e . Regulatory Docket File

T .

= ‘D . St. Lucie Unit 1 ECC?i Performance Results
‘ an

[solated Safety Injection Tank Study

TPt .
?S‘Xﬂ_ Al

I. Introduction and Summary

On January 4, 1974, the Atomic Energy Commission issued New Acceétance Criteria
for Emergency Core Cooling Systems for Light-Watér-CooTeH Reactorscj). The
analysis presented.herein demonstratgs that the St. Lucie Unit 1 ECCS design
satisfies these new criteria. The analysis has been performed using the '
Combustion Engineering (C-E) large break evaluation mgde1(2’3). The large

- breaElevaluation mode1 resﬁ]ts are presented in Section II and cover primary

: system ruptures larger than 0.5 ft2. As demonstrated in CENPD-137(4), breaks

w smaller than 0.5 ft2 are not limiting. Tht.erefore, a small break

spectrum analysis is not presented.

| C-E has recognized the similarities which exist for the NSSS'of the 2560 MWt
Reactor Plants (Calvért Cliffs 1, Millstone Point 2, St. Lucie 1, and Calvert

Cliffs II) and.has performed a generic blowdown ca]cu1ation,t6 be used for all
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of these ECCS performance evaluation analyses. The features of each of these

- reactors have been compared and the appropriate parameters for the calculation

were selected on the basis of conservatism (e.g.,stored energy in the fuel

has been maximized). ‘However, due to the sensitivity of the thermal behavior
of the hottesf-rod to, the unique features of the fuel, containment b;ilding,
and safeguard systems, explicit refill, reflood, and hot rod thermal transient

calculations have been performed for St. Lucie 1.

Hot rod temperature calculations were performed for the entire spectrum of
break sizes at a peak linear heat generation rate (ﬁ[ﬁéR) of ]5.8 kw/ft. The
worst break (that which 1imits the PLHGR) was identified as .the 0.8 DEG/PD*.
The results of:this‘Study supersede those reported in Reference 5 and show that
the plant meets the'NRC Acceptance Criteria published in the Federal Register

on January 4, 1974. Conformance is summarized as follows:

Criterion (1) Peak Clad Temperature. "The calculated maximum fuel element

cladding temperature shall nét exceed 2200°F."

The spectrum analysis yielded a peak clad temperature of

2192°F for the 0.8 DEG/PD break.

Criterion (2) Maximum Cladding Oxidation. "The calculated total oxidation

of the cladding shall nowhere exceed 17% of the total cladding

thickness before oxidation."

The spectrum analysis yielded a local peak clad oxidation

* 0.8 DEG/PD = 0.8 Double-Ended Guillotine rupture of the Pump Discharge leg.






Criterion (3)

Criterion (4)

Criterion (5)

percentage of 10.42% for the 0.8 DEG/PD break.

t

Maximum Hydrogen Generation. "“The calculated total amount of

hydrogen generated from the chemical reaction of the c]adéing
with water 6r steam shall not exceed 1% of the hypothetical
amount that would.be generated if all of the metal in the clad-
ding cylinders surrounding thé fuel, excluding the cladding

surrounding the p]ehum volume, were to react."

The 0.8 DEG/PD break produced the highest core-wide oxidation
which was <.787%.

Coolable Geometry. "Calculated changes in core geometry shall

be such that the core remains amenable to cooling."

The c;ad swelling and rupture model which is part of the C-E
Evaluation Model(z) accounts for the effects of éhanges in core
geomeé?y if such changes are predicted to occur. With these
core geometry changes, core cooling was enough to lower temper-

atures. No further rupture can occur since the calculations

were carried to the point at which the temperatures were de-

creasing. Thus, a coolable geometry has been maintained.

Long Term Cooling. "After any calculated successful initial

operation of the ECCS, the calculated core temperature shall

be maintained at an acceptably low value and decay heat shall

be removed for the extended period of time required by the

long-lived radiocactivity remaining in the core."




The spectrum analysis presented in this report shows that the

rapid insertion of borated water from the ECCS will suitably
limit the peak c]ad’temperature and cool the core within a
short period of time. Subsequently, the safety injection
pumps would supply cooling water from the refueling water tank
to rembve decay heat resulting from the long-lived radio-
activity remaining in the core. When the refue]fng water tank
is nearly empty, the safety injection pumps would then be '
Tined up to recirculate water frem the containment sump. In
this manner, the core would be cooled for én indefinite period

of time.

In addition to the spectrum analysis summarizeﬁ above and

discussed in Section II, a reanalysis was performed in which

one Safety Injegtion Tank was isolated from the primary system.

The method of analysis and the results are presented in Sectiom III.

Worst break results, for the cases with and without an isolated SIT,

. are compared below at a PLHGR of 15.8 kw/ft:

0.8 DEG/PD Results

One SIT No SIT
o Isolated Isolated

Peak Clad Temperature (°F) 2191 2192
Local Clad Oxidation (%) 10.97 10.42

Core-Wide Clad Oxidation (%) <.880 <.787



It is concluded’ that the LOCA criteria(I) are met for the case
in which one SIT is isdlated. Since all calculations assumed
full power.opegation, there is no need. to reduce power when one
SIT is isolated. The PLHGR 1imit for both types of operation
(SIT isolated and not isolated) is 15.8 kw/ft. .

.
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II. Large Break Analysis

A.

Method of Calculation

The calculations reported in this section were performed using

Combustion Engineering's large break evaluation model which is des-
cribed in Raference 2. In additian, the following modifications to
the model, as documented in Reference 3, have been included in these

calculations:

1. The confainment wall noding technique has been revised in order
to provide a converged wall temperature solution.

2. Based on a recent review of steam-water mixing data, the resis-
tance across the ECCS 1njec£ion section during the period after

the safety injection tanks have emptied has been revised.

In the C-E model, the CEFLASH-4A(6) computer program is used to determine
the primary system flow parameters during the blowdown phase, and the
COMPERC-II(7) computer program is used to describe the system behavior
during the refill and reflood phases. The core flow and thermodynamic

parameters from these two codes are used as input to the STRIKIN—II(a)
program which is used to calculate the hot rod clad temperature transient.

1

The peak clad temperature and peak local clad oxidation percentage are
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therefore obtained from the STRIKIN-II calculation. The core-wide
clad oxidation percentage is obtained from the results of both

STRIKIN-IT and the COMZIRC(7; Suppl. 1] computer programs.

Emergency Core Cooling System Assumptions

The Emergency Core Cooling System consists of two high pressure pumps,
two low pressure pumps and four safety injection tanks. Auéomatic op-
eration of the pumps {s actuated by a low-low pressurizer pressure signal
or a high containment pressure signal. Flow is initiated from the
safety injection tanks when the co}d leg pressure drpps below 215 psia
plus the elevation head. Parameters pertinent to thé calculation

of the LOCA are presented in Table II-1.

In performing the LOCA calculations, conservative assumptions are pade
concerning the availability of safety injection flow. It is assumed
that off-site power is lost and all safety injectioﬁ pumps must await
diesel startup before they can begin to deliver flow. (It is assumed,
however, that off-site power is available for the containment spray
pumps). Also, it is-assumed tpat all safety injection flow delivered

to the broken cold ieg is lost.

An analysis of the possible single failures that can occur within the
ECCS has shown that the worst single failure for large breaks is the *
failure of one of the Tow pressure pumps to startcz). Thus, only one

low pressure pump is used in the current LOCA analysis for St. Lucie

Unit 1.

The above assumptions lead to the conclusion that the following safety



injection flows are available:
75% of the‘f1ow from two high'pressure pumps
75% of the flow from one low pressure pump
Flow from three safety injection tanks
In thg ana]ysis reported in this section, no credit is taken for pump

flow until the tanks are empty.

Core, System and Containment Parameters

The significant core and system parameters used in the large break cal-
culations are presented in Table II~1L The peak Tinear heat rate was
assumed to occur in the top of the core, the conservative~]ocation as
identified in Section IV.A.4 of Reférence 2. A conservative beginning-

4

of-1ife moderator temperature coefficient ( +0.2 x 107 Ap/°F) was used

for all cases.

Hot fuel rod coriditions, as’determined by the FATES(?) computer program,

were eva]uateq at a rod-average burnup of 3389 MTD/MTU; a parameter
study was performed which indicated that clad temperature and oxidation

were maximized at this exposure.

Containment parameters as presented in Table II-2 are chosen to minimize
containment préssure such that a conservative determination of core re-
flood rate is made., Pressure suppression equipment startup times are
selected at their minimum values corresponding to off-site power being

available.






D.

Break Spectrum

In general, all possible break locations are considered in a LOCA
analysis. However, as demonstrated in other Appendix K LOCA calcu-

lations (References 2 and 10, for example}, hot 1eg_ruptures and cold

- leg ruptures. on the suction side of the pump yield clad temperatures

substantially lTower than those observed for cold leg ruptures on the

" discharge side of the pump. Pump discharge leg ruptures are limiting

due to the minimization of blowdown core flow and reflood rate for this
break location. Thus, only these breaks need to be considered in order
to identify that rupture which results in the highest clad temperature
or largest amount of clad oxidation. Since core flow is a function

of the break size, calculations have,been‘p%rformed for both guillotine
and slot breaks over a range of break sizes from 0.5 ft2 to twice the

flow area of the cold leg.

Results
Table II-3 presents a listing of the large break sizes analyzed in this
study along with the figure numbers presenting the pertinent transient

data for each break.

As noted in Tab]e II-3 the results for each of the breaks analyzed are
displayed graphica11y in Figures II.1 through II.7. For each break, the
nine variables listed in Table II-4 are p1otted as a function of time.
For the break having the highest clad temperature and clad oxidation
(0.8 DEG/PD), the.additional quantities Tisted iﬁ Table II-5 are also

presented. The water level in the downcomer (Figure II.5-M) is presented






only for one break because all breaks have the same transient behavior.
Times of interest for the various breaks are shown in Table IT-6,
while Table II-7 summarizes peak clad temperatures and clad oxida-

tion percentages.

As described in Reference 2, the method used to calculate core-w%de
clad oxidation is conveniently simple, but is very conservative. The

following major conservatisms can be enumerated:

(1) During blowdown, 211 rods experience the same amount of oxidation
as the hot rod.

(2) During the entire transient, all rods experience: the same rupture
region oxidation as the hot rod. '

(3) In initializing the multi-region COMZIRC calculation, the CEFLASH-

4A hot assembly clad and fuel temperatures are used for all rods

having above average power.

(4) During refill/reflood, the flattest possible power distribution

is used, even though inconsistent with the PLHGR.

In addition to the above féur conservative features of the method, there
is also a méjor conservatism in the particular manner in which the
core-wide gxidation percentages were determined for St. Lucie Unit 1.
The hot assembly region power in CEFLASH-4A was based on a peak LHGR

of 17.0 kw/ft, thus allowing flexibility during the determination of
 the allowable peak LHGR based on the STRIKIN-II prediction of the hot
rod thermal behavior. However,'since the STRIKIN-II calculations

yielded an allowable PLHGR:of only 15.8 kw/ft, this procedure



leads to a very conservative core-wide clad oxidation calculation

since the CEFLASH-4A hot assembly fuel and clad temperatures are used
to initialize COMZIRC at tbe beginning of refi]i/ref1ood. An eval-
uation of this conservatism for another plant showed that the core-wide
clad oxidation was reduced from 0.933% to 0.776% when the CEFLASH-4A
hot assembly reference PLHGR was reducad from 17.0 to 15.2 kw/ft.

Thus, the actual values for core-wide clad oxidation would be appre-

ciably less than those reported in Table II-7.

Figure 11-8 shows peak clad temperature plotted versus break size and

type, showing the worst break to be the 0.8 DEG/PD rupture.

Mass and energy release to the containment during blowdown is presented
in Table II-8. Also shown in this table is the steam.expulsion data
during reflood. The ECC water spillage and containment spray flow

rates are presented graphically in Figure II.9.






III. Isolated Safety Injection Tank Analysis

The ca]cu]at1ons reported in this sectlon were performed using the

CE eva]uat1on model as described in Section II-A. Additionally, a portion

of the study required a modification to the noding scheme employed in the
CEFLASH-4A blowdown model. The change was necessary in order to explicitly
mode]l a safety injection tank in each of the intact cold legs, thus allowing
for the study of possible asymmetric effects. Figure IV.A.1-1 of Referénce 2
shows the CEFLASH-4A“noda1 map used for the evaluation model. In this‘model,
the intact loop cold legs are lumped together; in the new model these cold

legs have been separated and modeled individually.

In order to deteymine it asymmetric effects exist, the standard and
modified CEFLASH-4A nodal models were used to analyze the ].d DEG/PD breaE.
Cases were run in whic@ a Safety Injection Tank was successively i§o1ateé from
each intact cold leg until a]a three SIT locations had been examined. In all cases,
the SIT attached to the broken cold leg is,assumed(to spill directly to the _
containment. Results indicated there were no asymmetric effects during blowdown

due to isolating the various safety injection tanks.

Based on the ébove findings, the standard CEFLASH-4A nodal model was
used to analyze the worst break (0.8 DEG/PD as defined in Section II).

| Refill/reflood calcualtions were performed using the COMPERC-II computer code.

COMPERC~II cannot mode1’safety injection asymmetry, but can treat such asymmetry
conservatively; i.e., the total SIT flow rate entering the vessel was reduced

by one third, but the injection section pressure.drop in the cold leg héving

the isolated SIT was maintained at 0.4 psi, the value used when SIT flow is
present. A more detailed calculation in which the asymmetry was modeled would

show a larger steam flow rate through the cold leg having the isolated SIT;

-17=-



the higher steam flow rate would lead to higher reflood rates and lower

clad temperatures.

As done in the spectrum analysis, core flow anq thermodynamic
parameters from the CEFLASH-4A and QOMPERC-II analyses were used as input
to the STRIKIN-II code for the determination of the hot rod clad temperature
transient as well as the peak Tocal clad oxidation percentage. The core-wide
clad oxidation percentage was obtained from the results.of both STRIKIN-II
and the COMZIRC computer programs.

Table III-1 presents a list of variables plotted as a function of
time for the isolated Safety Injection Tank study. Table III-2 compares
parameters of interest for the worst break (0.8 DEG/PD) analyzed with and
without an jsolated SIT at a PLHGR of 15.8 kw/ft.

The results of this study indicate that the LOCA criteria are not
exceeded at a PLHGR of 15.8 kw/ft when one SI} is isolated. The study also
shows that, although the temperatures and oxidation percentages increased
somewhat during reflood due to the Tonger refill period, the 1imiting clad
temperature occurs during blowdown, as it did for the reference case
described in Section II. Therefore, since the peak clad temperature is
limiting and occurs during blowdown, and since blowdown asymmetry effects
are insignificant, the worst break will be the same for the isolated SIT
configuration as it was for the reference configuration in which all tanks

were operative.



IV. Computer Code Version Identification

The following versions of the Combustion Engineering ECCS Evaluation Model
computer codes were used for this analysis:

CEFLASH-4A: Version No. 74329

STRIKIN-II: Version No. 75105*

COMPERC-II: Version No. 75097

COMZIRC : Version No. 75055

* The STRIKIN-II Version 75066 has been modified to prevent occurrence of a
negative square root (due to computer round-off error] when in nucleate
boiling. Versions 75066 and 75105 predict the same results upon successful

computation.
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Table II-1

Quantity

Reactor Power Level (102% of Nominal)

Average Linear Heat Rate (102% of Nominal)
Peak Linear Heat Rate _
Gap Conductance at Peak Linear Heat Rate*

*
Fuel Centerline Temperature at Peak Linear Heat Rate

Fuel Average Temperature at Peak Linear Heat Rate*
Hot Rod Gas Pressure*
Moderator Temperature -Coefficient at Initial Density
System Flow Rate (Total)
Core Flow Rate
Initial System Pressure
Core Inlet Temperature
‘pe OQutlet Temperature
tive Core Height ‘.
Fuel Rod 0D ‘
Number of Cold-Legs
Number of Hot Legs
Cold Leg Diameter
Hot Leg Diameter
- Safety Injection Tank Pressure
Safety Injection Tank Gas/Water Volume

General System Parameters

" 42

Value

2611
6.2126
15.8
820.2
4055.1

-2656.5

1147.6

+0.2 x 1074
139.44 x 105
134.6 x 100
2250

" 548

598

©1.39

.44
4

2
30

215
930/1090

MWt
kw/ft
kw/ft
BTU/hr-ft2-OF
°F

F
psia
Ap/oF
1bs/hr
1bs/hr
psia
OF

F

ft

in.

in.
in.
psia
ft3

*These quantities correspond to the burnup (3389 MWD/MTU, hot rod average) yielding

the highest peak clad temperature.



’Table II-2

Containment Physical Parameters

Net Free Volume ‘ 2.5111 x 106 Ft3

Containment Initial Conditions:

Humidity 100%
Containment Temberature 4 60°F
Enclosure Building Temperature _ 38°F
Initial Pressure : 14.6 psia

Initial Time For:

Spray Flow _ . 25 seconds
Fans (4) ‘ . 0.0 seconds
Containment Spray Water: )
Temperature ' 55°F
@F]ow Rate (Total, both pumps) : 3375 gpm .
an Cooling Capacity (per fan)
Vapor Temperature (°F) " Capacity (BTU/Sec)
60 0.0
120 3472.0
180 7388.8
220 11611.1
264 20833.3

Heat Transfer Coefficient

a. Containment structure to enclosure building atmosphere heat transfer
coefficient - 13.0 BTU/hr-ft2-OF,

b. Sump to base slab - 10 BTU/hr-ft2-°F,
0c. Containment atmosphere to sump - 500 BTU/hr-ftz-oF.






Wall

Containment
Shell

Floor Slab
Misc. Concrete

Galvanized
Steel

Carbon
Steel

Stainless
Steel

Misc. Steel
Misc. Steel
Misc. Steel

Imbedded
Steel

Materijal

Steel

Concrete
Concrete

Zinc
Steel

Steel
Steel

Steel
Steel
Steel

Steel
Concrete

St. Lucie 1 Revised Passive Heat Sink Information

pC
th-OF

Thickness
Ft

171

20.0
1.5

0.0005833
0.01417

0.03125

0.0375

0.0625
0.02083
0.17708

0.0708
7.00

Table II-2 Continued

Area
Ft2

86700

12682
87751
130000

25000
22300

40000
41700
7000

18000

k
BTU

Hr-ft-OF

25.9

1.0
1.0

64.0
25.9

30.0

9'8

25.9
25.9
25.9
25.9

53.57

34.2
34.2

40.6
53.57

53.8
54.0

53.57
53.57
53.57

53.57
34.2

Exposure
Side 1

Cont.

Vapor

Cont. Vapor

Cont.
Cont.

Cont.

Cont.

Cont.
Cont.

Vapor

Vapor

Vapor

Vapor

Vapor

Vapor

Cont. Vapor

Cont. Vapor

Exposure

Side 2

Annulus

Insulated
Insulated

Insulated

Insdlated

Insulated

Insulated
Insulated
Insulated

Insulated






Break Size, Type and Location

1.0 x Double-Ended Slot Break in
Pump Discharge Leg

0.8 x Double-Ended Slot Break in
Pump Discharge Leg

0.6 X Double-Ended Slot Break in
Pump Discharge Leg

0.5 Ft% Slot Break in Pump
Discharge Leg

1.0 x Double-Ended Guillotine
Break in Pump Discharge Leg

0.8 x Double-Ended Guillotine
Break in Pump Discharge Leg

.6 x Double-Ended Guillotine
reak in Pump Discharge Leg

Table II-3

Large Break Spectrum

Abbreviation

1.0 x DES/PD
0.8 x DES/PD
0.6 x DES/PD
0.5 ft2 S/PD
1.0 x DEG/PD
0.8 x DEG/PD

0.6 x DEG/PD

Figure

II.1

11.2
I1.3
11.4
1.5
I1.6

I1.7







Table II-4

Variables Plotted as a Function of Time
0 for Each Large Break in the Spectrum

Variable
Core Power
Pressure in Center Hot Assembly Node
Leak Flow H
Hot Assembly Flow (below hot spot)
Hot Assembly Flow (above hot spot)
Hot Assembly Quality
Containment Pressure

Mass Added to Core During Reflood

“ﬁeak Clad Temperature

Figure
Designation

A
B
c
D.1
D.2

X @ M



Table II-5

’ . Additional‘Variables Plotted as a Function
@ of Time for the Worst Large Break -

Variables
Mid Annulus Flow
Qualities Above and Below the Core
Core Pressure Drop
Safety Injection Flow into Intact Discharge Legs
Water Level in Downcomer During Reflood
Gap Conductance
Local Clad Oxidation

Clad Temperature, Centerline Fuel Temperature, Average
Fuel Temperature and Coolant Temperature for Hottest Node

wot Spot Heat Transfer Coeffi cient

Hof Spot Heat Transfer Coefficient During Reflood
Containment Temperature
Sump Temperature
Hot Pin Pressure

Core Bulk Channel Flow Rate

Figure
Designation

I
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| Times of Interest for Each Large Break (PLHGR = 15.8 kw/ft)
@ (Seconds) .
Hot Rod SI Tanks Start of
Break Rupture on Reflood
1.0 x DES/PD 10.0 17.3 37.6
0.8 x DES/PD 9.9 17.6 38.0.
0.6 x DES/PD 10.4 19.3 39.6
0.5 ft? S/PD 288.9 173.0 193.2
1.0 x DEG/PD 10.8 17.4 37.7
0.8 x DEG/PD 10.0 17.9 38.3
0.6 x DEG/PD 29.3 20.1 40.6

Table II-6

SI Tanks
Empty

70.4
70.8

72.6 -

225.4
70.5
71.1
73.4 .



¢
Break
1.0 DES/PD
0.8 DES/PD
0.6 DES/PD
0.5 Ft2 S/PD
1.0 DEG/PD

0.8 DEG/PD
0.6 DEG/PD

| “

Table II-7

Peak Clad Temperatures and Oxidation Percentages
for the Break Spectrum at a PLHGR of 15.8 kw/ft

Peak Clad
Temperature (°F)

2137
2149
2099
1777
2150
2192
2056

Clad Oxidation %

Local
10.07
9.98
9.18
2.85
10.29
10.42
7.7

Core-Wide

<.735
<.726
<.659 '
<.141
<.762
<. 787
<.524






Table II.8

St. Lucie Unit I
Blowdown Mass and Energy Release Data
0.8 x DEG/PD -

9793

INTEGRAL OF INTEGRAL OF
MASS | FLOW ENERGY | RELEASE MASS| FLOW ENERGY | RELEASE
. .. _LBM{SEC _ . BTUfSEC ... LM ... _BTU
_O_.O S _ 0.9 } 0.0 | |1 ©.0 o
1940k x 10" [42793( x 107 | 5.0800] x 103 |1.6582 | x 10"
LBTS8 39| | |L1872| x 103 |34553
70586 | |3>798% | l.oz+ 10 5.5324 |
68127 | | 3ebt8 1.3737| 73962|
e8| | 37093 | | 1778 | 9.2488 %10 °
L7299 | 34297 | | 2295 1.2907 | x 107
eee®?| | |36 | |30t 1.L500
bloo| | 355 10549 | 2.186) |
L5845 35616 | |5.3723| 2.8983 .
16559 3%el| | L6855 § |39
Lhlo| 34697 19297 | 10 | 50222 )
[Lowdr| | [3.2751 11792 | x10° |(.3822
152823 2.823| | Moo | 7068
47898 2.6140 | oMl 8.700 |
4. bol? 2588 117919 9,7239| %107
|22z 2368+ 1.9709 1.0703 | %108
1283 227118 21393 11628
3795 224 123775 1.2945
3.25 1.9050 2.LL25 14550|.
30042 (75 2.9157 [ Lol o
2759 | 6285 34463 | (7262
2.5215 1.512 3359 ].8616
2455 | e85 3551, 1 9784
2841 | 13045 3735 | |z08m0| |
10t 11929 x107 3.9%0Z x 705 7.1870 v 10




Table 1I.8 Cont'd

ﬂ INTEGRAL OF INTEGRAL OF
MASS [FLOW ENERGY] RELEASE MASS FLOW ENERGYl RELEASE
.SEC . . LBMASEC. . .. BTU/SEC. .| .. .ILBM . _._ _BIU ]
Ho |16893| x10% [|.o1| % 107 |hotdo|x 105 |22988| xr0?
12.0 | 136l | x m"l 19.0048 « 10° (42282 | [2.3963
3.0 | 8298 x 103 |72779| | |43 | |24H
o | oo | [Lzos| | |dang9| 2S48
15.0 | 4923 5.2050 T, 2.bLo2L
.o | 38203 |48t 5210 20188 | |
(7.0 | 26100 3.32L9 | 45529 2.L8L0
8.0 | 239t | f2won | 5785 27155
190 | 1453] 103 |1 016| | [dseul | |77
Z0.0 | 98988| « 10* [1.2358 | x 10% | kot 2.7503
20 |4h92| | |5629(x0% |wwl | |2wzz| 4|
207 | Heblbd €10 57162 | x 105 | 4i97| %105 |270bo| %108 |
\ Time of Annulus Dpwnflow ..
/ Start of| Reflood (Values bglow are for steam only)
3831 | 0.0 6.0 46197 | = 10° |Z7LLo |x 108
4831 | 0.0 00 k197 2.70Lo
5831 | 0.0 0.0 44197 2.0
6831 0o | 0.0 (197 2.76bo
7831 (18571 | x 10% |24280| x 107 |37 2.7842
883119948 25940 | kts2) 2.808|
9831 |1.9559 25434 AR, 2.6338
10831 | 19172 2493 4913 2.6591|
ng31 (19128 | | |z48M| |} <ol | |z2esdz] |
12831 | 1.9095]« 10% | 24767 x10° | *7297| %105 | 2.9000| <108







Table II. 8 Cont'd

)

INTEGRAL OF INTEGRAL OF
TIME MASS | FLOW ENERGY | RELEASE MASS | FLOW ENERGY RELEASE
_SEC . . LBM{SEC . BTU{SEC . ... .. .LBM . ....... B[ . .
128. 5\ |e;(a7_9 x lo* 24-22.5 x (0% Bl x10° |2.9%37|x10%
1483V | 888 | - |z453b fT70| 29563
158.31 | 1.80s| 24437 (85| | |z.9829
16831 (1.8859| | |z4s25| | |*eosd| | |3comt
178.31 |1.8922 24407 o}, 8242 30320
188.31 1-8986| | |z2+td0| | |4edez 2,056k
19831 {1.909¢4, 24832 | 822 3081%
2083 || 9o 240 48812 3,100
22831 (19217 |. 24990 | |dod 3.1558
248.31 |1.9352 |z5itb | 4519 | |38
20831 |1.95,0 28420 19908 3,250,3
28831 | L.9d73| 25323 .| So358 {33011
20831 | 19017 255100 | |5.0151)" 3.2562
372831 | | 98I T 25770 18147 34097
34231 | 1.967) 258%0| 5.1545 3 cHoiel
2483 | 2.0081 2.6113 51944 3,513+
28831 | .o, 2.L198 5234 3,556
doB3t 200y | | |ze257| § |52750| ¢ |3big1]| ¥
5831 | 20108 | x 10 | 20148 x 105 |5.3357|  10° | 36370 x10°
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Table III-1

Variables Plotted as a Function of Time
m for Isolated Safety Injection Tank Analysis

Figure
Variable Designation

>

Core Power

Pressure in Center Hot Assembly Node

Leak Flow

Hot Assembly Flow (below hot spot)

Hot Assembly Flow (above hot spot)

Hot Assembly Quality

Containment Pressure

Mass Added to Core During Reflood

Peak Clad Temperature

Mid Annulus Flow

Qualities Above and Below the Core

Core Pressure Drop

afety Injection Flow into Intact Discharge Legs
mater Level in Downcomer During Reflood

Gap Conductance

Local Clad Oxidation

Clad Temperature, Centerline Fuel Temperature, Average
Fuel Temperature and Coolant Temperature for Hottest Node

Hot Spot Heat Transfer Coefficient

Hot Spot Heat Transfer Coefficient During Reflood
Containment Temperature

Sump Temperature

Hot Pin Pressure

Core Bulk Channel Flow the

N

*

O Z X r R G-I M TTMOoOOoO O @
L2

<'c -4 W WO O

*For the worst case, the temperature of the rupture node is also shown.




Table III-2

o SIT Isolated

A Comparison of Times, Temperatures, and
Oxidation Percentages for the Worst Break (0.8 DEG/PD)

Hot Rod SI Tanks

Rupture on
10.0 17.9
10.0 17.9

with and withput an Isolated SIT

PLHGR = 15.8 ku/ft

Start of

SI Tanks Peak Clad
Reflood Empty Temperature (" F)
46.5 71.3 . 2191
38.3 71.1 2192

Local Core-Hide

10.97 <.880 |

Clad Oxidation % |
10.42 <.787
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