47

the affected reactor coolan* loop is rapidly reduced, leading to an
initiation of a reactor trip on a low flow signal. 4.48

Following initiation ef the reactor trip, heat stored in the fuel 4.49
rods continues to be transferred to the coolant causing the coolant 4.50
to expand. At the same time, heat transfer to the shell side of the 4.51
steam generators is reduced, first because the reduced flow results 4.52

- in a decreased tube side film coefficient and then because the
reactor coolant in the tubes cools down while the shell side 4.54
temperature increases (turbine steam flow is reduced to zero upon
plant trip). The rapid expansion of the coolant in the reactor core, 4.55
combined with reduced heat transfer in the steam generators, causes 4.56
an insurge into the pressurizer and a pressure increase throughout
the reactor coolant system. The insurge into the pressurizer 4.57
compresses the steam volume, actuates the automatic spray system,
opens the power-operated relief -valves, and opens the pressurizer 4.58
safety valves, in that sequence. The two power-operated relief 4.59

designed for reliable operation and would be expected tovalves are
function properly during the accident. However, for conservatism, 5.1
their pressure reducing effect, as well as the pressure reducing
effect of the spray, are not included in the analysis. 5.3

This event is classified as an ANS Condition IV incident (a limiting 5.4
fault) as defined in Section 15.0.1.

5.615.3.3.2 Analysis of Effects and Consequences

Method of Analysis 5.8

Two digital-computer codes are used to analyze this transient. The 5.12
LOFTRAN Code (WCAP-7907,1972) is used to calculate the resulting
loop and core flow transients following the pump seizure, the time of 5.13
reactor trip based on the loop flow transients, the nuclear power

following reactor trip, and to detennine the peak pressure. The 5.15
,

thermal behavior of the fuel located at the core hot spot is
investigated using the FACTRAN Code (WCAP-7907, 1972), which uses the 5.16
core flow and the nuclear power calculated by LOFTRAN. The FACTRAN 5.17
Code includes a film boiling heat transfer coefficient.

5.18Two cases have been analyzed:

1. four loops in operation, one locked rotor, and 5.20

2. three loops in operation, one locked rotor. 5.21

At the beginning of the postulated locked rotor accident, i.e., at 5.23
the time the shaft in one of the reactor coolant pumps is assumed to 5.24
seize, the plant is assumed to be in operation under the most adverse

Amendment 12 15.3-6 February 1985
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.ste'ady. state = operating conditions, i.e., the maximum guaranteed _5.25
steady _ state' thermal . power,_ maximum steady state pressure, and

~

i

maximum steady -state . coolant- average temperature. Plant 5.27
.

characteristics 'and initial conditions. are -further discussed in,

;Section 15.0.3._ .The accident is evaluated with offsite -power 5.28
available, without offsite power available, and with the| loss of one i q , , ,.g - ,

protection train. For the case ~ without offsite power available, 5.30 f

power is lost-to the unaffected pumps 2 seconds after reactor trip.
With three loops operating, the -maximum power level- (including 5.31

: errors) allowed in that mode of operation is assumed.

For the- peak pressure evaluation, the initial pressure is 5.32

=h . conservatively . estimated as 30 psi above nominal pressure 5.33 !

' (2,250 psia) to allow for errors in the pressurizer pressure . .

*

measurement and control channels. . This is done to obtain the . highest 5.34
possible rise in the coolant pressure during the transient. To 5.35
obtain the maximum pressure in the primary side, conservatively high

5.36
'E loop pressure drops are added to the calculated pressurizer pressure.The pressure responses, shown on Figures 15.3-10 and 15.3-10A are the 5.37

responses at the point in the reactor coolant system having the 5.38 ,

' maximum pressurec

Evaluation of the Pressure Transient 5.41
.,

After pump seizure,- the neutron flux is rapidly. reduced by control 5.43
rod insertion. Rod motion is assumed to begin one second after the 5.45
flow in the affected loop reaches 87 percent Jf nominal flow. No 5.46-
credit is taken for._the pressure reducing effect of the pressurizer
relief valves, pressurizer spray, steam dump, or controlled feedwater 5.47 |

|flow af ter plant trip.
l

Although these operations are' expected to occur and would result in a 5.48 1

lower peak pressure, an additional' degree of conservatism is provided 5.49 {

by ignoring their effect. .

'The pressuriser safety valves are full open at 2,575 psia and their 5.50 ,

capacity for steam relief is as described in Section 5.4. 5.51

'

Evaluation of DNB in the core during the Accident 5.54

For this accident, DNS is assumed to occur in core, and therefore, an 5.56
evaluation of the consequences, with respect to fuel rod thermal 5.57
transients,-is performed. 'Results obtained for analysis of this " hot 5.59
spot" condition represent. the upper limit ~ with respect to clad

5.60temperature and zirconium water reaction.

In the evaluation, the rod power at the hot spot is assumed to be 6.1
2.5 times the average rod power (i.e., F = 2.5) at the initial core 6.2
power level. For three loops in operation, F = 3.0. 6.3 I

6.6Film Boiling Coefficient
,

The film boiling coefficient is calculated in the FACTRAN Code using 6.8
the Bishop-sandberg-Tong film boiling correlation. The fluid 6.10

:

Amendment 12 15.3-7 February 1985
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properties are evaluated at film temperature (average between wall
and bulk temperatures). The program calculates the film coefficient 6.11
at every time step, based upon the actual heat transfer conditions at
the time. The neutron flux, system pressure, bulk density, and mass 6.13
flow rate as a function of time are used as program input.

For this analysis, the initial values of the pressure and the bulk 6.14
density are used throughout the. transient since they are the most 6.15
conservative, with ' respect to clad temperature response. For 6.16
conservatism, DNB was assumed to start- at the beginning of the

. accident.

Fuel Clad Gap Coefficient 6.19

The ~ magnitude and time dependence of the heat transfer coefficient 6.21
between fuel and clad (gap coefficient) has a pronounced influence on 6.22
the thermal results. The larger the value of the gap coefficient, 6.24
the more heat is transferred between pellet and clad. Based on 6.25
investigations on the effect of the gap coefficient upon the maximum
clad temperature during the transient, the gap coefficient was 6.26
assumed to increase from a steady state value consistent with initial
fuel temperature to 10,000 Stu/hr-fta.oF at the initiation of the 6.27
transient. Thus, the large amount of energy stored in the fuel 6.28
because of the small initial value is released to the clad at the
initiation of the transient. 6.29

Zircenium Steam Reaction 6.32

The zirconium steam reaction can become significant above 1,800*F 6.34
(clad temperature). The Baker-Just parabolic rate equation shown 6.36
below is used'to define the rate of the zirconium steam reaction.

.

d(w ) = 33.3 x los exp (. 45,500) 6.39a

dt 1.986 T 6.40'

where: 6.44

w = amount reacted (mg/cm ) 6.46a

t = time (sec) 6.48

T = temperature (*F) 6.50

The reaction heat is 1,510 cal /gm. 6.53

The effect of zirconium-steam reaction is included in the calculation 6.55
of the " hot spot" clad temperature transient.'

Plant systems and equipment which are available to mitigate the 6.56
' effects of the accident are discussed in Section 15.0.8 and listed in 6.57
Table 15.0-6. No single active failure in any of these systems or 6.58
equipment will adversely affect the consequences of the accident.

.
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7.1Results

1.. Locked Rotor with Four Loops Operating 7.3

The' transient results for this case are shown on 7.5
Figures 15.3-9 through 15.3-12. The results of these 7.7

calculations are also summarized in Table 15.3-2. The peak 7.8
e reactor coolant system pressure reached during the transient

is less than that which would cause stresses to exceed the 7.9
faulted condition stress limits. Also, the peak clad 7.10
surface temperature is considerably less than 2,700*F. It 7.11
should be noted that the_ clad temperature was conservatively
calculated assuming that DNB occurs at the initiation of the 7.12
transient.

2. Locked Rotor with Three Loops operating 7.15

The transient results for this case are shown on Figures 7.17
15.3-9A through 15.3-12A. The results of these calculations 7.19
are also summarized in Table 15.3-2. The peak RCS pressure 7.20
is slightly higher than for the previous case, but is still
less than that which would cause stresses to exceed the 7.21
faulted condition stress limits. The cladding temperature 7.22
transient is still well below the 2,700*F limit.

15.3.3.3 Conclusions 7.25

1. Since the peak reactor coolant system pressure reached 7.27
during any of the transients is less than that which would
cause stresses to exceed the faulted condition stress 7.30,

limits, the integrity of the primary coolant system is not
endangered.

2. Since the peak clad surface temperature calculated for the 7.31
hot spot during the worst transient remains considerably
less than 2,700*F, the core will remain in place and intact 7.32
with no loss of core cooling capability.

7.3515.3.3.4 Radiological Consequences

It is postualted that if a locked rotor accident occurs, the activity 7.36
in the gap of the fuel rods suffering clad damage will be released to 7.37
the reactor coolant. The released activity and the Technical 7.39
Specification activity in the primary coolant from prior operation
with fuel defects leak to the secondary side of the steam generator 7.41
at a Technical Specification leak rate of 1 gpm. Six percent of the 7.42
fuel rods in the core are postulated to have clad damage. Secondary 7.43
coolant activities are assumed to be at Technical Specification
concentration. A partition ' factor of 0.01 for iodine occurs between 7.44

course 7.45the water and steam phases in the steam ganerators during the
of the accident. The release to the environment continues until 7.46
primary side pressure and secondary side pressures are equalized.

Amendment 12 15.3-9 February 1985
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Offsite power is assumed to be lost, thereby making the condenser 7.47
unavailable for steam' dump. Activity released from the steam 7.48
generators to the environment occurs at ground level.

The- radiological consequences of a postulated locked rotor' accident 7.49
for both N-loop and N-1 loop operation are reported in Table 15.0-8. 7.51
The assumptions used to- perform this evaluation are summarized in 7.52
Table 15.3-3. Technical Specification limits were 'used. For the 7.54 |940a*J
N-1 loop operation case, it was assumed that the plant had been
operating at full power, with N-loops, sufficiently long for the gap 7.55
activity and. coolant concentrations to reach equilibrium. One loop 7.56
-was then taken out of service, after which the accident was assumed
to occur. The releases to the environment are listed in 7.57
Table 15.3-4. The releases together with the atmospheric dispersion 7.58
factors listed in Table 15.0-11 are used to compute the doses to the 7.59

EAR (0-2 hr) and .LPZ (0-8 hr) reported in Table 15.0-8. The' 7.60
conservatism inherent in the accident evaluation described in
Section 15.3.3.3 notwithstanding, it 12 assumed that the gap activity 8.1 y yg ,,f,3
is released during the transient from' fuel failure. The gap activity 8.2.

release is the predominant source for the calculated dose.

The radiological consequences of this accident are a small fraction 8.3
of the guidelines of 10CFR100; i.e., less than 30 Rem to the thyroid 8.4
and 2.5 Rem to the whole body.

15.3.4 Reactor Coolant Pump Shaf t Break 8.6

15.3.4.1 Identification of Causes and Accident Description 8.7

The accident is postulated as an instantaneous failure of a reactor 8.8
coolant pump shaft, such as discussed in Section 5.4. Flow through 8.11
the affected reactor coolant loop is rapidly reduced, though the
initial rate of reduction of coolant flow is greater for the reactor 8.12
coo.lant pump rotor seizure event. Reactor trip is initiated on a low 8.13
flow signal in the affected loop.

Following initiation of the reactor trip, heat stored in the fuel 8.14
rods continues to be transferred to the coolant causing the coolant 8.15
to expand. At the same time. heat transfer to the shell side of the 8.16
steam generators is reduced, first because the reduced flow results 8.17
in a decreased tube side film coefficient and then because the
reactor coolant in the tubes cools down while the shell side 8.18
temperature increases (turbine steam flow is reduced to zero upon
plant trip). The rapid expansion of the coolant in the reactor core, 8.19
combined with reduced heat transfer in the steam generators causes an 8.20
insurge into the pressurizer and a pressure increase throughout the
reactor coolant system. The insurge into the pressurizer compresses 8.21-

the steam volume, actuates the automatic spray system, opens the
power-operated relief valves, and opens the pressurizer safety 8.22
valves, in that sequence. The two power-operated relief valves are 8.23
designed for reliable operation and would be expected to function
properly during the accident. However, for conservatism, their 8.25
pressure reducing effect, as well as the pressure reducing effect of
the spray, is not included in the analysis. 8.26

.

Amendment 12 15.3-10 February 1985
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This event is classified as en ANS Condition IV incident (a limiting 8.27
fault)'as defined in Section 15.0.1.

'

15.3.4.2 Conclusions 8.29
.

The radiological consequences of a reactor coolant pump shaft break 8.30
are no; worse than those calculated for. the locked rotor incident 8.32 '

(Section 15.3.3). With- a failed shaft. the impeller could 8.34
conceivably be free to spin in a reverse direction ' as opposed to
being fixed in position, as assumed in the locked rotor analysis. 8.35

However, the not effect on core flow is r.cgligible, resulting in only 8.36
a slight decrease in the end point (steady state) core flow. For 8.38
both the shaft break and locked roter iscidents, reactor trip occurs
very' ; early in the transient. In addit'lon, ths locked rotor analysis 8.39
conservatively assumes th,at DNB occurs at' the beginning of the

transient. - T'%s
, - N,

8.4115.3.5 References for Secti9n 15.{ ,

WCAP-7907, 1972. Burnett, T.W.T. et'31. LOFTRAN Code Description. 8.43

-WCAP-7908, 1972. Hargrove, H.G. ' FACTRAN - A Fortran-IV Code for 8.47
Thermal Transients in a UO Fuel Rod.2

WCAP-8424, Revision 1, 1975. Baldwin, M.S.: Merrian, M.M.: Schenkel, 8.49
H.S. ; and Van DeWalle, D.J. An Evaluation of Loss of Flow Accidents 8.50
Caused by Power System Frequency Transients in Westinghouse PWRs.

WCAP-8846, 1976. Skaritka, J. HybridsB,C Absorber Control Rod 8.51
WEvaluation Report.
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TABLE 15.3-1 1.18

TIME SEQUENCE OF EVENTS FOR INCIDENTS.WHICH RESULT
1.20

IN A DECREASE IN REACTOR COOLANT SYSTEM FLOW 1.21

N-Loop N-1 Loop 1.24 4
. Time Time 1.25

Accident Event (sec) (sec) 1.26

1.28Partial loss of forced 1.29reactor coolant flow
1.31Four loops operating,

one pump coasting down coastdovn begins 0.0 0.0 1.32
Low flow reactor trip 1.5 2.5 1.33
Rods begin to drop 2.5 3.5 1.34
Minimum DNBR occurs 3.3 4'. 3 1.35

1.38Complete loss of forced 1.39reactor coolant flow

All operating pumps 0.0 0.0 1.43
lose power and begin 1.44

1.45coasting down

Reactor coolant pump 0.8 0.8 1.49
underspeed trip 1.50

1.51point reached

Rods begin to drop 1.4 1.4 1.55
Minimum DNBR occurs 3.0 2.8 1.56

1.60Reactor' coolant pump 2.1shaft seizure 2.2(locked rotor)
Rotor on one pump 0.0 0.0 2.6
locks 2.7

Low flow trip 0.6 0.012 2.11
2.12point reached

i
Rods begin to drop 1.06 g6012 2.15X-

Maximum clad temperature 3.1 3.2 2.17

Maximum RCS pressure 3.2 3.0 2.20
2.21occurs

.

.

Amendment 12 1 of 1 February 1985
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I

( TABLE 15.3-2 1.10'

SUMMARY OF RESULTS FOR LOCKED ROTOR TRANSIENTS 1.12

Four Loops Three Loops. 1.15
operating Operating 1.16 i'

Initially Initially 1.17

M1ximum Reactor Coolant System 2,548 2,593 1.19 */

Pressure (psia) 1.20" -

Maximum Clad Temperature (*F) 1,762 l',716 1.22
Core Hot Spot 1.23

Zr-Hao Reaction at Core Hot Spot 0.24 0.2 1.25
.

(percent by weight) 1.26
,

'

:

e

.

4 ^^

!
.

.

'
~

Amenchnent 12 1 of 1 February 1985

--. .-. - - . .. . . , . . - . . . - ._- ... . . - . . _ - . . . _ . . - _ , - -



._ ._

_. .3, - - -

u1217912src123 11/14/84 242

NNPS-3 FSAR 1.14

TABLE 15.3-3 1.16

ASSUMPTIONS USED FOR THE LOCKED ROTOR ACCIDENT 1.18

Analysis Input Parameters 1.21
Expected N-Loop. N-1 Loop 1.22

1. Power NNt 3,411 3,636(18 3,63681) 1.24

2. Fuel Defects (%) 0.12 0.29<2: 0.2942> 1.26
.

3. Primary Coolant Table 11.1-2 Table 15.0-10 Table 15.0-10 1.28
1.29Concentrations

1.31
4. Primary to Secondary

Leak Rate _(gpm) 0.009 1.0 1.0 1.32.

5. Secondary Coolant Tables 11.1-6- Table 15.0-10 Table 15.0-10 1.34
Concentrations and 11.1-7 1.35

9
1.37Activity Released

I
6.

1.38to Reactor Coolant
1.39from Failed Fuel

a. Noble Gas 0.0 6% of gap 6% of gap 1.41
inventory inventory 1.42

b. Iodine 0.0 6% of gap 6% of gap 1.44
inventory inventory 1.45

7. Core and Gap Table 15.0-7 Table 15.0-7 Table 15.0-7 1.47
1.48Activities

1.508. Iodine Partition
1.51Factor Prior to and

during-the Accident 0.01 0.01 0.01 1.52

1.549. Duration of Plant
1.55Cooldown by Secondary
1.56System after Accident

(hr) 8 8 8 1.57

1.60.

10. Steam Release from 2.1Steam Generators
2.2(lb)

a. (0-2 hr) 543,000 543,000 543,000 2.4

b.- (2-8 hr) 1,363,000 1,363,000 1,363,000 2.5

. Amendment-12 1 of 2 February 1985
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TABLE'15.3-3 (Cont)-

Analysis-Input Parameters
Expected N-Loop N-1 Loop

~

'11. Feedwater Flow to 2.9
Steam Generators 2.10
(lb) 2.11-

a. (0-2 hr) 771,000 771,000' 771,000 2.13
b. (2-8 hr) 1,505,000 1,505,000 1,505,000 2.14

12. Steam Generator 2.18
Inventory prior 2.19
to Accident 2.20-
(lb/SG) 2.21

a .- Liquid 103,000 103,000 104,000 2.23
b. Steam 8,000 8,000 7,6nn 2.24

13. Primary coolant 520,000 520,000 350,vL. J' 2.28
mass (lb) 2.29

NOTES: 2.33

1. Fuel gap activities are based on reactor power of 3,636 MWt. 2.36

2. Based on 1.0 Ci/gm I-131 dose. equivalent. 2,FFg
,

3. In- the N-1 loop operation analysis,'the pressurizer volume has been 2.39
conservatively excluded from the primary coolant.

Amendment 12 2 of 2 February 1985
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TABLE 15.3 4 1.8

LOCKED ROTOR ACCIDENT RELEASES 1.10

(To the Environment) 1.11

Total Release (Ci) 1.14

Isotope N-Loop N-1 Loop 1.15%

0-2 hr 0-8 hr 0-2 hr 0-8 hr 1.16

I-131 7.12E+00(18 9.21E+01 1.30E+01 1.80E+02 1.18

I-132 6.71E+00 3.20E+01 1.30E+01 6.10E+01 1.19

I-133 1.51E+01 1.75E+02 2.80E+01 3.30E+02 1.20

I-134 6.77E+00 1.28E+01 1.30E+01 2.40E+01 1.21

I-135 1.26E+01 1.14E+02 2.40E+01 2.10E+02 1.22

Kr-83m 5.19E+01 1.39E+02 9.20E+01 2.30E+02 1.24

Kr-85m 1.68E+02 7.29E+02 3.00E+02 1.20E+03 1.25

Kr-85 4.57E+00 3.19E+01 7.90E+00 5.00E+01 1.26

Kr-87 2.06E+02 4.14E+0? 3.60E+02 6.80E+02 1.27

Kr-88 4.11E+02 1.42E+0: 7.30E+02 2.30E+03 1.28

Kr-89 2.99E+00 2.99E+00 5.70E+00 5.70E+00' 1.29

Xe-131m 4.13E-01 2.87E+00 7.10E-01 4.50E+00 1.31

Xe-133m 2.49E+01 1.67E+02 4.30E+01 2.60E+02 1.32

Xe-133 1.04E+03 7.16E+03 1.80E+03 1.10E+04 1.33

Xe-135m 2.72E+01 5.92E+01 5.00E+01 1.10E+02 1.34

Xe-135 2.61E-r02 1.47E+03 4.50E+02 2.30E+03 1.35

Xe-137 5.61E+00 5.61E+00 1.10E+01 1.10E+01 1.36

Xe-138 6.50E+01 6.57E+01 1.20E+02 1.20E+02 1.37

1.39 '

NOTE:

1 411. 7.12E+00 = 7.12 x 108

Amendment 12 1 of 1 February 1985
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~ 5.4 REACTIVITY AND POWER DISTRIBUTION ANOMALIES 1.10
1*' ,

A; number of Lfaults--have been postulated which_ could result in 1.11
reactivity'and power distribution ! anomalies. Reactivity. changes 1.12
could be caused. by. . control rod motion or ejection, boron
concentration changes, or addition of cold water to the ~ reactor
coolant system (RCS). Power distribution changes could be caused by 1.13
control rod motion,-misalignment, or ejection, or . by static means

such as fuel assembly mislocation. These events are. discussed in. 1.14
this section. Detailed analyses are presented for ' the most ' limiting 1.15

_

of these events.

Discussions of the following incidents are presented in Section 15.4. 1.16-

L
-l._ Uncontrolled rod cluster control assembly bank withdrawal 1.18

from a suberitical or low power startup condition.1

2. Uncontrolled rod cluster control assembly bank withdrawal at 1.19
. power-

1.203. Rod cluster control assembly misalignment.

4. Startup of an inactive reactor, coolant pump at an incorrect 1.21
temperature.

5. A malfunction or failure of the flow controller in a BWR' 1.22
.

loop that results in an increased reactor coolant flow rate
1.23(Not applicable to Millstone 3).

6. Chemical and volume control system malfunction that resul'ts 1.24
in a decrease in the boron concentration in the reactor;

1.25,

coolant.'

7. Inadvertent . loading and operation of.a fuel assembly ~in an 1.26
improper position.

i 1.27Spectrum of rod cluster control assembly ejection accidents.! 8.

Items 1, 2, 4, and_ 6 above are considered to be American Nuclear 1.29
Society (ANS) Condition ~II events, Item 7 is an ANS Condition III 1.30

i event, and Item 8 is an ANS Condition IV event. Item 3 entails both 1.31-
a

Condition II and III events. Section 15.0.1 contains a discussion of 1.32'

ANS classifications.

f~ :15.4.1 Uncontrolled Rod Cluster Control Assembly Bank Withdrawal from 1.36
a Subcritical or Low Power Startup Condition

|
|'

| 15.4.1.1 Identification of causes and Accident Description 1.39

rod cluster control assembly (RCCA) withdrawal accident is defined 1.40A caused 1.42as an uncontrolled addition _of reactivity to the reactor core
withdrawal of RCCAs resulting in a power excursion. Such a 1.43by

transient could be caused by a malfunction of the reactor control or

rod control systems. This could occur with the reactor subcritical, 1.44

L Amendment 12 15.4-1 February 1985
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at hot zero power or at power. The "at power" case is discussed in 1.45 |
Section 15.4.2.

Although the reactor'is normally brought to power from a subcritical 1.46
.' condition.by means of RCCA withdrawal, initial startup procedures

with a clean core call for boron dilution. The maximum rate of 1.47
reactivity increase in the case of boron dilution is less than
assumed in.this analysis (Section 15.4.6)..

Th'e RCCA drive mechanisms are wired into preselected bank 1.48
configurations which'are not altered _during reactor life. These 1.49
circuits prevent the RCCAs from being automatically withdrawn in

. other than their respective banks. Power supplied to the banks is 1.50'

controlled such that no more than two banks can be withdrawn at the
same time and in their proper withdrawal sequence. The RCCA drive 1.51
mechanisms are of the magnetic latch type and coil actuation is
sequenced to provide variable speed travel. The maximum reactivity 1.52
insertion rate analyzed in the detailed plant analysis is that
occurring with the simultaneous withdrawal of the combination of two
sequential control banks having the maximum combined worth at maximum 1.53

1.54'

. speed.

Th'is event is classified as an ANS Condition II incident (a fault of 1.55
moderate frequency) as defined in Section 15.0.1.

The neutron flux response to a continuous reactivity insertion is 1.56
characterized by a very fast rise terminated by the reactivity
feedback 'effect of the negative Doppler coefficient. This self 1.57

-limitation of the power excursion is of primary importance since it
limits the power to a tolerable level during the delay time for
protective action. Should a continuous RCCA withdrawal accident 1.58
occur, the transient will be terminated by the following automatic
features of the reactor protection system. 1.59

1. Source range high neutron flux reactor trip 2.2

Acutated when either of two independent source range 2.4
,

channels indicates a neutron flux level above a preselected 2.6
,

manually adjustable setpoint. This trip function may be 2.7i

L manually bypassed only after -an intermediate range flux
channel indicates a flux level above a specified level. It 2.8

L is automatically reinstated when both intermediate range
channels indicate a flux level below a specified level.E

I

2. Intermediate range high neutron flux reactor trip 2.11
4

Actuated when either of two independent intermediate range 2.13
channels indicates a flux level above a preselected manually 2.15
adjustable setpoint. This trip function may be manually 2.16
bypassed only after two out of the four power range channels

,

| are reading above approximately 10 percent of full power and
|

is automatically reinstated when three of the four channels
indicate a power level below this value. 2.17

I-

i
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3. Power range high neutron Lflux reactor trip (low setting) 2.20
.

Actuated when two out of 'the. four power range channels 2.22
indicate a power level above. approximately 25 percent of
full power. This trip function may be manually bypassed 2.23
when two out of the four power range channels indicate a 2.25
power level above approximately 10 percent of full power and ;

is automatically reinstated only after three out of the four
channels indicate a power level below this value. 2.27

4. Power range high neutron flux reactor trip (high setting) 2.30

Actuated when two out of the four power range channels -2.32
indicate a power level above a preset.setpoint. This trip 2.33

function is always active.

2.37'5. High nuclear flux rate reactor trip

Actuated when the positive rate of change of neutron flux on 2.39
two out of four nuclear power range channels indicates a
rate above the preset setpoint. This trip function is 2.42

always active.

In addition, control rod stops on high intermediate range 2.43 ,

flux level-(one of two) and high power range flux level (one |

of four) serve to discontinue rod withdrawal and prevent the
-

,

|

need to actuate the intermediate range flux level- trip and 2.44
the power range flux level trip,. respectively.

,

2.4715.4.1.2 ' Analysis of Effects and Consequences
2.49Method of Analysis"~

The analysis of the uncontrolled RCCA bank withdrawal from 2.51
suberitical accident is performed in three stages first an ' average

2.53nuclear power transient calculation, then an average core heatcore
transfer calculation,'and finally the departure from nucleate boiling 2.54
ratio (DNBR) calculation. The average core nuclear calculation is 2.55

2.56_

performed using spatial neutron kinetics methods TWINKLE (WCAP-7979-A
- and . WCAP-8028), to determine the average power generation with time

core feedback effects, i.e., Dopplerincluding the various total
reactivity and moderator reactivity. The average heat flux and 2.57

' temperature transients .are determined by performing a fuel rod
transient heat transfer calculation in FACTRAN (WCAP-7908). The 2.58
average heat flux is next used in THINC (Section 4.4) for transient
DNBR calculation.

i
Plant ' characteristics and initial conditions are discussed in 2.59
Section 15.0.3. In order to give conservative results for a startup 12 . 06
accident, the following assumptions are made.

1. .Since the magnitude of the power peak reached during the 3.2

initial part of the transient for any given rate of
reactivity insertion is strongly dependent on the Doppler

Amendment 12 15.4-3 February 1985
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coefficient, conservatively low values as a function of 3.4
power are used. See Section 15.0.4 and Table 15.0-2. 3.5

2. Contribution of the moderator reactivity coefficient is 3.6
negligible during the initial part of the transient because
the heat transfer time between the fuel and the moderator is
much longer than the neutron flux response time. However, 3.8
after the initial neutron flux peak, the succeeding rate of
power increase 'is affected by the moderator reactivity
coefficient. A highly conservative value is used in the 3.9
analysis to yield the maximum peak heat flux.

3. The reactor is assumed to be a hot zero power. This 3.11
assumption is more conservative than that of a lower initial
system temperature. The higher initial system temperature 3.12
yields a larger fuel-water heat transfer coefficient, larger 3.13
specific heats, and a less negative (smaller absolute
magnitude) Doppler coefficient, all of which tend to reduce
the Doppler feedback effect thereby increasing the neutron 3.14
flux peak. The initial effective multiplication factor is 3.15-
assumed to be 1.0 since this results in the worst nuclear
power transient.

.

4. Reactor trip is assumed to be initiated by power range high 3.16
neutron flux (low setting). The most adverse combination of 3.17
instrument and setpoint errors, as well as delays for trip
signal actuation and RCCA release, is taken'into account. A 3.18
10 percent increase is assumed for the power range flux trip
setpoint raising it from the nominal value of 25 percent to 3.19
35 percent. Since the rise in the neutron flux is so rapid, 3.20
the effect of errors in the trip setpoint on the actual time
at which the rods are released is negligible. In addition, 3.22
the reactor trip insertion characteristic is based on the

,

assumption that the highest worth RCCA is stuck in its fully 3.23
withdrawn position. See Section 15.0.5 for RCCA insertion 3.24

,

characteristics.

5. The maximum positive reactivity insertion rate assumed is 3.25
greater than that for the simultaneous withdrawal of the
combination of the two sequential control banks having the
greatest combined worth at maximum speed (45 inches / minute). 3.26

Control rod drive mechanism design is discussed in 3.27
Section 4.6.

6. The most limiting axial and radial power shapes, associated 3.28
with having the two highest combined worth banks in their
high worth position, are assumed in the DNB analysis.

7. The inital power level was assumed to be below the power 3.29
level expected for any shutdown condition (10 5 of nominal
power). The combination of highest reactivity insertion 3.30
rate and lowest initial power produces the highest peak heat
flux.

1
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8. Two reactor . coolant- pumps are assumed to be in operation, 3.31
,

since this is conservative with respect to DNB.

'

Plant' systems and equipment. which are. available to mitigate the 3.33
effects of,the accident are discussed in Section 15.0.8 and listed in
Table 15.0-6.' No single. active failure in any of these systems or 3.34*

,

equipment will adversely affect-the consequences of the accident.

'Results 3.37

Figures 15.4-1 through 15.4-3 show the transient behavior for the 3.39
uncontrolled RCCA . bank withdrawal incident, -with the- ' accident 3.41
terminated by reactor trip at 35 percent of nominal power. The 3.43>

reactivity-insertion rate used is greater than that calculated for
the two highest worth sequential control banks, both assumed to be in 3.44-
their highest incremental worth region. It is also greater (by more 3.45
than a factor of 10) than the maximum reactivity insertion rate of
the part length RCCAs.

Figure 15.4-1 shows the neutron flux transient. The neutron flux 3.474

does not overshoot the nominal full power value.
,

The energy release and the fuel temperature increases are relatively 3.48
small. The. thermal flux response, of interest for DNB. 3.49

,

considerations, is shown on Figure 15.4-2. The beneficial effect of 3.50
the inherent thermal lag in the fuel is evidenced by a peak heat flux,

much less than the full power nanimal value. There is a large margin 3.51
to DNB during.the transient since the rod surface heat flux remains !

;

-below the design value, and there is a high degree of subcooling at ,

all times in the core. Figure 15.4-3 shows the response of the 3.52
average fuel and cladding temperature. The average fuel temperature 3.53
increases to a value lower than the nominal full power value. The 3.54
minimum DNBR at all times remains above the limiting value.

4

The calculated sequence of events for this accident is shown in 3.55
,

Table 15.4-1. With the reactor tripped, the plant returns to a 3.56
stable condition. The plant may subsequently be cooled down further 3.57<

by following normal plant shutdown procedures.

15.4.1.3 Conclusions 3.59

i In the event of a RCCA withdrawal accident from the suberitical 3.60
; condition, the core and the RCS are not adversely affected, since the 4.2

combination of thermal power and the coolant temperature result in a
DNBR greater than the Ibniting value of 1.30. The DNBR design basis 4.4

is described in Section 4.4; applicable acceptance criteria have been
met.

4.615.4.1.4 Radiological Consequences

~There are no radiological consequences associated with an 4.7
uncontrolled rod cluster control assembly bank withdrawal from a 4.10
suberitical or low power startup condition event since radioactivity
is retained.within the fuel rods and reactor coolant system. 4.11

i
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15.4.2 . Uncontrolled Rod Cluster Control Assembly Bank Withdrawal at- 4.15
Power

15.4.2.l~~ Identification of Causes and Accident Description 4.18

/ Uncontrolled RCCA1 bank with'drawal at power results ir. an increase in 4.19v

the core heat flux. Since the- heat extraction, from the steam 4.21'

generator lags' behind the core ' power generation until the steam
; generator pressure reaches .the relief or safety valve setpoint, therea

L is a not increase in' the reactor coolant temperature. Unless 4.23
terminated by manual or automatic- action,.-the power mismatch and
resultant- coolant temperature rise could eventually result in DNB.
Therefore,uin order to avert damage to the fuel clad, the reactor 4.24
protection system is designed to terminate any.such transient before

.the DNBR falls below 1.30.

'This event is classified as an ANS Condition II incident (a fault of 4.25
moderate frequency) as defined in Section 15.0.1.

The automatic features of the reactor protection system which prevent 4.26
core damage following the postulated accident include the following:

1. Power range neutron flux instrumentation actuates a reactor 4.28
trip if_ two out of- four channels exceed an overpower
setpoint.

2. Reactor trip is actuated if any two out of four channels 4.29
exceed an overtemperature 6T setpoint. This setpoint is wh1MF
automatically varied with axial power imbalance, coolant
temperature and pressure to protect against DNB.

.

3. Reactor trip is actuated if any two out of four channels 4.32
exceed an overpower 4 T setpoint. This- setpoint is +rtT
automatically varied with axial power -imbalance to ensure
that the allowable heat generation. rate (kW/ft) is not
exceeded.

4. A high pressurizer pressure reactor trip actuated from any 4.34
two-out of four pressure channels, which is set at a fixed
point. This set pressure is less than the set pressure for 4.35
the pressurizer safety valves.

5. A high pressurizer water level reactor trip actuated from 4.36
any two out of three level channels when the reactor power
is above approximately 10 percent (Permissive-7).

In addition to the above listed reactor trips, th~ere are the 4.38-

following RCCA withdrawal blocks:

1. high neutron flux (one out'of four. power range); 4.40

2. overpower AT (two out of four); and 4cte

3. overtemperature AT (two out of four). 4,42

Amendment 12- 15.4-6 February 1985
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The manner in which the combination of overpower and overtemperature 4.44
4T trips provide protection over the full range of RCS conditions is 4v45,

described in Chapter 7. . Figures 15.0-1-and 15.0-1A present allowable 4.46
' reactor coolant loop' average temperature and 4T for the design. power -+:41

~

distribution and flow as a function of primary coolant pressure. The 4.48*

,

boundaries of operation defined by the overpower. dT trip and the.

overtemperature &T trip are represented as " protection. lines" on the ocet
diagram. During operation with one loop out of . service, the . solid 4.50- |

state protection system setpoints for the overtemperature AT tr$p 4 ,61 |
'

should be manually. reset consistent with the core limits .for N-1 loop,

'

operation. . The. protection lines are drawn to include all adverse 4.52<

instrumentation and setpoint errors so that under nominal conditions
i trip would occur well within the area bounded by these lines. The 4.54

utility of this diagram is in the fact that the limit imposed by any,

given DNBR'can be represented ~as a line. The DNB lines represent the 4.55
locus of conditions for which the DNBR equals 1.30. All points below 4.56

and to the left of a DNB line for a given pressure have a DNBR
,

greater than 1.30. The diagram shows that DNB is prevented for all 4.57
i cases if the area-enclosed with the maximum protection lines is not ,

traversed by the applicable DNBR line at any point.
i
' 'The area of permissible operation (power, pressure, and temperature) 4.58

is bounded by the combination of reactor trips: high neutron flux '

|
'

(fixed setpoint); high pressure (fixed setpoint); low pressure (fixed,

L ,

setpoint); overpower and overtemperature AT (variable setpoints). in49

,

5.115.4.2.2 Analysis of Effects and Consequences'

-

5.3Method of Analysis

: This transient is analyzed by.the LOFTRAN Code (WCAP-7907). This. 5.6 -

acode simulates the neutron kinetics, RCS, pressurizer relief and 5.8
,

safety valves, pressurizer spray, steam generator, and steam
generator safety valves. The code computes pertinent plant variables 5.9

;

including temperatures, pressures, and power level. The core limits 5.10t

are illustrated on Figure 15.0-1 are used as input to LOFTRAN to:

b determine the minimum DNBR during the transient. 5.11
!

' Initial operating conditions are assumed at values consistent with . 5.12
steady state N and N-1 loop operation. Plant characteristics and 5.13
initial conditions are discussed in Section 15.0.3. In order to 5.14

obtain conservative results for an uncontrolled rod withdrawal at
power accident, the following assumptions are made. 5.15

1. Initial reactor power and RCS temperatures are assumed to be 5.17
at their maximum values consistent with the steady state 5.18
full power operation, including allowances for calibration
and instrument errors. The initial RCS pressure is assumed 5.19

minimum value consistent with steady state full powerat a
- operation, including allowances for calibration and 5.20

instrument errors. Cases with four loops in operation and 5.21
with three loops in operation are considered.*

2. Reactivity coefficients - two cases are analyzed: 5.22
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a.- . Minimum reactivity feedback 5.24

A least negative moderator coefficient of reactivity is 5.26
-assumed corresponding to the beginning of core' life. .A 5.27
variable Doppler power coefficient with core power is
used in the analysis.- A conse'rvatively small (in 5.28

.

. absolute magnitude) value is assumed.

'b. Maximum reactivity feedback 5.31
,

'

A conservatively large por;tive moderator density 5.33.
coefficient and a large (in absolute magnitude)

, ' . negative Doppler power coefficient are assumed. 5.35

3. The reactor- trip -on high neutron. flux is assumed to be 5.37
' actuated at a conservative value of 118 percent nominal' full 5.38
power. For- the N-1 loop cases, reactor trip is actuated 5.39
when neutron' flux reaches the P-8 trip point, conservatively
. assumed to be at 89 percent of nominal power. The AT trips 5,46
. include all adverse instrumentation and setpoint errors;1the
delays for trip actuation are assumed to be the maximum 5.42
values.

4. The -RCCA trip insertion , characteristic is based on the 5.43
assumption that the highest worth assembly is stuck in its
fully withdrawn position.

.5. The maximum positive reactivity insertion rate is greater 5.44
than that for the simultaneous withdrawal of the
combinations of the two centrol banks having the maximum -
combined worth at maximum speed. This is also much greater 5.45
than the maximum reactivity insertion rate associated with
withdrawal of a part length RCCA.

6. Cases are analyzed for operation with four loops in service 5.46
and for operation with three loops in service (N-1 loop 5.47
peration).o

Plant systems and equipment which are available to mitigate the 5.49
effects of the accident are discussed in Section 15.0.8 and listed in
Table;15.0-6. No single active failure in any of these systems or- 5.50

A 5.51equipment will adversely offset the consequences of the accident.
discussion of anticipated- transients without trip (ATWT)

considerations is presented in WCAP-8330.

5.54Results
5.56-Figures 15.4-4 through 15.4-6 show the transient response for a rapid

RCCA withdrawal incident- starting from full power. Reactor trip on 5.58
flux occurs' shortly after.the start of the accident.high neutron: 5.60Since this is rapid with respect to the thermal time constants of the

plant, small changes in T%and pressure result and margin to DNB is WbHF-
6.2maintained. The design' basis for DNBR is described in Section 4.4.
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.The transient response for a slow RCCA~ withdrawal from full power is 6.3
~

shown on Figures 15.4-7 through- 15.4-9. Reactor tr'ip on 6.4

overtemperature AT occurs after a longer period and the rise in -
i

temperature and pressure is consequently larger than for rapid RCCA 6.5 |

6.6withdrawal. Again, the minimum DNBR is greater than 1.30.

Figure 15.4-10 shows the minimum DNBR as a function of reactivity 6.7
insertion rate from initial full power operation for minimum and 6.8
maximum reactivity feedback. It can be seen that two reactor trip 6.9

channels provide protection over the wnole- range of reactivity,

'

insertion rates. These are the high neutron flux and overtemperature 6.10
AT channels. The minimum DNBR is never less than 1.30.

6g+i

| Figures 15.4-11 and 15.4-12 .show the minimum DNBR as a function of 6.12
reactivity. insertion rate for RCCA withdrawal incidents starting at 6.14 ,

60 and 10 percent power, respectively. The results are similar to 6.15 |;

the 100 percent power case, except as the initial power is decreased, j
-

the range over which the ~ overtemperature AT trip is effective is Gv46
increased. In neither case does the DNBR fall below 1.30. 6.17

4

! - The shape of the curves of minimum DNBR versus reactivity insertion 6.18
rate in the referenced figures is due both to reactor core and 6.19
coolant system transient response and to protection system action in

6.20
initiating a reactor trip.

Figures 15.4-4A through 15.4-11A show similar results for RCCA bank 6.21\/
one loop out of 6.22Awithdrawal transients during plant operation with

service (N-1 loop operation).
6.23Referring to Figure 15.4-11, for example, it is noted that:

1. For high reactivity insertion rates (i.e., between ~ 0-25

3.0 x 10'* Ak/sec and 1.0 x 10-3 4k/sec) reactor trip is 4,46

initiated by the high neutron flux trip for the minimum
i reactivity feedback cases. The neutron flux level in the 6.27,_

core rises rapidly for these insertion rates while core heat
: flux and coolant system temperature lag behind due to the 6.28

thermal capacity of the fuel and coolant system fluid.4

Thus, the reactor is tripped prior to significant increase 6.29
. in heat flux or water temperature with resultant high,

minimum DNBRs during the transient. As reactivity insertion 6.31
rate decreases, core heat flux and coolant temperatures can
remain more nearly in equilibrium with the neutron flux; 6.32,

'

|
minimum DNBR, during the transient thus decreases with
decreasing insertion rate.'

2. The overtemperature aT reactor trip circuit initiates a 6 d e-
reactor trip when the AT power measurement exceeds a -

setpoint based on measured RCS cold leg temperature and 6.34
pressure. This trip circuit is described in detail in 6.35
Chapter 7; however, it is important in this context to note
that the Tgand AT power measurements are lead lag 4,40',

compensated in order to account for lags and delays in 6.37*

initiation of reactor trip.
i
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7th
,

'3. With . further decrease in reactivity insertion rate, the 6.38
- overtemperature AT 'and .high. neutron flux trips become

' -
-

equally . effective..La terminating _ =the : transient '(e.g. , at 6.39
a 3.0 x 10-* ak/sec-reactivity insertion rate). +r40-,

.%.

'As .the reactivity insertion rate decreases further, nuclear ~ 6.42
increase morepower rises,more slowly and RCS temperatures

before a~ ' reactor- . trip is . initiated. As zseen on 6.44-

~ Figure 15~.0-1, this~results in a trip with greater margin to
the DNS limit- duel to the slope of the overtemperature 4T _ 6,46

2 lines. : Thus, the minimum DNBR increases for lover insertion 6.46
. rates .'

Figures 15.4-10 through. 15.4-12 illustrate minimum DNBR calculated 6.48
for minimum and maximum reactivity. fee &ack.

Since the RCCA' withdrawal at power incident is an overpower 6.49
i| transient, the fuel temperatures rise during the transient until 6.50'

after reactor trip occurs. For high reactivity insertion rates, the 6.51
overpower : transient is fast with respect.to the fuel rod thermal time'

constant, and the core heat flux lags behind the neutron flux 6.52
-Due'to this lag, the peak core heat flux does not exceed' 6.53response.

c118 percent ~ of- its; nominal value (i.e., the high neutron flux trip 6.54
setpoint assumed in the' analysis). Taking into account the effect of 6.55
the -RCCA withdrawal, on the axial core power- distribution, the peak
fuel temperature Evill still remain below the' fuel melting

temperature.

6.56For; slow reactivity insertion rates,,the core heat flux remains more
nearly in equilibrium with the neutron flux. The overpower transient 6.57
'is terminated by - the overtemperature AT reactor trip before a DN8 ---

' condition is reached. The peak heat flux again is maintained below 6.58
:118 percent of its nominal value. Taking into account the effect of 6.59
the RCCA withdrawal on the axial core power distribution, the peak

~, clad ~ center-line temperature will remain below the fuel melting 6.60,

temperature.

is tripped sufficiently fast during the RCCA withdrawal 7.1The reactor 7.2at power transient to ensure that the ability of the primiary coolant; ,

[- to remove. heat from the fuel rods .in not reduced. Thus, the fuel 7.3
its initial

p~ cladding temperature does not rise significantly above,

value during the transient.!

kor this accident is shown in 7.4The Jealculated sequence _of events
Table 15.4-1. With the reactor tripped, the plant eventually returns 7.5'

-to a " stable condition. The plant may subsequently be cooled down 7.6'

further by following normal plant shutdown procedures.
7.8

15.4.'2.3 conclusions'

i flux and overtemperature AT trip channels provide ave-:The' high neutron-

adequate protection over the entire range of possible reactivity 7.11
|4 insertion rates; i.e., the minimum value of DNBR is always larger

!, than 1.30.

.
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15.4.2.4 Radiolog4 pal Censequences 4..,
j

.

\only miIt$nal radiological consequences associated with an .7,14.There are '

at power 7.15.unconirolledrod,cluitercontroyassemblybank% withdrawal
Ireacter (tyin causes a turbine ;t;;ip and heat is removed ' 7.17event. -The

from the secondary .systera Ahrouqi};/te ston generator power relief 7.18 |

valves' or, safety valves. S;nce no fuel damage it postulated to 7.19 as

. occur, the radiological > conse@af.:stc pasociated withf atmospheric
steam release from this event th luss severe than*th's steam line 7.20

,

break event analy13d in Section 15.1.5. &
.

e ! .

7.22,

15.4.3 Rod Clurgter Control. Assembly Misalignment s

m. 7.23
15.4.3.1 Identification of Causes and Accident Description

7.24' N
RCCA misalignment accidentd (aclude

<x &> r 7 27
1. a dropped full Isny.,th asyymbly;

~

s ~
*

', 7.282. a dropped full length assembly bank;' . u
4

3. Statically m'isalign W full length assembly (Table 15.4-2); 7.29
and J % g

% e \ym. Q' g ~

7.30
4. withdrawal of'a single full length-assembly. ~

,s,
;. S

.m
'

-

.7.37Each RCCA has a poyitionJndicator channel Which displays positiongof!
'

.the assembly. The displays of assembly positions are grouped for the-7.33
"

s

convenience *. Fully inserted assediblies are further 7.34operator's
indicated by a rod at bottom signal, which actud,.tes' a local ala'rm and G;
control room annunciator. Group demand position is also indicated. s'7.36-

,

' '

alwayy WV d in' preselected. banks,,and the 7.37.'

Full length RCCAs are .

Each bank 7.3Ebanks are always moved in the 2,4me preselected sequence.
of RCCAs is divided into two groups. The rods comprising a group 7.39'

operate in paralled through multiplexing thyristors. The twoi groups 7.40
i

-in a bank move sequentially such that the first group 14 always W -

within one step of the second group'in the bank. A definite Schedule 7.41 m

|
of actuation (or deactuation- of the stationary gripper, movable

,

;
,

gripper, and lift coils of a mechanism) is required to withdraq the w

: RCCA attached to the rachanism. Since the stationary gripper, 7.42'|-

of amovable gripper, and lift-coils associated with the four RCCAsI

rod group are driven ini parallel, any single failure which iould
'

cause rod withdrawal would affect a minimum of one group. Mechanical 7.44f
"

failures are in the direction of insertion, or immobility.
1 %

i The dropped assembly, dropped * assembly bank, and statically 7.45
ANS , Condition II

f
misaligned assembly. events are classified as
incidents (faults of moderate frequency) as defined # in ,

|- 7.46Section.15.0.1. !The single RCCA withdrawal incident is classified as
an ANS Condition'III event, as discussed below. x

7.47single electrical or mechanical fatiure in the rod control syst aNo
could cause the accidental withdrawal of , a '- single RCCA from the

,

;
-

Amendment 12 15.4-11 February 1985
,

'
_ - - _ . _ _ _ _ _ _ _ . . _ _ _ _ .



_ _ _ - _ _ . . . ._ .

.

* * * *ul217912sr:12r 11/09/84 243
C MNPS-3 FSAR'

inserted bank at~ full power operation. The. operator could 7.48
' deliberately withdraw a single RCCA in the control bank since this
feature- is necessary.in order to retrieve an assembly should one be
accidentally dropped. The event analyzed must result from multiple 7.49
. wiring. failures .(probability ~for single random failure is on the
order of 10-9/ year _(Section-7.7.2.2) or multiple deliberate operator
' actions and subsequent and repeated operator disregard of event 7.50
badication. It~is_the position of Westinghouse that the probability _ 7.51'

of such- a combination of conditions is so low that the limiting
consequences may include slight fuel damage.

Thus,. consistent with the philosophy and format of ANSI q'18.2, the 7.52
event is classified as a condition III event. By c CTinition 7.53 X
" Condition III _ occurrences include incidents, any one of ^which' may
occur during the lifetime of a particular ' plant," and "shall not
cause; more than. a small fraction of fuel. elements in the reactor to
be dar; aged. . ." 7.54

This _ selection of criterion is not in violation of General Design 7.56
Criterion (GDC) 25 which states, "The protection system shall be
designed to assure that specified acceptable fuel design limits are
not exceeded for any single malfunction of the reactivity control 7.57
systems, such as accidental withdrawal (not ejection or dropout) of
control rods." (Emphasis has been added)._ It has been shown that 7.59
single Yallures resulting in RCCA bank withdrawal do not violate
specified fuel design limits. Moreover, no single malfunction can 7.60
result in the withdrawal of a single RCCA. Thus, it is concluded 8.1

.that criterion established for the single rod withdrawal at power is
appropriate'and in accordance with GDC 25.

A dropped assembly bank is detected by: 8.2

1. sudden drop in the core power level as seen by the nuclear 8.4
instrumentation system;

2. asymmetric power distribution as seen on out-of-core neutron 8.5
detectors or core exit thermocouples;-

3. rod at bottom signal: 8.6

~4. rod deviation alarm; 8.7

5' rod position indication. 8.8.

Misaligned assemblies are detected by: 8.10

1. asymmetric power distribution as seen on out-of-core neutron 8.12
detectors or core exit thermocouples;

2. rod deviation alarm; 8.13

3. rod position indicators. 8.14

Amendment 12 15.4-12 February 1985
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|
The resolution of the rod position indicator channel.is t 5 percent 8.16
of span (1 7.2 inches)'. Deviation of any assembly from its group by 8. .'.7

~

twice this distance .(10 percent of span, or 14.4 inches) will not-
-cause power distributions worse than the design limits. The- 3.18
deviation alarm alerts the operator to rod deviation with respect to
the group position in excess of 5 percent of span. If the rod 8.19
deviation. alarm is not operable, the operator is required to take
action as. required by the Technical'5pecifications.

,1

EIf -one or more rod position indicator channels should be out of 8.20
- service, detailed operating instructions shall be followed to assure'

the alignment of the nonindicated assemblies. The operator is also 8.21'

required to take action as required by the Te:hnical Specifications.
8.22In the extremely unlikely event of simultaneous electrical failures

which could result in single RCCA withdrawal, rod deviation, and rod '

control. , urgent failure would both be displayed on the plant
annunciator, and the rod position indicators would indicate the 8.23
relative positions of the assemblies in the bank. The urgent failure 8.24
alarm' also inhibits automatic rod motion in the group in which it
occurs. Withdrawal of a single RCCA by. operator action, whether 8.25
deliberate or by a combination of errors, would result in activation
of the same alarm and the same visual indications. Withdrawal of a 8.26
' single-RCCA.results in both positive reactivity insertion tending to

;

increase in core power, and an increase in local power density in the
core area associated with the RCCA. Automatic protection for this 8.27

is provided by the overtemperaturesST reactor trip, althougheventdue to the increase in local power density it is not possible in all 8.28
i cases to provide assurance that the core safety limits will not be 8.29

violated.

Plant systems and equipment which -are available to mitigate the 8.30
effects of the various control rod misoperations are discussed in
Section 15.0.8 and listed in Table 15.0-6. No single active failure 8.31
in any of these systems or equipment will adversely affect the,

consequences of the accident.
8.33

15.4.3.2 Analysis of' Effects and Consequences

1. Dropped assembly, dropped assembly bank, and statically 8.35: .

[ misaligned assembly.-

8.39Method of Analysis
4

8.41One or more dropped assemblies from the same group.a.

For evaluation of the dropped assembly event, the 8.43
transient system response is calculated using the 8.44
LOFTRAN code. The code simulates the neutron kinetics,' 8.46

j reactor coolant system, pressurizer, pressurizer relief
8.47and safety valves, pressurizer spray, steam generator,,

and steam generator safety valves. The code computes 8.48
pertinent plant variables including temperatures,

pressures, and power level.

Amendment l'J 15.4-13 February 1985
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%
% Statepoints are calculated and nuclear models are used 8.49

to obtain a hot channel factor consistent with the
primary system conditions and reactor power. By 8.51

d incorporating the primary conditions from the transient
and the hot channel factor from the nuclear analysis,y
the DNB design basis is shown to be met using the THINC 8.525'

f_ code. The transient response, nuclear peaking factor 8.53

5 analysis, and DNB design basis confirmation are
A performed in accordance with the methodology described 8.54
C in WCAP-10298A, Dropped Rod Methodology for Negative
b Flux Rate Trip Plants.

) Skadica.Dy
b. Misaligned RCCA 8.57)(3

w

Steady state power distribution are analyzed using the 8.59-

.k computer codes as described in Table 4.1-2. The 9.1

- ; -t peaking factors are then used as input to the THINC
4f code to calculate the DNBR.
Aw

'+ o Results 9.4

i.6*One or more droppe @ Ar.s M 1Ca.
a .

i7 Single or multiple dropped RCCAs within the same group 9.8
eR result in a negative reactivity insertion which may be 9.11

4p detected by the power range negative neutron flux rate
Iq trip circuitry. If detected, the reactor is tripped 9.12
>w within approximately 2.5 seconds following the drop of
@d an RCCA. The core is- not adversely affected during 9.13

{ this period, since power is decreasing rapidly,

aV Following reactor trip, normal shutdown procedures are 9.14
4 followed. The operator may manually retrieve the RCCA 9.15g
(j by following approved operating procedures,
l83. j For those dropped RCCAs which do not result in a 9.16
%3 reactor trip, power may be reestablished either by
'4 reactivity feedback or control bank withdrawal. 9.18

0$ Following a dropped rod event in manual rod control, 9.19
the plant will establish a new equilibrium condition.ga

g The equilibrium process without control system 9.20

ke interaction is monotonic, thus removing power overshoot
*O as a concern, and establishing the automatic rod 9.21

2{ T
control mode of operation as the limiting case.

N
| \,, For a dropped RCCA event in the automatic rod control 9.22
S mode, the rod control system detects the drop in power

c' 4d and initiates control bank withdrawal. Power overshoot 9.24
V may occur due to this action by the automatic rod

(" controller after which the control system will insert

7 the control bank to restore nominal power. 9.25 g ,,g g
1 Figures 15.4-13 'fsr N-iv, - g ration) and 15 '-13A' 9.26-

(for M ' 1::p cpr: tion) show a typical transient5

g response to a dropped RCCA (or RCCAs) in automatic 9.27
( controlf Uncertainties in the initial condition are 9.28

Amendment 12 15.4-14 February 1985
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-included ~ in the -DNB- evaluation as described -in;

WCAP-10298&. In all cases, the minimum DNBR- remains 9.29''

above the limit value.

. Q. Dropped RCCA grouW"----- 9.33

'A = dropped RCCA group typically results in a reactivity 9.35
insertion.of 400 pcm (N-loop operation) which will be 9.38
detected by the power range negative neutron flux rate
trip . circuitry. -The reactor 'is- tripped within 9.39

:approximately. 2.5 seconds following the drop of a RCCA
bank.- The core is not adversely affected during this 9.40
period, since power is decreasing rapidly. Following 9.41
reactor trip, normal shutdown procedures may>

subsequently be followed to further cool down the
plant. Any operator action required to maintain ths. 9.42
plant in a stabilized condition will be in a time frame
in excess of 10 minutes following the incident. 9.43

b
pf Statically misaligned RCCA 9.46 /'

The most severe misalignment situations with respect to 9.49
DNBR a't:significant power levels arise from cases in
which one RCCA is fully inserted,-or where bank D is 9.51
inserted to rod insertion limits with one RCCA fully

withdrawn. Multiple ' independent alarms, including a 9.52
.

bank insertion limit alarm, alert the operator well
'.

-

before the postulated conditions are approached. The 9.54
bank can be inserted to its insertion -limit with any

:

one assembly fully withdrawn without the DNBR failing-

below the limiting value. 9.55

The insertion limits in the Technical Specifications 9.56
may vary from time to time depending on a number of
limiting criteria. It is preferable, therefore, to 9.58
analyze the misaligned RCCA case at full power for a
position of the control bank as deeply inserted as the 9.59

,

:
criteria on minimum DNBR and power peaking factor

(Section 4.4) will' allow. The full power insertion 9.60

c- limits on control bank D must then be chosen to be *

above that ~ position and will usually be dictated by 10.1
other criteria. Detailed results will vary from cycle 10.2
to cycle depending on fuel arrangements.

.

For the -RCCA misalignment shown in Table 15.4-2, with 10.3
bank D inserted to its full power insertion limit and

RCCA fully withdrawn, DNBR does not fall below the 10.4one
limit value. This case was analyzed starting at 10.5

5.

102 percent of full power, nominal RCS_ pressure s'

full thermal design RCS flow, with the incr @ eased radial-30 psia, nominal RCISaverage temperature F, and 10.6 X

peaking factor associated with the misaligned RCCA. 10.9
,

Amendment 12, 15.4-15 February 1985
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DNB calculations have not been performed specifically 10.10
for assemblies missing from other banks; however, power
shape calculations have been done as required for the
RCCA-ejection analysis. Inspection of the power shapes 10.11
shows that the DNB and peak kW/ft situation is less
severe than the bank D case discussed above, assuming
insertion limits on the other banks equivalent to a
bank D full-in insertion limit.

f,sll
For RCCA misalignments with one RCCA fully inserted, 10.12
the DNBR does not (GD elow the limit value. This 10.13%
case is analyzed assuming the initial reactor power,
pressure, and RCS temperatures are at their nominal
values, including uncertainties (as given in 10.14
Section 15.0-3) but with the increased radial peaking
factor associated with the misaligned RCCA. 10.15

DNB does not occur for the RCCA misalignment incident 10.16
and thus 'the ability of the primary coolant to remove
heat from the fuel rod is not reduced. The peak fuel 10.18
temperature corresponds to a linear heat generation
rate based on the radial peaking factor penalty
associated with the misaligned RCCA (as noted in 10.19
Table 15.4-2) and the design axial power distribution.
The resulting linear heat generation is well below that 10.20
which would cause fuel melting.

Following the identification of an RCCA misalignment 10.21
condition by the operator, the operator is required to
take action as required by the plant Technical 10.22
Specifications and operating instructions
(Figures 5.4-13, 5.4-14, and 5.4-15). 10.23

2. Single RCCA Withdrawal 10.26

Method of Analysis 10.28

Power distributions within the core are calculated using the computer 10.30
codes as described in Table 4.1-2. The peaking factors are then used 10.32
by THINC to calculate the minimum DNBR for the event. The case of 10.33
the worst rod withdrawn from bank D inserted at the insertion limit,
with the reactor initially at full power, was analyzed. This 10.35
incident is assumed to occur at beginning-of-life since this results
in the minimum value of moderator temperature coefficient. This 10.37
assumption maximizes the power rise and minimizes the tendency of
increased moderator temperature to flatten the power distribution.

Results 10.40

For the single rod withdrawal event, two cases have been considered. 10.42

(a) If the reactor is in the manual control mode, continuous 10.45
withdrawal of a single RCCA results in both an increase in 10.46
core power and coolant temperature, and an increase in the 10.47

Amendment 12 15.4-16 February 1985

-

_ _ .



a ,: . e s

u12179122rcl2r 11/09/84 243
- MNPS-3 FSAR

local hot channel factor in the area of the withdrawing

RCCA. In terms of the overall system response, this case is 10.48
similar-to those presented in Section 15.4.2: however, the

,

increased local power peaking in the area of the withdrawn
RCCA results in lower minimum DNBRs than for the withdrawn 10.50
bank cases. Depending on initial bank insertion and 10.51
location of the withdrawn RCCA, automatic reactor trip may
not occur sufficiently fast to prevent the minimum core DNBR
from falling below the limit value. Evaluation of this case 10.52
at the power and coolant conditions at which the'
overtemperaturesiT trip would be expected to trip the. plant 14,&&
shows that an upper limit for the number of rods with a DNBR
less than.1.30 is 5 percent. 10.54

(b) If the reactor is in the automatic control mode, the 10.55
multiple failures that result in the withdrawal of a single
RCCA will result in the immobility of the other RCCAs in the 10.56
controlling bank. The transient will then proceed in the 10.57
same manner as Case (a).

For the above cases a raactor trip will result, although not 10.59
sufficiently fast in all instances to prevent a minimum DNBR
in the core of less than 1.30. Following teactor trip, 10.60
normal shutdown procedures may be fc11 owed to further
cooldown the plant.

11.3'

15.4.3.3 Conclusions

For cases of dropped single RCCAs or dropped banks for which the 11.4
- reactor is tripped by the power range negative neutroa flux rate 11.5

strip,- there is no reduction in the margin to core thermal limits and 11.7
the DNB design basis, as described in Section 4.4, is met. It is 11.9
shown.for all cases which do not result in reactor trip that the DNBR
remains greater than the limit value; therefore, the DNB design basis 11.10
is met.

For all cases of any RCCA fully inserted, or bank D inserted to its 11.11
rod insertion limits with any single RCCA in that bank fully 11.12
withdrawn. (static misalignment), the DNBR remains greater than the
limit value. Thus, the DNB design basis as described is Section 4.4 11.13
is met. .

) For the case of the accidental withdrawal of a single RCCA, with the 11.14
reactor in the automatic or manual control mode and initially

'

operating at full power with bank D at the insertion Ibnit, an upper
bound of the number of fuel rods experiencing DNB is 5 percent of the 11.16
total fuel rods in the core.

,

11.1815.4.3.4 Radiological Consequences

The most ihmiting rod cluster control assembly misoperation, 11.19
accidental withdrawal of a single RCCA, is predicted to result in 11.20
limited fuel damage. The subsequent reactor and turbine trip would 11.22
result in atmospheric steam dump, assuming the condenser was not

Amendment 12 15.4-17 February 1985
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15.1
Case D:

Case in which a Region 2 fuel assembly instead of a Region 1 assembly 15.2
is loaded near the core periphery (Figure 15.4-25).

15.5
15.4.7.3 Conclusions

Fuel assembly enrichment errors would be prevented by adminstrative 15.6
procedures implemented in fabrication.

15.8In the event that a single pin or pellet has a higher enrichment than
the nominal value, the consequences in terms of reduced DNBR and 15.9
increased fuel and clad temperatures will be limited to the
incorrectly loaded pin or pins and perhaps the immediately adjacent 15.10
pins.

Fuel assembly loading errors are prevented by administrative 15.11
procedures implemented during core loading. In the unlikely event 15.12

that a loading error occurs, analyses in this section confirm that
detected 15.13resulting power distribution effects will either be readily

by the incore movable detector system or will cause a sufficiently 15.14allowedsmall perturbation to be acceptable within the uncertainties 15.15between nominal and design power shapes.

15.17
15.4.7.4 Radiological Consequences

radiological consequences associated with inadvertent 15.18There are no
loading and operation of a fuel assembly in an improper position 15.20
since activity is retained within the fuel rods and reactor coolant
system.

15.22
15.4.8 Spectrum of Rod Cluster Control Assembly Ejection Accidents

15.4.8.1 Identification of Causes and Accident Description 15.23

/

This accident is defined as the mechanical failure of a control rod 15.25RCCA and 15.26 -

mechanism pressure housing, resulting in the ejection of a
drive shaft. The consequence of this mechanical failure is a rapid 15.27

an adverse core powerpositive reactivity insertion together with 15.28distribution, possibly leading to localized fuel rod damage.
15.30

15.4.8.1.1 Design Precautions and Protection

Certain features in the Hillstone 3 pressurized water reactor are 15.31'

intended to preclude the possibility of a rod ejection accident, or 15.32

to limit the consequences if the accident were to occur. These 15.34
include a sound, conservative mechanical design of the rod housings,
together with a thorough quality control (testing) program during
assembly, and a nuclear design which lessens the potential ejection
worth of RCCAs and minimizes the number of assemblies inserted at 15.36
high power levels.

.

Auead=:nt 12 15.4-24 February 1985
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-Mechanical Design 15.39

-The mechanical design is discussed in Section 4.6. Mechanical desian 15.42
and, quality control procedures intended to preclude the possibility 15.44' rm of~a RCCA~ drive mechanism housing failure are listed below.

1. n Each full' length control rod ' drive mechanism housing is. 15.46 -

completely assembled and shop tested at 4,100 psi.

2. - The' mechanism housings are individually hydrotested after 15.47
they are attached to the head adapters in the reactor vessel 15.48

3 head, and checked during the hydrotest of the completed: ,

} reactor coolant system. -

(.
3. Stress levels in the mechanism are not affecte<* by 15.49 '

.

*anticipated system transients at power, or by the ths.| _

_ movement of the coolant loops. Moments induced by tne 15.50"

design basis earthquake can be accepted within the allowable..
primary stress range specified by the American Society of 15.51

{' _

Mechanical Engineers (ASME) Code, Section III, for Class 1
e components..

4. The latch mechanism housing,and rod travel housing are each- 15.52
a single length of forged Typed 304 stainless steel. This 15.53
material exhibits excellent notch toughness at 'all
temperatures which will be encountered.

A significant margin'of strength in the elastic range together with 15.55
;. the large energy' absorption capability in the plastic range gives

additional assurance that gross failure of the housing will not
i- - occur. The joints between the latch mechanism housing and. head 15.57

adapter, and between the latch mechanism housing and rod travel -

housing, are threaded joints reinforced by canopy type rod welds. 15.58
Administrative-regulations require periodic inspections-of these (and 15.59

[ other) welds.
i.

Nuclear Design- 16.2
*

rupture of a RCCA drive mechanism housing is postulated, 16.4Even if a
the operation of a plant utilizing chemical shim is such that the
severity of an ejected RCCA is inherent'.y limited. In general, the 16.6

reactor is operated with the RCCAs inserted only far enough to permit
4 .

Reactivity changes caused by core depletion and xenon 16.7load follow.
transients are compensated by boron changes. Further, .the location 16.8,

i

and grouping of control RCCA banks are selected during the nuclear
. design ~ to lessen the severity of a RCCA ejection accident..

; Therefore, should a RCCA be ejected from its normal position during 16.9
|

full power operation, only a minor reactivity excursion, at worst,

could be expected to occur. However, it may be occasionally 16.10
| desirable to operate with larger than normal insertions. For this 16.11

: a reason, a rod insertion limit is defined as a function of power
' ' level.- Operation with the RCCAs above this limit guarantees adequate 16.12
i shutdown capability and acceptable power distribution. The position 16.13

of all RCCAs is continuously indicated in the control room. An alarm 16.14'

i

i

Amendment 12 15.4-25 February 1985
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will occur if a bank of RCCAs approaches its insertion limit or if
one RCCA deviates from its bank. Operating instructions require 16.15
boration at low level alarm and emergency boration at the low-low

i alarm.
!

16.18Reactor Protection
,

The reactor protection in the event of a rod ejection accident has 16.20
been descrObed in WCAP-7588. The protection for this accident is 16.23

,

provided by high neutron flux trip (high and low setting) and high
rate of neutron flux increase trip. These protection functions are 16.24'

described in detail ir. Section 7.2.
16.27' Effects on Adjacent Housings

,

; Disregarding the remote possibility of the occurrence of a RCCA 16.29
mechanism housing failure, investigations have shown that failure of 16.32

- a housing due to either longitudinal or circumferential cracking
would not cause damage to adjacent housing. The full length control 16.34
. rod drive mechanism is described in Section 3.9.4.

.

I Effects of Rod Travel Housing longitudinal Failures 16.37

i
If a longitudinal failure of the rod travel housing should occur, the 16.39;

- region of the position indicator assembly opposite the break would be"

stressed by the reactor coolant pressure of 2,250 psia. The most 16.42
. probable leakage path would be provided by the radial deformction of'

-

the position indicator coil assembly, resulting in the growth of

axial flow passages between the rod travel housing and the hollowg 16.43tube along which the coil assemblies are mounted.
.

failure of the position indicator coil assembly should occur, the 16.44
_

If
resulting free radial jet from the failed housing could cause it to

r

_

bend and contact adjacent rod housings. If the adjacent housings 16.45
5 were on the periphery, they might bend outward from their bases. The 16.46
- housing material is quite ductile; plastic hinging without cracking
c would be expected. Housing adjacent to a failed housing, in 16.47

( locations other than the periphery, would not be bent because of the
- rigidity of multiple adjacent housings.-

!
Effect of Rod Travel Housing Circumferential Failures 16.50

I If circumferential failure of a rod travel housing should occur, the 16.52
broken-off section of the housing would be ejected vertically because
the driving force is vertical and the position indicator coil 16.54I

assembly and the drive shaft would tend to guide the broken-off piece 16.55
g upwards during its travel. Travel is limited by the missile shield, 16.56

thereby limiting the projectile acceleration. When the projectile 16.57'

E
reached the missile shield it would partially penetrate the shield

p and dissipate its kinetic energy. The water jet from the break would 16.58
i continue to push the broken-off piece against the missile shield.
:
1 If the broken-off piece of the rod travel housing were short enough 16.59
[ to clear the break when fully ejected, it would rebound after impact

c
r
- Amendment 12 15.4-26 February 1985
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with the missile shield. The top end plates of the position 16.60
coil . assemblies would prevent the broken piece fromindicator

directly hitting the rod travel housing of a second drive mechanism.
the low 17.1Even if a direct hit by the rebounding piece were to occur,

L- kinetic energy of the rebounding projectile would not be expected to
.cause significant damage.

.

17.4
L Possible Consequences

17.6From the ~ above discussion, -the probability of damage to an adjacent
,

housing must be- considered remote. However, even if damage is 17.9

postulated,- it would not be expected to lead to a more severe
transient, since RCCA's are inserted in the core in symmetric
patterns, and control rods immediately adjacent to worst ejected rods
are not in the c' ore when the reactor is critical. Damage to an 17.11

housing could, at. worst, cause that RCCA not to fail on,

adjacent accountreceiving a trip signal; however, this is already taken into
the analysis by assuming a stuck rod adjacent to the ejected rod.in'

17.14
Summary

17.16The considerations given above lead to the conclusion that failure of
;ircumferentiala control rod housing, due either to longitudinal-or

cracking, would not cause damage to adjacent housings that would 17.1817.19increase severity of the initial accident.
*

17.21
15.4.8.1.2 Limiting Criteria

This event is classified as an ANS Condition IV incident. See 17.23Due to the 17.26Section 15.0.1 for a discussion of ANS classifications.
extremely low probability of a RCCA ejection accident, some fuel;

'

damage could be considered an acceptable consequence.

: Comprehensive studies of the threshold of fuel failure and of the 17.27
threshold of significant conversion of the fuel thermal energy to
mechanical energy, have been carried out as part of the SPERT project

Extensive tests of 17.29| by the Idaho Nuclear Corporation (Taxelius 1970).| zirconium clad fuel rods representative of those in pressurized
| Uo thewater reactor type cores have demonstrated' failure thresholds inz
!. range 'of 240 to 257 cal /gm. However, other rods of a slightly 17.30
! These 17.31different design have exhibited failures as low as 225 cal /gm.

results- differ significantly from the TREAT (Liimataninen and Testa
1966) results, which indicated a failure threshold of 280 cal /gm. 17.32Limited results have indicated that this threshold decreases by about

The clad failure mechanism appears to 17.3310 percent with fuel burnup.l for cero burnup rods and brittle fracture for irradiatedbe melting
rods. Also important is the conversion ratio of thermal to 17.34

mechanical energy. This ratio becomes marginally detectable above 17.35
rods;

|
300 cal /gm for unirradiated rods and 200 cal /gm for irradiated
catastrophic failure, (large fuel dispersal, large pressure rise)

| 17.38even for irradiated rods, did not occur below 300 cal /gm.
17.39In view of the above experimental results, criteria are applied to.

ensure that there is little or no possibility of fuel dispersal in
. .
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These 17.40the coolant, gross lattice distortion, or severe shock waves.'

criteria are as follows.

1. Average fuel pellet enthalpy at the hot spot below 17.42
225 cal /gm for unirradiated fuel and 200 cal /gm for

:
i irradiated fuel.

2. Average clad temperature at the hot spot below the 17.43
temperature at which clad embrittlement may be expected
(2700*F).

less than that which could 17.443. Peak reactor coolant pressure
cause stresses to exceed the faulted condition stress
limits.

.

melting will be limited to less than 10 percent of the 17.45
4. Fuel

fuel volume at the hot spot even if the average fuel pellet
enthalpy is below the limits of criterion 1 above.

17.48
15.4.8.2 Analysis of Effects and Consequences .

17.50
Method of Analysis

The calculation of the RCCA ejection transient is performed in two 17.52
stages, first an average core channel calculation and then a hot
region calculation. The average core calculation is perfonmed using 17.54
spatial neutron kinetics methods to determine the average power
generation with tire including the various total core feedback 17.55
effects, i.e., Doppler reactivity and moderator reactivity. Enthalpy 17.56'

and temperature transients in the hot spot are then determined by
multiplying the average core energy generation by the hot channel6

factor and performing a fuel rod transient heat transfer calculation.
7 17.57The power distribution calculated without feedback is pessimistically

assumed to persist throughout the transient._

i

A detailed discussion of the method of analysis can be found in 17.58F

WCAP-7588, Rev. 1-A.

18.1
1 Average Core Analysis

The spatial kinetics computer code, TWINKLE (WCAP-7979-A and 18.3
WCAP-8028-A) is used for the average core transient analysis. This 18.5

'

code uses cross sections generated by LEOPARD (WCAP-3269-26) to solve
the two group neutron diffusion theory kinetic equation in one, two,.

or three spatial dimensions (rectangular coordinates) for six delayed
neutron groups and up to 2,000 spatial points. The computer code 18.9
includes a detailed multiregion, transient fuel-clad-coolant heat5

transfer model for calculation of pointwise Doppler and moderator
feedback effects. In this analysis, the code is used as a one 18.10

dimensional axial kinetics code since it allows a more realistic
representation of the spatial effects of axial moderator feedback and

However, since the radial dimension is missing, it is 18.11
RCCA movement.
still necessary to employ very conservative me". hods (described below)
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of calculating the ejected rol worth and hot channel factor. Further 18.12
description of TWINKLE sppears in Section 15.0.11.

18.15Hot Spot' Analysis

In Ethe hot spot - analysis, the initial heat flux is equal to the 18.17

nominal times the design hot channel factor. During the transient, 18.18

the heat flux hot channel factor is linearly increased to the
transient value in 0.1 second, ' the time for full ejection of the rod.

- Therefore, the assumption is made that the hot spot before and after 18.20
ejection are coincident. This is very conservative since the peak 18.21

in or adjacent to the assembly with the, - after ejection will occur
ejected rod,'and prior to ejection the power in this region will,

necessarily be depressed.
18.22The hot spot analysis is performed using the detailed fuel and clad .

transient heat transfer computer code, FACTRAN (WCAP-7908). This 18.23

code calculates the transient temperature distribution in acomputer
cross section of a metal clad U0a fuel rod, and the heat flux at the 18.24
surface of the rod ~, using as input the nuclear power versus time and
the local coolant conditions.- The zirconium-water reaction is 18.25
explicitly represented, and all material properties are represented
as functions of temperature. A parabolic radial power distribution 18.26
is used within the fuel rod.

FACTRAN uses the Dittus-Boelter or Jens-Lottes correlation to 18.27
determine the film heat transfer before DNB, and the Bishop Sandburg-

_

Tong correlation (Bishop, Sandburg, and Tong 1965) to determine the'

film boiling coefficient after DNB. The Bishop-Sandburg-Tong 18.30
correlation is conservatively used assuming zero bulk fluid quality.
The DNBR is not calculated; instead the code is. forced into DNJ by 18.31
specifying a conservative DNB heat flux. The gap heat transfer 18.32
coefficient can be calculated by the code; however, it is adjusted in

force the full power steady state temperature distributionorder to
to agree with the fuel heat transfer design codes. Further 18.34,

'

description of FACTRAN appears in Section 15.0.11.
18.37

System Overpressure Analysis

Because safety limits for fuel damage specified earlier are not 18.39
exceeded, there is little likelihood of fuel dispersal into the 18.40coolant. The pressure surge may therefore be calculated on the basis
of conventional heat transfer from the fuel and prompt heat
generation in the coolant.

,

t

is calculated by first performing the fuel heat 18.42The pressure surge fluxtransfer calculation to determine the average and hot spot heat
versus time. Using this heat flux data, a THINC (Section 4.4) 18.43

calculation is conducted to determine the volume surge. Finally, the 18.44
; is simulated in a plant transient computer code. This 18.45

volume surge
code calculates the pressure transient taking into account fluidNo 18.46transport in the RCS and heat transfer to the steam generators.
credit is taken for the possible pressure reduction caused by the
assumed failure of the control rod pres'sure housing.
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15.4.8.2.2 Calculation of Basic Parameters 18.49

Input parameters for the analysis are conservatively selected on the 18.51
basis of values calculated for this type of core. The more important 18.53
parameters are discussed below. Table 15.4-3 presents the parameters 18.54
used in this analysis.

Ejected Rod. Worths and Hot Channel Factors 18.57

The values for ejected rod worths ar.d hot channel factors are 18.59
calculated using either three dimensional static methods or by a 19.1
synthesis method employing one dimensional and two dimensional
calculations. The computer codes as described in Table 4.1-2 are 19.2

used in the analysis. No credit is taken for the flux flattening 19.3

effects of reactivity feedback. The calculation is performed for the 19.4
maximum allowed bank insertion at a given power level, as determined
by the rod i*tsertion limits. Adverse xenon distributions are 19.5
considered in the calculation to provide worst case results. (y 19.6)(

Appropriate margins are added to the ejected rod worth and hot 19.7
channel factors to account for any calculational uncertainties,
including an allowance for nuclear power peaking due to
densification.

Power distribution before and after ejectiog,f,(r a " worst case" can 19.8
be found in WCAP-7588, Rev. 1-A. During7 pant startup physics 19 . 9 ><
testing, ejected rod worths and power distributions are measured in
the zero and full power configurations and compared to values used in
the analysis. It has been found that the ejected rod worth and power 19.10
peaking factors are consistently overpredicted in the analysis.

Reactivity Feedback Weighting Factors 19.13

The largest temperature rises, and hence the largest reactivity 19.15
feedbacks occur in channels where the power is higher than average.
Since the weight of a region is dependent of flux, these regions have 19.17
high weights. This means that the reactivity feedback is larger than 19.18
that indicated by a simple channel analysis. Physics calculations 19.19
have been carried out for terperature changes with a flat temperature
distribution, and with a large number of axial and radial temperature
dis tributions . Reactivity changes were compared and effective 19.20

weighting multipliers which when applied to single channel feedbacks
correct them to effective whole core feedbacks for the appropriate
flux shape. In this analysis, since a one dimensional (axial) 19.21
spatial kinetics method is employed, axial weighting is not necessary
if the initial condition is made to match the ejected rod
configuration. In addition, no weighting is applied to the moderator 19.22
feedback. A conservative radial weighting factor is applied to the 19.23
transient fuel temperature to obtain an effective fuel temperature as
a function of time accounting for the missing spatial dimension.
These weighting factors have also been shown to be conservative 19.24
compared to three dimensional analysis (Risher 1975).
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Moderator and Doppler Coefficient 19.27

' The criticaloboron concentrations at the beginning-of-lifa and end- 19.29
of-life'are adjusted ~in the nuclear code in order to obtain moderator
-density _ coefficient curves which are conservative compared to actual,

design conditions for the plant. As discussed above, no weighting 19.32 i
'

factor is applied to these results.
~

:

The:' Doppler ireactivity defect is determined as a function of power 19.33
level using a one dimensional steady state computer code with a

- Doppler weighting factor _ of 1.0. The Doppler defect used is given in 19.34 ,

Section 15.0.4. -The Doppler weighting factor will increase under 19.35 t
.

,

accident conditions, as discussed above.

Delayed Neutron Fraction, k h 1+r06-

-Calculations' of the~-effective delayed neutron fraction (h) 1+:9tT* _ .
'

typically yield values no -less than 0.70 percent at beginning-of-life 19.42
and 0.50 pere t at end-of-life for the first cycle. The accident is 19.44

"
sensitive to if the ejected rod worth is equal to or greater
than as zero power transients. In order to allow for future it:9t-

"cycles ssimistic estimates of of 0.55 percent at beginning of
[ . cycle and 0.44 percent at end of c le were used in the analysis. 19.48

Trip Reactivity Insertion 19.51'

p

The trip reactivity insertion assumed is given in Table 15.4-3 and iv.53
includes the effect of one stuck RCCA adjacent to the ejected rod. 19.54

- These values'are reduced by the ejected rod reactivity. The shutdown 19.57
reactivity was simulated by dropping a rod of the required worth into
the core. The _ start of rod motion occurred 0.5 seconds after the 19.58

..'

- high neutron flux trip point was reached. This delay is assumed to 19.59
consist of 0.2 seconds for the instrument channel to produce a
signal, 0.15 seconds for the trip breaker to open and 0.15 seconds; for the coil to release the rods. A curve of trip rod insertion 19.60
versus time was used which assumed that insertion to the dashpot does
not occur until 3.65 seconds after the start of fall. The choice of 20.1
such a conservative insertion rate means that there is over i secondL

| after the trip point is reached before significant shutdown 20.2
reactivity'is inserted into the This conservatism is important 20.3 X

; for hot full power accidents.

The minimum design shutdown margin available for this plant at hot 20.4
zero power- (HZP) may be reached only at end-of-life in the
' equilibrium cycle. This value includes an allowance for the worst 20.5

. ,
'' ' .-stuck rod,~and adverse xenon distribution, conservative Doppler and

moderator defects, and an allowance for calculation uncertainties.
Physics calculations for this plant have shown that the effect of two 20.6'

stuck RCCAs (one of which is the worst ejected rod) is to reduce the
shutdown by about an additional 1 percent ok. Therefore, following 99 +

reactor trip resulting from an RCCA ejection accident, the reactora
will be suberitical when the core return to HZP.

i
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Depressurization calculations -have been performed for a typical 20.8
four-loop plant, assuming the maximum possible size break (2.75-inch 20.9
diameter) located in the reactor pressure vessel head. The results 20.10
show a rapid pressure drop and a decrease in system water mass due to
the break. The safety injection system is actuated on low 20.11
pressurizer pressure within 1 minute after the break. The RCS 20.12
pressure continues to drop and reaches saturation (1,200 psi) in
about 2 to 3 minutes. Due to the large thermal inertia of primary 20.13
and secondary system, there has been no significant decrease in the
RCS temperature below no-load by this time, and the depressurization 20.1420.16itself has caused an increase in shutdown margin by about 0.2 percent
Ak due to the pressure coefficient. The cooldown transient could not 2erti
absorb the available shutdown margin until more than 10 minutes after
the break. The addition of borated (2,000 ppm) safety injection flow 20.18
starting 1 minute after the break is sufficient to ensure that the 20.19
core remains suberitical during the cooldown.

20.22Reactor Protection

As discussed in Section 15.4.8.1.1, reactor protection for a rod 20.24'

ejection is provided by high neutron flux trip (high ar.d low setting)
and high rate of neutron increase trip. These protection functions 20.26
are part of the reactor trip system. No single failure of the 20.27
reactor trip system will negate the protection functions required for
the rod ejection accident, or adversely affect the consequences of
the accident.

20.30Results

cases are presented for both beginning-and end-of-life at zero and 20.32
full power.

20.36,

1. Beginning of cycle, full power

Control bank D was assumed to be inserted to its insertion 20.38
limit. The worst ejected rod worth and hot channel factor 20.39
were conservatively calculated to be 0.23 percent 4k and 2eT91
5.9, respectively. The peak hot spot clad average 20.42
temperature was 2,081'F (1,845'F for N-1 loop operation).
The peak hot spot fuel center temperature reached was 20.43
4,823*F (4,159*F for N-1 loop operation).

20.46
2. Beginning of cycle, zero power

For this condition, control bank D was assumed to be fully 20.48
inserted and banks B and C were at their insertion limits. 20.49
The worst ejected rod is located in control bank D and has a 20.51
worth of 0.78 percent Ak and a hot channel factor of 11.5. &&ctr

The peak hot spot clad temperature reached 2,115'F, the fuel 20.53
center temperature was 3,075'F.
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13 .- End = of cycle, ' full. power 20.56
,

Control bank D was assumed to be inserted to its insertion 20.58
limit.. The. ejected rod worth and hot channel factors were 20.59

tconser.vatively . calculated to be 0.25 percent Ak and 6.4, -

'respectively. . This resulted in a peak clad temperature of =21.2
2,101*F (1,845'F for N-1 loop operation)'. The peak hot spot 21.3
fuel. center. temperature , reached melting; at- 4,800*F.

g , 'However,; melting was' restricted to less than 10 percent of 21.4'

the pellet. ~The peak hot spot fuel center temperature for. 21.5
was )(N-1; loop operation was'4,182*F; thus', no fuel

predicted. 9
21.8

4 .- End of cycle, zero power -

The ' ejected rod worth and hot channel factor for'this case 21.10
were obtained~ assuming control bank D to be fully inserted :

'

with' banks C and B at their insertion limits. The results 21.13
were 0.90 percent Ak and 20.00, respectively. The peak clad enett
and fuel.. center tamperatures were 2,454 and 3,405'F. The 21.15'

- Doppler weighting factor for this . case is significantly*

!= higher than for the .other cases due- to the very large
transient hot channel factor. 21.16'

..

h i A summary of the' cases presented is given in Table 15.4-3.- Results 21.19

for the cases with N-1 loops in operation are also presented in
Table 15.4-3. The nuclear power and hot spot fuel and clad 21.20
. temperature transients for the worst cases (beginning-of-life, full*

power)' and also for end-of-life, . full' power, and zero power are 21.21
i: presented on Figures 15.4-26 through 15.4-29 for N-loop.

21.22Figures 15.4-26A through 15.4-29A illustrate N-1 loop operation.*

The calculated . sequence of events.for the worst case rod ejection 21.23
accidents, as shown on Figures 15.4-26 through 15.4-29, are presented 21.24'

' in Table 15.4-1. For all cases, reactor trip occurs very early in 21.25
) the transient, - after which the' nuclear power excursion is,

terminated. ~ As discussed previously in Section 15.4.8.2.2, th'e 21.26
reactor will remain subcritical following reactor trip.

The ejection .of ,an RCCA constitutes a break in the RCS, located in 21.27
the reactor pressure vessel head. The effects and consequences of 21.28
loss of coolant accidents are discussed in Section 15.6.5. Following 21'.29 |

;

i
!- the RCCA ejection, the operator would follow the same emergency

instructions as for any - other loss-of-coolant accident to recover 21.30-

from the event.
21.33Fission Product Release

'It-is assumed that fission products are released from the gaps of all 21.35
rods entering DNB. In all cases considered, less than 10 percent of 21.37

~

the rods entered DNB based on a detailed three dimensional THINC
,-

"

analysis (WCAP-7588, Rev. 1-A). Although limited fuel melting at the 21.38#

hot spot was predicted for the beginning-of-life and the full power
cases,-in practice melting is not expected since the analysis 21.39
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conservatively assumed that the hot spots before and after ejection
were coincident. 21.41

Pressure Surge 21.44

A detailed calculation of the pressure surge for an ejection worth of 21.46
one dollar at beginning-of-life, hot full power, indicates that the 21.48
peak pressure does not exceed that which would cause stress to exceed
the faulted condition stress limits (WCAP-7588, Rev. 1-A). Since the 21.49
severity of 'the present analysis does not exceed the " worst case"
analysis, the accident for this plant will not result in an excessive
pressure rise or further damage to the RCS.

Lattice Deformations 21.52

A large temperature gradient will exist in the region of the hot 21.54
spot. Since the fuel rods are free to move in the vertical 21.55
direction, differenti^al expansion between separate rods cannot 21.57
produce distortion. However, the temperature gradients across 21.58
individual rods may produce a differential expansion tending to bow
the midpoint of the rods toward the . hotter side of the rod.
Calculations have indicated that this bowing' would result in a 21.59
negative reactivity effect at the hot spot since Westingbouse cores
are under-moderated, and bowing will tend to increase the under-
moderation, at the hot spot. Since the 17 x 17 fuel design is also 22.1
under-moderated, the same effect would be observed. In practice, no 22.2

significant bowing is anticipated, since the structural rigidity of
the core is more than sufficient to withstand the forces produced.
Boiling in the hot spot region would produce a net flow away from 22.3
that region. However, the heat from the fuel is released to the 22.4
water relatively slowly, and it is considered inconceivable that
cross flow will be sufficient to produce significant lattice forces.
Even if massive and rapid boiling, sufficient to distort the lattice, 22.5
is hypothetically postulated, the large void fraction in the hot spot
region would produce a reduction in the total core moderator to fuel
ratio, and a large reduction in this ratio at the hot spot. The net 22.7
effect would therefore be a negative feedback. It can be concluded 22.8
that no conceivable mechanism exists for a net positive feedback
resulting from lattice deformation. In fact, a small negative 22.9
feedback may result. The effect is conservatively ignored in the 22.10

analysis.

15.4.8.3 Conclusions 22.12

Even on a pessimistic basis, the analyses indicate that the described 22.13
fuel and clad limits are not exceeded. It is concluded that there is 22.14

danger of sudden fuel dispersal into the coolant. Since the peak 22.16no
pressure does not exceed that which would cause stresses to exceed
the faulted condition stress limits, it is concluded that there is no
danger of further consequential damage to the RCS. The analyses 22.17
have demonstrated that upper limit in fission product release as a
result of a number of fuel rods entering DNB amounts to 10 percent.

.
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The RCS integrated break flow to containment following a rod ejection 22.18
accident is shown on Figure 15.4-30.

.

22.2015.4.8.4 Radiological Consequences

The radiological consequences of a postulated rod ejection accident 22.21
incorporate the fuel failure modes described in Regulatory 22.22
Guide 1.77.

To evaluate the radiological consequences of ~a control rod ejection 22.23
accident, it is assumed that 10 percent of the fuel rods experience 22.27
clad damage, thereby releasing their respective gap activities to the
reactor coolant. The gap activity is assumed to be released 22.28
instantaneously into the containment atmosphere via the break in the
reactor vessel head. In addition, it is further postulated that 22.30
0.25 percent of the core fuel experiences melting resulting in
100 percent of the noble gases and 25 percent of iodines in the 22.31

fraction of melted fuel to be available for release from the 22.32
containment. The releases to the environment are assumed to take 22.33
place from the secondary system and from leakage of the containment 22.34
building until such time, respectively, that the secondary system
pressure decreases below relief valve actuation, and the containment 22.35
building pressure is reduced to subatmospheric conditions. Activity 22.36
released from the secondary system is derived from the technical
specification primary to secondary leakage of reactor coolant 22.37

containing activity associated with technical specification fuel
defects, releases from fuel with clad damage, and 100 percent of the 22.38
noble gases and 50 percent of the iodine contained in this fraction
of fuel assumed to have melted. Releases from the secondary side are 22.41
evaluated assuming coincident loss of offsite power. Pertinent 22.42

parameters used to describe the secondary side releases are presented
in Tables 15.4-4 and 15.4-6.

Following initiation of the rod ejection accident, approximately one 22.43
minute will elapse before actuation of the SLCRS from the SIS signal. 22.44
The SLCRS is estimated to become effective in one minute. 22.45

The result is that the activity in containment which leaks at the 22.46
design basis leak rate is assumed to be an unfiltered ground level 22.47
release for the first two minutes of the accident. Between two 22.48
minutes and one hour following the onset of the accident only the
secondary containment bypass leakage is uncollected and released 22.49
unfiltered to the environment at ground level, whereas the design
basis leakage from the primary containment is collected and filtered 22.50
before discharge to the environment.

Of the collected leakage, a fraction is discharged via the SLCRS, 22.51
HEPA, and charcoal filter system to the Unit i stack (Section 6.2.3). 22.52

However, for purposes of conservatism, all collected leakage is 22.53
assumed to exhaust via a release point located above the turbine 22.54

building. This assumption is made as a result of the simultaneous 22.55
operation of the charging pump ventilation supply and exhaust system 22.56
which may entrap and filter some fraction of containment leakage as

Amendment 12 15.4-35 February 1985

- . _ . _ . .



g;y- _ ___
-. - --

* *
u1217912sr:12r 111/09/84 243 ' ' *

,
-MNPS-3 FSAR

described in Section 9.4.3. This effluent is analyzed as a ground 22.37
level release.

After one hour, the containment becomes subatmospheric and all 22.58
releases'from the containment cease. A summary of the releases is 22.59
presented , in Table 15.4-7. 'The releases, together with the 22.60
atmospheric' dispersion. factors listed in Table'15.0-11, are used to-

compute the doses to the EAR (0-2 hr) and LPZ (0-8 hr). 23.2

The ' radiological consequences of a postulated rod ejection accident 23.3
are analyzed (for both N-loop and ~N-1 loop operation) with the 23.4
information contained in Regulatory -Guide 1.77 and the Standard 23.5
Review Plan 15.4.8. For the N-1 loop analysis, it is assumed that 23.6
the plant had been .in N-loop operation at full power sufficiently
long to- achieve equilibrium core activities and coolant 23.7
concentrations. -The plant then began N-1 loop operation, shortly 23.8
after which the rod ejection' accident occurred. The calculated dose 23.9
results (for: both the N-loop and the 'N-1 loogy described in __ awwalyses;.
Table 15.0-8 for the rod ejection accident + e presented separately 23.10
for the releases from the containment building and the releases via 23.11
the secondary system.

The radiological consequences of the postulated rod ejection accident 22.12
are well within the guidelines of 10CFR100; i.e., 75 Rem to the 23.13
thyroid and 6 Rem to the whole body.
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Risher, D. H., Jr. and Barry, R. F. TWINKLE -

Neutron Kinetics Computer Code.

WCAP-8330, 1974. Westinghouse Anticipated Transients Without Trip 23.42
Analysis.

Taxelius, T. G. (Ed) 1970. Annual Report- Spert Project, October, 23.45
23.46

1968, September, 1969. Idaho Nuclear Corporation IN-1370.

o

.

Amendment 12 15.4-37 February 1985
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1.20TABLE 15.4-1

1.22 g' TIME SEQUENCE OF EVENTS FOR INCIDENTS'WHICH CAUSE REACTIVITY1.23
AND POWER DISTRIBUTION ANOMALIES

N-Loop N-1 Loop 1.26
Time Time 1.27

Accident Event (Sec)- (Sec) 1.28

Uncontrolled RCCA Ini:.iation of uncontrolled 0.0 1.30
1.31

bank withdrawal rod withdrawal from 10-S 1.32
from a subcritical of nominal power

~

1.33
or low power startup 1.34.

condition
*

Power range high neutron .10.2 1.36
1.37flux low setpoint reached

Peak nuclear power occurs 10.4 1.39

Rods begin to fall into core 10.7 1.41

Peak heat flux occurs 11.9 1.43

Minimum DNBR occurs 12.0 1.45

Peak average clad temperature 12.2 1.48
1.49occurs

.

Peak average fuel temperature 12.5 1.53
1.54occurs ,

1.58
Uncontrolled RCCA 1.59
bank withdrawal at 1.60
power

1. Case A Initiation of uncontrolled 0 0.0 2.4
2.5RCCA withdrawal at a high
2.6reactivity insertion rate*

2.7(70 pcm/sec)

Power range high neutron 4.32 4.23 2.11
2.12.fluF. high trip point reached

Rods begin to fall into core 4.82 4.43 2.15

Minimum DNBR occurs 5.2 5.2 2.17

2. Case B Initiation of uncontrolled 0 0.0 2.20
2.21RCCA withdrawal at a small 2.22reactivity insertion rate
2.23X(3 p /sec)

Amendment 12 1 of 3 February 1985
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TABLE 15.4-1 (Cont)
9

N-Loop N-1 Loop
Time Time

Accident Event (Sec)- (Sec)

Overtemperature,6T. reactor 209.68 246.54 2.47
trip signal initiated 2.28

Rods begin to fall into core 211.68 248.54 2.30

Minimum DNBR occurs 212.1 249.1 2.32,

Startup of an Initiation of pump startup 0.0 2.35~

inactive reactor 2.36
coolant loop at 2.37

,

an incorrect temp- 2.38
erature and boron 2.39
concentration 2.40

Power reaches high nuclear- 961.1 2.44
flux trip setpoint 2.45

Rods begin to drop 961.6 2.48

Minimum DNBR occurs 961.1 2.50

Shutdown margin is lost 3361 2.52

'
CVCS malfunction that To be provided later 2.55
results in a decrease 2.56
in the baron concen- 2.57
tration in the reactor. 2.58
coolant 2.59

Boron dilution event sequence to be provided later. 3.2

Shutdown is lost (if >3600 3.5
dilution continues 3.6
after trip) 3.7

Rod cluster control 3.11
assembly ejection 3.12

.

accident 3.13

1. End-of-life, Initiation of rod ejection 0.0 0.0 3.17
full power 3.18

0.0kh 3.$2Power range high neutron 0.035
flux setpoint reached 3.23

Amendment 12 2 of 3 February 1985
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TABLE 15.4-1 (Cont)

N-Loop N-1 Loop
Time Time

Accident Event (Sec) (Sec)

Peak nuclear power occurs 0.14 0.14 3.26

Rods begin to fall into core 0.54 0.55 3.28
2.s0

(I{96) 3.31Peak fuel average temperature 1.92
3.32occurs

Peak clad temperature occurs 2.04 2,06 3.35
.

Peak heat flux occurs 2.076 2.12 3.37 ,

I5761!'' 3 40
2. End-of-life, Initiation of rod ejection 0.0 .

3.41
zero power

Power range high neutron 0.16 O.04' 3.44'

flux low setpoint reached
' 3.45

Peak nuclear power occurs 0.19
'

O.14 3.48

Rods begin to fall into core 0.66 0.54 3.50

bbhh 3.)QPeak clad temperature occurs 1.26

Peak heat flux occurs 1.29 2.12 3.54

Peak average fuel temperature 1.35 2.00,g ,3.57
3.58occurs.

Amendment 12 3 of 3 February 1985
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TABLE 15.4-3 1.9

PARAMETERS USED IN THE ANALYSIS OF THE ROD CLUSTER 1.11
CONTROL ASSEMBLY 1.12

N-Loop N-1 Loop 1.15

, Time in Life Beginning Beginning End End Beginning End 1.16

1
Power level 102 0 102 0 77 77 1.18*

'

1.19(percent)

Ejected rod 0.23 0.78 0.25 0.90 0.23 0.25 1.21
1 22.worth 1.23(percentAK)

Delayed neu- 0.55 0.55 0.44 0.44 0.55 0.44 1.25

tron fraction & @ 1.26 x
1.27(percent)

Feedback 1.3 2.07 1.0 3.6 1.3 1.3 1.29
1.30

reactivity 1.31weighting

Trip re- 5.0 2.0 4.0 ~ 2.0 3.0 3.0 1.33 -

1.34
activity
(percentAK) 1 75

2.55 2.55 1,322.55F before 2.55 ----

g 1.38
rDd ejection

FL after 5.90 11.5 6.4 20.0 5.90 6.4 1AG
1.41

r'5d ejection

Number of 4 2 4 2 3 3 1.43
1.44operational 1.45

-

1 pumps

-Max. fuel 3638 2719 3677 3107 3111 3119 1.47
1.48

pellet 1.49
average 1.50*temperature 1.51
(*F)

Max. fuel 4823 3075 4839 3405 4159 4182 1.53
1.54

center 1.55
temperature 1.56
(*F)

Max. clad 2141 2094 2060 2430 1812 1815 1.58
1.59

average 1.60
temparature 2.1
(*F)

Max. fuel 156 111 158 129 128 128 2.3
2.4

stored energy 2.5
(cal /gm)

Amendnent 12 1 of 1 February 1985
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TABLE 15.4-4 1.8

PARAMETERS USED IN ROD EJECTION ACCIDENT ANALYSIS 1.10

Analysis Input Parameters 1.13
Expected N-Loop N-1 Loop 1.14

1. Core thermal power 1.16
,(MWt) 3.411 3.636(18 3,636(18 1.17

2. Containment free volume 1.19

(fta) 2.32x108 2.32x108 2.32x108 1.20

3. Primary coolant Table Table Table 1.22
concentrations 11.1-2 15.0-10 15.0-10 1.23

.

1.364. Primary to secondary
leak rate (gpm) 0.009 1.0 1.0 1.37

5. Secondary coolant Tables Table Table 1.41
concentration 11.1-6 & 15.0-10 15.0-10 1.42

11.1-7 1.43.

6. Fuel defects (%) 0.12 0.29tas 0.29tas 1.46

7. Failed fuel as a result 1.49

of the accident (%) 0.0 10.0 10.0 1.50

Table Table Table 1.53

8. Core and gap activity 15.0-7 15.0-7 15.0-7 1.54

1.579. Quantity of fuel in the
core which melts as a 1.58

1.59result of the accident
(%) 0.0 0.25 0.25 1.60

2.410. Quantity of radio-
2.5nuclides from the

melted fuel available 2.6
2.7for release from the 2.8containment (%)

a. Iodine 0.0 25.0 25.0 2.10
b. Noble gases 0.0 100 100 2.11

Amendment 12 1 of 3 February 1985
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TABLE 15.4-4 (Cont)

Analysis Input Parameters
Expected N-Loop N-1 Loop

2.1511. quantity of radio-
nuclides from the 2.16
melted fuel avail- 2.17

,

able for release from 2.18
2.19the secondary side via ,

2.20. primary-to-secondary
2.21leakage (%)

,

a. Iodines 0.0 50.0 50.0 2.23
b. Noble gases 0.0 100 100 2.24

2.2812. Iodine partition factor
2.29in steam generator prior .

to and during accident 0.01 0.01 0.01 2.30

13. Offsite power Available Lost Lost 2.33

2.3614. Steam dump from relief
valves (lb) 0.0 40,604 40,604 2.37

2.4115. Duration of dump from
relief valves (sec) 0.0 125.0 125.0 2.42

2.4616. Containment leak rate 2.47during the first hour
2.48following the occurr-
2.49ence of the accident

(% per day) 0.9 0.9 0.9 2.50

2.5417. Bypass leakage (fraction
of containment leakage) 0.0103 0.0103 0.0103 2.55

2.5918. Time between accident 2.60and equalization of 3.1primary and secondary
pressures (sec) 140.0 140.0 140.0 3.2

3.619. Time estimated for SLCRS 3.7to become effective
(min) 1.0 1.0 1.0 3.8|

3.1220. Duration of leakage
3.13from containment

(min) 60.0 60.0 60.0 3.14

3.1821. Iodine removal filter
|

efficiency (%) 95.0 95.0 95.0 3.19,

| 2 of 3 February 1985
Amendment 12'
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TABLE 15.4-4 (Cont)

.

Analysis Input Parameters
Expected N-Loop N-1 Loop

3.2322. Steam generator contents
3.24(lb/SG)

a. Steam 8,000 8,000 7,600 3.26
b. Liquid 103,000 103,000 104,000 3.27

23. Primary coolant mass (1b) 520,000 520,000 350,000 W 3.30

3.33
NOTES:

1. Fuel gap activities are based on reactor power of 3,636 MWt. 3.37

3.382. Based upon 1.0 Ci/gm I-131 dose equivalent.

3. In the N-1 loop operation analysis, the pressurizer volume has 3.40
been conservatively excluded from the primary coolant.

i

j

Amendment 12 3 of 3 February 1985

.



- - - - - _ _ _ . - - - . .

t e- *.o -g, ,

3(

u12179123ral2cg 11/09/84 T't.
', 243

*MNPS-3 FSAR
g

^ ' .I

TABLE 15.4-7 ; , 1.10

:RADI0 ACTIVITY RELEASED TO THE ENVIRONMENT 1.12
AS A R3SULT OF A ROD EJECTION ACCIDENT 1.13

. ,. ,

'' 1.15N-LOOP ss' y

'

Main Steam 1.18-'

' Containment Building - Valve Building - ' Total Releases 1.19
Isotope Releases (Ci) Releases (Ci) (Ci) 1.20,

Kr-83m 6.27E+01818 2.97E+00 6.57E+01 1.22
Kr-85m 1.74E+02 7.45E+00 1.81E+02 1.23
Kr-85 4.17E+00 1.65E-01 4.34E+00 1.24-
Kr-87 2.81E+02 1.44E+01 2.95E+02 1.25

~Kr-88 ..
4.53E+02 2.03E+01 4.7"lE+02 1.39~
5.07E+01 2.35E+01 7 42E+01 1.40Kr-89 ' '

Xe-131m '3.94E-01 1.50E-02 4;09E-01 1.41
| Xe-133m 2.36E+01 9.22E-01 2.45E+01 1.42

3.84E+01 1 31E+03 1.434Xe-133 9.67E+02 . , -

Xe-135m. 9.49E+02 1.01E+01 9.59E+02 1.44 i

Xe-135 3.21E+02 1.01E+01 3.31E+02 1.45
'

*
'

1.11E+02 1.463.13E+01Xe-137 7.99E+01 ,.

Xe-138 ~ w 2.75E+02 3.30E+01 3.08E+02 1.47
4.31E-01 3.36E+01 1.48I-131 3.32E+01- .

I-132 4.30E+01 4.02E-01 4.34E+01 1.49
7.38E+01 8.08E-01 7.46E+01 1.50.I-133

''

6.87E+01- ~6.32E-01 6.93E+01 1.51 ^ '

,

I-134.
I-13.5 6.65E+01 6.12E-01 6.71E+01 1.52V

!
' N .

1.54NOTE: ~'
,s

" h,R %,

1. ''i.27E+01 = 6.27 x 101 A' '1.57
.
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TABLE 15.4-7 (Cont)
.

N-1 LOOP

Main' Steam
.

Containment Building Valve Building Total Releases
Isotope Releases (C1) Releases (Ci) (Ci)

' Kr-83m - 6.30E+01(1) 6.60E-01 6.37E+01 1.60
- Kr-85m' 1.80E+02 1.70E+00 1.82E+02 2.1
Kr-85 4.20E+00 3.70E-02 4.24E+00 2.2

'Kr-87 2.80E+02 3.20E+00 2.83E+02 2.3
Kr-88 4.70E+02 4.60E+00 4.75E+02 2.4
Kr-89 5.20E+01 4.50E+00 5.65E+01 2.5
Xe-131m 2.40E+00 3.30E-03 2.93E-01 2.6
Xe-133m 3.00E+01 2.00E-01 2.42E+01 2.7- y
Xe-133 1.00E+02 8.30E+00 9.55F02 2.8 X
Xe-135m 5.30E+03 2.20E+00 9.52E+02 2.9
Xe-135 6.00E+02 2.30E+00 3.22E+02 2.10
Xe-137 8.00E+01 6.00E+00 8.50E+01 2.11
Xe-138 2.80E+02 1.20E+00 2.87E+02 2.12
I-131 3.30E+01 4.90E-02 3.30E+01 2.13

5.70E-02 4.41E+01 2.14I-132 4.40E+01 '

I-133 7.10E+01 1.00E-01 7.11E+01 2.15
I-134 7.10E+01 9.40E-02 7.11E+01 2.16
I-135 6.60E+01 8.20E-02 6.61E+01 2.17

NOTE: 2.21

1. 6.30E+01 = 6.30 x 101 2.23

.

A

Amendment 12 2 of 2 February 1985
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1.9
15.5 INCREASE IN REACTOR COOLANT INVENTORY

1.10Discussion and analysis of the following events are presented in this
section.

1. Inadvertent operation of the emergency core cooling system 1.12
during power operation. .

2. Chemical and vol une control system malfunction that 1.13
increases reactor coolant inventory.

1.14number of BWR transients (not applicable to Millstone 3).3. A

1.16These events, considered to be ANS Condition II, cause an increase in
reactor coolant inventory. Section 15.0.1 contains a discussion of 1.18

,

ANS classifications.

15.5.1 Inadvertent Operation of the Emergency Core Cooling System 1.22
during Power Operation

1.25Identification of Causes and Accident Description15.5.1.1

Spurious emergency core cooling system (ECCS) operation at power 1.26a false electrical actuation 1.27could be caused by operator error or
signal. A spurious signal may originate from any of the safety 1.29
injection actuation channels as described in Section 7.3.

1.30actuation signal, the suction of the coolant chargingFollowing the tank to the RWST. The 1.32
pumps is diverted from the volume controlpumps then force concentratedcharging /high head safety injection water storage tank, 1.34(1,950 ppm) boric acid solution from refueling

header and injection line and into the cold leg of eachthrough the injection pumps also start automatically but 1.35loop. The safety when the reactor coolant system (RCS) is at normal 1.36provide no flow also 1.37The passive injection system and the low head system:

pressure.
provide no flow at normal RCS pressure.

1.38safety injection system (SIS) signal normally results in a reactorA
trip followed by a turbine trip. However, it cannot be assumed that 1.39

fault that actuates the SIS will also produce a reactorsingleany 1.40If a reactor trip is generated by the spurious SIS signal, thetrip.
operator should determine if the spurious signal was transient or 1,41
steady state in nature. The operator must also determine if the 1.42spurious 1.43
safety injection signal should be blocked. For a

'

occurrence, the operator would stop the safety injection and maintain
the plant in the hot shutdown condition. If the ECCS actuation 1.45
instrumentation must be repaired, future plant operation would be in 1.46accordance with the Technical Specifications.

1.47reactor protection system does not produce an hmnediate tripIf the
as a result of the spurious SIS signal, the reactor experiences a 1.48
negative reactivity excursion due - to the injected boron causing a

T, ly+9The power mismatch causes a drop in
Pressurizer pressure and wate7 1.50decrease in reactor power.

and consequent coolant shrinkage.

.

.
Amendment 12 15.5-1 February 1985
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level drop. Load will decrease due to the effect -of reduced steam 1.51
. pressure on load after the turbine throttle valve is fully open. If 1.52

,

automatic' rod control.is used, these effects will be lessened until
the- rods have moved out of the core. The transient is eventually .1.53
terminated by the reactor protection system low pressure trip or by
manual. trip.

The time to -trip is affected by initial operating conditions 1.54.
-

including: core' burnup history, which affects- initial. boron 1.55
- concentration, rate.-of change of boron ~ concentration, Doppler, and
moderator coefficients.

Recovery from this second~ case is made in the same manner as 1.56
described for the case where the SIS signal results directly in a 1.57
reactor ' trip.- -The only. difference is the lower T q and pressure iv6e
associated with the power mismatch during the transie ,nt. The timeLat 1.59
which reactor trip occurs is of little concern for this transient.
At lower loads, coolant contraction will be slower resulting in a 1.60
longer. time to trip.

This event is classified as a Condition II incident (a fault of 2.1
moderate frequency), as defined in Section 15.0.1.

'

15.5.1.2 Analysis of Effects and Consequences 2.3

Method of Analysis 2.5
4

The spurious operation of 'the SIS is analyzed by employing the 2.7
detailed digital computer program LOFTRAN (WCAP-7907, 1972). The 2.10
code simulates the neutron kinetics, RCS,~ pressurizer, pressurizer
relief and safety valves, pressurizer spray, steam generator, steam 2.11

generator safety valves, and the effect of the SIS. The program' 2.12*

computes pertinent plant variables . including temperatures, pressures,
,

and power level.-

Because of the power and temperature' reduction during the transient, 2.13
operating conditions do not approach the core limits. Analysis of 2.15

: -several cases has shown that the results are relatively independent-
of time to trip.

.A typical transient- is presented representing minimum reactivity 2.16
' feedback. Results with maximum reactivity. feedback are similar 2.17
except that the transient is slower. For calculational simplicity, 2.18
zero injection line purge volume was assumed in this analysis, thus
the boration transient begins immediately when the appropriate valves 2.19
are opened. Plant characteristics and initial conditions are further 2.20
discussed in Section 15.0.3.

The assumptions are as follows. 2.21
.

Amendment 12 15.5-2 February 1985
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2.24
1. Initial operating conditions

The initial reactor power and RCS temperatures are assumed 2.26 .

at their maximum values consistent with the steady state
normal power operation including allowance for calibration 2.27
andinstrumenterrors(forN-loopCgpf'N-1loopoperation). )(

2.31
2. Moderator and Doppler coefficients of reactivity

A least negative moderator temperature coefficient was used. 2.33

A low (absolute value) Doppler power coefficient was 2.34

assumed.
_

2.38
3. Reactor control

2.40The reactor was assumed to be in manual control.
i

2.44
4. Pressurizer heaters

Pressurizer heaters were assumed to be inoperable in order 2.46
to increase the rate of pressure drop.

2.50
5. Boron injection

2.52time *.ero, two charging /high head safety injection pumpsAt
inject-1,950 ppm borated water into the cold leg of each ,

2.53
loop.

2.57
6. Turbine load

Turbine load was assumed constant until the governor drives 2.59
the throttle wide open, then turbine load drops as steam

2.60
pressure drops.

3.4
7. Reactor trip

3.6Reactor trip was initiated by low pressurizer pressure.

Plant systems and equipment which are available to mitigate the 3.9i 3.10
effects of the accident are discussed in Section 15.0.8 and listed in
Table 15.0-6. No single active failure in any of these systems or 3.11
equipment will adversely affect the consequences of the accident.

3.14
Results

15.5-1 through 15.5-3 (for four loops in operation) and 3.16Figures in operation) show 3.%7Figti.res 15.5-1A through 15.5-3h (for thr$floops 3.18transient response to inadvertent operation of ECCS during powerthe to boron 3.20
operat.'.on. Neutron flux starts decreasing bmnediately due
injectian but steam flow does not decrease until later in the
transient when the turbine throttle valve goes wide open. <[~, _,;_,jf 3 32

Teeturidsum41.s r.,*.tf erf44eeg modspilniuser X
.1 man im esummadNk,

- 4---r ?p. The mismatch between load and nuclear 3.23r;
power causes T , pressurizer water level, and pressurizer pressure

avg

Amendment 12 15.5-3 February 1985
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to drop. _ When the low pressure trip setpoint is reached,' the reactor 3.25
trips .and control rods start moving into the core. Departure from 3.26
nucleate boiling ratio (DNBR) increases throughout the transient.

.The calculated -sequence of events is shown in Table 15.5-1. After 3.28
re, actor trip, pressure and temperature slowly rise, since the turbine
is tripped and the reactor is producing:some power _due to delayed 3.30
neutron _ fissions and decay heat. . Recovery _ frcm this accident is 3.31
' discussed in Section 15.5.1.1.

l.
15.5.1.3 Conclusions 3.33

-

Results of the ' analysis show that the spurious safety injection 3.34
without immediate _ reactor trip presents no hazard to the integrity of 3.35
the RCS.

If the. reactor does not trip hunediately, the low pressure reactor 3.37
: trip will be actuated. This trips the turbine and prevents excess 3.38
cooldown, thereby, expediting recovery from the incident.

,

15.5.1.4 Radiological Consequences 3.40

There are only minimal radiological consequences associated with 3.41
' inadvertent ECCS operation. The reactor trip causes a_ turbine trip 3.43
and heat is removed from the secondary system through the steam
. generator power relief valves or safety valves. Since no fuel damage 3.45 -

is _' postulated to occur from this transient, the radiological
consequences associated with atmospheric steam release from this 3.46
event are' less severe than the steam line break event analyzed in
Section 15.1.5.

15.5.2 ' Chemical and Volume Control System Malfunction that Increases 3.50
Reactor Coolant Inventory

An increase' in reactor coolant inventory, which results from the 3.53
addition of cold, unborated water to the RCS, is analyzed in 3.54
Section 15.4.6, Chemical and Volume Control System Malfunction That 3 75
Results in a Decrease in Boron Concentration in the Reactor Coolant. 3.57
An increase in reactor coolant inventory, which results from the 3.58
injection of borated water into the RCS, is analyzed in 3.59
Section 15~.5.1, -Inadvertent operation of the Emergency Core Cooling

*System during Power Operation.'

15.5.3 .A Number of BWR Transients 4.1

This section is not applicable to Millstone 3. 4.2
,

-15.5.4 Reference for Section 15.5 4.5

WCAP-7907, 1972. Burnett, T.W.T. et al. LOFTRAN Code Description. 4.8
i.

,

:

I

i

i -Amendment 12 15.5-4 February 1985.
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TABLE 15.5-1 1.10'

TIME SEQUENCE OF EVENTS FOR INCREASE IN 1.12
REACTOR COOLANT INVENTORY EVENTS 1.13

N-Loop N-1 Loop 1.16
j' Time 2 Time J 1p7

Accident = Event (sec) (sec) 1.18'

Inadvertent actuation of Spurious safety-injection 0 0 1.20
.the ECCS during power signal generated; two 1.21
operating charging pumps begin 1.22

injecting borated water 1.23

Turbine throttle valve 38.5 @ 1.25
wide open, load begins 1.26
to drop with steam 1.27
pressure 1.28

Low pressurizer pressure 84.1 84.4 1.30
reactor trip setpoint 1.31
reached 1.32

Control rod motion begins 86.1 86.4 1.34

'
.

.

.

.

Amendment 12 1 of 1 February 1985
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1.9
15.6 DECREASE IN REACTOR COOLANT INVENTORY

Events which result in a decrease in reactor coolant inventory as 1.10
discussed in this section are as follows.

1.12Inadvertent opening of a pressurizer safety or relief valve.1.

2.* Break in instrumer.t line or other lines from reactor coolant 1.13
pressure boundary (RCPB) that penetrate containment.

1.14
3. Steam generator tube failure.

4. Spectrum of boiling water reactor (BWR) steam system piping 1.15 . .

failures outside of containment (not applicable to
1.16Millstone 3).

Loss-of-coolant accident (LOCA) resulting from a spectrum of 1.175.
postulated piping breaks within the RCPB.

number of BWR transients (not applicable to Millstone 3). 1.18
6. A

15.6.1 Inadvertent Opening of a Pressurizer Safety or Relief Valve 1.21

1.22
15.6.1.1 Identification of Causes and Accident Description

An accidental depressurization of the reactor coolant system (RCS) 1.23

could occur as a result of an inadvertent opening of a pressurizer 1.24 '

relief or safety valve. Since a safety valve is sized to relieve 1.26
and willapproximately twice the steam flow rate of a relief valve,

therefore allow a much more rapid depressurization upon opening, the 1.27
most severe core conditions resulting from an accidental
depressurization of the RCS are associated with an inadvertent 1.28
opening of a pressurizer safety valve. Initially, the event results 1.29
in a rapidP; decreasing RCS pressure until this pressure reaches a
value corresponding to the hot leg saturation pressure. At this 1.31

time, the pressure decraase is slowed considerably. The pressure 1.32
continues to decrease throughout the transient. The effect of the 1.33

decrease would be to decrease power via the moderatorpressure 1.34density feedback, but the RCS (if in the automatic mode) functions to 1.35maintain the power essentially constant throughout the initial stage
of the transient. The average coolant temperature decreases slowly, 1.36

but the pressurizer level increases until reactor trip.
1.38The reactor may be tripped by the following reactor protection system

signals:

isWL
1. Overtemperature AT

1.41
2. Pressurizer low pressure

1.44An inadvertent opening of a pressurizer safety valve is classified as
an American Nuclear Society (ANS) Condition II event, a fault of 1.45

moderate frequency. Section 15.0.1 discusses condition II events. 1.46

Amendment 12 15.6-1 February 1985
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1.4815.6.1.2 Analysis of Effects and Consequences

1.50Method of Analysis

The accidental depressurization I transient is analyted by employing 1.52
'the detailed digital computer ce4s LOFTRAN (WCAP-7907, 1972). The 1.55

code simulates the ncatron kinetics, RCS, pressurizer, pressurizer
relief and safety valves, pressurizer spray, steam generator, and 1.56
steam generator safety valves. The code computes pertinent plant 1.57
variables, including temperatures, pressures, and power level.

Initial operating conditions are assumed at values cor.sistent with 1,58
steady state N-loop and N-1 locp operations. Plant characteristics 1.59
and initial conditions are discussed in Section 15.0.3. To give 1.60

conservative results in calculating the departure from nucleate
boiling ratio (DNBR) during the transient, the following assumptions 2.1

are made.

1. Initial conditions of m Timum core power and reactor coolant 2.3
temperatures and minimu reactor coolant pressure resulting 2.4
in the minimum initial margin to DNB (Section 15.0.3).

2. A least negative moderator coefficient of reactivity is 2.5
assumed. The spatial affect of void due to local or 2.6
subcooled boiling is not considered in the analysis with
respect to reactivity feedback or core power shape. 2.7

3. A large (absolute value) Doppler coefficient of reactivity 2.8

such that the resultant amount of positive feedback is
conservatively high in order to retard any power decrease 2.9

due to moderator reactivity feedback.

analyzed considering four loops in opezation and 2.104. Cases are
three loops in operation.

Plant systems and equipment which are necessary to mitigate the 2.12
effects of RCS depressurization caused by an inadvertent safety valve 2.13
opening are discussed in Section 15.0.5 and listed in Table 15.0-6.

Normal RCS are not required to function. The rod control system is 2.15
assumed to be in the automatic mode to hold the core at full power
longer and thus delay the trip. This is a worst case assumption; if 2.17
the reactor were in manual control, a trip could occur earlier on
overtemperature AT or low pressurizer pressure. The reactor 2.-14

protector system functions to trip the reactor on the appropriate
signal. No single active failure will prevent the reactor protection 2.20
system from functioning properly.

2.23Results

The system response to an inadvertent opening of a pressurizer safety 2.25
valve is shown on Figures 15.6-1 and 15.6-2. Figure 15.6-1 2.28

illustrates the nuclear power transient following the
depressurization. Nuclear power is maintained at the initial value 2.29

Amendment 12 15.6-2 February 1985
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until reactor trip occurs on overtemperature AT. The pressure decay iEMM&
transient and averaga temperature transient following the accident -

are given on Figure 15.6-2. Pressure drops more rapidly while core 2.31
heat generation is reduced via the trip, and then slows once
saturation temperature. is reached in the hot leg. The departure from 2.33
nucleate boiling ratio (DNBR) decreases initially, but increases 2.34
rapidly following the trip (Figure 15.6-1). The DNBR remains above 2.35
1.30 throughout the transient. The DNBR design basis is described in 2.36

9. L Sectio g . Figures 15.6-1A and 15.6-2A show t..c transient for the 2.31K
case with two reactor coolant loops in service (N-1 loop operation). 2.38

The calculated sequence of events for the inadvertent opening of a 2.39
2.40pressurizer safety valve incident is shown in Table 15.6-1.
2.4215.6.1.3 Conclusions

The results of the analysis show that the pressurizer low pressure 2.43
and the overtemperature AT reactor protection system signals provide 2 eV>
adequate protection against the RCS depressurization event. The DNBR 2.46
remains above 1.30 throughout the transient; thus, the DNB design
basis as described in Section 4.4 is met. The radiological 2.47

consequences of this event are not limiting.
2.49

15.6.1.4 Radiological Consequences

An in".dvertent opening of a pressurizer safety or relief valve 2.50
releases priaary coolant to the pressurizer relief tank; however, 2.53
even assaming a direct release to the containment atmosphere, the
radiolsgical consequences of this event would be subs'~~'ially less 2.54

i
than that of a LOCA (Section 15.6.5) because less pri " y coolant is
reltased and the activity is lower as fuel damage is not predicted as 2.55
a result of this event.

15.0.2 Failure of Small Lines Carrying Primary Coolant Outside 2.59
Containment

There are no instrument lines connected to the RCS that penetrate the 3.2
containment. There are, however, the sample lines from the hot legs 3.4

of reactor coolant loops 2 and 3 from the steam and liquid space of 3.5
the pressurizer, and from the chemical and volume control system
(CHS) letdown and excess letdown lines penetrating the containment. 3.6

The sample lines are provided with normally closed isolation valves 3.7

on both sides of the containment wall. The CHS letdown and excess 3.8

letdown lines are provided with normally open containment isolation
valves on both sides of the containment wall. In all cases the 3.10

containment isolation valves are designed in accordance with the
3.11requirements of General Design Criterion 55.

The most severe pipe rupture with regard to radioactivity release 3.12
during normal plant operation occurs in the CHS. This would be a 3.13

complete severance of the 3-inch letdown line just outside
containment, but between the outboard letdown isolation valve and 3.14
letdown heat exchanger (Figure 9.3-8), at rated power condition. The 3.16
occurrence of a cemplete severance of the letdown line would result
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in a. loss of reactor coolant at the rate of approximately 152 gpm 3.17
(referenced at a density of 62 lb/ft ) which would nct cause2

3.18 no, qengineered safety features system actuation.

Area radiation- and leakage detection instrumentation provide the 3.19
means for detection of a letdown line rupture. Frequent operation of 3.20
the CHS - reactor makeup control system and other CHS instrumentation
will also aid the operator in diagnosing a letdown line rupture. The 3.22 4 tom
time required for the operator to identify the. accident and manually
isolate the rupture is expected to be within 30 minutes of the 3.23
rupture. Once the rupture is. identified, the operator would isolate 3.24t

-

the letdown line rupture by closing the letdown orifice isolation 3.25
valves ~ followed by closing the pressurizer low level isolation 3.26
valves. Alternatively, the operator would .close the letdown line 3.27
containment isolation valves to isolate the rupture. All valves are 3.28
provided with control _ switches at the main control board. There are 3.29
no single failures that would prevent isolation of the letdown line
rupture.

3.32Radiological Consequences ffscy
'The plant is assumed to be perating at the technical specification 3.34
primary coolant activity and primary-to-secondary leakage through all 3.37
four steam generators.

The complete severance of the letdown line results in a LOCA at the 3.38
rate of approximately 152 gpm which may not result in the activation 3.39
:of the engineered safety features -(ESF) systems for the duration of 3.40 wo. y
the release. This implies that the supplementary leak collection and 3.41

; release system (SLCRS) and auxiliary building filters are not in 3.42
operation and the releases to the environment from the severed l_4. ,

are -assumed to be at ground level. The time needed to identify and 3.43 i4

isolate the rupture is conservatively _ assumed to be 30 minutes. | W~o Y

The, fraction of iodine release to the environment is derived from a 3.44
calculated fraction of approximately 0.40 of the primary coolant 3.45
flashing during pipe leakage. This is based on a direct release of 3.46 qgg
primary coolant at primary coolant temperature, which conservatively

3.47bounds potential accident sequences.

Due to transients in the core at the time of the accident,~it is 3.48
| assumed that an iodine spike occurs concurrently with the letdown 3.49

line rupture.

The radiological consequences of the postulated small line break are 3.50
i- reported in Table 1G.0-8. The assumptions used to perform this 3.51

evaluation' are summarized in Table 15.6-2. Technical specification 3.52 3,q
,

column values have been used. The releases listed in Table 15.6-3 3.53

together with -the atmoshperic dispersion values listed in
Table 15.0-11 are used to compute the doses to the EAB (0-2 hr). The 3.55
resulting doses to the exclusion area boundary (EAB) are a small
fraction of the 10CFR100 guidelines; i.e., 30 Rem to the thyroid and 3.56

_2.5 Rem to the whole body.

Amendment 12 15.6-4 February 1985
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~15.6.3 Steam Generator Tube Failure 3.58-

15.6.3.1 ' Identification of Causes and Accident Description 3.59

|The accident examined is the complete severance of a single steam '3.60
, generator tube. This. event is considered an ANS Condition IV event, 4.2

a limiting fault (Section 15.0.1). The accident is assumed. to take 4.3

place at full power with - the reactor coolant contaminated with
fission products corresponding to the continuous operation with a 4.4

limited amount of defective fuel rods. -The accident leads to an 4.5
increase in contamination of the secondary system due to leakage of
radioactive coolant from the RCS. In the event of a coincident loss 4.7

of offsite -power, or failure- of the' condenser steam dump system,

/ discharge of activity to the atmosphere takes place via the steam 4.8
generator safety and/or power operated relief valves.

Complete severance of the steam generator tube-rupture is considered 4.9
a somewhat conservative assumption since the Inconel-600 tube 4.10

material is highly ductile. The more probable mode of tube failure 4.11
i ~ would be one or more minor leaks of undetermined origin. Activity in 4.12

the' steam.-and power conversion system is . subject to continual.

surveillance and an accumulation of minor 3.eaks which exceed the 4.13
limits established in the' Technical Specifications is not permitted
during unit operation.

The operator is- expected to determine that a-steam generator tube 4.14
rupture has occurred, and to identify and isolate the faulty steam 4.15
. generator on a restricted time scale to minimize contamination of the
secondary. system and ensure termination of radioactive release to the 4.16
atmosphere from the faulty unit. The recovery procedure cat be 4.17
carried out on a time scale which ensures that break flow to the

. secondary system is terminated before water level in the affected 4.18
0 stema generator rises into the main steam pipe. Sufficient 4.19

indications and controls are provided to enable the operator to carry
i

out these functions satisfactorily.

Consideration of the indications provided at the control board, 4.20
|

together with the magnitude of the break flow, leads to the 4.21,

|
conclusion that the accident diagnostics and isolation procedure can
be completed within 30 minutes of initiation ' for the design basis 4.22!

L event.
.

-

i

If | normal operation of the various plant control systems is assumed, 4.23
4.24

|
the following sequence of events is . initiated by a tube rupture.

i; 1. Pressurizer _ low pressure and low level alarms are actuated 4.26
,

! and charging pump flow increases in an attempt to maintain 4.27
pressurizer level. On the secondary side, steam 4.28

flow /feedwater flow mismatch occurs as feedwater flow to the
affected steam generator is reduced as a result of primary 4.29
coolant break flow to that unit.;

2. Decrease in RCS pressure (Figure 15.6-3A) due to continued 4.30
loss of reactor coolant inventory leads to a reactor trip 4.31
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signal on low pressurizer pressure or overtemperature T.
Resultant plant cooldown (Figure 15.6-3B) following reac er 4.32
trip leads to a rapid decrease in pressurizer level
(Figure 15.6-3E), and a safety injection signal, initiated 4.33

by low pressurizer pressure, follows soon after reactor
trip. The safety injection signal automttically terminates 4.35
normal feedwater supply and initiates auxiliary feedwater

4.36addition.

3. The reactor trip automatically trips the turbine and if 4.37
offsite power is available the steam dump valves open,
permitting steam dump to the condenser. In the event of a 4.39
coincident station blacxout (loss of offsite power), as
assumed in the transients presented in this section, the 4.40
steam dump valves automatically close to protect .the
condenser. The steam generator pressure (Figure 15.6-3C) 4.41
rapidly increases, resulting in steam discharge to the
atmosphere through the steam generator safety and/or power 4.42
cperated relief valves. The steam flow is presented as a 4.43
function of. time on Figure 15.6-3F. The flow is constant 4.44

_

initially until reactor trip, followed by turbine trip,
;
=

which results in a large decrease in flow and a rapid 4.45
increase in steam pressure to the safety valve setpoint.

4. Following the safety injection signal, the continued action 4.46
of the auxiliary feedwater supply and borated safety

injection flow provide a heat sinic which absorbs the decay 4.47
4.48

heat.

* 5. Safety injection flow results in increasing pressurizer 4.49
water volume (Figure 15.6-3E).

6. At this point, steam generator blowdown is manually 4.50
isolated. In addition to the indication mentioned above, 4.51
the condenser air ejector monitor and the steam genernter
blowdown liquid monitor may alarm, indicating a snarp 4.52
increase in radioactivity in the secondary system.

'

4.55
T 15.6.3.2 Analysis of Effects and Consequences

4.57Method of Analysis

Mass and energy balance calculations are performed using LOFTRAN 4.59
(WCAP-7907, 1972) to conservatively determine primary to secondary 5.2
mass release and to conservatively determine the amount of steam
vented from each of the steam generators during the initial 30-minute 5.3

period following the tube rupture.

In estimating the mass transfer from the RCS through the broken tube, 5.4
the following assumptions are made:

1. Reactor trip occurs automatically as a result of low 5.6

pressurizer pressure or overtemperature AT. Loss of offsite +r4

power occurs at reactor trip.

Amendment 12 15.6-6 Februtry 1985
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2. . Following the initiation of the safety injection signal, two 5.9
are 5.10~-high head safety injection pumps and two charging pumps

actuated and are assumed in the analyses to continue to
~ s

deliver flow until 30 minutes after accident initiation. 5.11

'

3. After reactor trip the break flow reaches equilibrium when 5.12
' incoming safety injection flow is balanced by outgoing break 5.13
flow as. shown on Figure 15.6-3. Break flow is assumed to 5.14
persist for 30 minutes beyond initiation of the accident._r.

4. The ' steam generators are controlled at the safety valve 5.15
setting rather than at the power operated relief valve-

5.16
' setting.

5.175. The operator is assumed to throttle the auxiliary feedwater
flow to attempt control-of the steam generator level.

~

6. - The operator' identifies - tJun accident type and terminates 5'.18

break. flow to the faulted steam generator within 30 minutes 5.19
of accident initiation.

' The above assumptions, suitably conservative for the' design basis 5.21
tube rupture, ~ are made to maximize doses and do not explicitly model 5.22
operator actions for recovery.

Prior to reactor trip, steam is dumped to the condenser from both the 5.23
faulted and'nonfaulted steam generators. After- the condenser is 5.24
lost, 'following loss of offsite power at reactor trip, steam from all

5.25steam generators is released to the atmosphere.

Following isolation of the faulted steam generator, it is assumed 5.26
- that steam dump from the nonfaulted steam generator is used to reduce 5.27

557'F). From 2 to 5.-29
temperature to 50'F below no-load T" die (non-faultedche ' RCS

8 hours, steam is assumed to be dumped from steam

generators to reduce the RCS temperature and pressure to residual 5.29
heat removal systems (RHRS) conditions. .The faulted steam generator 5.30
;is depressurized to the RERS cut-in pressure via steam release from 5.31
:the faulted steam generator pilot ' operated relief valve. After 5.33

8 hours, further plant cooldown is carried out with the RHRS. The 5.34
0.5-to 2-hour and 2-to 8-hour steam releases from and feedwater flows

>

!: to the steam generators required to remove decay heat, heat due to an ' .5.36
in the RCSoperating reactor coolant pump, and stored fluid energy 5.37.and steam generators are determined based on -these assumptions.-

5.40Key Recovery Sequence ;

recovery sequence to be followed consists of the following major 5.42
-The

;
- operator actions:

i- 5.44
.

1. identificatiwn of the faulted steam generatort
5.45

I 2. isolation of the~ faulted steam' generator
.

-.
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3. ~ cooldown of Ithe RCS _ fluid:to_approximately 50*F below no '5.47
' load temperature to. assure subceoling in the RCS non-faulted 5.48
loops ;at the : faulted steam generator pressur,s

O
,

- L 4. - : controlled -depressurization. of the RCS to a value equal to 5.49 f
Lthe faulted steam generator pressure: and j

'

5. subsequent termination of safety injection flow. 5.50
.

'

5.53Results -

LThe , sequence-of. events for steam generator . tube rupture is presented 5.55
|in Table 15.6-4. These events. are the . normal plant . response to 5.56

y' -
normal- plant setpoints. Loss of offsite power is assumed to occur at 5.57

L - reactor trip.
,

,-
,

The .previously discussed assumptions lead to an estimate of.104,500 5.59-~

- pounds ' for the . total amount of reactor. coolants transferred to the 5.60t

secondary side of the faulted steam-gensrator as a result of a tube'

; rupture accident. .The . steam releases to the condenser and atmosphere 6.1
from: both the faulted and non-faulted steam generators are given in
Table 15.6-5.. The total feedwater flows to all steam generators -are 6.3. -

:also listed in Tables 15.6-5 and 15.6-6.

The-' following: is a list of figures of pertinent time-dependent 6.5
parameters:

6.7Figure 15.6-3A - Core Pressure
6.8

'~ ' Figure 15.6-38 - Reactor Coolant System Temperature .
6.9Figure 15.6-3C - Steam Generator Pressure (Faulted Steam

.
Generator) .

.

6.10
6.11.

;
. Figure 15.6-3D - Steam Generator Temperature (Faulted Steam

6.12Generator):E 6.13Figure 15.6-3E - Pressurizer Water Volume
Figure ~ 15.6-3F ' Steam Generator Flow (Faulted Steam Generator) 6.14

6.15; Figure 15;6-3G - Feedwater Flow .to Faulted Steam Generator 6.16
|*

Figure 15.6-3H - -Faulted Steam Generator Safety / Relief Valve Flow
6.17

L Rate
6.18Figure 15.6-3I - Faulted Steam Generator Break Flow Rate
6.19Figure 15.6-3J - Steam Generator Mass

Figure 15.6-3K - Faulted Steam Generator Liquid Volume - 6.20

The DNB. calculations performed with LOFTRAN' (WCAP-7907, 1972) 6.23
:

indicate ' dsat DNS limits are met.
6.25

! 15.6.3.3 Radiological Consequences

6.263

It'- is postulated that if a steam generator tube rupture occurs, the
: fraction of reactor coolant system activity resulting from long-term 6.27

.

|- operation with minor fuel defects is released to the secondary side
of the. steam generator. The release to the environment from the 6.30

,

. defective steam generator continues until this steam generator is
isolated 30 minutes after .the rupture occurs. Offsite power is 6.33

' ~ conse rvatively. assumed to be- lost following the tube rupture ,
L
i
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.resulting in the. condenser being unavailable for -steam dump. The 6.35
generators continue to-release activity throughnondefective steam 6.36the steam relief valves until the plant is brought to a. cold shutdown

'8 hours after the tube rupture. The analysis considers the effect ot 6.37
~

The calculation 6.38 q qo, g ,the highest worth control rod stuck out of the core.
. indicates that.the DNB limits are met,.thereby precluding any release
from additional fuel failure. The activities released are based on 6.39
technical- specification primary to secondary leak rate of 1 gallon-
per minute.. It.is also assumed the reactor coolant and secondary 6.41
coolant are at. equilibrium technical specification activity
concentrations. A partition factor of 0.01 is assumed for iodines 6.43
passing between the water and steam phases in both the defective and 6.44nondefective steam generators.

The ' assumptions used to calculate the doses to the EAB and the LPZ 6.45
from a steam generator tube rupture are summarized in Table 15.6-5. 6.46

6.47. cases are analyzed to ascertain the results of increased reactorTwo 6.48coolant iodine concentration resulting from operating transients:
6.50iodine activity in the primary coolant is increased due1. the

--to a preaccident iodine spike, and
'

6.51
2. an iodine spike occurs concurrently with the steam generator

tube rupture.

6.53
calculated activities released to the environment as a result ofThe described in 6.54a steam generator tube rupture based on the parameters

Tables 15.6-5 and 15.6-6 are shown in Table 15.6-7. The tabulated 6.55
release values are for the two cases examined:

6.57an assumed preaccident iodine spike condition in the reactor1.
coolant, and

6.58
2. an accident initiated concurrent iodine spike.

6.60releases - together with the atmospheric dispersion factors listed
in Table 15.0-11 are used to compute the doses presented in 7.1

^

-The

Table 15.0-8 for the EAB (0-2 hr)' and the LPZ -(0-5 hr).

The whole body and thyroid doses calculated. for the postulated 7.2reactor coolant 7.3accident assuming a preaccident iodine spike in the
than the dose guideline values described in 10CFR100, i.e.,

is less 7.4300 Rem to the thyroid and 25 Rem to the whole body.
7.5For- the assumed condition of a concurrent iodine spike in combination 7.6with equilibrium iodine concentrations at full power, the analysis of

postulated accident resulted in dose values less than a smallthe 2.5 Rem whole 7.7fraction of 10CFR100; i.e. , 30 Rem to the thyroid and
body.

15.6.4 Spectrum of BWR Steam System Piping Failures outside of 7.11
Containment

7.12
Not applicable to Millstone 3.

15.6-9 February 1985
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@* 15.6.5 Loss-of-Coolant Accidents Resulting from a Spectrum of 7.18 [;

S t i, Postulated Piping Breaks within the Reactor Coolant Pressure 7.19 ].s
m .8 <- Boundary i. #

..
--

, . ~ . . . , . . .

. , . .-

T 15.6.5.1 Identification of Causes and Frequency Classification 7.20 ;'y

1. . A LOCA is the result of a pipe rupture of the RCPB (Section 5.2). 7.23
., For the analyses reported here, a major pipe break (large break) is 7.25 '

.: ,.3

rupture with a total cross-sectional area equal to or 7.26 , j.^0 definea as a.

'9
; :- 4 greater than 1.0 square feet (ft ). This event is considered an ANS 7.27 N2

' , . ' ' ' , Condition IV event, a limiting fault, in that it is not expected to .h
[},g. occur during the lifetime of the plant but is postulated as a 7.28 i,

T.1? , conservative design basis (Section 15.0.1). The Millstone 3 nuclear 7.29 p
i' steam supply system (NSS) contains loop isolation valves and y
D( therefore can be operated with one loop out of service. For the 7.31 '' Y.

(.,[: analyses presented here, a postulated majer pipe break (large break) 't/. .

|; .:
could occur in one of the active loops or in the reactor vessel side 7.32 g

* of the isolated (inactive) loop while in this (N-1) loop /s'
, ., ';

'}.j| configuration.
-

.:; .;^.n .Y'

;Qi. A minor pipe break (small break), as considered here, is defined as a 7.33 Q
cross- 7.35 %tM rupture of the reactor coolant pressure boundary with a total

. . ,g sectional area less than 1.0 ft2 in which the normally operating 40
'i' charging system flow is not sufficient to sustain pressurizer level 7.36 M

IKk ' ,7 and pressure. This i~ considered a Condition III event, in that it 7.37
/3 6 J is an infrequent fault which may occur during the life of the plant. 7.38 1-
$ $- r, .
2. a ; .,
f The Acceptance critaria for the LOCA are described in 10CFR50.46 7.40 '[
? : .s (10CFR50.46 and Appendix K of 10 GR50 1974) as follows. 7.41 ir

w.*yf._,
A 1. The calculated peak fuel element clad temperature is below 7.43 7

[|gh.C - the requirement of 2,200 F. O'
hI [

'

,4 J. 6 2. The amount of fuel element cladding that reacts c.hemically 7.44

@~) with water or steam does not exceed 1 percent of the total 7.45 m.);

n f. |:, amount of Zircaloy in the reactor. ;. n ., -
.

OfN Q
. % ^f 3. The clad temperature transient is terminated at a time when 7.47 .2
"! AT C -' the core geometry is still amenable to cooling. The 7.48 y
[p!gk localized cladding oxidation limit of 17 pe. cent is not Z.

h .|,' exceeded during or after quenching. ?

,|. .,m. .q.
-

,4

~ . 7x!" 4. The core remains amenable to cooling during and after the 7.49 ..?s
[2% break. $
7 M; W

5. The core temperature is reduced and decay heat is removed 7.50 ,3Jf
.q- for an extended period of time, as required by the long- 7.51 & ?.t

1IM lived radioactivity remaining in the core. N
.,k.y -

:9 ,

.([T H
i These criteria were established to provide significant margin in 7.53 ;%

.
mergency core cooling system (ECCS) performance following a LOCA. 7.54 6'[j

k..M.. WASH-1400 (1975) presents a recent study in regard to the probability 7.55

- R.3 f of occurrence of RCS pipe ruptures. Input parameters used in the 7.56

'M'" ECCS analysis are described in Table 15.6-8. ?|-
:.y;:m

a,.-.
..

.y; -
.y ? .....
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'

JIn all cases, small breaks:(less than11.0 square- foot) yield results 7.57
with more margin to the Acceptance Criteria limits than large breaks. 7.60

8.215.6.5.2 Sequence of Events and Systems Operations

'Should? a major break occur,~depressurization of the RCS results in a 8.3
. pressure decrease" in the pressurizer. The reactor- trip signal 8.5

_subsequencly occurs when the pressurizer low pressure trip setpoint 8.6.

is ; t eached. A ' safety injection signal is generated when the 8.7
appropriate setpoint is reached. These countermeasures will limit 8.9

ithe consequences of the-accident in two ways.

.l. Reactor trip and borated water injection complement void 8.11 '

formation'in causing-rapid reduction of power to a residual''
-

level corresponding to fission product decay heat. However, 8.13
no credit is taken in the LOCA analysis for boron content on
the; injection water. In addition, the insertion of control : 8.14
rods to shut down the reactor is neglected in -the large,

t-

break analysis.

2. Injection of . borated water provides for heat transfer from 8.15
the core and prevents excessive clad temperatures.

8.18Description of Large Break LOCA Transient

.The sequence of events following a large break LOCA are presented in 8.20
Table 15.6-1 and on Figure 15.6-4.

Before the break occurs, the-unit is in an equilibrium condition, 8.22'

1.e., the heat generated in the core- is being removed via the 8.23
secondary system. During blowdown, heat from fission product decay, 8.24

. hot internals and the vessel continues to be transferred -to the
reactor coolant. 'At the beginning of the blowdown phase, the entire 8.26

~ core byRCS contains subcooled liquid which transfers heat from the
forced convection with -some fully developed nucleate boiling. 8.27

. Thereafter, the core heat transfer is based on local conditions with 8.28'

transition' boiling . and forced convection to steam as the major heat 8.29
transfer mechanisms.

The heat transfer between the RCS and the secondary. system may be in 8.30
F either direction depending on the relative temperatures. In the case 8.32

of. ~ continued heat addition to the secondary, secondary system
pressure increases and the main steam safety valves may actuate to 8.33
limit the _ pressure. Makeup water to the secondary side is 8.34..

automatically provided by the auxiliary feedwater system. The safety 8.36
injection signal actuates a feedwater' isolation signal which isolates

8.37normal feedwater flow by closing the main feedwater isolation valves,,

and;also initiates auxiliary feedwater flow by starting the auxiliary
feedwater pumps. The secondary flow aids.in the reduction of RCS 8.38

' pressure.
1

When the RCS depressurizes to 615 psia, the accumulators begin to 8.39
inject borated water into the reactor coolant loops. Since the loss 8.41,

of offsite power is assumed, the reactor coolant pumps are assumed to'

,
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< . - trip at''the inception of the accident. The effects of_ pump isastdown 8.43
are include,d in the blowdown analysis.-

'

_ . _
' 22. Sci> .

The blowdown phase of the transient . ends when the RCS pressure .8.45
.(initially assumed at psia)-falls to a value- approaching that 8.46
of the_ containment' , atmosphere. . Prior to or-~at the end of the .8.47

,

blowdown, the mechanisms that are responsible for the bypassing .of-*

emergency core cooling water injected into the RCS are calculated not 8.48
to be effective.: ,At this time (end-of-bypass) refill of the reactor 8.49
vessel _ lower plenum begins. Refill is complete when emergency core 8.50
cooling water has filled the lower plenum of the reactor vessel which
:is ~ bounded by- the bottom of the-fuel rods-(bottom of core recovery 8.51
time).

The _reflood phase of the transient is defined as the time period 8.52
' lasting from the end-of-refill until the reactor vessel has been 8.53
filled with water to the extent that the core temperature rise has
been terminated. From the-later stage of blowdown and then the 8.54
'beginning-of-reflood, the safety injection accumulator tanks rapidly
discharge borated cooling water into the RCS, contributing to the 8.55
filling of. the reactor vessel downcomer. The downcomer water 8.56

, ,

elevation head provides the driving force required for the reflooding
of. the reactor core. The low head and high head safety injection 8.57

pumps aid in the filling of the downcomer and subsequently supply
water -to maintain a full downcomer and complete the reflooding 8.58
process.

Continued operation of the ECCS pumps supplies water during long-term 8.59
cooling. Core temperatures have been reduced to long-term steady 8.60'

state levels associated with dissipation of residual heat generation. 9.1

After the Lwater level of the refueling water storage tank reaches a 9.2'

minimum allowable value, coolant for long-term cooling of the core is 9.3
J obtained by switching to the cold recirculation phase of operation in
which spilled borated water -is drawn from the engineered safety . 9.5
features containment sumps by-the containment recirculation pumps and 9.6
returned to the RCS cold legs. The containment recirculation system 9.7
also continues to ' operate in the spray mode to further reduce
containment pressure. Approximately 24 hours after initiation of the 9.9
LOCA, the ECCS is realigned to suppiv water to the RCS hot legs in
order to control the boric acid concentration in the reactor vessel. 9.10'''

Description of Small Break LOCA Transient 9.13
,

As contrasted with the large break, the blowdown phase of the small 9.15
break occurs over a longer time period. Thus, for the small break 9.17

.LOCA there are only three characteristic stages, i.e. , a gradual
blowdown in which the -decrease in water level is checked, core 9.18
recovery, and long-term recirculation.

Amenchnent 12 15.6-12 February 1985
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15.6.5.3 ' Core and System Performance 9.21

1.- Mathematical Model' 9.23'

The '' requirements 'of an acceptable ECCS evaluation model are 9.25
L presented in Appendix K of 10CFR50 (1974).

,

a. Large Break LOCA Evaluation Model 9.28

The analysis of a large break LOCA transient is divided 9.30
into -three . phases: 1) blowdown, 2) refill, and -

-

3) reflood. There are three distinct transients 9.33

|
analyzed in each phase, including the thermal-hydraulic

,, ,
transient in the RCS, the pressure and temperature 9.35
transient within the containment, and the fuel and cladt'

| temperature transient. of the hottest fuel rod in the 9.36
. core. Based on these considerations, a system of 9.37*

interrelated computer codes _ has been developed for the
analysis of the LOCA.

A' description of the various aspects of the LOCA 9.38
analysis methodology is given by WCAP-8339 (1974).

,

This document describes the major phenomena modeled, 9.39
the interfaces among the- computer codes, and the

c features of the codes which ensure compliance with the 9.40
Acceptance Criteria. The SATAN-VI, WREFLOOD, C0CO, and 9.41
LOCTA-IV codes, which are used in the LOCA analysis,,

:

are described in detail in WCAP-8301 and WCAP-8305 9.42
(1974) WCAP-8170 and WCAP-8171 (1974); WCAP-8327 and
WCAP-8326 (1974); and WCAP-8302 and WCAP-8306 (1974). 9.434

Code modifications are specified in WCAP-8471 and 9.44
WCAP-8472 (1975),- WCAP-8622 and WCAP-8623 (1975).
These codes assess the core heat transfer geometry and 9.45
determine if the core remains amenable to cooling
throughcut and subsequent to the blowdown, refill, and 9.46
reflood phases of the LOCA. The SATAN-VI computer code 9.47
analyses the thermal-hydraulic transient in the RCS
during blowdown - and _ the WREFLOOC computer code 9.49
calculates this transient during the refill and reflood

phases to the accident. The COCO computer code 9.50
calculates the containment pressure transient during
all three phases of the LOCA analysis. Similarly, the 9.52
LOCTA-IV computer computes the thermal transient of the
hettest fuel rod during the three phases. 9.53

SATAN-VI calculates the RCS pressure, enthalpy, 9.54
density, and the mass and energy flow rates in the RCS,

well as steam generator energy transfer between the 9.55as
primary and secondary systems as a function of time

,

during the blowdown phase of the LOCA. SATAN-VI also 9.57
calculates the accumulator water mass and internal
pressure and the pipe break mass and energy flow rates
that are assumed to be vented to the containment during 9.58
blowdown. At the end of the blowdown phase, these data 9.59

.
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are transferred to the WREFLOOD code. Also, at the 9.60
end-of-blowdown, the mass and energy release rates
during blowdown are transferred to the COCO code for
use in the determination of the containment pressure 10.1
response during this first phase of the LOCA.
Additional SATAN-VI output data from the end-of- 10.2
blowdown, including -the core inlet flow rate and
enthalpy, the core pressure, and the core power decay 10.3
transient, are input to the LOCTA-IV code.

With input from the SATAN-VI code, WREFLOOD uses a 10.4
system thermal-hydraulic model to determine the core
flooding rate (i.e., the rate at which coolant enters 10.5
the bottom of the core), the coolant pressure and
temperature, and the quench front height during the 10.6
reflood phase of the LOCA. WREFLOOD also calculates 10.7
the mass and eneryf flow addition to the containment
through the break. Since the mass flow rate to the 10.8
containment depends upon the core flooding rate and the
local core pressure, which is a function of the 10.9
containment back-pressure, the WREFLOOD and COCO codes
are interactively linked. WREFLOOD is also linked to 10.10
the LOCTA-IV code in that thermal-hydraulic parameters
from WREFLOOD are used by LOCTA-TV in its calculation 10.11
of the fuel temperature. LOCTA-IV is used throughout 10.12
the analysis of he LOCA transient to calculate the fuel
clad temperature and metal-water reaction of the 10.13
hottest rod in the core.

The large break analysis was performed with the 10.14
December 1981 version of the Evaluation Model, which
includes modifications delineated in WCAP-9220-P-A and 10.15
WCAP-9221-P-A (1981).

The (N-1) large break analysis was performed with the 10.16
December 1981 version of the ECCS Evaluation Model as
described above and incorporated those changes 10.17
necessary to model the loop out of service. These 10.19
changes are delineated in WCAP-8904-A.

The analysis in this section was performed with the 10.20
upper head fluid temperature equal to the RCS cold leg 10.21
fluid temperature,' achieved by increasing the upper
head cooling flow (WCAP-7907, 1972).

b. Small break LOCA Evaluation Model 10.24

The WFLASH program used in the analysis of the small 10.26
break LOCA is an extension of the FLASH-4 code
(WARD-TM-84, 1969) developed at the Westinghouse Bettis 10.28
Atomic Power Laboratory. The WFLASH program permits a 10.29
detailed spatial representation of the RCS.
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The- RCS is nodalized' into volumes interconnected by 10.31
flowpaths. The broken loop is modeled explicitly with 10.32
the intact loops -lumped .into a second loop. The .10.33

" transient behavior of the system is determined from the
governing conservation equations of mass energy and
momentum applied throughout- the- system. A detailed 10.35
description of WFLASH is given in WCAP-8200 and WCAP-
8261~(1974).

-The use of WFLASH in the analysis involves, among other 10.36
things,' the representation of the reactor core as a '

heated control volume with the associated bubble rise 10.37
model to permit a transient mixture height calculation.
The multinode capability of the program enables an 10.38
explicit and detailed spatial' representation of various
system components. In particular, it enables a proper 10.40
calculation of the behavior of the loop seal during a 10.41
loss-of-coolant transient.

Clad ' thermal analyses are performed with the LOCTA-IV 10.42
code (WCAP-8301 and WCAP-8305, 1974), which uses the,

RCS pressure, . fuel rod power history, steam flow past 10.44
the uncovered part of the core and mixture height
history -from the WFLASH' hydraulic calculations as 10.45

i input.'

Figure 15.6-7 presents the hot rod power shape utilized 10.46
-to perform the small break. analysis presented here.
This power ~ shape was cnosen because it provides an 10.47
appropriate distribution of power versus core . height,
and also because local power is maximized in the upper 10.48
regions of the reactor core (10 feet to 12 feet). This 10.49 ,

power shape is skewed to the top of the core with the
peak local power occurring at the 10.0-foot core
elevation. This is lheiting for the small break 10.51
analysis because of the core uncovery process for small
breaks. As the core uncovers, the cladding in the 10.52

upper elevation of the core heats up and is sensitive
to the local. power at that elevation. The cladding 10.54
temperatures in the lower elevation of the core, below
the two-phase mixture height, remains low. The peak 10.55

,

clad temperature occurs above 10 feet..
.

Schematic representations of the computer code 10.56
interfaces are given on Figures 15.6-5 and 15.6-6.

The small break analysis was performed with the 10.57
October 1975 version of the Westinghouse ECCS Small
Break Evaluation Model (WCAP-8301 and WCAP-8305, 1974 10.58
WCAP-8200 and WCAP-8261, 1974; WCAP-8970 and WCAP-8976,
1977 and Eicheidinger 1978). 10.60

Amendment 12 15.6-15 February 1985
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2. Input Parameters and Initial Conditions 11.3

Table 15.6-9 lists important input parameters and initial 11.5
conditions used in the analysis of both N-Loop and N-1 loop 11.6

configurations.

The analysis presented in this section was performed with a 11.8
reactor vessel upper head t..rperature equal to the RCS cold 11.9
leg temperature. The effect of using the cold leg 11.10
temperature in the reactor vessel upper head is described in
WCAP-7907, 1972. In addition, the analysis in this section 11.11

utilized the upflow barrel-baffle methodology described in
WCAP-9168 and WCAP-9169, 1977. 11.12

The bases used to select the numerical values that are input 11.13
parameters to the . analysis have been conservatively 11.14
determined from extensive sensitivity studies (WCAP-8341 and
WCAP-8342,1974; WCAP-8340 and WCAP-8356,1974; WCAP-8586-P-A 11.15
and WCAP-8566-A, 1975). In addition, the requirements of 11.16

Appendix K regarding specific model features were met by
selecting models which provide a significant overall 11.17
conservatism in the analysis. The assumptions made pertain 11.18
to the conditions of the reactor and associated safety
system equipment at the tLue that the LOCA occurs and 11.20
include such items as the core peaking factors, the
containment pressure, and the performance of the ECCS. 11.21
Decay heat generated throughout the transient is also 11.22
conservatively calculated.

3. Results 11.25

11.27a. Large Break Results

Based on the results of the LOCA sensitivity studies 11.29
(WCAP-8341 and WCAP-8342 1974; WCAP-8340 and WCAP-8356,
1974; WCAP-8586-P-A and WCAP-8566-A, 1975), the 11.30

limiting large break was found to be the double ended
cold leg guillotine (DECLG). Therefore, only the DECLG 11.33
beak is considered in the large break ECCS performance
analysis. Calculations were performed for a range of 11.34
Moody break discharge coefficients. The results of 11.35
these calculations are summarized in Tables 15.6-1 and
15.6-11.

In accordance with the methodology presented in the 11.36
- Letter from E.P. Rahe of W to R.L. Tedesco of the NRC,

the worst break for this plant (C y0.6) was repeated, k&v&S Og
assuming no single failure (maximum safeguards). The 11.39
most limiting of the minimum or maximum safegus -

results for the limiting break is taken as the limit. g
result for the plant. 11.40

Based on LOCA sensitivity studies for the N-1 loop 11.41
configuration (WCAP-8904, 1979), the limiting N-1 large
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. . . _ . _ . , _ . ..

' " Jw' a Ll t '
,



. . . - - - - - . . - . -,

u1217912 rc12w -11/13/84- 243
MNPS-3 FSAR

break was again found to be the double ended cold leg 11.42
guillotine (DECLG), occurring in one of the active
loops. Calculations were performed for a range of 11.43
Moody discharge coefficients. For .the worst break 11.44
analyzed, an additional calculation was performed with
the break occurring in the inactive loop to bound the 11.45
results. The results of these calculations' are 11.46
summarized in Tables 15.6-1 and 15.6-11.

:The mass and energy release data for the break 11.47-
resulting in the highest calculated peak clad

temperature are presented in Section 6.2.1.5 for both 11.49
N-loop and N-1 loop configurations.

Figures.15.6-8 through 15.6-30 present the parameters 11.50
of principal interest for the N-%oop large break ECCS )(
analyses. Figures 15.6-44.through 15.6-67 present the 11.51
parameters of principal interest for the N-1 loop large
break ECCS analysis. For all cases analyzed, transients 11363

\of the following parameters are presented:*

'

hot spot clad temperature; 11.55.

coolant pressure in the reactor core; 11.56.

water level in the core and downconer during 11.57.

reflood;

core reflooding rate; and 11.58.

thermal power during blowdown.- 11.59.

The minimum containment pressure transient resulting 12.1 .

from a LOCA is presented in Section 6.2.1.5. For the 12.2
limiting break analyzed, the following additional
transient parameters are presented:

core flow during blowdown (inlet and outlet); 12.4.

.

core heat transfer coefficients; 12.5.

hot spot fluid temperature 12.6- .

l-
' mass released to containment during blowdown 12.7.

energy released to containment during blowdown; 12.8,

.

? fluid quality in the hot assembly during blowdown; 12.9.

mass velocity during blowdowns; 12.10 W.

. accumulator water flow rate during blowdown; and 12.11.

,
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pumped safety injection water flow rate during 12.12.

reflood.

The maximum clad temperature calculated for the N-loop 12.14
large break is 2,132*F, which is less than the
acceptance criteria limit of 2,200*F. The maximum clad 12.16
temperature calculated for the N-1 active loop large

break is 1,878'F, which is also less than the
acceptance criteria limit of 2,200*F. The maximum 12.18
local metal-water reaction for tne N-loop is

6.47 percent, and is 8.9 percent for the N-1 loop
analysis which are well below the embrittlement limit 12.19

- of 17 percent as required by 10CFR50.46. The total 12.20
core metal-water reaction is less than 0.3 percent for
all breaks, (both N-loop and N-1 loop) as compared with 12.21
the 1 percent criterion of 10CFR50.46. The clad 12.22
temperature transient is terminated at a time when the
core geometry is still amendable to cooling. As a 12.23
result, the core temperature will continue to drop and
the ability to remove decay heat generated in the fuel 12.24
for an extended period of time will be provided.

b. Small Break Results 12.27

As noted previously, the calculated peak clad 12.29
temperature resulting from a small break LOCA is less
than that calculated for a large break. Based on the 12.32
results of the LOCA sensitivity studies (WCAP-8341 and
WCAP-8342, 1974) the limiting small break was found to 12.33
be less than a 10-inch diameter rupture of the RCS cold
leg. Therefore, a range of small break analyses are 12.34
presented, which establishes the limiting break size.
The results of these analyses are summarized in 12.35
Tables 15.6-1 and 15.6-11.

Figure 15.6-7 and Figures 15.6-31 through 15.6-43 12.36
present the principal parameters of interest for the
small break ECCS analyses. For all cases analyzed the 12.40
following transient parameters are presented:

12.42RCS pressure;.

core mixture height; and 12.43.

hot spot clad temperature. 12.44.

For the limiting break analyzed, the following 12.46
additional transient parameters are presented:

12.48RCS pressure;.

core mixture height; and 12.49.

hot spot clad temperature. 12.50.

Amendment 12 15.6-18 February 1985
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For 'the limiting break analyzed, the 'following 12.52.
additional transient parameters are presented: -,

*

core steam. flow rate 12.54'

.

core heat transfer. coefficient: 12.55..-

hot spot fluid temperature. 12.56'..-

The -maxistsa calculated peak clad temperature for small 12.58*
breaks analyzed is'1,483*F. These results are well 12.59
below all Acceptance Criteria limits of 10CFR50.46 and

- in all cases are not . limiting when compared to the 12.60
results presented for large breaks.

13.315.6.5.4 Radiological Consequences

A LOCA would increase the pressure in the primary containment 13.4
building resulting in containment isolation and initiation of the 13.5
ECCS 'and. the containment spray systems. A safety injection system 13.7
:(SIS)' signal automatically starts operation of the supplementary leak
collection ~and release system (SLCRS). This- system maintains a 13.9
negative pressure within the secondary containment enclosure.

. EST) building,' 13.10(-auxiliary. building, engineered safety features
-hydrogen recombiner building, and .the main steam valve . building. 13.111

during accident . conditions. The nuclide inventory assumed to be 13.12
initially available for. release froar within the containment building*

consists of 100 percent of the core noble gases and 25 percent of the. 13.13;

halogens, as described in Regulatory Guide 1.4.

- The' SIS signal also initiates control room isolation and 13.14
pressurization with bottled air for a period of 1 hours. There is a 13.15 ,

|
1-minute ' delay from control room isolation to initiation of' the7

!- bottled air system. The control room remains pressurized for that- 13.16'

|
11-minute due to ventilation system operation prior to isolation.

~ a period 13.17
l- Therefore, the control room is effectively pressurized for '

( of 61 minutes. After 1 hour, leakage from the containment building 13.18
J:

terminates and the control room ventilation system begins operation, 13.19
taking filtered ~ air into the control room. During the period of 13.20

|
. pressurization, 10 cfm of unfiltered inleakage is assumed.

13.23Release Pathways

i

i The release pathways to the environment subsequent to a loss-of- 13.25
' coolant D8A are' leakages from ths containment building and ESF 13.26

systems, which are collected and processed, and leakage from the 13.28
containment building which is assumed to bypass SLCRS.

13.31'- Containment Leakage Pathway
!

L The containment is assumed to leak at the design leak rate for 1-hour 13.33
after the accident. After 1 hour, the ESF systems return the 13.35
containment ~ to subatmospheric conditions, preventing further leakage

13.37' rom the containment building.

1 ,
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to protect the operators from direct radiation due
-

shielding serves
to the passing cloud of radioactive effluent assumed to have. leaked 14.19

'from the containment ^ structure and from the ESF system. The control '14.20
building walls also provide shielding protection for radiation- ,

manating from buildings located onsite which may contain significant 14.21-e
-quantities of radioactivity.

;

A SIS signal from Millstone 3 initiat'es control room isolation, and 14.22
after a 60 second delay, pressurization with bottled air for a period 14.23 |vo.3

.

After 1 hour, leakage from the containment building 14.24 >

of I hour. '

terminates and the control room emergency ventilation system begins 14.25
operation, taking filtered air into the control room via HEPA and
charcoal filters. The calculated whole body dose, beta skin dose, 14.26 *

presented in Table 15.6-13 and are below the % o. 3and thyroid dose are
14.27" General Design Criterion 19 limits. .

i Normally, outside air is provided to the control room by the air 14.28
intake duct, located on the roof of the control building. The intake 14.30'

duct,. which is equipped with redundant radiation monitors, will
! . automatically isolate the control room on a high alarm, and after a 14.31

60 second delay, the control, room is pressurized with bottled air for |os.ss'

]
a period of 1 hour. Approximately 3.7 seconds of continued 14.33 u.: . s
unfiltered intake is assumed to account for damper actuation and

,

control room isolation subsequent to a signal from either radiation 14.34 "

monitor. After 61 minutes, the control room ventilation system will 14.35
intake outside and recirculation air into the control room via HEPA 14.36 'f 7f. es'

14.37and charcoal' filters.*

Since other operating reactors are located on the site, an assessment 14.38
;

was made of the habitability of the Millstone 3 control room 14.39
subsequent .to an assumed DBA at either Millstone 1 or 2. All other 14.40

DBAs (e.g., small line breaks) were considered and found to be _

, bounded by the LOCA. For the assumed DBA at'Millsto'ne Unit 2, a low 14.41
wind speed condition and. a high wind speed condition have been
analyzed. As described in the Millstone Unit 2. FSAR, 14.43

Question 6.15.2, Amendment 27, it has been assumed that the high wind
speed condition exists for 36 hours after the LOCA and 10 percent of 14.44 wo . s,

the activity in the enclosure building bypasses the -enclosure 14.45'
.

building filtration system resulting in a ground level release to the
environment.

;
.

enclosure building atmosphere with outside air 14.46Displacement of the
would begin at wind speed above 25 rph. However, for conservatism, 14.47'

.it is assumed that this displacement would begin with a 23 mph wind.
The releases from a postulated LOCA at Millstone 1 are shown in 14.48

..

' Tables 15.6-14 through 15.6-17, and from a tulated LOCA at 14.49
Millstone 2 in Tables 15.6-18 through 15.6-1 The calcu'.ated 14.5$*

Millstone 3 control room whole body dose an thyroid dose from m .3
Millstone 1 releases and from Millstone 2 releases are present;sd in 14.51

! Table 15.6-13. The tabulated control room doses also incitde the 14.52,

f ' calculated beta skin dose.

Amendment 12 15.6-21 February 1985
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Technical Support Center Habitability 14.55

The potential radiation doses to a person occupying the technical 14.57
support center (TSC) have been evaluated for the following design 14.59
basis accidents:

15.11. Unit 3 LOCA, and
,

2. Unit 2 LOCA (high wind speed condition). l' 4

|

Due to the proximity of the two structures and the ventilatio- 15.5
intakes (see Figure 1.2-2), meteorological parameters used for '4 15.6.

control room habitability analysis are applicable to the TSC.

| The results of the control room habitability an .fsis in 15.7
postulated 15.8Table 15.6-13, show that for the three units on site, e

Unit 2 LOCA under high wind speed conditians is the Amiting event 15.9
for the Unit 3 control rocm. Therefore, in ut r to erify that the 15.10
Unit 3 LOCA is limiting for the TSC, the Uni' or high speed wind

case has been analyzed in addition to the Uru ' LOCA. The dose 15.13,

results in Table 15.6-22 confirm that the Unit 3 LOCA is limiting.
:

[ The TSC is designed for continuous operation for the duration of the 15.14
accident (i.e., 30 days). The building roof and walls provide 15.15

" 4 *84
= adequate shielding to protect the occupants against direct radiation

from the external radioactive cloud and from the containment during 15.16
- the postulated LOCA. Double vestibule doors are provided at the 15.17

building entrance to eliminate inleakage due to personnel
- ingress / egress.

[ The TSC ventilation system is described in Section 9.4.13. A safety 15.19

F
injection signal from Unit 3 initiates the CBI signal which in turns

F initiates isolation of the TSC. In the event of a LOCA at either 15.20
Unit 1 or Unit 2, the redundant Unit 3 control room intake duct
monitors will initiate a TSC isolation signal upon a high 15.21

_

radioactivity alarm. This closes the damper in the TSC ventilation 15.22
intake and isolates the building from outside air within 3.7 seconds,"

which accounts for the monitor response and the damper closure times. 15.23I
Prior to isolation, unfiltered intake at the normal operating rate of 15.24
100 cfm is assumed. Upon isolation, the TSC remains isolated for 30 15.25'

* minutes with no ventilation intake and 2,000 cfm filtered

- recirculation. During this period, a conservative unfiltered 15.27

t infiltration rate of 50 cfm is assumed. The actual infiltration rate 15.28
a belowis expected to be much less, since the TSC is predominatelyg

ground structure with 2-foot thick concrete walls and a 1-foet thick 15.29
f concrete roof. There are a minimum number of penetrations into the 15.31

building; these penetrations are sealed to minimize infiltration of
outside air. In addition, there is an upper floor atop the TSC, 15.33,

,

which further reduces the infiltration to the TSC.

{ After 30 minutes, there is a 100 cfm filtered ventilation intake of 15.34
i the outside air with 1,900 cfm filtered recirculation for the 15.36
I

duration of the accident. During this period, the TSC is pressurized 15.37

[ with the intake air and no infiltration is assumed.
.
.
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The data and assumptions used in the TSC dose evaluation are given in 15.38
Table 15.6-21. Meteorological parameters (g/Q values) are given in Li_39
Table 15.0-11. Releases due to a postulated Unit 3 LOCA are shown in 15.40
Tables 15.6-19 and 15.6-20. Releases from a Unit 2 LOCA, hiah wind 15.41
speed case are shown in Tables 15.6-18 through 15.6-18C. gi,, g

The 30-day . integrated thyroid dose, whole body gamma dose, and beta 15442
skin dose for an individual occupying the TSC following the DBA are 15.43

-presented in Table 15.6-22.
15.45Dose Computation

The , radiological dose consequences reculting from a postelated LOCA 15.47
at Millstone 3 are reported in Table 15.0-8. Assumptions used to 15.49
perform the evaluation are summarized in Table 15.6-9. The inventory 15.50

of noble gases and halogens in the containment. building atmosphere
available for release are presented in Table 15.6-10. Nuclide 15.52
releases to the environment from containment building leakage and ESF

15.53system leakage are shown in Tables 15.6-19 and 15.6-20, respectively.
These releases together with atmospheric dispersion factors listed in 15.54

used to compute the doses to the EA8 (0-2 hr) and 15.55Table 15.0-11 are
LPZ (0-30 day) reported in Table 15.0-8. The calculations show that' 15.56
the thyroid and whole body doses are within the appropriate exposure
guideline values specified in 10CFR100. The dose methodology used to 15.58
determine the results of the hypothetical DBAs are described in
Appendix 15A. H18. e 3

Radiological consequences of a LOCA at Millstone 3 during N-L loop 15.59'

a LOCA during N-loop 15.60operation are bounded by the consequences of
operation.

16.215.6.5.5 Conclusions

Analysis shows that the acceptance criteria described in 16.3
Section 15.6.5.1 are met and that the radiological consequences are 16.4,

with 10CFR100 guidelines. Control room doses are within the limits 16.5
of General Design' Criterion 19.

16.815.6.6 BWR Transients
i 16.9Not applicable to Millstone 3.

16.13
| 15.6.7 Refes ences for Section 15.6
)

Anderson, T. M. 1979. Westinghouse Electric Corporation. Letter to 16.16
Stolz, J., Nuclear Regulatory Commission (NRC), Letter

Number NS-TMA-2030.

Eicheldinger, C. 1976. (Westinghouse) Letter to Vassallo, D.B., 16.19

(NRC).

I Eicheidinger, C. 1978. (Westinghouse). Letter to Stolz, J.F., 16.23

j (NRC), Letter Number NS-CE-1672.

'
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10CFR50.46 and Appendix K of 10CFR50. Federal Register, Volume 39, 16.25
Number 3,1974. Acceptance Criteria for Emergency Core Cooling 16.26
System for Light Water Cooled Nuclear Power Reactors.

WARD-TM-84, 1969. Porsching, T.A.; Murphy, J.H.: Redfield, J. A. ; and 16.28
Davis, V.C. FLASH-4, A Fully Implicit FORTRAN-IV Program for the 16.29
Digital Simulation of Transients in a Reactor Plant. WARD-TM-84, 16.30
Bettis Atomic Power Laboratory.

WASH-1400, NUREG-75/104, 1975. _ Reactor Safety Study - An Assessment 16.32
of Accident Risks in U.S. Commerci'al Nuclear Power Plants.;

WCAP-7907, 1974. Burnett, F.W.F. et al. LOFTRAN Code Description. 16.35
:.

WCAP-8170 (Proprietary) and WCAP-8171 (Non-proprietary), 1974. 16.36
Kelly, R. D. et al. Calculational Model for Core Reflooding af ter a 16.36

Loss of Coolant Accident (WREFLOOD Code).F

WCAP-8200, Revision 2 (Proprietary) and WCAP-8261, Revision 1 (Non- 16.39
proprietary), 1974. Esposito, V.J.; Kesavan, K.; and Maul, B.A. 16.40
WFLASH, A FORTRAN-IV Computer Program for Simulation of Transients in 16.41

) a Multi-Loop PWR.

WCAP-8301 (Proprietary) and WCAP-8305 (Non-proprietary), 1974. 16.42

I Botdelon, F. M. et al. LOCTA-IV Program Loss of Coolant Transient 16.44
Analysis,

WCAP-8302 (Proprietary) and WCAP-8306 (Non-proprietary), 1974. 16.45
g

Bordelon, F.M. et al. SATAN-VI Program: Comprehensive Space Time 16.47
_:

Dependent Analysis of Loss of Coolant.i

I WCAP-8327 (Proprietary) and WCAP-8326 (Non-proprietary) 1974. 16.48
- Bordelon, F.M. and Murphy, E.T. Containment Pressure Analysis Code 16.50
_

(COCO).

E WCAP-8339, 1974. Bordelon, F.M.; Massie, H.W.; and Zordan, T.A. 16.52
16.53Westinghouse ECCS Evaluation Mode - Summary.

- WCAP-8340 (Proprietary) and WCAP-8356 (Non-proprietary), 1974. 16.54
- Salvatori, R. Westinghouse ECCS - Plant Sensitivity Studies. 16.56

WCAP-8341 (Proprietary) and WCAP-8342 (Non-proprietary), 1974. 16.57
-

Westinghouse ECCS Evaluation Model Sensitivity Studies. 16.58
.
.

r
WCAP-8471 (Proprietary) and WCAP-8472 (Non-propristary), 1975. 16.59
Bordelon, F.M. et al. Westinghouse ECCS Evaluation 17.1'

g Model - Supplementary Information.
F WCAP-8586-P-A (Proprietary) and WCAP-9566-A (Non proprietary), 1975. 17.2
_

Johnson, W.J.; Massie, H.0W.; and Thompson, C.M. Westinghouse 17.4"

g ECCS-Four Loop Plant (17 x 17) Sensitivity Studies.

y WCAP-8622 (Proprietary) and WCAP-8623 (Non-proprietary), 1975. 17.5

[
Westinghouse ECCS Evaluation Model - Oct9ber 1975 Version. 17.6

i
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WCAP-8904-A (Non-proprietary), 1979. Kemper, R.M. Westinghouse 17.8
Emergency Core Cooling-System Evaluation Model for (N-1) Loop
Operation of plant with Loop Isolation Valves. 17.9)<

G'

WCAP-8970 (Proprietary) and WCAP-8971 (Non-proprietary), 1977. 17.10
Skwarek, R.J.; Johnson,-W.J.; and Meyer, P.E. Westinghouse Emergency 17.12
Core Coolinc System Small Break October 1975 Model.

WCAP-9168 (Propriet.ry) and WCAP-9169 (Non-proprietary), 1977. 17.13-
Johnson, W.J. and Thompson, C.M. Westinghouse Emergency Core Cooling 17.15

^ System Evaluation Model - Modified October 1975 Version.

WCAP-9220-P-A (Proprietary Version) and WCAP-9221-P-A' *

Version), Revison 1 1981 iproprietary * * *

WestinghouseECCSEvaluationMode,$9781 Version. 17.18 '
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TABLE 15.6-1 1.18

TIME SEQUENCE OF EVENTS FOR INCIDENTS WHICH CAUSE 1.20
A DECREASE IN REACTOR COOLANT INVENTORY 1.21

N-Loop N-1 Loop 1.24
Time Time 1.25

Acc4. dent Event (sec) (sec) 1.26

Inadvertent opening Safety valve fully opens 0.0 0.0 1.28
1.29of a pressurizer
1.30safety valve

Overtemperature AT reactor 20.0 32.5 L 42
trip setpoint reached 1.33

Rods begin to drop 22.0 34.5 1.35
. ,

Minimum DNBR occurs 20.6 35.2 1.37

1.40Large break LOCA

1. DECLG Cg = 0.8 Start 0.0 Free

(Minimum SI) Reactor trip signal 0.59 1.45

Safety injection signal 2.13 1.473

Accumulator injection 12.9 1.50'

begins 1.51

End-of-bypass 26.96 1.54

End-of-blowdown 27.18 1.56

P' ump injection begins 27.13 1.58

Bottom of core recovery 39.46 1.60

Accumulator empty 51.66 2.2
.

2. DECLG Cf)= 0.6 Start 0.0 -art-

(Minimum SI) Reactor trip signal 0.6 2.7

Safety injection signal 2.5 2.10

Accumulator injection 15.5 2.13
begins 2.14

Pump injection begins 27.50 2.17

End-of-bypass 31'.68 2.19
.

Amendment 12 1 of 5 Februar" 1985
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TABLE 15.6-1 (Cont)

N-Loop- N-1 Loop
Time Time

Accident Event (sec) (sec)

End-of-blowdown 31.68 2.21"

Bottom of core recovery 45.29 2.23

Accumulator empty 55.34 2.25'

,

Start 0.0 3,46-2.A. DECLG Cg = 0.6

(Maximum SI) Reactor trip signal 0.6 2.31

Safet1* injection signal 2.5 2.34

-Accumulator injection 15.5 2.37
begins 2.38

Pump injection begins 27.5 2.41

End-of-bypass 31.68 2.43

End-of-blowdown 31.68 2.45

Bottom of core recovery 44.58 2.47

Accumulator empty 56.64 2.49

3. DECLG Cg = O.4 Start 0.0 3,44-'

(Minimum SI) Reactor trip signal 0.61 2.54

Safety in;ection signal 3.21 2.57

Accumulator injection 20.1 2.60
begins 3.1

End-of-bypass 39.50 3.4

End-of-blowdown 39.50 3.6

Pump injection begins 28.21 3.8

Bottom of' core recovery 54.03 3.10

Accumulator empty, 61.84 3.12

Amendment 12 2 of 5 February 1985
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TABLE 15.6-1 (Cont)

!.

N-Loop N-1 Loop

Time Time

Accident Event (sec) (sec)

-3.15.

Large break LOCA (N-1)
0.0 M3-

Start4. DECLG Cg = 0.4
0.552 3.19

,Active Loop Break Reactor trip signal

3.79 3.22Safety injection signal

Accumulator injection 18.5 3.25
3.26begins

35.488 3.29End-of-bypass

End-of-blowdown 35.531 3.31

28.79 3.33Pump injection begins

Bottom of core recovery 50.751 3'.35

68.78 3.37Accumulator empty

.

0.0 i>r # -
Start5. DECLG Cg = 0.6

Active Loop Break Reactor trip signal 0.542 3.42

Safety injection signal 2.89 3.45

Accumulator injection 14.1 3.48
3.49begins

27.89 3.52Pump injection begins

28.656 3.54End-of-bypass

End-of-blowdown 28.702 3.56

Bottom of core recovery 43.416 3.58

63.98 3.60Accumulator empty

0.0 -4 ,4-
Start6. DECLG Cg = 0.4

Inactive Loop 8reak Reactor trip signal 0.577 4.5

Safety injection signal 6.11 4.8

Amenchnent 12 3 of 5 February 1985
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T78LE 15.6-1 (Cont)-

N-Loop -N-1 Loop

Time Time
(sec) (sec)Accident Event

Accumulator injection 30.4 4.11
4.12begins

52.776 4.15End-of-bypass

End-of-blowdown 52.907 4.17

31.11 4.19Pump injection begins

69.069 4.21Bottom of core recovery

83.40 4.23Accumulator empty

4.26
Small break LOCA

0.0 4.28
1. 3-inch Start

Reactor trip signal 29.7 4.31

Top of core uncovered 754 4.33

Accumulator injection 1886 4.36
4.37begins

Peak clad temperature 1515 4.40
4.41.

occurs

Top of core covered 2054 4.43

0.0 4.46
2. 4-inch Start

Reactor trip signal 19.2 4.48

Top of core uncovered 366 4.51

Accumulator injection 892 4.54
4.55begins

Peak clad temperature 868 4.58
4.59occurs

Top of core covered 457 5.1

Amendment 12 4 of 5 February 1985
1
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TABLE 15.6-1 (Cont)

N-Loop N-1 Loop
Time Time

- Accident Event (sec) (sec)

3. 6-inch Start 0.0 5.3

Reactor trip signal 11.7 5.5

Top of core uncovered 132 5.7

Accumulator injection 331 5.10
5 11begins

Peak clad temperature 336.4 5.14
5.15occurs

Top of core covered 372 5.17-

.

.

:

i .

Amendment 12 5 of 5 February 1985
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TABLE 15.6-8 1.8

INPUT PARAMETERS USED IN THE ECCS-ANALYSIS 1.10

N-Loop N-1 Loop 1.13

Licensed core power (MWt)(18 3,411 2,217 1.15

Peak linear power, includes 12.88 9.385 1.17
1.18102 percent-factor (kW/ft)

2.32 2.60 LWNrTotal p=aking factor (F] )
1.22Power shape

Large break Chopped cosine Chopped cosine 1.23
1.24Smaji break See Fig. 15.6-7 -

Fuel assembly array 17 x 17 17 x 17 1.26

Accumulator water volume, nominal 900 1,000 1.28
1.29

(ft3/ accumulator)

Accumulator tank volume, nominal 1,350 1,350 1.31
1.32

(ft / accumulator)3

Accumulator gas pressure, minimum 615 600 1.34
1.35(psia)

Safety injection pumped flow See Figures See Figure 1.37
15.6-20 15.6-57 1.38
and 15.6-43 1.39

See Section 6.2 See Section 6.2 1.41Containment parameters

Initial loop flow (lb/sec) 9,817 10,42D 1.43

Vessel inlet temperature (*F) 554.7 548.87 1.45

Vessel outlet temperature (*F) 616.5 608.15 1,47

Reactor coolant pressure (psia) 2,280 2,280 1.49

Steam pressure (psia) 975 925.11 1.51

Steam generator tube plugging 0 0 1.53i

1.54level (percent) ,

1.56
NOTE:

1. Two percent is added to this power to account for calorimetric 1.602.1
error.

Amendment 12 1 of 1 February 1985
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TABLE 15.6-11 1.13

LARGE AND SMALL BREAK LOCA RESULTS FUEL CLADDING DATA 1.15

Large Break LOCA Results Fuel Cladding Data 1.17

DECLG 1.20

Results C a=0.4 C o=0.6 C a=0.6 C s=0.8 L.&L
(min SI) (min SI) (max SI) (min SI) 1.22

Peak clad temp ('F) 1881.0 2100.0 2132.0 1936. 1.24

Peek clad location (ft) 7.5 7.5 7.5 7.5 1.26

Local Zr/H O Rxn (max) (%) 2.84 6.47 6.43 3.69 1.28
2

Local Zr/H O location (ft) 7.5 7.5 7.5 7.5 1.30
2

Total Zr/H O Rxn (%) <0.3 <0.3 <0.3 <0.3 1.32
2

Hot rod burst time (sec) 92.06 67.8 69.2 70.0 1.34

Hot rod burst location (ft) 7.0 6.0 6.0 6.5 1.36

1.38'

Calculation

NSSS power MWt 102 of 3,411 1.40

Peak linear power, kW/ft 12.88 1.42

1.44Peaking factor (at license
rating) 2.32 1.45

1.47Accumulator water volume
(ft ) 900/ accumulator 1.483

c

[
Fuel Region - cycle analyzed Cycle Region 1.50

| 1 All 1.52
| Unit 3

i

" rs . Lod?W,. 1.54
|

-4

,

l
;

l

|

|

|
|

|

|

|
! Amendment 12 1 of 3 February 1985
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TABLE 15.6-11 (Cont)

Small Break LOCA Results Fuel Cladding Data 1.58

r Results 3-Inch 4-Inch 6-Inch 2.1

Peak clad temperature ('F) . 1.356 1,483 1,277 2.3

-Peak clad temperature' 2.5
location ~(ft) 12.0- 11.50 11.0 2.6

' Local Zr/H O reaction, 2.9
2

maximum (%) 0.21 0.3585 0.10 2.10

Local Zr/H O location (ft) 12.0 12.0 11.0 2.12
2

4

Total Zr/H O reaction (%) <0.3 <0.3 <0.3 2.14
2

.

Hot rod burst time (sec) N/A N/A N/A 2.16

Hot rod burst location (ft) N/A N/A N/A 2.18

|

|

|
!

|

|

|

|

|

|

.

1

Amendment 12 2 of 3 February 1985
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' TABLE 15.6-11 (Cont)

Large Break (N-1)~ Loop LOCA Results Fuel Cladding Data 2.22

2.25DECLG *

Active Loop Inactive Loop 2.26

Results Cgy=0.4 C A=0.6 C 8=0.4 3,47

Peak clad temp (*F) 1878.0 1791.0 1591.0 2.29

Peak clad location (ft) 9.0 9.25 9.0 2.31
.

Local Zr/Hg0 Rxn (max) (%) 3.14 2.41 0.73 2.33

Local Zr/H O location (ft) 9.25 9.5 9.25 2.35
2

Total Zr/H O Rxn (%) <0.3 <0.3 <0.3 2.37
2

2.39Hot rod burst time (sec) 97.04 106.73 -

2.41Hot rod burst location (ft) 6.25 6.75 -

.

2.43Calculation

NSSS power MWt 102 of 2,217 2.45

Peak linear power, kW/ft. 9.385 2.47

Peaking factor (at license 2.60 2.49
2.50

rating)

Accumulator water volume 1000.0/ accumulator 2.52
2.53(fts)

Fuel Region - cycle analyzed Cycle Region 2.55

Unit 3 1 All 2.57

2.59!^ < i (J T .,- >M4*c

4

.

I

Amendment 12 3 of 3 February 1985
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1.0 Introduction

This package has been developed in order to identify a design for
Millstone Unit 3 to convert the Solid State Protection System

from a 4-loop to a 3-loop system during N-1 operation. The in-

tent is to present a design for review by the Nuclear Regulatory
Commission to facilitate regulatory review for Millstone Unit 3.

Included in this package are design basis and functional require-
ments for the equipment design. In addition a licensing safety

evaluation of the design has been performed and is included in
this design package.

,
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2.0 Design Basis

i-

2.1 Purpose

The purpose of this section is to provide the design.

basis for the modification to the Solid State Protection
System such that the system can be configured.for 3-loop
operation.'

~

L2.2 Introduction

The Solid State Protection System initiates protective
action based on measurements of primary and secondary

,

coolant system parameters, as well as other plant con-
.ditions.

.

When the plant is configured with an inactive loop iso-
lated, certain parameters within the protection system
will be.in a trip state. By utilizing a keylock trans-

fer switch for the inactive loop, the system in affect
will be transferred from a 4-loop to a 3-loop protection
system. Each loop within the protection system will'

have its own keylock transfer switch.

2.3 Applicability

Millstone Unit 3 Solid State Protection System

2.4 Function .

The keylock switches will provide a means of bypassing
the inactive loop within the protection system. The

switches shall operate without degrading the performance
of the protection system or the performance of any other'

protection functions.
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Each bypass switch will interface on a channel:and loop

level at the input to the universal logic cards. When

the switch is in bypass, the logic that makes up the
'

logic trip will inhibit the inactive loop.

2.5 Testing
-

?
..

Procedures shall be provided to demonstrate that the

bypass switches are independently operable and capable
of providing high reliability so as not to degrade plant

safety.

2.6 Design Criteria

The incorporation of the bypass switches into the pro-
tection system will provide a means of transferring the
system from a 4-loop to a 3-loop protection system con- ,

,

figuration. The bypass switches shall be Class lE.

equipment. The quality assurance program shall ensure
that.the function of the bypass switches is met. The

279-1971 and othergeneral requirements of IEEE-Standard ,
applicable standards and criteria shall be met by the
addition of the bypass switches. System reliability and

plant availability shall be maximized through the use of-
reliable components and conservative design practices.'

2.7 Licensing Position

|

The bypass s*ritches shall meet all the requirements
I normally associated with protection systems,

i

!
:

I
!

.
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3.0 Functional Requirements

3.1 System Description

-The Solid State Protection System automatically trips

the plant whenever plant conditions monitored by nuclear
:and/or process instrumentation' reach specif.ied limits.' ,

When-the protection system logic receives the required *

number of trip signals from the nuclear or process in -
struments, it sends a signal via Logic Train A to trip

reactor trip breaker A and bypass breaker B. It

simultaneously sends an independent signal via Logic
Train B to trip reactor trip breaker A and bypass

breaker 1.

The bistable and field contact inputs associated with
.

the solid state logic normally maintains the input

relays in an energized (untripped) condition. When a

bistable or contact input becomes tripped, the

corresponding-input relay will de-energize, applying a
ground as a specific logic input. This ground is the

' logic ground, which is interruptable so that testing can
be' performed without external inputs being applied.

When a loop has been put in and out of service condi-
tion, the corresponding input relays will de-energize
and put the protective system in a partial trip condi-
tion via the logic grounds.

The purpose of this functional requirement is to use
individual keylock bypass switches as a means of inter-
rupting the partial trip condition. When the affected
loop is in bypass, the protection system would be

'

changed from a four loop protection system configuration
,

to a three loop protection system configuration. While

serving as a bypass condition, the equipment must meet
Class IE requirements for the Solid State Protection
System.-

.
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.

To insure a reliable system, high quality design,
components, manufacturing quality control and testing.
will be used. In addition to redundant channels and
trains, the design approach provides a reactor trip
system which monitors numerous system variables.

.

3.2 Applicable Criteria and Standards
.

'

The following criteria apply to is system.
,

3.2.1 General Design Criteria (GDC), Appendix A to
10CFR50

GDCl Quality Standards and Records

GDC2 Design Bases for Protection Against
Natural Phenomena

GDC3 Fire Protection

GDC4 Environmental and Missile Design
Bases

|
,

GDC17 Electric Power Systems

I.

GDC18 Inspection and Testing of Electric
Power Systems

GDC20 Protection System Functions
|

! Protection System Reliability andGDC21'

Testability

GDC22 Protection System Independence

GDC24 Separation of Protection and Control
i System
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GDC25 Protection System Requirements for

Reactivity Control Malfunctions

GDC29 Protection Against Anticipated

Operational Occurences

3.2.2 Institute of Electrical and Electronics Engineers

(IEEE) Standards

IEEE Std. 279-1971 Criteria for Protection Sys-
'tems for Nuclear Power Gener-

ating Stations.

IEEE Std. 323-1974 IEEE Standard for Qualifying

Class IE Equipment for Nu-

clear Power Generating Sta-

tions.

IEEE Std. 344-1975 IEEE Recommended Practices
for Seismic Qualification of
Class lE Equipment for Nu-

clear Power Stations.

IEEE Std. 384-1974 Criteria for Separation of .

Class IE Equipment and Cir-
cuits.

3.2.3 Applicable Regulatory Guides

R. G. 1.53 Application of the Single Failure
Criterion to Nuclear Power Plant
Protection Systems.

1

- - .. . . - . ~ _ . , , . . _,_ _ _ __
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3.3 System Diagrams

Refer to Schematic Diagrams provided in Attachment 1.

*

1.4 Environmental Requirements

The following environmental qualification conditions
apply to the bypass switches. It must be demonstrated
that the bypass switches can function during and after
the following conditions and yet not cause a spurious
trip to occur. .

3.4.1 Plant Design Operating Conditions
(Attachment 2)

Table 1 supplies plant. condition parameters for
the instrument rack room. The byp. ass switches '

will be located in zone CB-03 which includes the
instrument rack room. The operating condition

parameters include the minimum, normal and maxi-
mum expected values for temperature, relative
humidity, pressure, and radiation. Zone CB-03 is
not subjected to a chemical environment during'

normal and abnormal operating conditions.

3.4.2 Plant Operating Conditions for Design Basis
Events.

The bypass switches are located in the instrument
rack room and must be qualified for the environ-
ment it will be exposed to throughout the quali-
fied equipment life. The equipment must be qual-
ified to operate during and after seismic events
in accordance with IEEE-344-1975.
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-3.5 Indicators,-Status Lights and Controls

Bypass indication shall be provided as per 3.7 below.

3.6 Recorders

Trending information is not required. .

3.7 Alarms and Annunciators

As needed to verify that the Protection System is in N-1

operation (1 annunciator per train). First out annun-

ciation for reactor trip on improper N-1 alignment

shall also be provided.

3.8 Interlocks and Permissives ,

For improper operation of the bypass switches an

automatic reactor trip signal is generated for the

following conditions:

, L o. Any 2 loops on one train in bypass.

2/4 reactor trip logic

* o Any 2-non-identical loops on opposite train in

bypass.

2/4 reactor trip logic

3.9 Trips and Trip Logic
i

See figures in Attachment 1.

3.10 Accuracy

Switches do not affect setpoint accuracy.
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3.11 Range '

.

Range of process variables is not affected by this modi-
fication.

3.12 Time Response

Influence of switch contacts on time response is
negligible. .

3.13 overload and Recovery Characteristics

Not applicable .

3.14 Noise Levels

Not applicable

3.15 controller Transfer Functions

Not applicable .

3.16 Setpoints'

.

As needed to satisfy the requirements in section 3.1.
The transition from 4 loop to 3 loop operation shall be
accomplished under strict administrative control where
first the affected setpoints are changed to more re-
strictive valves, after which the loop to be isolated
may have its affected trip channels bypassed. Loop stop

valves can then be closed. Transition from 3 loop to 4

loop operation will only occur in mode 5 (cold shutdown)
-

or Mode 6 (Refueling Operation).
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3.17 Requirements for Tekt i(d Calibration
-

Procedures shall be provided to independently -
.

demonstrate that the bypass switches are operable at
every refueling cycle. Also,'two monthly surveillance

,

procedures (4-loop & 3 loop) will be provided so as not .

to degrade the system below.an acceptable level for
the. performance of safety related systems.

3.18 Power Supply

Not applicable
,
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4.0 ' Design Description for Bypass Switches Within the Solid State
Protective System

4.1 Introduction

This design is for Millstone Unit 3 to initiate certain
functions within the protection system to enable the

protection system to transfer from a four loop to a
three loop system without de-grading plant safety.

When the protection and control systems are configured~

for three loop operation, the following'will still be
'

maintained:

o Complete on-line testing

Maintain the plant'within its safety analysis limitso

o- Minimize system interaction

o Maintain adherence to single failure criterion

Simplify operator actions.when operating in a threeo

loop configuration

4.2 The following is a description of the necessary hardware
modifications to the affected loop to transfer Millstone

Unit 3 protection system from a four-loop to three loop
system.

.

4.2.1 Steam Generator Level

Since the recommended long term condition of thef

isolated steam generator secondary side is wet
i-

! layup, this level will correspond to a level high
enough on the narrow range span to actuate a 2/4

;

f
HI-HI level signal to cause main feedwater

|
isolation and turbine trip which will result in a

|/ reactor trip. The existing cold leg stop valve
>

position interlock logic with the output from the
2/4 Lo-Lo S/G water level signals will be re-

l' moved.
<
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The 2/4 HI-HI and 2/4 LO-LO steam generator water

Llevel. channels associated with the out of service*

loop will be put in bypass via the loop bypass

switch. Each loop for HI-HI and LO-LO level sig-

nals will be capable of being' bypassed via use of

keylock-switches. Only one loop will be; pat in

bypass at any one time.

Th'e remaining steam generator level channels will
provide individual 2/4 HI-HI and 2/4 LO-LO steam
generator water level trip on the active loops.

With' the isolated steam generator bypassed, ad-
.

herence to the single failure criterion is still

maintained.

4.2.2 Low RCP Speed
.

.

A 2/4 low RCP speed which is interlocked with P-7'
provides a reactor trip.

Each RCP will have individual keylock switches.

Only one loop will be put in bypass at any one

-time.

The three remaining RCP's will, provide a 2/3-
protection signal so adherence to the single
failure criterion is still be maintained.

4.2.3 Primary Coolant Flow

The loss of flow reactor trip is interlocked with

permissives based on reactor power such that
above 4810% power (P-7), a trip is initiated on
loss of flow in any two looops and aboveQd 48%
power'a trip in initiated on loss of flow in any

.

loop.

-- - .-. .. . - .. .. .
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.

Each loop provides a 2/3. loss of flow. Each loop

will have individual keylock switches. Only one

loop will be put in bypass at any one time.

I

I
Each of the three remaining loops will provide

individual 2/3 loss of flow trip. With the

isolated loop bypassed, adherence to the single

failure criteria is still maintained.

P-8 will be lowered, so protection is

demonstrated for loss of flow from a three loop

configuration.

4.2.4 Primary Coolant Temperature

Low average reactor coolant temperature provides

for two protec. tion actions. Feedwater isolation

is initiated on LO T-avg and on LO-LO T-avg

(P-12), steam dump is terminated and a permissive

is provided to reopen the cooldown condenser dump

valves.

|
The 2/4 LO T-avg and LO-LO T-avg channels asso-

ciated with the out-of-service loop will be put

in a bypass' condition. Each loop will have in-

| dividual keylock switches with only one loop in

f bypass at any one time.
|

! The three remaining loops will provide 2/3 logic.

With the isolated loop bypassed, adherence to the

single failure criterion is still maintained.

The Overpower Delta T (OPDT) and Overtemperature
.

Delta T (OTDT) do not require a bypass switch be-

cause the indicated temperatures on the isolated

loop will be the lowest. The isolated portion of

) the RCS will eventually cool down below the bot-
|
' tom of the narrow range temperature span.

, _.- . . . .-...-- - .-- - - - - ..-.-- _- . _ - - - - - _
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:Therefore, the channels-associa'ted with the iso-'

lated loops will not generate a trip signal so a

bypass of these channels is not-required. There
.

is also no need-to put these bistables in the

trip. mode since the three remaining loops will
- provideia 2/3| trip' signal to be generated. .With

the isolated loop functionally; disabled, adher- -
-

' ~

ence to the single failure criteria is still-

maintained.

4'. 2. 5 - Steam Line Pressure

The: existing coldcleg loop stop valve posit'on
interlock with the output from the 2/3 Loop Low

steamline pressure ECCS actuation and MSSV clo-
sure signals will be removed. These signals will ,

be put-in bypass vi~a the loop bypass switch.
Each loop Low Steamline pressure bistable.will be

,

capable of being bypassed via'use of keylock by-
pass switches.,

The remaining steam generator low steam line -

pressure channels.will provide individual 2/3-
-

ECCS actuation and MSSV closure' signals on the
i

# .

[
.T .

With the isolated steam. generator
,

i active loops.;

!
bypassed, adherence't.o the single failure

D: criterion isistill maintained.

High (negative) steam line pressure rate signals ,

'

Edo not require a-bypass switch because during~

V'

plant cooldown the' isolated loop would already be/
.

depressurized.

.

'

.. , . . . - . . _ . . . . . ~ . . . . . . _ . . . . _ _ . . . . , _ . _ . , _ . . . - . . _ . _ _ . . , _ _ _ . , , _ . _ - . . . _ . _ _ _ , , . _._ , . _ , _ _ . , . _ _
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4.2.6 Bypass Switches

Each. protection train will be provided with four

. individual keylock switches.- The switches will

be located within the protection system and will

be locked in the normal position.- When going to

3 loop operation, the individual' key for the

affected loop will be inserted to go to bypass.

An annunciation will be provided on the main

control board confirming 3 loop operation for the

protection system.

To prevent more than two loops being put in by-

pass which would degrade the protection system

below an acceptable level, the following reactor

trips are provided:

Any two loops on one train in bypass willo

provide an automatic reactor trip.

.
(i.e., loop 1 and loop 2 in bypass on train A)

Any two non-identical loops on opposite trainso

in bypass will provide an automatic reactor

trip.

(i.e., loop 1 in bypass on train A and loop 2

in bypass on train B)

The bypass switch contacts will be wired in at

the channel level of the protective system for

RCP. Low speed, Lo-Tavg and Lo-Lo Tavg signals.
For steam generator Low Steamline pressure, Lo-Lo

water level, Hi-Hi water level, the bypass switch

contacts will be wired in at the Loop Level. The

inhibit is located at the input to the universal

logic boards that generate the trip logic.
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- 4.3 Abnormal Indications-'

',
,

During three-loop operation,fthe following instrumenta-
~

' tion on 'the main' control' boar'd associated with :the loop
out-of-service will be in an abnormal status based on

-. system parameters.
<

o 1 channel LOW-LOW TAVG'in trip mode (annunciator -

.

lit)
''

.o 1 channel' LOW TAVG in trip mode (trip light lit)

o l' LOOP LOW RCS FLOW in trip mode (trip light and--

annunciator lit) ,

_
o 1 RCP LOW SHAFT SPEED in trip mode (trip light and

-

annunciator lit)

1 loop hot and cold leg LSV showing CLOSED positiono

indication

o 1 LOOP LOW STEAMLINE PRESSURE-ECCS ACTUATION in
trip | status (trip. lights and annunciator lit)

o 1~1oopiSTEAMLINE ISOLATION VALVE POSITON CLOSED

(annunciator lit)
1, loop HI-HI.SG WATER LEVEL in trip status (tripo

lights and annunciator lit)'when loop is placed.in--

-wet layup'. The associated WR and NR SG water level#

at or near 100% span..

1~1oop FCVs and FIVs indicated CLOSED positiono-

1 loop AFW FCVs indicate CLOSED positiono.

1 loop SG WATER' LEVEL DEVIATION.(annunciator lit)o
1 loop SG blowdown FCVs indicate CLOSED positiono-

o- 111oop Tavg measurement in BYPASS position OR
remote load dispatch / load reference increase
BLOCKED (status lamp lit)

.o 1; loop RCP instrumentation indicating stopped RCP
1 loop WR-and NR temperatures indicating lowa o
1 loop bypass valve indicates OPEN positiono

1 loop drain valve indicate OPEN position untilo
cold conditions are reached and seal injection flow

is secured.

'

.
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1 loop seal injection flow rate indicates highero.

than normal flow rate during loop cooldown and

.depressurization OR zero flow after cold conditions
(less than 200 F)are reached,

o 3 loops indicated Delta T are higher than expected

for 4 loop operation for a given core power as

indicated-by power range neutron flux.

.

IF AN ISOLATED LOOP IS ASSOCIATED WITH AN RCP THAT
PROVIDES PRESSURIZ ER SPRAY, ASSOCIATED ABNORMAL IN-

DICATIONS ARE:

1 pressurizer spray line indicating low spray tem-o

.perature

4.4 Summary

4.4.1 The following actions are required with regard to

the protection systems when operating with a loop
out of service:

1. The High Neutron Flux' (Power Range) signal would ,

|
be lowered during three locp operation to just

above the three loop maximum permissible power

i level.
'

i
2. Readjustment of overtemperature delta T and over-

power delta T terms K1 and K4.
3. Decreasing the P-8 interlock setpoint for a

reactor trip on low flow for 3-loop operation.
|

4. Decrease high limit on programmed T-avg. for Rod
Control System.

4.4.2 The following systems were reviewed on the affect
of system performance due to 3-loop operation
which may or may not require adjustments to the
operating mode.

|

|

|

.
, - _ - - .- - - , . - - . , _ , , . - . . -- . . _ - - - ..- . ._ __ ._ . _ _ _-
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l". Rod control and. steam dump-control ~ functions use:

-HI auctioneered T-avg, and HI auctioneered delta T
~

signals-which are' loop condition dependent. High

auctioneered functions would not require bypassing
'

sinceLisolated loop T-avg would be lowest. Iso-
~

lated loop indicated delta T would be zero in
'

: steady state. It'is not limiting.during loop' iso-
,

.lation because any large_ temperature. differences+

would be~at condit' ions below the bottom 'of the NR
temperature span. Automatic remote dispatching

-uses-Low auctioneered Tavg' signals. These signals-

'

will be ignored by the auctioneering units if

inhibited by input blocking or if the operator

uses the bypass switch on the main control board.

-

2. The High. Limit on programmed T-avg for the rod
. . .

.

control system would be lowered'to a value'corre-

sponding to the maximum permissible three loop

power level.. The Low Limit and Tempe'rature Gain
~

modules would be left at their four loop opera-

tional values.,

;
.

.

b 3. The' Pressurizer Programmed Water Level Temperature

!- Gain and High Limit may be changed to reflect
,

p lower total coolant expansion-in three loop opera-
' tion with~partlof the RCS isolated. However, the

basis for this change would be to limit makeup and

..

letdown water handling and is.not required for

safety-or reactor operability reasons.
L

L
4. Design limit load rejection transients have been

|

h examined.. It has been determined that even with
; the potential for reduced pressurizer spray capa-

L city that there-is no increased possibility for

challenging pressurizer PORV's during three loop

i
operation at Millstone 3. Therefore, no change in

pressurizer spray and relief setpoints are contem-

plated ~ during three loop operation.

L.
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5. The rod insertion limits alarm setpoints may re-

quire a change in their-respective gains and

limits since a given indicated delta T corresponds

to a lower power level. There is currently no

safety analysis related need for changing these

limits. However, fuel characteristics may dictate
4

this change.

6. - No change to Delta I and F Delta I functions

(OTDT) are contemplated during .three loop -

operation, however, fuel characteristics may
,

dictate this change.

4.4.3 The affect of 3 Loop operation with respect to the

protection system are the following:

1. The logic for the overtemperature and overpower

delta T trips is reduced from 2/4 to 2/3. .

No bypass is required for the out-of-service' loop.

2. The logic for LO T-avg. is reduced from 2/4 to

2/3.

Manual bypass switch is required to bypass the
out-of-service loop.

3. The logic for LO-LO T-avg. reduced from 2/4 to
2/3.

Manual bypass switch is required to bypass the
out-of-service loop.

. . - - - . -. . .- ._.. .- - - . . . _ _ . . . - - - - - - -- -.
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4. The logic for.-HI-HI steam generator water level

(2/4) will be placed in bypass via a Loop Level

inhibit to preclude the potential for inadvertent

turbine trip and feedwater isolation.

Manual bypass. switch is required to bypass the

out-of-service loop.

5. The logic for LO-LO steam generator water level

(2/4) will be revised from using an interlock with

the cold leg loop stop valve position to using

Loop Level inhibits. This logic will be placed in

bypass to preclude the potential for inadvertent

reactor trip and auxiliary feedwater actuation.

Manual bypass switch is required to bypass the

out-of-service loop.

6. The logic for Low RCP speed is reduced from 2/4 to

2/3.
.

Manual bypass switch is. required to bypass the

out-of-service loop.

7. The-logic for primary coolant flow is reduced from

2/3 on any of four Loops to 2/3 on any of three
,

| Loops.

|
l

Manual bypass switch is required to bypass the

out-of-service loop.
.

-

!

i
.

.

m * Tv - -9 , . _ - . . , - . . .c .,,, - , _ , , . - . . _ _ _ _ _ _ _ ,
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'

8.-The: logic for Low |Steamline Pressure (2/3) ECCS

actuation and main-steam isolation will be revised

from_using an' interlock with the cold. leg loop

stop valve-position to using_ Loop Level inhibits.
,

This logic will be-placed-in bypass to preclude

the potential'for. inadvertent.reacto,r trip, safety

injection actuation, and main steamline isolation.
,

,

Manual bypass switch is required to bypass the-

out-of-service loop.

9. The logic for High (negative) steamline pressure.

rate (2/3) main steam isolation is not required

to be modified since during plant cooldown the

isolated-loop would already be depressurized.

No manual bypass switch is required for the

out-of-service loop.

Secondary System

The secondary side of the isolated loop would be kept filled and

the steam generator would be maintained in a wet long term layup

condition as determined by secondary side chemistry requirements.'
<

|-

The' loop would be isolated from the main and auxiliary feedwater

system and the main steam system by closing the appropriate
valves.

The turbine-driven auxiliary feedwater pump (AFW) pump which can

; receive steam from three of the four loops will receive steam

- from either of two operating loops during 3 loop operation.

Thus, there is still redundancy in steam sources for the AFW pump

turbine and, in addition, the two motor driven AFW pumps, powered

from two separate class IE power sources would be available. The
,

reliability of the AFW system is acceptable for 3 Loop operation.
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5.0 Conformance to Applicable _ Safety Criteria

5.1 Safety Evaluation of Manual Bypass Switches

The methodology used to perform a safety evaluation of

the bypass switch design has been to review the block

design schematic (FSAR, Sec. 7.2) and the attached func-

tional~ diagrams (attached) using the design basis and

the functional requirements as a bases. The'conformance

of the design to the specific criteria is discussed in

the following pages in a format that follows Section 4

of the IEEE 279-1971 criteria.

5.1.1 Conformance to General Functional Requirements'

(Paragraph 4.1 of IEEE 279-1971)

The protection system automatically initiates

appropriate protective action whenever a condition
monitored by the system reaches a preset level.

Although the protection system continues to fur-

nish the primary protective function, the bypass

switch is being incorporated into the protective

system to inhibit the system from acknowledging
an inactive loop as a partial trip condition. The

addition of the bypass switches will not degrade

the protective system below an acceptable level.
Specific functional requirements for the bypass
switches are included herein and these require-

ments will be satisfied by implementation and

finalization of the design.

5.1.2 Conformance to the Single Failure Criterion
(Paragraph 4.2 of IEEE 279-1971, Regulatory Guide
1.53)

_ - . . .. - . - .- .. . _ . . - - . -
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.

The protection system is designed to provide two,
three, or four. instrumentation channels for each
protective function anditwo logic train circuits.
The bypass switches for the channels will be

~

,

electrically _ isolated and' physically separated.
Thus, when the inactive loop is put-in bypass,
any single-failure within a channel or train will

,

not prevent protective action at the system level
when required.

.

~

To prevent the occurrence of common mode failures,
.

four individual bypass switches will be provided~

for each loop within a train. Additional measures
<

as functional, physical separation as well as ad-E

ministrative controls will minimize common mode
failures.-

.

5.1.3 Conformance to the Requirements.for Quality Com-
ponents and Modules (Paragraph 4.3 of IEEE

279-1971, GDCl)

,

Components and wiring will be of a quality that is
i

L
consistent with the protective system on Millstone
Unit 3. Refer to Chapter 17 of the Millstone Unit-'

3 FSAR for the Quality Assurance program.

5.1.4 Conformance to the Requirements for Equipment ,

L
! Qualification (Paragraph 4.4 of IEEE 279-1971,

|
GDC-2, GDC-4, IEEE 323-1974, IEEE 344-1975)|:

t

The bypass switches will be environmentally and
seismically qualified in accordance with IEEE-
323-1974.and 344-1975 to mee,t the accident condi-
tions through which these switches must operate to
mitigate the consequences of an accident. .

|

L

I
i
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5.1.5 ConformanceJ o-the Requirements to Maintaint;
-

Channel Integrity' (Paragrapho4.5 of IEEE
,

279-1971, GDC2, GDC3, GDC4)-

The byp' ass switch functions implementation will-be |
L

designed 4to maintain'its' capability to bypass the .

) _

inactive loop'and'not degrade the protection sys--

tem below an acceptable-level following natural-
.

phenomena. credible to the plant site. The func- -

. tional capability of the: switches-will be main-
.

tained despite degraded conditions that may: exist

'in the plant due to credible events. The equip-

ment will be environmentally and seismically qual-'

- ified as discussed in.the preceeding subsections.

The modification to the existing protection sys-

tems will be accomplished totally within the con-

fines of the cabinets.

5.1.6 Conformance to the_ Requirements to Maintain
'

i - Channel-Independence (Paragraph 4.6 of-IEEE, i

279-1971, GDC22, IEEE 384-1974)'

J

'
'

~

Wiring and component-location for the switches of-

- the bypass function will employ physical separa-

tion-or barriers to ensure independence of the
;

circuits to the extent that is equivalent-to the
- -

existing independent measures employed by the
protection system. The modification to the pro-

tectiont system will be accomplished totally within~

the cabinets. By' staying within the cabinets, the-r

separation provisions of the presently existing^

switchgear can be maintained.

.

4

4
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5.1.7=Conformance to the Requirements concerning Control

and Protection System Interaction (Paragraph 4.7

of IEEE 279-1971, GDC24)

The protection system is designed to be indepen- -

dent of the control system. In certain applica-
.

tions the control signals and other non-protective

functions are. derived from individual protective

channels through isolation amplifiers. The bypass

switch modification does not compromise this in-

terface and therefore control protection interac-

tion considerations are not sensitive to this

modification.

5.1.8 Conformance to the Requirements concerning the

Deviation of System Inputs (Paragraph 4.8 of IEEE

279-1971)
.

Protection system inputs are derived from signals

that are direct measurements of the desired vari-
ables. The bypass switch modification is not

sensitive to this compliance.

5.1.9 Conformance to the Requirements to Provide

Capability for Sensor Checks (Paragraph 4.9 of

IEEE 279-1971)

Compliance to this requirement is not sensitive to

the bypass switch modification.

_-

___ -._-._ ___ _
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~ 5.1.10 Con 5ormance to theLRequirements to Provide
^

Capability for Test'and Calibration' (Paragraph-

'

'4.10 of IEEE 279-1971, GDC17, GDC21)-

^

The-bypass switch modification.makes use of.and

shares on-line testing provisions which are al-

: ready available as part of the in-place protective
'

-systems. These~ features provide testability dur-

ing full' power' operation ~while the plant is at

power.

.

' ' ' During'n'ormal operation the bypass switches will

_be keylocked.in'the= normal position. At every 'r

- -refueling outage.the components will be tested to

verify they: function so as not to degrade the

protection system below an acceptable level.

During 3-loop operation the affected loop will be
~

in a bypass condition.. Procedures will be pro-

vided.to verify the bypass switches are performing
'

. the intended function which will be integrated in-
! to the existing on-line-. testing provisions of the-

protection-system.

5.'1.11 Conformance to the Requirements on Channel Bypass

or Removal from Operation (Paragraph 4.11 of IEEE

279-1971)

The protection system is designed-to permit peri--

odic testing of-the analog channel portion of the

protection system without initiating a protective

action unless a trip condition actually exists.

The bypass switch modification is not sensitive to
.

this requirement because of the coincidence logic

required for a reactor trip.

.

>

k
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5.1.12 Conformance.to the Requirements on Operating

Bypass (Paragraph 4.12 of IEEE 279-1971)

Where operating requirements necessitate manual
~

bypass of the inactive loop, the design is such

that' switches are put in bypass manually. Indi-

cation will be provided in the control room when

the inactive loop has been administratively by , .

passed.

The transition from 4 loop to 3 loop operations

shall be accomplished under strict administrative

control.
.

'Setpoints will be changed to more restrictive
~

valves, after which the loop to be isolated may -

have its affected trap channels bypassed. Loop

stop valves will then be closed.

Transition from 3 loop to 4 loop operations shall

be accomplished under strict administrative
control. This transition will only occur in Mode

5 (Cold Shutdown) or Mode 6 (Refueling Operation).

5.1.13 Conformance to the Requirements on Indication of

Bypass (Paragraph 4.13 of IEEE 279-1971)

When a bypass switch is in the bypass position for

the inactive loop, the bypass condition will auto-

matica11y indicate to the reactor operator in the

main control room by a separate annunciator. The

circuitry will not allow more than one loop to be

put in bypass at the same time.

.
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5.1.14 Conformance:t'o the Requirements on Access?to Means

for Bypassing (Paragraph 4.14 of IEEE 279-1971)

The. design provides for strict administrative

control of' access to-the means for manually

' bypassing protective channels.
. .

.5.1.15 Conformance to the Requirements Governing Access

to Setpoint Adjustments, Calibration, and Test'

Points (Paragraph 4.18 of IEEE 279-1971)
.

Redundant sets of four keylock bypass switches
*

-will be added within the protection system. These

four are:

a. " Normal, Bypass", loop 1 switch (Train A &'B)
b. " Normal, Bypass", loop 2 switch (Train A & B)
c. " Normal, Bypass",~1oop 3 switch (Train A & B)
d. " Normal, Bypass", loop'4 switch (Train-A & B)

Compliance to the requirements that access to and
use of these switches will be under strict admin-
istrative control to govern-there use.

.

5.1.16 Conformance to the remaining requirements of IEEE
279-1971~ listed as follows is not sensitive to-the
manual bypass switches.

a. Multiple Setpoints (Paragraph 4.14)
b. Completion of Protection Action once it is

Initiated (Paragraph 4.16)

c. Manual Initiation (Paragraph 4.17)

d. Identification of Protective Actions
(Paragraph 4.19)

e. Information Readout (Paragraph 4.20)

f. System Repair (Paragraph 4.21)
g. Identification (Paragraph 4.22)

.--w a -- m
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-

+

5.'l.17 Concerning conformance to 10CFR 50 GDC's 20,
(Protection System Functions),'GDC 25 (Protection
System Requirements.for Reactivity Control Mal-

t

functions),-and GDC 29-(Protection Against Antici-'

pated Operational Occurrences), coiapliance with -

this criteria is not sensitive to the manual
bypass switches.

.

>
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Attachment 2*

L

,

.c

' CONTROL BUILDING - Elevation 47 f t. '6 in.i

'2one: CB-03' Control-Room, Instrument. Rack Room, Computer

Room-
'

Normal Environment (40-year-life)
, ..

Temperature

70 - 80 FRange

Normal Maximum Average: 80 F ,

Maximum Normal. Excursion: N/A

Maximum Abnormal Excursio'n: N/A
I

. Pressure: Atmosphere .

-Relat ve Humidity: .30 - 604i

Radiation Dose (RADS) 40-year life - 70
]
,

One' Time Accident Environment: Same as Normal Environment-
described above

-

: Accident' Radiation Dose (RADS): 5

h|
Radiation Dose (RADS) - 40-year life plus accident: 75

.

__

9
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