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ABSTRACT 

Th i s  r e p o r t  summarizes t h e  d a t a  developed to suppor t  t h e  
requirement  o f  a 100 LFM m i n i m u r n  face v e l o c l t y  requi rement  f o r  
l a b o r a t o r y  fume hoods. Also inc luded  is a d e s c r i p t i o n  of t h e  
Y-12 t es t  hood as well as g u i d e l i n e s  f o r  a hood c l a s s i f i c a t i o n  
scheme. 





INTRODUCTION 

In February 1974, a joint study was undertaken by ORNL, ORGDP and 

Y-12 to determine the adequacy of laboratory (fume) hoods. The purpose 

of this report is to summarize the data which has been collected to define 

adequate face velocities for specific hood classifications. 

In March 1974, recommended guidelines for the classification of labora- 

tory hoods was issued by industrial hygiene representatives of the four 

UCC-ND plants (see Appendix A). It was recognized that utilization of any 

classification scheme would, in actual practice, be difficult to administer 

effectively. In addition, professional judgment would be required to review 

special situations and make exceptions to the established classifications. 

To reconcile difficulties a multiple approach was taken. A test hood 

was purchased and installed in the Y-12 plant to determine adequacy of 

given flow rates for given concentrations of toxic chemicals. A complete 

description of this installation is given in Appendix B. In addition, 

breathing zone sampling was conducted for a significant number of actual 

operations involving a variety of toxic chemicals. Also, synthetic 

situations were employed using multiple concentration factors of TLV's for 

carbon monoxide and perchloroethylene. A complete description of each of 

these activities is presented. 

DISCUSSION 

I. Laboratory Test Hood (Y-12). 

Data on three test chemicals are given in Table 1. Because of the 

generation method used, it was not possible to determine the precise 

concentration inside the hood. Concentrations generated inside the hood 

were therefore assigned a greater than or equal concentration. 

From these data it is apparent that a flow rate of 100 LFM (with 40% 

sash opening) will prevent the concentration in the breathing zone from 

exceeding the TLV on carbon tetrachloride and perchloroethylene. 

apparent that handling Freon 113 under most conditions would not present a 

problem. 

It is also 

In actual practice, pr6fessional judgment would be applied to 

situations involving carbon tetrachloride and a minimum flow rate of 

125 LFM would probably be recommended. Regardless of the flow rate 
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on a given hood, b r e a t l - r i ~ y  zone sampling woiild be r e q u i r e d  t o  i n s u r e  

t h e  adequacy of Lhe v e n t i l a t i o n  system i n  prevmLlnq exposure t o  

mdterials as t o x i c  as CCL 

11. ~ r e a t h i n g  Zone Measurements 

Beryl l ium, carcinogens, etc .  4 '  

A. O R m  Data. Tne d a t a  i n  Table 2 represent- woxkronn a i r  samples - 
taken i n  t he  b r e a t h i n g  zone of workers d u r i n g  a c t u a l  o p e r a t i o n s  which 

were being perfosmed i c n  l a b o r a t o r y  hoods. I n  a l l  cases these r e s u l t s  

r e f l e c t  "l ive 'o  workroom conditioc:,  that is, none were s y ~ t k e t . ~ ~  ox 

mock-up to  provide a sample. C o i ~ g t i t r a t i ~ ~ s  of contaminants  are i n  

parts per m i l l i o n  par ts  a i r  by volume (ppm), w i t h  t h e  exception of 

those f o r  mercury- and beryhlilam which, of course, are expressed i n  

ini l l igramv per cubic met42r o f  air (A~ty/m3 3 e Threshald Lirni t Values 

(TLV's) are expressed i n  the s m e  units. En t h e  operations sampled 

none of t h e  c o n t m i n a n t s  used exceeded or  even approached  the  TI,V 

concentrations- From these d a t a ,  it seams reasonable to conclude 

that a face v e l o c i t y  o f  100 LPM ( w i t k t  40% sash opesing) i s  adequate 

to control b r e a t h i n g  zone concentrations of m o s t  contaminants  used 

i n  ORNL laboratory hood o p e r a t i o n s .  

8. Y-12 Data. As w i t h  t he  ORNL data (prev ious  p a r a g r a p h ) ,  d a t a  

have bean c o l l e c t e d  and summarized i n  Tables 3 and 4 ~ Q P  Y-12 o p e r a t i o n s .  

These data also were c o l l e c t e d  d u r i n g  a c t u a l  operations and r e f l e c t  

t h e  concentrations t o  which mployees would have been exposed had 

r e s p i r a t o r y  protection not been used. Data i n  Table 3 summarizes 

the zcsul ts  o f  2 2 1  b r e a t h i n g  zone samples fer be ry l l i um and 381 

breathing zone samples for uranium. S ince  t h e  operatians invo lve  

very s m a l l  q u a n t i t i e s  of the materials,  the p o t e n t i a l  for exposure IS 

very  low. The a i r  f l o w s  v e r s u s  concen t r a t ions  d e t e c t e d  sugges t  pro- 

t e c t i o n  can be achieved  wi th  f a i r l y  low face v e l o c i t i e s  i n  o p e r a t i o n s  

of t h i s  type.  However, operations of this t y p e  are s u b j e c t  t o  day-to- 

d a y  changes.  Hence, p r o f e s s i o n d l  judgement would d i c t a t e  100 LPM as 

t h e  minimum face v e l o c i t y  for t h e s e  operations. 

D a t a  in Table 4 werc secured  du r ing  o p e r a t i o n s  invo lv ing  large 

q u a n t i t i e s  of bery l l i um ,powder of f a i r b y  s m a l l  par t ic le  s i z e .  These  

b r e a t h i n g  zone samples were secured  on employees us ing  r e s p i r a t o r y  
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p r o t e c t i o n  and c l e a r l y  show t h a t  for  t h e s e  o p e r a t r o n s  i 3 4  and 1 2 4  

LFM would not  have been adequate  t o  p r o t e c t  t h e  employees from 

c o n c e n t r a t i o n s  i n  excess of t h e  TLV. 

C. ORGDP Data. The d a t a  i n  Table 5 r e p r e s e n t  ORGDP a i r  samples 

secured  i n  t h e  b r e a t h i n g  zone of workers d u r i n g  a c t u a l  o p e r a t i o n s  being 

performed involv ing  t h e  contaminant i d e n t i f i e d .  Except as i n d i c a t e d  

t h e  f a c e  v e l o c i t i e s  were measured w i t h  t h e  s a s h  f u l l  open. 

a l l  f a c e  v e l o c i t i e s  would i n c r e a s e  t o  )lo0 LFM wi th  a 40% sash opening. 

Here a g a i n  it i s  a p p a r e n t  t h a t  under the c o n d i t i o n s  o f  t h e  t e s t s ,  100 

LFM face v e l o c i t y  is adequate  t o  p r e v e n t  c o n c e n t r a t i o n  approaching t h e  

TLV i n  t h e  b r e a t h i n g  zone. 

Consequently,  

111. S y n t h e t i c  S i t u a t i o n s  for Breath ing  Zone SamplinCF 

A t  ORNL as a n  a l t e r n a t i v e  to  performing b r e a t h i n g  zone sampling o n  

every- employee p o t e n t i a l l y  exposed to  a t o x i c  chemical ,  a system was 

d e v i s e d  u s i n g  carbon monoxide as the test  gas .  Pure carbon monoxide 

g a s  was metered i n  a t  t h e  a i r  f o i l  on a series of hoods i n  q u a n t i t i e s  

s u f f i c i e n t  t o  produce 1 0  TLV'S of CO (500 ppm). "he i n d i v i d u a l  per- 

forming t h e  test then went through a ser ies  of motions des igned  t o  

s i m u l a t e  a c t u a l  work movements. Brea th ing  zone c o n c e n t r a t i o n s  were 

determined d u r i n g  t h e s e  a c t i v i t i e s .  These tests were conducted on  

s350 laboratory hoods i n  t h e  4500 complex. Some 1000 t o  1200 determi-  

n a t i o n s  were made d u r i n g  t h i s  i n v e s t i g a t i o n  € o r  c a w b n  monoxide i n  t h e  

b r e a t h i n g  zone. 

The h i g h e s t  c o n c e n t r a t i o n  de tec ted  w a s  <5ppm o r  < l o %  TLV. (Note: 5 ppm 

is c o n s i d e r e d  t h e  lower l i m i t  of d e t e c t i o n  f o r  t h e  MSA carbon monoxide 

detector tube.)  These data sugges t  t h a t  a i r  flows of 100 LFM or g r e a t e r  

( a t  a 40% s a s h  opening)  do,  i n  f a c t ,  p r o t e c t  t h e  employees from exposure 

to  carbon monoxide i n  excess  of t h e  TLV. 
'. 

S i m i l a r  s t u d i e s  were conducted by Y-12 u s i n g  p e r c h l o r o e t h y l e n e .  

T h e i r  d a t a  a l s o  showed t h a t  adequate p r o t e c t i o n  i s  a f f o r d e d  t h e  employee 

a t  f a c e  v e l o c i t i e s  of LOO LFM a t  a 40% s a s h  opening. 

# 
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CONCLUSIONS 

1. Based Qn t h e  data conta ined  i n  t h i s  report t h e  I n d u s t r i a l  Hygienis t s  

a t  O W L ,  Y--12 ,  and QRGDP are of t h e  opin ion  t h a t  100 LFM a t  a 40% 

s a s h  opening is t h e  m i n i m u m  a c c e p t a b l e  face v e l o c i t y  for l a b o r a t o r y  

hoods. Addi t iona lby  c e r t a i n  operations w i l l  require g r e a t e r  face 

v e l o c i t i e s .  N o t e :  ___I_ This x ~ ~ ~ ~ ~ i ~ e s b d e d  face v e l o c i t y  (100 W M ) ,  i n  

110 way c o n t r a d i c t s  the results of t h e  Paducah s t u d y  (KY-L-714) i - e - ,  
\ 

a hood designed to 50 LFM W i t h  the Sash f u l l  open would have a 

face v e l o c i t y  of at least  100 LFM w i t h  t h e  sash a t  t h e  40% open 

p i n t . .  

2. P r o f e s s i o n a l  judgement m u s t  be used i n  o p e r a t i o n s  i n v o l v i n g  h i g h l y  

t o x i c  chemicals ,  i . e . ,  carcinogens, b e r y l l i u m ,  e t c .  

3 .  S u p A p r t a t i v e  data, i.e., b r e a t h i n g  zone sampling, is necessary  on 

chemicals  assigned a t o x i c  index of 3 o r  4 .  

4 .  Because o f  t h e  i n h e r e n t  problems of a d m i n i s t e r i n g  a hood c l a s s i f i -  

cation system, t h e  system should n o t  b e  adopted f o i n a l l y  but 

remain as Guidel ines .  

GENERAL COMMENTS 

1. Laboratory hoods should be given a precise d e f i n i t i o n .  For example: 

process v e n t i l a t i o n  i n  bery l l ium areas a t  Y - 1 2  have been i n c o r r e c t l y  

c h a r a c t e r i z e d  as l a b o r a t o r y  hoods. Process  v e n t i l a t i o n  i n s t a l l e d  

to  p r e v e n t  exposure t o  any chemical or p h y s i c a l  stress must be 

c a r e f u l l y  designed and t h e i r  adequacy e v a l u a t e d  - 
2 .  I t  should  be r e i t e r a t e d  t h a t  operations p a r t i c u l a r l y  a t  ORNL and 

Y-12 are many and v a r i e d ,  Programs tend to  change r a p i d l y .  Vent i -  

l a t i o n  requi rements  may a l s o  change j u s t  as r a p i d l y  depending on 

the p r ~ c e s s  and/or the  l i k e l i h o o d  of exposure t o  a chemical  ox 

physical stress. 

3. I n E o m a l  d i s c u s s i o n s  w e r e  h e l d  With i n d u s t r i a l  h y g i e n i s t s  of LASL 

and  MI,. The Engineering S e c t i o n ,  I n d u s t r i a l  Hygiene Group (1-1-51 

a t  LASL advised  that a5 a "'general. rule of thumb" 100 W M  is t h e  

minimum face v e l o c i t y  permit ted €or handl ing  toxic chemicals  and 

1 2 5  LFM i s  t h e  minimum face v e l o c i t y  for r a d i o a c t i v e  m a t e r i a l s .  
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They recognized that professional judgement was of considerable 

importance and was.used in relation to highly toxic chemicals 

such as beryllium or carcinogens. In these cases 125 to 150 

LFM would be recommended. Breathing zone samples would be per- 

formed only if considered necessary by the staff. Industrial 

hygiene at ANL advised they also use "rule of thumb" of 100 LFM 

for most chemicals and 135 LFM for radioactive materials. They 

recognize that some chemicals are handled in certain operations 

which require greater flow rates. They also use a generous amount 

of professional judgement. 

4 .  These conclusions and comments in no way contradict the rsquire- 

ments of "General Design Criteria, Laboratory Buildings,ERDA 

Appendix 6301, Part I1 B (Approved November 20, 1972) which states: 

"An average air velocity of about 125 fpm across the face of 

each hood with the door opened to the full open operating position 

is recommended as a general rating. Higher or lower velocities 

may be justified under special circumstances depending upon the 

materials to be handled and their toxicity." 
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. 

Hood Maximum Average 
Face Breathing Breathing % TLV 

(WMI (PPrn) ( P m  
* Velocity Zone Zone TLV ( PFm 

Hood Canc. ~ 1 0 0 0  pprn 150 0.9 0.9 -9 100 
- >lo00 ppm 125 0.9 0.9 .9 
- > 500 ppm 100 0.9 0.9 .9 
- >loo0 pprn 100 a 0.9 - 9  
> 500 ppm 75 13 3.4 3.4 

- > so0 ppn 50 a 2.2 2.2 
- >loo0 ppm 75 11.0 25.6 25.6 

Freon 1 x 3  

150 
150 
125 
12s 
100 
100 
75 
50 

0.7 
2 
0.9 
30 
15 
100 
55 

210 

0.7 

0.7 
4.4 
4.2 
17.9 
11.4 
43 

.86 
- 0 7  1000 
.09 
- 0 7  
-44 
.42 

1.8 
1.1 
4.3 

Note: These data axe illustrated graphically in Figures 1 and 2. 
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TABLE 2 

AIR SAMPLING DATA FOR OPERATIONS CONDUCTED I N  HOODS AT ORNL 

Face 

( W M )  
D a t e  L o c a t i o n  Contaminant  BZ Cone.* TLV V e l o c i t y  

2- 21- 73 

2- 21-73 

2-21-73 

2- 16- 7 3 

4-30-73 

4-30-13 

5-9-13 

5-9-73 

5-29-73 

6-5-73 

6-14-73 

11- 28- 73 

1-31-74 

2-15-74 

2- 15-74 

2-19-74 

2-19-74 

2-2 1-74 

2- 21- 74 

2-25- 14 

2-26-74 

3-1-74 

3-1-74 

4-3-74 

4- 3-74 

4-16-14 

4-16-74 

4-16-74 

4508 Rm. 139A 

4508 Rm. 139A 

4508 Rm. 139A 

4508 Rm. 140 

4500s 

4500s 

3502 Manipula tor  

3502 Manipulator Shop 

4508 Rm. 139A 

4500s Rm. C-155 

6010 Basement 

3502 M a n i p u l a t o r  Shop 

4500s Km. E-159 

4508 Rm. 139 

4508 Rm. 139 

4500s Rm. F-63 

4508 Rm. 139A 

3502 Manipulator Shop 

3502 M a n i p u l a t o r  Shop 

4500s Rm. E263 

4500N Rm. E-17 

4500N RXI. E-17 

4500N Rm. E-17 

2001 Rm. 201 

2001 Rm. 201 

4500N Rm. A-13 

4500N Rm. A - 1 3  

3502 M a n i p u l a t o r  Shop 

Benzene 

Benzene 

Benzene 

Benzene 

Dioxane 

Toluene  

Methyl  E t h y l  Ketone 

Methyl  E t h y l  Ketone 

Benzene 

Toluene  

Xylene 

Methyl  E t h y l  Ketone 

Toluene 

Te t rabromoethane  

Methylene I o d i d e  

To 1 uene 

Benzene 

Methyl  E t h y l  Ketone 

Methyl  E t h y l  Ketone 

T e t r a c h l o r o e t h a n e  

Carbon T e t r a c h l o r i d e  

Carbon T e t r a c h l o r i d e  

Carbon T e t r a c h l o r i d e  

H y d r o f l u o r i c  Acid 

H y d r o f l u o r i c  Acid 

Xylene 

Dioxane 

Methyl  E t h y l  Ketone 

Cl 

1 

4.4 

2.8 

1 . 4  

<1 

90 

40 

7.5 

<I. 

<1 

<1 

< 10 

- <. 001 
5- 05 

< 10 

~ 2 . 5  

30.3 

<20 

. 3 1  

1 . 3  

<1 

3.0 

-5 

<. 3 
\, < l o  

10 

<20 

< 

25 

25 

25 

25 

100 

100 

200 

200 

25 

100 

100 

200 

100 

1 

1 

100 

25 

200 

200 

5 

10 

10 

1 0  

3 

3 

100 

100 

200 

80 

80 

80 

170 

170 

110 

100 

140 

130 

90 

85 

85 

70 

65 

75 

75 

140 

140 

140 

140 

110 

110 

130 

130 

15 

* B r e a t h i n g  Zone C o n c e n t r a t i o n  
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TABLE 2 (Continued)  

Face 
Date L o c a t i o n  Contaminant  BZ Cone.. TLV V e l o c i t y  

' (LFM) 

4-16-74 

4- 18- 74 

4-22-74 

4-29- 74 

5- 17- 74 

6-3-74 

6-4-74 

6- 4- 74 

6-17-74 

6- 17- 74 

6-17-74 

6- 26- 74 

6-26-74 

7- 10-74 

7-15-74 

8- 8- 74 

8-16-74 

8-28-74 

8-29-74 

9-5-74 

9-6-74 

9-6-74 

9-5-74 

9-5-74 

9-5-74 

9-5-74 

9- 17- 74 

9-17- 74 

3502 Man ipu la to r  Shop 

4500N M. E-1 

4500s Rm. R-147 

2001 Rm. 2 0 1  

3502 Man ipu la to r  Shop 

3502 Man ipu la to r  Shop 

3502 Man ipu la to r  Shop 

3502 Man ipu la to r  Shop 

4508 RBI. 139A 

4508 Ran. 139A 

4508 Rm. 139A 

3047 Rm. 209 

3047 Rm. 209 

4508 Rm. 139A 

3502 Man ipu la to r  Shop 

4500s m. R-259 

4508 Rm. 139A 

4508 Rm. 139A 

4508 RBI. 139A 

4508 Rm. 139A 

3502 Man ipu la to r  Shop 

3502 Man ipu la to r  Shop 

4508 Rm. 139A 

4508 Rm. 139A 

4508 Rm. 139A 

4508 Rm. 139A 

4508 ~ m .  1 3 9 ~  

4508 Rm. 139A 

Methyl E t h y l  Ketone 

T r i c h l o r o e t h y l e n e  

Mercury 

H y d r o f l u o r i c  Acid 

Methyl  E t h y l  Ketone 

Methyl E t h y l  Ketone 

Methyl E t h y l  Ketone 

Xylene 

Benzene 

Benzene 

Benzene 

Toluene 

Toluene 

Benzene 

Methyl E t h y l  Ketone 

B e r y l  1 ium 

Benzene 

Benzene 

Benzene 

Benzene 

Methyl E t h y l  Ketone 

Methyl E t h y l  Ketone 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

Benzene 

<20 

<10 

< .005 

<o. 3 

<20  

< 20 

< 20 

< 10 

4 . 8  

2.5 

< 2.5 

< 1 0  

< 1 0  

4 .6  

< 20 

< 0.0002 

< 2.5 

< 2.5 

< 2 . 5  

< 1  

4.5 

6.1 

2 . 1  

2.5 

< 1  

2.8 

1 . 3  

2.7 

200 

100  

.05 

3 

200 

200 

200 

100 

25 

25 

25 

100 

100 

25 

200 

0.002 

25 

25 

25 

25 

200 

200 

2 5  

25 

25 

25 

25 

25 

75 

120  

110 

110 

75 

75 

75 

75 

170 

170 

170 

160 

160 

170 

75 

170  

160 

160 

160 

160 

75 

75 

160 

160 

160 

160 

160 

160' 

* B r e a t h i n g  Zone C o n c e n t r a t i o n  -. 
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TABLE 3 

AIR SAMPLING DATA FOR OPERATIONS CONDUCTED I N  HOODS AT Y-12 

Face 

( LFM 1 
TLV V e l o c i t y  

Date L o c a t i o n  Contaminant  BZ Conc.* 

1-1-73 t o  
7- 1- 74 

1-1-73 to  
7-1-74 

1-1-73 
7-1-14 

1-1-73 
7-1-74 

1-1-73 
8-1-74 

1-1-73 to  
8-1-74 

9995 B e r y l l i u m  (0.1 2 w / m 3  144 
Hood #63A 

9995 B e r y l l i u m  <o. 1 2 w / m 3  186 
Hood #63D 

(1) 

(2 )  

( 3 )  

(4  1 

9995 B e r y l l i u m  <o. 1 2 w / m 3  100 
Hood #64A 

999 5 B e r y l l i u m  €0.1 2 ug/m3 64 
Hood # 8 1 A  

9995 Uranium <4 d/m/m '") 35 d/m/m' 74 
tiood #53C 

9995 Uranium <4  d/m/m 3 ( 6 )  35 d/m/m3 7 1  
Hood #%A 

(1) R e p r e s e n t s  r e s u l t s  of 56 samples. 

( 2 )  R e p r e s e n t s  r e s u l t s  of 57 samples. 

( 3 )  R e p r e s e n t s  r e s u l t s  of 55 samples. 

( 4 )  R e p r e s e n t s  r e s u l t s  of 53 samples .  

( 5 )  R e p r e s e n t s  r e s u l t s  of 190  samples .  

( 6 )  R e p r e s e n t s  r e s u l t s  of 1 9 1  samples .  

* B r e a t h i n g  Zone C o n c e n t r a t i o n  
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TABLE 4 . 
AIR SAMPLING DATA FOR OPERATIONS CONDUCTED IN HOODS AT Y-12 

Face 

(LFM) 
Date Location Contaminant BZ Conc.’ TLV Velocity 

10- 2 3- 70 

10-26-70 

11-1-70 

11-4-70 

11-6-70 

11-9-70 

11- 10- 70 

11- 11- 70 

11-13-70 

2-1-70 

10-22-70 

10- 23-70 

10- 2 6- 70 

11-1-70 

11-4-70 

11- 6- 70  

11-9-70 

11-11-70 

11- 10-70 

11- 13- 70 

0-1-73 

8-1-73 

9201-5, 3rd Floor , Beryllium 
Hood #61 
9201-5, 3rd Floor 
Hood #61 
9201-5, 3rd Floor 
Hood #G1 
9201-5, 3rd Floor 
Hood #61 
9201-5, 3rd Floor 
Hood #61 

Hood #61 
9201-5, 3rd Floor 
Hood t61 
9201-5, 3rd Floor 
Hood #61 

Hood #61 
9201-5, 3rd Floor 
Hood #61 

9201-5, 3rd Floor 

9201-5, 3rd Floor 

9201-5, Hood #62 

9201-5. Hood #62 

9201-5, Hood $62 

9201-5, Hood 162 

9201-5, Hood #62 

9201-5, Hood #62 

9201-5, moa n62 
9201-5, Hood #62 

9201-5, Hood #62 

9201-5, Hood #62 

9201-5, 2nd Floor 
Hood #22 
9201-5, 2nd Flcor 
HoOd 120 

Beryllium 

Beryll i u m  

Beryllium 

Beryllium 

Beryllium 

Beryllium 

Beryllium 

Beryllium 

Beryllium 

Beryll ium 

Beryllium 

Beryllium 

Beryllium 

Beryllium 

Beryll ium 

Beryllium 

Beryllium 

Beryllium 

Beryl 1 ium 

Beryllium 

Beryllium 

9.3 !Jg/m’ 

3.3 ! ~ g / m ’  

10.6 pg/m3 

2.9 pg/m’ 

2.2 LIg/mJ 

5.2 pg/m’ 

8 . 8  pg/m’ 

2.0 ~.lg/m’ 

6.4 ug/m’ 

0.1 u g / m 3  

0.1 pg/m’ 

1.7 ug/m3 

3.3 pg/m’ 

2.0 pg/m’ 

2.0 pg/m’ 

0.5 2g/m3 

2.2 p g h ’  

16.7 pg/m3 

0.7 pg/m’ 

0.4 !~g/m’ 

0.68 pg/m3 

0.28 pg/n’ 

134 

134 

134 

134 

134 

134 

134 

134 

134 

134 

124 

124 

124 

124 

124 

124 

124 

124 

124 

124 

124 

124 
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TABLE 4 (Continued) 

Face 

( W M )  
Date Location Contaminant 02 Conc. TLV Velocity 

-- 
8-1-73 9201-5, 2nd Flao lr  Beryl 1 iun 0.66 u g h 3  2 ug/m’ 124 

Hood #20 

Hood #22 

Hood #I9 

H o d  #19 

8-2-73 9201-5, 2nd Floor Beryllium 0.47 pg/m’ 2 Clg/m3 124 

8-2-73 9201-5, 2nd Floor Beryllium 0.33 ~g/rn’ 2 ug/m3 124 

8-2-73 9202-5, 2nd Floor Beryllium 0.31 ug/m3 2 ug/m3 124 

* Breathing Zone Concentration 
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TABLE 5 

AIR SAMPLING DATA FOR OPERATIONS CONDUCTED IN HOODS AT K-25 

Face 

( W M )  
Bate Location Contaminant BZ Conc. TLV Velocity 

10-1-74 
10-1-74 
10- 1- 74 
10-1- 74 
10-8-76 
10- 8- 74 
10- 8- 74 
10-8-74 
10- 8- 74 
10-8-74 
10-8-74 
10-8-74 
10- 8- ?4 
10- 3 1-74 
10- 3 1- 7 4 
10- 2- 74 
10-1-74 
10- 1- 74 
10-1-74 
10-1-74 
9-27-74 
9- 27- 74 
9-27-74 
9-27-74 
10- 3 1- 74 
10-3-74 
10-3-74 
10- 3-74 
10-3-74 
10- 3-74 
9- 30- 74 
9-30-74 
9-30-74 
9-30-74 
9- 30-74 
9- 30- 74 
9-30-74 
9-30-74 

i 
K-1004-A-19-248069 
K- 1004-A- 18- 2 59019 
K- 1004-A-19- 259020 
K- 1004-A- 19- 259021 
K- 1004 - L- 2 3 - 2 48 5 3 3 
K-1004-L-9-248535 
K- 1004-L-9-248534 
K-1004-L-6-24857 
K- 1006-B- 102- 2 49674 
K- 1006-C-101- 249726 
K-1006-C-108-249688 
K-1006-C-104-24q723 
K- 1006-C- 108- 24 97 15 
K-1004-0-17-187105 
K-1004-D-31-187195 
K- 1004-8- 150- 2.48092 
K-1004-8-108- 255561 
K-1004-8-108-255562 
K- 1004-6- 108- 255559 
K- 1004-8-108- 255560 
K-1004-B-118-255573 
K-1004-B-114- 248008 
K-1004-B-103-248018 
K-1004-B-103-246780 
K- 1004-11- 28- 248088 
K-1101-Lab-248547 
K- 14 13-Lab- 258400 
K- 1420-Lab- 258525 
K- 10 10- A- 2 5 3 390 
K- 12 31- 104 
K-1004-C-210-258858 
K-1004-C-212-258857 
K-1004-C-219-256053 
K-1004-C-220-256051 
K-1004-C-215-255237 
K- 1004-C-215-255237 
K- 1004-C-215-255237 
K-1004-C-215-255237 

Trichloroethane 
Nitrous Fmes 
Ammonium Hydroxide 
Hydrogen Chloride 
Acetone 
Acetone 
Acetone 
Acetone 
Benzene 
Hydroqen Chloride 
Acet.one 
Hydrogen Floride 
Hydrogen Chloride 
Trichloroethane 
Hydroqen Floride 
Acetone 
Hydrogen Chloride 
Hydrogen Chloride 
Hydrogen Chloride 
Hydrogen Chloride 
Hydrogen Chloride 
Hydrogen Floride 
Hydrogen Floride 
Hydrogen Chloride 
Hydrogen Chloride 
Hydrogen Chloride 
Hydrogen Cnloride 
Hydrogen Chloride 
Perchloroethylene 
Hydrogen Chloride 
Trichloroethane 
Hydrogen Floride 
Hydrogen Floride 
Hydrogen Chloride 
Hydrogen Floride 
Hydrogen Chloride 
Nitrous Fumes 
Acetone 

3 50 
5 
25 
5 

1000 
1000 
1000 
1000 
10 
5 

1000 
3 
5 

350 
3 

70 
85 
85 
10 
50 
95 
10 
80 
40 
90 
25 
85 
90 
50 
10 

1000 125 
5 95 
5 120 
5 65 
5 100 
5 85 
3 50 
3 65 
5 205 
5 40 
5 75 
5 65 
5 40 

100 30 
5 75 

350 60 
3 55 
5 85 
5 100 
3 120 
5 120 
5 120 

1000 120 
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APPENDIX A 

R .  G. Jordan 
UCND - Safety and Envionmental 

Protection 
9704-2, Y-12 

R .  G. Affel 
F .  R. Bruce 
T. A. Lincoln 

O n  December 
I met to discuss 

March 25, 1974 

LABORATORY HOODS 
CLASSIFICATION GUIDELINES 

4,  1973, J. F. Morehead (Y-121, €3. F. Higdon (ORGDP) and 
problems of hood classifications. Although Turok (PGDP) 

was not in attendance he has reviewed the "Classification Guidelines" and 
is in agreement with us. We suggest that the attached Guidelines be used 
when or if we are required to classify hoods in terms of the toxic materials 
being handled. This system will, we believe, result in the least confusion. 
A s  experienced is gained we may need to make changes in the TLV ranges f o r  
each class. 

I would hope that these guidelines would not end "being carved in 
s t o n e . "  For example, if it could be demonstrated under actual use condi- 
tions that the TLV were not exceeded, a Class I1 hood could be Lsed fo r  any 
given material. 

N. E. Bolton 
ORNL, Industrial Hygiene Department 

NEB : ~ C W  

Attachments 



C l a s s i f k a t i o n  Guidelines 
I 

Selection Requirements 

For purposes of selection of the class hood required the following 
definitions shall be used: 

High - Gases and vapomrs having a EV of (10 ppm. 
~usts, fumes ana mists having a TZV o f  <o. 1 nng/~’. 

Moderate - Gases and vapors having a TLV of >16 to 200 ppm. 
D U S ~ S ,  fumes and mists having a TLV of 0.l to 0.5 mg/~’. 

h w  - Gases and vapors having a TLV of >200 ppm. 
D u s t s ,  fumes and mists having a TLV o f  >O. 5 mg/M’ . 

Note: The Industrial Hygiene Department shall be con- 
tacted in the event that operations involve 
chemicals with either a C ox skin denotation. 
The proper hood classification required for 
chemicals in these categories will be determined 
on the basis of professional judgement. 



LABORATORY HOODS 
Classification Guidelines 
Page 2 

Alternat,e Selection Requirements 

If TLV's are not established, the following data may be used to determine hood classification requirements. 

b 

LD50 Sing le  O r a l  L C 5 0  4 hr. 
Inhalation LD50 Skin Approximate Hood Classification Toxic Dose Rats 

Requirements Index mg/Kg Ppm mg/Kg TLV Range P 
4 

I 

II 

1 501-15,000 1,001-100,000 350-22,600 >200 ppm or 
>0.5 mg/M3 

2) 50.1-500 101-1,000 44-349 

3 1.1-50 11- 100 >lo - <200 ppm or 
- >0.1 - c0.5 mg/M3 
- 5.1-43 

111 4 - <1 - < l o  - <5 <lo ppm or 
CO.1 mg/M3 
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LABOIUaTORll HOODS 
c lassifieation G u i d e l i n e s  _...- 
Page 3 . 
Classification 

Moods for general. labaratcry usage shall be classif ied i n  t h e  
foilowing categories: 

. 
C l a s s  1 - For handling al nsn-toxic or low t o x i c i t y  materials 

or  b) h i g h e r  tox ic  materials i n  sealed containers 
and/ow closed systems, 

C l a s s  2 - For handl ing  o f  moderately t o x i c  materials. 

C l a s s  3 - For handl ing  of h i g h l y  toxic materials. 

Airflow R t i r e m e n t s  
~ _ _ I  

Laboratory hoods, when. operating with the sash set a t  t h e  Normal. 
Operating Opening s h a l l  have face velocities as follows: 

C l a s s  1 - Design airflow shall. be 68 ft/min. 
Minimm airflow shall be 50 f t /min .  

Class 2 -- Design airflow sliall be 100 ft/min. 
Minimum airflow shall. be 80 ft/min, 

Class 3 - Design airflow shall be 150 ft/min. 
M i n i m e a m  airflow shall be 1 2 5  ft/min. 
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LABORATORY HOODS 
Classification Guidelines 
l___l 

Page 4 

Hood fdent i f  icatian 

All Class  I Hoods shall bear the following label: 

CLASS I 

Air flow requirements: Minimum 50 ft/min., design 60 
ft/min. for c h e m i c a l s  in the following category: 

Gases and vapors having a TLV of 2200 ppm. 
Dusts, fumes, and m i s t s  having a 'i'LV of bO.5 mg/M3. 

For information: Call Industrial Hygiene Department. 

All Class 11 Hoods shall bear t h e  following label: 

CLASS 11 

A i r  f l w  requirements: Minimum 80 ft/min., design 100 
f t / ' m i r , >  for chemicals in the following category: 

Gases and v a p r s  hdving a TLV of 210 to <200 ppm 
Dusts, fumes, and mists having a TLV of - >0.1 to cO.5 mg/M3. 

For information: Call Industrial Hygiene Department. 

A l l  C l a s s  I11 Hocds shall bear the following label: 

CLASS III 

A i r  flow requirements: Minimum 125 ft./min., design 
150 ft/min., for chemicals in the following category: 

Gases and VapGrs having a TLV of '10 ppm. 
D u s t s ,  fumes, and m i s t s  having a TLV of cO.1 mg/M3. 

For in fo rma t  ~ c n :  Call Industrial Hygiene Department. 
\ 
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APPENDIX B 

DESCRIPTION OF THE Y-12 LABORATORY TEST HOOD 
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DESCRIPTION OF THE Y-12 LABORATORY TEST HOOD 

f .  TESTING SET-UP 

The Y-12 T e s t  Hood (NII, Model H-804) i h  l o c a t e d  in t h e  nor thwes t  

cor ne^ of Room 4 3 ,  Bui ld ing  9766. A counterba lanced ,  ve r t i ca l  s a s h  i s  

m s t a l l e d  on the hood which can be e a s i l y  moved up and down to v a r y  t h e  

hcod opening or close i t  off e n t i r e l y .  I n  o r d e r  to s i m u l a t e  t h e  a c t u a l  

c o n d i t i o n s  i n  hoods throughout  t h e  p l a n t ,  s e v e r a l  i t e m s  were k e p t  w i t h i n  

t h e  hood d u r i n g  t e s t i n g .  I n  t h e  back sight corner w a s  a 1 4  02 .  can of 

c l e a n s e n ,  a 1 l i t e r  f l a s k ,  and the Scott -Davis  Halide Meter (11" x 7" x 7 " ) .  

In t h e  back l e f t  c o r n e r  was a 1 q u a r t  bottle, a 2 quar t  bo t t l e ,  and a 1 

g a l l o n  metal safe  can. These are mentioned because any i t e m  w i t h i n  a 

hood i n  some way affects t h e  airflow. W p i c t u r e  of t h e  hood model 

w i t h  diagrams of u n r e s t r i c t e d  airflow i s  s h ~ w n  i n  F i g u r e  1. 

11- TEST GASES 

Three materials were chosen t o  be t e s t e d :  

Carbon T e t r a c h l o r i d e  (CCL 1 
TLV - 10 ppn O ~ C  65 mg/m3 

4 

B o i l i n g  P o i n t  - 170'F. 

V a p o r  Dens i ty  lair = 1) - 5.32 
~ o w e r  D e t e c t i o n  L i m i t  = 4.6 pprn or 30 ng/m3 

P e r c h l o r o e t h y l e n e  (C C 1  1 
2 4  

TLV - 100 ppm/670 mg/m' 

B o i l i n g  Point -- 248'F. 
Vapor Dens i ty  ( a i r  = 1) - 5.67 

Lower D e t e c t i o n  L i m i t  = 0.9 ppm or 6.03 mg/m3 

Freon 113,  T r i c h l o r o t r i f l u o r e t h a n e  (CC1 F-CC1F 1 
2 2 

TLV - 1,000 ppm/7,600 mg/rn' 

Boiling P o i n t  - 117'F. 

Vapor Densi ty  ( a i r  = 1) - 0.46 

Lower  D e t e c t i o n  L i m i t  = 0 .7  ppm or 5 . 3 2  mg/m' 

Thsse gases  were picked  p r i m a r i l y  because of t h e  range  of TLV's  repre- 

sen'ed, and t h e  a v a i l a b i l i t y  of i n s t r u m e n t a t i o n .  
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H-804  V.I.F? HOOD 

SASH tN OPEN POSITION SASH IN CLOSED POSITIQN 
Figure 1. Fume Hood-V. I ,  P. Series F-800. 
Note: Specific pe ata and ~Qrati~,Charasteristies af thfs Fume . 

Fkdd are g i  
(Copyright 1973). 

page-66 o f  Catalog of Laboratory F 
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111. INSTRUMENT CALIBRATION 
_._II 

The Scot t -Davis  Halide Meter I used  to  t e s t  c o n c e n t r a t i o n s  i n s i d e  

t h e  hood and t h e  Miran I n f r a r e d  G a s  Analyzer ,  used to  tes t  b r e a t h i n g  

zone c o n c e n t r a t i o n s  a.t thd f a c e  of t h e  hood were b o t h  c a l i b r a t e d  a t  

t h e  Y - 1 2  P l a n t  Labora tory  ( B u i l d i n g  99959, C a l i b r a t i o n  c u r v e s  were 

provided  f o r  b o t h  i n s t r u m e n t s  fo r  the t h r e e  t e s t  g a s e s .  The Alnor  

Thermo-anemometer w a s  c g l i b r a t e d  by Y - 1 2  e lectr ical  maintenance and a 

c u r v e  provided .  The t e c h n i q u e  used  i s  g i v e n  i n  Attachment 1. Later ,  

a n o t h e r  Alnor  Thermo-anemometer w a s  used  which read i n  ac tua l  f e e t  

per minute  making a curve unnecessary .  

I V .  TESTING PROCEDURE: 

The face v e l o c i t y  of t h e  t e s t  hood was a d j u s t e d  by means of a 

damper t o  approximate ly  t h e  d e s i r e d  measurement. Measurements were 

normally t a k e n  w i t h  t h e  v e r t i c a l  sash a t  i t s  maximum h e i g h t  ( f a c e  opening= 

29  2 / 3 "  x 61"). The plane of t h e  hood face w a s  d i v i d e d  i n t o  8 e q u a l l y  

spaced sections. A v e l o c i t y  r e a d i n g  was t a k e n  i n  each  sec t ion  w i t h  a n  

Alnor  Thermo-anemometer and t h e  r e s u l t s  averaged  as i n d i c a t e d  i n  Table 

1.. T a b l e  2 i l l u s t r a t e s  t h e  e f f e c t  of t h e  sash p o s i t i o n  on f a c e  v e l o c i t y .  

T h i s  e f f e c t  i s  g r a p h i c a l l y  d i s p l a y e d  .in F i g u r e  2. 

Once a r g i v e n  face v e l o c i t y  w a s  clc?t.ermihed, a 3-minute smoke bomb 

was p l a c e d  i n  t h e  hood €os a v i s u a l  check of  l e a k a g e  b e f o r e  any t e s t i n g  

w a s  done. I f  a s i g n i f i c a n t  amount of smoke escaped  f r o m  t h e  hood opening ,  

no t e s t i n g  was performed a t  t h a t  f a c e  v e l o c i t y .  For example: a t  25  

fpm face v e l o c i t y  l a r g e  amounts of smoke escaped from t h e  hood; t h e r e f o r e ,  

no t e s t i n g  was done a t  t h i s  v e l o c i t y .  A smoke t e s t  r a t i n g  of "good" 

w a s  g i v e n  t o  t h o s e  f a c e  v e l o c i t i e s  where no v i s i b l e  smoke escaped from 

t h e  hood opening.  

A f t e r  a f a c e  v e l o c i t y  w a s  de te rmined  and found r e a s o n a b l y  s a f e ,  an  

amount of the mater ia l  t o  be t e s t e d  was placed i n  a s t a i n l e s s  s t ee l  e l e c t r i c  

f r y  p a n ,  used t o  g e n e r a t e  t h e  tested v a p o r t s .  A l l  t e s t i n g  w a s  done w i t h  

t h e  f r y  pan i n  2 p o s i t i o n s  -- i n  t h e  middle  o f  the hood and i n  t h e  ex- 

treme l e f t  of t h e  hood---- b o t h  p o s i t i o n s  w e r e  4 i n c h e s  f r o m  t h e  lower 

edge of t h e  hood face. A t  t h e  extreme r i g h t  i n s i d e  t h e  hood w a s  a 

s i n k  which p r e c l u d e d  t e s t i n g  i n  t h a t  p o s i t i o n .  
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TABLE 1 

THERMO-ANEMOMETER READINGS FOR TESTED FACE VELOCITIES 

150 F e e t  Per Minute 165l  155 165 175 
160 145 155 150 

I n d i c a t e d  Averaae - 159 
Meter Ind ica t ed  164 = Actual 150 

Actual Average - 146 

I n d i c a t e d  Average - 138 
Meter I n d i c a t e d  164 = . .ctual 

Actual  Average - 123 

1 4 5  155 135 140 
130 130 130 140 

25 

(Change i n  Thenno-Anenometers - Meter Ind ica t ed  Now Equals Readings) 

100 F e e t  P e r  Minute 

Average - 101 

75 F e e t  P e r  Minute 

Average - 76 

50 F e e t  Pe r  Minute 

Average - 49 

25  Feet Per Minute 

Average - 25 

95 105 110 
90 100 110 

100 
95 

75 70 75 80 
85 75 75 70 

50 50 50 50 
55 45 50 45 

25 20 25 25 
30 2 5  20 25 

'The v a l u e s  g iven  a r e  i n  f e e t  per minute (fpm). 

c 
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. 
TABLE 2 

THEW-ANEMOMETER READINGS FOR CHANGES IN HEIGHT OF VERTICAL SASH 

-- 
100 Feet Per Minute 

F u l l y  Open hash loo1 
95 

Average - 101 
95 
90 

105 
100 

110 
110 

3/4 O p e n  Sash 120 115 125 135 

Average - 124 

1/2 Open Sash 145 140 150 150 

1/4 Open Sash 

Average - 209 
25 Feet Per Minute 

Fu1l.y Open Sash 

Average - 25 

3/4 Open Sash 

220 

25 
30 

30 

195 

29 
25 

25 

210 

25 
20 

30 

210 

30 
25 

30 

Average - 30 
1/2 Open Sash 40 35 40 40 

Average - 39 
1/4 Open sash 50 5') 55 55 

Average - 52 

'The values given are in feet per minute (fpm). 
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The i n s i d e  c o n c e n t r a t i o n s  w e r e  t e s t e d  4 i n c h e s  above t h e  f r y  

pan with a Scot t -Davis  Halide Meter. Because o f  t u r b u l e n c e  i n s i d e  

t h e  hood, c o n c e n t r a t i o n s  f l u c t u a t e d ;  therefq?e, meter r e a d i n g s  were 

k e p t  a t  or s l i g h t l y  above t h e  l e v e l  n e c e s s a r y  for a given c o n c e n t r a t i o n .  

Once a given c o n c e n t r a t i o n  was establised, 8 r e a d i n g s  were t a k e n  

u s i n g  t h e  same grid p a t t e r n  as face v e l o c i t y  readings with  E Miran 

I n f r a r e d  Gas Analyzer. The top sections Corresponded approximate ly  

to t h e  b r e a t h i n g  zone ofbae  s t a n d i n g  at t h e  hood, the bottom s e c t i o n s  

of one s i t t i n g  a n  a h i g h  l a b o r a t o r y  stool or c h a i r .  For each t e s t e d  

material a t  each i n s i d e  c o n c e n t r a t i o n ,  3 tests were made--with t h e  f r y  

pan on t h e  extreme l e f t ,  i n  t h e  middle, and i n  the middle w i t h  a 7 inch  

diarnetxr h o t  p la te  t u r n e d  to  its h i g h e s t  s e t t i n g  d i r e c t l y  behind it. 

Tests wexe t o  be made at lm 2 ,  5,  and 18 times t h e  t h r e s h o l d  l i m i t  

of t h e  3 tested vapors. Howevex4 i f  no leakage was detected a t  the 

highest c o n c e n t r a t i o n  furthex tests were c o n s i d e r e d  unnecessary.  I n  

margina l  s i t u a t i o n s  a respirator was worn by t h e  operator to p r e v e n t  

h i s  b e i n g  exposed to  t h e  test  chemical .  
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Attachment 1 

K-GD- 8 2 6 

CALIBRATION OF LOW VELOCITY ANEMOMETERS 

S e v e r a l  l o w  v e l o c i t y  anemometers were c a l i b r a t e d  for envi ronmenta l  
and s a f e t v  p e r s o n n e l  a t  t h e  ORGDP and GAT i n  a low v e l o c i t y  wind 
t u n n e l  b u i l t  s p e c i f i c a l l y  f o r  t h i s  purpose  a t  the K - 1 3 0 3  Model T e s t  
F a c i l i t y .  C a l i b r a t i o n  was accomplished by v i d e o  t a p i n g  helium- 
f i l l e d  s o a p  bubbles  as t h e y  p a s s e d  a scale i n  t h e  t e s t  s e c t i o n  and 
c a l c u l a t i n g  v e l o c i t y  by v iewing  t h e  v i d e o  t a p e  frame by frame t o  
d e t e r m i n e  t h e  d i s t a n c e  a bubble  t r a v e l e d  i n  a s p e c i f i e d  t i m e  i n t e r v a l .  

INSTRUMENTATION 

The s e t u p  used i n  t h i s  c a l i b r a t i o n  p r o c e d u r e  is shown i n  F i g u r e  1. 
The a p p a r a t u s  i n c l u d e s  v i d e o  equipment ,  a bubble  g e n e r a t o r ,  and a 
l o w  v e l o c i t y  wind t u n n e l .  The v i d e o  equipment* cons is t s  of a high-  
speed  camera, strobe l i g h t ,  r e c o r d e r ,  and moni tor .  The camera t a k e s  
60 frames p e r  second and i s  equipped w i t h  a zoom l e n s .  The r e c o r d e d  
t a p e  may be p l a y e d  back a t  a c t u a l  s p e e d ,  h a l f - s p e e d ,  o r  one frame a t  
a time. The bubble  g e n e r a t i n g  equipment a t  t h e  l e f t  s i d e  of  f i g u r e  
1 forms h e l i u m - f i l l e d  n e u t r a l l y  buoyant  b u b b l e s  of c o n t r o l l e d  s i z e  
from 1/16 i n c h  t o  1 / 4  i n c h  d i a m e t e r .  I n i t i a l l y  t h e  wind t u n n e l  was 
a 30-inch by 30-inch d u c t  w i t h  a f l a r e d  i n l e t  and an  o u t l e t  s e c t i o n  
converg ing  to t h e  permanent tes t  s t a n d  p i p i n g .  O b s e r v a t i o n  o f  t h e  
f l o w  i n  t h i s  t u n n e l  r e v e a l e d  t h e  p r e s e n c e  o f  l a r g e  vort ices .  A 

honeycomb s e c t i o n  18 i n c h e s  l o n g  a n d . w i t h  2- inch c e l l s  w a s  t h e n  
t h e n  added upstream of t h e  t e s t  s e c t i o n  i n  c o n j u n c t i o n  w i t h  s c r e e n s  
and succeeded i n  producing  a n  a c c e p t a b l e  f low p a t t e r n .  

PROCEDURE 

The c a l i b r a t i o n  v e l o c i t y  was de te rmined  by measuring t h e  d i s t a n c e  
which a bubble  t r a v e l e d  i n  a s p e c i f i e d  t i m e  i n t e r v a l .  A scale  w a s  
a t t a c h e d  i n s i d e  t h e  test  s e c t i o n ,  and b u b b l e s ,  i n t r o d u c e d  through a 
c e l l  of t h e  honeycomb s e c t i o n ,  p a s s e d  a b o u t  6 i n c h e s  i n  f r o n t  o f  t h e  
scale.  The b u b b l e s  p a s s i n g  t h e  scale w e r e  v i d e o  t a p e d  w i t h  t h e  
high-speed camera. The t a p e  of t h e s e  b u b b l e s  w a s  r e p l a y e d  one frame 
a t  a t i m e ,  and i n d i v i d u a l  b u b b l e s  which appeared  t o  be f l o w i n g  p a r a l l e l  
t o  t h e  scale w e r e  t r a c e d .  The d i s t a n c e  through which a bubble  t r a v e l e d  
i n  a g i v e n  number of  f r a m e s ,  i . e . ,  a s p e c i f i e d ,  a c c u r a t e  t i m e  i n t e r v a l ,  
de te rmined  i t s  v e l o c i t y .  The a v e r a g e  v e l o c i t y  of 20 bubbles w a s  used 
as t h e  c a l i b r a t i o n  v e l o c i t y .  Only t h e  bubbles  which appeared  t o  
t r a v e l  i n  a s t r a i q h t  Line w e r e  se lected for  v e l o c i - t y  measurements.  
The v a r i a t i o n  o f  v e l o c i t i e s  among t h e  i n d i v i d u a l  bubbles  was a p p a r e n t  
i n  t h e  t u r b u l e n c e  r e l a t i v e  i n t e n s i t y  (T ) .  

u .  

-. ll.___,_._ * 
"Videos t robe"  Model 800 system. 
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Figure 1. Anemometer ea1 ibration Set-Up. 



where n is the number of bubbles used in the calculation; 
V is the individual bubble velocity; and 
i 

VB is the averacje bubble velocity. 

RESULTS 

Four consecutive samplings of 20 bubbles showed a mean velocity 
variation of 2% and a turbulence intensity variation of 1%. The 
setup shown in Figure 1 is suitable for velocities from 50 to 800 
fpm. For velocities less than 50 fpm, the turbulence introduced 
by the bubble generator probe is detectable. The velocity is limited 
to 800 fpm by the speed of the camera and the length of the scale. 

The instrument to be calibrated was placed inside the test section at 
the same height as the scale and about 6 inches in front of it. The 
types of anemometers are shown in Figure 2 .  The Alnor type 3002 
Velometer, the Anemothern 2135, and the Total-Vector anemometer did 
not function properly and could not be calibrated. The sensitivity 
of the Fluidic anemometer was so great that proper adjustment could 
not be maintained in the test section, and, therefore, it could not 
be calibrated. The remaining Alnor Velometer appeared to function 
reasonably well, but since no operating instructions were available, 
this instrument may have been improperly used. The two Taylor 
anemometers, the Alnor Thermo-anemometer, and the Anemothern 2448 
functioned properly and were calibrated. The Flow Corporation 
anemdeter was employed mainly to provide a turbulence check. 

This low velocity calibration procedure provides an accurate and 
fairly inexpensive method for anemometer calibration. The system 
will be maintained for periodic application. 
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Figure 2. Low Velocity Anemometers. 
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