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Abstract

Depending on the characteristics of processes, the quantity and
kinds of radioactive materials handled in the processes, nuclear
facilities produce the airbormme radioactive nuclides and fission
products such as noble gas fission products and activation gases,
fission product idodine and aerosols.

The primary purpose of the nuclear ventilation system 1is to
remove and/or reduce the release of radioactivity to the
environment, arid to keep the facility atmosphere clear and safe. In
case of accidents, containment sprays and recirculation system in
reactor building remove heat from the containment atmosphere as

well as scrubbing airborne radioactivity.

To assure that the operation of the nuclear ventilation system 1s
effective and economic, the resonable design of the system is
essential. As the nuclear ventilation system has to meet the
particular conditions; to keep the rooms at an below atmospheric
pressure at all times and, furthermore, to maintain frequent air
circulation in the rooms, the system needs the big rotating
machinery. Consequently, the construction cost and the operational
cost of the ventilation system is very high.

For maximum function with the minimum cost, areas are to be
divided into several zones depending on the level of radioactivity
and the once-through air flow in the shortest route should be
adopted. The pressure differences between the zones and the
number of air circulations in the rooms per unit time must be
reasonable, thus, the venting air volume should be of minimum.
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Large venting air volume means large costs.

Another way to minimize the venting air volume which needs
cleaning or filtration is to utilize the open boxes, glove boxes and
cells depending on the contamination risk of the work in the box.
It is a simple idea but a very effective method to reduce the
contaminated air, as a result, most of the exhausted air may be
released to the environment without treatment.
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Table 1. Guidelines for effulent releases and dose limits for NPPs

Country Limit Remarks
Canada 1% of ICRP limit Design target
France 1.85 x 101 Bq Statutory limit

Germany, Federal Republic of

Italy

USA

halogens + aerosols/a

2.96 x 10}2 Bg
noble gases

0.3 mSv/a, whole body
0.1 mSv/a, whole body

0.3 mSv/a, organ dose

0.05 mSv/a

1/30 of the ICRP
limits

0.05 mSv/a, airborne,
whole body

0.15 mSv/a, airbomne,
skin

0.15 mSv/a, iodine +
particulates, any organ

0.25 mSv/a, whole body
0.75 mSv/a, thyroid

0.25 mSv/a, other organs

for LWRs of
3000 MW(th)

Statutory

Proposed for
design of
2000 MW(e)
PWR

Design target
Operational
limit

Design targets

Operational
limits




Table 2. Risk analysis criteria for NPPs

Maximum design
accident frequency

Accident limitations

event/year France Italy UK
1 Routine
authorized
10~} discharge 0.1 mSv/event
limits . effective dose
apply equivalent
1072 0.30 mSv/event 1073-1072 ERL
single organ
5 mSv whole body
1073 5 mSv/event
whole body
1072-10"! ERL
15 mSv/event 1 R
thyroid
1074 100 mSv/event
le bod
150 mSv whole body »
hole bod 107 -1 ERL
10-5 whole Doy 250 inSvievent
thyroid
1076 Immediate Sum of frequencies
off-site of all accidents giving
evacuation large uncontrollable
releases
1077 Such accidents Frequency limit for

can be ignored
for design
purposes

single accident giving
large uncontroliable
releases
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Table 3. Zone classification [5]

White, 1 <3-10 MPD No specific Clothing No limit

Green, 2 <1 MPD Protective Clothing Permanently for
occupational
works only

Amber, 3 >1 MPD Full body protection Limit imposed by

respirators, if needed duration of occupan
—-cy or efficiency
of protective

equipment
Red, 4 >1 MPD Full body protection; Entry forbidden
respirators unless zone decon-

taminated or ration

source removed

* MPD; Annual Maximum Permissible Dose
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Table 4. Annual limits of exposure

Room family Permanent admissible Maximum accident
contamination (ALE) contamination(ALE)
I 0 0
IIA <1 <80
II B <1 <4000
I A <80 <4000
III B <4000 =4000
v >4000 =>4000
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Tabe 5. Air cleaning requirements (French classification)

Contamination

Organization of ventilation according to

risks contamination risks Examples
1 m T Central
Extraction or transter | { 1 liltration Zone: 1
from Zone 1, F1 : : + plant .
—t Zone 1 H t
1 [ | Control room
1 — t
Family I Extraction or ranster | N |
CP =0 from Zones 1or 2, F1 1 1
CA =0 : Zone 2 : i 5
L 1 Corridors,
Extraction or transfer | ! storage area . . .
from Zones 1, 2,3 0or i I
4, Fl I Zone 3 | i
; i ®©
Extraction of transfer | [ ! THES )
from Zones 1 or 2, F1 | Z 1 L
one 2 TI &—‘
| 1 1
L . ©
i
f""a;""“ °’2"a“§‘°' | ! [ Zone: 2, 3,4
rom Zones 2 or 3, M M M
Family DA —t— { ! tHees .
& <y1 Fiia HE(S_z_)_EL 2 3 i i SI Corridors
- . one O v i
CA = improbable|Transter from Zones &J| ‘ ‘ &“ lntervenm?n areas
< 80 MPC [1.20r3, F1 . 1 . . (©)| Laboratories
Extraction or transfer l . I Reagent room
from Zones 2, 3 os 4, I .
FlIA e T ! | THE(S,)
} -4
Transfer from E Zone 4 . . ﬂ“
Zones 1,2,30r4, F1 ! i ! N ¢))
{ @p i z .
Extraction or transfer i THES ) THE(S-‘)) One_~ 3' 4
from Zone 3, FIIB . . .
t~] Zone 3 I t Fission product
Family IB | ! | evaporators
CP < 1t Extracti wansf. { ant {l! . | Cold chemical cells
ion of transfer  +Constant monitoring . :
CA = 4000 MPC s ,m Zones 3 or 4, FiiB ! S :’;ﬁ: grg;zsésmg
e THE(S)! THE(S .
HEE‘I Zone 4 L (52), TESN goivent processing
Transler from Zones &I+ Solvents

®

2, 3or4, FIIA !
i

Fission product storage

Filtration sector

Estimation of fifltration according to
contamination thresholds

General function
building ventilation
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Tabe 5. Air cleaning requirements(Cont’d)

Contamination

Organization of ventilation according to

from Zones 2 or 3,

risks contamination risks Examples
T v
Extraction or transfer Samphng option
from Zone 3. FIIB, ! ! !
or Zone 3. F"fas , ? 1 %HE(S;)! THE(S,)
2 El 1 [ 1 | [ ‘
. Transfer from Zones I Zone 3 1 @
Family IIIA 2 or 3, FlIA . . @! Zone: 3,4
CP < 80 MPC — + ——t
CA = 4000 MPC [Bxtraciion or el Sampling option Low contamination risk
'“';Z“‘es 3 b eis? 3 i intervention cells
:lfmoms Jora, e THE(S,)i THE(S )
-—E-'- Zone 4
Transfer from Zones I 1 @I @
2.3 or 4. FlIA " i A
| Sampling option
Family 1118 Extraction or transfer ‘ : :
|

CP < 4000 MPC

FlIA or F1IB, or Zone

i
@ﬁﬂE(Sz)i THE(S,)

CA = Major over i3 gq1a Zone 4
4000 MPC THES ) | 0] ®
| Sampling option Zone: 4
Extraction or transfer | | THE(S2) | THE(S,)

] from Zones 2 or 3, N : Cutting cell
Family IV FHIA or F1IB : —“M& . {ﬂ“@ High contamination risk |
CP: around THES) ! G intervention cell

4000 MPC 1 ! { 1
CA: greatly in {Sampling optiong (

excess of iSpeciﬁc processling Procedure

1 -

4000 MPC |Extraction or transfer  * Zone: 4

®

| {

[ THE(S2) | THE(S,)

:;)lrgZonea.FlllAO(M? @;DT E M

Pu powder area

®

@ﬂ In situ sampling E

@'ﬁ B detection
@ﬁ y monitoring

High efficiency filter Sy:
M Very high efficiency filter Sy
CP: Constant contamination
F:

CA: Accidental contamination

Systems ensuring constant
air extraction and filtration

Systems ensuring constant
air extraction while filters
are being replaced

Family

Filtration sector

Estimation of filtration according to
contamination thresholds

General function
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Fig. 1 A typical ventilation scheme
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A 373 434, 4 2 A= A9 YAHE"T] 24

1. 494

PAY AYe AFSHE A 7 APAELS, ol RS EFF A9
e SF AT AL oW AL YWAI oY AAx AYL ¥ 5 LS
Hol gt AT Uk BT AP AT AFYL, AV F2Y 4G9
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S, QUL B F9E ) AAAE SE@ i Bast
% ¥z, ARE, 222 %x 3 4 5o 2R
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7k AFT IThd ol Ao FRE o]lETY AR ¢ IHE
AAste Aol Bn ZHAEG A 80 (Y 2 Z=F)

"To extract ducting

Prefilter 1’ HEPA filter
\ g
f’ = 1 ! §
A \' i fh -1
S ____I.J__._ — ]

1D

Operating [
area §
QO < (7
o I i ;
“‘_—-—l -K.T XX X XTI T 2 ~ g
o 0] “O0 G) Q | l ~
LLS P —
{
Liquid waste 8
container ——H \1 a
T
L_1 - | 1]
[ Ly - 900
| and L Snd 1
Ly
RN
a
1500 mm
1800 mm

Fig. 2. Fume cupboard with a HEPA filter
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.
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B A9 AAE& o= AEE ng ool gl

2. 37 =34
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(th) AA &5 2 7tavt o 98 7F
() 2EF Wy 3719 2=
("h) B2 AR F9 2k

sl e SE2AL4L WAFy] dAAE A%F 10 - 1539 #\7 F
adT. =% 278 AARS s %7 5 A}%zﬂt Ax WEH o)
.
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$ > r» ey -2.5 kPa
Caontrol
filter
- -
Vortex
amplifier
Extract
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{ a
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control
© © valve
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Fig. 3. Vortex amplifier (Normal position)
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Fig. 4. Vortex amplifier (Switch position)
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Fig. 5. Push-through filter system
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for normal and accident conditions
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Fig. 7 Block diagram of simplified PWR gaseous effulent treatment
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Table 6. Relationships between US licencing guidelines and Engineering

safety features (ESFs)

USNRC US 10 CFR 50
ESFs Regulatory General design
Guide criterion {11]
Containment sprays 1.3, 14, 1.7 41
Containment recirculation filters 1.3, 1.4, 1.52 41
Auxiliary building filters 1.52 -
Main steam isolation valve 1.3, 1.96 -
leakage control
Stand-by gas treatment 152 -
Ice condener - -
Containment leakage 13, 14 16
Dual containment 14 50

Pressure suppression pool -

237 PWRAMNE A3 245 G2 DAY E(odine 2 oj2F)
2 A7Y8 9z AR FTALEH "HA2de ALsAn. (29
8(a), (b)] o] N2=Re Ama AARA AHEF] g Aotk 1Y 8.(0)
= Ager] AHAZ0] g ALAd AnAd AdEr| A Aol
Ue= 23 BIE AFAAFE grjFos $EAIE Aladeld. olE
SGTS(Stand-by gas treatment system)$1d] B 85 - 50,000 m*h T2
ol t}.
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Fig. 8 Air cleaning system in reactor containment
(a) Pressure containment with internal circulating or kidney
ESF post-accident air cleaning system.
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(b) Pressure containment with external recirculating post
-accident air cleaning system.

(c) Pressure containment with shield building Once-through
ESF air cleaning system vents éhield space to remove
containments leaked to shield space from containment.

o HgA @A 2d

AnAe QA2 A 25 dsHE WA 874

2ol B
28tk ot AmAe AdnE REsa A4 gl drFos 3
£9: A2 H23 7] QaMold. A Fh: A= P4 g
A 77 gad. 2o 9 B9 0ed 2o ¥ 7e 2429 w2
7|A 28 7} Qo)
Table 7. Emergency ventilation systems in other countries
Country System Decontamination  Cost estimate

Facto. (US 9

Sweden Column filled with gravel 1,000(aerosol +iodine) 25 x 10°

" Multi-venturi scrubber 1,000( " ) 5 x 10°
France Sand bed filter 10(aerosol) 1 x 10°
Germany Stainless steel fiber filter >10,000 (aerosol) 05 x 10°

" Scrubber + stainless >10,000(aerosol) 3 x 10°

steel fiber filter >100(iodine)
Canada Vacuum building >10,000(aerosol) >100 x 10°
+ EFAD >1,000(iodine)
Italy SGBT + off-gas 100(aerosol +iodine) -
treatment
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Fig. 9 Filter system at Barsebick (Gravel filter : volume 10,000
m°, diameter 20 m, height 40 m, stone size 25-30 mm)
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29w & YAZ = Multi~venturi scrubber® A &3l3 9l [13]
LHE st dAEeS e BASA H9H, ooA 2 Hd e 428 A
A5 AXAA 229 Al(Droplet separation) Hol vk 29 10 F=.

o] Alx®lo] I 99 A9 #,

3
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pressure ;/ ',;;‘L‘L Moisture
relief ] i AN | T separation
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system N system
I~ e — TN
= o I
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Fig. 10 Multi-venturi water scrubber system for Swedish reactors
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7 ’ | To stack
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Fig. 11 Sand bed filter (PWR: France)
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Fig. 12 Stainless steel fiber filter( Brokdorf PWR, Germany)
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Fig. 13. Venting system (BWR; Germany) (a) Flow diagram, (b)
containment venting venturi scrubber(mass flow:<13.5 kg/s, flow:
air/steam & mixture, diameter: 4 m, height: 8 m)
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(4) Fhike) RS-
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H A A& (EFAD : Emergency Filtered Air Discharge System)S 2t& R
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Fig. 14. Functional diagram of the CANDU containment system

(1. reactor building 2. vacuum building 3. pressure relief duct 4. blow
-out & blow-in panels 5. pressure relief duct 6a. upper chamber 6b.
evacuation system 7. vacuum building evacuation system 8. vacuum
building spray system 9. dousing tank 10. filtered air discharge system)

_46__



Vent
stack

J . -

—éursl disc l Purge system l

[Orifice <G |
O\ | = ORI N | g B | o Gy
Ml o

II Burst

disc
777 ¢ - M
~D< P4 SBGT system
« -

Condensate
tank

f Oft—gas system
! Unit A

Ott—gas system

Unit B

Heat ~ || g
sink __|] rrT 7711

V4

Water pool

Fig. 15. Venting system concept (Italy)
(SBGT: stand-by gas treatment)
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Fig. 17. Plug-in Circular insert filter housing
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Fig. 18. Shelf type housing systems (a) Rectangular insert
(b) circular insert without latches
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