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Abstract 

The HSBÏR (Hitachi Suit BUR) with a 
rated capacity of 600 .IV electricity has been 
conceptually designed. The components and 
systems are simplified by adopting natural 
circulation and the passive F.CCS, and elimi
nating steal separators. the volume of the 
reactor building is about SO ! of that for 
current BVRs with the sais rated capacity, 
and the construction period is 32-36 months 
until coiiercUl opération. The sajor safety 
systees are: (1) an accumulated eater injec
tion system i s an ECCS; (Z) an outer pool, 
•hich stands outside of the steel primary 
containment vessel, as a long term cooling 
system after LOCAs; and (3) a steam driven 
reactor core isolation cool inj system for 
high pressure water injection. The grace 
period is one day for core cooling and 3 days 
for the containment vessel heat removal. The 
infinite grace period for core cooling is 
also available as an option. U O analysis 
showed that the core "ill always be covered 
by a two-phase miiture, resulting in no core 
heat -up. The fundamental experiments and 
analyses showed sufficient capability of the 
outer pool for long ten heal removal. 

1. INTRODUCTION 

Small and ledium -shed light »ater 
reactors have been investigated in the United 
States and in Europe'. These reactors can be 
divided into two groups. The first group 
includes reactors with small and medium 
capacities*'* to decrease the capital costs 
of construction. in which the systems are 
simplified to avoid the economical demerits 
of small reactors. The second includes 

reactors with inherent safety characteristics 
for shutdown and decay heat removal'*'. In 
Japan, emphasis is put on economical improve
ment by simplifying the systems, and intro
duction of passive components and systems is 
considered mainly as one step for it. From 
this viewpoint, the Japanese position is to 
develop the first group of reactors. 

A natural circulation type BVR with 
rated capacity of 600 ИИ electricity, IISBUJ 
(Hitachi Small BVR)-600. has been conceptual
ly designed*' * as a member of the first group 
and a ratvd capacity series of BMRs. The 
design bases of the HSBVR are: (П to 
maximize the use of proven BVR technology: (2) 
to minimize the cost disadvantage of small 
reactors by simplification of the structure 
and systems, and by standardization of the 
reactor core and buildings; and (3) to 
satisfy the current safety, criteria and 
provide enough safety margins, in considera
tion of simple and highly reliable safety 
systems. early termination of accident 
conditions, and an adequate grace period to 
mitigate severs accidents (safer staying). 

The concept of the safer staying adopted 
here anticipates appropriate operator actions 
for termination of accident conditions and 
makes the safety systems simpler and lover 
capacity. Considering this, the HS9V1! is 
designed to give one day as a grace period 
for core cool ing. However, to meet various 
needs, the HSBUR has another option to accept 
the infinite grace period for core cooling. 

In this paper, concepts and features of 
the HSBVR are presented and safety character
istics during transient and accident 
conditions are discussed. The thermal -
hydraulic characteristics at the steady state 
are described in reference 9. 

2. CONCEPTS AND FEATURUS 

The schematics of tho reactor pressure 
vessel (RPV) is shown in Fig. I and the aain 
system configuration is shown in Fig. 2. The 
main specifications are listed in Table 1, 
The features of the IISBÏR- 600 are: 
(1) short fuel rod bundles of 3.7* with 3.1a 
active heated length to avoid seismic 
resonance between the core and the reactor 
building constructed on soft to firm ground, 
which make it possible to construct the 
standardized plant underground with a high 
defence ability against terrorism. If 
necessary; 
(2) low volumetric power density nf 34.2 kVYI, 
and a long continuous operation period of 23 
months; 

(3) natural circulation in the core and no 
steam separators. resulting in simple 
internals; 
(4) no core uncovery In any loss-of-coolant 
accidonts (IOC's) during the given grace 
period without any recovery actions; 
(5) decay heat absorption in the suppression 
pool for one day after accidents and natural 
heat removal from the primary containment 
vessel (PCV) by heat conduction through the 
steel fabricated PCV to the outer pool for 
three days, which give operators enough time 
Tor recovery actions; 
(6) depressurlzalion by the automatic de • 
pressurization system (ADS) and borated water 
Injection by the accumulator to decrease 
reactivity and shutdown the reactor In an 
anticipated transient without scrim UnS); 
(7)standardized compact PCV. reactor building 
and turbine building, and the same plant 
layout at any reactor site; and 
(8) a short construction period of 32 -36 
months (depending on the site conditions) 
including pre-operalion and start-up tests. 

Table 1 Main specifications 
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2 . 1 . Reactor Core and Internals 

The length of the fuel rod bundles «as 
investigated to maintain high seisaic r e s i s t 
ance and to standardize the reactor buiding 
for any around firmness. The S X J type fuel 
rod bundle was selected in vies of u t i l i z i n g 
current technology. The 3.7 a length of the 
fuel rod bundles with 3.1 s active heated 
length las determined to avoid seisaic 
resonance between the core and the reactor 
building, which can be constructed on soft to 
f irs ground. Therefore standardization of 
the reactor building is possible without any 
connection to ground firmness. The shorten
ing of the active heated length also isproves 
the f loe s t a b i l i t y and the c r i t i c a l power 
characterist ics . With the 8X8 type fuel rod 
bundles, the power density is 3 4 . 2 k H / l , the 
nuabnr of bundles is 708, and the core 
diameter is 4.SS a. The uranium enrichment 
is 3 .6 \ and the average burn-ир is 39 CTd/t 
under the conditions of Z3-aonlh continuous 
operation. 

Puaped recirculation systems are e l i m i 
nated, and natural circulation, based on the 
aean density difference of the coolant inside 
and outside of the core, i s used for core 
cooling to decrease the movable coaponents 
and provide high r e l i a b i l i t y and maintain -
a b i l i t y . Л riser of Sa height is installed 
above the core in order to increase the 
driving force for natural circulation. By 
eliminating the steaa separators, the natural 
circulation flow rate becoaes higher due to 
the absence of flow resistance at thea. The 
passing t iae of steaa froa the core is 6 s in 
the 9 я riser and S s i n the long stcaa doae. 
The long passing tiae decreases the strength 
of gassa-rays froa nitrogen ' ' Н included i n 
steaa. This takes i t possible to decrease 
the thickness of the gaaaa shields in the 
turbine building. 

By e l ia inat ion of the puaped recircula 
tion systeas , the p o s s i b i l i t i e s of sechanical 
trouble and accidents arc decreased and 
operation procedures under abnoraa! condi -
lions are s i a p l i f i e d . The procedures for 
fuels and reactor internais exchanges are 
also s i a p l i f i e d by el iaination of the shroud 
head with i t s stand pipes and steaa separa
tors (see Fig. 1 ) . 

2 . 2 . Safety Sysleas 

The HSBHR has high safely configurations 
for postulated LOCAs by pipe breaks, because 
there are no large diaaeter pipes below the 
top of the core. The safety systeas have 
redundancy in active and passive systeas. and 
their operating sequence and functions are 
shown in Fig. 3. The systeas enclosed by the 
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heavy lines are the « i n sysleas and those 
enclosed by the dotted lines aro auxiliary 
systeas in that period. The safety systeas 
were designed to sat is fy (he current safety 
c r i t e r i a . s iapl i fy the sysleas . terninate 
accident conditions early (quick quench), and 
provide an adequate grace period for ssfoty 
action mitigating severe accidents (safer 
staying) . 

To s iapl i fy the engineered safety 
systeas and keep thea at a high standard, tt>. 
steaa driven reactor core isolation cooling 
(RC1C) system and accuaulators with energency 
coolant at low pressure are provided for 
short tern eaergency core cooling (see Fig. 2) 
instead of the eaergency diesel generators 
and puaped injection systems in the current 
BWR designs. Sliainalion of these systeas 
and equipaent s impli f ies the emergency core 
cooling systeas (ECCSs) and provides higher 
systea r e l i a b i l i t y as there are fewer movable 
elements. 

The flow area of the automatic depres
surization systea (ADS), and i n i t i a l pressure 
and piping diameters of the accuaulators were 
deterained according tn conditions with no 
i n i t i a l heat-up, no exposure of the core, and 
therefore no daeage to fuel rods a t any LOCAs. 
The capacity of the accumulators is enough to 
supply eaergency coolant for at least 24 
hours after reactor seras, which is the sost 
severe case of an accimulator l ine break. 
The grace period is typically longer at other 
pipe breaks as shown in Table 2. 

Core .cool ing after noraal reactor 
shutdown and long -tern core cooling after 
reactor seras "are perforied by the residual 
heat reaoval syslea (RHR) with injection 
puwps and heal exchangers (see Fig. 2 ) . The 
RUR has the a b i l i t y to cooi down the rated 

Table 2 Grace period for core cuolin j « t LOCA 

Break LeceUon 
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Feed Water Line 
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Accumulator Une 
mut 2«.l 

Accumulator Une 
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reactor to 52 "C within 20 hours, and it is 
also enough for heal reaoval during accidents. 
The accuaulators and the suppressioo pool can 
remove and sink decay heal for от day after 
reactor scram by themselves, giving the MIR 
one day to spare for start -up . Svon if the 
SUR is not avai lable because of puap failure, 
coolant can be fed into the RPV by manually 
r e f i l l i n g the accumulators with attachable 
puaps such as f i r e engines. 

The HSBUR bas another option to give the 
infinite grace period far core cooling .tfter 
LOCAs. Tbe reflooding tine between Iba HPV 
and the suppression pool can be optionally 
equipped as conceptually shown in Fig. 4. 
The line has a check valve to prevent reactor 
coolant froa flowing out to the suppression 
pool. The water head between the water leva! 
in the suppression pool and the nozzle of the 
reflooding l ine at the HPV (hr) aust be 
larger enough than the one (hv) that is 
required to release stoaa froa the dry well 
to the suppression pool, to цчв the pool 
vater enough driving force. The equipment of 
the reflooding line results in i taller ?CV 
in order to keep enough heighi between Lhe 
water level in the suppression pool and the 
top of the core, however, i t gives the i n f i 
nite grace period for corn cool in: because 

tho emergency water is continuously supplied 
by condensation of steaa which Is generated 
by decay heat at the coro. 

Heat reaoval froa the PCV can be 
achieved by natural circulation in the s u p 
pression pool and hnal conduction through the 

steel K'l wall to the outer pool between tho 
PCV and reactor b u l k i n g walls (see Fig. 2 ) , 
This heat reaoval froa the ?CV to the outer 
pool needs no tovable components, The heat 
removal froa the PCV can be suf f ic ient ly 
maintained for three days without a water 
supply to the outer pool, therefore it gives 
operators three days to spare during abnormal 
conditions. Also i l is possible to feed 
water into the outer pool when i t Is required. 

2 . 3 . Evaluation of Kconoay 

Table 3 gives an idea of economic 
evaluations. tt shows that the IISBVR has 
high a v a i l a b i l i t y , small PC/, short construc
tion period, and fever coaponents. A seal I 
reactor building is realized by siapll fying 
tho coaponents and systeas as described above 
and removing the spent fuel pool and control 
room to other buildings. The volume of the 
reactor building is about SO S of the current 
MR building for the similar rated capacity. 
All water pools are on Ihe basement of the 
reactor building and its saisaic resistance 
is improved. Based on the high level of 
welding technology and s k i l l available in 
Japan, steel structurus for the PCV aro 
adopted. 

Table 3 ItSDWft-Dtsign simplification 
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S a l i f i c a t i o n of the components and 
systeas, and adoption of steel structures in 
the PCV shorten the c o n s t r u c t i o n period. I t 
should be 32 - 3 6 months i n c l u d i n g pre -
operation and s t a r t - u p tests from the start 
of construction to commercial operation. 
A d d i t i o n a l l y , the i n - s i t e load in the HSBWR 
is negligibly small, because only the c l e a n 
up mater (CUV) system needs an electrical 
power supply during normal operation. 

3. THERMAL-HYDRAULICS DURING TRANSIENT 

Since the HSBWR has no recirculation 
pumps, the main transients are pressurized 
phenomena, such as a sudden closure ot the 
turbine stop valve (TSV). A fear of a rapid 
decrease of flow rate is present during the 
transient caused by pressurized phenomena in 
a natural circulation type BUR, because of a 
decrease of the driving force due to void 
collapse in the core and riser . 

In the HSBVB. however, the flow rale at 
the transient does not decrease, because the 
decrease of t w o -phase flow resistance is wore 
significant . Additionally the HSSVR features 
a targe steam volume in the RPV. w h i c h makes 
setting of the TSV within the PCV possible. 
By putting t h e TSV there, the turbine building, 
which i s part ial ly constructed with the 
seismic c l a s s i f i c a t i o n A in current BVRs. 
would be able to be constructed with the 
lower seismic c lass i f icat ion B. 

Then, change of thermal - hydraulics, 
pressure. flow rate. and minimum c r i t i c a l 
power ratio (NCPR) caused by a sudden closure 
of the TSV. when s e l within the PCV, were 
investigated. 

The changes of pressure in the steam dome, 
circulation flow rate, neutron flux, and 
power during transients were calculated by 
the FOSTER code", and .1CPR «a.! calculated by 
the GEXL correlation based on results fron 
FOSTER. FOSTER simulates the system by 
composing- modules such as flow path, branch, 
and tank. The model simulated the HSBV.R as 
shown in Fig. 5. The core was divided into 
three parts, high power, average power, and 
low power bundles, and simulated by three 
paths and attached fuel modules. The paths 
and fuel wodules were divided into 24 axial 
nodes to simulate axial power distributions. 

As steam in the core is generated with 
not only heat from the fuel, but also vapor 
flashing due to a pressure decrease during 
the transient, the HCPR is defined as follows. 
The CPR of each node, the ratio o f the 
difference between c r i t i c a l quality and i'nlct 
quality to the difference between quality at 
the local condition and inlet quality, is 
calculated b y the GEXL correlation based on 
the flow rate and boiling length of the node. 

The HCPR is the minimum value of the CPRs of 
each node. 

The neutron flux change was calculated 
considering the void fraction change, the 
doppler ef fect in fuel , and the reactivity 
added by control rods. 

Control characteristics in the calcu -
tal ions. such as scram speed and valve 
closure speed, were assumed to be the same as 
those of current BVRs. No activation оГ the 
turbine bypass valve was assuaed. 

In the transient, the TSV closes com
pletely within 0 ,1 s after the turbine tr ip 
signal is received, and the plant is scramed 
by the 90 I closure signal of the TSV. 

The changes of main quantities during the 
transient are shown in Fig. 6. The pressure 
in the steam dome increases after the TSV 
closure. The maximum pressure is however 
limited at about 7 .5 NPa by the activation of 
the safety r e l i e f valves (SRVs). The neutron 
ftux increases in accordance with the void 
fraction change due to the pressure increase. 
The maximum increase of the neutron flux is 
about 10 Ï of the rated condition. The 
reason for the low neutron flux increase is 
that the steam volume in the RPV is large and 
the increasing rate of pressure during the 
transient is low. The recirculation flow rate 
at the core inlet increases during the 
pressure increasing period. This is due to 
the decreased void fraction and the decreased 
two -phase flow resistance in the core. 
Consequently, the Д.1СРН is within - 0 . 0 S . The 
NCPR at transients must be above 1.07 to 
achieve no boiling transition, based on the 
prediction error in the GEXL correlation. 

Therefore the MCPR during normal operation 
should be more than 1. 12 ( = 1 . 0 7 + 0 . 0 5 ) . As 
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the NCPR at the rated condition' is nver 1.3 
and s a t i s f i e s this criterion, thorc should bo 
no boiling transition during transients. 

Therefore, the TSV can bo scl within the 
PCV. and a l l of the turbine building voutd be 
able to be constructed with the seismic 
c lass i f icat ion B. 

4. THERMAL-HYDRAULICS DURING ACCIDENT 

during accidents with the AOS and the accumu
lators are shown in these figures. At the 
MSL break, the behavior of the 0,1 ï break is 
almost the saae as in the 1 X break. As 
shown in Figs. 7 and 8, exposure of the care 
(the lower two-phase level than tho lop of 
core) does not appear, and therefore h e a t - up 
of the fuel cladding does not occur. In the 
case of the accumulator line break, the 
behavior is similar to that in the NSL break, 
because of the ADS activation, and no e x p o 
sure of the core appears. 

10 ADS 
Activation Break Area 

i 100% 
! 1 * 

1000 1500 2Q00 2500 
ADS / Twc-phnie Level 
ill 

•<Y. Temperature 

О S00 1000 1500 2000 2500 

Time after Break (Jl 
Fig.7 Thermal-hydraulic characteristics 

during main itetm line breaks 

400 H 
200 f 
0 £ 

4 . 1 . Short-term Core Cooling 

The phenomena investigated were the 
break of a main steam lino (USD. a foed 
water line, an accumulator line, or a drain 
line, because these ara the wajar pipes 
connected to the RPV. Since no activation of 
the RCIC is the most severe s i n g l e - f a i l u r e 
assumption in the liSBWR. the AOS and the 
accumulators were designed to achieve tho 
conditions of no exposure of the core and no 
heat-up of fuel cladding during LOCAs without 
the RCfC. Thermal -hydraulic behavior «as 
calculated using the SAPER code* ' . which was 
•odified to calculate natural circulation at 
the steady s tate and simulate tho accumulator 
performance. The ANS+201 decay heat curve 
was also used. 

Typical calculation results are shown in 
Figs. 7 and 8. The main steam line break 
represents the largest diameter pipe break, 
white the accumulator lino broak has the 
shortest grace period. The behavior of the 
pressure and two -phaso level in the RPV 
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4.2 . Long-ten Decay Heat Removal 

1 . 2 . U Original Concept 
The concept of decay heat removal with 

the outer pool is shorn in Pig. Э. The decay 
heat generated in the core is carried out to 
the drywell as steaa through the break.and 
the steaa is fed into the suppression pool 
through vent tubes. The fed steaa condenses 
in the vater near the vent tube outlet , and 
natural circulation is induced in the 
suppression pool. As the decay heat is 
absorbed in the suppression pool, the water 
teaperature increases. Because of this 
tcaperature increase, heat is transferred to 
the outer pool through the steel PCV wait. 
As the outer pool absorbs the heat froa the 
suppression pool and evaporates, long - tera 
decay heat reaoval is achieved. 

To confira the effectiveness of this 
concept. thermal -hydraulic behavior in the 
suppression pool and the outer pool were 
investigated. In this investigation. the 
TIIERVIS c o d e " was used. TIIERVIS can calcu
late 3-dieensional theraa!-hydraulic behavior 
of viscous f luid . The aesh division used in 
this calculatin is shown in Fig. 10. 

The steaa fed into the suppression pool 
•as treated as heat generation near the vent 
tube out let . The heat flux through the PCV 
wall was calculated with the overall heat 
transfer coef f ic ient and tempera lure d i f f e r 
ence between the inside and outside walls, 
and given as a boundary condition of the 
calculation. The walls, except for the PCV 
wall, were assumed as adiabatic. To evaluate 
the overall heat transfer coefficient between 
the inside and outside walls, condensation 
heat transfer of steaa containing non -
condensable gases for the uncovered inside 
wall and natural convection heat transfer for 
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the covered inside wall and outside wall were 
used. 

Results of the 100 Ï XSL break case, 
velocity profi les in pools 4 hours after 
accident init iat ion, are shown in Pig. 11. 
One large natural circulation flow is 
observed above the heat generation c e l l s (the 
steaa condensation arr-i; in the suppression 
pool. The region below the heat generation 
c e l l s is however alaost stagnant. The 
velocity profi les in the suppression pool 
after this t iae are almost the same. 

The change in temperature prof i le in the 
pools is shown in Pig. 12. With lapse of time, 
the teaperature in the pools increases, 
however two regions, high and low teaperature. 
are formed in the suppression pool. The 
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teaperature of the region above the heal 
generation c e l l s is high and alaost uniform 
because of s t irr ing by natural circulation, 
but the temperature in the region below the 
heat generation c e l l s is kept low, This is 
clear 4 and 3 hours after accident initiation, 
shown by the gathering of the isothermal 
lines just below the elevation of the heat 
generation c e l l s . This is a thermal s t r a t i 
f ication phenomenon due to lack of stirring 
in the lover region. The occurrence of this 
phenomenon r e s e t s in a saall heal absorption 
and heal transfer in the region below the 
vent tube out let . In order to suppress the 
worse of heat absorption and heat transfer 
performances due to the thermal strati f ication, 
the submergence of the vent pipe outlet is 
deep in the IISBVR design, as shown in Fig. 12, 

The average temperature trends of the 
suppression pool and the outer pool are shown 
in Fig. 13. The water volume in the stagnant 
low temperature region below the vent pipe 
outlet was neglected in the calculations of 
heat absorption and heal transfer area. The 
teaperature in the outer pool reaches i ts 
saturation teaperature 30 hours after acoi -
dent ini t iat ion . and evaporation begins, 
while the teiperature in the suppression pool 
increases continuously. Therefore. the 
teaperature difference between the inside and 
outside of the wall increases and the heat 
transferred to the outer pool also increases. 
At about SO hours after accident initiation. 

the transferred heat to (ha outer pool 
exceeds the decay heat and the teaperature in 
the suppression pool begins to decrease, The 
aaxiaua temperature is 122 TJ and this value 
is allowable considering the PCV toughness. 
After evaporation begins in the outer pool, 
i ts water level begins to decrease. The 
ef fect ive heat transfer area in the outer 
pool decreases according to this decrease in 
the water level, and tho transferred heal to 
the outer pool Is also decreased. A further 
increase in the temperature of the suppres
sion pool is , however, avoided by a water 
supply of about 12 m*/h into the outer pool. 
72 hours after accident init iation, as shown 
by the dotted line. Thus, (he long - t e r * 
decay heat reaoval with the outer pool is 
af fect ive and It gives (he operators three 
extra days at an accident occurrence, 

4 . 2 . 2 , Effect of Baffle Plate 
As mentioned above, the vent pipe s u b -

aergenco must be deep in the original IISBVR 
design. This deep subaergence requires a 
t a l l e r wet well, which is an uncovered region 
above the water level of (he suppression pool, 
to prevent water froa hitting the diaphragm 
floor (the* ceiling of the wet w e l l ) , due to 
pool swelling which appears just af ter 
accident init iation. And if the reflooding 
l ine is required for the inf inite grace period, 
i t a lso requires1 a ta l ler PCV since the top 
of the core must be lower than the position 



of the vent pipe out let . 
In order to reduce the heights, the 

IISBVFt has another option. That is the baff le 
plate which can be equipped in the suppres
sion pool. The objective of the baffle plate 
is to enhance natural circulation in the pool 
even at the shallow vent pipe outlet . A 
fundamental test vas performed to confirm the 
effect of the baffle plate. The scheme of 
the test apparatus is shown in Pig. 14. The 
apparatus is the IS degree sector model and 
its linear scale ratio to the IISBNR design 
•as about 1 / 1 0 . In order to design the 
baffle geometry, the temperature profile in 
the suppression pool mas modeled as shovn in 
Pig. 15. The mater temperature between the 
baff le plate and the PCV vail vas assumed to 
change linearly because of heat transfer to 
the outer pool. On the other hand, the 
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temperature inside the baf f le plate mas 
assumed to change stepmise. From the temper
ature profile model, the pressure balance 
betveen the inside and outside of the baff le 
plate are expressed as follows based on 
Bernoull i ' s theorem. 

p ( T l ) - h l - p ( T Z ) - h Z - p { ( T l » T Z ) / 2 ) -
U h l * h 2 ) « u V 2 g j . - ( l ) 

и » Q / ( A Z - p ( ( T W T 2 ) / 2 ) C p - ( T l - T 2 ) ) . - ( 2 ) 

where p ( T ) : water density at temperature T 
Cp : specific heat 
A2 : cross sectional area at outside 

of baffle plate 
Q : transferred heat from outside of 

baffle plate to outer pool 

The l i a i t , or the most severe condition, 
for natural circulation outside of the baff le 
plate is T2 = T0. With these conditions and 
the approximation, p ( T ) - a - b T , the following 
equation must be satis f ied to have natural 
c irculation outside of the baff le plate ( и > 0 ) . 

(hZ-hl) - (Tl -TO) < 0 - ( 3 ) 

Therefore, the criterion to induce the 
natural circulation below the vent tube 
outlet is h2 < hi . 

Typical temperature profi les obtained 
from the test are shown in Fig. 16. Natural 
c irculation outside of the baf f le plate is 
observed and the temperature increases below 
the heat source in the type-2 case, h l > h 2 , 
which s a t i s f i e s the criterion. However, they 
are not observed in the t y p e - ! , hi<fi2. The 
neasured temperature profi les agree with the 
calculation results as shown in Fig. 16. 

The ef fects of the baff le plate in large 
geometry based on the above calculation model 
are shown in Fig. 17. The vertical axis 
shows the ratio of heat storage and heat 
release capability compared to the case 
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without the baf f le plate. The capability 
increases about 40 X by the baffle plate. 
This means that the baffle plate allows a 
decrease in the submergence of the vent pipe 
out let and heat transfer area at the PCV wall 
to the outer pool, and it allows a smaller PCV. 

5. CONCLUSIONS 

The HSBWR. a natural circulation type 
BWR with rated capacity of 600 HV e lectr ic i ty , 
has been conceptually designed. The reaclor 
is simplified by eliminations of aovable 
components, while ensuring high r e l i a b i l i t y . 
The main features of the reactor are 3X8 type 
fuel rod bundles with 3.1 i active heated 
length for good seismic resistance, a stand
ardized reactor building for any ground 
firmness, no shroud head with steam separa
tors for simplicity of internals, no recircu
lation pumps, no pumped injection systems for 
ECCSs except the RCIC, a reactor building 
volume about half that of current BVR bui ld 
ings, a shorter construction period of 32 -36 
months to commercial operation, and 23 months 
continuous operation. 

The safety characteristics are as Callows. 
(1) As the HSBWR features a relatively large 
steam volume in t h e . RPV, the ЛPICPR at the 
transient of sudden TSV closure due to the 
turbine tr ip without turbine bypass valve 
activation is within 0 ,05. This value has 
enough margin compared with the CPR at the 
rated condition. Therefore, the turbine stop 
valve can be s e t within the PCV, and all of 
the turbine building would be able to be 
constructed with the seismic classification 3. 

(2) The accumulators allow one day as the 
grace period keeping the two-phase level in 
the RPV above the core and the reflooding 
line allows the inf inite grace period, there
fore exposure of the core and the heat- up of 
fuel claddings would not occur at any LOCA. 
(3)The long-term decay heat removable by the 
outer pool during accidents has sufficient 

capabil ity . The maximum temperature in the 
suppression pool is 122 TJ in the case ' 
without the baffle plate in the suppression 
pool. When the baffle plate i s equipped, the 
low temperature stagnant region becomes 
s ignif icantly small resulting in a 40 X 
increase of the capability, which allows a 
shallow vent pipe outlet and a smaller PCV. 
This new scheme with the outer pool gives the 
operators three extra days at an accident. 
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