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Abstract

Anbient air monitoring for non-criteria
pollutants was conducted to assess the
impact of geothermal steam utilizstion on
the ambient air at The Geysers. The
measurenents revealed no exceeds of any
anbient air quality standards, state,
federal, or foreign. Except for mercury
vapor, radon, and ammonia, all of the
pollutants were measured at near detection
l1imit concentrations using methods that
are state-of-the-art, Mercury vapor seems
to be more related to the known geologic
cinnabar deposits and past mining
operations in the area than to geothermal
stean utilization at The Geysers.

Introduction

The Air Quality Unit of Pacific Gas and
Blectric’s (PG&E) Department of
Engineering Research conducted ambient air
monfitoring for non-criteria air pollutants
in populated areas of Lake County, .
Californis. This area 1is predominately
downwind of The Geysers, an area producing
geothernal steam generating 1300 megavatts
of electric power., The Geysers is located
in the Mayacmas Mountains, spproximately
90 miles north of San Prancisco.

The non-criteria air monitoring began in
August 1983 and vas conducted to the end
of July 1984, This program will again
resume in August 1986 for one final year
of operation. The program is a portion of
the larger Geysers Air Monitoring Progran
(GAMP) which also includes continuous
measurenents for ambient hydrogen sulfide
(H2S) at six sites and meteorological
parameters at eleven sites (nine wind
direction/speed and temperature/devwpoint
sites and tvo acoustic sounder sites).

GAMP was created to provide environamental
messurements needed dy industry and
regulatory agencies for assessing the
tapact of growth of the geothernal
tndustry at The Geysers., GAMP {s supported
by a consortium of 15 entities including
power companies, stean suppliers, local

air pollution control districts, the
California Air Resources Board (ARB), and
the California Energy Commision. The
Northern Sonoma County Air Pollution
Control District (NSCAPCD) 1is the project
manager for GAMP, PGAE performs all of the
non-criteria monitoring, H2S monitoring at
two sites, and meteorological monitoring
at three sites. The consulting firm,
Environmental Systems & Services (ES&S),
Kelseyville, California, performs the
remainder of the monitoring for the GAMP
consortium. The Lake County Air Pollution
Control District (LCAPCD) performs quality
assurance activities for GAMP, The ARB
also performs quality assurance activities
a8 well as specific chemical analyses at
their Haagen-Sait Laboratory im E1l Monte,
California.

The parameters selected for the
non-criteria pollutant monitoring progranms
were chosen based on:

(1) their presence in geothermal stean
(mercury, arsenic, benzene, radon,
amaonia, boron, and silicon);

(2) their use in BH2S abatement systems at
operating power plants (vanadiuam);and

(3) their formation in the atmosphere as a
result of geothermal emissions (sulfate).

This list 1s believed to cover all
emissions from current geothermal stean
utilization which sre relevant in
evaluating public health concerns in
nearby populated areas of Lake County. The
results of the monitoring program are
described herein.

Method of Measurement and Analysis

Methods chosen for the measurement and
analysis of the non-criteria pollutants
have been selected based on their ability
to provide:

1) measurements comparable to ambient air
quality standards;

2) the lowest feasible level of detection;
3) the greatest precision; and

4) a cost effective progran.
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Por these reasons, the respirabdle
suspended particulates, sulfate,
particulate boron, and ammonia (four
6~hour samples) measurements are performed
on a 24 hour basis every sixth day 1ian
phase with the ARB’s total suspended
particulate sampling schedule. Mercury

vapor is sampled using a coatinous (hourly,

integrated) analyzer to further our
understanding about its behavior at The
Ceysers. Conversely, radon (monthly) and
benzene (one, one hour sample per month)
are sampled less aggressively. Boron
deposition is collected similarly to
wet/dry deposition sampling performed
elsevhere in acidic deposition monitoring
prograns.

Measurement Procedures & Accuracles

Tadble 1 presents the measurenment
procedures and estimated overall accuracy
of each of the measurements. The overall
accuracy is assumed to be the sum of the
estimated component accuracies (flow,
tiae, analyses, etc.,) and, thus,
represents a worst case assessment as {t
does not account for off-setting
i{naccuracies.

Quallty Control/Quality Assurance
Activities

Rigorous quality control and quality
assurance activities were were maintained
throughout the program. These procedures
were subnitted to the GAMP consortium for
approval prior to initiation of field
neasurements in 1983, These activitdes
include routinely scheduled calibration
audits and detailed record keeping of all
activities, The results of these
activities are reported with the original
data,

Results

Table 2 l1ists the maximum concentrations
of the measurement program. The following
is a discussion of each of the parameters
measured.

(A) Mercury Vapor

Mercury vapor measurements have revcaled
some of the most interesting data during
the program both in magnitude and seasonal
trends. Measurements {n 1982 were
generally an order of magnitude lower thar
similar measureaments in the same calandar
quarter of 1983(1). Mercury vapor data
also exhihit a decline in magnitude as
each progran progressed from thelr
sumnmertime start date, Figure 1. We

speculate that thie trend can be
correlated to ambient temperatures with
.the belief that mercury vapor is being
eluded from known soil deposits of
‘cinnabar in the area, The 1983-84 data
.shov a eimilar trend with lovest mercury
imeasurements occuring in mid-winter,
‘However, one of the highest mercury vapor
messurenents, 0.165 ug/m3, at Anderson
Springs coincided with one of the first
days of extensive rainfall, November
‘8,1983. We have found no explanation for
this phenomenon. Mercury vapor
acasurements do not correlate with
particulate mercury measurements from the
dichotomous sanmpler filters, coarse or
fine.

(B) Amanontia

Ammonia concentrations were similar {n
magnitude to concurrent hydrogen sulfide
concentrations at Whispering Pines in
1982(1). A significant relationship was
deternined for this four month data set.
This 1is not unexpected as ammonia and
hydrogen sulfide are usually emitted
together in similar concentrations by
volume from unabated geothermal
activities, However, the ratio of
hydrogen sulfide to ammonia emfssions may
differ from H2S abated sources(l),

(C) Radon

Monthly radon measurements have been low
to date, However, highest radon
concentrations (3 to & pCi/1l) have
occurred in December 1983 during an
extremely wvet month, Conversely radon
concentrations ranged from 0.2 to 0,7
pCi/1 in January 1984, an extremely dry
winter month.

(D) Respiradble Suspended Particulates,
(RSP) )

The RSP measurements uniquely characterize
the airdorne particulates for the first
time at The Geysers., It is significant
that near detection limit quantities of
particulate mercury, arsenic, and vanadiunm
were measured during the progranm.
Automotive emissions of lead and bromine
vere measured, Earth elenents of iron,
titanium, and silicon were commonly
measured., Chlorine, believed to be ocean
derived, was measured in greater
concentrations on days with greater wind
velocities coming from the coast, Size
wise, coarse particulates (2.5 un to 10
un) dominated the size fraction in the
suamer of 1983 and more fine particulates
(less than 2.5 un) dominate in the winter
of 1983-84,

(E) Boron

Aabient particulate boron measurenents are




lov with little relevant interpretation
.eurrently discernable. The boron
deposition measurements, more useful for
vegetation impact assessaent than pubdlic
health, are diffficult to interpret. Also,
variations in rainfall have affected the
reported data. The collection of dew in
the dry bucket 1in the colder months (not
uncommon in dry deposition sampling)
contributes to the confounding of the
results. Thus, these boron deposition
data are more qualitative than
gquantitative,

(F) Bengene

Ambient benzene measurements have been
very low and no relevant trends are
evident. These datas indicate that
geothernal benzene emnissions appear to
have an insignificant effect on air
quality in the area of study.

(G) Total Suspended Particulates, (TSP)

TSP concentrations measured to date have

all been below the California 24 hour TSP
AAQS, 100 ug/m3 and the EPA 24 hour AAQS,
260 u‘/.so

(R) Sulfates

The sulfate data meassured using the hi-vol
snd the dichotomous sampler provide two
unique data sets for comparison. The size
fractionation of the sulfates in the
dichotomous sampler shows that the
majority of ambient sulfate is in the
fine, less than 2,5 um, size, While the
hi-vol and dichotomous data do not
correlate statistically, they do show
similar measurenents both of which ure in
the range of their detection limits, We
believe that the lack of correlation
betvween the two sets of sulfate data is
not due to artifact formation on the
hi-vol filter paper since the hi-vol
sulfate data 1s not consistently higher
than the dichotomous data as it would have
to be. Also, very little sulfur dioxide
is present in the anbient in this area,
Sulfate measurements at the two different
sites in 1982 ghowed a significant
relationship indicating area wide
unfformity of sulfate concentrations(l).

Coapariann of Results with Health Based
Criteria

World-wide AAQS’s for the non-criteria
polluatants measured durfiag the described
prograns are(2):

1) arsenic, 3 u3z/e3 for 24 hours
(Crechoslovakia and USSR),
2) marcury, 9.3 ug/nd for 24 hours (USSR),

3) varadium pentoxide, 2 ug/m3 for 24
hours (USSR),

4) ammonia, 100 ug/a3 for 24 hours
(Czechoslvakia) and 200 ug/m3 for 24 hours
(USSR), and

5) benzene, 800 ug/m3 for 24 hours
(Czechoslvakia and USSR),
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Presumed safe levels reported at the World
Health Organization International
Symposium, . June 1974, 1in Paris, France
are(3):

1) arsenic, 5.9 ug/m3 for 24 hours,
2) mercury, 0.8 ug/m3,

3) vanadium, 6.8 ug/m3, eand

4) boron, 59 ug/m3 for 24 hours.

The Ontario Ministry of the Environment
established the standards(4):

1) arsenic, 5 ug/m3 for 24 hours and 15
ug/m3 for 15 minutes,

2) mercury, 2 ug/m3 for 24 hours and 5
ug/m3 for 30 minutes,

3) vanadium, 2 ug/a3 for 24 hours and 5
ug/m3 for 30 minutes, and

4) ammonia, 3600 ug/m3 for 30 minutes, and
5) benzene, 10000 ug/m3 for 24 hours.

Clearly, the messured concentrations of
these non-criteria pollutants in Lake
County are much less than any of these
standards.

"Ambient concentrations of sulfate, RSP,

and TSP were all less than thelr
respective California AAQS, 25,50, and 100
ug/n3 for 24 hours.

Conclusions

The non~criteria air monitoring progran
described herein 1s a progressive program
designed to ansver today’s questions
regarding ambient effects of geothersal
pover plant air emissions, Except for
ambient hydrogen sulfide concentrations,
all other criteria pollutsants downwind of
The Geysers are bdelow existing ambient air
quality standards in the state of
California. Pollutants for vhich a
standard does not currently exist for in
California (wercury, arsenic, vanadium,
benzene, sammonia, boron, silicon, and
radon) are all below standards reported in
the literature for other nations. Except
for mercury vapor, radon, and amamonia, all
of these pollutants were measured at near
detection limit concentrations using
sethods that are state-of-the-art.

Mercury vapor does, hovever, warrant
vatching as an apparant fncrease in
ambient concentrations has been measured
from 1982 to 1983, These mercury
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concentrations may be natural to the area
and more related to the known geologic
‘"cinnsbar deposits and past mining
operations in the area than due to
geothermal stean utilization, The higher
Decenmder 1983 radon nmeasurenments compared
to the January 1984 measurements suggest
that rainfall patteras have A more
seasureadle effect on anbient radon
concentrations than geothermal enmissions;
more vork is required to verify this
observation. Ammonia concentrations, while
measureable and statistically correlated
to anmbdient H2S measurements in 1982, are,
nevertheless, very low when compared to
health based criteria,

Data from the 1983-1984 program are
providing a valuable baseline to assess
future (1986-1987) GAMP data.
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TABLE 1
ESTIMATED MEASUREMENT ACCURACIES
AND DETECTION LIMITS

Relative Deteétion
Parameter Analytical Method Accuracy, % Limit
Mercury — — — — — Jerome analyzer
vapor — — — — — — gold fiilm
-continuoug — — — — — — — — — — — — — — — - 210 -~ — — —— 10 ppt
=24 hOUPr — — - = - - - +10 — — — — 0.004 ug/m3
Radon — — — — — - Type F, Trachetch — — — — — +50 — — — — 0.1 pCi/t
Boron (deposit) — — ICP analyses — — — — — — — +50 — — — — 1 ug/m2-4
TSP — — — — — — Hi-vol, gravimetric — — — — *11 — — — — 1 ug/m3
Suifatée — — — — — Hi-vol & turbidimetric — — — 1§ — — —— 0.3 ug/m3
RSP, PM 10 — — — Sjerra dichotomous — — — — 35 — — — — 0.3 ug/m3

gravimetric

RSP — — — — — — XRF analyse8 — — — — — —* 20 — — — - 0.001 ug/m8
elements — - — — — (As,Hg,V,Si,S)
Boron (part.) — — — Lo-vol & ICP anal. — — — — 20 — — — — 0.01 ug/m3
Ammonia — — — — ~ Lo-vol & specificion — — —*25¢¢ — — — 0.2 ug/m3

Benzene — — — — —Gas chromatography — — — —% 20 — — — — 0.1 ppb
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TABLE 2
MAXIMUM CONCENTRATIONS (UG/M3)
1983-84 PROGRAM
August 1, 1883 - July 31, 1984

Anderson Gien Brook
Springs
Mercury vapor, hourly ppt — — — — — 70 — — — — 48
Radon,pCi/t — —— — — — — — — 3895 — — ——3.00
Boron wet/dry deposition, — — — — <238/<78 — —<1071/<116
ug/m2-day *
TSP — — — 93 64
Sulffat¢e — — — — — — — — 87 — — — —3.1
RSP PM 10 — — — 46,1 — — — —46.3
- arsenic (fine/coarse) — — — — 0.014/0.003 —— 0.004/0.003
- mercury (fine/coarse) — — — — 0.005/0.005 — — 0.004/0.008
- vanadium (fine/coarse) — — —— 0.002/0.004 —— 0.003/0.002
- silicon (fine/coarse) — — — — 1.239/6.806— — 0.786/3.816
- gulfate (fine/coarse) — — — —3.814/2,074 — — 2.835/0.723
Boron particulate 056 — ———0.88
Mercury vapor, 24 hour — 0.165 — — — 0.273
Ammonia 1415 — — — 178
Benzene, ppb — — — — —— — — — 36 ———— 46

*Concentrations are biased high due to effects of rainfall
and dew.
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FIGURE 1. Monthly Average Mercury Measurements




