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HYDROGEN SULFIDE, TRACE ELEMENT AND SULFUR HEXAFLUORIDE TRACER TRANSPORT ! 

AIRCRAFT AND SURFACE SAMPLING 

1. INTRODUCTION t h i s  paper is t o  discuss the i n i t i a l  data analy- 
sis and r e su l t s  i n  respect t o  the f i r s t  th ree  
goals. A f i n a l  analysis  and conclusions w i l l  be 
reported i n  the fu ture . -  pol lutants  from energy production areas i n  com- 

plex landforms is a subject  of continuing con- 
cern with respect t o  assessments on whether 
emitted pol lutants  may cause a s igni f icant  in- 
pact on the general public and environment 
through the mechanisms of chemical react ions,  
impaction, dry deposition and acid precipi ta t ion.  . 

EXPERIHENTAL DESIGN 

S i t e  Description 

The airborne and surface sampling w a s  con- 
ducted ovef the GGRA located approximately 40 km 
north of Santa Rosa and about 65 km east of the 
Pac i f ic  Coast. Figure 1 shows the r e l a t ive  loca- 
t ion  of the GGRA and the major area of geothermal 
operations (The Geysers). The Geysers (shaded 
area i n  Fig. 1) are located f n  the Mayacmas moun- 
ta ins  vhich are oriented i n  a northwest-south- 
east direct ion.  The Russian River val ley l ies t o  
the w e s t  and Clear Lake lies t o  the north of the 
Geysers. Prominent mountain peaks in . the  area 
are Cobb Mtn. (1439~1). Boggs Htn. (1122m), M t .  
St. Helena (1324m), M t .  Hannah (121214 and M t .  
Konoctl (1280111). 

A limited surface and a i r c r a f t  sampling 
study was conducted i n  the Geysers-Calistoga 
Geothermal Resource Area (GGRA) t o  co l l ec t  inl-  
t i a l  data  on the short-range (5 t o  20 km) trans- 
port of pol lutant  materials and a su l fu r  hexa- 

var ie ty  of emissions (Martin, etal. 1978) 
poten t ia l  environmental Issue in t h i s  are 
the release of  hydrogen su l f ide  and its trans- 2.2 Instrumentation 
port to surrounding communities and ag r i cu l tu ra l  
areas. Since these emissions can r e su l t  in an 2.2.1 Surface equipment 
odor nuisance i f  concentrations exceed 30 ppb 
(California A i r  Quality Standard) i t  is impor- 
t an t  to assess the t ransport  and dispersion of 

Surface samplers were used t o  co l l ec t  air- 
aerosols  during the same period tha t  the  
f t  was sampling overhead. Standard high- 

samplers were placed a t  seven d i f f e ren t  

f i e l d  program i n  August 1981 as  pa r t  of the  day- 
time l imi ted  mixing experiments (Guditcsen, 1982). 
On August 23 and 24 ,  the  ASCOT group conducted 

define the types and quant i t ies  of air- 
materials such as, H2S, B, As. Cd, Pb, Cr 

tha t  are emitted from the geothermal 
ions, b) co l l ec t  data  on the  locat ion,  
and concentration of the airborne materi- 

a i r c r a f t  sampling vas conducted with the 
na 411 a i r c r a f t  which vas equipped with 
owing measurement and sampling systems: 
al-time SFfj analyzer, real-time su l fu r  

(Meloy SA285). an ozone monitor (Bendix 
MRI integrat ing nephelometer, and a 

ume f i l t e r  sampler. Atmospheric state 
parameters which w e r e  measured included a i r  tem- 
perature ,  dewpoint and pressure a l t i tude .  Geo- 
graphic coordinates ( la t i tude ,  longitude) were 
obtained from a Global (GNS-5OOA) navigation 

transport of pol lutants  from an area source (The 
Geysers) i n  complex te r ra in .  
*P.W. Nickola passed away August 1982. 

The purpose of 
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the a l t i t ude  sens i t i v i ty  of the real-time sam- 
n lers  abaseline response var ies  with pressure) 
kid the sampling of-aerosols. 
urements required f ly ing  on a fixed path and 

The aerosol meas- 

a l t i t ude  fo r  a mini- of one hour in order t o  
co l lec t  su f f i c i en t  material f o r  analysis. .-....- 

sed high-volume samplers were 
turned on a t  the beginning of the a i r c r a f t  f l i g h t  
and operated continuously during the 7 t o  8 hours 
of a i r c r a f t  sampling. 

2.4 Synoptic Weather Pat tern 

The synoptic and weather conditions during 
the four days of sampling were determined by the 
subtropical  high pressure area off the Califor- 
nia-Oregon coast and a deep, winter-like low 
pressure area i n  the northern par t  of the Gulf 
of Alaska. Between August 20 and 22, a rid-ge of 
high pressure on the Oregon-California coast in- 
duced a weak onshore pressure gradient and caused 
an inf lux of marine a i r  i n t o  the GGRA, mainly i n  
the  afternoons. After August 22, the cold f ront  

- 
" 

from the Gulf of Alaska low pressure area had 
mved t o  the Washington coast andbecame quasi- 
s ta t ionary  near Vancouver Island. 
a new.low pressure system and weak cold f ront  
moved inland i n t o  northern Washington. 

Figure 1 .  
, Catistoga Ceothemt Resource Area (t%RA), The 
Geysers, and tocation of Aircraft Smnpt&g 
Flights and Surface High-Votme Fitter Samplers. 

Geographic Setting of the Ceysers- 
On August 24, 

The sur- 
face f ront  t r a i l e d  southward through Oregon and 
northern California resu l t ing  in a s l i g h t  cool- 
ing trend and a stronger inf lux of the marine 
layer  inland. . 

LE 1 
Surface high-volume sampler locations, eleva 
average flow rates and average t o t a l  a i r  sampled. 
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cumulus over the northern mountain peaks i n  the  
afternoon. Figure 2 shows a time series of the  
avai lable  rawinsonde winds up t o  2000 m f o r  the 
four sampling days. Most a l l  a i r c r a f t  sampling 
f l i g h t s  were conducted during southwesterly t o  

soundings taken in  the  experimental area by the  
rawinsonde and ASCOT tethersondes indicated an 

&$afternoons of the sampling days were 
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system. 
and t racer  data  were recorded by a magnetic tape 
data  acquis i t ion system. 
airborne high-volume sampler were Zefluor mem- northwesterly upper-level winds. Temperature 
brane f i l t e r s  with an exposed surface area of 
21.2 cm2 (dia=S.Zcm). 

2.3 Experimental Procedures 

These data  and the real-time air  qua l i ty  

The f i l t e r s  used i n  the  

lcvated temperature inversion on August 23. The 

The general f l i g h t  procedure w a s  to o 
background measurements in the  morning hours j u s t  

the  Geysers a t  approximately 1050 m and 
m-s.1.). 

and SF6 sampling vas conducted east (and 
1 of the Geysers between 1000 m and 1900 
ptions t o  t h i s  f l i g h t  procedure occurred 
t 20 when the procedure was reversed, and 

on August 21when the background was taken i n  the 
early afternoon before sampling east of the 
Geysers. The pr incipal  sampling t ransects ,  shown 
i n  Fig. 1, were 5 t o  12 km from the Units 9 and 
10 power plant within the.Geysers. These tran- ac t iva t ion  analysis  (NAA). To date  three f i l -  
s ec t s  were flovn i n  a race t rack  manner a t  three 
d i f fe ren t  a l t i t udes  f o r  an hour o r  more fo r  each Of the more than t h i r t y  
a l t i tude .  Each t ransect  w a s  flown from three t o  
f ive  times except for  a t ransect  a t  18-20 km 
which was flown once. On August 2 1  and 23 the 
majority of sampling took place east of Boggs 
Mtn. on a northvest t o  southeast f l i g h t  track. 

In  the afternoon, the  82S, 

term have been examined by XRF and a l l  e ight  
were examined by NAA. 
elements po ten t ia l ly  ident i f iab le  by XRF and NAA 
only fourteen had a i r  concentrations of suff ic-  
t en t  magnitude to  warrant fur ther  consideration. 

The c rus t a l  enrichment factor  ()IFc) w a s  

193 



TABLE 2 
Crustal  Enrichment Factors f o r  Trace Elements 
Detected i n  Selected Surface and Aircraf t  F i l t e r  
Samples i n  the GGRA. 
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low concentration but measureable gaseous su l fur  
plume was detected on a l l  four days i n  the east- 
e rn  quadrants from the Geysers s ince the r inds  
were generally from ves te r ly  direct ions.  
range i n  maximum concentrations var ied from 6 t o  
36 ppb. 
and 25 ppb were detected a t  e levat ions between 
1700 and 1900 m(m.s.l.), (Table 3). A br ie f  

The 

Concentrations between background leve ls  

ts from two of the four  days 

TABLE 3 expresses the r e l a t ive  enrichment of trac 
writs as compared t o  crustal abundance. 
less than 1 indicates  deplet ion o f  an e l  
whereas a value greater  than 1 indicates  

enced crustal material Fe. Generally, 
ment f ac to r  of 10 o r  more is considered 

e of Average Maximum 20-see H2S Concentra- 

ment of a given element r e l a t ive  t o  the  l i n g  Days(ppb) 

thermal operations arc As,Cd,Hg,S,Pb and Cr. 

h and northeast (Fig.3). 

to 12 km from the GGRA. 

Haxi& concen- 

A definite H2S 
varied between 15 and 36 ppb a t  dis-  

m t he  Geysers. 
enrichment of the  near-surface aeroso 

d(F’b) and bromine(Br) could be the  res 
thermal emissi~ns f iepel  etal., 1978; 
chter ,  1980) although observed concentra 
t a l so  r e su l t ,  i n  par t ,  from vehicle  cmi 
ociated with the Geysers operations and 

t ions were lower 

tween Boggs Hountatn and Middletam. 
axis between 1400 and 1600 m was located near 
Cobb Mountain and moved northeastward. 
in the  plume axis vas apparently.the r e su l t  of 
t he  wind d i rec t ion  backing with height. 
sampling at higher e levat ions was  done v i t h  
southwest winds and the  sampling i n  lover eleva- 
tions was accomplished during a later period 
when wind direct ions were changing t o  the north- 

The plume 

The shift 

The 

3.3 SFg Tracer Transport from the Geysers 

On August 23 and 24, a SF6 ;racer vas re- 
leased from Units 9 and 10 pover plant  cooling 
tower a t  a rate of 3 gmsec-1 from 1300 PST t o  

One of the primary pol lutants  from the  
Geysers is gaseous su l fu r  i n  the form of 82s. 
Surface and a i r c r a f t  f i l t e r  samples indicated 
su l fur  enrichment in the  col lected aerosol. A 
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detected at the th i rd  a l t i t ude  of 1800 m (m.s.1.). 
On these days the wind direct ion change with 
height w a s  around 50 deg and 30 deg, respectively. 

August 23 w a s  40 deg and on the 24th was around 
45 deg. The e f f ec t  of the ve r t i ca l  wind shear 
w a s  t o  spread the plume over a wider area than 
would happen i f  the wind shear w a s  not present. 

4. CONCLUSIONS 

;A 

* v The change i n  direct ion of the plume axis  on 

This four-day study, although c lear ly  in- 
su f f i c i en t  t o  define a l l  the aspects of the trans- 
por t  problem for  The Geysers nevertheless has 
provided i n i t i a l  data regarding the short-range 
transport of pol lutants  from The Geysers geo- 
thermal operations. 

The i n i t i a l  analysis  of the data has shown 
t h a t  a measurable plume of gaseous su l fu r  (HZS) 
is emitted from the  Geysers and transported by 
surface and upper-level winds t o  distances beyond 
20 km. Only one day had concentrations above 30 
ppb and on t h i s  day H2S was detected as a d i s t i n c t  
odor a t  1500 m (m.s.1.) a t  4 km or  more from the 
Geysers. The i n i t i a l  data analysis  of the R2S 
and SF6 plume data  have revealed the important 
ro l e  t ha t  v e r t i c a l  wind shear plays i n  changing 
plume t r a j ec to r i e s  with height and enhancing 
diffusion of pollutants. Surface and a i r c r a f t  
sampling of aerosols ind ica te  tha t  small quanti- 
ties of trace elements such as, As,Cd,Hg,Pb,Cr 
and B r  may be transported from the area. 
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Figure 3. !Wansport of Gaseous Sutfur f H  
Ptwne f r c m  The Geysers as Depicted from A 
Sampling. Locations: M-Middtetoon, C-Cobb M t n .  , 
H - M t .  Hannah, L&I;ower Lake, K-Mt .  K o ~ l r o ~ t i ,  
KV- Ke Eseyvi t te .  

performed mder the auspices of the 
n t  of mrgy under Catnzct D E - A C ~  
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ly  i n  regard t o  the gaseous su l fur  plume. Figure 
shows the average SF6 plune ax is  as observed 

a t  two a l t i t udes  un August 23 and three alti- 
tudes on August 24. On August 23, SF6 w a s  not 
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