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indicated ir Table 1.1. Including the Appendix K required two percent
core power uncertainty factor, this analysis, if determined to be the
limiting break, would support operation of the plant with a total linear
Heat Gei.eration Rate (LHGR) of 15.53 kW/ft. Also included in Table 1.7
are summaries of the transient times calculated for major eventr-.

Additional results of this analysis are presented in subsequent sections

of the report.
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Table 1.2

Large Break Results

Start

Initiate Break

Safety Injection Signal

Pressurizer Empties

Accumulator Injection, Broken Loop
Accumulator Injection, Single Intact Loop
Accumulator Injection, Double Intact Loop
End-of-Bypass

Safety Iniection Flow, SIS

Start of Reflood

Accumulators Empty, Single Intact Loop
Accumulators Empty, Double Intact Loop

Peak Clad Temperature Reached
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Time cf Event (seconds)

(C
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The results are typical of pressurized water reactor large break
blowdown analyses. For large break a~.:lyses the sys.em decompresses rapidly
to the saturation point, and the n=-ssyre then continues to decrease smoothly
to an ambient condition. After break initiation, the core inlet flow re-
verses, approaching a ze-n flow condition for several seconds before reversing

again. The core flow approaches zero at the End-of-Bypass (EOBY).
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Table 2.1

Assembly Rod Diameter, in*

sembly Rod Pitch, in*
Assembly Pitch, in*
d (Core) Height, in*
Transfer Area, ft°

Heat

Total Flow Area, ft'

ienerator Tube Plugqing

(continued)

(Assumed uniform) |
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3.2 RESULTS

Resulcs for the node which ultimately becomes the PCT node durinag
the LOCA transient are given in Table 3.1. The PCT clad node temperature
history and depth of metal-water reaction are show, (n Figures 3.3 and 3.4
respectively. Heat transfer coefficients are presented in Fiaure 3.5 and the
volume average temperature for node 18 is shown in Fiqure 3.6. The core
inlet and cutlet flows for the average and hot channels a wn in Figures
3.7 through 3.10.

The PCT node in the hot channel analysis, which is node 18,

corresponds to node 13 in the TOODEE2 analysis.
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29 XN-NF-79-45
4.3 BOCREC_ CALCULATION
Following the EOBY as determined during the RELAP4-EM/BLOWDOWN
calculation, downflow is calculated in the downcomer region of the reactor
vessei. Emergency Core Cooling (ECC) water injected into the intact loops
of the reactor will flow to the lawer plenum under the influence of gravi-
tational force. When the water level reacnes the Bottom of the Core (BOCREC)

the reflood portion of the transient can begin. ECCS flow rates are obtained
from RELAP4 refill model.

The time to begin reflood is computed in accordance with *NC's
generic PWR model as given in XN-75-41, Supplement 5, Revision l.(l)
The hot wall delay computation is based on results from the CREARE reports
™N-188'19) ang ™8-202. (1) 1his hot wall delay is detailed in xN.76.27(2)
which is the base document for the approved WREM-II model. Output from
the BOCREC calculation defines the time to begin reflood and specifies the
ECC injection rates to the lower plenum following beginning of refluod.

The start of reflood is given by the BOCREC time plus the transport delay.
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This value of core outlet enthalpy could be achieved only for a
0.7 - 0.8 in/sec floo. .ng rate if all the decay energy were removed as
generated and the stored energy were transferred over a 400 second transient.
The assumption of a conservative core outlet enthalpy is part of the

approved REFLEX WREM 1A mode. (3]
5.2 REFLOOD CALCULATION

The purpose of the reflood calculation is to supply the reflooding
rate and fluid conditions for the TOODLEZ reflood cladding temperature
calculation. The quantities obtained from REFLEX including reflood rates,
core mixture level, downcomer mixture level, upper plenum pressure and core
inlet flow rate are shown in Figures 5.2 through 5.6 for the 0.6 DECLG case.

Containment pressure a.-ing reflood was calculated using
CONTEMPT-LT modified to conform to Branch Tachnical Position Paper Csg 6-1.(12)

Containment backpressu tlculations are discussed in Section 7.0.
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6.0 HEATUP CALCULATION

6.1 MODEL DESCRIPTION

The time dependent fuel rod thermal analysis program TOODEEZ is
used to determine both the PCT and extent of metal-water reaction during
the refill and reflood periods of a PWR | 0CA. The hot fuel rod from the
hot assembly is modeled with a total peaking factor of 2.53. The hot fuel
rod is divided into 18 axial nodes as shown in Figure 6.1. As in the hot
fuel rod nodalization used in the hot channel analysis, the nodes are of

varying heights with the smaller nodes (3-inch) concentrated in the region

of the expected maximum temperature. The fuel rod is divided into ten radial

nodes, comprised of two cladding nodes, seven equally spaced fuel nodes, and

one fuel/gap node. The radial nodalization is shown in Figure 6.2. The

axial power distribution corresponds to that used in RELAP4-EM/HOT CHANNEL.
The code requires input from two sources, the initial fuel rod

temperature distributions and depths of metal-water reaction from RELAP4-EM/

HOT CHANNEL caiculated values at the end-of-bypass. The time dependent fluid

conditions (flooding rate, inlet enthalpy, etc.) are taken from REFLEX re-
sults. During the period from end-of-bypass to beginning of reflood, the
ENC radiation model (Section 7.0 in Volume I, XN-75-41)(]) is conservatively
neglected. After reflood, heat transfer coefficients are determined using
the heat transfer rnodel from the WREM-IIA model.

The heatup portion of the transient has been calculated by the
method as rep: cte in XN-75-41(1), xn-76-27%), and xN-NF-79-18(%). The

results of te calculation with this model are shown in Figure 6.3.
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A minor change was made to TOODEE2 to m:xe the mathematical modeling
within TOODEE2 internally consistent inis change resulted in less than a

1°F change in PCT and is discussed in detail in Section 8.1

The peak cladding temperature occurs at the 7.97 foot elevation.
The temperature at this location turns around at 166.6 seconds and continues
to decrease throughout the remainder of the transient.

6.2 RESULTS

Peak clad temperatures and corresponding times are presented in
Tables 1.1 and 1.2. Also included in this table are clad rupture time,
peak clad temperature, and peak linear heat generation rate at initiation
of reflood.

The temperature history for the node of peak cladding temperature
from the end-of-bypass through temperature turn-around is plotted in Figure
6.3.

The FCT Node in the TOODEEZ2 analysis, which is node 13, corresponds

to node 18 in the hot channel analysis.
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.able 7.1

Dry Containment Data

XN-NF-79-45

Cuntainment Physical and Thermal Parameters

Net Free Volume
Outside Air Temperature
Initiation Time for:
Spray Flow
Fan Ccolers

Containment Initial Conditions:
Temperature
Pressure
Relative Humidity

Cortainment Spray Water:
Temperature
Flow Rate (Total, 3 pumps)

Fan Air Cooler Capacity
(total 4 coolers)

Vapor Temperature (°F)

150
185
244
288
320

Thermal Conductivity and Volume*

Materials
Steel
Structural Concrete
Paint for Steel Surfaces

Paint for Concrete Surfaces

Capacity (B

.50 x 10
1.38 x 10

3.00 x 10°

1.05 x 10%ft3

-17°F

55.0 sec
25.0 sec

85 'F
14.7
80%

psia

4G°F
5100 gpm

tu/hr)
8

8

y

4.37 x 108
5.40 x 108

ric Heat Capacity
Thermal
Conductivity
(Btu/hr-ft-°F)
26.0
0.85
1.5

0.3

Volumetric

Heat Capacity

(Btu/ft3-°F)
59.0
32.0
57.6

43.2
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Table 7.1 (Continued)

Ory Cont ainment Data

Containment Passive Heat Sinks

SURFA“E.,AREA

DESCRIPTION MATERIAL THICKNESS | s
11. Misc. Steel paint 3 mil 5,700
steel 0.25 in
paint 3 mil
12. Ventilation Ducts galvanized 0.125 in 72 ,000*
steel

* Tabulated surface area includes areas of both sides of the slab.
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8.2 TOODEE2 MODEL UPDATE (TOODEE2/MAY?79)

The TOODEE2 model was updated in Reference 9 to include the
updates recommended by the Swedish memorandum(]a). Further review of one
of these Swedish updates indicated that this update was inconsistent with
the mathematical model in TOODEE2. This update has been removed from .he
TOODEE2 version of reference 9 tu create the new TOODEE2 version labeled
TOODEE2/MAY79. This update change was found to make an insignificant change
in PCT (<1F°) and is discussed below. The governing differential fora of

the coolant energy equation solved in TOODEE2 is:
i . T%'/S' L
at P Vo]f v a6 (1)

temperature

where T

q/s = heat flow
= fluid density
C = fluid heat capacity
Vol = fluid volume
0 = volumetric flow rate
§ = space variable in direction of flow
The Peaceman-Rockford type of numerical method utilized in
TOODEE2 uses two difference equations for each time step each of which is
applicable for one-half of the interval. To assure stability, the Swedish(]4)

recommendec that the following implicit backward difference algorithm be

used in the second half of the time step (n+1/2 to n+l):

1
N+l on#l1/2, _ N+l o+l n+1 M
T30 = Tiogen) = Q5 (5 = Ty = U5 055 - Ty 500 @)
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