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Safe operation of the nuclear and radiological facilities requires con-
-

-
ers and the environment according to ALARA principle. Most nuclear 

-

paper provides and evaluates four different design concepts or safety per-
formance approaches of the ventilation and air cleaning system (VACS) 
that can be used to achieve safety and adequate protection in nuclear 

ventilation and air cleaning system protection and a discussion of se-

and their engineered and administrative safety features. 
Finally a conclusion of the selection of the best design concept is recom-
mended.
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INTRODUCTION

Ihave been numerous events of accidental 
releases and the spilling of radioactive ma-
terials due to mishandling of radioactive ma-

-
fectiveness of safety measures.  And consequently 

installed of the ventilation and air cleaning systems
( -
active materials to the atmosphere (Husdal et al.,
2009).

a) the requirements to maintain the pressure of 
-

of contamination during normal and abnormal con-

-

safety class systems being damaged as a result of a 

is to limit the undesirable movement of radioactive 

-
tion. Filtration systems are used to prevent the con-

-

iting the building. A schematic diagram for VACS 
of a nuclear fuel cycle facility is shown in Fig.1. It 

are intended to prevent the contamination spread out 

Cycle Facility.

air handling units are selected and balanced to main-
tain the required air movement to prevent undesired 

will handle slightly more air than the supply system 

joints. During accident conditions the ventilation 

-
-

ly start or supply fans will shut down as necessary. 
While this is often discussed as maintaining nega-

doors and openings.

Scope and Importance of the Study

For the VACS system to successfully mitigate 
radioactive contamination spread during accidental 
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safety requirements:

a) Air handling equipment to maintain the building 
at a negative pressure during and following the 

b) -

c) Control of the air temperatures approaching the 

d) Filtration media that do not collapse as a result 

e) Screens or water sprays that prevent hot brands 

-

One or more approach could be implemented. In the 
-

istrative safety design concepts or approaches for the 
VACS as well as its design requirements have been 

-
cidental criticality conditions in   nuclear fuel cycle 
facilities e.g. nuclear fuel fabrication plants and rad-
waste storage facilities.

-
ent design concepts or approaches for the ventilation 
and air cleaning system that can be used to provide 
safety and adequate  protection in  nuclear fuel cycle fa-
cilities e.g. nuclear fuel fabrication plants and radwaste 

-
cent international requirements for ventilation and air 

-
sions on selection of the best design concept. It is the 

-
perts and inspectors of the ventilation system with the 

-
sive understanding of the different design concepts.

VACS Design Concept Approaches

In the design of VACS in nuclear and radiological 

-

reducing room temperatures and pressure by diluting 
the heated combustion gases as shown in Figs. (2 and 

-
ent VACS concepts and their design features approach-
es which are proposed and discussed in this paper.

The  in which full dependence on 

active components could be successful. As mentioned 

-

-
ed test data demonstrating the reliability of this design 

the DNFSB (Zavadoski et al., 2000).
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The  in which full dependence 
-

ance on active components could be successful. As 
-

-

potentially irreconcilable issue representing a very 

of this design concept from further consideration. In 

concept has been approved by the DNFSB (Zava-
doski et al., 2000).

The second concept can be readily constructed. 
-

safety class components may be needed to switch the 

design is limited and the costs for this concept have 

addressed by the designers to successfully imple-

-
-

prior to the pricing pressure for clean rooms and 
DOE budget cuts.

Fig. (2): Ventilation effect on room temperature.

Table (1) : Proposed VACS Concepts and Their Design Features.

Design FeaturesVACS 
Concept

the effect of plugging. 
I

II

III

IV

V
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-
(Zavad,

2015). -
nal design and operating approach for a design 

- -
tion system is dependent on active components 

-
ditional effort by the design team.

-

-

be safety class and additional design data would 
need to be developed.

-
-

tive controls that limit transient combustible 

the design team and the facility operator.

on concept 3 (Safety class building suppression sys-
tem) so the concept has not been reviewed by RB 

RB authorities would accept this concept. Based on 

-
ation of this Concept is not recommended.

Regarding concept 4
concept that is used at multiple nuclear fuel cycle 
facilities (Zavad, 2015 and Zavadoski et al., 2000).

the designer to successfully implement a combined 

- Design Standard:  No formal design standard has 

RB to generate a design basis

- -
-

will perform adequately during seismic events.

-
lation controlled) has several disadvantages. If the 

-
-
-

growing until they cause measurable contamination 

anticipated (frequency > 1E-2/yr) (Wilhelm, 1982),
-

cause the combustion rate of most fuels is limited by 

-
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DISCUSSION AND EVALUATION

well as   the automatic water spray system is used to 
-

eral studies and standards that discuss the protection 

(122°C for urethane)  is very close to the upper value 
(Herbert, 2015), -

-

high certainty.

Table (3) : Ranking of design features for proposed VACS protective concepts.

Function SSC Item
Description

HEPA Concept 4 Concept
5

Concept
1

Concept
2

Concept
3

HEPA & Charcoal 
&

HEPA

Containment

Fire
protection

Iodine
retention

Building
structure

Ventilation

Control
dampers

Filtration

Building
wide

Fire barriers
Fire partitions

Supply fans

Fire dampers
Supply

Internal
to building

to building

Automatic
spray

Manual spray
Fire screen

Demister

Detection

SC
IS

O-F

O-F
SC
O-F
O-F

SC

SC

SC

SC
SC
…
SC

O-F

SC
SC

O-F
O-F

…

SC
SC
O-F

O-F
SC
O-F
SC

SC

SC

SC

SC
SC
…
IS

O-F

SC
SC

O-F
O-F

…

SC
SC
SC

O-F
SC
SC
OF

O-F

IS

IS

SC
SC
…
IS

O-F

SC
SC

SC
SC

…

SC
O-F
O-F

O-F
SC
O-F
O-F

SC

IS

SC

SC
O-F
SC
…

O-F

…
…

O-F
O-F

…

SC
O-F
O-F

O-F
SC
O-F
O-F

SC

IS

SC

SC
O-F
…
…

O-F

…
…

O-F
O-F

SC

Number of safety class SSCs 10 11 6 6
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media (Herbert, 2015).

pressure containment and allowing contamination to 

-

-
nal protection might be accomplished by redundant 

other high reliability method. Without such protec-

the potential to allow an unacceptable release.

-

(Burchsted et al.,
2003).
it may be necessary to install a switching system to 

Concept 3 relies on the building safety class 
-

ing too large for the ventilation system to handle. In 

-
sign concept that is used at many nuclear fuel cycle 
facilities (Zavad, 2015).

-

-
cent VACS designs have been for standalone attach-

will require the fewest number of safety class com-

considered very reliable.

especially for radioiodine removal in fuel processing 
plants either in normal operation or during acciden-
tal criticality conditions.

-
-

ing of the importance of the design features of the 
-
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Safety Class (SC) - controls that reduce the un-

guidelines

-

provide defense-in-depth to a safety class pro-
tective feature 

Design Feature - controls that provide for a sig-

be safety class or safety signs.

-

were combined into a category considered important 

Feature (OF) was also created. Features in this cat-

features that must be safety classes for all possible 

-

each concept the respective number of SC as shown 

fewest SC features. 

In selecting between the different proposed de-
-
-

can be readily developed once the design and operat-

- State of the art for design concept
- Reliability of the design approach 
-
-
- Acceptance by reviewers and
-

the number and type of protective controls that will 

-
er than administrative controls. Where engineered 

usually have the greatest reliability. Active controls 
-

ing a change of state following the accident initiator 

1.

2.

3. Active SSC that must change state after the event 

4. Administrative controls.

CONCLUSIONS

design concepts for the VACS system proposed to 

cycle facilities:                                                                    

1.
-

-

-
ter concepts are considered to have an unaccept-

2.
require multiple passive and active safety class 

-
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3. -
quire the fewest number of safety class compo-

components would include the building struc-

-
able.

4.

could be used in fuel cycle facilities during nor-
mal operations and in case of accidental critical-
ity conditions.

5.
system concepts can be successfully constructed 

-
tween these concepts is best made by balancing 

-
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