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ABSTRACT

The results of three ambiert air monitoring programs
performed downwind of The Geysers, California, are
described. These studies, conducted since 1976, have
monitored the declining ambient air concentrations of
hydrogen sulfide (H,S) in Lake County. During the 13
years of monitoring, gecthermal power production has
increased from approximately 500 to 2000 megawatts,
H,S emissions from power plants have declined from
1900 to less than 200 Ib/hr, and ambient H,S
concentrations have significantly declined. Annual
average concentrations of H,S at four long-term sites
have declined by a tactor of 2.8, maximum H,S
concentrations have declined by a factor of 3.4, and the
frequency of exceedance of the California Air Quality
Standard (0.03 ppm) averaged over 1 hour has declined
from an average frequency of 52 times per year to less
than 1.

INTRODUCTION

Pacific Gas and Electric Company (PG&E) has been
a participant in several air monitoring programs for
ambient concentrations of hydrogen sulfide (H,S) in
Lake County, California. This area is predominantly
downwind of The Geysers, an area producing
geothermal steam used to operate power plants
generating over 2000 megawatts of electricity. The
Geysers is located in the Mayacamas Mountains, 0
miles north of San Francisco.

Three distinct monitoring programs have been
conducted since 1976. The first program was initiated in
1876 and was conducted by SR international. The SRI
program was performed for three years and was funded
by a consortium of industries. PG&E was the contract
manager. Eight sites were monitored using continuous
H,S analyzers. Five of these sites were iccated in
populated areas of Lake County (Kalm Ranch, Pine
Summit, Whispering Pines, Anderson Springs, and
Sawmiil Flats) with two additional sites along the Lake-
Sonoma County line (at the ridgeline east of The
Geysers and one site west of The Geysers in Sonoma
County). This network was complemented with
additional meteorological measurements at each of the
H,S sites and along the ridgeline (Figure 1}.
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The second major program, the Geysers Air
Monitoring Program (GAMP), began in August 1983 and
continued until July 31, 1987. This program included
continuous measurements for ambient H,S at six sites
and metecrological parameters at eleven sites {nine wind
direction/speed and temperature/dew point sites and
two acoustic sounder sites). H,S was monitored at Pine
Summit, Whispering Pines, Anderson Springs,
Gienbrook, Hobergs, Anderson Ridge (1983-1984), and
Bincklsy Ranch (1585-1887). GAMP was supported by a
consortium of 15 power companies, steam suppliers,
local air pollution control districts, the California Air
Resources Board (ARB), and the California Energy
Commission. The Northern Sonoma County Air
Pollution Controt District (NSCAPCD) was the project
manager for GAMP. PG&E performed the non-criteria
monitoring, H,S monitoring at two sites, and
meteorclogical monitoring at three sites. The consulting
firm, Environmental Systems & Services (ES&S),
Kelseyville, California, performed the remainder of the
monitoring and issued quarterly data repoits to ths
GAMP consortium. The Lake County Air Quality
Management District (LCAQMD) and ARB performed
guality assurance activities for GAMP,

The third major program, GAMP ll, began on August
1, 1987, at the conclusion of GAMP. GAMP Il is
basically a modified extension of GAMP. Four of the
GAMP H,S monitoring sites (Whispsring Pines,
Anderson Springs, Glenbrook, and Pine Summit) were
continued along with ridgeline metecrological monitoring
at Unit 13 and Unit 17. At the beginning of 1989, the
Whispering Pines site was discontinued and the Hobergs
site was reactivated. This program is scheduled to
continue until December 31, 1980. The monitoring
performed in GAMP 1l is performed solely by PG&E
under contract to the NSCAPCD under & similar
arrangement as occurred in GAMP. The LCAQMD and
ARB continue to provide QA/QC work to the GAMP |1
consortium.

Between the conclusion of the SRI program and the
beginning of GAMP, isolated monitoring occurred at Pine
Summit (NSCAPCD), Anderson Springs (LCAQMD),
Whispering Fines (PG&E), and Hobergs (PG&E). Each
of these sites was operated and maintained




GAMP lI: PG&E again uses TECO Model 43 sulfur
dioxide analyzers, retrofitted with TECO model 340
hydrogen sulfide to sulfur dioxide converters, to measure
ambient H,S concentrations at The Geysers. Hourly
concentrations of H,S are reported by PGAE to the
nearest 1 ppb.

RESULTS OF THE THREE PROGRAMS

Tables 1-4 list maximum concentrations, annual
averages, and the number of exceedances of the hourly
Ambient Air Quality Standard (AAQS) (0.03 ppm) for
1976-88 at the four sites with the most continuous data
records. These sites are Pine Summit, Anderson
Springs, Whispering Pines, and Glenbrook {originally
Kalm Ranch during the SR! program). Qur analysis
interprets 25 ppb and greater as an exceedance of the
state 0.03 ppm AAQS which is consistent with
NSCAPCD and LCAQMD policies.

Tables 1-4 reveal the results of aggressive reduction
of H,S emissicns from power plants and steam field
activities at The Geysers. From 1976 to date, electric
power production capacity has increased from 500 to
2000 megawatts, a factor of 4. In addition, while power
production was increasing at The Geysers, H,S
emissions were being abated from existing geothermal
facilities (power plants and steam field activities). In
1976, H,S emissions from electric power plants were
estimated to be over 1900 Ib/hr; in 1988, the H,S
emissicns were estimated to be less than 200 1b/hr
including steam field releases (Tolmasoff). Figure 2
shows the number of exceedances of the AAQS versus
PG&E annual power production at The Geysers. Again,
significant reductions in exceedances have occurred
while electric production has increased.

Table 1
Pine Summit Data Summary

max. hr. annual no. hrs.>
year conc. (ppb) avg. (ppb) AAQS

1878 75 2.8 78
1877 75 1.8 116
1978 80 1.3 10
1979 55 na na
1880 30 0.5 1
1981 45 G.5 na
1982 50 0.9 12
1983 38 0.7 10
1984 36 0.5 6
1985 50 1.0 13
1986 22 0.9 0
1887 20 0.8 0
1988 22 06 0
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Table 2

Anderson Springs Data Summary

max. hr. annual no. hrs>
year conc. (ppb) avg. (ppb) AAQS

1976* 35 1.0 6
1977+ 60 2.3 538
1978* 30 1.9 8
1979 na na na
1980 35 38 na
1981 25 0.4 1
1982 28 na** 3
1983 23 na** 0
1984 13 1.0 0
1985 10 1.6 0]
1988 8 1.2 0
1987 8 0.9 0
1988 9 08 0]

* 1976-1978 data collected at Jackass
Flats; thereafter, data coliected at
Recreation Center

** Some of the na data is due to a lower

reported limit of 10 ppb which biased the
annual averages.

Table 3
Whispering Pines Data Summary

max. fr. annual no. hrs>
year conc. (ppb) avg. (ppb) AAQS

1976 a0 35 79
1977 80 3.1 37
1978 50 2.2 55
1979 na na na
1980* 20 na 0
1981 30 0.7 3
1982 18 0.4 0
1883 24 08 0
1884 20 049 0
1885 25 0.9 3
1886 10 0.7 G
1887 19 086 0,
1988 8 0.5 0]

* 1980 represents half a year of data
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ABSTRACT

From June 19 to December 18, 1986, PG&E
conducted ambient air mercury measurements at six
stations downwind of The Geysers in Lake County. The
stations were located in populated areas on the eastern
side, within the geothermal field at worst-case locations,
and adjacent to geothermal plants and old mercury
mining facilities. The mercury measurements were taken
for 24 hours on a six-day cycle. The lower detection
limit of this technique was approximately 1 ng/m?*
(nanogram per cubic meter) of air.

Overall, the ambient levels of gaseous mercury were
low. The average was 5.8 ng/m” for the test period,
with @ maximum concentration of 23.6 ng/m°. These
data are similar to the estimated average atmospheric
levels woridwide, 10 ng/m®.

A statistically significant relationship was determined
to exist between ambient mercury and air temperature.
A correfation was also evident between rainfall and a
decrease of mercury concentrations during the testing
period.

INTRODUCTION

The Geysers-Calistoga Known Geothermal Resource
Area (KGRA) is located on the eastern Mayacmas
Mountain region of Lake and Sonoma counties. This
region contains rich deposits of cinnabar ore, the
principal ore processed in mercury mining. Mercury
mining in this region began around 1861 and continued
until about 1844 when the Socrates Mine stopped
production. Surface deposits of cinnabar stilt exist, ang
the natural cutgassing of metallic mercury vapor from
these deposits and mercury éntrained in the geothermal
steam that is ultimately released into the atmosphere
have become increasingly of concern. Several
researchers have systematically investigated mercury
vapor in geothermal steam (Robertson 1877, Crecelius
1876, Vostal 1872) and have followed the path of
mercury through the geothermal power plant steam
cycle and its ultimate release into the environment.
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At The Geysers, three basic mechanisms could
account for ambient gaseous mercury. Those
processes are: 1) volatilization of mercury vapor from
mercury-rich soils (i.e., cinnabar ore and mine tailings)
{Robertson 1877), 2) entrainment in gecthermal stearm
and release into the environment by natura! venting and
wellhead venting or from geotherma! power plant cooling
towers (Vostal 1872), and 3} volatilization from surface
waters exposed to the air (DOI 1870).

In 1982, &s part of the PG&E Geysers Unit 18 Public
Health Compliance Monitoring reguired by the Calitornia
Energy Commission (CEC), the PG&E Air Quality Unit
conducted field monitoring of gaseous-metallic and
particulate mercury in The Geysers area.

A larger study of the ambient air in the vicinity of The
Geysers was undertaken in 1983 by a consortium of
industry and local and state agencies including PG&E,
the California Air Resources Board, and the CEC. This
consortium initiated a study, the Geysers Air Monitoring
Program {GAMP), which in 1883 and again in 1986
measured non-criteria pollutants of concern at The
Geysers, including gaseous and particulate mercury
(Altshuler et al. 1984).

After review of these studies, it was concluded that a
more concentrated investigation of ambient metallic
mercury vapor &t The Geysers was warranted. In
June 1986, the PG&E Alr Quality Unit began that study.

This report contains the findings and analyses of The
Geysers Ambient Air Mercury Program of 1986 and
attempts to answer several key questions:

1. Wha! are the ambient levels of mercury at The
Geysers?

2. Is there a relationship between air temperature
and ambient levels of mercury?

3. Is geothermal steam a major source of gaseous
mercury?
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4. Does rain have an sffect on ambient levels of
mercury either through a washing effect (lowering
ambient mercury leveis) or a process of ercsion
{exposing new soils 10 outgassing and thereby
increasing ambient mercury levels)?

METHODOLOGY
Sampling Sites

Six sites were established for this study. Three of
thern were at existing GAMP monitoring stations and
three more were established because of their proximity
to the geothermal power plants, old mercury mining
facilities, or natural meteorological drainage topography.
Figure 1 is an area map with the mercury monitoring
stations, power plants, and mercury mines indicated.
The six stations were:

Anderson Springs. Located in a relativel. densely
populated area approximately 1 1/2 miles east and
1200 feet below Ceysers Unit 13, this site was
considered important because of the number of
permanant residents living there and because historica!l
data exist for ambient air concentrations of H,S and
mercury. This site was considered relatively clean, and
littte mercury was expected 10 be seen there.
Abandoned mercury mines are located approximataly

1 mile to the west and south of Anderson Springs.

Hobergs. This is & GAMP site located in a residential
setting in Cobb, California. it is east of Bottie Rock
Road, in a relatively high H,S area near the crest of the
ridge. This site was expected to monitor effects of
westerty winds on mercury emissions from Geysers
Units 11, 12, and 17.

Gtenbrook. This is a GAMP site located at the northern
end of The Geysers area. This sile was positioned to
monitor mercury emissions from the developed portion
of the nearby KGRA during southwesterty winds.
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Big Sulphur Creek and Union Chemical Abatement
Storage Shed {(CASS). Thess sites, kocated within the
oldest developed area of The Geysers, were considered
"worst case® iocations. The Big Sulphur Creek site is
located immediately south of Geysers Units 1 and 2, and
the Union CASS site is between Units 3 and 4 and Units
5 and 6. These sites were located on the Big Sulphur
Creek drainage and monitored air parcels that follow the
diurnal patterns of wind along the Big Sulphur Creek.
Mercury mines across the valley and adjacent to the
Healdsburg-Geysers Road potentially influenced ambient
mercury af these siles.

Bear Creek. This site is located 1 mile east of Geysers
Unit 16 and is within 1/2 mile of Thorne and Big Injun
mines.

SAMPLING PROTOCOL

The sampling equipment was housed in existing
structures, when available. At the Bear Creek site, we
used a "cofton region” meteorciogical shelter. The
sampie inlets were located approxirnately 3 meters
above ground level and/or 1 meter above the sampler
enclosures. Big Sulphur Creek was the exception; the
inlet was located about 1 1/2 meters from the side of the
building and 10 meters above Big Suiphur Cresk at the
UNCCAL pump station. In all cases, the sampie lines
were 3/16-inch (ID) FEP teflon tubing. inlet line lengths
were less than 5 meters and sample fiow rates were
approximately 0.7 liters per minute, so residence times
within the probe were less than 8 seconds. All sites
except Bear Cresk were able to achieve satisfactory EPA
siting guidelines. At Bear Creek, the sampier was
iocated under the forest canopy in a narrow canyon with
trees and bushes within 2 meters on two sides.

MERCURY ANALYSIS METHODOLOGY

Airborne mercury vapor was coliected and measured
using the Jerome gold fim technology (McNerney 1583).
The samplers drew ambisnt air across a mercury
collection device (gold-coated coif) that absorbed
mercury into the coating. The samples were
subsequently analyzed on a Jerome Model 301 mercury
analyzer.

The Jerome goid fiilm method uses a two-step
amaigam technigue (sampling followed by analysis) for
measuring mercury vapor. First, air passes across a
gold-coated coil having & constant collection efficiency.
After a pre-selected sampling period, the mercury is
volatilized through heating for detection by the Jerome
301 anatyzer. The volatilized mercury s collected on a
gold film detector (a leg of a Wheatstone bridge) and the
resutting change in resistance is proportiona! to the
amount of mercury deposited. This procedure resulted
in & detection kmit of approximately 1 ng/m°.

The mercury sampiers consisted of sample lines,
particulate filters, Mallcosorb fiters, rotameters, pumps,
dry test meters, and timers in conjunction with the gold
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coil coliactors. Samplers located at sites using a sample
distribution manifold (GAMP stations), also included a
solenocid valve between the collector coil and the orifice
to prevent backfiow through the system during non.
sampling times. Sites having AC power used a Dayton
7-day diat time switch and a Metal Beliows Model MB-41
air pump. Sites without AC power used an Irri-Trol
battery-operated controiler and a 12-18 voit DC
Brailsford Model TD-4X2S pump. Those pumps were
powered by 12-voit lead-acid marine batteries.

Mallcosorb fiters removed H,S (an interference) from
the sample stream. The orifice and rotameters were
used for setting the flow rates and checking for leaks in
the system. The pumps werse of a sealed positive
displacerment dasign, so the dry test meter recorded the
total sampls volume. The dry test meter records voiume
with a resoiution of 0,001 #° {2.83 x 10° m®).

QUALITY CONTROL

The accuracy of the mercury measurements was
maintained by injection of mercury standards into the
Jerome 301 analyzer, which (as nearly es possible)
duplicated the instrument's response to the 24-hour
collection coil response. The 24-hour mercury
measurements were based on a new calibration curve
each time the collectors were analyzed. The mercury
standards were precise volumes of mercury vapor taken
fromn the head space of a vial containing liquid mercury
at 0 degrees C (Arcado and Lin 1983b).

RESULTS OF ANALYSES
Data

Ambient gaseous metallic mercury data from the
sampling sites were collected from June 19, 1986, to
December 16, 1886. These data are presented in
Table 1. Overall, the Union CASS site had the highest
concentrations of mercury, An average mercury
concentration of 8.6 ng /m3 was monitored there during
the sampling pericd. The high 24- hOur value at Union
CASS was measured at 17.3 ng/m” on August 24 and
was the second highest value recorded for al! sites. The
Big Sulphur Creek site had the next highest mercury
concentrations. An average of 7.2 ng/m° was measured
there over the sampling period.

Hobergs recorded the lowest average ambient
mercury concentrations, 4.5 ng/m°. Interestingly,
however, on September 11 the highest single
measurement of mercury was recorded at this site,
23.6 ng/m°. A review of the data and the QC
documentation gives no indication that there was an
instrument failure or other mishap that might have
influenced the measurement. That datum was
considered valid.

The average 24-hour mercury measurement for all
stations during the sampling penod was 5.8 ng /m®. The
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Table 1
GEYSERS MERCURY MONITORING PROGRAM
6-DAY SAMPLI JJG CYCLE
ng/m
1986
SAMPLING GLEN- ANDER'N BIG SUL UNION BEAR HIGH AVERAGE
PATE HOBERGS BROOK SPRINGS CREEK CASS CREEK YALUE MERCURY
JUN 19 27 4.3 4.0 7.8 7.8 - 7.8 53
JUN 25 1.4 7.9 7.0 1.2 13.3 - 13.3 82
JUL 1 4.8 9.3 1.2 7.7 7.8 - 11.2 8.2
JULT 4.8 7.2 6.3 13.7 11.5 - 13.7 8.7
JUL 13 3.6 6.5 7.5 8.0 13.1 - 131 7.9
JUL 19 3.4 4.9 10.3 75 8.7 6.0 10.3 6.8
JUL 25 KE: 6.1 94 6.8 56 6.9 94 6.4
JUL 31 3.0 53 1.9 55 10.2 7.5 11.9 7.2
AUG & 29 7.7 57 88 10.9 6.6 10.9 7.3
AUG 12 a7 7.1 47 115 15.0 5.4 15.0 7.9
AUG 18 21 4.6 3.5 4.8 55 3.2 5.5 4.0
AUG 24 25 50 4.3 7.9 17.2 4.8 17.3 6.9
AUG 30 2.2 3.9 4.1 - 6.0 3.4 5.0 3.9
SEPT 5 1.9 48 6.8 - 0.0 4.8 10.0 56
SEPT 11 23.6 4.9 3.5 4.7 4.1 4.0 236 7.4
SEPT 17 2.4 4.3 l4 - 52 3.2 5.4 37
SEPT 23 24 6.3 3.6 B.O 7.5 4.0 8.0 53
SEPT 28 2.0 52 38 6.7 47 3.8 6.7 4.4
oCT 5 1.7 4.3 27 4.5 - 3.8 4.5 3.4
oCT 7 - - - - 7.9 - 7.9 7.8
QCT 1 4.0 4.1 3.9 6.9 7.5 4.2 7.5 51
OCT 17 1.5 3.8 34 4.0 12.3 4.0 12.3 48
QOCT 23 21 4.2 26 3.8 B.6 1.8 8.6 3.9
OCT 29 38 4.1 3.4 - 95 a8 85 4.9
NOV 4 1.1 55 5.0 97 56 13.8 9.7 6.8
NOV 10 41 16.0 76 7.4 €8 2.7 16.0 7.4
NCV 16 1.8 6.2 41 5.4 B.5 - 6.2 4.8
NOV 22 3.0 4.0 3.6 4.4 4.4 3t 4.4 3.7
NOV 28 3.1 4.7 35 6.7 8.8 a7 8.8 51
DEC 4 1.7 4.2 a6 4.9 6.6 54 66 4.4
DEC 10 20 49 - 48 6.6 46 6.6 4.6
DEC 18 3.7 51 a5 3.8 3.9 2.9 3.9 ;]
AVERAGES 45 57 5.3 7.2 B.E 47 10.7 58

* 24-hour sample.
— missing gaa.

average ot the high mercury measurements was

10.7 ng/m®. Mercury concentrations were
approximately two times greater at Big Sulphur Creek
and Union CASS than at the lowest site, Hobergs.
However, even at these worst-case locations, ambient
air mercury concentrations are considered low when
compared to other similar geologic deposition areas and
worldwide estimates of mercury.

Mercury concentrations measured at The Geysers
during this testing period were low. Ambient air mercury
measurements taken by the Pacific Northwest
Laboratory in 1975, away from the vicinity of The
Geysers were generally below the detection limit of
1 ng/m but occasionally ranged from 1 to 18 ng/m®
(Robertson 1977). The U.S. Geologica! Survey reported
mercury concentratlons over mercury mines ranging
from 24 to 108 ng/m® (McCarthy et al. 1970). Other
technical reviews on atmospheric mercury levels suggest
that the average concentration throughout the world is
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20 ng/m® (EPA 1980) It was concluded, however, that
background levels in the northern hemisphere are about
2 ng/m*. The EPA assumed that the atmospheric level
of total mercury is 10 ng/m® in its most recent
assessment of mercury health effects.

In a review of H,S concentrations measured within
Big Sulphur Creek Valley {the center of geothermal
development at The Geysers), the H,S concentrations
have been observed to be an avarage of 510 10 times
greater than those locations east of The Geysers in the
populated areas of Lake County (Hobergs, Glenbrook,
and Anderson Springs) (Altshuler 1887, SR international
1880). It appears that there is & greater change of H,5
concentrations than of mercury concentrations with
change of location.



ANALYSES

A series of trend snalyses were performed to
ascertain if retationships existed betwesn gaseous
metallic mercury data and other parameters such as
ambient temperature, rain, H,S, and particulate mercury.
If significant relationships were found, cenain deductions
may be reached. For example, if gaseous mercury
concentrations are statistically related to ambient
temperatures, then soil is probably & source of mercury
concentrations. K is known that volatilization of mercury
from soils increases with temperature (Vostal 1972).

The statistically significant relationships that were
established using the method of least squares and the
linear relationship of two unknowns are contained in
Tabie 2.

AIR TEMPERATURE AND GASEOUS MERCURY
RELATIONSHIP

Figures 2 and 3 demonstrate the change of average
mercury concentration with the change of average air
temperature for the entire network and with the high
temperature recorded during each individua! sample day
gt any meteoroiogy station. A positive relationship is
evident in both cases. We can infer, therefore, that soil
temperature and ambient mercury may have a cause-
and-effect relationship, although no physical evidence
has been establishied in this study to corroborate that
supposition. The instability of cinnabar in a vapor-
gdominated system (Varekamp and Busick 1984) and the
vapor pressure of mercury lend credence to this
relationship, however.

We pbserved that air temperature in excess of
85 degrees F is inversely proportional 1o ¢changes o!
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ambient mercury (Figure 4). With an increase of air
temperature at ground level (air temperature was
measured at approximately 10 to 20 feet above the
pround), verlical mixing of the atmosphere increases as
the warm air rises. This results in the subsequent
dilution of airborne pollutants, including mercury. On 5
of the 10 warmer days, no inversion layer was evident,
An indication of an inversion layer is a warmer
temperature recorded at the Unit 13 metecrology site
than recorded at Anderson Springs. They are separated
by 1200 feet in elevation and only approximately 1 1/2
miles of horizontal distance.

RAIN AND GASEOUS MERCURY RELATIONSHIP

On November 18, 1983, foliowing & heavy autumn
rain at Anderson Springs (one of the first major rain
episodes of the season), an elevated mercury
concentration was recorded. At that time, it was
suggested that the heavy rains exposed fresh mercury
rich soils for outgassing. This phenomenon was not
witnessed later. In this study, we faiied to correlate
heavy rains with slevated mercury.

We did, however, correlate an increase of rainfall with
a decrease in ambient mercury concentrations. An
assumption made in this analysis was that the ermissions
of mercury are relatively constant and the reduction of
mercury with increased rainfali is due to a washout of
mercury by rain (Ferrara 1886). A decrease in
temperature with weather fronts is another possible
explanation, as is reduced escape routes of mercury
vapor through rain-moistened soits. Figures 5 and €
demonstrate the inverse relationship of rain to mercury
in two data sets: (1) using all available data, and
{2) plotting those sample days where rainfall was
>0.01 inches of rain.

Table 2

Relationships of Mercury 1o Other Measured Parameters

Avg. Temp High Temp Temp >85 Rain {in.) Rain >0.01"
Test of 10 to 1o to to
Relationship Avg Hg Avg. Hg Avg. Hg Bigh Hg Avg. Hg
n 32 32 10 32 16
slope 0.085 0.076 0.29 ~1.45 -1.08
y-intercept 0.05 0.30 328 6.2 57
Corr. Coeffic.
(N 0.58 0.58 .63 .44 £.50
Critical r
@ 85%
confidence * 0.36 0.36 0.63 0.36 0.50

*Qrkin and Drogin, 1975



CONCLUSIONS

in the six-month period from June 19 to December
16, 1988, ambient levels of metal'ic mercury measured in
the wc:nrry of The Geysers ranged from 1.1 to
23.6 ng/m’ of air. The overa!l average mercury
concentration was 5.8 ng /m*. The mercury monitoring
site that recorded the highest average ambient mercury
concentration was the Union CASS site located east of
the Big Sulphur Creek drainage. This site is surroundec
by Geysers Units 3, 4, 5, and 6. The Hobergs GAMP
site recorded the lowest average levels of mercury
during the test pariod. The higher levels of mercury in
the test area, 10 ng/m and greater, were generally
associated with northwesterly winds at the Glenbrook
and Anderson Springs sites.

A statistically significant relationship was determined
1o exist between ambisnt mercury and air temperature.
This would indicate that one contributer of the ambient
gaseous mercury is outgassing of mercury-laden soits.
Above BS degrees F, mercury concentrations decreased
with an increase of temperature. This was probably due
to the vertical mixing of the atmosphere and the
subsequent dilution of poliutants.

Rain appeared to have an inverse relationship with
mercury vapor concentration in ambient air. A weak but
statistically significant correlation between an increase of
rainfall measured since the last sampling period and a
decrease of mercury concentration was established.
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CONCENTRATIONS OF NON-CRITERIA AIR POLLUTANTS
IN THE VICINITY OF THE GEYSERS, CALIFORNIA
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Abstract

Ambient alr monitoring for non-criteria
pollutants was conducted to assess the
{impact of geothermal steam utilization on
the amhient air at The Geysers.s The
measurenents revealed no exceeds of any
anbient air quality standarda, state,
federal, or foreign. Except for mercury
vapor, radon, and ammonia, all of the
pollutants were measured at near detection
limit concentrations using methods that
are state-of-the-art, Mervrcury vapor seems
to be aore related to the known geologic
cinnabar deposits and pset mining
operations in the area than to geotheraal
steam utilization at The Geysers.

Introduction

The Alr Quality Unit of Pacific Gas and
Blectric’a (PGALE) Department of
Engineering Research conducted amblent air
monitoring for non-criteria alr pollutants
in populated areas of Lake County, ,
California. This area is predominately
downwind of The Geysers, an area producing
geothermal steam generating 1300 megawvatts
of electric power. The Geysere Iis located
in the Mayacwmas Mountaeins, approximately
9C miles north of San Francisco.

The non-criteria air monitoring began in
Aygust 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 latrger Geysers Air Monitoring Program
(GAMP) which also includes continuous
meagsurenments for ambient hydrogen sulfide
(H25) at six sites and meteorological
paraneters at eleven slites (nine wind
direction/speed and teaperature/devpoint
sites and two acoustic sounder sites),

GAMP wans created to provide environmental
measurementr needed by industry and
regulatory agencles for assessing the
tmpact of growth of the geothernmal
fndustry at The Geysers. GAMP 18 supported
by a consortium of 135 entities including
power compainies, steam suppliers, local

San Ramon, CA, USA, 9458)

air pollutioen control districts, the
California Ailr Resources Board (ARB), and
the California Energy Commision. The
Northern Sonoma County Air Pollution
Control District (NSCAPCD) 1s the project
manager for GAMP, PG&E performs all of the
non-criteria monitoring, H25 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 agsurance activities
ag well as specific chemlical analyses at
thelr Haagen-Smit Laboratory f{m El Monte,
California.

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

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

{2) thelr use in H2S abatement systems at
operating power plants (vanadium);and

(3) their formation i{n the atmosphere as a
result of geothermal emissions (sulfate).

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

Method of Messurement 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 comparsble to sablent air
quality standards;

2) the lovest feapidle level of detection;
3) the greatesat precision; and

4) a coet effective progran.,
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For these reasong, the respirable
suspended particulates, sulfate,
particulate boron, and ammonia (four
6=hour sanples) measurements are performed
o1 a 24 hour basis every sixth day ip
phase with the ARB’s total suspended
particulare sampling schedule, Mercury

vapor is sampled using a coatinous (hourly

fotegrated) analyzer to further our
understanding about its behavior at The
Geysers, Conversely, radon (monthly) and
benzene (one, one hour sample per month}
are sampled less aggresgsively. Boron
deposition 18 collected similarly to
wet/dry deposition sampling performed
elgevhere in acidic deposition monitoring
programs.,

Measurement Procedures & Accuracies

Table 1 presents the measurement
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,
tilzse, analyses, etc.) and, thus,
represants a4 worst case assessment as 1t
does not account for off-setting

inaccuracles,
-

Quality Control/Quality Assurance
Activities

Rlgorous 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
measurements in 1983. These activities
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 ligts thea max{mum concentrations
of the measurement program. The following
1s a discussion of each of the parameters
weasured.

{A) Mercury Vapor

Mercury vapor measurements have revealed
some of the most interesting data during
the progran both in magnitude and seasonal
trends. Measurements in 1982 wvere
generally an order of magnltude lover thar
similar acasurenents in the same calandar
quarter of 1983(1)., Mercury vapor data
alsn extibit a decline in magnitude as
each progranm progressed fronm thelr
suamertime start date, Figure 1, We

speculate that this trend can be
correlated to amblent temperatures with
.the bellef that mercury vapor is being
eluded from known soill deposits of
‘cinnabar in the area. The 1983-84 data
.show a similar trend with lovest mercury
,measurements occuring in mid-winter.
However, one of the highest mercury vapor
measurements, 0.165 ug/m3d, at Anderson
Springs coincided with one of the first
days of extensive rainfall, November
8,1983, We have found no explanation for
'enie phenomenon. Mercury vapor
measurements do not correlate with
particulate mercury measurements from the
dichotomous sampler filters, coarse ot
fine,

(R) Amnontia

Ammonia concentrations were similar 1n
magnitude to concurrent hydrogen sulfide
concentrations at Whispering Pines in
1982(1). A significant relationship was
deternined for this four month data set.
This 1s not unexpected as amaontia and
hydrogen sulfide are usually emitted
together in sinilar concentrations by
volume from unabated geothermal
activities, However, the ratio of
hydrogen sulfide to ammonia emissions may
differ from H25 abated sources(l).

(C) Radon

Monthly radon measurements have been low
to date. However, highest radon
concentrations (3 to 4 pCi/l) have
occurred in December 1983 during an
extremely wet month. Conversely radon
concentrations ranged from 0,2 to 0.7
pCi/l in January 1984, an extremely dry
winter month,

(D) Respirable Suspended Particulates,
(RSP) )

The RSP measurements uniquely characterize
the airborne particulates for the first
tisme at The Geysers. It 1s wsignificant
that near detection limit quantities of
particulate mercury, arsenic, and vanadium
were measured during the progran.
Automotive emissions of lead and bromine
were measured, Earth elements of fron,
tttanium, and silicon were comnonly
measutred, Chlorine, believed to be ocean
derived, was measured in greater
concentrations on days with greater wind
velocltles coming from the coast, Slze
wise, coarse particulates (2.5 um to 10
un) dominated the size fraction {n the
summer of 1983 and more fine particulates
(less than 2.5 um) dominate in the winter
of 198131-84,

(E) Boron

Ambient particulate Boron measurements are



low with little relevant interpratation
currently discernable. The boron
deposition measurements, more useful for
vegetation impact assessment than public
health, are difficult to interpret. Also,
varfations in rainfall have affected the
reported data, The collection of dew in
the dry bucket in 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
quantitative.

(F) Benzene

Anbient benzene measurements have been
very low and no relevant trends are
evident., These data Indicate that
geothermal benzene emissions appear to
have an insignificant effect on air
quality in the area of study.

{(G) Totsl Suepended 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 ug/ml.

{(RH) Sulfates

The sulfate data measured using the hi-vol
and 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 ig 1in the
fine, less than 2.5 um, size. While the
hi-vol and dichotomous data do not
correlate statistically, they do show
similar measurenments both of which are in
the range cf their detectfion limits. We
believe that the lack of correlstion
between the two sete of sulfate data is
not diue to artifact formation on the
hi-vol filter paper since the hi-vol
sulfate data 18 not consistently higher
than the dichotomous data as it would have
to be. Also, very little sulfur dioxide
is present in the ambient in this area,
Sulfate measurements at the two different
sites in 1982 showed & significant
relatf{onship indicating area wide
unlformlty of sulfate concentratfons{l).

Compiarison nf Resnlts with Health Baned
Criteria

World-wide AAQS's for the non-criteria
pollatants measured during the descrihed
progedns are(2):

1) arsenic, 3 u3/a3 for 24 hours
(Crechonslovakia and USSR),
2) marcury, 3.3 ug/nd for 24 hours (USSR),
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3) varadiun pentoxide, 2 ug/m3 for 24
hours (USSR),

4) ammonia, 100 ug/m3 for 24 hours
(Czechoslvakia) and 200 ug/ad for 24 hours
(US5R), and

$) benzene, BOD ug/md for 24 hours
{Czechoslvakia and USSR).

Presumed safe levels reported at the World
Health Organization International
Symposium, June 1974, 4in Paris, France
are(3):

1) arsenic, 5.9 ug/m3 for 24 hours,
2) mercury, 0,8 ug/m3,

3) vanadiua, 6.8 ug/m3, and

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

The Ontario Ministry of the Environment
established the standarda{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 ainutes,

3) vanadium, 2 ug/nld for 24 hours and 5
ug/n3 for 30 minutes, and

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

Clearly, the meassured 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/m3d for 24 hours,

Conclusions

The non-criteria air amonitoring program
deacribed herein 1s a progressive program
designed to ansvwer today’s questions
regarding ambient effects of geothermal
povwer plant air emissions. Except for
ambient hydrogen sulfide concentrations,
all other criteria pollutants downwind of
The Geysers are below existing sabient ailr
quality standarde Iin the state of
California. Pollutants for which a
standard does not currently exist for in
California (mevcury, arseniec, vanadiunm,
benzene, ammonia, boron, silicen, and
radon) are all below standards reported in
the literature for other nations. Except
for mercury vapor, radon, and samonia, all
of these pollutants were measured at near
detection liwmlit concentrations using
nethods that are satate-of-the=art.

Mercury vapor doss, however, warrant
watching as an apparant fincrease in
ambient concentratlions has been measured
from 1982 to 1983, These mercury
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concentrations may be natural to the area
and wmore related to the known geologic
cianabar deposits and past mining
operations in the area than due to
geothermal steanm utilization. he higher
Dacember 1983 radon measurements compared
to the January 1984 measurements suggest
that rainfall patterns have a more
measureable effect on anblent radon
concentrations than geothermal emissions;
more work 18 required to verify this
observation. Ammonia concentrations, while
measureadle and statistically correlated
to anmbient N25 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 fiim
-continuoug — — — — — — — — — — — — — — — — 210 - — — —— 10 ppt
-24 hour — — — — — — —  — — — — — — — — +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 — — — — *1{ — — — — 1 ug/m3
Sulfate — — — — — Hi-vol & turbidimetric — — — % 1§ — — —— 0.3 ug/m3
RSP, PM 10 — — — Sijerra dichotomous — — — — t35 — — — — 0.3 ug/m3

gravimetric

RSP — — — — - — XRF analyseg — — — — — -1 20 — — — - 0.001 ug/m3
elements — — — — — (As,Hg,V,SI,S)
Boron (part.) — — — Lo-vo! & ICP anal. — — — — 220 — — — — 0.01 ug/m3
Ammonia — — — — — Lo~vol & specificion — — —+ 25+ — — — 0.2 ug/m3

Benzene — — — - —Gas chromatography — — — —* 20 — — — — 0.1 ppb



TABLE 2
MAXIMUM CONCENTRATIONS (UG/M3)
1983-84 PROGRAM
August 1, 1883 - July 31, 1884

Andfarson Gien Brook
Springs
Mercury vapor, hourly ppt — — — — — 70 — — — 48
Radon,pCi/ft ——— — — — — — — 3956 — — — — 3.00
Boron wet/dry deposition, — — — — <238/<78 — —<1071/<116
ug/m2-day*
TSP — — — 93 64
Sulfate - — — — — — — — 37 — — — — 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— — 0.796/3.816
-~ gulfate (fine/coarse) — — — —3.814/2.074— — 2.835/0.723
Boron particulate 056 — ———0.88
Mercury vapor, 24 hour — — — — — 0.165 — — — 0.273
Ammonija — 14156 — — — 178
Benzene, ppp —— — — — — — — — 36 — — — 46

*Concentrations are biased high due to effects of rainfall
and dew.
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ABSTRACT

Geothermal energy produciion in California has been identilied as a
major source of arsenic by the Calilornia Alr Resources Board. New
regutalions have been implemenied by the Siale of Calilornia, which
require information on ambieni lgvels and emissions of inorganic
arsenic. However, these laws consider only total arsenic and do not
take info account the pelential differences in toxicity and perhaps
even carcinogenicity of the dilieren! arsenic species present in the
ambien! aimosphere. Inresponse tothat need, aimospheric particutale
matter samples were collecled al The Geysers geolhermal
development area in Lake Couniy Calitornia over a two month pericd
in 1989. This paper describes those resulls and provides, for the tirst
time, insighi info the atmospheric loadings of the inorganic species
ol arsenic, As(Hil) and As(V), at geothermai power lacilities.

INTRODUCTION
REGULATIONS AND RISK ASSESSMENT

Caildlornia’s air toxic law (AB 1807), which became eMective in
January 1984, detines Calitornia’s air loxic program {(Calitornia
Depariment of Healih Services [DHS] 1984). Under Lhis legisiation,
a stalulory mandais was created tor the identification and control of
foxic alr contaminants found in Calilornia.

Ambient concendration is one of the mandated crileria used in the
idenlification process to prioritize compounds thal are believed
hazardous lo human heallh. The California Air Resources Board
{ARB) has developed a list of potenliaily toxic substances based on

this mandated ambient criteria. Inorganic arsenic is requiredlobeon

this {is!, because R has been kdenlilied as a hazardous air poliutant
under Seclion 112 of the U.S. Clean Air Acl.

Inorganic arsenic is listed by the ARB under Category (. substances '
under raview lor the idenlilication as a loxic air contaminant (ARB
1990a). This calegory describes subslances which have been
identified as Toxk Alr Contaminanis by the ARB, pursuant o the
provisions of AB1807.

The DHS {ARB 1890c) estimates the number of excess cancer
deaths or risk due o alrborne inosganic arsenic exposureinCalifornia’s
Soulh Coast and San Francisco Bay Area airbasins to be 1-25 cases
per ng m?permillion persons. This is based on a 1986 average
ambien| population-weighled concenlration of arsenic equal 10 1.9
ng m? for those two air basins. The lower end of the range (1-2)
corresponds lo nonsmokers, whereas the upper end (10-25)
cormresponds {0 mates who smoke heavily. Higher risks may occur
near sources. However, the DHS also concludes that il is uplikely that
carcinogenic adverse health eflects would be caused by current
ambient levels of arsenic in California. Slalewide concentrations,
based on 1986 data, are about 32% lower; therelore, the risk based
on the 1986 statewide dala would be lower by an equivalent
percentage, since a linear model is assumed in calculating the risk
assessment.

The risk due to ambieni exposures of Inorganic arsenic In Calilornia,
as reported by the DHS, is inthe same range as that reponied by the
Environmental Prolecllon Agency, based on its heallh assessmeni ol
inorganic arsenic (EPA 1984} However, bolh risk eslimales are
based on a humber of assumplions that are summarized in (heir
respective documenis.

inorganic arsenic also is included in the list of subsiances under
California's Air Toxic "Hot Spots” Informalion and Assessment Act ol
1987 (AB 2588) (DHS 1987). This law became effective in Seplember
1987 and requires the ARB to compile and maintain a kst of
substances, which are referenced in AB 2588. Arsenic is idenlified
under Category 1: substances required 1o be on the AB 2588 lisi by
Health and Safety Codes 44321 {c), (d). (e), and (f}.

The health effects information and risk assesements for arsenic,
howaever, only consider loial arsenk: and nol the Indivkiual species ol
inorganic arsenic present inthe almosphere (EPA 1984, ARD 1980b,
1990¢). The measurement of Individual species of inorganic arsenic
is particularty imporiant becauss ol the variations in the loxicily and
carcinogenicity of the dilferent arsenic compounds lound in the
environment (Lisk 1871; National Academy of Sclence 1971;Hernberg
1972; EPA 1978, 1984). Inorganic As{Il) is not only more loxic, bul
also may represent a greater carcinogenic hazard than As(V).

The health effects studies used by the ARB (1990c) lo determine risk
levels were for occupational exposures where As(ll} is believedtobe
the only arsenic species presenl; therefore, the current ARB risk
assessment (ARB 1990¢) may overestimate the actual risk due 10
inorganic arsenic in the alr in Calilornia. i a substanlial fraction of the
arsenic in ambient air is As(V}, then the true risk may be lower than
the one calculaled by assuming ali arsenic is As(lll).

ATMOSPHERIC ARSENIC

Arsenic Is emitled into the almosphere from anthropogenic and
nalural sources. Almospheric concentrations of lotal arsenic range
from about 0.01 10 0.1 ng m? in clean ateas such as Anlarclica
{Maenhaut et al. 1979} and up lo 500 ng m near certain industrial
sources such as copper smelters (Walsh el al. 1877).

In U.S. urban areas, average ambient arsenic concentrations were
reporied to be approximately 20 ng m™ (Sawkki 1967). Annual
average arsenic values measured by the National Air Sampling
Network and conducled by the EPA, ranged from2.610 10.8ng m?
during 1877-1981. The average over the 5-year period was 7.7 ng
m? (EPA 1984). In 1986, annual average arseni: concenirations in
Cafilornia ranged from 0.7 10 5.0 ng m?, with an overall mean
slalewide concentration of 1.5 ng m, The average lor the eight
southern Calilornia siles was 2.0 ng/m?; the average lor the ¥1
northern California sites was 1.2 ng m? (AR8  1830b). The ARB
and EPA dala include rural and urban areas.

In the air, arsenic Is primarily associated wilh particles, although it
also has been observed al much lower lavels in the gas phase
{Johnson and Braman 1575; Walsh el al. 1877, 1879, Appel et al.
1984). The predominant lorms of arsenic in the aimosphere ara 1ha

0

i

f“/‘)--'v/;’lji’ LA .

-

bonr

S

/Zc PRI NY ;;:,,;_/__,

(o



inorganic oxkdés of oxyacids of arsenic In the +3 and +5 oxidation
states. Organic arsenic compounds also have been detecled in the
sir. however, they constitute only a smallfraction of the total (Johnson
arxt Braman 1975, Andreae 1980, Nakamura et al. 1989).

inorganic species of arsenic (As(11l) or arsenite and As{V) or arsenate)
have been measured In atmospheric particulale maller at two
focations: Tucson, Arizona (Solomon 1984}, and the City of Industry,
Los Angeles County, California (Rabano et al. 1989). The CRy of
Industry site was localed within 1 kllomeler of & known high
temperature source of arsenic (a secondary lead smeller {ARB
1990b]}. These measurements were oblained using an analytical
method that allows for the species-specific determination of As(lll)
and As(V) in mtmospheric particulate matter wilh high senshivity
(Solomon 1984). Detection imits of less than 1 ngm? were achleved
for both species.

The As(lI)/As(V) ratic varied considerably al both locations. In
Tucson, the ratio ranged irom 0.04 to 0.97, whh an average value of
0.31 % 0.29. In Los Angeles, the ralio ranged from 0.26 to 2.8, with
an average ratio of 1.2+ 0.7. {A1alio of 1 indicales an equal mixture
ol both specles.) The variations of the ratio at each site and between
the two focations are mos! likely dug to the impact of the various
sources in the surrounding areas, the age of the aerosol measured
at the sampling sites, and’or variations in the effeclive oxidation-
reduction potential of the almospheric environment (Andreae 1980,
Solomon 1884).

ARSENIC AT THE GE  SERS

Arsenic is of interest al The Geysers {Figure 1), because il occurs
naturally Inthe geothermal steam. Therefore, arseniccanbe released
to the atmosphere through natural venling and as tha sleam is used
to generate power. The final ARB report on inorganic arsenic in
Calitornia indicates that emisslons into the aimosphere from
geothermalenergy production is one ol he largest sources of arsenic
Inthe state (see Table11-2 in ARB 1990b). To arrive at {his conclusion,
the ARB made a number of assumplions about emission rates from
sources at The Geysers, some of which require verification. Therelore,
#is necessary to provide regulators wih accurale data on arsenic at
The Geysets to ensure that imposed regulations and reslrictions are
justilied and needed to protect public health.

The objeciive of this study Is fo oblaln more accurale ambient
conceniration data for tolal arsenic and for the Inorganic species of
arsenic at The Geysers, which can be used to 1) determine if a long-
term study Is warranted and 2) advise and influence regulators in
their health risk assessment lor arsenic. As pan of this process, an
ahalytical method {Solomon 1984} 1o determine the inorganic species
of arsenic (arsenite and arsenale} was established and evaluated
within PGAE's Technical and Ecological Services {TES). This melhod
wasusediodelermine the specles-specific concenirations of arsenile
{As(11}) and arsenate (As(V)) In total suspended panticulale matter
(TSP) samples collecied at The Geysers.

Wesi Guysers
Adrrinigtt mion
Conter

%
I oy traaae

(oI
Resort poad

UNIT
18

LEQEND

& PGSE Oeohwrmat Power Plants
— ROADS
— Cronks

¥ Particuiate Arsenic Monring Shes SCALE

Figure 1. 1989 particulate srsenic monHoring sites o1 The Geysers.

o _ _ OREGON . 10ang
s - e

Ewets ' wEvADA

. )

MERKO™ |

B Ytw Goysers Geothermal
Development Area

<92

QAL UNIT




EXPERIMENTAL
ATMOSPHERIC PARTICULATE MATTER COLLECTION

Atmospheric parliculate matier samples were collected at two thes
within The Geysers geothermal development area during April and
May 1989. One site was located In the East Geysers al Unit 14, and
the olher was localed in the West Geysers near a PGAE paimt shop
and just north ol Units 3 & 4 (Figure 1). The locations of the sites were
chosen lo maximize fifier adings (l.e., near the valley floor in case
an inversion occurred), while avoiding direcl ¥mpact from steam
vents or cooling fower drift. This approach was taken to help ensure
thal a sufficient amount of sample above the delaction limit of the
analysis melthod would be collected, while minimizing the Influence
from nearby sources.

Unit 14 Ig 8 an elevation of aboul 1,700 t, which Is about 800 1t below
the East Geysers administration bullding and about 50 ft above Big
Suliur Creek, the valley ficor. Al this slte, two samplers were placed
just Inside the fence perimeter near the front gate and adjacent to the
industrial hyglene changing room. During the 2-month study period,
Unit 14 was down for mainienance.

The site at the PGAE paint shop ks al an elevation of about 2,000 It,
which s aboul 800 ll above the vattey floor and about 300 1 below the
West Geysers administrationbuilding. Al thls site, two samplers were
placed In a fieid about 150t south of the paint shop and about 1,000
It north of Units 3 & 4. The samplers were about 100 feel below the
elevation of the paint shop and about equal in glevalion with the lop
of the cooling tower stacks ol Uniis 3 & 4.

Two slandard high-volume alr samplers {Misco Model 680), used o
collect lotal suspended particulates (TSP), were run in sequence al
each sita. Each sampler employed an 8 x 10-inch quartz fiber fier
(QATP, Patlliex Comporation) and was operated at a fiow rate of about
1.3 m%/min (45 ctm) for & sampling period of 48 hours. Samples were
nol coliected N rain was forecasted.

Following sample collection, the loaded fiers were folded in hall,
sealed in thetr original prelabeled ziplock bag, and stored in a freezer
at The Geysers until translerred to PGAE at Ihe end of the study. At
PGAE, the samples were stored in a freezer for up to one month, until
they were anatyzed.

Previous sludies of arsenic al The Geysers have measured
concenirations of lofal arsenic In the soif, condensate and cooling
tower walers and residues, and In almospherkc aerosols in or near
the geothermal development area. Arsenic speciation results were
obtalned only jor the steam condensate and cooling tower waters. A
brief summary of these studies was prepared by PGAE (Gans and
Solomon 1920).

The atmospheric measurements of arsenic at The Geysers were
perormed by PGAE as par ol The Geysers Air Monitoring Program
(GAMP} during 1983/1984 and 1986/1987. GAMP sampling siles
were localed in Glenbrook and Anderson Springs, two communities
shuated just outside of The Geysers geothermal development area.

Total (standard high-volume air sampler) and size-fraciionated
(dichotomous virual impactor; fine <2.5 um and coarse 2.5-10 ym
aerodynamic diamelar parlicles} 24-hour samples of almospheric
particulale malter were collected at each site every sixth day during
two t-year periods {1983/19684 and 1985/1987).

The high-volume air samples were storedfor future analysis, whereas
the fine and coarse parlicle samples were analyzed using x-ray
fluorescence spectroscopy {XRF), a melhod capable of determining
only tolal arsenic and not the individual specles. The slatlstk:all’y
defined detection limit lor the XRAF gnalysis was only about Ingm,

and most of the repo.. .d data were below this value. Of the 500 fine
and coarse samples collected, only 12 (2.4%) were greater than the
deteciion limi and all of those were observed in the fine particle
samples: 11 at Anderson Springs and 1 al Glenbrook. The maximum
and second highest values reported were 14 and 6 ngm 3, respectively.
Depending on how zero values are inlerpreled (e.g., equal to the
detection limH, halt the detection Himit, or as reporfed). annual
average concentrations of arsenic ranged irom less than 1 ngmto
3.3 ng m? al both sites. The ARB summarizes the GAMP data and
reports monlhly average values ranging from 1-4 ng m?and annual
average values ranging from 1 1o 2 ng m? (ARB 1990b). Applying
these concentrations lo the unil risk lacloss reporied by the ARB, the
estimated number of excess cancer deaths due lo airborne inorganic
arsenic exposure al The Geysers would be from <1 1o 26 cases per
ng m? per milion persons. The lower end of the range (1-3)
cofresponds to nonsmokers, whereas the upper end (11-26) 1o
males who smoke heavlly. This risk is greater than one In a million,
and therelore, airborne arsenic at The Geysers may concern the
ARB.

The ambien! average arsenic conceniralion dala collecled at The
Geysers during GAMP, may be artificlally high because of the poor
analytical detection Emit of the method used to analyze the fine and
coarse filer samples. In addition, arsenic speciation dala were not
obiained during GAMP. This s iImportanl because As(llf) is more
toxic and may represent a grealer carcinogenic hazard than As(V),
and the ARB and EPA health risk assessments (ARB 1990c, EPA
1984) assume only As(ill) is present in ambien! aerosols. Therelore,
the risk due lo airborne inorganic arsenic at The Geysers Is probably
lower lhan determined from the GAMP data,

SAMPLE PREPARATION AND ANALYSIS

The analytical method developed by Solomon (1984) was used for
determining the concentiration of the inofganic species of arsenic
(arsenite and arsenale) in atmospheric particulate matter. This
sensitive melhod Includes a semimicro sample preparation procedure
lor extraciing the arsenic species fromthe filter, while maintaining the
initial As{llly/As(V) ralio, and a species-speciiic analysis procedure
for determining the concentrations of As(lIl) and As{V} In the sample
exiract.

Analysis Procedure

A complete description of the experimental conditions and protocol
can be found in the lilerature {Solomon 1984). The procedure
resulted in a routine (day-1o-day) detection limil of about 15-25 ng for
each species, similar to resulis reporied previously (Solomon 1984,
Rabano et al. 1989}

QUALITY ASSURANCE/QUALITY CONTROL

Quality assurance/quality control (QA/QC) procedures were
implemented to ensure highqualty data. Standard field and laboratory
QA/QC procedures were l(ollowed and are summarized below.

Fleld Sampling

Multipolmt calibrations of the flow rates for the high-volume air
samplers ware obtained before and afler the study. This helped lo
ensure that fiter clogging or other problems did not occur duting the
extended sampling period of 48 hours. Afier colleclion, samptes were
slored intheir original prelabled ziplock bags at reducediemperaiures
(below 0°C) unti analyzed. At alt times, filters were handied with
tweezers or taic-free gloves.



Chemical Analysis

The concentrations of all chemical species were delermined by
comparison o laboratory standards of known concentrations. Aqueous
slandards wera diluted daily from more conceniraled solutions
prepared bimonthly irom ACS-grade analylical reagenis. The malrix
of the dally standard maiched thatl of the exiraction solution.

Teflon viats comaining 4.0 ml of 4.25 N HCI and known amounts of
arsenile and arsenate (100 ng or 400 ng of each) were extracted and
analyzed dally, slong with the fller samples, o contirm that the
arsenic specles were stable and fully recovered throughout the
sample extraclion and analysis procedure.

For a samples, two identical portions from each filter were exiracted
n separale Teflon vials and analyzed separalely as duplicales 1o
obtair an estimate of the precisionlor the overall sample preparation
and analysis procedure. Replicate analysis of the extract in each
sample vial alse was perdormed lo ensure accurale and consistent
resutis. Replicale values were lirst averaged and then duplicale
values were averaged o determine the mean koading for anindividual
finer.

RESULTS AND DISCUSSION
Anatytical Melhads Evaluation

The sample preparation and analysis method for the determination '

of the inorganic species of arsenic (arsenite and arsenale) in
almaospheric particulate matier (Solomon 1984} was evatualed by
the Alr Quality Unit al PGAE. The evaiuation indicaled that the
method is capable of delermining nanogram levels of As{Iit) and
As(V), while maintaining the Inlilal As(HI)/As{V) ratio. The results are
summarized in Gans and Solomon (1990).

Effact of Atmospheric Particies

Alimied number of samples were analyzed (o delermine what elfec!
the sample malrix might have on the recovery and stabllity of the
As(I)y As(V) ratio when atmospheric particles are present on the
finer during analysls by the specialion method. The recovery of the
standard addflions was 60+ 18% for As{lily and 102+ 29% for As(V).
These results are slightly difierent from those reporled previously
(Sclomon 1984, Rabano et al. 1989). In the earlier studies, ® was
apparen! thal the presence of aimospheric parlicles on the filter
caused 10-20% ol the known addition of As{ill) 1o be oxidized to
As(V). Inthis study, R appears that 40% of the As()ll}, onthe average,
was los! during the sample preparation and analysis procedure,
whereas As(V) was compietely recovered. The As(lll) vales
presented in this report were not comrecied for this possibie malrix
effect.

The ditference betweesn this study and the previous work may be due
1o the low As(lll) tevels encountered al The Geysers or ditferences
in the sample matrix (i.e., parlicle composition) at the differer
sampling locations. Furlher studies will be required to delermine the
cause of these observed small dilferences.

ATMOSPHERIC MEASUREMENTS

Aimesphericparticulate matier samples were collected a1 The Geysers
during 1989 and analyzed for As(lll} and As{V) by the arsenic
speciation method. (Solomon 1984).

1989 Totat Suspended Particulate Matter (YSP) Samples

Table 1 presents the As({lll) and As(V) concentrations {ng/m*)

measured In the TSP samples collecled al the East and West
Geysers siles during Aprit and May 1989. Inthis table, the less-than

values are equai io the atmospheric detection iimit (ADL) catcutated
for that (liter. Based on nominal conditions, the ADL is about 0.23 ng/
m?. #t varies because the analylical detection Hmh, fiow rates, and
sampling time varled slightty irom sample to sample,

The errors fisted in Table 1 for values grealer than the LOD were
delermined by propagating the average precision for the analysis
and for the sample volume. The overall average analysls precision,
delined as the avecage coetlicien! of variation and based on the
duplicale and replicale analyses, was 12% for As() and 13% lor
As(V). These values reflect the precision near the delection limit of
the method, because most of the measurable values are near the
LOD ol the analysis procedure. The average sample volume precision
was estimaied lo be 3%. For values that were measurable, bul less
than the deteclion imit, the stated error is equal 1o the deteclion limil
for that sample,

In general, As(llt) and As{V) levels were higher al the East Geysers
site than al the Wes! Geysers. Avetage concenlralions al the East
Geysers for As(lil) and As(V) were 0.54 ng/m? and 2.9 ng/m?,
respectively. At the East Geysers, only two samples had Astill)
concentrations greater than 1 ng/m?, white most As(V) values were
greater than 1 ng/m?. Al the West Geysers, average concenlrations
were generally less thanthe detection limit for As{iI) and about equal
1o 0.46 ng/m? for As{V). Only one sample at the Wes| Geysers was
above 1 ng/m?. The highest (As(lI) = 3.08 ng/m?; As{V) = 6.54 ng/m")
and second highest (As(IH) = 1.51 ng/m?; As(V) = 5.96 ng/m?) values
for both species were observed at the East Geysers on Aprit 15-16
andonMay 18-19, respectively. No unusual condilions were reporied
for either date.

Time serles plots of the As{Hl} and As(V} concentrations observed at
the two monitoring sites Indicate differences in arsenic concentrations
at both sites.

Atlhe Easl Geysers, As(lt) and As{V)rack eachother closely (0.83).
This observation suggests eliher simitar sources for both species, or
more likely, simitar variations In meleorelogic conditions that are
controlling the almaspheric lbadings of arsenic in the air. Il is not
known i a similar siuation exIsts al the West Geysers, since the
As(llY) concentrations were below the detection limi,

The ditlerences in arsenic concenlrations observed between the two
sties may be due 1o local meteorology (e.g., the East Geysers site
may have been below the inversion layer more often because il was
50 fl above the valley floor, whereas the West Geysers sile was 500
f above the valley tioor) or the Impact of the dilferent sources in the
area. Clher reasons also may exist; however, the reasons for the
diterences cannot be determined from this imited data sel.

Tolal arsenic, equalio the sum ol As{1if) and As(V}, ranged fromless
than the detection limit lo 9.6 ng/m?, with an average value of 2.8 ng/
m? at the East Geysers and 0.69 ng/m? at the West Geysers. These
averages Include less-than values as equal to the slaled detection
fimit for that sample. Tolal arsenic concentrations observed in Aprit
and May during the 1983/1984 and 19B6/1987 GAMP program
ranged from less than the deleclion limil 1o B ng/m?. It is diflicult 10
deline an average for these samples, because mos! of the samples
werg less than the deleclion imi of 3 ngrm?,

Almospheric levels of arsenic observed during this study appear to
be similar to those observed during GAMP {l.e., most samples were
fess than 3 ng/m®, with only a tew vatues greater than 3 ng/m?).
However, § should be remembared that the 1989 samples were
collected whhin The Geysers geothermaldevelopmenl area, whereas
the GAMP samples were collecled near two communities oulside
The Geysers. In addition, the 1989 samples were collecied lo
maximize fifler loadings by not sampling when rain was forecasted
and by locating the samplers al slles expecled 1o be below the
inversion layer, ¥ one developed. Therefore, the 1989 data likely



represents & maximum for arsenic concentrations in the area during
the sludy period. Additional sampling at sHes within and external to
The Geysers geothermal development area could define what
ditferences exisl between the varlous locatlons.

The averages reporied here ars consistent wkh averages reported
by the ARB (ARB 1990b, 1990c) for the Slate of California, The ARB
repors & slatewlde average of about 1.5 ng/m?, and northem and
southern Calfornia averages of 1.2 and 2.0 ng/m?, respectively.

The ratio of As(lil}fAs{V} Is presented In Table 1. The average ratio
for the East Geysers was 0.21 with a maximum value o! 0.47. An
averape vaiue forthe Wes1 Geysers could not be calculated, because
most of the As(I!l} values were below the detection imit ol 0.2 ngm'2.
These resulls are simitar lo those observed previously (Soloman
19€4, Rabano et al. 1989} and indicate thal both As(lIF) and As(V) are
present in the aimospheric aeresol. More important, these results
Indicate thal mosi arsenic al The Geysers is In the +5 (i.e., As(V))
oxidation state or in the potentially less loxic form.

Table 1. As(ill) and As(V) Concenirations al East and Wes! Geysers sampling sies.®

Sie Date As(ll) _ng/m? As{V) ng/m? As(M)/As(V)

East Gevsers 820411 017 + D23 168 % 0.22 0.10
890413 047 %+ 0.06 426 + 056 0.1
850415 3.08 + 040 654 1 086 0.47
890417 0.23 £ 0.31 394 3 052 0.06
890419 046 + 0.06 291 % 0.30 0.20
890421 017 £ 017 084 2 0.11 0.20
850423 017 ¢ 021 0.70 * 0.09 0.24
890429 008 + 0.21 051 1 0.07 0.12
890501 0.46 % 0.06 122 + 0.16 0.38
890503 0.14 £ 0.2 1.14 £ 0.15 0.12
890505 0.18 + 0.31 096 + 013 0.19
890508 052 + 0.07 220 + 029 0.24
890511 029 3 0.32 113 £ 0.15 0.26
830513 0.22 + 0.22 124 % 0.16 0.18
890515 0.08 + 032 139 % 0.8 0.06
890518 1.51 & 020 596 + 0.79 0.25
890520 098 % 0.13 299 * 039 0.33
xto 054 ¢+ 0.75 229 + 184 0.21+0.11

West Geysers 850405 <0.18 0.30 + 0.04 -
890407 <0.25 0.35 + 0.04 -
890410 008 + 0.18 0.74 + 0.09 0.11
890412 <0.22 130 % 0.17 -
890414 009 + 0.19 0985 * 0.12 0.09
890416 0.49 + 0.22 068 t 0.09 0.28
890418 <0.24 0.17 £ 024 -
890420 <0.28 0.18 + 0.28 -
890422 0,24 026 + 0.03 .
890426 <0.23 0.41 % 005 -
890428 < 0.30 0.59 + 0.08 -
890502 <0.25 035 + 004 .
890504 < 0.30 0.08 + 0.30 .
890507 <0.28 084 £ 0O.M -
890509 <0.24 0.27 + 0.03 -
890511 <0.0710.24 0.21 % 0.24 0.33
890513 < 0.26 0.29 + 0.04 -
890517 <0.25 0.28 + 0.04 -
890519 <027 046 + 0.06 .
xtot 022 + 0.07 0.46 + 0.32 0.2020.12
xt o° 0.02 1+ 0.05

*For less-than values (<), the error represents the detection limR for that sample. For samples where the error Is
grealer than the sample vake, the sample value was delected, but less than the detection limil {delined as twice the
baseline nolse), which Is glven as the error lor thal sample. Other errors are calculated based on the propagation of

the analysis and sampling precisions.

dypper limil, Includes less-than values H as equalto the value given (.e., the delectionlimit for that sample); all other

vaklies are included as given. For the AS(li1)/As(V) ralio, the average includes only the valuye given.

¢ ower limit, includes less-lhan values (<) as equal to zero; all othes values are Included as given,



CONCLUSICNS
The enaciment of hew regulations regarding alr toxics along with
ARB & reporl entitied "Public Exposure 1o Airborne Inorganic Arsenkc
InCalitornia™suggests thal geothermal energy producers in California
must remain aware of ihe current atmospheric levels of arsenic al
The Geysers. These producers musl also be able fo provide evidence
of the species-specilic nalure of the aitborne arsenic N the regulalory
climate changes 1o include the inorganic specles ol arsenic in health
risk assessmenl calculations.

A method for the delermining the inorganic species of arsenic
{arsentle, As(li} and arsenate, As{V)} was evalurated and found to be
capable of determining sub-nanogram levels of As([l) and As(V) In
stmospheric particulate matter, while maintaining the initial As(ltl)/
As(V) ratio in the aerosol collecled on the liter. An atmospheric
delection Himit of approximately 0.2 ng/nt® was obtalred lor bolh

species.

i was determined that the aerosol matrix {l.e., composilion of the

collected particles) appears 1o Inlerfere withthe procedure by reducing
the As{ll} response by an average of about 40%. This effect canbe
compensaled for by applying the method of standard additions. The
As({V) response appears unatlecled.

Arsenic(fil) concentrations ranged from less than the delection Imit
(0.2 ng m? to about 3 ng/m?, with an overall average for bolh sttes
of about 0.26-0.46 ng/m? depending on how values less than the
detection are Included in the calculation, The lower Amit assumes
less-than values as equal lo zero and the upper Hmil assumes less-
than values as equalio the detection limil. Arsenic(V) concentrations
ranged fromless than the detection limit (0.2 ng m?), bul measurable,
to about 6.5 ng/m?, with an overall average for both sites of about 1.3
ng/m®. Concentrations of bolh species were higher at the Eas!
Geysers site than at the West Geysers sile.

Total arsenic concentrations ranged from the delection hmit (0.2 ng
m¥) to about 8.6 ng/m?, with an average for both sites equal 1o abouwt
1.6 ng/m?, This average value is very close to the statewlde average
of 1.5 ng/m?, as delermined by the ARB {ARB 1990b). These dala
would therelore sugges! that The Geysers may not be an area of
significant concernwith regard to aimospheric arsenic concentrations,
relative lo the rest of Caliornia.

The average As(|li)/As(V) ratio at the Easl Geysers was 0.21, The
ratic was variable and ranged up to 0.47. An average ratio for the
West Geysers sile could nol be delermined, because most As((H)
values al that site were below the detectionlimit of the method. These

- dataindicate that As(V} was the dominant arsenic species and onthe
average equal lo greater than B3% of the tolal arsenic measured.
This may be importan! if future healih risk assessments are basedon
the individual specles of arsenic and not on total arsenic, as was
recently done by the Californla Department of Health Services (ARB
1990¢). One resuft of such a change may be lo aflow exemplions or
amendmenls 1o some of the operations al The Geysers, which could
reduce the financlalimpaci of compliance on energy producers using
peolhermal power planis. it is suggested thal this prefiminary study
be considerad as a baseline lo provide an indication of concentration
tevels. These results also can be used to support recommendations
for a long-term study of arsenic al The Geysers, I the regulatory
climate changes from requiring tolal to species-specific data on
arsenic in the atmosphere.
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AMBIENT AIR H2S MONITORING
AT THE GEYSERS: FROM
NONATTAINMENT TO ATTAINMENT

Sam L. Altshuler and Ted D. Arcado

Pacific Gas and Electric Company, Technical and Ecological Services,

ABSTRACT

The results of three ambient air monitoring programs
performed downwind of The Geysers, California, are de-
scribed. These studies, conducted since 1976, have
monitored the declining ambient air concentrations of
hydrogen sulfide (H2S) in Lake County. During the 13
years of monitoring, geothermal power produdtion has
increased from approximately 500 to 2,000 MW, H2S emis-
sions from power plants have declined from 1,900 to less
than 200 Ib/hr, and ambient H:S concentrations have
significantly declined. Annual average concentrations of
H35 at four long-term sites have declined by a factor of 3.0,
maximum HzS concentrations have declined by a factor of
3.6, and the frequency of violation of the California Air
Quality Standard (0.03 ppm) averaged over 1 hour has
dedlined from an average frequency of 52 times per year
to abmost 0. The area has not had a recorded violadon of
the air quality standard since August 1987, As such, the
area has gone 3 years without a violation was classified by
the California Air Resources Board as "attainment” during
their November 1990 review process.

INTRODUCTION

Padific Gas and Electric Company (PG&E} has been a
participant in several air monitoring programs for am-
bient concentrations of hydrogen sulfide (H25) in Lake
County, California. This area is predominantly downwind
of The Geysers, an area produding geothermal steam used
to operate power plants generating over 2,000 MW of

3400 Crow Canyon Road, San Ramon, CA 94583

electricity. The Geysers is located in the Mayacamas
Mountains, 90 miles north of San Francisco.

Three distinct monitoring programs have been con-
ducted since 1976. The first program was initiated in 1976
and was conducted by SR1 International. The SR] program
was performed for 3 years and was funded by a consor-
tium of industries. PG&E was the contract manager. Eight
sites were monitored using continuous HoS analyzers,
Five of these sites were Jocated in populated areas of Lake
County (Kalm Ranch, Pine Sumnmit, Whispering Pines,
Anderson Springs, and Sawmill Flats) with twoadditionat
sites along the Lake-Sonoma County line (at the ridgeline
east of The Geysers and one site west of The Geysers in
Sonoma County). This network was complemented with
additional meteorological measurements at each of the
H:S sites and along the ridgeline (Figure 1).

The second major program, The Geysers Air Manitor-
ing Program {GAMP), began in August 1983 and con-
tinued until July 31, 1987. This program included con-
tinuous measurements for ambient HaS at six sites and
meteorological parameters at eleven sites (nine wind
direction/speed and temperature/dew point sites and
two acoustic sounder sites). H:S was monitored at Pine
Summit, Whispering Pines, Anderson Springs, Glen-
brook, Hobergs, Anderson Ridge (1983-1984), and Binck-
ley Ranch (1985-1987}). GAMP was supported by a consor-
tium of 15 power companies, steam suppliers, local air
pollution control districts, the California Air Resources
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Board (ARB), and the California Energy Commission. The
Northern Sonoma County Air Pollution Control District
(NSCAPCD) was the project manager for GAMP. PG&E
performed the noncriteria monitoring, H2S monitoring at
two sites, and meteorological monitaring at three sites.
The consulting firm, Environmental Systems & Services
(ES&S), Kelseyville, California, performed the remainder
of the monitoring and issued quarterly data reports to the
GAMP consortium. The Lake County Air Quality Man-
agement District (LCAQMD) and ARB performed quality
assurance activities for GAMP.

The third major program, GAMP II, began on August
1, 1987, at the conclusion of GAMP. GAMP 11 is basically
a modified extension of GAMP. Four of the GAMP HaS
monitoring sites (Whispering Pines, Anderson Springs,
Glenbrook, and Pine Summit} were continued along with
ridgeline meteorological monitoring at Unit 13 and Unit
17. Atthe beginning of 1989, the Whispering Pines site was
discontinued and the Hobergs site was reactivated. This
program was continued as GAMP I with 3 sites in early
1991, The monitoring performed in GAMP Il is performed
solely by PG&E under contract to the NSCAPCD under a
similar arrangement as oocurred in GAMP. The LCAQMD

and ARB continue to provide quality assurance/quality
control (QA/QC) work to the GAMP 11 consortium.
GAMP 111 will be a three station H2S monitoring network,
plus ridgeline meteorological monitoring, lasting 3 years,

Between the conclusion of the SRI program and the
beginning of GAMP, isclated monitoring occurred at Pine
Summit (NSCAPCD), Anderson Springs (LCAQMD),
Whispering Pines (PG&E), and Hobergs (PG&E). Each of
these sites was operated and maintained independently
with no uniform QA/QC procedures in use among the
sites. In addition, each of these sites began operation at
different times using different analyzers. As such, data
collected from these sites were not as well controlled as
the data collected during the larger programs. The
LCAQMD also performed monitoring at Kelseyville, in-
dependently from GAMP, during the latter part of GAMP.

For this paper, we have collected all of the original H2S
monitoring data and entered it into a computer. For the
SR1 data, we were able to obtain magnetic tapes of the data
from SRI. For the GAMP data that ES&S reported, we
manually keypunched the data and then entered the data
into the computer. The PG&E GAMP and GAMP Il data
were already in a computer database as a result of cur data

| T === mins
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Figure 1. Air monitoring stations at The Geysers.
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processing activities. Once compiled, we analyzed the
data using PG&E software to generate the desired statis-
tics and analyses,

METHODS FOR MEASUREMENT AND
ANALYSIS OF HYDROGEN SULFIDE

SRI Program: SR1 deployed an H,S monitoring network
of six Houston Atlas and two Tracor analyzers. The Tracor
analyzers were sited at Pine Summit and Anderson
Springs, with the Houston Atlas analyzers at the remain-
ing six sites. The Houston Atlas analyzer used a lead
acetate impregnated paper tape for detection of HzS. The
Tracor analyzer used gas chromatography and flame pho-
tometry to measure HzS and sulfur dioxide. Hz5 data were
reported to the nearest 5 ppb.

GAMP: Meloy and Monitor Labs flame photometric
analyzers and Thermo Electron (TECO) Model 45 pulsed
fluorescence analyzers were used by ES&S at its four
maonitoring sites. PG&E used TECO Mode] 43 sulfur dio-
xide analyzers retrofitted with TECO Model 340 hydrogen
sulfide to sulfur dioxide converters to measure ambient
H:S concentrations at The Geysers. Sulfur dioxide scrub-
bers were also used to prevent its interference. Hz2S data
were reported by ES&S to the nearest 1 ppb with a lower
detection limit of 4 ppb.

GAMP II: PG&E again used TECO Model 43 sulfur
dioxide analyzers, retrofitted with TECO model 340 hy-
drogen sulfide to sulfur dioxide converters, to measure
ambient H;S concentrations at The Geysers. Hourly con-
centrations of HiS were reported by PG&E to the nearest

1 ppb.

RESULTS OF THE THREE PROGRAMS

Tables 1 through 4 list maximum concentrations, an-
nual averages, and the number of violations of the hourly
Ambient Air Quality Standard {AAQS) (0.03 ppm) for
1976-89 at the four sites with the most continuous data
records. These sites are Pine Summit, Anderson Springs,
Whispering Pines, and Glenbrook {originally Kalm Ranch
during the SRI program). OQur analysis interprets 25 ppb
and greater as an exceedance of the state 0.03 ppm AAQS,
which is consistent with NSCAPCD and LCAQMD poli-
cies,

Tables 1 through 4 reveal the results of aggressive re-
duction of H2S emissions from power plants and steam
field activities at The Geysers. From 1976 to date, electric
power production capadity has increased from 500 to 2,000
MW, afactor of 4. In addition, while power production was
increasing at The Geysers, Hi:S emissions were being
abated from existing geothermal facilities (power plants
and steam field activities). In 1976, H$ emissions from
electric power plants were estimated to be over 1,900
1b/hr; in 1988, the HaS emissions were estimated to be less
than 200 Ib/hr including steam field releases (Toimasoff,

Tabie 1. Pine Surmmit Data Summary

Max. b Anrual No. Hn>

Yeor Conc. {(ppb) Avg. {ppb} AACS
1976 75 23 i
1977 75 19 116
1978 0 13 110
1979 55 no na
1980 0 0.5 1
1981 45 0.5 no
1982 50 09 12
1983 38 0.7 10
1984 ¥ 05 é
1985 50 10 13
1986 22 0. 0
1987 20 .6 0
1988 2 (+X ] 0
1989 17 0. 0

Table 2, Anderson Springs Data Summary

Mo, He. Annuc No. His>

Yeor Conc. (ppb) Avg. {ppb) AAQS
1978° 35 10 [
1977 &0 23 58
to7er 30 19 8
1979 no na na
1980 s k¥ na
1984 25 04 1
1982 28 nott 3
1983 23 no 0
1984 13 10 o
1985 10 1.6 o]
1985 8 12 0
1987 8 0% o]
1988 9 0.8 0
1989 9 12 o]

*1976-1978 data collected at Jackass Flats; therpafter, data coliected
at Recreation Center

= Some of the na data are due to a lower reported kmit of 10 ppb,
which biased the annual averages.

personal communication, ?777). Figure 2 shows the num-
ber of violations of the AAQS versus PG&E annual power
production at The Geysers. Again, significant reductions
in the number of violations have occurred while electric
production has increased.

Close examination of Tables 1 through 4 reveals that
annual average HzS concentrations generally reached low
and consistent levels in the early 1980s while peak hourly
concentrations occasionally exceeded the AAQS. During
the mid 1980s, increased control over steam field releases
and power plant breakdown /upset conditions resulted in
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elimination of the few remaining vagrant hours of viola-
tion of the AAQS.

Table 5 summarizes the results of Tables 1 through 4.
Except for the column of maximum hourly concentrations,
all annual statistics are averages of data contained in the
tables. Furthermore, 1976-1978 and 1987-1989 have been
grouped and averaged to show the 10-year trend. Annual
maximum hourly concentrations and average annual con-
centrations dropped by a factor of 3.6 and 3.0, respectively
over the 10-year period. This reduction is consistent with
the reduction in H2S emissions occurring from geothermal
fadlities at The Geysers, which experienced a factor of 10
reduction. The average number of violations of the AAQS
fell much more dramatically: the 1987-1989 period aver-
aged almost 0 violations among the four monitoring sites.
Since August 1987, no violations of the AAQS have been
recorded at any monitoring site. As such, the area has gone

Table 3. Whispering Pines Date Summary

Table 4. Glenbrook Data Summary
Moo, Hr, Annual No. Hin >

Yoor Ceonc. (ppb) Avg. (ppb) AAQS
1976* &5 21 42
1977 L] 20 12
1978° 75 20 10
1979 na no na
1980 no na na
1981 no na no
1982 no na na
1983 42 no 7
1984 40 10 4
1985 38 12 5
1986 27 14 0
1987 27 05 2
1988 24 0.8 1]
1989 16 0.8 D

* 1976-1978 data coliected at SR! site Kahm Ranch, which is near the

* 1980 represents hatf 3 year of data.
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Figure 2. PGAE electrical generation and exceedances of the
AAQS,

Max, Hr, Annual No. His»> current Gienbrook she.

Yoor Cone. (ppb) Avg. (ppb) AAGS * 1983 represents abourt a half year.

1976 40 35 79

1977 80 31 37

1978 50 22 55 Tabie 5. Summary Table, Average of Tables 1-4

1979 na na na Moax. Hr. Anmual No. Hr.>

1980 20 no 0 Year Conc. {ppb) Avg. (ppb) AAQS

1981 R 0.7 3 1976 75\ 24\ 57\

1982 18 04 0 1977 80=82 23=22 86 =53

1983 24 08 0 1578 ¢/ 18/ ab /

1984 20 0.9 o] 1983 42 08 4

1985 25 ge 3 1984 40 08 2

1986 1C 0.7 0 1985 L] 12 S

1987 19 0.6 o] 1986 X 1.0 <i

1988 8 0.5 0 1987 LA 06\ <\

1989 gisconfinued 1988 24=23 07=07 0=«xi
1989 177/ 0%/ os

over 3 years without a violation of the AAQS and was
designated as "attainment” by the ARB in their November
1990 review process.

CONCLUSIONS

The three programs described herein were progressive
programs designed to assess the impact of geothermal
steamn utilization at The Geysers. The first program was
initiated at the time of rapid development at The Geysers.
From 1976 to 1989, electric power production increased
four-fold, from 500 to 2,000 MW. During this same period,
overall emissions of H2S from power plants, including
emissions from new sources, declined by about an order
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of magnitude from about 1,900 Ib/hrto less than 200 Ib/hr.
Ambient concentrations of HzS in the populated areas of
Lake County, as evidenced by measurements at four sites
with the longest and most continuous data set, showed a
decline in the annual average by a factor of 3.0 and a
decline in the peak hourly concentrations by a factor of 3.6.
In comparing the 1976-1978 period with the 1987-1989
period, violations of the state AAQS declined from an
average of 52 per year to almost 0. No violations have been
recorded at any air monitoring site since August of 1987.
As such, the area has gone 3 years since a violation of the
AAQS was recorded. ARB designated the area as "attain-
ment" in their November 1990 review process.
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AQUACULTURE DEVELOPMENTY
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TO: Dr. John Lewin, Dlrecto(x‘ of Health
FROM: William W. Paty M

SUBJECT:  Memorandum of Understanding Regarding Puna Geothermal Venrure
Noise Standards

Subsequent to the June 12, 1991 uncontrolled venting incident at Puna Geothermal
Venture’s well KS-8, new drilling and environmental standards have been adopted as
promulgated in the State/County Geothermal Management Plan.

This memorandum of understanding is to clarify the role of the Department of Health
and the Department of Land and Natural Resources in imposing and enforcing new noise
standards applicable to the Puna Geothermal Venture's operations.

It is our understanding that proposed standards submitted by PGV shall be subject to
approval by the State of Hawaii Department of Health and the County of Hawaii and will be
added to the Puna Geothermal Venture Plan of Operations as an amendment.

Notwithstanding the fact that these noise guidelines will be attached to the Plan of
Operations approved by our Department, enforcement and regulation of the noise levels shall
be the sole responsibility of the Department of Health.

WILLIAM W. PATY, CHAIRFERSON
BOARD OF LAND ANG NATURAL RESOURCES
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G. Matsumoto ____ Draft Reply____
E. Lau Acknowledge Receipt
L. Chang Xerox copies
Y. Shiroma _ __File
Mail
FOR YOUR:
——
Approval
Signature
Information

M. TAGOMORI

S. Kokubun

Rev. 11/90

REMARKS:
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JOHN C. LEWIN, M.D.
DIRECTOR OF HEALTH

'STATE OF HAWAN =
DEFPARTMENT OF HEALTH

P. O. BOX 3378
- " HONOLULU, HAWAIJI 86801

In reply, please refer to:
File:

January 6, 1992

Honorable William W. Paty, Chairperson
Department of Land & Natur%I\Q?sources
John C. Lewin, M.D., Directbx/éy : {' ‘

Y 5

Department of Health [ Q.LL ibﬂ/“\mzf‘"“—“"’

Puna Geothermal Venture (PGVf\Eian of Operations Noise
Addendum

Attached is the amended Noise Addendum for the Puna Geothermal
Venture Plan of Operations. The Geothermal Noise Control Program
was finalized following numerous meetings and discussions with
Maurice Richard of PGV.

Should there be any questions, please contact Jerry Y. Haruno,
Chief, Noise and Radiation Branch, at 586-4701. ’



NOISE CONTROL PROGRAM
PUNA GEOTHERMAIL VENTURE

ALTOWABLE NOISE LEVELS

1.

Drilling and Well Testing Operations

55 dBA Daytime (7:00 a.m. to 7:00 p.m.)
45 AdBA Nighttime (7:00 p.m. to 7:00 a.m.)

1.1. Allowable noise levels shall apply to any point
along the boundary of Puna Geothermal Venture
project site.

Drilling and Well Testing Operations (Well Pad "EY)

55 dBA Daytime (7:00 a.m. to 7:00 p.m.)
47 GBA Daytime (7:00 p.m. to 7:00 a.m.)

2.1. Allowable noise levels shall apply to any
residential property boundary (exterior) which
may be impacted by the noise from the operations.

Power plant and steam field operations

53 dBA Daytime (7:00 a.m. to 7:00 p.m.)
44 dBA Nighttime (7:00 p.m. to 7:00 a.m.)

3.1. Allowable noise levels shall apply to any point
along the boundary of Puna Geothermal Venture
project site.

Construction Operations and General Activities

55 dBA Daytime (7:00 a.m. to 7:00 p.m.)
45 dBA Nighttime (7:00 p.m. to 7:00 a.m.)

4.1. Allowable noise levels shall apply at any point
along the boundary of Puna Geothermal Venture
project site.

Noise levels shall not exceed the allowable noise levels
for more than ten per cent of the time within any twenty-
minute period.

If sound measurements indicate levels exceeding the
allowable noise levels specified above, the activity
creating the excessive noise levels shall be terminated
OR immediate mitigative measures shall be implemented.



The allowable noise levels shall be waived in cases of
emergencies. An emergency is defined as an accident,
imminent loss of equipment or unforeseen event requiring
immediate action to protect public health, safety or
welfare. All such emergencies shall be reported to the
Noise and Radiation Branch as soon as possible.

The allowable noise levels shall be waived for a
specified duration of 4 hours for authorized open
geothermal well venting from all wells and for steam
pipeline cleanout periods.

Conditions

1.

Impact type noise shall be restricted to daytime hours
(7:00 a.m. to 7:00 p.m.) whenever possible and safe.
Impact noise means any sound with a rapid rise and decay
of sound pressure level, lasting less than one second,
caused by sudden contact between two or more surfaces,
or caused by a sudden release of pressure.

Puna Geothermal Venture shall design project components
generally consistent with the best available control
technology (BACT) noise abatement measures.

Mitigation plans shall be submitted to the Noise and
Radiation Branch prior to commencement of each phase of
operation, in order to minimize noise emissions and
insure compliance with the allowable noise levels. The
Noise and Radiation Branch shall determine and insure
BACT for each operational phase consistent with available
technical resource information and recommendation.

The Noise and Radiation Branch or authorized
representative shall have jurisdiction over noise
investigations, enforcement procedures and noise
monitoring.
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QODDARD & GODDARD ENGINEERING
Environmantal Studles

Dean Nakano

Department of Land and Natural Resoutces

Tom Arizumi, Chief Environmental Management
Paul Aki, Chief Claan Air Branch

Wendell Sano, Enviconmental Haalth Specialist
Clean Air Branch, Department of Health
State of Hawaii

Tuly 10, 1551
Dear Dean, Tom, Paul and Wendell:

The data package covering items 3, 6, 7, 8, 9, 11 and 12 arrived yesterday. This information will be
very helpful in our analysis.

I have talked to Dick Thomas, Chief of Stata of Califortiia, DOG and to Jim Mocre about the Element I
report. Dick suggests, and I concur, that the information would be very helpful in answering item § of
my data request which characterizes the initial and continuing venting emissions. Dick suggested that
the mud drilling logs would be helpful in establishing the estimated concentrations of hydrogen sulfide
ard carbon dioxide in the initial blow-out.

Please send a copy of the draft Blement I report and the drilling logs to us for inclusion in the
micrometeorological air quality impact analysis.

Item 4 of my data request concerns surveying those affected by the venting exposure. Jane Hedtke,
Secretary of the Kapoho Community Association, has informed me of two surveys which have been
circulated. Ihave asked Ms. Hedtke to plot the time and location of each respondent upan hourly maps
80 that we may compare health effect symptoms to the sstimates of Jocal hydrogen sulfide
concentrations. It would be very helpfu!l if some of your local ataff could assist in this data request
;1‘;1:90 it is a time consuming tsk. Ms. Hedike can be reach at 808-965-7299 and FAXed at 80B-965-

At you know, time is of the essence since we must have our draft report completed by July 15, 1991,
Please make every effort to send the data requests by over-night mail or by
FAX. We look forward to receiving items 1., 2., 4., 5, and 10. as well as any other information which
you feel would assist in our report. Thank you for your assistance.
Sincerely,

A\
Wilson B. Goddard, Ph.D.
Principal
Copics: Robert L. Reynolds, LCAQMD; Dr, Bruce Anderson, DOH; Ms. Hedtke

6270 Frontage Rd., Lucerne, CA 95458-8504 (707) 274-217)



June 30, 1991

Mr. Robert L. Reynolds
7467 Evergreen Drive
Kelseyville, CA 95451

Dear Mr. Reynolds:

This Letter of Agreement ("Agreement") sets forth the terms,
conditions, mutual understandings, and provisions under which the
Department of Health ("DOH") of the State of Hawaii ("State")
engages your services as an independent consultant and participant
in a third-party review of an incident of unplanned steam release
("incident") which occurred on June 12 and 13, 1991 at the plant
site of Puna Geothermal Venture (“"PGV") in Kapocho, Puna District,
Island of Hawaii. The review is being coordinated jointly by (1)
the State and (2) the County of Hawaii ("County"), with DOH serving
as lead agency for the State and the County Plannlng Department
serving as lead agency for the County.

1. Scope of Services. The review will focus on the adequacy
of the State and County's air quality and noise
monitoring programs in view of the incident. You shall
serve as one of two members of a team which will: (1)
review the existing noise and air quality monitoring
programs; and (2) make recommendations for any
appropriate changes in monitoring equipment, procedures,
and sites. Data on air quality and noise impacts
resulting from the incident will be provided by to you
by DOH. A list of suggested tasks is attached herewith
as a preliminary guideline. You may modify or add to
this 1list as you deem appropriate. This Agreement
requires timely submission of a written report ("report")
further described herein.

2. Term. The aforedescribed services shall commence on
July 1, 1991, and shall be completed on or before July
22, 1991, unless a delay is caused by DOH's failure to
review the draft report in a timely manner, in which case
an extension of time equal to the length of the delay
shall be permitted.

3. Reimbursement for Costs. DOH agrees to compensate you
for your time and daily expenses in Hawaii based on a
daily rate (per diem) of $150.00. DOH agrees to

reimburse you for the cost of your air travel to and from
Hawaii. DOH agrees to compensate you for any additional
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time you spend writing, editing, and ‘finalizing the
required report after you have completed the interviews
and site inspection(s) in Hawaii and have returned home
to the mainland, based on an hourly rate of $75.00.
Payment shall be made by DOH upon receipt from you of a
written statement or invoice.

Clerical Support, Office Space, Interisland Travel.
Clerical assistance, office space, telephone access,

ground transportation, and interisland air travel shall
be provided by DOH at no cost to you while you are 1n
Hawaili to participate in the review.

Independent Contractor. In the performance of the
services required under this Agreement, you shall be an
independent contractor with the authority to control and
direct the performance and details of the work.

Review Team Cooperation and_ Interaction. The review
team shall consist of yourself and Mr. Wilson B. Goddard.

You shall cooperate with Mr. Goddard by sharing with him
in a timely manner the information and data you obtain
on the incident and on the State and Countys' noise and
air quality monitoring programs. You shall cooperate
with Mr. Goddard in the preparation of the report. Each
of you shall exercise your considered professional
judgment, reaching independent conclusions based on the
facts as you discern them after objectively and
thoroughly evaluating the evidence. To the extent that
the conclusions and Jjudgments of you and Mr. Goddard
differ, these differences shall be reflected in the
report.

Submission of Report. You shall submit the required
report in draft form to DOH no later than 4:30 P.M.
Hawaii Standard Time, July 15, 1991, either by mail,
courier service or facsimile transmission. The report
shall consist of: (1) an analysis of air and noise
monitoring data compiled by DOH; (2) a presentation of
conclusions drawn from site inspections and interviews
with staff; and (3) recommendations for changes in the
air and noise monitoring programs. Provided that DOH has
approved the draft report or made comments by phone to
you no later than 12:00 P.M. Hawaii Standard Time on July
17, 1991, you shall finalize and submit the final report
to DOH by mail, courier or facsimile transmission no
later than 12:00 P.M. Hawaii Standard Time on July 22,
1991. To the extent that DOH's approval or comments by
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phone on the draft report are delayed past 12:00 P.M.
Hawaii Standard Time on July 17, 1991, you may delay
submission of the final report by the same amount of
time.

Agreement to Provide Follow-Up Services if Requested.
You agree, subject to your availability and wupon

receiving at least fifteen days prior notice from the
State, and based on additional compensation acceptable
to you, to travel to Hawaii in the future, if requested
by the State or County, to discuss the report with
officials and/or to provide testimony on the report in
a public hearing or other public forum.

Hold Harmless and Defense Aqreement. You and DOH each
agree to hold the other harmless, and DOH agrees to
defend you from any claim arising out of your performance
under this Agreement or the submission or dissemination
of the report.

Modification. Any modification of this Agreement shall
be made only by written supplemental agreements executed
by the parties.

If the terms, conditions and mutual understandings specified
above meet with your approval, please indicate acceptance thereof
by affixing your signature in the space below, and return the

original

of this Agreement to DOH, care of Dr. Bruce Anderson. A

duplicate copy is enclosed for your records.

ACCEPTED:

Very truly yours,

John C. Lewin, M.D. -

Date:

JCL/DRA:rr63091.ctr



June 30, 1991

Mr. Wilson B. Goddard
6870 Frontage Road
Lucerne, CA 95458

Dear Mr. Goddard:

This Letter of Agreement ("Agreement") sets forth the terms,
conditions, mutual understandings, and provisions under which the
Department of Health ("DOH") of the State of Hawaii ("State")
engages your services as an independent consultant and participant
in a third-party review of an incident of unplanned steam release
("incident") which occurred on June 12 and 13, 1991 at the plant
site of Puna Geothermal Venture ("PGV") in Kapoho, Puna District,
Island of Hawaii. The review is being coordinated jointly by (1)
the State and (2) the County of Hawaiil ("County"), with DOH serving
as lead agency for the State and the County Planning Department
serving as lead agency for the County.

1. Scope of Services. The review will focus on the adequacy
of the State and County's air gquality and noise
monitoring programs in view of the incident. You shall
serve as one of two members of a team which will: (1)
review the existing noise and air quality monitoring
progranms; and {2) make recommendations for any
appropriate changes in monitoring equipment, procedures,
and sites. Data on air quality and noise impacts
resulting from the incident will be provided by to you
by DOH. A list of suggested tasks is attached herewith
as a preliminary guideline. You may modify or add to
this list as you deem appropriate. This Agreement
requires timely submission of a written report ("report")
further described herein.

2. Term. The aforedescribed services shall commence on
July 1, 1991, and shall be completed on or before July
22, 1991, unless a delay is caused by DOH's failure to
review the draft report in a timely manner, in which case
an extension of time equal to the length of the delay
shall be permitted.
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compensation. DOH agrees to compensate you for your time
in an amount not to exceed $4,000.00. based on an hourly
billing rate of $100.00. Payment shall be made by DOH
upon receipt from you of a written statement or invoice.

Independent _Contractor. In the performance of the
services required under this Agreement, you shall be an
independent contractor with the authority to control and
direct the performance and details of the work.

Review Team Cooperation and Interaction. The review
team shall consist of yourself and Mr. Robert L.

Reynolds. You shall cooperate with Mr. Reynolds in
reviewing the noise and air quality data provided by the
State and County, by discussing with him the adequacy of
the State and County's air quality and noise monitoring
programs in light of the incident, and in preparing the
report. Each of you shall exercise your considered
professional judgment, reaching independent conclusions
based on the facts as you discern them after objectively
and thoroughly evaluating the evidence. To the extent
that the conclusions and judgments of you and Mr.
Reynolds differ, these differences shall be reflected in
the report.

Submission of Report. You and Mr. Reynolds shall submit
the required report in draft form to DOH no later than
4:30 P.M. Hawaii Standard Time, July 15, 1991, either by
mail, courier service or facsimile transmission. The
report shall consist of: (1) an analysis of air and noise
monitoring data compiled by DOH; (2) a presentation of
conclusions drawn from site inspections and interviews
with staff; and (3) recommendations for changes in the
air and noise monitoring programs. Provided that DOH has
approved the draft report or made comments by phone to
you no later than 12:00 P.M. Hawaii Standard Time on July
17, 1991, you shall finalize and submit the final report
to DOH by mail, courier or facsimile transmission no
later than 12:00 P.M. Hawaii Standard Time on July 22,
1991. To the extent that DOH's approval or comments by
phone on the draft report are delayed past 12:00 P.M.
Hawaii Standard Time on July 17, 1991, you may delay
submission of the final report by the same amount of
time.
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Agreement to Provide Follow-Up _Services if Requested.
You agree, subject to your availability and upon

receiving at least fifteen days prior notice from the
State, and based on additional compensation acceptable
to you, to travel to Hawaii in the future, if requested
by the State or County, to discuss the report with
officials and/or to provide testimony on the report in
a public hearing or other public forum.

Hold Harmless and Defense Agreement. You and DOH each
agree to hold the other harmless, and DOH agrees to

defend you from any claim arising out of your performance
under this Agreement or the submission or dissemination
of the report.

Modification. Any modification of this Agreement shall
be made only by written supplemental agreements executed
by the parties.

If the terms, conditions and mutual understandings specified
above meet with your approval, please indicate acceptance thereof
by affixing your signature in the space below, and return the
original of this Agreement to DOH, care of Dr. Bruce Anderson. A
duplicate copy is enclosed for your records.

ACCEPTED:

Very truly yours,

John C. Lewin, M.D.

Date:

JCL/DRA:wg63091.ctr
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GODDARD & GODDARD ENGINEERING
Environmental Studies

Dean Nakano

State of Hawaii

Department of Land and Natural Resources
FAX 80R-548-6052

Jung 30, 1991
RE: Element III Air and Noise Review Daia Request

Dear Dein:

I have bean in contact with Robert Reynolds, Chairman, Element III Commitice and reviewed the
Suggested Tusks that you have outlined. The Tasks appear achicvable within the three wesk review
period provided that we have vour group's assistancs in promptly obtalning the necessary data.

Since we will be in frequent contact with Mr. Reynolds during his site vigit, it will ald progress and
communications if you will provide him with the following requests as well as sup.Ylying copies by
over-night mall to us at G&GE. This will allow us to progeed with our analysis as well as provide Bob
and T with data to discuss during his on-gite review with your group.

The following data will be necessary for our review to begin:

1. A 7.5 minute USGS topographic quad map of the area extending for 10 km (6 mi) surrounding
the site of the venting.

2. A 15 minute USGS topographic quad map of the area extending for 6 mi surrounding the site of
the venting.

3. Photocopy portions of the 15 minuts quad and mark the Jocations of the foliowing items:

i ower plant gite and the location of the venting accident.

b. Locate and Identify each air monitoring and noise monitoring site.

¢. Location of each residence within tha 3,500 ft perimeter.

d. Location of residences within 2 mi of the aite.

e Location of each community, town or subdivision within 6 mi of the site.

f Location of any other sensitive receptors such as meeting halls, churches, nursing homes
or similar sites Jocated within 6 mi of the site.

4, Prepate an hour by hour saquence of events which identifies the iocation and symptoms of
affectod cesidents or other affectsd individuals, Use a copy of the item 3. maps to show the
location of affectsd persons. During development of this data, try to distinguish symptoms as
alight, moderate, strong, over-poweeing small of hydrogen sulfide, Symptoms should include
smarting eyes, coughing, congestion and headaches, Attempt to quantify the noise level as
perceptible, loud, very loud and painfully loud,

On any photocopled maps, provide a scals at the same resolution.

6870 Frontage Rd., Lucerne, CA 95458-8504 (707) 274-2171
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GODDARD & GODDARAD Eh.  (EERING - ENVIRONMENTAL ETUDIEE Page 2

1 Quantify for the duratlon hour by hour or at a shorter interval as needad the venting source as
to rate and concentration including the following eatimates:

a. the steam rate in Ib/he including all noted changes;
b. the temperature of exiting steam;

LN the concentration of hydrogen sulfids;

d. the concentration of other toxic constituents;

e the rate of particulate emissions in Ib/hr;

f. the size and chemical composition of the particulates;
8 the size of the exit orifice,

!1. the helght of the exitlng steam; and

i,

the cardinal orientation in degrees from north of the exiting orifice

6. Provide the air quality, meteorclogical and noige monitoring data reduced to hourly averages as
well a3 copies of the raw data in digital or strip chart form.

1. Provide a description of the instruments used, their calibration coefficients, and the mode of
data sequisition for each recording instrument used in the monitoring program. Describe the
Quality Assurance program for the monitoring program as well as when the latest callbrations

wara conducted.

8 Provide any other fiald data which augmented the stationary monitoring network during the
event such as OSHA hydrogen sulfida and sound level meter measurements made with hand
heid Instruments.

9. Provide the general synoptic meteorologlcal conditions during the event, Synoptic maps and

general weather descriptions from local newspapers will be adequate. Include a general
description of the weather conditions from those on-gite during the event including the degres
of cloudiness, etc.

10.  Provide any pletures or videos of the exiting steam or plume. Scale the pictures by relating to
local objects such as the height of the drilling rig or other objects shown in the pictures or
videos.

1t.  Provide copies of Stats and County ragulations applicable to the permittee. Inchide pertinent
sections applicable to the event from the Federal, State and County Heaith and Safery
Regulations including OSHA standards.

12.  Provide copies of State and County permit conditions.

This information will allow us to proceed with the necessary analysis, If you have any questions on the
above informatlon request, please give me z call at 619-764-2531 during the week of July 1, 1991.

We look forward to racelving the above Information and proceeding with the Element I review.
Sincerely,
:‘i‘.ﬁ :,/ .;g,‘ (\A/&'ﬂ ﬂ/

Wilson B. Goddard, Ph.D. /Cé/;
Principal

6870 Prontage Rd., Lucerae, CA 95458-8504 (707) 2742171
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June 28, 1991

MENORANDUN

TO: The Henhorable John Walhae
Governor, Stats of Hawaii

FROM: Susumu Ono
Or. Bruce Anderson, DOH
Dean Nakano, DLNR
Dean Anderson, DBED

EESGeH: Murray E. Towill, Director, DBED
William w. Paty, Director, DLNR
Dr. John ¢, Lewin, Director, DOH ..

SUBJECT: Plan for Element III, an Indepandent Evaluation of the
Geothermal Air and Noise Monitoring Programs

Element III is the third of three elements of the proposed
Geothermal Action Plan outlined in the attached Memorandum., It
will be a joint State/County effort to reviaw the adaquacy of the
existing noise and air queality monitoring programs. This review
is being conducted pursuant to the unplanned venting incident on
June 12 and 13, caused residents to be affected py noise and
hydrogen sulfide smisgions,

tobrie s
1. Team of Investigators

It is important that this review be conducted by gualified
experts outside the State and County regulatory agencles with
experience in regulatory affairs and nolse¢e and mir quality
nonitoring.

The investigation team will consiat of the following two
individuals: (1) Wilson B. Goddard, Goddard and Goddard
Engineering; and {(2) Robart L. Reynolds, Lake County Air Quality
Management District.

2 #:v35¢ 7 ¥NIC 397440 ©.¥OLOMIO ¢ NYERilit 18-B2-9 HOQ:AB LN3S



In selacting the team, we sought & public sector consultant
with considerabla experience in geothermal regulation and an
axpert who was axperienced in monitoring air quality. These
individuals have excellent reputations for integrity and
competenge,

2. Contractual Arrangements
To be arranged.
3. Scope of the Reviaw

The review will focug on the adequacy of the air and noise
monitoring program in view of the unplanned release incident.
The scope-of-work set forth in letters of agreement will eall for
the consultant t¢ serve as a member of a team which will: (1)
review the existing noiee and ajr quality monitoring programas;
and (2} make recommendations for any appropriate changes in
monitoring equipment, procedures and sites. The State
Department of Health (DOH) and the County Planning Department
will serve as lead agencies in this review since they issue air
pernits ard regulate noiss, raespectively. Existing data on air
quality and noise impacts resulting from the incident will be
provided by the DOH. We hope that this review can be
accomplished within approximately three weeks.

4. Requirement for a Written Investigation Report

The agreements will require that a written report ke
submitted to the State by July ___, 1991. The report will
consist of: (1) comments on air and noise monitoring data
(available data will ba compiled by DOH); (2) a presentation of
conclusions drawn from a site inspactions and interviews with
starff; (3) recommendations for changes in the air and nolse
nonitoring programs.

5. Use of the Report

The written report will be made public after the State and
County determines that it is complets. The report will be used
by DOH and the Counti as & basis for making deacisions on
appropriate changes in the air and noise menitering programs.

£ #:v¥350 / UN0 «391440 §,40103HIA ¢ WYBP:li: LB-82-9 ¢ HOO:AB IN3S



ELEMENT III
REVIEW OF THE AIR AND NDISE MONITORING PROGRAMS AND PERMITS
S5UGGESTED TAEKS
1. Interview DOH staff involved in air and noise monitoring
activities.

2. Review data on air quality and noise inpacts ressulting from
the incidant (compiled by DOH).

3. Evaluata agulpment and sites for air quality and noise
nonitoring.

4. Determine ir the permittee has been adhering to all State
and County regulations and permit conditionse.

5. Davelop recommendations for changes in sites, procedurass
and, if necessary, equipment for air gquality and nocise
monltering.

v #:¥300 7 WN «351440 § MOLNIHIO ¢ WYOG:il: LB=B2-3 ! HOQ:AS IN3S



FACSINILE TRANSHMISSION REQUES?

DEPARTMENT OF REALTH FAX NO. (808) $48-324)

ADORESSER !iii! ORCANIZATION FROM: (NAXE, ORCANIZATION
§ PHONE RO,) & POONE W0.)
DEPARTMENT OF EEALTH
Dean Nakano
DLNR Dale
xip4b!
=
4 : /28791
RENARKS ¢
Cean,

Flease review the memorandum to Governor to see 1f it is okay.

IF RETRANSNISSION IS NECESSARY, PLEASE CALL GERRY AT
(808) 848-+4210, THANK YOU,
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DIRET

FRIDAY, JUNE 21, 1991 91-061

HILO--3overnor John Walhee and County of Hawaii Mayor
Lorraine Incuye today jointly announced the appolntment of
the evaluation team that will conduct a review of the
State's Air and Nolse Monitoring programs at Puna Geothermal
venture's geothermal site on the Big Island.

Robert Reynolds, the Air Pollution Control Offlicer for
Lake County, California, has been hired as a third-party
consultant and will begin on Monday, July 1, the process of
gathering data and inspectlng geothermal sites in evaluating
the State's air and menitoring programs.

As the Air Pollution Control Officer for the Lake
County Air Quality Management District, Reynolds 1=
responsible for developing and enforcing various county,
gtate and federal regulationsg and laws relating to alr
quality management=~which, in Lake County, includes an
emphagie on gecthermal regulaticns.

Under his direction, lake County has developed rules
and regulations, implemented plans of performance for
gecthermal drilling operations, acqulred and perfected the
ability to perform geothermal steam and power plant source
tests, inicliated programs to autcmate and audlt such
procedures, develeoped new monltoring programs, and, in
general, caused the implementation of the best available
control technology in geothermal exploratory and production

operations.
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Upon completion of his on-site inspectiona, Reynolds
wlll assess and evaluate his finding in consultation with
Wilson Coddard, principal and chief research engineer with
Goddard & Goddard Engineering, a private California company
specializing in envizonmental ressarch and impact
assessment. From thelr evaluations, a written report will
be prepared that should be completed by ———---- .

The review of the State's alr and noise polluticon
monitoring programsg is the third "element" of the Action
Plan announced earller by the State and County to evaluate
recent uncontrolled steam release at the Puna geothermal
site,

The first element was the creation of an independent,
third-part, technical investigation into the cause or causes
of the unplanned venting. The second element was an inter-
departmental review of emergency responsa procedures to
dotormine the adequacy of those procedurea.

The elements, as distingulshed from "phases!, are
discorete activities not necessarily sequential or inter-

depandent.

¥30%
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lune 28, 1991

Ton Dt Jack Lewin
Department of Heglth
State of Hawai
and
Desan Nalano

Deperiment of Land and Natlve Resources
State of 1lawai x

A
From:  Bob Reynolds, LCAQMD /770{ ﬂfl

I have had a chunce now 1o talk with Bruce Anderson, Dean Nakano and Jack
Lewin. The below is addressed 10 Jack Lewin with the assumption that this is
the Deparunent I am &ssisting, and refercncés are made to conversations with all
three of you. The intent is to ensure we have a chance to exchange our thoughts
efficiently., undorstand mutual expectations, and what is desired 10 be
accomplished. It i important for me to feel that my input is productive,

otherwise my giving up vacation time 1o assist you in this matter makes little
sense for me.

Scope of work issyes.- The draft faxed by Bruce emphasizes the review of the
air and noise monitering progeam, and a review of permits. Hopefully (from a
noise and air quality regulation standpoint) this can be refined to also assist the
DOH in isolating and defining causes and indicarors of such upseta in & manner
that will assist in environmental management and improved public health and
welfare protection. [ understand that the incident evaluation will be ongoing
bul available from: Ormat and the independent geologists presently on site and
evaluating the drilling aspcets of the incident. The refined goals would also
include: 1) to learn from the experience in order to lessen and betler manage
the impact If such similar uncontrolled events reoceur; 2) remove to the greatest
extent possible the likelihood that events will vocur without appropriste
mitigation in place; and 3) comment upon or assist in ¢stablishing an awareness
of steps to be taken to manage and mitigate the possibility of such events, This
aspect can be incorporated into your Task 4, and or serve as a basis for review
of the existing permit(s), You should however understand that Task 4 itself, as
presently worded, could take exrensive time and is most apgrcupriatcly
accomplished after a good understanding of the overall picture and objectives of
the permits, Any more than a precursory review by myself would be unlikely.
This is especially true as regards regulations that I am probably not even aware
of at this point.

page 1
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Toam Approach. - I remain concerned, if I am {0 be the only reviewer, as 10
your expectations given the timg¢ frame, and I think Bruce, Dean and ] have
agreed upon 1 method to work which will still not delay the desired review. It
was my suggestion that after the site visit, your Department, in a separate

consultant contract, utilize other other parties to assist myseif (perhaps one of
those contacted or my staff) in preparing the roview.

Ap 1 stated to Dean it Is impractical to charge costs off against our AQMD
bydget and then be reimbursed by your Department(s). 1 therefore have
char ed the airling ticket against my mmal oredit card and desire (o be

rsed promptly. T assume your office is arranging for the remainder of
the inter island flights, hotel and car. Should there be any problem please lot
me know promptly, and fax me & correspondence on this item,

Additional [nformation - I would like to have the following information
provided upon amrival or as soon as possible thereafter.

1.  Copy of current permits that arc relovent, summaties of the incident thut
are available and likely to be helpful,

2.  Topographic map showing sources, residents or nther sensitive receptors
and monltoring locations, two copies pleass. If postible, identify forestod areas
or other possible smmﬁcant obstructions, Dmgram(s) of the sampling stations
and if appropriate a local more detailed map showing each station Jocation,

3. A schematic or diagram of the layout of cach station. Include the
sampling manifold, probe setup, and sheller description. ldentify any quality
assurance program as well as audit program. Stete how often identified actions
or steps are taken. This should, as necessary, be delincated for each station and
operator {i.e., Ormat or DOH/DLNR).

4. Idenufy each instrument meke and model, the type of instrument and the
mode(s) in which it is operated. To the extent practical provide summary
information on historical QA checks or audits, especially that performed by
DOH on privately operated stations. Provide samplc atrip chart readoult, or
other hard record methods of data reporting.

5. Disgram and layout of drilling operations indicating points of emission,
flowrnte, temperature, composition, and any on site monitoring,

6. Ifthersis an onsihe emergency plan, any monitoring that assists in this,
including evacuating the drill site, please slso provide that information,

7.  Any available VCR tape or pictures relevent to the work anticipated
Including of the monitoring sites and

ipment,
8.  Names, titles and phone #3 of developer site and DOH/DLNR contacts
and relevent siaff,

A ddition informa .' ints of diseussi
1. Timing of DOH/DLNR Meeting - Will these occur before or after site

interviews and visits? It might be belt to delay spending aignificant time until 1
have a chance t review more of g&célm:m data and sttuation if that Is also

: ' HOQ:AB -N3S
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conaistent with your stafl's desire. I appreciale the commitment expressed by
Bruce Anderson and the desire to allow good information exchange between
staff at the project site, your staff and myself, Presently, [ am planning to fly
from Sente Rosa and the times are as indicated at the end of this
correspondence. If necessary, I could delay returning unti! Saturday or Pridey
;:oning (if a rcservation can be arranged) and plan to meet with your staff on
iday.
2.  Bruce and Dgan mentioned the itinorary was open and left it tome. 1
assume that interactions with the DOH staff would be significant, and Dean also
mentioned meeting with the Mayor of Hilo on Monday and a possible public
hearing on July 3, 1991, Arc there other meetings? Would you plaase make
certein that any available written information describing the purpose or a
tentarive agenda is made available to me. I am proceeding under the assumption
that I will be provided an oppertunity to talk with industry staff on site, review
?rf.i:lii! logs, incident reports, and talk or meet with persons complaining of the
neldent. '
3.  Were any mitigation steps or technology to minimize alr and noisc
impacts applied durin?mthc incident? Were they available at the site?
4, Wil the report have other than time constraints?
5. It is my understanding that you are prepared to compensate myseif for all
travel and perdiem costs, and Dean, or your staff, have already made
considerable arrangements. In addition work necessary in evalvating the
infonmation, valuen?n using District equipment and staff time In preparing the
wrltten report will be directly compensated for by Hawai DOH/DLNR as a
reimbursable cost to the Air quality Management District,

Genaral Intcrest Ougations

1s there any hisiorical review of incidents and monitoring other than the present
incident? Do you keep complaint forms? Appsrently a similar incldent did
happen in the same area, can or was anything relevant learned from that
incident about the monitoring or cause(s). How ¢xtensive is the mentioned
assimilated monitoring data? I3 ther acrual source teat data, or estimates of the
range of emisslons to compare to the ambienl monitoring recorded, This is
essential (0 estimate if retrospective studles are to be attempted and jt is not
available from records that presently exist,

June 30, Flight 3254 . SR 12:18 T, lsc%l
ue Hﬁ 185 523 sgo.l:wpm :.n' Hon :!:sr‘;m. Seat
July § Rlight 818 dep. Hon 9:15 ur, SFQ 3:07 Scat 18H
ht 3257  dep. SFO 7:50 wr. R 8:30 pm Seat I8
Need to noti ly United Airiines at least 2 days in advance to change departure
date without incorring penaity
page 3
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Page 2 0f 5 From. Reynols, APCO  707-263-7000 Friday,. 26,1991 12:27 M

Faxed June 28 1991

To:  Dr Jack Lewin
Deparunent of Health
State of Hawai
and
Deat Nakato
Deparument of Land and Native Resources
State of Hawa

From:  Bob Reynolds, LCAQMD

[ have had & chance now to talk with Bruce Anderson, Dean Nakano and Jack
Lewin. The below is addressed to Jack Lewin with the assumption that this is
the Department [ a assisting, and referetoes are made to conversations with all
three of you. The intent is to ensre we have 4 chance to exchange our thoughs
efficiently, understand mumal expectations, and what 15 destred ©0 be
accomplished. 1t is important for e to feel that y wmput is productive,
otherwise My giving up vacation me to aSsist you in this matter makes linle
sense for me,

Seone of work issues. - The draft faved by Bruce emphasizes the review  of the
ait and noise mottonng progeam, and a review of  permuts. Hopefully (from 4
toise and air qualiy regulation standpoint) this can be refined th also assist the
DO i1 isolaring and defining cavses and indieators of Such upsets 11 a manner
that will assis in environmentel management and improved public health and
welfare protection. | understand that the tncident evaluation will be ongoing
but avalable from Ormat and the independent geologists presently on site and
evaluaung the drulling aspects of the incident. The refined goals would also
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evilatng the “ling a5pects of the saodent, ‘he retme” ool WOul0 4o
include: [} to learn from the expertence in ooder Lo lessen and better manage
the itpact f such Similar uncontrolled eveats seoccur, 2) temove tothe - greatest

extent possible the Lkelibood that events will oocur without appropriate
mitigation in place; and 1) rnmment npnn or assist in estahlishing an awareness

of stes [0 be taken 1o tanape and mitigarc the possibility of such events. This
aspect cat be incorporated ino veur Task 4, and or serve 5 a basis for review

of the existing pecmit(s). You should however understand that Task 4 itself, &5
presendly worded, coulé take extensive time aad 15 most appropriately
accomplished after a good understanding of the averall picaure and  objectives of
the permils. Any mate than 2 precursory review by myself would be unlikely.

This 15 especially true as regards regularions thar [ atn probably not even amare
of atthis pourt

Al |
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Team Approach - [remain concerned if [ am to be the only reviewer, & to

your expectations given the time frame, and I think Bruce, Dean and [ have
agreeq Upon amethod to work which will Stll not delay the desired review. I

was tny suggestion that after the Ste vist, your Department, in 2 separate
consultant conizact, wilize other other parties 1o assist myself (perhaps one of
those coatacted o tny staff) in preparing the review.

As [ stated to Dean 1t i5 impractical to charge costs off against our AQMD
budget and then be reimbursed by vour Department(s). 1 thessfore  bave
charged the airline ticket against my personal credtt card and destre to be
reimbursed promptly. | assume yeur office 15 aangiag for the  rematnder of
the inter island flights, hotel and car. Should there be any problem please Lo
e know promptly, aad fax me a corespondence on this tem,

Additional Information - [ would like to have the followiny information
provided upon areival or 45 soon s possible thereaffer

. Copy of cutrent pertits that are relevent, summaties of the ineident that

ate avaable and lkely to be helgful.

2. Topographic map showing sources, residents or other sensitive receptars

and monitoring locations, two capies please. T possible, identily forested areas
or other possible signiticant obstructions. Diagramis) of the sampling stations
and f appeopiae alocal more detailed map Showing each sarion location.

J. A schematic or diagram of the layow of each station. Inchude the
sampling manifeld, probe serup, and shelres description. [dentify any quality

assurance program a8 well as auct, program. State how ofter identified actions
or Steps are taken. This should, a5 necessary, be delineatad for each station and
operaor (1.2, Ormat ot DORDLNR).

4. Idennfy each instrueenn, tmake and model, the type of instrument and the
mode’si i which it 15 onerated  Tn the extent practical  provide summary
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information ou cistorical QA checks or audits, especially wia performed by
DOH ot privately operated stations. Provide sample swip chart readonts, ot
other hatd record methods of data reporting,

5. Diagean and layout of crilling operations indicariag points of emission,
flowrate, temperabure, composition, and aty on site monitocing.

6. If there is an onsite emergency plan, any monitoring that assists in this
including evacuaring the dril site, please also provide thar information.

7. Any avalable VOR tape ot piemres relevent to the work anticipated
tnefuding of the monitorag ites and equipment

8. Names, uties and phone # of developer site and DOH/DLAR contacts
and televent staff.

Addition information. questians or poiats of discussion
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. Timing of DOH/DLNR Mesting - Will these occur before or after site
interviews and visits? It might be best to delay spending signuficant time uril |
have & chance to review more of the curent data and sitvation o that 15 also
conststent with your staf's desive. [ apprectate the commitment expresseg by
Broce Anderson and the desice to allow good information exchange between
stall at the project site, your stalf and myself. Presently, I am planningto fly
from Santa Rosa and the times are as indicated ot the end of rhis
corvespondence. If necessary, [ oould delay returning untd Saturday ot Friday
evening (if 4 teservation can be arranged) and plan 1o me with your staff  on
Friday.

2. Bruce and Dean mentioned the iinerary was open and left it to me. |
assume that inceractions with the DOH staff would be sigificant, and Dean also
mentioned meeting with the Mayor of Hilo o1 Monday and a possible public
hearing on July 3, 1991, Arethere other meetings? Would you plesse make
cetain that any available wriven information describing the purpese o 4
tentative agenda is made availahle tome. [ am proceeding under the assumption
thar T will be provided an opportundty o talk with industey staff on site, review
drill bogs, (ncident reports, and talk of meet with persons complaiing of the
inoident,

3. Wee any miigation steps or technology to mimmize air and noise
tmpacts applied during the incident? Were they available at the site?

4. Willthe teport have other than tithe constaints?

5. Itis myunderstanding that vou are prepared to compensate mysel! for all
ave] and perdiem costs, and Dean, or your staff, have akeady made
considerable arrangements. Jo addtion work necessary in evaluating the
inforthation, value in using Distict equipteat and staff time in preparing the
witten report will be directly compensated for by Hawai DOH/DLNR 2 4
reimbursable cost to the Air quality Managemet Distrer.
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Gegeral I, Juestions

Is there any historical review of incidents and monitoring other  than the presen
incident? Do you keep complaimt forms? Apparertly 4 similar incidems did
happen n the same area, can or Was aaything televan: leaed from that

pivitdenl it e muni[uling U uuurau(’.',‘}. Muw eatemive o Ue wenbiel
assitilated momtoring data? 15 ther aotual Sovtoe best data, of estimates of the
range of emissions (o compare (0 the ambient monitoring recorded. This 1s
essetial 1o estimate ff retrospective studies are to be atempted and 1 15 not
avéilable from records that presently exist

S |
Jued0,  Flight224  dep SR2:05pm  ar SFOTpmNeed seat avangement
Flight 185 dep.SEO 140pm . Hon 3:34 pm, Seat 36F
United Airlines Honcfulu to Santa Rosa

Jys  Flight818  dep. Hoa%:1 ar, SFO 507 Seat 18H

08

31
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Flight 3257 dep. SFO 7:30 atr. SR 8:30 pm Sear 3B
Need to notify United ~ Aurtines at least 3 days in advance to change departure
date without incureing penalty
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PACSINILE TRANGMIGEION ARQURST

DEPARTHENT OF REALTH FAX NO. (808) $48-326)

L PEONE No.) S ToorE ¥os)
DEPARTXINT OF EEALTE
Dewn Nikany Daly
DL £H

L

PAC ~ DAYR
5 T ofag)1,

RIMARKS

IF RETRANSKISSION IS NECESSARY, PLEASE CALL GEARY AT
(008) S48-s210. THANK YOU.

| #:26098¥5008 «301440 S ¥0L03MIQ ! WYP0:6 ! (6-82-9 ! HOO:A8 IN3S
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GQODDARD & GODDARD ENGINEERING
Environmenta! Studies

Dun Nt s L ——
Stats of Hawall o
D tof Land and Natr  |” X’ 1
-543-7541 =
June 27, 1991
Dear Dean:

1 will be pleased to assist a3 a2 member of the Element 111, Indépendent Evaluation of the Geothermal
Air and Noise Monitoring Programs. As ws discussed, I will be developing a list of necesgary ltams
which will assist my review of the air quality monitoring.

I have enclosed a Statament of Qualifications for your use. Ilook forward to working with the review
1eam on this important study of the zir quality monitoring aspects of the well venting accident and in
assisting in developing a useful set of recommendations.

Sincerely,

Wilson B. Goddard, Fb.D.
Principal

6870 Frontage Rd., Luceme, CA 95458-8504 (707) 2742171
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GODDARD & GODDARD ENGINEERING
Environmental Studies

| | STATEMENT OF QUALIFICATIONS

May 31, 1991

6870 Frontage Rd., Lucerns, CA 93438-8504 (707) 274-2171
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HAZARDOUS WASTE REDUCTION TECHNO!.OGY 1 S
O ‘ b TTATITITITI T
RESEARCI-I osvnomsm AND
omonsmnou GRANT PROGRAM

LEGISLATIVE REPORT TO:

The California Leg!siature, pursuant te Sectlon 2524411,
Chapter 4.5, Division 20, California Hea!th and Safety Code
Assembly Bill 685 of 1985, Farr

Nevember, 1990
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STEP i
GRANT
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Project Budget:
Departmantal funds
Raquasted
342,976

Non-Dapartment Matech

Cantribution
4,778

Total Project Budget:
347,750

Applicant:
Gaddard & Goddard
Engingering

Address:

6870 Frontage Road
tucerne, CA
95458-8604

Locstion:
Cose KGRA
Coro Junctisn
Inyo County
CA 93842

Projest Director:
Or. Witson B. Qodgard
(707; 274-2171

Department Project
Meanager:

Mike Vives

Waste Management
Engineer

{916} 324-1802

Contract #:
89TD114
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GODDARD & GODDARD

(707 274-2171 VOICE & FAX

NONCONDENSABLE
HYDROGEN SULFIDE EMISSIONS
CONTROL SYSTEM

Project Abstract

This Step Ii design projact follows o faasibility study in which this
tachnology was shown te have potential for reducing hozardeus
wastes from the geothermal sleciric pawsr-producing industry. The
Step Il proect uses the information developed In the pravious Step |
grant to dasign ond develep & pilot plant for incineration of gesther.
mal noncondansable hydrogen sulfide gases. Unique design
parameters to be studied include methodologies for maintgining
stable Furnace lemperatures at the ignition temperature for hydrogen
svifide, which is below the ignitien temparatute ot other flommable
gases contained in the noncondensable gosas. This will minimize
unwanted produc's of Incomplete combustion by avolding combuys
fion of athar particulates and gasaes in the steam.

Final design parametars will be obtainad for implemanting & technels
ogy uillizing geathermal brine a3 a sulfur dioxide scrubbar. This will
aliminata the usa of chamical sulfur dicxida abatement, which is o
major source of hazardous waste. The final pilot plant design will
include applications for electrically operated siationary incineratars
and for poriable propane oir emission control operations. Bench
pilot shudies will be performed to obtain finol design porameters and
10 evaluate tha pilot plant designa. v

vey Figure 8: Emission Conirol Systam Concept

Srina Adaorhe Corvared 50,

Pumped Bsine Bpray
for SO, Serubbing

Gectharmal Brire Rmaeurce

Source; Contract # 89-101 14, Conceptyal Skeich by Mike Vivas, DHS Project Manager

p.001
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) ' SPECIAL
FAX COVER SHEET INSTRUCTIONS: COPY TO:

Date: (-2t -\  LogNo, O Contidential
O Urgent

Time: A“ 3O Number of Pages: “}- [ Please reply

{Including cover sheet) h .

03 For your information

TO:

WB/Ms. \yean Oawaco MESSAGE:

Of Wi Oawide Land )'x Qesoorie s W&J\JT)

FAX# 5t HAd- LoDD

FROM:
@MS. LV-‘\D\QL('\- L. L‘R{,Sﬁo\a“)

W:LALA[DWm\5

Address:

\o5%
FAX & lﬁ;o'wb oo™ - Sepen it not received correctly, please call:

Erictut m UE A AAVINY 14988 RECHLY 11 MO &4




JOHN WAIHEE
BOVEANDN GF HawAH

JOMHN O, LEWIN, W.D.
SIMESTUR OF HEALTH

STATE OF HAWAII
DEPARTMENT OF MEALTH

f. O. POX 3¥m

HENGLULY, HAWAI! sasat
In reply, uisnss refer t0;
Mis?

June 26, 19%1

ERNORANDUN
TO: The Honorable John waihae
Governor, State of Hawal

FROM1 John C. Lewin, M,D
Director of Heal

SUBJECT: Authority to Ente o a Contract for a Review of the
Ailr Quality and Noise Monitoring Program in Response to
the Puna Gacthermal Venture Unplanned Stean Releane of
June 12 and 13, 1991

Thia recquest is to provide for an independent third=-party raview
of the air quality and noise monitoring program in response to
the Puna Geothermal Venturs unplanned stean release of June 12
and 13, 1991 to conmplement the review of tha stean release as
described in the memerandum from William Paty dated June 18,
1991.

Tha basic acope-of-work of this contract will call for technical
experts £o: (1) evaluate the adegquacy of the alyr and noise
monitoring program; and (2) make recommendations for any
appropriate changesa in monitoring equipment and sites. DOH will
serve as the lead agency for this activity since it issues air
permite and has enforcement powers in this arez. Wa hope that
this can he accomplished within approximately one month.

Our intention i{s to engage on a short term basis the technical
assistance of a public sector regulator. The selection and
review committee led by Mr. Suaumu Ono will contact the
appropriate individual,

2 #:1%320 7 ¥NTG 301430 S.NCLO3MIQ ¢ WdBG:L ¢ 18-92-3 ! HOQ:AB IN3S



The Honorable Jehn Waihee
June 26, 1891
Page 2

This alr quality impact review will include a review of
equipment, procedures, and sites for air quality and noise
monitoring. A written report will be made public along with
recommendations based on tha findings of thess experts.

The estimatad ceat of the required consulting services will not
exceed $10,000, including consulting fees, alrfare, and travel
expenses. If an amployee of the state or county government is
selected, it may be necessary to anter into agreements with
agencies, such as the Lake County Air Quality Distriot, in order
to obtain the services of their parsonnel. Department of Health
funds will be used.

We hereby request authorization to enter into these contracts.

APPROVAL/DISAPPROVAL

JOHN WAIHRE
Governor cf Hawaii

Dated:

£ #:¥300 / ¥NTQ ~391440 S.¥0L03MIG ¢ NEZ0:2 ¢ {B-3E-F ° HOC:AH LN3S



FPACSINILE TRANSNISSION REQUEST

DEPARTMENT OF REALTK FAX NO. (808) $48-33¢)

)
42 | l blas )

IF RETRANSHISSION IS NECESSARY, PLEASE CALL  GEARY AT
(808) Sé8-¢n10. THANK YOU.

L $:v300 / ¥NOQ +397440 § H0_03BIQ ! WdBS:l ¢ 16-92-0 HOG: A8 N3S
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June 25, 1991

TO: The Honorable John Waihee
Governor, State of Hawali

FROM: Susunuy Ono
Dr. Bruce Anderson, DOH
Dsan Nakano, DLRR
Dean Andersocn, DBED

THROUGH: Murray E. Towill, Director, DBED
William W. Paty, Director, DINR
Dr. John C. Lewin, Director, DOH

SUBJECT: Flan for Element III, an Independent Evaluation of the
Geothermal Air and Noise Monitoring Programs

Element III is the third ¢f three &lements of the preposed
Geothermal Action Plan cutlined in the attached Memorandum. It
will be a joint 8tate/County effort to review the adequacy of the
existing noise and air guality monitering programs. This review
is being conducted pursuant to the unplanned venting incident on
June 12 and 13, and caused residents to he affacted by noise and
hydrogen sulfide emissions.

1. Investigator

It is important that this review be conducted by a2 cualified
expert outside the Etate and County regulatory agencles with
experience in regulatory affalrs and noise and air quality
monitering.

Wa have selected Robert L. Reynolds, Lake County Air Quality
Management District., He will be responsible for preparing a
report with recommendations.
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Tha Honorable John Waihee
June 25, 1991
Page 2

In selecting Mr, Reynolda, we sought a public sector
consultant with considerable experience in geothermal regulation
who was algo experienced in monitoring air quality and noige. He
hag an excaellent reputation for integrity and competenca.

2. Contractual Arranganant
To be arranged,
3, Bcope of the Review

The review will focus on the adequacy of the air and noise
monitoring program in view of the unplannad release incident.
The scope=-cf-work set forth in a letter of agreement will call
for the consultant to: (1) review the existing noise and air
quality nmonitoring programs: and (2) make recommendmtions for any
appropriate changes in monitoring eguipment, procedures and
sites, The State Dapartment of Health (DOH) and the count
Planning Department wlll serve as lead agencies in this revievw
since thay ilssue air permits and regulate nolse, respectively.
Existing data on air gquality and noise impacts resulting from the
incident will be provided by the DOH. We hope that this review
can be accomplished within approximately three weeks.

4. Requirement for a Written Investigation Report

The agreamentz will require that & written raport be
subnitted to the State by July _ _, 1991, The report will
consist of: (1) comments oh air and noise monitoring data
(available data will be compiled by DOH)¢ (2) 2 presentation of
conclusions drawn from a site inspections and interviews with
staff; (3) recompendations for changes in the air and noise
monitoring programe.

5. Uae of the Report

The written report will be made public after the State anda
County determines that it is complete. The report will be used
by DOH and the County as a basis for making decisions on
appropriate changes in the air and nolse monitoring programs.
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ELEMENT III
REVIEW OF THE AIR AND NOISE MONITORING PROGRAMS AND FERMITS
SUGGESTRD TASKS
1. Interview DOH/County staff involved in air and noise
monitoring activities,

2. Review data on air qualiﬁy and noise impacts regulting from
the incident {(compiled by DOH).

3. Evaluate equipment and sites for air quality and noise
monitoring.

4. Detarmine if the permittes has been adhering to all State
and County ragulations and pasrmit conditions,

5. Develcop reacoummendations for c¢hanges in sites, procedures
and, if necessary, equipment for air gquality and noise
monitoring.,
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PACSINILR TRANSNISSION REQUEST

DEPARTMENT OF REALTH PAX NO, (008) 348-226)

NAXE ORGANIZATION FRON: (NAME, ORGANIZATION
& PEONE NO.) ' § PEONE NO.)

DEPARTIENT OF BPALTS

Bruw Anousm
™yl

D Nadedng
(R,

Y B
I bl {4y

1P RETRANSKISSION I8 NECESSARY m:us CALL GERRY AT
(608) S48-¢n0. tmg'you. '
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PACSINILE TRANSKISSION R2QUYST

DEPARTKENT OF KEALTH PAX NO. (308) $48-336) X 439

ADDRESSEER! oM: ( ¢« ORGANIZATION
4 PHONE NQ.) & PACNE W.}
DEPARTIONT OF REALTH
Daan Nakano Bruce Anderson, Ph.d
DLNR Deputy Director for Environmental Health

DOWALD ¥ 1

June 24, 199]

PRl

Correction on page 1, Revised letter attached.

1F RETRANSHISSION I8 NECESSARY, r:.m: CALL GERRY AT
(808) S48-8210, TRANK YOU.
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June 24, 1991

TO: The Honorabls John Waihee
Governor, State of Hawaii

FROM: Susumu Ono
Dr. Bruce Andgrson, DCH
Dgan Nakano, DLNR
Dean Anderson, DBED

THROUGH: Murray E. Towill, Dirmctor, DRED
William W, Paty, Directer, DLNR
Dr. John C. Lewin, Dirsctox, DOH

SUBJECT: Plan for Elament III, an Independent Bvaluation of the
Geotherral Air and Noise Menitoring Prograns

Element III ig the third of three elements of the proposed
Geothermal Action Plan outlined in the attached Memcrandum, It
will ba a joint Stata/County effort to review the adequacy of the
existing noise and alr quality menitoring programs., This review
is being conducted pursuant to the unplanned ventling incident cn
Juna 12 and 13, and caused reaidents to be arffected by noise and
hydrogen sulfide emisaions,

l. Taeam of Inveatigators

It is important that this review be c¢onducted by qualified
sxperts outside the State and County regulatory agencies with
axperience in regulatory arrairs and noise and air quality
monitoring.

The investigation team will consist of the following three
individuals: () —Feames W, MOITOW, M-8 -Director; Envirshinental-
Health,—Anerican-tung-Assooiation-or-Hawaiij)--(2) Ei_ﬁ-son-&—-
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The Honorable John Walhee
June 24, 1991
Page 2

et a-ATE oA —SRa-oaf —EITC B O alll “jl Robert L.
Reficlds, Lake County Air Quality Management District. James
Morrow will serve asg the team leader and will be rasponsible for
preparing a report with recommendations,

In selecting the team, we sought a public sector consultant
with considerable ewperience in geotharmal regulation and an
expert vho was experienced in monitoring air quality. These
individuals have sxcellent reputationz for integrity and
competence.

2. Contractual Arrangements
To ba arranged.
3. Scope‘of the Review

The reviaw will focus on the adequacy of the air and noise
monitoring program in view of the unplanned release incident,
The scope-of=work et forth in letters of agreement will call for
tha congultant t¢ serve as a member of & team which will: {1)
raview the axisting noise and air quality monitoring programs;
and (2) make recommendations for any appropriate changes in
nohitoring sguipmant, procsdures and sites, The State
Dapartmant of Health (DOH) and the County Planning Cepartmsnt
will sarve as lead agenaies in this review since they i&sue alr
permite and regulate noise, respectively. Existing data on alr
guality and neise impacts resulting from the incident will be
provided by the DOH. We hope that this review can be
accomplished within approximately three weaks.

4. Reguirement for a Wriltten Investigation Report

The agreements will require that a written report be
submitted to the state by July __, 1991. The report will
consist of: (1) comments on air and noise monitoring data
(zvailable gata will be compiled by DOH); (2) a presentation of
conclusions drawn from & site inspections and interviews with
staff; (3) recommendations for changes in the air and noise
monitoring progranms.

5. Use of tha Report

The written report will be made public after the State and
county datermines that it is ¢omplate. The report will be used
by DOH and the County as & basis for making decisions on
appropriate changes in the air and noise monitoring prograns.
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ELEMENT III
REVIEW OF THE AIR AND NOISE MONITORING PROGRAMS AND PERMITS
EUGGESTEDR TASKS
. Cour
1. Interview DOH/etaff /involved in air and nolse monitoring
activities.

2. Reviaw data on air quality and nolse impacts rasulting from
tha inojdent (compiled by DOH).

3. Evaluate eguipment and sites for alr quality and noise
monitoring.

4. Deternine if the permittee has been adhering to all State
and County regulations and permit conditions,

5. Develop recomnendations tor changes in sites, procedures
and, if necessary, equipment for air quality and nolse
monitoring.
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June 21, 1991

MENORANDUN
TOt The Honorable John Waihee,
Governor, State of Hawaii
FROM: Murray E. Towill '
THROUGH: gusumu Ono, br. John C. Lewin, william W. Paty
SUBJECT: Geothermal Action Plan Outline

This action plan coneiste of three "elomente™ as
distinguished from "phases"., The elements are discrete activities
not necessarily seguential or interdependent. The basic idea is

to implement sach element as quickly as possible.

Elenent It Ind dent Technical Investigation of the
Funa Geothermal Venture Unplanned Gteam Release, Juns 1t and
13, 1991,
Objectives:

Review driliing and blowout egquipment and procaedures

for adequacy.
involved pgencies!

Cocperative effort of State DLNR,{PBED}- DOH, and

County Planning departmente.
Soordinators:

Bus Onc (lead)p-@enn_undemn—wﬂabﬂr Dean Nakano

(DLNR) ; and Norman Hayashi (County).
gpecific Plan:

Attached; involves third-party consultants;
contract authorization of Governor will ba raquirad;

Director of DLNR will execute contract.
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Nemo to Governor John Waihee
June 21, 1991

Page 2

start June 24, 1991; Complete July 7, 1991,
Deliverable:

written investligation report to be submitted by
third party consulting team,

Resulting Action:

Written third-party report to be usad by DOH, DLNR,
and the County as a basis for waking gecisions on
any appropriate enforcement actjona and on the
continuation or 1ifting of the drilling suspension
presently in effect.

$30,000; DLNR and/or DBED general funds to be used.

Element II: Interdepartmantal Reviaw of Emergancy Responsa and
Evacuation Procadures

Objectiveg:

Détormine the adequacy of present procedures)
recommend improvements.

Invelved agencies:

Cooperative effort of State DOH and County Planning,
civil Defense, Police, and Fire departwents; also
the Red Cross and possibly FEMA as an outside

consultant.
goordinators: .
ED&'-———-E&D&—M N R Aerssi_or  designatel  (DOH)
Harml |1 (County) . (Do)
gpeoifio Plant

To be developed cooperativaly by 6tate DOH and
County.



From : HRAWAI IGEOTHERMP BE J'u(-‘ 1991 B2:.28 PM PE3

Meno to Governor John ¥Walhea
June 2i, 1991

Page 3
gchedule:
To be determined by State DOR and County, Estimate
approximately one month.
Reliverable:
Written report of findings and recommendations
Resulting Action:
Written interdepartmental report to be uged by DOH
and the County as a basis for waking decisions on
any appropriate changes in present procedures.
Buddget:

Costs to be absorbed within existing DOH budgets.

Slenent ITII:t Review of Air Quality Impacts Associated with the
Puna Geothermal Yenture Unplanned Steam Releass of June 12 and

13, 1991,
Obiectives:
Determine air quality, health, and noise impacts;
evaluate the adequacy of the air and noise
monitoring programeg; and maxe recommendations for
any appropriate changes in monitoring e?uipment,
procedures and sites, and air permit conditions.
Invelved agenocjeg:
Cooperative effort of state DOH and County Planning.
Coordinators:
Dr. Bruce Anderson ' {DOH) 2
A ov g H:N{\mhs‘ égounty).
Specific Plan:
Attached! involves third-party consultante:;

contract authorization of Govaernox will be requirad;
Director of DOH will exsoute contraot.
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Schedule:
| Approximately threa months.
Deliverabla:
Written invectigation report to be submitted by
third party consulting team.

Besulting Action:
Written third-party report to be used by DOH and the
County as a basis for making decisions on any

appropriate changes in present programs and
procedures.

$20,000f DOH general funds to be usaed,

ORAtact6219].nem





