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1.0 INTRODUCTION
The results of a LOCA-ECCS analysis for the Oresden 2 and 3 nuclear power
plants during single 1loop operation (SLO) are reported in this document

These calculations were performed with the generically approved Exxon Nuclear
Company EXEM/BWR Evaluation Model (Ref. 1, 2) in accordance with Appendix K of
10 CFR 50 (Ref. 3), and the results comply with the U.S. NRC 10 CFR 50.46

criteria
The 1nitial operating condition selected for this analysis wa 81.3%
power/58.0% core flow. The analysis was performed using the Dresden Unit 3

conditions; however, the Dresden 2 and 3 Units are sufficiently similar s

that the results of this analysis are applicable to both Units

Ir dandal ys establiish the M tiplier that { D¢ 1PP 1 t

MAPLHGR f the ANF fu 1u ] ngle p operat he analy wa
rt ed with Ix9 fu L jetermine el L1} ! al Istit

provided for its applicability to both ANF 8x8 and 9x9 fu
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2.0 SUMMARY

The results of the ECCS analysis presented herein support the use of a 0.9]
SLO multiplier on the two-loop MAPLHGR's for ANF fuels when the Dresden Units
are operating in single loop operation.

A1l calculations were performed with the NRC approved EXEM/BWR ECCS Evaluation
Model, according to Appendix K of 10 CFR 50. Single loop operation of the
Dresden Units with a multiplier of 0.91 on the two-loop ANF fuel MAPLHGR’s
assures that the emergency core cooling systems for the Dresden Units will
meet the U.S. NRC acceptance criteria for loss-of-coolant accident breaks up
to and including the double-ended severance of a reactor coolant pipe. That
is:

1. The caiculated peak fuel element clad temperature does not exceed
the 2200 F limit,

2. The caluulated total oxidation of the cladding nowhere exceeds 17%
times the total cladding thickness before oxidation.

3. the calculated maximum hydrogen generation does not exceed (% of the
zircaloy associated with the active fuel cladding in the reactor.

4. The LOCA cladding temperature transient s calculated to be
terminated at a time when the core is stil]l amenable to cooling.

5. The system long-term cooling capabilities provided for the initial
core and subsequent reloads remain applicable to ANF fuel.
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JET PUMP BWR ECCS EVALUATION MODEL
LOCA During Single Loop Operation

Response to a loss-of-coolant accident (LOCA) is described
analysis for two-loop operation (Ref. 4) This report addres

of a LOCA during single loop operation (SLO)

During SLO the recirculation pump in the inactive loop is not operating an

isolated from the remainder of the system by a valve. Thus, there is no

through the idle, intact ioop. A break might occur in either loop. Howe

a break in the inactive loop would behave essentially like a break during

loop operation except that substantial break flow would come from

side of the break (because of the closed lve in the

14 then be )

i

peratior

MAP| HGR

1

i
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RODEX2(7), RELAX(8), FLEX(9), and HUXY/BULGEX(10,11) ~ The

these codes were used for this analysis.

latest versions of
The only significant geometric
modeling difference necessary was to simulate SLO in the RELAX model of the

intact loop. The isolation valve in the intact loop is closed.

The approved ANF generic break spectrum dndlfs1$(5‘

for the BWR/3 reactors

?val(al, identified the ) miting break as the
jouble-ended quillotine break of the

which the Dresden Units are

recirculation pump suction pipe

[ with

3
coefficient of 1.0 JE( S This limiting break (includi

single failure) was used in this analysis
occurs during single loop operation, a
early phase because the intact

FOW "jl\.“"‘ 1ury the ,»‘11‘
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under SLO conditions of 58% and then selecting the appropriate power fro: the
power-flow map. This condition was determined in Reference 6 to be a
conservative upper bound for single loop operation. Figure 3.1 shows the
power-flow map and the selected single loop operating point. The plant
conditions used for the analysis are presented in Table 3.1. This data
applies to both Dresden Unit 2 and Unit 3 because of the similarity between
the two plants.

The syst m behavior during a LOCA is determined primarily by the LOCA break
parameters: break location, break size, and break configuration, together
with the system components and geometry. Variations in core 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 significant changes are made in
the plant operating conditions, plant hardware, or core design such that the
analysis no longer bounds the plant conditions.

The blowdown calculations made for this analysis differ from those for the
previous two-loop analysis(‘) in two important ways. An additional valve is
included upstream of the pump in the intact loop and initial conditions are
ditered to correspond to the maximum power/flow conditions for SLO. The
nodalization is shown in Figure 3.2. Consistent with plant procedures for
SLO, this is closed during the entire calculation preventing any flow through
the loop.

The average core blowdown calculations are followed by hot channel
calculations. The hot channel geometry is identical with that used in the
two-loop analysis (Ref. 4). A bounding radial peaking factor of 1.76 was used
to set the assembly power for the hot channel analysis.

The nodalization and geometry used in the reflood calculation are also
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 by
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the time of rated spray; thus no changes were required in the FLEX
nodalization or geometry. The initial conditions for the reflood calculation
are entirely determined by the blowdown calculation.

The HUXY/BULGEX heatup calculation of the hot plane was done as in the
previous two-loop analyscs(‘): fuel stored energy, thermal gap 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. Appendix K spray heat transfer
coefficients are used for the spray cooling peried. Peak clad temperature
(PCT) and the cladding oxidation percentage are determined for ANF 9x9 fuel.

Table 3.2 shows the ANF 8x8 and 9x9 MAPLHGR's for the Dresden Units on the
equivalent basis of bundie planar power (MAPLHGR times number of heated rods).
As shown in this table, the 9x9 MAPLHGR’s at lower exposures are significantly
higher (on an equivalent bundle planar power basis) than 8x8 MAPLHGR’s; at §
GNd/MTU the equivalent 9x9 MAPLHGR is about 13% higher than the equivalent 8x8
MAPLHGR 1limit.

In preliminary SLO analyses it was determined that the high planar power of
the 9x9 MAPLMGR at 5 GWd/MTU was sufficient to cause an early CHF; thus a
reduction in the 9x9 MAPLHGR was indicated for SLO conditions to delay CHF.
Preliminary analyses show that a reduction in the peak 9x9 MAPLMGR value by |
kW/ft (9%) to 10.75 kW/ft was sufficient to significantly delay CHF. Thus,
SLO analyses were performed with 10.7. kW/ft as the peak MAPLHGR,
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4.0 ANALYSIS RESULTS

Analyses were performed for the assembly exposure (0-20 GWd/MTM) for which the
two-100p MAPLHGR'sS had the highest PCT’s (see Table 3.2). 1In all cases the
MAPLHGR’s justified in the single loop analysis were within 9% of the two-loop
MAPLHGR's and the PCT's for the most limiting exposures (0-10 GWd/MTU) were
not only less than acceptance criteria of 2200°F, but less than the PCT's from
the two-loop analyses. Thus, a .91 multiplier on the two-loop 9x9 MAPLHGR
curve assures that the 10 CFR 50.46 criteria are met under SLO conditions.

Calculated event time results are given in Table 4.1. System blowdown results
are presented in figures 4.1 through 4.19. System refill and reflood results
are given in Figures 4.20 through 4.22. These system conditions are used as
boundary conditions for a series of exposure dependent maximum power assembly
heatup calculations. Results from a RELAX/HOT CHANNEL calculation are given
fn Figures 4.23 through 4.25 for 9x9 fuel at MAPLHGR values of 10.75 kW/ft.
Resulting clad temperitures as calculated by HUXY/BULGEX are shown in Figure
4.26.

An examination of these plots reveals the following information:

1. The sudden loss of drive fluid in the jet pumps allowed a sudden
drop in lower plenum pressure of sufficient magnitude ' allow flow
through the inactive Jjet pumps to “reverse” from { = initial
negative flow to a positive flow in the earlier part of the
blowdown .

2. The lack of a pump coasting down in the intact loop allowed flow
through the suction and exit junctions of the operating (broken
loop) jet pumps to remain in the positive direction (the drive, of
course, reversed to supply fluid to the break) during the earlier
part of the blowdown,
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3. There is an immediate plunge in core flow accompanied by a reduction
in the heat transfer coefficient.

4. The plunge in core flow is not sufficient to cause CHF to
immediately occur at the high powered plane for the MAPLHGR's
analyzed. The flow in the high power planes continue in the upward
direction as shown in Figure 4.6. CHF is delayed untii about 9
seconds. This is because, while the hot channel inlet flow actually
reverses, the lower part of the channel continues to supply a two
pnase liquid-vapor mixture to the high powered hot regions of the
channel,

The peak MAPLHGR analyzed for the 9x9 fuel under SLO cenditions (10.75 kW/ft)
is about 5% hiyner than the two-loop ANF 8x8 MAPLHGR on an equivalent planar
power basis; thus these analyses demonstrave that early CHF would not be
expected to occur in the ANF 8x8 fuel; thus application of the same SLO
multiplier (.91) to the two-loop ANF fuel MAPLHGR will conservatively protect
the ANF 8x8 fuel from exceeding the 10 CFR 50.46 criteria during SLO
conditions. Use of this multiplier (9% reduction) and the lower equivalent
power of the 8x8 MAPLMGR (5%) result in an equivalent ANF 8x8 MAPLHGR for SLO
conditions 14% lower than the peak bundle planar power analyzed in this
renort,

This application of a .91 multiplier during SLO conditions to all ANF fuel
MAPLMGR’s in the Technical Specifications will protect ANF fuel in the Dresden
Units from exceeding 10 CFR 50.46 criteria.
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TABLE 3.1 DRESDEN REACTOR SYSTEM DATA*

Primary Heat Output, MW

Total Reactor System Volume, ft**3

Total Reactor Flow Rate, 1b/hr

Active Core Flow Rate, Ib/hr

Nominal Reactor System Pressure
(upper plenum) psia

Core Inlet Enthalpy, Btu/lb

Recirculation Loop Flow Rate, 1b/hr

Steam Flow Rate, 1b/hr

Feedwater Flow Rate, 1b/hr

Rated Recirculation Pump Head,

Rated

Moment
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TABLE 3.2

Bundle Average
Exposure

— AGWd/MTU)

0

5

10

15
20
25
30
38
40

11

COMPARISON OF ANF MAPLHGR’S ON EQUIVALENT
PLANAR POWER BASIS

1879
1942
2123
2159
2074
2011
1895
1308

PCT
(*F)

2006
2045
1893
1805
1710
1623
1529
1421
1309

13.
13.
13.
12.
12.

11

1.
10.

MAPLHGR
(kw/ft)
0 11.4
0 11.75
0 11.4
85 i0.85
6 9.7
.95 8.85
2 8.00
45 7.1%
6.30

ANF-87-111

Equivalent Planar
Power (kW/ft)
8x8 99

819
819
819
810
794
753
706
658

900
928
900
833
766
649
632
565
498



TABLE 4.1 SLO LOCA LIMITING BREAK EVENT TIMES

Event Iime (sec)

Start .00
Initiate Break .05
Feedwater Flow Stops .55
Steam Flow Stops 0%
Low-Low Mixture Level 5.1
et Pumps Uncover 3

tlation Pipe Und
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TABLE 4.2 MAPLHGR RESULTS UNDER SLO CONDITIONS
9X9 FUEL

Single Loop Conditions

)
Assembly

Average
Burnup MAPI HGR
(GWd/MTV) (kW/ft)

/? g

A5

75
55

N




CORE FLOW (%)

(%) ¥ANOd
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