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DISCusSION

Presented in the following decument are the results of the loss-of-coolant
accident anaiysis of the *onticello Nuclear Power Station. The
analysis was performed using General flectric calculational models which
are consistent with the reguircments of Appendix K of 10 CFR part §0. A
complete discussion of gach code employed in the analysis is presented in
Reference 1.
Between August and December, 1974, General Electric and the USAEC worlked
together to resolve differences in intersretation of Appendix K and to
consider additional phenomena in the evaluation rodels. As a resuit, the
models used in the present analysis diffsr from those used in previous

submittals in the following respects:

(1) The new analysis assumes a fuel assembly planar power consistent
with 102% of the MAPLHGR shown in the Figures;

(2) Fission product decay is computed assuming an energy release rate
of 200 MeV/Fission;

(3) Pool film boiling is assumed after nucleate boiling is lost during
the flow stagnation period;
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(4) The effects of core sprey entrainment and counter-current flow 1imiting
refie
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In addition, there have been a few other mingr improvements to the computer

codes which ihdivicually and jointly heve a small effect on the calculated
results. The figures in this submittal reflect these changes, as well as
the four major changes enumerated above.

INPUT TO THE ARALYSIS

A 1ist of the significant plant input parameters to the loss-of-coolant
accident analysis is presented in Table 1,
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. TABLE 1

SIGNIFICANT INPUTS PARAMETERS TO THE
LOSS-0F-COOLANT ACCIDENT ANALYEIS

FOR MONTICELLO
PLANT PARAMITERS:

Core Therma) POWET......ouvsssssssasssns_ 1703 Mit which corresponds to

102% of licensed core nover*

Vessel Steam Qutput...ivvevinens £.013 X 106 Lbm/h which corresponds to

10¢ ¥ of rated steam flow

Vessel Steam Dome Pressure...ceevesvss 1040 psia
Design Basis Recirculation Line 2 >
Break Area for Laroe Breaks 3.9 ft 1.0 ft
Recirculation Line Break Area
for Small Breaks 1.0 _ft2 _ 0.07 ft?
FUEL PARAMFTERS:
PEAK TECHHNICAL INITIAL
SPECIFICATION DESIGN MIKINUM
! LINEAR HEAT AXTAL CRITICAL
FUEL BUNDLE GERERATION RATE PEAKING OWER
FUEL TYPE GEOMETRY {(kw/ft) FACTOR RATIO
InTtIﬂ Lore
70225 1x7 . 12.5 L&2 118
Reloac 1 ‘
702310 y e P U 12,8 1,587 1.18
Reload 2
80282 g x 8 13.4 1,57 1.18
J Reload 3
g8D2589 8 x 8 13.4 1.57 1.18
Reload 4
80219 3 x 8 13.4 1.57 1.18

A more detailed list of input to each mode)l and i1ts source is presented in
Section Il of Keference 1.

*This power level enuals the Aopendix ¥ requirement of 1027, The core heatup calcu-

lation assumes a bundle power consistent with operation of the hinhest powered rod
at 1025 of its meximum (technical specification) linear heat generation rate.



RESULTS OF THE ANALYSIS

The results of the analysis are presented in the order in vhich they are calculated.
The presentation of the results is divided into four major porticns according to
the mode! from which the output is obtained, These portions are:

A. Calculzted by the Short-Term Thermal Hydraulics Model (LAMB)
B. Calculated by the Transient Critica) Power Model (SCAT)
C. Calculated by the Long-Term Thermal Hydraulics Model (SAFE)

D. Calculated by the Core Meatup liodel (CHASTE)

A surmary of the results is presented in Table 2. At the MAPLIGR* empleved in the
anaiyeis, toe mest severe mpe break vieidgs a calcuiated peak cladding temperature
less than or egual to220°F, a calculated maximum local metai-water reaction 1ess
than or equal to 175 and a calculated core~wide metal-water reacticn less than or
equal to 1%. Complience with the 10CFRE0.46 criteria for coolable gecmetry and
long-tern cooling has been shoun in Reference 1. The reactor is, therefore, fully
in conformance with 10CFRE0,46 and Appendix K with operation at the MAPLMGR used

in the analysis. These values, if more limiting than other design pararaoters,
represent limits for cperation to ensure conformance with YOCFRE0.46 and Appendix K,

The peak cladding temperatures as a function of time are shown in Figure D-la

and D-1b. Qther parameters relevant to the analysis are shown in the attached
figures and are described in subsequent paragraphs.

Results for guillotine severances of a main steam line, a feedwater line, and a
core spray line are presented in Reference 2,

*aximm (Bundle) Average Planar Linear Heat Generation Rate
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il - ' TABLE 2
APPENDIX K RESULTS FOR MONTICELLO

Break Size Core-Wide 5
Location Peak Local Metal-Water :
Single Faiiure PCT(F) Oxidation Reaction * :

pea AnaLysis(!)
3.9 t° (DBA) a
Recirc Suction 2200 8.7% 0.5 |
LPCI Injection Valve
BREAY SPECTRLM ANALYs1S'Y) |

3.9 £t2 (DBA)

> SRS

Recirc Suction 220001 8.7% 0.5 |
LPCI Injection Valve .
1.0 £t° Large (1) |
Recirc Suction Break 1670 < - ;
LPC! Injection  Methods .
Valve :
Small (2)

Break 1690 < - a
Methods i
0,07 ft° - |
Recirc Suction 1430 <1 - i
HPCI ;
!
| Notes: f
| 1) CHASTE - laroe break methods :
2) Non-DBA reflood 3

3) For other breaks in spectrum see lead plant analysis, Reference 2.

i For justification of selection of lead plant, see Reference 3.
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A, Appendii ¥ Short-Term Thermal Hydraulics ﬁnalysis

General Description of the LB Code '

-

The LANB code is a madel which is used to analyze the short-term thermadynamics and
thermal hydraulics behavior «f the coolant in the vessel during a postulated loss-
of-coolant accident, In particular, LAMS prodicts the core flow, core inlet enthalpy
and core pressure during the blowdoun pricr to the end of lower plenum flashing

(20 seconds). For a detailed description of the model and a discussion regarding
sources of input to the model refer to the "LA!NDB Code Documentation” pertion of.
Reference 1. -

kesiilte of the LAY Arnlvsisg

Presented in the section are vesults of the loss-of-coolant accident analysis
which are calculeted by LAMB, Table 3 lists the figures provided for all the
analyses, These results inclucde the following:

Parameter Figure

Core Average Inlet Flow Rate (Normmalized to:unity
at the beginning of the accident)

- Following a Design Basis Accident A-la
-~ Following a 1.0 Sq. Ft. Break A-1d

Core Inlet Enthalpy

-- Following a Design Basis Accident A-2a
Following a 1.0 Sq. Ft. Break A-2d

Core Average Pressure

-

%

Following a Design Basis Accident A-3a
Following a 1.0 Sq. Ft. Break A-3d

These results are input to the SCAT code discussed in Section B,



B. Appendix X Transient Critical Power Analysis

General Description of the SCAT Code

The SCAT code is used to evaluate the short-term thermal hydraulics response

of the coolant in the core during a postulated loss-of-coolant accident. In
particular, the convective heat transfer process in the thermally limiting fuel
bundle is analyzed during the transient. For a detailed description of the model
and a discussion regarding sources of input to the model refer to the "SCAT Code
Documentation' portion of Reference 1.

Results of the SCAT Analysis

Presented in this section are results of the loss-of-coolant accident analysis
which are calculated by SCAT. Table 3 lists the figures provided for all the
analyses. These results include the following:

Parameter Figure

Minimm Critical Power Ratio

-~ Following a Design Basis Accident, 8x8 B-la-1

-~ Following a Design Basis Accident, 7x7 B-la-2
-~ Following a 1.0 Sq. Ft. Break, 8x8 B-1d

Convective Heat Transfer Coefficient

| -- Followirg a Desipn Basis Accident B-2a
| -- Following a 1.0 Sq. Ft. Break B-2d

These results are used as input to the CHASTE code discussed in Section D.
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C. Apcondix K LonaeTerm Thermal Hydraulics Analysis

General Doscrintion of SAFC Code

The SAFE code is a medel which s used to analyze the leng-term thermodynamic
behavior of the coolant in the vessel during both small and large breaks. Since
the calculational procedure of the loss-of-coolant accident analysis differs
depending on wiiether or not a break is classified as "small" or “large," it 1s
appropriate to distinguish betveen tuo ¢lassifications of breaks, A small break

is defined as that size break for vhich nucleate boiling heat transfer exists in
th2 core until the heat fluxes are below the pool boiling critica) power condition.,
This occurs azpproximately 20 to 2% seconds after the break, For small breaks, core
heatup is, therefore, based solely on the uncevery and recovery of the fugl and the
duration of spray cooling all of which are predicted by the SAFE code. For the
"large" break analysis, the LAMB and SAFE codes are employed to determine the time
of boiling transition and the post-boiling transition convective heat transfer
coefficient durinn the Liuwduwm, The JATC code calculates the uncoviry'snd ro-

flzcding of the fuel and th»s duration of spray couling,

The SAFE analytical model has been expanded and refined to consider explicitly the
following phenomena:

(1) Counter-current flow limiting (CCFL) in the fuel bundles and in the
core bypass region, of ECCS water injected over the core;

(2) Entrainment and loss of ECCS water injected over the cere; and

(3) Filling of discrete volumes (control rod guide tubes, core bypass and
lower plenum) which were previously taken together.

Calculation of these effects is presently external to the SAFE code: the calculationa
logic will eventually be incorporated in the SAFE code,

For a detailed description of the model and a discussion regarding sources of input
to the model refer to the "SAFE Code Documentation" porticn of Section 11 of
Reference 1.



Results of the SAFE Analvsis

Presented in this section are results of the loss-of-coolant accident analvs:
Table 3 lists the figures provided for all the
These results include the following:

which are calculated by SATE,

analyses,

Parameter

Water Level

Inside Shroud

Following a Des’gn Basis Accident
(LPCI Ini. Valve Failure)

Following a 1.0 Sq. Ft, Large Break
(LPCI Inj. Valve Failure)
Following a 1.0 Sg. Ft. Smali Break
(LPC1 Inj. Valve Failure)

Following a 0,07 Sq. Ft. Small Break
(HPCI Failure)

Reactor Vessel Pressure

Following a Design Basis Accident
(LPCY In). Valve Failure)

Following a 1.0 Sq. Ft., Large Break
(LPCI Inj. Valve Failure)

Following a 1.0 S;. Ft, Small Break
(LPCI Inj. Valve Failure)

Following a 0.0 S;. Ft. Small Break
(HPCI Failure)

Figure

C-la-1

C-1d-1

C-2a-1

C-2b-1

C-la-2

C-1d-2

C-2a-2

C~2b-2
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Appendix K Core Heatun Andlysis
Gencral Description of CHASTE Cude

The Transient tharmal recponse of the core to a loss-of-coolant accidcnt
caleulated by Cr'STE can generally be bro-en down into four stages; (1)

fuel pin temceraturs redistribution; (2) fu2l rog bundle tempersture redise
tribution; (3) metal-vater reaction haatuo: 2nd (4) core standby ccoling
gystem effects. Phenomena occurring durir; .hese stages that are considered

in the enaiysas are described helow.

Fuel Pin Temperature Redistributien

Following a reactor shutdewn, a large hecat source s sti1) availadble within the
core in the form of sensible heat in the fuel. This 1s represanted by the tespers
ature profile in the fuel rod. Initially, the temperature profile is Stesp tgcause
of the high pcuer gereration rates during normal operation. rolicwing the snut-
down, the sensible heat in the fuel will be redistributed by thermal conduction
within the fuci :”C cigdding and by ccnvedticn and radiation in the 9ap betueen
fuel and claddi with the emount of heat removed being gependent on surface
conditions. A he erd of three or more fuel time constants (fuel thermel time
constant is abeou 8 to 10 seconds), the .dial terperature profile in the fuel pin
fs almost flat, cnf\steqt with th.a low Tission product decay power generation,

*
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fuel Rod Bundle Temperature Redistribution

As the cladding temperature increases and the core coolant void fracticn zrproaches
unity, radiznt heas transmission between reds and the channel Y11 tends to
equalize the temparature of all rods a2t @ given axial pesition. The total energy
fn the core contirues to increase during this period due to continuing fission
product decay.

Metal-Vater Reaction Keatup

The fuel pin cladding is made of Zircaloy, which reacts with steam at high temper-
atures. The zircaloy-steznm chamical reaction rate is exothermic and stongly
dependant upon sk rescticn tevperature.  The temperature cecendence 1S exconential
and the rate of reaction beccnes significant at cladding temperatures in tne

ratge of 2200°F or higher,

Emergency Core Cooling System (ECCS) Effects

Redurdant cmergency core cooling systems perfermance for a given LOCA is depend-
ent upon the conditions of the accident. Th2 core ceoling systems will provide
sufficiens cosling to prevent excessive clacding heatup. The primary purpose
of the core heztup analysis is to determine the effectiveness of the emergency
core cooling systcms.

For a detailed dezoription of the CP‘STE model and a discussion regarding sources
of input to the modal refer to the "CHASTE Code Documentaticn” portion of Section
11 of Reference 1.
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'A break spectrum analysis has been performed using the CHASTE code showing that

the most limMiting (highest calculated) peak clad temperature is ascncjated with |
the design basis accident. The conclusion of this analysis is applizable to

this plant., The analysis has been documented in the Quad Cities Station Specia)

Report 15, Supplement € (Docket No, 50-284).

For each submittal of a construction permit, operating *dcencs, or reload license,
the DBA peak cladding temperature, peak local oxifatiz:, and a MAPLHGP is determined
for each fuel type of interest. For calculational convenience in some cases, the
rod-to-rod power distribution is assumed to be flat and the least favorable exposure
{s assumed in determining cap cenductance, Calculation of the results under these
conditions conservativeiy represents the resuits at all exposures. The code
application is described, briefly, as follows:

A, For jet-pump plants a LAMB calculation is performed. In mixed cores,
full-core LAME calculations are performed for 7x7 end 8xB fuel and the
more restrictive of the two 1s used in the SCAT input.

B. For jet-pump plants, SCAT calculations are perfarmed for 7x7 fuel
and 8x8 fuel, as appraopriate,

C. A SAFE and a DBA-REFLOOD calculation is performed, assuming the fue)
to be the most predominant type of bundle in the core (7x7 or 8x8).

D. CHASTE calculations are performed for each fule type (which in a
given reactor may include seversl 7x7 fuel types and several 8x8 fuel
types) at several exposure points.

The MAPLHGR, peak cladding temperature and maximum local oxidation variations with
exposure for each fuel type are the results of these calculations.

Results of the CHASTE Analysis

Presented in this section are results of the loss-of-coolant accident analysis
which are calculated by CHASTE. These results include the following:

Parameter Figure

Peak Cladding Temperature

==~ Following a Design Basis Accident D-la
-- Following a2 1.0 Sa. Ft. Large Break D-1d
= Following a 1.0 Sq. Ft. Small Break D-2a
-~ Following a 0.07 Sq. Ft. Small Break D-2b
Peak Cladding Temparature and Local Peak Oxidation versus D-3

Brezsk Area |

Peak Cladd ng Temperature and Local Peak Oxidatior versus
Pianar Exposure

-= [nitial Core Fuel (7D225) D-4s
-- Reload 1 Fuel (70230) D-4b
-- Reload 2 Fuel (8D262) D-4c¢
-~ Reload 3 Fuel (8D250) D-ad
~~ Reload 4 Fuel (80219 D-4e

N & .
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SINGLE FAILUTE STUDY Of ECC SYSTLH PANVALLY CCHTROLLED

ELECTRICALLY NPIRATED VALVES

The effects of a singla failure or crerator error that czuses any manually
controlled, electiricaily onerated vaive in the ECC Systea to move to a
position that could adverselv affuct tne ECLS has been studied. The
purpose of this evaluziicn i to “cternine that any such m31fynction does
not affect tha [CCS rare thar the results of the worst single failure which
18 reported in the LOCA calculitions pe1forued in accordance with 1C0CFR30
Appendix K.

The results of the break spectrum a s show-the single ‘ailure which
results in the maximum calculated ad tt*"exature \#CT)., For any
other single failure to ta more si nt, its effect on the ECCS must
be greater (ian tais sirjle failure, Therefere, @ study was made to
determine if the raiftunction of a 1 2rually conirclled, eiectrically cpers
ated valve by scme unkngun cause o Dy an operater impreadrly positioning
a control siitch could affest the ECCS mere severely than this failure.

In accordanze ui?h arnvopriate IECE standards, the ECC System valves are
electrizally assignst to different divisions of pover fupply Thn effect
0T an oneraior 'L.DrO'..":h Iy @Uvdubitd @ il gse: grtisbi Wil b Swie gl ::.n‘v:t

{s t0 ciusc enly 3 sirnle volve tr 1ave to an ingorrect position, ror

the operatur error Of cCtualing d ;..;?e suitak af the ANS Svetam, the
system valves are not actuated, However, the censecugnces of a malfunction
which causes one AlS va to 1n:dverten:ly open has becn noted.

a5
v

o

The summary of the ECCS Yalve Sinale Failure Analysis is provided in the
attached Table 4. Corparing the offects of H~e sing1e valve failure noted
in Table I with the results of the Appendix K LOCA anaiysis, it can be
seen that these failurcs are not moro severe tnan those reported. The
single failures considered for the ECCS analysis are presented in Tadle 5.
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s rate of HPCI
i

cuming » failure of a single ADS valye
not affect y lts because the effects

wreaks is insiagnifica with upr1 in operation)




TABLE §

SINGLE FAILURES CONSIDERED
FOR ECCS ANALYSIS

PLANT SINGLE FAILURE REMAINING ECCS
BWR/3 LPCI Injection Valve 2 CS ¢ HPCI + ADS
MONTICELLO HPCI 2 CS + CPCI + ADS

(Suction Break)

A5~



Reference Plant Analysis

The lead plant for this product 1ine BUR is Quad Cities 2. (2)

The 60% DBA, 80% DBA analyses, additional Small Break analyses, Core

Spray line break, Feedwater line break, and Main Steam line break analyses
for the lead nlant are applicable to this plant and are hereby incorporates
by reference (3).

REFERENCES

General Electric Company Analytical Model for Lass-of-Coolant Analysis in
Accordance with 10CFRS0 Appendix K, NED-20566 (draft), submitted August
1974, and General Electric Refill/Reflood Calculation (supplement to SAFE
Code Description) transmitted to the USAEC by letter, 6. L. Gyorey to
Victor Stello, Jr., dated, December 20, 1974.

Quad Cities Station Special Report No. 15, Supplement C, Unit 2
and Attachment A (Proprietary information).

Letter, G. L. Gyorey to V. Stello, "Compliance with Acceptance Criteria of
10CFR50.46," May 12, 1975,




FIGURE A-1 a

NORMALIZED CORE AVERAGE INLET FLOW
FOLLOWING A DESIGN BASIS ACCIDENT
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FIGURE A-1d

NOBMAL 1ZED CORE AVERAGE IKLET FLOW
FOLLOWING A 1sq. ft. BRK
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FIGURE A-2a

CORE INLET ENTHALPHY FOLLOWING
A DESIGH BASIS ACCIDENT
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FIGURE A-2d
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CORE INLET ENTHALPY
FOLLOWING A 1.0 SO FT. BRFAK
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FIGURE A-34

CORE AVERAGE PRESSURE
FOLLOWING A 1sq. ft. BRK
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