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Introduction 

T h i s  document was produced for emergency use fo l lowing  a spill of l i q u i d  gas 
or f inely divided solid (400 micron) toxic chemicals. The information on the 
next few pages was kept deliberately te rse  and i s  limited t o  data and graphic 
aids needed for calculation of plume distance (protective action distance). 
A1 1 supporting materi a1 i s  provided as Appendices. 

Inpu t  Data Needed for  the Calculation 

The information needed for the calculation are: 

Wind speed and direction 

Area or  flow ra t e  of  the spill 

Identity o f  the chemical 

Sky conditions (Clear/Cloudy - Day/Night) 

All other information can be found i n  Tables 1 and 2 .  

The chemicals listed i n  Tables 1 and 2 include a l l  those for which ERPG, 
EEGLs,  SPEGLs, and CEGLs values have been published t o  date 

Table 1 1 ists  the vapor pressure and molecular weight f o r  each chemical. 
Chemical formula and CAS Number are included for convenience. 

Table 2 l i s t s  ERPG and PEL-TWA concentrations for a l l  the chemicals found in 
Table 1. 

Instruction for  Using the Nomographs 

Once the input da ta  are collected, the nomographs can be used f o r  calculation 
of plume distance. 
and f inely divided s o l i d s  (Figures 1 , 2  and 3) while the other s e t  i s  used fo r  
l iquid spills and b o i l i n g  l i q u i d s  (Figures 4,5 and 6); 

There two s e t s  of  nomographs. One s e t  covers gas releases 

There are three types of nomographs per s e t ,  one for  each atmospheric 
s t a b i l i t y  c lass .  
conditions) determines the length of the center l i n e  o f  the chemical plume. 
"A" s t a b i l i t y  c lass  "CLEAR DAY" i s  the first nomograph. The "D" s t a b i l i t y  
c lass  for day or night "CLOUDY-D/N" i s  second and 'IF" s t a b i l i t y  c lass  "CLEAR 
NIGHT" i s  last. 

The choice of which s t a b i l i t y  c lass  selected, (based on sky 
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Referring t o  the l iquid s p i l l  nomographs, merely mark the d a t a  p o i n t s  on the 
scales and connect these points with s t ra ight  l ines  t h a t  overshoot the scales 
t o  the " t i e  lines". 

0 

0 

0 

0 

The wind speed value on the f i r s t  l e f t  scale i s  connected t o  the 
molecular weight scale  and this connecting l i n e  i s  extended t o  the t i e  
l i ne  scale t h a t  has no numbers on i t .  
the next scale  could f i t  on the page. 
by the uniform l ines  between this t i e  l i n e  and the next shorter parallel  
t i e  l ine .  

This t i e  l i n e  was scaled down so 
This scaling down i s  represented 

The next scale  contains the range of  vapor pressure values. 
drawn from the scaled down t i e  l i ne  point through the proper vapor  
pressure value t o  the next t i e  l ine.  
similar t o  the f i r s t  one. 

A l i n e  i s  

T h i s  t i e  l i n e  has a scale down 

From the second scaled down t i e  l i ne  point draw a l i n e  through the 
chemical airborne concentration (ERPG-2 is  typ ica l ly  used for 
determining protective action distance) scale t o  the next t i e  l ine .  
T h i s  t i e  l i n e  d i d  n o t  need t o  be scaled down. 

In a s imilar  manner, extend the l i ne  from the f inal  t i e  l i n e  point 
through the area of the sp i l l  scale t o  plume distance scale and read the 
resu l t  . 

The gas/solid aerosol nomographs are actually a simplified vers ion o f  the 
l i q u i d  nomographs and are used the same way. 

Examples of  nomograph solutions are given i n  Appendix D a t  the end of  this 
document. 

P l o t t i n g  t h e  Plume 

Once the protective action distance i s  determined by use of  the appropriate 
nomograph, the plume width can be determined from Table 3 o r  Figure 7. The 
map of  the area surrounding the s i t e  (Figure 8) may be used t o  determine the 
affected area. The plume p l o t s  (Figure 7) are  printed t o  the same scale as the 
map (2Km/in) and can be used as an overlay i f  they are copied onto transparent 
overhead sl ide materi a1 . 

2 



Table 1 
List of Chemicals for  which Limit Parameters were Analyzed 

Vapor 
Pressure 
(mn/Hg) 

180 

21 0 

141 

83 

295 

NA 

760 

NA 

130-250 

760 

75 

NA 

172 

760 

760 

297 

760 

91 

Molecular 
Ueight 

58.1 

56.1 

72.1 

53.1 

76.5 

101.9 

17.0 

74.9 (As) 

74.9 (As) 

77.9 

78.1 

9.0 

159.8 

148.9 

54.1 

76.1 

28.0 

153.8 

State 
CHEMICAL NAME 

Acetone 

Acrolein 

Acryl ic Acid 

Acry lon i t r i le  (Ca) 

A l l y l  Chloride 

ALuminun Oxide 

Amnonia 

Arsenic (Inorganic) as As (Ca) 

Arsenic (Organic compounds) as As 

Arsine (Ca) 

Benzene(Ca) 

Beryl 1 iun (ca) 

Bromine 

Bromotri f Luoromethane 

1 ,3-Butadiene (Ca) 

Carbon Disul f ide 

Carbon Monoxide 

Carbon Tetrachloride (Ca) 

Chlorine 
Chlorine T r i f l u o r i d e  

1 Chloroacetyl Chloride 

Ch loroform' (Ca) 

Chloropicrin 

Chlorosulfonic Acid I Chlorotr i f  luoroethylene 

Crotona ldehyde (Ca 

Dich Lorodif Luoromethane (FC12) 

Dichlorofluoromethane (FC21) 

D i ch  Lorotetraf luoroethane (FC114) 

D i ketene 

Dimethylamine 

Dimethylformamide 

1,l -Dimethylhydrazine (Ca) 

Epichlorohydrin (Ca) 

Chemical formula 

CH3.CO.CH3 

CH2=CHCHO 

HZC=CHCOOH 

CH2=CHCN 

CHZ=CH.CHZ.CL 

A 1203 

NH3 

As inorg. cmpds. 

As org. cmpds. 

AsH3 

C6H6 

Be 

B r  

CBrF3 

CH2=CHCH=CH2 

cs2 

co 

CC14 

c12 
ClF3 

Cl.CH2.COCl 

CH.CL3 

C. CL3.NO2 

Cl.SO2.OH 

Cl.FC=CFZ 

CH3 .CH=CHCHO 

C.Cl2.F2 

CH. CL2. F 

CF4. C. C 12 

CHZ=CC.HZ.C(O)O 

(CH3 12. NH 

HCON.(CH3)2 

(CH312.NN. H2 

C3. H5.0. C 1 

106-99-0 

L 

L 

L 

L 

L 

S 

G 

S 

S 

G 

L 

S 

L 

67-64-1 

107-02-8 

79-10-7 

107-13- 1 

107-05- 1 

1344-28-1 

7664-41-7 

7440-38-2 

7440-38-2 

7784-42-1 

71 -43-2 

7440-41-7 

7726-95-6 

124-40-3 

68-12-2 

57-14-7 

G 

G>11.7c 

L 

L 

L 

L 

L I 106-89-8 

7782-50-5 

7790-91-2 

79-04-9 

67-66-3 

76-06-2 

7790-94-05 

760 

760 

45 

160 

20 

760 

760 

70.9 

92.5 

113.0 

119.4 

164.4 

116.5 

126.5 

70.1 

120.9 

760 

760 

760 

4 

157 

13 

3 

102.9 

170.9 

84.1 

45.1 

73.1 

60.1 

92.5 



CHEMICAL NAME Chemical formula 

Ethanolamine 

Ethylene Glycol 

Ethylene Oxide (Ca) 

F luorine 

Formaldehvde (Ca) 

NH2.CHZ.CHZ.OH 

CH2.OH.CHZ.OH 

CH2.O.CH2 

F2 

HCHO 

Hexachlorobutadiene 

Hydrazine (Ca) 

Hydrogen Chloride 

Hydrogen Fluoride 

Hydrogen Peroxide (30%) 

Hydrogen Sulfide 

Isobutyronitrile 

Isopropyl Alcohol 

Lithium Bromide 

Lithium Chromate 

c12.c=c.c1.c.c1=c.c12 

H2.N=N.H2 

HC 1 

HF 

H2.02 

H2.S 

CCH3)Z.CH.CN 

(CH3)2.CH.OH 

LiBr 

L i 2.Cr04 

Lithium Hydroxide 

Mercury Vapor <as Hg) 

Methane 

Methanol 

~~ ~~ 

Li .OH 

Hg 

CH4 

CH3 .OH 

Physical CAS NO. Vapor Molecular 
State Pressure Weight 

(m/Hg) 

141-43-5 

L 107-21 - 1 62.1 

1 G>10.6C 75-21-8 760 44.1 

G 7782-41 -4 760 38.0 

G 50-00-0 760G/IAq 30.0 

L 87-68-3 260.8 

, 

Methyl Chloride (Ca) 

Methyl Fluoride (as Fluoride) 

Methyl Iodide (Ca) 

Methyl Mercaptan 

Monomethyl amine 

Monornethylhydrazine (Ca) 

NickelCarbonyl (asNi) (Ca) 

Nitric Acid 

L 67-56-1 100 32.0 

G 74 - 87- 3 760 50.5 

G 593-53-3 760 34.0 

CH3.CI 

CH3.F 

CH3. I 

CH3.SH 

CH3.NH2 

CH3.NH.NH2 

Ni.(CO)4 

HN03 

L 74-88-4 400 142.0 

G 74-93-1 760 48.1 

Nitrogen Dioxide 

Nitrous Oxide 

4 

NO2 

112.0 

Ozone 

Perchloroethyene 

Perf uoroisobutyl ene 

Phenol 

03 

Cl2C=CCl2 

(CF3)2. C=CF2 

C6.HS .OH 

Phosgene 

Phosphine 

Phosphoric Acid 

CO.Cl2 

PH3 

H3.PO4 

http://CCH3)Z.CH.CN


Vapor 
Pressure 
(mn/Hg) 

Molecular 
Weight 

5 I 104.2 

Trimethylamine 

Uranium Hexafluoride 

Vinyl Acetate 

Vinylidene Chloride 

Xylene 

100.0 

189.7 

(CH3)3 .N G 75-50-3 

U. F6 s 7783-81-5 

CH2=CHOC(O).CH3 L 108-05-4 

CHZ=C.C12 L 75-35-4 

C6.H4.(CH3)2 L 1330-20-7 

54 

NA 

93 

9 

5 

59.1 

352.0 

86.1 

97.0 

106.2 
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CHEMICAL NAME 

Acetone 

Acrolein 

Acrylic Acid 

Acrylonitrile (Ca) 

Allyl Chloride 

Aluminum Oxide 

Anmnia 

Arsenic (Inorganic) as As (Ca) 

Arsenic (Organic compounds) as As 

Arsine (Ca) 

Table 2 

Chemical Limits Based on ERPG or Hierarchy-based A1 ternative Concentrations 

PEL-TUA (rng/M3) ERPG-1 (mg/M3) ERPG-2 (rng/M3) 

1815 2420 20570 

0.233 0.233 1.165 

5.897 5.897 147.4 

4.42 22.1 .110.5 

3.18 9.54 127.2 

10 15 15 

17.75 17.75 142 

0.01 0.6 1.4 

0.2 0.2 

0.162 3.24 3.24 

Benzene(Ca) 

Beryllium (Ca) 

Bromine 

3.25 16.25 162.5 

0.002 0.006 25 

0.664 1.328 6.64 

Bromotrif Luoromethane 

1 ,3-Butadiene (Ca) 

Carbon Disulfide 13.16 13.16 I 158 
I 1 I 

6090 152249 

22-5 22.5 112.5 

Carbon Monoxide 

Carbon Tetrachloride (Ca) 

40.6 464 464 

12-78 127.8 639 

Chlorine 1.475 2.95 8-85 

Chlorine Trif luoride 

Chloroacetyl Chloride 

0 -385 3.85 

0.231 0.462 4.62 

ERPG-3 (mg/M3) 

48400 

6.99 

2211.7 

1105 

954 

25 

71 0 

100 

Chloroform (Ca) 9.92 

16.2 

9750 

496 148.8 

100 

Chloropicrin 

Chlorosulfonic Acid 

Chlorotrifluoroethylene 

Crotonaldehyde (Ca) 

Dichlorodifluoromethane (FC12) 

Dichlorof luoromethane (FC21) 

33.2 

243599 

11250 

1580 

870 

4792 

59 

38.5 

0.683 1.366 1.366 

2 10 

95.3 476.5 

5.92 5.92 29.1 

5030 15090 50300 

42.8 128.4 428 

46.2 

4960 

20.49 

30 

1429 

145.5 

Dichlorotetraf luoroethane (FCI 14) 

Di ketene 

Dimethylamine 

D imethy 1 f ormamide ' 

251500 

214000 

6990 20969 69900 

3.44 17.2 

1.87 1.87 187 

15.2 15.2 30.4 

349489 

172 

935 

301, 
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CHEMICAL NAME PEL-TUA (mg/M3) ERPG- 1 (m9/M3) ERPG-2 (mg/M3) 

1,l-Dimethylhydrazine (Ca) 1.25 3.75 12.5 

Epichlorohydrin (ca) 7.7 7.7 77 

Ethanolamine 7.62 15.24 127 

Ethylene Glycol 10.16 101.6 

Ethylene Oxide (Ca) I .a3 5.49 91.5 

7 

ERPG-3 ( m g / M 3 )  

125 

385 

2540 

152.4 

915 



Xylene I 441 

Values uere converted from PPM by the relationship: rng/M3 = PPM * MU/24.45 

661.5 882 4410 
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Tie Line 

- 100 

-- 170 

- 0  300 

-- 500 
-- 1000 

--  1700 

-- 3000 

-- 5000 

- 10000 

Mass 
Release 

Wind Rate 
Speed 

Lb/Min Kg/Min 
MFH M/Sec 

220000 T looooo 
95 43 22000 

;; f io 2200 4 :'" 220 

2 J - 1  22 

10000 

1000 

100 I 10 

2 1  

Nomograph for determining 
Emergency Planning distance 
for toxic gas releases or the release 
of finely divided toxic solids 

Concentration 
Limit 

1000 

100 

10 

1 

0.1 I 0.01 

Use this nomograph for 
sky conditions of stability 
class "A" (Daytime - Clear) 



Tie Line 

- 

Mass 
Release 

Wind Rate 
Speed 

- 100 

-- 170 

--  300 

-- 500 

-- 1000 

-- 1700 

-- 3000 
-- 5000 

10000 

Lb/Min Kg/Min 
MPH M/Sec 

220000 T 100000 

22000 

2200 

220 

22 i 10000 

1000 

100 

10 

2 1 1  

Nomograph for determining 
Emergency Planning distance 
for toxic gas releases or the release 
of finely divided toxic solids 

Concentration 
Limit 

1000 / 100 

10 

1 

0.1 I 0.01 

Use this nomograph for 
sky conditions of stability 
class "D" (Day or Night - 
Cloudy) 

Figure 2 



Tie Line 

- 100 

-- 170 

-- 300 
-- 500 

-- 1000 

0 -  1700 

-- 3000 
-- 5000 
- 10000 

U 
U 

Wind 
Speed 

Mass 
Release 

Rate 

Lb/Min Kg/Min 
MPH M/Sec 

220000 T looooo 

10 4.5 E 4 2  1:: 
2 1  

22000 

2200 

220 

22 t 10000 1000 

I00 

10 

2 J - 1  

Nomograph for determining 
Emergency Planning distance 
for toxic gas releases or the release 
of finely divided toxic solids 

Concentration 
Limit 

1000 

100 

10 

1 

0.1 1 0.01 

Distance 
(Meters) 

Use this nomograph for 
sky conditions of stability 
class "F" (Night - Clear) 

Figure 3 



Moleculai 
Wind Weight 

Speed 

MPH WSec 

157 
95 
45 
22 
10 

4 
2 

70 

50 
30 
20 
15 
10 

Vapor 
Pressure 
(mmHg) 

1 
3 
10 
30 
100 
300 
760 

Concentration 
Limit 

Nomograph for deternining 
Emergency planning distance 
for toxic liquid releases 

0.01 
0.1 
1 
10 
100 i l0OC 

Distance 
(Meters) 

Area of 
Spill 

SqFt S q M  

0.93 
100 
170 
300 
500 

1000 
1700 

3000 
5000 

Use this nomograph for t 10000 
sky conditions of stability 
class "A" (Daytime - Clear) 

Figure 4 
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Wind 
Speed 

Moleculai 
Weight 

MPH M/Sec 

Concentration 
Limit 
bic Meter: 

Vapor 
Pressure 
(-g> 

1 
3 
10 
30 
100 
300 
760 

Nomograph for deternining 
Emergency planning distance 
for toxic liquid releases 

0.01 
0.1 
1 
10 
100 1 1000 

Area of 
Spill 

SqFt SqM 

0.93 

Distance 
(Meters) 

100 
170 

300 
500 

1000 
1700 
3000 
5000 
10000 

Use this nomograph for 
sky conditions of stability 
class " F  (Night - Clear) 

Figure 6 
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Table 3 Widths o f  plume for each class of 
stability as a function o f  distance from source 

Plume size 
based on 
stability 

Figure 7 
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Appendix A 

Listing and Analysis of Limit Parameters Found for 88 Chemicals 
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The selection of chemicals and t h e i r  concentration limits were based on the 
resu l t s  o f  guidel ines established by the Westinghouse M&O Subcommittee on 
Nonradiological risk (WSRC 1993). The material t h a t  follows i s  edited from 
t hei r report. 
The chemicals l i s t e d  in Table A-1 include a l l  those fo r  which ERPG values have 
been published t o  date ,  a l l  addi t iona l  chemicals for which the Committee on 
Toxicology of the National Research Counci 1 , National Academy of Sciences, has 
developed EEGLs ,  SPEGLs, and CEGLs for the US military,  and a l l  chemicals for  
which ERPG values are e i the r  i n  the process of being developed, o r  which have 
been ident i f ied,  by a subcommittee of  DOE'S Emergency Management Advisory 
Committee, as having a h igh  pr ior i ty  for ERPG-value development. 

All concentrations found for a l l  88 chemicals for  the f i f teen  concentration 
l imit  parameters i n  Appendix C were compared. In making these comparisons, i t  
must be clear ly  understood tha t  each l imit  parameter was developed for a 
different  purpose, addressing different  populations, different  time periods, 
and different  toxicologic endpoints. A t  times the organizations responsible 
for devel opment of  chemical -speci f i c Val ues derived Val ues tha t  had n o t h i n g  t o  
do with tox ic i ty  and/or available data. For example, a b o u t  12% of IDLH values 
are based upon the chemical's lower explosive l imi t ,  since no evidence could 
be found t o  the effect  tha t  exposure t o  the chemical concerned was 
"immediately dangerous t o  1 i f e  and health" a t  1 ower concentrations. 

Ratios of i nd iv idua l  pairs  of values were calculated along w i t h  t h e i r  mean, 
standard deviation, and standard deviation as a percentage o f  their  mean. This 
was done, f i r s t ,  for a l l  the pairs found ( N  = to ta l  number of pa i r s  of 
parameters available for comparison), and then excluding a few r a t i o s  judged 
t o  be out l ie rs  ( n  = number of ra t ios  used for the s t a t i s t i c s ) .  T h i s  judgement 
was made on the basis of large deviations of par t icular  r a t io s  from the mean 
value for  a par t icular  comparison. The resu l t s  o f  these comparisons were used 
t o  develop the hierarchy of  recommended al ternat ive guidel ines presented in 
Table 2. The various al ternat ive guidelines are plotted against the  primary 
guidel ines. These recommendations d i f f e r  somewhat from those already i n  use 
(see Tables 1 and 2 ) .  For example, the mean r a t io  of  ERPG-2 t o  IDLH values is  
0.26 & 169% for n = N = 34, whereas the mean r a t io  of ERPG-3 t o  IDLH values i s  
1.04 & 174% for n = N = 34 and 0.79 2 112% for  n = 32 ( i .e . ,  n < N ) .  The 
comparison between IDLH and ERPG-3 values is clear ly  much bet ter ,  which i s  t o  
be expected since bo th  these parameters are associated w i t h  1 ife-threatening 
effects .  Another difference concerns the use of SPEGL (60 m i n )  values. 
D.O.E. 's Emergency Management Guide (Guidance fo r  Hazard Assessment, 6-26-92) 
recommends use o f  the l - h o u r  SPEGL value i n  place of ERPG-2 ( p .  37). However, 
SPEGLs were developed for only 5 chemicals: 3 hydrazine compounds, hydrogen 
chloride, and nitrogen dioxide. In every case, the SPEGL value compares bet ter  
with the PEL-TWA or TLV-TWA (see below). Of these, only hydrogen chloride has 
EEGL and CEGL values. 

The M&O subcommittee i n i t i a l l y  considered recommending the use of PEL-STEL o r  
TLV-STEL values as the primary guidelines instead of ERPG-1 values, since the 
1 a t t e r  are n o t  based excl usively on toxicologic considerations. Some ERPG-1 
values are based on odor  or perception threshold concentrations. In some 
instances, the ERPG-1 value would be equal t o  o r  greater than the ERPG-2 
value, i .e.,  severe or i r reversible  health effects  could occur a t  
concentrations lower than those a t  which the chemicals would be perceived. For 
these chemicals, no ERPG-1 value has been developed. For some other 
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part icular ly  odiferous chemicals (e.g. , the amines and sulf ides) ,  the r a t i o  of  
ERPG-2 t o  ERPG-1 values i s  large. In addition, there are 4 chemicals 
(1,3-butadiene, hydrogen sulfide,  methyl mercaptan and trimethylamine) fo r  
which the ERPG-1 value is one-hundredth of  the PEL-TWA value, which i s  the 
permissible exposure limit fo r  an 8-hour workday, 5 days a week. However, the 
M&O subcommittee recommended use of  ERPG-1 values as primary guide1 ines f o r  
consistency, b u t  also recommended tha t  short-term exposure 1 imit values ( the 
more conservative of PEL-ST and TLV-STEL) be used fo r  par t icular ly  odiferous 
chemicals. These chemicals include carbon disulf ide,  hydrogen sulf ide,  sulfur 
dioxide, and trimethylamine. Methyl mercaptan lacks short-term exposure 
l imits ,  so  the remaining hierarchy parameter (TLV-TWA x 3) was used i n  place 
o f  ERPG- 1. 

For reasons already explained, the M&O subcommittee did n o t ,  i n  general, 
consider i t  appropriate t o  use fixed fractions or fixed multiples o f  
parameters t ha t  have been developed w i t h  specif ic  toxicologic endpoin ts  i n  
mind. I t  is  f o r  t h i s  reason tha t  they did not used IDLH x 0.5, even though the 
values compare quite well w i t h  ERPG-3s. However, an exception has been made 
for  chemicals t ha t  do not have short-term exposure l imi t  or cei l ing values, in 
which case they are included i n  the a l ternat ive parameter hierarchy, TLV-TWA x 
3 for ERPG-1 and TLV-TWA x 5 for ERPG-2. The jus t i f ica t ion  fo r  this  
recommendation i s  contained in the ACGIH 1991-1992 Threshold Limit Value 
boo kl e t .  

60-minute SPEGL values, which are n o t  l i s t ed  i n  Table A - 1 ,  are given below 
(NAS 1985): 

Hydrazine 0.12 ppm 
Hydrogen Chloride 1 ppm 
Monomethyl hydrazine 0.24 ppm 
1,l  -Dimethylhydrazine 0.24 ppm 
Nitrogen Dioxide 1 ppm 
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Table A - 1  
Chemi cal -Speci f i c Primary or Hi erarchy- based A1 ternat  i ve Concentrations 
(based on October 1992 1 imi ts) 
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in bold itallics are new. 

Chemical Formul a TLV-TWA ERPG- 1 ERPG- 2 
(PPm) ( P P N  ( P P N  

Hydrogen H2S 10 (0.1 1 30 
Sul f i d e  

Notes for Table A-1 : Chemical-Specific or hierarchy-based Alternative Concentrations: 

ERPG-3 
( PPm) 
100 

Values given as alternatives in the absence of ERPG values were selected from the 
concentration-limit parameters using the hierarchy presented in Table 4. 

Methyl 
mercaptan 
Trimethyl - 
ami ne 

(Ca) indicates that chemical is a confirmed or suspected human carcinogen. 

_ _ _ _ ~ ~  ~ _ _ _ _  

CH3SH 0.5 (0.005) 15 100 

(CH3)3N 10 (0.1) 1500 4500 

At least one guideline value was found for all but 2 (sodium monoxide and sodium peroxide) of the 
88 chemical substances on this list. Neither is listed among over 2000 chemicals on the 110-CIS 
data base of exposure limits (ILO 1991 1. Values from 15 major countries are included in this list. It 
is concluded that the above two substances do not qualify as being "extremely hazardous". 

* Values adjusted downwards to next higher range value. For example, the PEL-STEL for isopropyl 
alcohol is 500 pprn, whereas the EEGL-60 is 400 ppm. Therefore, the ERPG-I-equivalent value is . 

adjusted downwards to 400 ppm. 

**  For three chemicals, ERPG-1 values that are odor-based have been adjusted upwards. The 
higher PEL-STEL is used instead of the ERPG-1 value because the ERPG-1 value is based on 
perception rather than health effects. ERPG-1 values for compounds like carbon disulfide and sulfur 
dioxide could also have been adjusted upwards, but since the adjustment was small (less than a 
factor of IO), this was not done. For each of the three chemicals below, the adjustment involved a 
factor of 100. Without adjustment, the hierarchy values for hydrogen sulfide, methyl mercaptan, 
and trimethylamine would have been as follows: 
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Table A-2  
Recommended Hierarchy O f  A1 ternative Concentration-Limi t Parameters 

Primary Guideline Hierarchy Hierarchy of Source of 
Group A1 te rna t ive  Concentration 

Gui del i nes Parameter 

ERPG-3 

ERPG-2 

ERPG- 1 

PEL-TWA 

Notes: * Applicable only t o  chemicals whose e f f e c t s  a r e  dose-dependent. 

The protocol is  t o  use the primary guidelines first and then t h e  a l t e r n a t i v e  
guidelines i n  the order presented f o r  each hazard level when the  primary 
guidel ine does n o t  exist. 

1 EEGL (30-min) AIHA 1991 
IDLH NAS 1985 

NIOSH 1990 

2 EEGL (60-mi n )  AIHA 1991 
LOC NAS 1985 
PEL-C EPA 1987 
TLV-C CFR 29:1910.1000 
TLV TWA x 5" ACGIH 1992 

ACGIH 1992 

3 PEL-STEL AIHA 1991 
TLV- STEL CFR 29:1910.1000 
TLV-TWA x 3" ACGIH 1992 

ACGIH 1992 

4 TLV-TWA CFR 29: 1910.1000 
SPEGL (60-min) ACGIH 1992 
CEGL NAS 1985 

NAS 1985 

I f  appl icat ion of this hierarchy t o  a p a r t i c u l a r  chemical gives r ise t o  a 
value f o r  a lower hazard c l a s s  t h a t  i s  higher than the value f o r  t h e  next 
higher hazard c l a s s  (e.g., ERPG-l-equivalent value g r e a t e r  than 
ERPG-2-equivalent value) , then t h a t  value should be adjusted downwards t o  
match t h a t  o f  the next higher hazard c l a s s  (see Table A - 1  f o r  examples). 

References: 

WSRC 1993 "Toxic Chemical Hazard Classification and Risk Acceptance 
Guidelines for use i n  D.O.E. Facil i t ies",  Recommendations of 
the Westinghouse M & 0 Nuclear F a c i l i t y  Safety Committee 
Subcommittee on Nonradiological Risk Acceptance Guidelines 
Development , (Apri 1 20, 1993) , WSRC-MS-92-206, REV. 1 
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Appendix B 

Development o f  P1 ume Distance Nomograph 
f o r  P r o t e c t i v e  a c t i o n  
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I .  Introduction 

The protective action nomograph used for  determining chemical plume distance 
was developed by placing several three l i n e  nomographs together t o  predict the 
centerline plume distance. 
logarithmic so the values can be multiplied or divided as required in the 
gaussian plume equation. 

The nomograph scales on the l ines  are  a l l  

1I.Plume Distance Equations 

The various equations used t o  construct the NOMOGRAPH EQUATION were taken from 
the EPA/FEMA/DOT "Technical Guidance t o  Hazards Analysis - Emergency Planning 
for Extremely Hazardous substance" (EPA 1987). They are  presented in Table B- 
1. The LIQUID FACTORS equation contains the chemical specif ic  parameters 
relevant t o  a pool evaporation generation of vapors. The DIKED AREAS equation 
i s  used because the surface area o f  the l i q u i d  pool is  known. The STEADY 
STATE CONCENTRATION DOWNWIND equat ion re1 ates the generation rate t o  the 
chemical air concentration and the Pasquill s tabi l i ty  (meteorological 
factors) .  
t o  common units.  
solved in terms of  the other variables i n  the  NOMOGRAPH EQUATION l i q u i d  pool 
and mass release scenarios. Table B-2 contains the value for various 
distances of the PASQUILL STABILITY equations p l u s  the value o f  the l inearized 
constant (7.9836 for the l i q u i d  pool release and -3.8451 for the mass 
re1 ease) . 

The UNIT CONVERSION equations convert u n i t s  i n  the various equation 
The PASQUILL STABILITY equations and the constants were 

The constant term includes the numerical value o f  the constants from the 
various equations and the temperature factor  of  (273' C + T1) where T 1  is  s e t  
t o  27' C. A temperature o f  27' C was used because i t  is the temperature 
associated w i t h  the  95% weather a t  the ICPP and when added t o  273' K i t  gives 
300' K. The temperature was included i n  the constant because most degree 
changes would produce very small changes i n  the nomograph equation resu l t s  due 
t o  the large 273' K value added t o  each temperature used. The 27' C would 
produce conservative resu l t s  f o r  conditions below 27' C a t  the ICPP. 

The STEADY STATE DOWNWIND equation is  good for downwind plumes releases from 
10 minutes t o  1 hour.  
w i t h  distances ranging from 100 m t o  10,000 m. 
were selected because the s i t e  i s  located i n  open desert  country. 
s t a b i l i t y  equation i s  used for clear days when there are no clouds i n  the sky 
or less than 10% cloud cover. The D s t ab i l i t y  equation is  for cloudy (more 
than 10% cloud cover) days o r  n i g h t s .  The F s t a b i l i t y  equation i s  used for 
clear  ( l e s s  than 10% cloud cover) n i g h t s .  The  s t a b i l i t y  equations provide an 
one hour average concentration. 
Atmospheric Diffusion," (DOE/TIC-11223 1982) was used t o  adjust the 
concentration t o  a 15 minute average plume peak. 

The PASQUILL STABILITY equations are limited fo r  use 
The open country equations 

The A 

The HANNA CORRECTION FACTOR from "Handbook o f  
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EQUATION 
FACTOR 

LIQUID 
FACTORS 

STEADY STATE 
CONCENTRATION 
DOWNWIND 

UNIT 
CONVERSION 

UNIT 
CONVERSION 

PASQUILL A 
STABI L ITY 
(OPEN 
COUNTRY) 

PASQUILL D 
STABI L ITY 
(OPEN 
COUNTRY) 

PASQUILL F 
STABI L I T Y  
(OPEN 
CWNTRY) 

HANNA 
CORRECTION 
FACTOR 

LIQUID POOL 
NOMOGRAPH 
EQUATI ON 

LIQUID POOL 
LINEARIZED 
NOMOGRAPH 
EQUAT I ON 

EQUATION 

Table 6-1. Nomograph Equations 
~ 

EPA 1987 

LFA = (0.106 x uO.'* x MU2" x 0.49 x QS x VP)/(82.05 x (T1+273)) 

QRlbmn = (LFA x (A f t 2 )  x ~ ~ . ~ * ) / 0 . 4 9  

(C gm/rn3)= QR,,/(Pi x a-y x a-z x u) 

QRtbMn = 0.132 x QR,, 

U-y U-z = (0.22d(1+0.0001d)"")(O.2Od) 

~ 

U-Y a-z = (0.08d( l+O.OOOld)"") (0.06dC 1+0 .0015d)"") 

~~ 

(T-y (T-z = (0.04d( 1+0.0001d)~'") (0.016d( 1+0.0003d)") 

(u-y ~-~)(43.7718)(.7579) = MU2" x VP X Ason x u-'~* x (C MG/M3)-' 

LOGCa-y u-z)+l S208 = LOG(MUA(2/3))+LOG(VP)+LOG(A, ,J-.22LOG(u)-LOG(C mg/m3) 

10 

14 

15 

NA 

HA 

EXHI BIT 
G- 1 

EXH I6 I T 
G- 1 

EXHIBIT 
G- 1 

NA 

28 



EQUATION 
FACTOR 

EQUATION EPA 1987 

UHERE: 
QR,,,, = Rate o f  release t o  a i r  (lb/min) 
PRO,,,,=, = Rate of release t o  a i r  (gm/sec) 
MU = Molecular weight (g/g-moles) 
A ft2 = Surface area o f  sp i l l ed  material (ft2) 
VP = Vapor pressure o f  material (mn Hgl 
82.05 = R o f  82.05 atm cnr3/g-mole K 
T I  = 2 7  C s imp l i f i ca t ion  for worst case weather condition 
u = Uindspeed (m/sec) 
QS = Quanti ty sp i l l ed  (Lbs) 
C gm/m3 = Airborne concentration (gm/m3) 
C mg/m3 = Airborne concentration (mg/m3) 
d = Centerline plune distance (m) 
P i  = 3.141 
a-y = Dispersion deviat ion hor izontal ly (m) 
u-z Dispersion deviat ion ve r t i ca l l y  (m) 

MASS RELEASE 
RATE 
NOMOGRAPH 
EQUAT I O N  

MASS RELEASE 
RATE 
NOMOGRAPH 
EQUATION 
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(a-y a-z)(1.88 x 104(0.7579) = Q R ~ ~ , ,  x u-' x ( c  mg/m3)" 

L O G ( ~ - Y  a-2)-3.8451 = LOG(PR~,,,)-LOG(U)-LOG(C mg/m3) 



Table B-2. Stability Equation and Constant Values 

DISTANCE, M a-y 6-z LOG(a-y a-Z) INCLUDING INCLUDING 
CONSTANT CONSTANT 
(LIQUID (MASS 
POOL) RELEASE) 

D STABILITY FACTOR OPEN COUNTRY 

100 6.18276 

1000 469.3970 

10000 11313.7085 

0.7912 2.3120 -3.0539 

2.6715 4.1923 -1.1736 

4.0536 5.5744 0.2085 

1000 I 

100 

1000 

10000 

41952.3539 I 

44.5381 1.6487 3.1695 -2.1964 

2894.5089 3.4616 4.9824 -0.3835 

84852.8137 4.9287 6.4494 1.0836 

4.6228 I 
100 

6.1435 I 
437.81649 2.6413 4.1621 - 1.2038 

0.7776 

10000 I 3111269.8372 I 6.4929 1 8.0137 I 2.6478 

30 



I I I .  Nomograph Patterns 

Several three 1 ine nomographs were used t o  complete mathematical operations 
graphically. 
spaced. 
l ines  and the resultant calculation on the right most l ine.  
i s  completed by marking the value o f  i n p u t  variables on the l e f t  two l ines  and 
connecting and projecting with a s t ra ight  ruler t o  the r i g h t  most l i ne  for the 
resul ts .  When connecting several nomographs i n  ser ies  the resultant l i ne  
becomes the " t i e  line" t o  the next nomograph. Tie l ines  on nomographs 
typically do not  show the calculated values, because the t i e  l i ne  is  the first 
i n p u t  l i ne  on a fol lowing three l ine  nomograph. By res t r ic t ing  the distances 
between the nomograph l ines  t o  equal distances, the middle l i ne  l inear  
increments used t o  construct the scales are always half the s ize  of  increments 
o f  the l ines  on e i ther  side. In the liquid pool release nomograph some of the 
three line nomographs were reduced i n  size t o  f i t  on the page. 
two t i e  l ines  were placed next t o  each other with connecting lines from the 
first t i e  l i ne  t o  the next t o  guide the transit ion t o  a different  scale three 
l i ne  nomograph. 

The three l i ne  nomograph has three vertical l ines  equally 
Input variable of the nomograph equation are located on the l e f t  two 

The calculation 

In this case 

The nomograph used i n  t h i s  project combines a ser ies  of  three nomographs. 
Each three line nomograph will be called a nomograph patterns i n  this 
discussion. The l i q u i d  pool nomograph shown in figure B-1 combines four 
nomograph patterns. The mass re1 ease nomograph combines two nomograph 
pat terns .  Each nomograph s tar ts  a t  t h e  l e f t  and f inishes on t h e  r i g h t .  
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Figure B-1 Protective action Plume Distance Nomograph 
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Three patterns were used i n  the construction of the liquid pool release 
protective action plume distance nomograph and two patterns were used i n  the 
mass re1 ease nomograph. These patterns i ncl ude a mu1 t i  pl  i ca t i  on pattern and 
two d i v i s i o n  patterns. The multiplication pattern was used for vapor pressure 
and area multiplication in the l i q u i d  pool nomograph. A d i v i s i o n  pattern was 
used t o  divide the chemical concentration into previous calculations i n  both 
the l iquid pool nomograph and the mass release nomographs. Another division 
pattern was used t o  d i v i d e  the wind speed raised t o  a fractional power i n t o  
the molecular weight raised t o  a fractional power i n  the l i q u i d  pool nomograph 
and t o  divide the wind speed in to  the mass release rate i n  the mass release 
nomograph. 

placed on the l e f t  and center l ines  w i t h  the resultant calculation on the t i e  
l ine .  Unique t o  the multiplication pattern, the center and r igh t  l i ne  scales 
are opposite i n  increasing magnitude re la t ive  t o  the l e f t  l i ne  scale. 
other words i f  the scale on the l e f t  l i ne  increases going ver t ica l ly  up the 
l i ne  then the values on the middle and r ight  l ines  must decrease while moving 
up the l ines .  

In the multiplication pattern, the values for each multiplicand was 

In 

For the f i r s t  division pattern, the divisor values are place on the 
middle l i ne  of  the three l i ne  nomograph pattern, the numerator values on the 
l e f t  l ine ,  and the resultant calculated on the right l ine .  
d i v i s i o n  pattern,  the values on the l e f t  and middle l ines  increased i n  
magnitude i n  the same direction while the values on the r i g h t  l i n e  decrease. 

Unique t o  t h i s  

The second division pattern has the divisor values on the l e f t  l ine ,  the 
numerator values on the center l ine ,  and the resultant value on the r i g h t  
l ine .  Unique t o  this pattern, a l l  values increase in magnitude i n  the  same 
direction on each l ine .  The variables used in this pattern (wind speed and 
molecular weight) are raised t o  a power i n  the  nomograph equation. These 
values were scaled before placing the values on the l ines .  

For figure B-1, the wind speed, u ,  raised t o  the 0.22 power on the f irst  l e f t  
l ine was divided into the molecular weight raised t o  the 2/3rd power on the 
second l ine  us ing  the second d i v i s i o n  pattern t o  give the resul tant  value on 
the t i e  l ine .  
shown on the page. 
multiplied w i t h  a resultant on the t i e  l i ne  using the multiplication pattern. 
This t i e  l i n e  i s  scaled down before dividing by the chemical airborne 
concentration, C,  on the next l i ne  using the f i r s t  division pattern with 
resu l t s  on the next t i e  l ine.  T h i s  t i e  l i ne  does n o t  need t o  be scaled down 
before multiplying by the area o f  the s p i l l ,  A,  t o  project the resul tant  
s t ab i l i t y  c lass i f icat ion distance on the l a s t  l ine .  
S tab i l i ty  c lass  value includes the constant from the nomograph equation which 
i s  used t o  locate the distance for  the chemical plume. 

T h i s  t i e  l i ne  was scaled down s o  the next pattern could be 
The next l i ne  contains the vapor pressure which is  

The l o g  of  the A 

For the mass release nomograph, the wind speed on the f i r s t  l i n e  i s  
divided i n t o  the mass release r a t e  on the second l ine  us ing  the second 

is  the t i e  l i n e  o r  t h i r d  l i ne  on the division pattern.  The resultant 
nomograph. The concentration on 
using the f i r s t  division pattern 
distance on the l a s t  l i ne  o f  the 

The plott ing tolerance can be as 

the fou r th  l i ne  i s  divided i n t o  the t i e  l i ne  
t o  give the resultant s t a b i l i t y  c lass  
nomograph. 

much 10% because the errors are only additive 
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due t o  the logarithmic or power nature o f  the scales. The RMS result o f  these 
combined er rors  is  between 22 and 26%. With the inherent uncertainty o f  plume 
calculation models this should  be acceptable. 

References: 

EPA 1987 U.S. Environmental Protection Agency, Federal Emergency Management 
agency, U.S. Department of Transportation, "Technical Guidance for 
Hazards Analysis - Emergency P1 anning for  Extremely Hazardous 
Substances, " December 1987. 
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Acronym Definitions 
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AGENCIES: (Listed alphabetically) 

ACGIH 
AIHA 
E PA 
FEMA 
NAS 
NIOSH 
OSHA 
USDOT 

GUIDELINES 

AIHA Terms 

ERPG- 1 

ERPG-2 

ERPG-3 

NAS Terms 

EEGL 

CEGL 

American Conference of Governmental Industri a1 Hygienists 
American Industrial Hygiene Association 
Environmental Protection Agency 
Federal Emergency Management Agency 
National Academy of Sciences 
National In s t i t u t e  for Occupational Safety and Health 
Occupational Safety & Health Administration 
U.S. Department o f  Transportation 

(developed fo r  emergency response purposes) (AIHA 1989): 

Emerqencv Response P1 anninq Guidel ine 1: "The maximum airborne 
concentration below which i t  i s  believed t h a t  nearly a l l  
individuals could be exposed for up t o  1 hour without experiencing 
other than mild t ransient  adverse health e f fec ts  or perceiving a 
c lear ly  defined objectionable odor." 

Emerqencv Response P1 anninq Guidel ine 2: "The maximum airborne 
concentration below which i t  is  believed tha t  nearly a l l  
individuals could be exposed for up t o  1 hour without experiencing 
or  developing i r reversible  o r  other serious health e f fec ts  o r  
symptoms tha t  could impair t he i r  a b i l i t i e s  t o  take protective 
action. I' 

Emerqency Response Planninq Guideline 3: "The maximum airborne 
concentration below which i t  i s  believed nearly a l l  individuals 
could be exposed f o r  up  t o  1 hour w i t h o u t  experiencing o r  
developing l i f e  threatening health effects." 

(developed for mili tary use) (NAS 1986): 

Emergency ExDosure Guidance Level "A concentration of a substance 
in a i r  (as a gas, vapor, or aerosol) tha t  may be judged by DOD t o  
be acceptable for  the performance o f  specif ic  tasks during rare  
emergency conditions las t ing for periods o f  1-24 h .  Exposure a t  an 
EEGL might produce reversible effects t h a t  do n o t  impair judgement 
and do not  in te r fe re  w i t h  proper responses t o  the emergency". The  
EEGL is  "a cei l ing guidance level f o r  a s i n g l e  emergency exposure, 
usually las t ing  from 1 h t o  24 h -- an occurrence expected t o  be 
infrequent in the l i fe t ime o f  a person". 

Continuous Exposure Guidance Level: "CEGLs are  cei l ing 
concentrations designed t o  avoid adverse health effects, e i ther  
immediate o r  delayed, of more prolonged exposures and t o  avoid 
degradation in crew performance tha t  might endanger the objectives 
of a par t icular  mission as a consequence of  continuous exposure 
for up t o  90 days". 
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SPEGL 

OSHA Terms 

PEL 

PEL-TWA 

Short-Term Pub1 i c  Emersencv Guidance Level : "The SPEGL is  def ined  
a s  a s u i t a b l e  concent ra t ion  f o r  unpredic ted ,  s i n g l e ,  shor t - te rm,  
emergency exposure o f  the genera l  publ ic .  In c o n t r a s t  t o  the EEGL, 
the SPEGL t a k e s  i n t o  account the wide range o f  s u s c e p t i b i l i t y  o f  
the genera l  pub l i c .  Th i s  i nc ludes  sensit ive popu la t ions  -- such a s  
c h i l d r e n ,  the  aged, and persons w i t h  s e r i o u s  d e b i l i t a t i n g  
d i seases" .  

(developed f o r  occupat ional  s a f e t y )  (CFR 29: 1910.1000) : 

Permiss ib le  Exposure Limit: Although the term PEL is  n o t  used i n  
the "Final Rule L imi ts  Columns" o f  Table Z - L A  and Table 2-2, i t  
was used i n  the "Trans i t iona l  Limits". I t  i s  a l s o  used i n  the 
compound-specific rules for var ious  substances, e.g., #1910.1018 
( Ino rgan ic  a r s e n i c ) ,  #1910.1028 (Benzene), #1910.1045 
( A c r y l o n i t r i l e ) ,  #1910.1047 (Ethylene ox ide ) ,  etc. 

Time-Weiqhted Averaqe: "The employee's average a i r b o r n e  exposure 
i n  any 8-hour work shift of  a 40-hour work week w h i c h  s h a l l  no t  be 
exceeded". This  i s  t o  be computed from the equat ion:  
E = (CaTa + CbTb + ... CnTn)/8 
where C is  the concent ra t ion  du r ing  any per iod  o f  time T ( i n  
hours) where the concent ra t ion  remains cons tan t .  

PEL-STEL Short-Term ExPosure L i m i t :  "The employee's l -minute  time weighted 
average exposure which s h a l l  n o t  be exceeded a t  any time dur ing  a 
work day unless another  time limit is s p e c i f i e d  ...". 

PEL-C 

EPA Terms 

LOC 

Ceilinq: "The employee's exposure which s h a l l  n o t  be exceeded 
du r ing  any p a r t  o f  the work day". If necessary  from a monitor ing 
p o i n t  o f  view, C may be assessed  a s  a 15-minute time weighted 
average.  

(devel oped f o r  emergency planning)  (EPA 1987) : 

Level o f  Concern: "The concen t r a t ion  o f  an extremely hazardous 
subs tance  i n  air above which there may be serious i r r e v e r s i b l e  
hea l th  effects o r  dea th  a s  a result o f  a s i n g l e  exposure f o r  a 
r e l a t i v e l y  s h o r t  per iod of  time." (Also used by FEMA and US DOT) 
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ACGIH Terms (devel oped fo r  workplace safety) (ACGIH 1992) : 

TLV-TWA Threshold Limit Value - Time-Weiqhted Averaqe: "The time-weighted 
average concentration for  a normal 8-hour workday and a 40-hour 
workweek, t o  which nearly a l l  workers may be repeatedly exposed, 
day a f t e r  day, w i t h o u t  adverse effect ." 

TLV-STEL Threshold L i m i t  Value - Short-Term Exposure L i m i t :  "The 
concentration t o  which workers can be exposed continuously for  a 
short period of  time without suffering from 1) i r r j t a t i o n ,  2)  
chrdnic or i r reversible  t i s sue  damage, o r  3)  narcosis of 
suff ic ient  degree t o  increase the 1 i kel i hood of accidental injury, 
impair self-rescue, or materially reduce work efficiency, and 
provided tha t  the dai ly  TLV-TWA i s  n o t  exceeded." "A TLV-STEL i s  ... a ... 15-minute TWA exposure which should n o t  be exceeded a t  
any time dur ing  a workday even i f  the 8-hour TWA is  w i t h i n  the 
TLV-TWA. Exposures above the TLV-TWA up t o  the  STEL should not be 
longer than 15 minutes and should n o t  occur more than four times 
per day. There should be a t  l e a s t  60 minutes between successive 
exposures in t h i s  range." 

TLV-C Threshold L i m i t  Value - C e i l  ins: "The concen t ra t i on  t h a t  should 
n o t  be exceeded d u r i n g  any pan o f  the working exposure." "... i f  
ins tan taneous  moni tor ing  is  n o t  feas ib le ,  t h e n  the TLV-C can be 
assessed by sampling over a 15-minute period except f o r  those 
substances t h a t  may cause immediate i r r i t a t i o n  when exposures are 
short. 

NIOSH Terms (developed for respirator  use) (NIOSH 1990): 

IDLH Immediately Danqerous t o  Life or Health: "The maximum 
concentration from which, i n  the event o f  respirator  f a i lu re ,  one 
could  escape w i t h i n  30 minutes w i t h o u t  a respirator  and without 
experiencing any escape impairing (e.g., severe eye i r r i t a t i o n )  or 
i rreversi  bl e health effects .  I' 
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Appendix D 

Example Sol ut i  ons of Nomographs 





S p i l l  conditions and variable i n p u t s :  
Wind speed of 4 mph 
Mol ecul ar weight of 50 g-mol es 
Vapor pressure o f  760 mm Hg 
Concentration i n  a i r  o f  1 mg/m3 
S p i l l  area o f  1000 ft' 
Sky contition is daytime - c lear  

The spi 11 s i t e  wind speed, chemical mol ecul a r  weight, chemi cal vapor pressure, 
chemical a i r  concentration l imi t ,  and area of  the spill are  require f o r  i n p u t s  
t o  the nomograph. The nomograph for day - c lear  l iquid spill (Figure 4 )  was 
selected. For this hypothetical chemical spill scenario the resul tant  plume 
distance would be less than 3000 meters. 

R Concentration 

Nomograph for detemining 
Emergency planning distance 
for toxic liquid releases 

\ 
Area of 

Spill ' 

SqFt SqM \ loo00 

1 m  929 

\ 

Distance 
(Meters) 

100 
170 
300 
500 

1000 

Use this nomograph for 
sky conditions of stability 
class "A" (Daythe - Clear) 

Figure 4 
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