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".....# March 15,1982

MEMORANDUM T0: Robert B. Minogue, Director
-

Office of Nuclear Regulatory Research

FROM: D. F. Ross, Deputy Director, RES

SUBJECT: TRIP REPORT, CHINA & JAPAN

I visited PRC on March 3-6, 1982, and Japan on March 8-11, 1982, and have
the following to report.

China

The first day, March 3, consisted of a series of lectures by me on NRC
licensing procedures, siting & environmental matters, and regulation of
operating plants. The audience consisted of about 40 staff from the 2nd
Ministry of Power, and the Ministry of Nuclear Power. (See Table 1 for
some names and titles). The co-hosts were Wei Zhaolin and Jin Shiqu (the
General Director of the Nuclear Power Bureau in the Ministry of Power).
In a separate meeting Mr. Jin stressed his concern about increasing the
ability of the Chinese engineers to perform safety analysis using available
computer codes. I mentioned that we might be able to send H. Sullivan in
connection with his April Tokyo visit. Both Jin and Wei were very concerned
about publicity on Ginna (i.e., a story implying that as a result,1/3 of
US reactors were shut down).

On March 4 I journeyed to the Institute of Atomic Energy and lectured to
about 100 engineers on transient & accident analysis, TMI-2, severe accidents,
and PRA. The host there was Dai Chuanzeng. In the questioning there was the
most interest in safety analysis and computer codes, and PRA. Dai wants
information on international standard problem. He also has an interest in
detailed discussion on PRA. I mentioned that we could send an expert
(Bernero) but that funding would have to be worked out, as Bernero had no
nearby mission (A syllabus should be sent to our Peking Embassy scientific
counselor Otto Schnepp, for information).

On March 6 I met with Jiang Shengjie, Vice-Minister of 2nd fiinistry of
Machine Building. This meeting was largely arranged by our Dr. Schnepp,
on the basis that in PRC there is a substantial government-wide reorganization
in progress, and that Mr. Jiang might be a more pertinent continuing contact.
Mr. Jiang's responsibilities include R&D, design, construction, fuel,
components, and nuclear safety. He also would like to have more information

820 5 27 0Tlh
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from us on safety analysis. We discussed future cooperative R&D; I said
I would send our LRRP when published. They need .immediate help now in QA,
licensing procedures, and design standards. Mr..Jiang may request sending
a detail to NRC for an extended period. He indicated an interest in '

operating data, from ocean-based plants, on environmental effect and radio- j'active releases to the ocean. I said we could provide. -

Ja pan (See Table 2 for contacts)
,

On Monday, March 8, I (and H. Sullivan) toured the JAERI facilities at
Toka i . Our host was Mr. Nozawa, Director of the Reactor Safety Research
Center. We toured CCTF, SCTF, ROSA II-III, and their version of ACRR named
NSRR. They also are interested in Ginna, and would like a sequence of
events. They plan to contribute to PBF-Severe Fuel Damage, but need our
Severe Accident Research Plan soon (46 weeks), in order to bolster their
FY 83 budget request. We had a detailed presentation on ROSA-IV which, in
my opinion, can generate safety information at least as useful as LOFT. We +

are in the program on the basis of two loaned engineers (or+200K/yr).
Tests will start in 2 years, on TMI simulation, ATWS, SBLOCA, National
Circulation, and others. There are 1080 heated rods (total power 10 Mw).

On Tuesday, March 9, we met with Nozawa. fmann (of FRG) and edited the
2D-30 program plan. Then we (Harold & . to Hitachi and met with '
Mr. Na itch and his department manager, Y. ..atuo (of the Energy Research , i '

Laboratory, at 1168 Moriyama-cho, Hitachi-shi, Ibaraki-ken, 316 Japan). We
discussed the two-bundle loop (TBL) and the 600 core spray tests. TBL is
sponsored by 6 utilities plus Hitachi and Toshiba (both BWR Manufacturers).
T6L is being refurbished to start series 2 (intermediate and SB) about
October 82. A total of 10 Mw electrical heat is available. They are now
using RELAPS, MOD 0, but wish to use cycle 14, as well' as TRAC Version 12.

i A satisfactory arrangement was developed. x
s

The 2D-3D Steering Committee met on March 10, 1982, in JAERI headquarters,te
g

Tokyo. The representatives were: >j*

USNRC FRG 'JAERI
, ,

iu

D. Ross W. Schmidt-Kuster I. Miyanaga ,'
L. H. Sullivan K. Hofmann M. Nozawa .

K. Hirano 4

I. Miyanaga, member of Board of Directors of JAERI (as SC cember from Japan) ,

was the chairman. Dr. Nozawa, Director of the Reactor Safety Research Center
of JAERI-Tokai (and Japan TCC member) served as assistant meeting. chairman.,

"

Dr. Schmidt-K ster, director-general of Energy, Environment, Resources
Directorate of BMFT (Seipel's boss, and acting SC member) made opening
remarks. He noted severe challenge in project continuation due to financial
constraints. He thught there was no further margin, financially.

_ _
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Ross indicated that he hoped that 20/3D data would be useful and used in
the licensing process, either for optimizing ECCS for new designr, or a
realistic assessment of LOCA (for existing designs).

Hofmann discussed the status of UPTF. His viewgraphs are attached.
.

Sullivan presented the status of the US portion of 2D/30. His viewgraphs4

are a ttached.

Hirano gave the JAERI status report (slides attached).

(NOTE: When each party discussed cost-to-complete, only US used
constant dollars. We should, in any future internal
discussions, show also allowance for inflation.)

Hofmann, in discussing the program, noted that, at present, UPTF will start
testing 3-1/2 years later than the trilaterial agreement signed 2 years
ago.

Sctmidt-K0 ster suggested condensing our proposed rewrite of the US page on
DAS, making it more general in some respects. (Ross would not agree to
more than $1.5M whether parts or labor). The condensed version is shown on4

p. 48 of tne revised program plan, which was accepted and signed by all
(copy attached).

We agreed that the Fall '82 meeting (TCC/ Coordination) would be in October,
in Washington, D.C. In the spring of 83, there will be TCC/ Coordination /SC
meeting in FRG. The dates and sites were switched to make better use of the
Octcher WRSR meeting here.

Other Matters

Extension of the agreement past April 1985 was discussed. Parties will
exchange plans before the SC meeting in April '83.

On Thursday, Ma. ch 11, Ross & Sullivan met with K. Af saka (roughly,
Bassett's counterpart) of MITI; M. Shiba of JAERI attended as interpreter;
S. Nagamatsu of MITI also attended (see Table 3). We discussed our Steam
Generator Project.

'

MITI is organizing a committee of Japanese utilities which, it is planned,
will contract with PNL as a cosponsor. They expect to have arrangements
complete by this fall.

.- - __ . .
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MITI is sending 3 people (Tariguchi and two others) to NRC_ week of
March 15-19. Tliey wish to discuss SASA with us. This team will get
information on Ginna, also. Their local agent, Kamimura (of OEISI) may
contact us for further information. .

.i

.

D. F. Ross, Deputy Director
Office of Nuclear Regulatory Research

Attac hments:
As stated

.

I
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TABLE 1

, . ..
g
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Jiang Shengjie

Executive Vice President, the .

Chinese Nuc! car Society Vice
g

Minister, the Second Ministry
-

of Machine Building

P. O. Box 2125, Beijing, China
t

a

Wei Zhaolin Zhang Shiguan
Director, the Fifth Bureau of the En g ineer

i

State Scientific and Technological
The Technical InformatfortCommisa non
Inst 6tute. The Second

The State Scientific and Tech- ng

nological Commission. Beijing
(Peking) PRC P O. Eos 2103

Belling. China

'

Dal Chuanzeng. Ph.D.

DtPuty Director. IAE.

5 tomb r of Atathematics & Physia Zhang Chongyan
Division. Academia Sinica Engineer

the Fifth Bureau of the State Scie-
ntific and Technological Commission

lastatute of Atomic Energy. Lcond hiinistry of Machine Building
the State Scientific a .d Tech-P.O. Don 215. Beijing. China Tel.868221-808 cological Commission. Betitrg(Peking) PRC
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TABLE 2

.

Dr. HIROSHI ISHIKAWA
DIRECTOR HIROEI NAKAMURA

TOKAl RESEARCH ESTABLISHMENT c

JAPAN ATOMIC ENERGY RESEARCH INSTITUTE
DEPUTY ESTABLISHMENT DIRECTOR
TOKAl RESEARCH ESTABLISHMENT

JAPAN ATOMIC ENERGY RESEARCH INSTITUTd
TOKAl MURA. NAKAf.UN. TOK AI-Mt'RA. N A N 4-Cl*N
IB AR AGl KEN. JAPAN PHONE: IBARAKI Kt N. JAPAN

TEL ests-2-3018
02928 - 2 - 5012

R

8 # # % h M }C fft AVI
aAR%M Uhti Mrol, Ln suunge a- &

q /), ,,, . - M d's.f 2.re. g~

,

SATORU KATSURAGI Ph. D.
W -g-

f g' HEAD- DIV, OF REACTOR SAFETY[]h2[ M[ j Ne*I'A o REACTOR SAFETY RESEARCH CENTER
TOMA1 RESEARCH FSTABLISHMENT
JAPAN ATOMIC ENERGY RESEARCH INSTITUTE

R A $ # M 5 t A M (Y319-II) TOK AI-MURA IR4R AKI KENe .02,2s-2-s:ia TER., (orns)! 548

Dt. MICHIO ISHIKAWA

CHttF. S AFETY ENGNG LAl. I
JAPAN ATOMIC (NitGY DEPUTY HEAD. TOKAl tisEARCH ESTABLl5HMENT.ttst ARCH INSTITUll
TOL AFMut A. N AE A. GUN.

Div. OF ffACTot SAFETY JAtti
laat AEl atN, JAPAN TIL. (01928) 2 5270
T219 II / TILit J 24 494. TCE Al MUR A. IS ARA Gl, JAPAN

Tft ($2929) 2=S242
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1 Test Vessel 3b Water Separator 5 Accumulator
2 Steam Generator Simulator (Broken Loop. Cold Leg) 6 Containment Simulator

! (Intact loop) 3c Drainage Vessel 7 Steam Storage Tank
3a Water Separator for Hot Leg Break 8 N -Tank,

2
(Broken loop. Hot Leg) 4 Hot Water Storage Tank 9 Water Collecting Tank

UPTF-Flow Diagram -
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Relief Pipe
Steam Storage Tank 6 3 ( A Broken Hot legm

,

Back-up Steam 6 3 ( 3 Broken Cold leg,

,
<-=- ,

3 m<

, ,

# 'I 5
.

-

i

Rupture Disc
!

|

|
. _ _ .._ _ _ _

I N - / Pressure Relief LineN _ -- -K ^^nv vvv a

17000

8400 Drainage Tank Line
.

! V

jA a
'

: : : : : : 2000
i I

5500

-,
,

Cool Down Line
'

| Total 1500 m3
---0 11300 -- "

-

Dry Well 500 m3

Wet Well 1000 m3

Water 500 m3

Containment Simulator (UPTF)
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Instrumentation in Test Vessel(/ Core- ,

.: ' Upper Upper lower Down-
Plenum Plenum Core Plenum comer

interface
Fluid Temperature X X X XE . I ~ ? N,

- 1. .. Fluid Temperature below End Box
,

X
%

.} Wall Temperature
.

?(~
y g Pressure

: X
X

3
i. d..# .,.(

,r.
r i DP to Containment X X

1-
_- '

1 i!
-

| |l.L(I. a
: DP Upper Plenum-Downcomer X.I.0,qt 2

__ _ _k_l | |Z DP Vent Valve
X

l-
p X X,

DP axial\ Core
~

W '|._
N Simulator,/

~ X X-
-

DP horizontalN
- W X

i
-

-

-
LLD

- !' -

FDG
X X X,._.

~i - / ~ I- X X Xi

"'|[~{|f-
p

-
Break Through Det. X

x*
Video Probes X
Turbines vertical X X
Turbines horizontal X X

( Turbines & . String . Probo
X' '

- -

Flow Modules~

-'
~ X

Conductivity Probe
X

Instrumentation in Test Vessel
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December 1981
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TYPE OF TEST NUMBER OF TESTS

A. SEPARATE EFFECTS

TESTS 13

1. DOWNC0r1ER 6

2. UPPER PLENUM 6

3. STEAM GENERATOR 1
TUBE BREAK

B. INTEGRAL TESTS 17

.

1. COMBINED INJECTION 8

2. COLD LEG INJECTION 7
(INCL. B&W)

3. ALTERNATIVE ECCS 2

TOTAL NUMBER OF TESTS 30

;

TABLE 3-1: PRELIMINARY TEST MATRIX
FOR THE UPTF

t
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STATUS 0F UPTF

MARCH 1982

.

TIME SCHEDULE UNCHANGED SIllCE 1980
-

CONTRACTS FOR UPTF CONSTRUCTION GIVEN TO KWU
-

AND GKM IN SEPTEMBER 1981

TIME LEADING COMPONENTS HAVE BEEN ORDERED
-

CONSTRUCTION OF BUILDING STARTED MARCH 1, 1982
-

- BEGIN OF UPTF TESTING PLANNED FOR MID 1985
(2 YEARS TESTING)

'

- KWU WILL BE CONTRACTOR FOR UPTF TESTING
_

TEST MATRIX HAS BEEN PROPOSED (DISCUSSION DURING
-

2D/3D MEETING IN APRIL)1

i

r

.

--

, .- - - . . ,, ,
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UPTF PROJECT

PROGRAM CHANGES WITH RESPECT TO 2D/3D AGREEMENT

MARCH 1982 ~

- SHIFT OF TIME SCHEDULE

DELETION 'IF SUPERHEATED STEAM INJECTION
-

DELETION OF ECC INJECTION IN DOWNCOMER
-

DELETION OF CE TESTS-

REDUCTION OF UPTF TESTS (30)-

CAPABILITY TO PREHEAT ECC WATER ADDED
-

CAPABILITY OF SMALL BREAK LOCA PHENOMENA
-

INVESTIGATION ADDED

CAPABILITY OF STEAM INJECTION INTO STEAM
-

GENERATOR SIMULATORS ADDED

- CORE SIMULATOR FEEDBACK CONTROL SYSTEM ADDED

-_ _ . _ . . ._ .. ._- _. . _ _ _ . . . _ - _ _ ._ _ . _ _ ._ .-



.

...

.

1981 1982 1983 19811 .1985 1986 1987
#

CollSTRilCT IOff i
_

, 4

J L

llSilRC lilSTR.
1)E l.I V E R Y ( S I T E )

DAS ASSEllill.Y g 1, .
i

'r
SilAl'E DOUll '

i r,

'

TESTS: UPTF '_~~ ~~-- -~ ~ -- ~~ '

-- - - -. . _~ _ , l t 1,

- - . - .... |

SCTF (III)
_ _ - -7pq. _, _ _ _,_ , , , , ,

| .

J L

SCIIEDULES IN

TRILATERAL AGREEMENT 211/31) PaoJEct, llPfF Scucnnt g

December 1981

-
_ _ _ _ -



~ T.

'

*

.

.

i ,

2D/3D USNRC PROGRAM

MARCil 10, 1982

L.11. SULLIVAN

.

4



- - . .. . - _ _ - - . - . - .- __. _- _ _ . - _ _ - _ . . _ - - - . - . .. .

,

! -

1
-

! - !!. .

|
'
i '

-
,

-

i

:
; ;

I
i
'

t

i
:

t ' '
1. 2D/3D NRC PROGRAM STATUS

i

2. SCOPE CHANGE SINCE 1980 AGREEMENT I
.

i
1

i
.

| 3. PROGRAM PLAN
;

1

,

a

l

4

I
'

2

i

} t

L4

1

J

i
:

!
*

I

:

j [

1 I
4

J

I.

$

'

i
fi .

e



. _ _ _ . - - __ _ _ _ _ _ ._

.

- -
.

_

~.
|

2D/3D USNRC PROGRAM STATUS,

i ,
;

1. CCTF II INSTRUMENTATION COMPLETED.

2. 'SCTF II INSTRUMENTS UNDER FABRICATION.REFURBISHMENT OF SCTF I INSTRUMENTS

BEING PLANNED FOR USE IN CORE II.

3. UPTF INSTRUMENTATION SCOPE AGREED.-

4. SCTF III INSTRUMENTATION SCOPE BEING FINALIZED AS A RESULT OF CHANGE IN
UPTF.

'

5. UPTF DAS SCOPE BEING FINALIZED.

: 6. TRAC-PF1 MODEL BEING USED IN POST TEST PREDICTION AND DESIGN ASSISTANCE
'

CALCULATIONS. RECENTLY PERFORMED CALCULATIONS: CCTF I TESTS, SCTF I TESTS, -

UPTF SG AND LOOP STUDIES, GPWR AND W/J PWR BEHAVIOR.

!

|

.
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NRC SCOPE CHANGE

SINCE FORMAL AGREEMENT SIGNED IN JANUARY 1980
i .

FORMAL AGREEMENT CURRENT PROGRAM PLAN REASONS FOR CHANGE

STER 0 LENS IN CCTF, VIDE 0 PROBE TECHNICALLY NOT FEASIBLE

SCTF AND UPTF WITHIN 3D SCHEDULE. NOT

NEEDED BECAUSE ACTUAL FLOW

EXPECTED DIFFERENT FROM

SPHERICAL DROPLET FLOW

SCTF IN-CORE IMP PROBE NOS. IN SCTF TO ACCOMODATE UPTF,

IMPEDANCE PROBE II AND III SWAPPED SLIPPAGE

FLUID DIST. GRID IN PROBE NO. INCREASED TO EXTEND MEASURING RANGE

CCTF AND SCTF
,

TV CAMERA AND' ELIMINATED JAERI AGREED TO PROVIDE

RECORDER FOR SCTF -

THESE. -

.

TURBINE.AND DRAG COOLED T/C SELECTED TURBINE AND DRAG DISC NOT
i

DISC IN CCTF LP CAPABLE OF MEASURING REVISED

| LOW FLOW RANGE

-
. _ -
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NRC SCOPE CHANGE

SINCE FORMAL AGREEMENT SIGNED IN JANUARY 1980

(CONTINUED), ,

;

FORMAL AGREEMENT CURRENT PROGRAM PLAN REASONS FOR CHAliGE

FILM PROBE IN CCTF II ELIMINATED PER JAERI REQUEST
'

CORE WALL

DP'S AND PITOT TUBES DRAG BODIES AND DP'S PITOT TUBES NOT SATISFACTORY.

IN UPTF END BOX - SELECTED DRAG BODIES SUPERIOR TO DP'S

PRETEST AND POST-TEST POST-TEST PREDICTION NO NEED FOR ANALYSIS FOR

PREDICTIONS AND POST- AND POST-TEST ANALYSIS REPEATED TESTS. USUALLY

TEST ANALYSES PLANilED (IF flECESSARY) PLANNED PRETEST PREDICTION NOT1
,

FOR EACH TEST FOR EACH VALID TEST APPLICABLE TO DATA BECAUSE

OF CHANGE IN TEST CONDITIONS

|

,
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NRC SCOPE CHANGE
'

'

SINCE FORMAL AGRFFMENT SIGflFD IN .lANUARY 1980

(CONTINUED)

FORMnl 'AGRFFMENT CURRENT PROGRAM PIAN _ REASONS FOR CHANGF

FLUID DISTRIBUTION GRID PROBE NO. DECREASED REDUCED NO. TECHNICALLY

IN UPTF SATISFACTORY

~ FILM PROBES IN UPTF & ELIMINATED QUIESCENT FILM FLOW NOT

SCTF III EXPECTED

IMPEDANCE PROBES IN

UPTF ELIMINATED V0lD FRACTION INF0 FROM DP & FDG

SCTF III REDUCED SOME ALREADY FABRICATED
~

SCTF II INCREASED PROTECTION AGAINST LOSS IN CORE I

STRING PROBES IN UPTF REPLACED WITH DP MEASUREMENT REQUIREMENTS CHANGED

VENT VALVE

DRAG BODIES IN SCTF III ADDED COMPATIBILITY WITil UPTF

TIE PLATE
.

BREAKTHROUGH DETECTORS ADDED COMPATIBILITY WITH UPTF

IN SCTF III TIE PLATE

_
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NRC SCOPE CHANGE SINCE SIGNING OF.
,

'

THE FORMAL AGREEMENT IN JANUARY 1980

1. INSTRUMENT SUPPLY

ORIGINAL AGREEMENT CURRENT PROGRAM PLAN REASONS FOR CHANGE
"

Stereo Lens Video Pmbe Technically not feasible
I within 2D/3D schedule.*

CCTF I 1 Quanti ty: no change } Also not needed because
II 3 | of inapplicability of

SCTF I 2 | |
highly idealized droplet *

UPTF 4 fl ow.,
.

:
In-core Impedance Probe l | SCTF Core II & III are

i swapped to accomodate
SCTF II 8 SCTF II 4 I UPTF schedule for

III 4 j III 8 coupling between UPTF
; and SCTF.

-i
Fluid Distribution Grid j Extension of measuring

i range. LLDs and FDGs
SCTF I UP 8x7 SCTF I UP 8x8 are combined in CCTF II*

DC 2x2x10 | DC 2x3x7 upper plenum.
CCTF II UP 8x7 CCTF II UP llx10

.

I UP(LLD) 3 I

II DC 5x3x10 . DC 6x3x7 .
.

| 6x1x6 : '

'

.

TV Camera & Recorder JAERI agreed to provide
* these.

SCTF I HL 2 None
.

,

CL 1 None'

!

Turbine Meter I Cooled Thennocouple | Change of measurement
| t requirements (seeking

CCTF !! LP 4 I CCTF II LP 4 very low flow measurements
below turbine & drao disc

Drag Disc ranges).

CCTF II LP 4

Eliminated per JAERIFilm Probe ,

request.

CCTF II Core Wall 4 None

.

- .

dP's and Pitot Tubes Drag Bodies 36 Pitot tubes are not
(endbox) sa tis f actory. Drag .

UPTF Core /UP 200 Narrow dP 9 bodies are superior to
(across tie dP's,

plate)
Wide dP 36

*

(end tox
, water level)
Breakthrough 100-

Detecters !
. -. . . . . . . . . . _ _ J
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1. INSTURMENT SUPPLY (Continued)

ORIGINAL AGREEMENT CURRENT PROGRAM PLAN REASONS FOR CHANGE

Fluid Distribution Grid <

UPTF UP 100 X 7 UPTF UP 63 X 7 Reduced Number
DC 100 X 3 DC 50 X 3 + 50 X 1 Technically Satisfactory

Film Probe

UPTF UP 6 UPDFUP 0 Quiescent Film Flow
HL 2 HL 0 not Expected

SCTF III Core Tube 6 SCTF III Core Tube 0

Impedance Probe

UPTF UP 12 UPTF UP 0 d From DP & FDG
SCTF III Core 8 SCTF III Core 4 " "

SCTF II UP 0 SCTF II UP 4 Protection against
Loss in Core II .

String Probe
,

UPTF Vent Valve 5 UPTF Vent Valve O Measurement Requirements
Changed-

DP

UPTF Vent Valve 0 UPTF Vent Valve 5 Measurement Requirements
Changed

Breakthrough Detectors

SCTF III Tie Plate O SCTF III Tie Plate 2 Compatibility with UPTF

Drag Bodies

SCTf III Tie Plate O SCTF III Tie Plate 4 Compatibility with UPTF

-

m
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2. ANALYSIS SUPPORT

ORIGINAL AGREEMENT CURRENT PROGRAM PL AN REASONS FOR CHANGE
.

No. of calculations spec- No. of studies specified. There is no need fori fied. For each experiment For each valid experiment calculations for thepre-test and post-test post-test prediction and tests that are ' repeatedpredictions and post-test : post-test analysis (if for reproducibility checkanalyses will be made. ! necessarM will be made. or for the tests that give
essentially same results,

as previous tests. Pre-No. of No. of test predictions areCal culations Studies eliminated because usually
the actual test conditionsCCTF 1 84 39 are different from theSCTF 228 75 previously planned ones.

UPTF 221 60 thus making pre-test
PWR 141 32 predictions not directly

applicable to the tests.

.
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STATUS OF JAERI ACTIVITIES

2D/3D STEERING COMMITTEE MEETING

JAERI, Tokyo

March 10, 1982

.
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TEST FACILITIES
.

CCTF (Cylindrical Core Test Facility):

The test facility was completed in March 1979.-

- The second core was completed in March 1982. '

SCTF (Slab Core Test Facility):
- The test facility was completed in March 1981

- The second core is under construction and will be
completed by March 1984.

- The third core will be completed around the end of 1985.

Steam Supply System:

The steam boiler and the steam reservor tank were completed-

in January 1982.

- The connection between the steam reservoir tank and
the test facilities will be completed by February'1983.

.

Combined Injection System:

The system is under construction, and will be completed-

by Febraury 1983 for SCTF and by April 1983 for CCTF.-

..

-
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TEST PROGRAM 1
!

CCTF:

- Five shakedown tests and 22 main tests with the first
core were finished in April 1981.

.

- The shakedown tests and main tests with the second core
will be started in March and April, 1982, respectively.

SCTF:

- Two shakedown tests and 11 main tests with first core

have been performed by directly injecting ECC water into
the lower plenum.

- Eleven more main tests will be performed by injecting ECC
water into the cold legs or the cold legs / upper plenum
from April 1982 to February 1983.

|
;

I

,

|

0
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TIME SCHEDULE OF JAERI LARGE SCALE REFLOOD TEST PROGRAM

CALENDER
YEAR

1977: 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987TEST
ITEM

SHAKEDOWN SHAKEDOWN *

TEST TEST
DESIGN (5 RUNS) (2 RUNS) -

4 CONSTRUCTIONi i TEST ,4 TESTi

' ,

CYLINDRICAL #' ^
CORE TEST (22 RUNS)

(20RUNMg: ; g s ; y-

4 12 6 2 8 4 6

|

FIRST CORE SECOND CORE

SHAKEDOWN SHAKEDOWN SHAKEDOWN
TEST TEST TEST'

(2 RUNS) (2 RUNS) (2 RUNS)
DESIGN CONSTRUCTION [ TEST h TEST / TEST

(2p_R,UNS (2gRUNS) e_{20RUNy)
''

ES -4 Fa n n
; ;

6 4 8 2 8 12 10 10

FIRST CORE SECOND CORE THIRD CORE

-

Note: ; denotes test period and number of tests.
4.

-

\

e
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TOTAL COST ESTIMATION

Beginning of program (1976) 4.4xlO' yen
1st revision (1977) 5.7x10' yen "

'

2nd revision (1978) 8.5x10'yert
3rd revision (1979) 1.2x10'' yen1

4th revision (1980) 1.4x10** yen
5th revision (1981) 1.5x10' yenL

Note: Not included manpower cost and computer charge.
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A COORDINATED ANALYTICAL AND EXPERIMENTAL
'

STUDY OF THE THERM 0 HYDRAULIC BEHAVIOR OF' -

EMERGENCY CORE COOLANT DURING THE REFILL
AND REFLOOD PHASE OF A LOSS-OF-COOL' ANT
ACCIDENT IN A PRESSURIZED WATER REACTOR-

I

| PROGRAM PLAN

MARCH 1982

1

!'

! APPROVED BY:

/

3r.l/0(/ -2 SCHMIDT-KUESTER, FEDERAL.. REPUBLIC OF GERMANYt t

hU Tbli p
I. MIYANAGA, JAPAN (/i

DJ C cn %'

D. ROSS, UtilTED STATES U
.
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CONTINTS:
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CHAPII2 1: CBJICTIVES CF THE PRCGPAM *

.

CHAP"I2 2: FACILITIIS AND SUPPORT PRCG2;uMS

I. The German Upper Plenu= Test
Facility

II. The Japanesa Cylindrical Core
Test Facility and Slab Cors Test
Facility

III. Ins : .=ent Cevelopment and
Supply and Calculational
Suppo "-- -'e 2D/30 Program
by the USNRC

CHAP"'IR 3 : TIST PI.ANS *

*

APPENDIX I: Table of Measurements to Meet
Objectives of the 2D/3D Refill /Reflood
Program

.

G

e

6

- - . ,-- - ,m- --, - - - - ,-. , , . - .--.----,,-w , , . . ,- -,,-4 --- , - -, - - - , - , , , , -- , , , .- - --- - .



_

. . . .

.
.

-

:. .

.

.

|

1

CHAPTIR 1 l
*

1

1
1CBJICTI'lIS OF M PROGRAM l

<

|

.

i
' I. General Reactor Safety Research Chiectives.

,

1. Resolve I.icensine Concerns in Three Countries for
. - Effectiveness of Ccre Cociane Previced cy ECC

Systems der iarce and Mecium Brea.<s :.a JWRs

Reac:cr licensing conce==s are sd-ilar in the US, FRG
and Japan safety issues do not differ ac css national
boundaries. Some questions raised in the USAIC 1372-3
ECCS Rule Making Hearing are still nce ccmpletely.

answered, such as steam binding, ICC bypass, and full-
size effects. The 2D/3D ?:cgram will :ssolve dese
licensing concerns by providing data and analysis to
quantify the sada:y sargins =*medded in the ICCS
acceptance criteria and the assceisted prescriptiens
for evaluating -"= ~' sting ICC systems as se forth
in -he ECCS hea:Lngs.

Since it is too ces,.ly for one cous ry =c build and
test a f 211-scale reac cr vessel wi-d a hea:ed ec s,
the progras unites de ICC sade:7 research effer s cf

j three countries, wi e each c.ar v. providinv unique
'

rescurces -"*: can be coupled vich de resources
p cvided by the other two parties. Thus, TRG is
supplying de Upper Plenum Tes: Facility to provide
data for full-scale upmer plenus and dcwncemer flow
behavior: Japan is supplying de Slab Core Test
Facility ec provide data on de hea:ed core effect
in a full-height, full-radius geome::7 and the
Cylindrical Core Tes Facility to p;cvide system
behavier under conditions of steam binding; the US

- is c:cviding inseaments ica and analysis to couple
all the experimental :ssults.

.

L 2. Provide Full-Scale Data fer Assessment of Scaline,

Caca=111:y ct commuter Coces to Prec:.c: cne
Accicent Resconse o f f arce Cc==erc:.21 JWRS Durine
a Whole 3cectrum of Brea.<s in LCCA

-

At present, no experimental steam binding data in a well
si=ulated upcer plenum exists for large er nedits

.

I

l -2-
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break LCCAs during reficed. The ICC bypass data
during refill is available only in small test

.-

facilities up to 1/5 scale of downcemer width.
Separate effects data will be supplied by UPTF on -

scaling of de-entrainment medals fc upper plenum
s :uctures, scaling of flow todeling in the dcwn- .|
ccmer gap, on condensa:lon-induced intersc icns
be: ween steam water in the upper plenu= and on the.

.

modeling of liquid distributica in the upper plenum, *

including CCIL at the tie-plates . Secarate effects
data will be supplied by SCTF en radial scaling of. .

flow regimes in the core and on 2D effects on quench
front motion fc both blocked and unblocked bundle
gec=etries .

Coupling of tast ssults between U?TT and SCT7 will
assess the ccdes' capability to predict liquid fall-
back f cm -J:,e upper plenum and subsequent steam
genera:ica in the core; both effects being assessed
against full-scale data.

Data en integral system effects during end-of-c' low-
down, refill and reficed are provided by C' .- in a.

scaled full-lcop geometry with electrically heated
This da:a vill assess the codes ' capabilityc=res.

to predict liquid distritu icn in the syste= and core
cooling under conditions of steam binding in the iceps.
Data during the end-of-blowdcwn and refill pericd vill
assess the cedes' abili:y ec predic: the ec::act
initial conditions fc the start of :sficed.

3. Cuantify the Safety 3enefi: of Ec: Lee n4ec icn (or
U=ce Planc= In actions tv ? cv : n: IC" r--

i Penetra:Len Cara f o r ?H Rs -

The data and analysis f cm the 2D/30 P:cgram will be
used to help op i= ice the safety effectiveness of
future i=p cved ICOs with respect Oc medium and large
break LCCAs.

- ICOs e= ploying het leg in3ection (or upper plenum
- inj ection) has shown the capability of rapidly cooling

the top of a partially uncovered core in small or large
break LCCAs and could condense buhbles in the upper.

.

Tais ca:a is cc=plementary ec that being provided fc 3NRs
-

in the 30* Steam-Sector Tes: .racility ( A joint USURC/GZ/IPRI
effort).

-3-
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plenum (TMI and St. Lucie). The possible condensa:ica. -

induced escilla icn in a large upper plenum c the
ca_v/cver of water into steam generators could
aggravate steam binding. The 2D/3D facilities are to
tes: the validity of these concerns and their conse-
gaences.

.

-
.

.

II. Scecific Technical Obiectives
, . There are four specific technical cbjectives for the 2D/3D

P:cgram:

1. To study the effectiveness of varicus ECCS du. ring
reficed for a large and nediu= break LCCA (including
cold leg i.njec-don, ecchined het and cold leg-

injection, lower plenum injection and ven: valve)
by =easuring:

The licuid car:/-ever and fallback, and steam*

flow rate ac: css core /uppe: plenum interface.

The entrain =ent/de-en :7inment of liquid in*

upper plenu=.

* The pressure difference be: ween the upper l

plenum and the top of dcwncomer.
l

* The pressure d:cp ac: css steam genera:crs.

2. To study the effectiveness of varicus ICCS d.: ring
refill for a large and ned'" '- -=ak LCCA by measuring:
* ECC penetra icn in downcemer and lower plenum

filling during refill.
,

1* Ccwnce=e upward steam flow ::ansients induced '

by the condensa:icn of staa= by ICC water during
. refill.

* U-tube flew escillation during refill.
'

Pcci heigh and te==erature o f wa:s accu =ulated*

. in u=per plenum under ccmbined injec:icn during
refill and refleed.

3. To study the core inventory and ficw circulation
related to severe accidents by seasuring:

Net flow rate cut o f the ve s sel and -' --"' = -' a n*

in the system.

* Heat c ansf ar in the staan renera ces.

. .; -

| |
,
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Phase secarati::n in the u=. =er plen'.::t andghet leg. . .

.

* Lccal lig. tid-level and ce=peratures in the
cora, upper plent=, exit no::le, dcwncemer ,|
and lower plenum. i

- -
.

,

4. To study the convec-dve ficw and temperature dis-
tributions inside a heated core under the fellow- '

inq conditions: -

,

* Curi.ng reficed for a large and medium break
LCCA (c.h N"ey ef f ect) .

* Under conditions of core flow bicchage during
reflood, by measurisq:

densi 7 discibution in he core-

velocity distribu icn in -he cere-

,

1

location and clad es.7eratures a: .he-

het spot.

.

.

9
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CHAPTER 2

FACILITIES AND SUPPORT PROGRAMS
4 .

.

I. The German Upper Plenum Test Facility
'

l. Introduction

The Bundesminister fuer Forschung und Technologie
(BMFT) of the Federal Republic of Germany funds
the design, construction and operation of the Upper
Plenum Test Facility (UPTF) to provide information
on the three-dimensional thermo-hydraulic behavior
of steam and water in the simulated upper plenum
and downcomer of a pressurized water reactor during
the last part of blowdown, the refill and reflood
phases of a hypothetical loss-of-coolant accident. ~

The last part of blowdown will be simulated to
establish the initial conditions of the refill phase.
The UPTF facility represents a four-loop, approxi-
mately 1200 MWe size pressurized water reactor~

including reactor vessel, downcomer, lower plenum,
upper plenum and simulators for the core, the loop
systems and the containment.

For core flow simulation a steam / water injection
device providing the proper thermo-hydraulic
conditions and performance, especially at the core /
upper plenum interface, is used.

The test facility will be built at Grosskraf twerk
Mannheim (GKM), where a sufficient amount of steam
for the operation of UPTF can be supplied by a
conventional power plant.

2. Objectives of the Upper Plenum Test Facility
'

The objective of UPTF is to determine the three-
dimensional thermal-hydraulic behavior of the fluid
in the upper plenum and downcomer during the last
part of blowdown, refill and reflood phases of the
loss-of-coolant accident. The facility provides
the capability of simulating the flow conditions
from the time the upper plenum pressure reaches 9
bars absolute through the remaining transient.

-6-
- - - . . - . _ _ _ _ _ _ _ _ .
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, The UPTF will primarily be used to:

Study the separation effectiveness of upper-

-
, structural components;
, .

Measure the liquid carryover through the hot-

leg nozzles out of the reactor vessel;
.

Study the three-dimensional nature of the-

liquid fallback process from the upper
structurals;

Study water / steam interaction and liquid mass-

and liquid temperature distributions in the
upper plenum for the case of hot leg injection;
Study the influence of distribution of water-

level and subcooling on water penetration through
the upper core support plate and upper tie-plate
into the core;

Study the effects of liquid level oscillations-

in the core, lower plenum and downcomer on
carryover and fallback during reflood; and

Study the fluid dynamic behavior in the down--

comer during injection of ECC water and nitrogen.
In particular, the following phenomena are to be
studied:

!
i Carryover to and fallback from the upper plenum-

during refill and reflood;:

- Carryover to and backflow from the simulated hot-

legs during refill and reflood;

Water distribution in the upper plenum for combined-

injection, cold leg injection only, and other ECCS
defined in Section 3.8;.

I Delivery of ECC water to the reactor vessel and, -

the effects nf condensation during the last partof blowdown, refill and reflood;

Three-dimensional, two-phase flow redistribution-

inside the upper plenum;

! Flow across the core / upper plenum interfaces with, -

local check of cross-flow between end boxes:

-7-
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Local pool height formation rate above the-

tie-plate, including frothing and re-entrain-i

1

ment;
.

Liquid fallback to the core as a function of-

local steam flow rate and local liquid-
-

temperature;

Entrainment, de-entrainment, and re-entrainment- -

in the upper plenum and the upper portion of the
Core;

Liquid film formation and flow in the upper plenum;-

Axial, azimuthal, and radial flow distribution in i
-

the upper plenum region;

Heat removal from the structures of the upper-

plenum;

outlet nozzle flow split and flow regimes; and-

Countercurrent flow effects in the downcomer-

during the last part of blowdown and refill.

The UPTF will be capable of simulating both cold and
hot leg breaks, and of simulating emergency core
coolant injection into the intact and broken cold
legs and hot legs, upper plenum, downcomer and lower
plenum.

3. UPTF Design Features

The UPTF models a four-loop, approximately 1200 MWe
pressurized water reactor, including the reactor

. vessel, downcomer, lower plenum, upper plenum and
simulators for the core, containment and loop

i components. Fig. 2-1 shows the schematic flow
, diagram of the facility.

- The UPTF system is based on German reactor design
with compromises of plant features, such that
results from various specific tests will be appli-
cable to German, Japanese an'. d.S. vendor designs.

The portion of the reactor vessel to be simulated
is of full-height, with four full-scale hot leg and
cold leg nozzles, simulated equivalent to three
intact loops and one broken loop. The orientation

-8-
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of the nozzles is shown in Fig. 2-2. The core !
. barrel is also of full-size and accommodates )eight vent valves.

Materials used are selected so that the water
.

'. chemistry is satisfactory for USNRC and BMFT,

instrumentation.

. 3.1 Reactor Vessel (Fig. 2-3)

The vessel ID is 4800 mm. This value is the-

sum of core barrel OD (full-size) and 250 mm
downcomer gap. The downcomer upper annulus,

'

in the region of cold and hot leg nozzles is
210 mm;

The hot and cold leg nozzle ID is 750 mm;-

The vessel is of full-height of the simulated-

PWR.

3.2 Core Barrel

The core barrel OD is of' full-size;-

~ '

- The core barrel is of full-length of the simulated
PWR. The distance between the bottom of the cold
leg and the lower end of the core barrel is 6300
mm;

The core barrel provides eight vent valves, as in-

a B&W plant. The valves are capable of being
kept closed as desired from outside the vessel.

3.3 Lower Plenum Internals

- The size and structure is based on a typical
, simulated PWR design, compromised for experi-

mental results. Desired features of the lower
plenum structure to be maintained are flow
resistance, effect of lower plenum level slosh-,

ing, obtaining correct temperature in lower
plenum at the start of the test.

3.4 Downcomer

The downcomer is of full-length;-

_9
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The downcomer width is 250 mm in the lower-

region; the upper annulus just below the cold
legs is 210 mm;

'

Realistic flow restrictions such as neutron-
'

shielding pads, reactor vessel surveillance- -

sample tube holders, etc., are simulated to
the degree practicable.

3.5 Upper Plenum Internals (Fig. 2-2, Fig. 2-3)

The upper structure is of the KWU type which-

are similar to those of the new Westinghouse
design, and includes core barrel vent valves
for B&W simulation. *

.

The effect of
the inner barrel in the B&W design is accounted
for by the height of the hot leg nozzle above
the upper core support plate;

Distance from the upper edge of the upper core-
,

support plate (UCSP) to the bottom of the hot
leg nozzle is about 985 mm;

Distance from the lower edge of the UCSP to the_ -

lower edge of the top plate of upper structurals
1 is about 2500 mm.
|
'

3.6 Reactor Coolant Loops

- Cold and hot leg breaks can be simulated;

Active loop components are not provided; suffi--

cient auxiliary systems to deliver or remove
flows from vessel nozzles typical of the
performance of the intact and broken loops are
provided (see Fig. 2-1) ;

Number and orientation of the cold leg and hot-

leg nozzles are shown in Fig. 2-2;

The connection to the containment is shown in
-

-

Fig. 2-1, which is in accordance with the
experimental requirements;

Five steam / water separators are provided in-

accordance with Fig. 2-1 (steam generator
simulation);

.

-10-
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- Steam generator hot leg drainage is simulated;
,

Pump simulators are provided in each loop.-

3.7 Containment Simulator '

.

The containment is a pressure suppression system-

- with vent lines between the upper and lower
.

chamber;

- The system design permits control of the contain-
ment pressure during the test;

The volume of the upper chamber (pressure chamber)-

3is 500 m , of the lower chamber (condensation
3chamber) 1000 m ;

'

The capability of steam backflow from the contain--
,

ment to the reactor coolant system is provided.

3.8 ECC System (Fig. 2-1)

Capability is provided to allow the following ECC-

injections into:

intact and broken cold legsa.

b. intact and broken hot legs

Capability is provided for ECC injection for 10-

seconds of saturated water at initial test condi-
tions and with or without delayed hot leg injection:

|

L
'

Appropriate arrangements are provided for possible-

. upper plenum, lower plenum and downcomer injection.
3.9 Auxiliary Systems

!

Auxiliary systems for steam, water and nitrogen-

injection and extraction needed to simulate PWR
performance, e.g. , . accumulator nitrogen are pro-
vided in accordance with Fig. 2-1.

3.10 Core simulator (Fic. 2-4)
.

| On the basis of the following functional requirements
i a steam / water injection and mixing device has been

developed and experimentally tested:

|

-11-
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To the degree practicable, provide for the correct-

flow resistance in the vertical direction during
the blowdown and refill phases;,

The flow paths at the upper end of the core chall e
' -

- - be geometrically similar to the PWR. The end
~ boxes and upper core support plate will be of

original KWU geometry (Figs. 2-Sa and 2-Sb). Flow

resistance at the lower end of the core has to be
simulated;

A two-phase fluid source will be provided for the-

last part of blowdown, and the refill and reflood
portions of the test. The USNRC will provide

.

analytical assistance;

...

The fuel configuration to be simulated is the KWU-

1C x 16 fuel bundle;

The core simulator shall provide for 17 zones to-

simulate various heat / steam generation rate regions
within the core; (Fig. 2-4)

To the degree practicable a capability will be-

provided to vary operation parameters about nominal
conditions without changing the hardware.

The concept consists of 193 injection nozzles,
one beneath each fuel assembly dummy to provide the
appropriate steam / water flow conditions at the core /
upper plenum interface. Capability is provided to

-

inject saturated steam at up to 220*C.
g-~4 Fig. 2-4 shows the 17 injection zones, which are to

provide control of mass flow rates independently.
Provisions will be made to simulate steam generation*

in the core whenever water break through from the
upper plenum is detected (core simulator feedback),

4. Instrumentation and Control-

To the extent practicable, the same instrumentation
type and location shall be used in the UPTF as is used

to facilitate thein the JAERI CCTF and JAERI SCTF,
experimental and analytical coupling of the test
results obtained in the difterent test facilities.Instrumentation for the UPTF is to be provided by
both the BMFT and the USNRC. The'LMFT is responsible

-12-
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The USNRC-suppliedfor all control systems.
advanced two-phase flow instrumentation is listed
in Appendix 3 of the Trilateral Arrangement.

2-6 shows the experimental instrumentation in
Fig.
the test vessel.
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it Instrumentation in Test Vessel--

[. Core-
- Upper Upper Lower Down- '

Plenum Plenum Core Plenum comer
Interface

Fluid Temperature X X X Xr<D~I N, Fluid Temperature below End Box X
r .

J -
3

|} Wall Temperature X~y g- Pressure X
l '

y y DP to Containment X X
,

2~ N-

i i1
-

DP Upper Plenum-Downcomer X X|||
| I-|-|2

-

DP Vent Valve X X
.

?. I
DP axial

i X XL - \ Simulator / - DP horizontali fO bJ X
* . \

-

-

8 '

f
--

LLD
- X X X

,._ ,,! \ -

FDG X X X
-

[ ] Break Through Det. X

3*
" "" *

Video Probes X
Turbines vertical X X:
Turbines horizontal X X

( Turbines s. string.Probet X' '
- - Flow Modules X- - ~ -

Conductivity Probe X

Instrumentation in Test Vessel
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II. The Japanese Cylindrical Core Test Facility and Slab

i Core Test Facility

1. Introduction
.

I.
The Japan Atomic Energy Research Institute will fund
the design, construction and operation of two

.

experimental facilities:
-

.

The Cylindrical Core Test Facility--To provide-

information on coolant behavior in the core and
upper plenum, including steam and water carryover-

(steam binding) and integral system (steam
generator and pump simulated) effects during the
refill and reflood phases of a simulated LOCA.
The latter part of blowdown would be simulated
to establish the initial conditions for refill.

- The Slab Core Test Facility--To provide informa-
tion on the two-dimensional, thermal-hydraulic
behavior and core flow within the reactor vessel
during the refill and reflood phases of a simulated
LOCA for a pressurized water reactor. The last
part of blowdown would be simulated to establish

, the initial conditions for refill.
1

2. Objectives
,

2.1 Cylindrical Core Test Facility Procram Objectives

The objectives of the Cylindrical Core Test
Facility are:

Demonstration of emergency core cooling-

system behavior during refill and reflood
period.

- Verification of reflood analysis codes.

- Collection of the following information to
improve the thermohydrodynamic model in
the analysis codes, i.e., (a) multi-dimensional
core thermohydrodynamics including the radial
power distribution effect, fallback effect and.

} spatial oscillatory behavior, (b) flow behavior
in the upper plenum and the hot legs, (c)
behavior of accumulated water at the bottom of
the upper plenum including possible counter-

I

current flow and sputtering effect,

i

'
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(d) hydrodynamic behavior of the injected ECC
water and the water passing through the steam
generator, (e) multi-dimensional thermo-
hydrodynamic behavior in the hot annular
downcomer, and (f) overall oscillatory
behavior in the system.

- The reference plant for the simulation is
.

based on a compromise of plant features
such that results from specific tests will
be .pplicable to German, Japanese, and United
States vendor designs.

2.2 Slab Core Test Facility Program Objectives

Tbc purpose of the facility is to study core
heat transfer, core hydrodynamics and ECCS
performance. In particular, the following
phenomena are to be studied:

Carryover to and fallback from the upper-

plenum during refill and reflood, including
countercurrent flow in the tie-plate and
upper core support plate and near the quench
front, and also including possible sputter-
ing effects;

- Carryover to and fallback from the simulated
,

hot legs during refill and reflood;

Water distribution in the reactor vessel for-

combined injection, cold leg-only injection,
and other ECCS defined in Section 3.1.8.;

- Liquid level oscillation in the core and
downcomer and their effect on carryover and
fallback during reflood;

Delivery of ECC water to the reactor vessel,
-

and the effects of condensation during the
last part of blowdown, refill and reflood;

~

Core heat transfer, hester rod temperatures-

and fluid flow phenomena including flow.

redistribution, and quench front propagation;
both blocked and onblocked-bundled tests
should be included;

Effect of downcomer flows. including condensa--

tion, during the refill period;

-22-
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Entrainment, de-entrainment, re-entrainment,-

and distribution of water droplets in the
core and upper plenum; and

Pool formation above the tie-plate and-

upper core support plate including water
subcooling and frothing effects.

.

3. JAERI Facility Design Features

3.2 Cylindrical Core Test Facility
-

-

The Cylindrical Core Test Facility is an
experimental test facility designed to model
a fuel-height core section of a pressurized
water reactor. This facility will be used to
provide information on the refill and reflood
phase of a hypothetical loss-of-coolant
accident. The last part of blowdown would be
simulated to establish the initial conditions
for refill. The overall schematic diagram of -

the facility is shown in Figure 2-7. The
central part of the test facility will be a
non-nuclear core of 2000 electrically heated
rods arranged in a cylindrical array. The
core will be housed in a test vessel which
includes a downcomer, lower plenum and upper
plenum as well as a core region. The core
design is based on 32, 8 x 8 rod assemblies
which model typical PWR 15 x 15 assemblies.

The facility shall provide the capability to
reasonably simulate the floe conditions of a

'

PWR in a LOCA from the time the upper plenum
reaches 6 bars absolute (6 Kg/cm2 absolute)
through the last part of blowdown, refill
and the crucial part of reflood. Volumetric1

) scaling shall be used based on core area
; scaling.

3.1.1 Reactor Vessel.

- The vessel is sized to accommodate the
2000-rod core..

- Wall thickness is based on pressure rating.
The stored heat energy is simulated.

t

- The simulated portion of the vessel is
full-height.

-23-
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Four hot leg nozzles are provided. The-

nozzle height above the core is a com-
promise representative of current PWR
designs of interest to the parties.

- Cold leg nozzles are provided equivalent
to three intact loops and one broken loop. .

3.1.2 Core Barrel-
-

.

- A simulated core barrel is provided. Wall
. thic,: ness and other typical features are

base:d on various PWR designs.

Core barrel is full-length.-

- Core barrel and upper annulus design must
provide for simulation of core barrel vent
valves in at least some tests in Core-II.

3.1.3 Lower Plenum Internals

The size and structure of the lower plenum and
its internal structures are based on a simu-
lated PWR design, compromised as necessary for
experimental results. Desired features of
t.1e lwoer structure to be maintained are volume,
flow resistance, and cbtaining the correct
temperature in the fluid in the lower plenum
during the test.

3.1.4 Core

- The core consists of a cylindrical configu-
ration of 32, 8 8 bundles simulating 15x

15 array fuel, including unheated rods.x

Flow paths at the upper end of the core are-

geometrically similar to the PWR end boxes
and upper core support plates. In the
remainder of the core, flow paths and
geometry reasonably simulate the fuel in
single- and two-phase flow.

.

- Core bypass flow area is included in the
downcomer flow area.

Power to the core is controlled to vary the-

power distribution to achieve the experi-
mental requirements.

-24-
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The core housing is designe~d to minimize-

flow perturbations and heat release.

The heater rod design simulates the heat-

capacity of a fuel rod to the degree
practicable.

3.1.5 Downcomer .

- The downcomer is full-length.

The downcomer is designed to provide a flow-

resistance representative of a PWR downcomer.

The volume is determined based on the core-

area scaling.

The downcomer is designed to provide ECC-

flow behavior throughout the test which is
reasonably representative of that of a PWR
downcomer.

3.1.6 Upper Plenum Intervals

In the CCTF tests of the 2D/3D Cooperative-

Program, two sets of upper structurals are
used. One type includes a model of the
slotted-type support columns and the other
type includes a model of solid-type support
columns.

Distance from the upper core support plate-

(UCSP) to the bottom of the hot leg nozzle
is as shown in Fig. 2-8.

Distance from UCSP to top plate of upper-

structurals is as shown in Fig. 2-8.

3.1.7 Reactor Coolant Loops

Cold leg break is simulated.-
,

Actual loop components, e.g., steam-

| generators and pimps are simulated.,

- Connection to containment and simulation
required of containment are based on,

i experimental requirements, particularly
considering last part blowdown and refill,

| phase effects.

3.1.8 ECC Injection

| Capability is provided to simulate the following
!
i
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ECC systems with subcooled and near-saturated
water:

Intact and broken cold leg injection;-

Intact and broken hot leg injection (not-

in Core-I but in Core-II) ;
<

- Downcomer injection;

- Upper plenum injection to simulate hot leg
injection; and

- Lower plenum injection.

3.1.9 Auxiliary Systems

Auxiliary systems including steam, water and
nitrogen needed to simulate PWR performance,
e.g., accumulator nitrogen, shall be identified
and sized, if possible.

3.1.10 Containment System

The containment design shall permit the contain-
ment pressure to be controlled during the test
based on experimental requirements.

3.1.11 Instrumentation

To the extent practicable, the same instrumenta-
tion (type and location) is used in the 2000-rod
CCTF as is used in the 2000-rod SCTF and the
UPTF to facilitate experimental and analytical
coupling of the test results obtained in different
test facilities. Instrumentation for the CCTF is
provided by both the JAERI and the USNRC.

. 3.2 Slab Core Test Facility

The Slab Core Facility is an experimental facility.

designed to model a full-scale radial and axial section
of a pressurized water reactor, a single bundle in
width. This facility will be used to study the end-.

of-blowdoen, refill and reflood phases of a hypothetical
loss-of-coolant accident. The overall schematic diagram
of the facility is shown in Figure 2-9. The central
part of the facility will be a non-nuclear core of 2000
electrically-heated rods, arranged in c row of eight
simulated fuel assemblies. This core will be housed in
a test vessel, which includes a downcomer, lower plenum

-26-
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and upper plenum. The slab design will be based on
eight, 16 x 16 fuel assemblies. Othe components
shall be sized' based on core area scaling, unless
otherwise specified by an expert group..

,

The f acility shall provide the capability to reason-
ably simulate the flow conditions in a PWR during a e

LOCA from the time the upper plenum pressure reaches
six bars absolute (6 kg/cm2 absolute) through the-

-

last part of blowdown, refill and the crucial portion
of reflood.

The reference plant for the simulation is based on a
compromise of plant features, such that results from
specific tests will be applicable to German, Japanese,
and United States vendor designs.

3.2.1 Reactor Vessel

- Vessel is sized to accommodation slab core of
eight assemblies with 16 x 16 rod configuration.
At least two such cores plus appropriate spare
assemblies will be built.

The simulated portion of the vessel is full--

height.

A hot leg nozzle is provided and located at the- -

end of the slab corresponding to the edge of
the core. The nozzle height above the core is
a compromf.se representative of current PWR
designs of interest to the parties.

- Cold leg nozzles are simulated equivalent to
three intact loops and one broken loop.

- Nozzles are provided on the upper plenum, lower
plenum and downcomer of the vessel to facilitate
water injection for proper simulation of
conditions for testing ECC systems listed in
Section 3.2.8.

3.2.2 Core Barrel
.

A simulated core barrel is provided. Wall-

thickness and other typical features are based
on various PWR designs.

- Core barrel is full-length. |
1

- External piping is used for simulation of core '

barrel vent valves.

1
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3.2.3 Lower Plenum Internals

The size and structure of the lower plenum and
its internal structures are based on a simu-
lated PWR design, compromised as necessary for
experimental results.

.

3.2.4 Core
.

- The core consists of a slab configuration of
eight assemblies with 16 x 16 rod configura-
tion corresponding to the upper plenum intern-
als, including unheated rods.

- Flow paths at the upper end of the core are
geometrically similar to the PWR end boxes
including simulation of internals as dummy
control rod spiders, throttling spiders and
upper core support plates. In the remainder
of the core flow paths and geometry reasonably
simulate the fuel in single- and two-phase
flow.

To the degree practicable, the core baffle-

bypass region is simulated. The features are
the correct flow resistance and scaled volume.
The flow bypass region is simulated PWR
designs that have either up-or-down flow in
the baffle region during normal operation.

- Power to each bundle is individually controlled
to vary the power distribution.-*

The core housing is designed to minimize flow-

perturbations and heat release.

- The heater rod design simulates the heat
capacity of a fuel rod to the degree practi-
cable.

3.2.5 Downcomer

- The downcomer is full-length.
.

- The downcomer is designed to provide a flow
resistance representative of a PWR downcomer.

- The volume is based on the core area scaling.

,
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- The downcomer design provides ECC flow
behavior throughout the test which is
reasonably representative of that of a PWR
downcomer. Flexibility, such as provision
for a vertical partition in the downcomer,
is provided to achieve acceptable performance
under countercurrent steam / water flow condi-
tions. An in-line downcomer such as that-

. shown in Fig. 2-10 is used.

3.2.6 Upper Plenum Internals ?

.

In the presently planned slab core tests of j
-

the 2D/3D Cooperative Program, two types of '

upper str'icturals are used. One type is
representative of the Westinghouse PWR design
and of the same type as used in the CCTF; the
other type is of the same type as used in the
UPTF.

- The distr.nce from the UCSP to the bottom of
the hot leg nozzle is approximately 1035 mm.

The distance from UCSP to top plate of upper-

structurals is approximately 2200 mm.

The upper plenum volume is based on the core-

area scaling.

i
- Provisions are made to permit accounting for i

the effects of flow to and from that portion
of the upper structurals not directly simulated.
The design is based on the injection and drain
system for simulation of specified flow and
temperature distribution.

3.2.7 Reactor Coolant Loops

Cold leg and hot leg breaks are simulated.-

- Actual loop components are not provided.
Rather, sufficient systems are provided to
deliver or remove flows from the vessel
nozzles typical of the performance of the.

broken and intact 1 cops (see Fig. 2- 9) .

- Piping size and shape are determined so as to
simulate PWR characteristics.

.

'
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. - Connection to containment, and simulation
required of containment is based on experi-
mental requirements, particularly considering

.
end-of-blowdonw and refill pahse effects. )

3.2.8 ECC Injection
.

Capability is provided to simulate the follwoing
ECC systems with subcooled and near-saturated-

.

water:

- - Intact and broken cold leg injection;

- Intact and broken hot leg injection;

- Downcomer injection;

- Upper plenum injection; and

Lower plenum injection.-

The SCTF ECC system is designed to maximize mutual
benafit and coupling of the UPTF and SCTF tests.

3.2.9 Auxiliary Systems

Auxiliary systems including steam, water and-

nitrogen needed to simulate PWR performance,
e.g., accumulator nitrogen, are identified and
sized.

A supplemental steam supply shall be provided-

to fulfill the requirements for proper simula-

i,
tion of conditions for testing ECC systems
listed in Section 3.2.8.

3.2.10 Containment System

- The containment system design permits the con-
tainment pressure to be controlled during the
test based on experimental requirements.

| - Containment tanks for CCTF are also used in
SCTF tests..

, - A nozzle shall be provided on the containment
| vessel to facilitate steam introduction for

proper simulation of conditions for testing
| ECC systems listed in Seciton 3.2.8.
1

[
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i 3.2.11 Instrumentation

To the extent practicable, the same instrumentation
(type and location) is used in the 2000-rod SCTF
as is used in the 2000-rod CCTF and the UPTF
to facilitate experimental and analytical coupling.

of the test results obtained in different test '

facilities. Instrumentation for the SCTF is*

provided by both the JAERI and the USNRC.
*

.

e

|

.

!
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III. Plan for Instrument Deveicoment and Sucaly and Calculational
Succort for the 2D/30 Procram by the USNRC

1. Introduction

In support of the JAERI and BMFT experimenta! refill and reflood
.

test facilities, the USNRC will:.

Fund, develop, fabricate, deliver and provide operational-

support for advanced two-phase flow instrumentation to be.

installed in the JAERI and BMFT facilities (all instruments
provided will meet written technical requirements, including
accuracy jointly agreed upon by the parties), and

Fund, develop and perform multi-dimensional TRAC computer-

code calculations for design analysis, pretest predictions
and post-test analysis required for the test program.

2. USNRC 2D/3D Instrumentation

2.1 Measurement Recuirements

The objective of the USNRC 2D/30 Instrumentation
Program is the measurement of the two-phase
behavior of steam and water at the boundaries of
and locally within the core, upper plenum, downcomer

*

and icwer plenum of the test vessel in experiments
at the UPTF, CCTF and SCTF, simulating the last part
of blowdown, and the refill and reflood phases of a
postulated loss-of-coolant accident (LOCA) in a pressurized
water reactor (PWR).

The advanced instrumentation to be provided will
supplement the conventional instrumentation provided
by JAERI and the BMFT and be used to:

Measure the velocity, mass flow and direction-

of steam and water in the nozzles of the test
vessel;

Measure the de-entrainment and'entrainment of-

rnoistum in the upper plenum and in the
vicinity of the upper core support plate and
tie-plate;

-36-
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Measure film thickness and velocity in the |
-

core, on the baffle walls and on the upper
plenum structures;

O

Measure local void fraction in the core,-

upper plenum and downcemer;.

Measure liquid level in the downce=er, core,-

upper plenum and lower plenum:.

Measure steam and water distribution i., the-

dcwncemer and upper plenum;

Measure two-phase velocities in the dcwn--

comer, core and upper plenum; and

Measure the mass flew between the core and-

upper plenum.

' A table listing the suggested measurements to
meet the ob]ectives of the 2D/3D Refill /Reficed
Program is attached to this Program Plan.

This table al'so in- .ciudas sc=e of the facility-provided ins rumenta-
tion where per-4---- o the measurement objectiyes.

.

2.2 Inst u=ent Devele ment

To measure the mass ficw and void fraction in
the nc::les and loops, and between the core and
the upper planum of the CC'"F, SC"? and UPTF,
several types of instruments will be provided by
the USNRC. The icops of the CC"? are to be
provided with spool pieces. The spcol ps.eces
are short, flanged pipe sections wnich contain
a drag disk, turhine sener, three-beam gamma
densi cmeter, pressure cell and temperature
seasuring device. The spool pieces will be
installed in the cold and het lag piping of the
C .: to measure fluid density; velocity, mass
flu:: and direc icn of flow to and frem the ccid
and hoc leg icops during the end-of-blowdown,
refill and reflecd phases.

.

The early CC F Cere-I tests were run without
spcol piece =easurements. An NaC analysis of
these data show that the =easurements ebesined ,,

.
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without the spool pieces were not sufficient
to perform an unambiguous mass balance over
all time periods. It was found that assumptions
had to be used to obtain the mass flow rate in
the hot legs, the steam generator and the pump
simulator. These assumptions affected the over-
all mass balance. Hot leg speci pieces now
operational in CCTF will provide the mass balance
infor=tation in the future. Se cold leg spool
pieces in CC'"? will help re=ove ambiguity about

.

the amount of ECC injection which flows from the,

vessel to the containment, through the broken
cold leg, during both refill and refleed.

.
.

The second series of CCTF tests wd T ' 4-clude a
downcemer to upcer pianum core barrel vent valver

simulation. Mass ficw and void fraction will be
measured. The velocity will be =aasured by a
turbine necer and the void fraction by a s ring
probe.

Mass flow and void fraction measurements are
needed for -de hot and cold leg noz=les of the

*

SCTF and UPT7, which only have simulated loops.
These measurements are needed to define che
direction, velocity and steam / water ficw to and,

frem the test vessel. Because of the size of
these noz:les, it is generally not prac ical em
use conven-donal spool pieces. nerefore,
isotopic multi-beam gamma densitometers-to
measure veids in conjunc icn with a drag disk
rake will be used for the UPTF and for he hot
leg no::le of the SCTF. A spcol piece will be
used for the smaller SC-"I cold leg no==le.
These will give information on mass ficv,
density and flow direction.

For the end-of-blowdcwn, refill and reficed
phases, it is necessary to be able ,.c measure-
the liquid level in the downcemer, Icwer plenum,
core, and upper plenum. Licuid level detec_crswill be provided in a=propriate cuanni:ies ec
follow these i.evels during the course of each
test in .e CCTF, SCTF and UPTF.

I
t A newiv developed NRC
| optical probe with extre=ely fast response identi-~

. fied as " Fluid Distribution" grids are to be
provided in the dcwncomer and upper._clanum of the
CCTF and UPTF to measure the distribution of

i water and steam. The fluid distribution grids
| for SCTF consist of electrical conductivity
i probes and were developed before improved optical

probes were available. These sensors will be able
to detect whether or not a significant flow escilla-
tion exists between the downcomer and the core
during the reflood phase.

- 38 -
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It is also necessar4 to measure the steam / water
mass flow and direction in the downcomer during
the end-of-blowdown and refill phases. To
acecmplish the latter objective, fluid distribu-
tion grids couplad with drag discs or turbine

,flowmeters are to be placed in the downcemer of
CCTF Core-II, SCTF and UPTF. These instr'ments*

are placed in such a manner that axial, a:imu-
thal, and radial differences in the flow behavior
can be detected.

In order to evaluate the local = ass flow rate
and follow the flow direction and velocity of
both steam and water within the core, the upper
core support place and the upper plenum, it is
necessary to =ake local measure =ents at specified
locations. The USNRC has developed several
inst:.: ment types for making local film, void and
velocity measuremenus. These include film and
impedance prebes and string probes ec =easure
the velocity and void fraction in crucial two-
phase ficw loca_ lens.

Cross-
correlation of p che sigm t_ pairs can be used
to derive local velocities. The CSNRC will
provide film and impedance probes for the 2D/3D
test facilities as given in the Scope of Supply
Section. Film and impedance probes have
measured void fraction and velocity in two-phase
flow tests at ORNL and PKL.

.

The USNRC has developed a visual system using
miniature TV cameras and red lenses (video

| optical probe) to be used for viewing the space
inside the exper : ental test vessels. The
temperature li ' tation of current lens material
recuires the use of a c= cling system. The I

resultant probe is too lar e to i.nstall in the
core bundle but can be used for viewing
structures and ficw phenc=ena in the , upper plenum,
downcomer, and 'the hot leg of the JAERI test facility

-39-
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and in the upper plenum
in the UP"? during refill and

reflood. Several videe optical probe systa-=
have been provided to J.uRI for use in the
CCTF and SCTF and additional systens will be
provided to the SMFT.for test:.ne .in the UPTF.

,

*

2.j " d5NRC ' Instrumentation. Fabrication, and Sccce
of Succly

*

The USNRC plans to provide the quantity and
type of instruments given in the fc11cwing
tables for the JAERI and 3MIT facilities
noted. The USNRC will use its best efforts
to =eet the peccesed schedule for delivering
these instru::ents, wnich is based on meed g
the preli=inary facility desien, cons-r,2ction
and test schedule requirements provided by the
SMFT and JAERI. The CSNRC will provide all
necessary preconditioning elect enics required
for'the ins r:=ents. These electronics will
ac #~T17 provide a sui ahle interdace signal
for recor,.8.ing in the daca acquisition system.
Cable becween the senser and precenditioning
electronics will be provided by C5NRC. Ins,.alla-
tien and checkout assis ance will be crevided,
as well as a supply of spara parts for the test
program. Fo11cw-on assis ance in correcting
unusual calfunctions and data interpretation
will be provided as s ated fur her on in the
text.

The NRC instrumentation provided for the JAER

-
CCTF Core-I delivery is given below. The
instru=entation has been delivered and_ utilized( by this facility.

i

1
1

.

|

)
,

1
i
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JAERI CCTF Core-I *
,

8 - inst csented spool pieces

3 upper plenum liquid level detectors ~(LLDs )

4 downcomer drag disks (DDs)

6 - core LLDs

3 - downcome: LLDs

3 - icwer plenum LLDs
.

1 - video lens system *

.

The instru=entation to be provided by the USNRC
for -de SCTF Core-I, he CC'"? Core-II and the
UPTF are given in Tables 2-1, 2-2, and 2-2.
The quantities for reference purpocos are l'iste'd
in the tables. The scope of the USNRC instrument
supply for all facilities including SCTF II and III
is shown in the table attached to this Program
Plan.

The DDs and core and lower plenum LLDs shown
above as delivered for CCTF Core-I are to be
refu:bished for CC-'T Cere-II. Fi1= and is=ecance
probe modules were not included in Cv_ Cere-I.
Film and impedance modules will be designed,
fabricated and delivered by USNRC for installation
in the CCTF Core-II heater bundle an:i vessel
internals. As in the case of Core-II of the
CCTF, Cores-II and III of the SCTF will reuse,
to the extent possible, the same instru=entation
in each successive core test series.
The SCTF Core-II will be supplied
with several new film prebes and i=pedance p coes
and as spares to cover possible less in transfer
f cm one core to the next. The film and impedance
probes are ins alled du:ing bundle asse=bly and
are generally inaccessible theread:er. Hence,
the USNRC would not enpect to pecvide spare
probes in event of failure in use. The responsi-

,

bility of the USNRC in the case of the isotopic
sources, electronics, spcol piece turbine meters,
spcol piece 6:1g disks and douncc=e: drag disks
will be to provide replacemenc parts for mainte-*

nance and repair in the event of fatlure in
nor=al use. One of the =ulti-beam sources has a
relatively shcr:' half-life and will require re-
placement every 12 to 19 =cnths. The CSMRC wculd
provide replacement sources during tes: intervals.
Failure of an individual sensor in an LLD during

-41- -
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a single core test series would normally not
require replacing the sensor or justify
removal of the IJ.D. Required spare parts would
be provided by the USNRC for refurbishment or
repair of the IICs fclicwing removal f cm one
core and prior to insertion in the next core.

~

The USNRC will provide the instrumentation
c

support to PKL il tests, as agreed upon by USNRC
and BMFT..

JAIR* and the SMFT will be responsible for
.

providing craft support lator, hoists, rigs, ,

and other equi. ment for installing USNRC-supplied
instruments and electronics in the test facili-
ties. Installation and maintenance ins. ructions
will be provided to JAZRI and SMFT by the USNRC
for each ins.rument. Each facility will ce
expected to fo11cw these inst =uctions and be
responsible for reu.ine maintenance. The USNRC
will p=cvide assistance in resolving unusual
failure c readout proble=s and assis- in inter-
pretation of the signals. Special tecls for the
installation will he supplied by the UStiRC.

Technical supervision will be provided by USNRC
contracters on-site at the facili ies during
initial installation and checkout of USNRC-
provided instr ==en ation.

USNRC will provide
personnel to assist in the maintenance of
instrumen aticn and the USNRC-supplied CAS egaip-
ment when necessarf, as nutually agreed by projact
managers, and also v t' assist in checking thed

instrumentation to assure the validity of the
data. JAIRI and the 3MFT will be responsible for
providing serrice regairements, such as elec ri-
cal power, cooling water, etc., needed fc: the
operation of the USNRC instruments.

t

(

l
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TABI.E 2-1

INSTRUMENTAT!CN FOR SI.AB CORE-I TO BE PROVIDED BY USNRC
,

Instrument
Phencmena and Loestion Quanti t .- -

I. Upper Plenum

1. De-entrainment Film probes (Wall) 6
-Tils probes '.S tructure ) 5

2. Iccal ficw pattern video optical probe 1
3. Iccal fluid, a Prong probe 3

(*a mma densi c=eter 4
4. Local fluid velocity Turbine meter (hcri: ental

and vertical) 4
5. Pool for:tation Fluid distrihu ica grid Sx8

II. . Core - Occer Plenum Interdace
1. Upward flow vel. be- Turbine meter (CC37) a

tween core and
upper plenu==

2. Fluid level in end Fluid distribution grid Included in I.5
bcx

3. Iccal flev pattern Video optical probe 1

III. . Core

1. N mney effect Impedance probe (s & V) 8

2. Bundle, c Gamma densi:cmeter grid LE'
3. Liquid level LI.D 4
4. Iower plenum /ccre

vel. Turbine meter 45. Fallbac.k on walls Film probes (Hall) 8

and :.:b.er Film crchesr (Tuce) 6-

IV. Ect Lee,

i
t

1. Mass ficw rate Spcol piece (w/c turbine) 1
|

| V. Cold Lee.

1. Velocity, density, <2 Speci piece 1
i

t VI. Downecmer
i

1. Ficw patterns Fluid distribe icn crid 2x3:c7
2. Void fraction String peche

"

3
3. Velocity (===ent.:=) Or2g disc 3

| 9:cv:.s:.cas will be made :: be extent practical by the US:iRC =c
have the measurement =e:hed 2: be interface '=e: ween the ccre and,

u::er planu= be censistent i.. both the SCTF III and UPTF, ..

I -4J-
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TABLE 2-L - C.ontinued.

Inst :. ment
Phenomena and Location Quancity

O

VII. Vent Line

1. Mass flow rata Spool. piece (w/o ca=ma) 1
*

v!II. Lower Plenum

ORNL reference con- 1
ductivity probe

.

e

WB

b

1

e

l

-4*-
|
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TAB LE 2-2

INSTRUMENTATICN FJR CYLYINDRICU. CORE-II TO BE PROVIDED 3Y USNRC'

Instrument
Phencmene. And Locatien Cuantity

I. Uccer Plenum
.

1. De-entrainment Film pecbes 4
2. Local flew patterns Optical probe 1
3. Local fluid, c Prong probe 4,

4. Local fluid velocity Turbine meters (3V, 13) 4
5. Vent flow Turbine meter (23) 2

String prebe 2
6. Pcci for=ation Fluid distributica grid 11x10

II. Core - Uccer Plenum Interface

1. Upward ficw velocity Turbine meter (UCSP) 8
2. Fluid level in end Fluid distributica grid Included in I.6

bcx

III. Core

*

1. chimney &ffect Impedance probe (a & V) 24
.

IV. Core - Iower Plenum Interface
.

1. Liquid flow Cccled T/C 4

*V. Hot tec
,

1. Liquid Flow Film probe (c & V) 4
2. Lccal ficw pactarn Optical probe 1

VI. Ocwnecmer

1. Flow patterns Fluid distributicr. grid 6x3x7
6xix6

2. Local ficw patterns Optical peche 1

. V'I. Ecwer Plenum

CRNL reference con- 1
ductivity probe.

*(i) T.ie inscru=ented spect pieces supplied for Core-I cf the CCTT
vculd be recuired for use with Core-II.

(2) The 00s and L*Ds from Core-I would be refurbished for use
with Core-II.

-45-
. . . . .

- t - - - -
- - - - - - - - -



'
.

*

.. .,

I

.

,

d
. -

TABLE 2-3

INSTRUME!CATICtf TCR THE UPPER PLE!!UM TIST TACII!""? TC 3E PROVIDED
SY USNRC

.

.

Phencmena Instrument Quantity

I. Decer Plenum
<

.

1. Local flev patterns Video eptical prebe 3 - -

12
2 Lccal fluid velocity Turb. =ecers (6V, SE) 12-
3. Pool fer=ation LLD S
s. Vent ficw Turbine =ezer 5

dP** 5
-

5 Pcci fo==atien Fluid dist. grid 63 x 7
II. Core - U=cer Plenum Interdace

i

1. Ucward flow velocity Turbine =eter 36 9
2. Fluid level in end Fluid dist. grid Included in I.*

-

box
3. Mass ficw crag bcdies 36

. Narrow dP' 9
Eide dPf 36 A,

Breakthrough'' detectors 100 **
4. Cross ficy between

enc coxes Turbine meter 6
III. Core

1. Liquid level ' LLD 2
'

IV. Ec: Lee

1. Censity, c Mul ti-b eam g = --= 4,

' densitemecer
2. Velocity. , ,(=c=en t==) Drag rake (hidiree icnal) 4--

V. Cold Lee

1. Censity, c Mul:i-beam g1=ma 1
i densite=ecer

2. Velocity (=cmentum) Drag rike (bidirectional) 1
.

VI. Lever Plent=

1. Liquid Level LLD EXT. o f III .1
2. ORNL reference conductivity p;cbe 1

signal can,itioners'..and purge contori system, to be* Transducers, d
provided by USNRC; and tubes, plumbing, and bleeding to be provided
by BMFT.

** Transducers and signal conditioners to be provided by USNRC, and
tubes, plumbing, purge control system, and bleed 4g to be provided
by BMIT.
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"ABLE 2-3 Continued

Phenomena In s t-*. ment Cuantity
VII. Downcomer

.

1. Flow patterns Fluid distribution grid 50x3+50x12. Mcal fluid velocity Turbine meter
8

-

.

O

6

1

.

O

~4 7-,
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2.4 Data Handling System

In order to assure proper processing and handling
of the data, the function of each data handling
subsystem, the interface between them, and the
responsible party for each has been defined as
follows (see Table 2-4a for the JAERI test

'

facilities and Table 2-4b for the UPTF).
"

Data-taking system: This includes the sensors,-.

with associated electronics, up to and includ-
ing the signal conditioners. The USNRC has
responsibility for this work for USNRC-
provided instrumentation.

Data acquisition system: This consists of-

equipment downstream of the signal condition-
ers, including recording devices, simple
conversion and calibration. Thi: is the
responsibility of the facility except for UPTF
in which the USNRC will loan DAS equipment
obtained from US suppliers and will provide
technical support services. The USNRC will
perform design studies for the supply of the
UPTF DAS with the aim of utilizing to the
fullest extent practicable equipment currently
owned by the US government. The program plan
is based on the assumption that the process.
will lead to a satisfactory solution. Should
against present expectations, the necessity
arises.to develop alternative proposals, the
three parties would jointly discuss such
alternatives, taking into account the obligation
and responsibilities of each party as described
in the agreement.

Data processing: This will be performed by the-

facility and includes conversion of signals from
the DAS into engineering units and display and
print.out in forms useful for data report and
data analysis by each party. Appropriate
algorithms will be provided to each facility for
data reduction of signals recorded from USNRC-
provided instrumentation. Test facilities will
be responsible for integration of the USNRC-
provided software into a data processing system
and will be responsible for processing the
instrument signals for each test, unless otherwise
specified. .

Data analysis: Data, after processing by thej
-

,

(, facility will be supplied to each party in
forms useful for code analysis.

- 48 -
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2.4 Data Handline Svstem

In order to assure proper processing and .andling
of the data, the function of each data ndling
subsystem, the interface between them, d the -

responsible party for each has been d ined as
follows (see Table 2-4a for the J' test,

facilities and Table 2-4b for the UPTF) .
Data-taking system: This inclu es the sensors,-

,

with associated electrc=ics, up to and includ-
ing the signal conditioners. The USNRC has
responsibility for this work for USNRC-
previded ins r==entation.

Data acquisition system: his consists of-

equipment dcwnstream of .e signal coedition-
ers, includ d g recor:iing devices, sispie
conversion and calibra on. *4 s is the ,

responsibility of the acility except for
,

the UPTF for which USNRC ill be re,sponsible for .

design software and sup y of the DAS consistent
with the conditions a ed upon by BMFT/USNRC
in the . telephone conve sation on February 26, 1982.

Data processin : This will be perfor=ed by-

the facility d includes conversion of signals
from the DAS 7to engineering units and dis-
play and pr' tout in forms useful for data
report and ata analysis by each party.

t Appecpriat algorithms will be provided to each
| facility " r data reduction of signals recorded

-

| from USN -provided instrumentation. Test
faciliti s will be responsible for integration
of the SNRC-provided software into a data
proces ing systam and will be responsible for
prece ing the instr:::ent signals for each test,
unie otherwise specified.

Da analysis: Data, after peccessing by the-
,

fa 111ty will be suppiled to each par.y in
i f rss useful for code analysis. *
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'3 . USNRC Analvtical Suctort -

'

3.1 Chiective

The objectives of she USNRC analytical supper
.

program are :c utill:e the TRAC . cede ec :
.

-

Provide analysis support during the design-

phase of the UP'"? and SC T;
.

Evaluate the location and type of instru--

mentation, and desired accuracy in UPTT,
SCTF and CCTF;

Provide analysis support in the testing-

phase to help specify the boundary condi-
tions and ini-dal conditions of each
experisent:

Perform post-tes: prediction for each valid-

exceriment: (See Table 6). Pcs:-test analy-
ses will be perfor=ed if necessary (See
Section 3.4).

Provide analy.ical coupling between che :43-

separate-effects tes facilities, UPTT and
SCTT; and

Using integral systa= data fres PK77 and ca..:-

and large-scale separata-effects data from
UPTT and SC 7, checkcut and validata the
multi-di=ensional bes:-es-' ~ ate cede T3AC to
form a basis for credible p =d d ~~4 ns of :he
behavior of a full-si:e PWR during the last
part of blowdown, refill and reficed phases
o f a po s ==14:ad Lo s s-o f -ccolant accident. -

TRAC (Transient Reac cr Analysis Code) has been
developed with the objective of i= proving capa-
bilities for analy:ing postufsted transients in.

full-scale reae:crs. The improvemen:s focus on
the following areas : (1) a modular structure to
allow flexibility in ecde organi:acice and problem-

setup and to facilitate increduction of i= proved
. =cdels; (2) si=ulation of multi-dimensional flow

within the reactor vessel to allow investiga: ion
of radial and a:i=uchal flow, in addition to axial
variations:'(3) dyna =ic di=ensioning to allow the ,

maximum nu=ber of compu:scional cells and hence

-51-
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better simulation of local flows with iccal
mcdels; and (4) ability of the separate phases
to have separate temperatures and to =cve with
different velocities in order to properlysi=ulata postulated ficw transients. -

3.2 Intecration of Test Results with Full-Scale.

Simulare.c n

Of the -dree test facilities included in this. .

test p cgra=, the JMRI CCTY use full cystem
tests with a heated core and external loops
with steam generaters. The JAERI SCTY has afull-radius and full-height heated core, wi h
upper and icwer plana, all in slab gec=etry.
There is only limited hardware in the SCTF cc
explici:17 neck-up the external icops. The
UPTF is a full-scale 360' sec cr of a reacter
vessel wident a heated core, and uses steam /
water flow from nc:=les located below he
upper ccre plate to si=ulate ccre ficw. In
contrast with SC"T, there is simulated hard-
ware for the ex-vessel system. Thus, each
facility concentrates en speciali:ed aspec s
of multi-di=ensional ficw within the vessel.
The three participating countries produce PWRs
of diffaring designs and dinensions. Thus,
the gecmetry of the test facilities is to be
a ecmposits which is a ec= promise reflecting
the main features of the individual designs....

The CCTF has vessel inter.als scaled down frc=.

a Westinghouse design (similar to Japanese
plants). The UP"? will have full-size inte.~. als
based on the Ge==an (KWU) design which are
s4 4'ar c dose of the new Westinghcuse ?WR
designs, while the SCTF will have internals
based on the CS/ Japan design in Cores I and II
and the KNU design in Care-III to provide for
coupling to UPTT. All three facilities willince::perate core barrel vent valves in cedar ec
test this fea:ure of the S&W desien.

.
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Thus, each of the three facilities will give
i=portant, but geometrically speciali:ed,
information which must be integrated together
with a simulation of a full-scale LWR system
for each of the various PWR designs. The TRAC

o

_ code will perform this integrated si=ulation-

(See Figure 2-11).

In addition to providing ccmputer simulations*

of each of the three test facilities, TRAC
will, in parallel, provide a ecmputer si=ulation
for one representative design of each of the
full-scale PWR systems supplied by the partici-
pating countries. Thus the measured results >

f cm each test with particular gec=etry, boundary, -

and ini"'1 conditiens can be direc ly integrated
with the full-scale PWR simulation which the tes
:egresents (see Figure 2-12) .

To aid in extrapolating the 3D test results to
different designs, small-scale tests have been
perfot=ed in the US to develop iccal geocecry-
dependent cedels for ccuntercurrent ficw and
flooding at -he upper end box and net entra'-~en:-

on upper plenum s ruc:::als.

3.3 TRAC Coucline of Tests

In addition to integrating the individual test
results into full-scale PWR simulations, TRAC
will be used, along v:. h engineering judgment,
to couple the individual cases (see Figures 2-11,
2-12, 2-13, and 2-14). It is unders cod that,
in Figure 2-14, there is Oc be generally one
iteration between facilities in order to confirm !the boundary conditicas. This coupling vill be Io f two forms : analytic coupling between tes
facilities not being run in parallel, and experi-
mental coupling between test facilities being
run in parallel. The schedule prevides f:: S C"'?
Core-III and UPTF to be run in parallal so tha:t

| iexperimental coupling can be achieved. Tigure '
I 2-12 emphasizes the =ethod for the case where*

the two facilities (UPTF and SCTF) are run as two
separate-effects tests via.h only analytical
coupling. A paper which descrihes the coupling
of e:cperiments in CPTT and SC T Cere-III (Refer-

i ence 1) has been prepared and accepted as a'

working docu=ent by the three partzes at a mesc-
ing in :revember 1970

1

Re:erence: 1. " Coupling of D: peri =ents in the Ucper Plenum Tes: *

.

pacility and the Slab Core ~'es: Tacality," Cc =ber 30, ,' ,
'

% 1979.
,

g -jj-
.
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In this regard, the SC F plays a pivotal role
in the gecmetric coupling because it will have
a set of Westinghouse / Japanese (w/J) internals
in Cores I and II and a set of NU internals .

in Core-III. The CC ? is currently planned cc
have only W/J internals while the UPTT will
only have EfU internals. The first CCTT test
series will be finished before the first Suu-
tests start, so the coupling between the W/J -

geometry tases in these tso facilities wiIl
require analytic coupling by TRAC. The Efc-

gecmetry tests in the SCTF Core-III and UPTT
will be run somewhat E parallel in **~a so that
coupling can be obtained experimentally, using-

a combination of TPAC and engineering judg=ent.
For these latter tests, TRAC will supply
4 i tial and boundary conditions for the next
test in one facility based on de results of
the previous tests in the other facility.
Specifically, for the UPTF, TRAC will supply
the conditions of the two-phase flows to be
fo==ed by the cors sinulator during the tast,
the initial vatar level in the lower plenum.

and the prassurs conditons at the hot lag
not:les. For the Sw..: , TRAC will su= ply the
side injection flows into the upper planus and
the liquid temperat::e dis ribution above the
upper core supporu plats in the case of combined
injec ion,. he initial power and temperature
distribution within the core, the initial wats:

.

level in the lower plenum and the pressure
conditions at the hot leg no==le.

Coupling between the core and upper plenum will
be automatically accounted for in both the CCTT
system test and the SCTF facility, sines be h
have heated cores. In this regard, the CC'T
facility plays a key role in determining the
system effects feedback on this coupling. In
Sv r, the liquid feedback from e.e upper planum

| to the core will be measured, as well as the
feedback effect of this fallback. Thus,
increased steam generation within the core, as

| well as liquid " sputtering" from e.e hot rods,
leading to possible plugging of the subchannels-

with saturated water, will be explicitly observed '

[

using JAERI-supplied thermocouples. Thesel
.

measured observations will be used to test
'

the TRAC prediction of this feedback phenomenon
between the core and upper plenum. Based on an
analysis of these test results from CCTF and

i

l'
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SCTF, TRAC will be in a position to calculate
the steam / water spray injection necessary at
the lower boundary of the upper plenum during

, testing in the UPTF.
.

The current understanding is that saturated ECC Or

water will be injected for up to 10 seconds tos
form a layer of saturated water above the upper
core support plate to si=ulate the potential
plugging phenomena in a heated reactor case.

TRAC analysis will be provided for tests with
cold leg injection, combined cold leg and het
leg injection, as well as alternate ECC injection
locations. Necessary =cdel i=provements to TRAC
are being made so as to be ready in *e to
accurately predic: the phenemena expected to
occur during the diverse tests compromising the2D/3D Program. For those facilities to bebuilt after e' is arrangement takes effect, TRAC
will be used to assist in design studies.

3.4 Scoce of Calculations

For valid experiments, code calculations for the
specific gecmet f of the test facility will be
made fc=: .

.

Post-test prediction (with measured initial and-

boundary conditions) will be made when the
4-i tial and boundarf conditions are avail-able.

.

Post-cast analyses will be made for improve--

ment of analytical model, based on physical
finding from experiments, if necessary.

For tests which may be selected as international
standard problems, pretest predic ion will be
calculated.

-

Foe valid tests, the calcula icas and experi-
ments are to be coordinated as follows:

.

Test perfor=ed.-

Actual boundary and initial conditions trans--

mitted to I.ANL for post-test prediction:
data access to I.ANI,will be restricted until
post-test prediction is docu=ented.
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Post-tes prediction transmitted to-

facility and Quick-Look Report issued.

Test data transmitted to LANL. Post-
.

-

test analysis performed if necessary.
-

The responsibility and report preparation
and intsraction between analysis and ..

experi=ent is contained in Table 2-5.
.
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TABLI 2-5'

,

SPICITICATICN OF RISPCNSI3I!.IT!IS TCR INTIRAC'"!ONS
SE-"iEIN MAL.3IS AND EXPERIMENTS -

,

Cbjactive USNRC JAIRI SM.7 *

.

. 1. The =al-hydraulic design assist- R A A
ance calculaticas

2. Tacility hardware design A R R

J. Loca: ion and type of R R R,

instrumentatica
~

.

Da a acquisitice. and processing A* R R4.
*'5. I;cperi= ental Cperatica R R

~

6. Cnca -=' :f analysis of
inst:.=nen atica and measurements

7. Specification and analysis of R A A
.cdel tes:8

3. A. Specifica_ien of startup :ests A R R
r

3. 3. Analysis of s,.s. tup,sesus R A A
.

9. Analy_i: p sdi:_ ions fer ses:s R A A

10. Qui:k-Ecok Oa a Repor * A R R

10. A. Repor: Of :=mparisen between A R R
da a and predic ic:.*-

11. I:cperi= ental Data Repor * A R R

12. Post-test analysis f=r each R R R
e.g eri=en:

813. Analysis of computer behavic
*

14. I=pirical ec : ela ion of da a and
ce=parisen vi:h anistine

8es :slaticns
r
' 15. TL al Analysis Report f:: :es: A R R

series

15. Specification of accuracy of R A A

=easu:e=ec-

.

.

-
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Lacend for Table 2-5

,

R - Primar/ Responsibility *

A - Assistance- .

g ..

approval by analysis
* R: instrument developer in all facilities
*

New :ncdel tests: decision by Technical Ccordination C0mittse
' Within a specidied time peri:d (see Appendi:c 7) reports will be

released to the public following a :sv:.ew by the TC:' to ensurs
cc ectness of data and calculacion results.'
depending on interest of pa.7f

, ,
* unless specified otherwise
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Table 2-6 summarizes the app;cxi=ata nu=her of
documented studies to be peric:=ed.

1

As improved versions of TRAC become available they
o

-
. will be used is the 2D/3D P cg:Am.

..,

TRAC-PLA Faster-running than TRAC-P1
'

TRAC-PD2 New sficcd scdeling; s ::: cc :sc icas *

TRAC-PFL Fast-:t--ing; non-condensible gas
TRAC-PD3 Multi-D kinetics with feedback, A515,

restructured with improved =cdeling (if :
development is authorized by NRC;

'-4=5 calcula:icas vers perfe==ed using TRAC-PLA.
During calendar year 1990 and 1981 sos: cal =ulaticas
were perfor=ed using PD2. Beginning '- -=**ad=-
year 1982, TRAC-PF1 vill be used for :es cal:ula-tie ns .

All versions will be Islaased p ==p:1/ f : 2D/3C
use aftar comple: en. *he I3M version if avai' able '

will be released when requestad.
.

Inf===atica about developmen and calcula: ices vill
be exchanged be:veen parties in advance of ==mple-tien of the codes. USMRC will keep the 3MFT and .

JAI.C and thei ==ntrac:ces infor=ed of details of
the model develo ment of the TRAC cede and willprovida, upcn esquest, copies of the la:as: released
version of the TRAC code f=r their cwn uss.

|

l 3.3 Assessment of Test Resul s
i

In sup= ort of the JAIRI and SMIT :sficed and refill
program experiments, the USNRC will conduct sys sm-
acic assessment of the :est results. Th s assess =en:vill be carried cut for seversi purposes :

In support of the TRAC devel=pment activities,-

a thercugh understanding of the physical
phencmena and the sequenca which they cc:ur is
needed. Assessment of the test data will be'

, performed to meet this need.t

In support of :ss: facility operation and in-

evaluating the perf :=ance of the ins : =enta-
tien, consistancy checks will be perf::=ed on*

the data. This inten is :c assure the :ss:1 :ssults and the cu:put fr:m the ins:: =entation
are ==nsistan: and sensible.|

l
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In support of applicatica of the test da a in-

improving the TRAC analysis, si=ple analyses
of separate aspects of the test facili:7 will
be perfe:=ed. This intent is to e=phasize
understanding of the basic physics involred
and to a:cplore the i=portance of various para- l

meters before incorpers ing these i .:c the -|
- .

larger, mere complex and complaca computar !

codes such as *RAC.

In suppcrt of applying the cast results to-

other facilities (coupling) or to full-scale
PWRs, test data assessment will be perfc =ed
=c assess the effects of characteris-des
unicue to pa.~. ic..la2' test facilities and to .

- address the probism of applying the results
to PWRs. *2 h u s , th e applicability of 23/3D
test results c= the licensing process vill
be censidered in a H ~ely =ana.er. This work
will also be used to feed cack to tast plan-
ning to assure =axi=u= usefulness cf :ss:s
to i e parder=ed.

The cast :ssul:s analysis ac_iri_las vill be
ecc:dinated with s4 'lar ac_ir._ies conduc:ad by
JAIRI and TRG personnel and will be decu=en ad,
as appropriate, using the ac._.a1 23/30 decu=enza-

.

tica precedures.

.

.
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CHAPTER 3
.

TEST PLANS
.

. . I. UPTF Test Plans and Schedule

The basic test to be performed is a reasonable simulation
of a PWR LOCA from the time the upper plenum reaches 9
bars absolute through the last part of blowdown (to
establish the initial conditions of the refill phase),
and through the refill phase and the crucial part of
reflood. A real-time simulation is preferred unless
substantial cost savings or other benefits can be obtained
without adversely affecting the experimental data.
Emphasis and temporal priority will be given in the pre-
liminary test matrix (Table 3-1) to existing ECC systems.
The test period will be two years. A total number of 30 tests
shall be performed. If achievable, a larger number of
tests will be performed within the specified test period.
Hot and cold leg breaks and different break sizes will
be simulated.

Provisions will be made to perform separate effect tests.
One part of the tests will be coupled tests to inter-
connect the 2D and 3D test facilities. Another part of
the tests will be parametric tests.

The UPTF schedule is shown in Fig. 3-1.
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TYPE OF TEST NUMBER OF TESTS
-

O

A. SEPARATE EFFECTS.

TEST 13

.

1. DOWNCOMER 6

2. UPPER PLENUM 6

3. STEAM GENERATOR 1
TUBE BREAK

B. INTEGRAL TESTS 17

1. COMBINED INJECTION 8

2. COLD LEG INJECTION 7
(INCL. B&W)

3. ALTERNATIVE ECCS 2
,

!

! TOTAL NUMBER OF TESTS 30

TABLE 3-1: PRELIMINARY TEST MATRIX
FOR THE UPTF
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II. JAERI Test Facility Test Plans and Schedule

1. Cylindrical Core Test Facility

1.1 Test Procram

The main part of the test series to be performed e

is a direct, continuous simulation of a PWR LOCA
- from 6 bars absolute through the last part of-

blowdown, refill and crucial portion of reflood.
A real time simulation is preferred unless sub-
stantial cost savings or other benefits can be-

obtained without adversely affecting the
experimental data. Emphasis and temporal
priority will be given in the test matrix to
existing ECC systems.

The test period shall be a's shown in Fig. 3-2
for Core-I and Core-II. A minimum of 20 tests
will be performed with each of the two cores
(see Table 3-2) .

Provisions shall also be made to perform separate
effects tests. These separate effects tests are
to be used to understand the performance of
particular portions of the integral tests, e.g.,
downcomer penetration, and to test effects of
particular interest or unility in coupling the
SCTF and UPTF. These tests will also be used to
conduct parametric tests as required.

1.2 Schedule

The overall schedule shall be as shown in Fig.
3-2.

2. Slab Core Test Facility

2.1 Test Program .

The main part of the test series to be performed
involves a direct, continuous simulation of a
PWR LOCA from 6 bars absolute through the last
part of blowdown, refill and crucial portion of
reflood. A real-time simulation is preferred
unless substantial cost savings or other bene-
fits can be obtained without adversely affecting
the experimental data. Emphasis and temporal
priority will be given in the test matrix to
existing ECC systems. The test period will be
as shown in Fig. 3-2 for Core-I and Core-II.

-69-
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Core-III will follow. A minimum of 20 tests
will be performed with each core (see table
3-3) . If achievable, a larger number will be
performed, and, if practicable, within the
same time period.

Provisions shall also be made to perform
,

separate effects tests. These separate effects
tests are to be used to understand the perform-,

ance of particular portions of the integral
test, e.g., downcomer penetration, and to test

-

effects of particular interest or utility in
coupling the UPTF and SCTF. These tests will
also be used to conduct parametric tests as
required.

2.2 Schedule

The overall schedule shall be as shown in Fig.
3-2.

,

h

!
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TABLE 3-2 *

.

9ylindrical Core Test Matrix
'

-
r

.
1st Core 2nd Core

Fuel Assemblies 15 x 15 W 15 x 15 W

Peaking Factor 1.49 1,40

Upper Plenum Internals 17 x 17 W 17 x 17 W new~

design ~
Type of Tests Cold leg Refill /Reflood

Injection: 20 runs tests with cold
leg injection:
10 runs
Alternative ECCS
tests: 5 runs
Coupling tests
with SCTF: 1 run
Others: 4 runs

,

-71-
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Figure 3-2
Til1E SCHEDULE OF JAERI LARGE SCALE REFLOOD TEST PROGRAM

hCALEilDAR
AR

TEST 1977 1973 1979 1980 1981 1982 1983 1984 1985 1986 1987ITEM

SilAKEDOWN SHAKEDOWN
TEST

DESIGN TEST
'

| /, C0tiSTRUCTION TEST .g TEST
CYLINDRICAL ''

(20 RUNS) 3
(20 RUNS)CORE TEST

-

1
f

!

FIRST CORE SECOND CORE

!

i

SHAKEDOWN SHAKEDOWN SHAKEDOWN
. _ _ . _

TEST TEST TEST

DESIGN CONSTRUCTION TEST TEST ! TEST
,

SLAB CORE I 'n
TEST (20 RUNS) (20 RUNS) (20 RUtiS)n n

i

FIRST CORE SECOND CORE THIRD CORE

1

|
.

. .. --
''

.

_ - - . - - - - - - . . . . . . . m. ........ -.
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' TAB LE 3-3

Slab Core Test Matrix

|
|

Core I II III
i
iUpper Structure CCTF Core-II CCTF Core-II UPTF CouplingCoupling Coupling

Core W, Blockage W, Normal KWU, Normal

Test Forced Inj. 10 Cold Leg Inj. 16 Combined Inj. 15 i

!Gravity Inj. 1 Vent Valva 2 Cold Lcq Inj. 4

Cold Leg Alternative 2 Hot Leg .Inj. 1Inj. 7 ECC

Combined
Inj. 2

Total 20 20 20

.

.
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APPENDIX I

TABLE OF MEASUREMENTS TO MEET THE OBJECTIVES OF
. Ins 2D/3D REFILL /REFLOOD PROGRAM
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Notas and Cassents Relatino ts Attaetment I -

..j 1) P=
primary measurement (sandatory, to esasues key phenomena necassary
for code valication and esupling of results betwen facilities),.

*
.

3= sec ndary measurement
usaful in ar. ding uncers(tanding of primary measurement),actional and backun*.s primary measurement;':

-

I
' - 5-1 = high saccadary priority,

5-2 .x secium secencary priority, . -

5-3 = low sec ndary priority. -

. .

. 2) X = NRC,
i F = Facility.
t

3) Deleted
--

-

4) Total nuncer of T/C per c=rs; not all may be recurced curing tast.
'

5) includss 6 pairs af staggernd runs.
'

6) 12 unaeatad rods. ,.

U
Ac*. cal placament of instrumentatica datarsined .4 TRAC necing.

~

*

8) Facility inforsation based on dar ==ots datad:
.

CCT?-I: 11/77
UPT?: Design see** gs and telexes, 1978-1980 I
SCTF-I: 5/73 ,

1
-

The NRC isscentation support for PIC' facility was
car 4 =ted is October 1981 because of facility schedule
delay.

9) Located near top of cors. .

10) 1/ bundle located just belcw tie plate; the rest =cvable
vertically.

11) 3 across 4 assemblies and 3 across 8 asse=blies., .

t

*
12) Reusable for the next core.with refurbishment.

'

13) These ther necouples should be as s=all as possible is order toi= prove the respense H e.

14) To b'e reused if working wd thout rafurbishwnt.
t -

, -~ .

| 25) 3 vice-range LLDs with pre,hes spac.ad 20 cm apart, and 3 nart w-rtnge LLDswith preces spaced 10 cm apart.-

.15) 6 vertical preces /LL2, wita 2112s/ bundle near the side =4 tis and 1 LL3 in.the eset haffle'rigicn.
.

- - . - - , -. --. - - - - -
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17) See downc=mer. -

18) Same instrJeants are enteredistwodifferentplaces: the cere/ lowerplenum and the devacemer.
, .

15) Ar.titional APs requestad by NRC across tie plata: '
.

.
-

C::TF-II: 8
UPTF (360*): 22 ' *SC"7-I: 4 -

.

*20) Turbine not included.

:".) This is the same FD Grid as entered under *ilpper Plenum Fool Fer=ation."
_ _ .

1*
.

22) The USNRC rec = emends that only a few and bezas have sultiple T/C asasure-
sants, with taa rest spesad out ts have at least one T/C asasurement per
end ba.x.

23) Incluces T/C near UC37 .%1as. -
.,

.

*

24) Prchas locatad at 2 levels. *
,

.
,

. 25) Celetad.
25) Void seasurement only. *

.

27) Seth mid and velocity seasurement.-

23) L cate gama-dansit:metar in froth region.

23) Gama densit: meter not included'. ~

30) T/Cs anave UC37. '
.

. .

31) If pipe is used for ven. flow..

. .

22) If flag valve is used for vent flow.
.

i 33) Not appiicatie in thasa early facilities.

34) These instruments fill most of pipe.

15) Locata 7/C on either sida of in.fection tae.
'

,
"

35) Not appifezbte in 3/78 UPTF design. l'*-
*

. .- .
. , ,

37) T/C ta seas::re es*t.11 ta=perst::re on see:ndary side of re.za .qener11.~.r. '

38) Inlet flow free .5t leg spool piscas.. - -

. .. .

, . *, .
. -

.: -.
. -

. .* *
, . .

. .

.
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39) Covers entire height of downc:ser; NjxN2*M3 = azi:::uthal x radial x axial
"

40) NRC requests these azimuthal d measurements in the dcwnc=ner at 2 axial
.

levels.,
.

,

.

41)
.

Mass flow G, = p, V, (across UC37); a denotas tw ;hase sixt:tre
.

.

U *****'"'** {* **d O''42) Mixt''rn tens-irj p u
a L .3 seasurement in enc ::x s pL a'

. e. .

43) Liquid velocity tcross tie plata V
[TL
*

(c:r tiation consuntg= 2:
will be det. ermined fr:a--

CANL experiments). , , _
- - - - - -

44) Knowledga of liquid ;rtssure and temperaturi per: sits datar=ining ; . .

45) In UPT7, Q, and Q will be infected .*r:a below (see under "UPTF Injec-icn
Isne") anc f t wi1Y te possible ts uset. me COL c:rrelation for tour.ct-cact..

46) ne =r-Juccer-91enu:n~ intarface sene:::e is new being tasted at the
CRfa.. ICL. See fec uota (54). De final susurs:ent scneme, including
sedelling, will be deveicped frem these test rssults. -

47) mis is the same FCG as entared under Cort /UP interface.
' '

.

.

48) When there is negligible liquid in me end bcx for hign unflow, us mixturs
| aass flew rata c2n be detarsined trea:

# (acruss tie plata) m. I.,2 G, V3

whers the Macity of 12e cantar of accent:.:n of the tw phases, V , is
sensursd by un turstne setar. y

.

ne, assumotion used ta intacret these seasurtsents is that tae cress flow
~

ts neq11gible bec.een end aczes, so taat it is possible ta raiata the tie|

i plata .t? wit' UC59 velocity. Justification of tasse rstations has been!
'

disc::ssed in a sacarata writaug.

49) AP denotas un d across the end kex t1e plata, andg

'A ,P3 denotas ne e betwen the tie plate and the upper p1,enua.
e

50) Total of 3 new video cptical pretes for Q..r-II,

E beleted '

.

.
,.

.

-

|
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11 52)' Extend fras lowr pienue into core. On each LLD:19 axial probes. 1
f,

. '

! 53) 17 axial pmbes en each of 4 core LLDs in SCTF; 2 pmbes in LP,15
probes in core.

'
.

54) Upper plema/ core interface instruments are being selected.

55) 2 T/C in each of 32 end boxes and remaining 36 T/C distributad. '

56) Transducers and signal c=nditioners to be pmvided by USNRC, and
tuces, plunoing, and purging c:ntml system to be pmvided by SMFT.

.7) One T/C per hot leg in bottom of pipe.
~

1) One superheat pmbe per hot leg in upper half of pipe.

) 2 axial levels of 8 azimuthat taos; tie together ver.ically and
azimuthally.

Cne instrunent per :ene; 17 :enes.
t

A (P transducam, signal conditioning electmnic:; and purging control
'systan to be sucolied by the USNRC; tuces, plunbing and purging :n;

.he pmvided by the facility.
.-

!" hanged in Oct bar 1981.

anged in March 1982.
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