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2.6 Facility Operation
The day before the test, SPES-2 personnel verify that

the plant is configured for the test

all plant alarms and protection functions are operating

the DAS test procedure can perform the required trips for the test
all the control systems and auxiliary systems are operatng

the plant 1s ready for start-up

On the day of the test. several key steps are performed to bring the plant up to imitial conditions

The pressurizer internal heaters are turned on and the ADS-1 valve is opened until the pnmary system

fluid temperature reaches 100°C, after which the level and pressure controls are set to auto mode
When primary pressure is about 3 bar, the RCPs are started up. After the rod-bundle electric
resistance check (it should be ~1.9 mQ2), the 4 MW power group is tumed on to give approximately
60 percent of the maximum current (equivalent to ~900 kW of generated power). The heat-up and
pressunzation of the facility is carried out maintaining this power until the hot leg temperature reaches
200°C, while subcooling conditions in the circuits. Steam generator levels are brought close to the
nominal value and the power channel power is increased step-by step using the 8 MW and 4 MW
power groups. When nominal conditions are reached, they are maintained for about 500 seconds
before staring the transient. To start the transient for all tests, a specific break valve (or valves if

required) is opened to begin break flow. At this point, the transient follows a course of events that 1s

specific to the test procedure for that particular matrix test

However, some generalities of the sequence of events for facility operation can be made for most of
the tests. Once a setpoint is reached initiating the R signal, the main steam line isolation valves are
closed and the power decay simulation (discussed in Section 2.5.1) is begun. Upon S signal initiation
the CMT isolation valves and the PRHR isolation valves are opened, and the main feedwater \MFW)
isolation valves are closed, all with a 2-second delay. 16.2 seconds after S signal, the RCP coastdown
i1s imtiated. ADS-1 is actuated on CMT volume of 67 percent with the other ADS stages following
the delay ume specified in the test procedure. Heat loss compensation 1s terminated with ADS stage |
actuation. The accumulators begin injecting when the primary system pressure falls to ~700 psia. The
IRWST begins injecting water when the primary system pressure is 26 psia. The test is terminated
when final conditions are achieved as specified in the test procedure. The specific facility operation

and configuration for each test is discussed in subsections 2.6.1 through 2.6.13




Facility Operation for Test S00303

[he purpose of test SO0303 was 1o investigate the plant behavior and system response during a

simulated 2 in. cold-leg break on loop B (the CMT side of the plant) with intervention of the

safety systems only he test was pertormed with the pressurizer to CMT-A/-B balance lines cl

passive
sed
hy means of blind flanges installed on both the pressunizer and CMT connections. The break was

located at the bottom of loop B cold leg-B2 between the cold leg-B2 to CMT-B balance line and the

power channel. The break line for the facility was configured as shown in Figure 2 6-1 with a break

orifice installad as described in | Igure ¢ . he ifices installed throughout the facility

res ! - T,
alt ISICC

in Table 2.6.1 ]

Once the faciity was at imtial conditions, the test was initiated by opening the break valve. When the
reactor tnip R occurred (pressurizer pressure P-027P = 12.41 MPa = 1800 psia), the heater rod bundle
power was controlled 1o match the scaled AP600 decay heat, and the steam generator MSLIVs were
closed with a 2-second delay. When the S signal occurred (pressurizer pressure P-027P = 11.72 MPa
1700 psia), the PRHR isolation valves and the CMT injection valves were pened and the MFWIVs

were closed, all with a 2-second delay, and the RCP coastdown was initiated with a 16.2-second delay

The CVCS, NRHR, and SFW were off throughout the whole transient. The test simulated the failure
of one of two 4th-stage ADS valves on loop B. The ADS valves were programmed t open versus
either CMT level L-A40E or L-B40E with the delay time shown in Table 2.6.1-2. The accumulators
were set 1o inject water via DVI when the primary pressure was lower than 4.9 MPa (710.6 psia). The

IRWST was set to inject water via DVI when the primary pressure was iower than 0.18 MPa

(26.1 psia). The test was terminated when the flow rates (F AGOE/F-B60E ) discharged by the [RWST

reached a stable flow (without significant fluctuation




2.6.4 Facility Operation for Test S00605

I'he purpose of test SO0605 was to investigate the asymmetnc CMT performance with operation of the

PRHR in conjunction with a simulated 2-in. DVI-B break (the ( MT side of the

plant) and passive
systems o for mitigation. The break is located on DVI-B between the ECCS injection and
er channel. The test was performed with the pressunzer to CMT A/B balance lines closed

blind flanges installed on both the pressunizer and CMT connections The break line

nfigured as shown in Figure 2 6.4-1 with a bre ifice installed

as descnibed in

The other onifices installed thi

was at imital condiuons, the test was initiated b opening tl ak valve. When the

urred (pressunzer pressure P-027P 1241 MPa 1800 psia), the heater rod bundle

lled to match the scaled AP600 decav heat, and the steam generator MSLIVs were

T

sed with a 2-second delay. When the S signal occurred (pressurizer pressure P-027P = 11.72 MPa

1a), the PRHR isolation valves and the CMT1 injecuon valve ere opened and the MFWIVs

sed, all wath a 2-second delay, and the RCP coastdown was ini ed with a 16.2-second delay

VCS, NRHR, and SFW were off throughout the

]

¢ test simulated the failure

iourth-stage ADS valves on loop B. The ADS valves rogrammed to open versus

either CMT level L-A40E or 1 -B40E with the delay time shown

in Table 2.6.4-2. The accumulators

were set to inject water via DvIl when the primary pressure was lower than 4.9 MPa (710.6 psia). The

[RWST was set to inject water via DVI when the primary pressure was lower than 0.18 MPa

was terminated when the flowrates (F-A60E/F-B60F) discharged by the IRWST

(without significant fluctuation




TABLE 2.64.]
SPES-2 INSTALLED ORIFICES

Location Diameter (mm)

Thickness (mm)
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TABLE 2.6.6.]
SPES-2 INSTALLED ORIFICES
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TABLE 2662
PROGRAMMED OPENING OF ADS VALVES

9 |
| Orifice Dia CMT Volume | L-A40E or L-B40}k Delay Time

|
ADS Stage | (mm/in. ) ¢ (m/ft.) (sec.)
e —— et ——————————— e ———— »-WT-,.,.*V ——
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U ——

r 20% CMT »
oner than 360 sec

CMT v
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TABLE 2.6.9-1
SPES-2 INSTALLED ORIFICES
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Location Diameter (mm) ’ Thickness (mm)
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TABLE 2.6.9.2
PROGRAMMED OPENING OF ADS VALVES

_;f__ i

Orifice Dia ’ L-A40E or L-B4OE | Delay Time
ADS \hq: (mm/in.) {
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TABLE 2.6.10-1
SPES-2 INSTALLED ORIFICES

TR s e me e Trm e =

Location Diameter (mm) | Thickness (mm)
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TABLE 2.6.10-2
PROGRAMMED OPENING OF ADS VALVES

Orifice Dia I CMT Volume
|
ADS Stage (mm/in. ) |

e —— ‘jm;._.f__-‘

| "% )

CMT v

S —

20% CMT
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2611 Facility Operadon for Test S01512

MT and PRHR




TABLE 26.11-)
SPES 2 INSTALLED ORIFICES
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TABLE 4.1.2.3
SPES-2 HOT PRE-OPERATIONAL TEST H-01 MAJOR COMPONENT HEAT LOSSES

Flow rate in each cold leg = 0.619 kg/sec.

€ omponent

PCML
{ALR)

RCP-A/
CL-ALA2

RCP-B/
CL-BI B2

SG-A

SG-B

Notes

(1) The weight of these components dees not include flange and bolting metai masses.
tZ)ﬂmdﬁnmmﬁrdnn!mlh(Mdmm’wm.s&wwh-MMmkw
(3) Pump power seleased to the fluid st low flow can be neglected.

(4) The difference between total power and total heat losses is due 1o the heat capacity of the system




TABLE 4124

SPES2 PRE-OPERATIONAL TEST 401 FACILITY SYSTEM HEAT CAPACITIES

(abg)

Time Temperature Total Power "“.N
Source File Interval'! Linear Input Rate'? :
(sec.) Increase (C) (kW) Caphity
' (kW) (RJFC)
acqdat_spes dat; 242
acqdat_spes.dat; 242
acqdat_spes dat, 244
Average Heat Capacity = 8480
Notes
(1) This ume interval is considered valid for the value of data recorded
(2) The total power includes pump heat power released 10 fluid
Pump A = r kW
Pump B = | kW
m apbOOE 12 whnonisec -4\36 32w non |1 b-0S0897 4.12-13 Revision: 2



TABLE 4.1.2.5

SPES-2 HOT PRE-OPERATIONAL TEST H-0%

INITIAL CONDITIONS

Condition Specified Actual
Pressurizer pressure s00.5 psig @49 ban [
Pressurizer level 124 f (378 m)
Hot-leg temperature 415.6°F (213.1°C)
Cold-leg temperature
Power (kW) 1923
Upper-head flow rate 0.40 Ib/sec (0.18 kg/sec.)
Steam generator pressure 270.6 psig (18.66 bar)
Steam generator level >36.2 fi. (>11.02 m)
Accumulator pressure 197 psig (13.59 bar)
Accumulator level 6.86 fi (209 m)
IRWST level 28 fi, (853 m)

Cold-leg/CMT balance line
temperature

Cold-leg temperature

++

CMT external vessel

not pressurized

PRHR supply line temperature

302°F

(150°C)

Pressurizer Cold-leg balance line

»437 9°F

(»225.5°C)

m \ap6OAI6 3 2wnon'sec 4361 2w non 1 b-050897

412-14



drained at this ume (data ploi thi

wgh 25) and d not an [ the rest of the L« !

}
’ acCumuialor injecuon was inuated when the primanry ysiem pressure di pped below
r ! ] 5 4§ 5 et

ADS-1 actuation. However. the iniectiot rate

psia pn ) e was low (less thar

DY 8¢ ) due 1 the small differen between th primary \VSLer nd accun | I ure i \

piot a¥

Facility Response During the PDP

I'he em response during the PDP wa st ident that of test SOX with the

:v\.![.’. » vp“. \(,\\ 1 ) 1rred ! . n ater » 1) ' ' \'|':,»\,'_

he lating flow that wa ot rved 1in the bular downcomer and in the rod bundle follc Wing

the RCJ astdowr munued into the PDP. The flow oscillations resulted ir large oscillations of
l the § AN fractuon of the twq ;" ase mixture exiung the rod bundle and 1 'WINE 1Into the hot jes

Jata plot ) and 3] [hase willatons in steam fraction had a significant effect on the the rma

buovancy head that drove the flow through the primary svstem at this tme [he fluid steam

fractior sCillations were observed through the hot leg and the steam generators (data plots 20 and
| However, the two phase mixture entening the steam generators left the stean generators a

saturated water (data plots 24 through 27 s0me of the steam was condensed 1n the U-tubes (the

primary-side pressure was higher than the secondary -side pressure at this ume, allowing some heat

10 be transterred to the secondary-side fluid). The remaming steam was separated from the two

phase mixture in the high point of the U-tubes due to the low velocity which eventu

the U-tubes to begin to drain.  For steam generator-A, pnmary system flow continued until 210

seconds into the transient, then intermittent

flow was observed through steam generat

>

U and 22 This was caused by the oscillations in the steam fractuon where the buovancy head in
¢ hot leg was high enough t Spill over the top of the U-tubes at the peaks of the oscill

buoyancy head. At approximately . seconds

through the steam generators ended since the free waler surface 1n the U-tubes had fallen too low

1o be overcome by the bvovancy head oscillations These

scillanons were seen in ten peratures

and pressures throughout the primary svsten When the cold-leg side of the steam generator |

tubes were ( mpietely drained (about . seconds), these oscillations st pped

Al approx iely seconds Into the event, the pnimary system pressure decay rate
Creast PS1/sec I happened when the CMTs transitioned from th
recirn ion mode perat) their draindown mod It tran wourred when the B
1o0p < 1C} ;':!'...\1'- d ned ar the CMT balan lin drained it re € nigher
CMT iny n rat Figure ) lhe increased rate pressure de in the | ry syster
wWa ue 1o u increased i i\l { th 1 hguid from the CM1] ' 1T 1Hiterer
um 10r the t™w ( \’I«
N ("M hegan V 1 di ! th int ' {0 )¢ th <
| A 1'1 ]  § W ’ na C » ) X ibm
hrough each CMT. with hot fluid flowing fi leg ol ~ n
-
X




(lHl‘l'Y P« A CO | ) ne oM ¢ tHom (\11

Betweer
e $ 1 a ot A tral e ) er id leg-B.
partially drained. and a

free-water
I’x; | \1]

gradually

Ihe free-liquid surfaces in the CMTs were establi 1 by stes wing from the

CMTs through the CLBL:s ['he steam flow from ¢ CO mdensed in the CMTs and

heated the free-water surface. For CMT-A., the CMT water surface wa heated by the

saturation temperature (data plot 15) and flashing could occur as the pressure dex

system

Both the recirculation and draindown modes of CM1 operation established a stable thermal
gradient in the CMT water. The CMT water maintained a stable thermal stratification throughout

i Opx ration

ihe accumulators began to inject fluid into annular downcomer via the DVI lines when systen

pressure dropped below | psia (at approximately . seconds). However, the

injection rate was very low pnor | ADS-] (data plot 39

Throughout the PDP, the PRHR removed energy from the pnmary system. However, the

§ |

mbined effect of the PRHR cooling the prmary fluid and the cold injection flow from the

CVCS and CMTs was sufficient to limit the steam fraction the two-phase fluid flowing through

the rod bundle and rod bundle coo ng was mantained during this phase (data ;\!wl~ W oand 3]

Automatic Depressurization System Phase (| |5 Seconds to End Of Test)

The automatic depressunization system (ADS

continued until the end of the transient (Fig
Facility Response During the ADS Phase

With the actuation of ADS-1, {




Was actuated, when the

nearly drained at ADS

d atter IRWST injecti be he principal diffe

f the PRHR HX o vord fraction in th

nad the same steam fract

PRHR appears have preferential
r the PRHR inlet flow

than the fluad steg

percent at




Cold legs-B1 and -B2 remained full until approximately | 120 coconds into the event, at
which time both cold legs-B1 and -B2 drained rapidly to the level of the horizontal section of the
pipes. This reduced water level in cold leg-B1 and cold leg B-2 initiated the transition of the
CMTs from their recirculation to draindown mode of operation. Cold legs-B1 and -B2 were
refilled at [ )™ seconds to the level of [ ] fi_above the hot leg. At this time, the
cold leg to CMT balance lines were partially filled.

¢ PRHR and IRWST

At the initiation of the test, the PRHR HX was filled with subcooled liquid. When the § signal
occurred, the PRHR HX isolation valve opened and flow started through the HX at a high flow
rate due to the still operating RCPs. When the RCPs were shutoff and the power channel upper
plenum and the hot legs filled with two-phase fluid, a large portion of the steam in hot leg-A
flowed to the PRHR HX (data plot 29). The two-phase mixture, consisting of alternating slugs of
steam and water, was condensed and subcooled in the PRHR HX (data plot 28) from [ |*b<)op
to below [ ]“M°F. During the PDP (prior to ADS-1), there was a significant variation in the
flow through the PRHR HX, caused by the vanation in the steam fraction in hot leg-A. Steam
condensation was apparently occurring in the PRHR HX as evidenced by the rapid and wide
variations in dP measurements (data plots 28, 29, and 37).

When ADS-1 began, the power channel and the hot leg were refilled with subcooled water by
accumulator injection. The driving head for the flow in the PRHR HX decreased (caused by the
density difference between the fluid in the PRHR supply line and the retum line) and the flow
decreased and stopped. There was a shon period of reverse flow at the end of the accumulator
discharge. The subcooled fluid in the hot leg never filled the PRHR supply line, and hot fluid in
this line flashed as system pressure decreased. Simultaneous flashing in the supply line and
condensation in the PRHR HX resulted in a wide vanations in the measured flow in the PRHR
HX return line.

Afier the accumulator injection had ended, the rod bundle upper plenum again reached saturation
temperature, and a two-phase mixture again occurred in the hot legs. Flow restarted in the PRHR
HX, and the flow rate varied in response to the steam fraction in the hot leg. When ADS-4 fully
depressurized the pnimary system and the IRWST flow began and refilled the power channel and
the hot leg with subcooled water again, the flow through the PRHR HX stopped for the remainder
of the transient. The subcooled fluid in the hot leg filled the PRHR supply line at [ )P
seconds.

Following ADS-4, primary system pressure decreased to near ambient, and gravity flow due to the
water elevation head in the IRWST began injecting water into the annular downcomer via the DVI
lines. The flow from the IRWST was sufficient to refill the power channel, downcomer, and loop
piping and to establish subcooled fluid flow through the tube bundle and out through the ADS-4
flow paths (data plots 32 and 40).

mAApHOOIS 1 2wnon\sec-4'3632w-3 non 1b-050997 42512 Revision: 2




Core Makeup Tanks

leg drained to the level of honzontal pipes at approximately
flashing/ ining began 1n the id-leg balance line When th lemperature
ached the saturaton temperature for pnmary system pressure
iblished 1in the CM1 This increased the driving head for the injection flow and resulted in a
l<inch LOCA, the break flow at this tme was less than full CM1

fraundown flow rate ! e
L intermuttent short penods of draindowr

ghet

caused the CM1 Injecton o cor
water level and shont periods of refill with water from the cold legs. Th
delayed and occurred

CMT levels and the ADS-]1 actuation was

vil
pressure of approximately | ™ a4, considerably below 711 psia accumulator gas
Part of the accumulat olant inventory was therefore injected into the pnmary system

\DS

This accumulator injection helped maintain the primary system coolant inventory at
For test SO0401, the

levation and thus contnibuted 1o intermuttent CMT draindown/refill
id leg-Bl. Since the

cold leg-B2 draining before
wn began earhier for CMT-B (at 2170
] The CM

n cold leg-B2. resulung it

11 old leg-B2, the draind

ocated
balance line was onnecte
for CMT-A (at JU seconds ), as

8.0« second ADS

shown 1n data plot

econds) thar
resuiting in an g

f the CMTs was shightly

npietely dramned at |
CMT mmecton flow rate [he steam in the CMT balance lines and at t )
rapidly reduced by ADS operatior

balance lines finally cor

superneated a System pressure wa




econd he CMT-B iniection fl

nd | CMT:B drauned at

Accumulators

ccumulat
wred within the
dropped below
until ADS W
ipproximately 5 ¢ accu 14 necthion afte S actuatnon la

approximately on W the ¢ mpletely drained (data plot

The effective | ( i expansior as calculated for the accumulators
4 r 1§
Figures 4. 2.9 for accumulator-A and i for
was near the mid-point between isothermal ¢ xpansion (k ) and achabatic

expansion (k | 4) and showed that some heat wa picked up by the compressed air from the

internal metal surfaces of the accumulator during the expansion

Mass Discharge and Mass Balance

[he catch tank weight measurements are shown in data plot 43 for the break flow. for the ADS-1

and -3 flows, and for the ADS-4 flow. The break flow as shown in plot 44, which began when the
lest was imtated, decreases as system pressure drops during the IDP and the PDP When the ADS
was actuated, the break location voided, and further discharge from the break was pnmanly saturate

steam unul IRWST imection refilled the cold leg after ADS-4

Ihe discharge from ADS-1, -2, and -3 was stabls throughout the accumulator injection and increasec
temporanly when the injection ended. When ADS-4 occurred. the discha ge of fluid from the top
the pressunizer essentially ended, and the luid discharge from ADS-4 be gan The ADS-4 fluid

discharge rate was relatively stable and continued until the end of the test. The discharged masses
shown in Table 4

T'he mass balance resi r tes | were calc g I} water inventory before and after

t. Table 4.2.5-2 give led lhisung the invent ! aler 1in the vanous components bef

water 1nye

d

are

th
441

Wé




4.2.6 One-In. Cold-Leg Break with Three PRHR HX Tubes, without Nonsafety Systems (S01613)

[his matn x [ was performed o be dentical 1o matrix S004 with the excepti that th

b f PRHR HX tut wa wsed f tub bye I} ' iy tocl »
' N t} byost ] } " { h in waith t { { the t 1N 1 | H
whnict 5 th ! ¥ith the CMT-B pt ire t Lo IThe t » was |
fownst n } | g tot ikeup tank (CMT) | " nnectior This test
pert without any n ifet ten hemi \ n [CVCS] makeuy
pump team generator artup feed SFW g id nor resid heat e \
NRHR] p ! ratir
R LS are | vided 1 th lala plot packas t u n I this secthion ™ f i ents for
S016] s h 11 labl ' (
'he AP600 SPES-2 tests were marked by listinctly different pha e pha wer haracten ]

by the rate at which the prnmary sysiem pressure lecreased
OCccurnng within the primary an Warety svsten The different “I'A»I

detailed evaluation { this LOCA are shown 1t l‘;ﬁl" +.2..0-] and

. Initia \5:;“' sunzanon phase [DP)»FPoint 1 to
ure decay phase PDP)»Point 2 1
. Automatic de pressunzanon systen ADS phase Point 310 4

. Post-automatic depressunizauon system (post-ADS) phase Point 4 1t

Overall Test Observations

| ! + ( shows the piat primair vsiem pre Ire dunng e SO1613 IS measured at the [;-"\ |
the pre nzer), with selected mponent actuations and plant responses shown in relation 1 primanry
Systen ‘.[. SUTT
[he IDP began with the initiatior I the break, which resulted In a1 Apid requction 1 pressure I'h
reactor tnp (} gnal imuated at 1800 1 I'he safety sys actuation (S gnal i ited at 1700
psia The | id the S si1gna nitated the 1ollownr Wty

. D Y POW imulat with hea mp Aon ) 1intt

. Main steamline isolation valve MSLIVs) sed

. Main feedwater 1solatior valve MFWIVs) closed

. (M n itl vd A )

¢ Passiy lual heat remoy PRHR) retur \ e

. Rea i D I RO D1 [
K¢ i through the CM \ i { 1¢ PRHR } { ex HX) b
immed fter 1solation [ |. Flasl * red in tl ' ‘

X ' 19 ¢




Ay pressure
eased 1o the

rapid droj

w]chon 1in hot

HX inlet line

hot legs initiated drainit i the steam gen LO1 \ steam from the
mixture illected 1in the Op Of the I This st pped the pnmary syste flow through
am generators so that the power channe A as composed predominantly of the flow throug!

i

the PRHR HX I'he steam fraction oscillatic erved in the rod bundle and in the upper ;] num

ended when the steam generator U-tubes draine Approximately | | seconds into the test, t}

&
'

team generator-B 1 -tubes began to drair steam generator-A tubes Np'\xh to drain

approximately JLt seconds later due to the lowe fraction in hot leg-A
Due to boiling in the rod bundle (data plots 30 and 31), two phase flow entered the hot leg from the
Ipper ;'l. num and fowed thr -\l?'h the PRHR HX he ) into the PRHR HX consisted of
rmutient periods of saturated water and steam nch had an average steam fraction sigmhicantly
fluid in the upper plenum. The average steam fraction at the PRHR HX inlet was as
"¢ percent, which enhanced the PRHR HX heat transfer from the primary systen
heat removal capability with single-phase saturated or subcooled water. When the
stabilized after the initia oscillations, a PRHR HX heat removal rate of
iculated. This calculati 1§ based on the steam fraction at the PRHR HX
the dP instrument readings in data plot 2 the averaged return flow rate, the

emperatures, and the pressu This calculat 1, WhiCh assumes st wificient

id steam, may be lower

partual

draind




n and re
from the acc
eI ,Pl.l'}""\
the horzont ) egs and the ssunze en the accumulator discl
flow throug ¢ heater bundle decreasec njection rate he CMTs and the PRHR HX f
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Discussion of Test Transient Phases
* Initial Depressurization Phase (0 to [ ]*" Seconds)

The initial depressunzation phase (IDP) began with the initiation of the break (at ime 0) and
ended when the primary system pressure reached the saturation pressure of the fluid in the
lower-upper plenum and the hot legs (Figure 4.2.6-1). This phase included the following events.

R signal at 1800 psia (decay power simulation initiated and the MSIV closed), and S signal at
1700 psia (the MFWIV closed, the CMT injection line isolation valves opened, and the PRHR heat
exchanger return line isolation valve opened—all with a 2-second delay; and RCP coastdown
started after a 16.2-second delay). See Table 4.2.6-1.

Facility Response During the IDP:

From time O until the R signal accurred, the primary system pressure decreased due to the
expansion of the pressurizer steam volume caused by fluid loss through the break. The pressurizer
partially compensated for the loss of pressure by flashing; however, it was drained after | |*b®
seconds (data plot 32). The R (at [ 1™ seconds) and the S (at [ 1<) seconds) signals
were based on pressurizer pressure only. When the R signal occurred, the MSLIV closed and the
power was reduced to 20 percent of full power after a 5.75-second delay and began to decay after
a 14 5-second delay.

As a result of the power reduction without flow reduction, the rod bundle AT decreased due to the
low power/flow ratio and the lower-upper plenum temperature dropped toward the cold-leg
temperature. At the same time, the primary system pressure had decreased to [ ]®¢) pgia
(the saturation pressure of the [ *P©*F water in the upper-upper plenum), and the upper-
upper plenum began to flash and rapidly drain. System pressure decreased to approximately

[ %% psiaat[ % geconds. At this time. the pressurizer was drained, but primary
system pressure was sull dictated by the temperature of the saturated vapor in the pressurizer
(about [ ]™€°F) and the fluid in the surge line. When the RCPs shut off (at

[ )P seconds), the rod bundle and upper-plenum fluid temperatures increased due to the
increased power/flow ratio at the lower flow. System pressuie increased temporarily until the
decreasing rod bundle decay power and the decreasing lower-plenum temperature (due to the
CMTs injecting cold water into the downcomer) began to reduce the lower-upper plenum fluid
temperature. The decrease in pnmary system pressure resulted from the balance between the
steam generation rate (from flashing primary fluid), the volumetric flow of liquid out of the break,
and the steam condensation occurring in the PRHR HX. Steam was continually generated by
boiling due to the heater power. As system pressure continued to decrease, more fluid reached its
saturation pressure and flashed. The PRHR HX flow suarted before the RCPs were tripped and
then continued by natural circulation (data plot 37). Pnmary system pressure stabilized at
saturation pressure for the bulk hot fluid in the primary system (approximately 540°F), as shown
in Figure 4.2.6-1. This ended the IDP.
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bundle steam fraction fluid increased. After IRWST injection began at [ ™€ seconds, the
annular downcomer refilled and the cold and hot legs were partially refilled after [ ) @b)
seconds 1o the level of [ ]*®€) fi above the hot leg.

Cold legs-B1 and -B2 remained full until | |b) ceconds into the event, at which time both
cold legs-B1 and -B2 drained rapidly to the level of the honizontal section of the pipes. This
reduced water level in cold leg-B1 and cold leg B-2 initated the transition of the CMTs from their
recirculation to draindown mode of operation. Cold legs-B1 and -B2 were refilled at | Jabe)
seconds to the level of [ ™) ft above the hot leg. At this time, the cold leg to CMT balance
lines were partially filled.

* PRHR and IRWST

At the initiation of the test, the PRHR HX was filled with subcooled liquid. When the S signal
occurred, the PRHR HX isolation valve opened and flow started through the HX a1 a high flow
rate due to the still operating RCPs. When the RCPs were shutoff and the power channel upper
plenum and the hot legs filled with two-phase fluid, a large portion of the steam in hot leg-A
flowed to the PRHR HX (data plot 29). The two-phase mixture, consisting of alternating slugs of
steam and water, was condensed and subcooled in the PRHR HX (data plot 26) from [ ]
to below [ J@beleg During the PDP (prior to ADS-1), there was a significant vanation in the
flow through the PRHR HX, caused by the variation in the steam fraction in hot leg-A. Steam
condensation was apparently occurring in the PRHR HX as evidenced by the rapid and wide
vanations in dP measurements (data plots 28, 29, and 37).

After the ADS sequence began, the power channel and the hot legs were refilled with subcooled
water by accumulator injection. The driving head for flow through the PRHR HX decreased due
to the sharp decrease in the PRHR HX supply line temperature (data plot 19) and the flow
decreased.

After accumulator injection flow decreased, the upper plenum and hot leg-A again became
saturated (data plots 4 and 5), and a two-phase mixture again occurred in the hot legs; the PRHR
HX supply line began to drain; and PRHR HX flow rapidly decreased and essentially stopped. In
spite of the increasing steam fraction of the fluid in the rod bundle and upper plenum that occurred
prior to IRWST injection, PRHR HX flow did not .estant.

The heatup of IRWST water resulting from the operation of the PRHR HX is shown in data

plot 17. Following ADS-4, primary system pressure decreased to near ambient, and gravity flow
due to the water elevation head in the IRWST began injecting water into the annular downcomer
via the DVI lines. The flow from the IRWST was sufficient to refill the power channel,
downcomer, and loop piping and to establish subcooled fluid flow through the tube bundle and out
through the ADS-4 flow paths (data plots 32 and 40).
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Accumulators

I'he accumulators provide t { n by a polytropic expansi a compressed arr volume

tored within the ac ) AcCCumulator injecuon started when the pnmary system pressure

ifropped below wia at 2400 secon The accumulator injection flow rate was low until

A\DS-1 was actuate { approximat [(abe) seconds when the flow rate increased t

proximately '&P€) 1bmv/sec. The accumulator injecuion after ADS actuation lasted

(a.ba
approximately |'® O ceconds, and the accumulators were ¢ mpletely drained (data plot 34)

he effective polytropic coefficient of expansion was calculated for the accumulators

) BE .t, ’ B ™
Figures 4.2.5-3 and 4 4) 10 be | "% for accumulator-A and -B. This was near the mid
point between isothermal expansion (| 1) and adiabatic expansion (k 1.4) and showed that
some heat was picked up by the compressed air from the internal metal surfaces of the

accumulator dunng the expansion
Mass Discharge and Mass Balance

I'he catch tank weight measurements are shown in data plot 43 for the break flow, for the ADS-1
and -3 flows, and for the ADS4 flow. The break flow as shown in plot 44, which began when the
test was inibated, was stable with a decreasing flow rate as system pressure dropped during the IDP
and the PDP. When the ADS was actuated, the break location voided. and further disc harge from the

break was pnmanly saturated steam until IRWST injection refilled the cold leg after ADS-4

The discharge from ADS-1, -2, and -3 was stable throughout the accumulator injection and increased
temporarily when the injection ended. When ADS-4 occurred, the discharge of fluid from the top of
the pressunzer essentially ended, and the fluid discharge from ADS-4 began. The ADS-4 1luid
discharge rate was relatively stable and continued unti! the end of the test. The dis harged masses are

shown in Table 4.2.6-4

e mass balance results test S01613 were calculated based on water inventory before and after the
test. Table 4.2.6-2 gives i 1le sting of the inventories of water in the vanous components before
the test. Table 4 the e es after the test and the amount of water injected into the

m the IRWST he water level in the vessel was determined by the DP-B16P measurement

iahe)

in. (§ v 3 , t-le . It 't I~ y l'able 4.7

balance
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TABLE 4
SEQUENCE OF EVENTS FOR TEST S016123
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TABLE 4.2.6.2
WATER INVENTORY BEFORE TEST S01613

PRIMARY SYSTEM

\olume Net Vol Relative Mass
Component A M Temp (°F) Density (lbm)
Loops 89711 897 1}
(25400 (2540
Pressurizer 337 1} 182 1}
(954 1, (51.6 D
Surge Line 034 1] 034 1}
96hH 961
Tubular Downcomer 1.38 it 1.38 fr
(3911 (39.1 0
Annular Downcomer + 054 fi.} 054 fr.}
High-Pressure Bypass (1530 (153 4
Core Bypass 044 1t} 044 fr.}
(124 0 (124 0
Lower Plenum 0.81 081 i
(228 1) (280
Riser 1.64 fr° 164 1.}
(464 1) (46.4 )
Upper Plenum 1.46 fi.} 146 f.}
@130 4130
Upper Head 190 fi.} 190 fr.}
(538 1) (538 1)
CMT-A 5051 505 f.}
(1430 1) (1430 O
CMT-B 505 fi} 508 fr.*
(143010 (1430 O
ACC-A 505 i} 390 .
(1430 1 (1104 h
ACC-B 505 ! 190 i}
(1430 D (1104 H
IRWST Injection Line 018 1.} 0.18 fi.?
(5.1 0 s1hH
TOTAL PRIMARY
INVENTORY -
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4.2.12 Steam Generator Tube Rupture without Nonsafety Systems (S01110)

This matrix test simulated a steam generator tube rupture (SGTR) without any nonsafety systems
operating or operator actions, and with only the automatic passive safety systems used for accident
mitigation. The pressurizer internal heaters were shut-off at break initiation and the chemical and
volume control system (CVCS), normal residual heat removal (NRHR) function, and startup feedwater
system (SFWS) were shut-off for this test. The single SGTR is simulated via a line connected from
the primary side (reactor coolant pump (RCP) B suction piping) to the secondary side of steam
generator-A (approximately [ 1" ft. above the tube sheet), with a break orifice diameter scaled to
simulate [ ™ times the area of a AP600 steam generator tube.

Results are provided in the data plot package at the end of this section. The sequence of events for
SO1110 is listed in Table 4.2.12-1. During mitigation of the SGTR, there was no core makeup tank
(CMT) draindown, and no accumulator or in-containment refueling water storage tank. (IRWST)
injection throughout the transient.

Since this SGTR test did not result in automatic depressurization system (ADS) actuation only the first
two even! phases observed in loss-of-coolant accident (LOCA) recovery occurred. The event phases
selected for purpose of detailed evaluation of the non-LOCA events are shown in Figure 4.2.12-1 and
are as follows:

* Initial depressurization phase (IDP) - Point 1 to0 2
¢ Pressure decay phase (PDP) - Point 2 10 3

Overall Test Observations

Figure 4.2.12-1 shows the facility primary system pressure during matrix test S01110 (as measured at
the top of the pressurizer) in relation to selected component actuations and other facility responses.

The IDP began with the opening of the break valve between the primary and secondary side, causing the
pressurizer to drain. The pressurizer heaters remaine« n after break initiation until approximately

250 seconds, slowing the reduction in pressure due to yiessurizer steam expansion. After the heaters shut-
off, the reactor pressure decreased at a faster rate until the reactor trip and safety system actuation occurred.

Whan the pressurizer level dropped to [ ]*P€ ft at [ ] geconds, the reactor trip (R) and safety
system actuation (S) signals were actuated. |  )'*P“) geconds later, the main steam line isolation valves
(MSLIVs) and main feedwater isolation valves (MFWTVs) were closed, the CMT and passive residual heat
removal (PRHR) heat exchanger (HX) return line isolation valves were opened, and the RCPs coasted
down with a [ ]*"“second delay (at [ )*®) seconds into the event). Rod bundle power was
reduced to [ ]*P percent of full power after a [ 1*P.second delay (at [ ] seconds), and the
simulated power decay began after a [ ]'*P.second delay. The bundle power w1s maintained 150 kW
above the scaled decay power to compensate for facility heat losses.
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Initial Depressurization Phase (0 to 1050 Seconds)




System Response during the IDP:

The break was initiated at time 0. From time O until the R and S signals were activated (at .
[ 1P geconds), the system lost pressure due to the fluid loss through the break resulting in a
decreased pressurizer level and an expansion of the pressurizer steam bubble. When the trip
signals were activated, the power was reduced to [ ]** percent of full power after

[ %% seconds. At[ )™ geconds, the SPES-2 integrated power from the time of the R
signal simulates the AP600 post-trip integrated power. The SPES-2 power was then decrsased to
simulate the AP600 decay heat plus 150 kW for facility heat loss compensation, which was
maintained throughout this transient. The MSLIV was closed at [ ]*"¢) seconds. As a result
of the power reduction without flow reduction, the rod bundle AT decreased, and lower-upper
plenum temperature dropped temporarily to the lower plenum temperature of [ ] *P<*F The
system pressure decreased to [ J** psia at [ )*P seconds (Figure 4.2.12-2). At this
time, the pressurizer drained and the system pressure was controlled by the temperature of the
saturated fluid ([ 1“P“°F) in the surge line. When the RCPs were shut off (at [ |0
seconds), the rod bundle and the lower-upper plenum temperatures increased to [ )“P“°F a5 a
result of the increased power/flow ratio for the rod bundle at the lower flow. The system pressure
increased temporarily to | jabe) psia until there was a drop in the decay power and there was
a reduction in the plenum temperature. The lower plenum temperature was affected by the CMT
cold fluid injection into the downcomer and the PRHR HX flow into cold leg. The pressure
decreased at a rate of [ )** psia/sec in this time period (at [ ]**©) seconds). The CMT
recirculation flow and the PRHR flow, break flow, and facility heat losses were sufficient to keep .
the flow through the power channel subcooled.

The PRHR flow started before the RCPs were shut off and continued by natural circulation after
RCP coastdown (data plot 37). The pnmary system pressure stabilized at the saturation pressure
for the bulk temperature of fluid on the hot-leg side of the power channel (approxin 1 ely 540°F)
at[ ] seconds. This ended the IDP.

¢ Pressure Decay Phase (1050 Seconds to End-of-Test)

The pressure decay phase (PDP) began when the primary system pressure (Figure 4.2.12-2) was
dictated by the saturation pressure for the hot-leg fluid temperature, and continued until the end of
the test. This phase was characterized by a slow decrease in the overall system pressure and
temperature. The rod bundle power (decay power plus heat loss compensation) reduced from

[ 1" kWio[ 1M kW (data plot 1).

At{ )% seconds (bundle power [ )*P€) kW), the PRHR HX heat removal rate was

approximately [ 4P kW, the CMTs provided approximately [ %€ kW effective heat

removal due to the cold CMT water replacing the hot water entenag the CMTs through the

balance lines, the break flow removed approximately [ ]*®€) kW, and facility heat losses were

approximately [ J*"€ kW. Thus, the total heat removal exceeded heat input (299 kW versus .
245 kW), there was no boiling in the rod bundle, and pimary system pressure decreased slowly.
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E<1 Objectives

The objectives of the error analysis are as follows
To describe the errors of the measuremecnts perforned dunng the SPES-2 test program
To give the results of the error analysis calculatior

The error analysis was performed . . netric units; however, the final results are reported in English

units
E-2 Error Evaluation

During the test, all measured instrumentation data »f the prnimary and secondary circuit were recorded

at a sampling frequency of 2.0 Hz. The recorded data were converted to engineenng units (SI) and
then plotted versus time. ’he engineering values were also recorded on magnetic tape in order to

ransmit the data to Westinghouse Electric Corporation

E- Direct Measured Quantities

Ihe direct measured quantities (such as absolute pressures pressure drops, fluid speed

, voltages
current, etc.), acquired and recorded by data acquisition system (DAS), were converted into

engineering (SI) units using linear formulas

Y=2 M =(mV

where

n) signal coming from instmment
calibration constants (q = instrument zero
instrument hydraulic head = p, ~* g * h

tM*gzK

water density a: umed at ambien! temperature
pressure tap height difference (n

acceleration due 0 gravity = 9 80665 (m/sec.”

10 verify that the instrumeat will meet the struments

and calibrated in the laboratory before ins the in

Ap6OON36 3 2wnon'aop-E no




checked just before the beginning of the experiment in order to control all the

AS recording
channels. The instrument zero was verified daily before starting the test

Temperatures

The temperature of the fluid, piping, components, and in-containment refueling water storage tank
(IRWST) pool water were measured in degrees Celsius by using the following

Sheated thermocouples type K Cromel-Alumel, 0.5- to 1.5-mm OD

Resistance thermal detector (RTD) thermoresistances type PT 100

A matnx E (mV), T (°C), for K-type thermocouples was generated by the following formula
(UNI- 7938 specifications)

- 127/65)°1%/1000

electnical signal (mV)
temperature (“C
1.853306 * 10
1801834 * 10

1.664515 * 10

[he value of temperature T (°C) was obtained from the signals cotrdng from thermocouples E (mV

performing a linear interpolation of the matrix E, T

In the same way, the signals coming from
thermoresistances (£2) were converted to engineering units (°C performing the linear interpolation
the PT100 type thermoresistance data characteristic generated by the following formula
(UNI-7937 specifications)
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