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EXECUTIVE SUMMARY 

The Departments of Defense and Commerce, Washington, DC, propose to con- 
duct the Long-Range Overwater Diffusion (LROD) Experiment over the ocean west 
of the Pacific Missile Range Facility (PMRF), Kauai, Hawaii, during July 1993. 
LROD is an atmospheric diffusion experiment designed to provide quantitative 
information on alongwind diffusion at short ( s 5  km), intermediate (5 to 50 
km), and long (50 to 100 km) ranges. It will be the first experiment to 
measure alongwind diffusion rates at intermediate and long downwind distances. 
The information gained from the LROD experiment will lead to improved quanti- 
tative estimates of the downwind hazards presented by short-term releases of 
hazardous air pollutants (such as might occur in a transportation accident in 
which a tank of hazardous material is ruptured). 

The LROD experiment will consist of the release of the inert, nontoxic 
tracer gas sulfur hexafluoride (SF,) from an Air Force C-130 aircraft flying 
perpendicular to the mean wind direction. Approximately 1,000 kg of SF, will 
be released over a 100-km line during each of the planned 16 trials. The 
tracer cloud will be sampled as far as 100 km downwind by real-time SF, sam- 
plers mounted on PMRF boats, ships, and a twin-engine aircraft. All tracer 
dissemination and sampling will occur over international waters more than 22 
km (12 nm) west of the Islands of Kauai and Niihau, Trials will only be 
conducted with offshore (easterly) winds. The frequency of onshore (westerly) 
winds in the proposed experiment area is less than 1 percent during July. 
Meteorological measurements will be made during each trial on several of the 
boats or ships and a single-engine aircraft. 

This environmental assessment was prepared in compliance with Executive 
Order 12114, Environmental Effects Abroad of Major Federal Actions (4  January 
1979). Although the experiment is a Federal action, it is not a major Federal 
action. 

The environmental assessment did not identify significant environmental 
impacts for the proposed LROD experiment. There are no known adverse envi ron- 
mental effects for SF, under the proposed release conditions, and the maximum 
8-hour average SF, concentration at the ocean’s surface is expected to be 5 
million times smaller than the threshold limit value and permissible exposure 
limit. The aircraft, ship, and boat operations supporting the experiment will 
be well within the scope of routine PMRF activities. Also, the aircraft, 
ships, and boats will be deployed from existing facilities. 

Two alternatives were considered to conducting the LROD experiment at 
PMRF: (1) conduct the experiment at some location other than PMRF and (2) do 
not conduct the experiment. Meteorological conditions favorable for the con- 
duct of the LROD experiment occur during the summer in the vicinity of several 
Pacific islands near the latitude of Kauai. However, the potential for en- 
vironmental effects is no less at these islands. Also, these islands lack the 
support infrastructure available at PMRF and are more remote from the U.S. 
mainland. The no action alternative was rejected because the data that will 
be provided by the LROD experiment are needed to improve meteorologists’ un- 
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derstanding o f  the behavior o f  short-term releases o f  hazardous air pollutants 
and there i s  no potential for significant environmental effect. 
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I .  PURPOSE AND NEED FOR THE PROPOSED ACTION 

The Long-Range Overwater D i f f u s i o n  (LROD) Experiment i s  an atmospheric 
d i f f u s i o n  experiment proposed f o r  conduct over t he  waters o f  t h e  P a c i f i c  Mis- 
s i l e  Range F a c i l  i t y  (PMRF) , Kauai , Hawaii , du r i ng  J u l y  1993. The experiment 
will be conducted by t he  Departments o f  Defense and Commerce. Data acqui red 
du r i ng  t h e  LROD experiment will l e a d  t o  improved q u a n t i t a t i v e  est imates o f  t he  
downwind hazards presented by shor t- term re leases o f  hazardous a i r  p o l l u t a n t s  
(such as might  occur i n  a t r a n s p o r t a t i o n  acc ident  i n  which a tank  con ta i n i ng  
hazardous ma te r i a l  i s  rup tu red) .  

The LROD experiment will focus on measurements o f  alongwind d i f f u s i o n  
ra tes .  Alongwind d i f f u s i o n  i s  poo r l y  understood, even a t  sho r t  range, because 
o f  t h e  l a c k  o f  emp i r i ca l  data.  Th is  da ta  gap e x i s t s  because: (1)  alongwind 
c loud  growth i s  no t  a major concern when modeling cont inuous sources o f  a i r  
p o l l u t i o n ,  (2 )  i t  i s  o n l y  i n  recen t  years t h a t  s c i e n t i s t s  have recognized t h a t  
concen t ra t ion  exposure h i s t o r i e s  may be as impor tant  as t o t a l  dosages ( t ime-  
i n t e g r a t e d  concent ra t ions) ,  and (3) samplers capable o f  making t ime- reso lved 
concen t ra t ion  measurements have n o t  been r e a d i l y  a v a i l a b l e  u n t i l  r e c e n t l y .  
The need f o r  t he  LROD experiment was i d e n t i f i e d  du r i ng  a l i t e r a t u r e  rev iew o f  
overwater t r a n s p o r t  and d i f f u s i o n  processes (Bowers, 1992). The rev iew was 
done i n  response t o  a request  by t he  Naval Surface Warfare Center (NSWC), 
Dahlgren, V i r g i n i a  ( J o i n t  Operat ional  Test  and I n fo rma t i on  D i r ec to ra te ,  1991). 

The combination o f  t r a c e r  and meteoro log ica l  da ta  c o l l  ec ted du r i ng  LROD 
will improve meteoro log is ts ’  understanding o f  alongwind d i f f u s i o n  over water 
o r  l a n d  a t  s h o r t  t o  l ong  range. Although t h e  da ta  c o l l e c t e d  d u r i n g  t he  ex- 
per iment should l e a d  t o  improvements i n  t h e  accuracy o f  most atmospheric t rans-  
p o r t  and d i f f u s i o n  models, the  LROD experiment i s  sometimes i d e n t i f i e d  w i t h i n  
t h e  Navy by t he  name o f  a s p e c i f i c  Navy d i f f u s i o n  model - t h e  Vapor, L i qu id ,  
and S o l  i d  Track ing (VLSTRACK) model . 

Th is  environmental assessment was prepared i n  compliance w i t h  Execut ive 
Order 12114, Environmental E f f e c t s  Abroad o f  Major Federal Ac t ions  (4  Janaury 
1979). Al though t h e  experiment i s  a Federal ac t ion ,  it i s  not  a major Federal 
ac t i on .  
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11. DESCRIPTION OF THE PROPOSED ACTION 

A. Background 

The majority of research on the transport  and diffusion of a i r  pollutants 
has focused on continuous sources of a i r  pollution (such as industr ial  s tack 
emissions) because these sources are the principal contributors t o  the global 
atmospheric loading of a i r  pollution. However, in recent years,  increasing at-  
tention has been placed on the transport  and diffusion of short-term a i r  pol- 
lu tan t  releases.  These releases are usually accidental and often involve haz- 
ardous materials .  Examples include transportat ion accidents in which tank 
cars containing l iqu i f i ed  natural gas or chlorine are ruptured. 

In contrast  t o  a i r  pollutant  releases in which the environmental e f f ec t s  
are only apparent a f t e r  a f a i r l y  lengthy time, short-term releases o f  hazard- 
ous materials  usually present an immediate th rea t  t o  l i f e  and/or property. 
Current atmospheric transport  and diffusion models fo r  short-term pol 1 utant 
releases commonly assume tha t  the alongwind and crosswind diffusion r a t e s  are 
the same because l i t t l e  i s  known about alongwind diffusion.  However, short- 
range diffusion experiments (Nickola, 1971) and theoretical  analyses (Wilson, 
1981) indicate tha t  t h i s  i s  a poor assumption. 

The LROD experiment i s  designed t o  f i l l  the data gap on alongwind d i f-  
fusion. I t  will  be conducted over water ra ther  than over land, primarily t o  
maximize the  probabil i ty o f  acquiring data on alongwind diffusion a t  short, 
i ntermedi a t e ,  and 1 ong ranges. 

6. Description of the LROD Experiment 

The experiment will consist  of the release o f  the i ne r t ,  nontoxic t racer  
gas sul fur  hexafluoride (SF,) from an Air Force C-130 a i r c r a f t  f ly ing perpen- 
dicular  t o  the mean wind direction (Figure 1 ) .  During each t r i a l ,  a cloud of 
SF, will  be re1 eased about 22 km offshore by the a i r c r a f t .  The typical 
release will be 9.6 g/m over 100 km f o r  a to ta l  release o f  about 960 kg of SF, 
per t r i a l .  A maximum of 16 t r i a l s  will  be conducted. 

The approximately 100-km long disseminated SF, cloud will be suf f ic ien t ly  
long t ha t  diffusion from the ends o f  the l i ne  will n o t  a f fec t  the concentra- 
t i o n  a t  i t s  center as f a r  as 100 km downwind. A t  downwind distances of more 
than 20 t o  30 km, the SF, cloud will become uniformly mixed in the ver t ica l  
within the  marine boundary layer so t ha t  variat ions in the  concentration a t  
i t s  center will be en t i re ly  due t o  alongwind diffusion.  

The t racer  cloud will be sampled a t  the surface and a lo f t  by real- time 
SF, analyzers mounted on boats or ships and a twin-engine a i r c r a f t .  Meteoro- 
logical conditions during each t r i a l  will  be documented by instruments mounted 

y instrumented single engine research a i r c r a f t .  on ships and on a special l ,  

U.S. Army Dugway Prov 
sign and management o f  the 
pling will be performed by 
Atmospheric Administration 

ing Ground (DPG), Utah, i s  responsible f o r  the de- 
LROD experiment. The SF, dissemination and Sam- 
the Department of Commerce National Oceanic and 
(NOAA),  Environmental Research Laboratories ( E R L ) ,  
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Air Resources Laboratory F i e l d  Research D i v i s i o n  (ARLFRD) , Idaho Fa1 1 s, I D .  
The NOAA ARLFRD has over 20 years  of experience i n  conduct ing SF, t r a c e r  
s t ud ies  f o r  U.S.  Government agencies [Environmental P ro tec t i on  Agency (EPA), 
Army, Air Force, e tc . ]  and i ndus t r y .  

C. Proposed Experiment S i t e  

The proposed l o c a t i o n  f o r  t he  LROD experiment i s  w i t h i n  t h e  overwater a i r  
space o f  PMRF, Bark ing Sands, Kauai. PMRF i s  on t he  west s i de  o f  t he  I s l a n d  
o f  Kauai (F igure l), t h e  western-most o f  t he  major i s l ands  i n  t he  Hawaiian 
chain.  An ana l ys i s  o f  c l i m a t o l o g i c a l  summaries o f  sh i p  sur face weather obser- 
va t i ons  made i n  Hawaiian coasta l  waters (Naval Weather Serv ice Command, 1971a) 
i n d i c a t e s  a ve ry  h i gh  frequency o f  occurrence o f  e a s t e r l y  t r ade  winds over t h e  
waters west o f  Kauai du r i ng  t he  summer. For example, d u r i n g  Ju l y ,  e a s t e r l y  
winds occur over 60 percent  o f  t h e  t ime and winds f rom t h e  nor theas t  through 
southeast  occur over 97 percent  o f  t h e  t ime. The h i g h  frequency o f  winds from 
t h e  same d i r e c t i o n  i s  ve ry  favorab le  f o r  t h e  conduct o f  LROD and i s  one o f  the  
p r i n c i p a l  reasons t h a t  t he  waters west o f  Kauai and the  month o f  J u l y  were se- 
l e c t e d  f o r  t h e  experiment. 

F igu re  1 a l so  shows the experimental l a y o u t  f o r  t h e  t y p i c a l  LROD t r i a l .  
All SF, d i ssemina t ion  and sampling will be over i n t e r n a t i o n a l  waters more than 
22 km (12 nm) f r o m  land.  Th is  separat ion f rom l and  will minimize p e r t u r -  
ba t ions  produced i n  t he  t r ade  winds and v e r t i c a l  s t r u c t u r e  of  t h e  mar ine 
boundary l a y e r  by t he  upwind I s l a n d  o f  Kauai. The 100-km SF, d isseminat ion 
1 i n e  i s  perpendicul  a r  t o  the  p reva i  1 i n g  wind d i r e c t i o n .  The sampl i ng 1 i n e  
extends 100 km downwind ( i .e . ,  t o  t he  west) from t h e  cen te r  o f  t h e  dissemina- 
t i o n  l i n e .  

The p o s s i b i l i t y  o f  a s i g n i f i c a n t  change i n  wind d i r e c t i o n  d u r i n g  a t r i a l  
i s  extremely remote. For example, winds from the  southwest through northwest 
occur l e s s  than 1 percent  o f  t h e  t i m e  du r i ng  Ju l y .  The almost complete l a c k  
o f  wes te r l y  winds increases t he  chances o f  successful  experiment conduct and 
v i r t u a l l y  prec ludes t h e  p o s s i b i l i t y  t h a t  t h e  t r a c e r  will be advected back over 
the  I s l ands  o f  Kauai and Ni ihau.  

D. T o x i c i t y  o f  S u l f u r  Hexa f luo r ide  (SF,) 

1. 

SF, i s  used commercial ly as an i n e r t  f i l l e r  gas i n  e l e c t r i c a l  
equipment, as a p r o t e c t i v e  atmosphere f o r  c a s t i n g  magnesium a l l o y s ,  and as a 
t r a c e r  f o r  l e a k  de tec t i on .  It i s  used as a gaseous i n s u l a t o r  f o r  h igh- vo l  tage 
generators,  o t he r  e l e c t r i c a l  equipment, and radar  wave guides. Appendix A i s  
a m a t e r i a l  s a f e t y  da ta  sheet f o r  SF,. 
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Because o f  i t s  l ow  t o x i c i t y ,  low r e a c t i v i t y ,  and ease o f  de tec t ion ,  
SF, has been w i d e l y  used as a t r a c e r  gas f o r  indoor  and outdoor  source 
d issemina t ion  experiments and f o r  measuring gas exchange c o e f f i c i e n t s  i n  l akes  
(Sage and Howard , 1989). 

SF, i s  w i d e l y  used as an atmospheric t r a c e r  because i t  i s  one o f  
t h e  few r e a d i l y  de tec ted  t r a c e r  m a t e r i a l s  w i t h  no known adverse environmental  
consequences. I t s  advantages as a t r a c e r  are t h a t :  (1) t h e  d e t e c t i o n  
t h resho ld  o f  about 5 p a r t s  pe r  t r i l l i o n  (pp t )  i s  w e l l  above t h e  global- average 
background concen t ra t i on  o f  about 1 ppt ,  and (2)  t h e r e  a re  samplers t h a t  can 
d e t e c t  SF, i n  r e a l  t ime w i t h  a t i m e  r e s o l u t i o n  o f  about 1 sec. 

Use o f  SF, f o r  outdoor re leases was assessed i n  severa l  DPG 
environmental  assessments (EAs). Each EA concluded t h a t  t h e r e  was no poten- 
t i a l  f o r  s i g n i f i c a n t  environmental  e f f e c t .  The most r ecen t  o f  these EAs i s  
f o r  a l i g h t  d e t e c t i o n  and rang ing  ( l i d a r )  t e s t  conducted i n  1992 ( A n d r u l i s  
Research, Inc. ,  1992). Other DPG t e s t s  us ing  SF, were addressed i n  an EA by 
K i n c a i d  (1986). Approximately 1,000 kg o f  SF, will be used d u r i n g  each t r i a l  
o f  t h e  LROD t e s t .  

The s u i t a b i l i t y  o f  SF, f o r  use as an atmospheric t r a c e r  i s  i l l u s -  
t r a t e d  by t h e  f a c t  t h a t  i t  i s  r o u t i n e l y  used i n  atmospheric d i f f u s i o n  s tud ies  
conducted f o r  t h e  U.S. EPA ( f o r  example, A l lw ine ,  e t .  a l . ,  1992). 

2. Requl a t i  on 

SF, i s  l i s t e d  as a nonflammable gas, b u t  n o t  as a hazardous 
m a t e r i a l  by t h e  Department o f  T ranspo r ta t i on  (DOT) (Appendix A ) .  It i s  n o t  
l i s t e d  as a hazardous waste under t h e  Resource Conservat ion and Recovery Act  
(RCRA) o r  as a hazardous substance under Comprehensive Environmental Response, 
Compensation, and L i a b i l i t y  Act  (CERCLA) (Appendix A). 

3. Chemical and Phys ica l  P rope r t i es  

SF, i s  a co lo r l ess ,  odorless, nonflammable gas c o n s i s t i n g  o f  s u l f u r  
and f l u o r i n e .  Pure SF, i s  un reac t i ve  chemica l l y  a t  ambient temperatures and 
i s  considered p h y s i o l o g i c a l l y  i n e r t  (Sax and Lewis, 1989). Impure grades o f  
SF, may c o n t a i n  smal l  amounts o f  lower  f l u o r i d e s  o f  s u l f u r ,  which a re  t o x i c  
and c o r r o s i v e  (Sax and Lewis, 1989). SF, has a molecular  weight  o f  146.07, a 
sub l ima t i on  p o i n t  o f  -63OC, a m e l t i n g  p o i n t  o f  - 5 0 . 8 O C ,  and a s o l u b i l i t y  i n  
water  o f  3 1  g/1 (Sage and Howard, 1989). 

4 .  T o x i c i t y  

I f  present  i n  s u f f i c i e n t  quan t i t y ,  SF, can d i s p l a c e  oxygen and be 
an asphyx ia t i on  hazard. D i r e c t  con tac t  w i t h  t h e  l i q u i d  m a t e r i a l  o r  escaping 
gas can cause f r o s t b i t e  i n ju ry  (Appendix A ) .  I f  SF, i s  heated t o  temperatures 
above 8OO0C, i t  will decompose i n t o  t o x i c  f l u o r i d e  and s u l f u r  oxides. The 
t h r e s h o l d  limit value  (TLV) es tab l i shed  f o r  SF, by t h e  American Conference o f  
Government and I n d u s t r i a l  Hyg ien i s t s  (ACGIH) and t h e  pe rm iss ib le  exposure 
limit (PEL) es tab l i shed  f o r  SF, by t he  Occupat ional Sa fe ty  and Hea l t h  Adminis- 
t r a t i o n  (OSHA) a re  bo th  1,000 p a r t s  p e r  m i l l i o n  (ppm) (6,000 mg/m’) (Appendix 



A ) .  The TLV and PEL are time-weighted averages for exposure over an 8-hour 
work day. 

The above toxicity information indicates that S F ,  is only slightly 
toxic. Massive doses of SF, injected into the bloodstream can be fatal. For 
rabbits, an intravenous median lethal dose (LD,,) o f  5,790 mg/kg has been 
demonstrated (Appendix A ) .  

5. Environmental Effects and Fate 

SF, re1 eased into the environment wi 11 be diluted and dispersed by 
atmospheric dispersion processes. Because it i s  physiologically inert, SF, is 
not likely either to react or to be degraded in the environment (Sage and 
Howard, 1989). Because SF, has a high density, it could be subject to accumu- 
lation (if released in a confined area) and could present an asphyxiation 
hazard. However, this is not likely to occur in the open ocean. 

Sage and Howard (1989) list an estimated bioconcentration factor of 
89 for S F , ,  based on a recommended regression equation. Therefore, S F ,  is not 
expected to bioconcentrate appreciably in fish and aquatic organisms. S F ,  is 
very resistant to attack and extreme conditions are required for abiotic 
degradation. For example, it resists molten KOH and steam at 5OOOC (Sage and 
Howard , 1989) . 
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111. ALTERNATIVES CONSIDERED 

A. Conduct Experiment at a Site Other Than PMRF 

The coastal waters near several is1 ands in the North Pacific a1 so have 
meteorological conditions favorable for the conduct of the LROD experiment. 
For example, meteorological conditions in the vicinity of Johnston Island 
during the summer are very similar to the conditions west of Kauai (Naval 
Weather Service Command, 1971b). However, these islands lack the range 
support resources (ships, aircraft, range control, and range safety) available 
at PMRF. It would be expensive and time-consuming to create the infrastruc- 
ture required for the LROD experiment at another island. Also, because the 
other islands are more remote from the U.S .  main1 and than Kauai , conduct of 
the LROD experiment at one o f  these islands would require greater transporta- 
tion costs. 

B. No Action: Do Not Conduct Experiment 

Failure to conduct the proposed experiment would mean that the alongwind 
diffusion data would not be collected. Therefore, the inadequate knowledge of 
alongwind diffusion and the uncertainties that this data gap introduces in 
atmospheric transport and diffusion model predictions for short-term releases 
of hazardous air pollutants would continue. The potential benefit to the 
greater public welfare of more accurate predictions of the hazard areas 
downwind from accidental releases of hazardous materials would not be 
achieved. 
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I V .  AFFECTED ENVIRONMENT 

A. I n t r o d u c t i o n  

Dur ing t h e  proposed LROD experiment, t he  SF, d isseminat ion and sampling 
will take  p lace  w i t h i n  a 100-km by 100-km area t h a t  begins 22 km west o f  the  
I s l a n d  o f  Kauai (F igure 1). The Air Force C-130 d issemina t ion  a i r c r a f t ,  
twin- engine sampling a i r c r a f t ,  and t he  NOAA research a i r c r a f t  will take  o f f  
and l a n d  f rom t h e  PMRF a i r f i e l d ;  t he  PMRF sampling boats and/or sh ips  will be 
deployed f rom t h e i r  normal be r ths  a t  Por t  A l l e n  on t h e  south s i de  o f  Kauai. 

The D r a f t  Environmental Impact Statement f o r  t h e  S t r a t e g i c  Target  System 
(Ga l l i en ,  e t  a l . ,  1992) con ta ins  a d e t a i l e d  d e s c r i p t i o n  o f  t h i s  environment 
and i s  i ncorpora ted  by t h i s  re ference.  Por t ions  o f  t h e  i n f o rma t i on  i n  t h a t  
document are  summarized i n  t h i s  d e s c r i p t i o n  o f  t h e  a f f e c t e d  environment. 
Because t he  a i r c r a f t ,  boat, and sh ip  operat ions i n  support o f  t he  LROD exper i-  
ment will be w e l l  wi th in t he  scope o f  normal PMRF a c t i v i t i e s ,  t he  emphasis i n  
t h i s  sec t i on  i s  on t h e  environment t h a t  may be a f f e c t e d  by t h e  SF, dissemina- 
t i o n  and sampling, a c t i v i t i e s  unique t o  t he  LROD experiment. 

B. C l imate and Air Q u a l i t y  

The c l i m a t e  o f  t he  I s l a n d  o f  Kauai i s  m i l d  and sem i t r op i ca l .  According 
t o  c l i m a t o l o g i c a l  data  t abu la ted  f o r  J u l y  by t h e  Naval Weather Serv ice Command 
(1971a), p r e c i p i t a t i o n  occurs over t h e  proposed LROD experiment area ( i .e. ,  
t h e  ocean west o f  Kauai ) l e s s  than 2 percent  o f  t he  t ime  and t he re  i s  no 
c e i l i n g  ( l e s s  than 5 /8  c loud  coverage) over 76 percent  o f  t h e  t ime. The r e l a -  
t i v e  humid i t y  i s  i n  t h e  range o f  60 t o  90 percent and t he  temperature i s  i n  
the  range o f  22.8 t o  26.7OC (73 t o  8OOF) over 90 percent  o f  t he  t ime. Also, 
t h e  temperature o f  t he  ocean sur face i s  w i t h i n  *l0C o f  t h e  a i r  temperature 
about 68 percent  o f  t he  t ime ,  w i t h  a median temperature d i f f e r e n c e  o f  -0.5OC 
( a i r  coo le r  than water ) .  Thus, t he  p r e v a i l i n g  atmospheric s t a b i l i t y  i s  near 
n e u t r a l  t o  s l  i g h t l y  unstab le .  

Eas te r l y  t r ade  winds p r e v a i l  over t he  ocean west o f  Kauai d u r i n g  Ju l y .  
Winds from t h e  east ,  nor theast ,  and southeast  occur 62.5, 29.4, and 5.4 
percent  o f  t he  t ime ,  r espec t i ve l y .  The wind speed near t he  ocean sur face i s  
i n  t h e  range o f  5.7 t o  10.8 m/sec 69 percent o f  t he  t ime  and averages 8.0 
m/sec. The sea he igh t  i s  l e s s  than o r  equal t o  1.2 m 62 percent  o f  t he  t ime. 
The t y p i c a l  depth o f  t h e  marine boundary l a y e r  i s  about 2,000 m (Hahn, e t  a1 ., 
1992). 

According t o  Ga l l i en ,  e t  a l .  (1992), the  a i r  q u a l i t y  i n  t h e  v i c i n i t y  o f  
PMRF i s  g e n e r a l l y  exce l l en t .  The area i s  c l a s s i f i e d  as an a t ta inment  area f o r  
a l l  o f  t he  Na t iona l  Ambient Air Q u a l i t y  Standards (NAAQS) as w e l l  as t h e  S ta te  
o f  Hawaii ambient a i r  q u a l i t y  standards (Hawaii Department o f  Heal th,  1986). 
The p r i n c i p a l  a i r  p o l l u t a n t  emissions i n  t he  v i c i n i t y  o f  PMRF are  f rom d iese l -  
powered generators,  a i r c r a f t ,  and va r ious  r ocke t  launches. Also, i t i s  a 
common p r a c t i c e  t o  burn t h e  sugar cane f i e l d s  near PMRF, which can produce 
sho r t  pe r iods  w i t h  heavy smoke and ash. The p r e v a i l i n g  e a s t e r l y  winds 
t r a n s p o r t  these emissions toward the  LROD exper imental  area. However, t he  
p r e v a i l i n g  wind speed, s t a b i l i t y ,  and marine boundary l a y e r  depth represent  
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d i l u t i o n  cond i t i ons .  Consequently, a i r  q u a l i t y  i n  t h e  experiment area 
d be b e t t e r  than i t  i s  i n  t h e  v i c i n i t y  o f  PMRF. 

C.  Topography, Geology, and S o i l s  

PMRF i s  i n  a l ow- l y i ng  coasta l  p l a i n  on t he  west s i de  o f  the I s l a n d  o f  
i, the  o l d e s t  o f  t he  e i g h t  main Hawaiian I s lands .  The i s l a n d  cons i s t s  o f  

a s i n g l e  g rea t  s h i e l d  volcano s i m i l a r  t o  Mauna Loa on t h e  I s l a n d  o f  Hawaii. 
Formation o f  Kauai was probably  completed be fo re  t h e  end o f  t h e  P1 iocene 
epoch. Subsurface cond i t i ons  are s tab le ,  and t he  sandy sur face s o i l s  have 
been f l a t t e n e d  and s t a b i l i z e d  by ground cover. The s o i l  i s  permeable and 
d ra i ns  r e a d i l y .  Wind eros ion can be severe when vege ta t ion  i s  removed. 

D. Vegetat ion 

H a b i t a t  types i n  t h e  v i c i n i t y  o f  PMRF i nc l ude  rude ra l  vegetat ion,  kiawe/ 
koa hao le  scrub, dune vegetat ion,  coasta l  s t rand  vegetat ion,  and wet land veg- 
e t a t i o n .  Two species i n  t he  area are Federa l l y  l i s t e d  as Category I candi-  
dates. Ohai (Sesbania tomentosa) i s  a spreading shrub o r  small t r e e  t h a t  i s  
u s u a l l y  found i n  a r i d  coasta l  areas on t he  leeward s ides o f  t he  Hawaiian 
I s lands .  Adder’s tongue (Ophiog7ossum concinnum) i s  a d im inu t i ve ,  ephemeral 
f e r n  a l so  found i n  d r y  coasta l  areas. It i s  present  above ground o n l y  du r i ng  
t he  r a i n y  season. 

E. Water Resources 

The groundwater and sur face waters a t  PMRF a re  s i g n i f i c a n t  ma in ly  f o r  
support  o f  n a t i v e  p l a n t s  and animals. The a q u i f e r  i s  a l e n s  o f  b rack ish  
groundwater f l o a t i n g  on seawater. It i s  recharged f rom r a i n f a l l  and seepage 
from unde r l y i ng  sediments. Marine water q u a l i t y  o f f  PMRF i s  good. 

F. W i l d l i f e  

According t o  Gal 1 i e n  , e t  a1 . (1992) , 40 species o f  b i r d s  have been iden-  
t i f i e d  a t  PMRF. O f  these, the  f o l l o w i n g  are endemic t o  Hawaii and are Fed- 
e r a l l y  l i s t e d  as threatened or endangered: (1) t h e  American (Hawaiian) coo t  
(Fu7ica americana alai), (2) t h e  black-necked (Hawaiian) s t i l t  (Himantopus 
mexicanus knudseni), (3)  t he  Common moorhen (Gauinula ch7oropus sandwicensis), 
(4)  t h e  Hawaiian duck (Anas wyvi 7 ’ l i a n a )  , and (5) t h e  Newell ’s shearwater 
(Puffinus newe7 7i). The endemic (bu t  u n l i s t e d )  short- eared (Hawaiian) owl 
( A s i o  f7ammeus sandwichensis) i s  a l so  present.  The remaining 34 species in-  
c lude 24 exo t i c ,  f o u r  m ig ra to ry ,  and s i x  indigenous species. One o f  t h e  m i -  
g r a t o r y  species, t h e  Laysan a lba t ross  (Diomedea immutabi7is), i s  p ro tec ted  
under t h e  M ig ra to ry  B i r d  T rea ty  Act  (Ga l l i en ,  e t  a l . ,  1992). Other w i l d l i f e  
i n  t he  waters near Kauai and N i ihau  inc lude  t he  humpback whale (Megaptera 
novaeang7iae), Hawaiian monk seal (Monachus schauins7andi), and green sea 
t u r t l e  (Che7onia mydas). 

G. Threatened and Endangered Species 

Table 1 i s  a summary o f  t h e  threatened and endangered species i n  t h e  
v i c i n i t y  o f  PMRF. O f  these, t he  species most l i k e l y  t o  occur i n  t h e  o f f sho re  
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LROD experiment area are  the humpback whale and green sea t u r t l e .  The 
humpback whale i s  a Federally l i s t e d  endangered species and the green sea 
t u r t l e  i s  a Federally l i s t e d  threatened species. Humpback whales breed and 
give b i r t h  i n  Hawaiian coastal waters d u r i n g  the winter, b u t  spend t h e i r  
summers i n  feeding grounds off the coast of Alaska. An estimated 90 percent 
of the Hawaiian p o p u l a t i o n  of green sea t u r t l e s  breeds and nests a t  French 
Frigate Shoals from May through August, although Gallien, e t  a l .  (1992) 
reference a reported finding of a sea t u r t l e  nest on PMRF i n  1985. Green sea 
t u r t l e s  spend the majority of t h e i r  l ives  foraging and rest ing near shore. 

H. Noise 

The principal noise sources a t  PMRF are a i r c r a f t  operations and rocket 
launches. Noise from rocket launches i s  infrequent and short term. 

I .  Socioeconomics 

The economy of Kauai i s  dominated by tourism and agricul ture.  Commercial 
tourist f a c i l i t i e s  on Kauai are concentrated on the eastern and southern 
shores of the island. Most of the l a n d  around PMRF i s  planted in sugar cane, 
b u t  Polihale State  Park t o  the north of PMRF i s  a popular beach. The communi- 
ty nearest PMRF i s  Kekaha, 13 km t o  the south.  The Forbidden Island of Niihau 
i s  privately owned and may not be vis i ted w i t h o u t  the permission of i t s  owner. 
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Table 1. Summary of Threatened and Endangered Species i n  V i c i n i t y  o f  PMRF". 

Species Sta tus Remarks 

Ohai 
(Sesbania tomentosa) 

Adder' s Tongue 
(Ophiog7ossum 
concinnum) 

Hawai i an Duck 
(Anas wyv i77 iana)  

American (Hawai i an )  
Coot (Fu7 ica  americana 
a 7 a i )  

Hawai i an Gal 1 i i n u l  e 
(Ga77inu7a chloropus 
sandwicensis)  

Hawai i an B1 ack-Necked 
S t  i 1 t (Himantopus 
mexicanus knudseni )  

\we1 1 ' s Shearwater 
l f f i l t u s  7ewe77i)  

Federa l l y  l i s t e d  as 
Category I candidate 

Federa l l y  l i s t e d  as 
Category I candidate 

Federa l l y  l i s t e d  
endangered species 

Federa l l y  l i s t e d  sub- 
species o f  common 
American coot  

Federal l y  1 i sted  en- 
dangered subspecies o f  
common moorhen o f  
Nor th  America and 
Eurasia 

Federa l l y  l i s t e d  en- 
dangered subspecies o f  
t he  b l  ack-necked s t i l t  
o f  Nor th  America 

Federa l l y  l i s t e d  
threatened species 

A spreading shrub o r  small  
t r ee ,  u s u a l l y  found i n  a r i d  
leeward coas ta l  areas o f  
Hawai i a n  I s 1  ands 

Diminut ive ,  ephemeral f e r n  
found i n  d r y  coas ta l  areas 
o f  Hawaiian I s lands ;  present  
above ground d u r i n g  t h e  
r a i n y  season o n l y  

Endemic t o  Hawai i a n  I s 1  ands 
and found f rom sea l e v e l  t o  
1,000 rn above sea 1 eve1 ; 90% 
o f  Hawaiian ducks on Kauai 
are  be l i eved  t o  use mountain 
stream h a b i t a t s  a t  e leva-  
t i o n s  above 300 m 
Pre fe r red  h a b i t a t  i s  t h i c k l y  
vegetated f r e s h  and b rack ish  
marsh1 and; most o f  Hawaiian 
coots  on Kauai a re  be l i eved  
t o  breed on N i i hau  

Endemic t o  Hawaiian I s lands  
and found on l y  on Kauai and 
Oahu; p r e f e r r e d  h a b i t a t  i n -  
cludes t h i c k l y  vegetated 
f reshwater  ponds, marshes, 
r ese rvo i r s ,  and t a r o  
patches 

Endemic t o  Hawai i an I s 1  ands 
and found on a l l  i s l ands  
except Lanai; nes t i ng  loca-  
t i o n s  i nc l ude  rese rvo i r s ,  
s e t t l i n g  basins, ponds, 
marshes, and t a r o  patches 

Pelag ic  species t h a t  comes 
ashore o n l y  t o  breed ( A p r i l  
t o  November); u s u a l l y  nests  
i n  burrows beneath dense 
vegetat ion;  eggs hatch i n  
J u l y  and August, and f l edg-  
i n g  occurs i n  October and 
November 
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Table 1. Summary o f  Threatened and Endangered Species i n  V i c i n i t y  o f  PMRF" 
(Continued). 

Species Sta tus Remarks 

Humpback Whale 
(Megaptera 
novaeangl iae) 

Hawaiian Monk Seal 
(Monachus 
schauinslandi) 

Hawaiian Hoary Bat 
(Vesperti7io cinereus 
semotus) 

Green Sea T u r t l e  
(Che7onia mydas) 

Fede ra l l y  l i s t e d  en- 
dangered species 

Federal and Hawai i an 
1 i sted  endangered 
species 

Federa l l y  l i s t e d  en- 
dangered subspecies o f  
t h e  hoary ba t  o f  Nor th  
and South America 

Federal l y  1 i sted  
threatened species 

Breeds and g ives  b i r t h  i n  
Hawaiian waters du r i ng  win- 
t e r  and migrates t o  feed ing 
grounds o f f  coast  o f  Alaska 
i n  summer 

Hawai i ' s  o n l y  endemic mam- 
mal; tends t o  s tay  near 
1 and, b u t  may a1 so feed i n  
deeper water away f rom i s -  
lands;  severa l  are  r e g u l a r l y  
seen around Kauai 

Roosts i n  t r e e s  o f  va r ious  
species du r i ng  day and feeds 
on f l y i n g  i nsec t s  concen- 
t r a t e d  by o f f sho re  winds a t  
n i gh t ;  commonly found be- 
tween sea l e v e l  and 1,200 m 
above sea l e v e l  

Found worldwide where water 
temperature remains above 
20°C (68OF) ; 90% o f  Hawaiian 
popu la t i on  breeds and nests  
a t  French F r i g a t e  Shoals i n  
May through August, bu t  one 
nest  was found on PMRF i n  
1985; spend most o f  t h e i r  
l i v e s  f o rag ing  and r e s t i n g  
near shore; may bask on 
sandy beaches 

"From Gal 1 ien,  e t  a1 . (1992). 
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V. ENVIRONMENTAL CONSEQUENCES OF THE PROPOSED ACTION AND ALTERNATIVES 

A. Environmental Consequences of the Proposed Action 

1. Air Oualitv 

The DPG Meteorology Division performed a dispersion model analysis o f  
the air quality impact of SF, emissions during the proposed LROD experiment 
(Appendix B) . DPG’s Real-Time Volume Source [Dispersion] Model (RTVSM) 
(Bjorkl und, 1990) was used. For the model , SF, was assumed to be re1 eased 50 
m above the surface in a crosswind line 100 km long. The SF, dissemination 
rate was assumed to be 9.6 g/m, resulting in a total dissemination of 960 kg 
per trial. Meteorological conditions considered in the model calculations 
covered the range of conditions expected in the proposed LROD experiment area 
during July. The SF, dissemination height of 50 m is the lowest height at 
which the C-130 dissemination aircraft will fly. Higher dissemination heights 
result in lower maximum air quality impacts at the ocean surface and were not 
considered in the model. 

The RTVSM model analysis described in Appendix B shows that the 
maximum air quality impact of the SF, releases will occur between 0.5 and 1.0 
km downwind from the dissemination line as the tracer cloud first mixes to the 
surface. The predicted peak instantaneous SF, concentration of 1.4 mg/m3 is 
over 4,000 times smaller than the TLV and PEL for an 8-hour exposure (6,000 
ms/m’) 

This predicted peak instantaneous concentration is subject to the 
uncertainties inherent in all current dispersion model predictions o f  concen- 
trations downwind from short-term releases. (The LROD experiment is designed 
to fill this data gap.) However, the total dosage (time-integrated concentra- 
tion) can be predicted with far greater confidence than the peak instantaneous 
concentration because it does not require an accurate description of alongwind 
diffusion. The predicted maximum total SF, dosage is 0.28 mgemin/m3. Assum- 
ing a maximum of two trials per day, the maximum total SF, dosage for a single 
day is 0.56 mg.min/m’. If this dosaqe is averaged over 8 hours, the resulting 
SF, concentration of 0.0012 mg-min/m is less than the TLV and PEL by a factor 
of about 5 million. 

The other atmospheric emissions during the LROD experiment will be 
the exhaust from diesel-powered generators, five PMRF boats or ships, a twin- 
engine aircraft, a single-engine NOAA research aircraft, and an Air Force C- 
130 four-engine transport. Emissions from the generators, boats or ships, and 
aircraft will be well within the emissions from these sources during typical 
PMRF test operations. 

2. Topoqraphv, Geoloqv, and Soils 

No geologic or topographic features will be affected by the activi- 
ties of the experiment. All activities will occur over international waters. 
The aircraft and ships used in the experiment will be deployed from existing 
facilities. No construction will be associated with the experiment. Because 
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the SF, t racer  will be released only w i t h  eas te r ly  (offshore) winds, i t  will 
n o t  be transported t o  the Islands of Kauai and Ni ihau .  

3 .  Veqetat i on 

The SF, t racer  has no e f fec t  on vegetation and, as noted above 
(Paragraph V . A . l ) ,  t r i a l s  will be conducted only when the winds will transport 
the t r ace r  away from the Islands of Kauai and Nii hau.  

4 .  Water Resources 

The SF, t r ace r  disseminated during the LROD experiment will be 
released more t h a n  2 2  km offshore w i t h  offshore winds. T h u s ,  this  material 
will n o t  reach the Islands of Kauai and N i i h a u .  Also, the SF, will be quickly 
dissipated i n  the atmosphere. The maximum instantaneous SF, concentration a t  
the ocean surface will be about  1.4 mg-min/m3 (0.2 ppm). The so lub i l i ty  of 
SF, in water i s  negligible.  Consequently, the experiment will n o t  a f f ec t  
water qual  i t y .  

5. Wildlife 

Because the experiment will only be conducted with offshore winds, no 
plants or wi ld l i fe  on the Islands of Kauai and Niihau will  be exposed t o  the 
SF, t r ace r .  

6 .  Threatened and Endanqered SDecies 

The proposed LROD experiment has l i t t l e  potential t o  a f fec t  any 
threatened or endangered species. W i t h  the exception of the SF, t racer  
releases,  a l l  a c t i v i t i e s  of  the experiment will be well w i t h i n  the scope o f  
routine PMRF a c t i v i t i e s  (such as a i r f i e l d  operations) addressed i n  Gallien, e t  
a l . ,  1992. The two endangered o r  threatened species t h a t  could potent ial ly  be 
found w i t h i n  the overwater experiment area are the humpback whale and green 
sea t u r t l e .  However, Hawaiian humpback whales spend t h e i r  summers in Alaskan 
coastal waters and the majority of Hawaiian green sea t u r t l e s  spend t h e i r  
summers a t  French Frigate Shoals. Also, the green sea t u r t l e s  spend most of 
t h e i r  time i n  coastal waters. Thus, i t  i s  unlikely tha t  e i the r  species will 
be present i n  the experiment area du r ing  July. Even i f  they are present, 
there i s  no SF, inhalation hazard a t  the maximum concentrations expected. 
Because SF, i s  a gas, there a1 so i s  no ingestion hazard. 

7 .  Noise 

Noise from a i r c r a f t ,  boat, and ship operations will be w i t h i n  the 
range o f  routine d a i l y  PMRF a c t i v i t i e s  and much l e s s  t h a n  the noise from PMRF 
rocket launches. I t  i s  possible t h a t  the low-flying dissemination and/or  
sampling a i r c r a f t  could disturb humpback whales i n  the experiment area.  In 
the event tha t  whales are observed i n  t h i s  area,  the minimum f l i g h t  a l t i t ude  
will be increased t o  the a l t i t ude  specified by the PMRF environmental of f ice  
as necessary t o  avoid d i s t u r b i n g  the whales. If an acceptable a l t i t ude  cannot 
be agreed upon,  the t e s t  will be delayed u n t i l  the whales 1 eave the area. 
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8. Socioeconomics 

Approximately 25 LROD participants will visit PMRF for two to three 
weeks during July 1993. Although they will benefit local hotels, restaurants, 
and other service establishments, the effects will be minor. 

9.  Enerqv. Conservation, and Irretrievable Commitments of Resources 

Diesel and aviation fuels will be required for aircraft, boat, and 
ship operations during the proposed LROD experiment. To reduce costs, the 
experimental design will minimize the use of these fuels. SF, is a com- 
mercially manufactured gas. The chemicals and fossil fuels used in the manu- 
facture of the SF, and fossil fuels required for transportation, including 
transportation of equipment for the experiment and participants from the U.S.  
mainland to PMRF, are the only irretrievable commitments of resources. 

10. Unavoidable Adverse Effects 

No significant adverse environmental effects will result from 
conducting the proposed LROD experiment. Thus, no mitigation will be re- 
qui red. 

B. Environmental Consequences of Alternatives Considered 

1. Conduct ExDeriment at Site Other Than PMRF 

The potential for environmental effects of conducting the experiment 
at another site would be at 1 east as great as the potenti a1 at PMRF. The 
economic effects of this alternative would be the additional expense of 
creating an infrastructure to support the experiment at another island and the 
additional transportation costs. Also, creation of the required infrastruc- 
ture would have considerable potenti a1 for environmental effects. 

2. No Action: Do Not Conduct ExDeriment 

There are no environmental consequences for this alternative. 
However, the information needed to develop atmospheric transport and diffusion 
models that can more accurately predict the downwind hazard areas for short- 
term releases of hazardous materials would not be acquired. Thus, the 
environmental benefits of more accurate model predictions of downwind hazards 
would be lost. 
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VI. CONCLUSIONS 

The proposed LROD experiment will n o t  cause any s i g n i f i c a n t  environmental 
impacts. The SF, t r a c e r  re leases will be made w i t h  o f f sho re  winds over i n t e r -  
na t i ona l  waters, more than 22 km west o f  t he  I s lands  o f  Kauai and Ni ihau.  
There a re  no known adverse environmental e f f e c t s  f o r  SF, under t h e  proposed r e -  
lease cond i t i ons .  The a i r c r a f t ,  ship,  and boat operat ions du r i ng  t h e  exper i-  
ment will be we l l  w i t h i n  t h e  scope o f  r o u t i n e  PMRF a c t i v i t i e s .  The a i r c r a f t ,  
ships,  and boats will be deployed from e x i s t i n g  f a c i l i t i e s .  
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TO 

MATERIAL SAFETY DATA SHEET 
ACCUDRI" SF6 - Sulfur Hexafluoride 

1. CHEMICAL PRODUCf AND COMPAhY IDENnFlCATION 

%\UFACNRE.% Allied-Signal !IT. 
101 Columbia Zoad. Box 1139 
Momstown, New Jersey 07352-1139 

IN CASE OF EMERGEICY CXU: 
(24 ,t:ours/Dav, 7 DawWeek) 

11 COMPOSTTION/lhTOR;UAT?ON ON IXGIIEDIENTS 

~- 

3. HAZARDS IDE~TIFICX'T'ION 

P0"EY"XAL HEALTX W A R D S :  

SMN: Direct contact wi:h tb,e 1ic.vefied n;tee;I cr osczping compressed gas nay cause frostbite injury. 

EYES: Direct contact with the licue!ied material or escaping compressed gas n a y  cause frostbite injuxy. 
N U U T I O N :  Pure SF6 is oi a low order oi  toxidry, but may act as an asFh)xiant if o q g e n  is reduced to 

teelow 16%, as inCca:ea by paler,ess and possble cyanosis CSiue skin). 

INGESTION: No: appliczble (gas at  nomzl  condir;ors). 

DELiYED EFF€CTS: None ICl0;vn. 

Ingredients found on one of the OSHA designated cxcinogen Lists are listed below. 

. Incedient Name X"? S:atus IARC Stabs  0S'X.A LIst 
'No ingredients listed in :his sec5cn' 

i i 
I 

M D S  N u m k  FLuoooo6 "" ; Page 1 Continued on Page 2 
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MATERIAL SAFETY DATA SHEET- 
ACCUDRP SF6 - Sulfur Hexafluoride 

4. FIRST AID MEASURES 

SKLU: Wash exposed =ea exwrr,ely ! ~ O T O U @ ~ ~ ,  but gently in cases of frostbitelike injury, with soap 
and wzter. Contzct a physiaan if z t a r i o n  or paiq persists. 

€YE: Rush eyes with  copious mconts  of w m  water for at least 15 m i n u t s .  Contact a physidan if 
iritation, p i n ,  sweIIir.g, exces ive  tearins, or Fhotophobia ( p a i d  sensitiveness to strong l i gh t )  
persists. 

LVKALATIOS: h e & a t e i y  remove to hies4 air. Li breathins has stooped, give artificial r e s p i r a t i a  If 
brea:hi;-.g is diificclt, $ve ox1;gen p:o\iided a qualified operator is available. Contact a 
Fhysldt?. 

INGESTIOS: Not zpplicab?e- 

ADVICE TO P H Y s r c L ~ - :  No s+5c tream,ent. Trett according to s>mptom present. 

5 ,  FIRE FIGHTING MEASLiRES 

FLAMMABLE PXOPEXTES: 
FLASH POL\T: >'or aociiczble. 
FUSH POLNT METHOb: Not a c c l k b l e .  
AUTOIGXT"fON TEMPETUTURE:- No: apd icb le .  
UPPER FLAME LMTT (Volume 70 in a h ) :  ?.jot appliczble. 
LOW= W E  LIMIT (Vc1L.e % in 3i.r): hTot Zyilcz'cle. 
F U M E  PROPAGATION -4-E (Solids): Not a,?dlcable. 
OSHA F L 4 " I L I T Y  C U S S :  Ncn-con'cusccle sas. 

EXTXGUISHING MEDU:  
LC involved in a fire, use ky chenicd or czrkon dioidde !or snai l  h e s  or water spray, fog, or 
r e g u l a  ! o m  for large fkes. 

U X i S U U  FIRE AVD EXPLOSION W A R D S :  
Cylizdes nay explode ia hezt oi f k e .  Fire n a y  produce i.Titadng or poisonous gases. 

SPECUI, FIRERGHTING PilEC.4UTIONS/DJSTRUCTIONS: 
Wear 5elf-con;ained breathjng appzrams. Cool cylinders exposed to hest of fixe with flooding 
m o u n t s  oi  water. .4pply wz.:er from as fzr a ais taxe as possible. 

6. ACCIDENTAL RELEASE .MEASURES 

IN CASE OF SPILL OR OTHER RELEASE (Always wezr recommerded Fesonal protc?ctive equipment) 
c Lvacuate unproteced ersor-qel. Stay upwjcd. Protected personnel (see Section 8)  may shut off 
leak ~ wihout fisk. goduct disperse itself. 

Spi ls  and releases may have to be reported to Federal andor local authorities. See the Regulatory h f o m t i o n  
section ($15) regarding reporting reqxrtements. 

MSDS Number. FLU00006 Page 2 Continued on Page 3 
Current Issue Dak: August 1992 ' v1.92 



TO 

MATERIAL SAFETY DATA SHEET 
ACCLJDRIS SF6 - Sulfur Hexafluoride 

7. HANDLING AND STORAGE . 
NORMAL K A h P W G :  (Aways wear ;ecommended p e r s o d  protective equipment) 

Okerve precautions on cylirder I a M .  b t e c t  cylinders from phjxical damage. 

5I'ORXGE RECOMMENDATIONS: 
Protect cylinders from ghysfsid dunage, heat, and sunlight Store in an area of low fire risk 

8. EXPOSURE CONTROLSRERSONAL PROTECTION 

ENGINE'EmG COhTROLS: 
C-merzl mechanical vendaeon. 

iiub'cer gloves and coveralls. 

E"€ PXOTECTION: 
SLiety glasses. 

RESPIRATORY FXO'IFCTION: 
Self-conuhed breathing a?:px=atJs or air-supplied :espira!or. 

ADDlTIONAL RECOhlMENDXTIOSS: 
Nor,e. 

ECPOSURE GGIDELINES: (Guide!ines exist for :F.e i o l l o w h , ~  i;..gzedients) 

= Limit es:a'cli+hed by Allied-Sigxl for in!ernri use. 
" = WorhJace fiviromxentzl +sure Level (XX.4). *** - - ZioldS;.ca1 Exposure Index 

Other exposure limits for * e  p ten r ; a l  deconpsi t ;on prodncr are as foilows: 

Xone. 

Other Limit 
None 

9. PHYSICAL AND CHEMICAL PROPERTIES 

APP!2AlUXC'E: Colorless €as. IConrainer: 115 ib. cviindersl 
PHYSICAL STATE: Gds: 
ODOR Odorless. 
SPECIFIC GRAVTTY: (Water = 1.0) Not apFlicabIe (gas). 
SOLUBUJIY IN WATER: Welzht IC) Sliont. 

~~ . ~ .  - d  

pH: Not apg&able. 
BOILING PO Sublimes 8 -63.9.C. 1 a b .  
MELTDIG pomi: .  -3.13.~ 8 32.5 psia 
VAPOR PRESSURE: Not applicable (gas). 
VAPOR DENSITY: (Air = 1.0) 5.1 (3 1 a m . ,  21.1.C 
MSDS Numbex FLU00006 Page 3 Continued on Page 4 
Current Issue Date: August 1992 v1.92 
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TO 

MATERIAL SAFETY DATA SHEET 
ACCUDRP SF6 - S u h r  Hexafluoride 

WAPORATlON RAE: Not appliable. Compared to: Not applicable. 
% V0LXTILE-S: Not applicaabl;? (82s). 
FLASH €'Om: Not apclicable. 

flash point method and ad&ionrl flammability drta are found in section 5.) 

10. STABILITY AND REACTIVITY 

IXCOMPATABILTTIES: 
Hot reacfive meMs. LIqueEed gases in contzct wit!! water can -lode violently. 

HAZARDOUS r"OLYMEXZXTION? 
\\'ill aot 'ocmr.  

NhiEDUTE (ACUTR EFFECTS: 
LD59 (rabbit): intravenous, 57% r;;5'kg 

DELAYED (SUECHRONIC & CXROSIC) EFFECTS: 
None 6:ed. 

OlHEX DATA: 
None. 

12. ECOLOGICAL INFOLIATION 

Not applicable (inorgaic). 

13. DISPOSAL CONSIDERATTONS 

RCRX: 
Is the unused product a RCRX h a a r d o a  w s t e  i f  discarded? No. 

If yes, :he R C W  ID ;..umber is: Not ap~licable. 

0"EX DISPOSAL CONSIDERATIOHS: 

The infornae'on oifezed here is for $e product as shipped. Use andlor alterations to the roduct such as mixing 
with other materials may significantly c n m g e  the charaaE,ristin of the material and alter x e RCRA classification 
and :he proper disposal method. 



TO 

MATERIAL SAFETY DATA SHEET 
ACCUDRIQ SF6 - Sulfur Hexafluoride 

14. TRANSPORT INFORMATION 

Us DOT HAZXRD C'IASS: 2.2 - N O N F I A W L E  GAS 

For addib'ond information on shjping regda~ors zffedng + h i s  n a t e r id ,  contact +he i n f m a t i o n  n w k  found OA 
the first pase. 

TOXIC SUBSTAKCES CONTROL A C T  CTSCA): 
T S U  L ! V " O R Y  STATUS: Material is on the TSCA chemical inven:ory. 

OTHER TSC4 ISSUES: Nor,e. 

S A M  TITLE TILTERCLX: 
RQs k TPQs: 
"Keportzble Quznt;ties" (RQs) and'cr "Threshold Flannhg QuantiEes" (TiQs) exist f o r  the following ingrec5er.b. 

Incedient  2Oflbs) nonbs) E.kWCl3aA s m  Ris 
'No h g e t 3 e n s  listed in this sadon'  

Spills muI!ing in the IOSS of zny ingredient at  or above its R Q  requires inmeflizte notification to the National 
Response Center (l-SO0424-8S02) a d  t o  your Local Energenc j  Pfar .n in~ Commlitee.  

SEClTON 311 H U M D  CUSS: h m e z a t e .  P:essure. 

S W  313 TOXIC CHEMICALS: 
The folIowing ingec3ents u e  S - L U  313 "Toxic Ceniwls". CAS 2's 2nd wt.% xe found in seaion $2. 

Inzedjent  Comnsnt  
'No ingreclents iisted in this section, 

STATE RIGHT TO K?.?OW: 

In addition to the ingredien:s found in section 2, *e following a x  listed for state right-to-bow purposes: 
Ineredient Wt. 5b Cornrent 

'No i n g e a i e n s  listed in :his seciion' 

ADDITIONAL REGULATORY INFOR!dATIOK: 
None. 

WHMIS CLASSEIGLTION (CAXADA): 
Not determined. 

FOREIGN L W N T O R Y  STATUS: 
Canadian DSL (Dornesdc Substances List) 
E N 3 3  (European Lmentoxy of Existing Commercial Chemical Substacces) 

MSDS Number: FLUOooo6 Page 5 Continued on Page 6 
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TO 

a MATERIAL SAFETY DATA SHEET 
ACCUDRIQP SF6 - Sulfur Hexafluoride 

16. OTHER lNFORMAllON 

CURRENT ISSUE DATE: August 192 
PREVIOUS ISSUE DATZ. May 1589 

CHANGES TO MSDS FROM PREVIOUS ISSUE DATE ARE DUE TO l7-E FOLLOWING: 
Conversion of existing product MSDS to new fomat.  

OTHER CIITOIL"ATI0N: None. . . 

I 
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Meteorology Division 
Dugway Proving Ground 
Technical Note 93-70-1R 
29 March 1993 

DISPERSION MODEL ANALYSIS OF THE MAXIMUM 
AIR QUALITY IMPACT OF THE DO49 LONG-RANGE 

OVERWATER DIFFUSION EXPERIMENT 

BACKGROUND 

The Long-Range Overwater Diffusion (LROD) Experiment is a scientific 

experiment that will be conducted by U.S. Army Dugway Proving Ground (DPG), 

the National Oceanic and Atmospheric Administration (NOAA), and U.S. Air 

Force. As discussed by Bowers ( 1 9 9 2 ) ,  LROD is designed to fill an important 

data gap affecting the accuracy of transport and diffusion model predictions 

for short-term releases of air pollutants. The data collected during LROD 

will be of considerable scientific interest and will contribute to an improved 

understanding and modeling of accidental releases of hazardous materials. 

LROD is currently scheduled to be conducted within the airspace of the 

Pacific Missile Range Facility, Barking Sands, Kauai, Hawaii during July 1993. 

During each trial, a cloud of the gaseous tracer sulfur hexafluoride (SF,) 

will be released more than 22 km (12 mm) offshore by an Air Force C-130 

aircraft flying perpendicular to the mean wind direction. The typical release 

will be 9 . 6  g m-l of SF, over a distance of up to 100 km for a total of 

approximately 9 6 0  kg of SF, per trial. The tracer cloud will be sampled by 

continuous real-time SF6 samplers mounted on ships deployed at various 

downwind distances up to 100 km from the release line. As the tracer cloud 

moves downwind, it will also be sampled by an SF, sampler mounted in a second 

aircraft. A maximum of 20 trials are planned. The SF6 dissemination and 

sampling will be performed by the National Oceanic and Atmospheric Administra- 

tion (NOAA) Environmental Research Laboratories, Atmospheric Research Labora- 

tory, Field Research Division (ARLFRD). N O M  ARLFRD has over 20 years of 

experience in performing similar SF, tracer studies for agencies of the U.S. 

Government, including the Environmental Protection Agency. 

Sulfur hexafluoride is an inert, colorless, odorless gas that is the 

principal material in current use as an atmospheric tracer because: (1) it 



h a s  no known adve r se  environmental e f f e c t s ,  ( 2 )  i t  can be d e t e c t e d  a t  ve ry  low 

c o n c e n t r a t i o n s  (a few p a r t s  p e r  t r i l l i o n ) ,  and ( 3 )  t he  atmospheric  background 

c o n c e n t r a t i o n  i s  w e l l  below the  d e t e c t i o n  th re sho ld .  There a r e  two p o t e n t i a l  

haza rds  a s s o c i a t e d  wi th  SF,. F i r s t ,  i f  r e l e a s e d  i n  a conf ined  a r e a  i n  

s u f f i c i e n t  q u a n t i t i e s ,  it can p re sen t  an asphyxia t ion  hazard .  Second, i f  

r a i s e d  t o  a temperature above about 800 O C ,  i t  can  decompose i n t o  t o x i c  

f l u o r i d e  and s u l f u r  oxide compounds. Nei ther  hazard e x i s t s  f o r  LROD. The 

Threshold Limi t  Value (TLV) and Permissible  Exposure L i m i t  (PEL)  e s t a b l i s h e d  

f o r  exposure t o  SF, over an 8-hour  work day a r e  both 6 ,000  mg m-3 (1,000 p a r t s  

p e r  m i l l i o n ) .  The purpose of t h i s  t echn ica l  n o t e  i s  t o  u s e  d i s p e r s i o n  

modeling t o  e s t i m a t e  the maximum SF, concen t r a t ions  t h a t  w i l l  be  produced near  

t h e  ocean s u r f a c e  by the LROD t r i a l s  f o r  comparison wi th  t h e  TLV/PEL. 

CALCULATION PROCEDURES 

The a i r  q u a l i t y  impact of t he  LROD t e s t  was c a l c u l a t e d  us ing  D P G ' s  Rea l -  

Time Volume Source [Dispers ion]  Model (RTVSM) (Bjorklund,  1990). Table 1 

summarizes t h e  sou rce  inputs  assumed i n  t he  RTVSM c a l c u l a t i o n s .  The r e l e a s e  

h e i g h t  of  50 m is t h e  lowest t h a t  the a i r c r a f t  w i l l  be  above t h e  ocean s u r f a c e  

d u r i n g  d i s semina t ion .  Release h e i g h t s  h ighe r  than  50 m w i l l  r e s u l t  i n  lower 

maximum SF, concen t r a t ions  near  t he  ocean s u r f a c e  than  p r e d i c t e d  f o r  a 50-m 

r e l e a s e  h e i g h t .  The i n i t i a l  c loud dimensions i n  Table 1 were ob ta ined  by 

d i v i d i n g  t h e  wingspan of a C-130 t r a n s p o r t  by 4 . 3  t o  account  f o r  t h e  e f f e c t s  

on i n i t i a l  c loud  growth of the  a i r c r a f t ' s  wingt ip  v o r t i c e s .  

The U . S .  Naval Weather Serv ice  Command's Summary of Synoptic  Meteorologi-  

c a l  Observat ions (SSMO) f o r  Hawaiian and S e l e c t e d  North P a c i f i c  I s l a n d  Coas ta l  

Marine Areas (Volume I ,  June 1 9 7 1 )  i n d i c a t e s  t h a t  a r e l a t i v e l y  narrow range of 

me teo ro log ica l  cond i t i ons  can be expected west of Kauai du r ing  t h e  month of 

J u l y .  (The h i g h  frequency of favorable  meteoro logica l  c o n d i t i o n s  was a major 

f a c t o r  i n  s e l e c t i n g  t h i s  l o c a t i o n  and time p e r i o d  f o r  L R O D . )  Table 2 g ives  

t h e  me teo ro log ica l  condi t ions  f o r  t h ree  c a s e s  t h a t  cover  t h e  range o f  expected 

c o n d i t i o n s .  The [Monin-IObukhov lengths  i n  Table 2 were c a l c u l a t e d  from t h e  

wind speed ,  a i r  temperature,  water tempera ture ,  and re la t ive  humidi ty u s i n g  

2 



Table 1. Source Inputs Assumed in the RTVSM Calculations. 

Parameter Parameter Value 
- ~~ 

SF, Dissemination Height (m) 

SF, Dissemination Rate (g m-l) 

SFs Line Source Length (km) 

SF, Initial Cloud Dimensions' 

Alongwind (m) 

Vertical (m) 

50 

9.6 

100 

9 . 4  

9 . 4  
~ ~~~ 

a Standard deviations of initial alongwind and vertical concentration 
distributions. 

Table 2 .  Meteorological Conditions Assumed for M O D  Experiment. 

Parameter Value 

Parameter Case 1 Case 2 Case 3 

Wind Speed at 10 m (m s " )  

Air Temperature ("C)  

Water Temperature ("C) 

Relative Humidity ( % )  

Obukhov Length 

5 

24 

25 

80 

- 2 7 . 7  

10 5 

26 28 

26  27 

7 5  7 0  

- 1 9 4 . 4  - 5 3 3 . 3  

virtual temperatures as recommended by DiCristofaro and Hanna ( 1 9 8 9 )  to 

account for latent heat effects on stability. The atmospheric stabilities 

represented by the three cases range from slightly unstable to neutral. 

Table 3 lists the RTVSM meteorological inputs for the three cases 

summarized in Table 2. With the exception of the mixing depths and 10-m wind 

speeds, the inputs in Table 3 were derived from the information in Table 2 

using the procedures developed by DiCristofaro and Hanna ( 1 9 8 9 )  for the 

Minerals and Management Service's Offshore and Coastal Dispersion (OCD) Model. 

Because RTVSM uses a power-law rather than logarithmic wind profile, the wind- 

profile exponents in Table 3 were obtained from logarithmic least-squares 
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regression fits to the OCD wind profiles for the first 100 m above the ocean. 

The mixing depth of 2,000 m assumed f o r  all three cases is the typical depth 

of the marine boundary layer in Hawaiian waters (Hahn et al., 1 9 9 2 ) .  

Table 3 .  Meteorological Inputs Assumed in the RTVSM Calculations. 

Parameter Value 

Parameter Case 1 Case 2 Case 3 
~~~ ~~ ~~ 

Wind Speed at 10 m (m s-’) 

Wind-Profile Exponent 

Turbulence Intensities 

Lateral (rad) 

Vertical (rad) 

Mixing Depth (m) 

5 

0.05 0.08 0.07 

0.128 0 .091  0 .042  

0.062 0.057 0.047 

2,000 2 , 0 0 0  2 , 000 

RESULTS 

Figures 1 and 2 show the calculated centerline profiles of peak instanta- 

neous SF, concentration and total SF, dosage (time-integrated concentration), 

respectively. Both figures show that the maximum air quality impact of M O D  

will occur between about 0.5 and 1.0 km downwind from the dissemination line 

as the tracer cloud first mixes to the surface. Figure 1 shows that the peak 

instantaneous concentration decreases with downwind distance beyond 1 km, but 

that the rate of decrease changes at 20-30 km as the tracer cloud fills the 

surface mixing layer. Similarly, Figure 2 shows that the centerline dosage 

becomes constant beyond 20-30 km. These results are explained by the follow- 

ing: (1) no further vertical mixing is possible after the cloud fills the 

surface mixing layer, ( 2 )  atmospheric mixing from either end of the line 

source has not yet reached the center of the cloud at 100 km downwind, and ( 3 )  

integration over the duration of cloud passage removes the effects of 

alongwind mixing from the total dosage. A t  distances beyond 100 km, mixing 

from the ends of the line source and variations in the mixing depth will 



eventually cause the dosage at the cloud centerline to decrease once again 

with distance from the release line. 

As discussed above, the TLV and PEL for exposure to SF, are both 6,000 mg 

m-3 for an 8-hour period. In contrast, the peak instantaneous concentrations 

in Figure 1 are only about 0 . 8 - 1 . 4  mg m-3, depending on the case. The total 

dosages in Figure 2 can be used to estimate the maximum 8-hour average SF, 

concentrations that might occur on any LROD test day. The maximum dosages in 

Figure 2 range from 0.13 to 0.28 mg min m-3 between 0.5 to 1.0 km from the 

dissemination line. Assuming that two trials are conducted under the same 

meteorological conditions during an 8-hour period, the maximum total dosages 

for two trials range from 0.26 to 0.56  mg min m-3. If these dosages are 

averaged over 8 hours, the resulting maximum 8-hour average SF, concentrations 

range from 0.0005 to 0.0012 mg m-3, which is less than the allowable exposure 

by a factor of about 5 million. Thus, the model calculations show that the 

air quality impact of LROD will be negligible. 
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Figure 1. Calculated centerline profiles of peak instantaneous SFs concentra- 
tion versus downwind distance for the LROD experiment. See Tables 
2 and 3 for definition of the three meteorological cases. 
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LONG RANGE OVERWATER EXPERIMENT 
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Figure 2. Calculated centerline profiles of total dosage (time-integrated 
concentration) versus downwind distance for a single trial of the . 
LROD experiment. See Tables 2 and 3 for definition of the three 
meteorological cases. 
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APPENDIX C. AGENCIES AND PERSONS CONTACTED 

C-1 . U. S. Army Dugway Proving Ground, Utah 

Bruce Grim 
Chr is topher  B i l t o f t  
W i l l i a m  Chr i s t iansen  

C- 2. Nat iona l  Oceanic and Atmospheric Adm in i s t r a t i on  
Environmental Research Laborator ies  
Idaho F a l l s ,  Idaho 

Raymond Dickson 
Gene S t a r t  
Thomas Watson 

C-3. Naval Surface Warfare Center 
Dah1 gren , Vi r g i  n i  a 

Roger Gibbs 

C-4. P a c i f i c  M i s s i l e  Range F a c i l i t y  
Kaui i , Hawai i 

Stewart  Bur l  ey 
Constance Kn igh t  
Robert Inoye 

C-5. Paci f i c F1 ee t  Environmental O f f i c e  
Honol u l  u , Hawai i 

LCR Richard Evans 
Joseph Cook 

C-6 Nat iona l  Oceanic and Atmospheric Adm in i s t r a t i on  
Air Resources Laboratory 
Oak Ridge, Tennessee 

Timothy Crawford 

c- 1 



APPENDIX D. LIST OF PREPARERS 

Th is  environmental assessment was prepared by t h e  M a t e r i e l  Test  D i r e c t o r -  
ate, U .S. Army Dugway Proving Ground, Utah. The preparers  were: 

James H. Wheeler 
Research B i  01 ogi  s t  
Environmental Techno1 ogy Sect ion 
L i f e  Sciences D i v i s i o n  

James F. Bowers 
Chie f ,  Meteorology D i v i s i o n  

C h r i s t i n a  M. Wheeler 
Chie f ,  Document Preparat ion Center 
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APPENDIX F. ABBREVIATIONS 

ACGIH - American Conference o f  Government and I n d u s t r i a l  Hyg ien i s t s  

ARLFRD - Air Resources Laboratory F i e l d  Research D i v i s i o n  

CERCLA - Comprehensive Environmental Response, Compensation, and L i a b i l  i t y  Act  

DOT - U.S .  Department o f  T ranspor ta t ion  

DPG - U. S. Army Dugway Proving Ground 

EA - environmental assessment 

EPA - U.S.Environmenta1 P ro tec t i on  Agency 

ERL - Environmental Research Laborator ies  

FWPCA - Federal Water P o l l u t i o n  Cont ro l  Act  

LROD - long- range overwater d i f f u s i o n  

MSDS - ma te r i a l  sa fe t y  da ta  sheet 

NAAQS - Nat iona l  Ambient Air Q u a l i t y  Standards 

NOAA - Nat iona l  Oceanic and Atmospheric Adm in i s t r a t i on  

NSWC - U.S. Naval Surface Warfare Center 

OSHA - Occupational Sa fe ty  and Heal th  Adm in i s t r a t i on  

PEL - pe rm iss i b l e  exposure 1 imit 

PMRF - P a c i f i c  M i s s i l e  Range F a c i l  i t y  

p p t  - p a r t s  per  t r i l l i o n  

RCRA - Resource Conservation and Recovery Act  

RTVSM - Real-Time Volume Source [D ispers ion]  Model 

SF, - s u l f u r  hexa f l uo r i de  

STEL - sho r t  term exposure limit 

TLV - th resho ld  limit value 

TSCA - Tox ic  Substances Cont ro l  Act  

VLSTRACK - Vapor, L i qu id ,  and S o l i d  Track ing Model 
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APPENDIX G .  GLOSSARY 

advection - process of transport of an atmospheric property solely by the mass 
motion o f  the atmosphere 

LD,, - A calculated dose of a substance introduced by any route, other than 
inhalation, which is expected to cause death to 50 percent of a defined 
experimental animal population. 

marine boundary layer - surface boundary layer over ocean or large body of 
water 

mean wind direction - horizontal wind direction averaged over a specified 
period (usually 10 minutes to one hour); direction is the direction from 
which the wind is flowing 

micrometeorological characteristics - those parameters (means and variances of 
orthogonal wind components; vertical fluxes o f  heat, water vapor, and 
momentum, etc.) that describe the turbulent state of the surface boundary 
1 ayer 

permissible exposure limit (PEL) - the average concentration of toxic gas to 
which the normal person can be exposed without injury for 8 hours per 
day, 5 days per week for an unlimited period 

perturbation - disturbance 

ruderal - growing in rubbish, poor land, or waste 

specific gravity - ratio of the mass of a solid or liquid to the mass of an 
equal volume of distilled water at 4 O C  or of a gas to an equal volume of 
air or hydrogen under prescribed temperature and pressure conditions 

sub1 

surf 

imation point - the temperature at which the vapor pressure of the solid 
phase of a compound is equal to the total pressure of the gas phase in 
contact with it; analogous to the boiling point of a liquid 

ace boundary layer - that part of the lower atmosphere that is directly 
influenced by the presence of the earth’s surface 

threshold limit value (TLV) - the average concentration of toxic gas to which 
the normal person can be exposed without injury for 8 hours per day, 5 
days per week for an unlimited period 

time-integrated concentration - concentration of airborne material at a fixed 
point integrated over specified time limits (usually the time of passage 
of a cloud of material over a point) 

vapor pressure - the pressure exerted by a vapor in equilibrium with its solid 
or liquid phase 
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