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Experiment on Performance of Upper Head Injection

System with ROSA-IT

Reactor Safety Laboratory 1, ROSA Group
Division of Reactor Safety, Tokal, JAERI

(Received August 18, 1976)

Thermo-hydraulic behavior in the primary cooling system of a pres-
surized water reactor with an upper head injection system (UHI) in a
postulated loss~of-coolant accident (LOCA) has been studied with ROSA-1I
test facility. Simulated UHI and internal structures of the pressure

vessel were installed to the facility for the expeirment.

Nine maximum-sized double-ended break tests and one medium-sized split

break test were performed for the cold-leg break condition. The results

are as follows:

(1) Fluid mixing in the upper head is not perfect.
(2) Cold water injection into the steam or two-phase fluid causes

violent depressurization due to the condensation.

Flow pattern in the primary cooling system is largely influenced by

the above two.

Reactor Safety Laboratory 1, Chief M. Shiba

ROSA Group
Analysis Group: H. Adachi, Experimental group: I. Matsumoto,
M. Okazaki, K. Tasaka, H. Murata, T. Chiba,

" M. Suzuki, M. Sobajima H. Ttoh, H. Osaki
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L, ANERBTEYE—FFa—T, TONAICHEIT FLALNA-TIOE, COFLDHEN
ER%EFig 24 KCRT. BEMHEOAR, BF, €y FREFO 17X TMNESKOZRICA
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5 A BRI 4 BB EET S ¢ RREMHC 2 » b T 5, HAURSE, 7= s NREROBS
MEREL, RRICA S, BEHOBPHL DT~ 2 U BEAER LML, OWT L0 AEUKGEE
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3. 1 EHBEBAOTREEE
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ROSA-TREICH 2 EHAEROEHEENCE LiZT VHI 0B8R, FOBIUFREE
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ENFTENTHY, BAKEETAREENTRELLTH SIS, ECCSOEACRERLLD
BN 03 BcTh S, EENF -2 RTHMFERECHRT 2LEEH D,
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N TS DA E T 2 FHRREREHBICh R » TRRMEEHRICIE - T2, TETU-T2 2l
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%mmﬁﬁﬁﬁ&%fnmmﬁUHIWEH%MUHIi&ﬁ;dﬂ@%ﬁﬁ%uTﬁémﬁﬁm.:
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XERRBUKOTHEREL - T BEDDD B PHTEE~ v FROKD LR L CHEES
WE EMBEAT 2L, L~y FRRIKERIICIED, UHI XEXDTH, SEBEANT L
T ICRBFRBSHNS LI, LB~y FADBROBRADE 2505, BHLEED,
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CDEIRETCO LB~y FHOKIE NG Y 25 B2 THEE,
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L1, CORM2EREREE (), #2HEIERER (A) T& 3,
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SDMHEMERDTHEA ) KL D, FLSDEIOBARLE~y FRDK BT 2 Lokt &
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EBLETEECLFABO 2,1 7 8RN AT B TH 2.
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Table. 2.1 Design Data of the ROSA-I Facility and LPWR

Comparison of Major Design Parameters

ROSA-II LPWR
Si%ylated 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
Number of steam- 2 and the heat removal 4

generators

1=3

Secondary cooling system

Pressurized open loop

Recirculating closed
loop

Emergency core cooling
system (ECCS)

High-pressure coolant
injection system (HPCI)
Accumulator (ACC)
Low-pressure coolant
injection system (LPCI)
Upper head injection
system (UHI)

High-pressure coolant
injection system (SIS)
Accumulator (ACC)
Low-pressure coolant
injection system (RHRS)
Super-high pressure
coolant injection
system (Ccp)
Upper head injection

system (URI)
Core heatup Electric Nuclear
Core power (KW) 2,240 3,411,000
Total volume of primary
system (m?) 0.856 355
including steam wvolume
in pressurizer
Primary system pressure 160 158
(kg/cm?-g) (nominal value)
Primary system 325 325 (hog leg)
temperature  (°C) 289 (cold leg)
Secondary system pressure
(kg/cm?-g) 60 64
Secondary system entrance
temperature (°C) 275 227
Secondary system exit 275 279

(°C)

temperature
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Table 2,2 Dimensions

of Major Components

at pressure vessel inlet

at pressure vessel outlet

Primary loop total length(m)
except the steam generator
and the pumps

14

12.

.73 (unbroken loop)

ROSA-TIT 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 2.5
Fuel rod pitch (zm) 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

.31 (klowdown loop) 73.7
.80 (unbroken loop)

.9 15.8(blowdown loop)| (unknown)

(blowdown loop)
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 1 19.7
U~tube outer diameter (mm) 19.0 _ 1 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 i 15

- 153 —




JAERI-M 6707

Table 2.3 Volume Distribrtion

ROSA-TI LPWR
Pressure vessel (") 0.2739 116
(with all internals) ’ -7
3 0.298 122
Steam generators  (m’) (0.073+0.225) (30.64)
3 31

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 primary | o,
system (m®) 8359 340
Inside of the pressure %

vessel (I) %
Upper head (m®) 0.0595 (21.7 21.9 (18.7)
Upper plenum *** (mz) 0.0462 (1$-%) 17.5 (15.0)
Core (m?) 0.0479 (17. 18.5 (15.9)
Lower plenum () 0.0653 E23-8] 32.1 (27.5)
Downcomer (o ) 0.0550 (20.1 26.7 (22.9)
Inside of the pressure

vessel (II)
Below the lower end of

the core (ma) 0.071
Below the upper end of

the core (ma) 0.163
Below the center of the 0.186
primary loop nozzle (@®) '
Secondary side of the steam | 0.64 355
generators (ma) {(0.19+0.45) -

*# Defined as (effective flow area) X (length of fuel rod assembly)
#% 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-IT 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/m2h) 3.07x10° 0.5149x10°
(W/cm?) (184) (59.9)
Max. heat flux  (Kcal/m?h) 0.475x10° 1.19x108
(W/em?) (42) (139)
Number of heated rods 140 50,952
(289rods x
193 assemblies
Number of unheated rods 9 4,825
Min. DNBR arbitrary 1.71
Total flow rate (&4/min) 2,700 371x10%
(nominal wvalue) (1.860)
Total mass flow rate (kg/min) n2,000 2.2x10%
{nominal wvalue) (1,330)
Effective core mass flow 1,800 2.1x106
. (kg/min)
(nominal value) (1,200)
o Average mass velocity (kg/mZh) 7.6x106 12x106
(nominal value) (4.6x10%)
Average core flow rate (m/s) 2.6 4,72
{nominal wvalue) (L.7)
Effective flow area (m?) 0.0172 4.75

= 155 —-
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Table 2.5 Thermal Design Data {cont'd)

LPWR

ROSA-TI
Heating surface area in the 6.267
core (m?)
Coolnat temp. at the ?Eéit below 325 289
Coolant temp. difference 17 (at max. power & 37.2
across the core (°Q) 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)
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-IT LPWR
High pressure coolant Hot leg Hot leg
i ntectd
injection system Cold leg Cold leg (super high

Injection location

Number of systems
Injection pressure(kg/cm?g)
{(%/min)

Water temperature (°C)

Injection rate

Source of supply

Pressure vessel:
top, middle & bottom

1 (separable)

below .130
below 60
below 165

Hot water tank
(300%, 7 kg/cm?g)

pressure system)

2

below 105
below 2,460
3w 32

Refueling water tank
(1,300 m?)

Low pressure coolant

injection system Hot leg Cold
Injection location Cold leg Hot leg
Pressure vessel:
top, middle & bottom
Number of systems 1 (separable) 2
Injection pressure(kg/cm?g)| below 22.6 below 15
Injection rate (&/min) below 290 below 24,200
Water temperature (°C) below 100 3 v 32
Source of supply Hot water tank Refueling water tank
(1,500 L (1,300 m*)
Accunmulator Hot leg
Injection locaticn Cold leg Cold leg
Pressure vessel:
top, middle & bottom
Injection pressure(kg/cm?g)| below 70 45.7
Water temperature (°C) below 100 10 ~ 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 Tempefatﬁfe (°0)

Water Tank Volume (m?)

Upper Head
below 100
below 120

0.151

Upper Head
84
Room temperature

51
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Table 2-7(a) ECCS. MEASUREMENT LIST (System I)

[DATA :

. !MEAS.!?EM SYMBOA,| NAME {MEASURING POINT) SENSOR SPECIFCATION MEAS.RANGE B QUTPUT|  ACCURACY
| iPRESSURE | P—1 | PV.UPPER HEMD PMS=-10KTM=-2001 | O~165kg/cnt’ O~ t 5V 2.4 %
2 - P2 | PV. LOWER PLENUM - v . -
3 - | F-3 | ABOVE NO.I ORIFICE » - . - -
4 « | P~4 | BELOW NO.1 CRIFICE - - . - -
5 ~ . P=-5 T ABOVE NO.2 ORIFIGE SEME CONCUCTVE - . L - .
6! - | P-6 | BELOW NO.2 CRIFICE PRESSUER - - N .
71 = ., P-T7 [5G INLET TRANSOUCER | - - . = -
8 - 1T'p-8a | PI PUMP SUCTION - ., - -
£ - P=9 | 862 INLET - . - =
10 - P-10| 562 OUTLET - ., - -
1 ~ P~1l | P2 PUMP DELIVERY - - . - o
12 ~ | p-12 | PRESSURIZER ~ -, . -
13 w | P-13 | 56_SHELL SIDE PMS=-IOKTM—100R | O~ 80 kg/em?, O~ 5V -
1% DIFF.PRESS| D—1 | PV. TOF—-BOTTOM 1 EDH O~ Q6% e, 2~ 10T £ 1.0 %
15 - ) i .

16 - D-3 | PV. TOP- NG.i ORIFICE % _ [HIGH o - T -
17 - D-4 | PV. BOTTOM=NG.2 ORIFICE % DIFF-~PRESSURE -~ . -

18 - D-5 | 56 1 INLET—OUTLET | TRANSDUSER -5~ 5, o -
12, - 0-6 [ 562 INLET—OUTLET : L 4 -

E D-7 | Pl PUMP DELIVERY-SUCTION - . ”
2 - D-8 | PZ PUMP DELIVERY=SUCTION —3~+3ngn?, -

22 FLOWRATE! F—1 | GONDENSATE NO.1 0~250kg/sec i t14%

231« | F-2 | CONCENSATE NO.2 ELECTROMAGNETIC - ] -

24 . » | F-3 | COOLING WATER NO.1 FLOW. RATE METER 6139 - J -

25 | ~ i F—4 | COOLING WATER NO.2 - ”

261 ~ ! F-5 | HPCI i) TURGINE FLOW RATE METER O~20¥min ,0~10¥ £ 1.2 %

27 - [ F-8 2 - - - .,

28~ | F-T 3} - O~S0Mmin ,  » -

29 | -~ | F~8 " [3) ” . . - -

20, -~ (F-8! &acc ! M 0~300dmin, - »

31 =  F-l0] acc 2 N - OO0 Mmin,  ~ ~

32 . - F=1l ACC 2 (2) B P -

33 - F-12| LPC 1 _ (1) v O~110 /min .~ -

34 - F-13 - 12) - O~300Umin,  ~ -

35 POWER W-1 | POWER SUPPLY NO.1l POWER TRANSOUSER 2883 O~ 600KVA .0~10V £1.0 %

38 - W-2 | POWER SUPPLY NO,2 - O~ 1B00KVA, O~10V -

37 TEMP{FLEL] TF-) NO.1 ROD 1 | THERMOCOUFLE S UNGROUND O~ 1200°C_,0~10V 1.0 %

38 - TF-2 - 2 - : - . “

29 - TF=3 ” 3 - ” A - »”

40 . TF~4 - 4 - - - -

4] - TF-5 - 5 - e “

42 - TF-8 NO: 13 ROD 1 - L ~

43 “ TF-7 - 2 - " . " -

4  ~ TF-8 - 3 - w .

45| ~ TF-9 ~ 4 - P -

46 - TF-10 s 5 - L -

a7 . 1 TE-U NC. 125 ROD ] - - . . -

48 P TF-12 - 2 - L. d

K HEE o 3 - - o, = )

50 « | TF-14 ” 4 - - . n -

51 » __Ti"i B - % - " . - w

52 - TF-i6 . N, 146 ROD t . - . - -

53 TF-17| T . 2 - . .- -

54 - TF-18 - 3 - L. -

55 - TF-19) - a - " . " -
56 - TF-20 - 5 - o e " d
ar TF-21; TIE ROD (NO.44RODY [ B~ 500°C, 0~10V -
se TF- “ - -2 - - . - -

59 ; » TF-23 - - 3 d oA S d

60 - TF-24 - - 4 - s *

61; =~ TF-25 - - 5 . . s -
€2 | Tmweerwtsel T (BPER PLENUM - - . -
B3l TU-Z UAT COLUMN NO.1 - ! . “
64 | - TU-3 GHI COLUMN NO.2 - .= -
€5 - Fu-4 U1 COLUMN NO, 32 A . ‘
65 - TU-5{  UHI COLUMN_ NO_4 - AR z
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Table 2-7(b) ECCS. MEASUREMENT LIST (System I)

ara, b

4 ND|MEAS, I TEM !smsoc. NAME [MEASURING POINT) "1  SENSOR SPECIFICATION MEAS. RANGE 8 OUTPUT!  ACCURACY
67 froaanwidl TU-¢ | GULDE TUBE THEMOCOUPLE C/a_ UNGROUND O~ 500°C . 0~10V + 1.4 %"
€8 - TU-7 | UP.HEAD POSITION NO.1 | - e -
69 - TO-9 | UP.BEAD POSITION NO.2 © - - . - o
70 - 1U~9 | UP.HEAD POSITION NO.3 - “ S -
71 -
72 pis T—1 | UP.HEAD POSITION NO.0 | THEMOCOUFLE O UNGROUND 0~400°C , 0~I0V t 1LO%
73 - T -2 . PV. LOWER PLENUM " v -
74 # 1 T-3 | CONDENSATE. NO. 1t - hd ol
fi] » Y-8 | CONDENSATE NO.2 - - ot
76 - [ T-% ] S6 1 INLET J - -
77 - T-6] S6 1 ouner i -
78 “ T-7 _ PI__PUMP DELIVERY ] ~ -
79 - T-8 | PV RRLET NOZZLE i . - -
80! ~ T-9 ' S6 2 INLET i - v -
81 o t-10] S6 2 OUTLET ! - - T -
82 . T-111 P2 PUMP DELIVERY - - -
B3 # 1 T-I12, PRESSURIZER - ] . "
84 | T-13] 56 1 SHELL OUTLET ) . d -
B3] ~ ' T-1a. 5@ 2 SHELL OUTLET ! - - “
88 T"RUPTURE DISC NO.t | COPPER WIRE. VOLTAGE GeneRaTom FUPTURE _ 0~10¥
87 |_RUPTURE DISC NQ.2 [ -
L) " QUICK SHUT  VALVE T LIMIT SW, CONTACT, YOLYAGE GENERATOR | OPEN-CLOSE, O~I10V
:E] | _RCN VALVE NO.} ! # : v CLOSE-ROLF-OPEN

| 80 | .| _RCN_VALVE' NO. 2 ' . - - L

[ 91 | ACC_t VAWE - . n . O~I0¥ |
92 L ACC 2 VALVE ! - " GLUSE - OPEN, O~10V
93 HPC t VALVE ! v - - ”»
94 . LPC 1 VALVE | . N - w
25 S5T DISCHARGE VALVE i v » CLOSE' OPEN, 0~10V |
96 P [_PUMP POWER SUPPLY ELECTROMAGNETIC ON-OFF .0~ 10V ;
o7 '5-12] P2 PUMP_FOWER SUPPLY CONTACT . t

. [o8s . IN_CORE +0,~ ~10%~0 = 10V

8IS - Fo-2 | - - Ll

= - L FO-3 - ' . .

O! mawmpouren K=t | P 1 PUMP TACHG GENERATOR O~5000r.p.m .0~ I0V

102 - N-2 | P2 PUMP - d .

103 :

104 i

105 :

106 l

107 - :

108 Ty-10" UHI WATER TEMPERATURE | THEMOGCUPLE C/a UNGROUND 0-~200C, 0~10v '

1169 {PRESSURE| p-14 | UHI TANK PRESSURE PMS—1OKTM—100H G 100 Knkwd OogRW, |
(110 [FLOWRATE| p.)4 | UHI FLOW RATE TURBINE FLOW RATE METER 0~500 $Awin, 15V
111 joeorxmens] 5-13 | UHI VALVE SIGNAL [LIMIT SW. CONTACT, VOLTAGE GENERATOR | OPEN-CLOSE, O~ 0T

11z i

113 ! | . ;

114 |

T

115 |

116 ]

Note % will be chonged for hot leg breok piping
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Table 2-8() 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.§50~10006
2 " n o2 n pi " n
3 n n 3 n 3 " "
4 ] n 4 n 4 " "
5 ] wn 5 " 5 " "
6 " " 6 |No.2rod Pos,l] " "
7 " w7 " 2 " "
8 ¥ n 8 " 3 " "
9 " n 9 " 4 " "
l 0 " n l 0 n 5 " n
11 " n11|No.38rod P. 1 " I
12 n nl2 n Z n o
1 3 " " l 3 " 3 1] n
14 n nl4 n 4 " n
1 5 n n l 5 " 5 " n
16 " wji6(No.l25rod P.1 " "
17 " nl7 ] 2 " "
l 8 n n l 8 n 3 " "
19 n nl9 n 4 n "
20 n n 20 ] 5 n "
21 n w2l |No.1l3%rod P.1 " n
22 w n22 " 2 "t [
23 " n23 n 3 n n
24 n w24 ] 4 n n
25 n n2hK " 5 n n
26 n w26 iNo.l46rod P.1 " "
27 n n 27 n i n n
28 n n28 n 3 n n
29 n n29 " 4 n "
a0 n n 30 f 5 " n
31 " v 31 IN0.148rod P.1 n n
32 " n 32 n 2 " n
33 " n 33 " 3 n "
3 4 1] n 34 n 4 n n
35 " n 35 n 5 " & n
36 Temp. (S)| TF-36 {Tie-rod Pos.l ]Ungrounded T/C{1.0)0~-500°%
37 n w37 " 2
38 n »38 " 3
39 n w39 ] 4
40 u w40 " 5 4
41 Temp. (S)] TU-41 |Upper Plenum | Ungrounded T/C(1.6)/0-500°"
42 n v 2 |Column No.l " "
43 n n 3 " 2 " "
44 n n 4 " 3 " 1
45 " n 5 n 4 1t n
46 " v 6 [Guide Tube " "
47 " w 7 |Up.Head Pos.l n "
48 " n 8 " 2z " "
49 n n O " 3 n n
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Table2-8 (b) Instrumentation List for ROSA-2 Test(Cont'd)(System II)

JAERI-M 6707

Data
Ch.No.

Measur.
Items

Symbol

Name of
Meas.Po

int

Specification

Range

50

Temp. (B)

TB-

Core Barrel-0P1l

Ungrounded T/C(l.g)

0-500¢

51

"

P.

2

L

Core

Barrell8P

OV U |l (L

v

Do < Oy [ (Lo N 1=

10

"

Up.Plenum Pos.

Up.Head Pos.

Downcoine

r Pos.

n

L1}

DOwncome

n (l

r Pos,

80)

OV U L G [N (O (LN L G2 B2 G0 [N [ Ho [ = Oy [Ln e Lo | bo

o Lot s o inprms sm e et o+ 2o e Al < oo Rt o A e
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Table 2-10.

JAERI-M 6707

ROSA-II Test conditions for Run §03

Run No. 03

Date 1976.5.12

Break conditions

ECCS conditions

Location c HPCI inject. locatiocn —
Mode 2 Initiation Press. {atg) —_—
Diameter 1,2 {rm}i37.5 |37.5 Injection delay ({sec} o
Type D-ended Flow rate 1,2 (i/min)| — |
Fluid conditions Flow rate PV (1/min} _
PR pressure (atg) 158 Water temp. {C) —_—
Hot leg temp.1,2(°C){323 {323 LPCI inject. location | ¢ C
Cold leg temp.l,2(C){305 |305 Initiation press.(atg)| Pl: 4
¥low rate 1,2{)l/min)|257 732 Injection delay (sec) 27
Pump conditions Flow rate 1,2 (1/min}! 23 55
Revolution No. (rpm) ,1920 Flow rate PV (1/min) —
Trip delay 1,2 (sec)| 0 0 Water temp. {(°C) 24.3
Flow resistance ACC injection location C C
PRorifice {mm) 14.3 Pressure (atyg) 27
SG orifice 1,2 (mm)!57.3 {63.0 Temperature 1,2 {°Cyi 19 18
Core thermal conditions Orifice diam.},2 (mnm} 4.4 }7.7
Assembly No. UHI Orifice diam. PV (mm) —_—
Set power No.1,2 (KW)| — §123o UHI injec. location _—
Trip delay 1,2 (scc){ —- E 0 Pressure (atg) —_—
Power Control 1,2* —_ E s Temperature (°c)  —
Powver off temp. {°C) 700 ‘Orifice diam. (mm) —_—
Secondary side conditicns Abbreviaticns of location
Pressure (atqg) 60 H:Hot ey C:Cold leg i
Temperature { °c) 275 Remarks ;
Flow control valve close CWT Temperature: 19.2°C i
Blow valve close
Blow orifice {rm} i !

. ..
Note, d:decay heat simulation,n:decay+delaved neutron,c:constant.
5: n + stored energy release

B s e e et i 4 e i i e+ e e e
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Table 2-11

JAERI~-M 6707

ROSA-II Test conditions for Run 604

Run No. 604

Date 1976.5.10

Break conditions

ECCS conditions

*
Note, d:decay heat simulation,n:decaytdelayed neutron,c:constant.
§: _n + stored energy release

— 164 —

Location C HPCI injéct. location _— —
Mode 2 Initiation Press. (atqg) —
Diameter 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.l,2(°C)| 325 [325 LPCI inject. location | C C
Cold ley temp.l,z(%:) 307 |307 Tnitiation press.{atg)} Pl: 6
Flow rate 1,2(}/min)| 258 |720 Injection delay (sec) 26
Pump conditions Flow rate 1,2 (l/min)| 23 | 53
Revolution No. {(rpm} ,1380 Flow rate PV (1/min) S
Trip delay 1,2 (sec); 0 0 Water temp. {c 42
Flow resistance ACC injection location C c
PRorifice {mm) 14.3 Pressure {atqg) 27
SG orifice 1,2 ({(mm)}| 57.363.0 Temperature 1,2 {°c)l 18 | 17
Core thermal conditions Orifice diam.1,2 {mm){ 4.4 |7.7
Assembly No. UHI Oorifice diam, PV  (mm)} _—
Set power No.1,2 (XW){ —— |1231| UHI injec. location Up.Head |
Trip delay 1,2 (sec)] —— | 0 Pressure {atqg) 84 é
Power Control 1,2* — 1 5 Temperature (*c) 19
Power off temp. {°C)| 700 Orifice diam. (mm) 8.5
Secondary side conditicns Abbreviaticns of location
Pressure (atg) 60 H:Hot ley C:Cold leg
Temperature {C) 275 Remarks i
Flow control valve close CWT Temperature : 18.4°C !
Blow valve close
Blow orifice {mm} e

e
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Table 2-12 ROSA-IT 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) R
Diameter 1,2 (mm)| 37.5 |37.5 Injection delay ({sec) —_—
Type D-ended Flow rate 1,2 (1/min}} __{ ..
Fluid conditions | Flow rate PV {1/min) —
PR pressure (atg) 158 Water temp. (°C) ——
Hot leg temp.l,2{°C)| 322 322 LPCI inject. location | C c
cold leg 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 (l/min)} 23 60
Revolution No. (rpm}| 1840,1900 Flow rate PV (1/min) _—
Trip delay 1,2 (sec)| 0 0 Water temp. {°C) 24
Flow resistance ACC injection leocation C C
PR orifice {mm) 14.3 Pressure {atg) 27

SG orifice 1,2 (mm)| 57.3 63.0| Temperature 1,2 (°cy| 21.4 |20.6
Core thermal conditions Orifice diam.1,2 (mm)| 4.4 7.7
Assembly No. UHI Orifice diam, PV  (mm) —
Set péwer'ﬂo.l,Z}KW) 530 1582 UHI injec. location Up.HeadE
Trip delay 1,2 (sec)| O 0 Pressure (atg) 87 |
Power Control 1,2* s ] Temperature {°C) 24
Power off temp. (°C){ 700 Orifice diam. {mm) 9.5
Secondary side conditions Abbreviaticns of location
Pressure {atg) 59 H:Hot ley C:Cold leg E
Temperature { °C) 274 Remarks }
Flow control valve close CWT Temperature : 22.3'C

Blow valvé close

Blow orifice {mm) _—

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

: n + stored energy release
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Table 2-13
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ROSA-II Test conditions for Run 608

Run No. 608

Date 1976.6.7

Break conditions

ECCS conditions

Location C HPCI inject. location _ ] —
Mode 2 fnitiation Press. (atg) e
Diameter 1,2 (mm)| 37.5 |37.5 ijection delay (sec) _
Type D-ended Flow rate 1,2 (l/min)| — | —
Fluid conditions Flow rate PV (1/min) N
PR pressure (atg} 158 Water temp. {°C) —_—
Hot leg temp.l,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 (1l/min){ 23 | 60
Revolution 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

SG orifice 1,2 {mm) 57.3{63.0 Tenperature 1,2 {°C)i20.7 19.2
Core thermal conditions orifice diam.l,2 (mm)| 4.4 | 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 (sec) 0 0 Pressure {atg) 99
Power Control 1,2ﬁ s i s Temperature {°C) 22
Power off temp. (°C) 700 Orifice diam. (mm) 9.5
Secondary side conditions abbreviaticns of location
Pressure (atg) 59 H:Hot leg C:Cold ley
Temperature () 274 Remarks

Flow control valve close CWT Temperature : 15.7°C

Blow valve close

Blow orifice  {mm) —

*
Note, d:decay heat simulation,n:decaytdela

yed neutron,c:constant.
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Table 2-14-
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ROSA-II Test conditions for Run 609

Run No. 509

Date 1976.6.14

Break conditions

ECCS conditions

Blow orifice {mm)

Location C HPCI inject. location S R
Mode 2 Initiation Press. (atg) _—
Diameter 1,2 (rm)] 37.5137.5 Injection delay ({sec) _
Type D-ended Flow rate 1,2 (1/min)| —— | ——
Fluid conditions Flow rate PV {1/min) —
PR pressure (atg) 159 Water temp. {°C) ———
Hot leg temp.l,z('c) 322 322 LPCI inject. location- C C
Cold leg temp.l,2(C)| 298 [298 Initiation press.(atg)l Pl: 9
Flow rate 1,2(1/min); 329 {933 Injection delay (sec) 27
Pump conditions Flow rate 1,2 (l/min)| 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 resistance ACC injection location C C
PRorifice (mm) 14.3 Pressure (atg) 28

SG orifice 1,2 (mm}| 57.3(63.0 Temperature 1,2 {°C}| 19 18.1
Core thermal conditions Orifice diam.1l,2 (mm)| 4.4 7.7
Assembly No. UHI Orifice diam. PV  (wmun) N
Set power No.l,2 (XW){ 495 |1600 | UHI injec. location Up.Head |
Trip delay 1,2 (sec)| 0O 0 Pressure (atg). 85
Power Control 1,2* s 5 Temperature °c) 122
Power off temp. {°C) 700 Orifice diam. {mm) 9.5
Secondary side conditions Mbbreviaticns of location
Pressure {atg) 59 H:Hot leg C:Cold leg
Temperature (°C) 274 Rerarks

Flow control valve close CWT Temperature : 19.4°C

Blow valve close

*
Note, d:decay heat simulation,n:decaytdelayed neutron,c:constant,
S: n + stored energy release :
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| Table 2-15 ROSA-II Test conditions for Run 610

Run No. 610 ' Date 1976.6.17
Break conditions ECCS conditions
.Location c HPCI inject. locaticn c o
Mode ' 7 Initiation Press. {atg)| p1:70
Diameter 1,2 (mm}| — | 16.5 Injection delay (sec) 35
Type split Flow rate 1,2 (l/min}{7,2 17
Fluid econditions Flow rate PV {1/min) —
PR pressure (atqg) 158 _ Water temp. _ () 21
Hot leg temp.l,2(°C){321 | 321 | LPCI inject. location c c
Cold leg temp.l,Z(E) 297 297 Initiation press, (atg}! p1:9.5
Flow rate 1,2{(1/min)| 335 | 954 Injection delay (sec) 155
Pump conditions ~ Flow rate 1,2 (1/min)| 17 | 38
Revolution No. (rpm)| 1820,1890 Flow rate PV {1/min)
Trip delay 1,2 (sec)| 0 0 Water temp. { ) 22
Flow resistance ACC injection location c c
Prorifice (mm) 14.3 Pressure (atg) 27.5

sG orifice 1,2 {(mm)|57.3 63.0 Temperature 1,2 (°C)|19.5 18.5

Core thermal conditions orifice diam.l,2 (mm)| 4.4 1 7.7
Asgsembly No, UHI Orifice diam, PV  (mm) —_—
Set power No.l,2 (KW){ 500 [1600 | UHI injec. location ' Up.Head
Trip delay 1,2:(sec) o 0 Pressure (atg} 89
Power Control 1,2*E s i s Temperature °c) 23.5
power off temp. (°C) 700 Orifice diam. (mm) 9.5

Secondary side conditions Abbreviaticns of location
Pressure {atg) 59 " H:Hot ley Cc:Cold leg
Temperature {°c) 274 Remarks
Flow controeol valve close CWT Temperature : 23.57¢
Blow valve ] ) close
Blow orifice .(mm)

U ———

* .
Noie, d:decay heat simulation,n:decay+delayed neutron,c:constant.
I

8: n + stored energy release i U
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Table 4.1 Comparison between UHI Behavior in ROSA-II(UHI)
Test and the Fig. 1.1 Model

* &%

ROSA-ITI(UHI) |The Fig. 1.1 Model - Note

Phase ‘1 (:) Before Blowdown

Phase 2 Before UHI Injection
___PEéi?_ if{__ During UHI Injection

Phase 3-2

Phase 4 - Just after UHI Closing

- (:) s (:) After UHI Closing
Phase 5 (:) Emptying
* See Fig. 4.1. **% See Reference (2).
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