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A hot wa ter layer sys tem (HWLS) is a novel sys tem for re duc ing ra dio ac tiv ity un der re search
re ac tor con tain ment. This sys tem is par tic u larly use ful in pool-type re search re ac tors or other
light wa ter re ac tors with an open pool sur face. The main pur pose of a HWLS is to pro vide
more pro tec tion for op er a tors and re ac tor per son nel against un de sired doses due to the ra dio -
ac tiv ity of the pri mary loop. This ra dio ac tiv ity orig i nates mainly from the in duced ra dio ac tiv -
ity con tained within the cool ing wa ter or prob a ble min ute leaks of fuel el e ments. More im -
por tantly, the both er some ra dio ac tiv ity is pro gres sively pro por tional to re ac tor power and,
thus, the HWLS is a par tial so lu tion for mit i gat ing such prob lems when power up grad ing is
planned. Fol low ing a se ries of tests and checks for dif fer ent pa ram e ters, a HWLS has been
built and put into op er a tion at the Teh ran re search re ac tor in 2009. It un der went a se ries of
com pre hen sive tests for a pe riod of 6 months. Within this time-frame, it was re al ized that the
HWLS could pro vide a better pro tec tion for re ac tor per son nel against pre vail ing ra di a tion
un der con tain ment. The sys tem is es pe cially suit able in cases of ab nor mal ity, e. g. the spread of
fis sion prod ucts due to fuel fail ure, be cause it pre vents the mix ing of pol lut ants de vel oped
deep in the pool with the up per layer and thus mit i gates wide spread leak age of ra dio ac tiv ity.

Key words: hot wa ter layer sys tem, Teh ran Re search Re ac tor, pool-type re ac tor, ra di a tion level, 
con tain ment

INTRODUCTION

In many re search re ac tors, a hot wa ter layer sys -
tem (HWLS) is used to min i mize the pool-top ra di a -
tion level.  The pool is di vided into a hot wa ter layer at
the up per part of the re ac tor pool and a cold part be low
it, with a lower tem per a ture dur ing nor mal op er a tion.
The mix ing of wa ter be tween these two lay ers is min i -
mized be cause the hot wa ter layer is formed above the
cold wa ter, sup press ing the floa ta tion of cold wa ter,
thus re duc ing the pool-top ra di a tion level [1, 2].

The Teh ran Re search Re ac tor (TRR) is a 5 MW
pool-type re search re ac tor in which, sim i larly to most
re search re ac tors, wa ter acts as ra di a tion shield ing, as
well as a mod er a tor and a cool ant. His tor i cally, the first
HWLS was put into op er a tion in the HANARO re ac tor
[3-7]. It all be gan when it was de cided to up grade the re -
ac tor from 20 MW to 30 MW. It turned out that the
back ground ra di a tion un der HANARO con tain ment
surged be yond safety lim its. It is be lieved that the fis -
sion prod ucts leak ing into the pool wa ter were the main

con tri bu tors [8]. As a rem edy, so as to re duce the level
of ra dio ac tiv ity un der con tain ment, a HWLS was de -
vised and es tab lished for the first time. A hot wa ter pool
layer with a depth of two me ters and a tem per a ture dif -
fer ence of about 5 °C in re la tion to the rest of the pool
wa ter kept the bulk of the wa ter con fined un der neath it.
Af ter the in tro duc tion of the HWLS, the ra di a tion level
un der HANARO con tain ment de creased as much as
90% in com par i son to its pre vi ous sta tus [3] and [9]. Ev -
i dently, this sim ple sys tem works by pre vent ing aero sol
prop a ga tion out of the pool sur face wa ter. Upon its first
suc cess ful ap pli ca tion at the HANARO re ac tor, the
IAEA pro posed the in stal la tion of the same sys tem to
other re search re ac tors in or der to fur ther en hance the
health and safety level in open-pool re ac tors. Fol low ing 
this rec om men da tion, coun tries such as Aus tra lia,
Egypt, and Ar gen tina have de vised and com mis sioned
sim i lar con cepts [1, 10-12]. As a re sult of dis cus sions
with the IAEA and fol low-up con sul ta tions, it was de -
cided to de sign and com mis sion a sim i lar HWLS at the
TRR. Some use ful data per tain ing to the TRR are sum -
ma rized in tab. 1. At pres ent, the max i mum power level
of the TRR is 5 MW. In case of any fur ther power up -
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grad ing, a HWLS would be very use ful in main tain ing
the ra di a tion level be low the safety limit. Nev er the less,
HWLS shows its true merit in cases of ac ci dents fol -
lowed by the re lease of ra dio ac tiv ity. It is quite im por -
tant to note that the shear ex is tence of the HWLS in the
TRR re ac tor at its pres ent sta tus, even with out up grad -
ing, helps to re duce ra di a tion back ground and thus im -
proves the safety level and pro tec tion of the per son nel. 

BASIC  THEORY  OF  HWLS

The hot wa ter layer sys tem is based on the fun da -
men tal re la tion be tween mass (M) and vol ume (V); i. e. 
r = M/V. Ba si cally, par ti cle ki netic en ergy in creases as
the tem per a ture is in creased. As a re sult, ther mal ag i ta -
tion makes par ti cles more en er getic, caus ing vol ume
ex pan sion and, con se quently, den sity (r) re duc tion. 
Di men sional in crease de pends on the state of the mat -
ter, so that gases ex pe ri ence more ex pan sion than liq -
uids and liq uids more ex pan sion than sol ids. The re ac -
tor pool wa ter is no ex cep tion to this rule, so that as the
pool up per layer gets hot ter, it ex pands more. An in -
creas ing vol ume means lower den sity and this, in turn,
leads to a re duc tion in weight. On this ba sis, the hot
wa ter gets lighter in weight and has a ten dency to
move up wards and stay on the top sur face, while the
cooler and denser wa ter re mains deep down. This
means that if we con sti tute two sep a rate lay ers of wa -

ter with two dif fer ent tem per a tures, with the up per one
kept at a higher tem per a ture, the two lay ers should
show a ten dency not to mix. This al lows keep ing all
pol lut ants pres ent in the deep wa ter con fined un der -
neath the warmer layer. In this man ner, the hot wa ter
layer acts as a sort of a shield, con fin ing the bulk of wa -
ter un der neath it car ry ing pol lut ants. There fore, one
can uti lize the said prop erty in a man ner to have the top 
layer of the pool wa ter kept at a slightly higher tem per -
a ture, while the rest re mains in the same sta tus as it
nor mally should. In case of an ab nor mal ity re sult ing in 
higher ac tiv ity due to core mal func tion, the hot up per
layer pre vents pol lut ants orig i nat ing from the core to
rise to the sur face, thus re press ing an in crease in ra di a -
tion.

DESIGN AND ESTABLISHING HWLS IN TRR

The TRR is a 5 MW pool-type re search re ac tor
com mis sioned in 1967. It is a mul ti pur pose re ac tor for
ba sic re search in sci ence and tech nol ogy, and of lately,
a wide range of other ap pli ca tions, es pe cially in the
pro duc tion of ra dio iso topes for med i cal and in dus trial
use. For pool-type re ac tors, easy ac cess to the re ac tor
core is the key fac tor for eas ing op er a tion and ex per i -
men ta tion. Thus, the open ness of a pool is the prime
ad van tage of pool-type re ac tors. At the same time, this
may also be re garded as a dis ad van tage, as there is no
phys i cal bar rier be tween the pool sur face and the en vi -
ron ment, pre vent ing the radionuclides con tained in
the pool from leav ing the wa ter and thus con trib ut ing
to the to tal dose un der con tain ment. This is of par tic u -
lar im por tance since the TTR plays a ma jor role as a
radiopharmaceutical pro vider in the coun try. As the
de mand for radiopharmaceuticals in creases, the pos si -
bil ity of up grad ing the power of the re ac tor be yond the
pres ent 5 MW level is un der con sid er ation. The prob -
lem of aero sol con tam i na tion is more sa lient at an el e -
vated power. In any case, re gard less of whether or not
the power is up graded, it is al ways pru dent to ap proach 
the is sue of re duc ing the level of air con tam i na tion
dur ing nor mal op er a tion ac cord ing to the ALARA
criteria.

TRR heat removal system and its 
connection to HWLS

Sim i larly to most pool-type re ac tors, the TRR
core is sub merged at a depth of 8 me ters in a pool of
water10 me ters deep. Wa ter plays a three fold pur pose:
as a mod er a tor, a cool ant, and ra di a tion shield. The
pool is di vided into two sec tions, num bered 1 and 2,
with the core nor mally be ing sit u ated in pool 1 (also
known as the stall po si tion). Figure1 shows the sche -
matic di a gram of the gen eral lay out of the cool ing sys -
tem. The HWLS is sup posed to pig gy back on the ex -
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Table 1. Summary of some useful data pertaining to TRR

Power 5 MW

Fuel composition

235U-12.44%

238U-49.78%

O-11.17%

Al-26.5%

Pool

Area 57.24 m2

Depth of water
over core 7.4 m

Volume 477.8 m3

Moderator Light water (H2O)

Control element 5, Fork type

Shield H2O, Pb, concrete

Number of fuel
elements

22

Coolant Light water (H2O)

Coolant mass flow 500 m3/h

Purification system Ion exchange

Inlet mass flow to
demineralizer system

76 L/min

Reactor containment
Inner diameter 30 m

Height 13.7 m



ist ing cool ing sys tem and a lot of con sid er ation was
put into tak ing ad van tage of the ma jor ity of fea tures of
the ex ist ing fa cil i ties. It is ob vi ous that the HWLS is to
be in stalled on the pri mary cir cuit so as to help raise the 
tem per a ture of the up per pool layer. Among the many
al ter na tives ini tially con sid ered to do the job, one was
that of some how us ing the op tion of pool over flow and 
mak ing nec es sary mod i fi ca tions on the demineralizer
cir cuit, fit ting it to ac cept the HWLS mod ule. The idea
was soon dis carded be cause of the com plex ity of its
ex e cu tion, as well as the dis tance of the pool to the
pump room, i. e. ac cess to the demineralizer cir cuit. At
the end, it was de cided to con sider an in de pend ent sys -
tem with a min i mal pip ing length and min i mal
changes im posed on the ex ist ing sys tem. More over, it
was de cided to make use of avail able fa cil i ties at the
mez za nine floor where the heat and ven ti la tion sys tem
al ready ex isted. Fig ure 2 shows a sim ple di a gram of
the HWLS sys tem, as well as the ex ist ing sys tem upon
which the new sys tem was in stalled. From a depth of
approx. 70 cm in pool 1, the sur face wa ter is pumped
into a small heat exchanger in stalled at the ven ti la tion

room and, upon re ceiv ing heat, re turned to the very top 
layer of pool 2. It is worth men tion ing that the way hot
wa ter en ters pool 2 is cru cial, in the sense that if it
flows in the usual man ner, the in tended hot layer will
not form in a man ner as sta ble as de sired. There fore, a
strat i fied noz zle was de signed to guide the dis charge
wa ter into pool 2 at a graz ing an gle fa cil i tat ing the for -
ma tion of a sta ble hot layer on the very top. Here, the
heat source is a 120 °C hot va por di verted from the ex -
ist ing main line in the ven ti la tion room. This, in fact, is
the main rea son why the ven ti la tion room was cho sen
for the HWLS sys tem. It is the best of all op tions be -
cause of an al ready ex ist ing heat source and, ad di tion -
ally, be cause of the min i mal pip ing re quired to ful fill
the task.

General HWLS specifications

The pres ent sys tem func tions as fol lows. Wa ter
from pool 1 is pumped into the heat exchanger from a
depth of 70 cm and, upon re ceiv ing heat, re di rected to
pool 2 by a lam i nar flow, as men tioned. The high pres -
sure, 120 °C va por from the ex ist ing heat, ven ti la tion
and air con di tion ing (HVAC), pro vides the heat source.
Af ter a while, a hot wa ter layer grad u ally de vel ops over
the en tire top sur face of the pool, up to a me ter thick.
Tak ing into ac count all other op tions, the cur rent ar -
range ment is the most fea si ble and most sim ple so lu tion 
for achiev ing the set goal. Let us take T1 and T2 as the in -
let and out let tem per a tures of the HWLS's heat
exchanger at the pool side. T1 is des ig nated as the tem -
per a ture of the wa ter at a depth of ap prox i mately 70 cm
be low the pool sur face, T2 as the tem per a ture of the top
sur face warm wa ter en ter ing pool 2. The aim is to keep
the HWLS work ing as long as needed in or der to bring
the av er age tem per a ture of the hot layer to a pre set level, 
let us des ig nate it as T ¢. There fore, of the sev eral con -
straints on the HWLS, the first is to mon i tor T''– T1

while keep ing the hot layer sys tem work ing as long as
needed to main tain this dif fer ence within the des ig nated 
nar row range. The sec ond con cerns the con straint im -
posed on T ¢ and T ¢ so that they do not ex ceed 70 °C as,
oth er wise, the pool sur face evap o ra tion is likely to ex -
ceed the de sired level. Ex per i ments have also shown
that ex ces sive hu mid ity on the part of T' can dam age the
con tain ment out let air fil ter re quir ing its fre quent re -
place ment. It has also been es tab lished that there is no
need to main tain the tem per a ture dif fer ence be tween T'
and the bulk of the pool wa ter above 10 °C. Fig ure 3
shows a typ i cal sta tus of all cited tem per a tures of the
HWLS mon i tor ing sys tem dur ing work days. As a typ i -
cal num ber, it is shown as T1 = 38.5 °C, the up per layer
pool tem per a ture al most equal ing the bulk pool tem per -
a ture prior to the ap pli ca tion of the HWLS. T2 = 57.2 °C
is the hot wa ter tem per a ture leav ing the heat exchanger
and en ter ing the pool sur face. T' = 49.0 °C is the set
point for the hot layer av er age tem per a ture to be main -
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Fig ure 1. A sim ple sche matic di a gram of the TRR 
cool ing sys tem

Fig ure 2. A sche matic di a gram of the HWLS and its 
con nec tion to the pool and HVAC sys tem in TRR; boiler
and trap are parts of the ex ist ing sys tem



tained over the course of re ac tor op er a tion. T ² = 50.0 °C 
is an other set point tem per a ture im posed by the op er a -
tor at which the hot va por valve shuts it self off au to mat -
i cally. This means that as soon as T1 is greater than T ²,
the heat ing pro cess au to mat i cally shuts off un der this
con straint, thus pre vent ing un nec es sary heat ing be yond 
the op ti mal value and avoid ing the loss of en ergy. Fig -
ure 4 shows HWLS as in stalled in the HVAC room,
with its pip ing, va por con trol ler valve (at the top) and
tem per a ture sen sors.

DISCUSSION

Our HWLS was sub jected to con tin u ous test ing
over a pe riod of ap prox i mately 6 months upon the
com ple tion of the sys tem and the be gin ning of its op er -
a tion. Dur ing this stage, var i ous depths and tem per a -
tures were ex am ined in an at tempt to find the com bi na -
tions which would yield the best pos si ble re sults.
Aside from many op er a tional ad van tages, there is one
other sa lient achieve ment of in stall ing the HWLS – the 
re mark able ac tiv ity re duc tion over the pool area. This
has been ver i fied through two par al lel routes of which
the first is the daily anal y sis of the pool wa ter to re veal
the ra dio ac tiv ity con tent of the pri mary loop. This is
achieved by tak ing two 450 cm3 stan dard sam ples, one 
from the sur face and the other from the bulk of the wa -

ter, up to a depth of 2 me ters. The sec ond route
com prises read ings of ra di a tion mon i tors lo cated in
var i ous ar eas of the TRR so as to re veal the ra dio ac tiv -
ity con tent un der con tain ment.

In what fol lows, these anal y ses are in ves ti gated
in more de tail.

Daily analysis of reactor pool water

Dur ing the 6-month test phase, a stan dard sam -
ple of pool wa ter is taken for de tect ing var i ous ma jor
radionuclides. In fact, this has been a rou tine method
of check ing for radionuclide con tent in the wa ter even
be fore the in stal la tion of the HWLS. With the new
HWLS in stalled, one can be sure that there is a sys tem -
atic re duc tion of all ra dio iso topes in the top layer and,
there fore, a lower con tri bu tion to over all ra dio ac tiv ity
in the con trolled ar eas. As an ex am ple, a con tin u ous
run dat ing to Oc to ber 2009 is pre sented here. At least
two si mul ta neous sam ples were taken per day, one
from the top layer, the other from a depth of 2 me ters or 
more (as sam ples of the bulk of the pool wa ter). Ta ble
2 shows the ra dio ac tiv ity of some of the ma jor
radionuclides in all parts of the pool over the course of
re ac tor op er a tion. Depths of 2 me ters or deeper are in -
di ca tions of pool wa ter qual ity on the whole, while
depth val ues for the top layer are in di ca tions of how ef -
fec tive the HWLS is. It has been shown that there is a
re duc tion in ra dio ac tiv ity of al most an en tire or der of
mag ni tude in most el e ments at the top level of the wa -
ter. Ta ble 3 sum ma rizes the con clu sion on an av er age
basis.

Radiation monitoring while HWLS is
in operation

Sev eral ra di a tion mon i tors have been placed at
im por tant lo ca tions of the TRR. Check ing these mon i -
tors may re veal how ef fec tive the HWLS is when in
op er a tion. Three gamma de tec tors at the bridge, beam
hole floor (BHF)-North and the stack are cho sen, as
well as sev eral oth ers, to show how the HWLS would
af fect ra di a tion lev els at the cho sen points. All of the
de tec tors re cord the ex po sure rate in terms of mR/h
(1R = 2.58 ×10–4 C/kg). The most sa lient dif fer ence is
ob served by the bridge de tec tor sit u ated right above
the pool. Nor mally, dur ing con tin u ous re ac tor op er a -
tion, ra di a tion re ceived by this de tec tor reaches its sat -
u ra tion level within 30 hours. At 5 MW power, the sat -
u ra tion ex po sure rate re corded by the bridge de tec tor
is around 10 mR per hour.  Fig ure 5 shows the ef fec -
tive ness of HWLS in re duc ing ra di a tion at the pool
sur face. The first curve in this fig ure shows a ge neric
trend re gard ing ra di a tion over a typ i cal 1-week op er a -
tion. The sec ond one shows the ef fect of switch ing on
the HWLS. As a re sult, the ra di a tion at pool level
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Fig ure 3. A typ i cal tem per a ture over a work ing ses sion of 
the TRR, show ing real val ues and set points

Fig ure 4. HWLS,  as in stalled in the HVAC room and
con nect ing pipes
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Table 2. Analysis of pool water activity over a weeklong operation of the TRR of October 2009;  notice the reduction in the
level of activity at the top layer while the HWLS is ON; all activities are in Bq/L

Date 10/10/2009 11/10/2009 12/10/2009 13/10/2009 14/10/2009 15/10/2009

HWLS      
status

OFF ON OFF ON ON ON

Radio
isotope

Activity
in top
water
layer

Activity
in top
water
layer

Activity
in pool
water at

2 m
depth

Activity
in top
water
layer

Activity
in pool

water at 
2 m

depth

Activity
in top
water
layer

Activity
in pool
water at

2 m
depth

Activity
in top
water
layer

Activity
in pool
water at

2 m
depth

Activity 
in top
water
layer

Activity 
in pool
water at 

2 m
depth

Na-24 9.01E+3 1.94E+4 2.98E+4 3.56E+4 3.74E+4 9.93E+3 5.12E+4 1.16E+4 5.99E+4 1.22E+4 5.80E+4

Mn-56 3.19E+2 6.90E+2 6.90E+2 6.99E+2 5.98E+2

Tc-99m 1.15E+2 9.30E+1 1.19E+2 1.34E+2 1.62E+2 3.18E+2 1.38E+2 4.66E+3 1.39E+4

Xe-135 1.96E+1 8.19E+1 8.09E+1 9.58E+1 1.03E+2 8.58E+1 7.75E+1

Y-91m 2.63E+2 3.63E+2 6.70E+2 4.47E+2 5.56E+1 5.66E+2

Ar-41 5.18E+2 1.38E+3 4.95E+2 4.19E+2 3.94E+2

I-133 9.51E+1 1.52E+2 2.20E+2 2.88E+2 2.54E+2 9.84E+1 2.72E+2 1.28E+2 4.63E+2 9.75E+1 3.75E+2

I-131 6.88E+1 5.79E+1 8.26E+1 6.53E+1 2.64E+1 8.19E+1 2.70E+1 7.77E+1

Sb-124 8.74E+1 7.00E+1 1.33E+2 1.03E+2 5.71E+1 1.04E+2 2.38E+1 9.98E+1 3.26E+1 8.49E+1

Sb-122 1.13E+2 1.53E+2 1.31E+2 1.78E+2 7.33E+1 1.90E+2 5.24E+1 1.86E+2 6.14E+2 2.15E+2

Pt-197m 6.28E+2 1.28E+3 1.36E+3 2.26E+3

Sr-92 3.84E+2 3.58E+2 4.33E+2 5.87E+2

Ce-141 3.98E+1 1.07E+1 1.63E+1 1.18E+1

Ba-139 2.79E+2 6.90E+2

La-140 7.94E+1 1.16E+2 3.41E+2 9.19E+1 2.09E+2

Te-132 5.02E+1 5.96E+1 2.14E+1 7.58E+1 2.74E+1 7.68E+1

Cr-51 3.08E+2 1.96E+2 8.39E+1 1.35E+2

Ag-110m 2.79E+1 9.08E+1

      Table 3. Analysis of average pool water activity over a week-long operation on October 10, 2009; notice that 
      there is a systematic reduction of all radionuclides in the top hot layer

Radioisotope
Average activity in top water

layer [BqL–1]
Average activity in pool water

at 2-m depth and below [BqL–1]
Percent of activity reduction
due to HWLS present [%]

Na-24 1.64E+4 4.09E+4 59

Mn-56 5.04E+2 6.62E+2 24

Tc-99m 1.00E+3 2.86E+3 65

Xe-135 Very low activity

Y-91m 3.29E+2 4.58E+2 28

Ar-41 5.06E+2 7.31E+2 30

I-133 1.43E+2 2.80E+2 49

I-131 5.25E+1 7.49E+1 30

Sb-124 6.37E+1 9.57E+1 33

Sb-122 8.61E+1 1.72E+2 49

Pt-197m 9.93E+2 2.08E+2 52

Sr-92 3.85E+2 4.68E+2 23

Ce-141 Very low activity

Ba-139 Very low activity 1.61E+2 Almost 100

La-140 9.57E+1 2.75E+1 65

Te-132 3.3E+1 7.07E+1 53

Cr-51 1.95E+1 3.18E+2 38

Ag-110m Very low activity

W-187 Very low activity



drops as much as five fold. Ra di a tion de tec tors at
BHF-North and the stack are the ones show ing cer tain
dif fer ences when the HWLS is ac tive. As is shown in
figs. 6 and 7, if the val ues of all pa ram e ters are kept the
same, there is a mean ing ful though not a prom i nent re -
duc tion when the HWLS is in func tion. The ef fect of
the HWLS, how ever, may not be as dra matic on the
part of the other two de tec tors. This may be due to the

fact that these de tec tors are not re ceiv ing a di rect con -
tri bu tion from the pool sur face ra di a tion.

CONCLUSIONS

It has been shown that our HWLS could eas ily be
an nexed to a typ i cal, al ready op er a tional re search re ac -
tor. In the case of the TRR, the best al ter na tive was to
make use of the avail able HVAC in stal la tion at the mez -
za nine floor, al ready un der con tain ment. The HWLS
not only helps to re duce the ra di a tion level, es pe cially at 
pool level, but also plays a sig nif i cant role in pos si ble
ac ci dents. In emer gency cases, when there is a fuel leak -
age or any sort of ra dio ac tiv ity con tam i na tion (e. g. ra -
dio ac tive sam ple rup ture), the HWLS shows its true
merit by help ing to keep the con tam i na tion con fined be -
low the hot wa ter layer at the pool sur face.
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PROJEKTOVAWE  I  INSTALACIJA  SISTEMA  SA  VRELIM
VODENIM  SLOJEM  NA  TEHERANSKOM  ISTRA@IVA^KOM  REAKTORU

Sistem sa vrelim vodenim slojem (HWLS) predstavqa novi sistem za smawewe
radioaktivnosti ispod kontejnmenta istra`iva~kog reaktora. Sistem je posebno koristan u
istra`iva~kim reaktorima bazenskog tipa, ili drugim lakovodnim reaktorima sa otvorenom
povr{inom bazena. Osnovna namena ovog sistema je da boqe za{titi operatore i reaktorsko
osobqe od ne`eqenih doza usled radioaktivnosti primarne petqe. Ova radioaktivnost poti~e
uglavnom od indukovane radioaktivnosti u vodenom hladiocu, ili mogu}eg malog curewa gorivnih
elemenata. Kako ne`eqena radioaktivnost raste proporcionalno reaktorskoj snazi, to je HWLS
delimi~no re{ewe za ubla`avawe ovih te{ko}a kada se planira pove}awe snage reaktora. Po
izvr{enoj seriji testova i provera razli~itih parametara, HWLS je bio izgra|en na Teheranskom
istra`iva~kom reaktoru i stavqen u rad 2009. godine. Podvrgnut je seriji obimnih testova u
periodu od {est meseci i ustanovqeno je da bi HWLS mogao da obezbedi boqu za{titu reaktorskog
osobqa od preovla|uju}eg zra~ewa ispod kontejnmenta. Sistem je posebno pogodan u slu~ajevima
abnormalnih pojava, na primer, {irewe fisionih produkata usled otkaza goriva, jer spre~ava
me{awe zaga|iva~a koji se razvijaju dubqe u bazenu sa gorwim slojem, i tako ubla`ava
rasprostrawivawe curewa radioaktivnosti.

Kqu~ne re~i: sistem sa vrelim vodenim slojem, Teheranski istra`iva~ki reaktor, reaktor
.........................bazenskog tipa, nivo zra~ewa, kontejnment


