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LEGAL NOTICE

This report was prepared as an account of Government-sponsored work. Neither

the United States, nor the Commission, nor any person acting on behalf of the

Commission:

A. Makes any warranty or representation, expressed or implied, with respect

to the accuracy, completeness, or usefulness of the information contained in

this report, or that the use of any information, apparatus, method, or process

disclosed in this report may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages resulting

from the use of any information, apparatus, method, or process disclosed in

this report.

As used in the above, "person acting on behalf of the Commission" includes any

employe or contractor of the Commission, or employe of such contractor, to the

extent that such employe or contractor of the Commission, or employe of such

contractor prepares, disseminates, or provides access to, any information

pursuant to his employment or contract with the Commission, or his employment

with such contractor.
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SECTION 1

INTRODUCTION

1.1 OBJECTIVES

This report describes the results of three test series:

1. Phase A FLECHT-SET tests are presented in Sections I through 5 and

Appendix A.

2. Low clad temperature FLECHT tests are presented in Appendix B.

3. Top Ir-jection cooling tests are presented in Appendix C.

This program is a continuation of the FLECHT Program. Reports previously

published on the FLECHT Program are as follows:

1. WCAP-7200

2. WCAP-7288

3. WCAP-7435

4. WCAP-7544

5. WCAP-7665

6. WCAP-7931

7. WCAP-7906

The overall objective of the FLECHT-SET program is to provide experimental

data on the influence of system effects on emergency core cooling (ECC)

behavior during the reflood phase of a loss-of-coolant accident (LOCA).

Ultimately, the test data obtained will be used to verify existing analytical

techniques or serve as the basis for the development of new ones. However,

improvement of codes was not included in the scope of this program. It is

expected that all interested groups will pursue analytical model development

and code improvement independently since each has a different code.
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Based on the previous FLECHT programmed flooding rate tests and preliminary

scoping test experience, the facility behavior was sufficiently understood

to enable the selection of test conditions necessary to ensure valid data

and the measurement of all parameters important to code development. As in

most programs, certain experimental limitations existed. To fulfill the

objective of providing experimental data for the development of analytical

techniques, the system response need only be similar (as realistic as practical),

and not necessarily identical to that of a PWR. Thus, this test program was

not intended to be classified in the demonstration test category.

FLECHT-SET Phases B and C will be performed after the completion of Phase A.

Phase B is intended to more nearly simulate the reflood phase of a PWR LOCA with

broken and unbroken loops, including steam generator heat addition, elevation

rate and particularly test section effluent two-phase flow rate.

Phases B and C will be performed after the completion of Phase A. Phase B

is intended to more nearly simulate the reflood phase of a PWR LOCA with

broken and unbroken loops, including steam generator head addition, elevation

effects, and the feedback of the unbroken loop discharge on the fluid in the

downcomer. Phase B will be done in two parts. Phase Bl will utilize the

same type of heater rods used in previous FLECHT series which had a symmetrical

axial power distribution. Phase B2 will utilize heater rods with a skewed

axial power distribution. Phase C is included in the program scope to incor-

porate those features into the system simulation which may not be readily

accomplished in Phase B.
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SECTION 2

TEST DESCRIPTION

2.1 FACILITY DESCRIPTION

The PWR FLECHT test facility was modified so that its response more nearly

simulated the reflood phase of a LOCA. A downcomer, an upper plenum extension,

and an exhaust loop were added to the existing FLECHT 10 x 10 test section as

described in Figures 2-1, 2-2, 2-3, and Table 2-1. The exhaust loop included

a liquid separator (see Figure 2-3) in the position normally occupied by the

steam generator. Downstream of the separator, the piping was heated well

above saturation temperature to ensure single-phase steam flow through the

orifice which provided additional flow resistance and a means for measuring

the vapor flow rate. The steam discharged to a large tank which was maintained

at constant pressure by an exhaust control valve.

The primary facility design requirements were to maintain typical PWR loop flow

resistances, elevations, lengths and to scale the flow areas by the ratio

of a typical four-loop PWR core flow area to the flow area of the FLECHT

10 x 10 rod bundle, and to utilize as much as possible of the existing FLECHT

facility. Thus, the downcomer fill-up rate, exhaust velocities, transport

times, and delays caused by mass storage and venting flow resistance should

be similar to those expected in a four-loop PWR during a portion of the reflood

phase of a LOCA. In this program the test bundle simulated a portion of an

average power fuel assembly and the loop resistance was set to that of a pipe

flow area consistent with the bundle flow area

A comparison of the various PWR flow areas to the flow areas used in the test

facility is shown in Table 2-2. The scaling factor used was the ratio of a

four-loop PWR core flow area to the FLECHT bundle flow area ( 370). Pipe

sizes were chosen so that this ratio was maintained as closely as possible.

The FLECHT upper plenum could not be changed practically because the heater

2-1



NOTES
I. DRAWING NOT TO SCALE
2. ALL ELEVATIONS ARE GIVEN IN REFERENCE

TO BOTTOM OF HEATED LENGTH
3. VOLUME BELOW HEATED LENGTH = 2.516 FT3

4. NUMBERS REFER TO ITEMS IN TABLE 2-1 APPROX.
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TABLE 2-1

FLECHT-SET PHASE A DIMENSIONS

I tern

1

2

Description
Centerline
Length (ft)

Flow Area

(ft2)ID (in.) Volume (ft3)

Pipe, 1-1/2 in. Sch. 40

Downcome r 19.77
(to elbow)

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

900 Elbow (L/R) 5 in. Sch. 40

Pipe, 5 in.

Valve

Pipe, 5 in.

Test Section

Lower Plenum

Heated Length

Upper Plenum

Upper Plenum Ext

Pipe, 3 in. Sch. 40

Carryover Tank

Pipe, 3 in. Sch. 40
900 Elbow (L/R) 3 in. Sch. 40

Pipe, 3 in. Sch. 40

Pipe, 3 in. Sch. 40

Pipe, 3 in. Sch. 40

Orifice (sq. cut) 20 psia
60 psia

Pipe, 3 in. Sch. 40

Pipe, 3 in. Sch. 40

Containment Tank

Pipe, 1-1/2 in. Sch. 40

900 Elbow (L/R) 1-1/2 in. Sch. 40

Pipe, 1-1/2 in. Sch. 40

Overflow Tank

Pipe, 1-1/2 in. ID Tubing

Overflow Tank

3.21

.833

3.21

12.0

1.61

4.760

5.047

4.760

5.047

4.760

18.5

19.50

.63

9.0

10.0

4.5

10.0

.54

20

2.17

2.85

20.75

.92

20.75

7.981

3.068

top 11.938
bot 7.981

3.068

3.068

3.068

3.068

3.068

1.76
2.025

3.068

3.068

23.250

1.61

1.61

1.61

6.065

1.500

6.065

.01414

.1235

.1390

.1235

.1363

.1235

.1383

2.9]

.3474

.05130

.05130

.05130

.05130

.05130

.05130

.01689

.02237

.05130

.05130

.01414

.01414

.01414

.01225

2.44

.40

.11

.40

1.50

1. 66

2.38

1.28

.95

11.11

.03

.46

.51

.23

.51

.03

59.85

.03

.04

4.094

.01

4.094
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TABLE 2-2

COMPARISON OF TEST AND PWR FLOW AREAS

Flow Area (ft2 )

Component PWR FLECHT-SET Ratio

Downcomer 45.8* 0.124 369

Core 51.2 0.138 370

Upper Plenum 95. 2.91 32

Upper Plenum Extension -- 0.347 274

Hot Leg 4.58 x 4 0.051 357

Cold Leg 4.12 x 4 0.051 320

*Includes core baffle region.

rods were of fixed length and penetrated the top of the upper plenum. The

upper plenum volume was scaled to a PWR upper plenum by adding on an extension

which also allowed the upper plenum discharge to be 4 ft above the top of the

heated length. The loop resistance coefficient was determined experimentally

so that the loop pressure drop per pound of saturated steam flowing in the

loop was similar to that of a typical PWR unbroken loop under locked rotor

conditions with superheated steam flowing from the steam generator inlet to

the break location. This resulted in a loop resistance coefficient, defined
aK 2p APloo/G 2

2psat loop hot leg' on the order of 30.

The absence of a loop steam generator simulation means that the results are

typical of a PWR up to the time water is collected in the separator. The

effect of the storage of water in the steam generator inlet piping and lower

plenum and the possible vaporization of water in the steam generator tubes

were not simulated in this series of tests.

The coolant was injected directly into the top of the downcomer in the first

five 20 psia tests. It was found that the injection water condensed the steam

in the downcomer, dropping the downcomer pressure. Since the lower plenum had

been prefilled, the resulting pressure imbalance pushed the prefill water into

the downcomer, causing approximately 10 seconds delay in the start of reflood.

This particular phenomenon is a consequence of the testing method and geometry

and is not characteristic of a PWR. During a PWR blowdown, the accumulator
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water will flow around the barrel-vessel annulus, condensing some of the steam

generated by the core and begin to fill the reactor lower plenum. The accumu-

lator injection during the later stages of blowdown condenses much of the

residual steam remaining in the annulus. At the same time, the pressure in

the annulus drops to approximately containment pressure due to the close

proximity of the break. Thus, it was felt that the condensation effect

observed in the test, which resulted in a pressure above the downcomer fluid

approximately 1 psi lower than containment pressure, was not typical of

a PWR during reflood. The condensation phenomenon was partially eliminated

by moving the injection point below the level of the prefill water in the

downcomer. The injecting angle was perpendicular to the direction of flow

so that the effect of the injection water momentum was negligible. This

phenomenon will be studied further in Phase B tests where more than one injec-

tion location will be tested.

The nominal injection rates were determined from Figure 2-4 which shows

typical accumulator and pump injection rates for three loops of a four-loop

PWR, consistent with the assumed loss of broken loop ECC injection and

minimum safeguards flow rate. The high injection rate and its duration were

varied parametrically in the test series.

The power decay used in this series of tests, shown in Figure 2-5, is a result

of normalizing the curve shown in Figure 2-6 to the value at 30 seconds after

shutdown. The excellent agreement between the FLECHT-SET power decay and the

ANS standard including 20 percent uncertainty is also shown in Figure 2-6.

2.2 INSTRUMENTATION

Test section instrumentation used in these experiments was nearly identical

to that of the 10 x 10 FLECHT test section described in Reference 1. The

heater rod thermocouple locations are shown in Figure 2-7. It should be noted

that the heater rods used in this series of tests had extensive use in previous

tests. As a result some of the thermocouples failed as testing proceeded.

In Phase A the calculation of flooding rate, heat release, and effluent flow

rates (both liquid and vapor phases) were of primary importance. In addition,

it was desirable to obtain knowledge of the mechanisms causing any oscillations
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Figure 2-7. Cross Section of 10 x 10 Bundle Showing Instrument Locations
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that occurred. The placement of instrumentation was designed to provide the

required data. Figures 2-8 and 2-9 show the placement of the loop thermo-

couples and pressure transducers, respectively. Four additional differential

pressure transducers were added for runs with prefix numbers greater than or

equal to 39 when it became obvious that water was being stored in the upper

plenum extension. These transducers, shown as dashed lines in Figure 2-9,

were installed at the 10 ft and 11 ft-9 in. elevations on the test section

and at the 12 ft-7 in. and 15 ft elevations on the upper plenum extension.

The reference leg connection was moved from the 13 ft-6 in. location in the

upper plenum to the top of the upper plenum extension. The injection flow

rates were measured using two Brooks recording rotameters. The power supplied

to the bundle was measured by three Hall-Effect watt transducers.

2.3 TEST PROCEDURES

The coolant supply tanks were filled with demineralized water, and the water

was circulated as it was heated to the specified inlet conditions in order to

prevent stratification. The flow housing was heated to the initial temperature

profile as defined in Section 2.4. The downcomer and lower plenum were heated

to the specified coolant inlet temperature so that the coolant would not pick

up heat from pipe walls before entering the test section. The upper plenum,

hot leg, liquid separator, and containment tanks were heated to 20 degrees

above the saturation temperature in order to minimize heat transfer between

the fluid and the pipe walls. The 9 ft U-bend between the separator and con-

tainment tanks was heated to 500'F so that any unseparated droplets would be

vaporized before passing through the loop orifice.

When all temperatures were within preset tolerances (+20'F for wall temperature

and +10*F for fluid temperature), the heaters (except those on the 9-ft U-bend)

were turned off and the coolant injection tanks were pressurized with nitrogen.

The loop was then pressurized with steam to the desired pressure. While main-

taining the loop pressure constant, the lower plenum and downcomer were filled

with water to the bottom of the heated length. Power was then supplied to the

rods, and the rods were allowed to heat up until the desired initial temperature

was reached. At this time coolant injection and the decay of rod power were

initiated automatically. The coolant injection rate was normally stepped down
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after a preset time from a high injection rate to the lower injection rate.

The step in flow rate was accomplished by switching solenoid valves so that

a high head centrifugal pump, which supplied the difference between the high

and low flow rates, went into a bypass mode.

The tests were terminated using one of the following procedures:

1. By turning off power and the injection water immediately after

quenching of the upper elevations of the test section, as indicated

by the pen recorders.

2. By leaving the power and coolant injection flow on until the water

supply was depleted.

3. By turning off the injection flow several seconds after quenching

the test section and leaving the power on until the rod thermocouples

indicated rising temperatures in the upper elevations.

A VIDAR digital data acquisition system scanned heater rod and housing wall

thermocouple signals every 5.5 seconds during the test and stored the informa-

tion on magnetic tape. This was the only information which did not require

manual processing. Various pipe wall and fluid temperatures were recorded on

paper tape by a small Hewlett-Packard data acquisition system. Pressure and

pressure drop data were continuously recorded using two VISICORDERS and two

Texas Instrument pen recorders. The coolant injection rates, several critical

heater rod temperatures, and the power input to the three radial power zones

were also recorded on Texas Instrument pen recorders.

2.4 INITIAL HOUSING TEMPERATURE DISTRIBUTION

The same criterion was used to determine the initial housing temperature

profiles as in the FLECHT experiments described in Reference 2.

The situation is repeated here for completeness.

One can consider a unit cell around each heater rod having the dimensions of

the heater rod pitch (.563 in.). When this is done for all rods, the result

is a large 5.63 in. x 5.63 in. square. However, the test section inside

dimension is 5.889 in. and is the result of a design which made the hydraulic

radius of the flow channel near the wall equal to that of an interior flow
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channel. The result is an additional flow channel near the wall having the

same flow area as ýu16.8 heater rod unit cells. In order to supply heat to

fluid in this channel, the housing was heated to a specified initial temperature

distribution. The housing temperature was chosen so that the housing releases

the same heat as an equivalent row of rods from the inlet elevation to the

midplane elevation over the time from the start of flooding to the quench of the

midplane. This criterion stated mathematically is:

(pCA) housing (Th - Tsat)dz = 16.8 Z (piCiAi)rodf (Tr - Tsatdinitial

fo0

' tquench

generated dt dz

The above equation results in an average housing temperature. The axial housing

temperature distribution was chosen to be the same as the heater rod axial

power distribution.

It was impossible to accurately predict the midplane quench time since the

variable flooding rate was not known before the test. Thus, an average flooding

rate was estimated and the midplane quench time was determined from the

correlation (TQGFT) in Reference 1.

More will be said about the effects of the flow housing on the test results

in later sections.
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SECTION 3

DISCUSSION OF TEST RESULTS

3.1 GENERAL RESULTS

In the FLECHT-SET tests there was a dynamic coupling between flooding rate,

downcomer and test section heads, release rate, steam generation rate, and loop

pressure drop. In addition, the outlet flow rate did not change significantly

when the flooding rate changed rapidly, implying that there is a time delay

before the outlet flow rate is affected by a change in flooding rate.

The core and downcomer levels oscillated with a period of approximately 3

seconds during the initial portion of the reflood transient. As flooding

continued, the observed oscillations became smaller and ended before the midplane

quenched. The calculated time-averaged flooding rate showed that a large surge

of coolant entered the test section during the first 10 seconds. The calculated

average flooding rate then decreased to approximately 1 in./sec for 60 psia

tests.

The midplane heat transfer coefficients obtained in the tests were generally

higher than would be predicted by using the averaged flooding rate values

and the FLECHT correlations as given in Reference 1. The procedure used to

predict the heat transfer coefficient was to input the calculated instantaneous

flooding rate into the FLECHT correlation at a time determined by dividing

the total mass put into the bundle by the calculated inlet mass flow rate.

The entrained water did not appear in the separator tank (location of the

steam ge~nerator) until 100 to 200 seconds after the start of reflood. In

some cases the entire test section had quenched before any water collected

in the separator. Movies taken at the 9-foot elevation of the test section

show a large number of droplets moving upward \, 5 seconds after the start

of injection and onward. Although the view through the window is restricted

to a small portion of the bundle cross section, droplets could not be observed
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falling back into the bundle. The delay was caused by the storage of

entrained water in the upper plenum and upper plenum extension. The power

and flow were left on in several runs after the bundle had quenched, and it

was found that overflow from the test section continued as long as power was

on. Movies taken during such a run indicate the existence of a relatively

high void fraction (.6 to .8) in the bundle at the 9 ft elevation,

which was substantiated by axial pressure drop measurements.

3.1.1 Summary of Run Conditions and Test Results

Twenty-five tests were run during the FLECHT-SET Phase A series. The nominal

conditions and the parameter variations are shown in Table 3-1. Table 3-2

summarizes the exact run conditions,measured temperature behavior of the

hottest midplane rodand measured loop resistance coefficient for each

valid run performed in this test series. Additional data for the runs are

included in Appendix A of this report. The parameters used to characterize

the test behavior are as follows:

1. Maximum Midplane Temperature. Defined as the maximum midplane

temperature recorded during the test.

2. Turnaround Time. Defined as the time after the start of flooding

at which the maximum midplane temperature was recorded.

3. Midplane Quench Time. Defined as the time after the start of

flooding at which the temperature of the hottest midplane rod starts

to drop very rapidly.

4. Loop Resistance Coefficient. Defined as the nondimensional number

obtained by dividing the loop pressure drop by the dynamic head of

saturated steam flowing through the hot leg at a time before a

two-phase mixture flow through the hot leg, i.e.,

[A1loop 1 [2 sat c K c pump downcomer)J

hot Ileg le (leg -break
I leg(sat) JPWR
L J test

3-2



TABLE 3-1

NOMINAL RUN CONDITIONS AND PARAMETER VARIATIONS

Containment Pressure (psia)

Peak Power (kw/ft)

Initial Peak Clad Temp (*F)

Coolant Injection Temp (*F)

Injection Rate (ib/sec)

Nominal

20 and 60

0.7

1100

150

12 for first
14 sec and
1.4 after 14 sec

Variation

40

0.4, 1.0

700, 900, 1400

200

6 for first 28 sec,
1.4 after 28 sec,
and 1.4 continuous
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TABLE 3-2

FLECHT-SET PHASE A DATA SUMMARY

(A-

Run
((a.

151 [(3

202•l

220:

8212

-2,

4530(2 ,

-.820(2'

,92) (!2

0110

Containment
Pressure

(psi a)

55

ho

59

53.

Peak
Power (kw/ft)

0.7

0.2

0. 7

0.7

O.7

Initial Peak
Clad Temp (PF)

1112

1106

1112

1120

1112

1100

1104

1399

1092

912

111'

IllI

107 3

1046

1102

110)

1111

1103

110

Coolant In).
Temp (PF)

164

168

161

1553

161

160

157

15n

161

(15

162

159

195

201

155

19

161

15h

154

109

155

Average
Housing
Temp O'F)

454

443

399

56 7

441

470

482

499

396

458

.68

.74

.35

b12

4.1

509

29

"36

395

294

.01

In Ject I on
Rate
(I b/sec)

10.44 irst 14 Sec
1.37 after 14 sec

1,32 continuous

9.63 first 14 sec
1.36 after I. sec

12.91 first 14 sec
1.b5 after 14 set

10,4 first 14 sec
1.38 after 14 set

12,12 first 14 nec
1.19 after 14 sec

5.7 first 28 nec
1.23 after 28 sec

9.83 first 14 sec
1.23 after 28 ne"

11.0 flrst 14 sec
1,1b after 14 sec

10.10 first 14 net
1.2 alter 14 nec

1.12 constincun~

11.22 first 1 sec
1.10 after 14 se,

11.52 first 14 sec
1.17 155-r 14 sec

(1,29 turns 14. set,

1,20 After 1. nec

12,0 first 14. nec
1.3 ofte- 14 nec

10.99 first 14 sec
1.4 alter 14 .ec

9.70 I ilet 14 sec
1.2 after 14 sec

10.9 first 1. see

1.2 after 14 ser

8.0 (ilet 1 Lec
1,2 titer 11 cse

10,1 'irut 1. sec

1,2 after 14 sec

10,12 first 14 .ec
1.19 after 1- nec

9.0 first 14 nec
1.2 alter 14 nec

10,2 (lest 1. sme

lo.1I 1irt 5 1 se,
1.10 5(tcr I..s

1..25 Aster 1- de

MH.. Hidplane
Temp. (PF)

1279 (4G)

1581 (.G)

1150 (5G)

1580 (4G)

1278 (4G)

1489 (40)

1551 (40)

1769 (40)

1170 (40)

1.76 (40)

1816 (40)

1437 (5r)

1451 154)

1857 (5G1

1167 (50S

1433 (50)

1163 (50)

1164 (5G)

1224 (15)

877 (SC)

1161 (50)

1172 5(0)

1116 1511,

1161' (t s,

1154 (01)

Turnaround
Tim (set)

41

83

12

104

41

107

136

120

40

122

139

1f1

149

20

9

9

16

27

19

10

Hicdplane
Quench Titei

(.ee)

115

1h8

93

202

111

270

322

373

155

285

-39

281

108

627

96

111

83

77

129

56

97

90

6's

09

Il1

Loop Resis.
Coef.

"P/(1/2 cun

50

29

2b

27

30

31

30

31

33

1 3

32

35

11

11

32

28

32

10

31

3 1

29

32

31

Remarks

Rod 20 burned out

Man Bundle lemp at 8' = 19I" .s
339 sec. RHm out s -,'rs e- 77) ne,

90 hratlei rods. No calda) power variation

62 eaited rods. os radial pswer variation

o-I

0. 7

90 alat,- rodu-

70 -ats,) rods,.

90 a-tid rods.

90 -".ar rode.

.,,t ,il p-,ser ocert iaon

Sras il p-,'er Otri, t ion

N, radial nower varieation

71, radial psower variation

'Rod 21, hurned -Lt. ,hanogd radiil poce

from (1.1, i.1,) .9), to (1.1,I.s, m..,
s-inclld ,te totil[ ;soos-r

( K (



3.2 DISCUSSION OF CALCULATION METHODS

The local heat flux from the heater rods was calculated from the heater rod

thermocouple data using the DATAR code. DATAR is the inverse heat conduction

code which has been used satisfactorily throughout the FLECHT program.

A complete description of DATAR can be found in Reference 3.

The varying flooding rate into the test section was calculated from a mass

balance on the downcomer and downcomer overflow tanks. This can be written

as:

Minput ft 'input dt= f0t min dt - MD (t) - M0 (t)

where minj is the injection mass flow rate to the downcomer and MD and

are the masses of water stored in the downcomer and downcomer overflow tanks,

respectively. The flooding rate was obtained from the time rate of change

of the mass put into the test section (Minput). The injection mass flow

rates were determined from the pen recorder trace of the output of the two

Brooks Rotameters. Water in the downcomer overflowed into a small diameter

tank when the water level reached 16 feet above the elevation of the bottom

of the heated length. The mass in the tank was determined as a function of

time from the output of a differential pressure transducer installed for this

purpose. The mass in the downcomer was calculated using the output of a

differential pressure transducer which measured the pressure difference

between the bottom (elevation of the bottom of the heated length) and top of

the downcomer. It should be noted that the pressure difference cannot be

related exactly to the mass of water in the downcomer if the water level is

oscillating. This dilemma was caused by the fluid acceleration during the

oscillations and can be illustrated using a simple example. Consider the

column of water shown in Figure 3-1. The pressure drop measured by the

transducer (ignoring friction) is

Ap = pgh + ph du

a a dt

where h is the actual water level and u is the upward velocity of the
a

fluid in the downcomer.
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Figure 3-1. Schematic of Downcomer "Level" Transducer
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Suppose the actual oscillating water level (h a) can be represented by

h = h + 6 sin wt
a a

where 6 and w are the amplitude and frequency of the oscillating water level.

It can be shown that the pressure transducer would indicate a height of water

(hI) given by

hi = =h (1 - sin wt)
I Pg a g

Thus, in order to determine the water level one must measure the time varying

fluid acceleration as well as the pressure drop.

The quantity 6 2/g is on the order of 0.2 and is the ratio of the maximum fluid

acceleration to gravitational acceleration. The above equation shows that a

rising pressure difference may be caused by a falling water level. It was for

this reason that the instantaneous flooding rate could not be calculated using

this technique during the period of the oscillations. The flooding rates

presented were obtained by estimating the mean downcomer elevation (h ) duringa

the period of the oscillations. There is a small error involved in determining

the mean downcomer elevation from the mean of the downcomer head measurement.

Depending on how one determines the mean downcomer head, the error is on the

order of 0.15 ft to 0.3 ft of water.

The varying steam flow rate out of the test section was measured from the

pressure drop across a calibrated orifice downstream of the liquid separator.

The piping downstream of the separator was heated to nu 500*F before the test,

and the heaters were left on during the test to ensure single-phase flow

through the orifice. The pressure and temperature of the steam were measured

upstream of the orifice in order to determine the steam density. Although the

flow was pulsating through the orifice during the period of the oscillations,

steady-state methods could be used to measure the mass flow rate because

the Strouhal number based on orifice diameter was on the order of 0.0003,

which is small enough so that the effect of fluid unsteadiness through the
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orifice could be ignored. The mean mass flow fates presented were determined

using the mean pressure drop across the orifice, resulting in an insignificant

error (less than 1 percent) during the period of the oscillations.

The mass stored in the test section was calculated using the test section

axial pressure drop data. The pressure drop was assumed to consist only of

static head. This implies that friction and acceleration effects were

negligible. The error resulting from this assumption can be estimated by

considering the pressure drop across a typical 2 ft section:

Ap = APliquid + APvapor + APmom + APfric

The first two terms can be no bigger than their single-phase values, or

AP liquid< 0.83 psi

APvapor< 0.002 psi

The third term can be estimated from the change in quality in the section due

to heat release, or

2 A V 0.002 psi
mom A 2 hfg

when Q 1 100 Btu/sec, and m = 1.5 lb/sec, which are typical maximum values.

The fourth term can be estimated assuming that all of the generated steam

passes through the bundle at some point. This results in

APfric = 2 Cf pv2 L/D z 0.02 psi

where it was assumed that:

mvao 0.4 lb/sec
vapor

p z 0.05 lb/ft3

D Z 0.54 in. (hydraulic diameter of a unit cell)
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which are typical values for a 20 psia run. Since the data could not be read

closer than ' 0.1 psia, which is greater than all the above terms except the

liquid static head, it was felt that the remaining terms could be neglected.

3.3 PRESENTATION AND ANALYSIS OF SELECTED RUNS

The data from two of the twenty-five runs presented in Appendix A are examined

in detail in this section. The two runs selected were chosen on the basis of

having conditions as close to the nominal conditions as possible and having the

least instrumentation difficulties.

It was evident from the data that there is a strong coupling between flooding

rate, downcomer head, heat release, steam generation, and loop pressure drop.

The change in downcomer liquid level, along with injection rate, determines

the flooding rate. The bundle flooding rate, in a complex way, determines

the heat release and the steam generation rate. The downcomer head, in turn,

is determined by the loop pressure drop caused by the venting of the generated

steam through the loop flow resistance, the static head of fluid stored in the

test section, and the injection rate. The rate at which steam is generated

early in the reflood of the bundle is sufficient to drive liquid level oscilla-

tions in the core and downcomer. Thus, during this period the flooding rate

into the bundle oscillates on the order of + 40 inches per second (peak to

peak) while the time average flooding rate first increases to 5 or 6 in./sec

and then, after 'u 10 seconds, decreases to 1 or 2 in./sec. The oscillations

diminish with time and generally stop by the time the midplane has quenched.

3.3.1 Data Analysis for Run 4923

The following conditions pertain to Run 4923:

Containment Pressure = 61 psia

Initial Clad Temperature = IIII*F (SG)

Peak Power = 0.7 kw/ft

Coolant Injection Temperature = 158*F
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Injection Flow Rate = 10.52 ib/sec, first 14 sec

1.19 ib/sec, after 14 sec

This run was conducted at the "nominal" conditions with a 60 psia containment

pressure. The loop resistance coefficient based on saturated vapor following

in the hot leg was , 31, which is typical of a PWR under locked rotor conditions.

3.3.1.1 General Observations

Visicorder traces of the test section pressure drop indicated that at % 2

seconds after flooding the core level reached ', 1.2 ft and then dropped

slightly, indicating that steam generation had started. Large oscillations

in core and downcomer liquid levels started shortly afterward. Movies taken

at the 9 ft elevation show sheets of water droplets passing the window with a

period of ,, 3 seconds. Visicorder traces of the upper plenum extension pressure

drop indicate that the entrained water reached that elevation during the period of

the high injection rate and that entrained water started collecting in the

upper plenum extension after the first 20 seconds. Visicorder traces of the

test section pressure drop and the movie indicate that the oscillations ended

50 seconds after the start of flood. Shortly after the oscillations ended

the flow regime at the 9 ft window appeared to change from dispersed droplet

flow to a churn-like flow. The flow regime remained churn-like until the

end of the test.

3.3.1.2 Mass Balance

The mass balance for Run 4923 is shown in Figure 3-2. It shows the time-

varying mass storage in the bundle, upper plenum extension, and separator

tanks. The upper plenum was not sufficiently instrumented to determine the

time-varying mass storage in the upper plenum, but it was found that 11

pounds of water were required to fill the spaces between the filler plate

in the upper plenum annulus, and it was assumed that these spaces were filled

by the time water started accumulating in the upper plenum extension. Also

shown in Figure 3-2 is the time integral of the vapor mass flow rate as

calculated from the orifice pressure drop, pressure, and temperature data.
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Figure 3-2. Mass Balance for Run 4923
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These five quantities were added together and compared to the calculated

bundle input mass which was obtained from a mass balance on the downcomer

and downcomer overflow tanks. At the end of the test it was found that

5 pounds of water had collected in the steam probe tank. This quantity

was added to the mass balance at the end of the test. When the power and

flow were turned off at the end of the test, the steam flow stopped, the

voids collapsed, and the water held up in the upper plenum extension and upper

plenum drained down into the bundle. The bundle overflowed into the upper

plenum. Within experimental accuracy, the total mass in the bundle and upper

plenum after the test was nearly the same as the mass in the bundle and

upper plenum extension just before the end of the test. This indicates that

there was very little mass accumulation, except for the 11 pounds between the

filter plates, in the upper plenum during the test. This was not expected and

is not completely understood. An effort will be made in Phase B to better

understand this behavior.

3.3.1.3 Flooding Rate

The flooding rate was determined from a mass balance on the downcomer as

described in Section 3.2. Thus, when the downcomer water level rises,

remains unchanged, or falls, the flooding rate into the bundle is less than,

equal to, or greater than the injection flow rate, respectively. The mass

stored in the downcomer was determined from the pressure drop measurement shown

in Figure 3-3 which is a reduced tracing of the pen recorder data. During

the oscillations the mean downcomer head, indicated by a dashed

line in Figure 3-3, was used to determine the average flooding rate. The

oscillations can be seen to grow in amplitude to 'u + 1 psi and then decay

slowly to zero at - 55 seconds after flood. The period of the oscillation

was , 3 seconds. The calculated average flooding rate is shown in Figure 3-4.

To better understand the fluctuating flooding rate, refer to the pressure

drop data shown in Figure 3-5. It is the pressure drop from the bottom of

the downcomer to the containment which determines the downcomer level and,

in turn, the flooding rate.
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Figure 3-5 shows that the downcomer and the test section filled at a fairly

rapid rate initially resulting in a flooding rate of u 4.8 in./sec. The loop

pressure drop, which is proportional to the square of the steam flow rate,

increased rapidly after the first 2 seconds, reaching a maximum at '. 14 seconds

when the high injection rate ended. Prior to the termination of the high

injection rate the calculated flooding rate began decreasing because of the

rising loop pressure drop. When the high injection rate ended, the loop

pressure drop was sufficient to limit the flooding rate to a value lower

than the injection rate and the downcomer level continued to rise slightly.

Figure 3-5 further shows that the water inventory in the bundle began to

decrease when the flooding rate decreased, and some of the water was either

vaporized or entrained and carried out of the bundle. This combination of

events yielded a higher AH (downcomer head - bundle head) and therefore a

higher flooding rate which stopped the downcomer level increase. The

increased flooding rate introduced colder water in the bundle and reduced

steam generation. Thus, the loop pressure drop decreased and the water

inventory in the bundle increased again as the flooding rate increased to

, 3 in./sec. During this time the entrained water carried out of the bundle

began to collect in the upper plenum extension and the downcomer water level

dropped. The increasing test section pressure drop and decreasing downcomer

driving force eventually reduced the flooding rate. During the same time

period the vapor flow rate increased as noted by the rise in loop pressure

drop at 40 seconds, and the accumulation rate of water in the upper plenum

extension decreased. A possible reason for this is that during a transient

when the flooding rate decreases voids may form below the quench as the

saturation point moves down resulting in more steam generation between the

quench front and the saturation point. Thus, for a time the steam flow

rate would increase. However, the quench front velocity would eventually

slow down and rod-stored energy would be removed at a slower rate, reducing

the steam flow rate. When the transient resulted in an increasing flooding

rate, the voids below the quench front would collapse resulting in less

steam generation.
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In addition, subcooled droplets could be entrained resulting in less steam

generation above the quench front. Eventually, however, the quench front

velocity would increase, resulting in an increased heat release rate, and

the steam flow rate would increase. Thus, during a transient in flooding

rate, the steam generation rate first tends to drive the transient in the same

direction and then opposes it. This model explains the oscillating behavior

of the flooding rate in this and other gravity feed tests.

3.3.1.4 Entrainment

The liquid and vapor mass flow rates out of the test section were measured

from the fill-up rate of the liquid separator tank and the pressure drop

across the loop orifice. It was not possible to measure the instantaneous

liquid flow rate leaving the test section because of the location and

geometry of the collection tank. It was also noted previously that during a

flooding rate transient the vapor flow rate generally decreased as the flooding

rate increased, as shown in Figure 3-6. The bundle mass accumulation rate is

also shown in Figure 3-6 and was determined from the bundle pressure drop

measurements. It can be seen that the bundle mass accumulation rate generally

follows the same trends as the flooding rate.

The mass effluent rate fraction was determined using two methods and the

results are shown in Figure 3-7. The first method used was to determine

the ratio of the instantaneous test section effluent mass flow rate (liquid

plus vapor) to the instantaneous calculated test section inlet mass flow

rate. The second method used was to determine the ratio of the bundle

effluent mass flow rate, as determined from a mass balance on the bundle, to

the instantaneous test section inlet mass flow rate. Within experimental

accuracy the results of the two methods differ by the ratio of the mass

accumulation rate in the upper plenum and upper plenum extension to the

test section inlet mass flow rate. It can be seen in Figure 3-7 that results

of both methods fluctuate considerably as the flooding rate fluctuates.

The results of the two methods are also seen to be quite different from 50

to 150 seconds, which is the time period during which mass is accumulating

in the upper plenum extension, as shown in Figure 3-5. It can be seen that

the average mass effluent rate fraction, calculated from the test section
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effluent mass flow rate, up to the time of the midplane quench (- 100 sec)

is quite low (,. .5) as compared to FLECHT results. This difference was

primarily caused by the fact that no liquid effluent was collected until

after the midplane quench. The mass effluent fraction calculated using the

bundle effluent flow rate could not be determined accurately during the

period of the oscillations.

Since the ratio of mass effluent flow rate to inlet flow rate is difficult

to interpret when the inlet flow rate varies as much as shown in Figure 3-6,

the mass effluent fraction is also presented as the ratio of total mass

effluent to total test section mass input, i.e.,

Lmeffluent dt

f 

t.oF m flood dt

There are two ways to define this fraction, depending on whether one is

interested in the flow out of the test section or out of the bundle, the

difference being the mass stored in the upper plenum and upper plenum extension.

The total mass effluent fraction is shown in Figure 3-8 calculated both ways.

The fraction of the input flow which passed out of the bundle was calculated

from a mass balance on the bundle, i.e.,

mout m input - mremaining in bundle

m, "')bundle -m
input input

The fraction which passed through the loop was calculated from the sum of the

mass collected in the separator tank and the integral of the vapor flow rate,

i.e., 
t

m mliquid J ivapor dt

out ) l collected 0
minput loop input

3.3.1.5 Quench Front and Test Section Axial Pressure Drop Data

The heater rod temperature quench front envelope is shown in Figure 3-9.

The midplane quenched at , 100 seconds after flood. The quench "fronts"

moved toward the center of the bundle from the top and bottom. The lower
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quench front moved up rapidly, quenching the 2-foot elevation by 7 seconds

after flood, when it slowed to % .4 in./sec. The upper quench "front" moved

down to the 10 ft elevation very quickly, but the scatter in 10-ft quench

times indicates quenching over a 50-second interval. The upper elevations

of the bundle are cooled by the steam flow and entrained droplets generated

at the lower elevation of the bundle. It is also possible that the upper

elevations of the rods are quenched by a falling film of water, making the

term sputtering front perhaps more descriptive than quench front at the

upper elevations of the bundle.

The test section axial pressure drop data are shown in Figure 3-10. The

average void fraction between two axial pressure taps was determined from the

pressure drop between those two points as shown in Figure 3-11. The quench

front elevation is shown on the same plot and one can get an idea of the

void fraction at the quench elevation. After the oscillations ended the

quench front below 6 ft nearly coincided with the .25 void fraction curve.

The void fraction at higher elevations at the time of quench increased with

elevation as shown in Figure 3-11. It can also be seen that the zero void

fraction elevation did not advance beyond the midplane of the bundle even

after the bundle had completely quenched. This is to be expected because the

decay heat being removed by the subcooled inlet water raises the temperature

of the coolant as it proceeds up the bundle. The flooding rate, inlet

subcooling, and decay heat are sufficient to cause boiling to occur near

the midplane.

3.3.1.6 Rod Temperature and Heat Transfer Coefficient Behavior

The clad temperature and heat transfer coefficients for the 2, 4, 6, 8 and

10 ft elevations of typical high-power heater rods are shown in Figures 3-12

and 3-13. The FLECHT correlation described in Reference 1 was used to

predict the midplane heat transfer coefficient using the technique described

in Section 3.1. As can be seen in Figure 3-14 the predicted heat transfer

coefficient is generally lower than the measured data.
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3.3.1.7 Fluid Temperatures at Various Points in the System

The test section inlet and outlet fluid temperature measurements are shown

in Figure 3-15. It can be seen that the coolant supply temperature was

relatively constant at 158*F. The fluid in the lower plenum flowed in and

out of the bundle during the oscillations, which account for the high

measured lower plenum fluid temperature during the first 60 seconds. As

soon as the oscillations stopped, the hot water was displaced by the colder

water in the downcomer, and the lower plenum fluid temperature dropped

steadily to the temperature of the injection water.

The fluid temperature at the hot leg inlet is also shown in Figure 3-15. The

initially high fluid temperature measurement was due to the discharge

of the superheated steam which filled the bundle prior to the start of flood.

Ten seconds after the start of flood the exhaust fluid temperature started

dropping. After 50 seconds the exhaust fluid temperature was nearly equal

to the local saturation temperature indicated as a broken line in Figure 3-15.

The fluid temperature upstream of the loop orifice is shown in Figure 3-16.

The piping between the liquid separator tank and the loop orifice was heated

to a high temperature before the test. In addition, the heaters were left

on during the test so that any unseparated droplets would be vaporized before

flowing through the orifice and a meaningful mass flow rate could be obtained

from the pressure drop across the orifice. It can be seen in Figure 3-16

that the measured fluid temperature upstream of the orifice did indicate

superheated steam flowing through the orifice.

3.3.1.8 Housing Behavior

The housing temperature data are shown in Figure 3-17. The initial housing

temperature profile was chosen assuming that the midplane would quench at

^ 120 sec. Since the midplane quenched at 100 sec, the initial average

housing temperature was v 20*F too high using the criterion described in

Section 2.4. As can be seen in Figure 3-17, the lower elevations of the

housing cooled very quickly during the oscillations. This was a result

of the housing temperature being below the wetting temperature. During the

oscillations the water level rose quite high into the test section, resulting
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in very high heat transfer rates at the housing walls and subsequent rapid

cooling of the housing. It can also be seen in Figure 3-17 that the lower

6 feet of the housing shows the effect of the subcooled inlet water. At

% 300 seconds after flood the housing temperature is a few degrees above the

temperature of the inlet water at the inlet and rises to the saturation

temperature just above the midplane of the bundle.

3.3.1.9 Energy Balance

An overall energy balance was performed using the measured mass flow rates

and mass storage, the energy inputs from the stored energy in the heater

rods and housing walls, and the input electrical energy from the heater

rods for the duration of the test (300 sec). The result of the overall

energy balance was quite good, being off by only 2 percent, verifying

the accuracy of the data.

The results of the energy balance are summarized as follows:

1. Stored Energy Released by Heater Rods

12

n2 PiCiAi f (Ti - Tf) dz = 2.3 x 104 BtuIJ~0r

where n is the number of heater rods, piCiAi is the product of

the density, specific heat, and cross-sectional area of a portion

of the heater rod and (Ti - Tf)) is the difference between the

initial and final rod temperatures.

2. Stored Energy Released by the Housing12

PhChAh f (Ti - Tf)h dz = 1.5 x 104 Btu
0

where PhChAh is the product of the density, specific heat,

and cross-sectional area of the housing and (Ti - Tf)h is the

difference between the initial and final housing temperatures.
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3. Energy Input from Decay Heat

nax 

4

1. ax 1 x L x I(t) = 8.5 x 104 Btu at 300 sec1.1 x 1.66

where n is the number of heater rods, Qm is the initial
max

peak heat flux, L is the heater rod length, I(t) is the

integral of the power decay curve, and 1.1 x 1.66 is the product

of the radial and axial power factors.

4. Energy Input from Coolant

minput x hcoolant = 4.9 x 104 Btu at 300 sec

where m. is the total mass put into the test section over theinput

duration of the test and hcoolant is the enthalpy of the injected
coolant.

5. Energy Carried Away by Steam

m x h = 9.0 x 104 Btu
vapor g

where m is the total mass of vapor discharged from the bundlevapor

and hg is the enthalpy of saturated vapor.

6. Energy Carried Away by the Liquid

mliquid x hf = 4.0 x 104 Btu

collected

where mliquid is the mass of liquid collected in the separator

collected
tanks at the end of the test and hf is the enthalpy of saturated

liquid.
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7. Stored Energy of Fluid Remaining in the Test Section

mliquid x hhf 3.8 x 104 Btu

stored

where mliquid is the water stored in the test section, upper

stored

plenum, and steam probe tank at the end of the test and hf is

the enthalpy of saturated liquid.

8. Energy Balance

Total energy input 17.2 x 104 Btu

Total energy stored or carried away 16.8 x 104 Btu

Percent error +2%

3.3.2 Data Analysis for Run 2919

The following conditions pertain to Run 2919:

Containment Pressure 20 psia

Initial Clad Temperature 912OF

Peak Power 0.7 kw/ft

Coolant Injection Temperature 153 0F

Injection Flow Rate 10.1 lb/sec, first 14 sec

1.2 lb/sec,after 14 sec

Run 2919 was chosen for presentation in lieu of the nominal 20 psia run

(2207) since two of the housing differential pressure transducers were not

functioning properly during Run 2207. There was little difference between

the two runs other than a 200°F lower initial clad temperature for Run 2919.

The maximum clad temperatures reached during both runs were nearly the same.

This is to be expected because the heat transfer coefficients were about the

same and the required temperature difference to get the heat removal rate

equal to the heat generation rate is about the same.

The calculated loop resistance coefficient based on saturated steam flowing

in the hot leg was % 33 which is typical of a PWR during reflood, assuming

the pump rotor was locked.

3-35



3.3.2.1 General Observations

Visicorder traces of the bundle pressure drop indicated that the bundle filled

to '- 0.9 ft. before the bundle level dropped slightly, indicating that steam

generation had started. Large oscillations in the core and downcomer liquid

levels started shortly afterward with a period of n 3 seconds. The water in

the downcomer started overflowing during the oscillations after "- 40 seconds.

Water in the downcomer continued to overflow for the first 320 seconds although

the overflow rate decreased after % 230 seconds. After 320 seconds the down-

comer water level decreased since the flooding rate was generally greater than

the injection rate into the downcomer. This was caused by a reduction in

steam generation rate because the test section housing had quenched.

3.3.2.2 Mass Balance

The result of a mass balance on the test section is shown in Figure 3-18,

which consists of 5 curves. The excellent agreement between the calculated

mass put into the test section and the sum of the masses of fluid either

stored in or discharged from the system confirms the accuracy of the

measurements. The mass put into the system was calculated from a mass balance

on the fluid in the downcomer and downcomer overflow tanks. The mass dis-

charged from the system was obtained from the integral of the measured vapor

mass flow rate and the measured accumulation of water in the separator tank.

The mass stored in the bundle was determined from the housing axial pressure

drop measurement. Since there were no test section pressure drops measured

above the 8 ft. elevation, the mass stored in the upper plenum and upper plenum

extension was determined after the end of the test when the water, which had

been held up by the steam flow, drained back into the bundle. This amount of

water (0 34 lb) was accounted for at the end of the test. Similarly, the

mass stored between the plate filling the upper plenum annulus (11 lb) and

that extracted and stored in the steam probe tanks (@7 lb) were accounted for

at the end of the test. Figure 3-18 also shows that no water was collected

in the separator tank until "'\ 250 seconds after flood.
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3.3.2.3 Flooding Rate

The flooding rate was determined from a mass balance on the fluid in the

downcomer and downcomer overflow tank as described in Section 3.2. Thus,

when the storage of water in the downcomer and downcomer overflow tank

increases, decreases, or remains unchanged, the flooding rate is less than,

greater than, or equal to the injection rate into the downcomer, respectively.

The mass stored in the downcomer was determined from the downcomer pressure

drop measurement shown in Figure 3-19, which is a reduced tracing of a

portion of the pen recorder data. During the oscillations, which had a

period of lu 3 seconds and lasted until 't 155 seconds after flood, the mean

downcomer head, indicated by a dashed line in Figure 3-19, was used

to determine the average flooding rate. When water was overflowing the

downcomer, the overflow rate was determined from the accumulation rate of

water in the overflow tank shown in Figure 3-20. The calculated average flooding

rate is shown in Figure 3-21. The flooding rate increased to almost 3 in./sec

during the period of the high injection rate, after which it decreased to

0.7 in./sec. The flooding rate increased again at % 220 seconds to

2 in./sec and then began fluctuating between 2.7 in./sec and 1.7 in./sec.

To understand the flooding rate behavior, refer to the pressure drop data

shown in Figure 3-22. If the bundle and loop pressure drops are subtracted

from the downcomer pressure drop, the result is a pressure drop equal to the

sum of the pressure drop across the upper plenum extension and the pressure

drop from the top of the downcomer to the containment tank. As can be seen

in Figure 3-22, the resulting pressure drop is approximately 1.4 psi initially,

but after 230 sec reduced to % 0.65 psi and remained relatively constant for

the remainder of the test. A possible cause of the large initial pressure

drop is the condensation of steam in the downcomer overflow tank which is

vented to the containment tank, as shown in Figure 2-1, by a 1 inch pipe.

When the water in the downcomer overflowed into the overflow tank, a large

surface area of subcooled water was exposed to the steam in the tank. The

steam apparantly condensed, causing a local decrease in pressure and a flow

of steam from the containment tank to the overflow tank. The flow resistance

in the small vent pipe was sufficient to result in the large pressure drop

shown in Figure 3-22. As shown in Figure 3-20, the overflow rate decreased
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after °" 230 seconds, which was the same time that the condensation rate and

the pressure drop between the downcomer and containment tank decreased.

Since the pressure drop between the bottom of the downcomer and the contain-

ment tank increased, the flooding rate increased rapidly as shown in

Figure 3-21. This phenomenon is certainly not typical of a PWR since the

unbroken loops in a PWR discharge through the downcomer to the containment,

resulting in a small positive pressure drop from the downcomer to the

containment. Since the driving force during reflood is the pressure drop

from the bottom of the downcomer to the containment, the 1.4 psi pressure drop

from the containment to the top of the downcomer caused by the condensation

resulted in a 20 percent decrease in driving head. The reduction in driving

head certainly reduced the flooding rate and slowed the rise of the quench

front. It is estimated that the flooding rate would have been x 15 percent

higher if the condensation had not occurred.

The pressure drop discussed above decreased to % 0.65 psi after 230 sec

and remained relatively constant throughout the remainder of the run. This

pressure drop was caused by the pressure drop across the upper plenum

extension and is consistent with results obtained after additional differential

pressure transducers were installed on the upper plenum extension. The

pressure difference at the end of the run corresponds to % 33 pounds of water

being stored in the upper plenum extension. This is nearly the same amount

which drained back into the bundle after the power was turned off and indicates

that very little water collected in the upper plenum during the run except

for the 11 pounds of water which filled the spaces between the filler plate

in the upper plenum annulus. This is consistent with results discussed in

Section 3.3.1.

As shown in Figure 3-21, the flooding rate fluctuated between 1.7 in./sec and

2.7 in./sec from 350 seconds to the end of the test. The fluctuations can be

explained by referring to the pressure drop data shown in Figures 3-22 and

3-23. At 370 seconds after flood the temperature quench front is estimated

to be near the 7 ft elevation. An energy balance on the lower part of the

bundle indicates that at this time the inlet water reaches the saturation

temperature approximately 2 feet below the quench front. Thus, steam was

being generated from the 5 foot elevation to the top of the bundle. A
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perturbation resulting in an increase in flooding rate collapses the voids

at the boiling front and the boiling front moves upward. Thus, less of the

energy removed from the core results in steam generation. Since the steam

generation rate decreases, the loop pressure drop decreases as can be seen

in Figure 3-22 at %370 sec. As the driving head (the downcomer pressure drop

minus the test section pressure drop) decreases, the flooding rate decreases

and the boiling front moves down in the bundle. The mass of water in the bundle

decreases as some of it is vaporized and some is entrained and carried out

of the test section. This phenomenen has been observed in many two-phase flow

systems and is commonly called a density wave oscillation.

3.3.2.4 Entrainment

The liquid and vapor mass flow rates out of the test section were measured

from the fill up rate of the liquid separator tank and the pressure drop

across the loop orifice, respectively. It was not possible to measure the

instantaneous liquid flow rate from the test section because of the geometry

of the separator tank. Thus, the measured liquid flow rate does not reflect

the instantaneous flooding rate when the flooding rate fluctuates as shown

in Figure 3-24. In addition, the vapor flow rate is rather insensitive

to the flooding rate changes; in fact it decreases slightly as the flooding

rate increases as discussed previously.

The mass effluent rate fraction was determined using two different methods;

the results are shown in Figure 3-25. The first method used was to determine

the ratio of total measured test section effluent mass flow rate (liquid

plus vapor) to the test section inlet mass flow rate. The second method used

was to perform a mass balance on the bundle to determine the mass flow rate out

of the bundle from the difference between the inlet flow rate and the bundle
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mass accumulation rate as calculated from the bundle pressure drop measurements.

Within experimental accuracy, the two methods differ only by the mass

accumulation rate in the upper plenum and upper plenum extension to the test

section inlet mass flow rate. As shown in Figure 3-25 the two methods

reveal the same trends. Generally, the second method results in higher mass

effluent fractions, indicating a predominantly positive accumulation rate in

the upper plenum and upper plenum extension. It is also noted that late in

the transient the second method indicates mass effluent fractions greater

than one. This occurs after 350 seconds when the test section mass decreases

during the flooding rate fluctuations.

The average mass effluent fraction obtained by the second method prior to the

midplane quench is typical of results obtained in the FLECHT experiments.

The average effluent fraction obtained by the first method prior to the

midplane quench is considerably lower (, 10 percent) than the FLECHT results

and reflects the mass storage in the upper plenum volume.

Since the mass effluent fraction based on flow rates fluctuates as shown in

Figure 3-25, the data are also presented in Figure 3-26 as the ratio of

the total mass effluent to the total test section mass input. The total mass

effluent fraction was also calculated using two methods. The first method

was to determine the ratio of the total test section mass effluent (liquid

and vapor) to the total test section mass input. The second method was to

determine the ratio of the total bundle mass effluent from a mass balance

on the bundle, to the total test section mass input. Within experimental

accuracy, the difference between the two methods is the ratio of the mass

stored in the upper plenum and upper plenum extension to the total test section

mass input.

3.3.2.5 Quench Front and Test Section Axial Pressure Drop Data

The heater rod temperature quench front envelope is shown in Figure 3-27.

The midplane quenched at - 385 seconds after flood and the quench "fronts"

moved toward the center of the bundle from the top and bottom. The lower quench

front moved up rapidly quenching the 2 ft elevation by 11 seconds after

flood when it slowed to '- 0.14 in./sec. The quench front velocity remained
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Figure 3-27. Temperature Quench Front Envelope - Rtun2919
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relatively constant until the midplane quenched, after which it increased

slightly to 1v 0.2 in./sec. Thermocouples at the 8 ft elevation were the

last to quench. The upper quench front, or sputtering front, moved down

to the 10 ft elevation very quickly for some rods, but the 10 ft quench

times were scattered over a 300 second time interval. A possible cause of this

is that the upper elevations of the rods are quenched by steam and randomly

dispersed droplets, resulting in considerable rod to rod variation in heat

transfer coefficient.

The bundle axial pressure drop data, shown in Figure 3-23, were used to

calculate the average void fraction between two axial pressure taps. The

results are shown in Figure 3-28, along with the quench front elevation and

the void fraction distribution relative to the quench front position. It

can be seen that the void fraction at the quench front elevation was on the

order of 0.7 for approximately the first 230 seconds. These results are similar

to the FLECHT constant flooding rate tests described in Reference 2 for

similar conditions. When the flooding rate increased after ru 230 seconds,

the void fraction at the quench front decreased to "ý' 0.5 as shown. It can

be seen that the zero void fraction elevation never advanced past the

6 ft elevation and moved up and down during the period the flooding rate

fluctuated, causing the fluctuation in the boiling front elevation. An

energy balance on the coolant flowing into the bundle also predicts that the

coolant will be heated to the saturation temperature just below the midplane

of the bundle.

3.3.2.6 Rod Temperature and Heat Transfer Coefficient Behavior

The clad temperature and heat transfer coefficients for the 2 ft, 4 ft, 6 ft,

8 ft, and 10 ft elevations of typical high power heater rods are shown in

Figure 3-29. The FLECRT correlation described in Reference 1 was used to

predict the midplane heat transfer coefficient by the technique described

in Section 3.1. As can be seen in Figure 3-30, the data show significant
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margin over the predicted heat transfer coefficient. At the time of the

6 ft turnaround the measured heat transfer coefficient is ', 50 percent higher

than the predicted heat transfer coefficient.

3.3.2.7 Fluid Temperatures at Various Points in the System

The test section inlet and outlet fluid temperatures are shown in Figure 3-31.

The coolant supply temperature was relatively constant at 153 0 F. The fluid

in the lower plenum flowed in and out of the bundle during the oscillations,

which accounts for the high measured fluid temperature during this period.

As the amplitude of the oscillations decreased, the lower plenum fluid

temperature decreased and eventually became equal to the coolant injection

temperature.

The fluid temperature at the hot leg inlet is also shown in Figure 3-31.

The initially high fluid temperature measurement was due to the discharge

of the stagnant steam filling the bundle prior to the start of flood.

After % 60 seconds the hot leg inlet temperature decreased to the local

saturation temperature indicated by the dashed line in Figure 3-31.

The fluid temperature upstream of the loop orifice is shown in Figure 3-32.

The piping between the liquid separator tank and the orifice was heated to

a high temperature before the test. In addition, the heaters were left on

during the test so that any unseparated droplets would be vaporized before

flowing through the orifice and a meaningful mass flow rate could be

obtained from the pressure drop across the orifice. Figure 3-32 shows that

the measured fluid temperature upstream of the orifice did indicate

superheated steam flowing through the orifice.

3.3.2.8 Housing Behavior

The housing temperature data are shown in Figure 3-33. The initial housing

temperature profile was chosen assuming that the midplane would quench at

't 275 seconds, which was within the scatter of the 6 ft quench time. As

shown in Figure 3-32, the housing walls below 5 ft and above 9 ft were

quenched by -, 160 seconds after flood, leaving the 4 ft midsection unquenched.
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The housing heat release rate prior to 100 seconds was quite high as evidenced

by the rapid decrease in the housing average temperature, also shown in

Figure 3-33. The initially high heat release rate from the housing can be

attributed to the oscillating bundle water level. At the low elevations

the heat transfer coefficient at the housing wall surface becomes very high

when the water level rises above the surface, resulting in high housing heat

release rates. The resulting steam generation entrains large sheets of

water droplets, as illustrated in the motion picture, which are carried

upward with high velocity. The droplets and steam flowing past the housing

midplane do not cause a reduction of the housing midplane temperature until

' 150 seconds after flood. This can be explained by considering an energy

balance on the housing. The housing temperature behavior is determined by

the difference between the heat transferred to it by radiation from the

heater rods and the heat transferred from it by convection to the steam and

droplet flow. Neither the measured exit and inlet flow rates nor the mass

accumulated in the bundle changed significantly during the time that the

housing midplane quenched. Thus, the heat transferred from the housing by

convection did not change significantly. However, there was approximately

35 percent reduction in the radiant heat transfer rates from the heater

rods to the housing from the time the heater rod temperature turned around

(% 120 seconds) and the time the housing midplane quenched (% 175 seconds).

Thus, before the heater rods turned around, the net heat transfer from the

housing was approximately zero, but after the heater rods turned around the

net heat transfer from the housing became positive and eventually resulted

in the quench of the housing. Figure 3-34 shows that the radiation from the

rods to the housing was limited primarily to the outer row of rods. The

radial temperature profile was very uniform from the third row of rods

inward, indicating that the radiation to the housing from the outer row of

rods did not affect the temperature behavior of the central rods.

Figure 3-33 also shows that the lower 5 ft of the housing cooled below the

saturation temperature, the bottom of the housing being at the coolant inlet

condition (t 150°F) at the end of the test. The lowest housing elevation

indicates that the saturation temperature agrees quite well with the zero
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void fraction curve shown in Figure 3-28.

3.3.2.9 Energy Balance

An overall energy balance was performed using the measured mass flow rate

and mass storage, the energy inputs from the stored energy in the heater

rods and housing walls, and the input electrical energy from the heater

rods for the duration of the test (633 seconds). The energy balance was

within reasonable limits, being in error by only 9%. The results of the

energy balance are summarized as follows:

1. Stored Energy Released by the Heater Rods

12

nFpiCiAi f (Ti - Tf)r dz z 2.0 x 104 Btu
i J0

where n is the number of heater rods, PiCiAi is the product

of the density, specific heat, and cross-sectional area of a

portion of the heater rod, and (Ti - Tf)r is the difference

between the initial and final rod temperatures.

2. Stored Energy Released by the Housing

1.2

PhChAh J (Ti - Tf)h dz 2 2.0 x 104 Btu

where PhChAh is the product of the housing density, specific

heat and cross-sectional area, and (Ti - Tf)h is the difference

between the initial and final housing temperatures.

3. Energy Input from Decay Heat

Pinitial x I(t) •16.6 x 10 4 Btu

where Pinitial is the total initial bundle power, and I(t) is the

integral of the power decay curve out to 633 seconds after flood.
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4. Energy Input from Coolant

minput x hcoolant = 7.6 x 104 Btu

where minput is the total mass input to the test section (630 ib),

and hcoolant is the enthalpy of the injected coolant.

5. Energy Carried Away by the Steam

m x h = 21.5 x 104 Btu
vapor g

where m is the total mass of vapor discharged from the
vapor

bundle, and h is the enthalpy of saturated vapor.g

6. Energy Carried Away by the Liquid

m x hf = 6.8x 104 Btu

collected

where mliquid is the mass of liquid collected in the separator

collected

tank at the end of the test, and hf is the enthalpy of saturated

liquid.

7. Stored Energy Fluid Remaining in the Test Section

mliquid x h = 2.4 x 104 Btu
stored

where mliquid is the water remaining in the test section, upper

stored

plenum, and steam probe tanks at the end of the test, and hf is

the enthalpy of saturated liquid.
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8. Energy Balance

Total energy input 28.2 x 104 Btu

Total energy stored or carried away 30.7 x 104 Btu

Percent error -9 percent

3.4 HOUSING EFFECTS IN FLECHT-SET TESTS

The rod bundle housing represents a physical boundary not present in a

reactor, and thus its effect on the bundle heat transfer and system effects

must be analyzed. The hydraulic and stored energy effects of the housing

have been thoroughly analyzed in the FLECHT program, and the resulting

FLECHT housing criterion has proved to be an acceptable means of controlling

the housing heat release so that it releases the same amount of heat as an

equivalent row of rods up to the time of the midplane quench.

It was also recognized in the FLECHT program that while the integral of the

heat release rate up to the time of the midplane quench was maintained, the

local rate of heat release did not match the local heater rod heat release

rate at any given point in time between flood and quench.

The rationale behind the criterion used for the initial housing temperature

distribution was discussed in Section 2.4. The housing wall was

moved away from the heater rod unit cell boundary so that the hydraulic

radius of rod flow channels near the wall was the same as the hydraulic

radius of an interior flow channel. This resulted in an extra flow area

near the housing equivalent to the flow area of 16.8 heater rod flow channels.

The housing was heated according to the criterion described in Section 2.4,

so that the heat input per unit flow area would be similar to that expected

in a PWR during reflood.

The housing effects in the FLECHT-SET tests are further complicated by the

dynamic coupling of the flooding rate to the bundle's local heat release

rate as discussed previously. To be consistent with the heater rod heat

release behavior, the housing must release the proper amount of heat at the

correct time or its quenching and steam generation effect will superimpose an

abnormal boundary condition in addition to that imposed by the heater rods.
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It was decided to investigate three methods of isolating the housing behavior

from the bundle heat release rate during a FLECHT-SET transient:

1. Preserve the same power-to-flow area ratio either by heating the

housing or increasing the rod power with the housing at the

saturation temperature.

2. Vary the housing temperature for the same rod power.

3. Vary the number of heated rods with the housing heated to saturation

temperature.

In this fashion, the power to flow area ratio can be varied by either heating

the housing, disconnecting rods, or increasing the rod power. These three

methods investigate the effect of the power to flow area ratio in the bundle

and the effect of whether the energy is input by increasing the rod power or

by the release of the housing stored energy.

Table 3-3 lists the test conditions and Figure 3-35 shows the rod hookup for

the housing effects tests. All tests were done at 60 psia, 150*F (nominal)

injection water temperature, and injection rate (nominal) of 10 lbm/sec for

14 seconds and 1.2 lbm/sec for the remainder of the test.

The effect of the heat input per unit flow area can be based on a local flow

area, i.e., the fluid channel near the housing wall or on a total bundle

flow area basis. Both seem to correlate the midplane quench time data quite

well.

Table 3-4 lists the run conditions and the total heat input to the fluid

below the midplane up to the time of the midplane quench. The midplane

quench time for all the runs is plotted in Figure 3-36 as a function of the

total heat input per unit volume of fluid below the midplane. In Figure 3-36,

the midplane quench time varies linearly with the heat input per unit volume.
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TABLE 3-3

TEST CONDITIONS FOR HOUSING EFFECTS TESTS

Coolant
Run No. Heated Peak Power* Avg. Housing Injection Rate

No. Rods (kw/ft) Temp (*F) (ib/sec)

4311 90 .646 299 9.7 first 14 sec

1.20 onward

4412 82 .646 297 10.9 first 14 sec
1.20 onward

6413 90 .646 614 10.8 first 14 sec
1.25 onward

5214 70 .646 301 10.2 first 14 sec
1.19 onward

5115 90 .759 294 9.0 first 14 sec
K> 1.20 onward

5316 90 .646 424 10.1 first 14 sec
1.18 onward

*All heated rods had the same power. The containment pressure, initial clad

temperature, and coolant injection temperature were nearly the same for all
runs.
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CONFIGURATION FOR RUNS

'4311, 51.13, 5115 AND 5316

,0000000000
:0000000000:

',000 0 0 0 0 0 0 1
i000 0000001
b~oooOQoo~oo:0000000000
,,0ooo00oooo

CONFIGURATION FOR RUN 4412
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100000000001,
I 1000000000I1
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CONFIGURATION FOR RUN 5214

10000s0000@
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,00000000

,\16000@00000,10000®000000
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0 HEATER ROD

(2 UNHEATED THIMBLE

© BURNED OUT ROD

DISCONNECTED HEATER RODS

Figure 3-35. Heater Rod Hookup for Housing Effects Tests
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(
TABLE 3-4

TOTAL HEAT INPUT TO FLUID BELOW MIDPLANE UP TO MIDPLANE QUENCH TIME

C

Run
No.

4311

4412

5413

5214

5115

5316

No.
Heated

Rods

90

82

90

70

90

90

Peak
Power

(kw/ft)

.646

.646

.646

.646

.759

.646

Avg.
Housing

Temp (0 F)

298

291

603

302

294

412

Coolant
Injection

Rate
(lb/sec)

9.7 first
14 sec
1.20 onward

10.9 first
14 sec
1.20 onward

10.8 first
14 sec
1.25 onward

10.2 first
14 sec
1.19 onward

9.0 first
14 sec
1.20 onward

10.1 first
14 sec
1.18 onward

Housing Rods (Stored) Rods (Generated)
(Btu)(Btu)

.01 x 104

0

1.28 x 104

.03 x 104

.01 x 104

.48 x 104

Total Energy Released Below Midplane up to 6 ft Quench

(Btu)
Total
(Btu)

1.03 x 104

.95 x 104

1.32 x 104

.80 x 104

1.06 x 104

1.11 x 104

1.40 x 104

1.17 x 104

1.88 x 104

.85 x 104

1.76 x 104

1.48 x 104

2.44 x 104

2.12 x 104

4.48 x 104

1.68 x 104

2.83 x 104

3.07 x 104

a'
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Figure 3-36. Midplane Quench Time vs. Heat Input Below 6' up to 6'
Quench Time per Unit Volume of Fluid Below 6'
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\_> Table 3-5 lists the run conditions and the heat input by the housing and the

outer row of rods below the midplane up to the time of the midplane quench.

All of the runs listed had the same peak power and initial clad temperature

so that the central 8 x 8 array of rods had the same initial conditions

for all tests. Figure 3-37 shows the midplane quench time plotted as a

function of the heat input per unit volume of fluid outside the 8 x 8 array.

Again, the variation of quench time with heat input per unit volume was

linear.

By comparing Runs 5115 and 5316 the effect of whether the energy is input

by the housing or by the rods on the system transient behavior can be observed.

Both Runs 5115 and 5316 have approximately the same heat input per unit volume

of fluid, as is shown in Table 3-4. However, in Run 5316 the housing is heated

above the saturation temperature, while in Run 5115 the additional thermal

energy is input by the heater rods, which are at 18 percent higher power, and

the housing is heated to the saturation temperature.

The midplane quench time is shown for all runs in Figure 3-36. As can be

seen in this figure, the quench times were nearly identical for Runs 5115 and

5316. In fact, the quench front curves for these two runs were nearly

identical, as shown in Figure 3-38. As expected, the 10 ft quench times for

Runs 5115 and 5316 were different since the criterion used for the housing

heat input was based on the 6 ft quench time.

The major differences between the two runs were that the magnitude and

duration of the oscillations were much less for the unheated housing

run (5115). Figures 3-39 and 3-40 present reduced pen recorder tracings

of the downcomer head and loop pressure drop for Runs 5515 and 5316. Of the

two runs, only 5316 had an initial housing temperature above the saturation

temperature and it had large and long-lasting oscillations. It was also

noted that the oscillations ceased as soon as the housing had quenched. The

* heat release rate from the housing is very high because its surface temperature

is low enough for nucleate boiling to take place at the wetted surface. Thus,

as the water enters the bundle and reaches the elevation of the unquenched
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TABLE 3-5

HEAT INPUT TO PERIPHERY CHANNEL BELOW MIDPLANE UP TO MIDPLANE QUENCH TIME

No. Heated
Run Rods in
No. Outer Row

Peak
Power
(kw/ft)

Avg.
Housing

Temp (* F)

Coolant
Injection

Rate
(lb/sec)

Energy Released in Periphery Below 6 ft up to 6 ft Quench

Housing Rods (Stored)
(Btu) (Btu)

Rods (Generated)
(Btu)

Total
(Btu)

4311

4412

5413

5214

5316

34

26

34

14

34

.646

.646

.646

.646

.646

299

291

603

302

412

9.7 first
14 sec
1.2 onward

10.9 first
14 sec
1.2 onward

10.8 first
14 sec
1.25 onward

10.2 first
14 sec
1.19 onward

10.1 first
14 sec
1.18 onward

.01 x 104

0

1.28 x 104

.03 x 104

.48 x 104

.39 x 104

.30 x 10

.50 x 104

.16 x 104

.42 x 104

.53 x 104

.37 x 104

.71 x 104

.17 x 104

.56 x 104

.93 x 104

.67 x 104

2.19 x 104

.36 x 104

1.46 x 104

0

( C (
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6959-33

RUN CONDITIONS

INITIAL CLAD TEMP
PEAK POWER

PRESSURE
INLET COOLANT TEMP
COOLANT INJECTION RATE

RUN 5115
II10

0.759

61

9.00
1.20

RUN 5316

1107 F

0.646 KW/FT

61.3 PSIA
159 F
10.17 LB/SEC FIRST 14 SEC
1.18 LB/SEC ONWARD

U-
I

W

coo
U.,

U-.

LU

I-

U-

12

I0

8

6

4.

/j

TH = 4.2qoF 0 .

00 0 00 lpT 294~oF

- ,-- RUN 5115 l/

END OF OSCILLATIONS (RUN 53 16)

'II I I I I

2

0
0 20 40 60 80

TIME AFTER FLOOD - SEC

100 120

Figure 3-38. Comparison of Quench Front Envelope vs. Time
for Runs 5115 and 5316
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8 RUN CONDITIONS RUN 5115 RUN 5316

INITIAL CLAD TEMP 1110 1107 F

PEAK POWER Q,759 0-646 KW/FT

PRESSURE 61............ 61A........ PSIA

7 INLET COOLANT TEMP 154 159 F

COOLANT INJECTION RATE 9.00 10. 17 LB/SEC FIRST-"4. SEC

1.20 I.8L. LB/SEC ONWARD

6 TH 41214 F

----eee eeeeeeeeeeee eeeeeeee-- -------

a--

CA- OE T ~ H 2911 F

II
C>g

".S ,M

z CD

0

-- R N0112 CD

TIME AFTER FLOOD - SEC

Figure 3-39. Downcomer Head vs. Time for Different Housing Temp~eratures



RUN CONDITIONS RUN 5115 RUN 5316
INITIAL CLAD TEMP 1110 1107 F
PEAK POWER 0.759 0.646 KW/FT
PRESSURE 61 61.3 PSIA

INLET COOLANT TEMP 15. 159 F
COOLANT INJECTION RATE 9.00 10.17 LB/SEC FIRST 114 SEC

1.20 1.18 LB/SEC ONWARD

O0i

9I
C>,

1-
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IIT = 424 FI I H

I
A &A

HOUSING QUENCHED (5316) RUN 5316
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IF n
H = Z.
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TIME AFTER FLOOD - SEC
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Figure 3-40. Comnparis.on of Lox~p Pressure Drops for Rtins 5115 and 5316
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housing, a large volume of steam is produced which must vent through the

loop resistance. The resulting pressure increase above the water surface

forces the water level down, reducing the steam generation rate because the

lower elevations have been quenched. Because of fluid inertia, the bundle water

level drops below the equilibrium position. The rising downcomer level creates

a large restoring force and the gravitational force eventually cause the

downcomer level to fall, forcing water up the bundle until the steam

generation rate and the resulting pressure buildup are sufficient to start

the process all over again. The heat release rate from the heater rods is

apparently not large enough to drive the large oscillations.

A direct comparison of flooding rate in these two runs is not possible since

the initial injection rate was higher for Run 5316 than for Run 5115, resulting

in about 15 lb more being injected in the first 14 seconds. Even so, the

flooding rates were not that different in the first 20 seconds, as shown in

Figure 3-41. This was caused by more water storage in the downcomer in Run

5316 than in Run 5115, as shown in Figure 3-39, because of the higher steam

flow rate and resulting higher loop pressure drop.

The total amount of mass put into the test section after 25 seconds was

higher for the hot housing run (5316), as shown in Figure 3-42. However,

if the injection rates had been identical, it is expected that the flooding

rate would have been lower for the hot housing run until the housing quench.

The steam flow rates are given in Figure 3-43.

Even though more mass entered the test section during the hot housing run (5316)

than during Run 5115, less mass remained in the bundle until the housing quenched,

as shown in Figure 3-44. Thus, the carryout fraction was significantly

higher for the heated housing run as shown in Figure 3-45. The additional vapor

carryout is apparent, from Figure 3-43, that the vapor flow rate was higher for

the heated housing run (5316) for the first 70 seconds. Although the liquid
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6959-1

RUN CONDITIONS RUN 5115 RUN 5316

INITIAL CLAD TEMP 1110 1107 F
PEAK POWER .759 .646 KW/FT
PRESSURE 61 6.T-3 PSIA

INLET COOLANT TEMP 154 159 F
COOLANT INJECTION RATE 9 10.17 LB/SEC FIRST 14 SEC

1.2 1.18 LBISEC ONWARD
160

140

120

/
/

/4- RUN 5316

// /
iI ,- RUN 5115

/
/

I
I /MASS PUT INTO BUNDLE -

TH = 14241'F
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,I Ic) c 0M

20

0
0 20 40 60 80

TIME AFTER FLOOD - SEC

100

Figure 3-41. Comparison of Mass Put Into Bundle and Mass Remaining
in Bundle for Runs 5115 and 5316
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6959-2

RUN CONDITIONS RUN 5115 RUN 5316

INITIAL CLAD TEMP 1110 1107 OF

PEAK POWER .759 .646 KW/FT

PRESSURE 61 61.3 PSIA

INLET COOLANT TEMP -154 159 zF

COOLANT INJECTION RATE 9 10.17 LB/SEC FIRST jI SEC

1.2 1.18 LB/SEC ONWARD
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e-J
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Figure 3-42. Comparison of Flooding Rates for Runs 5316 and 5115
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6959-37

RUN CONDITIONS RUN 5115 RUN 5316

INITIAL CLAD TEMP 1110 1107 -F

PEAK POWER .759 .646 KW/FT
PRESSURE 61 61.3 PSIA

INLET COOLANT TEMP 154 159 OF

COOLANT INJECTION RATE 9 10.17 LB/SEC FIRST 14 SEC
1.2 1.18 LBISEC ONWARD

C>
-j
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L 5115 (T = 294 0 F)
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Figure 3-43. Comparison of Vapor Flow Rates for Runs 5316 and 5115

_J
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6959-36

RUN CONDITIONS RUN 5115 RUN 5316
INITIAL CLAD TEMP 1110 1107 F

PEAK POWER .759 .646 KW/FT

PRESSURE 61 61.3 PSIA

INLET COOLANT TEMP 154 159 F

COOLANT INJECTION RATE 9 10.17 LB/SEC FIRST 14 SEC
1.2 1.18 LB/SEC ONWARD

C,,

cl-

0
0 20 '0 60 80 100

TIME AFTER FLOOD - SEC

Figure 3-44. Comparison of Bundle Axial. Pressure Drops for Runs 5115 and 5316
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6959-35

RUN CONDITIONS RUN 5115 RUN 5316

INITIAL CLAD TEMP II10 1107 F
PEAK POWER .759 .646 KW/FT
PRESSURE 61 61.3 PSIA
INLET COOLANT TEMP 1514 159 F
COOLANT INJECTION RATE 9 10.17 LB/SEC FIRST 14 SEC

1.2 1.18 LB/SEC ONWARD
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Figure 3-45. Comparison of Total Mass Effluent Fractions
For Runs 5115 and 5316
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carryout was not measured directly, Figure 3-46 compares the mass accumulation

in the upper plenum extension for the two runs, and the difference between the

two runs is very small for the first 80 seconds. Thus, a positive statement

cannot be made concerning the difference in liquid carryout for the two runs.

The combination of different injection rates, steam generation rates, etc.,

yielded the same quench front velocity, as shown in Figure 3-37. However,

the midplane heat transfer coefficients are quite different between 10 and

40 seconds after flood as shown in Figure 3-47. The different heat transfer

coefficients are reflected in the clad temperature histories shown in the same

figure. The midplane clad temperature for heated housing Run 5316 remained

near the maximum temperature for a longer time as a result of poorer heat

transfer. The heated housing run (5316) had a significantly lower heat

transfer coefficient than the unheated housing run (5115) even though the vapor

flow rate was higher for heated housing run (5316), as shown in Figure 3-43.

The test section axial pressure drop data indicate that there was more water

below the 6 ft elevation in Run 5115 than in Run 5316 (hot housing) during

the period of time when the heat transfer coefficients were different, as

shown in Figure 3-44. Thus, the amount of water remaining in the bundle

or the local void fraction apparently had a more dominant effect on

the heat transfer coefficient than the vapor flow rate. The effect of heating

the housing was to prolong the period during which the 6 ft elevation was

cooled by steam and dispersed droplet flow and to delay the transition flow

regime.

While a comparison of Runs 5316 and 5115 does indicate the effect of whether the

energy is input by increasing the rod power or by the release of the housing

stored energy, other effects such as the housing temperature and the number

of heated rods influence the bundle heat release rate, local heat transfer

coefficient and system response.
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RUN CONDITIONS RUN 5115 RUN 5316

INITIAL CLAD TEMP 1110 ,1107 F
PEAK POWER .759 .646 KW/FT
PRESSURE 61 61.3 PSIA
INLET COOLANT TEMP 154 159 F
COOLANT INJECTION RATE 9 10.17 LB/SEC FIRST 14 SEC

1.2 1.18 LB/SEC ONWARD

uj-J 30
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Figure 3-46. Comparison of Mass Stored ini Upper Plenum Extension
for Runs 5115 and 5316
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RUN CONDITIONS RUN 5115 RUN 5316

INITIAL CLAD TEMP 1110 1107 F

PEAK POWER .759 .646 KW/FT

PRESSURE 61 61.3 PSIA

INLET COOLANT TEMP 154 159 F

COOLANT INJECTION RATE 9 10.17 LB/SEC FIRST 141 SEC

1.2 1.18 LBISEC ONWARD

1200 ROD 5G - 6' 100

CLAD TEMPERATURE

- 90
5316 (TH=.94.°F
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Figure 3-47. Comparison of Midplane Clad Temperature asuI Heat Transfer
Coefficient for Runs 5115 and 5316
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Another method of changing the power to flow area ratio for the bundle is to

change the number of heated rods. Three such tests were run using 70, 82,

and 90 heated rods (rod 2G was already failed and was unheated). The measured

rod temperatures and midplane heat transfer are given in Figure 3-48, while the

bundle behavior is shown in Figures 3-49, 3-50, and 3-51. The results generally

reveal a trend showing that increasing the power-to-flow area ratio increases

the vapor flow rate, while the bundle mass storage, flooding rate, and mass

input to the bundle generally decrease as the power-to-flow ratio increases.

The heat transfer coefficient, mass storage and mass flow rate curves appear to

be roughly of the same shape but are shifted in time by approximately the

difference in the midplane quench time of the rods.

The effect of changing the power-to-flow area ratio by increasing the rod power

for the same housing temperature can be examined in Runs 4311 and 5115. The

midplane heat transfer coefficients and peak clad temperatures are shown in

Figure 3-52 and indicate that increasing the rod power with the same housing

temperature results in a slightly higher heat transfer coefficient and only a

small increase in peak clad temperature and quench time. The bundle flooding

rates, downcomer behavior, mass storage, and liquid collection rates are nearly

identical for these two runs as shown in Figures 3-53, 3-54, and 3-55. These

data indicate that if additional energy is added to the fluid by increasing

the rod power, the quench front moves up more slowly but the system transient

behavior is not significantly changed. This behavior of rod power is different

than that of increasing the number of heated rods. In the latter case a larger

effect was observed as the power-to-flow area ratio increased.

If energy is added to the fluid by increasing the stored energy in the housing

for the same rod power, a more significant effect on the system behavior and

local heat transfer coefficient is observed. Runs 4311, 5316, and 5413 all
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RUN CONDITIONS RUN 4311 RUN 4412 RUN 5211

INITIAL CLAD TEMP 1105 1107 1103 OF

PEAK POWER .646 .646 .646 KW/FT

PRESSURE 60 61 61 PSIA

INLET COOLANT TEMP 154 159 159 'F

COOLANT INJECTION RATE 9.7 10.9 10.2 LB/SEC FIRST 141 SEC

1.2 1.2 1.19 LB/SEC ONWARD
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RUN CONDITIONS RUN 4311 RUN 1412 RUN 5214

INITIAL CLAD TEMP 1105 1107 1103 F
PEAK POWER .616 .646 .646 KW/FT

PRESSURE 60 61 61 PSIA
INLET COOLANT TEMP 154 159 159 F
COOLANT INJECTION RATE 9.7 10.9 10.2 LB/SEC FIRST 114 SEC

1.2 1.2 1.19 LB/SEC ONWARD
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Figure 3-49. Effect of the Number of Heated R(xos on the Flooding Rat(e aqtl
Vapor Effluent Mass Flow Rate
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RUN CONDITIONS RUN 4311 RUN 41l2 RUN 5214

INITIAL CLAD TEMP 1105 1107 1103 ýF

PEAK POWER .646 .646 .646 KW/FT

PRESSURE 60 61 61 PSIA

INLET COOL TEMP 151 159 159 -F

COOLANT INJ RATE 9.7 104. 10.2 LB/SEC FIRST.LL SEC
1.2 1.2 1.19 LB/SEC ONWARD

I4O I-
/./

/

RUN 4311

RUN 4412 -
RUN 5214120 I-

MASS INPUT TO BUNDLE

100 -

/

C,,

80

C-,-,)

z 60

20

0

0 20 40 60 80

TIME AFTER FLOOD - SEC

100

Figure 3-50. Effect of the NLnnber of Heated Rods on the Test Section
Mass Input and Storage
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6959-5

RUN CONDITIONS RUN 4311 RUN 4412 RUN 52141

INITIAL CLAD TEMP 1105 1107 1103 "F
PEAK POWER .646 .646 .646 KW/FT

PRESSURE 60 61 61 PSIA
INLET COOLANT TEMP IL5 159 159 OF

COOLANT INJECTION RATE 97 10.9 10.2 LB/SEC FIRST fit SEC
1.2 1.2 1.19 LB/SEC ONWARD

71ý-

[ RUN 4311
RUN 1412

RUN 5214
6H-

5F-

70 3- -, ---
&L

I

0

IJJ

in
,Uj
C,
Ci,
uJ

41-

31-

2F-

I

II--

I I I I I0
0 20 40 60 80

TIME AFTER FLOOD - SEC
100

Figure 3-51. Effect of the Number of Heated Rods on Downcomer
Head and Test Section Pressure Drop
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RUN CONDITIONS RUN 5115 RUN 4311

INITIAL CLAD TEMP 1110 1105 F

PEAK POWER .759 .616 KW/FT

PRESSURE 61 60 PSIA

INLET COOLANT TEMP 1154. . F

COOLANT INJECTION RATE 9.0 9.7 LB/SEC FIRST I4 SEC
1.2 1.2 LB/SEC ONWARD

1200 K- " -to I 100

0.759 KW/FT Io

1000 804O0 -- .646 KW/FT 80 ,1--.

CLAD TEMP.

-60

U-

..J .759 KW]FT Lii
C...

600 0 SOU

.6116 KW/FT I

HEAT TRANSFER COEF.

20 "

200 j 0

0 20 40 60 80 100 120

TIME AFTER FLOOD - SEC

Figure 3-52. Effect of Peak Power on Midplane Clad Temperature and

Heat Transfer Coefficient
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RUN CONDITIONS RUN 5115 RUN 4311

INITIAL CLAD TEMP 1110 1105 OF
PEAK POWER .759 .646 KW/FT

PRESSURE 61 60 PSIA

INLET COOLANT TEMP 15 , I. 15 , OF
COOLANT INJECTION RATE 9.0 9.7 LBISEC FIRST I1 SEC

1.2 1.2 LB/SEC ONWARD
C.>

LU

CD)

LU

- -r
-- RUN 5115

- -- RUN 41311

.759 KWIFT /.6416 KW/FT

.2h-

I I I I I
0
0 20 o40

TIME
60 80

AFTER FLOOD - SEC
I00

c-,

LU .

I-

U-

C-0

CD,

0

0 20 40 60 80 100

TIME AFTER FLOOD - SEC

Figure 3-53. Effect of Peak Power on Flooding Rate and
Vapor Mass Flow Rate

3-90



6959-6

RUN CONDITIONS RUN 5115 RUN 4311

INITIAL CLAD TEMP HI10 1105 F

PEAK POWER .759 .646 KW/FT

PRESSURE 61 60 PSIA

INLET COOLANT TEMP 154 154 -F

COOLANT INJECTION RATE 9.0 9.7 LB/SEC FIRST 14 SEC

1.2 1.2 LB/SEC ONWARD

160

RUN 51151
RUN 4311

140 I--

120 I-

I

/ 

J

59!FT

zS INPUT TOE CUMASS INPUT TO TEST SECTION

100 I--
.646 KW

FT

C-,

0

80 I-

/
'p

'p

/ .6116
/60

410

20

0

MASS IN BUNDLE

.759 KW
FT

I
0 20 40 60 80

TIME AFTER FLOOD - SEC

100 120

Figure 3-54. Effect of Peak Power on Test ,Section Mass Input and Storage
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6959-7

RUN CONDITIONS RUN 5115 RUN 11311

INITIAL CLAD TEMP 1110 1105 OF

PEAK POWER .759 .646 KW/FT

PRESSURE 61 60 PSIA
INLET COOLANT TEMP 15q. 154 1F

COOLANT INJECTION RATE 9.0 9.7 LB/SEC FIRST I4 SEC
1.2 1.2 LB/SEC ONWARD

7 I-

RUN 4311

6 1-

0L

LU

LU

0-

DOWNCOMER HEAD

.646 KW/FT

3 1-

.759 KW/FT

2 1-
TEST SECTION PRESSURE DROP

I I-

I I I I I0
0 20 10. 60 80

TIME AFTER FLOOD - SEC

100

Figure 3-55. Ff feet of Peak' Power on Downcomer Head and
Test Section Pressure Drop
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were conducted with the same rod power (0.646 kw/ft peak) but with average

housing temperatures of 299*F, 424*F, and 614*F respectively. The effect of

increasing the housing stored energy on the bundle flooding rate, vapor flow

rate, mass storage, and downcomer behavior is shown in Figures 3-56, 3-57,

and 3-58. Increasing the housing temperature sharply decreases the heat

transfer coefficient as shown in Figure 3-59. The housing releases its heat

rapidly at the lower elevations, resulting in a large generation of steam flow

as shown in Figure 3-56. The large steam generation rate and resulting loop

pressure drop sharply decreases the floodiig rate into the bundle and results

in a larger mass storage in the downcomer as shown in Figure 3-58. The mass

storage in the bundle is decreased as the water is forced back into the down-

comer. As the liquid level is forced into the downcomer, the steam generation

rate is reduced since the amount of water in the bundle decreases. By the

time the steam which has been generated has vented and the steam generation rate

has been reduced, the downcomer driving head has substantially increased as

shown in Figure 3-58. The larger downcomer driving head then forces the

water further into the bundle, quenching more of the rods and housing and the

cycle repeats until the housing is quenched. Since the housing is at a lower

temperature then the rods, usually below 700eF, the water is able to wet the

housing while it cannot wet the higher temperature rods. Thus, the housing

causes more steam to be generated than if the housing energy were being

accounted for in the higher-temperature heater rods. Therefore, the housing

heat release rate and corresponding steam generation rate drive the transient

until the housing is quenched. At that time the larger downcomer head rapidly

forces water into the bundle, causing a sharp increase in flooding rate.

The data presented indicates that for particular test conditions the steam

generation rate is the most important parameter in governing the system

performance. When the housing is heated to simulate the heat input of an

additional 16.8 heater rods, the large amount of energy stored at low

temperatures allows the water to wet the housing, resulting in significantly

more steam produced than if the same equivalent number of heater rods had been

present. The housing quenching behavior is responsible for driving the large

liquid level oscillations during the early stages of reflood. Accounting for
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RUN CONDITIONS RUN 1311 RUN 5316 RUN 5413

INITIAL CLAD TEMP 1105 1107 1125 OF
PEAK POWER .6116 .646 .646 KW/FT

PRESSURE 60 61 61 PSIA

INLET COOLANT TEMP 15 159 155 cF
COOLANT INJECTION RATE 9.7 10.1 10.8 LB/SEC FIRST I4 SEC

1.2 1.18 1.25 LB/SEC ONWARD

N-,

P%

6
RUN 5316

-RUN 311
RUN 5413

LU
C,)

LU
I-
.4

0

0

IL

I
II

T H 61110F4

2

0

.8

C.)
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I.-
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CD)

.4

0~

0 20
I

60 80 1

TIME AFTER FLOOD - SEC

)0,

0 20 40 60 80 100
TIME AFTER FLOOD - SEC

Figure 3-56. Effect of Housing Temperature on Test Section
Flooding Rate and Vapor Mass Flow Rate
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Figure 3-57.
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Effect of Housing Temperature on Test Section Mass Input and Storage
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RUN CONDITIONS RUN 4311 RUN 5316 RUN 5413

INITIAL CLAD TEMP 1105 1107 1125 -F
PEAK POWER .646 .646 .646 KWIFT
PRESSURE 60 61 61 PSIA
INLET COOLANT TEMP 1514 159 155 F

COOLANT INJECTION RATE 9.7 10.1 10.8 LB/SEC FIRST I14 SEC
1.2 1.18 1.25 LBISEC ONWARD

7 F--
- RUN 5316---- RUN 4311

RUN 51413

61- TH=6114 F

~ /.- 1'H = 142 4 F17_

5

CLi

cc,

14
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I
I
I
I
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- - - -a'

- a.--
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I
I
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I

I

- TH = 299 F

DOWNCOMER PRESSURE DROP

".0 .H =299 F

---- /--. 
TH = 614'F

TEST SECTION PRESSURE DROP

I I I I I0
0 20 40 60 80

TIME AFTER FLOOD - SEC

100

Figure 3-58. Effect ot Housing Temperatureon Downcomer arw Test
Section Pressure Drops
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RUN CONDITIONS RUN 4311 RUN 5316 RUN 5413

INITIAL CLAD TEMP 1105 U107 1125 OF
PEAK POWER .646 .646 .646 KW/FT

PRESSURE 60 61 61 PSIA

INLET COOLANT TEMP 151 159 155 -F
COOLANT INJECTION RATE 9.7 10.1 10.8 LB/SEC FIRST 14 SEC

1.2 1.18 1.25 LB/SEC ONWARD
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Figure 3-59. Effect of Housing Temperature on Midplane Clad
Temperature and Heat Transfer Coefficient
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the energy release of 16.8 additional heater rods by increasing the rod power

does not result in the same steam generation rate and, therefore, the system

transient response as obtained by heating the housing.

The data reported in this section indicates that if the housing is heated

to the saturation temperature and the rod peak power is varied, the midplane

heat transfer coefficient increases slightly as the power is raised. The

opposite trend is noted (Section 3.5) when the housing was heated according

to the FLECHT housing criterion. However, the housing temperatures are

significantly different for different peak powers when the FLECHT housing

criterion is used. The heat transfer coefficients obtained during these

runs were nearly the same initially, but the steam generated by the housing

resulted in a slower moving quench front and thus a lower heat transfer

coefficient later in time.

In the Phase B tests the local heat release and steam generation rate from

housing will have to be equal to the equilivalent number of rods, or the

transient behavior of the system will be forced incorrectly by the housing

quenching behavior. Presently, no one easy method exists to accomplish this

goal, and tests, already indicated in the Phase B test matrix, will be utilized

to investigate some of the following methods proposed to model the housing

heat release rate:

1. Decrease the housing temperature but continue to supply heat

to the housing so that the total housing energy is released

over the correct time period.

2. Increase the power to the outer two rows of heater rods so that

the correct power per flow area ratio is maintained and the

housing is heated to the saturation temperature. The effect of

the location of the hot rods can be examined by using a random

pattern of rods with higher power.
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3.5 PARAMETER EFFECTS

Bundle and system parameters were varied to determine their effects on the

reflooding behavior of the FLECHT-SET system. The bundle parameters were

inlet subcooling, initial clad temperature, rod power, containment pressure,

and injection rate. These are the same parameters varied in the FLECHT

program to determine the reflood heat transfer sensitivity (References 1

and 2).

In the FLECHT program one parameter could be easily varied and the reflooding

heat transfer sensitivity determined. In the FLECHT-SET tests the flooding

rate was a dependent variable determined by the system response to the bundle

parameter changes. Since the system responded to the single parameter change,

the effects of this change are difficult to identify and quantify. It should

also be noted that some of the earlier runs would have been repeated if both

additional time had been available and excessive rod thermocouple failures

had not forced termination of the testing. Similar parameter variations will

be investigated in the Phase B series.

3.5.1 Inlet Coolant Subcooling

The effect of inlet subcooling on injection water temperature was studied at

both 20 and 60 psia containment pressures and was found to be a sensitive

parameter. Unfortunately, the coolant subcooling could not be reduced

sufficiently at 60 psia to cover the same subcooling range and subcooling

effects as at the lower pressure.

As the injection water subcooling decreased:

1. The steam flow increased.

2. The mass stored in the bundle decreased.

3. The resulting flooding rate decreased.

4. The midplane heat transfer coefficient decreased.

The hotter injection water was more easily vaporized in the bundle, resulting

in more bundle steam generation. Since the loop resistance was fixed, the

increased steam flow increased the loop pressure drop, which retarded the
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bundle flooding rate and resulted in less mass inventory stored in the

bundle. The calculated flooding rate for the two cases is shown in Figure

3-60, and the bundle mass inventory and the liquid collected are shown in

Figure 3-61.

The effect of the decreased injection water subcooling on the quench front and

midplane heat transfer coefficient is shown in Figures 3-62 and 3-63,

respectively. Decreasing the subcooling results in a decrease in quench

front velocity, since both the flooding rate and bundle mass inventory have

decreased. The decreased quench front velocity is similar to that observed

in FLECHT data (Reference 2).

The midplane heat transfer coefficient was observed to be lower for the

hotter injection water case before temperature turnaround. The quench time

for Run 3320 was also observed to be longer than for Run 3117. When comparing

the subcooling effect in the FLECHT data at 20 psia (Reference 1), the

subcooling effect was observed to have a smaller effect on the FLECHT midplane

heat transfer coefficient since the flooding rate was constant and was not

influenced by the steam generation as in FLECHT-SET. The rod temperature

rise was also observed to be higher for the lower subcooling case in Run 3320

due to the reduced flooding rate and midplane heat transfer coefficient.

The decreased subcooling effect on the heat transfer coefficient is more

pronounced at later times since both the flooding rate is lower and less

mass is stored in the bundle. The decreased subcooling increases the

void fraction at the hot spot because of the greater distance from the quench

front and results in a decreased heat transfer coefficient. In the

FLECHT tests (Reference 2), the decreased injection subcooling had a

similar effect although the flooding rate remained constant.
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RUN CONDITIONS RUN 3117 RUN 3320

INITIAL CLAD TEMP 1113 1073 F

PEAK POWER 0.7 0.7 KW/FT

PRESSURE 19.9 19.5 PSIA

INLET COOLANT TEMP 159 195 OF

COOLANT INJECTION RATE 11.22 11.50 LB/SEC FIRST I4 SEC

1.16 1.17 LB/SEC ONWARD

4 1--

RUN 3117
","•m RUN 3320

3
C.
LU

CD,

2

1

AT suB 69iF /ii

'.. ATSUB = 330F

wo 00,

I I I I I
0

0 100 200 300

TIME AFTER FLOOD - SEC

o00 500

Figure 3-60. Effect of Inlet Subcooling on Flooding Rate
at 20 Psia Containment Pressure
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RUN CONDITIONS RUN 3117 RUN 3320

INITIAL CLAD TEMP 1113 1073 F

rAK PUWER 0.7 U.17 KWI/
PRESSURE 19.9 19.5 PSIA

INLET COOLANT TEMP 159 195 F

COOLANT INJECTION RATE 11.22 11.50 LB/SEC FIRST 14 SEC

1.16 1.17 LBISEC ONWARD

12

RUN 3117

i , , RUN 3320

10 8

U4%

U-

ý7--

,-i

•-J-J
w 69-TSUB =6

#01"•'TSuB = 33'F

2 j*'

oII I, I
0 100 200 300 400 500

TIME AFTER FLOOD - SEC

Figure 3-62. Effect of Inlet Subcooling on the Roxd •iench Front Envelope

at 20 Psia Containment Pressure
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50

RUN CONDITIONS RUN 3117 RUN 3320

INITIAL CLAP TEMP 1113 1073 F
PEAK POWER 0.7 0.7 KW/FT g
PRESSURE 19.9 19.5 PSIA ROD 7D-6'

u- 140 INLET COOLANT TEMP 159 195 F

COOLANT INJECTION RATE 11.22 11.50 LB/SEC FIRST .Ii SEC
1.16 1.17 LB/SEC ONWARDI- __-__ __ _CII

30 RUN 3117

RUN 3320

\Ts 69 F

U- SUB

,-

LU

=lo~mf "td,.,.'

o so , so000 luompo

U- FO
CAu"

6^1 SUB

10 tooII

0 50 100 150 200 250 300
TIME AFTER FLOOD -SEC.

Figure 3-63. Effect of Inlet Subcooling on Midplane Heat Transfer Coefficient
at 20 Psia Containment Pressure
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Plots of the steam flow, mass storage in the bundle, and the midplane heat

transfer coefficient are shown in Figures 3-64 and 3-65 for 60 psia. These

plots indicate that the subcooling effect is not nearly as sensitive as

for 20 psia.

It is expected that the subcooling effect would not be as sensitive at higher

pressures for the same degree of subcooling. Even though the coolant would

start boiling at nearly the same elevation in the core for the same flooding

rate, the density of saturated steam is 2.8 times higher at 60 psia than at

20 psia. The void fraction in the bundle, the steam velocity, and

possibly the liquid entrainment would all be lower at higher pressures. Thus,

one would expect that very early in the transient the midplane heat transfer

coefficient would be improved at 20 psia over that at 60 psia by decreased

subcooling because of the higher steam velocity and liquid entrainment.

Later in time, however, the reduction of the midplane heat transfer coefficient

should be greater at 20 psia than at 60 psia because of the higher void

fraction and greater distance from the quench front at 20 psia.

3.5.2 Initial Clad Temperature

The effect of initial clad temperature was investigated at both 20 psia and

60 psia containment pressures. The results generally showed similar trends

at both pressures, namely a faster quench front rise and a higher midplane

heat transfer coefficient for lower initial clad temperatures.

The 20 psia runs analyzed were Run 3117 (Tinitial = -1113F), .Run 2718

(Tinitial - 1400*F), and Run 2919 (Tinitial - 912*F). The gross bundle

parameters: midplane temperature rise, turnaround time, and quench time, are

shown in Figure 3-66. The temperature rise and turnaround time both decreased

with increasing initial temperature while the quench time increased (Figure 3-66).

Previous FLECHT results (Reference 2) also indicate that temperature rise

and turnaround time decrease with increasing initial temperature. However,

the FLECHT data indicate that the quench time is not sensitive to the

initial temperature, whereas the FLECHT-SET data clearly show that as the

initial temperature increases the resulting quench time increases. The increased

quench time in FLECHT-SET is due to the feedback effect of the bundle energy
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RUN CONDITIONS RUN 4923 RUN 3928

INITIAL CLAD TEMP liII 1102 F
PEAK POWER 0.7 0.7 KWIFT
PRESSURE 61.0 61.9 PSIA
INLET COOLANT TEMP 158 201 F

COOLANT INJECTION RATE 10.52 12.02 LB/SEC FIRST 14 SEC
1,19 1.37 LBISEC ONWARD

0 100

50

0
0 100 200 300 400

TIME AFTER FLOOD - SEC

on
w

0

100

50

0

RUN 3928
RUN 3928 MASS IN BUNDLE

\ T S B = 1 3 4' F -- - o.m,.o om,

\- . ASUB = 91 F

0 100 200 300 400

TIME AFTER FLOOD - SEC

Figure 3-64. Effect of Inlet Subcooling on the Vapor Generated awl Mass
Stored in the BEundle at 60 Psia Containment Pressure
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RUN CONDITIONS RUN 4923 RUN 3928

INITIAL CLAD TEMP IIII 1102 F F

PEAK POWER 0.7 0.7 KW/FT

PRESSURE 61.0 61.9 PSIA

INLET COOLANT TEMP 158 201 F

COOLANT INJECTION RATE 10.52 12.02 LB/SEC FIRSTIjSEC

1.19 1.37 LB/SEC ONWARD

100

RUN 4923

RUN 3928

u- 80

U- ROD 7D-6'

60

Uw

8 40
o:: NTsuB = 91 F.--N
LA

.-- ATSUB 134'-F
•:20-

0 • I I I I

0 20 40 60 80 100 120

TIME AFTER FLOOD - SEC

Figure 3-65. Effect of Inlet Subcooling on the Midplane Heat Transfer

Coefficient at 60Psia Containment Pressure

3-107



600

U,
500

j=400

~300

al-
iE2D0

0

200
LU

1 150
LU

S100

~50

0
I I I II I I;0

800

I I I I 1 1
900 1000 1100 1200 1300 1400

INITIAL CLAD TEMP - 'F

"I,€
800 900 1000 1100 1200 1300 1400

INITIAL CLAD TEMP - 'F

0-0

400

300

F-200

9 100

(0 II I I I I I I
V

800 900 1000 1100 1200 1300 1400
INITIAL CLAD TEMP - F
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and Quench Time at 20 Psia Containment Pressure
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heat releases on the flooding rate. The rod and the housing initial

Kj temperatures are increased for Run 2718 such that the total stored energy

in the bundle is increased. Since more energy must be removed for a given

loop pressure drop, and therefore steam flow rate, it takes longer to quench

the bundle.

A closer examination of the data indicates that increasing the initial clad

temperature decreases the mass storage in the bundle and the average flooding

rate, and delays the time at which liquid collection begins as shown in

Figure 3-67. The calculated flooding rates are shown in Figure 3-68 and

the quench front profile in Figure 3-69 for these cases. The measured midplane

heat transfer coefficient is shown in Figure 3-70 and indicates that the heat

transfer coefficient is nearly the same for all three runs in the very early

portion of the transient (t < 20 seconds), after which the heat transfer

coefficient for the higher initial temperature runs increased more slowly.

The observed heat transfer behavior can be related to the mass storage in

the bundle at different times. For both Runs 3117 and 2919, the mass storage

is greater than for Run 2718, resulting in an increase in the midplane heat

transfer coefficient. The flooding rate also has an effect on the heat trans-

fer behavior but it appears to be less sensitive than the bundle mass storage

effect.

Similar trends in temperature rise, turnaround time, and quench time were

observed in the 60 psia runs as shown in Figure 3-71. The runs analyzed

in detail were: Run 4825 (Tinitial O 712-F), Run 4923 (Tinitial 11110iF),

and run 4024 (Tinitial - 1402*F). The details of the runs were, however,

different than those observed at 20 psia.

The vapor flow and, therefore, the loop pressure drop were observed to

increase with increasing initial temperature. This resulted in decreased

mass storage in the bundle as the initial temperature increased as shown

in Figure 3-72. The increased mass storage in the bundle for the lower
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6959-8

RUN CONDITIONS RUN 2718 RUN 2919 RUN 3117
INITIAL CLAD TEMP 1399 912 1113 F

PEAK POWER 0.7 0.7 0.7 KW/FT

PRESSURE j9.§ 19,6 19.9 PSIA

INLET COOLANT TEMP 156 153 159 F
COOLANT INJECTION RATE 9.83 10.10 11.22 LB/SEC FIRST IL.' SEC

1.23 1.20 1.16 LB/SEC ONWAPD

200 I- RUN 2718
RUN 2919
RUN 3117

TCLAD.= 1399 0 F`-ý

1113 OF

912OFQIC.E.;
LIQUID COLLECT~ti•.--,/-J

I100

0

MASS IN BUNDLE

0 100 200 300 4O0 500

TIME AFTER FLOOD - SEC

Figurf" 3-67. Effect of Initial Clad Temperature ol the Mass Remaining in
the Butndle and the Mass of Liquid Collected in the Separator
Tank at 20 Psia Con'tainment Pressure
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RUN CONDITIONS RUN 2718 RUN 2919 RUN 3117

INITIAL CLAD TEMP 1399 912. 1113 F

PEAK POWER 0.7 0.7 0.7 KW/FT

PRESSURE 19.6 19.6 19.9 PSIA

INLET COOLANT TEMP 156 153 159 -F

COOLANT INJECTION RATE 9.83 10.10 11.22 LB/SEC FIRST I4 SEC

1.23 1.20 1.16 LB/SEC ONWARD

RUN 2718

I. RUN 2919
RUN 3117

wj 3

912" F

2
TCLAD = II13c'F ,_ .

0oo 200 300 00 500 600

TIME AFTER FLOOD - SEC

Figure 3-68. Effect of Initial Clad Temperature on Flooding Rate at

20 Psia Containment Pressure
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RUN CONDITIONS RUN 2718 RUN 2919 RUN 3117
INITIAL CLAD TEMP 1399 912 1113 OF
PEAK POWER 0.7 0.7 0.7 KW/FT
PRESSURE 19.6 19.6 19.9 PSIA
INLET COOLANT TEMP 75'6 153 159 OF

COOLANT INJECTION RATE 9,8 10.10 11.22 LB/SEC FIRST 14 SEC
1.23 1.20 1.16 LB/SEC ONWARD
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101-
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3,F

RUN 2718

- - - -- RUN 2919
RUN 3117
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RUN CONDITIONS RUN o024 RUN 4825 RUN '923
INITIAL CLAD TEMP 14-02 712 ilII OF

PEAK POWER 0.7 0.7 0,7 KW/FT
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the bundle to quench faster, resulting in improved flooding rate and heat transfer

as shown in Figures 3-73, 3-74, and 3-75. There was no indication of a signifi-

cant increase in the onset of liquid collection with increasing initial tempera-

ture as shown in Figure 3-72. The rate of liquid collection was somewhat lower

for the higher initial temperature, indicating more vaporization occurring in

the bundle above the quench front.

3.5.3 Peak Power Generation

The effect of peak power generation was investigated at both 20 psia and

60 psia. The three 20 psia runs analyzed were: Run 2822 (0.4 kw/ft peak),

Run 3117 (0.7 kw/ft peak), and Run 3421 (1.0 kw/ft peak). The injection

flow rates and pressure conditions were nearly the same for these runs as well

as the downstream loop resistance. As the rod peak power increased, the

housing initial temperature was increased according to the FLECHT housing

criterion as given in Section 2.4. This series of tests then became a two-

parameter series of tests (Section 3.4): rod peak power and housing initial

stored energy. The effect of rod peak power with the housing heated to

the saturation temperature was discussed in Section 3.4 and it was observed

that increasing the rod power increased the rod quench time but did not

significantly change the midplane heat transfer coefficient.

By heating the housing to match the heat input of an equivalent row of rods,

a housing effect was superimposed on Runs 2822, 3117, and 3421. The midplane

temperature rise, turnaround time, and quench time all increased with

increasing peak rod power and housing temperature as shown in Figure 3-76.

The mass balance for each run indicates that, as the rod power and housing

temperature increase, the mass stored in the bundle decreases, steam flow

in the loops increases, and the rate of water collection in the collection

tanks decreases. These trends indicate that as the rod power and housing

temperature increase, more of the water is vaporized before leaving the bundle.

The mass storage in the bundle and the liquid collected are shown in Figure 3-77,

and the flooding rate is shown in Figure 3-78.,
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RUN CONDITIONS RUN '40214 RUN 4825 RUN 4923

INITIAL CLAD TEMP 1402 712 111I F
PEAK POWER 0.7 0.7 0.7 KW/FT

PRESSURE 59.0 60.3 61.0 PSIA

INLET COOLANT TEMP 155 156 158 F

COOLANT INJECTION RATE 10.99 10.77 10.52 LB/SEC FIRST 14 SEC

1.1 1.21 1,19 LB/SEC ONWARD
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Figure 3-73. Effect of Initial Clad Temperature on Flooding Rate at

60OPsia Contairnment Pressure
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RUN CONDITIONS RUN 4024 RUN '825 RUN 4923

INITIAL CLAD TEMP 1102 712 IIII F
PEAK POWER 0.7 0.7 0.7 KW/FT

PRESSURE 59.• 60.3 61.0 PSIA
INLET COOLANT TEMP 155 156 158 F

COOLANT INJECTION RATE 10.99 10.77 10.52 LB/SEC FIRST 14 SEC
1.4 1.21 1.19 LBISEC ONWARD
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RUN CONDITIONS RUN 3421 RUN 2822 RUN 3117

INITIAL CLAD TEMP 1098 1092 1113 F

PEAK POWER 1.0 0.4 0.7 KW/FT

PRESSURE 20.0 19.3 19.9 PSIA

INLET COOLANT TEMP 161 163 159 F

COOLANT INJECTION RATE 11.78 11.00 11.22 LB/SEC FIRST I4 SEC

1.20 1.16 1.16 LB/SEC ONWARD
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Figure 3-77. Effect of Peak Power on the Mass Remaining in the Bundle' and the Liquid Coll ectc•,

in the Separator Tank at 20 Psia Containment Pressure



RUN CONDITIONS RUN 3421 RUN 2822 RUN 3117

INITIAL CLAD TEMP 1098 1092 1113 OF

PEAK POWER 1.0 0.4 0.7 KW/FT

PRESSURE 20.0 19.3 19.9 PSIA

INLET COOLANT TEMP 161 163 159 OF
COOLANT INJECTION RATE 11.78 11.00 11.22 LB/SEC FIRST 141 SEC

1.20 1.16 1.16 LB/SEC ONWARD
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Figure 3-78. Effect of Peak Power on the Flooding Rate
at 20 Psia Containment Pressure
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The effect of increasing the steam flow rate with increasing rod power and

housing temperature results in a larger loop pressure drop which, in turn,

decreases the bundle flooding rate, shown in Figure 3-78. The result of

decreasing the flooding rate and the mass storage in the bundle is reflected

in the slower quench front velocity (Figure 3-79) and lower midplane heat

transfer coefficient (Figure 3-80).

The effect of peak power variation was also investigated at 60 psia; however,

these tests were some of the earliest Phase A tests conducted and used

coolant injection at the top of the downcomer. The condensation problem

observed using this mode of injection has already been discussed and

these tests were to be rerun. However, the heater rod thermocouple complement

was less than 50 percent of the original number forcing the termination of

testing before these runs were repeated. These test conditions will be

examined in Phase B of FLECHT-SET.

3.5.4 Containment Pressure

The effect of containment pressure was analyzed in Run 3117 (20 psia),

Run 4530 (40 psia), and Run 4923 (60 psia). All other conditions were

approximately the same except that the high injection flow rate was somewhat

lower for the 20 psia test. Since the inlet temperature was maintained the

same, the subcooling was different for each test, making this comparison a

double parameter effect instead of just a single parameter test.

Another problem which hinders data interpretation is the condensation effect

observed in the overflow tanks for the 20 psia run. As mentioned in Section

3.3.2, when overflow occurred the steam in the overflow tank condensed,

causing a local pressure difference between the downcomer and the containment

tank which resulted in flow from the containment to the downcomer. This

additional pressure drop, resulting from the steam flow through a small

diameter vent line, was estimated to be between 1 and 2 psia while overflow

occurred and caused a reduction in the effective downcomer head. Decreasing

the downcomer driving head reduced the mass storage in the bundle, the flooding

rate, and resulted in increased temperature rise, turnaround times, and

quench times for the 20 psia tests. The Phase B design had addressed this
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RUN CONDITIONS RUN 3421 RUN 2822 RUN 3117
INITIAL CLAD TEMP 1098 1092 1113 F
PEAK POWER 1.0 0.4 0.7 KW/FT
PRESSURE 20.0 19.3 19.9 PSIA

INLET COOLANT TEMP 161 163 159 F
COOLANT INJECTION RATE 11.78 11.00 11.22 LB/SEC FIRST 1I4 SEC

1.20 1.16 1.16 LB/SEC ONWARD
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Figure 3-79. Effect of Peak Power on Rod and Housing Quench Front Behavior at 20 Psia Containment Pressure
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problem, and a larger vent path from the downcomer to the containment has

been provided. It is believed that by allowing ample flow from the contain-

ment, the pressure at the top of the downcomer should not decrease. While

the housing effect was not analyzed at 20 psia, it is felt that the large

initial steam generation rates caused by the housing heat release had a

significant effect on the 20 psia data. The larger volume of steam generated

at 20 psia would have reduced the flooding rate the bundle mass storage and

the midplane heat transfer coefficient even more than was observed at 60 psia.

The combined effects of subcooling and pressure on the bundle midplane

temperature rise, turnaround time, and quench time are shown in Figure 3-81.

All three quantities are shown to decrease as containment pressure increases.

Similar trends have been observed in the FLECHT program over a wider range

of pressures with constant subcooling effects (Reference 2).

The loop resistance was the same for these tests and it was observed that the

experimentally measured loop pressure drop was also very nearly the same.

Since the steam mass flow through the loop is proportional to the square

root of the product of the vapor density and loop pressure drop, increasing

the system pressure increases the fluid density and results in an increased

vapor mass flow for the same loop pressure drop. Thus a 19 percent higher

mass flow can be achieved at 60 psia than at 40 psia which is consistent

with the measurements. A comparison of the measured vapor flow rates is given

in Figure 3-82. Since more steam can pass through the loop for a given loop

pressure drop, more heat can be removed from the bundle (enthalply of vaporiza-

tion differences are small) and the quench front will advance more rapidly

into the bundle for higher pressures as shown in Figure 3-83. Figure 3-84

shows that the bundle mass storage increases with increasing pressure, and

that the majority of the entrained water does not reach the collection tank

until after the bundle has quenched for the 60 psia and 40 psia runs. In this

case, the large collection rate in the collection tanks is due to overflow,

since the bundle steam generation has sharply decreased as shown in Figure 3-82.
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RUN CONDITIONS RUN 4923 RUN 3117 RUN 4530

INITIAL CLAD TEMP IIII 1113 1112 ýF
PEAK POWER 0.7 0.7 0.7 KWIFT
PRESSURE 61.0 19.9 39.6 PSIA
INLET COOLANT TEMP 158 159 161 F

COOLANT INJECTION RATE 10.52 11.22 8.8 LB/SEC FIRST .L, SEC
1.19 1.16 1.22 LB/SEC ONWARD
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RUN CONDITIONS RUN 4923 RUN 3117 RUN 1530

INITIAL CLAD TEMP 1III 1113 1112 F

PEAK POWER 0.7 0.7 0.7 KW/FT

PRESSURE 61.0 19.9 39.6 PSIA

INLET COOLANT TEMP 158 159 161 F

COOLANT INJECTION RATE 10.52 11.22 8.8 LB/SEC FIRST 14 SEC

1.19 1.16 1.22 LB/SEC ONWARD
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RUN CONDITIONS RUN 4923 RUN 3117 RUN 4530
INITIAL CLAD TEMP IIII 1113 1112 F
PEAK POWER 0.7 0.7 0.7 KW/FT
PRESSURE 61.0 19.9 39.6 PSIA
INLET COOLANT TEMP 158 159 161

COOLANT INJECTION RATE 10.52 11.22 8.8 LBISEC FIRST I. SEC
1.19 1.16 1.22 LB/SEC ONWARD
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Figure 3-84. Effect of Containment Pressure on Mass Remaining in Buindle
andl Liquid Collected in Separator Tank
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A comparison of the flooding rates is shown in Figure 3-85 for the three

different tests. While the 60 psia and 40 psia tests had the same amount of

mass injected into the bundle for the first 200 seconds, more mass remained

in the bundle for the 60 psia test, which thereby increased the heat transfer

coefficient as seen in Figure 3-86.* The 20 psia run had a considerably lower

flooding rate, less mass storage, and poorer heat transfer coefficient

than either of the other higher pressure tests. Again, it should be

emphasized that the housing effect would be more severely felt at the

lower pressure than at higher pressures. Also, the condensation observed

in the downcomer also decreases the driving head at 20 psia as compared with

the other pressures. These two additional effects help make the 20 psia

heat transfer data lower than the higher pressure data.

The flooding rate variations seen in Figure 3-85 are due to the transient

interaction of the steam generation, loop pressure drop, and mass accumulation

in the bundle, A detailed description of the flooding rate history and these

interactions has been given in Section 3.3.1.

3.5.5 Injection Rate

The effect of coolant injection rate into the downcomer was examined at both

60 and 20 psia. The 20 psia runs examined were Run 3006 (1.17 lbm/sec constant

injection), Run 2605 (5.7 lb/sec for 28 seconds and 1.23 lb/sec onward), and

Run 3117 (11.22 lbm/sec for 14 seconds and 1.16 lbm/sec onward). The injection

rates for all three cases are shown in Figure 3-87, while the calculated

bundle flooding rates are shown in Figure 3-88. As can be seen in Figure 3-88,

the tests with the larger initial injection rate have an early surge of

coolant into the bundle. This is caused by the larger downcomer driving head

for the higher initial injection rates, which forces the coolant further into

the bundle and results in a rapid rise of the vapor for rate which retard the

inflow of water.

The mean downcomer head for each run is shown in Figure 3-89, indicating

that the higher injection rate quickly fills the downcomer and results in

a larger driving head earlier in time. The initial surge of water into the
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RUN CONDITIONS RUN 4923 RUN l117 RUN 49R0
INITIAL CLAD TEMP liII 1113 1112 F
PEAK POWER 0.7 0.7 0.7 KW/FT
PRESSURE 61.0 19.9 39.6 PSIA
INLET COOLANT TEMP 158 159 161 F

COOLANT INJECTION RATE 10.52 11.22 8.8 LB/SEC FIRST I4 SEC
1.19 1.16 1.22 LB/SEC ONWARD
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RUN CONDITIONS RUN 4923 RUN 3117 RUN 4530

INITIAL CLAD TEMP IIII 1113 1112 F

PEAK POWER 0.7 0.7 0.7 KWIFT

PRESSURE 61.0 19.9 39.6 PSIA
INLET COOLANT TEMP 158 159 161 F

COOLANT INJECTION RATE 10.52 11.22 8.8 LB/SEC FIRST I4 SEC
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Figure 3-86. Effect of Containment Pressure on Midplane Heat Transfer Coefficient
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RUN CONDITIONS RUN 2605 RUN 3006 RUN 3117
INITIAL CLAD TEMP 1104 1115 1113 'F

PEAK POWER 0.7 0.7 0.7 KW/FT
PRESSURE 19.6 20. I 19.9 PSIA
INLET COOLANT TEMP 157 162 159 -F
COOLANT INJECTION RATE 5.7FOR 28 SEC 1.17 11.22 FOR I14 SEC LB/SEC

1.23 1.17 1.16 LB/SEC ONWARD
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Figure 3-87. Injection Flood Rates at 20 Psia
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RUN CONDITIONS - RUN 2605 RUN 3006 RUN 3117

INITIAL CLAD TEMP 1I10" 1115 1113 -F

PEAK POWER 0.7 0.7 0.7 KW/FT

PRESSURE 19.6 20.1 19.9 PSIA

INLET COOLANT TEMP 157 162 159 -F

COOLANT INJECTION RATE 5.7 FOR 28 SEC 1.17 11.22 FOR I4 SEC LB/SEC

1 .23 1.17 1.16 LB/SEC ONWARD
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Figure 3-88. Flooding Rates for Runs 3117, 3006, and 2605
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RUN CONDITIONS RUN 2605 RUN 3006 RUN 3117

INITIAL CLAD TEMP I10 1115 1113 F
PEAK POWER 0.7 0.7 0.7 KWIFT

PRESSURE 19.6 20.1 19.9 PSIA
INLET COOLANT TEMP 157 162 159 F
COOLANT INJECTION RATE 5.7FOR 28 SEC 1.17 11.22 FOR I4 SEC LBISEC

1.23 1.17 1.16 LB/SEC ONWARD
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Figure 3-89. Downcomer Elevation for Runs 2605, 3006, and 3117
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bundle is reflected in the larger heat transfer coefficients during the early

portion of the transient, as shown in Figure 3-90 and the faster moving quench

front, as shown in Figure 3-91. Both Runs 3117 and 2605 had higher midplane

heat transfer coefficients initially and for the remainder of the transient

than did Run 3006, which had a lower constant injection rate.

The rate at which the water is injected into the downcomer also influences

the heat transfer coefficient, particularly at early times. Comparing

Runs 3117 and 2605, the high injection rates were such that in Run 2605

the mass injection rate was reduced to nearly one-half that of Run 3117, but it

was extended for twice the time so that nearly the same total mass was

injected into the downcomer. The effect of different initial mass injection

rates at early times can be seen in Figure 3-90, which indicates that the

larger the initial injection rate, the greater the rod heat transfer

coefficient in the initial period of the transient. It is believed that the

heat transfer coefficient increase is caused by the larger downcomer head

which forces more coolant into the bundle resulting in a lower void fraction

at the hot spot and more steam generation (energy removed). At later times,

the heat transfer coefficients are nearly the same because, at later times,

the downcomer head, bundle mass storage and vapor flow rate are nearly the

same for the two runs.

The effect of injection rate on the midplane heat transfer was also

investigated at 60 psia by examining Runs 2023 (10.04 ibm/sec for 14 seconds

and 1.38 lbm/sec onward), and Run 1709 (1.316 lbm/sec constant). The same

trends were observed in the 60 psia data as in the 20 psia data, except

that the difference in the heat transfer coefficient was more pronounced.

The heat transfer coefficients for these two tests are shown in Figure 3-92,

which clearly indicates that the higher injection rate at early time improves

the heat transfer coefficient considerably. The corresponding flooding rates

and downcomer elevations for these two tests are shown in Figure 3-93 and

indicate that the higher injection rate quickly built up a large downcomer

driving head which forced water into the bundle. Because of the large

difference in the density of saturated steam and degree of subcooling between

the 60 psia and 20 psia tests, the same downcomer head will result in more

mass storage in the bundle and less loop pressure drop. Therefore, the
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RUN CONDITIONS RUN 2605 RUN 3006 RUN 3117
INITIAL CLAD TEMP 1104 1115 1113 - F
PEAK POWER 0.7 0.7 0.7 KW/FT

PRESSURE 19.6 20.1 19.9 PSIA

100 IEI.II WUULAMIl ILMP 1i)Z I _ _ I I
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LI O II I
U- i
S40I

LU.

20 --

0I
0 100 200 300 400

TIME AFTER FLOOD (SEC)

Figure 3-90. Midplane Heat Transient Coefficient for Runs 2605, 3006, and 3117
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RUN CONDITIONS RUN 2605 RUN 3006 RUN 3117

INITIAL CLAD TEMP I10 Ills 1113 F

PEAK POWER 0.7 0.7 0.7 KW/FT

PRESSURE 19.6 20.1 19.9 PSIA

INLET COOLANT TEMP 157 162 159 F

COOLANT INJECTION RATE 5.7 FOR 28 SEC 1.17 11.22 FOR I4 SEC LBISEC

1.23 1.17 1.16 LB/SEC ONWARD

I-.

I--

0

U-

=

0V)

12

I0

8

6

4

2

0

RUN 3006
Iiniu~umiinRUN 26051

RUN 3117

5
5000 100 200 300 400

TIME AFTER FLOOD - SEC

U-

I

a-0,

-j

U-I

o=

uI

0

12

I0

8

6

4

2

0
0 100 200 300 400 500

TIME AFTER FLOOD - SEC

Figure 3-91. Rod Quench Envelope and Housing Quench Front for Runs 3117,
2605, and 3006
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RUN CONDITIONS RUN 1709 RUN 2023
INITIAL CLAD TEMP 1106 1112 F
PEAK POWER 0.7 0.7 KW/FT

PRESSURE 60.3 59.4 PSIA
INLET COOLANT TEMP 168 161 F

COOLANT INJECTION RATE 1.316 10.04 LB/SEC FIRST l14 SEC
1.38 LB/SEC ONWARD

100 -

LL

u-

I-.

U-
LUJ

LL

C-,

LU

Qz

I-

80

60

40

I *10

RUN 2023

II RUN 1709

I00%

ODA*

20

0 I I
0 50 100 150

TIME AFTER FLOOD - SEC

200

Figure 3-92. Midplane Heat Transfer Coefficient for Runs 1709 arnd 2023, Rod 7D
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RUN CONDITIONS RUN 1709 RUN 2023

INITIAL CLAD TEMP 1106 1112 OF

PEAK POWER 0.7 0.7 KW/FT
PRESSURE .60.3 59. PSIA

INLET COOLANT TEMP 168 164 OF
COOLANT INJECTION RATE 1.32 10.014 LB/SEC FIRST 14 SEC

1.32 1.37 LB/SEC ONWARD

16 8

2023 7

1, -/ 2023 -

,-12DOWNCOMER HEAD

12 % FLODN RAE6' 179

0/

/1709

0 Aoioi0 0 5

CD,

8 / I

6 2023 3

__oFLOODING RAT 5 1709 2

0 0

0 50 100 150 200 250

TIME AFTER FLOOD - SECONDS

Figure 3-93. Downcomer Elevations and Flooding Rate, Runs 1709 and 2023
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initially high flooding rate quenches the bundle and housing at the lower

elevations very quickly and thereby allows a higher flooding rate, more mass

storage in the bundle, and a larger midplane heat transfer coefficient. Both

of these 60 psia tests were conducted with injection at the top of the

downcomer and were affected by the condensation in the downcomer as discussed

in Section 3.3.2.

Therefore, both 20 and 60 psia reflood heat transfer coefficients improve

as the initial injection flow rate into the downcomer is increased.
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SECTION 4

SUMMARY AND CONCLUSIONS

4.1 FLECHT-SET PHASE A CONCLUSIONS

1. The flooding rate transient generally began with large oscillations in the

liquid levels in the downcomer and test section. The period of the oscil-

lations was %3 seconds, which is the period of liquid level oscillations

of a U-tube with the same dimensions. The oscillations are driven by the

very high heat release rate present early in the transient. It was found

that the quenching of the test section housing was largely responsible for

the initially high heat release rate. It is expected that similar

oscillations, although of smaller amplitude, would occur during the

reflood of a PWR.

2. The measured midplane heat transfer coefficients generally show considerable

margin over those obtained from the FLECHT heat transfer correlations

presented in Reference 1, using the measured flooding rate and a simple

time shift to account for the flooding rate history. The margin in

measured over predicted heat transfer coefficients existed for tests

exhibiting large and small oscillations of the core liquid level (i.e.,

Runs 4923 and 4311). It was also noted that when there were liquid level

oscillations but the mean flooding rate was nearly constant, as in

Runs 1709 and 3006, the margin between measured and predicted heat transfer

coefficients was considerably reduced. Thus, the largest margin exists

when there are large variations in the mean flooding rate. Therefore,

the method used to predict the heat transfer coefficient is very conservative

when the mean flooding rate varies with time. An improved method is

required to better predict the heat transfer coefficients when the flooding

rate varies with time to remove some of the conservatism which exists in the

present method.
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3. There was a significant delay (100 to 200 seconds) before water from the

test section collected in the separator at the end of the hot leg. The

delay was caused by the storage of water in the upper plenum and upper plenum

extension of the test section. The effect the test section geometry had

on the accumulation of water in the upper plenum and upper plenum extension

is not known at this time. Additional tests are planned in Phase B to

determine the importance of the upper plenum geometry. However, this

separation effect is present in a PWR upper plenum and it is expected that

a PWR upper plenum would also accumulate a significant amount of water.

The separation effect of the upper plenum is important since it affects

the two-phase quality of the mixture flowing into the steam generators

and the energy release rate to the containment.

4. The average flooding rates determined for the tests were observed to

fluctuate considerably even after the large 3-second-period oscillations

had decayed. The fluctuations in flooding rate are caused by the same

phenomenon observed in many two-phase flow systems and have been described

as density wave oscillations. A perturbation which results in an increase

in flooding rate initially causes a decrease in steam flow rate as the

void generation is decreased. The resulting decreased loop pressure drop

results in a further increase in flooding rate. Eventually the steam

generation rate increases because the quench front moves up faster,

releasing more stored heat; also the difference between test section

pressure drop and downcomer head results in less driving heat and the

flooding rate decreases. These fluctuations have been observed to have a

period of A50 seconds. Similar fluctuations are expected to occur in a

PWR.

5. As expected from the constant flooding rate FLECHT tests, the containment

pressure had the most significant effect on the transient. The quench

time, turnaround times and temperature rise generally decreased and heat

transfer coefficients increased as the containment pressure increased.
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6. Similar to the constant flooding rate FLECHT tests, the inlet subcooling

had a significant effect. The steam flow rate increased while the mass stored

in the bundle, flooding rate, and midplane heat transfer coefficient decreased

as the subcooling decreased. This is to be expected since the core elevation

where void generation begins decreases as the subcooling decreases for a given

flooding rate.

7. Increasing the initial clad temperature resulted in decreased midplane

temperature rise and turnaround time and increased quench times. With

20 psia containment pressures an increased initial clad temperature

resulted in water being collected in the separator tank earlier in time,

indicating that more entrained liquid was carried out of the test section.

With 60 psia containment pressures, an increased initial clad temperature

also increased the vapor flow rate and decreased the mass stored in the

bundle. There was no indication of a significant increase in the time of

liquid collection with increasing initial clad temperatures at 60 psia.

8. Increasing the peak power resulted in increased midplane temperature rise,

turnaround time, and quench times and decreased the midplane heat transfer

coefficient. In addition, raising the peak power resulted in higher steam

flow rates, lower flooding rates, and less mass remaining in the bundle.

It should be emphasized that if the FLECHT housing criterion is used,

increasing the peak power also means that the housing initial temperature

is increased. When the peak power was increased with the housing

temperature unchanged, the midplane heat transfer coefficient was slightly

improved.

9. The effect of the housing when heated according to the FLECHT housing

criterion has been shown to be conservative. However, it has also been

shown to have a significant effect on the test results. Since the housing

initial stored energy depends of the initial stored energy of the

* heater rods and on the power input up to the expected midplane quench time,

any parameter variation such as rod power, initial clad temperature,

containment pressure, etc., also changes the housing temperature. The

housing heat release rate and steam generation rate are much higher than for

an equivalent row of rods early in the transient. First, the housing heat
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release rate is sufficient to drive oscillations in the core and downcomer

liquid levels which are much larger and longer lasting than those which exist

when the housing is passive. Second, the test results, such as the midplane

rod heat transfer coefficient, are more affected early in the transient by

the change in housing temperature than by the parameter variation being

investigated. For example, it was found that if the housing temperature

was unchanged and the rod peak power was raised, the resulting midplane

heat transfer coefficient was slightly higher. However, when the FLECHT

housing criterion was applied and the housing temperature increased, the

resulting midplane heat transfer coefficient was reduced in the critical

early part of the transient when the rod temperature was being turned

around.

Although the housing effect was not investigated at 20 psia, it is believed

that it would have been even more significant at the lower pressure. Since

the midplane quench times were longer at 20 psia than at 60 psia, the FLECHT

criterion increased the difference between the housing temperature and the

saturation temperature. This, combined with the fact that

the volume of steam produced per Btu is approximately 2.8 times higher

at 20 psia than at 60 psia, indicates that the housing effect is more dominant

at the lower pressure. Tests are planned in Phase B to investigate the effect

of the housing temperature at 20 psia.

4.2 LOW CLAD TEMPERATURE FLECHT TESTS

These tests extend the range of the FLECHT conditions as close as possible

to the saturation temperature over the initial temperature range from 250*F

to 750*F. The following conclusions may be drawn:

1. Both the amount of liquid entrained and the average mass effluent

fraction are significantly lower than in the high temperature FLECHT

tests.

2. With initial clad temperatures very close to saturation temperature,

the bundle quenches at nearly the cold fill rate with little or no

liquid entrainment.
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3. As the initial clad temperature increases, the temperature quench front

diverges progressively further from the cold fill rate. This effect is

greater at 20 psia than at 60 psia, but in both cases the 4 ft eleva-

tion is reached before significant mass effluent fractions are measured.

4. The mass of liquid collected and the average mass effluent fraction up

to the time of the midplane quench increase as:

a. Flooding rate decreases

b. Initial clad temperature increases

c. Pressure decreases

d. Peak power increases

Coolant subcooling showed no significant effect.

4.3 TOP INJECTION TESTS

The top injection tests performed in FLECHT-SET Phase A indicate that

core cooling can be obtained by this mode of ECC injection. It is also

evident that the individual rod temperatures will remain at elevated temperatures

for longer periods of time than a comparable bottom flooding FLECHT test with

the same injection flow rate. The top injection flow distribution is a sensitive

parameter in these tests and can result in only marginal cooling for rods

which are removed from the coolant injection location.

The most significant parameters on the temperature history and rod heat

transfer were the amount of injection water subcooling, injection flow rate,

and whether the water was allowed to accumulate in the lower plenum of the

test section. The hot injection water resulted in more steam generation which

helped to maximize any flow redistribution effects within the bundle so that

better cooling was promoted. Cold injection water resulted in cold water

channeling which created bundle hot spots.
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If sufficient injection water is used, the flow maldistribution effects are

also minimized and all rods receive some cooling. It should be noted that the

injection flow rate was increased by a factor of 2.3 at approximately 82°F and

the resulting peak temperatures were higher than the case with lower injection

flow which was heated to 180*F. Therefore, the primary mechanism for

mixing and promoting improved cooling appears to be the amount of steam

generation in the bundle.

If the top injection water is allowed to accumulate in the bundle, the cooling

performance of the bundle is significantly improved so that rod quenches

typical of FLECHT occur. The maximum temperatures observed in this system

configuration were lower than those observed in tests with similar system

parameters but, in which no water was allowed to accumulate in the bundle.
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FLECHT-SET

RUN NO.

DATE

RUN SUMMARY SHEET

1510

8/18/72

A. RUN CONDITIONS

Containment Pressure 55.2 psia

Initial Clad Temperature 1112 OF

Peak Power 0.7 kw/ft

Coolant Supply Temperature 164 OF

Injection Rate 10.441b/sec first 14 sec, 1.37 lb/sec after 14

Loop Resistance Coefficient (Ap loop/l/ 2 pV2hotleg) 30.0

B. INITIAL HOUSING TEMPERATURES

sec

Elevation
(ft)

Initial Temperature
(OF)

0

2

4

6

8

10

12

294
405

508

548

507

420

350
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FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 1510

DATE 8/18/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

Initial
Temp.
(OF)

675

712

5G/2'
5G/4'
5G/6'
5G/8'
5G/1O'

6G/2'
6G/4'
6G/6'
6G/8'
6G/1O'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/1O'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

664

1112
978
706

674
946

698

Max.
Temp.
(OF)

713

808

707

1263
1109

799

714
1008

775

1008
1243
1101

773

1108
1279

784

1118

792

1003
1175

Turnaround
Time

(Sec)

8

40

9

41
41
41

9
10

37

34
35
72
77

10
41
43

15

49

10
40

943
1077

906
657

1041
1108

687

945

688

939
1047

121
146

91

16
63

64

71
117
146
136

65
115

62

72

113

68
115

Quench
Time

(Sec)

15

51

16

11-ý I
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RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

1510
i 55.2 psia

1112°F
0.7 kw/ft
164°F

10.44 lb/sec first 14 sec

200 ,/

150 --

C11

0.

(j5

CALCULATED MASS
PUT INTO TEST
SECTION

.,SUM

100 I-

VAPOR

,I

50-
~- "'STORED

.- "

/ IN BUNDLE

/ '1
! -
I.

LIQUID *"-'1
.-

I I I
Av 0 I0 50 100 150 200

TIME AFTER FLOOD-SECONDS,

K>_/
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>4

6E

A

5L_

4 •_

-3_

2 -

1

0~

.4

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

1510
55.2 psia
1112*F
0.7 kw/ft
164*F

10.44 lb/sec first 14 sec
1.37 1h/g ~ ?¢'r 1. see'

0 50 100 150 200

TIME AFTER FLOOD-SECONDS
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RUN NO. -1510

PRESSURE 55.2 psia
, INITIAL CLAD TEMU .. 2F

100.000 PEAK POWER -0.7 kw/ft
COOLANT INJECTION TEMP. 164*F'_ 90.000 i.. - .......... ... ECT OW ] ; " 10.44 lb/sec first 14 sec

80.000 ) 1 ~INJECTION FLOW RATE1.4l/e
E •, I .: -".:-1.37 

lb/sec after Vv.":r.

80.000-
70.000

I -- r

•_ 60 .000 ! [ -•... . .".. .• - - 1... . . . . . . . . .... ..IU.•J " " " V I I " . . -- ----
I-V

"' 40.000 .. ... ....•... .:...../ ......-- -

o - ..._- - ........ . . . . .T . .
3 ~,

40.000.....

"I- i;- *.
0.0 - ,, ,. ( : "

LI 10.000 ___

0.0 -

16 0 . ... .. .0....0.0..0..0..

0$ es 0) CDI C) CD C

CV) C)% CJ CV

TIME (SECONDS)

2000.0 - -

1600.0

La-
1200.0 .

Lu

I-~ 800.00 ----

17 *1

400.O - -- -- --
,,. .- -I• t± 3 , *F94.,'-.

'--j SF-;

CD
C0

0D
0D
mV

TIME (SECONDS)
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RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

1510
55.2 psia
11120F
0.7 kif/ft
164oF

10.44 lb/secxfirst 14 sec
1.37 lb/sec after 1A: sec100 r

I

C.,

144

0

80

60

7D-61 (DATA),)
!

/

/

.4

• . PREDICTION

40 1- /

7 4/

4 -
1 6

4 1

S
a*6 I

20 I-

"!

I I I I
0

0 50 100 150 200

TIME AFTER FLOOD-SECONDS
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FLECHT-SET

RUN NO.

DATE

RUN SUMMARY SHEET

1709

8/23/72

A. RUN CONDITIONS

Containment Pressure

Initial Clad Temperature

Peak Power

60.3 psia

1106 OF

0.7 kw/ft

Coolant Supply Temperature 1b6 F

Injection Rate 1.32 lb/sec first sec, lb/s

Loop Resistance Coefficient (A1oop /l/2 pV2 hotleg) 29.1

B. INITIAL HOUSING TEMPERATURES

ec after sec

Elevation
(ft)

Initial Temperature
(OF)

0

2

4

6

8

10

12

285

406

482

540

510

408

292
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FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 1709

DATE 8/23/72

C. HEATER THERMOCOUPLE DATA

Initial
Temp.
(OF)Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/ 2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

651

726

641

1106
990
712

651
923

699

902
1055

907
652

1016
1104

696

917

691

921
1055

Max.
Temp.
(aF)

752

1039

741

1551
1453
1021

752
1140

974

1146
1489
1378

978

1268
1581
1007

1165

1004

1153
1460

Turnaround
Time

(Sec)

25

93

24

77
98
89

24
36

90

38
75
99
94

40
83
92

54

92

35
76

41

Quench
Time

(Sec)

181

42

192
238
194

42
126

184

126
187
223
234

130
188
199

132

213

127
191
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K
0 4

25C

CALC
PUT

2 00i-RUN NO.

PRESSURE
INITIAL. CLAD TEMPW
PEAK POWER
COOLANT INJECTION TEM.

,INJECTIO FLOW RATE

1709 -

,60.3 p.a
1106 F,'
0.7 kwlft:-:.. -
168lF
1.36:lb/sec

ULATED MASSINTO HOUSING 7.

"

0
PW

cbI
(n

x

boc

,,16--Z--,VAPOR

7'11

STORED IN BUNDLE
5C

9
I I

0 50 100 150 200
TIME AFTER FLOOD-SECONDS!:

250
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I.."

6

5'-
RIJN NO.
PEESSURE.
ýINTIAL CLAD TEH4P:"*"'
PEAK POWER
'COOLAN~T INJECTION TEMP
INJECTION FLOW RATE

1709

0.7 kw/ftý
168°F
1.36 lb/sec

4
0

0o,

C.,
Cn

0

3

2

0O

0 r~) I&.

z ID

- I ID1

0 I I I I
0 50 100 150 200

.TIME AFTER FLOOD-SECONDS
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LL.
CD

LI-

tz

LI-

'-4

LL-
LQ
C:

LL-

LCLii

PRESSURE
INITIAL CLAD TEMP
PEAK POWER

-.COOLANT INJECTION TEMP
.INJECTION FLOW RATE

60.3 psia
11060F
0.7 kw/ft
168OF
1.36 lb/sec100.000

90.000

80.000

70.000

60.000

50.000

40.000

30.000

20.000

10.000

TIME (SECONDS)
K>

2000.0

1600.0

-S

La..

Lii
0

I
LLI
C-

Lii

0

-J

1200.0

800.1

400.1

0.0 L
C0

0C0

TIME (SECONDS)
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4

RUN NO).
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

1709
• 60.3 psia ! '

100

11064p
0.7 clft-
16817
1.36 lb/sec /s

40,

2~ 0

60

i

/

sf

/ -PREDICTION
#

7D-6 ' (DATA) ,'

•1

II .4

9. I I - I I
0 50 100 150 200

TIE AFTER FLOOD-SECONDS.
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FLECHT-SET RUN SUMMARY SHEET

RUN NO. 1827

DATE 8/28/72

A. RUN CONDITIONS

Containment Pressure 59.5 psia

Initial Clad Temperature 1112 OF

Peak Power 0.4 kw/ft

Coolant Supply Temperature 161 °F

Injection Rate 9.63 lb/sec first 14 sec, 1.36 lb/sec after 14 sec

Lobp Resistance Coefficient (Ap loop/l/ 2 PV2hotleg)28.0

B. INITIAL HOUSING TEMPERATURES

Elevation Initial Temperature

(ft) (°F)

0 290

2 375

4 437

6 472

8 440

.10 365

12 290

,-,
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FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 1827

DATE 8/28/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/1O'

5G/2'
5G/4'
5G/6'
5G/8'
5G/1O'

6G/2'
6G/4'
6G/6'
6G/8'
6G/1O'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/1O'

Initial
Temp.
(OF)

709

909

694

701

1112
963
678

707
952

669

938
1052

875
589

1036
1100

653

Max.
Temp.
(OF)

736

956

729

726

1150
999
711

731
978

689

970
1091

911
634

1063
1138

678

975

761

979
1103

716

Turnaround
Time

(Sec)

8

23

29

7

12
20
29

8
9

18

11
23
16
28

11
14
19

12

15

9
12
25

Quench
Time
(Sec)

26

78
36

22

93
90
35

22
56

36

60
83
91
48

5o
83
29

60

36

61
87
46

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

941

743

949
1067

669
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'RUN NO.
PRESSURE
INITIAL CLAD TENP
PEAK POWER
COOLMNT INJECTION TEHP
INJECTION FLOW RATE

1827
.59.5,psia
3112 F t
0.4 kw/ft
161OF

9.63 lb/sec first 14 sec
1.36 lb/sec after 14 sec

200 k

CALCULATED MASS
PUT INTO HOUSING.

750 I I :S TORED IN STEAM PROBE
TANK & UPPER PLENUM.

/

0n

100

STORED IN BUNDLE

VAPOR50

0 I I
.4-Q I

w

OT .50 100.

TIME AFTER FLOOD-SECONDS

150
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7

6H

5r

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER .
COOLANT INJECTION F TEMP
INJECTION FLOW RATE

1827 '
59.5 psia-•
1112F-
0.4 kw/ft
161F,

63 lb/sec first
36 lb/sec after1.

14 sec
14 sec

36 lb/sec after

(ii
L,)
V)

I

0D
0)

'Q

50 100

TIME AFTER FLOOD-SECONDS

150
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RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER.

-CO01A•T INJECTION TEMP
INJECTION FLOW RATE

cm

w

C\I

Li

LU-

LJ0

I-l
"I-

c; 0 ; 0 ; 0 D 0o 0o ; 0,, 0o Cco U) 00
to h r- 0- - Cm 04J C CV)

TIME (SECONDS)

2000.0

Lii

a

Lii

Lii
I--

00

0
0

TIME (SECONDS) A-19
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100

LU

80

I--

LL-

60
I-

L•C- 40

U.-

2 0
0

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER.
COOLANT INJECTION TEMP
INJECTION FLOW RATE

1827
59.5 psia
11120F -
0.4 y/-ft
1610F

9.63 lb/sec first 14 sec
1.36 lb/sec after 14 sec

7D-6' (DATA)

'1"- ~PREDICTION
-r

/4

/

* -4-. ~.--
-4-.

/
4,'/

0 20 40 60 80

TIME AFTER FLOOD - SEC-
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FLECHT-SET RUN SUMMARY SHEET

RUN NO. 1926

DATE 8/29/72

A. RUN CONDITIONS

Containment Pressure 59.2 psia

Initial Clad Temperature 1120 OF

Peak Power 1.0 kw/ft

Coolant Supply Temperature 163 OF

Injection Rate 12.91 lb/sec first 14 sec, 1.65 lb/sec after 14 sec

Loop Resistance Coefficient (A1oop /l/2 PV2 hotleg) 27.0

B. INITIAL HOUSING TEMPERATURES

Elevation Initial Temperature
(ft) (OF)

0 332

2 506

4 596

6 716

8 664

10 520

12 393

A-21



FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 1926

DATE 8/29/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

Initial
Temp.
(OF)

731

936

734

720

1116
986
725

726
969

713

964
1099

907
660

Max.
Temp.
(OF)

787

1226

1003

781

1529
1360

994

791
1138

946

1143
1487
1322

960

1288
1580
974

1173

990

1150
1418

Turnaround
Time

(Sec)

13

44

128

16

96
105
102

15
32

113

36
93

113
128

36
104
122

37

115

33
85

Quench
Time
(Sec)

39

231
231

37

202
256
204

36
130

165

129
197
238
259

135
202
199

136

243

131
196

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

1057
1120
698

971

696

970
1074
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500

400

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
'COOLANT INJECTION TEP1'
INJECTION FLOW RATE

1926
.59 psia
1120F -
1.0 kw/ft -

1630F
12.91 lb/sec first 14 sec
1.65 lb/sec after 1-4 sec

I
,CALCULATED MASS
PUT INTO BUNDLE

JiSTEAM PROBE TANKV.& UPPER PLENUM

300

0

• 200

~i VAPOR

100 1-

MUID

i - -0ý I I
0

.100 200 300 400

TIME AFTER FLOOD-SECONDSI....

A-.23
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8

7f-

6

5

4-

3

2

1

0-

RUN NO. 1926•
PRESSURE 59 psia
INITIAL CLAD TEMP 1120 .F -
PEAK POWER 1.0 lft
COOLANT INJECTION TEMP 163"F
INJECTION FLOW RATE 12.91 Ib/see* first 14 sec

1.65 lb/sec after 14 sec
I[1 1 -- •

-~ -~

0 50 100 150 .200 250

TIME AFTER FLOOD-SECONDS
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9D 100.000
ou

-c

80.000 I
70.000 

6 A.

60.000 I , ,

" 50.000, / -t,

Li, , 
/..t

oD 40.000 ,
L)I -A

u- 30.000 / / "

"• 20.000 , . - ., -. -"

,,,, --- 
,r •I 'c '•• ..

10.000

0.0 CD "D 0 0

Co Co CD 9 0 0 0 V0.
oD Co CD CD C C) > Co . * 0 0 05 o 0.

c~j co ,-- qcr fl C

<.1 TIME (SECONDS)

RUN NO. 1926
PRESSURE 59 psia

INITIAL CLAD TEMP 1120OF
2000.0 -.- PEAK POWER 1.0 kw/ft

COOLANT INJECTION TEMP 163°F
INJECTION FLOW RATE 12.91 lb/sec first 14 sec

1600.0 
1.65 lb/sec after 14 sec

L- -TH -,
1200.0 7'

0-..... . . .#

..800.00-.. .. ........ . ..... .. ;.,.-

A- t • " ' t

S-.__400.00

0.0

-- 2
C Co M 0z 0) CD 0 0

o; C! 0; 0D 0 CD 0l C

0o to a- co r- CJ CCJ '

TIME (SECONDS)
A-25
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100 f.

U-

I-

I-

Lju

LU_

Lu
CD

LU_

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

* 1926
59 psia
1120OF
1.0 kw/ft
1630F-

12.91 lb/sec first 14 sec
1.65,lb/sec after 14 sec

gtJ
A

* II

/

60k /

0%
PREDICTION 2.

/
/

/
/

40-

I

20 -

6* /

"-S

9- - I
- I
-A

.- 7D-6'

i

(DATA)

/
I I i I

0 4

50 100 150 20P 250

TIME AFTER FLOOD-SECONDS

Q (



FLECHT-SET RUN SUMMARY.SHEET

RUN NO. 2023

DATE 9/1/72

A. RUN CONDITIONS

Containment Pressure 59.4

Initial Clad Temperature 1112

Peak Power 0.7

Coolant Supply Temperature 161

Injection Rate 10.04 lb/sec first 14 sec, 1.38

Loop Resistance Coefficient (Aploop/l/ 2 PV 2hotleg)

B. INITIAL HOUSING TEMPERATURES

psia
OF

kw/ ft

°F

lb/sec after 14

29.9

sec

Elevation
(ft)

Initial Temperature
(OF)

0

2

4

6

8

10

12

287

435

471

525

485

402

293

A-27



FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 2023

DATE 9/1/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/1O'

Initial
Temp.
(OF)

702

891
678

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/1O'

4H/4'
4H/6'
4H/1O'

7D/4'
7D/6'
7D/ 10'

691

1112
956
666

698
949

947
1047

875
607

1054
1110
641

946

642

948
1052

623

Max.
Temp.
(*F)

739

1004

776

734

1250
1092

761

739
1010

1022
1220
1038

731

1135
1278

754

1033

747

1010
1176

738

Turnaround
Time

(See)

7

20

48

7

25
49
47

7
11

16
33
59
46

17
41
34

19

36

11
27
25

119
119

Quench
Time

(Sec)

11

26

121
150
117

12
68

75
116
130

57

66
111

50

77

57

72
119
106
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RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

2023
59.4 psia
11120F
0.7 k1-/ft
1610F

10.04 lb/sec first 14 sec
1.38 lb/sec after 14 sec

/"

200

100

0.-
! .

100

/
j j1STORED IN UPPER PLENUM

AND STEAM PROBE TANK

SUM
I -D *

CALCULATED MASS.
PUT INTO TEST

:SECTION

S-//

g -

VAPOR

-"-' . STORED IN BUNDLE

-0 ý- .LIQUID

I
I-

/ ~&.

7

f

0 100 200

TIME AFTER FLOOD-SECONDSý

K>

A-29



7r

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

2023
59.4 psia
1112*F
0.7 kw/ft t
161OF

10.04 lb/sec first 14 sec
1.38 lb/sec after 14 sec

4 K-

rz
F.-4

3

/ /

1 F

0 I I I I

0 50 100 150 200

TIME AFTER FLOOD-SECONDS
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RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

Lii

Lj~

LA_

L"i

LA_.
1 4

TIME (SECONDS)

LA_

Lii

Lu

Lu
a-
XC
-J

C0
0)

0l
0l
m'

TIME (SECONDS)A_31



2023
59.4 -Sla.

RUI NO.
PRESSURE
INITIAL CLAD TE.2
PEAK POWER
-COOLANT INJECTION TEHP
INJECTION FLOW RATE

0. 7 kw~ft~

10.04 lb/sec first 14 sec
1.38 lb/sec after 14 sec

C14i

44

44

100r

8OL

A

*7D-6' (DATA) r'

60

PREDICTION

40 -

/

20
jc

0 I I

0 50 -. 100 150 200
TIME AFTER FLOOD-SECONDS
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FLECHT-SET RUN SUMMARY SHEET

RUN NO. 2207

DATE 10/5/72

A. RUN CONDITIONS

Containment Pressure 22* psia

Initial Clad Temperature 1100 OF

Peak Power 0.7 kw/ft

Coolant Supply Temperature 160 OF

Injection Rate 12.12 lb/sec first 14 sec., 1.19 lb/sec after 14 sec.
LoopResistance Coefficient (Apo//2pV 2 hotleg) 31

Loopp

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Initial Temperature
(OF)

0

2

4

6

8

10

12

231

428

488

599

568

428

295

*Pressure control was not good, 20.3 psia to 23.5 psia
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FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 2207

DATE 10/5/72

C. HEATER THERMOCOUPLE DATA

Initial
Temp.

(OF)Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/ 8'
5F/101

5G/2'
5G/ 4'
5G/6'
5G/ 8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'

.3H/ 8'
3H/10'

4G/4'
4G/6'
4G/1O'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/1O'

948
750

538

1087
1010

737

550
856

723

1061
943
690

961
1100

722

873

722

862
1031

Max.
Temp.
(OF)

1261
991

538

1457
1338

983

550
918

945

1400
1304

941

1019
1489

921

990

967

922
1322

Turnaround
Time
(Sec)

162
123

0

101
130
119

0
54

135

106
132
137

56
107
159

56

130

41
99

Quench
Time
(Sec)

361
328

5

258
338
308

5
98

297

253
372

>407

113
270
206

109

367

93
242

I

A-34
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7001 -I.: . -.41

600 -

RUN NO.
PRESSURE
INITIAL CLAD TEMP -

PEAK POWER
ICOOLANT INJECTION TEMP
INJECTION FLOW RATE

2207 -

20 psia
11000F
.7 kw/ft
165F0 F
12.1 lb/sec 14 sec
1.2 lb/sec

500 r-

,, :

400

tn

zl

0n

STORED IN UPPER PLENUM
AND STEAM PROBE TANK

3001- CALCULATED- INPUT FLOW

200 -

VAPOR

100 --

BUNDLE

- I

I

I
I I

A • B

ni-w

0 100 200 300
.TIME AFTER FLOOD

400
(SECONDS)

500 600
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. 0

3

2

I I RUN NO.
PRESSURE
INITIAL CLAP TEMP _.
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

2207
20 vsets- .

1100SF
.7, ku/ft
165°F
12.1 lb/sec 14 see
1.2 lb/sec

LhJ

cc

1

4

I I I I I I
0

0 100 200 - 300 400
TItME AFTER FLOOD (SEC)

A-36
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,,oo o -..- -.-- - - - - - - - - - - -..-.-. -

PHAS A RUt 2207 rCLAD V TIME
•,00.0-

2000.0

v.,1600. 0

I-

goo00 ...

0.0

TIME (SECONDS)



00

0 o 0 0 0 C 0 C 0 0 0 0
0 . 0 d o 0 0 0 0 0 C 0

a 0 0

o 0 0 0 0 0 0 D 0
0 at- - zCOOUN

TII* ISECONDS)

C (



( (

MIDPLANE HEAT TRANSFER COEFFICIENT RUN 2207

C

I!
I
I

I

50V

40

RD*NNo. 2207
PRESSURE 20 psia
InITIA aLAD TEw -. 1100OF
PRAK-POWER - ___________

coLANT- iNJzcrION TEHP .1650

.iNJCT nLow P=T JT2.Jb/seZ 14 3ec

II

7D-6"' MEASURED

~I.

La)
'0

u-

u-a

ui

m

c-

ILLJ

0

U-

I--

IL-
"I"

1.2 lb/sec

!!
!

I

-a

I

30

20'

10

A

f.- IN/SEC
1REAICTION

I

_- ° / K "VARIABLE OODING,
/ ATE PREDICTION

S* - ll--

* * -. . A . .

I I i

0
0 200

TIME AFTER FLOOD (SECONDS)

300





FLECHT-SET RUN SUMMARY SHEET

RUN NO. 2605

DATE 10/18/72

A. RUN CONDITIONS

Containment Pressure 19.6 psia

Initial Clad Temperature 1104 OF

Peak Power 0.7 kw/ft

Coolant Supply Temperature 157 OF

Injection Rate 5.7 lb/sec first 28 see., 1.23 lb/sec. after 28

Loop Resistance Coefficient (p /l/2pV2 0

loop hotIegN 30

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

0

2

.4

6

8

10

12

Initial Temperature
(OF)

254

420

521

636

600

,428

241

A-41



FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 2605

DATE 10/18/72

C. HEATER THERMOCOUPLE DATA

Initial
Temp.
(0F)Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/1O'

6G/ 2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/1O'

4D/4'
7D/6'
7D/10'

596

962
733

586

1097
1001

718

594
884

Max.
Temp.

(OF)

630

1265
1038

615

1511
1356
1017

628
883

982

1013
1473
1398

969

1150
1551

977

1082

992

1012
1406

Turnaround
Time
(Sec.)

13

151
183

10

132
152
180

11
81

168

88
123
156
168

77
136
159

88

170

34
113

16

708

Quench
Time
(Sec.)

878
1069

935
660

983
1104

700

893

698

883
1048

426
448

17

311
448
299

16
140

382

145
300
431
436

157
322
327

151

410

131
294

A-42



600

RUN NO.
PRESSURE
INITIAL CLAD TMP•
PEAK POWER -
COOLANT INJECTION TEMP
-INJECTION FLOW RATE

2605
20,psia
1104OF
.7 kwlft
160'oF

5,7 lb/sec for 28 sec
1.23 lb/sec onward

500

400 TEAI- PROBE TANK
UPPER PLENUM

I
p4

300 .CALCULATED MASS
*PtT INTO HOUSING

SUM

200

100

0

VAPOR

LIQUID

BUNDLE

0 100 200 300 400 500 600

TIME-AFTER FLOOD-SECONDS
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, I

RUN NO. 2605
PRESSURE 20 psia
INITIAL CLAD TEHP 1104"¥ •

PEAK POWER .7 kw/ft

2.0ý- COOLANT INJECTION TEMP 160*F
INJECTION FLOW RATE 5.7 lb/sec for

1.23 lb/sec onw

!0

'!.0

0

li -

28 sec
ard

C',

0 100 200 300 '400 500 600

TIME AFTER FLOOD-SECONDS

A-44



PHAS A RUN 260S rCLAO V! TIME

4c.

IKd

k•~ wG0. x

Ux ?t

TIME (SECONDS)



AA• AA

I 0U. UI - a0

go. 9 000-4 - ---- - -- - -- -

7C0.00 j. -

-D -

450. 000 -14---

30.000

16v- - -w

10.000 .- 4 -x(L-

7'k-k-r ýý. ; . 0 -MR 'A .10X ° ' U' XC x X " 4 tI

11/11;/
0.0

|

ST-IC 

111

Q C

o 0 C0 0

8 0
U,

a
0

Cw

0

0U

a

af
0Q
fu

40 a A, C8 ~ 3 8 8
c; 0; a c;0 6o0 wo tO L" GoIeft WD 14 4 4r 4r

TIME ISECONDS)

Q (, (



7D-6' MEASURED
50 ..RUN NO. *2605

PRESSURE 20 Ipsia
INITIAL CLAD TEMP 1104F I,"

U-U,.

LiJ.

cj

aL 40

U-1 30

U-

jU-

LL 20
tn

2:

10,

0

PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

.7 kw/ft
160OF

5.7 lb/sec for 28 sec
1.23 lb/sec onward .

IA.. IN/SEC

-PEITO

. A

S / VARIABLE FLOODING
RATE PREDICTION

01 /

--- -

I, II

0 100 00 30

TImE AFTER FLOOD-SECONDS
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FLECHT-SET RUN SUMMARY SHEET

RUN NO. 2718

DATE 10/19/72

A. RUN CONDITIONS

Containment Pressure 19.6 psia

Initial Clad Temperature 1399 OF

Peak Power 0.7 kw/ft

Coolant Supply Temperature 156 OF

Injection Rate 9.83 lb/sec. first 14 sec., 1.23 lb/sec. after 14 sec.

Loop Resistance Coefficient (Ap loop /l/2pV2h otleg ) 31

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

0

2

4

6

8

10

12

Initial Temperature
(OF)

247

429

547

654

603

453

292

A-49



FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 2718

DATE 10/19/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/ 8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/ 8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/ 8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

4D/4'
7D/6'
7D/10'

Initial
Temp.

(°F)

752

1172
859

739

1397
1236

845

751
1125

Max.
Temp.
(OF)

764

1417
1055

753

1686
1425
1021

Turnaround
Time
(Sec.)

5

80
234

5

102
51

144

22

Quench
Time

(Sec.)

488
449

13

833

1126
1358
1151

791

1261
1399

825

1141

830

1131
1331

764
1151

977

1173
1630
1489

965

1302
1769

993

1199

995

1172
1565

4
8

145

10
115
143
148

9
120
130

26

147

9
108

361
484
315

12
196

405

200
356
486
348

211
373
316

206

409

197
350

A-50



.A•• • c- <

71

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

/ 2718
20 paia
1399 OF
.7 kw/ft
1550F

9.8 lb/sec 14 sec
1.23 lb/sec

500

/-

40& IN UPPER
AND STEAM

PROBE

CALCULATED INPUT FLOW

C>
300

.- /-SuM

VAPOR.200

LIQUID

STORED IN BUNDLE

6M0

0

K> 0 l00 200 -300 400 500

TIME AFTER FLOOD-SECONDS

Ak5 1



RUN~ Z?/9

3

2

P1,1N NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEIP
INJECTION FLOW RATE

49/

2718
20 psia
1399 OF
.7 kw/ft
155 0F

9.8 lb/sec 14 sec
1.23 lb/sec

0
/

uz

.... ...... I I I
0 ! I -4-

0 .10.0 -200 -,00

TIld AFTER FLOOD-SECONDS

A-52
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flO.0 - - - --- - - - - --

PIWAS A RtU 271 LAO TMi

2M.0

400 0

-', .- - •- --- - -

S00.0 2 a •

8 8 9 C38
CD CD C* ci ci 40 C c

* 0 0 0 (U i * * C 4* w cm fu

TIME (SECONDS)

c;
a.



u'

TIK ISVrO,4S

( ( (



( ( C

1 IN/sEc
PREDICTION

50' -

(0
UJ

C--

U.-
U-

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

2718
20 psia
1399 OF
.7 kw/ft
155 0 F

9.8 lb/sec 14 sec

1.23 lb/sec

40--

p

'ii

/
/

I
d e

'/

f

30 1-
I

"a.7D-6*' HESURED

.0

10

S. .- 4

~ ~ p - -

b

- .&~,lZo.,.
~

RATE PREDICTION

I
0
0 100 200 300.

TIME AFTER FLOOD (SECONDS)
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FLECHT-SET RUN SUMMARY SHEET

RUN NO. 2822

DATE 10/20/72

A. RUN CONDITIONS

Containment Pressure 19.3 psia

Initial Clad Temperature 1092 OF

Peak Power 0.4 kw/ft

Coolant Supply Temperature 163 OF

Injection Rate 11.0 lb/sec. first 14 sec., 1.16 lb/sec. after 14 sec.

Loop Resistance Coefficient (APloop /i/2pV2 hotleg) 33

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

0

2

4

6

8

10

12

Initial Temperature
(OF)

219

358

425

502

474

350

270

A-57



FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 2822

DATE 10/20/72

C. HEATER THERMOCOUPLE DATA

Initial
Temp.

(°F)

Max.
Temp.
(°F)

Turnaround
Time
(Sec.)

Quench
Time

(Sec.)Rod/Elev.

5F/2'
5F/ 4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/ 8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

604

927
696

594

1089
968
684

602
887

671

886
1055

907
634

987
1092
670

904

665

889
1038

612 3 9

984
712

600

1163
1016

718

611
901

700

904
1118

999
679

1002
1170

713

921

682

903
1085

26
i4

45

31
50

5
6

47

7
41
51
39

8
40
30

12

28

6
43

180
38

7

159
180

52

6
58

119

77
149
191

69

78
155

32

83

43

79
150

A-58



800

700 t_

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE 11.0

1.16

2822
20 psia
1092 0F
0.4 kw/ft
160OF

lb/sec for 14 sec
lb/sec onward

600

500

< c/
400

300

200

100

Q

.P/
sum

STEAM P'ROBE TANK

1 & UPPER PLENUM
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0 e

d - VAPOR
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100 200 300 400 500 600
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RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

2822
20 psia
1092 0F
0.4 kw/ft
160OF

11.0 lb/sec for 14 sec
1.16 lb/sec onward
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1

01
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FLECHT-SET RUN SUMMARY SHEET

RUN NO. 2919

DATE 10/21/72

A. RUN CONDITIONS

Containment Pressure 20.1

Initial Clad Temperature 912

Peak Power 0.7

Coolant Supply Temperature 153

Injection Rate 10.1 lb/sec first 14 sec, 1.2

Loop Resistance Coefficient (A1oop /1/2 pV2hotleg)

B. INITIAL HOUSING TEMPERATURES

psia
OF

kw/ ft
OF

lb/sec after 14 sec

33.1

Elevation
(ft)

Initial Temperature
(OF)

0

2

4

6

8

10

12

248
411

500

584

536

410

239

A-65



FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 2919

DATE 10/21/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/1O'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

Initial
Temp.
(OF)

555

818
640

545

911
839
626

552
775

614

756
880
773
571

837
912
610

775

603

772
879

Max.
Temp.
(OF)

581

1173

945

566

1430
1322

946

574
912

958

935
1386
1299

898

1048
1476

755

994

760

923
1308

Turnaround
Time

(Sec)

6

112

145

5

125
141
156

4
53

215

58
114
201
218

65
122

39

61

57

52
110

11

Quench
Time
(Sec)

376
295

7

268
403
277

5
103

328

102
265
377
352

118
285

40

114

226

103
256

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/ 10'

A-66



6959-25

800 RUN NO 2919

PRESSURE 20 PSIA

INITIAL CLAD TEMP 912VF
PEAK POWER 0.7 KW/FT
COOLANT INJECTION TEMP 153'F

700 INJECTION FLOW RATE 10.1 LB/SEC FIRST 14 SE
1.2 LB/SEC AFTER 14 SEC

MASS IN S$

600 MA

UP

500 CALCULATED MA!
PUT INTO BUNDL

,,..• 3C,,

300 -

200

-- OSCILLATIONS-*I
I00 •.S MASTHROUGHj

0
0 100 200 300 400

TIME AFTER FLOOD - SEC

500 600
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PEAK POWER 0.7 KW/FT
COOLANT INJECTION TEMP 155'F
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FLECHT-SET

RUN NO.

DATE

RUN SUMMARY SHEET

3006

10/24/72

.A. RUN CONDITIONS

Containment Pressure 20.1

Initial Clad Temperature 1115

Peak Power 0.7

Coolant Supply Temperature 162

Injection Rate 1.17 lb/sec first sec,

Loop Resistance Coefficient (Ap loop/l/ 2 PV2 hotleg)

B. INITIAL HOUSING TEMPERATURES

psia
OF

kw/ft

OF

lb/sec after

32
sec

Elevation
(ft)

Initial Temperature
(OF)

0

2

4

6

8

10

12

259
4236

546

652.3

613.5

420

249

A-71



FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 3006

DATE 10/24/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/1O'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

Initial
Temp.
(OF)

644

996
774

630

1110
1026

758

640
934

Max.
Temp.
(OF)

762

1697

1211

752

1785
1690
1158

764
1260

1150

1226
1677
1559
1083

1427
1819
1166

1329

1172

1292
1722

Turnaround
Time

(Sec)

37

185

144

36

137
149
120

36
75

131

76
134
175
137

91
139
139

102

129

73
122

Quench
Time

(Sec)

554
347

79

80

745

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

7D/ 4'
7D/6'
7D/10'

909
1073

942
678

1017
1115

736

432
542
364

78
280

520

287
428
555
364

304
439
354

304

409

283
421

935

724

929
1067

A-72



800

700

600

RUN NO.
PRESSURE
INITIAL CLAD TEMP
I'EAK POWER
COOLANT INJECTION TEMP
iNJECTION FLOW RATE

3006
20 psia
1115 0 F
0.7 kw/ft
1707F
1.17 lb/sec

CALCULATED INPUT FLOW

500
STORED IN UPPER PLENUM
AND STEAM PROBE TANK

03

cý

,400

:300

*. SU

200

100

0
K>l_ 0 .100 200 300 .. 400

TIME AFTER FLOOD-SECONDS
A-73

500 600



3.O -

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

3006
20 psia
1115OF
0.7 kw/ft
170°F
1.17 lb/sec

2.C
0

c/~

I-4

rz~

0

0
,-.

0/'

9l/

/

/
7,

0--

0 I I I I I I

0 100' 4"° " 200 300 400 .500 600

TIME AFTER FLOOD-SECONDS
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FLECHT-SET

RUN NO.

DATE

RUN SUMMARY SHEET

3117

10/25/72

A. RUN CONDITIONS

Containment Pressure 19.9 psia

Initial Clad Temperature 1113 OF

Peak Power 0.7 kw/ft

Coolant Supply Temperature 159 OF

Injection Rate 11.22 lb/sec first 14 sec, 1.16 lb/sec after 14 sec

Loop Resistance Coefficient (Aploop/1/ 2 pV2hotleg) 27.9

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Initial Temperature
(OF)

0

2

4

6

8

10

12

2255

441

508.5

607.0

584.5

420

242

K>

A-79



FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 3117

DATE 10/25/72

C. HEATER THERMOCOUPLE DATA

Initial
Temp.
(OF)Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/1O'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/1O'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H /10'

7D/4'
7D/6'
7D/10'

655

972

642

1113
1007

718

653
923

701

Max.
Temp.
(OF)

673

1259

653

1437
1308
1000

672
962

957

973
1405
1256

897

1103

950

1046

962

978
1350

976

Turnaround
Time

(Sec)

4

150

4

133
149
171

5
31

170

58
127
175
163

63

222

68

155

34
117
187

386

10

Quench
Time
(Sec)

906
1077

923
633

1020

11

281
408
294

7
129

304

133
272
387
420

143

265

139

375

129
266
419

698

926

682

921
1070

693

A-80



K>j

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

31•1• . ' ............. . .

20 psia
1113-F
.7 kw/ft
160°F

11.22 lb/sec for 14 sec
700 1.16 lb/sec onward

" " CALCULATED MASS

PUT INTO HOUSINp.

600

STORED IN UPPER PLENUM
AND STEAM PROBE TANK

•500

cm 400
0. ,

V)V

•- 300

LIQUID

200
.. °VAPOR

100

0,

0 100 200. 300 400 500 600

P1O0DING RATE-IN/SEC

A-81



3 -- !

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

3117
20 psia
11130F
.7 kw/ft
160OF

11.22 lb/sec for 14 sec
1.16 lb/sec onward -

z

Wl

z

24

/

1

0

/

/
1~.

I I I I

0 100 200 300 400
1

500

TIME AFTER FLOOD-SE0ONDS A-82
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7D-6' .. . ..

RUN NO. 3117 M SURED

PRESSURE 20 psia
INITIAL CLAD TEMP 1113 0 F

PEAK POWER .7 kw/ft

COOLANT INJECTION TEMP 160OF
INJECTION FLOW RATE 11.22 lb/sec for 14 sec

1.16 lb/sec onward

',-1 IN/SEc"PREDICTION

p. //

N /f
• /

//

-M

f/
.II

a /

I 100
I I

200 300
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FLECHT-SET

RUN NO.

DATE

RUN SUMMARY SHEET

3320

10/27/72

A. RUN CONDITIONS

Containment Pressure 19.5

Initial Clad Temperature 1073

Peak Power 0.7

Coolant Supply Temperature 195

Injection Rate 11.5 lb/sec first 14 sec, 1.17

Loop Resistance Coefficient (Aploop/l/ 2 PV2hotleg)

B. INITIAL HOUSING TEMPERATURES

psia

OF

kw/f t

OF

lb/sec after 14 sec

31

Elevation
(ft)

Initial Temperature
(°F)

0

2

4

6

8

10

12

228

389

494

574

531

371

215

A-87



FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 3320

DATE 10/27/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/ 8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

Initial
Temp.
(OF)

659

957
709

645

1009
995
695

654
933

683

Max.
Temp.
(OF)

677

1319

1026

658

1451
1336
1025

668
993

997

1000
1426
1267

951

1147

980

1077

968

1005
1369

990

Turnaround
Time
(Sec)

5

159

160

6

118
146
168

5
42

192

55
116
149
159

71

249

57

158

43
117
193

438
370

29

20

309
>451
432

31
131

401

Quench
Time

(Sec)

917
1073

912
627

1031

676

131
308

>451
445

4G/4'
4G/6'
4G/1O'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

147

400

141

317

936

669

931
1060

677

137
301

>451

A-88



| . Q

800-

k.7001-

60-

.RUN NO.
PRESSURE
INITIAL. CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

3320
20 psia
1073°F

5001-
.7 kw/ft
200OF

11.5 lb/sec for 14 sec
1.17 lb/sec onward

U)

0

0o

40Oý

300H

CALCULATED RASS
PUT INTO HOUSING

.e

STORED IN UPPER PLENUM
AND STEAM PROBE TANK

VAPOR

~-LIQUID*

STORED IN BUNDLE

2001-

10c

0 I k. A -,A"I I

0 100 , 20oo 400 500

TIME AFTER FLOOD-SECONDSi

* A-89



3

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

3320
20 psia
10730F
.7 kw/ft
2000F

11.5 lb/sec for 14 sec
1.17 lb/sec onward

U
'4

132

U

.2

44,C, 

C
/6

<1_.2

1

0 I I I I I I
I 

I

0 100 200 300 480

TIME AFTER FLOOD-SECONDS

500 600
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C ( C

RUN NO.
PRESSURE
INITIAL.CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

3320
20 psia
10730 F
.7 kw/f t
200OF

C.,4

E-4

C-4

Iz4

.50 V
11.5 ib/sec for 14 sec
1.17 lb/sec onward

7DE 6"REMEASUREk6 '

40

30

20

I
!
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0 100

I -
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I
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FLECHT-SET

RUN NO.

DATE

RUN SUMMARY SHEET

3421

10/31/72

A. RUN CONDITIONS

Containment Pressure 19.6 psia

Initial Clad Temperature 1098 OF

Peak Power 1.0 kw/ft

Coolant Supply Temperature 161 OF

Injection Rate 11.78 lb/sec first 14 sec, 1.2 lb/sec after 14 sec

Loop Resistance Coefficient (Aploop/1/2 PV2 hotleg) 27.3

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Initial Temperature
(OF)

0

2

4

6

8

10

12

232

551

704

848

799

556

319

K>11

A-95



FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 3421

DATE 10/31/72

C. HEATER THERMOCOUPLE DATA

Initial
Temp.
(OF)Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

656

1025
800

643

1115
1051

758

653
932

767

Max.
Temp.
(OF)

677

1913

1624

666

1807
1857
1581

680
1217

1562

1263
1834
1739
1397

1467

1538

1386

1481

1276
1747

Turnaround
Time

.(Sec)

5

339

390

6

123
330
402

6
101

408

138
149
309
360

142

383

138

390

121
163

Quench
Time

(Sec)

*

*

12

631

12
284

16

*

914
1098

984
716

283
627

311997

763

944

754

*

300

*

933
1092

280
603

*Water supply depleted before quench (775 sec.)

A-96
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500-

STORED IN UPPER PLENUM
kND STEAM PROBE TANK 7

sum4

SUM -, CALCULATED MASS
PUT INTO HOUSING

400f-
-RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

3421
20 -sia
1098 0F
1.0 kw/ft
1601F

11.78 lb/sec for 14 sec
1.2 lb/sec onward

',0

ca

ca

A

300

VAPOR

2•00-

100

Q,

...- ~. ST(
_ .LIQUIDtI I I

)RED IN BUNDLE

I

0 100 200 300 -400 -500 -. 600 700 800

TIME AFTER FLOOD-SECONDS



3.01~~

PID

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEFiP
INJECTION FLOW RATE

3421
20 psia
10980 F
1.0 kw/ft
160OF

11.78 lT/s&c for 14 sec
1.2 lb/sec onward

1.01-

6
7

U
0 I I I I I

I I
0 100 209 300 400 500.

A--98

600

TIME AFTER FLOOD-SECONDS
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C ( C

50 V '-..--1 IN/SEC
PREDICTION

U-

CD
Lu
0

i-

U-

U-
LU

uii

U-

kn

La

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

3421
20 psia
10980F
1.0 kw/ft

/

VARIABLE FLOODING
RATE PREDICTION

40 160OF
11.78 lb/sec for 14 sec
1.2 lb/sec onward

/ /
j /

30h i
*1

/ /
A

1-a

I-I

l /
.20 t /

.,I

1
*e-

7D-6' (DATA)

-4

0 I I I I I I

0 100 200 300 400 500 600

TIME AFTER FLOOD-SECONDS





FLECHT-SET

RUN NO.

DATE

RUN SUMMARY SHEET

3928

2/1/73

A. RUN CONDITIONS

Containment Pressure 61.9 psia

Initial Clad Temperature 1102 OF

Peak Power 0.7 kw/ft

Coolant Supply Temperature 201 OF

Injection Rate 12.021b/sec first 14 sec, 1.37 lb/sec after 14 sec

Loop Resistance Coefficient (A/loop1//2 PV2 "hotleg) 32.0

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Initial Temperature
(OF)

0

2

4

6

8

10

12

291
392

496

528

470

391

296

A-103



FLECHT-SET RUN SUMMARY SHEET (Coant)

RUN NO. 3928

DATE 2/1/73

C. HEATER THERMOCOUPLE DATA

Initial
Temp.
(OF)Rod/Elev.

5F/2'
5F14'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/1O'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/1O'

4H/4'
4H/6'
4H1/10'

7D/4'
7D/6'
7D/10'

656

635

643

1102
936
627

650
939

683

Max.
Temp.
(OF)

664

697

658

1167
1020

681

668
969

740

1025

672

1087

682

994

740

977
1099

Turnaround
Time

(Sec)

2

25

3

20
24
23

3
6

16

57

28

4

25

8

11

6
20

43

7

8

96
115

70

8
37

23

Quench
Time

(Sec)

918
594

106
56

1061

616

955

680

943
1024

41

32

41

29

46
90

A-104



RUN N0.
PRESSURE-.
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION
INJECTION FLOW RAT

3928
61.9 psia
11020F
0.7 kw/ft

TEMP 201°F
E 12.02 lb/sec first 14 sec

1.37 lb/sec after 14 sec

400

300

CALCULATED MA:
PUT INTO TEST
SECTION

/S • STORED IN STEAM PROBE
TANK & UPPER PLENUM

STORED IN BUNDLE & UPPER
PLENUM EXTENSION

-ý l 4'*A~ - VAPOR

200

100-

01

0 g

\

100 200 3&.W 400

K>
TIME AFTER FLOOD-SECONDS

A-1'l5



8

7

6_ý
RUN NO.
PRESSURE_
-INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

3928
61.9 lpsia
1102 0 F
0. 7 kwl/ft
201OF

12.02 lbfsec first 14 sec
1.37 lb/sec after 14- sec

4 _

3

2

0

I
II ! I A

~it .2 * I I
U 50 100 290 250

TIME AFTER FLOOD-SECONDS

A-106



LL.

LtU
ca

I--

-IQ

La..

LL..
LU_

LUI

LL..

In

I-.

LUJ

LU

100.000

90.000

80.000

70.000

60.000

50. 000

40.000

30.000

20.000

10.000

0.0 0.
0)

- I- J. -
E I

~t#'s.

: \
'I

I.

I
SF.

id>,
4

A[

K
&

I

__4
i

m

K N- NO-T- .. ....
PRESSURE. __
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

I0

3928
61.9 psia
11020 F
0. 7 kw/ft
2010 F

12.02 lb/sec first 14 sec;
1.37 lb/sec after 14 sec

- -~ 4 -~ m I 0

c;)

0
0D
80

0
Q

I-,
0
0
CJ
I-

TIME

C.
U.,.

(SECONDS)

0

I- CQ

00:
C'J C)

0>Cp0
0>
0

2000.0

K>
0; 0

cv ,
r- -

TIME (SECONDS)

0l
0

cv)

A-10 7



RUN NO.
PRESSURE.
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

3928
61.9 psia
1102 0 F
0. 7 kw/ft

100 - 201*F
12.02 lb/sec first 14 sec
1.37 lb/sec after.14 sec

0i~

CLI

I-

I-
Lu

C-)

-4
u-

LU

0

!c-

Lu

80 1-

/
/

/

I
I

/

60H- /
IS

/
~' ZPREDICTION41D k

I
x -

-20- -I

- I.
I.

A.

V

~- A-

IS

* ~*~-,* ,'
* I

.7 '~-~-

.4
U-'.- -

.4

%J

0 I I I I0 I I

0 20 40. 60. 80- 1OQ 120

TIME AF• FOOD-•Ecoms

A-108



FLECHT-SET RUN SUMMARY SHEET

RUN NO. 4024

DATE 2/4/73

A. RUN CONDITIONS

Containment Pressure 59 psia

Initial Clad Temperature 1402 OF

Peak Power 0.7 kw/ft

Coolant Supply Temperature 155 OF

Injection Rate 10.99 lb/sec first 14 sec, 1.4 lb/sec after 14 sec

Loop Resistance Coefficient (A1oop /1/2 pV 2hotleg)28.8

B. INITIAL HOUSING TEMPERATURES

Elevation Initial Temperature
(ft) (OF)

0 291

2 491

4 582

6 600

8 581

10 462

12 324

A-109



FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 4024

DATE 2/4/73

C. HEAT

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/1O'

5G/2'
5G/4'
5G/6'
5G/8'
5G/1O'

6G/2'
6G/4'
6G/6'
6G/8'
6G/1O'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

ER THERMOCOUPLE DATA

Initial
Temp.
(OF)

876

734

865

1420
1148

725

878
1268

784

1250

1088
683

1383

716

1275

785

1277
1335

Max.
Temp.
(OF)

882

803

870

1433
1180

785

883
1288

834

1266

1155

777

1401

783

1301

838

1301
1371

Turnaround
Time

(Sec)

3

40

3

7
27
50

3
5

46

4

43

56

4

53

5

47

5
8

Quench
Time

(Sec)

12

48

17

133
153

71

13
74

65

84

148
94

79

63

82

73

85
125

A-li0



500 7 RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

.4024 r.

59 psia
1402OF
0.7 kwLft
1550F

10.99 lb/sec first 14 sec
1.4 lb/sec after 14 sec

400 F-

-. CALCULATED MASS
PUT INTO HOUSING

i STEAM PROBE TANK
(n,

CD

300 -

SUM

200+-

--.STORED
,__G ý( PLENUM

IN BUNDLE & UPPER
EXTENSION

1001-
VAPOr

LIQUID

0 ! I

0 100 ZD0 300 " 400

TIME AFTER FLOOD-SECONDS

A-111



7

6

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

4024
59 psia
1402OF
0. 7 kw/ft
1550 F

10.99 lb/sec first 14 sec
1.4 lb/sec after 14 sec

5k_

1:.

4

3

2 A¾®
0~ I

a I

F
I0 I I I

) 50 100 200

TIME AFTER FLOOD-SECONDS

A-112



RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

4024
59 psia

1402°F
0.7 kw/ft

i.

L.)

I-.

F-

u-i

100.000

90.000

80.000

70.000

60.000

50.000

40.000

30.000

20.000

10.000

TIME (SECONDS)

2000.0

K>

TIME (SECONDS) A-113



RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

4024 v

59 psia
1402OF
0. 7 kw/ft

* 155*F
10.99 ib/sec first 14 sec
1.4 lb/sec After 14 sec

Li-

c?

o8

=-

Lf-

uj.

Li-
Li-

S20

1

.1

'I
'I

/ I
/ I

9 ,

I
I

VARIABLE FLOODING
RATE PREDICTION /

/e

/

I
-

a-
I-

I-
/

S

- A
/

- I.

~ 
,/

I -- ~~b- -

'I ~ -* 's L ~ -

./ Ar - - ,.~ M.-

! /

lk

/ '* I

- B
/ " I'

.4 1

I, ~C

20

I ! g |

I I I -

0 40 60 100 120,

TINE AFTER FLOOD)-SEC0NDS

Cn o -~o~

(
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FLECHT-SET RUN SUMMARY SHEET

RUN NO. 4311

DATE 2/19/73

A. RUN CONDITIONS

Containment Pressure 59.5 psia

Initial Clad Temperature 1105 OF

Peak Power .646* kw/ft

Coolant Supply Temperature 154 OF

Injection Rate 9.70 lb/sec first 14 sec, 1.20 lb/sec after 14 sec

Loop Resistance Coefficient (Ap loopo//2 pV2"otleg) 32.1

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Initial Temperature
(OF)

0

2

4

6

8

10

12

238

304

317

307

296

302

259

*All 90 heater rods had the same power.

A-115



FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 4311

DATE 2/19/73

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/81
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

Initial
Temp.
(OF)

635

636

623

1105
960
623

632
902

690

910

930

600

1036

617

920

683

905
1033

Max.
Temp.
(OF)

636

680

627

1163
1018

648

637
927

733

944

1032
662

1065

661

952

727

934
1090

Turnaround
Time

(Sec)

1

12

1

9
5

54

1
5

13

7

55
35

6

18

7

12

6
8

Quench
Time

(Sec)

6

31

6

83
107

73

6
34

20

33

104
42

28

24

40

42

40
70

A-116



( <i
CRUN NOb.

PRE'SSURE
INITIAL CLAD TEMP.

PEAK POWER
COOLANT INJECTION TEMP

INJECTION FLOW RATE

4311
_ . ~ 59 . 5 sia . .

_ .~ 1 1 0 5 O F '_

.646 kw/ft
1540F

9.7 lb/sec first 14 sec
1.2 lb/sec after 14 ca-

-(9

SUm

CALCUL&TED MASS
PUT INITO: TEST
SECTION

I-.
I-a

0o

4-

//

i" . STORED IN BUNDLE & UPPER

PLENUM EXTENSION

0 500 600

TIME AFTER FLOOD-SECONDS



7

6

5 ý_

r
4.

RUN NO.
PRESSURE
INITIAL CLAD TEMP.
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

4311
59.5 psia
1105 0F

.646 kw/ft
154 0F

9.7 lb/sec first 14 sec
1.2 lb/sec after 14 sec

H
H

a

Efl

'1
-.3 1

2H-

7111-

o0
0

i I I I

50 m~p 150 200 250 300

Qi
TIME AFTER FLOOD-SECONDS

(. L E



0-%

LL.
an

LAU

1-4
I-

LUA

CD
c )

LUj

1,

Ia:

LL-

6

'C

IRUN NO.
PRESSURE
INITIAL CLAD TEMP.

PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW' RATE

4311
59.5 psia
11050F
.646 kw/ft!. 1540F

* 1540F
lb/sec first 14 sec
ib/sec after 14 sec

lb/sec after 14 sec

TIME (SECONDS)

2000.0

I

TIME (SECONDS) A.j119





FLECHT-SET RUN SUMMARY SHEET

RUN NO. 4412

DATE 2/20/73

A. RUN CONDITIONS

Containment Pressure 61.4 psia

Initial Clad Temperature 1107 OF

Peak Power 0.646* kw/ft

Coolant Supply Temperature 159 OF

Injection Rate 10.93 lb/sec first 14 sec, 1.22 lb/sec after 14 sec

Loop Resistance Coefficient (Ap loop/l/ 2 PV2 hotleg) 29.5

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Initial Temperature
(OF)

0

2

4

6

8

10

12

239
296

305

303

298

307

'271

*All 82 heater rods had the same power. Rods 4A, 7A, 1D, 1G, 4K, 7K, 10D

and lOG were disconnected from the power supply.

A-121



FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 4412

DATE 2/20/73

C. HEATER THERMOCOUPLE DATA

Initial
Temp.
(OF)Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/ 2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

647

659

637

1107
971
646

648
914

702

Max.
Temp.
(OF)

648

700

640

1164
1034

689

652
934

754

664

1052

688

943

752

934
1089

Turnaround
Time

(Sec)

11

2

9
11
11

2
5

13

12

5

12

7

14

6
9

Quench
Time
(Sec)

25

7

75
95
46

7
25

21

7

615

1030

642

918

695

909
1033

46

27

30

34

21

30
63

A-122



400

300.

( .

RUN NO.
PRES SURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

4412
*61.4 psia
1107 0F
0.646 kw/ft
159 0F

10.93 lb/sec first 14 sec

.1-a

V)

200

S C. a L =.L; 0" t

CALCULATED MASS
PUT INTO TEST - -/

SECTION s_

W, I

/ • --'• / / • -- . •-• z .• P L E N U M E X T E N S I O N

S II 2L IQUII

STORED IN
STEAM PROBE
TANK

100

0

0 200 300 400 500 600

TIME AFTER FLOOD-SECONDS



7 [-z)

61-.
RUN NO.
PRESSURE
INITIAL 'CLAD -TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

4412
61.4 psia
11070F
0.646 kw/ft
159oF

10.93 lb/sec first 14 sec
1.22 lb/sec after 14 sec

5L-

8-3'
ý-A

K'
r34
I:z4*
0

0

Q -(D'

1

0

0 I I I I I !
III0 50 100

TME AFTER

200

FLOOD-SECONDS

250 300 350

( ( (



LLJ

LA-

Ij.

L&J
C-,

La..

Or:

Lii

LAJ
a'

4::-

RUN NO.
PRESSURE
INiMiAL CLAD TEMP

PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

4412
61.4 psia
11070 F
0.646 kw/ft

TIME (SECONDS)

2000.0

0

CY)

on

TIME (SECONDS) A-125





K-,

FLECHT-SET RUN SUMMARY SHEET

RUN NO. 4530

DATE 2/21/73

A. RUN CONDITIONS

Containment Pressure 39.6 psia

Initial Clad Temperature 1112 OF

Peak Power o.7 kw/ft

Coolant Supply Temperature 161 OF

Injection Rate 8.8 lb/sec first 14 see, 1.22 lb/sec after 14 sec

Loop Resistance Coefficient (Aploop //2 PV2hotleg) 30.9

B. INITIAL HOUSING TEMPERATURES

Elevation Initial Temperature
(ft) (OF)

0 265

2 387

4 506

6 533

8 531

10 385

12 292

A-127



FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 4530

DATE 2/21/73

C. HEATER THERMOCOUPLE DATA

Initial
Temp.
(OF)Rod/Elev.

5F/2'
5F14'
5F/6'
5F/8'
5F/1O'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/1O'

7D/4'
7D/6'
7D/10'

642

721

630

1112
996
704

641
937

754

Max.
Temp.
(*F)

646

824

636

1224
1237

789

650
968

835

1117

751

1082

773

986

811

976
1155

Turnaround
Time

(Sec)

2

59

2

56
42
60

2
7

72

72

64

10

56

8

47

8
57

Quench
Time

(Sec)

7

65

7

129
176
119

7
45

99

154

92

62

81

62

71

63
126

981
646

1039

692

950

747

938
1054

A-128



RUN NO. 4530
PRESSURE 39.6 psia
INITIAL CLAD TEMP 11120F

600 PEAK POWER - 0.7 kw/ft
COOLANT INJECTION TEMP 1610F
INJECTION FLOW RATE 8.8 lb/sec first 14 sec

1.22 lh!srec nfrr 14 sec STORED IN
STEAM PROBE
TANK

5010 -

. ""-,CULATED MASS' PUT-
INTO BUNDLE P/

SUM

40 //

/°

00

300

/ .7 LIQUID

200 -/

STORED IN BUNDLE & UPPER

PLENUM EXTENSION

c /

, • 
0 0 VAPOR

0 100 200. 360 400

TIME AFTER FLOOD-SECONDS

A-129



6

5

C-)

LAJ

i-

CD

0ý

4

3

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER "
COOLANT INJECTION TEMP
INJECTION FLOW RATE

4530
39.6 psia
11120 F
0.7 kw/ft
161OF

8.8 lb/sec first 14 sec
1.22 lb/sec after 14 sec

I-I
0

2 0A
(DA p

1_-

v I

0 50 100 150 2oo s Z50 300 350

TINE AFTER. FLOOD-SECONDS

( ( C



RUN NO.
PRESSURE
.INITIAL CLAD TEMP
PEAK POWER "
COOLANT INJECTION TEMP
INJECTION FLOW RATE

LiK)
C-)

Cc\

u-
L_.

-.ý

5-

La

ui.

4530
39.6 psia
11120 F
0.7 kw/ft
161°F

8.8 lb/sec first 14 sec
1.22 "l/1sec nftrpr 14 sco

TIME (SECONDS)

2000.0

C)
0c0
C0
C0

TIME (SECONDS) A-131





FLECHT-SET

RUN NO.

DATE

RUN SUMMARY SHEET

4825

2/27/73

A. RUN CONDITIONS

Containment Pressure 60.3 psia

Initial Clad Temperature 712 OF

Peak Power 0.7 kw/ft

Coolant Supply Temperature 156 OF

Injection Rate 10.77 lb/sec first 14 sec, 1.21 lb/sec after 14

Loop Resistance Coefficient (ploop /1/2 pV 2hotleg)30.6

B. INITIAL HOUSING TEMPERATURES

sec

Elevation
(ft)

Initial Temperature
(OF)

0

2

4

6

8

10

12

247

375

423

462

447

374

283

A-133



FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 4825

DATE 2/27/73

C. HEATER THERMOCOUPLE DATA

Initial
Temp.
(OF)Rod/Elev.

5F/2'
5F/ 4'
5F/6'
5F/8'
5F/IO'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/ 8'
3H / 10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

517

477

509

712

465

513
645

527

Max.
Temp.
(OF)

519

526

513

877

526

521
705

586

806

489

762

513

718

580

699
820

Turnaround
Time

(Sec)

1

9

2

27

19

2
12

10

36

11

8

9

14

10

7
28

Quench
Time

(Sec)

3

13

4

66

22

4
18

14

46

25

17

12

22

15

15
54

539
434

695

458

650

521

642
689

A-134



RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POW1ER

COOLANT INJECTION TEMP
INJECTION FLOW RATE

C

4825
60 psia
712*F
0. 7 kw/ft
B56 0 F

10.77 lb/sec for 14 sec
1.21 lb/sec onward

400

CALMLATED MASS-P
INTO BUNDLE3001-

T. .-- (•;-- STORED IN
-- -- - t'STEAM PROBE

TANK

I-'
"Iuif

t,)

20%_
, 34,,
t3

I

l00

-

A

YAPOR

z LIQUID.

STORED IN BUNDLE & UPPER.-. .-
PLENUM EXTENSIONI/l

0Q

I-.'
i I0 I

100 200 300 400 500 600

TIME AFTER FLOOD-SECONDS



is

L&J .4!

'Iv

C3

b-4
0-

L&.

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

4825
60 psia
712°F
0.7 k/'ft
15.69 .

10.77 lb/sec for 14 Bec
1.21 'lb/sec onward see

Z ,"

I,
I-
C

ki
XG

(D

no35

'15r7UV .2-503035

-TmE -PTER FLoO-SuCOIS

0, I
! - , • , , II,, I

G --10O

.,. . ( (. (



RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

4825
60 psia
712 0 F

tz

LuJ

CD-
u)

ix

tJJ

100.000

90.000

80.000

70.000

60.000

50.000

40.000

30. 000

20.000

10.000

0.0
c

2000.0

1600.0

1200.0

TIME (SECONDS)

Lii

Lii

L)

800.

400.

0.0 L
0
0D

0

C~)

m

TIME (SECONDS) A-137



RUN NO.
PRESSURE
INITIAL CLAD TEMPf
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

C 4825
60 psia
712°F
0.7 kw/ft

100

156 0F
10.77 lb/sec for 14 sec
1.21 lb/sec onward

f--

1-1

Lu

oi-

Li~J

60

00b

7D-6' (DATA) -i",,',

/

401-

N,-•.x.

20t- PREDICTION

---- --- I - - -

-p

A
A

p *II~

m 

B

0 10 20 30 .- -40 so 60

TIME AFTER FLOOD-SECONDS

Q(



FLECHT-SET RUN SUMMARY SHEET

RUN NO. 4923

DATE 2/28/73

A. RUN CONDITIONS

Containment Pressure 61 psia

Initial Clad Temperature 1111 OF

Peak Power 0.7 kw/ft

Coolant Supply Temperature 158 OF

Injection Rate 10.52 lb/sec first 14 sec, 1.19 lb/sec after 14 sec

Loop Resistance Coefficient (Aploop /l/2 pV 2 h otleg) 31.1

B. INITIAL HOUSING TEMPERATURES

Elevation Initial Temperature

(ft) (*F)

0 268

2 409

4 501

6 545

8 531

10 406

12 305

A-139



FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 4923

DATE 2/28/73

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/ 4'
5F/6'
5F/8'
5F/1O'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

Initial
Temp.
(OF)

699

675

690

lll
943
638

6G/ 2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/ 8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/1O'

7D/4'
7D/6'
7D/10'

697
960

714

Max.
Temp.
(OF)

700

724

696

1167
1055

714

706
985

770

1042

681

1085

701

994

759

990
1108

Turnaround
Time

(Sec)

1

23

2

19
26
14

2
3

21

53

48

4

24

.7

26

7
19

46

7

97
115

80

Quench
Time

(Sec)

7

8
37

28

929
613

105
63

1065

652

970

714

44

52

46

61

43
89

959
1057
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RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

4923
61 psia
1111F
0.7 kw/ft
158 0F

10.52 lb/sec first 14 sec.
1.19 lb/sec after 14 sec

400,1

:CALCULA
I=' INT

300

C)
zo

_/..- STORED IN
STEAM PROBE

TED MASS . TANK

0 BUNDLE

-%-SUM

STORED IN BUNDLE & UPPER
PLENUM EXTENSION-

LIQUID
100

0

VAPOR

0 .. 200 .300 400

I TIME AFTER FLOOD-SECONDS
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r-jJ S2

0
50 100 150 200 250

TIME AFTER FLOOD - SEC



RUN NO. 4923
PRESSURE 61 psia
INITIAL CLAD TEMP 1111 0F

U3100.000 PEAK POWER 0.7 kw/ft

COOLANT INJECTION TEMP 158OF
"- 90.000 -- -- INJECTION FLOW RATE 10.52 lb/sec first 14 sec

<00 0~. . . - 1.19 lb/sec after 14 sec
"- 0.000 -q1

70.000 (I ........ .. . .

60.000
l•..2

Lt." 40.000: "

,i._" 30 0 i ,I-, ,
< 40.000 t'(A•.'i~ IL ./

(LJK

0 ./• .. ... • o ...... . . . . .
t~'i t • r- --70-4t•04 O20.000

ti

U-

1r200.00

Luc 10.000 i

0.0.

r-- 0 0,I 0

CD 07 05 CDJ C) C) C C
C) ) CDJ C)J CJC

TIME (SECONDS)

2000.0 -- -- -- _ _ _ _ _

1600.0

1200.0
Lu

LiJ

~! 400.00 ~ ---. -.....

0. 0o C0 01 CD 0D 0> 0D C 0 0 0

o; 03 0 n CD 0C
cýC% CDJ CD Loc r 9 lC

TIME (SECONDS) A-143



RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

4923
61 psia
11119F
0.7 kw/ft
1580F

10.52 lb/sec first 14 sec
1.19 lb/sec after 14 sec

C.,

-S

U
I.-'

0
U

U

60

1/

'*4-- /DATA

/VARIABLE FLOODIN

40 -

I-.

20

4

I
-- S /1

------ 9-
I-

.- 7/ (' ~-.---

1'
/ I I

IG
RATE PREDICTION

- I
0 I I

0 20 40 60 80 100

TIME AFTER FLOOD-SECONDS

C(i Ck



FLECHT-SET

RUN NO.

DATE

RUN SUMMARY SHEET

5115

3/2/73

A. RUN CONDITIONS

Containment Pressure

Initial Clad Temperature

Peak Power

Coolant Supply Temperature

Injection Rate 9.0 lb/sec first 14

Loop Resistance Coefficient (Aploop/l/2

B. INITIAL HOUSING TEMPERATURES

61.0

1110
0.759*

154

sec, 1.2

pV 2hotleg)

psia

OF

kw/ ft
OF

lb/sec after 14

30.8

sec

E levati on
(ft)

Initial Temperature
(°F)

0

2

4

6

8

10

12

265

301

307

300

298

290

258

*All 90 heater rod had same initial power.
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FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 5115

DATE 3/2/73

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/1O'

3H/2'
3H/4'
3H/6'
3H/ 8'
3H / 10'

4G/4'
4G/6'
4G/10'

Initial
Temp.
(OF)

646

626

633

1110

606

641
910

695

611

1052

622

Max.
Temp.
(OF)

652

675

643

1172

680

652
948

747

675

1091

669

975

751

950
1105

Turnaround
Time

(Sec)

2

10

2

10

12

3
7

14

26

7

12

9

14

7
10

Quench
Time

(Sec)

8

16

8

90

76

9
36

22

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

933

694

98

30

26

46

22

42
76

915
1038
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RUN NO. - 5115

400 "PRESSURE 61 psia
INITIAL CLAD TEMP 1110OF
PEAK POWER 0.759 kw/ft
COOLANT INJECTION TEMP 154*F
INJECTION FLOW RATE 9.0 lb/sec first 14 sec

1.2 lb/sec after 14 sec

300.S

CALCULATED MASS
PUT'INTO BUNDLE

TED IN STEAM PROBE
UPPER PLENUM..

CD

I

c,

.SUM

STORED IN BUNDLE & UPPER
PLENUM EXTENSION

100

*-:' LIQUID

0,
Q1. 1100 .. ,200.

TIME AFTER FLOWD-SECONDS
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7L

6-

RUN NO.. 5115
?RESSURE 61 psia
INITIAL CLAD TEMP 11100?
PEAK POWER 0.759 kw ft
COOLANT INJECTION TEMP 154*F
INJECTION FLOW RATE 9.0 lb/sec first 14 sec

1.2 lb/sec after 14 sec

Luj

ci 3
CD

CD
0.

-J

2 _ 1 . 7

o I , ,. .,

0 .50 100 200

TIm AFTER FLOcO-SEmONDS

A-T148 8



RUN NO..
PRESSURE
INITIAL CLAD TEMP"
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

5115
61 psia
1110OF
0.759 kw/ft..-. 100.

c. 
go

80.1

70.'

.I-

60.-I-.

L. 0.1

uJ 40.1

I 30.1
LV)

< 20.(
I--

-r

C) 0) 0D C LJ U) rý.m ko c%~ a f- - 0 j m

TIME (SECONDS)

2000.0

1600.0

IJ-
1200.0

IjJ

= 800.0CI-

4-,-
Ip-: 400.0C

-J

0.01.L
9
0D

cni0

CY)
CD
Cl
on

TIME (SECONDS) A-149





FLECHT-SET

RUN NO.

DATE

RUN SUMMARY SHEET

5214

3/3/73

A. RUN CONDITIONS

Containment Pressure 61 psia

Initial Clad Temperature 1103 OF

Peak Power 0.646* kw/ft

Coolant Supply Temperature 159 OF

Injection Rate 10.2 lb/sec first 14 sec, 1.19 lb/sec after 14 sec

Loop Resistance Coefficient (A1oop /l/2 PV2hotleg ) 29.1

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Initial Temperature
(OF)

0

2

4

6

8

10

12

274

303

308

314

299

299

268

*All 70 heater rods had same power. Rods 1A, 2A, 4A, 7A, 9A, 10A, IB, 10B,

iD, 10D, IG, lOG, IJ, 10J, 1K, 2K, 4K, 7K, 9K, and 10K were disconnected

from power supply.

KJ
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FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 5214

DATE 3/3/73

C. HEAT;

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/l0'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/ 2'
6G/4'
6G/6'
6G/8'
6G/1O'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

ER THERMOCOUPLE DATA

Initial
Temp.
(OF)

633

633

633

1103

673

643
905

697

617

1032

628

924

697

905
1030

Max.
Temp.
(OF)

634

679

634

1156

673

644
922

743

661

1068

670

954

748

927
1082

Turnaround
Time

(Sec)

1

12

1

8

0

1
5

12

11

6

11

7

13

6
8

Quench
Time

(Sec)

7

19

6

64

24

6
23

20

40

22

24

28

20

28
52
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RUN NO:
.PRESSURE
INITIAL CLAD TEMP
PEAK POWER
',COOLANT INJECTION TEMP
INJECTION FLOW RATE

I 61 psia
11030 F

T - 0.646 kw/ft
1590 F

10.2 lb/sec first 14 sec
1.19 lb/sec after 14 sec

400

300H

-CALCULATED MASS PUT.
INTO BUNDLE COLLECTED IN STEAM PROBE

'TANK & UPPER PLENUM

U,
0
0D
C-

I,

200 ,- SUM

STORED IN BUNDLE & UPPER
PLENUM EXTENSION

.-F.lo0

n

0

,E9_ LIqUID

100 . 200

TIME AFTER FLOOD-SECONDS

1
300 4400

A-113



7
~ru

6-
RUN NO.

PRESSURE,
INITIAL CLAD TEMP
PEAK POWER

5 COOLANT INJECTION TEMP
INJECTION FLOW RATE 10.2 lb

1.19 lb

LaJ

4-4

I--

3

2 _

1

0 I
0 50 100

L

TIME AlE FLOOD-SECONDS

5214ý-
61 psia
1103 0 F
0.646 kw/ft
159 0 F

/sec first 14 sec
'/sec after 14 sec

:)

150 200

A-154



PRESSURE
INIT.IAL CLAD TEMP

-PEAK POWER

61 psia
11030F

CD 100.
Iji

- 90.1

t: 80.1

- 70.'
I--

• 60.!

6- 50.1

"w 40.1
L.2

30.1

20.4
I--

< 10.4

I

TIME (SECONDS)

2000

1600

Lt.

1200
L.'

Li.
~ 800

CL

I 400

0

A

.0 . - -- -- - .- -

7,o -6

4,6-v t

.00 - -- _ _ _ _ - _ _ _ _

V. 3t it 1, c "F "ww m tir -ý

JUj & - I - 4 4 1 I 4 I I

o; 9
0

0

o. o. C C oo o

40 m I,- r- r- .C cm, N

00D
0D

TIME (SECONDS) •A-155





FLECHT-SET

RUN NO.

DATE

RUN SUMMARY SHEET

5316

3/9/73

A. RUN CONDITIONS

Containment Pressure 61.3

Initial Clad Temperature 1107

Peak Power .646*

Coolant Supply Temperature 159

Injection Rate 10.17 lb/sec first 14 sec, 1.18

Loop Resistance Coefficient (AP loop/l/2 pV2hotleg)

B. INITIAL HOUSING TEMPERATURES

psia
*F

kw/ ft
*F

lb/sec after 14 sec

32.0

Elevation
(f t)

Initial Temperature
(OF)

0

2

4

6

8

10

12

287

393

454

488

456

423

310

*All 90 heater rods had same power.
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FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 5316

DATE 3/9/73

C. HEATER THERMOCOUPLE DATA

Initial
Temp.
(oF)Rod/Elev.

5F/2'
5F/ 4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H1/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

671

654

662

1107

644

671
946

Max.
Temp.
(OF)

675

690

668

1160

702

681
969

758

676

1081

686

985

761

971
1106

Turnaround
Time

(Sec)

1

31

2

12

22

2
6

15

25

5

24

6

20

6
11

7

Quench
Time

(Sec)

37

7

89

59

7
30

22712

612

1059

639

958

47

38

32

34

31

39
77

712

944
1055
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K>ý
RUN NO.""
PRESSURE
INITIAL CLAD TEXP
PEAK POWER
COOLANT INJECTION TI
INJECTION FLOW RATE

E1P

53i6
61.3 psia

Ii~4Y0¶
"LJVI r

.646 kw/ft
1590F

400

300

10,17 lb/sec first 14 sec
1.18 lb/sec after 14 sec

STORED IN
F • STEAM PROBE.:

/. MTANK

sum

CALCULATED MASS PU1
INTO BUNDLE

C>
STORED IN BUNDLE & UPPER
PLENUM EXTENSION

VAPOR,

LIQUID

0
0 4

.TimE AtER FLOOD-SECONDS

A-159



7

6

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

5316
61.3 psia
11070 F
.646 kw/ft
159°F

10,17 lb/sec first 14 secU,1

CD
coj

00
-. J

1.18 lb/sec after 14 sec
4H

3

2
o E 0

(C.00

1

i I I I
0 OL

50 inn

TIME AFTER FLOOD-SECONDS

150 200

A-160



LL.

Lu

pi~

LL

LU

LU
LL

LU.

a;

LAJ

FD

Lai

LUJ

CL

100.000

90.000

80.000

70.000

60.000

50.000

40.000

30.000

20.000

10.000

n n

J

I,

C)

91

C)I

0n

I

I...

/

RUN NO.
PRESSURE
INITIAL CLAD TEMP

-PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

5316
61.3 psia
1107*F
.646 k0/ft
159*F

10,17 lb/sec first 14 sec
1.18 lb/sec after 14 sec

W. . -F. ~ - .~ U ~E

0.
0)

0D
0

TIM

TIME (SECONDS)

U-
U-
cm

0
0)

c; 0m

03
0D

0;

2000.0

K>
00 0ý 0D

o n oo 0 -0
TE S- S - A-1 6

TIME (SECONDS) A-161

0ý
Co

c"
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FLECHT-SET RUN SUMMARY SHEET

RUN NO. 5413

DATE 3/10/73

A. RUN CONDITIONS

Containment Pressure 60.9 psia

Initial Clad Temperature 1125 OF

Peak Power 0.646* kw/ft

Coolant Supply Temperature 155 OF

Injection Rate 10.8 lb/sec first 14 sec, 1.25 lb/sec after 14 sec

Loop Resistance Coefficient (Aioop /1/2 pV 2hotleg) 30.5

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Initial Temperature(OF)

0

2

4

6

8

10

12

304

545

712

797

715

545

344

*All 90 heater rods had same power.
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FLECHT-SET RUN SUMMARY SHEET (Cont)

RUN NO. 5413

DATE 3/10/73

C. HEATER THERMOCOUPLE DATA

Initial
Temp.
(OF)Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/1O'

3H/2'
3H/4'
3H/6'
3H/8'
3H/1O'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

762

626

760

1125

765
i067

Max.
Temp.
(OF)

762

671

760

1159

768
1071

724

629

1161

649

1087

1066
1110

Turnaround
Time

(Sec)

0

22

0

7

1
2

16

24

2

21

3

2
7

Quench
Time

(Sec)

38

8

118

7

9
48

23680

580

1151

607

1079

1060
1072

44

57

28

59

53
108
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S RU'N NO.
PRESSURE

INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION
INJECTION FLOW RAT

400

CALCULATED MASS

300 PUT INTO TEST

SECTION

06.

100

0

_/• ' •/

~1OO

0 - •- --- '

5413
60L. 9 psia
1125 0 F
0.646 kw/ft

TEMP 1550 F
E 10.8 lb/sec first 14 gec

1.25 lb/sec after 14 sec

"STORED IN STEAM PROBE
TANK & UPPER PLENUM

STORED IN BUNDLE & UPPER
:PLENUM EXTENSION

".VAPOR

. LIQUID

TIME'itTER YLOOfl-SC0NDS
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7 1-

6

5

4

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP
INJECTION FLOW RATE

5413
60.9 -psia
1125 0F_
0.646 kw/ft
155 0F

10.8 lb/sec first 14 sec
1.25 lb/sec after 14 sec

LU

0;

3

C.

0

0

2

1

K.

A I I I I
-- -- A.. -

0
11

50 1UU 200

TIME AFTER FLOOD-SECONDS
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LLI

1-S

0-0

I-

Li-
£j.J
C-)

LJJ
Lzn

I-

RUN NO.
PRESSURE
INITIAL CLAD TEMP
PEAK POWER
COOLANT INJECTION TEMP

!INJECTION FLOW RATE

5413
60.9 psia
1125 0 F
0.646 kw/ft
1550 F

10.8 lb/sec first 14 sec
1.25 lb/sec after 14 sec

c;J

TI ME (SECONDS)

2000.0

1600.0

LL_

cz
Li

Lu

CL

Im

1200.0

800.1

400.1

0.0L
9
0

TIME (SECONDS) A-167
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APPENDIX B

LOW CLAD TEMPERATURE FLECHT TESTS

B.1 INTRODUCTION

B.l.l Rationale for Tests

After the blowdown phase of a LOCA in a PWR the radial temperature distribution

of the fuel pins will vary over a wide range and will be a function of the

steady-state radial power profile. To determine the peak clad temperature

encountered, the conditions of the hottest and average fuel assemblies are

used for testing and analysis. Accordingly, correlations for total mass

effluent have been developed for these conditions. The colder assemblies,

however, will generate less steam and therefore entrain less liquid, resulting

in less mass effluent. Consideration of this effect would result in the

prediction of higher flooding rates into the core after a LOCA, thereby

improving heat transfer and reducing calculated peak clad temperatures.

The original series of FLECHT tests covered a range of initial peak clad

temperatures at the time of bottom of core recovery of 800*F to 2200*F. This

additional series of tests extended the range of initial temperatures down

to nearly saturation temperature.

B.1.2 Objective

The objective of the tests was to determine the amount of entrained liquid

collected as well as the total mass effluent for a series of low initial

peak clad temperature FLECHT tests. A run schedule was developed which varied

the peak clad temperature, the peak linear power, the pressure, the flooding

rate, and the amount of coolant subcooling.
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B.2 TEST DESCRIPTION

B.2.1 Facility Layout

The tests were similar to the FLECHT series (Reference 1) and did not use the

FLECHT-SET simulated loop piping and system components. A forced injection

directly into the lower plenum of the test section was employed, and the bundle

was vented through a pressure control valve located in a short exhaust line.

A baffle was also located in the upper plenum directly in front of the exhaust

line to separate entrained liquid from the exhaust flow as shown in Figure B-1.

The upper plenum did not contain the aluminum filler plates used for Phase A

FLECHT-SET and was continuously drained into a vertical collection tank.

B.2.2 Instrumentation and Data Acquisition

The test section flow housing and rod bundle instrumentation were the same as

that used in FLECHT-SET Phase A (see Section 2.2). These low clad temperature

tests were performed before the additional housing axial differential pressure

transducers were added at the higher elevations. The injection flow was

measured using the same Brooks rotameters as for Phase A tests and the output

recorded on a pen recorder. For some of the tests with constant injection rate

a different 0-35 gpm nonrecording rotameter was used. The upper plenum

pressure, rather than containment pressure as in Phase A, was maintained constant

and was recorded on a pen recorder.

The addition of the liquid collection tank necessitated supplementary instru-

mentation in addition to that of Phase A. This consisted of two wall thermo-

couples and a differential pressure transducer to indicate temperature and

water level in the liquid collection tank. The data acquisition systems used

were the same as in the Phase A testing.

B.2.3 Test Procedure

The flow housing was initially heated to the proper temperature profile as

specified by the FLECHT criteria (see Section 2.4) except as noted below.

Because many of the tests were run at very low temperatures, the specified

housing temperature was often very close to the desired initial peak clad
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Figure B-1. Low Initial Temperature Series Test Section Configuration
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temperature. Thus, it was not possible to heat the housing, as in Phase A

tests by radiation from periodically energized heater rods, without heating

the rods above the desired initial temperature. Additional strip heaters were

consequently added to the test section housing along with several temperature

controllers such that the desired temperature distribution could be obtained.

For some of the runs with very low initial clad temperatures, the FLECHT

criteria specified housing temperatures that were higher than the desired

initial clad temperature. In these cases, the housing was heated to the same

temperature profile as the rods. In a few of the runs, with the specified

initial rod temperatures very close to the saturation temperature, the housing

was heated uniformly to saturation temperature.

The liquid collection tank and upper plenum were heated to 20*F above saturation

temperature to avoid condensation. The lower plenum was heated to the

temperature of the injection coolant. After the desired wall temperatures

were attained, the test section was pressurized and full power applied to the

rods. Flooding was automatically initiated when the desired temperature was

reached by the designated heater rod. The test continued until a sufficient

quantity of liquid was collected, which was often after the bundle had com-

pletely quenched. After the run was terminated by ceasing injection flow and

bundle power, the test section was depressurized. At this time the water in

the liquid collection tank was drained and weighed. During the run the

thermocouple and differential and absolute pressure data were recorded by the

data acquisition system previously described in Section B.2.2.

The stepped flooding rates specified for many of the runs were produced by

operating various combinations of electrically actuated valves controlled by

timing devices. This technique was satisfactory and produced repeatable flow

rates.
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B.3 CALCULATIONS AND DATA REDUCTION

The purpose of these tests was to measure the total mass effluent and the

amount of liquid collected as a function of the various test parameters.

As a result, the data reduction and analysis concentrated on these two

quantities.

The rod thermocouple data were recorded and converted to engineering units.

The data for selected thermocouples were then examined to determine initial

clad temperature, maximum clad temperature, quench temperature, turnaround

time, and quench time. This information is presented in the summary sheets

in Appendix B-1.

The housing axial differential pressure data, the absolute pressure data,

the liquid collection tank differential pressure data, and the wall thermo-

couple data were converted to engineering units. The housing axial pressure

data were used to calculate the mass stored in the test section. It was

assumed that the friction and acceleration pressure drop terms were negligible

and that the pressure drop indicated elevation head only. This assumption

is justified in Section 3.2. The mass storage data are presented along with

the mass of liquid collected and the mass injected data in the summary sheets

for each run.

For the parametric studies, two quantities were considered:

1. The mass of liquid collected by the time of the midplane quench.

2. The average mass effluent fraction calculated up to the time of the

midplane quench.

The first variable is obtained directly from the data. The second quantity

is derived from the following definition:

Mass out of test section
Average mass effluent fraction = Mass injected into test section (1)
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The mass out of the test section was not measured, but since

Mass out of test section = Mass injected into test section -(2)

Mass stored in test section

Equation (1) may be written as:

Mass stored in test section
Average mass effluent fraction = 1 - Mass ineced in test section

Mass injected into test section

This equation was evaluated at the time of the quench of the midplane heater

rod thermocouples, assuming that the mass stored in the test section was

indicated by the housing axial pressure data.

B.4 DISCUSSION OF TEST RESULTS

B.4.1 Run Summary

Table B-I presents a run schedule with initial conditions and a summary of

results. Detailed data sheets for each run are contained in Appendix B-i.

It should be noted with regard to the determination of quench times and

temperatures, turnaround times and temperatures, and initial temperature

that the VIDAR recorded data every 5.5 seconds and in some test runs the

rods were completely quenched in about 40 seconds. The 2 ft level thermo-

couple usually quenched in less than 10 seconds. The error for the turnaround

times and quench times is approximately +3 seconds.

Figure B-2 shows the different nominal flooding rates that were used and which

are referenced in Table B-i. The data sheets for each run present the actual

measured flooding rate with the exception of those runs for which the flow

was not recorded. For those runs, the flooding rates were assumed to be the

nominal specified values.
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TABLE B-1

LOW INITIAL CLAD TEMPERATURE FLECHT TESTS - RUN CONDITIONS AND RESULTS

C

Run Schedule Pen Recorder Results

Run Pressure Peak Power
No. (psia) (kw/ft)

Initial
Temp
(OF)

Flooding
Rate

(in. /sec)

Coolant
Temp
(OF)

T
max 6'
(OF)

tturn 6'

(sec)

t6 quench

(sec)

t1. c**

(sec)

I

0104
0203
0306
0405
0507
0608
0701
0802
1109
1212
1516
1617
1715
1812
1913
2014
2122
2324
2420
2519
2618
2823
2921

57
60
59
59
59
60
23
20
20
19
22
24
20
59
58
60
59
60
60
61
59
58
59

0.7
0.7
0.7
0.7
0.7
0.7
0.7
0.7
0.7
0.7
1.0
1.2
0.7
0.7
1.0
1.2
0.7
1.2
0.7
0.7
0.7
0.7
0.7

459
360
559
449
654
754
375
453
311
253
320
272
401
502
310
320
498
653
508
603
401
670
660

3.0
3.0
3.0
4.0
3.0
3.0
3.0
3.0
3.0
A*
B*
B*
B*
B*
B*
B*
D*
B*

1.5
1.5
1.5
B*
B*

143
144
156
144
154
149
140
142
149
139
145
149
147
151
156
150
149
145
146
145
146
147
171

747
664
800
627
847
928
690
729
668
825
998

1114
790
780
597
760
845

1136
963

1039
897
887
852

27
27
26
14
21
20
47
54
50
.74
90
96
86
42
15
25
38
67
47
48
46
28
26

30
28
36
15
40
48
49
78
52

125
149
153

88
49
15
26
60

123
78
90
70
60
64

42
41
42
34
36
33
41
33
35
70
42
33
45
75
60
36

138
29
80
60
81

100
115



TABLE B-i (Cont)

NOTES:

*The nominal flooding rates, shown in Figure B-2, are as follows:

A. 6 in./sec for 0 3 sec

1 in./sec for 3 end

B. 6 in./sec for 0 3 sec

3 in./sec for 3 15 sec

1 in./sec for 15 end

C. 1.5 in./sec for 0 end

D. 6 in./sec for 0 3 sec

3 in./sec for 3 9 sec

1 in./sec for 9 end

The actual measured flooding rates are shown on the data summary

sheets for each run.

**Time when liquid collection from the upper plenum drain begins.
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B.4.2 Typical Test Results

Figures B-3 through B-6 present results for a typical test run. The first figure

shows the temperature quench envelope as well as the range of quench times

for each elevation. Also shown is the cold fill line. As seen, the quench

envelope curve closely follows the cold fill line until the 4 ft elevation is

reached. At this point it begans to diverge significantly. This indicates

that there is very little steam generation until the 4 ft elevation is reached.

This was true for all of the test runs performed (initial midplane clad

temperature less than 750*F). The same effect is also shown by the housing

axial differential pressure data, Figure B-4. The measurements plotted are the

pressure difference between the particular elevation and a pressure tap in the

upper plenum of the test section. The accuracy of these measurements is

approximately +1% of full scale or 0.1 psi.

The calculated mass balance of the test section is shown in Figure B-5. The

mass injected, mass of liquid collected, and mass stored in the housing are

obtained directly from the data, where the housing axial differential pressure

data were assumed to indicate the mass of water stored (i.e., friction and

acceleration pressure drop terms are assumed negligible). By subtracting the

mass stored from the mass injected, the mass out curve is obtained. This

curve shows that until about 40 seconds very little mass left the test section.

Since the 4 ft elevation quenched at 36 seconds, this confirms the conclusion

derived from the quench data that there is little steam generation until the

4 ft elevation is reached.

The difference between the mass out curve and the mass of liquid collected

curve is the amount of steam that left the test section and possibly entrained

water that left due to imperfect separation by the upper plenum exit baffle.

There was no direct measurement of this quantity. Energy balance calculations

indicate that the exit flow did contain some entrained water.
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RUN NO. 2420
PEAK POWER 0.7 KW/FT
PRESSURE 60 PSIA
IMITIAI •1n TCUP .RJ "

COOLANT TEMP 1116 'F
FLOODING RATE 1.5 IN./SEC
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Figure B-6. Mass Effluent Fraction - Rul 2420



<-/ The graph in Figure B-6 contains the ratio of mass out to mass injected shown

as a function of time as is the ratio of mass flow rate out to mass flow rate

injected. These values are significantly lower than those obtained from

higher temperature FLECHT data (mass flow rate out/mass flow rate in = 0.8).

The amount of energy initially stored in the heater rods and flow housing is

lower in these tests than for high temperature FLECHT runs with the same peak

linear heating rate. This is due to the lower initial temperatures, as shown

in Figure B-7 for the test run considered above. The lower heat release results

in less steam generation and therefore less entrainment of liquid.

B.4.3 Housing Axial Pressure Data

.The housing axial pressure data are compared to the rod temperature quench

envelope for several test runs in Figures B-8 through B-14. The pressure data

have been converted to feet of water, assuming a density equal to that of

saturated water at the test pressure. Actually, the mass indicated by the

pressure data is distributed within the test section with a varying density.

The comparison shows, however, the difference between the mass storage

calculated using temperature quench data and that calculated from the pressure

data. The temperature quench times plotted are for the longest quench time at

each elevation, thus representing an envelope of all the quenches.

The level calculated from the differential pressure data is higher than that

derived from the temperature quench front data for the greater portion of most

of the test runs. This indicates that there is storage of mass in the bundle

above the quench front. Hence, the use of the pressure drop data to calculate

mass effluent fraction will yield values which are lower than those calculated

by using the quench front data. The pressure drop data indicate the total

mass in the test section; thus the calculated mass effluent fraction is for

the mass leaving the test section, not the quench front. By the time of the

8 ft elevation quench, however, the total or average mass effluent fractions

calculated by the two methods are only slightly different. The levels indicated

by the pressure and quench data show better agreement for the test runs with

higher flooding rate, lower initial clad temperature, and higher system pressure.
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RUN NO. 2420
PEAK POWER 0.7KW/FT
PRESSURE 60 PSIA
INITIAL CLAD TEMP 508°F
COOLANT TEMP 146OF
FLOODING RATE 1.5 IN./SEC
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Figure B-7. Initial Clad Tenperature vs. Elevation
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RUN NO. 2618
PEAK POWER 0.7 KW/FT

PRESSURE 59 PSIA

.INITIAL CLAD TEMP 401F

COOLANT TEMP I16 0 F

FLOODING RATE 1.5 IN. SEC

12

I0

8

6

I-

I-.
Lu

2

0

D/P DATA
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Figture B-8. Cooiparison of Quench Front and Differential Pressure Data
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RUN NO. 01O5
PEAK POWER 0,7 KW/FT
PRESSURE 59 PSIA
INITIAL CLAD TEMP '449'F
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Figure B-1O. Comparison of Qiench Front and Differential Pressure Data
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RUN NO. 2823
PEAK POWER 0.7 KW/FT
PRESSURE 58 PSIA

INITIAL CLAD TEMP 670"F

COOLANT TEMP I117 F
FLOODING RATE B
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Figurev B-13. Comparison of Qiench Front with Differential Pressure Data
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RUN NO. 1617

PEAK POWER 1.2 KWIFT

PRESSURE 2'4 PSIA
INITIAL CLAD TEMP 272'F
COOLANT TEMP 149'F

FLOODING RATE B
12
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Figure B-14., Comparison of Qujench Front and Differential Pressure Data
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These conditions result in lower steam volumetric flux and thus less

entrainment of liquid and less storage of mass above the quench front.

In test Run 1617, shown in Figure B-14, the temperature quench data indicate,

for most of the run, a higher level in the bundle than the differential pres-

sure data. After cessation of the high flooding rate (15 seconds after

initiation of flood), the high power in this test (1.2 kw/ft) results in a

large void fraction in the bundle. The injection rate at this time was I in./sec,

which equals 0.7 lbm/sec. The housing differential pressure data indicate that

the saturation point was below the 2 ft level for the entire run, i.e., the

void fraction was greater than zero from at least the 2 ft level upward,

indicating that a large void fraction below the quench front existed. In

addition, the high power results in increased vaporization of entrained liquid,

which is confirmed by the liquid collection measurements, as shown in

Appendix B-1 for these tests. Both of these effects contribute to the low

differential pressure reading. These results are consistent with those

obtained in higher temperature FLECHT tests at low pressure, high power, and

low flooding rate given in Reference 1.

B.5 PARAMETER EFFECTS

B.5.1 Initial Clad Temperature

A comparison between a low clad temperature FLECHT run and high temperature

FLECHT runs is shown in Figure B-15. The low temperature run refloods at

nearly the cold fill rate, while the high temperature runs require 4 to 5 times

the cold fill time for the quench front to reach the bundle midplane.

The temperature quench envelopes of three low temperature runs are compared

in Figure B-16. As expected, the higher the initial clad temperature, the

longer the quench time. Figure B-17 shows the maximum clad temperatures

measured in those runs at the 6 and 8 foot elevations. The values are plotted

as a function of initial peak clad temperature. The difference between the
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6 and 8 ft maximum temperatures is seen to decrease as the initial temperature

is lowered. This effect is due to the smaller amounts of steam generated as

the temperature decreases. Less steam generation results in less cooling at

the upper elevations by convection and radiation to the steam. Consequently,

the rise in the temperatures of the 8-ft-elevation thermocouples tends to be

larger than the rise of the 6-ft-elevation thermocouple temperatures. The

effect sometimes causes the 8-ft-elevation thermocouples to reach higher

maximum temperatures than the 6-ft-elevation thermocouples.

The mass of liquid collected for each of these runs is plotted in Figure B-18

as a function of t/t 8 , quench * This nondimensional time scale reveals the

effect of clad temperature only on the amount of liquid collected. It is

clear that less water is entrained at lower initial clad temperature as a

result of the lower rate of steam generation.

Figures B-19, B-20, and B-21 present similar results for runs with a lower

flooding rate.

B.5.2 Coolant Subcooling

Figure B-22 shows the effect of different amounts of coolant subcooling.

There is no significant effect for these conditions.

B.5.3 Pressure

Figure B-23 presents plots of mass of liquid collected and average mass

effluent fraction up to the time of the 6 ft quench as a function of the

initial clad temperature for pressures of 20 and 60 psia. The graphs

indicate that there is more entrained liquid and a larger mass effluent

fraction at lower pressure. While the data for 60 psia show a definite

threshold temperature for liquid entrainment, the 20 psia data indicate

that for these conditions liquid will be entrained at all temperatures

above '.300*F.
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The increased mass effluent fraction and mass of liquid collected at lower

pressure are consistent with the results presented in Reference 1 for higher

temperature FLECHT runs. At 20 psia the specific volume of steam is about

three times that at 60 psia. Thus, higher steam velocities will occur for the

same rate of steam generation, resulting in more entrainment. Also, better

heat transfer at higher pressure will tend to vaporize more of the entrained

liquid, thus decreasing the amount of liquid collected.

The data presented do not show a constant amount of coolant subcooling, and

thus do not reflect the effect of pressure alone. The results presented in

Section B.5.2, however, indicate that the subcooling effect is negligible at

60 psia. Data were not taken for the subcooling effect at 20 psia.

B.5.4 Flooding Rate

The effect of flooding rate is shown in Figure B-24. Higher flooding rate

results in lower amounts of entrained liquid and lower mass effluent fractions,

if these quantities are referenced to a quench time. The higher flooding rate

causes the point at which the inlet water reaches the saturation temperature

to be higher in the bundle, and a faster rise of the quench level. The rate of

steam generation is lower because more of the energy is used in raising the

water temperature to saturation and also because the faster rise of the quench

front results in lower clad temperatures. With less steam generation there is

less entrainment.

B.5.5 Peak Power

The effect of peak power is shown in Figure B-25. This plot shows that as

peak power increases the mass of liquid collected increases, as does the average

mass effluent fraction. Higher peak power causes the rods to heat up faster

resulting in higher clad temperatures. Consequently, there is more steam

generation, and hence more entrainment, and a lower quench front velocity.

Very low initial peak clad temperatures result in no effect of peak power

on the amount of entrained water for the range of peak powers investigated.
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B.6 CONCLUSIONS

These tests extend the range of the FLECHT conditions as closely as possible to

the saturation temperature. Over the initial temperature range from 250 0 F to

750*F the following conclusions may be drawn:

1. Both the amount of liquid entrained and the average mass effluent

fraction are significantly lower than in the high temperature FLECHT

tests.

2. With initial clad temperatures very close to saturation temperature,

the bundle quenches at nearly the cold fill rate with little or no

liquid entrainment.

3. As the initial clad temperature increases, the temperature quench

front diverges progressively further from the cold fill rate. This

effect is greater at 20 psia than at 60 psia, but in both cases the

4 ft elevation is reached before significant mass effluent fractions

are measured.

4. The mass of liquid collected and the average mass effluent fraction

up to the time of the midplane quench increase as:

a. Flooding rate decreases

b. Initial clad temperature increases

c. Pressure decreases

d. Peak power increases

Coolant subcooling showed no significant effect.
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APPENDIX B-i

LOW CLAD TEMPERATURE FLECHT
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K>

LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 0104

DATE 11/8/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

57 psia

459 OF

0.7 kw/ft

143 OF

3.0 in./sec for O-*endsec

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Temperature(OF)

0

2

4

6

8

10

12

AVG.

170

330

302

300

308

302

297

301
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 0104

DATE 11/8/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'

5F/1O'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/1O'

Initial
Temp.
(OF)

352

418

378

347

459
432
369

350
418

377

411
453
402
366

450

369

428

365

418
445
367

Max.
Temp.
(OF)

372

677

556

368

747
714
541

374
568

530

553
730
658
537

630

526

578

525

569
685
536

Turnaround
Time

(Sec)

10

27

32

8

27
34
32

6
15

28

13
24
28
37

16

27

14

29

14
23
30

Quench
Time

(Sec)

10

29
34

8

30
55
34

7
16

29

14
26
30
40

19

29

15

34

16
25
32
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RUN NO.: -0104
PEAK POWER: 0.7 KW/FT
PRESSURE: "'57TPSIA
INITIAL CLATTE-MP.: 459 *F
COOLANT TEMP.: j5 F F
FLOODING RATE: 3-o IN/SEC

200

150

/

4-

-~MASS INJECTED

MASS STORED IN HOUSING

~SS OUT OF HOUSING

MASS OF LIQUID

COLLECTED

100

M)

50

0
0 20 40 60 80 100

TIME AFTER FLOOD - SECONDS
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K-i

LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 0203

DATE 11/14/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

60 psia

360 OF

0.7 kw/ft

144 OF

3.0 in./sec forO+endsec

B. INITIAL HOUSING TEMPERATURES

Elevation
(f t)

0

2

4

6

8

10

12

AVG.

Temperature
(OF)

178

352

320

340

312

309

289

319
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 0203

DATE 11/14/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H / 10'

4G/4'
4G/6'
4G / 10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

Initial
Temp.
(OF)

249

295

291

245

360
294
290

245
318

291

320

291

330

291

337

291

310
360
291

Max.
Temp.
(OF)

281

502

427

284

664
646
427

284
442

430

432

445

540

427

456

436

440
607
420

Turnaround
Time
(Sec)

5

18

24

5

27
40
28

5
11

24

9

29

15

24

10

24

11
21
24

Quench
Time

(Se )

5

19
25

6

28
40
29

6
12

25

10

30

16

a 24

11

25

12
21
24
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200 - - RUN NO.:'-0203

150 -

100

50

000

PEAK POWER: 0.7 KW/FT
PRESSURE: 60 PSIA
INITIAL CLAD TEMP.: 360 'F
COOLANT TEMP.: 144 OF
FLOODING RATE: 3.0 IN/SEC

Jot..... .....10)M ASS

MASS C

MAI

MASS INJECTED

STORED IN HOUSING

UT OF HOUSING

S OF LIQUID COLLECTED

20 40 60 80 100 ' 120.'

TIME AFTER FLOOD - SECONDS
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 0306

DATE 11/15/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

59 psia

559 OF

0.7 kw/ft

156 OF

3.0 in./sec for O-endsec

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Temperature
(*F)

0

2

4

6

8

10

12

AVG.

198

344

376

398

376

359

326

357
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 0306

DATE 11/15/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/1O'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

7D/4'

7D/6'
7D/10'

Initial
Temp.
(OF)

370

483

397

361

559
502
392

368
478

389

484
557

392

522

392

491

395

477
545
386

Max.
Temp.
(OF)

386

705

539

385

800
748
515

392
603

518

621
804

535

695

518

630

525

585
755
528

Turnaround
Time

(Sec)

3

27

27

4

26
38
24

5
14

22

13
29

32

14

22

13

23

11
25
26

Quench
Time

(Sec)

9

30
30

9

36
60
29

10
16

24

15
33

35

15

24

15

24

13
30
29

B-50



<-Iý

200

150

RUN NO.: " - 0306
PEAK POWER: 0.7 KW/FT
PRESSURE: 59 PSIA
INITIAL CLATTEMP.: 559 OF
E•ftik! U MIT" mlPtL• -

FULOOIN IRAm.:FLOODING RATE:

'I

I otrl I'/
/ 3.0 IN/SEC

S MASS STOI

MASS INJECTED

C',)
C,,cc

100

RED IN HOUSING

MASS OUT OF HOUSING

50-

0L
'0

MASS OF LIQUID COLLECTED

-k I

20 40 60 80 100 --

TIME AFTER FLOOD - SECONDS
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 0405

DATE 11/15/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

59 psia

449 OF

0.7 kw/ft

144 OF

4.0 in./sec for O+end sec

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

0

2

4

6

8

10

12

AVG.

Temperature
(OF)

226

355

350

413

383

324

297

354
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 0405

DATE 11/15/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/ 8'
3H / 10'

4G/4'
4G/6'
4G / 10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

Initial
Temp.
(OF)

334

363

332

326

444
381
330

322
363

323

379

327

399

327

379

330

366
449
324

Max.
Temp.
(OF)

343

542

459

341

627
599
452

342
471

447

474

428

525

449

479

448

478
607
444

Turnaround
Time

(Sec)

3

17

22

3

14
22
22

14
10

22

8

18

8

22

9

22

10
14
20

Quench
Time

(Sec)

4

18
23

5

15
24
23

5
11

23

9

20

10

23

10

25

11
18
23
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200,.-. i MASS INJECTED

/RUPE~
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IN
CO

150 t- FL

C)

> 100- MASS ST

4"ASS C

50

I> 20 40 60

TII1E AFTER FLOOD - SECONDS

N NO.:" -04D5
AK POWER: 0.7 KW/FT
ESSURE: 59 PSIA
ITIAL CLAD TEMP.: 449 OF
OLANT TEMP.: 144 F
OODING RATE: 4.0 IN/SEC

ORED IN HOUSING

)UT OF HOUSING

MASS OF LIQUID COLLECTED

80 100
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 0507

DATE 11/16/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

59 psia

654 OF

0.7 kw/ft

154 OF

3.0 in./sec for0+end sec

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

0

2

4

6

8

10

12

AVG.

Temperature
(OF)

233

337

331

368

356

325

306

335
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 0507

DATE 11/16/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/1O'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

Initial
Temp.
(OF)

420

551

422

412

654
586
419

414
525

418

539

421

600

421

545

427

525
628
415

Max.
Temp.
(OF)

453

746

566

417

847
792
548

441
640

534

645

559

741

531

671

541

645
801
543

Turn around
Time

(Sec)

6

24

30

.2

21
28
24

6
13

20

11

30

15

21

16

21

12
20
24

Quench
Time

(Sec)

8

27
33

5

40
64
27

8
15

22

13

33

19

25

18

24

14
38
26
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RUN NO.:*- 0507
PEAK POWERK: 0.7 KW/FT
PRESSURE: 59 PSIA
INITIAL CLYWTEmp.: 

654 *F

COOLANT TEMP.: OF
FLOODING RATE: 3.0 IN/SEC

200

MASS INJECTED

150

lool

a-

, 50

MASS STORED IN HOUSING

OUT OF HOUSING

0* MASS OF LIQUID COLLECTED

10020 40 60 80

TIME AFTER FLOOD - SECONDS
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 0608

DATE 11/17/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

60 psia

754 OF

0.7 kw/ft

149 OF

3.0 in./sec for0o-end sec

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Temperature
(OF)

0

2

4

6

8

10

12

AVG.

243

331

378

443

363

345

311

339
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 0608

DATE 11/17/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/1O'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/21
3H/4'
3H1/6'
3H/8'
3H / 10'

4G/4'
4G/6'
4G/10'

4H /4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

Initial
Temp.
(OF)

460

630
480

448

754
666
476

452
599

473

616

474

692

474

613

480

598
716
468

Max.
Temp.
(0F)

484

803

620

479

928
847
593

485
701

577

726

606

809

577

721

584

715
873
605

Turnaround
Time

(Sec)

4

28

33

5

20
29
23

5
13

18

14

34

13

18

18

19

15
18
38

Quench
Time

(sec)

5

30
36

6

48
69
25

6
18

21

16

39

21

20

22

22

18
43
41
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RUN NO.:'- 8
PEAK POWER: 7KW/FT
PRESSURE: 60 PSIA
INITIAL CLAD TEMP.: 754 OF
COOLANT TEMP.: 149 OF
FLOODING RATE: .0 IN/SEC

too ~

150

K->
LI

J

MASS INJECTED

MASS OUT OF HOUSING

MASS STORED IN HOUSING

100

50

0.1

MASS OF LIQUID COLLECTED

. 100"

I
20 40 60 80

TIME AFTER FLOOD - SECONDS
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 0701

DATE 11/21/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

23 psia

375 OF

0.7 kw/ft

23 OF

3.0 in./sec for O+end sec

B. INITIAL HOUSING TEMPERATURES

Elevation
(f t)

Temperature
(°F)

0

2

4

6

8

10

12

AVG.

197

285

313

347

326

278

248

298
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 0701

DATE 11/21/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H / 10'

4G/4'
4G/6'
4G/10'

Initial
Temp.
(OF)

233

338

270

231

375
349
271

233
276

257

313

339
274

317

269

Max.
Temp.
(OF)

254

556

379

258

690
686
371

264
393

366

408

597
389

504

366

456

371

400
610
379

Turnaround
Time

(Sec)

2

23

17

4

47
60
17

4
10

17

7

30
24

13

17

14

18

10
24
22

Quench
Time

(Sec)

6

28
18

5

49
121

19

6
12

19

13

58
25

15

19

16

20

12
38
23

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

311

266

289
381
267
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300

250

too

100

0o

So

RUN NO.:" -0701
PEAK POWER: 6.7 KW/FT
PRESSURE: 3T PSIA
INITIAL CLAUDTEMP.: 375 OF
COOLANT TEMP.: 140 °F
FLOODING RATE: 3. IN/SEC

MASS INJECTED-

MASS OUT OF HOUSING

IN HOUSING

COLLECTED

0 20 40 60 80 - 100 120 '140

TItlE AFTER FLOOD - SECONDS
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 0802

DATE 11/21/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

20 psia

453 OF

0.7 kw/ft

142 OF

3.0 in./sec for O+endsec

K>
B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

0

2

4

6

8

10

12

AVG.

Temperature
(OF)

181

284

301

303

298

259

234

278
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 0802

DATE 11/21/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/1O'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

Initial
Temp.
(OF)

294

397

313

287

453
417
310

291
387

301

418

404
317

456

311

415

309

389
428
308

Max.
Temp.
(OF)

325

617

424

323

729
725
414

330
512

408

547

661
428

613

391

543

412

518
658
408

Turnaround
Time

(See)

5

30

19

5

54
74
18

5
17

19

16

47
25

16

13

16

19

18
32
18

Quench
Time

(See)

7

32
22

6

78
157

20

7
19

21

23

115
27

24

18

20

22

20
61
20
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RUN NO.:
PEAK POWER:.Y.T7 KW/Fr
PRESSURE: 20 PSIA

30 INITIAL CLADTEMP.: 453 *F
,300. COOLANT TEMP.: 42F "

FLOODING RATE: 3.0 IN/SEC

250-
0MASS INJECTED

MASS OUT OF HOUS

100

MASS STORED IN HOUS

so 50 -•MASS OF LIQUID COLL

__210 40 60 80 - 100 120 140

TIME AFTER FLOOD - SECONDS

ING

ING

J,
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 1109

DATE 11/29/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

20 psia

311 OF

.70 kw/ft

149 OF

3.0 in./sec for0-+endsec

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Temperature
(OF)

0

2

4

6

8

10

12

AVG.

199

242

251

270

256

255

234

237

B-73
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 1109

DATE 11/29/72

C. HEX

Rod/Elev,

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/1O'

3H/2'
3H/4'
3H/6'
3H/8'
3H / 10'

4G/4'
4G/6'
4G / 10'

4H/4'
4H/6'
4H/ 10'

7D/4'
7D/6'
7D/10'

TER THERMOCOUPLE DATA

Initial
Temp.
(OF)

237

Max.
Temp.
(0F)

276

Turnaround
Time

(Sec)

6

282
261

231

311
301
262

235
282

244

297

266
269

316

262

303

254

285
303
259

518
381

274

668
673
375

281
423

365

424

519

393

511

371

433

381

426
560
373

26
20

7

50
97
19

7
13

20

11

32
26

17

20

12

26

13
28
19

Quench
Time

(Sec)

8

29

22

8

52

21

8
15

22

13

45
27

19

22

14

28

15
35
21
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300 ..
RUN NO.:" - 1109
PEAK POWER: 0.7 KW/FT
PRESSURE: 2"0 PSIA
INITIAL CLAD TEMP.: 311 °F MASS INJECTED /

COOLANT TEMP.: 149 OF
FLOODING RATE: 3.0 IN/SEC

tooL

(A MASS OUT OF

150 HOUSING

~1100

MASS STORED IN HOUSING

'-d4 MASS OF LIQUID COLLECTED

0 20 40 60 80 100 120 "140

TII.E AFTER-FLOOD - SECONDS
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 1212

DATE 12/1/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

19 psia

253 OF

0.7 kw/ft

139 OF

6.5 in./sec for 0+3.4

.97 in./sec for 3.4+60

.96 in./sec for 60+end

sec
sec

sec

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Temperature
(OF)

0

2

4

6

8

10

12

AVG.

169

173

183

181

175

190

210

181

B-77



LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Coant)

RUN NO. 1212

DATE 12/1/72

C. HEATER THERMOCOUPLE DATA

Initial
Temp.
(OF)Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/1O'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H / 10'

4G/4'
4G/6'
4G/ 10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

186

229
213

181

253
240
212

183
230

193

235
258
205
215

252

210

242

200

232
247
208

Max.
Temp.
(OF)

203

795

562

209

825
863
495

207
511

469

505
813
849
565

628

Turnaround
Time

(Sec)

Quench
Time

(Sec)

4

127
85

203
88

47

74
127

52

125
258

56

4
24 26

47

24
76

132
138

28

50

29
96

221
5140 @ 300 sec

no quench
30

466

542

489

510
747
495

42

28

73

24
74
51

44

30

77

27
101

54

B-78



too-

F

so

It0.o

RUN NO.:
PEAK POWER: 0.'7 KW/FT
PRESSURE: 19 PSIA
INITIAL CLAFT'E"M: 253 F"
COOLANT TEMP.:
FLOODING RATE: A IN/SEC

IN HOUSING

28040 80 120 160 200 240

TIME AFTER FLOOD - SECqNDS
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 1516

DATE 12/6/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

22 psia

320 OF

1.0 kw/ft

145 OF

6.1 in./sec for 0+3.4 sec

3.1 in./sec for 3.4+15.5 sec

1.0 in./sec for 15.5+end sec

<2
B. INITIAL HOUSING TEMPERATURES

Elevation
(f t)

0

2

4

6

8

10

12

AVG.

Temperature
(OF)

181

254

274

296

274

243

220

259

B-81



LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 1516

DATE 12/6/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H / 10'

4G/4'
4G/6'
4G/10'

Initial
Temp.
(OF)

244

279

270

246

Max.
Temp.
(OF)

250

663

403

254

Turnaround
Time

(Sec)

3

30

14

3

Quench
Time

(Sec)

32
16

6

320

300

243
281

260

311
282
264

330

267

326

270

287
308
260

90 149

4111043

257
395

396

400
919
420

545

295

495

456

405
913
727

140

3
7

15

6
90
19

12

14

12

25

7
86

140

6
9

17

8
92
20

12

16

13

26

4H/4'
4H1/6'
4H/10'

7D/4'
7D/6'
7D/10'

8
88

171
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.1. - ,

RUN NO.:" - 1516 M I
PEAK POWER: - . MASS INJECTED
PRESSURE: 22T PSIA
INITIAL CLAD TEMP.: 320 OF

300 -COOLANT TEMP.: JAS OF

FLOODING RATE: B IN/SEC

250 MASS OUT O6F HOUSIN

.100IS

MASS OF LIQUID COLLECTED

, MASS STORED IN HOUSING

0

100 200 .- 300 400 500

TIME AFTER FLOOD - SECONDS

G
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 1617

DATE 12/6/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

24 psia

272 OF

1.2 kw/ft

149 OF

in.Isec for 0+3.4 sec

in./sec for 3.4+15.7 sec

in./sec for 15.7+end sec

6.2

3.1

.95

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Temperature
(OF)

0

2

4

6

8

10

12

AVG.

178

245

244

240

230

232

223

234

B-85



LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 1617

DATE 12/6/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H1/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

Initial
Temp.
(°F)

238

242

240

231

272
250
238

233
247

231

260
267
252
246

264

232

263

247

247
270
238

Max.
Temp.
(°F)

256

970

414

256

1114
1141

405

265
424

406

406
1072

948
508

464

355

422

417

432
1019

399

Turnaround
Time

(Sec)

2

102

16

3

96
155

15

3
9

16

7
89
70
32

8

11

8

16

9
93

104

Quench
Time

(Sec)

116
18

5

153
492

17

5
12

18

9

73
34

12

15

10

19

12
96

107

B-86



350 RUN NO.:'. I l7

PEAK POWER: 2- KW/FT
PRESSURE: 24 PSIA
INITIAL CLr E .: 272 bF
COOLANT TEMP.: 149 1 -
FLOODING RATE: WB IN/SEC

MASS INJECTED

300

:250

MASS OUT OF HOUSING

c00)
to

60

'K..i ua-

150 -

100 -

MASS STORED IN

Q 10I0 200 300. 400 Soo

P COLLECTED

HOUSING

TIME AFTER FLOOD - SECONDS B-87





LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 1715

DATE 12/6/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

20 psia

400 OF

0.7 kw/ft

147 OF

6.2 in./sec

3.1 in./sec

1.01 in./sec

for 0*3.4 sec

for 3.4+16.1 sec

for 16.1-*end sec

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Temperature
(OF)

0

2

4

6

8

10

12

AVG.

195

289

308

366

358

260

219

300

B-89



LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 1715

DATE 12/6/72

C. HEATER THERMOCOUPLE DATA

Initial
Temp.
(OF)Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/1O'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H / 10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/ 10'

7D/4'
7D/6'
7D/10'

265

346
296

265

401
369
293

260
347

289

369

360
292

407

290

374

297

348
378
293

Max.
Temp.
(OF)

266

615

381

269

790
826
554

263
419

359

479

851
394

544

396

483

420

420
701
591

Turnaround
Time
(Sec)

1

35

14

1

86
123

97

1
6

12

10

120

18

11

18

10

24

6
58

105

Quench
Time

(Sec)

37
14

88
266
107

7

14

11

220
20

12

20

11

25

7
60

108

.......
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250

RUN NO.:" - 1715
PEAK POWER: 0.7 KWFT
PRESSURE: " 20 PSIA
INITIAL CLKW7hP: 401 OF
COOLANT TEMP.: W.
FLOODING RATE: -B IN/SEC

-too _MASS 
INJECTE6

150_

100

MASS 6F LIQUID COLLECTED

500

MASS STORED IN HOUSING

0

0 40 80 120 160 200 240 280

TIME AFTER FLOOD - SECONDS
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 1812

DATE 12/7/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

59 psia

502 OF

0.7 kw/ft

151 OF

6.4 in./sec for 0÷3.4 sec

3.3 in./sec for 3.4+15.4 sec

.99 in./sec for 15.4-+end sec

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Temperature
(OF)

0

2

4

6

8

10

12

AVG.

197

333

375

392

384

301

283

272

B-93



LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Coant)

RUN NO. 1812

DATE 12/7/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F18'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H /2'
3H/4'
3H1/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
41H/10'

Initial
Temp.
("F)

308

450

340

308

502
470
335

312
435

320

450
465
450
330

480

330

460

330

Max.
Temp.
("F)

308

580

515

312

780
770
540

318
515

500

555
750
730
550

620

535

570

540

515
730

Turnaround
Time

(Sec)

1

16

36

2

42
48
46

2
7

36

10
33
48
34

11

46

11

46

7
29

Quench
Time

(Sec)

3

37

42

4

49
80
47

3
8

42

12
40
65
51

12

49

43

50

7D/4'
7D/6'
7D/10'

430
500

8
38
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too
RUN NO.: ' - 1812
PEAK POWER: 0.7 KW/FT
PRESSURE: 59 PSIA
INITIAL CLD1iEiMP.R: 502 *F
COOLANT TEMP.: 11 °F

FLOODING RATE: " B" IN/SEC

MASS INJECTED

K,. 100

MASS OUT OF HOUSING

s0

0020 40 60 80 100 120 140

TIME AFTER FLOOD L SECONDS

B-95
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 1913

DATE 12/7/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

58 psia

310 OF

1.01 kw/ft

156 OF

6.3 in./sec for 0+3.5 sec

3.2 in./sec for 3.5+15.4 sec

.99 in./sec for 15.4+end sec

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Temperature
(OF)

0

2

4

6

8

10

12

AVG.

214

290

288

306

290

291

293

289

B-97



LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 1913

DATE 12/7/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F18'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/ 8'
3H/10'

4G/4'
4G/6'
4G/10'

Initial
Temp.
(OF)

293

307

302

297

310
318
302

298
302

296

308

300
300

303

299

Max.
Temp.
(OF)

297

560

498

297

597
755
490

298
393

485

370

600
520

410

507

390

489

399
555
485

Turnaround
Time

(Sec)

4

18

24

0

15
13
23

0
6

24

6

24
34

7

28

6

25

7
14
23

Quench
Time

(Sec)

5

18
25

1

15
15
24

1
6

26

36

25
36

7

30

4H/4'
4H/6'
4H/1O'

7D/4'
7D/6'
7D/10'

313

299

301
310
295

6

26

7
15
24

B-98



RUN NO.:' - 1913
PEAK POWER: . 1.0 KW/FT
PRESSURE: -58 PSIA
INITIAL CLAD TEMP.: 310 OF
COOLANT TEMP.: 156 OF-
FLOODING RATE: B- IN/SEC

150

K-,

a-..

100

so

MASS INJECTED

MASS OUT OF HOUSIN

MASS STORED IN HOUSING

MASS OF LIQUID COLLECTED

G

00
20 40 60 80 ",. 100

TIME AFTER FLOOD - SECONDS

B-99
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 2014

DATE 12/8/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

60 psia

312 OF

1.2 kw/ft

150 OF

6.6 in./sec for 0+3.3 sec

3.5 in./sec for 3.3)15.4 sec

1.0 in./sec for 15.4+ sec

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Temperature(OF)

0

2

4

6

8

10

12

AVG.

279

305

299

289

291

292

295

294

.B-lOI



LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 2014

DATE 12/8/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/1O'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/1O'

3H/2'
3H/4'
3H/"6'
3H/ 8'
3H/10'

4G/4'
4G/6'
4G/1O'

Initial
Temp.
(OF)

295

310

303

297

312
320
303

299
302

295

310

303

300

310

300

Max.
Temp.
(OF)

316

530

475

299

760
898
480

299
416

477

389

645

501

425

502

422

480

425
599
501

Turnaround
Time
(Sec)

5

13

18

4

25
66
18

0
7

18

6

25
23

6

23

7

19

7
15
23

Quench
Time

(Sec)

5

14
19

6

26
68
19

0
8

19

8

26
24

7

24

4H/4'
4H"/6'
4H/10'

7D/4'
7D/6'
7D/10'

320

300

305
310
298

8

20

8
16
24
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150

.100
K>D

0)

RUN NO. : " 2014
PEAK POWER: 1.2 KW/FT
PRESSURE: 60 PSIA
INITIAL CLAD TEMP.: 312 OF
COOLANT TEMP.: 150 OF
FLOODING RATE: B IN/SEC

('

MASS INJECTED

MASS OUT OF HOUSING

MAS STORED IN- HOUSING

MASS OF LIQUID COLLECTED

50

0
0 20 40 60 80 , 100

TIME AFTER FLOOD - SECONDS
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 2122

DATE 12/8/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

59 psia

498 OF

0.7 kw/ft

149 OF

in./sec for 0-+2.9

in./sec for 2.918.8

in./sec for sec

6.3

3.4

.92

sec

sec

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Temperature
(*F)

0

2

4

6

8

10

12

AVG.

226

384

392

396

370

338

288

361

B-105



LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Coant)

RUN NO. 2122

DATE 12/8/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

Initial
Temp.
(OF)

365

438

377

361

498
463
376

365
442

366

451
521
427
371

492

371

Max.
Temp.
(OF)

365

865

707

361

845
926
700

365
549

708

550
855
880
702

660

688

565

691

547
781
703

Turnaround
Time

(Sec)

0

69

82

0

38
69
87

0
11

89

10
47
73
90

15

67

10

90

11
36
89

Quench
Time
(Sec)

1

91
108

1

60
120
113

1
14

92

11
51

110
110

17

70

134H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

463

371

443
477
372

114

14
54

124

B-106



r

too

'so

0~

50

RUN NO.:ý - 2122
PEAK POWER' 0.T7T KW/FT
PRESSURE: 59 PSIA
INITIAL CLAT P: 498 *F
COOLANT TEMP.: T
FLOODING RATE: D IN/SEC

MASS INJECTED

20 40 60 80 - 100 120 "140

TIME AFTER FLOOD-- SECONDS
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 2324

DATE 12/11/73

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

60 psia

653 OF

1.2 kw/ft

145 OF

in./sec for 0+3.1 sec

in./sec for 3.1+14.8 sec

in./sec for 14.8-*end sec

6.3

3.7

.99

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Temperature
(OF)

0

2

4

6

8

10

12

AVG.

212

429

466

493

448

373

295

417

B-109



LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 2324

DATE 12/11/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/1O'

5G/2'
5G/4'
5G/6'
5G/8'
5G/1O'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

Initial
Temp.
(OF)

429

550

427

420

653
602
429

427
555

392

560
608
542
421

613

425

587

418

557
635
391

Max.
Temp.
(°F)

436

1278

811

421

1136
1254

562

444
716

498

717
1185
1264

792

804

689

775

552

722
1060
930

Turnaround
Time

(Sec)

1

119

91

1

67
119

14

3
11

10

11
68

124
82

12

52

21

10

12
53

141

Quench
Time

(Sec)

2

225
126

4

123
252
16

6
14

13

13
119
248

93

24

64

25

12

14
112
252

B-110



250 RUN NO.: - 2324
PEAK POWER: 1.2 KW/FT
PRESSURE: 60 PSIA
INITIAL CLAD TEMP.: 653 *F
COOLANT TEMP.: 145 °F -
FLOODING RATE: B IN/SEC

too.

MASS INJECTED

SO. ,le
- MASS OUT OF HOUSING

l-
100-. .--

MASS STORED IN HOUSING

0/

0 40 8o 120 160 200 240 280

TIMME AFTER FLOOD - SECONDS

B-ill





LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 2420

DATE 12/12/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

60 psia

508 °F

.7 kw/ft

146 OF

1.50 in./sec for O+endsec

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Temperature
(OF)

0.

2

4

6

8

10

12

AVG.

196

373

342

387

366

353

287

352
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 2420

DATE 12/12/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/1O'

6G/2'
6G/4'
6G/6'
6G/8'
6G/I1O'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

Initial
Temp.
(OF)

326

406

360

319

508
427
356

316
417

340

424

425

353

457

354

434

345

Max.
Temp.
(OF)

404

860

680

397

963
918
658

401
686

650

710

874

656

792

646

723

649

693
910
652

Turnaround
Time

(Sec)

13

67

80

14

47
62
72

14
30

64

32

75

72

31

62

33

64

30
48
72

Quench
Time

(Sec)

14

98

83

15

80
115

93

15
31

67

34

98
98

37

66

35

69

7D/4'
7D/6'
7D/10'

418
490
350

31
72
98
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RUN NO.:, - 2420
PEAK POWER: 0.7 KW/FT
PRESSURE: 60 PSIA
INITIAL CLAD TEMP.: 508 OF
COOLANT TEMP.: iT46 F
FLOODING RATE: 1." IN/SEC150

100

50

1.

MASS INJECTED

MASS OUT OF HOUSING

MASS OF' LIQUID'

COLLECTED

20 40 60 80 100 120

TIME-AFTER FLOOD - SECONDS

"140
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 2519

DATE 12/12/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

61 psia

603 OF

.7 kw/ft

143 OF

1.52in./sec for O*end sec

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Temperature
(OF)

0

2

4

6

8

10

12

AVG.

201

327

381

401

400

297

288

341
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 2519

DATE 12/12/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H / 10'

4G/4'
4G/6'
4G / 10'

4H/4'
4H/6'
4H / 10'

Initial
Temp.
(OF)

363

537

385

359

605
559
380

359
506

364

517

512

374

568

377

525

369

Max.
Temp.
(0F)

460

937

723

435

1039
996
677

458
757

668

771

919
676

878

666

792

657

762
979
688

Turnaround
Time

(Sec)

16

60

74

14

48
62
76

17
30

63

30

73

77

30

57

31

71

30
48
75

Quench
Time

(Sec)

17

108

77

16

90
127

98

18
39

66

39

114

114

43

59

44

87

40
31
98

k -,/

7D/4'
7D/6'
7D/10'

504
581
380
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RUN NO.:" - 2519
PEAK POWER: O__.7 KW/FT
PRESSURE: 61 PSIA
INITIAL CLAD TEMP.: 603 OF
COOLANT TEMP.: _ 43___F
FLOODING RATE: 1.52 IN/SEC

1501-

)Do[

100t

50

0 20 40 60 so

MASS INJECTDI

. 100 120 140

TIME AFTER FLOOD - SECONDS,
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 2618

DATE 12/13/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

59 psia

401 OF

.7 kw/ft

146 OF

1.50 in./sec forO-~end sec

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Temperature
(OF)

0

2

4

6

8

10

12

AVG.

223

313

347

371

369

319

282

330
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 2618

DATE 12/13/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G / 8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

Initial
Temp.
(OF)

280

340

316

273

401
395
316

275
340

296

353

370

323

364

311

357

300

342
398
310

Max.
Temp.
(OF)

370

835

640

359

897
905
637

373
628

615

650

844
629

730

623

670

637

637
843
631

Turnaround
Time

(Sec)

15

64

67

16

46
66
70

16
30

61

29

68

70

32

60

30

66

31
46
65

Quench
Time

(Sec)

16

84
79

17

70
105

74

17
32

63

31

96

90

34

62

32

67

34
64
67
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RUN NO.: - 2618
PEAK POWERT 0.7 KW/FT
PRESSURE: 5n PSIA
INITIAL CLADITEMP.: 401 OF
COOLANT TEMP.: 146 OF_
FLOODING RATE: 1.5 IN/SEC

150

100

0

so

MASS INJECTED

OUT OF HOUSING

0 20 40 60 80 ., 100 120

TIME AFTER FLOOD - SECONDS
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 2823

DATE 12/15/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

58 psia

670 *F

.7 kw/ft

147 OF

in./sec for 0+3.5 sec

in./sec for 3.5+15.4 sec

in./sec for 15.4-end sec

6.22

2.7

.95

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

Temperature
(OF)

0

2

4

6

8

10

12

AVG.

224

364

399

409

400

366

309

280
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 2823

DATE 12/15/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/10'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

Initial
Temp.
(OF)

468

510

468

670
630
497

480
605

481

650
565
470

652

490

Max.
Temp.
(OF)

468

739

468

887
952
727

480
683

719

880
874
701

748

712

700

686

690
833
730

Turnaround
Time

(Sec)

0

66

0

28
56
68

1
11

79

33
63
79

11

67

10

68

11
30
70

Quench
Time

(Sec)

0

91

I

60
114
119

2
13

81

44
77
82

16

80

12

86

13
55

114

4H/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

610

473

605
640
490
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RUN NO.: '-2823
PEAK POWER:T Q 0.7 KW/FT
PRESSURE: 58 PSIA
INITIAL CLAD TEMP.: 670 OF
COOLANT TEMP.: 147 °F
FLOODING RATE: B IN/SEC

,150 -

MASS INJECTED

100
Ltn

MASS STORED IN HOUSING

=,so -

14ASS OUT OF AOUSING

MASS OF LIQUID COLLECTED

0
0 20 40 60 80 100 120 "140

TIME AFTER FLOOD - SECONDS
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LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET

RUN NO. 2921

DATE 12/15/72

A. RUN CONDITIONS

Pressure

Initial Clad Temperature

Peak Power

Coolant Temperature

Flooding Rate

59 psia

660 OF

.7 kw/ft

171 OF

5.4 in./sec for 0+3.8 sec

2.5 in./sec for 3.8-o7.3 sec

.88 in./sec for 7.3-end sec

B. INITIAL HOUSING TEMPERATURES

Elevation
(ft)

0

2

4

6

8

10

12

AVG.

Temperature
(°F)

235

382

407

403

406

367

310

376

B-129



LOW CLAD TEMPERATURE FLECHT RUN SUMMARY SHEET (Cont)

RUN NO. 2921

DATE 12/15/72

C. HEATER THERMOCOUPLE DATA

Rod/Elev.

5F/2'
5F/4'
5F/6'
5F/8'
5F/1O'

5G/2'
5G/4'
5G/6'
5G/8'
5G/10'

6G/2'
6G/4'
6G/6'
6G/8'
6G/10'

3H1/2'
3H/4'
3H/6'
3H/8'
3H/10'

4G/4'
4G/6'
4G/10'

Initial
Temp.
(OF)

537

476

503

537

660
622
493

545
551

471

510
640
556
461

648

485

Max.
Temp.
(OF)

537

574
729

537

857
923
715

547
689

703

587
854
851
695

746

722

703

680

676
794
709

Turnaround
Time

(Sec)

0

28

63

0

26
54
67

1
7

75

12
31
57
80

11

74

11

69

12
26
65

Quench
Time

(See)

3

40
83

3

64
112

97

3
11

78

14
41
95
83

13

78

14

90

4H-/4'
4H/6'
4H/10'

7D/4'
7D/6'
7D/10'

617

465

609
631
478

16
52

133
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RUN NO. : " 2921
PEAK POWER: 0.7 KW/FT
PRESSURE: 59 PSIA
INITIAL CLAT-MP.: 660 OF
COOLANT TEMP.: r71 0F
FLOODING RATE: B IN/SEC

,150
I ..

100cn

C)

MASS INJECTED

50

0~

`1ASS OUT OF- HOUSING

MASS OF LIQUID COLLECTED.

20 40 60 80 .. 100 120

TIME AFTER FLOOD - SECONDS
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APPENDIX C

TOP INJECTION TESTS

C.1 INTRODUCTION

C.1.1 Purpose of Tests

Bottom flooding is the current mode of ECCS injection for most of the present

generation of PWR designs and has been investigated in the PWR FLECHT program

and elsewhere. Combined top and bottom injection has been investigated by

Siemens in Germany. At a meeting held to discuss additional tests which

might be performed as part of the FLECHT-SET program, the Consolidated Edison-

ERC representative suggested that a series of top injection scoping tests be

performed in the FLECHT-SET facility as a logical extension of the above

investigations. The AEC, PWR vendors, and members of the Electrical Research

Council agreed that the data obtained from these tests would be generally

useful toward a further understanding of emergency core cooling-system

effectiveness and a series of top injection scoping tests was subsequently

incorporated into the scope of work of the FLECHT-SET program.

C.2 TEST DESCRIPTION

C.2.1 Facility Layout

The top injection tests were conducted by injecting water into the FLECHT-SET

upper plenum through the original FLECHT exit port as shown in Figure C-1.

One specified ground rule used was that the injected water would not have

a velocity component downward into the bundle. The injection pipe was

positioned so that the injected water would penetrate at least three rows

of rods into the bundle before falling down the heated rod length as shown in

Figure C-2. Cold flow tests indicated the amount of penetration for the

injection jet.
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CONTAINMENT
TANK

CD
U'

Figure C-1. Flecht-Set Configuration for Top Injection Tests
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6959-12

-FLECHT-SET UPPER
PLENUM EXTENSION

I"

IO

FLECHT BUNDLE

I .38

INJECTION WATER FLOW

Figure C,-2. Top Spray Injection Position
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C.2.2 Instrumentation and Data Acquisition

The instrumentation used in these tests was the same as that used in the

FLECHT-SET Phase A tests. However, by this time in the testing program less

than one-half of the original bundle thermocouples were operating and no

8 ft. elevation thermocouples were functioning. The data acquisition system

was the same as that used in the Phase A tests.

C.2.3 Test Procedure

The bundle and housing were heated to the required initial temperatures as

required by the tests. The housing temperature distribution was controlled

by palsing the heater rod power and using the strip heaters mounted on the

housing. The initial temperature of the housing was 800*F at the midplane

and efforts were made to have the housing temperature as uniform as possible.

The hot housing represented a fuel assembly channel wall in these tests. No

water was in the FLECHT-SET system before or during heatup. The system was

not pressurized for any of these tests and the downcomer was valved out of

the system for all tests. The lower plenum of the bundle housing was open to

the atmosphere and connected to a series of 55 gallon water collection drums.

In this manner, no water could accumulate in the bundle during the test and

would drain out of the housing into the collection drums. One test was

conducted with the bundle drain closed so that water could accumulate in the

bundle. At the conclusion of each test, the water was measured at all

collection points in the FLECHT-SET system as well as the catch tanks at the

bundle exit, and a crude mass balance was then performed on the system.

The test matrix for the top injection tests is given in Table C-1 and shows

that the principal parameters investigated were initial temperature, peak

power, subcooling, injection flow rate, and location of the system venting

(i.e., was the bundle allowed to drain or not).
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TABLE C-1

TOP INJECTION TEST MATRIX

C

Run
No.

Initial
Temp
(OF)

Peak
Power

(kwl/ft)

Injection
Water Temp

(OF)

Housing
Temp
(OF)

System
Pressure

(psia)

Injection
Flow
(gpm) Remarks

5501

5602

5703

5904

6007

6106

1100

1100

1100

1400

1100

1100

0.4

0.6

0.7

0.7

0.7

0.7

0.7

0.7

150

150

150

150

150

82

87

180

800

800

800

800

800

800

800

800

14.7

14.7

14.7

14.7

18.0

14.7

14.7

14.7

15

15

15

15

15

15

35

15

System vented

System vented

System vented

System vented
Initial temp effect

System not vented

System vented
Subcooling effect

System vented
Injection flow
rate effect

System vented
Subcooling effect

0
6205 1100

6408 1100



C.3 CALCULATIONS AND DATA REDUCTION

Since these were scoping tests to investigate a particular ECC injection

concept, data reduction and anlaysis efforts were minimized and the effects

of the system parameters given in Table C-I were compared. DATAR was run for

each top injection test, and local heat transfer coefficients and rod temperature

histories were obtained. The housing temperature history and the water

inventories at various locations in the system were also obtained and a rough

mass balance for each test was attempted.

For the different parametric studies two quantities were examined:

1. The temperature distributions at different elevations in the bundle

2. The heat transfer history of selected rods within the bundle.

Both the heat transfer coefficients and rod temperatures were obtained directly

from the DATAR computer program. The data sheets given in Appendix C-i contain

the rod temperature history in the same format as the Phase A test data. It

should be noted that not all the rod temperatures quenched in these tests since

the amount of cooling received by each rod was a strong function of its

location within the bundle.

C.4 DISCUSSION OF TEST RESULTS

C.4.1 Run Summary Sheets

The run summary sheets for each test are given in Appendix C-I along with the

rod thermocouple initial temperature turnaround times, maximum temperatures,

and quench times if the rod did quench. The run conditions, inlet flow, and

amount of water collected in the system are also given in the run summary sheets

for each test.

C.4.2 General Observations

The cold flow injection test which determined the location of the injection

line with respect to the bundle indicated that the injection flow would

penetrate some distance into the rod bundle. Examination of the
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test data indicates that the injection water did not spread evenly over the

bundle cross section, resulting in localized hot zones. The heat transfer

in the hot zones, however, was sufficient to turn the temperature around and

cool the rods. The only exception to this is Run 6106 in which there was a

power scram when the rod temperature reached 2000*F.

All tests showed some net steam flow through the orifice downstream of the

upper plenum, even though the bottom end of the bundle was vented to the

atmosphere. This indicates that countercurrent steam/water flow may have

existed to some extent in the bundle, preventing effective penetration of

the water throughout the bundle. The largest orifice steam flow occurred in

test 6007 when the bundle drain was closed and the injection water was allowed

to accumulate. It should be noted that the orifice steam flow only accounted

for 5-10 percent of the total mass injected into the system as shown in

Table C-2 and does not account for generated steam which is condensed in the

bundle.

The rod temperature profiles indicate that, in general, the amount of cooling

is just sufficient to remove the generated heat at some elevated temperature

level. The rod temperature will tend to remain at a high value for extended

periods of time and will slowly decrease as the rod power decreases. This

thermal behavior indicates that the rod is in a steam cooling or extremely

dispersed two-phase flow environment which provides low values of convective

heat transport. The amount of entrained or splashing water which contacts a

rod is very dependent on the location of that rod with respect to the upper

plenum injection point. Rods closer to the injection point would quench at all

elevations, while rods far away from the injection point did not quench even

at the 10 ft elevation.. The peak clad temperatures for the reference test,

Run 5703, are shown in Figures C-3, C-4, C-5, and C-6 for the different

thermocouple elevations. It should be noted that no 8 ft thermocouples were

functioning in the bundle at this point in the test program. These figures

show the sensitivity of the individual rod thermal behavior to its location

in the bundle with respect to the injection point.
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TABLE C-2

TOP INJECTION TESTS MASS COLLECTED

Mass
Collected

Run in
No. Barrels

(pounds)
5501 019.13

5602 1142.18

5703 1104.00

Mass
Collected

in
Carryover

Tank

(pounds)
177.0

0

0

0

532.0

1.3

Mass
Collected

in
Steam
Probe

(pounds)
0

0

0

0

1.8

123.0

Mass
Collected

in
Containment

Tank
(pounds)

0

0-

0

0

60.0

0

Mass
Flow

Through
Orifice

(pounds)51.9

39.0

35.7

45.5

111.4

27.6

Mass
Collected

in
Upper
Plenum

(pounds)
5.3

4.3

5.0

0

4.5

6.3

Total
Mass

Out
(Dounds)

Total
Mass

In
(Dounds)

Remarks

5904

6007

6106

6205

1056.00

175.11

524.00

i253.33 i83.4 Time flow off at 743 sec

1185.48 1051.5 Time flow off at 600 sec

1144.7 1047.6 Stopped top flooding at
580 sec

1101.5 1001.1 Time flow off at 560 sec

884.81 918.9 Time flow off at 558 sec

682.2 716.9 Power scram at 180 sec
Started bottom flooding

-- -- Stopped flow at 549 sec
Barrels overflowed onto
floor

1121.2 1006.0 Stopped flow off at 588 sec

I-
0•

6408 1049.00 0 2.8 0 63.6 5.8
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TOP INJECTION TESTS
INJECTION FLOW
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RUN NO. 5703 MAX TEMPERATURE
ELEVATION 10' - TURNAROUND TIME
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PRESSURE 15 PSIA
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POWER 0.7 KW/FT

Figure C-3. Run 5703, Ten- foot Cross-Sectional Bundle Maximum Temperatures,

Turnaround Times, and Quench Times
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Figure C-4. Run 5703, Six-foot Cross-Sectional Bundle Maximum Temperatures,
Turnaround Times, and Quench Times
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Figure C-5. Run 5703, Four-foot Cross-Sectional Bundle Maximum Temperatures,

Turnaround Times, and Quench Times
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TOP INJECTION TESTS
INJECTION FLOW
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Figure C-6. Run 5703, Two-foot Cross-Sectional Bundle Maximum Temperatures,
Turnaround Times, and Quench Times
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K_> C.4.3 Parameter Effects on Top Injection Performance

The effects of four different parameters were investigated in these tests:

power (kw/ft peak), subcooling of the injection water, initial clad temperature,

and injection flow rate. In characterizing the effects of these input

parameters, the rod-to-rod maximum temperature, the peak temperature envelope,

and the measured heat transfer coefficients will be examined. Since there was

a flow distribution effect in these tests, picking a single rod which describes

the bundle and test results is difficult. For purpose of comparison, Rod 5G

will be used to characterize the 6 ft heat transfer in the bundle. In general,

this particular rod was the hottest rod or one of the hottest rods in the test.

C.4.3.1 Peak Power Effects

Three peak power values were examined: 0.4 kw/ft, 0.6 kw/ft, and 0.7 kw/ft, as

shown in Table C-3. The effect of power on the peak temperature envelope is

shown in Figure C-7 and can be seen to have a relatively significant effect.

The power effect on the rod temperature behavior and midplane heat transfer

is shown in Figure C-8 and indicates that the increase in rod power increased

the heat transfer coefficient.

One postulated reason for the increase in the heat transfer coefficient with

increasing rod power is that the higher powered rods generate more steam

in the upper and lower elevations in the bundle. This steam is then condensed

by the incoming water, thereby raising the local water temperature. Increasing

the water temperature has the effect of increasing the steam generation rate at

the midplane, causing more uniform redistribution of the injected water.

Unfortunately, insufficient instrumentation existed in the tests to verify this

or other hypothesis.

The peak temperature distributions at the 6 ft elevation for these three cases

are given in Figures C-4, C-9, and C-10, showing that as the rod power increased
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TABLE C-3

TOP INJECTION TEST RESULTS

Run
No.

Initial
Temp
(OF)

Peak
Power

(kw/ft)

Coolant
Temp
(OF)

Injection
Flow
(gpm)

2 ft
Tmax

Remarks ( F)

Elev
Time
(sec)

4 ft
Tmax
(OF)

Elev
Time
(see)

6 ft
Tma(Off

Elev
Time
(sec)

10 ft
Tmax
(OF)

Elev
Time
(sec)

5501 1100

5602 1100

*5 703 1100

5904 1400
0

6007 1100

**6106 1100

0.4

0.6

0.7

0.7

0.7

0.7

0.7

0.7

150

150

150

150

150

82

87

180

15

15

15

15

15

15

35

15

Drained 929
(5E)

Drained 1129
(1K)

Drained 1156
(1K)

Drained 1249
(1K)

Not 943
Drained (9J)

Drained 1145
(6K)

Drained 1276
(6K)

Drained 1182
(6K)

160

491

422

498

1546
(4J)

1675
(9J)

1724
(9J)

89 1327
(4G)

598 1594
(6H)

319 1722
(6H)

308 1830
(6H)

78 1423
(5J)

168 2010
(6H)

542 1901
(5J)

546 1705
(6H)

1338 166 1480 560 1051

137 1347
(3J)

234 1493
(7J)

171 1373
(6K)

130

600

558

241

20

171

479

409

140 935
(4H)

167

541

1775
(4H)

1698
(9J)

6205 1100

6408 1100

173 1463
(4H)

427 1393
(2J)

145 1459
(8K)

566 1804
(6K)

*Reference case.
**High temperature limit reached

NOTES:

(1) All runs at 15 psia
(2) Housing was heated to "-800°F for all runs
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TOP INJECTION TESTS
INJECTION FLOW

I 2 3 4 1 5 6 7 8 9 10

A

B

000000&00
Q00000000O 1203C 167)

O000 0000

Eo Q QQ 00 0

F0000 00
G 0 D0 ()
H56

J.0000(!)00
K00000000

O00'00

00
00

RUN NO. 5501
ELEVATION _6

KEY
MAX TEMPERATURE
TURNAROUND TIME
QUENCH INME

Figure C-9. Run 5501, Six-foot Cross-Sectional Bundle Maximum Temperatures,
Turnaround Times, and Quench Times
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TOP INJECTION TESTS
INJECTION FLOW
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Figure C-1O. Run 5602, Six-foot Cross-Sectional Bundle Maximum Temperatures,
Turnaround Times, and Quench fimes
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the peak rod temperature, turnaround times, and quench times all increased.

These figures also indicate the amount of nonuniformity in the rod bundle

temperatures due to the injection flow location.

C.4.3.2 Initial Temperature Effects

The effect of initial temperature on the maximum temperature envelope for

Runs 5103 and 5904 is shown in Figure C-11. This figure indicates that

increasing the initial temperature only increases the temperature at which

the rod heat release rate equals the rod power generation rate. The

measured heat transfer coefficients for these two runs are given in Figure C-12.

As indicated in Figure C-13, the measured heat transfer coefficient is nearly

the same for the first 300 seconds, after which time the lower initial

temperature test had a larger film coefficient.

The rod-to-rod maximum temperature distribution is shown in Figures C-4 and

C-14 for Runs 5703 and 5904 and indicates that nearly all of the instrumented

rods are at a higher temperature for the higher initial temperature case.

C.4.3.3 Injection Water Temperature

The effect of injection water temperature was studied in more detail than the

other parameters since it was found that the high subcooling test caused an

over-temperature trip, resulting in a bundle power scram. The peak temperature

envelopes for Runs 6106, 5703, and 6408, shown in Figure C-15, indicate that

the water subcooling has a very pronounced effect on the bundle cooling

performance. The measured heat transfer coefficient for rod 5G at the 6 ft

elevation along with the measured rod temperature history is shown in

Figures C-16 and C-17 for these runs. Figure C-16 shows that the heat transfer

for the highly subcooled injection water case is very marginal, being less than

6 Btu/hr-ft 2 -*F for most of the time, while the heat transfer for the higher
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RUN CONDITIONS
PRESSURE 15 PSIA
POWER 0.7 KW/FT
WATER TEMP 150°F
HOUSING TEMP 800°F
INJECTION RATE 15 GPM (ý3 IN./SEC)

INITIAL TEMP
5703 1100°F

590 1"tO0°F

10 -

8a 5904 (I1O0 °F)

5703(11000 F)

t-

U.'

6

4 I-

2 1-

I I I I I I0
1000 1200 1100 1600 1800 2000 2200

PEAK CLAD TEMPERATURE - OF

Figure C-l. Effect of Initial Temperature on Maximum Temperature Envelope
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RUN CONDITIONS 5703 5904
PRESSURE 14.7 It.? PSIA

INITIAL CLAD TEMP 1100 1110 0 F

PEAK POWER 0.7 0.7 KW/FT
COOLANT INJECTION TEMP i50 150 *F

INJECTION FLOW RATE 15 15 GPM

LL.

C14
I-
U-

I-

3C.
U.

LU

w

LU.

I-
co

100

90

80

70

60

50

I14 0OO
30

20

10

A
I I 0°0 F

0
0 70 140 210 280 350 420 '90

TIME AFTER FLOOD (SECONDS)

560 630

Figure C-12. Effect of Initial Temperature on Rod 5G, Six-foot Heat Transfer
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RUN CONDITIONS 5703 5904
PRESSURE 1I.7 14.7 PSIA
INITIAL CLAD TEMP 1100 1100 0F
PEAK POWER 0.7 0.7 KW/FT
COOLANT INJECTION TEMP 150 150 oF
INJECTION FLOW RATE j• I• GPM

\- II OOF
- ~ - -

800

q00

5703
5904

I I I I I I I I0
0 70 140 210 280 350 '120

TIME AFTER FLOOD (SECONDS)

'190 560

Figure C-13. Effect of Initial Temperature on Rod 5G Transient
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TOP INJECTION TESTS
INJECTION FLOW
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RUN NO. 5904
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Figure C-14. Run 5904, Six-foot Cross-Sectional Bundle Maximum Temperatures,
Turnaround Times, and Quench Times
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Figure C-15 Effect of Injection Water Temperature on Maximtur Temperature Envelope
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RUN CONDITIONS 5703 6106 6408

PRESSURE 14.7 14.7 1..7 PSIA

INITIAL CLAD TEMP 1100 1100 1100 F

PEAK POWER 0.7 0.7 0.7 KW/FT

COOLANT INJECTION TEMP 150 82 180 F

INJECTION FLOW RATE 15 15 15 GPM

100

U-

u-

u-

u-I
co)

90

80

70

60

50

40

30

20

I0

5703
S6106

6408

F ATSUB - 130OF

0
0 70 110 210 280 350 1120

TIME AFTER FLOOD (SECONDS)

'90 560

Figure C-16. Effect of Injection Water Temperature on Rocl 5G Rod He•at Transfer
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RUN CONDITIONS 5703 6106 6408
2800 PRESSURE 14. 14 . .7.14 7 PSIA

INITIAL CLAD TEMP 100 IJ 100 1100 F
PEAK POWER .7 .7 .7 KW/FT

COOLANT INJECTION TEMP 150 82 180 F
24100 INJECTION FLOW RATE 15 15 15 GPM

2000 
-ATSUB = 130°F

u-

sTuSUB -632
0F

1600

ui

S 1200

800ATSUB 620F-j

5703

,-,,-,6106
4O00 6408

0 L II I I I I I I

0 70 140 210 280 350 420 490 560

TIME AFTER FLOOD (SECONDS)

Fi igure C-17- Effect of Injection Water Temperature on Rod 5G Tenperature
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injection water temperatures is significantly larger. The larger heat

transfer for the hotter injection water cases is believed to result from the

increased steam generation within the bundle. By decreasing the injection

water subcooling, the steaming rate is increased for the same water mass flow

which acts to increase the turbulent steam/water mixing within the bundle.

The increased mixing results in a more uniform and effective cooling of the

bundle, since the transport of water droplets is increased by the additional

steaming. The increased steam generation can be seen by comparing the orifice

steam flow for these tests given in Table C-2. The steam flow out of the

orifice for Run 6408 (high injection water temperature, 180*F) is over twice that

for Run 6106 (low injection water temperature, 82 0 F).

The effects of the additional steaming can also be observed by comparing the

rod-to-rod temperatures at the different elevations. The rod-to-rod

temperatures were examined at 180 seconds, since this was the time that

Run 6106 reached rod temperatures of 2000*F which then terminated the test.

The rod-to-rod temperatures at the 6 ft elevation are shown in Figures C-4,

C-18, and C-19.

C.4.3.4 Injection Flow Rate Effects

The effect of increasing the injection flow rate into the upper plenum was also

studied to see if the rod heat transfer was sensitive to the flow rate.

Since the top injection tests up to this time had run approximately 10 minutes

in length, it was apparent that the 150 gallon FLECHT-SET accumulator was not

large enough to run a higher flow test. Therefore, instead of using the

accumulator for a water supply, the injection water was pumped into the upper

plenum from the water storage supply. Using this water for injection resulted

in a low injection water temperature (87*F) similar to that which caused

Run 6106 to scram on peak temperature limit. However, by examining Figure C-20

it is apparent that if a sufficient amount of cold water is used it will

provide sufficient cooling to maintain the bundle below 2000*F. It is also

evident that the increased injection flow rate helped prevent channeling of

the cold injection water down one side of the bundle.
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Figure C-18. Run 6106, Six-foot Cross-Sectional Bundle Maximum Temperatures,
Turnaround Times, and Quench Times
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Figure C-19. Run 6408, Six-foot Cross-Sectional Bundle Maximum Temperatures,
Turnaround Times, and Quench Times
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The peak clad temperature envelope is shown in Figure C-20 and indicates that

the maximum temperature reached was 1900*F, while the lower flow test

(Run 6106) did exceed 2000*F, causing a high temperature power trip. The

measured heat transfer coefficients and corresponding rod temperatures are

given in Figures C-21 and C-22 and indicate that for Rod 5G at 6 ft there is

an improvement in the rod cooling with increased injection flow rate. The

radial rod-to-rod temperature distribution is given in Figure C-23 and can be

compared to Figure C-18 to see the effect of increased injection flow rate

on the individual rod temperatures. These two figures show the individual

rod temperatures at 180 seconds, at which time Run 6106 reached 2000*F. As

the figures show, more rods were cooled and quenched with the higher injection

flow rate than with the lower flow rate. It is apparent that unless the top

injection system designs result in a relatively uniform flow, very high

injection flow rates must be used to achieve sufficient cooling with cold

water. This flow distribution problem is relaxed somewhat when the water is

hotter so that the increased bundle-generated steam helps distribute the flow

more evenly.

C.4.3.5 Examination of the Bundle Venting Effect

All tests except Run 6007 allowed the injection water to drain out of the

bundle so that no water inventory could accumulate in the bundle to cause a

bottom flooding effect. Run 6007 was conducted with the bundle drain closed

using the same system parameters as Run 5703 to obtain a comparison of the

effect of not venting the system. The bundle vent path was now through the

Phase A piping to the containment tank which was held at atmospheric pressure.

The peak clad temperature envelope for these two runs is shown in Figure C-24

and indicates that having the water accumulate in the bundle results in a

significant rod temperature reduction. A flooding process is established

which does prevent a significant portion of the injected water from reaching

the rods. The mass collection in the Phase A carryover tank, shown in
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RUN CONDITIONS
INITIAL TEMP 1100 F

PRESSURE 15 PSIA

POWER 0.7 KW/FT
WATER TEMP 80'F

HOUSING TEMP 800 F

INJECTION RATE
6106 15 GPM ( 3 IN./SEC)

6205 35 GPM ( 6.7 IN./SEC)

I0

6106(15 GPM)

81-
6205 (35 GPM)

Lau

-J
Lu

/ A

6 1-

III-_
MAX TEMPERATURE
REACHED POWER
SHUT-OFF

2 _

I I I I I I
0

1000 1200 1400 1600 1800 2000 2200

PEAK CLAD TEMPERATURE - 'F

Fivre C-20. Effect of Injection Water Flow Rate on Maximum Tenoerature Envelop"
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RUN CONDITIONS 6106 6205 PSIA

PRESSURE 14.7 14.7 F

INITIAL CLAD TEMP 1100 1100 F

PEAK POWER 0.7 0.7 KW/FT

COOLANT INJECTION TEMP 82 87 F

INJECTION FLOW RATE 15 35 GPM

100
-- I
u 9 -90 ,

I .... 6205 I

80 6 6106 IL- I," I
70 - 35 GPM

60I- I

50 I
U- I
u-uJ- I

CI

30 I

-¢= 20 --rs II-

1x 0

10 15 GPM

0 70 1 40 210 280 350 4.20 490 560 630

TIME AFTER FLOOD (SECONDS)

Figure C-21. Effect of Injection Water Flow Rate on Rod 5G Heat Transfer
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Figutre C-22. Effect of Injection Water Flow Rate on Rod SG Tenperaturv Transient
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Figure C-23. Run 6205, Six-foot Cross-Sectional Bundle Maximum Temperatures,
Turnaround Times, .qnd Quench Times
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Table C-3, indicates that over one-half of the injected flow was carried to

this tank by the bundle-generated steam flow. The total mass drained from

the bundle and upper plenum extension was approximately 19 percent of the

injected flow. However, the bundle flooding process is an effective mechanism

to distribute that water which penetrates the steam upflow. The improved

water distribution results in more uniform bundle temperatures and increased

cooling. The axial pressure drop data indicate that there was approximately

3 ft of water in the bundle during the test. The rod temperature data

indicate that all of the 2 ft and 4 ft thermocouples were quenched by 178

seconds and 395 seconds, respectively. The 6 ft heat transfer coefficient

from Rod 5G is shown in Figure C-25 with its temperature history given in

Figure C-26. It is apparent that the heat transfer is significantly improved

in Run 6007 with the bundle drain closed. The heat transfer coefficients at

different elevations is given in Figure C-27 and shows rod quenches similar

to that in FLECHT. The 6 ft rod-to-rod temperature distribution is shown in

Figure C-28 and indicates that all 6 ft rods quenched.

C.5 CONCLUSIONS

The top injection tests performed in FLECHT-SET Phase A indicate that

core cooling can be obtained by this mode of ECC injection. It is also

evident that the individual rod temperatures will remain at elevated tem-

peratures for longer periods of time than a comparable bottom flooding FLECHT

test with the same injection flow rate. The top flow distribution is a

sensitive parameter in these tests and can result in only marginal cooling for

rods which are removed from the coolant injection location.

The most significant parameters on the temperature history and rod heat

transfer coefficient were the injection water subcooling, injection flow rate,

and whether the water was allowed to accumulate in the bundle or not. The hot

injection water resulted in more steam generation which helped to improve the

flow distribution within the bundle so that better cooling was promoted.

Cold injection water resulted in cold water channeling which created bundle

hot spots.
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RUN CONDITIONS 5703 6007
PRESSURE 14.7 18 PSIA

INITIAL CLAD TEMP 1100 1100 F
PEAK POWER 0.7 0.7 KW/FT
COOLANT INJECTION TEMP 150 150 F
INJECTION FLOW RATE 15 15 GPM
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I..... 5703 SYSTEM VENTED
- 6007 SYSTEM NOT VENTED

40 - BOTTOM VENT CLOSED

30
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10-- --

"-BOTTOM VENT OPEN

0
0 70 140 210 280 350 '20

TIME AFTER FLOOD (SECONDS)
490 560

Figure C-25. Effect of Bundlle Venting on Rod 5G, Six-foot Heat Transfer
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RUN CONDITIONS 5703 6007
PRESSURE l4.7 18.0 PSIA
INITIAL CLAD TEMP 1100 1100 F
PEAK POWER 0.7 0.7 KW/FT
COOLANT INJECTION TEMP 150 150 F
INJECTION FLOW RATE 15 15 GPM
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Figure C-26. Effect of Btnlle Ventirg on Rod 5G, Six-foot Temperature
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RUN 6007

PRESSURE 15 PSIA

INITIAL CLAD TEMP 1100 F

PEAK POWER 0.7 KW/FT

COOLANT INJECTION TEMP 150 F

INJECTION FLOW RATE 15 GPM ( 3 INJSEC)
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Figure C-27. Effect of Bundle Venting on Rod 5G Heat Transfer at All Elevations
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Figure C-28. Riin 6007, Six-foot Cross -Sectijonal Bundle Maximum Temperatures,
Turnaround Times, and Quench Times
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If a sufficient injection flow rate is used, the flow maldistribution effects

are also minimized; however, it should be noted that the lower injection flow

rate which was heated to 180*F provided better cooling than if increased cold

flow was used. Therefore, the primary mechanism for mixing and promoting

improved cooling appears to be the amount of steam generation in the bundle.

If the top injection water is allowed to accumulate in the bundle, the cooling

performance of the bundle is significantly improved so that rod quenches

typical of FLECHT occur. The maximum temperatures observed in this system

configuration were lower than those observed in tests with similar system

parameters but, in which no water was allowed to accumulate in the bundle.
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TOP INJECTION TEST RUN SUMMARY SHEETS
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TOP INJECTION TEST RUN SUMMARY SHEET

RUN NO. 5501

DATE 3/17/73

A. RUN CONDITIONS

Containment Pressure

Initial Clad Temperature

Peak Power

Coolant Supply Temperature

Injection Rate

B. INITIAL HOUSING TEMPERATURES

14.7 psia

1095 OF

0.4 kw/ft

151 OF

15 gpm

Elevation
(ft)

0

2

4

Initial Temperature
(OF)

389

674

798

847

804

803

465

6

8

10

12

C. WATER COLLECTED

FLECHT-SET Containment Tank 0 ibm

FLECHT-SET Separator Tank 177.75 lbm

Steam Probe Tank 0 ibm

Upper Plenum 5.25 Ibm

Collection Drums (1) 101.39 lbm at 202*F
(2) 91.37 lbm at 202OF

at - OF

at 199 0F

at - OF

at - OF

(3) 91.51 ibm at 198*F
(4) 89.0 lbm at 198*F
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TOP INJECTION TEST SUMMARY SHEET (cont)

RUN NO. 5501

DATE 3/17/73

D. HEATER THERMOCOUPLE DATA

Rod/Elev.

5E/10'
5E/6'
5E/2'

5F/10'
5F/2'

5G/1O'
5G/6'
5G/4'
5G/2'

6G/10'
6G/4'
6G/2'

7G/10'
7G/4'

IK/10'
1K/2'

3H/10'
3H/6'
3H/4'

6K/10'
6K/4'
6K/2'

9J/10'
9J/4'
9J/2'

IA/10'

iF/10'
1F/6'

2C/10'
2C/6'
2C/4'

2E/10'
2E/4'

Initial
Temp.
(aF)

849

369

855
622

847
1098

629

920

638

824
931

719

848

899

Max.
Temp.
(°F)

951

929

961
817

943
1440

864

1033

865

970
1257

757

892

1013

Turnaround
Time
(sec)

74

160

58
556

51
126

468

91

515

123
160

256

46

107

Quench
Time
(sec)

439

193

522
664

527
560

659

539.

665

582
669

649

262

263

837

913

1024
921

910

863

945

1203
1081

1115

23

36

67
68

88

51

108

189
228

575
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TOP INJECTION TEST SUMMARY SHEET (cont)

RUN NO. 5501

DATE 3/17/73

D. HEATER THERMOCOUPLE DATA (cont)

Rod/Elev.

2J/10'
2J/4'

3D/10'
3D/4'

3F/10'
3F/6'
3F/4'

3J/1O'
3J/6'
3J/4'

4E/10'
4E/4'

4F/6'
4F/4'

4G/10'
4G/6'
4G/4'

4H/10'
4H/4'

4K/10'
4K/15'
4K/4'

5J/10l
5J/6'

6H/10'
6H/6'
6H/4'

7D/10'
7D/6'
7D/6'

7J/10'
7J/6'
7J/4'

8K/10'
8K/6'

Initial
Temp.
(OF)

835

834

905

907

846
926

935

846

1037

924
977

823

1026

832
1019

819
1034

921

1063
943

903

904

885

Max.
Temp.
(OF)

895

913

978

1248

931
1094

1192

935

1338

1005
1326

1248

1230

909
1348

922
1480
1229

1290
1132

1051

1279

1003

Turnaround
Time
(sec)

35

51

52

305

56
321

88

51

166

51
171

305

299

95
128

51
164
166

143
176

130

320

108

Quench
Time
(sec)

140

372

676

390

575

383

680

384
688

676

675

300
560

521
560
680

574
676

334

664

273

C-49





TOP INJECTION TEST RUN SUMMARY SHEET

RUN NO. 5602

DATE 3/21/73

A. RUN CONDITIONS

Containment Pressure

Initial Clad Temperature

Peak Power

Coolant Supply Temperature

Injection Rate

B. INITIAL HOUSING TEMPERATURES

14.7 psia

1100 OF

0.6 kw/ft

153 OF

15 gpm

Elevation
(ft)

Initial Temperature
(*F)

0

2

4

6

8

10

12

390

709

799

806

812

705

395

C. WATER COLLECTED

FLECHT-SET Containment Tank 0 lbm at -

FLECHT-SET Separator Tank 0 ibm at -

Steam Probe Tank 0 lbm at -

Upper Plenum 4.25 lbm at

(1) 112.65 lbm at 202°FCollection Drums (2) 102.64 lbm at 202°f

0F

0
F

158*F

(3) 102.72 ibm at 200°F
(4) 100.28 ibm at 198°F
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TOP INJECTION TEST SUMMARY SHEET (cont)

RUN NO. 5602

DATE 3/21/73

D. HEATER THERMOCOUPLE DATA

Rod/Elev.

5E/10'

5E/6'
5E/2'

5F/10'
5F/2'

5G/10'
5G/6'
5G/4'
5G/2'

6G/10'
6G/4'
6G/2'

7G/10'
7G/4'

1K/10'
1K/2'

3H/10'
3H/6'
3H/4'

6K/10'
6K/4'
6K/2'

9J/10'
9J/4'
9J/2'

1A/10'

IF/10'
1F/6'

2C/10'
2C/6'
2C/4'

2E/10'
2E/4'

Initial
Temp.
(OF)

847

857
677

849
1103

674

908

689

821
951

806
775

825

976

719

971
691

817

887

1056
962

952

Max.
Temp.
(OF)

878

936
802

1048
1403

839

1083

825

1033
1246

1149
1129

1175

1357

1071

1474
1030

881

1017

1334
1168

1226

Turnaround
Time
(sec)

30

35
91

152
65

162

140

94

166
165

490
491

600

164

601

233
602

53

60

105
161

Quench
Time
(sec)

47

180

553

115

166

165
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TOP INJECTION TEST SUIMARY SHEET (cont)

RUN NO. 5602

DATE 3/21/73

D. HEATER THERMOCOUPLE DATA (cont)

Rod/Elev.

2J/10'
2J/4'

3D/10'
3D/4'

3F/10'
3F/6'
3F/4'

3J/10'
3J/6'
3J/4'

4E/10'
4E/4'

4F/6'
4F/4'

4G/10'
4G/6'
4G/4'

4H/10'
4H/4'

4K/10'
4K/6'
4K/4'

5J/10'
5J/6'

6H/1O'
6H/6'
6H/4'

7D/1O'
7D/6'
7D/4'

7J/10'
7J/6'
7J/4'

8K/10'
8K/6'

Initial
Temp.
(°F)

825
712

859
899

830

960

883

951

847
950

956

847

1075

912
1008

810

948

824
1033

830
1028

945

1056
971

884

943

857

Max.
Temp.
(0F)

1244
1177

863
1200

977

1235

1347

1548

867
1111

1215

1073

1435

1200
1461

1242

1493

1228
1556

1112
1594
1286

1324
1155

1330

1339

1276

Turnaround
Time
(sec)

600
601

17
162

129

162

600

598

30
159

159

129

148

128
154

599

597

599
244

599
137
159

159
161

600

602

600

Quench
Time
(sec)

59
167

548

43
331

518

258
476
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TOP INJECTION TEST RUN SU0M1ARY SHEET

RUN NO. 5703

DATE 3/22173

A. RUN CONDITIONS

Containment Pressure

Initial Clad Temperature

Peak Power

Coolant Supply Temperature

Injection Rate

B. INITIAL HOUSING TEMPERATURES

14.7

1100

0.7

150

15

psia
OF

kw/ft

OF

gpm

Elevation
(ft)

Initial Temperature
(OF)

0

2

4

6

8

10

12

372

643

818

779

782

544

342

C. WATER COLLECTED

FLECHT-SET Containment Tank

FLECHT-SET Separator Tank

Steam Probe Tank

Upper Plenum

0 lbm

0 ibm

0 ibm

5 1bm

at -
at -

at

at

at

at
OF
OF

o F

OF

OF

146 0F

(3)
(4)Collection Drums

(1) 106.81 ibm
(2) 96.89 ibm

98.85 lbm at - OF
98.05 lbm at - OF

C-55



TOP INJECTION TEST SUMMARY SHEET (cont)

RUN NO. 5703

DATE 3/23/73

D. HEATER THERMOCOUPLE DATA

Rod/Elev.

5El0 (14)
6
2 (67)

5F10 (21)
2 (70)

5G10 (10)
6 (64)
4
2 (91)

Initial
Temp.
(0 F)

810

536

819
607

812
1095

875

873
924
615

6GI0
4
2

(27)
(98)
(97)

Max.
Temp.
(OF)

895

644

932
811

1017
1497

905

1133
1338

859

1108
1376

1106
1156

1574

1464

1402

1135

1675

1126

874

Turnaround
Time
(sec)

37

23

43
101

93
122

183

558
172
179

484
170

392
422

342

134

558

500

367

610

48

153

Quench
Time
(sec)

68

27

428

7G10 (11)
4 (77)

IK1O (19)
2 (68)

3H10 (24)
6
4 (63)

6K10 (28)
4
2 (60)

9J10
4 (88)
2 (83)

lA1O (8)

IFlO (36)
6 (58)

2C10
6 (94)
4 (103)

2El0 (4)
4 (75)

778
907

762
730

783

958

836

666

962

635

772 113

1043
919

912

1482
1238

1331

131
218

221

273
550
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TOP INJECTION TEST SUMMARY SHEET (cont)

RUN NO. 5703

DATE 3/23/73

D. HEATER THERMOCOUPLE DATA

Initial Max. Turnaround Quench

Temp. Temp. Time Time
Rod/Elev. (OF) (OF) (sec) (sec)

2JlO (20) 786 1188 557
4 (59)

3D1O (12) 823 912 23 79
4 (105) 909 1302 322 396

3F10 (9) 791 965 114
6
4 (104) 910 1339 285

3J10 (34) 852 1328 558
6
4 (100) 914 1581 494

4E10 (16) 812 922 48 80

4 (73) 893 1183 155 371

4F06
4 (62) 904 1294 255 528

4G10 (15) 808 1038 113
6
4 (74) 1058 1550 161

4H10 (31) 879 1174 558
4 (76) 980 1571 178

4K10 (6) 768 1229 557
6
4 (84) 929 1550 504

5J10 (5) 786 1297 556
6 (99) 1011 1681 156

6H10 (2) 792 1210 557
6 (71) 1011 1722 236
4 (78) 899 1401 173

7DM0 (3) 795 851 12 38
6 (61) 1043 1435 204 293
4 (102) 908 1219 220 599

7J10 (32) 851 1493 558
6
4 (72) 910 1526 609
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TOP INJECTION TEST RUN SUMMARY SHEET

RUN NO. 5904

DATE 3/23/73

A. RUN CONDITIONS

Containment Pressure

Initial Clad Temperature

Peak Power

Coolant Supply Temperature

Injection Rate

B. INITIAL HOUSING TEMPERATURES

14.7

1400

0.7

154

15

psia

kw/ft
OF

gpm

Elevation
(f t)

Initial Temperature
(OF)

0

2

4

6

8

10

12

410

709

812

811

844

717

394

C. WATER COLLECTED

FLECHT-SET Containment Tank 0 ibm

FLECHT-SET Separator Tank 0 ibm

Steam Probe Tank 0 ibm

Upper Plenum 5.25 ibm

(1) 105.05 Ibm at 204*F
Collection Drums (2) 95.05 lbm at 2040F

at OF

at OF

at 0F

at 1530F

(3) 95.13 ibm at 202OF
(4) 91.51 ibm at 198 0F
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TOP INJECTION TEST SUMMARY SHEET (cont)

RUN NO. 5904

DATE 3/23/73

D. HEATER THERMOCOUPLE DATA

Initial
Temp.
(OF)Rod/Elev.

5E/10'
5E/6'
5E/2'

5F/10'
5F/2'

5G/10'
5G/6'
5G/4'
5G/2'

6G/10'
6G/4'
6G/2'

7G/10'
7G/4'

IK/10'
IK/ 2'

3H/1O'
3H/6'
3H/4'

6K/10'
6K/4'
6K/2'

9J/10'
9J/4'
9J/ 2

IA/10'

iF/10'
IF/6'

2C/10'
2C/6'
2C/4'

2E/10'
2E/4'

994

294

1002
805

985
1354

800

1041

817

946
1144

876
851

931

1164

963

811

1112

786

890

981
1189

1239
1125

948
974

Max.
Temp.
(0F)

1061

899

1086
932

1145
1663

953

1186

944

1081
1462

1258
1249

1259

1532

1373

1115

1724

1080

946

1095
1482

1538
1274

1032
1387

Turnaround
Time
(sec)

30

154

40
121

210
88

178

53

123

180
116

329
498

210

198

241

453

308

570

35

75
154

156
156

40
155

Quench
Time
(sec)

102

425

275

124

289

355
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TOP INJECTION TEST SUMMARY SHEET (cont)

RUN NO. 5904

DATE 3/23/73

D. HEATER THERMOCOUPLE DATA (cont)

Initial
Temp.
(OF)

Rod/Elev.

2J/10'
2J/4'

3D/10'
3D/4'

3F/1O'
3F/6'
3F/4'

3J/10'
3J/6'
3J/4'

4E/10'
4E/4'

4F/6'
4F/4'

4G/10'
4G/6'
4G/4'

4H/1O'
4H/4'

4K/10'
4K/6'
4K/4'

5J/10'
5J/6'

6H/10'
6H/6'
6H/4'

7D/10'
7D/6'
7D/4'

7J/10'
7J/6'
7J/4'

8K/IO'
8K/6'

924
804

995
1167

951

1147

988

1108

987
1159

1161

977

1285

1036
1197

901

1080

937
1228

957
1245
1133

969
1288
1173

996

1105

936

Max.
Temp.
(OF)

1329
1263

1035
1401

1069

1467

1422

1619

1049
1245

1390

1169

1673

1339
1719

1324

1550

1319
1759

1212
1830
1507

1004
1429
1280

1394

1573

1326

Turnaround
Time
(sec)

240
569

10
156

63

156

246

571

30
122

154

213

155

197
155

240

155

235
156

288
171
155

10
154

50

236

155

357

Quench
Time
(sec)

47
411

75
376

55
320
560
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TOP INJECTION TEST RUN SUMMARY SHEET

RUN NO. 6007

DATE 3/23/73

A. RUN CONDITIONS

Containment Pressure

Initial Clad Temperature

Peak Power

Coolant Supply Temperature

Injection Rate

B. INITIAL HOUSING TEMPERATURES

18

1100

0.7

150

15

psia
OF

kw/ft

OF

gpm

Elevation
(ft)

Initial Temperature
(OF)

0

2

4

6

8

10

12

452

709

776

803

758

690

324

C. WATER COLLECTED

FLECHT-SET Containment Tank

FLECHT-SET Separator Tank

Steam Probe Tank

Upper Plenum

60

531.5

1.75

4.5

200OF
1840F

ibm at 186*F

ibm at 198*F

lbm at 70*F

lbm at 151OF

(3) 17.71 ibm at 174*F
(4) 0 lbm at - OFCollection Drums (1) 30.07 ibm at

(2) 16.39 ibm at
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TOP INJECTION TEST RUN SUMMARY SHEET (cont)

RUN NO. 6007

DATE 3/23/73

D. HEATER THERMOCOUPLE DATA

Initial
Temp.
(OF)Rod/Elev.

5E/10'
5E/6'
5E/2'

5F/10'
5F/2'

5G/10'
5G/6'
5G/4'
5G/2'

6G/10'
6G/4'
6G/2'

7G/10'
7G/4'

IK/10'
IK/2'

3H/10'
3H/6'
3H/4'

6K/10'
6K/4'
6K/2'

9J/10'
9J/4'
9J/2'

bA/IO'

1F/10'
1F/6'

2C/10'
2C/6'
2C/4'

2E/10'
2E/4'

811

728

817
767

802
1108

758

860

769

760
979

760
794

759

992

830

763

Max.
Temp.
(OF)

837

887

856
903

856
1359

889

917

905

814
1179

820
882

836

1207

921

942

1342

943

795

887
1256

1339
1092

833
1102

Turnaround
Time
(sec)

14

94

19
94

19
60

101

20

95

19
78

42
83

25

94

59

93

95

89

2

20
82

123
85

19
83

Quench
Time
(sec)

30

160

47
171

131
542

178

92

178

157
365

85
171

186

383

319

168

371

167

21

109
508

449
350

91
349

963
742

785

849
1032

1050
967

794
961
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TOP INJECTION TEST RUN SUMMARY SHEET (cont)

RUN NO. 6007

DATE 3/23/73

D. HEATER THERMOCOUPLE DATA (cont)

Initial
Temp.
(°F)Rod/Elev.

2J/10'
2J/4'

3D/10'
3D/4'

3F/10'
3F/6'
3F/4'

3J/10'
3J/6'
3J/4'

4E/10'
4E/4'

4F/6'
4F/4'

4G/1O'
4G/6'
4G/4'

4H/10'
4H/4'

4K/10'
4K/6'
4K/4'

5J/10'
5J/6'

6H/10'
6H/6'
6H/4'

7D/10'
7D/6'
7D/4'

73/10'
7J/6'
7J/4'

8K/10'
8K/6'

789
758

817
989

783

981

855

813
979

984

796

1079

862
1012

758

939

789
1032

782
1035

968

788
1062
991

849

954

809

Max.
Temp.
(OF)

860
931

840
1123

823

1127

927

842
1048

1092

856

1327

935
1284

840

1200

862
1423

841
1420
1171

808
1343
1137

933

1215

919

Turnaround
Time
(sec)

30
88

13
90

19

62

26

14
83

60

19

78

20
94

35

93

20
140

18
155

78

13
138

79

26

84

75

Quench
Time
(sec)

440
165

30
350

102

361

490

36
304

359

102

365

153
383

420

349

151
516

190
548
365

3n
342
383

252

372

357
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TOP INJECTION TEST RUN SUMMARY SHEET

RUN NO. 6106

DATE 3/24/73

A. RUN CONDITIONS

Containment Pressure

Initial Clad Temperature

Peak Power

Coolant Supply Temperature

Injection Rate

B. INITIAL HOUSING TEMPERATURES

14.7 psia

1100 OF

0.7 kw/ft

82 OF

15 gpm

Elevation
(ft)

Initial Temperature
(*F)

0

2

4

6

8

10
12

468

716

742

785

833

715

326

C. WATER COLLECTED

FLECHT SET Containment Tank

FLECHT SET Separator Tank

Steam Probe Tank

Upper Plenum

0

122.75

1.25

6.25

1520F
170OF

ibm

ibm

Ibm

ibm

(3)
(4)

at - OF

at 200*F

at 80*F

at 141OF

46.77 ibm at 1760F
43.58 ibm at 178*FCollection Drums

(1) 56.06 ibm at
(2) 45.60 lbm at
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TOP INJECTION TEST RUN SUMMARY SHEET .

RUN NO. 6106

DATE 3/24/73

D. HEATER THERMOCOUPLE DATA

Initial Max. Turnaround Quench
Temp. Temp. Time Time

Rod/Elev. (OF) (OF) (see) (sec)

5E/10' 911 963 65 65
5E/6'
5E/2' 675 735 46 46
5F/1O' 922 1085 171 305
5F/2' 724 994 168 339
5G/1O' 912 1332 170 305
5G/6' 1177 1853 168 305
5G/4'
5G/2' 721 1014 168 340
6G/10' 974 1351 171 305
6G/4' 1013 1450 169 368
6G/2' 735 1023 169 335
7G/10' 876 1271 170 305
7G/4' 986 1445 168 362
1K/10' 838 1195 171 305
1K/2' 816 1100 168 339
3H/10' 873 1356 171 305
3H/6'
3H/4' 1013 1668 167 383
6K/10' 917 1350 171 305
6K/4'
6K/2' 761 1145 167 339
9J/10'
9J/4' 976 1670 169 390
9J/2' 729 1113 168 345
1A/10' 846 1015 159 235
IF/10' 934 1296 166 305
1F/6' 1071 1592 173 305
2C/10'
2C/6' 1112 1303 47 68
2C/4' 972 1257 158 203
2E/10' 885 1124 155 210
2E/4' 979 1344 168 345

C-68



TOP INJECTION TEST RUN SUMMARY SHEET (cont)

RUN NO. 6106

DATE 3/24/73

D. HEATER THERMOCOUPLE DATA (cont)

Rod/Elev.

2J/10'
2J/4'

3D/10'
3D/4'

3F/10'
3F/6'
3F/4'

3J/10'
3J/6'
3J/4'

4E/10'
4E/4'

4F/6'
4F/4'

4G/10'
4G/6'
4G/4'

4H/10'
4H/4'

4K/IO'
4K/6'
4K/4'

5J/10'
5J/6'

6H/1O'
6H/6'
6H/4'

7D/10'
7D/6'
7D/4'

7J/10'
7J/6'
7J/4'

8K/10'
8K/6'

Initial
Temp.
(°F)

869
770

910
999

886

990

937

971

905
983

996

906

1108

973
1036

849

956

876
1080

886
1082

797

885
1109
1000

940

964

894

Max.
Temp.
(0F)

1363
1149

935
1259

1243

1427

1454

1691

941
1169

1384

1342

1816

1463
1775

1307

1586

1372
1209

1365
2010
1555

882
1347
1088

1443

1615

1309

Turnaround
Time
(sec)

171
167

10
142

170

169

171

169

16
148

167

170

168

171
168

170

168

170
169

170
173
168

0
62
53

171

168

171

Quench
Time
(sac)

305
326

49
153

305

363

305

43
334

366

305

366

305
384

384

308
305

300
305
384

5
73
81

305

454

305
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TOP INJECTION TEST RUN SUMMARY SHEET

RUN NO. 6205

DATE 3/25/73

A. RUN CONDITIONS

Containment Pressure

Initial Clad Temperature

Peak Power

Coolant Supply Temperature

Injection Rate

B. INITIAL HOUSING TEMPERATURES

14.7

1100

0.7

86

35

psia
oF

kw/ft
OF

gpm

Elevation
(f t)

Initial Temperature
(OF)

0

2

4

6

8

10

12

471

733

800

752

801

773

374

C. WATER COLLECTED

FLECHT-SET Containment Tank

FLECHT-SET Separator Tank

Steam Probe Tank

Upper Plenum

0

0

0

7.25

ibm

Ibm

ibm

ibm

at - OF

at - OF

at - OF

at 152*F

Collection Drums Filled and overflowed.
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TOP INJECTION TEST SUMMARY SHEET (cont)

RUN NO. 6205

DATE 3/25/73

D. HEATER THERMOCOUPLE DATA

Rod/Elev.

5E/10'
5E/6'
5E/2'

5F/10'
5F/2'

5G/10'
5G/6'
5G/4'
5G/2'

6G/1O'
6G/4'
6G/2'

7G/10'
7G/4'

1K/10'
1K/2'

3H/10'
3H/6'
3H/4'

6K/10'
6K/4'
6K/2'

9J/10'
9J/4'
9J/2'

1A/10'

IF/10'
1F/6'

2C/10'
2C/6'
2C/4'

2E/10'
2E/4'

Initial
Temp.
(*F)

908

649

926
706

916
1119

715

972
1017

734

879

869

884

935

743

878

953
1009

1035

911

Max.
Temp.
(OF)

908

666

933
794

1001
1453

933

1080
1236

881

1105

920

1183

1378

1221

888

974
1131

1143

917

Turnaround
Time
(sec)

2

10

2
54

229
154

349

146
277
122

283

18

345

517

574

12

14
131

12

12

Quench
Time
(sec)

50

10

90
110

240
275

470

152
299
216

100

12

75
131

65

45
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TOP INJECTION TEST SUMMARY SHEET (cont)

RUN NO. 6025

DATE 3/25/73

D. HEATER THERMOCOUPLE DATA (cont)

Initial Te
Temp.
(OF)Rod/Elev.

2J/10'
2J/4'

3D/10'
3D/4'

3F/10'
3F/6'
3F/4'

3J/10'
3J/6'
3J/4'

4E/10'
4E/4'

4F/6'
4F/4'

4G/10'
4G/6'
4G/4'

4H/10'
4H/4'

4K/10'
4K/6'
4K/4'

5J/10'
5J/6'

6H/10'
6H/6'
6H/4'

7D/10'
7D/6'
7D/4'

7D/10
7J/6'
7J/4'

8K/10'
8K/6'

895
759

929
999

901

994

961

979

922
990

996

914

1102

977
1035

875

963

894
1024

894
1034
983

886
1059

992

956

970

Max.
Temp.
(OF)

1237
1312

936
1048

917

108

1393

1687

930
1000

1115

1027

1459

1232
1569

1258

1601

1303
1901

1220
1900
1404

876
1080
1008

1374

1666

Turnaround
Time
(sec)

544
541

5
23

12

479

521

7
16

236

300

171

307
447

543

542

527
427

305
369
542

0
87
34

500

541

Quench
Time
(sec)

37
74

95

45
82

303

320

508

2
87

100
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TOP INJECTION TEST RUN SUMMARY SHEET

RUN NO. 6408

DATE 3/26/73

A. RUN CONDITIONS

Containment Pressure

Initial Clad Temperature

Peak Power

Coolant Supply Temperature

Injection Rate

B. INITIAL HOUSING TEMPERATURES

14.7

1100

0.7

172

15

psia
oF

kw/ ft

OF

9pm

Elevation
(ft)

Initial Temperature
(OF)

0

2

4

6

8

10

12

418

686

731

769

820

931

380

C. WATER COLLECTED

FLECHT-SET Containment Tank

FLECHT-SET Separator Tank

Steam Probe Tank

Upper Plenum

0 ibm at - OF

0 ibm at - OF

2.75 ibm at 70°F

5.75 lbm at 156 0F

205°F (3) 93.95 lbm at 200*F
203*F (4) 91.11 lbm at 1940FCollection Drums (1) 105.02 ibm at

(2) 93.83 lbm at
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TOP INJECTION TEST SUMMARY SHEET (cont)

RUN NO. 6408

DATE 3/26/73

D. HEATER THERMOCOUPLE DATA

,'Il

Initial
Temp.
(°F)Rod/Elev.

5E/10'
5E/6'
5E/2'

5F/10'
5F/2'

5G/10'
5G/6'
5G/4'
5G/2'

6G/10'
6G/4'
6G/2'

7G/10'
7G/4'

1K/10'
1K/2'

3H/10'
3H/6'
3H/4'

6K/10'
6K/4'
6K/2'

9J/10'
9J/4'
9J/2'

1A/I1'

IF/bO'
1F/6'

2C/10'
2C/6'
2C/4'

2E/10'
2E/4'

950

690

958
738

951
1182

737

1002

753

904
1003

987
805

936

1018

1030

766

1005

952

1026

1057
1071

1096
974

986
977

Max.
Temp.
(0F)

978

893

1018
888

1087
1561

957

1125

917

1109
1405

1223
1092

1154

1462

1407

1182

1804

1113

1083

1110
1467

1422
1181

1077
1231

Turnaround
Time
(sec)

21

212

37
96

130
145

485

182

281

214
545

248
362

248

162

387

566

546

451

37

193
244

118
159

42
158

Quench
Time
(sec)

86

284

192

268

441

I
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TOP INJECTION TEST SUMMARY SHEET (cont)

RUN NO. 6408

DATE 3/26/73

D. HEATER THERMOCOUPLE DATA (cont)

Initial
Temp.
(OF)Rod/Elev.

2J/10'
2J/4'

3D/10'
3D/4'

3F/10'
3F/6'
3F/4'

3J/1O'
3J/6'
3J/4'

4E/10'
4E/4'

4F/6'
4F/4'

4G/10'
4G/6'
4G/4'

4H/10'
4H/4'

4K/10'
4K/6'
4K/4'

5J/10'
5J/6'

6H/10'
6H/6'
6H/4'

7D/10'
7D/6'
7D/4'

7J/10'
7J/6'
7J/4'

8K/10'
8K/6'

1012
764

993
1007

950

999

1057

977

967
970

1004

953

1113

1026
1035

970

962

991
1093

950
1096

992

1110
992

1038

974

1014

Max.
Temp.
(OF)

1243
1179

1035
1233

1066

1300

1340

1578

1017
1028

1224

1098

1619

1203
1558

1297

1534

1250
1659

1128
1705
1373

1358
1103

1431

1581

1459

Turnaround
Time
(sec)

248
367

26
154

59

153

248

397

32
97

151

120

180

99
191

358

446

363
363

241
145
163

101
281

398

567

409

Quench
Time
(sec)

87

81
191

366
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