9.1

JaegerW  Japs (1960)
8

9.1.1 Regional laboratory type
9.1.2 Modular type

(layout)
(Flow of activity)



9.2

9.2.1 Regional laboratory type
2-4
3 -4 4 -6
3-4
I
(General process area)
0 1
9.2.2 (Floor loading)

(The standards
association of Awustralia code CA. 34 Part 1, 1969)

600 [ . 3000 /

Sk -

(Alfa laval,1985)

1-2 . 1000-3000 kg/m2

3000 kg/m2
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9.2.3
Hall(1976)
6.1.4.2
9.2.3.1
(High density
concrete) (Steel) (Brick)
(Fitting) (Finish)

! (Lactic acid)

(Good hygeine)
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9.2.3.2 (Foundation work)

(High density-
concrete) (Column base),
(Footing for wall), (Floor slab)
(Retaining wall)
Dock level
1100 . . 1}
(Wall footing?

(Hardcore)
(Insulator) if
(Waterproof membrane) (Asphalt felt)
(Hot bitumen) Heavy-duty polyethylene
A
9.2.3.3 (External wall)

(Rigid polyurethane)
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(Cavity)
(Pre-fabricated wall panels)
(gypsum board) o=
(Rigid polyurethane foam) 60-100
(Polyurethane foam)
9.2.3.4 (Roof and ceilings)
(Flat roof) (Headroom)

(Reinforced concrete roof slah)

(Dew-point) ,

(Bitumen)

1:100 $

pve
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4
9.2.3.5 (Floor)
(Processing)
4
4
[ (Tl

A (Detergent)
(Floor finished) (Hard-

burned ceramic tile)
25
(Acid-resistance synthetic resin mortar)
A
(Concrete structure) 8
1:80

300
20
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N
\1! ?
o
20T LT T
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| = S5 i
B lessendd

U222

TYPICAL FLOOR AND YWALL CONSTRUCTION

(1) Concrete structure. (52) Screed Isid to Tails, (3g Waterproof asphalt mem-
brane. (4) Floor tiles an wmemcmmt@ xpansion joint. (6) Vertical
waterproofing. (7) Glared wall tiles. (8) Plaster flush with tiles. (9) Coved tiles.

20

Hall 1976
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) 20
(Asphalt)
y ' ,
9.2.3. (Internal walls)
(Processing area)
(Glazed ceramic) | 1.5 m

(Pre - fabricated)
(Polyester resin reinforced with glass fibre)
)

(Polyester resin plaste)

9.2.3.7 (Paint)

casein
Polyvinyl acetate : f
(Silicate paint)

(Plastic paints) styrene butadiene
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Urea-alkyd resin $

9.2.3.8 (Doors and windows)

(Process room)

(Stainless steel)

(Air-conditioning)
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9.3.1 Modular type

(A series of rooms with high ceilings)

J (Individual
operation)M (Individual equipment
set up)
(Set up)
9.3.2
9.3.2.1 (Clean room pilot
laboratory)
9.3.2.2
(Control environment room)
9.3.2.3 (Containment room or

biosafety pilot laboratory)

9.3.3 (Module)
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l Conventional
clean room 12 . X 14 . X3
(BS 5295 Part 2 1976)

4-6
(Equivalent)
4-6 Phillips Runkle (1972)
21
10
9.3.4
( I (2531)

Non - laminar

flow Laminar downflow clean room
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EQUIPMENT TUNNEL OR CORRIDOH, WINDOY,
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/
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10 )
Phillips Rifnkle (1972)
1
Activities in ! Dimensions
aisl opposite '1 |
each other Average men % Large men
1

One working(sitting or i43.2in.-adequate 48. lin.-adequate

standing)and one passing 1for normal sized for all subjects

people only
One working and one 57.4in.-not Quite 63.21in.-
rising from sitting to adequate' considered
standing position(13 in. - adequate
allowed for chair)
One working and one 43.2in.-adequate 48.lin.adequate

bending(36 in. allowed for normal sized for ail subjects

for average bending) people only
Two working and one 61.9in.-60in. 69.2in.-661in.
passing inadequate considered

adequate

Aisle width. Based on anthropometric data for average and

large men
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9.3.5
i
High value, low volume
100 , 1,000
1,000
1x1 (Alfa laval, 1983)
1000 kg/m2
9.3.6 (Exclusions)

(Extreamely hazadous chemicals)

9.3.6.1
chemicals.

9.3.6.2

9.3.6.3
electrical services.

9.3.6.4

operations with a high potential for fire

9.3.6.5
unshielded beams.

9.3.6.6

9.3.6.7

Carcinogenic, mutagenic or teratogenic
Highly explosive material.

High tension voltage and high - current
Radiofrequency generator and all electical
and explosion,

Lasers of over 3 mW out put power with

Gas pressure exceeding 2500 Psig.

Liquid pressure exceeding 5000 Psig.



l-uci.

9.3.6.8
9.3.7

9.3.7.1
9.3.7.2
9.3.7.3
9.3.7.4
9.3.7.5
9.3.7.6
9.3.7.7
9.3.7.8
9.3.7.9
9.3.7.10
9.3.7.11
9.3.7.12
9.3.7.13
9.3.7.14

138

Radioactive materials in greater than

Equipment room
Instrument room
Data processing area
Glass washing and sterilization room
Media preparation and tissue culture room
Sample collection or distribution room
Machine shop
Electronic shop
Darkroom
Microscopy room
Chemical or flammahble liquid store-rooms
Balance room
Receiving area

Equipment cleaning and sterilization room
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9.4 '

9.4.1 (Work activity)

tf
I
2 3
9.4.2 (Special requirements)
(Multiple

room)

(HVAC, Heating, ventilating, and air conditioning)
Fed. std. 209 D BS 5295 1976
ASHRAE, 1984
Fed. std. 209 D

9.4.2.1 (Wall and ceiling materials)

(Water tight)
(Antifungus)
(Deterioration)
2600 A° (2600 A° ultraviolet rays) ?
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if (Sterilization lamps) T.P.A. (Thai-
Japan),(1986)

(Biological clean room) 11

9.4.2.2 (Flooring materials)

T.P.A. (Thai-Japan)

12
9.4.2.3 17 (Class of clean room)
I 000 (class 10,000) 6.2.1
8 10,000
100 (Class 100)
(Clean tent)

100 (Packing)

100,000

1,000
(Horizontal laminar flow type

100,000 Conventional clean room



Wall,Ceiling  Materials

Ceramic finished,ashestos
cement calcium silicate
board

Decorative calcium
silicate hoard

Coating finish (on mortar)

Coating linish "on piaster
board or calcium silicate
board )

Steel partition

Sandwich panel

11
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Characteristics

Asbestos cement calcium silicate board on which
inorganic paint and glass thin lilm is haked
Particularly high in chemical,shock and heat
resistance due to ceramic surface, giving stable
performance for extended periods.

Asbestos cement calcium silicate board on which
resin processed decorative sheet is appiied.
Printed pattern is available. Widely in use.

Finish by pvC or epoxy paint. Joints for preventing
cracks are provided to prevent cracks that always

occur in time.

Widely used as inexpensive partition. Hygroscopic

and bench not adequate lor location where floor is
washed.

Prefabricated steel panel with baked resin coating.
High finish precision and movable.

Composite reinforced board with foamed urethane,
phenol resin or other core sandwiched on both sides
by aluminium,steel stainless steelfSUS 304).
Light-weight and strong. Used lor se 1f-standing
prefabricate clean room,etc. packed core material
makes this type also ideal for room requiring
air-tightness.

(T.p.A.(Thai-Japan),1986)
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Epoxy resin Shock resistent is improved by mixing I ' !
coeted aggregates in epoxy resin to increese O oA ! :
fioor tinding strengtho.longer service life. Ol0 OlAIX |O|A |- ®|® D V A
(oortaring) (thickness of 3 to 20 mm.) I I
Epoxy resin Epoxy regin is spread over concrete floor {
coated by trowel.Chemical resistant and less l
floor expensive floor. Inferior in shock resistant ! :
E ; R e ClolAlo|olalo|X[olal-F X | B | Q | K
(coating) end sxpandability and likely to be crackede !
(thicknmess of 1 to 2 mz.) | 3
Urethane Inferior in chemical resistant to epoxy i
' coated resin but more expandable and less likely |
s -~ ~a o ReT » \
{ floor to crack.Also water Tesistent. Better Q|0|1A 0|0 |A Ololola|®leixl%x | ® ®
(coating) feel to walk on.3oth resilient and hard. I
(thickness of 1.5 to 2 mm.) !
o z ; i i
PYC long Widely used because of easy application. |
speet Optimum for living room finish.Problem ' )
! bonding ic joints wnich make floor unsuitable QA IXK|O(XIOIO Q0|0 i |9i® *x | — —
! for cleanirng with weter. :
i (thickness of 2 to 2.5 mm) !
i ! |
QO Excellent () Good  ARather poor X Poor X Widely Q@ Fitted — Yot much used

12

T.p.A.((Thai-Japan),1986)

Al
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9.4.2 .4 (Pilot

laboratory layout)

(Laboratory suite of several separate
rooms)
(Pressurized corridor)
(Dead-end corridor)
2 (Separate egress route)

(Traffic flow) (One-way flow of traffic)

(Corridor)
(Washing) (Gown room)
(Pressurized vestibute)
(Facilities)
(Autoclave) n
(Showers)

(One-way internal corridor) (loop)

(Air pressure gradient)

22
Fed.std 209 D.
23 24
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Materials Personnel g
Mixing and weigh : Unpack
o Buipments
‘ N l é ~— Flow
1
throucn
Clean Preparation g.. Stage
S — & E |
stora
9e Aseptic holding N 2 1
" ? steriliza- Q ;
pa g tion Equipment
. . l
TorwiZat Q CL] § prepation
steriliza flj 5
@ [ tion o &
- '
g
2 Analytical .| —~ Process area
room
1
In- Air quipment] toclavel, service
process lock lock oven
Gown'
storage —
\ drop é
- T
2R Aseptic core v-¥ Aseptic staging

22

Phillips

Runkle

(1972)



Supply Unit | HEPA

Fllter

[]

o

% Air Inlet
1

Fan

@

L

-t— Chamber

Chamber

t+— Pro-Fllter

t— Alr Inlet

&

N
el Screen
RIne

|- —— \%\E§}

HEPA Filler

23
Federal standard

(COMPOSITION
HEPA Filler ~ Chamber
TVWWWAAAIWE IV VWY
A \ / %

\

/

/

\\@

209 D

rGratmn
nléﬁ Y

R

Chamber
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HEPA liller

(COMPOSITION OF CLEAN ROOM)

146

— ==

15-“212531(

‘O = Exhaust.air

| Smock.change
(o) Hand.washing

i i g
il 7
Make.up Rie ;le‘ Medium ';4
Alr = filt
- 7 er
_]' Workers 1 \

/

Air. showe(

\ 71\
Clean noom

A

/ N % /ﬁ n Un-DackInlg Cleaning

/

N

\

1\

 Pressure.damper

Pass.box

Material ProTucls

L —

&

L= T

24

T.p.A.((Thai-Japan),1986)
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9.4.2.5

222 +1°C

5 Yl 5.0 %
t+ 0.2 °F + 2 0/0
35 0/0
9.4.2.6 (Lighting)

100 ft.- candle
30

9.4.2.7
(2531)

Fed. std. 209 D 13
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13 '
Laminar downflow clean room
tf' @ (2531)

Laminar downflow clean rooms
Basic design and operating considerations

ACHIEVABLE CLASS 100

Area per occupant 30 m2 ?__(31 In

Occupants properly attired Full gowns [l gowns
Occupant activity Minimum Mlnlmum
Equipment  room Minimum Minimum
Housekeeping Meticulous Meticulous
Make-up air quantity (per md) 2m3h 2 1tflh

Room pressurised 12Pa 12Pa

Air changes per hour 360 500

Air lock Yes Yes

Clean air Inlets as % of celling area  90% 100%

Clean air Inlet locations Ceiling Ceiling

Terminal velocity at clean air Inlet ~ 0.45 m/s 0.45 m/s

Return air location Low level or floor Perforated floor
Prefilters

-first stage 30% Dust spot eff. 30% Dust spat eff.
-second stage 90% Dustspot  95% Sodium flame

or
Prefilter maintenance and Inspection  Monthl Mont g
Final filters Min. 99.99% Mn. 9 9995%
Sodium flame or - on 0.12 u
partlcles Iasertested
Routine particle count Interval Weekly Weekly



Non-laminar flow clean

Non-laminar

rooms

flow clean

Basic design and operating considerations

ACHIEVABLE CLASS
Room slze/m2

Room aspect ratio
Room helght/m

Area per occupant/m2
Equipment  room
Occupant activity

Trattlc In out per hour
Occupants properly attired
Particle generation  room
Thermal updrafts

House keeping

Make up air quantity/m3n 1 per m2

Room Pressure/Pa

Air changes per hour

Airlock

Clean air Inlets as % of celling
area

Clean air Inlet locations

Terminal velocity at clean air
Inletfms'

Return locations

Wall return spacing

Maximum horizontal distance
to return/m

Return face veloclty/ms '
Premiers

- first stage

-second stage

Prefilter malntalnance

and Inspection

Final filters

Routine particle count Interval

1,000

100
Narrow
min. 3

20
Minimum
Sedentary

12
Full gowns

Miniature
None
Meticulous
2-7

10

60-120
Adequate

30-50
Ceiling

0.15-0.45

Low level or floor
Continuous on all
4 walls

1-3
0.5-1

30% Dust spot eff.
90% Dust spot eff.

Quarterly
min. 99.99%
Sodium flame
or DOP

2 weeks

3:1

min. 2.75
10

30% Floor
Occasional
movement
2-6
Smocks

Slight
Slight
Good
20
5-10
40
Small

15-20
Ceiling

0.15-0.45

Low sidewall
Intermittant on long
walls

6
1-25

80% Arrestance
60% Dust spot eff.

Semi-annual
min. 99.97%
Sodium flame
or DOP
Manthly

100,000

500

2.1

min. 2.25

5

50% Floor
Constant activity

Over 6
Smocks

Considerable
Considerable
Mediocre

40

3-5

20

None

5-10
Ceiling or high
sidewall

0.15-0.45
Sidewall
Non Uniform

9
2.5

40% Dustspot eff.
None

Annual

min. 95%
Sodium flame
or DOP
Annual

149

room

AVOID
Large square room

Frivolous activities
Beards, smoking

and street clothes

100% Outside air
None

Floor

Ceiling
Single

Doors open

No schedule
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9.5 ?

(containment laboratory)

(Facility)

rDNA technology

BL-3 LS
NIH guideline
9.5.1. (Work activities)
(Low to moderate-
risk biological agents) Radionuclides,
carcinogens, teratogens mutagens , microgram

(Toxicity)
(Radioactivity)

(Flammability)

9.5.2

A (Aseptic zone)
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(Pressure difference)

lia

NI H
guideline
NIH guideline
FlickingerW Sansone( 1984)
Cytotoxic Oncogenic 25
(Biohazard risk)
(Aerosols)
(Accident spill)
Centrifuge 26
21 28 Filter press
HEPA filter
9.5.3 (Building feature)
NIH guideline

(Air lock)

9.5.3.1

(Air shower)
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HANIFOLD GAS
STORAGE

BL-3-LS
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Fermaniation Plant

Cenltituge
Enclosure

26 ! T Centrifuge

Flickinger Sansone (1983)
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Fermeanior Conlsinment

Oplional
Fitter
Ruplure Line Connecled

'
' N4, Decon

. Automalic
Alr Bhut ONt

Compressor

Contaminasted
Bewer

27 '

Flickinger Sansone (1983)



155

Firer Pross Enclosurs

RN A !
-
- |

o )

4 ’

?§T14J

B

o

Press Cade
Chule

28 Filter press
*| !
Flickinger Sansone (1983)
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i BL-3-LS
2 (Doubleair tight door)

9.5.3.2
(Cleaning in place)
(Air lock) 2
9.5.3.3
(Pass box) (Autoclave) 2

(Double-door pass through)

9.5.3.4
(Ultra violet light,UV)
9.5.3.5 '
1,000-10,000
tf (Laminar downflow clean
room) ”
(Fed. std. 209 D).
9.5.3.6
2 (Kill tank) 1
(Sewage)

9.5.3.7
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9.5.4 !
BL-3-LS

Down flow clean room type
class 10,000
’ HEPA filter 99.97% (0.3 um DOP,
particle)
22.2 C (+10.14 °C)
19-25 *“c
f 30-40 Yrw
1,080 - 1,600
0.1 - 0.13 /
o ) - (4 . )
* NASA Standard
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9.6 a
$
50 C
0°c "+ 05 C 17
jf0.5 %
9.6.1 (Work activities)
(Storage) (Sencitive materials)
$
9.6.2
20 net square feet 400 net square feet (
) ! (Minimum
dimension) 7 6
( 17)
(Work surface) (Storage unit)

(Storage
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unit) b 2 ”

9.6.3 (Doors)

400 net square
feet 2 200
net square feet

200 - 400 net square feet
A

9.6.4 (HVAC system)

(Air
change rate) 50
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