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Geothermal Resource Subzone (GHS), Puna District, Island of
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The Air Quality and Meteorololjical Monitoring Plan is

::;ubmitted [leparately for approval to the Director o[ the lIawuii
OCl!urtment of IIealth (DoII)

who has thc State 's respunsibility for

Lmp Lemen t.Lnq EPA a 1.1..- q ua Li, ty regula lions in Ilawa.i i

The plan addresses p r i.ruar i.Ly the monitoring to be a c comp Li.s he d
during the initial exploration phase of the project.

l\,ttC.l.."

d

resource discovery, and upon making u, decision to proceed into
the development phusc in a speciflc area of the project sitc, any
required changes and/or additions to the monitoring plall will be
submitted to the Director, Doll for approval und to the Director ,
Department of Land and Naturul Resourccs

(OLNR) with the

sUbmisGion for upproval of the developmcnt plan for a specified
level of development.
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1.

Introduction

This document presents a plan for an air quality and meteorological monitoring program to support the exploration phase
of the incremental exploration and development of geothermal
resources in the Kilauea Middle East Rift Zone Geothermal
Resource Subzone (GRS), Puna District, Island of Hawaii.

The Board of Land and Natural Resources (BLNR) approved, in a
Decision and Order issued on Apri l 11, 1986 a long-range plan
for the exploration and development of geothermal resources
in the Kilauea Middle East Rift Zone GRS.

This long-range

plan provides for the development of 100 megawatts (MW) of
electrical generation capacity to serve first the needs of
the Island of Hawaii and secondly for export to Oahu via a
deepwater transmission cable.

As provided in the Decision

and Order, the initial phase of the project will be the
exploration phase during which limited drilling and testing
of up to 12 exploratory wells will occur over a period of
approximately 2 years.

The exploration phase will provide

preliminary data on the presence, location and characteristics of geothermal resources in the project area.

The moni-

toring proposed for this initial increment of exploration
will measure the air quality in the area of maximum estimated
impacts due to emissions from drilling, venting and flowtesting of the exploratory wells.
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As shown in the following sections, the monitoring program
will follow the guidelines of the U. S. Environmental Protec-

f .

tion Agency where appropriate and will provide the information necessary to demonstrate compliance with the applicable

I

ambient air quality standards for the project activities
described.

The monitoring program will be updated and modi-

fied as appropriate in parallel with project development
activities.

2.

Air Quality and Meteorological Monitoring Guidelines

The Board of Land and Natural Resources Decision and Order
(D&O) of April 11, 1986 requires that an Air Quality Monitoring Program and Meteorological Monitoring Program be implemented coincident with the start of drilling in the Kilauea
Middle East Rift Zone Geothermal Resource Subzone (GRS).

The

Decision & Order specifies monitoring requirements and monitoring sites for the full 100 megawatt project and states
that the Air Quality Monitoring Program will follow,' where
appropriate, U. S. EPA protocols and guidelines for monitoring and quality assurance documentation.

The D&O further

. requires that the developer meet all Federal, state and
County air quality standards.

Finally, the D&O provides that

the air quality program may be modified as deemed necessary
by DLNR based on information derived in the initial phase or
phases of the project in order to address activities to be
undertaken subsequent to such initial phases.
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The Director of the Hawaii Department of Health has the
responsibility to implement and enforce the regulations for
the EPA. air quality programs in Hawaii, including the monitoring requirements.

Chapters 59 (Ambient Air Quality Stan-

dards) and 60 (Air Pollution Control) of Title 11 of the
Hawaii Administrative Rules prescribe the air quality standards and rules for stationary sources of air pollutant
emissions in the state.

Subchapter 3 of Chapter 60, Hawaii

Administrative Rules, pertaining to stationary emission
sources, pr0vides the basis for the air quality and meteorological monitoring programs described herein.

Subchapter 4

pertains to major stationery sources which, subject to additional criteria, may require an EPA PSD review concurrent
with the application for Authority to Construct or Modify
such an emission source.

Geothermal wells do not meet the EPA criteria of major permanent sources of emissions.

Emissions from wells prior to

being produced or "operated" occur only during a portion of
the drilling and during venting and testing operations and
only if the well encounters a geothermal resource.

After

testing is completed, the well is shut down until it is
connected to a power plant as a supply-well.

Any potential

emissions from the well when "operated" will be controlled at
the power plant in accordance with the requirements of the
air quality permits for the power plant.
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Thus, the emissions

from well drilling, venting and testing and during operation
as part of an operating power plant are not large enough to
constitute a major source and, therefore, are not subject to
EPA PSD review requirements.

It is possible that a very large permanent geothermal power
plant would qualify as a major source of emissions subject to
the EPA PSD review requirements.

The latest edition of the

EPA monitoring guidelines (EPA, 1987) provides very detailed
information on 1) the monitoring requirements during the
preconstruction and post-construction phases of operations
and 2) the criteria for determining the location and number
of monitoring stations appropriate for a new, major emission
source.

Under PSD review procedures, preconstruction monitoring for a
major new source is required in order to establish baseline
(existing) air quality levels and meteorological conditions
at the site of a new or modified emission source.

The esti-

mated impacts of the new or modified permanent source would
be added to the baseline levels and the totals would be
compared to the applicable ambient air quality standards to
assure that the emission control systems in the new or modified source are adequate to maintain national and state
ambient air quality standards.

Baseline air quality in the

Kilauea Middle East Rift Zone GRS has been thoroughly characterized in previous studies and the results of these studies,
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including air dispersion models to estimate potential impacts
of project activities are summarized in the EIS for the
project.

A summary report of prior air quality and meteoro-

logical monitoring for the Kilauea east rift zone, which
includes the project site for which this plan is designed,
was prepared for the State (DPED, dated July 31, 1985).

An

executive summary of this report is appended as Attachment 1.

Post-construction monitoring for a new or modified permanent,
major source may be required under PSD regulations to demonstrate that the emissions from this source do not cause or
contribute to a violation of any applicable ambient air
quality standards.

In order to demonstrate compliance, the

post-construction monitoring must be done at the location of
maximum total impacts.

"Ambient air" is defined in federal

regulations (40CFR50.1(e)) as that portion of the atmosphere
external to buildings, to where the general public has access.

If the maximum modeled impacts are within an area

excluded from ambient air (i.e., within the property boundary
of a project), the monitor should be located downwind of the
emission source at or near the property boundary.

Selecting the correct location for a monitoring station for
an area with

~ultiple

permanent emission points as may be

applicable- for . this project in the future, requires

careful

analysis of the meteorological conditions in that area in
relation to the characteristics and design and location of
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the emission sources and pollutants being emitted.

However,

for the proposed initial exploration phase, there are no
other sources present in the project area except for volcanic
emissions, and these impacts have been characterized in the
baseline air quality studies.

During the initial exploration phase, the proposed project is
a very limited operation with respect to creating a permanent
new source.

There will be only one temporary source

emit-

ting at anyone time during drilling and testing of wells.
There wrll be only one well venting (i.e., emitting at an
uncontrolled level) at any given time and then only for a
maximum of eight hours.

After venting, each well is flow

tested for thirty to forty-five days using appropriate pollutant and noise abatement systems.

As subsequent exploratory

wells are drilled and the geothermal resource is encountered,
the testing period for these subsequent wells will be shorter
and shorter.

The following sections describe a monitoring program that is
consistent with EPA protocols and guidelines and the nature
of the incremental geothermal exploration and development
activities that will occur in the project area.
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3.

Overview of Monitoring Program

A twofold monitoring approach will be taken in this program.
During the exploration phase of the project, a continuous
meteorological monitoring station will be located at Drilling
Site Al (See Figure 1).

This will be supplemented by air

quality and meteorological monitoring downwind of a drill
site using a mobile monitoring van.

When a decision is made

to construct a permanent emission source (i.e., a power
plant) for the production phase of the project, one or more
permanent-post-construction air quality monitoring stations
will be established, as required, at the maximum impact
area(s) to confirm that project emissions from the new permanent source are in compliance with National and State standards.

During the exploration phase, the -mo b i l e monitoring van will
be located as close as possible to the maximum estimated
impact area for each of the drilling sites shown in "Figure 1.
The air quality monitoring systems will be operated when
emissions from drilling occur.

In addition, passive H2S

monitors will be operated at a radius of approximately three
thousand feet in the primary downwind directions from each
drill site.

Any potentially significant pollution episodes

during drilling and testing would be detected by the operation of the mobile monitoring van and the passive H2S monitors.
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Standard U.S. EPA quality assurance documentation will be
provided for the monitoring program as appropriate.

Quarter-

ly reports will be submitted so that the status of the air
quality can be regularly reviewed by regulatory agencies.

4.

Meteorological Monitoring

The discussion of meteorology for the project area as . presented in the project EIS identified possible stagnation
zones due_to night-time formation of small scale fronts
between drainage winds and trade winds as a consideration in
estimating potential air quality impacts.

The project EIS

also summarized the results of relevant studies on the meteorology for the area including data from monitoring at two
downwind sites near the property boundary of the project
site.

The descriptions of meteorology in the project site

were based on these data and on extrapolations from meteorological data along the Kilauea east rift zone and regional
stations.

The initial, continuous meteorological monitoring station
will be installed at the first drill site on a standard 10
meter meteorological monitoring tower in order to obtain
site-specific meteorological data.

These data will be used

throughout the exploration phase to identify maximum impact
areas of emissions from drilling operations.
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Due to the

interplay between trade winds, local drainage winds, and the
land-sea breeze phenomenon, the point of maximum impact
cannot be accurately estimated without site specific meteorological measurements.

The tower will be instrumented at the

10 m level to obtain horizontal wind speed and direction,
vertical wind speed and temperature.

If a decision is made

to proceed into a development phase, the cumulative data will
be evaluated to determine whether the initial continuous
monitoring station should be relocated in relationship to the
planned power plant site, and to determine whether additional
steps need to be taken to obtain more data on the extent and
effects of drainage winds in the planned area of development;
i.e., the use of a tethersonde to develop vertical profiles
of wind speed, wind direction and temperature.

Since there

will be a time lapse of 16-20 months between the decision for
the first increment of development and the initiation of
power plant operations, there would be more than adequate
time to complete this additional meteorological monitoring.

The meteorological monitoring for the exploration phase will
be conducted at Drilling Site Al (see Figure 1)

since that

area will be the base of operations for at least the first
phase of exploration.

The project area is currently undevel-

oped and there are no access roads, thus, the first access
roads will be into the area around Drilling Site Al.
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The monitoring system consists of Weather measure Model W203
and W204 sensors, a Campbell Scientific multi logger model
CR121 and a 10 meter tower.

A back-up chart recorder will be

added to the system.

Radon monitoring will also be done as part of the continuous
meteorological monitoring at the drill site.

One track-etch

radon monitor will be placed in a rain-shield housing at
DSA1.

The track-etch technique is a passive method.

The

three month sample exposure produced excellent results during
the two and one-half years of baseline monitoring along the
Kilauea East Rift and will be used in this monitoring program.

The radon monitors which will be used are manufactured

by Terradex Corporation and have been routinely used worldwide.

Water catchment (rainfall) samples will be collected from
three downwind sites in neighboring residential communities
on a quarterly basis.

Acid-cleaned polyethylene collection

systems were used during the baseline monitoring and will be
used in this monitoring program.

The pH of the samples will

be measured with a portable pH meter promptly after collection.

Table 1 lists the anions which will be measured by the

IC technique.
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5.

Air Quality Monitoring

The continuous meteorological monitoring at drill site A-1
will be supplemented with air quality and meteorological
monitoring in the areas of maximum estimated impacts for well
drilling, testing and venting using the mobile monitoring
van.

Because of the proximity of the first drill site to a

residential property boundary (1.9 miles) and based on existing meteorological data indicating the possibility of prevailing project site drainage winds in the direction of that
boundary, the mobile monitoring van will be located initially
along the access road between the drill site and the property
boundary.

As the on-site meteorological data base is expand-

ed, it would be used to refine the analyses used to identify
areas of maximum impact due to well drilling and to relocate
the mobile van as required.

To be- consistent with the defi-

nition of "ambient air", the monitoring van would always be
located in a prevailing downwind-of-source direction in the
area of maximum impact at or beyond the property boundary.

The mobile monitoring station will monitor air quality and
meteorological conditions for a minimum of one week before
emissions commence from the well being drilled and continue
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during drilling, venting and testing.

These monitoring sites

will probably not have power available and a propane generator will be used.

Propane will be used as a fuel rather than

diesel or gasoline, so that generator exhaust will not impact
the monitoring instrumentation.

The same basic approach used for air quality monitoring
surveys conducted around Kahauale'a and the Puna Forest
Reserve will be used in the program described here.

For

those parameters monitored, the same or equivalent instrumenta~ion

and analytical procedures will be used.

The

environmental parameters which will be measured with the
mobile monitoring van are:

Continuous ambient S02 concentrations.

Hourly, and

twenty-four hour averages will be tabulated and reported.

Continuous ambient H2S concentrations.

Hourly 'and

twenty-four hour averages will be tabulated and reported.
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Total Suspended Particulate (TSP) and PM10 concentrations will be measured for twenty-four hour periods with
high volume samplers.
every sixth day.

One sample will be collected

This is a standard procedure used to

insure that mean values calculated from the daily values
are not biased (e.g., week days versus weekend days).

Wind speed and direction will be measured continuously.
Hourly and twenty four hour averages will be tabulated
and Feported.

Continuous precipitation measurements will be made.
Hourly and twenty-four hour totals will be tabulated and
reported.

Gaseous mercury concentrations will be measured.

One

twenty-four hour sample will be collected simultaneously
with the particulate samples every sixth day.

Sulfur dioxide and hydrogen sulfide measurements will be made
with Meloy Laboratories (Columbia Scientific) or Thermo
Electron Corporation sulfur analyzers or equivalent.
instrument used will be

u.s.

The

EPA-approved for ambient S02

monitoring which can be utilized with ancillary components
for H2S monitoring as well.

These instruments provide a

continuous record of atmospheric S02 and H2S concentrations
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when interfaced with a data logger or chart recorder.

Cali-

bration will be performed with a VICI Metronics permeation
device or equivalent.

Calibrations will be performed on any

day the monitoring van is moved to a new site and weekly
during the monitoring period.

Particulate monitoring will be conducted with General Metal
Works or Sierra ( An d e r s e n Samplers, Inc.) or equivalent
high-volume samplers.

The high-volume samplers are standard

particulate monitoring instruments and have been used in
numerous ,U. S . EPA monitoring programs.

The samplers . will be

calibrated on a quarterly basis with commercially available
orifice calibrators.

Glass fiber filter media will be used

with the high-volume sampler.

The mass of particulate mate-

rial will be determined by weighing before and after sample
collection.

An analytical balance will be used with the

high-volume glass fiber filters.

Special numbered field

transport containers will be used.

Continuous wind speed and direction measurements will be made
at the monitoring van with a recording wind speed/direction
sensor system.

A data logger and a back-up pressure sensi-

tive recorder will be used to record the wind speed and
direction data.

The instruments proposed to be used are

manufactured by Qualimetrics, Inc. or an equivalent quality
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manufacturer and consist of a 3-cup anemometer, an air foil
vane, and a strip chart recorder.

A folding seven meter

tower is affixed to the monitoring van for the wind speed and
direction sensors.

Continuous rainfall records will be made at the monitoring
van.

A tipping bucket rain gage is attached to the roof of

the monitoring van.

The continuous rainfall measurements

will be recorded with an interfaced seven-day event recorder.
The instrument which will be used is manufactured by
Qualimetr~ps,

Inc.

Total mercury vapor (elemental, inorganic compounds, and
organometallic) samples will be collected at the monitoring
van.

A twenty-four sample will be collected simultaneously

with the particulate samples.

Pyrex glass wool/nitric acid

sampling tubes or an equivalent technique will be used to
capture the atmospheric mercury.

The uv spectrophotometric

technique will be used for the sample analysis.

In addition to the mobile monitoring van located at the point
of maximum estimated impact, eight VICI Metronics passive H2S
monitors will be positioned at primary downwind directions at
a distance of approximately 3,000 feet from the drill site.
These passive monitors will be oper?ted continuously while
drilling activity is occurring.

Week-long sampling periods

will permit H2S detection limits of several ppbv to be ob-
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tained.

By thus positioning the H2S passive monitors,

average atmospheric H2S levels in all primary downwind directions from the drill site can be documented.

6.

Ancillary Data

Several types of ancillary data will be compiled during the
environmental monitoring program.

These are:

A log of exploration and development activities will be
maintained by appropriate personnel.

A special note will be

made of all events that have the potential to affect the

level of project emissions (e.g., well venting, shut down of
well).

This will permit a correlation to be made between

pollutant levels measured by the environmental monitoring
instrumentation and specific exploration and development

activities.

Mitigation strategies can then be developed.

This log will be included as an appendix in the environmental
monitoring reports.

A record of volcanic activity will be maintained since volcanic activity can significantly impact air quality.

The

weekly reports of volcanic activity published by the USGS
Hawaiian Volcano Observatory which span the monitoring period
will be included as an appendix in the environmental monitoring reports.
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Local rainfall data recorded as part of the National Weather
service network will be included as an appendix in the monitoring reports .

Rainfall affects pollutant levels both

directly (the scrub-out effect) and indirectly (pollen and
spore production, and dust suppression).

Relevant meteoro-

logical sites where rainfall records are currently kept
include:
Beach.

Mountain View, Leilani Estates, Pahoa, and Kapoho
Relevant rainfall measurements and daily wind direc-

tion observations have also been made by the National Park
Service at Lae Apuki (near Kalapana) as part of their fire
control .p r ogr am.

Continuous wind speed and direction measurements are made at
the HGP-A power plant.

This data will be referenced in the

environmental monitoring reports when such data are relevant.

Numerous scientific investigations have been performed in the
Kilauea East Rift area by scientists associated with the
Hawaiian Volcano Observatory (USGS), the National Park Service Research Center, the Mauna Loa Observatory, the HGP-A
power plant, and the University of Hawaii.

Should environ-

mentally relevant data, reports or publications become available during the monitoring program, they will be referenced
and described in the monitoring reports.
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7.

Quality Assurance and EPA Monitoring Guidelines and Protocols

Quality assurance documentation will be prepared following
u.s. EPA guidelines.

It will contain applicable components

from "Guidelines and Specifications for Preparing Quality
Assurance Project Plans, 1980, u.S. EPA, MERL/QA-2, EPA"
(Table 2), with detailed standard operating procedures (SOPS)
for all sampling, monitoring, and analytical procedures.

The

SOPs will follow where appropriate, EPA monitoring guidelines
and

protoq~ls.

A quality assurance report will be included

as part of each quarterly environmental monitoring document.

To the extent practical, u.S. EPA siting guidelines will be
followed for criteria pollutant monitoring (40 CFR part 58
Appendix E), for meteorological monitoring (EPA-600/4-82-060
Volume 4) and for siting precipitation measurement systems
(EPA-600/4-82-042a).

8.

Data Reduction and Reporting

Quarterly reports will be prepared.

Due to the length of

time required for analyses and data reduction, the quarterly
reports will lag the actual monitoring quarter by approximately two months.

Tables 3 and 4 list the data that will be .

produced and included in the quarterly reports.
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In addition to the environmental data that will be compiled
in the reports, data interpretation and discussions will be
presented.

The quarterly reports will also contain:

(1) a

description and photo-documentation of the monitoring sites,
(2) a quality assurance report and (3) ancillary data as
discussed in Paragraph 7.
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Table 1
Anions in Rainwater Samples Analyzed by Ion Chromatography
Anion

Symbol

1.

Bromide

Br-

2.

Chloride

C1-

3.

Fluoride

F-

4.

Phosphate

P04

5.

Nitrite

N02-

6.

Nitrate

N03-

7.

Sulfate

S04

8.

Sulfite

S03

2-

2-

2-
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Table 2
Quality Assurance Content Requirements*
1.

Title Page

2.

Table of Contents

3.

Project Description

4.

Project Organization & Responsibilities

5.

QA Objectives for measurement data in terms of precision,
accuracy, completeness, and comparability

6.

Sampling Procedures

7.

Sample Custody

8.

Calibration Procedures

9.

Analytical Procedures

10.

Data Analysis, Validation, and Reporting

11.

Internal Quality Control Checks

12.

Performance and System Audits

13.

Preventive Maintenance

14.

Specific routine procedures to be used to assess data
precision, accuracy, and completeness

15.

Corrective Action

16.

Quality Assurance Reports to Management

* from:

Guidelines and Specifications for Preparing Quality
Assurance Project Plans, 1980, u.S. EPA, MERL/QA-2
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Table 3
Environmental Data Set - Mobile Monitoring Station
Parameter

Units

S02

ppbv

24 hour means
1 hour means

H2S

ppbv

24 hour means
1 hour means

Total Mercury Vapor

ng/m3

24 hour integrated va

TSP

ug/m3

24 hour integrated va

PM-10 Particles

ug/m3

24 hour integrated va

Wind Speed and
Direction
_

MPH and compass points

1 hour means
frequency distributic
tabulations

Precipitation

inches

24 hour totals
1 hour totals

-22-

Data Points

Table 4
Environmental Data Set - Drilling Site Al Monitoring Station

I
N
W

I

Data Points

Parameter

Units

Wind Speed and
'Di r e c t i o n

MPH and degrees

I ,hour means
frequency distribution tabulations

Precipitation

inches

1 hour means
24 hour means

Radon

pCi/I

Three month integrated values

Rainwater Chemistry

pH units ' a n d ppm

1 sample collected during active dri l li n g
uncertain sampling duration, 30 elements,
8 anions and pH
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