March 15, 1982

MEMORANDUM TO: Robert B. Minogue, Director
0ffice of Nuclear Regulatory Research

FROM: D. F. Ross, Deputy Director, RES
SUBJECT: TRIP REPORT, CHINA & JAPAN

[ 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
operaiting 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 [ 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. [ 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 Ministry 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 weuld like to have more information
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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-
active releases to the ocean. 1 said we could provide,.

Japan (See Table 2 for contacts)

On Monday, March 8, I (and H. Sullivan) toured the JAERI facilities at
Tokai. 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 (~6 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 (orA200K/yr).
Tests will start in 2 years, on TMI simulation, ATWS, SBLOCA, National
Lirculation, 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
20-30 program plan. Then we (Harold & to Hitachi and met with

Mr. Na 'toh and his department manager, Y. .atuo (of the Energy Research
Laboratury, at 1168 Moriyama-cho, Hitachi-shi, Ibaraki-ken, 316 Japan). We
discussed the two-bundle loop (TBL) and the 609 core spray tests. TBL is
sponsored by 6 utilities plus Hitachi and Toskiba (both BWR Manufacturers),
Tel 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,

A satisfactory arrangement was developed.

The 2D-3D Steering Committee met on March 10, 1982, in JAERI headquarters,
Tokyo. The representatives were:

USNRC FRG JAER]
D. Ross W. Schmidt-Kuster I. Miyanaga
L. H. Sullivan K. Hofmann M. Nozawa
K. Hirano

[. Miyanaga, member of Board of Directors of JAERI (as SC rember from Japan)
was the chairman. DOr. Nozawa, Director of the Reactor Saiety Research Center
of JAERI-Tokai (and Japan TCC member) served as assistant meeting chairman.

Or. Schmidt-Kuster, 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 thought there was no further margin, financially.
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Ross indicated that he hoped that 20/30 data would be useful and used in
the lTicensing process, either for optimizing ECCS for new designe, 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 20/3D. His viewgraphs
are attached,

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 trilaterfal agreement signed 2 years
ago.

Schmidt-Kuster suggestad 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 on
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,

Uther 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. Aisaka (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 conmittee 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. Tley 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.

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

Attachments:
As stated
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Jiang Shengjie

Executive Vice President, the
Chinese Nuclear Society, Vice

Minister, the Second Ministry
of Machine Building

P. O. Box 2125, Beijing, China

Wei Zhaolin Zharg Shiguan

Director. the Fifth Bureau of the Engineer

The Technicay Information

State Scientific and Technologics]
Commiss ion
The State Scientific and Tech-
nological] Commission, Beijing
(Peking) PRC

Dai Chuanzeng, py.p.

Deputy Director, 1AE,
Mimber of Mathematies & Physics
Division, Academ:a Sinica

Institute of Atomic Egergy, Sccond Mimistry of Machine Building
Tel.868221-808

P.O.Box 215, Beijing, China

Institute, The Second
Ministry of Machine Luilding

P 0. Pox 2103
Beijing, China

Zhang Chongyan

Engineer
the Fifth Bureau of the State Scie-
ntific and Techr.ological Commission

the State Scientific acd Tech-
rological Commission. Beijirg
(Peking) PRC
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Dr. HIROSHI ISHIKAWA

DIRECTOR
TOK Al RESEARCH ESTAlLlSNMENT

JAPAN ATOMIC ENERGY RESEARCH INSTITUTE

TOKAIMURA, NAKAGUN,

IBARAGIKEN, JAPAN PHONE

02928-2.50;2
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De. MICHIO ISHIKAWA

JAPAN ATOMIC ENERGY DEPUTY MEAD,

RESEARCH INSTITUTE DIV. OF REACTOR SAFETY
TOLAL MULA NAKA-GUN, TEL. (02920) 28270
IBARACIAEN. jaran

T/ Thuer PERL Y

HIROEI NAKAMURA

DEPUTY ESTABLISHMENT DIRECTOK
TOKAI RESEARCH ESTABLISHMENT
JAPAN ATOMIC ENERCY RESEARCH INSTITUT:

TOKAI-MU'KA NAKAGUN
IBARAKI-KEN  JAPAN TEL o%928.2 3018

SATORU KATSURAGI Ph. D.

HEAD DIV. OF REACTOR SAFETY

REACTOR SAFETY RESEARCH CENTER

TOKAI RESEARCH FSTABLISHMENT

JAPAN ATOMIC ENERGY RESEARCH INSTITUTE

TOKAI-MURA IRARAK] KEN
TEL (m9¢s)2 528

MASAYOSHI SHIBA

CHIEF. SAFETY ENGNG LAS. |
TOKAI RESEARCH ESTABLISHMENT,
JAER)

TOKAL MURA IBARAGI, JAPAN
TEL (02928) 2-524)



Table 3

Kunikazu AISAKA
nl.lcfﬂ

Division oF NucLEam Powen
SAFETY ExaminaTiON
AGENCY OF NATIONAL RESOURCES
AND EnERGY

M.LT

SCICHI NAGAMATSU

POLICY COORDINATOR
NUCLEAR POWER DIVISION

MINISTRY OF INTERNATIONAL
TRADE AND INDUSTRY (M 1 T 1)

TR, MASUMIGASER] CHIYODANY TEL. 03801181
TORYO. JAPAN EXT 3a7



2D/3D PROJECT

STEERING COMMITTEE MEETING

MARCH 10, 1982

JAERI, TOKYO

FRG HANDOUT
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GKM, Superheated Steam,

.ﬁ_} 21 bar, 530°C [F 21 bar, 220°C

o
l o—o— a1l *

—t *1 o
7( -2
1 Test Vessel 3b Water Separator S Accumuator
2 Steam Generator Simulator (Broken Loop. Cold Leg) 6 Containment Simulator
(Intact Loop) 3¢ Drainage Vessel 7 Steam Storage Tank
3a Water Separator for Hot Leg Break 8 N,-Tank
(Broken Loop, Hot Leg) 4 Hot Water Storage Tank 9 Water Collecting Tank

UPTF - Flow Diagram
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UPTF - Test Vessel
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Steam Storage Tank |

Reiief Pipe

o Y I o

Broken Hot Leg

l ( ) Broken Cold Leg
I

\.
- Rupture Disc
- &‘ r‘%
Qj— r—//é :Pressure Relief Line
17000 —
Drainage Tank Line
8400
L b
2000
e e L !
5500
1
T v — '
Cool Down Line l
Total 1500 m3
—— 21300 — - - ——«

Dry Well 500 m?
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 b4
Fluid Temperature below End Box X . »
Wall Temperature -, Ty i 7 ’
Pressure X 7 7
DP to Containment ¥ i x
DP Upper Plenum - Downcomer X b1
DP Vent Valve X X
DP axial B ¥ X “)(—
DP horizontal 3 X
LLD " X B
DG | % X X

Break Through Det. X

b4

Video Probes P2
Turbines vertical X b4
Turbines horizontal X X
Tuthines & String Probeg X
Flow Modules X
Conductivity Probe X

Instrumentation in Test Vessel




1 Test Vessel 3b Water Separator

2 Steam Generator Simulator, (Broken Loop. Cold Leg)
(Intakt Loop) 3¢ Drainage Vessel

Ja Water Separator for Hot Leg Break
(Broken Loop. Hot Leg) 4 Hot Water Storage Tank

Lo wm

Accumulators
Containment Sitnulator
Steam Storage Tank
Water Drammage Tank
Drawn Storage Tank

UPTF Layout
Top View




1 Test Vessel

3] 2 Steam Generator Simulator
{1 %F (Intact Loop)
3a Water Separator
(Broken Loop, Hot Leg)
(:,:) 3b Water Separator ‘
/ , — X ; (Broken Loop, Cold Leg)
_. v 3¢ Drainage Vessel
| — T for Hot Leg Break
: ,' i'/ - 5 Accumulators
( 11 7 Steam Storage Tank
D e —
\ é ;. . +25l40
- T ¥
,D Ja 2 | v +1940
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4
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| / - :
| =g : :
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A
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| “FL 1L
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UPTF Layout
Side View
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UPTF Layout
Front View
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COHSTRUCTION

HSHRC THSIR,
DELIVERY (S17E)

DAS ASSEIRLY

SHAKE DOWN

TESTSSUPTF

scTF (111)

1981

1982

1983

1934

U35 1986 1987

L

2D/73D Progect, UPIT Schcpm

December 1981



TYPE OF TEST

NUMBER OF TESTS

A. SEPARATE EFFECTS

TESTS 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. BaW)

3. ALTERNATIVE ECCS 2

TOTAL NUMBER OF TESTS 30

TABLE 3-1: PRELIMINARY TEST MATRIX
FOR THE UPTF




STATUS OF UPTF

MARCH 1982

- TIME SCHEDULE UNCHANGED SINCE 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)



UPTF PROJECT

PROGRAM CHANGES WITH RESPECT TO 2D/3D AGREEMENT

MARCH 1982

- SHIFT OF TIME SCHEDULE

- DELETION "F 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
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December 1981



2D/3D USNRC PROGRAM

MARCH 10, 1982

L. H. SULLIVAN




1. 2D/3D NRC PROGRAM STATUS

2. SCOPE CHANGE SINCE 1980 AGREEMENT

3. PROGRAM PLAN




20/3D USNRC PROGRAM STATUYS
AR

CCTF T INSTRUMENTATION COMPLETED,

SCTF T1 INSTRUMENTS UNDER FABRICATION. REFURBISHMENT OF SCTF I INSTRUMENTS
BEING PLANNED FOR USE IN CORE II.

UPTF INSTRUMENTATION SCOPE AGREED,

SCTF 111 INSTRUMENTATION SCOPE BEING FINALIZED AS A RESULT OF CHANGE IN
UPTF.

UPTF DAS SCOPE BEING FINALIZED.,

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 BEHA:'IOR.



—FORMAL AGREEMENT ~ CURRENT PROGRAM PLAN  _REASONS FOR CHANGE

STERO LENS IN CCTF,
SCTF AND UPTF

SCTF IN-CORE
IMPEDANCE PROBE

FLUID DIST. GRID IN
CCTF AND SCTF

TV CAMERA AlD
RECORDER FOR SCTF

TURBINE AND DRAG
DISC IN CCTF LP

VIDEO PROBE

INP PROBE NOS. IN SCTF

IT AND IT1 SWAPPED

PROBE NO. INCREASED

ELIMINATED

COOLED T/C SELECTED

TECHNICALLY NOT FEASIBLE
WITHIN 3D SCHEDULE. NOT
NEEDED BECAUSE ACTUAL FLOW
EXPECTED DIFFERENT FROM
SPHERICAL DROPLET FLOW

T0 ACCOMODATE UPTF
SLIPPAGE

TO EXTEND MEASURING RANGE

JAERI AGREED TO PROVIDE
THESE.,

TURBINE AND DRAG DISC MOT
CAPABLE OF MEASURING REVISED
LOW FLOW RANGE



SIACE FORMAL AGREEMENT SIGHED IN JANUARY 1980

_FORMAL AGREEMENT

FILM PROBE IN CCTF 11
CORE WALL

DP'S AND PITOT TUBES
IN UPTF END BOX -

PRETEST AND POST-TEST
PREDICTIONS AND POST-
TEST ANALYSES PLANNED
FOR EACH TEST

(CONTINUED)

CURRENT PROGRAI1 PLAN
ELININATED

DRAG BODIES AND DP'S
SELECTED

POST-TEST PREDICTION
AND POST-TEST ANALYSIS
(IF HECESSARY) PLANNED
FOR EACH VALID TEST

_REASOHS FOR CHANGE
PER JAERI REQUEST

PITOT TUBES NOT SATISFACTORY.
DRAG BODIES SUPERIOR TO DP'S

NO NEED FOR ANALYSIS FOR
REPEATED TESTS. USUALLY
PRETEST PREDICTION NOT
APPLICABLE TO DATA BECAUSE
OF CHANGE IN TEST CONDITIONS



NRC _SCOPF CHANGE
SINCE FORMAL AGRFFMENT SIGNED It JANUARY 1980
(CONTINUED)

—FORMAL 'AGREFMFNT  CURRENT PROGRAM PLAN _REASONS FOR CHANGE

FLUID DISTRIBUTION GRID ~ PROBE NO. DECREASED REDUCED NO. TECHNICALLY

IN UPTF SATISFACTORY

FILM PROBES IN UPTF & ELIMINATED QUIESCENT FILM FLOW NOT

SCTF 11 EXPECTED

IMPEDANCE PROBES IN

UPTF ELIMINATED VOID FRACTION INFO FROM DP & FDG
SCTF 111 REDUCED SOME ALREADY FABRICATED

SCTF 11~ INCREASED PROTECTION AGAINST LOSS IN CORE |
STRING PROBES IN UPTF REPLACED WITH DP MEASUREMENT REQUIREMENTS CHANGED
VENT VALVE

DRAG BODIES IN SCTF I11 ADDED \ COMPATIBILITY WITH UPTF

TIE PLATE

BREAKTHROUGH DETECTORS ADDED COMPATIBILITY WITH UPTF

IN SCTF I11 TIE PLATE



NRC SCOPE CHANGE SINCE SIGNING OF
THE FORMAL AGREEMENT IN JANUARY 1980

1. INSTRUMENT SUPPLY

ORI GINAL AGREEMENT CURRENT PROGRAM PLAN REASONS FOR CHANGE
Stereo Lens ' Video Probe . Technically not feasible
' i within 2D/3D schedule.
CCTF 1 Quantity: no change ! Also not needed because
IT 3 , i of inappiicability of
SCTF 1 2 , | highly idealized droplet
UPTF 4 flow.

' SCTF Core I1 & 111 are

In-core Impedance Probe
i swapped to accomodate

SCTF 11 8 SCTF 11 4 UPTF schedule for
Il1 4 i I11 8 coupling between UPT
. and SCTF. .
; ¢ .
Fluid Distribution Grid | Extension of measuring
; range. LLDs and FDGs
SCTF 1 up 8x7 g SCTF 1 UP 8xE are combined in CCTF 11
DC 2x2x10 ; DC 2x3x7 upper plenum. .
CCTF 11 up 8x7 ! CCTF Il up 11x10
I UP(LLD) 3 :
IT DC 5x3x10 DC 6x3x7
! 6x1x6 -
1
TV Camera & Recorder JAER] agreed to provide
: these. )
SCTF I HL 2 : None i
CL ’ None |
i 1
i T
Turbine Meter |  Cooled Thermocouple ! Change of measurement
| \  requirements (seeking
CCTF 11 LP 4 f CCTF Il LpP & very low flow measurements
' below turbine & draa disc
Drag Disc ! : ranges).
CCTF II LP 4 ‘
:
Film Probe | Eliminated per JAERI
request.
CCTF 1! Cope Wall & None
dP's and Pitot Tubes Drag Bodies 36 Pitot tubes are not
(end box) satisfactory. Drag
UPTF Core/UP 200 Narrow dP 9 bodies are superior to
(across tie dP's.
plate)
Wide dP 36
(end box
water level)

'Breakthrough 100
Detecters

St Rt Bl e o o S0 LIRS I ey ooy oy e ol o R e BRE s e e L e S B, R Bl BRI L s B e R e T



INSTURMENT SUPPLY (Continued)

ORIGINAL AGREEMENT

CURRENT PROGRAM PLAN

REASONS FOR CHANGE

Fluid Distribution Grid
UPTF UP 100 X 7

DC 100 X 3
Film Probe
UPTF UP 6
HL 2
SCTF 111 Core Tube 6

Impedance Probe

UPTF UP 12
SCTF III Core 8
SCTF IT up 0

String Probe

UPTF Vent Valve 5

op

UPTF Vent Valve 0
Breakthrough Detectors

SCTF II1 Tie Plate 0
Drag Bodies

SCTf IIl Tie Plate 0

UPTF UP 63 X 7
DC 50 X 3 + 50 X1
UPTF UP 0
HL 0
SCTF II1 Core Tube 0

UPTF UP
SCTF 1II Core
SCTF IT up

& o

UPTF Vent Valve 0

UPTF Vent Valve 5§

SCTF III Tie Plate 2

SCTF II1 Tie Plate 4

Reduced Number
Technically Satisfactory

Quiescent Fiim Flow
not Expected

@ From DP & FDG
Protection against
Loss in Core 1]

Measurement Requirements
Changed

Measurement Requirements
Changed

Compatibility with UPTF

Compatibility with UPTF



ANALYSIS SUPPORT

ORIGINAL AGREEMENT

CURRENT PROGRAM PL AN

REASONS FOR CHANGE

No. of calculations spec-
ified. For each experiment
pre-test and post-test
predictions and post-iest
analyses will be made.

No. of
Calculations

CCTF 184
SCTF 228
UPTF 221
PWR 141

No. of studies specified.
For each valid experi.ment
post-test prediction and
post-test analysis (if
necessary wiil be made.

No. of
Studies

There is no need for
calculations for the

tests that are repeated
for reproducibility check
or for the tests that give
essentially same results
as previous tests. Pre-
test predictions are
eliminatec because usually
the actual test conditions
are different from the
previously planned ones,
thus making pre-test
predictions not directly
applicable to the tests.



STATUS OF JAERI ACTIVITIES

2D/3D STEERING COMMITTEE MEETING

JAERI, Tokyo

March 10, 1982



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.



CCTF:

SCTF:

TEST PROGRAM

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.

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,



TIME SCHEDULE OF JAERI LARGE SCALE REFLOOD TEST PROGRAM

CALENDER
- YEAR | 1977 1978 1979 1980 1981 1982 1983 1984 | 1985 1986 1987
ITEM
SHAKEDOWN SHAKEDOWN
TEST TEST
DESIGN ¢/ (5 RUNS) (2 RUNS)
4, CONSTRUCTION ¢, ~ | 'TEST , TEST ,
CYLINDRICAL 4 I p !
il (22 Runs) ~ (20 Rus)
12 6 2 8 |a 6
FIRST CORE SECOND_CORE|
SHAKEDOWN SHAKEDOWN SHAKEDOWN
TEST TEST TEST
(2 RUNS) (2 RUNS) (2 RUNS)
DESIGN CONSTRUCTION lk TEST .L TEST 4 TEST
SLAB CORE H - d il
A 2 v | CCORNS) (20 RUNS) _ |, (20 RUKS)
6 4 8 2 8 12 10 10
FIRST CORE SECOND CORE THIRD CORE
Note: —4 denotes test period and number of tests.

4




Beginning of

1st
2nd
3rd
4th
S5th

Note:

revision
revision
revision
revision

revision

TOTAL COST ESTIMATION

program (1976)
(1977)
(1978)
(1979)
(1980)
(1981)

e B S

.4x10’yen
.7x10°%yen
.5x10’yen
.2x10"%yen
.4x10"%yen
.5x1d”yen

Not included manpower cost and computer charge.
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A COORDINATED ANALYTICAL AND EXPERIMENTAL
STUDY OF THE THERMOHYDRAULIC BEHAVIOR OF
EMERGENCY CORE COOLANT DURING THE REFILL
AND REFLUOD PHASE OF A LOSS-QF -COOLANT
ACCIDENT IN A PRESSURIZED WATER REACTOR

PROGRAM PLAN

MARCH 1982

APPROVED BY:

Dr lyo(f -7 SCAMIDT-KUESTER, FEDERAL REPUBL ERMANY
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CEAPTER 1

CBJECTIVIS OF TEZ PROGRAM

General Reactar SaZetv Research Cb-ectives

wooe Countries for
Svisec sV ECC
243 La SWRS

Resolve Licensiae Concerns ia T
EfZac<iveress c: Core CocLicc =
r

Svstems :-or _ar-e and vMec.um 3

Reactor licensing concesns ars sizilar ia the 0S, FRG
and Japan: safaty issues do not 2:if2far across naticnal
Soundaries. 3Some suestions raised L2 the USASC 15372-3
ZCCS Ruls Making Searing are still net= completely
answerec, sucll as st2anm Sinding, ZCC bvpass, and full-
size effacts. The 2D/3D ?Pzocram will resclve =hese
licensiag concerns 3y proviiing Za<a and analysis =2
guantily the salazy 3;arsias smoedcses in =he 2ZC2
acceptancs c-itaria and e asscciacted Prascoigtisn
Sor evaluazing t2e existiag ICC syscens as sez fazzh
ia the ECCS zeariags.

Siace it i3 <00 costly for 3ne ssun=sy 9 suilé and
cest a full-scale c-2aceor vessel wizh a jeazedé ccsre,
the 3rogrTam unites the ICC saZecy ceseacch effcr=s c?
three countries, withk each parsy sravidizg umicue
rescurses tlat Jan e cauzled wish ths sascurcss
grovidesd by the other tWo parsies. Thus, TRC is
supplying the Usper Plenunm Test Facilisy o0 pravide
data for fulli-scale usper plenun andé dcowncomer Slow
behavior; Japan is supplying =he Slab Core Tess
Facilicy =2 zrovide daza on the neaced cores effecs
in a fall-height, fulle-radius geomez=>y andé t&
Cylincdzical Cocs Test Facility =2 sravide svstenm
bekavicr uncer conditions of steam binding; che TS
is groviding iastoumentacticn and analvsis o cousle
all the exserimental rcesults.

= o Provide Tull-Scale Dat2 #fzr Assassmens of
CACADLLLE7? 32 Camouter CHEES =2 vrecice €
ACcilcent Resconse O:i Larte CommercLal WSS Jurinc

~ -

a Whola 3sec=-xm 0 3reaxks 1a .CCA

At present, 10 exgerimental steam tinding data in a well
sizulated uprer slenun exists for lacge or Tedius




break LOCAs during reflced. The ZCC oypass data
during cefill is available only in small tess
facilities up t2 1/5 scale of cdowncomer wids

Separate effects data will be supzlied Ly UP.-
scaling of de-entrainment ncdels far ugrer olenun
stTuclures, scaliag of flow mecdaliag in the down-
ccmer gap, on condensatzicn-induced interaceisns
between steam water ia the uscer 2leanum and san the
modeling of liquid dissribustion ia the upper slenunm,
iaclucding CCTL at the tie-glatas. Sezacaczs ailecsts
cata will be supclied v SCTT on radial scali ng of
flow regimes in the core and on 2D affaces on gueach
Iront moticn for both blocked and unblocked sundle
gecmetries.

Coupling of %ast resulss be'ween U27TF and SCTT will
2ssess the codes' capapilisy tc predics liguid 2all-
sack Ircm che ugter planusm and su:sccuent stzan
Feneration in the core; bosh effacss sein 121G assassac
agaiast Ifull-scale dacsa

Data oa intecral svstem effscsts during and-oi-olow-
down, refill and r2flcceé are zraovided oy COYF ia &
sca’eg 2:ll-lzop gecme::y Wil elactrizally eacad
cores. This caca will assess -=e z2des’ --~a.;1;:v

S0 srecdics L;—"‘ ciatsis :zon i =he svstem and core
c:oY'-g wader conriditisns of steanm b;adiag in the lcops.
fata Curing the end-of-blowdcwn and -efill seriocd will
3ssess tle ccdes' abilisy 53 gredicst the carsacs

$ Zal conditicns far the stasz of seflace.

Quantilv the Safazv 3enefi: 2f =gt Tac Ta‘tes=iasn {or
- - - .

Joper Jlenum Il2°aCc=idn) SV 2T3Viz_ns ECE LLisves

Jenet=azilon Jata -or SHRS®

The Cata and analysis from the ID/10 2rsgram will ze
used T2 nel: cptizize tihe safezv effsctiveness of
futuze ingroved ICCs with restect =5 aecdiua and LAST
break LCCAs.

ZC3s emcloying hot leg injectisn (or uzger sleaun
injectison) has shown tle cagpasilisv c: sagidly cooling

the 9 of a rartially uncovered core ia small =r L 4
break LCCAs and coulsi concdense bu:o;es i3 the upver
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. elenum (TMI and S:. Lucie). The zcssible condensa=ian

.Jduced oscillacion in a large uprer zlenum o- the

TTyover oI water into steam generatars ccoul
agg:ava:s steam biading. The 2L/13D ‘ac-lx.zcs are %o
test the validity of these concerns ané their conse-
cuences.

Scecific Technical Obsectives

There are four specific technical cojectives for mhe 20/31D
ProgTam:

&+ Te study the effectiveness of raricus ZCCS éuring
reflccd for a larce and medium break LOCA faclucing
cold leq injection, combined acz amd ¢alé leg
injection, lower plexum injec=ion and ven= valve)

Sy measuring:

" .“e liguid carry-cver and fallisack, ané staaz
low rats across core/uister slanum iatarface.

- Tae entraizment/de-enctsrizmens 9F lizuid ia
ure slanux.

. The pressure diflerence setween the ugcter
slecun and the top 9f dcwncomer.
. The pressure ISP 2CTOSS stsam jeneratsrs.
< TS stucdy the elfactiveness of variocus 3CCS dusiag

refill £or a larze and necdiux= sresak LOCA oY measursiac:

. ZCC pernetracion i dewncomer and lower planunm
fiLL;ag during refill.

. Cowncemer upwarc steam flow transianss iacduced
2y ne concensaticn 3 steam v ICT watar dusiag
cefill.

. C=cube Zlow escillatian duzizag sefill.

. Pcol Rdeizht and cemperazura of wasar aczunulaced

in apper slenum uncder comsined iasec:ion duria
refill and reflocd.

-

3. To study the core iaven=ory anrc flow ci:
related Lo severe accidents >v measuring:

o Vet flow rate cut 0f =22 vessel and sirsulas=ian

ia the systenm.

o Seat transiir in the staan senecacarcs.
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2hase separatizn in the usper planum and

2ot lag.
. Local lizuid-level ané zamcerasures in the
SSre, upPer plenum, axit nozzla, dcwncomer

anc lower plenunm.
To stucdy the convective flcw ané samperatur
tributions inside a hcataﬁ core under thes f:sllow-
ing conditions:

" During reflocd for a larse and medium Sreak
LOCA (chimney effect).

. Under conditions of core flow blcckage dusing
cellood, by measuriag:

- gensity digtoibusion ia the sore
- veiocity distribusiasn is zhe ca°

- location and clad tam-eratures az =-es
act ssot.
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CHAPTER 2

FACILITIES AND SUPPORT PROGRAMS

X “he German Upper Plenum Test Facility

1.

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 provicde 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 Grosskraftwerk
Mannheim (GKM), where a sufficient amount of steam
for the operation of UPTF can be supplied by a
conventional power plant.

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 phasec of the
loss-of-coolant accident. The facility provides
the capability of simulating the flow conditions
from the time the upper plenum precsure reaches 9
bars absolute through the remaining transient.



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 cf the
ligquid 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 pPlenum 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:

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;

dater distribution in tha upper plenum for combined
injection, cold leg injection only, and other LCCs
defined in Section 3.8;

Delivery of ECC water to the reactor vessel and
the effects nf condensation during the last part
of 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;



= Local pool height formation rate above the
tie-plate, including frothing and re-entrain-
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
the upper plenum region;

- Heat removal from the structures of the upper
plenum;

=~ Outlet nozzle flow split and £low 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.

UPTF Design Features

The UPTF models a four-loop, approximately 1200 MwWe
pressurized water reactor, including the reactor
vessel, downcomer, lower plenum, upper plenum and
simulators for the core, containment and loop
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 ‘'ests will be appli-
cable to German, Japanese an. J.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



3.1

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.

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.

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 tarrel provides eight vent valves, as in
a B&W plant. The valves are capable cof being
kept closed as desired from outside the vessel.

Lower Plenum Internals

- The size and structure is baseda 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, cbtaining correct temperature in lower
plenum at the start of the test.

Downcomer

- The downcomer is of full-length;



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
cshielding 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
is about 2500 mm.

3.6 Reactor Coolant Loops

Cold and hot leg ureaks 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);
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Steam generator hot leg drainage is simulated;

Pump simulators are provided in each loop.

Containment Simulator

The containment is a pressu-e 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)
is 500 m3, of the lower chamber (condensation
chamber) 1000 m3;

The capability of steam backflow from the contain-
ment to the reactor coolant system is provided.

ECC System (Fig. 2-1)

Capability is provided to allow the fullowing ECC
injections into:

a. intact and broken cold legs
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 injectior;

Appropriate arrangements are provided for possible
upgrer plenum, lower plenum and downcomer injection.

Auxiliary Systems

Auxiliary systems for steam, water and nitrogen
injection and extraction needed to simulate PWP
performance, e.g., accumulator nitrogen are pro-
vided in accordance with Fig. 2-1.

Core Simulator (Fig. 2-4)

On the basis of the following functiocnal requirements
a steam/water injection and mixing device has been
developed and experimentally tested:



- 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
be geometrically similar to the PWR. The end
boxes and upper core support plate will be of
original KWU geometry (Figs. 2-3a and 2-5b). 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 refloeod
portions of the test. The USNRC will provide
analytical assistance;

- The fuel configuration to be simulated is the KWU
1€ x 16 fuel bundle;

- The core simulator shall provide for 1/ 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 €low conditions at the core/
upper plenum interface. Capability is provided to
inject saturated steam at up to 220°C.

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)

Instrumentation and Control

To the extent practicable, the same instrumentation
type ané location shall be used in the UPTF as 1is used
in the JAERI CCTF and JAERI SCTF, to facilitate the
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 SMFT is respconsible

-12-



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

Fig. 2-6 shows the experimental instrumentation in
+he test vessel.

-13-
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rig. 2-5b

Fuel Element with Flow Resirictor
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I The Japanese Cylindrical Core Test Facilitv and Slab

Core Test Facility

L.

Introduction

The Japan Atomic Enerqgy 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 simu.ated) 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.

Objectives

2.1 Cylindrical Core Test Facility Program Objectives

The objectives of the Cylindrical Core Test
Facility are:

- Demonstration of emergency core cooling
system behavior during refill and reflood
veriod.

- 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-
current flow and sputtering effect,

wZl=



(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.

Slab Core Test Facility Program Objectives

The 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 gquench
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, heiter rod temperatures
and fluid flow phenorena including flow
redistribution, and quench front propagation;
both blocked and unblocked-bundled tests
should be included;

Effect of downcomer fiows. 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.

JAERI Facility Design Feacures

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
whichk model typical PWR 15 x 15 assemblies.

The facility shall provide the capability to
reasonably simulate the £flo.' ccnditions of a
PWR in a LOCA from the time tihe upper plenum
reaches 6 bars absolute (6 Kg/cm? absolute)
through the last part of blowdown, refill
and the crucial part of reflood. Volumetric
scaling shall be used based on core area
scaling.

Reactor Vecssel

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

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

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

23~



3.1.2

- 1

1.3

e

- Four hot leg nczzles are provided. The
nozzle height aoove the core is a com-
promise representative of current PWR
designs of interest to the parties.

- Cold lea nozzles are provided equivalent
to three intact loops and cne broken loop.

Core Barrel

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

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 -or
experimental results. Desired features of

tie lwoer structure to be maintained are volume,
flow resistance, and cbtaining the correct
temperature in the fluid in the lower plenum
during the test.

Core

- The core consists of a cylindrical configu-
ration of 32, 8 x 8 bundles simulating 15
x 15 array fuel, including unheated rods.

- 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 1s included in the
downcomer flow area.

- Power to the core is controlled to vary the

power distribution to achieve the experi-
mental requirements.

-4~



- 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
practicable.

.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 provids 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.

.1.7 Reactor Cooclant 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
experimental requirements, particularly
considering last part blowdown and refill
phase effects.

.1.8 ECC Injection

Capability is provided to simulate the following
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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-1I).

- Downcomer injection;

- Upper plenum injection to simulate hot leg
injection; and

- Lower plenum injection.

Rl Auxiliary Svstems

Auxiliary systems including steam, water and
nitrogen needed to simulate PWR performance,
e.q., 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

2

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 cbtained in different
test facilities. Instrumentation for the CCTF is
provided by both the JAERI and the USNRC.

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 ¢ row of eight
simulated fuel assemblies. This core will be housed in
a test vessel, which includes a downcomer, lower plenum
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and uppe:r plenum. The slab design will be based on
eight, 16 x 16 fue! assemblies. Othe components
shall be sized basea on core area scaling, unless
otherwise specified by an expert group.

The facility shall provide the capability to reason-
ably simulate the flow conditions in a PWR during a
LOCA from the time the upper plenum pressure reaches
six bars absolute (6 kg/cm? 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.

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 comprom®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.

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.

- External piping is used for simulation of core
barrel vent valves.
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2.3

.2.4

«2.5

Lower Plenum Internals

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

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.

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 cf 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.

Upper Plenum Internals

- In the presently planned slab core tests of
the 2D/3D Cooperative Program, two types of
upper stricturals are used. One type is
representative of the Westinghouse PWR design
and of the same type as used .n the CCTF; the
other type is of the same type as used in the
UPTF.

- The distince 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.

- Provisions are made to permit accounting for
the effects of flow to and from that portion

of the upper structurals not directly simulated.

The design ic based on the injection and drain
system for simulation of specified flow and
temperature distribution.

Reactor Coclant 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 loops (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
benefit 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,
€.g., accumulator nitrogen, are identified and
sized.

- A supplemental steam supply shall be provided
to fulfill the requirements for proper simula-
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.

- Containmeat 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.
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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.

.
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Plan for Instrument Development and Supoply and Calculational
Support for the 20/ 30 Program by the USNRC

1. Introduction

[n support of the JAERI and BMFT experimenta! refil] 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 Requirements

The objective of the USNRC 2D/30 Instrumentation

Program {s the measurement of the two-phase

behavior of steam and water at the boundaries of

and locally within the core, upper plenum, downcomer

and lower 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
moisture in the upper plenum and in the
vicinity of the upper core support plate and
tie-plate;
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= Measure film thickness and velocity ia the
core, on the baffle walls and on the upper
pleaum structures;

= Measure lccal vecid fracticn in the core,
FPer plenum and downccmer:

= Measure liguid level in the downcomer, core,
upper 2lenum and lower 3zlenum:

- Measure steam and water dist-ibution in =h i
downcomer and upper plenum;

- Measure two-ghase velocities ia the down-
comer, core and upper plenum; and

- Measuse =he mass flow bezween the core and
upper slenum.

A zable listing the sugcested measurements to
2eet the odjectives cf the 2D/3D Refill/Reflced
?rogram 15 attached to this Program Plan.

This table also in-
cludes scme cf the facilisv-crovided instrumenta-

tion where sertinent =2 thie measursment objectives.

Instument Develc=ment

To measure the mass flcw and void Zraction ia
the nczzles and loops, and between -he core aad

the uprer slenum of the CITY, SCTF and UPTF, ’
several types of iastruments will be provided by

the USNRC. The lcops of =2e CCTF are to be
provided with spool piaces. The socoel pieces
are shor=, flanced pipe sections wnich contain
a drag disk, tTursbine metar, three-beam gamma
censitcmeter, Srassure cell and temperature
Jeasuring device. The stool piaces will be
iastallec in the cold and zct lag siping of the
CCTT to aeasure Iluid densi:zy, velocity, mass
fluk anc direc=icn of flow =3 and fs-cm the cold
and 2ot la2¢ locops dusing the ancd-of-plowdown,
refill and reflcod phases.

re-1 tests were rin withous
ments. aAn NRC analvsis of
ne measurements cbtained

Tae esarly CITF C
spcol piece neas
these 2ata show

-
-
.y -
-
--

!
v w
"
o
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without the spocl pieces were not sufficient
%o perZforn an unambiguous mass balance cver
all time ceriods. It was found that assumpticns
had to be used =2 obtain the mass flow rate in
the hot legs, the steam generator and the pump
simulator. These assumptions affected :=he over-
all mass balance. Hot leg spool sieces now
operat.conal in CCTF will provide the mass balance
formaticon in the future. The cold leg spcol
pieces ian CCTT will help remove ambiguicy about
the amcunt of ECC injection which flows from =he
vessel to the containzment, through the brokan
cold leg, during both refill and reflced.

.
The second series of CCTY tests will include a
downcumer I3 upcer :slanum core barsel vent valve
sizmulatizsn. Mass £flcw and void fracticon will Se
measurec. The velocity will Se ueasurad By a
turSine mecter and the void fracticn by a striag
probe.

Mass flow and void Zracticn measurements are
neeced for the hot and cald leg nozzles af =he
SCTT and UPTT, which only have simulated looes.
These neasuraments are needed =z defize the
direction, velocity and steam/water flow =5 2aé
from the test vessel. BSecause of =2e size af
these nczzles, i: is generally not pracsical =2
use conventicnal sgocl pieces. Thersfars,
isctopic multi-geam gamma densitsmeters to
measure vCils ia conjuncstion with a drag disk
rake will e used for the UPTT and for =he hot
leg noczzle of the SCTT. A speol piece will be
used f£or the smaller SCTT cold lec nczzle.
These will give inicrmaticn on mass flcow,
density and flow direction.

for the end-of-blowdewn, refill ané reflced
pPhases, it is necessary =0 Se abla =5 measu-s
the ligquid level ia the downcomer, lawer 2lenun,
core, and usrer plenum. Liguid level cecac=ars
will be srovided ia agoropriacs cuancicias ©9
follow these 'evels during the cousse of each
test in e CCTF, SCTT and UPTT.

A newly developed NRC
optical srcoe with axiranely fast restonse idensi-
fied as "Fluid Dissrizution” grids ar-e =s Se
provided ia the downcomer and usoer slanum of che
CCTF and UPTF to measure the distribution of
water and steam. The fluid distribution grids
for SCTF consist of electrical conductivity
probes and were developed before improved cptical
probes were available. These sensors will be able
to detect whether or not a significant flow oscilla-
tion exists between the downcomer and the core
during the reflcod phase.




It is alsc necessar’ to measure the steam/water
mass flow and directicn in the downcomer during
the end-of-blowdcwn and refill phases. Ta
accomplish the latter cbjective, fluid dise=ibu-
tion grids couplad with drag discs or tusSine
flowmeters are %o be placed in the downcomer of
CCTF Core-II, SCTTF and UPTF. Thesa iastruments
are placed ia such a manner that axial, azimu-
thal, and radial differences in the flow behavior
can oce detected.

In order toc evaluate the loccal mass flow race
and follow the flow direction and velocizy of
both steam and watar within the core, =he upcer
core support plate and the upper plenu=, it is
necessary to make local measurements at stecified
lccations. The USNRC has developed several
instrument tyres for makiang local Fila, veid and
velocity measurements. These ianclude fila and
izpedance probes and string probes o measure
the velocity and veoid 32racticn ia cr=cial swo-
phase flcw locazions.

Czcss-
csrzelatic: of 2rcbe sigmal zaiss can Se used
to derive local velccizias. The USNRC will
provide film and impecance probes for the 20/3D
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 CRNL and PKL.

The USNRC has cdavelored 2 visual system usiag
miniature TV camera:s and r=d lanses (viceo

optical prsbe) 2 e used for viewing the space
inside the exzerinencal =25t vessels. The

temperature limictation of current lens material
requires the use of a coecling svstem. The

resultant probe is oo lasse 20 Lasczall ia the

core bundle Sut can be used 3sr viawin

stTuctures and flcow Jhencmena in zhe 42Per plenum,
downcomer, and the hot leg of the JAERI test facility




and in the upper plenum

in the UPTF during refill and
seflocd. Several video cgtical Frobe systams
have been provided to JAZRI for use in the
CCTT and SCTF and ad-:i~icnal systems will be
provided to the BMFT for testinc .in the UPTF.

' USNRC Inst-umentation, Fabricasion, and Scoce

of Sucolvy
B e

The USNRC plans to srovide the Suantity and
tyre of instruments given in the following
tables for the JAEZRI and 3MST facilisies
aoted. The USWRC will use its best affor<s

to meet the prorosed schecule for delivering
these instouments, wnich is zased on meeting
the preliminary facilizy dasicn, constsuc=ian
and test schedule recuir-ements srovided by the
SMFT anc JAZRI. The USNRC will sravide all
necessary preconditioniic electIonics reguired
for the ianstruments. These electssnics will
dominally srovide a suizazla interZace signal
for recsrding in the cdata acsuisition systam.
Cable cecween the senscr and sracanditioning
electronics will Se prsvided 3y CSWRC. Iasczalla-
ticn and checksut assisczance will Se srovided,
as well as a sussly of ssare zar=s for the -est
program., Follcw-on assistance ia corzec=ing
unusual malfunctions ané data interpre=acion
will be provided as stazed Su-=ier on iz =ae
text.

The NRC instrumentaticn 2rovided for the JAERT
CCTT Core-I dalivery is civen telow. The
instrumentation has teen Zdelivereg and usilis
by this facilicty.




JAERI CCTYT Core-t

instrumented spocol pieces

upper plenum liquid level detectors (LLDs)

downcomer drag disks (DDs)

core LLDs
downcomer LIDs
lower plenum LIDs

video lens system

The instsumentation to be srovided v the USNRC

for the SCTY Core-I, the CCTF Corse-II and =he

UPTF are given ia Tables 2-1, 2-2, s=d 2-1.

The quantities for reference nurroses are listed

in the tahles. 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
refurbished for CCTF Core-II. Film and iacecancs
probe modules were not included ia CCTT Cars-r.
Film and izpedance mocdules will bSe cdesiznes,

fabricated and delivered by USNRC for iaszallasicn
in the CCTTF Core-II neazer sundle ans vessel
internals. As in the case of Core~IT af the

CCIT, Cores-II and III of =he SCTT will rause,

to the extant zossibla, the same inst-usenczaszian
in each successive cors -ast series.

The SCTT Core-~II will be surzplied
with several new film zrches and inpedance sropes
and as spares to cover sossible lecss ia c-ansfar
from cne core to the next. The fila and Lapedance
probes are iastalled duriag bundla asseanly and
are generally ipnaccessizls thereaizer. Hence,

the USNRC would not expec: =2 srcvice spars
proJes :ia event of failure in use. The Tesgocnsi-
Bilicy of che USNRC ia =ne case ¢ ==e isoczpis
sources, elactronics, speol ziece sursine mecars,
spcol siece drag disks and downcaner crac disks
will be t3 provide raplacement zas=s *3r mainca-
nance and repair ia the even: of fairlure inm
norzal use. One of the mul:zi-he2m sour=ses has a
relatively sheort halZ-life and will recuire ce-
placement evervy L2 t3 13 =cnchs. The USHRC weuld
provide reslacement scurces Suring test iatarzvals.
Failure of an individual sensor ia an LLD Quring

odle




a single core test series would normally not
require reclacing the senscr or justily

removal of the LID. Recuired scare parss would
be provided by the USNRC for refursishment or
repair of the LILCs Zfsllowing removal f-om one
core and prior to insertion in the nex:t core.

The USNRC will provide the instrumentation
support to PKL ii tests, as agreed upon by USNRC
and BMFT.

JAERI and the 3MFT will he resconsible for
frovidiag cralit susgert labor, hoists, rigs,

and cther equirment Ior installing USNRC-supplied
instruments and elactronics ia the test facili-
ties. Iastallat:cn and maintenance inst—uc=ions
will be provided to JAZRI and BMFT by the USNRC
for each iastrument. Zach facility will ce
expected to follcw these iastzucsiocons and be
responsible for scutine maiatanance. The USNRC
will grovide assistance ia resclving unusual
failure or readou:z sroblams ani assist i iater-
sretation of tihe signals. Sgecial tsols for ==
installation will -e susplied 5y the USNRC.

Technical supervisicn will be zrovided bv USNRC
comTIactTirs on-sit2 at the Jfaciliziss during
initial installaction and checkout of ZTSWRC-
provided instoimenzacsion,

CSNRC will 3srovicde
perscnnel to assist i1 the maintsnancs of
instrumentacicn and the USNRC-supplisd DAS aguipg-
meat when necessary, as zutually agreed oy srsjecs
manacers, and alsc will assist in checkingc the
iastrumentacicn to assure the validisy of =i
data. JAZRI and the 3MFT will Se responsikla faor
providing service recuirements, such as elacsri-
cal power, cocoliagc water, etc., needed Z3r <he
operation 9f tlhe USNRC iastruzents.
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TABLE 2-1

INSTROMENTATION FCR SLAB CORE-I TO BE PROVIDED ay USNRC

Iastrumens
Phencmena and Locatisn Quansicy
I. Coper Plenum
l. De-entrainment Filxa prcbes (Wall) §
T3 probes ‘Sto=ccuce) 3
2. Local flow patserm Videco cptical zrobe 1
3. Local £laid, o Prong probe 3
Gamma cdensitcmeter 4
4. Local fluid velocity Turbine meter (herizensal
and vertical) 4
S. Pool formacion Fluid distribuction grid 8x8
I. Core - Ucper Plenum Ia~ar<ace
l. Upwazi flow vel. e~ Tursine metsr (CC32) 3

tween core and
upper plenum”
2. Fluid level iz end Tluid distsibuzion ¢rid Included in .3

ot
box
3. Lecal flow patterm Video optical srobe |
IXI. .Core
l. Quinney effecs Inpedance probe (32 &5 7) 8
2. Bundle, Gamma densi:tcmeter grid 13
3. Liguid level LLD 4
4. Lower plenum/core
vel. Turbine meter 4
S. Fallback on walls Fila probes (Wall) 8
aad tutes Film prcbes (Tuce! 6
IV. Bot Lec
1. Mass flow rate Sgcol piece (w/o sursine) :
V. Cald Lec
l. Velocity, densizy, 2 Sgool piece 4
VI. QOcwncomer
l. Flow satstarns Fluid disssibuzion grid axix?
2. Void frxaceion 3tTing srcte 3
. Velocizy (=caentun) orag cdisc 3
"PIovisions will be made Iz the axtent srac:isal Sv zhe USNRC =2
have the measurament =ezhcd It the Lntarfaice cetvean zhe care and
uFser slenun Se consisteant i sSoth the SCTF III and UPTYE

od Y=

I N e T T - T U N L s



Phenomena

VIiI. Vent Line
1. Mass flow rate

VIII. lLower ?lenum

CORNL reference con-
ductivity crobe

TABLE 2-1 - Continued

Instrument
ané Location

Spool piece (w/o Gamma)

.-
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TABLE 2-2

INSTRUMENTATICN FJOR CYLYINDRICAL CORE-IX TO 3E PROVIDED 3Y USNRC®

Instrument
Phencmena And locaticn Quantity
I. Upcer Plenuna
l. De-entrainment Film srcbes 4
2. Local flow pattesns Optical prsbe 1
3. Local £fluid, a Prong probde .
4. local fluid velocity Turbine aezers (131V, 13) B
S. Vent flow Turbine meter (285) 2
String prcbe 2
6. Pocl formation Fluid distridbutica grid 1lxl0
IZ. Core - Upver Plenum Interface
1. Upward flow velocity TuarSine mecer (UCS?) 8
2. Fluid level in end Fluid diserisucion ¢=i Included iax .6
box
II. Core
1. Chinney affect Inpedance zroce (a & V) 24
IV. Core - 'ocwer Planum Intesrsace
l. Liguid flow Cocled T/C 4
V. Hot Lec
1. Liquid rl Fila probe (a & V) 4
2. Lecal flow patsarn Optical arche i
VIi.  Downcomer
l. Flow patzarns Fluid distribution gzid §x3x7
6xlx6
2. Local flow zatterns Cptical gsrcbe -
VIiI. Lower Plenum
CRNL re=ference con- 1

ductivity probe

*(l.) The LlLascrumented scool pieces suroliad for Care=I of zhe CCTF
Wwould be recuired Zor use with Core-IZ,

(2) The 0O0s ancd Lils f-com Corz=I woulé Se zefirbizhed Zfor use
wish Core-1l.



TASLE 2-3

INSTRCMENTATION FCOR THE UPPER PLINUM TEST FACTLIT™ T0O ar PROVIDED
3Y LUSwac
Phencmena Instumens Quansisv
I. Upcer Plenun
1. Local flow patterns Video cptizal prose 3
12
2. Local fluid velocity Turs. meters (6V, §H) 12
3. P00l formation LD 8
4. Vent flow Turbine aezer S
. Apn» 5
§. Pcecl formazicn Pluid diss. grid &3 x 7
& cre - (Uover Plenum [atersface
l. Cpward flow velocity Tusbize zesa- 36 s
2. Tlaid level ia end Fluid diss. g=id Iacladed ia .9
box
J. Mass flcw Drag =cdies 3é
Naszow 4P~ 9
tride d3* 36 e
Breakthrough detectors 00 =
- £law ween . .
. C‘SS sogcsbetw Turbine meter 6
I3 Care
l. Liguid level "LID 2
IV. Ect lLec
l. Density, = Multi-geam sa==a 4
densizomecer
i. Velccity (zcmentum) Orag rsake (Sidirectiosnal s
v. Cslé Lsc
L. Qeasisy, a Mulzi-zean carma l
densitamecer
2. Veloccity (momenczum) Orag rake (bidirecticnal! l
Vi. Lower Plenum
1. Liguid Level LLD EXT. of IIZ.1
2. CRNL refarence conductivisy prabe 1

* Transducers, signal conditioners, .and purge contorl system, to be
provided by USNRC; and tubes, plumbing, and bleeding to be provided

by BMFT.

-
JTa

by BMFT,

i

nsducers and signal conditicners o be provided by USNRC, and

tubes, plumbing, purge control system, and bleed ¢ t0 be provided




TABLE 2-] Contiaued

Phencmena Instument Quantis
——————————— — R — —
VIi. Downcomer

l. Flow patteras Fluid distsibution gr-i

SO0x3+50xl1
2. Local fluid velocity Turbine nets- 8



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,
wich 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. Thic 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
2gainst oresent 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.
L;} - Data analysis: Data, after processing by the
/20(, facility will be supplied to each party in
/ forms useful for code analysis.

D
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o B =
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2.4 Data Handlinc Svs=tem

In order to assure procer processing and Kandling
of the data, the func=icn of each data
subsystem, the interface tSetween them, the
responsible party for each has been defined as
follows (see Table 2-4a for the J

facilities and Table 2-4b for che UP

- Data- ing system: This iacludes the sensors,
with asscciased elacerzaics, up 0 and includ-
ing the signal cocnditicners. /The USNRC has
responsibilizy for this work/for USNRC-
previded instsumentaticn.

- Data ac.uisiticn systam: is consists of
equirment downstrosam of e signal copditisne
ers, includizg recsrding/devices, siagle
conversicon and calizraczicn. This is the '
Tesponsisilitv of the facilicv,except for
the UPTF for which USNRC will be responsible for
design software and suppdy of the DAS consistent
with the conditions agrged upon by BMFT/USNRC
in the telephone convefsation on February 26, 1982.

: This will be perfsormed by

@ includes conversion of signals
from the DAS Anto encineering unicss and dise
play and prijiccut ia forms useful far darca
report and data analysis by eaca partv.
Appropriaty alcorithns will Se srovided to each
facility ZAr data reduction of signals cecarcded
from USNRL-groviied instoumentac:on. Tast
facilizigs will te ressonsisle for inssgraticn
of the JUSNRC-provided scftware inecs a daca
Srocesging systam and will he rescensible for
ProcesSiag the instrument sisnals 2or each zast,
unle otlherwise sgecified,

- Data processi:
the facilizy

analysis: Qata, aZter srocessiag by the
ility will be supplied to each zar=y ia
ras useful Zor code analysis.

wdl=
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< USNRC Analveizal Suzoor-

2sd Cbiective

The objectives 2f the USNRC analytical supgoret
Progran are =2 utilize the TRAC code to:

= Provide analysis sugpert duriag the design
shase of the UPTY and SCTT:

= Evaluate the location and “vze of ins=—u-

mentation, and desired accuracy ia UPTT,

SCTT and CCTF:

= Provide analysis sugtor= ia the testing
phase to hel:s steciiv the Scundarv condi-
rions and inizial condizioas of each
exgerinent;

= Perfor: gost-test predictiosn fs- each 7Talid
exteriment; (See Taslae 6). PSost-tass naly=-
ses will Se teriormed if necessarv (See

Section 3.4).

- Provide analy=izal zsupling secween the =wo
separate-ellacts tast facilizias, T and
SC2F; and

- Usiag integral svs=em cdasa from 2%I¢ and COTT
and large-scale saparata-effac=s dasza f-a2nm
U2TT and SCTT, checkout azd validasa =he
multi-dizensional cest-estimate cads TRAC =2
form a casis Ior credisla predizeisns of zhe
Behavior of a full-size ?WR 2uring the lass
part of Slowdocwn, refill and reflced zhases
of a postulatad loss-oi-zsolans ac=ident.

TRAC (Transienc Reac=2r Analvsis Code) has been
developed with the cbiective of iapraviag caza-~-
bilicies f3r analvyzing zosszulated =raasientcs ia
full-scale reac=ors. The iasrovemenss Zacus an
the following arzas: (1) a medular s=sucsu-e =2
allow flexibility ia ccce orsanizaczion and sroblem
setip anc to facilitate inszraducsion af izproved
mccels; (2) sinulation of multi-d:mensional flow
within the reacstor vessel t©s allow iavesticacion
of radial and aziauthal flow, in addition o axial
variazions; (3J) dynamic dizensioning =9 allow =he
maxinum nunber of computational cells and hence




Detter simulation of local flows with loccal
mcdels; and (4) ability of the separate shases
t0 have separate temperacures and to aoVve with
different velocities in order =o Sroperly
sizulaca postulated flow transiencs.

Integration of Test Results with Fyll-Scale
imulacion

Of the three test facilisies included in this
test prograz, the JAZRI CCTT use sull cystem
tests with a heated core and extermal loces
with stear generatcrs. The JAERT SCTT has a
full-radius and ?#u -neight heated core, wish
upper and lower olana, all in slab geocmetsy.
There is cnly limited hariware in the SCTF &
explici=ly =ock-up the axtarmal loops. The
UPTT is a Zull-scale 160° sec=ar of a reacsar
vessel without a heated core, and uses stzam/
water Zlow Irom acz:zles located below =he
upper core 3lace to sizmulate core flow. Ia
conTtTast with SCTT, there is simulased hars-
ware Ior the ex-vesse. system. Taus, each
facilicy concencrates cn specializec ascec:s

of mulzi-dizensicnal flow wit=hin the vessel.

The three sarticipating countr-ies srz=duce FWRs
of diZfaring desicns and dizensions. Thus,

the cecmetsy of the test facilicies i3 to =e

4 ccmposite which is a comsromise sellecziag
the main feaaturas of the individual desicns.
The CCTT has vessel intarzals scalaed cown Zrom
a4 Westinchouse design (sinilar eo Japanese
plants). The UPTF will have “ull-size interzals
based on the Garman (FWU) cdesign wnich are
sinilar to those o0F the new Westinchcuse 2WR
designs, wnile %3e SCTF will have iaternals
bDased con the US/Jazan casicn in Cores I and II
and the XWU design ia Care-III =2 Provide Zor
coupling o UPTT. All three facilisiass will
incossorate core Sarrel vent valves <2 ordsr =
Cest this Zfeaczure 27 sthe 35W dasiza.
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3.3

Thus, each of the three facilisies will give
important, but gecmetrically specialized,
information which must be integrated togecher
with a simulation of a full-scale LR svstem
for each of the varicus P%R designs. The T¢
code will cerform this integrated simulation
(See Figure 2-11).

In addition to providing ccmputer simulatiosns

of each of the three tast facilities, TRAC

will, in parallel, grovide a computer simulacion
for cne representative design of each of the
full-scale PWR systems supplied by the partici-
pating countries. Thus the measured resul-s

from each test with zarsicular gecmetIy, scundary,
ancd initial conditions can Se directly iatagrated
with the full-scale PWR simulation which the test
Tepresents (see Figura 2-12).

To aid in axtrapclating the 1D test rssulss -
@ifferent desicns, small-scale tests have been
perZorzed in the US to cevelop local gecmetzv=-
depencent mccels Zsr countercusrent flow and
flocding at ==e upper end hcx and nes antrainzent
cn upper 3leaum stoucTurals.

TRAC Counline of Tesgts

In addition to iategrasziag =he iadiridual <sst
results inno full-scale PWR simulations, TRAC
will be used, alcng wizh engineering judgment,

€2 couple the individual tests (see ficures 2-11,
2-12, 2-13, and 2-14). St is understood that,

in Figure 2-l4, there is =3 be generally one
lteration between facilities in order to confizn
tle bouncdary conditicns. This coupling will Se
of two forms: analy=ic couzling between teass
facilities not seinc =un ia Farallel, and exceri-
mental coupling cetwveen tesst facilis=iasg Seixnc

fan ia parallel. The schedule pravides far sc=r
Core~III and UPTT &5 =e =un ia sarallal so thacs
experinental czupling can se acaiaved. Tigure
2-12 emphasizes zhe =meticd far =he case wners

the two facilicies (UPTT and SCTF) are run as =vo
separate-eflects tests w’=: only analysical
csupling. A pacer which descr-ibes =he cougliag
of experizents in UPTF and SCTT Core-III (Refer-
ence 1) has Seen crazared and accegpted is a
working cocument Sy the tiree par=zias it & neec-
iag in Nevemper 1979,

"Cauzline of Zicerizents in =he Ucser 2l2num Tasc
Facilizy anc the Slab Cors Tast Facilizr,® Cozacer 10,

2979,

»
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In this regard, the SCTT plays a sivotal =ola
in the gecmetric coupling because it will have
a set of Westiaghouse/Japanese (W/J) inzermals
ia Cores I and II and a1 sat of KWU internals

in Core~III. The CCTTF is currently slanned co
have only W/J ‘internals while the UPTF will
only have KWU intermals. The first CCTF sest
series will be finished before the firs: SCTT
tests start, so the coupling between the W/J
geometry tast3 in these two facilitias will
require analytic coupling by TRAC. The WU
gecmetry tests in the SCIF Core-III and OUPTT®
will DSe run scomewhat i.. parallel ia =iza so =hat
coupling can be cbtained experinmentally, usia
a combinaticn of TPAC and engineerizg judsment.
For these lactter tascts, TRAC will sugsaly
initial and Scundary condisions for the nex=
test iz one facility tased on the resulss of
the previous tests in the other faciliey.
Specifically, for t=he UPTF®, TRAC will suz?ly
the conditions of the Two-snase Jlows =3 bSe
forzed by the core simulacar duriag the :=ast,
the initial water level ia the lower slenuz
and the prassurs conditcns at the hot lag
nozzles. Ffor the SCTT, TRAC will sucply che
side injecticn flows inco the upver zlanum and
the liquid temperature distsibusion above =he
upper core suzgortT slate in the case o2 combined
iajection, the initial sower and temreractuce
distributicn within the core, the initial water
level in the lower plenum and =he prassuce
condicions at the hot leg aoz:zle.

Coupling becween the core and uprer zlenum will
be automatically acsocunted far in both the COTT
system test anc the SCTT facility, siacs Soczh
have heated cores. In this regasd, =he CCTT
facility slays a ey role ia determining the
system eflscts Jeecback ca this cougling. Ia
SCTT, the lizuid Zsedback Izom the upger planum
to the core will bSe measured, as well! as the
Seedback effect of this Z2allback. Thus,
increased steam generacica withia the care, as
well as liquid "sputstering” f-om the hot s=és,
leading to sossible plugging o the subcrannels
with saturated water, will be explicitly ocuserved
using JAERI-supplied thermocouples. These
measured observations will be used to test

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

- 34 »




SCTF, TRAC will be in a pesition ts calculate
the steam/water Spray injecticn necessarv atc
the lower Soundary of the upper plenum during
testing ia the OPTF.

The current understandiag is shat saturated :=CC
water will be injected for up t2 10 seconds to
form a layer of saturated water abcve the upper
Core support plate to sizulate the Sotencial
Fflugging shencmena in a heated Teactor case.

TRAC analysis will be srovided for tests with
cold leg injecticn, combined c2ld leg and hot

leg injecticn, as well as altemmate ECC iajecticn
locations. Necessary mocdel izprovements =o TRAC
are being made so as to he Teady ia tize &
accuractely credict the phencmena axpected =3
eccur during the diverss -essts compromisiac the
2D/3D Program. For chose facilities to be

built aZtsr chis arIangement takes effect, TRAC
will be used to assist ia cdesign studies.

Scove of Calculasicns

For valid excerizencs, cace calcula:ions_fa: the
specilic cecmetsy of the tmes:c facilicy will he
made Zcr:

- Post-test prediction (with measured initial and
bouncdary conditicns) will be macde when the
initial and soundary conditions are availe
able.

= Post-cest analyses will be made for improve-
ment of analveical model, based on shysical
finding Z2-om exgerizents, i2 aecessary.

For tests wnich may be selected 4as intermaticnal
standard srzblems, Freteast srediction will &
calculaced.

For valid tests, the calculasicns and exceri-
Tents are 2 be coordiiated as fallows:

- Test gerfor—ed.

= Actual bcundarvy and inis=ial conditisns tr-ans-
mitted to LANL far FOsSt-test predic=ion:
data access =3 LANL will bSe cestricted unz=il
fost-test prediction is documences.



- Post-tes:t prediction transmitted =o
facility and Quick-Look Report issued.

= Test data transmitted to LANL. 2ost-
test analysis performed if necessary.

The reszonsisilisy and fepert pregaratizcn
and iatsaracticn between analysis and
experizent is contained in Table 2-3.

L}
e
o
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TABLE 2-5

S2ICITTCATICN OF RESPONSISILITIZES

SESNECSY JMALSLS ANE CAPCALAELTS

ANTERACTIONS

Chjective USNRC JAZRI L
1. Therzal-hydraulic desizn assist- 2 A A
ance calculaticns
- Tacilitsy hariwace design A R R
3. Locaticn and tyye of 2 R R
instrumentation
4. Data acyguisizion and processin AT 2 R
5. Ziserizental Cpezaticn - 2 R
§. Gacer=aiaty analysis of ¢ : :
iascomentazion and measucssments
7 Scecilficazicn axd analysis of Ed By A
=cdal =zesc’
:. A. Specification 02 stasTiy cests A 2 R
3 3. Analysis of sta-tup tascs 2 A A
3. Analyreis psedissiang Jcr casts X A A
+d. Quizk-iocck lJata Repore’ A 2 2
16. A. 2spors 3f compasiscn setveen A 2 R
daca and predic=icn’
11. Zxzerinenctal Daca Regors’ A ) 2
12. ?cst-tast analvsis Isr each R R 2
axTerilent
1]. Analvsis of compuser beravicr’
1l fapisical csorTelazion o data anc
comparison with existing
zarrelazions’
15, fizal Analvsis Regors I3 tes: 2 R 2
ser.as
1§. Ssecificaction of acsuracy o2 El A A

Teasulemerc




Lacend for Tabla 2-3

R = Primary Responsibilicsy
A = Assistance

approval by analvsis

R: iastument developer in all facilities

New zocdel tests: decision by Technical Ccordination Commistee
Wizhin a specilied tine perizd (see Agztendix 7) racorss will Se
released to the 7uslic follcwing a raview by the TCZ &3 ansurs
correctiess of data and calculacion resulss.

depending on interest of party

F© - e

* unless specified othervise
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Table 2-6 summarizes =ae 2P0roxXilacte number 5f
decvmentad studies =3 se periormed.

As improved versions of TRAC Secome available taev
will De used ia =ze 20/1D 2rogran.

TRAC-?1A Faster-runniag than TRAC-PL
TRAC-?02 New refloed Zcceling; ervsr carrecsizas
TRAC-PFlL Fast-muzning: aon=concdensisle sas

TRAC-PDI Mulei-d kinetics with feeddack, ATIS,
restTuctured with iagroved mocdeling (42
cevelopment is autiorizad 2y NRC)

Initial calculations werss fesIarmed usiag TRAC-IlA.
Suring calendar year 1980 and 1331 08T cSalcu=lazisn
weres teriorxmed usiag P02, 3egizning in szalencas
Year 1282, TRAC-?FL will be :sed Zar J0ST Sa.cula-
tions.

use altar complecticn. The I3M varsian
will De rslaased wne-n ssguested.

All 7ersicns will se relasasecd grompely Js= 22/30

..

[=fcrzazion abous Cevelsrment ané czalzulaszians will
Se axchangec secween zar=ias :is advance c? ssmpla-
Si3r of the cocdes. USNRC will <sep the 3IMST ans
JAZRI and their szntsac=ars inJor=ed of dacails of
e nocdel develosmen= of =he TRAC cée and will
srovide, uscn recuest, cSPlas of the lazss: relsasec
Versidn oI tle TRAC code far theis cwn asa.

Assessmens oF Tasr Resulzss

6. FPOrT 02 the JAZIRI and 3IMTT reflocd and refill
PTogTAR experizents, tne USNARC will concues svstam-
4CiC assessment ol the st rasulss. Th-s As3essmens
will Se carzied cut 3r several surscses:

= Ia sugpors of tae TRWC cdevelspmensz aczivrisias,
2 therouch understanding of she shysical
chencmena ané :the secuencs which thev socsur is
nescec. Assessment of =he test cata will ke
FerIoraed ©o meet ~1is need.

- In suppor=s of ses= Zacilicy operazion anéd ia
evaluating che perizrmance of ==e lLasssumenca-

==Sn, consistancy checks will be zerisr—eZ on
She data. This Latent is = assure the zess
Tesulss and the sustsus frsm =e iastrusenzasian

are ccnsistenst ang sansisie.

-
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= In support of apslicaticn of ==e test cdacma ia
~BPTOViInG the TRAC analysis, si=ple analyses
of saparate aspec=s of tha tes: gaciliisr will
be perfcrmed. This iantent is 2 emphasize
understanding of the basic paysics Lavolved
and t3 explore the importasce 22 various cara-
meters besfore incorporasing these inzc the
larger, mcre complex and complata computsrs
codes such as TRAC.

= In suppers of agplying the =est rssulss =2
other fac:ilities (coupling) or to full-scalas
PWRs, test daca assassment will be zerfcrmed
SO assess the effects of zharac=ariscics
unicue to particula: test facilities and =2
addcess the sroblem of applving <he resulss
o PWRs. Jlhus, thas applizabilisy of 25/3D
tast Cesults oo tha licensiag srocess will
De considered in a timelv manner., This work
will alsc se used =0 Ised cack =2 tast plan-
TNi2g T3 assuse maxizus usefuliess of tests
€S e zariorzed.

T2e tast Tssulss analysis acsivisias will se
coerdizated Witk sinilac acsivvisias canduss 3%
WAZRI and TRC sersonnel and will ze docrmenczed,
48 a3sIofriate, usilagc tThe ncrmal I10/10 dscizenca-
tion prscscucses.
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CHAPTER 3

TEST PLANS

UPTF Test Plans and Schedule

The basic test to be performed is a reascnable 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 1-1) 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.
Cne 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.

-66=



TYPE OF TEST : NUMBER OF TESTS

A. SEPARATE EFFECTS

TEST 13

1. DOWNCOMER 6

2. UPPER PLENUM 6

3. STEAM GENERATOR i
TUBE BREAK

INTEGRAL TESTS 17

1. COMBINED INJECTION 8

2. COLD LEG INJECTION 7
(INCL. BzW)

3. ALTERNATIVE ECCS 2

TOTAL NUMBER OF TESTS 30

TABLE 3-1: PRELIMINARY TEST MATRIX
FOR_THE UPTF

s
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II. JAERI Test Facility Test Plans and Schedule

Cylindrical Core Test Facility

The main part of the test series to be performed
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
prior_ty will be given in the test matrix to

The test period shall be as 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

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 reqguired.

The overall schedule shall be as shown in Fig.

1.1 Test Prooram
existing ECC systems.
(see Table 3-2).

1.2 Schedule
3-2.

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 throuch the last
pairt of blowdown, refill and crucial portion of
reflood. A real-time simulation is preferred
unless substantial cost savincs 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.




Core~III will follow. A minimum of 20 tests
will be performed with each core (see lable
3-3). 1If 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.

Schedule

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




TABLE 3-2

Cylindrical Core Test Matrix

Fuel Assemblies
Peaking Factor

Upper Plenum Internals

Type of Tests

lst Core
15 x 15 W
1.49

17 x 17 w

Cold leg
Injection: 20 runs

2nd Core

15 x 15 W
1.40

17 x 17 W new

design

Refill/Reflood
tests with cold
leg injection:

10 runs
Alternative ECCS
tests: S runs
Coupling tests
with SCTF: 1 run
Others: 4 runs



Figure 3-2

TIME SCHEDULE OF JAERI LARGE SCALE REFLOOD TEST PROGRAM

S _CALENDAR

estSC | 1977 | 19 | 1ee | 1m0 | a1 | yem 1983 | 1984 | 1985 | 1986 | 1987

ITEM
I
SHAKEDOWN SHAKEDOWN
TEST TEST
DESIGH

: 4, __construction /- TEST o TEST i
l CYLINDRICAL ) (20 RUNS) A (20 RUNS)

CORE TEST |
| |
| FIRST CORE SECOND CORE
— — - -

SHAKEDOWN SHAKEDOWN | SHAKEDOMN
TEST TEST | TEST
| DESIGN construction |/ TEST b rest o wes
SLAB CORE ' o (20 RUNS) ¢ | (20 RUNS) & [T (20 mums)
TEST
FIRST CORE SECOND CORE THIRD CORE

¥ |

- —




TABLE 3-)

Slab Core Test Matrix

Core

& 4

III

Upper Structure

Core

Test

Total

CCTF Core-II
Coupling

W, Blockage

Forced Inj. 10
Gravity Inj. 1

Cold Leg
Inj. 7

Compined
Inj.

ro

20

CCTF Core-II
Coupling

W, Normal

Cold Leg Inj.

Vent Valva

Alternative
ECC

UPTF Coupling

KWU, Normal

16 Combined Inj. 15
2 Cold Leg Inj. ¢4

2 Hot Leg Inj. 1

20 20

—




APPENDIX I

TABLE OF MEASUREMENTS TO MEET THE OBJECTIVES OF
T D/3D REF REFLOOD PROGRAM
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¥otas ind Corments Relating ta Attichment 1
.Nh

1)

2)

3)
4)
5)
§)
N
8

14)
)

as)

P = prizary seasurement (mancatary, €3 seasure Ley phencaena necessary
for coce valication ang c3pling of resylts detween facilities), .

S ® secandary seasurement (sptienal and Sackus %o prisary ssasuresent;’
- usaful 1n aczing uncarstanding of primary seasuresent),

S=1 = high secancary srisriey,
S=2 = sedim secsncary priericy,

$=3 = low seconcary priemizy, - ' ,

4 & NRC, :

F= Facilicy.

Lelatad

Tota! numter ot T/C par care; not all say 'uo rFecorded curing tass. ' e

Includas § pairy af saggered roas.
12 unheatad rocs, '

.

Actzal placament of fastrmentaticn detarmined by TRAC neaing.
Facility infer=atien Sased on documents datad:

gPTY: Design zeatings and telexes, 1373-1980
SCTP-I: 5/78

The NRT instsumentation sugport for PR facility was
Cerminataed in October 1381 because of facilizy schedule
dalay.

Located near top of caore. .

1/5undle locatad just below =ia plate:; the rest ncvable
vestically.

J across 4 assemblies and 3 across 8 assexklies.
Reusabla for the next core with refurbishmens.

Thase thermocouples should be as small as rossible in order o
improve the respense time.

To b.. reused i{f vorking without ra®: rhishment.

3 vide=range LLDs with prodes spaced 20 o apars, and 3 fMarTsw-range LlDs
with proces spaced 10 o= apare.

§ verzical prodes/Lld, wita 2 LL0s/Bundle near *Ne side walls ang 1 LD in.

© e coew taffleregion




viid

.

) Ses downcomer.

13) Size fnstruments are entared in two diffarent places: the core/lower
pPlenum and the downcomer. .

19) Acziticnal APs reguestad by NRC acrass tie plata:
CCTF-11: 8
UPTF (383%): 2
SLer=1: 4

20) Turdine not included.

= szs {s the same FO Grid as entared unde~ “Upper Plemas Pool Fer=ation.*

22) The USHRC reccmmends that only a few end Soxes have sultiple T/C saasure=
sants, with ha rest spread out 3 have at least sne T/0 Seasurement per
end dax,

3) Incluces T/C near UCS? Soles. ) m

28) ProBas lecatad at 2 levels.

Z) felatad.

25) Veid seasurement only. .

- Z7) Beth weid and velacity seasuresant.

33) lecata gasma~dansitasetar {a froty region.

29) Gamma densitcmetar not included.

30) T/Cs adeve UCS?. -

1) If pipe {3 usad for vent flow,

1) If Map valve {3 usad for vent flow.

33) Net applicasle {n thesa early facilities.

34) Th.ia fastuments 7117 sost of pipe.

15) Locata T/C oo efther sice of {njecticn tee. ' ,
) Mot wppifcatle fa /78 UPFTF design. : i -
I7) T/C %3 zeaszure eatal ’.aanr;ﬁxn on sacandary side of sZsam Senerator,

38) Inlet flow from %9t leg spool piecas.



39)
40)

41)

42)

47)

48)

«3)

ix

Covers eatire heignt of downczaer ; L x Ilz XNy » azimuthal x radial x axial

NRC reguesis thesas

lavels.

Mass (ow G. = Pa

Hixsure density pp*

Licuid velecity ecross Sie plata VL a

azizuthal AP seasurwents in the downczaer at 2 axial

V. (acress UCS?): & denctes two~phase mixture

AP mwasurement in emd Sex
LD seasuresent 13 enc cox L n.

J 23 ap
Kb

.

"

> : -
(csrreiztion canszant Kys
will ba detarmined fraam
ORNL experisents) - - -

Kaowiecgm of liquid pressure and ta=periture parwits datarzining L

In UPTF, Q, and Q_ will Be injectad 'rem Selow

lane”) ang*it wil

7

3¢ possidle %23 2Seck

The cars/ugger-glenum fntsrfics schems is now

CRML IDL. See *ootnote (54).
mdclHng. will te develcped from

(sae uncer *UPTF Injeczian

e CRAL czrrelation for Sguncr-Sack.

Seing tastad at the

The final maasyresment scheme, including
Slese tast resyles. -

This is the same FOG 73 entared under Core/UP intarfacs.

When There {3 noqﬁq‘!bh T{quid in the eng 3ox far high wrlow, tha sixsure
2231 flow rata can e datarsined froam:

&P (acress tie plata) = X, G, Yy

viiere the velocity of the cantar
Saasured Jy a Wwriine setar,

The assumption used %3 {atarsret
{s negligidle detween eng Scxes,

af scoentim of the Cwo phasas, V". iz

Lhese seasuresents s that the cress MNow

so that it {s

plata &P wi'l™ UCS? velecity. Justificatien 9

dfscussed in a4 separita writaug,

pessible W3 relaza the tie
Llesa relations Nas Seen

A '23 dancotas e AP 1cToss Ne end dox tie plats, and

~A ’JS denctes e AF Catween e tie plite and the oer plenua,

50) Total of 3 new video optical sroses for CCTF=II,

51

)

Celated



52)

§3)

54)
§3)
5€)

7)

N
\

Extand from lower plenun into core. On each LLD:19 axfal probes.

17 axial probes on each of 4 core LLDs in SCTF; 2 probes in LP, 15
protes in core.

Upcer plemun/core intarface instruments are being salected.
2 T/C in each of 32 end boxes and remaining 36 T/ distributad.

Transducers and signal conditioners to be provided by USNRC, and

tuces, plumding, and purging control Systam to be provicad by 3MFT.

One T/C per hot leg in dattom of pipe.
One superheat probe per hot leg in upper half of pipe.

2 axial levels of 8 azimuthal taps; tie tgether vertically and
azimuthally.

Cne instrument per zone; 17 zones.

« 0P transducars, signal conditioning electronic. and purying control

systam @ De supolied by the USNRC; tudes, plumbing and purging
te provided by the facility.

hanged in Qctoter 1981,
*mnqnd in March 1982.



