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- Mr. D. M. Musolf.-

-Nuclear Support Services Department
.

-Northern States Power Company
414 Nicollet Mall
Midland . Square - 4th Floor
Minneapolis, Minnesota .55401

Dear Mr. Musolf: j

' Subject: TRANSMITTAL OF TEST DATA ON UPPER PLENUM INJECTION (UPI) AND
A TWO-DAY UPI MEETING ABOUT MARCH 12-14, 1985.

'At the January 10, 1985 meeting at NRC to discuss upper plenum injection (UPI),
;we were asked to provide additional UPI test data as soon as it could be made
L available; ; Accordingly, I am providing herewith three copies of "JAERI-M-84-221,

.
= Effects of Upper Plenum Injection on Thermo-Hydrodynamic Behavior Under Refill
and Reflood Phases," December 1984.

ThisLreport describes the effects of UPI as measured on the Slab Core Test
Facility (SCTF)' operated by the. Japan Atomic Energy Research Institute (JAERI).
It contains SCTF~ test data which show that (1) adding UPI to a cold, leg
injection-(CLI) system caused the post-LOCA maximum core temperature to
decrease from 1195'K to 1158*K, and (2) subcooling of th'e' UPI water caused a -c
further decrease to 1119 K (per pages- 24-27).. However, (3) the corresponding
time to- bottom of core recovery (B0CREC)L(equivalent to the beginning of.

:reflood) increased substantially from 19 seconds to 80 and 81 seconds (per
: pages 47.and 30) and (4) downward flow of subcooled UPI liquid into the core
: was apparently intermittent (per pages 6, 37 and 47).

'

The SCTF-UPI data is not directly applicable to the existing Westinghouse .two
loop UPI plants because the SCTF-UPI test used both accumulators and pumps to

Lprovide both UPI and'CLI, with the-UPI flow about equalitorthe CLI flow (per
page 24). . - Additionally, the UPI nozzle was at.the bottom of the upper plenum

M ;(per page'24) rather than the. level of the hot jegs. Nevertheless the SCTF
itests had important features representative,of a~ full size 1100 MWex . . .,

Westinghouse ..PWR,- e.g., full -height heater' rods ' and full radial width of a'
-core. fAlso, the tests document phenomena which can'be,used tofdevelop and/or

' ! test:a UPI model,'e.g.,-hot leg' flow reversal;.(pages 3157and'53-54),. fluid.-

i temperature ' variations in the upper plenum' and upper | core (pages 38-40)' and
horizontal pressure variations at three heights inside the. core (pages 42-43).

'

, , - ;n --. ..

' Besides' providing JAERI-M-84-221, we will' prov'ide proprietar,y "Qdick Look"I
'

'

, Reports (QLRs) on UPI tests at JAERI's Cylindrical' Core 4 est Facility'(CCTF), asT

follows: (1) QLRs on CCTF UPI tests 571and 59 were" provided: previously; ~(2),a-
LQLR on;the no-single failure UPI test.72'will probably'be available in! .
February or March; and (3) draft QLRs on asymetric~UPI! tests 76'and-78 wills

: probably be available in- March. We -suggest:you' provide copies ~of the enclosure:
and of the QLRsito those fuel vendors assisting you;in,UPI model development.
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An NRC-JAERI discussion of the UPI tests will be held in the Bethesda, MD.
area for two days about March 12-14, 1985. The NRC Office of Nuclear Regulatory
Research (RES) expects to arrange for UPI licensees and their designated fuel
vendor representatives to observe those discussions and to participate with
JAERI representatives in round-table technical discussions of UPI phenomena.
We anticipate.that we will be able to keep the discussions from becoming
unwieldy if we limit each UPI licensee to designating one employee observer,
one employee participant, one vendor observer and one vendor participant, with
a maximum of one observer and one participant present from any given fuel vendor.

Please let me know if you intend to send an employee observer, an employee
technical participant, a vendor observer and/or a vendor technical participant
so that we can set up the meeting with JAERI and the NRC, Please respond by
phone by February 20, 1985 to Dr. David Langford, at 301-492-9403.

Sincerely,

James R. Miller, Chief
Operating Reactors Branch No. 3
Division of Licensing

Enclosures:
As stated

cc w/ enclosures:
See next page
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Effects of Upper Plenum Injection on Thermo-Hydrodynamic Behavior
Under Refill and Reflood Phases

-Takamichi IWAMURA, Makoto SOBAJIMA,

Yutaka ABE, Hiromichi ADACHI

Akira OHNUKI and Masahiro OSAKABE

Department of Nuclear Safety Research,
Tokai Research Establishment, JAERI

( Received November 7,1984 )

'In order to investigate the thermo-hydrodynamic behavior in core
under simultaneous ECC water injection into the upper plenum and the

~intac_: cold leg during the refill and reflood phases of a PWR-LOCA, Tests
S1-SH3 and SI-SH4 were performed by using Slab Core Test Facility (SCTF)

with the injection of saturated and'67K subcooled water iato the upper
plenum, respectively, under the same cold leg injection condition.

The'following major findings were obtained by examining these test

results.

(1)'Although the core was cooled by the fall back water from the upper
plenum into the core during the period.of high injection rate into the
upper plenum,_the core was cooled mainly by the bottom flooding
after the BOCREC (Bottom of core recovery).

(2) The possible fall back flow rate estimated with a CCFL correlation-
rapidly decr. eased' af ter the BOCREC because of the increase of steam

generation rate in core.-

(3)' Continuous fall back of subcooled water was not observed even under
the condition with large upper plenum injection rate of subcooled

"

water and with steam outflow through the lower plenum into the
downconer. The fall back was intermittently limited by the rapid
increase of upward steam flow which was generated in the core due

,

,

to the evaporation of the fall back water.
(4) The rising of liquid level in the lower plenum was suppressed-by

The work was performed under contract with the Atomic Energy Bureau
of Science and Technology Agency of Japan
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-the pressurization in core due to the evaporation of fall back
wrter before the BOCREC and therefore the beginning of bottom

raflood was delayed.

Some selected data from Tests SI-SH3 and SI-SH4 are also included
in'this report.

. Keywords: Reflood, Refill, LOCA, ECCS, PWR, Combined Injection, Water
Fall Back, Heat Transfer, Quench, Carryover, Two-phase Flow ,

SCTF, Thermo-hydrodynamic Behavior, Reactor Safet!y
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1.. Introduction

. .

The thermal-hydraulic behavior during the refill and reflood
phases of a postulated loss of coolant accident (LOCA) in a pressurized
water reactor (PWR) has been investigated by using the Slab Core Test

Facility (SCTF) which has an electrically heated core with a full height,
full radial width and azimuthal single-bundle depth. The SCTF program |

1s a part of the large scale reflood test program under contract with
the Atomic Energy Bureau of Science and Technology Agency of Japan together

with the Cylindrical Core Test Facility (CCTF) program.
As an alternative Emergency Core Cooling System (ECCS), the combined

injection mode in which the ECC water is simultaneously injected into
both the hot leg and the cold leg is proposed in order to improve the
core cooling by a large amount of fall back water into the core.

The thermal-hydraulic behavior during the initial period of the
combined injection mode was investigated in the present two preliminary
tests: Tests St-SH3 and SI-SH4, by injecting the ECC water into the

upper plenum instead of the hot legs and into the cold leg in the SCTF-
'

Core-I test series. These'two tests were performed with saturated and
subcooled water injection into the upper plenum and therefore the
effects of injection water temperature- can be investigated by comparing

the results of these two tests.
Since included in the purposes of these two tests were to confirm

the performance of- the upper plenum injection and extraction system
and to establish the technical method of the combined injection tests~

planned in the SCTF Core-III test series, the test-conditions were not-
necessarily appropriate for the simulation of ' the typical combined
injection mode for a PUR. However, qualitatively useful information
was obtained on the initial thermal-hydraulic behavior in core particular
to the combined injection mode. ,

The present report describes the fall back behavior from the upper
plenum into_the core, the water accumulation behavior in the core, the ,

lower plenum and the downcomer, the fluid behavior in the primary. loops
and the core cooling behavior.

Presented in Appendix A are the brief description of SCTF and

measurement locations.'

The selected data.obtained in Tests S1-SH3 and SI-SH4 are presented

in Appendixes B and C, respectively.
.
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2. Experiment
. |_

!

2.1 Test Facility

.

The schematic diagram of SCTF and the comparison of dimensions

between the SCTF and a 1,100 MWe PWR are shown in Fig. 2-1 and Table M
2-1, respectively. #$,

4
The primary coolant loops consist of a hot leg equivalent to the

four actual hot legs, a steam / water separator corresponding to the
four actual steam generators, an intact cold leg equivalent to the
three actual intact cold legs, a broken cold leg on the pressure vessel Wii

side, and a broren cold leg on the steam / water separator side. These eg
two broken cold legs are connected to two different containment tanks. Q

!The flow area scaling ratio is 1/21 to a 1,100 MWe PWR, whereas

the height of each component simulates the actual PWR. f.

The emergency core cooling system (ECCS) consists of an accumulator _D-
I

(Acc) system, a low pressure coolant injection (LPCI) system, and an
upper core suport plate (UCSP) water injection system. All of these
three injection systems were used for the comt,ined injection pre-tests.

,

The injection port for the Acc and I.PCI systems is located on the intact
cold leg and that for the UCSP water ' injection system is the eight injec-
tion nozzles located just above the UCSP for each bundle. The schematic
of the UCSP water injection system is shown in Fig. 2-2. As adjacent

two nozzles are connected into one at the outside of the pressure vessel, _

four lines in total are provided for giving the specified flow and fluid
temperature transients independently.

Figure 2-3 shows the vertical cross section of the pressure vessel.
The pressure vessel includes a simulated core, an upper plenum with -_

internals, a lower plenum, a core baffle and a downcomer.
The simulated core consists of 8 bundles arranged in a row with

full radial width. Each bundle consists of 234 heater rods and 22
non-heated rods arranged in 16x16 array. The outer diameter and the
heated length of the heater rod are 10.7 cm and 3660 mm, respectively.
The dimensions o'f rod bundle, such as the rod pitch, the spacers, the

end box cie place etc., are based on those for a 15x15 fuel rod bundle -
_

of a PWR.
The core and the upper plenum are enveloped by honeycomb thermal

insulators to minimize the wall effects.
More detailed inrormation on clie SCTF is available in reference (1)

-2-
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and brief description is presantsd in Appsadix A.

2.2 Test Conditions

In the combined injection mode of an actual reactor, the subcooled
water injected into the hot leg flows into the upper plenum and then

,

falls on to the UCSP after hitting the upper plenum internals. In the

present combined injection pre-tests: Test S1-SH3 (Run 528) and Test
St-SH4 (Run 529), the fluid characteristics in the upper plenum was
simulated by horizontally injecting the ECC water through the side

. nozzles and extracting from the other side nozzles located just above
,

the UCSP as shown in Fig. 2-2.
The water subcooling in the. upper plenum is estimated to be in the

range of 20 to 40 K according to the calculated results for~a reference
PWR. Since the water subcooling in the upper plenum is considered to
affect the fall back characteristics, the temperature of upper plenum

injection water was selected as a test parameter. That was almost
saturate'd in Test S1-SH3 and subcooled of about 67 K with respect to

,

the saturation temperature at 0.25 MPa in Test S1-SH4 so as to include
~

the calculated range of a reference PWR.
These two tests were performed under refill and reflood simulation

condition. The refill simulation test: Test S1-19 (Run 525), is

. referred as a counterpart test with cold leg injection mode. Major
test conditions for Tests SI-SH3, St-SH4 and S1-19 and.the calculated~

-

results for a reference PWR are' listed in Table 2-2. Chronologies of

events fo$ these three tests are listed in Table 2-3. The BOCREC in

Tables 2-2 and 2-3 represents the time at the bottom of core recovery.
when the ECC water reaches the bottom of heated part. .

E Tests St-SE3.and SI-SE4 were performed under almost the same

conditions except the water temperature of UCSP injection system. The

test conditions for Test S1-19 were almost the same as those for Tests.
S1-SE3 and S1-SH4-except that no UCSP injection system was used and the

,

vent line. connecting the upper plenum and the downcomer was open in
f

Test.S1-19 while it was closed in Tests S1-SH3-and SI-SH4. .

As-indicated in Table 2-2, the. scaled upper plenum injection rate
and cold leg injection rate are larger in the present tests than in the

Lealculated results during the.Acc period. However,.the Acc' injection -

time is much shorter and the LPCI flow rate is much lower in these two

_ g _.
.
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ses as compared with the calculated results because one of the
cbjectives of the present tests is to confirm the flow rate control
function of the UCSP injection system under the lower flow rate condi-
tien. Therefore it should be noted that the thermal-hydraulic behavior

,

cfter 28,s from the initiation of upper plenum injection does not well

simulate the thermal-hydraulic behavior under the typical combined
injection mode.

,
-4 ,

a

2.3 Test Procedure
:..

The test procedure for the combined injection pre-tests is as
follows.

'After setting the' initial conditions, core heating was initiated.
'

At 100 s after the core pcwer on, the break valves were opened and the
core power decay-simulation started with the initiation of UCSP water
injection and extraction system. The maximum cladding temperature at

i'this' time was intended to be 995 K. The decay curve is simulated from
21 s after Ehefshutdown of a Nes'tinghouse type PWR. The decay curve is

,

based on the "AIS Standard + Actinides + Delayed Neutron Effect for

voided Core".
,

At 105 s (Test SI-SH3) or 103 s (Test S1-SH4) after the core power

on, Ace' injection was. initiated into the intact cold leg. After 23 s
(Tost St-SH3) or 21 s (Test SI-SH4) from Acc injection, the Acc injec-

tion /w$s switched to LPCI. The maximum Ace and LPCI flow rate were about
' ' -84 kg/s and 8 kg/s,.respectively.

The total.UCSP water injection rate was intended to be about 100
. a.. .

kg/s during the .first.28 s and about 11 kg/s thereafter.with equal flow
.

race for each.of.eisht UC3P injection. nozzles.' However, the UCSP injec-
tions line connecting to the upper plenum above Bundles 1 and 2 did not

r

cpen during the first 60 s for Test SI-SE3 accidently.
The test was finished af ter 900 s from LPCI initiation.

.

- ,

;.
- .
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3. Test Results and Discussions

3.1 Boundary Conditions

. Figure 3-1 shows the comparison of ECC water injection rates into
,

the cold leg between Tests S1-SH3, St-SH4 and S1-19. The Acc flow rate

and injection period and the LPCI flow rate are almost identical for
these three tests.

Figure 3-2 shows the UCSP water injection rates into the upper
plenum in Tests S1-SH3 and SI-SH4. As shown in Fig. 3-2(1), the UCSP
water injection system above bundles 1 and 2 in Test St-SE3 did not
work well. Through the nozzles above bundles 1 and 2 in Test St-SH3,
no water was injected until 60 s after the break valves open and then

3the UCSP injection started at very high flow rate up to 0.044 m /s.
About 20 s later, the UCSP injection rate through these nozzles

approached the nominal injection rate. In Test St-SH4, on the other

hand, the same amount of water was injected into the upper plenum
through all nozzles as shown-in Fig. 3-2(2).

The upper plenum water was extracted through the UCSP extraction
nozzles above each bundle at the opposite side of the injection nozzles.
In these two tests, however, the UCSP water extraction system did not

,

work well and the accuracy of the extracted water flow rate is doubtful.
The UCSP extraction system will be improved in the later part of SCTF

Core-II test series.
Figure 3-3 shows 'the temperatures of water injected into the upper

plenum in' Tests S1-SE3 and SI-SH4. The saturation temperatures

corresponding. co the pressure at the top of upper plenum are also shown
in Fig. 3-3 for these two tests. The UCSP injection water temperature

.

in Test SI-SH3 is about 405 K which is almost in agreement with the
saturation temperature at the pressure in the upper planum. The UCSP

injection water temperature in Test S1-SH4 is about 333 K above
bundles 1, 2, 5 and 6, and about' 3% It, above bundles 3, 4, 7 and 8.

The average subcoolings with respect to the saturation temperature~

at'the pressure in the upper plenum are.about 67 K and 56 K,

respectively.

The temperature of cold leg injection water is about 335 K in
Tests SI-SH3, St-SH4 and S1-19.

The comparisons of pressure transiects at the center of core and

.

- 5 --
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ct the top of containment tank I are shown in Figs. 3-4 and 3-5,
r spectively.

Although both of Tests S1-SH3 and Si-SH4 are the refill simulation
ecces with'the same initial pressure of 0.54 MPa, the pressure at the

ccnter of core is higher in Test SI-SH3 than in Test SI-SH4 after the
. break valves open, indicating the condensation of steam in Test SI-SH4
dua to the higher subcooling of UCSP injection water in this tast.

Core heating power transients are identical for these three tests
as shown in Fig.' 3-6.

.

.

3.2' Fall Back Characteristics

3.2.1 Occurrence of Fall Back at End Box Tie Plate

Figure 3-7 shows the differential pressure across the end box tie
plate, the fluid temperature just below -the end box tie place and the
.srturation temperature above bundle 4 in Test SI-SH4. The saturation
temperature was obtained from the average of two pressures measured at

tha top of upper plenum and at the center of core. As shown in this
t

figure, subcooled water is intermittently observed just below the and
box' tie plate before the BOCREC, indicating that the subcooled water
injected into the upper plenum intermittently penetrates into the core

.

through the and box tie place before the BOCREC. The intermittent and
rcpid decreases'in fluid temperature are in many cases accompanied by
tha-significant decreases of differential pressure across the and box.
tis plate.

.As shown in Fig. 3-8 .the' water in the up'per plenum is subcooled
?during the high flow race period of~UCSP. injection and after that
; period the water temperature becomes almost saturated.for Test'SI-SH4.

~

The =mv4=== ~subcooling on~ UCSP is 59 K at 15 s af ter the break valves -

open. As listed in Table.2-2, during the initial-28 s, the upper plenum
'

-injection rate is higher'than the calculated hot leg injection rate-in

-th 1 typical combined injection mode for a referen'ce PWR. In addition,

. th3 lower plenum water level is below .the bottom of core barrel during
this period'as shown.in Fig. 3-18. Therefore it is noted that even

rwh:n the upper plenum injection rate andLsubcoo' ling are large enough
and the" steam generated in core can flow into the downcomer through the
lower plenum.-the fall back of subcooled water does not continue for

.

more than 5's.and the saturated CCFL condition is established again.

- ' -6-
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The reason why the continuous fall btck dots not occur is con- |
sidered that a part of fall back water is evaporated in core and the |

generated steam up-flow supports the weight of subcooled water. When
the fall back.is stopped, the steam generation rate in the core decreases ;

and t'herefore the steam up-flow rate becomes lower than that corresponding

to the CCFL break condition. The intermittent fall back behavior shown
in Fig. 3-7 is probably attributed to the time lag between the fall back
and the steam generation.

3.2.2 Two-Dimensional Fall Back Behavior
.

Figures 3-9 and 3-10 show the comparisons of the fluid temperatures
just below the end box tie plate, the saturation temperature, and the
differential pressures across the end box tie plate above Bundles 1
through 8 in Tests S1-SH3 and SI-SH4, respectively.

As shown in Fig. 3-9, the differential pressures across the end
box tie plate in Test S1-SH3 intermittently show negative values during
the initial 30 s except above Bundles 1, 2 and 3, while the differential
pressures in Test SI-SH4 almost always show the positive values, suggesting
that the amount of fall back water during this period is larger in Test
SI-SH3 than in Test S1-SH4. The fall back water during this period
promotes the cooling of upper core as will be discussud in Section 3.7.1.
The relatively larger possitive differential pressure across the end
box tis plate above Bundle 1 side in Test St-SH3 is due to the 60 s
delay of the UCSP injection above Bundles 1 and 2 as described in

section 2.3.
It is suggested from Fig. 3-10 that the intermittent fall back of

subcooled water through the end box tie plate during the initial 40 s
occurs nonuniformly over the eight bundles and simultaneous CCFL break ,

;

all over the eight bundles is not observed.
.

Figure 3-11 shows the comparisons of void fractions in Bundles 2,
4 and 8 at the upper part of core in these two tests. These void
fractions a.c calculated.from the measured vertical differential
pressures between' core spacers by neglecting the effects of frictional
and accelerationr.1 pressure drops. During the period from about 20 to
30 s, the void fraction is the lowest in Bundle 8 in Test St-SE3 and
the void fraction is the highest in Bundle 8 in Test S1-SH4. These
radial distributions in the void fractions are corresponding to those

.

-7-
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in the differential pressures across the end box tie plate shown in

Figs. 3-9 and 3-10 and then to the radial distribution'in the fall
bick flow races.

Figures 3-12 and 3-13 show the comparisons of horizontal differen-'

tial pressures between Bundles 5 and 8 and between Bundles 1 and 8,
.ratpectively,- at the elevations of 1.905 m, 3.235 m end 3.821 m (just
balow the end box tie place) from the bottom of heated length in these

_

. -two tests. The positive differential pressure in these figures means
-

that the pressure in Bundle 5 or Bundle 1 is higher than the pressure
n
'

in Bundle 8.
Before the BOCREC, the pressure in Bundle 8 is much higher than the

/

= prcssures in Bundles 1 and 5 at the elevations of 3.235 and 3.821 m and
~

the differential pressures-between Bundles'5 and 8 and between Bundles
,

'l cad 8 are relatively-small at the elevation of 1.905 m in Test St-SH3.

i; ' In Test S1-SH4, on the other hand, during the initial 40 s from the

4.

braak valves open, the pressure in Bundle 8 is much lower than the
'

-prassures in Bundles.1 and 5 at the elevations of 1.905 and 3.235 m.c

The above-mentioned characteristics of horizontal differential
prassures before the BOCREC indicate that the amount of fall back water
is larger in Bundle 8 side in Test St-SH3 and is larger in Bundle 1

! side in Test St-SH4. This is consistent with the radial distribution
cf the subcool time indication in fluid temperatures below the end box

' tis plate and the differential pressures across the end box tie place-

|- shown in Figs. 3-9 and 3-10 and also with'the void fractions in the
upper part of. core shown in, Fig. 3-11. The negative differential

! prassures between Bundles 1 and 8 and between Bundles 5 and 8 below the

f- f and box' tie plate in Test St-SH4 indicate that the direction of steam
. horizontal flow is from Bundle-8 to Bundle-1 even when the amount of-

f ; fall back water is larger'in Bundle i side.

3.2.3' Estimation.of Fall Back Flow Rate
>

; The fall back' water from the upper plenum into the core is

censidered to enhance the core cooling especially for the combined

; injection tests'.' ._In the present combined injection pre-tests, however,
tho fall back flow rate was not measured directly and was-not estimated

by the mass balance method because the extraction flow rate from the
'

upper plenum couldinot be measured correctly. Therefore, an empirical
,

-8-~ - '
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CCFL correlctica is unsd for th2 estimation of possible fall back flow

rate.

The CCFL correlation is derived from the experimental data based

on the end. box tie' plate which has the same vertical configuration as

that' in the SCTF-I with 1/72 scaled to the SCTF-I.
The CCFL correlation for the SCTF-I tie plate is given by

*V2 *Y* = 1.25 (1)jfj +

where
* [0 /gD(p - p )3 *j = .

g g f
g

[0 /gD(c -c)]V2j* =
f f f

W = Steam up flow rate

W = Water down flow rate (Fall back flow rate)
~

f

o = Steam density
3

o = Water density
g

D = Tie ' plate hole diameter (0.012 m)
2A = Total flow area in the plate (0.2036 m )-

2g = Acceleration due to gravity (9.80665 m/s )

The steam up flow rate, W , is assumed to be the sununation of the
steam generation rate calculated by the heat balance method and the
flashing rate in'the' lower planum. The steam generation rate and the
lower plenum -flashing-rate 'are shown in Figs. 3-28 and 3-22, respectively

;

and the total steam generation rate is shown in Fig. 3-29.
--

"

Figure 3-14'shows the estimated fall back flow rates in Tests SI-SH3
and SI-SH4. As shown in this figure, the maximum calculated fall back

flow rate is seen before the BOCREC and after that time the fall back
flow rate is significantly reduced due to the increase of steam genera-
. tion rate-in the core.

It should be noted here that the following assumptions are made'~

i
for the estimation of fall back flow rates shown in Fig. 3-14.

|'
l

(1) Saturated CCFL'is' assumed even for Test SI-SH4 in which subcooled;- -

,

-9-
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water is observed below the and box tie plate as shown in Fig. 3-7.
.(2) The fall back is assumed to occur uniformly over all bundles though

there exists radial distribution in the fall back distribution as
indicated in Figs. 3-9 and 3-10.

(3) The steam bypass flow f rom the core into the downcomer through the
lower plenum is neglected though the steam bypass flow is observed
before the water level in lower plenum reaches the bottom of core

barrel as will be discussed in section 3.4.1.
L(4)'The fall back flow rate is estimated regardless of the existence of

water in the upper plenum.

The assumptions (1) through (3) may result in underestimation of
th2 fall back flow rate. As shown in Fig. 3-15, on the other hand, the
collapsed liquid level in- the upper plenum is reduced to very low level
from 40 to 120 s, indicating that the amount of water in the upper

4

plcnum is not enough to fall back into the core during this period.
.Thsrefore,-the fall back flow rate is considerably overestimated after
chout 40 s in Fig. 3-14.

Although the estimated f all back flow rate in Fig. 3-14 is not -

qur.ntitatively reliable due to the above-mentioned reasons, it is
_ qualitatively concluded that the fal'1 back flow rate is negliegibly
sma11'after the initiation of bottom reflood.

.

3.3 Water Accumulation Behavior in Core,

:

i . Figure 3-16 shows the comparison of vertical dif ferential pressure
across the core full height between Tests S1-SH3 and S1-SH4. The

differential pressures in these tests increase temporarily just after

| the intiation of ECC injection and then' increase again after the BOCREC.

I EThe comparison between these two tests indicates that the higher subcool-
-ing of the UCSP injection water results in the higher water accumulation
rate in the core after the BOCREC.

Figure 3-17 shows the comparison of void fractions at six eleva-
.tions in'the core. In general, the void fractions in Test St-SH3 are
- higher than. chose in Test S1-SH4 except during'the period from 40 to

80 s above the elevation of 1.365 m. Below the elevation of .1.24 m,'

no water accumulation is observed before the BOCREC. After the BOCREC,

the void fraction is higher in' Test St-SE3 than in Test S1-SH4 at ally

-alevations.

*
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Tha cccurr:nes of fell back during tha psriod from about 10 to

40 s is also indicated in Fig. 3-17 by the rapid decrease of void
fraction at the upper part of core.

Although the amount of fall back water is negligibly small in
these two tests during the period between 120 and 200 s as shown in

,

Fig. 3-14,-the void fraction in the core is lower in Test St-SH4 than
in Test S1-SH3 during this period especially at the upper half of" core

as ahown in Fig. 3-17. In addition, the generated steam is condensed

in the upper plenum at almost constant rate of about 1.4 kg/s during
this period as shown in Fig. 3-29. Therefore, it is suggested that the.

higher water accumulation rate in the core in Test S1-SH4 is not caused

_

by the fall back water but caused by the following reason: Since the

steam out flow rate is much lower in Test St-SH4 than in Test SI-SH3
due to the steam condensatica in the upper plenum as shown in Fig. 3-26,

the ' steam binding ef fect is also weaker in Test St-SH4. The weaker

steam binding eff ect results in the higher water accumulation ra e in ,

the core in Test St-SH4.
The higher water accumulation rate in the core in Test SI-SH4

results in the higher heat transfer coefficient and the lower cladding
surface temperature at the upper half of core as will be discussed in

' .

Section 3.7.

3.4 ' Fluid Behavior -in Lower Plenum and Downcomer

3.4.1 Water Accumulation Behavior in Lower Plenum

Figure 3-18 shows the liquid levels in the lower plenum in Tests
S1-SH3, SI-SH4 and S1-19.

The liquid levels in the lower plenum in these three tests
decrease just after the break valves open due'to'the water flashing
caused by the rapid depressurization. The amount of flashing mass is
estimated in the next section.

The Iquid level in the lower plenum reaches the bottom of core
heating part at 80 s in Tests St-SH3 and St-SH4 and at 19 s in Test

S1-19. It is estimated that the beginning of bottom reflood is promoted

by_ at most 2.5 s by the effect of open vent line for Test Sl-19 and
therefore the trend of earlier reflood for this test is not much
affected by this difference in condition.

- 11 -
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The water accumulation behavior in the lower plenum in Tests,

Sl-SH3 and.S1-SH4 is different with each other. The liquid level in the

lower plenum in Test St-SH3 increases gradually even after the liquid
,

level reaches the bottom of core barrel at 50 s, suggesting that the'

i- dri.ing force for the bottom flooding given by the downcomer water
h2ed is reduced by the pressurization in core due to the evaporation of>

fell back water. On the other hand, the liquid level in the lower

planum for Test St-SH4 remains at 0.1 m below the bottom of core barrel
until about 76 s - and then increases rapidly.

; As shown in Fig. 3-19, the fluid velocity data obtained from drag .

I dick flow meter located below the core barrel indicate that the direc-
tisn of. fluid flow is from the lower plenum to the downcomer before the

.

-water level reaches the bottom of core barrel and after that time the
direction is reversed. The other evidences which indicate the outflow

i of water.and steam from the lower plenum into the downcomer are

presented below.
'A part of the f all back water is expected to penetrate through1

th2 core and reach the lower plenum. The penetration water mass flow
. rate is obtained by subtracting the steam generation rate in the core-

frca the f all back flow rate. Figure 3-20 shows the estimated fall
b:ck flow rate, the steam generation rate and the. penetration race inf

"

T3st SI-SH4. .It is.found from Figs. 3-18 and 3-20 that most of the
fall back water penetrates into the lower plenum while the water level'
in the ' lower plenum gradually increases until the water level reaches

.th2 bottom of core barrel, indicating that the penetrated water flows
out into the downcomer during this period.

A part of the steam generated in the core.and the lower plenum is .

,.

;

cico expected to flow through the bottom of core barrel into the down-
: comer before the water level reaches the boccom of core barrel. As
'shown in Fig. 3-21, .the void-fraction in the pressure vessel side broken

7

cold leg indicates that the ECC water bypass occurs only before the bi-
U ginning of bottom reflood. Since the ECC water bypass is caused by the

; xs' team up flow in the downconer,'it is evident that the steam also flows
. from.the- core into the downconer before the beginning of bottom reflood.

|
The: steam generation rate in'the core is reduced after about 25 s

I' |es shown in Fig. 3-27 and.the average water head in downcomer increases

es shovn in Fig. 3-23. At 76' s in Test SI-SH4, the pressure bslance

between the core and.the-downcomer breaks and the liquid level in the

- _. . .-
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~1owar plenum rzpidly.incraccce up to tha bottom of cora 1Gval.
From the view point of reactor safety, it is supposed that the upper

f

plenum injection induces the fall back of water into the core before the
BOCREC and the generated steam tends to prevent the reflooding from the
bottom, though the initial cooling is promoted by the upper plenum
injection as will be discussed in section 3.7.1. Therefore, the upper

plenum injection has two opposite effects on the core cooling.
,

3.4.2 Estimation of Lower Plenum Flashing Rate

!

Since the combined injection pre-tests were cerformed under the
refill simulation condition, the rapid decrease of system pressure

induced the flashing of water in the lower plenum because the initial
water temperature in the lower plenum was the saturation temperature at.

the-initial pressure of 0.54 MPa.

The lower plenum flashing rate is calculated from the existing
water and steam mass in the lower plenum and the depressurization rate

by using the assumption of constant entropy process as follows:

~~

f dS i dS T dM
E J. S=0Mi 1 ? +M +

_ g ( dF / ,,g j ,, . Eg),,(S
'

1 dP dP _ de

dM
The flashing rate, , is obtained by the following equation.

dM dS /dS )
'~

S (2)A.1 =. - (S
1 dM + M ig) g dP I dP dede ,,t g j ,,t

sat - -

.

where (Sag) " Specific entropy change due to evaporation,

S = Specific entropy of saturated steam,
g

S = Specific entropy of saturated water,g

P = Pressure,

M = Mass of steam in lower plenum,
g

M = Maas of water in lower plenum,
g

h = Depressurization rate.

- 13 -
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The lower plenum flashing rates obtained by equation (2) for
T0sts S1-SH3 and SI-SH4 are shown in Fig. 3-22. The flashing rate is

tha highest just after the break balves open and then decreases. After
'

thy BOCREC, the average flashing rate is less than 0.1 kg/s and
negligibly small,as compared with the steam generation rate shown in
Fig. 3-27.

The lower plenum flashing rate is larger in Test St-SH4 than in
Tast S1-SH3 just after the break valves open because the depressurization
rate is larger in Test St-SH4 as shown in Fig. 3-4. During about 30 s

b3 fore the BOCREC, however,*the flashing rate is larger in Test S1-SH3
b:cause the water inventory in the lower plenum is larger in Test SI-SH3
ca shown in Fig. 3-18 and the depressurization rate is also larger in
T:st St-SH3_during this period as shown in Fig. 3-4.

3.4.3 Water Accumulation Behavior in Downcomer

As shown in Fig. 3-23, the collapsed water levels in the downcomer
in Tests SI-SE3 and S1-SH4 increase gradually up to the final level of
cbtut 5.7 m and then remain at the same elevation during the tests.
The final level is considered to be corresponding to the overflow level

.

b2cause 'the liquid level in containment tank-I continues to increase
-

during the test. The higher liquid level in Test S1-SH3 after about
.-

50 s is attributed to the stronger steam binding effect as suggested
from the higher steam outflow rate shown in Fig. 3-26.

On"the other hand, the collapsed water level in the downcomer in

|- T0st S1-19 increases rapidly and af ter reaching the peak of about 5.6 m
the water level decreases and remains at-3.8 m for about 250 s, though.
the ECC water . injection races into -the intact cold leg are almost the

same for these three tests."

3.5 Fluid Behavior in Hot Lag

t. -

j! Figures 3-24 and 3-25 snow the comparisons of mass flow rates and

( void fractions, respectively, at four vertical regions in the hot leg
sptol piece. Region I comprises the upper 31 % of the pipe cross-
s ctional area, Region 2 comprises the next lower 27 %, Region.3!

comprises the next lower 26 %, and Region 4 comprises the bottom 16 %.

These mess flow rates $re calculated from the measured densities andp

! drag forces at each region by using the homogeneous model.
i

- 14. -
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Th2 ficw dirsction through ths hot leg in Test S1-SH3 is
positive and no flow reversal is observed. On the other hand, the flow
reversal at Regions 3 and 4 is clearly observed in Test St-SH4 just*

before the BOCREC and at the later period of the test. The times when'

i- the void fractions in regions 3 and 4 decrease to almost 0.0 in Test
- S1-SH4 are in good agreement with the times when the flow reversal is
observed in Fig. 3-24.'

t
The occurrence of hot leg flow reversal is confirmed by the flow

observation through'the view window at the lower part of hot leg. No

.

flow reversal.in Test S1-SH3 is due to the higher steam flow race as

- shown in Fig. 3-26.

3.6 Evaluation of Steam Outflow Rate, Steam Generation Race in Core
and Steam Condensation Rate in Upper Plenum ,

i
:

The steam outflow rate through the hot leg is obtained by subtract-
I ing the. flashing rate in the steam / water separator from the sunnation of

' the steam mass flow rate from the steam / water separator to the contain-

;- ment tank-II and the steam mass f' low rate from the steam / water separator .

!
' to the downcomer through the intact cold leg. The flashing rate in the

# steam / water' separator obtained by the same method as described in sec-
tion 3.4.2 is negliegibly small as compared with the total steam outflow

As shown in Fig. 3-26, the steam outflow rate through the hot leg
is significantly higher in Test.S1-SH3 than in Test St-SH4, suggesting
that considerable amount of steam is condensed in the upper plenum in-~

,

Test St-SH4 due to the subcooled water injection into the upper plenum.
- Figure 3-27 shows the steam generation rates in the core in these

two tests. . The steam generation rate was obtained from the heat balance
calculation _in the whole core. Additional steam is generated by the ,

,

louer plenum flashing during the depressurization period as shown in
,

Fig. 3-22. . Figure 3-28 shows the total steam generation rates obtained'

by the 'sunnation of these two - steam generation rates. As shown in this
figure, the total steam' generation rate after the BOCREC is slightly'

larger in Test SI-SH4 than in Test SI-SH3_, whereas the total steam mass
ou'eflow rate is'much larger in Test SI-SH3 than in Test SI-SH4 as shown
in Fig. 3-26 because a part of the generated steam is condensed in the

Y upper plenum in Test 51-SH4 due to the higher sub ooling of UCSP injec-
;.

tion water. . In addition, during the first 50 s in Test SL-SH3 and
*'

. ,

' '
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1

| the first 80 s in Test S1-SH4, some amount of the generated steam .

flows directly into the downcomer through the bottom of core barrel as -

.

[ indicated in Fig. 3-18.

Figure 3-29 compares the two steam condensation rate in the upperE -

p

[ plenum in Test SI-SH4 estimated by the dif ference between the total
N

L steam generation rate in the core and the steam outflow rate through
[
.

the hot leg and estimated by the f ollowing equation:: t

inj'up p sub (3)
'

y ,

E ge H
f8 g'

where, W = Steam condensation rate,

inj'up" Upper plenum injection rate,W

[ C = Specific heat of water,
p

e

AT = Subcooling of the injected water,
sub

H = Latent heat of evaporation.
{ gg
;

L

U Equation (3) is derived from the assumption that the whole amount
of injected water into the upper plenum becomes saturated due to the
condensation of steam. Since the fluid temperatures in the upper plenum
are almost saturated except during the first 28 s as shown in Fig. 3-8,
the calculated steam condensation rate is plausible after about 30 s
from the break valves open.

=
As shown in Fig. 3-29, the difference between the total steam

u
L generation rate and the steam outflow rate agrees well with the

h calculated steam condensation rate with Eq. (3) after 120 s. The

[ condensasion rate in the upper plenum is about 1.4 kg/s after the
_

{ 30CREC.

{
The steam condensation in the. upper plenum results in the higher

F water accumulation rate in the core for Test S1-SH4 as discussed in

[ section 3.3.

b
3.7 Core Thermal Behavior

.

E 3.7.1 Heater Rod Surface Temperature
L
- Figure 3-30 shows the comparisons of heater rod surface temperatures
- at the elevations of 3.19, 1.905 and 0.95 m from the bottom of heated
* 1

.
'

.
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icngth batv2cn T3sts SI-SH3 cnd S1-SH4. Thess tempsreturas c.re

measured-at the center rods of Bundle 4 which are not adjacent to non-

heated rods.
During the first 30 s, the heater rod is cooled especially at the

-upper part of core in these two tests by the fall oack water during
this period. The initial cooling of heater rod is slightly larger in
Test St-SH3, indicating that the initial f all back flow rate is larger
in -this test during the first 30 s. However, the core cooling is more

enhanced in Test SI-SH4 than in Test St-SH3 except the initial period.
Consequently, the turnaround temperatures are lower and the quench times
are shorter in Test SI-SH4. The cooling enhancement in this test is
attributed to the higher water accumulation rate in the core as
discussed in section 3.3.

It is observed in Fig. 3-30 that the heater rod at 3.19 m in Test
SI-SH4 is quenched at about 20 s and then increases again. The same
temperature behavior is observed in 11 rods out of 57 instrumented
heater rods as shown in Fig. 3-36.

Figure 3-30 also indicates that although the upper part of core
,

is cooled by the fall back water during the first 30 s, the core is
mainly cooled by the bottom reflood after the 30CREC.

In order to investigate the two-dimensional effects on core thermal
: behavior, the horizontal distributions of turnaround temperatures at the
elevations of 2.76, 1.735 and 0.52 m are compared in Fig. 3-31 for these
two tests. At the lowest power bundles, Bundle 7 and 8, the turnaround
temperatures are lower in comparison to those at the other bundles for
these two_ tests in accordance with the radial power profile. The
relatively higher turnaround temperatures in Bundles 1 and 2 in Test
S1-553 are due to the delayed injection into the upper plenum above

these bundles as mentioned in section 3.1. In Bundles 6, 7 and 8, the

turnaround temperatures in Test St-SR3 are lower than those in Test
S1-SB4, while chose in Test St-SH3 are higher than those in Test
SI-SH4 in the other bundles, indicating that the amount of initial fall
'back water into the core is relatively large at the Bundle 8 side in
Test St-SH3 due to the non-uniform UCSP injection during the first 60 s.

The maximum turnaround temperature is 1158 K at 1.735 m in Bundle
.

1 in Test SI-SH3 and 1119K at _1.735 m in Bundle 6 in Test S1-SH4.

.- 17 -
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3.7.2 Quench Characteristics

The quench envelopes at the central rods in Bundle 4 are compared
in Fig. 3-32 among Tests Sl-SH3, S1-SH4 and S1-19 with respect to time

after the BOCREC.
At the upper half of core, the quench occurs earlier in Test

S1-SH4 than in Test SI-SH3 while ne dif ference is observed in the quench -{
times at the lower half of core between these two tests. The quench

times after the BOCREC in Test S1-19 at the lower half of core are in
At thegood agreement with those in the combined injection pre-tests.

upper half of core, on the other hand, the quench times in Test S1-19
are later than those in Tests SI-SH3 and SI-SH4.

Figure 3-33'shows the comparisons of quench envelopes at the

central rods in all bundles in these three tests. As shown in this
figure, the quench front proceeds upward from the bottom of core up to
the elevation of 3.19 m and the downward propagation of quench front

from the top of core is limitted above this elevation in most bundles -

1.1 these tests. The upward quench propagation is approximately one-
dimensional in spite of the radial power distribution, whereas the
downward quench proceeds often nonuniformly.

-

Figure 3-34 and 3-35 show the comparisons of radial and azimuthal
-

distributions of the.. quench times af ter the break valves open, respec-
tively. As shown in these figures, early quenches at the elevation of
2.76 m are more of ten observed in Bundles 1 and 8, or at the locations _

adjacent to the side walls.
In addition, the effect of radial power profile on the quench

times is slightly observed in Fig. 3-34 except at the elevation of
2.76 m in Test St-SH4. Therefore, it is suggested that the distribution
of water fall back is much affected by the existance of side walls than

by the radial power profile itself.

Figure 3-36 shows the horizontal distributions of earlier quenched
rods at the elevation of 3.19 m in' Tests S1-SH3 and SI-SH4. The earlier

quenched rod is defined as the rod which experienced the quench before
the BOCREC. Some thermocouples at tPis elevation indicate the earlier

quench and dry out. Those rods are also shown in Fig. 3-36. As shown

in this figure, the earlier quench tends to occur at the locations
adjacent to the side walls and the earlier quench also tends to
occur more easily at the UCSP injection side than at the UCSP

- 18 - -

.



' ~

JAERI-M 84 -221
.. .

cxtrcetica sida. H:vev.r, th2 offset of rcdici power profile is not
recognized in the distribution of earlier qu.nched rods.

It is concluded from the above-mentioned quench characteristics

that the upper plenum injection promotes the quench at the upper part
'of core and especially at the locations adjacent to the walls. And
furthermore, the higher subcooling of the UCSP injection water promotes
the earlier quench at the upper half of core.

3.7.3 Heat Transfer Characteristics

Figure 3-37 shows the transients of heat transfer coefficients at
the elevation of 2.33 m in bundle 4 in Tests SI-SH3, SI-SH4 and S1-19.

The heat transfer coefficients are calculated with a heat transfer
calculation code "HEATT" developed for the SCTF test analysis. The
heat transfer coefficients in Tests S1-SH3 and St-SH4 temporally
increase during the higher upper plenum injection period due to the
initial fall back as already mentioned and then remain at low values

'

until the beginning of bottom reflood at 80 s. After that time, the

heat transfer coefficients incresse again due to the water splahsed up
from the' bottom quench front.

In order to make clear the heat transfer characteristics, the heat
transfer coefficients at the elevation of 2.76, 2.33, 1.905 and 1.38 m
in bundle 4 are plotted against the distance from bottom quench front in
Fig. 3-38. At the upper half of core, the heat transfer coefficient is
higher in Test S1-SH4 than in Test S1-SH3 when the distance from bottom
quench front is more than about 0.5 to 0.8 m while no difference is
observed within 0.5 m from the quench front. At the elevation of 1.38
m, on the other hand, the heat transfer coefficient is higher in Test
SI-SH3 than in Test S1-554 within about 0.'6 a from the bottos quench

front' while it is higher in Test St-584 above 0.6 m from the bottom<

quench front.
The heat transfer coefficient in Test S1-19 is lower than both

in Tests St-SH3 and St-SH4 except the initial peak caused by the

oscillation of water level. The initial peaks of heat transfer coeffi-
cients observed in Tests S1-SH3 and S1-SH4 in Fig. 3-37 are not seen in

Fig. 3-38 because the bottom quench fronts are not establishe'd until 80 s.
The difference of heat transfer coefficient between the cold leg and

combined injection tests becomes smaller with approaching the quench

- 19 -
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front. At the elevation of 1.38 m, the heat transfer coefficient is
higher in Test S1-19 than in Tests SL-SH3 and SI-SH4 when the distance
.from bottom quench front is more than 0.6 m.

" The -local water fractions at the elevations of 2.76, 2.33, 1.905
and 1.38 m in these three tests are plotted against the distance from

bottom quench front in Fig. 3-39. The local water fractions are
obtained by the interpolation of the water f ractions calculated from the
v:rtical differential pressures measured between core spacers. As shown
-in chis figure, the local water fraction is much higher in Test St-SH4
chan'in both Tests St-SE3 and S1-19 at each elevation with respect to
the distance from bottom quench front except the inital peak observed
in Test St-19 which is caused by the initial oscillation of liquid level
in core. The local water fractions.in Test S1-SE3 almost agree with
these in Test S1-19 at the same distance from bottom quench front

ospecially at the lower half of core.
Figure.3-40 shows the relation between the heat transfer coeffi-

cicnt and the local water fraction at the elevations of 2.76, 2.33,
1.905 and 1.38 m in these three tests. As shown in this figure, the
heat transfer coefficient in Test St-19 is rather close to that in

. T:st SI-SH3 ~ if the local water fraction is the same especially at the
' alcvations of 2.76 and 2.33 m,. though the heat transfer coefficient in __

: Tact Sl-SH3 is higher than'that in Test Sl-19 if the distance from
quench front is the same as shown in Fig. 3-38. On the other hand, the

: heat transfer coefficient in Test -SI-SH4 is lower than those in Tests
$1-5H3 and S1-19 at the higher water . fraction. The water fractions at
the quench front are about 0.25 in Tests SI-SE3 and 51-19 and about 0.3

in Test Sl-SH4 at the elevations of 2.33 and.2.76 m.
--It is therefore suggested that the heat reansfer c'haracteristics

-for.the combined injection' pre-tests are similar to those for the cold
les injection test with respect to the local water fraction when the
tcaperature of water injected into the upper plenum is'nearly saturated.
Eh n the. upper plenum injection water has.large subcooling, however,

'the. heat transfer chara~teristics in the core are different from thosec

fcr the cold leg injection test. .

.

O

6

4

- 20 -
._

_



e r ,
'

~ JAERI-M 84 -221
E.: .-

.

4. Conclusions I

-Test results obtained from the combined injection pre-tests:

Sl-SH3 '(saturated water injection into the upper planum) and Sl-SH4
(subcooled water injection into the upper plenum), were evaluated and
the following results were obtained.

'

(1)' Continuous fall back of subcooled water was not observed even under
the condition with large injection rate of subcooled water into the

upper plenum and with steam outflow through the lower plenum into,

i; the'downcomer. The fall back was intermittently limited by the ,

rapid increase of upward steam flow which was generated in the core
I1 due to the evaporation of the fall back water.

i
(2) The: fall back occurred nonuniformly over the,eight bundles.i

| (3) The possible' fall back flow rate estimated with a CCFL correlation

[ rapidly decreased after the BOCREC because of the increase of steam

generation rate in the core.i

. (4) The higher'subcooling of the upper plenum injection water resulted
in the cooling enhancement especially at the upper part of core due ,

; to the following reason: Since the steam out flow rate was much.
P lower due to the steam condensation in the upper plenum in the test

-

with higher subcooling of upper plenum injection . water, the staan5

binding effect was -weaker and therefore the water accumulation rate
3

.

in the core wa's higher in this test.4

(5).The rising of liquid level in the lower plenum was suppressed by the
pressurization in the core due to the evaporation of fall back water
before the BOCREC and therefore the beginning of bottom reflood was

.

delayed.

I (6) The mass, outflow through the hot leg was larger in the test with ,

i

saturated' upper plenum injection water and no flow reversal in theg
'

hot leg was observed in this test, while significant hot les flow
t-
p - reversal-was observed in -the test with subcooled upper plenum

F injection water.
(7) Although the core.was cooled by the f all back water during the'

.

period of high injection rate into the. upper plenum, the core was''

i

; mainly cooled by the. bottom reflood after the BOCREC.
(8) No'significant effect of radial power profile was recognized on the4-

[ -core cooling behavior before the BOCREC, but the core cooling was
clearly promoted in the rods adjacent to walls 4

(
..

1 4
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Table 2-1 Compcristn cf dimensions b3twe:n SCTF cad.1,100 MW2 PWR .

Ratio
Item SCTF PWR

(SCTF/PWR)

Quantity'of liundle h 193 1/24.1
,

Number of Heater P.oo 187.! 19372 1/21.0

Number of Rods 2048 43425 1/21.2

, - Ef fective Length of 1660 3660 1/1
Heater-Rod (mm)3

Rod Pitch (m) 14.30 14.30 1/1

- Diameter of Heater Rod (m) 10.70 10.72 1/1

Diameter of Unheated Rod (mm) 13.80 13.87 1/1

Flow Area of Core (m*) 0.259 4 .-76 1/17.7
Ef f ective Core Flow Area

Based on the Measured 0.35 4.76 1/13.6
Level-Volume Relationship (m#)

Fluid Volume of Core Enveloped 0.92 17.95. 1/19.5
by Honeycomb Insulators *

Fluid Volume of Lower 1.305 29.62- 1/22.7,' Plenum (m )

Fluid Volume of Upper
'

O.86 19.8 1/23.03Head'(m )
2' Baffle Region Flow Area (m ) 0.10 1.76 1/17.6*

3Upper Plenum Fluid Volume (m ) 1.16 23.8 1/20.5,

2Downcomer Flow Area (m ) 0.121 2.47, 1/20.4

UCSP Thickness (m) 76 76 1/1

Steam Generator Inlet Plenum
3 0.931 4.25 x 4 1/18.3

Sinnslator Volume (m )

Height of Steam Generator 1.595 1.595 1/1
Inlet Plenum Simulator (m)

Flow Area at the Tqp Plate of

Steam Generator Inlet Plenum 0.19 4.0 1/21.2
2Sismalator (m )

,

Major Axis Length of Hot Leg '

736.6 1/1737-
Cross Section

- Flow Area of Hot Leg 0.0826 1.704 1/20.6
(4 Loops)

Flow Area of Intact Loop
0.0696 1.149 1/16.5

(3 L' oops)

Flow Area of Brcken Cold 0.0179 6 .38 3 1/21.4Lag'(m )
.

* Fluid Volume of Cere including

Caps between Core Barrel anif 1 ,74

Pressure Vessel' Wall

- 23 -
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Table 2-2 Test conditions for Tests St.-SH3, SI-SH4 and
St-19 and calculated results for combined
injection mode for a reference PWR

Test S1-SH3 Test SI-SH4 Test S1-19 Calculated resu1.ts
(Run 528) (Run 529) (Run 525) for a reference

combined injection

Initial pressure

Cora center 0.54 MPa 0.54 MPa 0.59 MPa -

C:ntainment-I 0.21 MPa 0.21 MPa 0.22 MPa 0.4 MPa

'

Upp;r plenum or hot
icg injection condi-
tica

* 2000-1200 kg/s
Injection rate 81 kg/s 97 kg'/s -

(Acc)
about 150 s-Injection time 28 s 28 s -

'(Acc)
Injection rate 11 kg/s 11 kg/s --

(LPCI)
20-40 KSubcooling about 0 K 67 K -

Cold leg injection
condition

**
' Injection rate 84 kg/s 84.5 k'g/s 87.5 kg/s 1500-900 kg/s

(Acc)-
Injection rate 8.2 kg/s 8.2 kg/s 7.8 kg/s -

(LPCI) -

Acc Injection time 27 s 24 s 24 s about 150 s

Water temperature 235 K 334 K 339 K 303 K

(Acc)

-Water temperature 3SS K 337 K 337 K -

*

(LPCI).

Equivalent value for a reference PWR
0 Upper plenum injection rate during Ace period

2076 kg/s

c*3 Cold leg injection rate during Acc period
1816 kg/s

.

.- _ _ _ _ _ _ _ ___ _ _ ___- 24 - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Table 2-3 Chrensicgico of cv nto for Tcsto S1-SH3,
S1-SH4 and S1-19

(1) Test S1-SH3

Time after core Time after break

power "0N" valves open

Core power "0N" O see -101 see

Core power decay initiation 101 0

and break valves open

.USCP injection and extraction initiation 101 0

Acc injection initiation 105 4

Maxinum ECC injection rate (84 kg/s) 120 ~19

-

.

Switch Acc to LPCI 128 27 .

BOCREC 181 80

.

Maximum core temp.'(1158 k) 208 107

Whole core quenched 532 431

.

O

.

O
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(2) Test Sl-SH4

.

Time after core Time after break'

power "0N" valves open

Ctra power "0N" O sec -100 see

Cora power' decay initiation 100 0
and break valves open

,

USCP injection and extraction initiation 100 0

. Acc injection initiation 103 3'

'
i

Maximum ECC injection rate (83 kg/s) 124 24
.

Switch'Acc to LPCI- 124 24

*
181 81BOCREC

,

Maximum core. temp. (1119 k)- 190.5 90.5

Whtlo core quenched 489 389

, . .

?* ,

e

e

e

t-

*
1

_.i

' g__ ,

._ _. . _ . . _ _ . . _ _ .
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(3) Test S1-19
-

Time after core Time after break

power "0N" valves open

Core power'"0N" O see -138 see

Core power decay initiation 138 0

and break valves open

Acc injection initiation 142 4

Maximum ECC injection rate (87.5 kg/s) 156 18

BOCREC 157 19

Maxima core temp. (1195 k) 160 22

Switch Acc to LPCI 163 25

.

Whole core quenched 578 440

.

k
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Intact cold
leg injection

'

[ Intact cold jeg
'

Hot leg
O Broken cold leg

UCSP injection @ / -S/W separator side
,

= =@-

'

@
M> X@

~

o o
UCSP extraction b::@

'

.

T mw
@ Equaling line

a .

v
Lower plenum injection Broken cold leg-Py side

@ Pressure vasel @ Break valves

.@' Steam / water separator @ Flow resistance simulators-

.@ . Containmenttanks

-@ Pump. simulator

Fig. 2-1 ScFematic diagram of Slab Core Test Facility
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Appendix A Slab Core Test Facility (SCTF) Core-I .

A.1 Test Facility
-

,

The Slab Core Test Facility was designed under the following

d2 sign phylosophy and design criteria:

a. Design Philosophy

.(1) 'The facility should provide the capability to study the two-
dimensional, thermohydraulic behavior and core flow within the

'

resctor vessel especially due to the radial power distribution
during the end of blowdown, refill and reflood phases of a simulated
LOCA for a pressurized water reactor.-

-(2) To properly simulate the core heat transfer and hydrodynamics, a
special emphasis is put on the proper simulation of the components
in the pressure vessel. As the componente in the pressure vessels

,

are provided a simulated core, downconer, core baffle region, lower
'

plenum, upper plenum and upper head. On the other hand, simplified -

~ primary coolant loops are provided. As the primary coolant loops -

,

,

are provided a hot leg, an intact cold leg, broken cold legs and a
steam water separator. The object of the steam / water separator is
to measure the flow race of carryover water coming out of the upper

plenum.

b. Design Criteria

(1) The reference reactor for simulation to the SCTF is the Trojan .,

l'

reactor in the United States which is a four loop 3300 MWt PWR.
,

The Ooi raa'ctor in Japan is also referred which is of the similar
type to the Trojan reactor.

(2) N full scale radial and axial section of a pressurized wecer-reactor
is provided as a simulated core.of the SCTF with single bundle width.

(3) The simulated core consists of 8 bundles arranged in a row.- Each
,

bundle has electrically heated rods simulating fuel rods and non-
heated rod with 16 x 16 array.

.(4) The flow area and fluid volume of components are scaled down based

on the core flow area scaling."
.

.

7(5) To properly simulate the flow behavior of carryover water and
entrainment, the elevations of hot leg and cold legs are designed
to be the same as the PWRs as much as possible.

'

(6) The honeycomb. structure is used.as the side walls which accomodate
the slab core, upper plenum and the upper part of lower plenum, so |

.

-- 23 -- , -
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'

, .

as to minicize th2 effect of walls en tha disturbsnee of .ths core
heat transfer and hydrodynamics.

(7) To investigate the effect of flow resistance in the primary loops ;

are provided the orifices of which dimension is changeable.
(8) The maximum allowable temperature of the simulated fuel rods is

1900*C and the maximum allowable pressure of the facility is 6 kg/cm

absolute.

(9) The facility is equipped with a hot leg equivalent to fo,ur actual hot
legs connecting the upper plenum and the steam water separator, an
intact cold leg equivalent to three actual intact cold legs connecting
the steam water separator and the downcomer and two broken cold legs,-

one is for the steam water separator side and the other for the
pressure vessel side.

_ 10) The ECCS consists of an Acc., a LPCI and a combined injection systems.
'

(

-(11) ECC water injection ports are the. cold leg, hot leg, upper plenum,
downcomer, lower plenum and above the upper core support plate.

These portions are to be chosen according to the object of the test.

;,-_ (12) For better simulation of lower plenum flow resistance, simulated -

fuel rods do not penetrate through the bottom plate of the lower
~

plenum but terminate below the bottom of the core.-

(13)' For measurements in the pressure vessel including core measurements,
1

the feature of the slab geometry of .the pressure vessel is utilized
as much as possible. Design and arrangement.of the instruments
are done so as to be able to carry out installation calibration

and removal of the instruments.
' (14) View windows are provided where flow pattern recognition is important.

The locations are, the interface between the core and the upper
'

'

ylenum, hot leg, pressure vessel side broken cold leg and the down-
.

:
comer.

(15) The blocked bundl'a test is carried out in Core-I in order to investi--

gate the effect.of the ballooned fuel rods and the unblocked normal
- bundle . test for the Core-II and -III.

-(16) Simulated types of break are. cold lag break and hot leg break.
(17) 'The components and systems such as the containment tanks and ECC

water supply system in the CCTF are shared with the SCTF to the

. :=axi- extent. -

I The overall schematic diagram of the SCTF is shown in Fig.A-1. The

principal dimensions of the. facility is shown in Table A-1, and the
._
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comparison of dimensions between the SCTF and the referred FWR is shown

in Fig.A-2.

A.1.1 Pressure Vessel and Internals
The pressure vessel is of slab geometry as shown in Fig.A-3. TheI

hsight of the components in the pressure vessel is almost the same as the
raference reactor's, and the flow area and the fluid volume of each
cecponent are scaled down based on the nominal core flow area scaling.'

|
The core consists of 8 bundles in a row and each bundles include

simulated fuel rods and non-heated rods with 16 x 16 array. The core
errangement for the SCTF Core-I is shown in Fig.A-4, which includes 6
normal bundles and 2 blocked bundles. The core is eaveloped by the

honeycomb thermal insulator which is attached on the barrel.
The downcomer is located at one end of the pressure vessel which

! carresponds to the periphery of the actual reactor. The core baffle region
Foris, en the other hand, located between the core and the downconer.

b2tter understanding, the' cross section of the pressure vessel at the
.

clavation of midplane of the core is shown in Fig.A-5.
,

- The design of upper plenum internals is based on that of the new
Westinghouse 17 x 17 array fuel assemblies. The internals consist of
centrol rod guide tubes, support columns, orifice plates and open holes

4

End those arrangements is'shown in Fig.A-6. The radius of each internal
is scaled down by factor 8/15 from that of an actual reactor. Flow re-

| sistance baffles are inserted into the guide tubes. The elevation and

I th2 configuration of baffles plates are shown in Fig.A-7 and A-8.
The height of the hot les and cold legs are designed as close to

'the actual PWE as possible. Howeve , in order to avoid the interference

.

cf-the nozzles in the downcomer, the height of nozzles for the broken
'

c21d leg and the.intacc cold les are shifted down compared to that of~

' the hot leg as shown in Fig.A-3.
'

.

:A.1.2 Hester Rod Assembly

The heater rod assembly for the SCTF Core-I consists of 8 bundles

; crianged in a row.- These bundles. are composed of 6 normal unblocked
. . bundles which are located at the 1st, 2nd and 5th to 8th bund,les and..

?

2 blocked bundles which are 3rd and 4th bundles as shown in Fig.A-4.
;

Each bundle has 234 electrically heated rods and 22 non-heated rods.
The d4==amions of _ the heater rods are based on a 15 x 15 fuel rod bundle,

.
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and the hrated langth cnd the cutar ditmeter of each h2nter rod are
3.66 m and 10.7 mm, respectively. A heater rod consists of a nichrome
heater element, magnesium oxide (Mgo) and Nichrofer-7216 sheath (equialent

to Inconel 600). The sheath wall thickness is about 1.0 mm and is thicker
than the actual fuel cladding because of the requirements for thermocouple
installation. The heating elemer - is a helical coil and has a 17 step
chopped cosine axial ?ower profile as shown in Fig.A-9. The peaking

factor is 1.4

Non heated rods are either stainless steel pipes or solid rods of*

13.8 mm 0.D. The heater rods and non-heated rods are fixed at the top of

the core allowing the rods to move downward when the thermal expansion
In Fig.A-10 the axial position where blockage sleeves for simulat-occurs.

ing the balooned fuel rod are equipped is shown. The blockage sleeves
consist of three types of sleeve, one is used for the rods at the corner
adjacent to the next blocked bundle, another for the rods adjacent to the
side walls and the third for the rods except for the periphery of the

blocked bundle. These are named A, B and C respectively in the Fig.A-ll

and these configurations for these are shown in Fig.A-12. .

For better simulation for flow resistance in the lower plenum the
simulated rods do not penetrate through the bottom plate of the lower

,

plenum as shown in Fig.A-10.
.

A.l.3 Primary Loops and ECCS.

Primary loops consist of a hot leg equivalent to the four actual hot
legs, a steam / water separator for measuring the flow rate of carry over water,
an intact cold leg equivalent to the three actual intact loops, a broken cold
leg on the pressure vessel side and a broken cold leg on the steam water
separator side. These two broken cold legs are connected to two contain-
ment tanks through break valves, respectively. The arrangement of the
primary loops is shown in Fig.A-13. The flow area of each loop is scaled

down based on the core flow area scaling. It should be emphasized that

the cross section of the hot leg is a elongated circle to realize the
proper flow pattern in the hot leg. The steam / water separator has a
steam generator inlet plenum simulator to realize the flow characteristics
of carryover water. The cross section of the hot leg and the configuration
of the steam generator inlet plenum simulator are shown in Fig.A-14.

A pump simulator and a loop seal part are provided'for the intact
cold leg. The arrangement of the intact cold leg is shown in Fig.A-15.

.
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Th2 pump simulator consists of the casing and duct simulators and an
orifice place as shown in Fig.A-16. The loop resistance is adjusted

with the orifice place.

in principle, ECCS consists of an accumulator and a low pressure'

The injection port is located as already described ini

j injection system.

th2 design criteria. Besides, the UCSP extr etion system is provided and

th2 UCSP water injection and extraction systems will be used for combined

injection tests.

A.l.4 * Containment Tanks and Auxiliary System
Two containment tanks are provided to the SCTF. The containment

tank-I is connected with the downconer through the pressure vessel side
brtken cold leg and the containment tank-II is connected with the steam /
water separator through the steam / water separator side broken cold leg.

Especially in the containment tank-1, carryover water from the downcomer
is measured by phase separation. These containment tanks and auxiliary

the Acc. cank, etc.system such as a pressurizar for injecting water f ro:2 .

are shared with the CCTF.

. '

A.2 Instrumentation -

The instrumentation in the SCTF has been provided both by JAERI and
The JAERI-provided instrumentation includes the measuremen't of

USNRC.

tcaperatures, pressures, differential pressures, liquid levels, flow
.

valacities, and heating powers. USNRC has provided film probes, impedance

probes, string probes, liquid level detectors _(LLDs), fluid distribution
grids (FDGs), turbine meters, . drag disks, y-densicometers, spool pieces
and video optical probes. The measurement items of the JAERI- and USNRC ~

.provided instruments are listed in Tables A-2 and A-3, respectively.'
Location of each instrument is shown in Figs. A-17 through A-34.

.
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Table A-1 Principal Dimensions of Test Facility

1. Core Dimension
,

(1) Quantity f Bundle 8 Bundles

(2) Bundle Array lx8

(3) Bundle Pitch 230 mm

(4) Rod Array in a Bundle 16x 16

(5) Rod Pitch in a Bundle 14.3 nun

(6) Quantity of Heater Rod in a Bundle 234 rods

(7) Quantity of Non-Heated Rod in a Bundle 22 rods

(8) Total Quantity of Heater Rods 234 x 8 = 1872 rods

(9) Tota 1 Quanti:y of Non-Heated Rods 22 x 8 = 176 rods

(10) Effective Heated Length of' Heater Rod 3660 mm

(11) Diameter of Heater Rod 10.7 nun

(12) Diameter of Non-Heatead Rod 13.8 mm

2. Flow Area & Fluid Volume

(1) Core Flow Area * (nominal) 0.227 m2
~

3
(2) Core Fluid Volume 0.92 m

2
(3) Baffle Region Flow Area 0.10 m

3
(4) Baffle Region Fluid Volume

- 0.36 m

(5) Downconer Flow Area 0.121 m
2

(6) Upper Annulus Flow Area 0.158 m
,

2
(7) Upper Planum Horizontal Flow Area 0.525 m

(8) Upper Plenue Fluid Volume 1.16 m
3

(9) Upper Head Fluid Volume 0.86 m
3

'

-(10) Lower Plenum Fluid Volume 1.38 m_

(11) Steam Generator Inlet Flemum Simulator Flow Aree 0.626 m2
3

(12). Steam Generator Inlet Flanum Simulator Fluid Volume 0.931 m
3

(13) Steam Water Separator Fluid Volume 5.3 m

(14) Flow Area at|the Top Plate'of Steam Generator p 2
Inlet Plenum Simulator 0.195 m

(15) Not Lag Flow Area 0.0826 m
2

(16) Intact Cold Leg Flow Area (Diameter = 297.9 us) 0.0697 m
2 -

(17)-Broken Cold Leg Flow Area (Diameter - 151.0 mm) 0.0179 m

2* Flow area in the core is 0.35 m , including the excess flow area of gaps

between the bundle and the surface of thermal insulator and between the core-'

!. barrel and the pressure vessel vall.. ,

!
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Table A-1 Principal Dimensions of Test Facility

(18) Containment Tank I Fluid Volume 30 m
3 ~

(19) Containment Tank Il Fluid Volume 50 m'

. -

3. Elevation & Height

_(1) Top Surface of Upper Core Support Plate (UCSP) 0 nun

-76 an
( (2) Botton Scrface of UCSP

(3) Top of the Effective Heated Length of Heater Rod -393 ime
i

(4) Bottom of the Skirt in the Lower 91enum -5270 mm

+724 ses
| (5) Bottom of Intact Cold Lag

+1050 mm
i (6) Bottom of Hot Lag

+2200 un(7) Top of Upper Planum

(8) Bottom of Steam Generator Inlet Plenum Simulator +1933 mm

-2281 nun(9) Centerline of Loop Seal Bottom
- 185.1 nun(10) Botton Surface of End Box7

+2234 mm' -(11) Top of the Upper Annulus
.

(12) Height of Steam Generator Inlet Plenum Simuistor 1595 nun
;_

3140 uun(13) Height of Loop Seal'
737 mm(14) Inner Height of Hot Leg Pipe .'

-5770 aus(15) Bottom of Lower Plena
+2887 nun.(16) Top of Upper Head

.

.

!
!

|

| ~.
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Table A-2 M2soursment Itama of SCTF
(JAERI provided instruments)

.

LOCATION ITEM PROBE QUANTITY

1. CORE

center pressure DP cell
,

short range ot core clif. presh. DP cell J'

half length of core diff. press. CP cell 16

full length of core diff. press. DP cell 8

across spacers diff. press. DP cell 7

*

across and box diff. press. Dy cell 8

scross 4 assemblies diff. press. DP cell 3

across 8 assemblies dif f. press.- DP cell 3

below and above end box steam velocity Pitot-tube 3

sub channel steam velocity Pitot-tube 13

below.end box hole fluid temp. T/C 16

above end box hole fluid tamp. T/C 16

core baffle fluid temp. T/C 6 -

non-heating rods fluid temp. T/C 96 -

16steam temp. SSP .

clad temp. T/C 108

heater rods clad temp. T/C 640

side walls wall temp. T/C 36

core baffle wall tempf T/C 6

core baffle liquid level DP cell 1

short range of core baffle liquid level DP cell 6

8heated rod power ,

sum (1039)

| 2. UPPER PLENUM

centre- pressure DP cel1 1

across end box tie plate diff. press. DP cell 8
,

core outlet-hot Leo inlet diff, press. DP cell 4

periphery of UCSP hole fluid temp. T/C a

centre of UCSP hole fluid temp. T/C "

250nen & 1000mm above UCSP fluid temp. T/C a

;-
surface of UCSP fluid tepp. T/C H

above UCSP hole steam temp. SSP H

,

.
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Table A-2 Measurement Items of SCIF (JAERI-provided instruments)

(Continued)

. LOCATION ITEM PROBE QUANTITY
~

surf ace of structure wall temp. T/C 15

-side walls wall temp. T/C 8

above end box tie plate liquid level DP cell 8

above UCSP. liquid level DP cell 4

above UCSP (v.) steam velocity Pitot-tube 2
,

inter-structures (h.) steam velocity Pitot-tube 2

sum ( 97)*

3. LOWER PLE.WM

below bottom spacer pressure DP cell 1

lower plenum diff. press. DP cell 1

- upper plenum

core inlet fluid temp. T/C 8

. inlet from downcomer fluid temp. T/C 2

side & bottom walls wall temp. T/C 4 -

below bo: tom spacer, liquid level DP cell 1

sum ( 171

4. DOWNCOMER

upper po,sition pressure DP cell I
;

h3rizontal direction diff. press. DP cell 1

. fcur levels fluid temp. T/C 8

side wall wall temp. T/C 2

inner wall wall temp. T/C 2

below cold leg level liquid level DP cell 1

above cold leg level liquid level DP cell i

below core inlet level liquid level DP cell I

bottom momentum flux Drag disk 2

sumt 19)

:5. HCrr LEG

full length diff. press. DP cell 1

multiple points fluid temp. T/C 3
,

steam temp. $$P 3'

wall temp. T/C 1

liquid level DP cell 2

sumt 10)

.

.
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Table A-2 . Measurement items of SCTF (JAERI-provided instruments)
+

(Continued)

LOCATION ITEM PROBE QUANTITY

6. S/W SEPARATOR SIDE
BROKEN COLD LEG

across resistance diff. press. DP cell 1

simulator

S/W separator to contain- flow rate venturi 1

ment tank II

multiple points fluid temp. T/C 1

steam temp. SSP 1

wall temp. T/C 1

sum ( 5)

7. INTACT COLD LEG .

full length diff. press. DP cell 1
,

across resistance diff. precs. DP cell 1

simulator ~

across pump simulator diff. press. DP cell 1

flow rate venturi 1

near resistance- fluid temp.' T/C 1

simulator

i pump simulator fluid temp. T/C 3

wall temp. T/C 1

sumt 91

8. PV SIDE BROKEN COLD-
LEG pressure DP cell 1

full length diff. press. DP cell 1

across resistance diff. press. DP cell I

simulator

multiple points fluid' temp. T/C 4

wall temp. T/C 2

liquid level DP' cell 2

sum ( 11)

9. VENT LINE
across th'e length diff. pres. OP cell 1

sum ( 1)
f_

.

.

em ame

.
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Table A-2 Measurement items of scrF (JAERI-provided instruments)

(Continued)

i
ITEM PROBE QUANTITY

LOCATION j

10. S/W SEPARATOR
DP cell 1

pressure

between inlet and outlet diff. press. OP cell 1

SG plenum simulator dif f. press. DP cell 1

2
SG plenum simulator fluid temp. T/C

2
esp and bottom fluid temp. T/C

2
wall temp. T/C

w311

full height liquid level DP cell 1

flow rate DP cell 1

liquid extraction sum ( 11)
.

11. CONTAINMENT TANK-I
DP cell 1pressure

downcomer-CT-I diff. press. DP cell 1 ,

CT-I - CT-II diff. press. DP cell 1,

flow rate DP cell 1

full height liquid level DP cell 1

Ifloat

3

top, middle & bottom fluid temp. T/C
1

wall
wall temp. T/C

sum ( 10)

12. CCNTAINMENT TANK-II
DP cell Ipressure

upper plenum - CT-II diff. press. DP call 1

separator - CT-II di f f. press. OP cell I

cteam blow line flow ev.e Dp cell 1

ful'1 height liquid level DP cell 1

3

top, middle & bottom fluid temp. T/C
sum ( 8)

13. ECC INJECTION SYSTEM
DP cell 1

ACC tank pressure

total and LPCI flow rate E-M flow meter 2

1

1
fluid temp. T/C

ACC tank ,

.

- -
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Tablo A-2 Hecturamnt itsms of SCTF (JAER1-pravided ' instruments)

(Continued)

~

LOCATION- _
ITEM PROBE QUANTITY

,

13. ECC INJECTION SYSTEM

header fluid temp. T/C 2

'

ACC tank liquid level DP cell 1

sumt 8)

14. UCSP WATER EXTRACTION ,

SYSTEM
'

extraction line flow rate E-M flow meter 4''

I steam line flow rate DP cell 4

extraction line fluid temp. T/C 5

steam line fluid temp. T/C 1

extraction line liquid level DP cell 4

sum ( 18)

15. SATURATED WATER TANK
~

fluid temp T/C 1

liquid level DP cell 1

sum ( 2)
.

i

16. NITROGEN GAS SYSTEM

flow rate DP cell 1

injection port fluid temp. T/C 1

sumt 2)
,

Total 1267

.

b
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Table A-3 Measurement Items of SCTF
(USNRC-provided instruments)

>

LOCATION ITEM PROSE QUANTITY'

- | 1. CORE

nrn-heated rods liquid level LLD 20x4 = 80

ntn-heate.f. rods flim thickness film probe 6

and velocity

non-heated rods void fraction a-J flag probe 8*

droplec velocity-

cide walls film thickness film probe 18

and velocity

sub-channel fluid density Y-densitometer 10

cnd box- fluid density Y-densitometer 5

' cnd box flow pattern video optical 1

probe ,

2. UPPER PLENUM -

full height liquid level FDG 8x8 = 64 .

structure surface film thickness film probe 6

i and velockty

side walls film thickness film prc,be 6

!
and velocity

inter-structure void fraction prong probe 8-

above UCSP ?. ole velocity turbine 8

inter structure veloci ty turbine 4

inter structure fluid density Y-densitometer 4

hst leg inlet flow pattern video optical 1

probe

|- '3. LOWER PLDRm

core inlet velocity turbine 4

bottom- reference reference probe 1

conductivity

.4. DOWNCOMER-

full height liquid level FDC 2x 3x7 = 42'

(- two levois velocity orag disk 3

two levels void fractaon string probe 3

ti { '
_

.

-

!
' - - so -

__ _ ___
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Table A-3 M2cauramant Itsm2 of SCTF
(USNRC-provided instruments)

.

(Continued) -

LOCATION ITEM PROBE QUANTITY

5. HOT LEG
mass flow ra'te spool piece I

fluid density

void fraction

6. PV SIDE BROKEN COLD-
LEG mass flow rate spool piece I

fluid density

void fraction

7. VENT LINE
mass flow rate spool piece i

void fraction

.

t

=

4

.

. -
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Appendix B Selected Data of Test SI-SH3 (Run 528)

Fig. No. Measurement item ,

B .1 % B-16 Heater rod temperature _
.

B-17 % B-20 Fluid temperature in core

B-21 % B-22 Steam temperature in core -

B-23 % B-24 Fluid temperature just above end box tie place

B-25 % B-28 Fluid temperature in UCSP holes

B-29 % B-30 Fluid temperature on UCSP surface
,

B-31 % B-32 Fluid temperature above UCSP

B-33 % B-34 Fluid temperature at core inlet

B-35 Fluid temperature in downcomer

B-36 Fluid temperature in hot leg

B-37 Fluid temperature in intact cold leg

B-38 Fluid temperature in broken cold leg
(steam / water separator side)

B-39 Fluid temperature in broken cold leg (PV side)

B-40 Liquid level in downcomer .

B-41 % B-42 Liquid level above end box tie place

B-43 s'B-44 Liquid level above UCSP

~B-45 Liquid level-in hot leg
B-46 Liquid level in broken cold leg (PV side)
B-47 % B-48 - Differential pressure of core full height

B-49 % B-50 Differential pressure across end box the place

B-51 % B-52 Horizontal differential pressure in core

B-53 Differential pressure'of hot leg

B-54 Differential pressure across steam / water separator,

B-55 Differential pressure of intact cold leg

B-56 Differential pressure between steam / water separator and

containment tank-II

.B-57. Differentia 1' pressure between top of upper plenum and

containment tank-II

B-58 Differential pressure between containment tanks I and II

B-59 Differential pressure of broken cold leg (PV side)

B-60 Pressures in pressure vessel

B-61,'B-62' Bundle powers.

-B-63 ECC injection rate into intact cold leg

B-64- ECC injection rate into upper plenum

B-65 % B-70 Void fractions in core

114
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App;ndix C Salcetcd Data of Test S1-SH4 (Run 529)

Fig. No. Measurement item

~

C- 1 % C-16 Heater rod temperature

C-17 % C-20 Fluid temperature in core

C-21 % C-22 Steam temperature in core

C-23 % C-24 Fluid temperature just above end box tie plate
C-25 % C-28 Fluid temperature in UCSP holes

C-29 % C-30 Fluid temperature on UCSF surface

C-31 % C-32 Fluid temperature above UCSP

C-33 % C-34 Fluid temperature at core inlet,

C-35 Fluid temperature in downcomer

C-36 Fluid temperature in hot leg

C-37 Fluid temperature in intact cold leg

C-38 Fluid temperature in broken cold leg
(steam / water separator side)

C-39 Fluid temperature in broken cold leg (PV side)

C-40 Liquid level in downcomer
~

C-41 % C-42 Liquid level above end box tie place
C-43 % C-44 Liquid level above UCSP

C-45 Liquid level in hot leg -

C-46 Liquid level in broken cold leg (PV side)
C-47. % C-48 Differential pressure of core full height

C-49 % C-50 Differential pressure across end box the plate

C-51 % C-52 Horizontal differential pressure in core

C-53 Differential pressure of hot leg

.C-54 Differential-pressure across steam / water separator

C-55 Differential pressure of intact cold leg

C-56 Differential pressure between steam / water separator and

containment tank-II
C-57 ' Differential pressure.between top of upper plenum and

containment tank-II

C-58 Differential pressure between containment tanks I and II

C-59 Differential pressure of broken cold leg (PV side)

C-60 Pressures in pressure vessel

C-61, C-62 Bundle powers

C-63 ECC injection rate into intact cold leg

C-64 ECC injection rate into upper plenum ,

C-65 % C-70 Void fractions in core

-- 133 -
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