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IMPERIAL VALLEY ENVIRONMENTAL PROJECT:
AIR QUALITY ASSESSMENT

ABSTRACT

This report is an assessment of the potential impact on air quality of geothermal
development in California’s Imperial Valley. The assessment is based on the predictions
of numerical atmospheric transport models. Emission rates derived from analyses of the
composition of geothermal fluids in the region and meteorological data taken at six locations
in the valley over a l-yr period were used as input to the models. Scenarios based on
3000 MW, 2000 MW, 500 MW, and 100 MW of power production are considered. Hydrogen
sulfide is the emission of major concern. Our calculations predict that at the 3000-MW
level (with no abatement), the California 1-h standard for H,S(42 ug/m’) would be violated
at least 19 of the time over an area of approximately 1500 km’ (about 1/3 of the valley area).
The calculations indicate that an H,S emission rate below 0.8 g/s per 100-MW unit is needed
to avoid violations of the standard beyond a distance of 1 km from the source. Emissions of
ammonia, carbon dioxide, mercury, and radon are not expected to produce significant
ground level concentrations, nor is the atmospheric conversion of hydrogen sulfide to sulfur
dioxide expected to result in significant SO; levels.

INTRODUCTION

This report presents an assessment of the poten-
tial impact on air quality of emissions from geo-
thermal power plants to be located in the Imperial
Valley, California. Development of Imperial Valley
geothermal resources is in the initial stages; the first
50-MW power plants are expected to come on-line
within the next year. Over the next 20 to 30 years, the
level of energy production is expected to grow to
* several thousand megawatts of electrical capacity.

Geothermal resources are generally exploited by
building small (50-150 MW) power units sequen-
tially rather than by developing the whole field at
once. After a number of years, with the approach of
full field devélopment, maximum electrical capacity
is reached. The impact of a single unit is usually
- evaluated before construction begins; however, such
studies do not present a clear picture of the impact
of full field development. The purpose of this study
is to assess the impaét of large-scale development
on air quality so that if mitigation measures are
needed, they can be planned for prior to
development.

Geothermal power plants release several
gaseous substances to the atmosphere, including
carbon dioxide, hydrogen sulfide, ammonia, mer-
cury, and radon. The principal gas constituent of
geothermal fluids (after water) is CO2, but CO2
emissions are not expected to have any negative
environmental impact. The main emission of
concern is H2S, which is a nuisance because of its
noxious odor.

The concentration level of each species emitted
will ultimately depend on: the concentration of the
gas in the geothermal fluid, the efficiency and type of
energy conversion technology, the amount of abate-
ment, the number and location of the power plants,
and the regional meteorology. For purposes of this
study, data on gas concentrations in the geothermal
fluid have been obtained from several geothermal
wells in the Imperial Valley. The gas emission rate
pertpower plant has been calculated on the basis of an
assumed energy conversion efﬁciency consistent with
the temperature of the geothermal fluid. No reduc-
tion in the emission rate as a result of abatement



controls is assumed. Thus, the analysis should give
conservative results, leading to an estimate of the
level of emission control that is necessary.

We assume a total production of 3000 MW,
generated by thirty 100-MW power units spread
throughout the valley. This production level is well
within current estimates of the maximum capacity of
the resource. Regional analyses for each of the four

Known Geothermal Resource Areas (KGRA) in the.

valley are described in the Appendix. These can be
combined to evaluate the effects of different regional
capacities and emission rates. For example, a
2000-MW scenario is addressed, assuming that
500 MW are produced in each KGRA, with equal

emission rates. We have also evaluated a single
100-MW power plant to more clearly address the
question of localized impacts.

The air quality assessment is based on the pre-
dictions of numerical atmospheric transport models.
In addition to emissions data, the major input to
these models is meteorological data, obtained from
continuous monitoring over a 1-yr period at six loca-
tions within the valley. The models predict the
average concentration level of each emitted species
over the entire region. Averaging times were varied
from 1 hto as long as | yr, depending on the concen-
tration standard applicable to that species.

ATMOSPHERIC TRANSPORT MODELS

The primary model used in this study is
ATMAS,l which numerically solves the three-
dimensional advection-diffusion equation for
atmospheric transport. In this model, the advection
term represents the average wind velocity, and the
diffusion term represents eddy diffusion due to
turbulence in the atmosphere. ATMAS generates a
three-dimensional, time-varying wind field from
average wind velocity data taken at several locations
within the region of interest. Eddy diffusion is
assumed to occur in a Gaussian manner, with the
dispersion rate (oy) calculated from the measured
variation in the wind direction (ggp).

The computer code uses the particle-in-cell con-
cept2—4 to solve the advection-diffusion equation.
This method relies upon a large number of marker
particles (10,000 to 20,000) to represent the mass
distribution of the emitted species within a three-
dimensional Eulerian grid. The concentration of the
particles is defined at the cell centers using a weighted
sum of the surrounding particles. The locations of
the marker particles are defined by their individual
coordinates within the Eulerian grid. The marker
particles are transported through the grid with a
pseudo-velocity derived from the transport equation
and defined at the cell corners. In a typical time
cycle, each marker particle in a given cell is trans-
ported for one time step with the velocity obtained
from a weighted sum of the pseudo-velocities at the
eight corners of the cell. This permits a new set of
particle coordinates to be computed and resultsina
new concentration distribution, In source regions,

marker particles are continually injected into the
grid at a rate consistent with the source strength.

ATMAS is designed to assess the long-term air
quality impacts of continuous emissions from
multiple area sources. The code is a simplified and
computationally faster version of the transport code
ADPIC.” Its speed is due primarily to the use of flat
terrain, a coarser advection grid, and the assumption
of Gaussian diffusion. It does, however, retain the
important effects of a time and spatially varying wind
velocity and wind shear. Extensive validation of the
ADPIC code has been performed against closed
solutions' of the advection-diffusion equation and
against numerous tracer experiments out to a
distance of about 100 km. Since ATMAS is based on
the same model equations as ADPIC and has also
been validated against closed solutions of the
advection-diffusion equation, we feel that it has
been adequately verified.

The principal output of ATMAS is a time
sequence of hourly averaged ground-level concentra-
tions on a two-dimensional grid of the region. There

'is a separate sequence for each species studied. These

data are analyzed to determine longer averages (e.g.
monthly or yearly), the probability of exceeding.a
given threshold or standard, and other statistical
descriptions. Regional data are presented in the form
of contour plots, while data for a single location are
presented in the form of histograms, graphs, and bar
plots.

A minimum simulation period of 1 yr was
desired to provide predictions of air quality levels in



future years. Although ATMAS is computationally
much faster than more complex versions of the code,
it still requires considerable computer time (approxi-
mately 4 h on a CDC 7600 to simulate one month).
Consequently, ATMAS was used to simulate only
one month in each season (April, July, October, and
January, 1977-78). The assessment of the remaining
months was based on the results of the atmospheric
transport model MSDM.°

The MSDM code solves the atmospheric
advection-diffusion equation using the steady-state
assumption, which results in a Gaussian plume type
model. The wind field is assumed to be constant for
each case so that the effects of spatial variations in
the wind field are neglected. The principal meteoro-
logical data required by the code are atmospheric
stability, wind speed, and wind direction. The
MSDM code can operate in either a climatological
or instantaneous mode. The climatological mode
calculates average concentrations over -periods of
months to years using a joint frequency distribution
to describe the probability of meteorological condi-
tions; the instantaneous mode calculates average
concentrations for periods of minutes to hours fora
specific set of meteorological conditions. The

meteorological data used in these calculations were
obtained from the meteorological station closest to
each source.

As a check to ensure that these simplifications
did not lead to erroneous results, the MSDM code
was also run for the four months in which ATMAS
was used, and the results of the two codes were then
compared. The agreement was found to be quite

- good. In regions of high concentration, the values

were generally within a factor of 1.5 of each other. On
a regional scale, the isopleth contour plots of the
average concentration were found to be in very good
agreement.

The. main output of MSDM when run in either
the climatological or instantaneous mode is a
regional plot of ground-level concentration contours

.resulting from the combined emissions of all sources
- considered. The impact of individual sources is also

analyzed. Typical output for single-source calcula-
tions includes the plume center-line and average

" concentration, the probability of exceeding short-

term standards as a function of downwind distance
from the source, and contour plots of the average
concentration.

METEOROLOGICAL AND AMBIENT AIR QUALITY DATA

The meteorological and baseline air quality data
were obtained from six fixed-location monitoring
stations shown in Fig. 1. These stations were oper-
ated from December 1976 to April 1978, and detailed
descriptions of the data are given by Gudiksen7 and
Gudiksen et al.® The primary meteorological param-
eters used in the atmospheric transport calculations

are wind veld’city,'atmOSpheric stability, and temper-

ature inversion height. A full year of data was used in
this study, with the sampling period extending from
February 1, 1977 to January 31, 1978.

" The Imperial Valley lies within the zone of
prevailing westerlies ‘and on the east side of the
semipermanent ‘high pressure area of the northeast
Pacific Ocean. Consequently, the prevailing flow
over the valley is from the west during most of the
year. This is shown in Fig. 2 by the yearly averaged
wind roses for each of the station locations. During
the summer, a significant southeasterly component
occurs as a result of intense surface heating, which
produces a thermal low-pressure region over the
valley. Histograms of the average wind speed at a

Salton Sea

Highline Canal

New River Imperial

u.Ss.

Mexicali

Mexico

FIG. 1. Locations of the six air quality monitoring
stations in the Imperial Valley, California.
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FIG. 2. Wind roses of the yearly averaged fre-
quency distribution of wind direction in the Imperial
Valley, California. The bar points in the direction
from which the wind is blowing, and its length
(80 km = 100%) represents its frequency.of occur-
rence in percent. The coordinates used in this and
subsequent figures are Universal Transverse
Mercator (UTM) coordinates.

height of 10 m are given in Fig. 3. The median wind
speed ranged from 2.3 to 3.1 m/s, depending on the
location.

Atmospheric stability was estimated from mea-
surements of the standard deviation of the horizontal
wind direction fluctuation oy at a height of 10 m
above the ground surface at the Heber station. The
og values were used to determine -the standard
Pasquill-Gifford stability categories. A histogram of
the yearly averaged probability of each class isshown
in Fig. 4. Stable conditions (categories F and E) are
seen to be the dominant condition, with the less
stable E category occurring a bit more often. In the
winter, the situation is reversed from the yearly
average, and category F occurs more often.

Temperature inversion heights were measured
with an acoustic sounder located at the Brawley
station. The data reveal a diurnal pattern that per-
sisted throughout the year. A surface-based tempera-
ture inversion occurred regularly at night, and
typically, by mid-morningit had disappeared or risen
above the 1-km range of the instrument. The reverse
process occurred during the early evening hours,
with reformation of the surface-based inversion
again at night. o
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FIG. 3 Yearly histograms of wind speed when
averaged on 15-min intervals for each of the six air
quality stations given in Fig. 1.

The gas concentration levels calculated by the
atmospheric transport models are due solely to the
postulated geothermal sources and do not consider
contributions from other sources. However, baseline
measurements made at the six meteorology stations
can be used to estimate the contribution from all
other sources. The major species of concern from a
geothermal development viewpoint is hydrogen
sulfide. Also considered are sulfur dioxide, which
can be formed by the atmospheric oxidation of
hydrogen sulfide, and carbon dioxide, which is the
major gas emission from a geothermal power plant.



100

80

|

60

Percent

40

20

%W s

D C B A
Stability class

r“////////,

FIG. 4. Yearly histogram of atmospheric stability
for Imperial Valley, California. Stability categories F
to A, respectively, correspond to the gy intervals:
0-3.8, 3.8-7.6, 7.6-12.6, 12.6-17.6, 17.6-22.6, and
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The ambient concentrations of hydrogen sulfide
and sulfur dioxide were low throughout the valley.
Histograms of the 1-h average concentrations are
shown in Fig. 5, where the results from all stations
have been combined.

With the exception of a few periodic excursions,
hydrogen sulfide values are less than 15 ug/ m’. The
excursions appear to occur randomly throughout the
year and may be due, at least in part, to nearby agri-
cultural fertilizing operations. The extreme values
range between 85 and 110 ug/ m3 except at the East
Mesa station, where the maximum values rarely-
exceeded 42 ug/ m’ , the California 1-h standard.

The sulfur dloxlde concentrations are generally
below 50 pg/m with occasional excursions above

“this value. The Heber station recorded somewhat
higher concentrations than the other stations,
probably because of its proximity to the principal
population centers in the valley. However, even the

- maximum values are significantly below the Federal
SO3 air quality standard of 1310 ug/m’.

Carbon dioxide concentrations were found to
vary widely throughout the valley. The six-station
average was 640 mg/ m3, with a standard deviation
of about 65 mg/m3.
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Yearly histograms of the ambient baseline concentrations of H2S and SO2.



EMISSION INVENTORY

Within the Imperial Valley, four separate areas
have been identified by the U.S. Geological Survey as
Known Geothermal Resource Areas (KGRAs).
Shown in Fig. 6, these areas are referred to as the
Salton Sea, Brawley, Heber, and East Mesa KGR As.
It is estimated that the total resource is capable of
supporting 3000 to S000 MW of continuous electrical
power production over a 30-year period.g_10 Esti-
. mates indicate that most of the resource (possibly as
much as 60%) is within the Salton Sea KGRA.
However, this KGRA may be difficult to develop
because the geothermal fluids have a high total dis-
solved solids content and about half the resource is
beneath the Salton Sea.

The main power level to be assessed in this study
is 3000 MW. This level represents the maximum
capacity for full-field devclo?ment in a medium-
growth estimate for the valley.l The medium-growth
scenario projects that electrical capacity first comes
on-line in the early 1980s and then increases at a rate
of about 100 MW per year until the year 2010, when
the 3000-MW level is reached. This level is main-
tained through 2020 and then decreases linearly to
zero by 2050. The scenario requires a total electrical
energy production equivalent to 4000 MW of con-

tinuous power for 30 years and is therefore well
within current estimates of the resource size. It is
assumed that the 3000 MW is produced by 30 power
plant units each with a 100-MW average output. The
units are distributed as follows: 14 in the Salton Sea
KGRA, 6 in the Brawley KGRA, 7 in the Heber
KGRA, and 3 in the East Mesa KGRA. The siting
pattern for each cluster of units is shown in Fig. 7.

The emission rate of a particular gas will depend
on the concentration of that gas in the geothermal
fluid, the rate of geothermal fluid consumption, and
the fraction of the gas released from the power plant.
The fraction of the gas released will vary depending
on the type of geothermal technology used (e.g.,
flashed-steam, binary, or confined-flow) and the
efficiency of the abatement system if one is used. For
the purposes of this study, it is assumed that all gas
entering the power plant is released to the
atmosphere. This situation most closely approxi-
mates a flashed-steam process in which the gases are
vented to the atmosphere with no abatement.

The concentration of the gases of interest in the
geothermal fluid (H2S, NH3, CO2, Hg, and Rn) was
measured by investigators from Battelle Pacific
Northwest Laboratories'> and from LLL. Samples

- d
Brawley
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-
imperial
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FIG. 6. Known Geothermal Resource Areas of
the Imperial Valley, California.

FIG. 7. Siting pattern for the 30 power plant units
in the 3000-MW scenario.



were obtained from a number of geothermal wells in
the Salton Sea and East Mesa KGR As. Investigators
were unable to obtain access to the other areas. The
data reveal that even in wells within the same KGRA,
the concentration of a specific gas may vary over an
order of magnitude.

The rate of fluid consumption in geothermal
power production is largely a function of the
temperature of the geothermal fluids. The geo-
thermal fluids in the Salton Sea and Brawley KGR As
have a higher temperature and therefore will be
consumed at a lower rate than the fluids in the
Heber and East Mesa KGRAs. On the basis of the
physical and chemical characteristics of the geo-
thermal fluids and the current designs of proposed
flashed-steam power plants, approximately 50 kg
of fluid from the Salton Sea and Brawley KGR As are
required per kWh of generated power, while twice
as much fluid is needed to produce the same output
in the Heber and East Mesa KGRAs."™'® Using

these consumption rates and the average concentra-
tion of each gas in the geothermal fluid, we obtained
the emission rates shown in Table 1. The emission
rates for the Brawley KGRA are taken to be the same
as the Salton Sea rates, and the Heber emission
rates are taken to be the same as the East Mesa rates.

As mentioned above, each power plant unit has
an output of 100 MW. The emission source from
each unit is approximated in the computer calcula-
tions by a Gaussian-shaped source with a horizontal
standard deviation of 20 m, a vertical standard
deviation of 10 m, and a center height of 30 m. These
dimensions are approximately the size of a typical
cooling tower source. In the ATMAS calculations,
the emission source from each cluster of power plant
units is combined into a quasi-area source that is
uniform in the horizontal direction, Gaussian in the
vertical direction (with a standard deviation of 10 m),
and elevated to a center height of 30 m.

TABLE 1. Estimated emission rates for geothermal power plants in the Salton Sea and East Mesa Known

Geothermal Resource Areas (KGRA).

Salton Sea KGRA East Mesa KGRA
Concentrations, mg/kg of fluid Emissions, Concentrations, mg/kg of fluid Emissions,
Range Mean g/MWh Range Mean g/MWh
H,S 1.6-6.0 3.2 160 0.12-1.6 0.54 55
NH3 20-41 35 1750 1.3-8.1 4.5 455
Cco, 1100-3800 1700 8.5 x 104 270-2300 1100 1.1 x 105
CHy - 3.0-10 - 6.0 300 4.0-56 33 3.3x 103
Hg " 0.0016~0.002 © - 0.0018 0.090 0.005-0.007- 0.0064 0.6
Rn 540-10802 8102 4.1 x 104 420-540° 4803 4.9 x 104
apCi/kg of fluid.

MODEL RESULTS: 3000-MW SCENARIO

HYDROGEN SULFIDE

An isopleth plot of the annual average H S con-
centrations throughout the valley is given in Fig. 8.
The concentration contour levels run from | to 30
ug/ m’. As would be expected, the higher levels are
found in the areas surrounding the power plant
clusters. The highest levels are in the area of the

-Salton Sea KGRA, where a maximum average con-
centration of about 34 ug/ m’. occurs. The average
level inthe Salton Sea.area is about five times as great
as that in the Heber and East Mesa areas. Thisis due
to the large number of power plants located in the
Salton Sea KGRA and also to a higher emission rate
per power plant for this area. The contours sur-
rounding the Brawley and Salton Sea power plant
clusters merge due to their proximity.
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FIG.8. Isopleth plot of the annual average ground‘
level H2 S concentration in ug/ m°>.

The noxious odor of H2S is the main concern,
and, therefore, the short-term average concentration
is of major importance. We have calculated the
probability that the 1-h average H2 S concentrations
will exceed 42 ug/ m’ and 10 ug/ m’ in the Imperial
Valley. The higher level is the California ambient air
quality standard for 1-h averages of H2S. The lower
level is approximately that at which a majority of
people can detect the odor."”

The results for the California standard are
shown in Fig. 9 in the form of a contour plot of
probability levels. The 19 contour encloses an area
of about 1500 km" surrounding the Salton Sea and
Brawley power plants. In the vicinity of the Salton
Sea power plants, the H2S standard is exceeded
about 25% of the time. Figure 10 shows the results for
the 10-ug/ m’ level. In this case, the 1% contour
covers most of the valley. In the vicinity of the power
plants, the probability of exceeding the 10-ug/ m’
level is about 109% for East Mesa, 15-20% for Heber,
50% for Brawley, and 75% for the Salton Sea.

Another approach that gives insight into
expected H2S levels is to calculate histograms for
single points to show the probability that H2S con-
centrations will be within certain limits. As shown in
Fig. 11, 22 points were chosen throughout the valley,
including the centers of most cities and a number of
points in Mexico and the outer regions of the valley.
The results are shown in Fig. 12. The points with the
largest probability of exceeding the California
standard lie within the Brawley-Salton Sea area
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FIG. 9. Isopleth plot of the probability that the
H:S ground level concentrations will exceed the
42-pg/m3 California 1-h-average air quality
standard.
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FIG. 10. Isopleth plot of the probability that the

H2S ground level concentrations will exceed the
3

10-ug/m” 1-h-average level,

(points 13, 14, and 15) as expected. The cities of
Niland (1), Calipatria (2), Westmorland (3), and
Brawley (4) exceed the standard from about 2 to 109
of the time. The results at points 16, 17, and 18 indi-
cate that, for the 3000-MW scenario, H2S levels
above 42 ug/ m’ should not extend far into Mexico
as a result of Imperial Valley geothermal plants.
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in evaluating the probability that H;S concentra-
tions will be within certain limits.

Associated with each histogram are two
numbers. The top one is the calculated number of
days per year with at least one breach of the Califor-
nia standard. (The days referred to are calendar
days.) The lower number is the calculated average
number of hours per day in which such episodes
occur. As shown in histograms | through 4, the
northern cities in the valley experience episodes of
greater than 42 pg/m from 72 to 228 days per year
for an average of 2 to 3 h per day. This is a very
significant fraction of the year, and episodes appear
to occur throughout the year. The cities in the Heber
and East Mesa areas—Heber (7), Calexico (11), and
Holtville (lO)—-have episodes on about 14 days per
year. Mexicali was calculated to have three 1-h
episodes, but this number is too small to be statisti-
cally meaningful. There were.no calculated episodes
exceeding the 42-ug/ m’ level in the cities of Imperial
and El Centro.

SULFUR DIOXIDE

In these calculations, it is assumed that sulfur
dioxide is produced by chemical transformation of
hydrogen sulfide in the atmosphere. To approximate
this, the models use first-order chemical transforma-
tion of H3S to SOz with a half-life of 13 h. The re-
sulting annual average SO concentration is shown

in Fig. 13. Compared to the federal standard for an
annual average (80 ug/ m3), the values forecast for
the valley are quite low. The maximum level
(7.4 pg/m3) occurs over the Salton Sea.

In addition to the annual SO; standard, there
are standards for shorter periods of time in both
California and federal regulations. The California
SO; standards are more stringent, so they will be
considered here.

The California 24-h standard is 105 ug/ m3, and
the 1-h standard is 1310 ug/ m’. Our calculations
indicate that neither of these standards would be
violated under a 3000-MW scenario. In the areas
where SO levels were expected to be highest, the
calculated 1-h-average SO concentration was
below 5 ug/ m’ at least 80% of the time. A few excur-
sions into the 100-t0-400-ug/ m’ region were
observed, but even these maximum levels are far
below the !-h standard. Calculations of the 24-h
average showed only a few eplsodes into the 40-to-
90—;4g/m region.

OTHER EMISSIONS

The impact of ammonia, mercury, and radon
emissions was found to be insignificant. The federal
- . 3 .
ammonia standard is 3.5 ug/m~ (approximately the
odor threshold), and the maximum ammonia
concentration calculated throughout the valley was
more than a factor of 10 below that level. The federal

~ occupational standard for mercuryis 100 ug/ m3, and

the maximum level calculated throughout the valley
was more than a factor of 200 below that. The federal
standard for radon and its short lived daughters in
unrestricted areas is lO pCl/m The maximum level
calculated in the valley was more than § orders of
magritude below the standard.

Carbon dioxide is the major gaseous emission
from geothermal power plants, and one might expect
that it could have a beneficial impact on the sur-
rounding agricultural industry by increasing crop
growth rates. Air quality measurements taken
throughout the valley indicate that the average
baseline CO; level is 640 mg/ m’ with a standard
deviation of £10%. The maximum calculated values
for this scenario were less than 100 mg/ m3, and
typical values were less than 20 mg/ m’. Thus, the
increase in the CO; level due to geothermal energy
production is expected to be within the range of
natural ambient fluctuations in this region.



Probability

FIG. 12. Probability histograms of the hourly ground-level H2S concentrations for the 22 sites shown in
Fig. 11. Bars 1 through 6 (numbered from left to right) give results for the concentfation intervals 0-5, 5-10, 10~
20, 20-42, 423-80, and above 80 ug/m’, respectively. The arrow on the horizontal axis indicates the location of
the 42-ug/m” 1-h-average California air quality standard for H>S. Also shown is the number of days per year
with at least one breach of the 42-ug/m’ level (top number) and the average length in hours of such episodes

(bottom number).

SINGLE-SOURCE RESULTS

The grid size used in assessing regional impacts
is too large to resolve individual plumes from each
emission source. For this reason, we consider in this
section the impact of a single source. The source is
assumed to be an elevated Gaussian one with a height
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of 30 m and a standard deviation of 20 m in the
horizontal direction and 10 m-in the vertical direc-
tion. The results for all locations within the valley are
very nearly the same, so only the results for one

location will be presented.
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FIG. 13. Annual average ground-level SO; con-
centrations in ug/m?>.

In Fig. 14 the annual average concentration
from a unit source (emission rate= 1 unit/s) isshown
(in micro-units per cubic meter). The concentration
for any source strength can be readily obtained by
multiplying the contour level by the source strength.
For example, if the source strength for a particular
emission were S g/s, then all the contour levels in
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FIG. 14. Isopleth plot of the annual average

ground level concentration in micro-units/m3 for a
unit source. The peak concentration is about
4 micro-units/ m3_

i1

Fig. 14 would be multiplied by a factor of 5. Table 2
shows the factor by which each concentration
contour should be multiplied in order to correspond
to the emission levels used in this study. Noting that
the peak concentration for the unit source is below 4
micro-units/ m3, it is readily seen that the maximum
average concentrations of NH3, Hg, and Rn are far
below the federal standards.

The situation is quite different, however, in the
case of HzS for which there is a 1-h standard. The
peak ground-level concentration is predicted to
occur within a distance of 1 km of the source, and this
distance varies depending on atmospheric stability.
At this distance and for the next few kilometers, the
model calculations show the standard to be exceeded
a significant amount of time. Taking the source as the
center of a radial coordinate system, the probability
of exceeding the 1-h standard as a function of radial
distance can be calculated by integrating over the
angular coordinate. This probability curve was cal-
culated for both the 4.4 g/s source rate (Salton Sea
and Brawley areas)and the 1.5 g/s source rate (Heber
and East Mesa areas). It is shown in Fig. 15. The
4.4 g/s source rate resulted in violations of the
standard out to a distance of 5 km, and the 1.5 g/s
source rate resulted-in violations out to a distance
of 2 km.

A number of other calculations were made using
different H2S emission rates. These calculations
indicate that if we are to keep violations of the
H; S standard within a 1-km radius of the source, the
emission rate must be reduced to about 0.8 g/s. This
corresponds to an emission rate of 30 g/ MWh. Rule
455(b) in the Northern Sonoma County Air Pollu-
tion Control District (where The Geysers is located)
restricts emissions to 50 g/ MWh by the year 1985.

TABLE 2. Enmission factors for a 100-MW single
source.
Salton Sea and Brawley = Heber and East Mesa
power plants, g/s - power plants, g/s

H,S 4.4 1.5

NH3 49 13

€O, 2400 3100.

Hg 0.0025 0.017

Rn 12002 1400 2

3The emission units for Rn are pCifs.
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F1G. 15. The calculated probability of exceeding

the 42 ug/ m’ one hour California air quality stand-
ard for H> S as a function of radial distance from the
source.

It might be noted that to keep the peak concen-
trations (as opposed to i-h-average concentrations)
below 42 ;Lg/m3 beyond | km, the emission rate must
be reduced by another order of magnitude. It should
also be noted that the peak concentrations near the
source are highly dependent on the wind speed and
occur when the wind speed is low. A small change in
a low wind speed can result in a change in the

- concentration by a factor of two to three or more.

Consequently, the calculated concentrations can
vary considerably depending on the wind speeds used
in the study. In addition, the resultant concentra-
tions will depend highly on the height and size of the
source as well as the source rate and meteorology.
For these reasons, the calculated distances, beyond
which the levels will not exceed the standard, are only
approximations.

CONCLUSIONS

This assessment of the impact of a 3000-MW
level of geothermal electrical energy production on
air quality in the Imperial Valley, California has led
to the following conclusions: = °

® The California 1-h' standard for HS (42
ug/ m3) would be exceeded at ground level a signifi-
cant amount of time over a large fraction of the
valley. The standard would be violated at least 19 of
the time over an area of approximately 1500 km’
surrounding the power plants in the Salton Sea area
and extending over the power plants in the Brawley
area. Similar episodes 'wou]d_ probably occur over
areas of approximately S to 10 km’ surrounding the
clusters of power plants in the Heber and East Mesa
areas.

_ @ The northern cities in the valley would receive
the highest H2S exposure. The standard would be
exceeded 10% of the time in Calipatria on about two-
thirds of the days each year, and Niland and Brawley
would experience similar violations 2% of the time
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on about 20% of the days each year. In the cities of
Heber, Calexico, and Holtville in the southern part
of the valley, the standard would be exceeded on
about 4% (14 days) of the days each year, and in
Mexicali, Mexico, a couple of days each year. No
breaches of the HyS standard are predicted for the
central valley cities of El Centro and Imperial.

® Model calculations for a single power plant
indicate that the HyS standard is not exceeded
beyond a distance of about 1 km when the emission
rate is less than 0.8 g/s.”

® The model predicts that nearly the entire
valley—approximately 5000 km’ —would experi-
ence concentration levels in excess of 10 yg/m3 (the
average odor threshold) at least 1% of the time.

® The SO; standards would probably not be
exceeded at the 3000-MW power level. At higher
power levels, SO, standards would still not be
exceeded as long as the H:S standard were not
exceeded. This assumes that HaS is not converted



to SO at the source and that the half-life of H>S in
the atmosphere is 13 h or greater.

® The levels of CO; produced by geothermal
power plants would be within the normal fluctua-
tions in the ambient concentration levels.

® The maximum ground-level concentrations
of ammonia would be at least a factor of 10 below the
federal standard.

@ The maximum ground level concentrations of
mercury would be at least a factor of 200 below the
federal standard.

@ The maximum ground level concentrations of
radon and the short-lived radon daughter would bea
factor of 10° below the federal standard.

These conclusions are based on the emission
rates shown in Table 1 with no abatement.
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APPENDIX A. IMPACTS OF OTHER SCENARIOS

The impact of emissions from geothermal power plants on the concentration of gaseous substances in
the air throughout California’s Imperial Valley will depend on several factors: the emission rate (which, in turn,
is a function of the content in the geothermal fluid, the chemical and physical properties of the geothermal fluid,
and the efficiency of conversion and abatement technologies), the size and location of individual power plants,
and the total number of power plants throughout the valley. There is considerable uncertainty in all of these
factors since geothermal development in the Imperial Valley is only in the initial stages.

A principal uncertainty is the emission rate. Initial source concentration measurements have varied
over an order of magnitude. This is typical of geothermal fluids, even those obtained from wells within the same
KGRA. In addition, the fractional content of the fluid is generally found to vary with time. Consequently,
greater confidence in the emission rate estimate can be gained only as more wells are drilled and continually
monitored. The maximum level of power production in the valley will also become more precisely known as the
experience of developers leads to a better understanding of the geothermal resource and our ability to exploit it.

The analysis in this appendix is intended to provide a means of estimating the regional air quality
impacts of geothermal development, should emission rates be found to vary considerably from those assumed in
this study. The scenario treated here includes five emission sources in each KGRA and treats each cluster of 5
sources separately. Each of the five emission sources had a unit (1 g/s) emission rate for a total emission rate of
5 g/s. The source height and size are the same as those used in the other sections of this report. The annual
average concentration from each cluster of sources has been calculated, and the results can be combined with
the proper weighting to estimate the impact from a variety of scenarios with different emission rates and total
capacity per KGRA.

Contour plots of the annual average concentration levels for each cluster of sources are presented in
Fig. A-1. The concentration levels are in ug/ m3, The concentration levels are seen to be somewhat higher in the
northern part of the valley. The peak concentration in the Salton Sea and Brawley areas is about 30 ug/ m3,
while the peak level in the Heber and East Mesa areas is about 10 ug/ m’. The differences in the concentration
levels are due solely to the different meteorology in the different locations.

As an example of how these results can be combined, the Salton Sea and Brawley contour levels have
been combined using-a weighting factor of 1, and the result is shown in Fig. A-2. In this scenario, there are equal
emissions from the cluster of power plants in the Salton Sea and Brawley areas and none from the Heber and
East Mesa areas. Combining these concentration levels with those from the cluster of sources in the Heber and

East Mesa area, again using a weighting of 1, produces a scenario where there are equal emissions from each of
the four clusters of sources. The contour plot for this scenario is shown in Fig. A-3. The appropriate weighting

factor for each contour level is obtained by multiplying the contour level value in the figure by the emission rate
(g/s) per power plant (assuming there are 5 power plants in each cluster) or by multiplying the contour level
value in the figure by 1/5 the emission rate (g/s) per power plant cluster. In this way, the results shown in Fig.
A-3 can be used to predict the impact of a 2000-M W scenario, with 500 MW produced in each KGRA and with
equal emission rates per KGRA.
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FIG. A-1. Isopleth plot of the annual average ground level concentration in ,ug/m3 for five unit sources
located in (a) the Salton Sea KGRA, (b) the Brawley KGRA, (c) the Heber KGRA, and (d) the East Mesa
KGRA.
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