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1.0 INTRODUCTION

The results of a loss-of coolant accident (LOCA) analysis with emergency core cooling

systems (ECCS) for the Grand Gulf Unit 1 to suppcrt single loop operation (SLO) are reported

in this document. These calculations are performed with the generically approved Siemens

Nuclear Power Corporation (SNP) EXEM/BWR Evaluation Model ) in accordance withU

Appendix K of 10 CFR 50,M and the results comply with the USNRC 10 CFR 50.46(8) criteria.

The initial SLO condition selected for this analysis is 70.6% power and 54.1% flow. This

analysis establishes the multiplier that is to tn applied to the two-loop MAPLHGRs of the fuel

during single loop operation. The analysis is performed with the same multiplier for both SNP

8x8 and 9x9-5 fuel.

'

.

)
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2.0 SUMMAFlY

The results of the LOCA-ECCS analysis presented herein support the use of a 0.86 SLO

multiplier on the tva-loop MAPLHGRs for SNP fuel when the Grand Gulf Unit 1 reactor is in single

loop operation.

Single loop operation of Grand Gu!f Unit 1 with a multiplier of 0.86 on the two loop SNP

fuel MAPLHGRs for 8x8 and 9x9-5 fuels assures that the emergency core cooling systems for the

W or loss of-Grand Gulf Unit 1 plant will meet the USNRC acceptance criteria of 10 CFR 50.46 f

coolant accident breaks up to and including the double ended severance of a reactor coolant

pipe. That is: '

1. The calculated peak fuel element clad temperature does not exceed the 2200*F limit.

2. T he calculated total oxidation of the cladding nowhere exceeds 17% of the total cladding

thickness before oxidation.

3. The calculated core wide metal-water reaction does not exceed 1% of the zircaloy

associated with the active fuel cladding in the reactor.

4. The LOCA ciadding temperature transient is calculated to be terminated at a time when

the core is still amenable to cooling.

5. The system long-term cooling capabilities provided for the initial core and subsequent

reloads remain applicable to SNP fuel.

:
.

I

. _ . . _ . _ _ . . . _ . _ _ . _ _ _ _ _ . , _ _ _ . . . _ , . _
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3.0 JET PUMP BWR ECCS EVALUATION MODEL

3.1 LOCA Durino sinole Loco Operation

The loss-of-coolant accident (LOCA) break spectrum analysis for a BWR/G for two. loop

operation conditions is described in Reference 7, and the Grand Gulf Unit 1 plant specific

MAPLHGR analysis for two loop operation is described in Reference 8. This document describes

LOCA-ECCS analysis and MAPLHGR justification for Grand Gulf Unit 1 SLO operation. The same

limiting break and single failure are assumed in both the two loop and the SLO LOCA analyses.

During SLO the recirculation pump in the inactive loop is not in operation and the

recirculation flow contiof valve is put at minimum position. Both intake and discharge block

valves in the idle recirculation loop remain open during SLO. A significant resistance to idle loop

recirculation flow does exist, but a small amount of flow can pass through the idle loop during

LOCA conditions. A break can be hypothesized to occur in either loop. However, a break in the

inactive loop would behave essentially like a break during two loop operation except that

substantial break flow would come from only one side of the break (because the recirculation

flow control valve is at its minimum position). System performance would then be like that

resulting from a somewhat smaller break during two loop operation. The scenario of breaks

smaller than the limiting break has already been covered by the BWR/6 LOCA break spectrum

analysis.M Further consideration in this report will be given only to the case where a break

occurs in the active loop. This case differs from the two loop case in ono important respect:

there is no flow coastdown in the intact (idle) recirculation loop.

Previous SLO analysis 00) assumed that the consequence of a lack of recirculation loop

coastdown flow (which continues to supply liquid from the downcomer to the lower plenum

during two loop operation) would be an almost immediate flow stagnation in the core and a very

early CHF (0.1 sec); this resutted in degraded heat transfer very early in the transient and

09 be imposed for SLO conditions on therequired that a MAPLHGR reduction factor of 0.86

MAPLHGR for NSSS vendor fuel for Grand Gulf Unit 1.

!

'

- - . . . .. . - .
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3.2 EXEM/BWR Aeolication To Grand Gutf Unit 1

The SNP EXEM/BWR ECCS Evaluation model codes are used for this SLO LOCA-ECCS
calculation. The codes which comprise EXEM consist of RELAX.(2) FLEX,W HUXY,FS)
RODEX2.W The latest versions of these codes are used for this SLO analysis, and they are
referenced in the two loop analyses?'8)

The approved SNP generic break spectrum analysisM for the BWR/6 class of reactors

identified the limiting break as the double-ended guillotine break of the recirculation pump

discharge pipe with a discharge coefficient of 1.0 (1.0 DEG/RD) and a worst single failure.

In the unlikely event that a LOCA would occur during SLO, a rapid drop in core flow would

be expected to occur during the early phase of the event because the idle loop pump is not

operating. The core flow transient during the early phase (0 to 5 seconds) of a single loop LOCA

is the principal event which could distinguish such an accident frcm a LOCA occurring during

normal two loop operation. Other than the core flow, the LOCA results for two and single loop

operations are quite similar, as shown by event times (time of uncovery of jet pumps, lower

plenum flashing, time of rated spray, etc.). Therefore the worst single failure, the size, location,

and discharge coefficient of the break for the single loop LOCA will be the same as for the two
loop LOCA.

The 70.6% power /54.1% core flow (70.6/54.1) operating point is selected as the initial

operating condition for this analysis. The conditions are those used by the NSSS vendor in their
SLO LOCA-ECCS analysis.(11)

The system behavior during a LOCA is determined primarily by the LOCA break

parameters: break location, break size, and break configuration together with the ECCS systems

and plant geometry. Variation in core geometric parameters produce only secondary effects on

the system behavior. Thus, 'by using bounding core neutronic parameters, the LOCA ECCS

results established by this analysis will apply for future cycles unless substantial changes are

made in the plant operating conditions, plant hardware, or core design such that the analysis no
longer bounds the plant conditions.

_ _ _ _ __ . . ._ ,_ _ _ _ . _ .
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The system blowdown calculations for the Grand Gulf Unit 1 SLO differ from those for two

loop operation in that the back flow through the idle loop jet pump is modeled consistent with

expected SLC steady state conditions. The initial conditions are shown in Table 3.1, and the

system blowdown nodalization diagram is shown in Figure 3.1.

The system blowdown calculations are followed by HOT CHANNEL calculations. The hot

channel geometry is modeled to that of SNP 8x8 and 9x9-5 fuel residing in the Grand Gulf

reactor. The initial conditions are adjusted to correspond to those for the single loop operating

point. The power, axial peaking, and flow of the hot assembly are determined by an XCOBRA

thermal hydraulics calculation to support a MCPR value considerably below the appropriate

MCPR operating limit. The nodalization and geometry used in the raflood calculation are

. identical to those of the two loop analysis. In the FLEX code the intact loop is not modeled in

detail because intact loop flows are insignificant at the time of rated low pressure core spray.

Thus, no changes are required in the FLEX nodalization or geometry compared to the two loop

analysis. The initial conditions for the reflood calculation are entirely determined by the system

blowdown calculation.

The HUXY heatup calculation of the hot plane (conter one foot node)is done identically

with previous two loop analyses: fuel stored energy, gap thermal conductivity and dimensions

from RODEX2 as a function of power and exposure; time of rated spray, decay power, heat

transfer coefficients and coolant conditions from RELAX; and time of hot-node-reflood from FLEX.

Bounding fission and actinide product decay heat obtained with end of-cycle neutronics in the

system blowdown calculation assure that the power input to the HUXY heatup calculation is

conservative. The spray heat transfer coefficients identified in Appendix K of to CFR 50(8) are

used for the SLO analysis in an identical manner as used in the approved two loop analyses (sa2),

This includes the use of 5.0 Btu /hr ft ,.p 2) for all unheated surfaces in the SNP 9x9-5 fuel. Peak2 p

cladding temperature (PCT) and the cladding oxidation percentage are specifically determined

- for the SNP fuel geometries.

.

. - , _ - _ . _ . . - _ _ . . - . , , , , . ..-.c._.. .-.. ., ,,-. . . . . . . . . - . - ,
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TABLE 3.1 GRAND GULF UNIT 1 REACTOR SYSTEM DATA FOR SINGLE LOOP OPERATION

Primary Heat Output, MW (1.02 x .706 x 3833) = 2760.2

8 8Total Reactor Flow Rate, Ib/hr (.541 x 112.5 x 10 ) = 60.86 x 10

sActive Core Flow Rate, Ib/hr . 54.28 x lo

Steam Dome Pressure, psia 1001.7

Reactor Inlet Enthalpy, Btu /lb 511.8

6Recirculation Loop Flow Rate,Ib/hr 15.93 x 10

8Steam Flow Rate,Ib/sec 11.47 x 10

6Feedwater Flow Rats, Ib/sec 11.44 x 10

Rated Recirculation Pump Head, ft 765.

' Rated Recirculation Pump Speed, rpm 1785.

2Moment of inertia, Ibm-ft / rad 18,875

Recirculation Suction Pipe 1.0., in 21.825

Recirculation Discharge Pipe I.D., in 21.825

4

__ _ _ _ _ ____________.__.______.____________ _ _______ __.- _ _ _ ________._____ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ________a
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4.0 ANALYSIS RESULTS AND CONCLUSIONS |

The results are obtained by a LOCA.ECCS heatup analysis of the 1.0 DEG/RD break over l

the exposure range of the SNP 8x8 and 9x9-5 fuels in the Grand Gulf reactor. The fuel stored I
i

energies at 5 GWd/MTU are used to initialize the RELAX / HOT CHANNEL calculations for both fuel j
Itypes. These stored energies are the maximum calculated by the RODEX2 code to occur during

the life of the fuels. This means that the fuel temperatures in the hot channels are at their

maxirm m calculated values regardless of the fuel exposure at which the pipe rupture is assumed

to occur. )

Shown in Table 4.2 are the highest PCTs over the exposure range for both fuels in both

single and two(813) loop operation. The two loop MAPLHGRs with a .86 multiplier used in this

single loop analysis produce lower PCTs than the acceptance criteria of 2200 'F and are less

than the PCTs for the two-loop analysis by about 100 'F. Thus, a .86 multiplier on the two loop

SNP 8x8 and 9x9-5 MAPLHGR curves assures that the 10 CFR 50.46(8) criteria are met under

SLO conditlans.

Table 4.1 lists the major event times for this analysis. Syster "'owdown results are given

in Figures 4.1 through 4.22. System refill and reflood results are si own in Figures 4.23 through

'4.25. Results from the SNP 9x9-5 RELAX / HOT CHANNEL calculation are given in Figures 4.26

through 4.28. The RELAX / HOT CHANNEL results are applied as boundary conditions for the

HUXY heatup calculations. A clad temperature history determined by HUXY for the SNP 9x9-5

fuel at the beginning-of-life (BOL) exposure is shown in Figure 4.29.

An examination of these plots reveals the following information:

1. The sudden loss of drive flow in the operating (broken loop) jet pumps results in a

sudden drop in lower clenum pressure of sufficient magnitude to allow flow through the

inactive jet pumps to " reverse" from their initial negative flow to a positive flow at one

secqnd into the blowdown.

. . .
_. _ . - . --
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2. The exit junction flows of the operating jet pumps reverse direction at one second into

the blowdown.

3. Bxause of 2. above, the initial drop in core flow is sufficient to cause an early CHF at the

mid-plane of the SNP 8x8 and 9x9-5 hot channels. CHF occurs at less than 2 seconds

for the SNP 8x8 and 9x9-5 fuel types.

With the results presented here, it it concluded that the application of a .86 multiplier

during SLO conditions to the SNP 8x0 ar.d 9r9-5 fuel MAPLHGRs in the Technical Specifications

will protect SNP fuelin the Grand Gulf Unit 1 ceactor from exceeding 10 CFR 50.4GN limits.

_

.

I

_ _ _ _ _ . . . - . - - - - - _ _ - - _ _ _ _ _ _ _ _ - _ - _ _ - - . _ - _ _ _ - - _ _ _ _ - - - . _ - - _ . - . _ _ . . - - _ - _ _ - - - _ _ _ - _ - - - - - - - - _ _ _ . - _ _ _ _ _ _ _ _ _ _ _ _ _ _
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TABLE 4.1 LOCA EVENT TIMES SINGLE LOOP OPERATION

gvgn! Time (sec)
!

Start 0.00

Initiate Break 0.05

Feedwater Flow Stops 3.05

Steam Flow Stops 6.05

Low Mixture Level for HPCS 10.2

Low MixNro Level for LPCS/LPCI 17.2
i

! Jet Pumps Uncover 19.5

HPCS Flow Starts 20.2

Lower Plenum Flashes (Quality > 0) 21.3

Recirculation Suction Nozzle Uncovers 31.1

LPCS/LPCI Pressure Permissive Cleared 67.5

- LPCS Flow Starts 82.7

LPCI Flow Injection Starts 91.5

End of Blowdown (Upper Plenum Pressure for 113.6

j Raied LPCS flow)

Depressurization Ends (vessel pressure 180.4
| reaches 1r.tm)

Start of Reflood (high density fluid 183.9

enters core)

Peak Clad Temperature Reached 194.5

.-

(.

\
. . . . _ - -. .- . . - . . - . - . . . .
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!

TABLE 4.2 PCT RESULTS FOR SNP FUEL SINGLE AND TWO LOOP OPERATION

Maximum PCT ('F) .

Maximum PCT ('F) .86 x MAPLHGR
Two Looo Operation SLO

SNP 8x8 Fuel 1738W 1631

SNP 9x9-5 Fuel 171303) 1609

a

6

:

! ,-
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