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Experiment on Performance of Upper Head Injection
System with ROSA-II ( 2nd Volume )}

Reactor Safety Laboratory 1, ROSA Group Division of
Reactor Safety, Tokai Research Establishment, JAERI
( Received April 3, 1978 )

Of the total 10 ROSA-II/UHI performance tests, 6 were reported
previously. . '

The rest are presented and discussion is made on the effects of
heat generation in the core and UHI injection and repeatability
of experiments. In addition,the following are described:

(1) Pressure spikes observed in the upper head after sudden

stoppage of UHI injection, and
(2) discharge flow oscillation possibly due to UHI water injection

into the upper plenum
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Summary

Results of ROSA-II UHI tests, Runs 601, 602, 605 and 606, which
were not presented in the previous report, were examined in the
present report. Discussions were made with the exphasis on signifi-
cant phenomena observed in common in the RUOSA-II UHI tests.

(1) Larger heat generation in the core yields earlier exposure time
of fuel rod. However the effect is not significant, rather the
exposure time must have been strongly governed by the coolant
flow condition in the core during blowdown.

(2) Though the depressurization is increased by the UHI injection
during early time period of the blowdown, the depressurization
rate is decreased later in blowdown process after vaporization of
ECC water accumulated in pressure vessel becomes significant as
UHI continues injection,

(3) Discharge flow from pressure vessel is increased by UHI injecticn
and average void fraction in the core is increased. Thus exposure
time of fuel rod becomes earlier.

(4) The repeatability of experiments between Run 606 and Run 607 is
very good.

(5} Oscillation of discharge flow observed in the No.l discharge
system was considered to be induced by the UHI injection. It seems
that this oscillation is self-excited oscillation caused by the
fluctuation of discharge flow rate at the discharge orifice and
fluctuation of quality at the outlet of pressure vessel.

(6) Coclant behavior around the upper head after sudden stoppage of
UHI injection was discussed assuming different transient process
from that estimated in the previous report, and based on the
assumption, analytical model was developed to explain cause of the
pressure spike occurrence.

It was concluded that momentum of fluid iﬁ the UHI column induced
depressurization in the upper head which in turn caused upward flow of
water in the control rod guide tube. The water flowed into the steam
phase in the upper head and condensed steam. The condensation took

place so rapidly that pressure spike occurred.

(3)~(4)
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MRun % L8+ 22, BT ] TIREKEELZ 7 ~W0sec 2 TRun601 OFBHELKE
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BT AAOEEI LD FEH~Y FEHETORET, THIIELIFBEBERENOKOHFER & L
A~y FAOKR ED, FLTLEE~Y VEHEBAZSOAERCLZ22RE L VD EHEMITE
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Run6050HEFO 1 L 0OHEREAFig. 359, MO 2X002h%EFig. 3 510

FRunb64DFEWAO Ll LV oKL MEAFig. 349, BFO2XD0£h%Fig. 3410
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@ﬂfﬁ#%Ki(ﬁwawéoitsﬁmﬁéﬂﬁﬁﬁﬂ%ﬁéﬂfﬁﬁfééo

BEEOCBEZEEIC DT, N1, N38, N 148 OEBEEOC - OEISIcHEEME S
NoH, TOMOMEBTIRMEY, BHEORE LAEE, 2= FRASL ML,
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ERCEIIBREESESTABHL, ABNEBEELBSBE - T0d. CORACBENE
BN ZEEOSEMBEELTED, Fhiidhs b oPTHREBENRENT 201, FLAD
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Core Hearing Ratio to the Maximum

Power of ROSA-I in Each Test
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Fig.2.11 Controlled Electric Powers Supplied %o Simulatec

Fuel Assembly in each ROSA-II Test Run

Ratio to the Actual Reactor Max, Power
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Table. 2.1 Design Data of the ROSA-II Facility and LPWR

Comparison of Major Design Parameters

ROSA-TI LPWR
Siqylated PWR
Reactor type chpgeable to PWR
a simulated BWR
: atio of the volume
Number of primary loops 2{and the flow rate, 4
1=3
ratio of the volume
4

Number of steam-
generators

2({and the heat removal

1=3

Secondary cooling system

Pressurized open loop

Recirculating closed
loop

Emergency core cooling
system (ECCS)

High-pressure coolant

injection system
Accumulator

(HPCI)
(ACC)

Low-pressure coolant

injection system

(LPCI)

Upper head injection

High-pressure coolant
injection system (SIS)
Accumulator (ACC)
Low-pressure coolant
injection system {RHRS)
Super-high pressure

temperature  (°C)

system (UHI) | coolant injection
system (CCP)
Upper head injection
system (UHI)
Core heatup Electric Nuclear
Core power (KW) 2,240 3,411,000
Total volume of primary
system (m?) 0.856 355
including steam volume
in pressurizer
Primary system pressure 160 158
(kg/cmz'g) (nominal value)
Primary system 325 325 (hog leg)
- temperature (°C) 289 (cold leg)
Secondary system pressure
(kg/cm?-g) %0 64
Secondary system entrance
temperature  (°C) 275 227
S dary i
econdary system exit 275 979
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Table 2.2 Dimensions

of Major Components

ROSA-II LPWR
Pressure vessel
Inner height {m) 4,855 12.6
0.38 (top)
- Inner diameter (m) 0.28 (middle) 4.39
0.38 (bottom)
Nozzle elevation of the
primary loop (m) 3.655 8.3
Core
Core length {m) 2.0 4.06
Fuel rod heating length(m) 1.5 3.66
Fuel rod outer diameter{(mm) 9.5 9.5
Fuel rod pitch {rom) 12.6 12.6
Cladding thickness {(mm) 1.3 0.57
Core barrel inner diameter{(m) | 0.230 3.78
Primary loop pipe
Inner diameter {cm) 5.73 (blowdown loop) 70.0
at pressure vessel inlet 8.73 (unbroken loop)
at pressure vessel outlet 4.31 (blowdown loop) 73.7
10.80 (unbroken loop)
Primary loop total length{m) 114.9 15.8(blowdown lecop); {unknown)
except the steam generator (blowdown loop)
and the pumps 12.7 (unbroken loop)
Steam generator 3.6 ‘(blowdown loop) 22.4
Inner height {(m) 4.5 (unbroken loop)
U-tube inner diameter (mm) 14.4 19.7
U~tube outer diameter (mm) 19.0 22.2
U-tube mean length {m) 4.97 (blowdown loop)
6.45 (unbroken loop) (unknown)
Inner diameter (m) 0.35 (blowdown loop)
0.50 (unbroken loop)
Pressurizer inner height (m) 2.55 15
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Table 2.3 Volumé Distribrtion

ROSA-TI LPWR
3.
Pressure vessel {m”) -
{with all internals) 0.2 '.39 116.7
Steam generator ( 3) 0.298 122
eam gen s o (0.073+0.225) (30.64)

' . 3 51
Pressurerizer (m”) 0.133 (including steam 20.4)
Primary loops (ma) 0.131
(including the pumps & ; 44.9

the surgeline) (0'934'*0'097)

Total volume of the prg.mary 0.8359 340
system (m”)
Inside of the pressure %

vessel (I) %
Upper head (m?) 0.0595 (21.7; 21.9 (18.7)
Upper plenum *** (m:) 0.0462 E%g-%) 17.5 (15.0)
Core (m*) 0.0479 . 18.5 (15.9)
Lower plenum (m) 0.0653 23-8; 32.1 (27.5)
Downcomer () 0.0550 (20.1 26.7 (22.9)
Inside of the pressure

vessel (II)
Below the lower end of

_ the core (mg) 0.071

Below the upper end of
the core-(ma) 0.169
Below the center of the 0.186
primary loop nozzle (m?) .
Secondary side of the steam | 0.64 355
generators (n?) (0.19+0.45) -

* Defined as (effective flow area) X (length of fuel rod assembly)
*k Defined as the volume between the lower and the upper grids

including the bypass.

**% Including guide tube and UHI support tube volume
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Table 2.4 Thermal Design Data

ROSA-TII LPWR
Core power Total below 2,240 kW 3,411 MW
Average rod power (kw/m) 10.67 17.8
Max. rod power ~(kw/m) 16.5 41.4
Average heat flux (Kcal/mZh) 3.07x10° 0.5149x106
(W/cm?2) (184) (59.9)
Max. heat flux (Kcal/m?h) 0.475x10° - 1.19x10°
(W/cm?) (42) (139)
Number of heated rods 140 50,952
(28%rods x
l' 193 assemblies
Number of unheated rods g 4,825
Min. DNBR arbitrary 1.71
Total flow rate (£/min) 2,700 3.1x10°
(nominal value) (1.860)
Total mass flow rate (kg/min) 2,000 2.2x10°
{(nominal value) (1,330)
- Effective core mass flow 1,800 2.1x10°
(kg/min)
(nominal value) {(1,200)
Average mass velocity (kg/mZh) 7.6x108 12x10°
(nominal value) (4.6x10%)
Average core flow rate (m/s) 2.6 4.72
(nominal value) (1.7)
Effective flow area (m?) 0.0172 4.75
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Table 2.5 Thermal Design' Data (cont'd)

ROSA-TIT LPWR
Heating surface area in the 6.267
core (mz)
Coolnat temp. at the lglet below 325 289
(°C)
Coolant temp. difference 17 (at max. power & 37.2
across the core (°c) nominal flow rate)
Pressure vessel
Coolant temp. difference 15.4 (at max. power & 35.7
across the pressure vessel nominal flow rate)
(°C)
Flow rate to achieve the same
temp. difference as that in
the TROJAN reactor
(kg/min) 573 -
(&/min) 800 -
Coolant velocity in pipe (m/s) 2.95 (blowdown loop)
‘pressure vessel inlet 3.84 (unbroken loop) 3.19
pressure vessel outlet 5.21 {(blowdown loop) 3.99
2.52 {(unbroken loop)
(all at nominal flow rate)
Steam generator
Number of U tubes 51 (blowdown loop) 3,388 x 4
123 (unbroken loop) i
Heating surface area (m?) 15.1 (blowdown loop) 4,780 x 4
47.3 (unbroken loop)
Secondary coolant inlet temp. below 275 227
(°C) ‘
Secondary coolant outlet temp. ; below 275 - 279
(°C)
Secondary coolnat flow rate 300 75,000 x 2
(2/min)
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Table 2.6 Emergency Core Cooling System

ROSA-TI LPWR
High pressure coolant Hot leg Hot leg
.G ; .
tnjection system Cold leg Cold leg (super high

Injection locatien

Number of systems
Injection pressure(kg/cm?g)
Injection rate (£/min)

Water temperature (°C)

Source of supply

Pressure vessel:
top, middle & bottom

1 (separable)

below 130
below 60
below- 165

Hot water tank
(3002, 7 kg/cm?g)

pressure system)

2

below 105
below 2,460
3~ 32

Refuelin% water tank
(1,300 m~)

Low pressure coolant
injection system

Injection location

Number of systems
Injection pressure (kg/cm?g)
Injection rate (&/min)

Water temperature (°C)

Source of supply

Hot leg
Cold leg

Pressure vessel:
top, middle & bottom

1 (separable)

below 22.6
below 290
below 100

Hot water tank

Cold
Hot leg

2
below 15
below 24,200
3 v 32

Refueling water tank

(1,500 ) (1,300 m?)
Accumulator Hot leg
Injection location Cold leg Cold leg
Pressure vessel:
top, middle & bottom
Injection pressure(kg/cm2g): below 70 45,7
Water temperature (°C) below 100 10 v~ 65
Volume (m3) 0.23 (blowdown loop) 38

0.67 (unbroken loop)

water 24
nitrogen 14

Upper Head Injection
System

Injection location
Injection Pressure(kg/cng)
Water Temperature (°C)

Water Tank Volume (m3)

Upper Head
 below 100
below 120
0.151

Upper Head
84

Room temperature

51

C— 41~
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rTable 2-7(a) ECCS. MEASUREMENT LIST (System I)

DATA ‘
(CH.NOMEAS. ITEMI SYMBOL | NAME (MEASURING POINT ) SENSOR SPECIFCATION [MEAS,RANGE 8OUTPUT  ACCURACY
1 ‘P'Rfssuns,r P-1 ' PV.UPPER KEAD PMS=10KTM =200 | O~I681g/cm’ O~+ 57 224 %
2, - | P-2 | P¥Y. LOWER PLENUM - . . - -
3o - P-3 | ABOVE NO.1_CRIFICE 1 - - . - -
a, - P-4 | BELOW NO.1 ORIFICE . ! . . . - -
57 - F-5 ' ABOVE NO.2 ORIFICE SEMI CONCLICTVE| N - . . -
&' - i P-B . BELOW NO.2 ORIFICE PRESSUER i - ., - Z
77 - L P-7 |56t INLET TRANSOUCER - T . -
8. - ' P-8 ' Pl PUMP SUGTION - - . - -
2. - P-9 562 INLET ! - AR -
10 - P-10] 562 OQUTLET v ] .- . o« -
TR P-1t | P2 PUMP DELIVERY ~ -, - 1 -
1z~ ' P-12 ' PRESSUR;ZER - - = -
13 ” T =13 SG SHELL SIDE 1 PMS-IOKTM=100H | O~ 60ig/em?, O~% 3T ; -
1a DIFF.PRESS] D~-1 ' PV. TOP-BOTTCM | EDH O~ O6ngamd, 2~107 | $ 1.0 %
5 l ] - : ?
6. - | D-3 | PY. TOP-NQ1 ORIFICE % HIGH [ . T -
17T = 1 0-4 | PV. BOTTOM=NO.2 ORIFICE % i DIFF-PRESSURE | - IR -
@, - D=8 | 561 INLET-OUTLET | rranspusER e s -
19| - 0-6 | 562 MLET-OUTLET - . = -
20"~ D-7 | P PUMP DELIVERY-SUCTION ! - . -} -
21 - D-8 | P2 PUMP DELIVERY-SUCTION | -3~+dgamt, - ! -
52 FLOWRATE | F-1 | COMDENSATE NO.1 |0 ~250n3/305 Y
23 - | F-2 . CONGENSATE NO.2 ELECTROMAGNETIC - T -
24 ) F-3 | COOLING WATER NO.1 ' FLOW. RATE METER 6159 - -
257~ | F-4 | COOLING WATER NO.Z - b
261 =~ : F-5 . HPGI ( | TURBINE FLOW RATE METER 0~20min ,0~10V 1.2 %
27 ~  "F-6 _ . 2 ‘ - - L »
FE) S F-7 - ) - {O~%0Wmn .~ | -
25, - | F-8 ~____ {a - T . . e 1 -
30. - | F-9 ! acc 1 - (O~300Fma., - ! '-
31« F-10 act 2 (1) ” (o~ Mmn, - | -
37 - F-11 | Acc 2_ (21 - | . "
33! - F-12 LPC I T} - TO~I0 mim . - | -
34| - F-13 - (2y . [O~300kmn, =~ | -
18 POWER W-1! | POWER SUPPLY NO.1l POWER TRANSOUSER 2885 O~ 600%VA ,O~10V £ 1.0 %
38, - | w-2 . POWER SUPPLY NO.2 - 0~ 18COKVA, O~10V -
37 TEMP(FUEL} TF-t! NO. ! ROD 1 | THERMOCOUPLE $A UNGROUND (O~ 1200°C ,0~107 + 1.0 %
33 - | TF-21 - 2 - T ., T -
39 . .. . TF-3, ~ 3 - - L -
|40, - "l TF-a - 4 - .. - -
a1 - | TF-8 - s - R -
42! = | IF-6 NO.13 ROD ) - i - - -
43 - TF-T - 2 . . -
44 - TF-8 - 3 - - . - -
a3« TF-9 - 4 " .. - B
45 - TF=-10] . 5 - " .- .
ar: - | TFE-n NO.125 ROD 1 - . -
48 - L TF-12 - 2 [ A . -
“49 - U TF=13 o 3 - . -
501 | TF-14 - 4 - N .
| 5 - L-T_F:El,_, u 51 " z e -
52 | TF-15!  m0. 146 ROD t - - __ . - -
53 | - TF=I7} - 2 - hd " d
54 - TF-18i - 3 - oy . =
35, - TF-13 - - 4 - - . d
56 | - TF-20 - 5 - hd R d
57! - TF-2t] TIE ROD(NC.44RO0) ¢ - 0~ 500°C, g~10V -
58, « TF-22i = - 2 - * . - hd
59 w TF-23f - - 3 B . . -
60 - TF-24) - - 4 - hnd . " d
61 - TF=25% - - ) » - . - -
62 TmarereMi ‘01— UPPER PLENUM - f | - . " bd
53 = Tu—2  UHI COLUMN NO.1l - ! v L ~
[ 6al - TU-3 GHI COLUMN NO.2 - v .- -
€3] « 1 TCo4  yug COLUMN NO.3 - B A :
66 | M TU=5_.  yUHI COLUMN NO_4 - Y -

S
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Table 2-7(b) ECCS. MEASUREMENT LIST (System I)

al
Q-MD!HEASITBI

I
SYMBoL

+

NAME [MEASURING POINT }

SENSOR SPECIFICATION

MEAS. RANGE B OUTHAUT | ACCURACY

67 moweasml TU-6| “GUIDE TUBE THEMOCOUPLE C/a_ UNGROUND O~500°C ,O~10¥ | % 1.4%
€8 ' . | TU-7 i UP.HEAD POSITICN NO.1 . - . .
69| » | TU-8 | UP.HEAD POSITION KO.2 - - . - -
70 - | TU-9 @ LUP.HEAD POSITION NO.3 . hd o - d
T i ; 1
72 Towrisystest T - 1 | UP.HEAD POSITION NO.U : THEMOCOUFLE Ca  UNGROUND C~400°C , D~I10V | t 1.0%
(737 . T-2 | PV.LGWER PLENUM ] ~ v ; ..
4| - ! T-3 | COMCENSATE NO, ) { - - | -
75| ~  T-4& | COMDENSATE NO. 2 v - - T -
761  + T -%  SG 1 INLET T - - -
77! =~ 'T=6. S0 1 OUTLET f - - -
T8, = fT-7 Pl PUMP DELIVERY 1 v - -
73, ~ 1 T-8 ' PV IMET NOZZLE ‘ - - -
BO! =~ | T-9 53 2 INLET ! - I d . nd
a1 ~ 1 T-10! S6 2 OUTLET - - | -
B2 - Tr-11] P2 PUMP DELIVERY } - - 1 2
83 + i T-12! PRESSURIZER i - - : -
841 =« 1 T-13] S6 1 SHELL OUTLET b - d ! d
8% ! ~ " T-14. SG 2 SHELL OUTLET : - - i -
B8 worvmew S - ), RUPTURE DISC MO, ¢ | COPPER WIRE . vOLTaGE GEnNERATOR [RUPTURE .0~10V |
87 ~ 5-2 | RUPTURE DISC NO.Z - i - [
QUICK SHUT _VALVE 'LIMIT SW. CONTACT, VOLTAGE GENERATOR | GPEN-CLOSE . O~10V |
ACN VALVE NO. H - - CLOSE HALF-OFEN O~09
ACN _VALVE RNO. 2 ; . - : .
| _ACC_t VAWVE i - " O~IOT "
ACC 2 VALVE ! - - CLOSE - OPEN, Q~10V !
HPC 1 VALVE . - - "
LPC ! VALVE - . . v
S5T CISCHARGE VALVE . - - CLOSE-QPEN, O~ IOV | -
96|~ " S—1l P i PUMP POWEA SUPPLY | ELECTRGMAGNETIC ON+CFF__.0~I10V ,
ar - ' 5-i2. P2 PUMP POWER SUPPLY ; CONTACT ~ - i
98 nowoweow FD~ 1 - IN_CORE +0.~ - 10%+0 =10V _ |
a9 - lfp-2 - - -
[iog” - . f0-3 - ' - -
101 maur secauren N=1 | P 1 FUNP . _TAGHO GENERATOR D~500Cr.p.m. O~ 0T
102 - | N-2 - Fz PLMP ; - - - 1
103 L !
Tos ® ' }
108 [ .
106 * |
107 | i .
oo TomeEnes] Ty-101 UHI WATER TEMPERATURE , THEMOCOURLE C/a  UNGROUND 5~200C, 0~10V
{709 PRESSURE| p.14 | UHI TANK PRESSURE T FNS-IOKTM~-100H B~ lopraeet ozay. |
716 IFLOWRATE| p_14 | UHI FLOW RATE - TURBINE_FLOW RATE METER 10-500 tmn. 1v5v :
111 joworrsnn] o33 | UHI VALVE SIGNAL TLIMIT_SW. CONTACT, VDLTAGE GENERATOR | OPEN-CLOSE , O~ 10V |
112, L N
113 ; | ! _
Tt ] T i H
115 T H !
115 | I i H
L
Nole # will bs chonged for hot isg break piping
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Table2-8(@® Instrumentation List for ROSA-2 Test (System II)

Data Measur. {Symbol |Name -Specification Range
Ch.No.| Items (Meas.Point)
1 Temp. (F)| TF- 1 |No.lrod Pos.l | Ungrounded T/C(0.§SO—1000l
2 " n 2 n 2 " "
3 " w 3 " 3 " n
4 " n 4 " 4 " "
5 " n 5 n 5 " "
6 " " 6|No.2rod Pos.l " "
7 " n 7 L[] 2 " "
8 " v 8 " 3 " n
9 " v g " 4 n "
10 " wl( n 5 n n
11 " "11[No.38rod P, 1 " n
12 " wl]?2 " 2 n "
13 " nl3 i 3 n "
14 " wld n 4 n 1]
15 " wl5 " 5 " n
ie n "16 |No.125r0d P.1 " "
17 "t n]7 " 2 ” n
18 " w18 " 3 " n
19 " n]l9 " 4 " "
20 " wp 0 n 5 n "
21 " w21l |N0.13%r0d P.1 n "
22 " n22 " 2 " "
23 " n 23 " 3 " n
24 " w24 " 4 " "
25 " n25 n 5 " n
26 " "26 |INo.l46rod P.1 " "
27 n n 27 " 2 n "
28 n n2g n 3 n n
29 " n24 " 4 " "
30 n n 30 n 5 " "
31 " " 31 |1No.148rod P.1 " "
32 fr w32 n 2 L] "
33 " n33 " 3 " "
3 4 " m 34 " 4 " ]
35 n m 35 n A " & "
36 Temp. (S)| TF=-36 |Tie-rod Pos.l |[Ungrounded T/C(1.0)/0-500
37 " w37 " 2
38 t n3g ” 3
39 " n 39 " 4
40 " wd(Q " 5. N
41 Temp. (S); TU-41 [Upper Plenum | Ungrounded T/C(1.6)[0-500
42 n n 2 1Column No.l - n "
43 n n 3 ] 2 " "
44 ] n 4 " 3 " "
45 n n 5 w 4 n "
46 W " 6 |Guide Tube " ol
47 " w 7 |Up.Head Pos.l n "
48 " n B " 2 " "
49 " n 9 n 3 " n
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Table2-8 (b) Instrumentation List for ROSA-2 Test(Cont’d){System II}

Data ;Measur, [Symbol| Name of Specification Range
Ch.No.|Items Meas.Point

50 Temp. (B} TB- Core Barrel-0Pl| Ungrounded T/C(l.g) 0-500C

51 " " " P.2 " "

52 n n

53 " "

n

54 " "

Core Barrell8pP

558 " "
56 n "

[aad AN IO LN E S [#9)

o

1

57 1] "
58 " n

D | 0O ][O [ [ s [ N =

59 " " 10 "

60 " w 11 "

n [1]

61 " w 12 "

81 Level LU- Up.Plenum Pos.

Probe Type Level MJON-OFF

8 2 . n " "

83 " "

84 " " Up.Head Pos.

85 1" "

Downcomer Pos.

86 n n
87 n LB~

88 " "
89 " "
a0 " "
91 " "
92 n "
93 : n ]

"

DOwncomer Pos.

" (180")

"

Q94 " ]
95 " "
96 T .
97 " "
.98 " "

OO0 |~ | O U [ (Lo IN = [ on [ b (o |8 1=

[
(=]

O U s L | N | O (O oo [0 1= Lo jeo [ o [ 2 lany i [ oo [eo

= |
N
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Table 2-10

JAERI-M 7656

ROSA-II Test conditions for Run 401

Run No- 601 Pate  1976.3.25
Broak conditions ECCS conditions
Locaticn C HPPCI inject. location o
Mode 2 Initiation Press. (atg) e
Diamcter 1,2 {mun) 375 [ 37.5 Injection delay (sec) L
Type D-ended Flow rate 1,2 (1/min)} |
Fluid conditions Flow rate PV (1/min) L
I PR pressuré (atqg) 15 Water temp. (°c) o
Hot leg temp.1,2(°C)|{ 327 | 327 | LPCI inject. location c C
Cold leg temp.l,2(%)| 302 | 302 Initiation press.(atg)! PI1:4
Flow rate 1,2(1/min) 335 930 Injection delay (sec) 37
Pump conditions Flow rate 1,2 (1/min}
Revolution No. {rpm) 1750,1350 Flow rate PV = (1/min) L
Trip delay 1,2 (sec) 0 0 Water temp. (*c) 3]
'Flow resistance ACC injection location | ¢ I €
PRorifice (mm) 14.3 Pressure {(atg) 27
SG orifice 1,2 (mm)| 57.3] 63.0 Temperature 1,2 (°C) 11 ;a-_
Core thermal conditions Orifice diam.l,2 (mm)| §.3 511.0
Assembly No. UHI Orifice diam. PV  (mm) _
Set power No.1,2 {XW)| 504 | 1700 | UHI injec. location Up.Head
Trip delay 1,2 (sec)| 0 0 Pressure (atg) 84-_-‘
Power Control 1,2* n ; n Temperature ('c) 18 -
Power off temp. (°C) 700 Orifice diam. (mm) 12.0 |
Seccndary sids conditicns Abbreviaticns Of-iocatign 7 )
Pressure (atg) 60 ‘H:Hlot leg C:Cold ley
Termperature { *C) 275 Rerarks
Flow control valve close CWT Temperature 10.3°C §
Blow valve close f
Rlow orifice {mm) - e :

* "
Note, d:dccay heat simulation,n:decaytdelayed noutron,c:constant.

§: n + stored energy release

.f



Table 2-11
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ROSA-IT Test conditions for Run 602

Run No. 602

Dateé

1976.4.15

Break conditions

ECCS conditions

Location C HPCI inject. location
Mode 2 Initiation Press. {atg)
Dianmeter 1,2 {mm)| 37.51} 37.5 Injection delay (sec)
Type D-ended Flow rate 1,2 (1l/min)
Fluid conditions Flow rate PV (1/min)
PR pressure | {atqg) 158 ~Water temp. {°C)
Hot leg temp.1,2(°C)| 322 | 322 LPCI inject. location
Cold leg temp.l,2(C)! 298 | 298 Initiation press. {atg)
Flow rate 1,2(1/min)| 350 | 980 Injection delay (sec)
Punmp conditions Flow rate 1,2 (1/min)
Revolution No. {(rpm) ,1960 Flow rate PV (1/min)
Trip delay 1,2 (sec)| @ 0 Water temp. | (°cy
Flow resistance ACC injection location
PR orifice (mm) 14.3 Pressure {atg)
SG orifice 1,2 (mm)| 57.3] 63.0 Temperature 1,2 {°c)
Core thermal conditions | Orifice diam.1l,2 (mm)
- Assembly No. UHI Orifice diam, PV . (mm)
Set power'go.l,z(KW) 521 1689 UHI injec. location
Trip delay 1,2 (sec) 0 0 Pressure (atg) -
Power Control 1,2* S S Temperature ("¢
Power off temp. (°C) 700 Orificeggiam. (mm)
Secondary side condi tions Abbreviaticns of location
Pressure (atg) 60 "H:Hot leg C:Cold ley
Temperature (°C) 275 Remarks
Flow control valve close CWT Tempéraure 14.3°C
Blow valve close
Blow orifice (mm) —_—

.
Note, d:decay heat simulation,n:decay+delayed neutron,c:constant, |

S: n + stored energy release

sl




Table 2-12
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ROSA-I1 Test conditions for Run 03

Run No. 603

Date 1976.5.12

Break conditions

ECCS conditions

Location c HPCI inject. location S
Mode & 2 InitiéEion Press. (atg) -
: il

Diameter 1,2 (mm}37.5 [37.5 Injecfion delay (sec) - .

. Type D-ended Flow rate 1,2 (l/min)| —_ |
Fluid conditions Flow rate PV {(1/min) _
PR pressure ;ﬁatg) 158 Water temp. (°c) —
Hot leg temp.1,2(°C)[323 |323 | LPCI inject. location | ¢ | c
Cold leg temp.l%Z(E)305 305 Initiation press. {atg)| Pl: 4
Flow rate 1,2(1/min)[257 |732 Injection delay (sec) 27
Pump conditions ' Flow rate 1,2 (1l/min)| 23 55
Revolution No. {rpm) ,1920 Flow rate PV {1/min) _
Trip delay 1,2 (sec)| o0 0 Water temp. {°C) 24.3
Flow resistance ACC injection location C c
PR orifice (@m) 14.3 ..Pressure (aty) 27

SG orifice 1,2 (mm)57.3 ;63.0 Temperature 1,2 {°cr 19 18
Core thermal conditions Orifice diam.1l,2 (mm)] 4.4 (7.7
Assembly No. UHI Orifice @iam. PV (mm) —_
Set power No.l,2 (XW)| — 11230| UHI injec. location —_
Trip delay 1,2 (sec)l — | 1] Pfessure {atg) ——
Power Control l,Zf —_ E 5 Temperature (°cy _— '
Power off temp; (*C) 700 ‘Orifice diam. (mm) _——-_7
Secondary side conditicns Abbreviaticns of-iocation ‘ }
Pressure (atg) 60 H:Hot ley C:Cold leg '
Temperature { °c) 275 Remarks !
Flow control valve close CWT Temperature: 19f2°C ;
Blow valve close ‘

Blow orifice {mm)}

. -
Note, d:rdccay heat simulation,n:decay+delayed neutron,c:constant.
S: n + stored energy release

1




Table 2-13
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ROSA-II Test conditions for Run 604

Run No. 604 Date 1976.5.10
Brcak conditions ECCS5 conditions
Location C HPCL injéct. location _— —
Mode 2 Initiation Press. (atg) —
Diameter 1,2 (mm)] 37.5(37.5 Injection delay (sec) —_—
Type D-ended Flow rate 1,2 ({(1/min)| —m | ——
Fluid conditions Flow rate PV {1/min) -
PR pressure {atqg) 158 Water temb. (°C)
Hot leg temp.l,2(°C)| 325 |325 LPCY inject. location c C
Cold leqg temp.l,2(C)| 307 [307 Initiation press:{atg)] Pl: 6
Flow rate 1,2(1/min)| 258 |720 Injection delay (sec) 26
Pump conditions Flow rate 1,2 (1/min)| 23 55
Revolution No. (xrpm) ,1380 Flow rate PV {(1/min) _
Trip delay 1,2 (sec)| 0 0 Water temp. {°C) 42
Flow resistance ACC injection location c C
PRorifice (mm) 14.3 Pressure {atg) 27
SG orifice 1,2 (mm}| 57.3;63.0 Temperature 1,2 (°cyl 18 17
Core thermal conditions orifice diam.l,2 (nm)| 4.4 (7.7
Assembly No. UHI Orifice diam, PV  (mm)
Set power No.1,2 (KW)| — [1231 | UHI injec. location Up.Head
Trip delay 1,2 (sec)] — ; 0 Pressure {atg) 84 ‘
Power Control 1,2* ———-E S Temperature (*C) 19
Power off temp. ('C) 700 Orifice diam. {(mm) 9.5
Secondary side conditicns Mbbreviaticns of location
Pressure {atg) 60 H:Hot ley C:Cold ley
Temperature { °C) 275 Remarks .
Flow control valve close CWT Temperature : 18.4°C !
Blow valve close
P_hlow orifice {mm) _
*Note, d:dccéy heat simulation,n:decay+delayved neutron,c:constant.
t . S:mn+ stored energy release ]
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Table 2-14 ROSA~1I Test conditions for Run 605

Run No. 605 . pate 1976.5.21
Broak conditions ECCS conditions
Location | C HPCI inject. location I S
Mode 2 Initiation Press. (atg) o
) Diamgter 1,2 (mm)|37.5 | 37.5 Injection delay (sec) .
Type -Dended T Fléwrraté-i,Z (1/min)| |
Fluid conditions T B Flow rate PV (1/min) _;r |
- PR pressure (atg) 158 . Water temp. (°C) .
Hot leg temp.l,2(°C} 304 -| 308 LPCI inject. location C C
‘Cold leg temp.l,2(T) 304 304 Initiation press. (atg) 1.7
Flow rate 1,2(1/min)| g5p }350 Injection delay (sec) 26
Pump conditions Flow rate 1,2 (1/min); o5 60
Revolution No. (rpm) L2675 Flow rate PV {1/min) _
Trip delay 1,2 (sec)| g 0 Water temp. {"C) 20
Flow resistance ACC injection location | C C
PrRorifice (mm) 14.3 Pressure (atyg) 28
SG orifice 1,2 (mm)|g7 3 i53-0 Temparature 1,2 (°C), 19 17

Core thermal conditions Orifice diam.l,2 ({(mm) 4_4% 7.7
Assembly No. UHI Orifice diam, PV (mm) o )
Set power No.1,2 (KW)| o | g UHI injec. location Up. Head
Trip delay 1,2 (scc) 0 | © Pressure {(atqg) gsﬁﬂﬁii
Power Control 1,2* . é _ Temperature iQC) 18
Power off tewp. (°C) 700 Orifice diam. (mm) 9.5

Secondary side conditiéns Abbreviaticns of locaticn
Pressure (atg) 60 - H:ffot leg C:Cold ley
Temperature {°c) 2f5 Remarks -

Flow cc:mtr-o] valve close CWT Temperature 17.4°C
Rlow valve | close
RBlow orxifice (mm) e L

* ) .
Ncte, d:decay heat simulotion,n:decaytdelayed noutron,c:iconttant.
S: n + stored energy release

R
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Table 2-15 ROSA-II Test conditions for Run 606

Run No. 606

pate 1976 5.27

Break conditions

ECCS conditions

Locaticn c HPCI inject. location | |
Mode 5 Initiatien Press.(afg) o
piameter 1,2 {mm)} 27 51 37.5 Injection delay (sec) o
Type D-ended Flow rate 1,2 (l/min)l  §_
Fluid conditions Flow rate PV (1/min) o
PR pressure (atqg) 158 Water temp. (") L
Hot leg temp.l,2(°C) 425 325 LPCI inject. location C C
cld leg temp.l,Z(t) 301 | 301 Initiation press. (atg)
Flow rate 1,2{1/min) 334 | 954 Injection delay (sec)
Pump conditions Fiow rate 1,2 (1/min)
Revolution No. (rpm) 1800, 1900 'Flow rate PV {1/min) o
Trip delay 1,2 (sec}| g 0 Water temp. (°C) 21
Flow resistance ACC injection location C c
Prorifice {mm) 14.3 Pressure (atg) 27
sG orifice 1,2 (mm)| 57 3 | 3.0 Temperature 1,2 (°C) 18 18
Core thermal conditions ' orifice diam.1,2 (am)l , . i 54
" Assembly No. UHI orifice diam. PV (mm)
Set power No.l,2 (KW)| 530 |16p4 | UHT injec. location Up.Head |
Trip delay 1,2 (sec)| 0 Pressure (atqg) 84
rower Control 1,2* S S Temperature {"C) 20.5
pover off temp. ('C) 200 Orifice diam. (mm) 9.5
secondary side conditions Abbreviaticns of location
Pressure {atg) 59 ‘H:Hot ley C:Cold leg
Temperature (°C) 974 Remarks
Flow control valve close CWT Temperature 20°C
Blow valve ciose .
_ Blow orifice {rmm) ) !

*
Note, d:dccay heat simulation,n:decaytdelayed n

S: n + stored energy release

cutron,c:constant.
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d: &
S{

*
Note,

Tablc2-16 ROSA-1I Test conditions for Run 607
Run No., 607 Date 1976.6.2
Break conditions ECCS conditions
Location C HPCI inject. location _ | —_
Mode 2 Initiation Press. {atg) -
Diamcter 1,2 (mm)| 37.5 (37.5 Injection delay (sec) -
Type D-ended Flow rate 1,2 (l/min)| __—_ | _
Fluid conditions Flow rate PV (1/min) .
PR pressure (atg) 158 Water temp. (°e) ———
Hot leg temp.l,2(°C}| 322 322 | LPCI inject. location c c
' Cold ley temp.l,2(C)| 298 298 Initiation press. (atg)! P1:6.5
Flow rate 1,2{}1/min)] 335 960 Injection delay (sec) 27
Pump conditions Flow rate 1,2 (}/min}| 23 60
Revolution No. (rpm}! 1840,1900 Flow rate PV {1/min) -
Trip delay 1,2 (sec)| O 0 Water temp. ("¢} 24
Flow resistance ACC injection locationj C c
PRorifice (mm} 14.3 Pressure (atg) 27
SG orifice 1,2 (mm) 57.3{ 63.0| Temperature 1,2  (°C) 21.4]20.6
Core thermal conditions | orifice diam.1l,2 (mm} 4.4 [ 7.7
Assembly lo. UHI Orifice diam., PV (mm)
Set power No.l,2 (KW)| 530 !{1582 UHI injec. location Up.Head
trip delay 1,2 (sec}] 0 | 0 Pressure (atg) 87 .
Powcr Control 1,2* 5 l s Temperature (°c) 24
Pover off temp. (°C) 700 Orifice diam. (mm) 9.5
Secondary side conditicns Abbreviaticns of location
Prossure {atg) 59 H:Hlot ley C:Cold ley
Temperature ( °C) 274 Remarks
Flow control valve close .CWT Temperature : 22.3°C
L Blow valwe close
Blow orifice {mm) —_——

zcay heat simulation,n: dccay+dpla1ad neutron,ciconstant.
n + stored energy release
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JAERI-M 7656

ROSA-II Test conditions for Run 608

Run No. 608

Date 1976.6.7

Break conditions

ECCS conditions

Blow orifice {rm)

Location C HPCI inject. location e b
Mode 2 Initiation Press. {atg) -
Diamecter 1,2 (mm)| 37.5 (37.5 Injection delay (sec) -
Type D-ended Flow rate 1,2 (l/min)| — | —
Fluid conditions Flow rate PV (1/min} -
PR pressure {atg) 158 Water temp. {°c) —_—
Hot leg temp.1l,2{ C)|319 319 LPCI inject. location C c
cold leg temp.l,2(C)|[295 | 295 Initiation press.(atg)| P1:7.5
Flow rate 1,2(1/min}); 334 954 Injection delay - (sec) 27
Pump conditions Flow rate 1,2 . (1/min})| 23 60
Revelution No. (rpm)| 1730,1890 Flow rate PV (1/min) —_—
Trip delay 1,2 (sec)| 0° 0 Water temp. ("¢ 25
Flow resistance ACC injection location | C C
PR orifice {mm) 14.3 Pressure {atg) 28
' 8G orifice 1,2 {mm}); 57.363.0 Temperature 1,2 ("C)i20.7 19.2
Core thermal conditions Orifice diam.l,2 (mm)| 4.4}t 7.7
~ Assembly No. UHI Orifice diam. PV  (mm) _
Set power No.l,2 (KW)| 500 [1578 | UHI injec. location Up.Head
Trip delay 1,2 (seé) 0 0 Pressure (atg) 99
Power Control 1,2* s i S Temperature (°c) 22 i
power off temp. (°C) 700 Orifice diam. (mm)} 9.5 !
Secondary side conditiens Abbreviaticns of location |
Pressure {atg) 59 H:Hot ley C:Cold ley ;
Temperature {°C) 274 Remarks
Flow control valve close CWT Temperature : 19.7°C
Blow valve close

- .
Note, d:dccay heat simulation,n:decay+delayed neutreon,c:constant,
S: m + stored energy release

.




Table 2-18
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ROSA-II Test conditions for Run 609

Run No. §09

Date 1976.6.14

Break conditions

ECCS conditions

Blow orifice {mm)

Location C HPCI inject. location —_ -
Mode 2 Initiation Press. {aty) -
Diameter 1,2 (mm)| 37.5137.5 Injection delay (sec) —
Type D-ended Flow rate 1,2 {(1i/min)! — | ——
fluid conditicns Flow rate PV (1/min) -
PR pressure {atg) 159 Water teﬁp; (") _—
Hot leg temp.l,2(°C){ 322 322 LPCI inject. location c c
Cold leg temp.l,2(T)| 298 |298 Initiation press.(atg)! pPi: 9
Flow rate 1,2(1/min)| 329 (933 Injection delay (sec) 27
Pump conditions Flow rate 1,2 (l/minj)| 23 | 65
Revolution No. (rpm)| 1720,1870 Flow rate PV {1/min) —
Trip delay 1,2 {sec)| O 0 Water temp. {°C) 20.5
Flow recsistance ACC injection location | C c
PRorifice (mm) 14.3 Pressurc {atg) 28
5G orifice 1,2 {mm)| 57.363.0 Temperature 1,2 {°Cc)i 19 18.1
Core thermal conditions Orifice diam.l1,2 ({(mm)i 4.4 7.7
Assembly Ko, UHI Orifice diam, PV  (mum) _
Set power No.1l,2 (KW} 495 |1600 | UHI injec. location Up.Head
Trip delay 1,2 (sec)] 0 0 Pressure (atg) 85
Power Control 1,2* S E S Temperature {(°C) 122 j
Power off temp. ('C) 700 Orifice diam. (mm) 9.5 |
Secondary side conditicns Abbreviaticns of location 'j
Pressure {atg) 59 H:Hot leg C:Cold ley :
Temperature ( °c) 274 Remarks |
Flow control valve close CWT Temperature : 19.4°C
Blow valve close

*
Note, d:dccay heat simulation,n:decay+tdelayed neutron,c:constant.

. 8: n + stored energy release




Table 2-19
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ROSA-II Test conditions for Run 610

Run No. 610

Date 1976.6.17

Break conditions

ECCS conditions

.Location C HPCT inject. locatien c c
Mode 7 Initiation Press. {(atg) pl:fo
Diameter 1,2 {mm})| —— ! 16.5 Injection delay (sec) 35
Type Split Flow rate 1,2. (1/min)i7.2 17
Fluid conditions Flow rate PV (1/min) -
PR pressure (atqg) 158 Water temp. (°c) 21
Hot leg temp.1,2(°C)[321 | 321 | LPCI inject. location c c
Cold leg temp.l,2(C)| 297 | 297 Initiation press. (atg); pP1:9.5
Flow rate 1,2{1/min)| 335 954 Injection delay (sec) 155
Pump conditions Flow rate 1,2 (1/min}| 17 18
Revolution No. {(xrpm)| 1820,1890 Flow rate PV {(1/min) —
Trip delay 1,2 (sec)| 0 3 Water temg. (T 22
Flow resistance ACC injection locaticn C C
PR orifice {mm) 14.3 Pressure {atg) 27.5
SG orifice 1,2 (mm){57.3; 63.0 Temperature 1,2 ({°C}|{19.5 {18
Core thermal conditions Orifiée diam.l,2 (mm)| 4.4 {7
Assembly No. UHI Orifice diam, PV (mm)  —
Set péwer‘No.l,2(KW) 500 [1600 UHI injec. location Up.Head ‘
Trip delay 1,2 ({sec)| O 0 Pressure (atqg) B9
Power Control l,2* S E_S Temperature °c) 23.5
Power off temp. ('C) 700 Orifice diam. {mm) 9.5
Secondary side conditicns Mbbreviaticns of location
Pressure {atg) 59 H:Hot leg C:Cold leg
Temperature (°C) 274 Rermarks
Flow control valve close cwT Temperéture P 23.5°C
Blow valve close
L
Blow orifice {mm}

* . :
Note, d:dccay heat simulation,n:decay+delayed neutvon,c:constant.
§: n + stored energy release
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