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Executive Summary

An air quality impact assessment was conducted for operational phase activities planned for the proposed Menengai
geothermal power plant north of Nakuru in Kenya. The main objective of this study was to quantify the extent to which
ambient pollutant levels will increase as a result of the project. The project was done specifically for Quantum’s power plant
but also includes the other two Independent Power Producers (IPPs); Ormat and Sosian; which are proposed on either side
of Quantum.

The air quality impact assessment included a study of the receiving environment and the quantification and assessment of
the impact of the proposed Menengai geothermal power plant on human health and the environment. The receiving
environment was described in terms of local atmospheric dispersion potential, the location of potential air quality sensitive
receptors (AQSRSs) in relation to proposed activities as well as pre-development ambient pollutant levels. The following was
found:
e The area is dominated by winds from the SSE and NNW. Long term air quality impacts are therefore expected to
be the most significant to the NNW and SSE of proposed operations.
¢  Ambient air quality monitoring conducted at the wells by the University of Eldoret indicated ambient air pollutant
levels that exceed the odour threshold as well as the American Conference of Governmental Industrial Hygienists
(ACGIH) Threshold Limit Value (TLV) of 1 ppm.
o  Several AQSRs are situated within the vicinity of the proposed power plant.

A comprehensive atmospheric emissions inventory was then compiled for the operational phase of the project. Pollutants
quantified included only hydrogen sulfide (H2S).

Estimated emissions along with information on the receiving environment were used as input to an atmospheric dispersion
model which simulated ground level pollutant concentrations.

Simulated ground level pollutant concentrations were screened against internationally accepted reference inhalation
concentrations. The main findings of the impact study are listed below.
e  Health Impact
o For Scenario 1, with all three Independent Power Producers (IPPs) emitting from a single stack (at 3.3 %
non-condensable gases (NCG) in steam), simulated 24-hour ambient H2S concentrations exceed the
Iceland guideline of 50 pg/m® at some of the AQSRs. However, the World Health Organization (WHO)
daily guideline value of 150 pg/m® is not exceeded at any of the AQSRs. Simulated annual average
ambient H2S concentrations exceed the California Office of Environmental Health Hazard Assessment
(OEHHA) screening level for chronic exposure (10 pg/m?®) at some of the AQSRs. Similar impacts are
experienced for Scenario 2, at higher emissions because of 4 % NCG in steam.
o For Scenario 1, with all three IPPs emitting from a single stack (at 3.3 % NCG in steam), simulated 24-
hour ambient H2S concentrations exceed the Iceland guideline of 50 ug/m?® at some of the AQSRs.
However, the WHO daily guideline value of 150 ug/m? is not exceeded at any of the AQSRs. Simulated
annual average ambient H2S concentrations exceed the OEHHA screening level for chronic exposure
(10 pg/m®) at some of the AQSRs. Similar impacts are experienced for Scenario 2, at higher emissions
because of 4 % NCG in steam.
o For Scenario 3, with all three IPPs emitting from cooling tower fans (at 3.3 % NCG in steam), simulated
24-hour ambient H2S concentrations do not exceed the Iceland guideline of 50 pg/m? or the WHO daily
guideline value of 150 pg/m?® at any of the AQSRs. Simulated annual average ambient H2S
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concentrations do not exceed the OEHHA screening level for chronic exposure (10 pg/m?) at any of the
AQSRs. Similar impacts are experienced for Scenario 4, at higher emissions because of 4 % NCG in
steam.
o For Scenario 5, with Quantum emitting from a single stack and the other two IPPs emitting from cooling
tower fans (at 3.3 % NCG in steam), simulated 24-hour ambient H2S concentrations do not exceed the
Iceland guideline of 50 pg/m? or the WHO daily guideline value of 150 pg/m® at any of the AQSRs.
Simulated annual average ambient H2S concentrations exceed the OEHHA screening level for chronic
exposure (10 pg/m?) at Marigo B and Rigogo.
o For Scenario 6 and 7, with 2 of the IPPs emitting from single stacks, the impacts would be higher than
Scenario 5 (i.e. would result in exceedences of the health screening levels at some of the AQSRs).
e  Occupational Impact:
o  For Scenario 1, the ACGIH TLV of 1ppm (1 500 ug/m?) is exceeded both on-site as well as ~ 1 km from
the site boundary. For Scenario 3, the TLV is not exceeded. For Scenario 5, the ACGIH TLV of 1ppm
(1500 pg/m?) is exceeded in the vicinity of the three IPPs. None of the scenarios exceed the WHO
lowest observable adverse effect level (LOAEL) of 15 mg/m? (15 000 pg/m?) or 10 ppm.
e  Odour Impact:
o The results of the modelling suggest it is possible that there will be a H2S odour impact at the AQSRs.
For Scenario 3, the New Zealand guideline value (70 pg/m? for geothermal areas) is not exceeded at the
sensitive receptors on the eastern side of the caldera.
e  Summary:
o Scenario 3 and 4, with all three IPPs emitting from cooling tower fans is the preferable equipment
arrangement with regards to air quality impacts.

To ensure the lowest possible impact on AQSRs and environment it is recommended that an air quality management plan
should be adopted. In summary, this includes:

e The mitigation of sources of emission. Various mitigation options should be investigated further.
e Ambient air quality monitoring, including:
o Installation of a H2S gas monitoring network;
o Continuous operation of the H2S gas monitoring systems to facilitate early detection and warning; and
o Emergency planning involving community input to allow for effective response to monitoring system
warnings.
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1  INTRODUCTION

Airshed Planning Professionals (Pty) Ltd (Airshed) was appointed by Quantum Power East Africa to conduct the air quality
impact specialist study for the Proposed Menengai Geothermal Power Plant in Kenya.

The following tasks, typical of an air quality impact assessment, were included in the scope of work:
e Areview of proposed project activities in order to identify sources of emission and associated emissions.
e A study of regulatory requirements and health thresholds for identified key pollutants against which
compliance need to be assessed and health risks screened.
e Astudy of the receiving environment in the vicinity of the project; including:
o The identification of potential air quality sensitive receptors (AQSRs);
o A study of the atmospheric dispersion potential of the area taking into consideration local meteorology,
land-use and topography; and
o The analysis of all available ambient air quality information/data to determine pre-development ambient
pollutant levels.
e The compilation of a comprehensive emissions inventory.
e Atmospheric dispersion modelling to simulate ambient air pollutant concentrations as a result of the project.
e A screening assessment to determine:
o Potential health risks as a result of exposure to non-carcinogenic non-criteria pollutants.
e The compilation of a comprehensive air quality specialist report detailing the study approach, limitations,
assumption, results and recommendations of mitigation and management of air quality impacts.

1.1 Description of Project Activities from an Air Quality Perspective

The project can be divided into three distinct operational phases viz., a construction phase, an operational phase and a
closure phase. A description of each of these phases is summarised below. However, the assessment was done for the
operational phase.

Impacts from construction activities will be similar to those identified for the construction of roads and well sites as in the
exploration phase but at a larger scale, including larger production wells. Construction activities with potential to create
nuisance dust include:
o Formation (or expansion, if required) of production well pads, power plant, steamlines, switchyard and site access
roads;
e  Excavations for foundations and construction of power plant and steamlines infrastructure;

As with exploration wells, once constructed the production wells will be commissioned by discharging to a well test silencer,
and non-condensable gases (NCGs) and steam will be emitted to atmosphere, however the larger bore size will result in
much larger volumes being released.

Again, although very unlikely, there is also the potential for a well blowout to occur during drilling, which will result in the
unplanned release of geothermal fluids including NCGs.

During construction there will also be a number of sources of combustion gas emissions from the exhausts of drilling rig,
transport vehicles, construction machinery, and electricity generators using diesel fuel. The number of vehicles, machinery,
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and generators required during the construction will be higher than those required for the exploration stage, and the drilling
rig will be much larger.

Operation

There are a number of potential technology options for generating electrical energy from a geothermal resource. At this
stage it is too early to establish what technology option would be used for the Project. However, emissions from the Project
will potentially include the release of NCGs from sources such as steam vents and cooling towers. Although these can be
considered ‘natural’ in the sense that they are already emitted from numerous existing fumaroles and vents, the power
station will emit these in larger quantities than might be experienced naturally. Additionally, pipeline failures due to damage
or corrosion could result in unplanned releases of steam and NCGs.

Combustion gas emissions during operation will be limited to emergency generators, firewater pumps, and service vehicles
required for transporting maintenance equipment and materials.

Decommissioning whole geothermal developments is a rare operation as generally, if the resource conditions are still
favourable, equipment can be refurbished or replaced. Power plants can undergo refurbishment at the end of their design

life to upgrade and repair equipment to enable operation and generation to continue.

Emissions generated by activities during the decommissioning and reclamation phase will include dust emissions from land
clearing, structure removal, backfilling, dumping, and reclamation of disturbed areas (grading, seeding, and planting).

1.2 Approach and Methodology

The approach to, and methodology followed in the completion of tasks completed as part of the scope of work are
discussed.

1.2.1  Project Information and Activity Review
All project related information referred to in this study was provided by Quantum Power East Africa.
1.2.2  The Identification of Regulatory Requirements and Health Thresholds
In the evaluation air emissions and ambient air quality impacts reference was made to:
e Screening levels for non-criteria pollutants published by various internationally recognised organisations;
e Odour thresholds and;
e  Occupational limits.
1.2.3  Study of the Receiving Environment
Physical environmental parameters that influence the dispersion of pollutants in the atmosphere include terrain and
meteorology. Existing pre-development ambient air quality in the study area was also considered. Readily available terrain

data was obtained from the Atmospheric Studies Group (ASG) via the United States Geological Survey (USGS) web site at
(ASG, 2011).
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An understanding of the atmospheric dispersion potential of the area is essential to an air quality impact assessment. In the
absence of on-site meteorological data (that is required for atmospheric dispersion modelling), use was made of simulated
data for a period between 2011 and 2013. The MM5 (short for Fifth-Generation Penn State/NCAR Mesoscale Model) is a
regional mesoscale model used for creating weather forecasts and climate projections. It is a community model maintained
by Penn State University and the National Centre for Atmospheric Research.

1.24  Determining the Impact of the Project on the Receiving Environment

The establishment of a comprehensive emission inventory formed the basis for the assessment of the air quality impacts
from the project’s emissions on the receiving environment.

In the simulation of ambient air pollutant concentrations use was made of the ADMS 4 (Atmospheric Dispersion Modelling
System version 4) developed by the Cambridge Environmental Research Consultants (CERC). CERC was established in
1986, with the aim of making use of new developments in environmental research from Cambridge University and elsewhere
for practical purposes. This model simulates a wide range of buoyant and passive releases to the atmosphere either
individually or in combination. It has been the subject of a number of inter-model comparisons (CERC, 2004) (Hall, et al.,
2000), one conclusion of which is that it tends provide conservative values under unstable atmospheric conditions in that, in
comparison to the older regulatory models, it predicts higher concentrations close to the source.

ADMS 4 is a new generation air dispersion model which means that it differs from the regulatory models traditionally used in
a number of aspects, the most important of which are the description of atmospheric stability as a continuum rather than
discrete classes (the atmospheric boundary layer properties are described by two parameters; the boundary layer depth and
the Monin-Obukhov length, rather than in terms of the single parameter Pasquill Class) and in allowing more realistic
asymmetric plume behaviour under unstable atmospheric conditions. Dispersion under convective meteorological conditions
uses a skewed Gaussian concentration distribution (shown by validation studies to be a better representation than a
symmetric Gaussian expression).

Concentration distributions for various averaging periods may be calculated. All models have some inherent uncertainty,
arising from shortcomings in the input data and in the physical modelling itself. It has generally been found that the accuracy
of off-the-shelf dispersion models improve with increased averaging periods. The accurate prediction of instantaneous
peaks are the most difficult and are normally performed with more complicated dispersion models specifically fine-tuned and
validated for the location. For purposes of this report, the shortest time period modelled is one hour.

There will always be some error in any geophysical model, but it is desirable to structure the model in such a way to
minimise the total error. A model represents the most likely outcome of an ensemble of experimental results. The total
uncertainty can be thought of as the sum of three components: the uncertainty due to errors in the model physics; the
uncertainty due to data errors; and the uncertainty due to stochastic processes (turbulence) in the atmosphere. The
stochastic uncertainty includes all errors or uncertainties in data such as source variability, observed concentrations, and
meteorological data. Even if the field instrument accuracy is excellent, there can still be large uncertainties due to
unrepresentative placement of the instrument (or taking of a sample for analysis). Model evaluation studies suggest that the
data input error term is often a major contributor to total uncertainty. Even in the best tracer studies, the source emissions
are known only with an accuracy of £5%, which translates directly into a minimum error of that magnitude in the model
predictions. It is also well known that wind direction errors are a major cause of poor agreement, especially for relatively
short-term predictions (minutes to hourly) and long downwind distances. All of the above factors contribute to the
inaccuracies not even associated with the mathematical models themselves.
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Input data types required for the ADMS model include: source data, meteorological data, terrain data and information on the
nature of the receptor grid.

125  Compliance Assessment and Health Risk Screening

Health risk screening was done through the comparison of simulated non-criteria pollutant concentrations (H2S) to inhalation
screening levels. Potential for odour impacts was done through the comparison of simulated non-criteria pollutant
concentrations (H2S) to odour thresholds. Occupational limits were used to assess the occupational impact.

1.3 Assumptions, Exclusions and Limitations

e The quantification of sources of emission was restricted to proposed operations at the geothermal power plants.

o  Project information required to calculate emissions for proposed operations were provided by Quantum. Where
necessary, assumptions were made based on the specialist's experience. Assumptions had to be made on the
other two independent power producers (IPPs) located on either side of the proposed Quantum plant as details on
their emissions were not available.

e  Routine emissions were estimated and simulated.

e In the absence of on-site surface meteorological data, use was made of modelled MM5 data for an on-site
location.

e A minimum of 1 year, and typically 3 to 5 years of meteorological data are generally recommended for use in
atmospheric dispersion modelling for air quality impact assessment purposes. 3 years of meteorological data
(2011 to 2013) were used in the atmospheric dispersion modelling.

e The impact assessment was limited to H2S during the operational phase.
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2  IMPACT ASSESSMENT CRITERIA

Prior to assessing the impact of proposed activities at the geothermal power plant on human health and the environment,
reference needs to be made to the environmental regulations governing the impact of such operations i.e. emission
standards and ambient air quality standards.

Emission standards are generally provided for point sources and specify the amount of the pollutant acceptable in an
emission stream and are often based on proven efficiencies of air pollution control equipment.

Air quality guidelines and standards are fundamental to effective air quality management, providing the link between the
source of atmospheric emissions and the user of that air at the downstream receptor site. The ambient air quality standards
and guideline values indicate safe daily exposure levels for the majority of the population, including the very young and the
elderly, throughout an individual’s lifetime. Air quality guidelines and standards are normally given for specific averaging or
exposure periods.

21  Local Legislation Pertaining to Atmospheric Emissions and Air Quality

The regulation that controls ambient air quality in Kenya is referred to as “the Environmental Management and Coordination
(Air Quality) Regulations, 2008”. This regulation is in its draft stage and its objective is to “provide for prevention, control and
abatement of air pollution to ensure clean and healthy ambient air”. The draft regulation provides for the establishment of
emission standards for various sources such as mobile sources (e.g. motor vehicles) and stationary sources (e.g. industries)
as outlined in the Environmental Management and Coordination Act, 1999. It also covers any other air pollution source as
may be determined by the Minister in consultation with the relevant authority.

Kenyan Ambient air quality tolerance limits applicable to the Menengai Geothermal Project are not available as at the
completion of this report.

2.2 World Bank Requirements

2.2.1  Environmental, Health and Safety Guidelines

The Environmental, Health, and Safety (EHS) Guidelines are technical reference documents with general and industry-
specific examples of Good International Industry Practice (GIIP). When one or more members of the World Bank Group are
involved in a project, these EHS Guidelines are applied as required by their respective policies and standards. The General
EHS Guidelines are designed to be used together with the relevant Industry Sector EHS Guidelines which provide guidance
to users on EHS issues in specific industry sectors.

The applicable EHS Guidelines comprise:
e  Environmental, Health and Safety (EHS) General Guidelines; and
e  EHS Guidelines for Geothermal Power Generation.

The EHS General Guidelines require that projects are assessed against the national ambient air quality guidelines or
standards for the country in which they will operate, or in their absence, the WHO Ambient Air Quality Guidelines. It also
provides general guidance on assessment, mitigation, and monitoring of specific air pollutants.
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Specific to air quality the EHS Guidelines for Geothermal Power Generation provide recommendations for management of
air quality emissions.

The IFC EHS Guidelines for Geothermal Power Generation (IFC, 2007) identifies drilling, flow testing and open contact or
cooling tower systems as the sources of emissions in a geothermal power station. However, the document does not specify
emission guidelines, but offers the following recommendations for the management of air emissions:

e  Considering technological options that include total or partial re-injection of gases with geothermal fluids within
the context of potential environmental impacts from alternative generating technologies together with other
primary factors, such as the fit of the technology to the geologic resource and economic considerations (e.g.
capital and operation / maintenance costs);

e When total re-injection is not feasible, venting of H2S and non-condensable volatile mercury if, based on an
assessment of potential impact to ambient concentrations, pollutant levels will not exceed applicable safety and
health standards; and

e If necessary, use of abatement systems to remove H2S and mercury emissions from non-condensable gases.
Examples of H2S controls can include wet or dry scrubber systems or a liquid phase reduction / oxidation system,
while mercury emissions controls may include gas stream condensation with further separation or adsorption
methods.

Furthermore, IFC (2007) recommends the following planning process and precautions as a result of the potential for H2S
exposure to the community:

e Siting of potential significant emissions sources with consideration of hydrogen sulfide gas exposure to nearby
communities (considering key environmental factors such as proximity, morphology and prevailing wind
directions);

e Installation of a hydrogen sulfide gas monitoring network with the number and location of monitoring stations
determined through air dispersion modeling, taking into account the location of emissions sources and areas of
community use and habitation;

o  Continuous operation of the hydrogen sulfide gas monitoring systems to facilitate early detection and warning; and

e  Emergency planning involving community input to allow for effective response to monitoring system warnings.

2.3  Exposure Guidelines and Standards

A clear distinction should be made between occupational exposure and community exposure standards or guidelines.
Because it is assumed that exposure in the workplace is limited to working hours and workers are assumed to be a more
robust population group, occupational guidelines or standards are often an order of magnitude or more higher than
community exposure standards. All guidelines and standards discussed below are specifically for H2S as this is the pollutant
of concern.

2.3.1  Occupational Standards and Guidelines

United States
In terms of the Occupational Safety and Health Act (OSHA), the permissible exposure limits (PEL) are given for different
industrial sectors as follows:

General Industry: Exposures shall not exceed 20 ppm (27.88 mg/m?) (ceiling) with the following exception: if no other
measurable exposure occurs during the 8-hour work shift, exposures may exceed 20 ppm (27.88 mg/m?3), but not more than
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50 ppm (69.70 mg/m?) (peak), for a single time period up to 10 minutes. These standards would be applicable to the
Menengai facility if it were located in the US.

The American Conference of Governmental Industrial Hygienists (ACGIH) in February 2010 set a Threshold Limit Value
(TLV) of 1 ppm (1.5 mg/m?) TWA. The National Institute for Occupational Safety and Health (NIOSH) has set a
recommended exposure limit (REL) of 10 ppm, (15 mg/m?) ceiling (10 Minutes). It should be noted that a number of states in
the US set their own PEL; in terms of US federal law, these may not be more permissive that the federal limit values.

Other national standards
In the UK and EU, the long-term occupational exposure limit (LTEL) for hydrogen sulfide is 7 mg/m3 (8-hour time TWA
exposure reference period).

Conclusion: Occupational standards

Many employers have made the strategic decision to base their corporate health and safety programs on conservative
applicable recognized standards. Since ACGIH recommendations are frequently more conservative than OSHA PELs, many
programs, especially the programs of multinational or prominent corporations, use the ACGIH TLV.

2.3.2  Community Standards and Guidelines

World Health Organisation (WHO, 2000)

The WHO provides a guideline for community exposure of 150 pg/m? (0.1 ppm) averaged over 24h. The health end-point
was eye irritation. To avoid odour annoyance, a 30-min average ambient air concentration not exceeding 7 pg/ms3 (0.005
ppm) is recommended.

United States

No formal federal standards exist in the US. The US EPA does, however, have an inhalation reference concentration (RfC)
for hydrogen sulfide, which is “an estimate (with uncertainty spanning perhaps an order of magnitude) of a daily inhalation
exposure of the human population (including sensitive subgroups) that is likely to be without an appreciable risk of
deleterious effects during a lifetime.” According to the EPA’s on-line Integrated Risk Information System (IRIS) database, the
current inhalation RfC for hydrogen sulfide is 2x10-* mg/m3 or 2 ug/m®. Also, the individual states in the US have
promulgated widely varying limit values (based on health impact or odour nuisance. It is worth noting that the California
Office of Environmental Health Hazard Assessment (OEHHA) which follows a rigorous scientific process in determining
Reference Exposure Levels (RELs) gives values of 42 ug/m? for acute exposure (hourly average) and 10 ug/m? for chronic
exposure (lifetime). The health endpoint here is nausea and headache. The REL is the concentration level at or below which
no adverse health effects are anticipated for a specified exposure duration. RELs are based on the most sensitive relevant
adverse health effect reported in the medical and toxicological literature. RELs are designed to protect the most sensitive
individuals in the population by the inclusion of margins of safety. As margins of safety are included in the determination of
REL values, an exceedence of the REL does not necessarily signify that health impact will occur.

Iceland
In 2014 new standards will take effect in Iceland that lowers the current allowable level of H2S from 5 exceedences per year
of the 24 h guideline of 50 pg/m?® to no allowable exceedence. An annual guideline of 5 pg/m® is given.
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Conclusion: Health-based limit values for community exposure

From the above survey, it is clear that the WHO community exposure guideline is not the most conservative value,
especially in view of the fact that other health end points (in addition to the eye irritation used by the WHO) have been
identified in the toxicological literature. It is recommended that Quantum regard the WHO value as the maximum allowable
exposure, but that the OEHHA and Iceland values are used as a target.

2.3.3  Odour threshold values

The following is taken verbatim from the OEHHA’s document on REL values for H2S (OEHHA 2013) as a recent summary of
data on odour thresholds:

“Hydrogen sulfide has a strong unpleasant odor. The threshold for detection of this odor is low, but shows wide variation
among individuals. A level of 7 pug/m? (5 ppb), based on a 30 minute averaging time, was estimated by a Task Force of the
International Programme on Chemical Safety (IPCS) (1981) to not produce odor nuisance in most situations”.......

...."Amoore (1985) analyzed a large number of reports from the scientific literature and found that reported thresholds for
detection were log-normally distributed, with a geometric mean of 10 pg/m3. Detection thresholds for individuals were
reported to be log-normally distributed in the general population, with a geometric standard deviation of 4.0, i.e. 68% of the
general population would be expected to have a detection threshold for hydrogen sulfide between 2.5 and 40 jg/m?3
Sources of variation included age, sex, medical conditions, and smoking. Training and alertness of the subject in performing
the test also affected the results. Amoore (1985) drew attention to the difference between a detection threshold under
laboratory conditions, and the levels at which an odor could be recognized, or at which it was perceived as annoying.
Analysis of various laboratory and sociological studies suggested that a level at which an odor could be recognized was
typically a factor of three greater than the threshold for detection, while the level at which it was perceived as annoying was
typically a factor of five greater than the threshold. Annoyance was characterized both in terms of esthetic or behavioral
responses, and by physiological responses such as nausea and headache. He therefore predicted that, although at 10
pg/m3 (the proposed REL) 50% of the general population would be able to detect the odor of hydrogen sulfide under
controlled conditions, only 5% would find it annoying at this level. At 50 pg/m?, 50% would find the odor annoying”.

“On this basis, the proposed REL of 10 ug/m3 (7.17 ppb) is likely to be detectable by many people under ideal laboratory
conditions, but it is unlikely to be recognized or found annoying by more than a few. It is therefore expected to provide
reasonable protection from odor annoyance in practice. However, this consideration cannot be entirely dismissed due to the
wide inter-individual variation in sensitivity to odors. Amoore (1985) also points out that many industrial operations
generating hydrogen sulfide also generate organic thiol compounds with similar, but even more potent odors (e.g., methyl
mercaptan, butyl mercaptan). Such compounds may in fact have detection thresholds as much as a hundred-fold lower than
hydrogen sulfide, so even minute quantities have a powerful impact on odor perception. Because of the concurrent emission
of these contaminants, the incidence of odor complaints near hydrogen sulfide emitting sites correlated poorly with the levels
of hydrogen sulfide measured in the affected areas”.

For geothermal affected areas the common approach has been to use a value of 70 ug/m3, which was based on the historic
New Zealand Health Department guideline. This value of 70 pg/m? meets the Good Practice Guide for Assessing Odour in
New Zealand recommendation whereby for low sensitivity receiving environments the ambient concentrations can be in the
order of 5-10 odour units (equivalent to 5 -10 times the odour threshold) (Bay of Plenty Regional Council, 2012).

Conclusion: Odour threshold values
It would seem that the value of 70 ug/m? is a reasonably conservative number for the odour threshold in geothermal areas.
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Table 1: Summary of ambient air quality assessment criteria

Concentration (ug/m®) Concentration (ppm) Averaging period
Occupational 1500 (ACGIH) 1 8 hour
150 (WHO) 0.1 24 hour
Community Health 50 (Iceland) 0.03
10 (OEHHA) 0.007 annual
) 70 (NZ) 0.05 1 hour
Community Odour 7 (WHO) 0.005 30 min
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3 DESCRIPTION OF THE RECEIVING ENVIRONMENT

3.1 Air Quality Sensitive Receptors

An image of the site layout and AQSRs is given in Figure 1. AQSRs generally include places of residence and areas where
members of the public may be affected by atmospheric emissions generated by industrial activities. The proposed
geothermal power plant is located within the Menengai caldera, just north of Nakuru.

3.2  Atmospheric Dispersion Potential

Physical and meteorological mechanisms govern the dispersion, transformation, and eventual removal of pollutants from the
atmosphere. The analysis of hourly average meteorological data is necessary to facilitate a comprehensive understanding of
the dispersion potential of the site. Parameters useful in describing the dispersion and dilution potential of the site i.e. wind
speed, wind direction, temperature and atmospheric stability, are subsequently discussed.

3.2.1  Topography and Land-use

The study area is located within the Menengai caldera, just north of Nakuru. An analysis of topographical data indicated a
slope of more than 1:10 from areas of operations to the nearest elevated point. Dispersion modelling guidance recommends
the inclusion of topographical data in dispersion simulations in areas where the slope exceeds 1:10 (US EPA, 2004). The
topography of the study area is shown in Figure 2.

3.2.2  Surface Wind Field

Wind roses comprise 16 spokes, which represent the directions from which winds blew during a specific period. The colours
used in the wind roses below, reflect the different categories of wind speeds; the red area, for example, representing winds
in between 6 and 10 m/s. The dotted circles provide information regarding the frequency of occurrence of wind speed and
direction categories. The frequency with which calms occurred, i.e. periods during which the wind speed was below 1 m/s
are also indicated.

The period wind rose (Figure 3) depicts the predominance of south-south-easterly winds with wind speeds of greater than 5
m/s. The day-time wind rose shows an increase in winds from the north-westerly and northerly sector, whereas the night-
time wind rose shows a decrease in the northerly and north-westerly winds and an increase in the south-easterly, south-
south-easterly and southerly winds.
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Figure 1: Study area, site layout and AQSRs
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Figure 3: Period, day- and night-time wind roses (MM5 Data, 2011 to 2013)

3.23  Temperature

Air temperature is important, both for determining the effect of plume buoyancy (the larger the temperature
difference between the plume and the ambient air, the higher the plume is able to rise), and determining the
development of the mixing and inversion layers. Minimum, mean and maximum temperatures for the Project site
for the period January 2011 — December 2013 are illustrated in Figure 4.

Annual average maximum, minimum and mean temperatures for the Project site are given as 27.0°C, 9.8°C and
17.7°C, respectively, based on the 2011 to 2013 modelled data. Average daily maximum temperatures range
from 16.7°C in April to 18.5°C in July, with daily minima ranging from 20.8°C in April to 14.5°C in August.
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Proposed Menengai Geothermal Power Plant
Average Temperatures for Project Site (MM5 Data 2011-2013)

Temp (°C)

Months

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
EMN [ 117 12.5 10.7 11.8 11.0 10.3 101 10.0 98 10.0 117 115

WAVG| 181 | 185 | 187 | 186 | 178 | 174 | 170 | 169 | 174 | 172 | 173 | 173
UMAX| 261 | 264 | 27.0 | 268 | 261 | 254 | 251 | 254 | 264 | 261 | 261 | 255 |

Figure 4: Minimum, mean and maximum temperatures at Project Site (MM5 data) for the period Jan 2011
- Dec 2013

Monthly average diurnal temperature trends are presented in Figure 5. During the day, temperatures increase to
reach maximum at around 12:00 in the afternoon. Ambient air temperature decreases to reach a minimum at
around 06:00 i.e. just before sunrise.

Proposed Menengai Geothermal Power Plant
Monthly Diurnal Temperature Avg (°C)
Modelled MM5 Data (Jan 2011- Dec 2013)

E12-15 ®15-18 ®m18-21 m21-24 @24-27

Temp (°C)

Hour of Day

20:00 7/

22:00/

Figure 5: Diurnal temperature profile at the Project site (MM5 data) for the period Jan 2011 - Dec 2013
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3.24  Atmospheric Stability

The new generation air dispersion models differ from the models traditionally used in a number of aspects, the most
important of which are the description of atmospheric stability as a continuum rather than discrete classes. The atmospheric
boundary layer properties are therefore described by two parameters; the boundary layer depth and the Monin-Obukhov
length, rather than in terms of the single parameter Pasquill Class. The Monin-Obukhov length (Lmo) provides a measure of
the importance of buoyancy generated by the heating of the ground and mechanical mixing generated by the frictional effect
of the earth’s surface. Physically, it can be thought of as representing the depth of the boundary layer within which
mechanical mixing is the dominant form of turbulence generation (CERC, 2004). The atmospheric boundary layer
constitutes the first few hundred metres of the atmosphere. During the daytime, the atmospheric boundary layer is
characterised by thermal turbulence due to the heating of the earth’s surface. Night times are characterised by weak
vertical mixing and the predominance of a stable layer. These conditions are normally associated with low wind speeds and
less dilution potential (Figure 6). During windy and/or cloudy conditions, the atmosphere is normally neutral. For low level
releases, the highest ground level concentrations would occur during weak wind speeds and stable (night-time) atmospheric
conditions.

00

Figure 6: Daytime development of a turbulent mixing layer (Preston-Whyte & Tyson, 1988)

Diurnal variation in atmospheric stability described by the inverse Monin-Obukhov length and the mixing height is provided
in Figure 7. The highest concentrations for ground level, or near-ground level releases from non-wind dependent sources
would occur during weak wind speeds and stable (night-time) atmospheric conditions. For elevated releases, unstable
conditions can result in very high concentrations of poorly diluted emissions close to the source.

Air Quality Impact Assessment for the Proposed Menengai Geothermal Power Plant in Kenya
Report No.: 14QUP01 Version 1 15



Diurnal Atmospheric Stability as Described by the Inverse Monin-Obukhov
Length and the boundary Layer Depth
Calculated by AERMET from MM5 Data (2011 to 2013)
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Figure 7: Average diurnal atmospheric stability for modelled MM5 data for the period Jan 2011 — Dec 2013

Atmospheric stability is often categorised into one of six stability classes. These are briefly described in Table 2. The
frequency of occurrence of each stability class is indicated in Table 2 and illustrated in Figure 8.

Table 2: Atmospheric stability classes

Designation Stability Class Atmospheric Condition Frequency (%)
A Very unstable calm wind, clear skies, hot daytime conditions 12%
B Moderately unstable clear skies, daytime conditions 9%
c Unstable moderate wind, slightly overcast daytime conditions 20%
D Neutral high winds or cloudy days and nights 17%
E Stable moderate wind, slightly overcast night-time conditions 22%
F Very stable low winds, clear skies, cold night-time conditions 20%
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Frequency of Atmospheric Stability Classes for the Project Site (%)
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Figure 8: Frequency of atmospheric stability classes for the Project site (in %)
3.25 Rainfall

Precipitation is important to air pollution studies since it represents an effective removal mechanism for
atmospheric pollutants and inhibits dust generation potentials. Monthly rainfall for the Project site (January 2011
— December 2013) is given in Figure 9. Average total annual rainfall for this period is in the range of 1380 mm.
The study area falls within a summer rainfall region, with over 65% of the annual rainfall occurring during the
October to March period.
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Proposed Menengai Geothermal Power Plant
Monthly Rainfall (mm)
Modelled MMS5 Data (Jan 2011- Dec 2013)
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Figure 9: Monthly precipitation at the Project site (MM5 data for the period Jan 2011 — Dec 2013)

3.3 Pre-development Ambient Air Pollutant Concentrations

The proposed geothermal power plant is located in an area affected by natural sources of atmospheric emissions, including
steam, carbon dioxide, and H2S, via natural geothermal features such as vents and fumaroles and in some areas the smell
of hydrogen sulfide is noticeable.

Potential atmospheric emissions from the Project are discussed in section 4; the only air pollutant considered to be of
concern at this stage is H2S. Monitoring for H2S levels in the ambient air from existing geothermal features (wells within the
caldera) was conducted by the University of Eldoret in 2013. The results of this campaign are given in Table 3.

The concentrations of H2S were monitored and it was found that they were high at the weir box in the discharging wells
while in the rest of the working areas the concentration levels were zero ppm. At most of these monitored wells, the odour
threshold (0.00046 ppm-0.002 ppm or 0.76-3.21 ug/md) is frequently exceeded, as well as the ACGIH TLV for hydrogen
sulfide which is set at 1 ppm (1.5 mg/m?3) for an eight hour exposure.
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Table 3: Summary of pre-development ambient air quality sampling campaign results (Muse, 2013)

Period H2S concentration (ug/m®)  H2S concentration (ppm)
Jan 2013 MW-1 1200 0.8
Jan 2013 MW-4 1800 1.2
Jan 2013 MW-3 900 0.6
Jan 2013 MW-9 9750 6.5
Feb 2013 MW-1 2100 14
Feb 2013 MW-4 2700 1.8
Feb 2013 MW-3 600 0.4
Feb 2013 MW-9 6750 45
March 2013 MW-1 2400 1.6
March 2013 MW-4 3300 22
March 2013 MW-3 2400 1.6
April 2013 MW-3 1800 1.2
April 2013 MW-9 2100 14
April 2013 MW-12 7200 4.8
May 2013 MW-12 8550 5.7
May 2013 MW-3 2700 1.8
June 2013 MW-1 3450 2.3
June 2013 MW-3 2100 14
June 2013 MW-4 3900 26
June 2013 MW-9 2550 1.7
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4  IMPACT OF ENTERPRISE ON THE RECEIVING ENVIRONMENT

41  Atmospheric Emissions

The establishment of a comprehensive emission inventory formed the basis for the assessment of the air quality impacts
from the project’s operations on the receiving environment.

A summary of emissions quantified and source input parameters are summarised in Table 4.

Table 5 shows possible scenarios that may be encountered. Whereas Quantum has an idea of the arrangements they will
be installing, no information is available for the other two IPPs (i.e. Ormat and Sosian) and assumptions had to be made for
those two plants.

Although all scenarios were simulated, not all the scenarios are reported in the results. Those that show the minimum and
maximum impact are included in subsequent sections.

Table 4: Estimated stack parameters and emission rates per IPP

Stack parameters Stack emissions

Equipment and
o H2S per

stack

arranqement Height Diameter Velocity Temp
LRI (m) (m) (mis) (°C) (als) (gls) (tpa)

H:S total H2S total

Assuming dispersal 30 0.4 13 33 76.- 92 76-92 | 2397-2901
from single stack

Assuming dispersal 19-23

from 4 cooling 13.9 9.75 8.5 36.8 per cooling 76 -92 2397-2901
tower fans tower fan
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Table 5: Scenarios considered for the three IPP

Scenario

Equipment and arrangement

options

Assuming all 3 IPPs dispersal from
single stack

(NCG 3.3%)

Single stack

IPP and Emission Point

Quantum

Single stack

Sosian

Single stack

Assuming all 3 IPPs dispersal from
single stack

(NCG 4%)

Single stack

Single stack

Single stack

Assuming all 3 IPPs dispersal from
4 cooling tower fans

(NCG 3.3%)

Cooling tower fans

Cooling tower fans

Cooling tower fans

Assuming all 3 IPPs dispersal from
4 cooling tower fans

(NCG 4%)

Cooling tower fans

Cooling tower fans

Cooling tower fans

Assuming Quantum stack and
other 2 IPPs dispersal from 4
cooling tower fans

(NCG 3.3%)

Cooling tower fans

Single stack

Cooling tower fans

Assuming Quantum and Sosian
stack and other IPP dispersal from
4 cooling tower fans

(NCG 3.3%)

Cooling tower fans

Single stack

Single stack

Assuming Quantum and Ormat
stack and other IPP dispersal from
4 cooling tower fans

(NCG 3.3%)

Single stack

Single stack

Cooling tower fans

4.2  Atmospheric Dispersion Modelling

The assessment of the impact of the project’s operations on the environment is discussed in this section. To assess impact
on human health and the environment the following important aspects need to be considered:

o The criteria against which impacts are assessed (Section 2);

e The potential of the atmosphere to disperse and dilute pollutants emitted by the project (Section 3.2); and

e The methodology followed in determining ambient pollutant concentrations (Section 1.2.4)

The impact of operations on the atmospheric environment was determined through the simulation ambient pollutant
concentrations.

Dispersion models simulate ambient pollutant concentrations as a function of source configurations, emission strengths and
meteorological characteristics, thus providing a useful tool to ascertain the spatial and temporal patterns in the ground level
concentrations arising from the emissions of various sources. Increasing reliance has been placed on concentration
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estimates from models as the primary basis for environmental and health impact assessments, risk assessments and
emission control requirements. It is therefore important to carefully select a dispersion model for the purpose.

421  Dispersion Model Selection

Version 4.2 of ADMS was used in the study (Section 1.2.4).

42.2  Meteorological Requirements

For the purpose of the current study use was made of hourly MM5 surface and profile data for the period 2011 to 2013
(Section 3.2).

4.2.3  Source Data Requirements

The ADMS model is able to model point, jet, area, line and volume sources. Stack and cooling tower fans were modelled as
point sources.

424  Modelling Domain

The dispersion of pollutants expected to arise from proposed activities was modelled for an area covering 15 km (east-west)
by 10 km (north-south). The area was divided into a grid matrix with a resolution of 200 m, with the geothermal power plants
located centrally. The nearest town and farmsteads were included as AQSR (Figure 1). ADMS calculates ground-level (1.5
m above ground level) concentrations at each grid and discrete receptor point. Topography was included in dispersion
simulations.

425 Presentation of Results

Dispersion modelling was undertaken to determine highest hourly, 8 hourly, highest daily and annual average ground level
concentrations. Averaging periods were selected to facilitate the comparison of simulated pollutant concentrations to
relevant ambient air quality, inhalation health criteria and odour thresholds.

Results are primarily provided in tabular form as discrete values simulated at specific AQSR receptor locations. Selective
use is also made of isopleths to present areas of exceedance of assessment criteria. Ground level concentration isopleths
presented in this section depict interpolated values from the concentrations simulated by ADMS for each of the receptor grid
points specified.

It should be noted that ambient air quality criteria apply to areas where the Occupational Health and Safety regulations do
not apply, thus outside the property or lease area. Ambient air quality criteria are therefore not occupational health indicators
but applicable to areas where the general public has access i.e. off-site.

The potential impact on human health as a result of H2S emissions from proposed operations are discussed in Section 4.3.
The occupational impact is discussed in Section 4.4. Section 4.5 discusses the odour impact.
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4.3  Screening of Simulated Human Health Impacts from H,S

For Scenario 1, with all three IPPs emitting from a single stack (at 3.3 % NCG in steam), simulated 24-hour ambient H2S
concentrations exceed the Iceland guideline of 50 pg/m? at some of the AQSRs. However, the WHO daily guideline value of
150 pg/m® is not exceeded at any of the AQSRs. Simulated annual average ambient H2S concentrations exceed the
OEHHA screening level for chronic exposure (10 pg/m?) at some of the AQSRs. Similar impacts are experienced for
Scenario 2, at higher emissions because of 4 % NCG in steam (Table 6). Isopleth plots for are shown in Figures 10 and 11.

Table 6: Simulated ambient H2S concentrations during the operational phase for Scenario 1

AQSRs Simulated Ambient H2S Concentrations During the Operational Phase
Number Description 2nd Highes(t: 24-hour Ground Level Annual Ave. Ground Level Conc.
onc. (ug/m?) (Mg/m?d)
1 Structure 1 70 6
2 Structure 2 70 6
3 Structure 3 66 5
4 Structure 4 68 5
5 Structure 5 58 5
6 Structure 6 56 5
7 Mercy Njeri Sub Location 1 53 4
8 Mercy Njeri Sub Location 1 54 3
9 Homestead 79 6
10 Wanyororo Sub Location 27 3
1 Kirima Sub Location 80 1
12 Rongai Sub Location 1 85 14
13 Rongai Sub Location 2 108 13
14 Gashura Village 41 2
15 Kabarak Junction 53 3
16 Ol Rongai Junction 87 8
17 Marigo 102 17
18 AIC Tulumoi Pry 76 12
19 Marigo B 90 18
20 Rigogo 104 19
21 Rigogo Junction 101 13
22 Rigogo Stage 1 108 14
23 Kimochoch Centre 46 6
24 Nairobi Centre 30 2
25 Wanyororo 26 2
26 Solai Junction 19 2
27 PCEA Maili Tisa 21 1
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AQSRs Simulated Ambient H2S Concentrations During the Operational Phase

2nd Highest 24-hour Ground Level Annual Ave. Ground Level Conc.

Description Conc. (ug/m3) (bg/m?)
28 Maili Kumi 22 1
L 50 (Iceland)
Crit 10 (OEHHA
riteria 150 (WHO) ( )

HIGHEST DAILY H,S CONCENTRATIONS - SCENARIO 1

20
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/\ 1-14: Noise Receptors

< 15-28: AQ Receptors
= B1-B4: Plant Area Receptors
O PP2 Area Receptors
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Simulated Highest Daily
HzS Concentrations (ug/m?)

1300 pg/m*

— 150 pg/m? - WHO AQ Guideline

Iceland Regulation for
=150 pg/m* H,S in the Atmosphere

Figure 10: Highest daily ground level H2S concentrations - Scenario 1
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Figure 11: Annual average ground level H2S concentrations - Scenario 1

For Scenario 3, with all three IPPs emitting from cooling tower fans (at 3.3 % NCG in steam), simulated 24-hour ambient
H2S concentrations do not exceed the Iceland guideline of 50 pg/m? or the WHO daily guideline value of 150 ug/m? at any of
the AQSRs. Simulated annual average ambient H2S concentrations do not exceed the OEHHA screening level for chronic
exposure (10 pug/m®) at any of the AQSRs. Similar impacts are experienced for Scenario 4, at higher emissions because of 4
% NCG in steam (Table 7). Isopleth plots for are shown in Figures 12 and 13.

Table 7: Simulated ambient H2S concentrations during the operational phase for Scenario 3

AQSRs Simulated Ambient H2S Concentrations During the Operational Phase
Description 2nd Highest 24-hour Ground Level Annual Ave. Ground Level Conc.
Conc. (png/m?) (ng/m3)
1 Structure 1 20 2
2 Structure 2 20 2
3 Structure 3 19 2
4 Structure 4 19 2
5 Structure 5 17 2
6 Structure 6 17 2
7 Mercy Njeri Sub Location 1 15 1
8 Mercy Njeri Sub Location 1 20 1
9 Homestead 25 2
10 Wanyororo Sub Location 8 1
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AQSRs Simulated Ambient H2S Concentrations During the Operational Phase

2nd Highest 24-hour Ground Level Annual Ave. Ground Level Conc.

Description Conc. (ug/m3) (uglm?)
1 Kirima Sub Location 17 2
12 Rongai Sub Location 1 28 5
13 Rongai Sub Location 2 20 3
14 Gashura Village 11 1
15 Kabarak Junction 11 1
16 Ol Rongai Junction 14 2
17 Marigo 32 5
18 AIC Tulumoi Pry 23 4
19 Marigo B 33 9
20 Rigogo 35 8
21 Rigogo Junction 23 4
22 Rigogo Stage 1 24 4
23 Kimochoch Centre 14 1
24 Nairobi Centre 9 1
25 Wanyororo 8 1
26 Solai Junction 7 1
27 PCEA Maili Tisa 7 0
28 Maili Kumi 7 0
Criteria i‘;g‘zs\m’; 10 (OEHHA)
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Figure 13: Annual average ground level H2S concentrations — Scenario 3
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For Scenario 5, with Quantum emitting from a single stack and the other two IPPs emitting from cooling tower fans (at 3.3 %
NCG in steam), simulated 24-hour ambient H2S concentrations do not exceed the Iceland guideline of 50 pg/m? or the WHO
daily guideline value of 150 pg/m? at any of the AQSRs. Simulated annual average ambient H2S concentrations exceed the
OEHHA screening level for chronic exposure (10 ug/m?) at Marigo B and Rigogo (Table 8). For Scenario 6 and 7, with 2 of
the IPPs emitting from single stacks, the impacts would be higher than Scenario 5 (i.e. would result in exceedences of the
health screening levels at some of the AQSRSs). Isopleth plots for are shown in Figures 14 and 15.

Table 8: Simulated ambient H.S concentrations during the operational phase for Scenario 5

AQSRs Simulated Ambient H2S Concentrations During the Operational Phase
Description 2nd Highes(t: 24-hour Ground Level Annual Ave. Ground Level Conc.
onc. (ug/m?) (Mg/m?d)

1 Structure 1 33 3
2 Structure 2 32 3
3 Structure 3 29 3
4 Structure 4 30 3
5 Structure 5 26 3
6 Structure 6 26 3
7 Mercy Njeri Sub Location 1 26 2
8 Mercy Njeri Sub Location 1 27 2
9 Homestead 36 4
10 Wanyororo Sub Location 14 1

1" Kirima Sub Location 29 5
12 Rongai Sub Location 1 38 8
13 Rongai Sub Location 2 43 6
14 Gashura Village 18 1

15 Kabarak Junction 25 2
16 Ol Rongai Junction 31 4
17 Marigo 44 9
18 AIC Tulumoi Pry 33 7
19 Marigo B 43 12
20 Rigogo 45 12
21 Rigogo Junction 45 7
22 Rigogo Stage 1 48 7
23 Kimochoch Centre 23 3
24 Nairobi Centre 14 1

25 Wanyororo 12 1

26 Solai Junction 9 1

27 PCEA Maili Tisa 12 1

28 Maili Kumi 13 1
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AQSRs Simulated Ambient H2S Concentrations During the Operational Phase

2nd Highest 24-hour Ground Level Annual Ave. Ground Level Conc.

Description Conc. (ug/m3) (bg/m?)
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Figure 14: Highest daily ground level H2S concentrations — Scenario 5
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Figure 15: Annual average ground level H2S concentrations - Scenario 5

4.4  Analysis of H,S Emissions Occupational Impact

To assess occupational health only the plant boundary is considered (Table 9). For Scenario 1, the ACGIH TLV of 1ppm
(1500 pg/m?) is exceeded both on-site as well as ~ 1 km from the site boundary. For Scenario 2, the TLV is not exceeded.
For Scenario 3, the ACGIH TLV of 1ppm (1500 pg/m?) is exceeded in the vicinity of the three IPPs (Figure 16, Figure 17,

Figure 18). None of the scenarios exceed the WHO lowest observable adverse effect level (LOAEL) of 15 mg/m? (15 000
pg/m?) or 10 ppm.

Table 9: Simulated occupational H.S concentrations during the operational phase for Scenario 1, 3, 5

AQSRs 2nd Highest 8-hour Ground Level Conc. (ug/m3)
Number | Description Scenario 1 Scenario 3 Scenario 5
B1 Power Plant
3680 677 1439
Area 1
P Pl
B2 ower Plant 2211 284 919
Area 2
B3 Power Plant
2686 400 1047
Area 3
Power Plant
B4 " 1817 804 1040
Area 4
Criteria 1500 (ACGIH)

Air Quality Impact Assessment for the Proposed Menengai Geothermal Power Plant in Kenya
Report No.: 14QUP01 Version 1 30



HIGHEST 8-HOURLY H,S CONCENTRATIONS - SCENARIO 1

"\ 1-14: Noise Receptors
< 15-28: AQ Receptors
+ B1-B4: Plant Area Receptors
O PP2 Area Receptors

HzS Concentrations (mg/m?)

—115 mg/m*

—1.5mg/m* ACGIH TLV (1 ppm)

=0.5mg/m*

"\ 1-14: Noise Receptors
< 15-28: AQ Receptors

4 B1-B4: Plant Area Receptors
o

PP2 Area Receptors

28 S
Simulated Highest 8-Hourly
HzS Concentrations (mg/m?)

—115 mgim*

— 1.5 mg/m? ACGIH TLV (1 ppm)

= 0.5mg/m*

Figure 17: Highest 8-hr ground level HzS concentrations — Scenario 3
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Figure 18: Highest 8-hr ground level H2S concentrations - Scenario 5

4.5 Simulated Odour Impacts from H.S

The results of the modelling suggest it is possible that there will be H2S odour concentrations that will be smelt by local
residents and has the potential under certain meteorological conditions to be regarded as a nuisance (offensive or
objectionable). For Scenario 3, the New Zealand guideline value (70 pg/m? for geothermal areas) is not exceeded at the
sensitive receptors on the eastern side of the caldera.

Table 10: Simulated highest hourly H2S concentrations during the operational phase for Scenario 1, 3, 5

AQSRs 2nd Highest 1-hour Ground Level Conc. (jag/m3)
Description Scenario 1 Scenario 3 Scenario 5
1 Structure 1 964 155 367
2 Structure 2 944 154 356
3 Structure 3 822 139 325
4 Structure 4 843 137 329
5 Structure 5 678 146 226
6 Structure 6 695 145 231
7 Mercy Njeri Sub Location 1 647 118 256
8 Mercy Njeri Sub Location 1 669 146 269
9 Homestead 1000 146 380
10 Wanyororo Sub Location 189 56 83
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AQSRs 2nd Highest 1-hour Ground Level Conc. (jag/m3)

Number Description Scenario 1 Scenario 3 Scenario 5
11 Kirima Sub Location 923 121 360
12 Rongai Sub Location 1 902 111 358
13 Rongai Sub Location 2 961 123 378
14 Gashura Village 591 100 236
15 Kabarak Junction 596 140 236
16 Ol Rongai Junction 784 99 280
17 Marigo 992 116 393
18 AIC Tulumoi Pry 831 104 331
19 Marigo B 847 114 338
20 Rigogo 912 125 345
21 Rigogo Junction 970 138 374
22 Rigogo Stage 1 1015 141 387
23 Kimochoch Centre 353 95 164
24 Nairobi Centre 17 60 74
25 Wanyororo 182 56 78
26 Solai Junction 147 54 74
27 PCEA Maili Tisa 141 60 66
28 Maili Kumi 146 60 69

Criteria 70 (New Zealand)

Air Quality Impact Assessment for the Proposed Menengai Geothermal Power Plant in Kenya
Report No.: 14QUP01 Version 1 33



HIGHEST HOURLY H,S CONCENTRATIONS - SCENARIO 1
i o

29
“ 19
- *

Symbols

’. 1-14: Noise Receptors
< 15-28: AQ Receptors
4 B1-B4: Plant Area Receptors
O PP2 Area Receptors

N

Simulated Highest Hourly
HzS Concentrations (ug/m?)

I

2000 pg/m?

1000 pg/m?®

=500 pg/m*

Symbols

"\ 1-14: Noise Receptors
< 15-28: AQ Receptors
4+ B1-B4: Plant Area Receptors
O PP2 Area Receptors

7

Simulated Highest Hourly
HzS Concentrations (ug/m?)

|

2000 pg/m?

1000 pg/m?

~500 pg/m*

Figure 20: Highest hourly ground level HzS concentrations — Scenario 3
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Figure 21: Highest hourly ground level H2S concentrations - Scenario 5
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5 MAIN FINDINGS

An air quality impact assessment was conducted for the operational phase activities planned for the proposed Menengai
Geothermal Power Plant. The main objective of this study was to quantify the extent to which ambient pollutant levels will
increase as a result of the project. This section summarises the main findings of the assessment.

e  Receiving environment:
o The area is dominated by winds from the SSE and NNW. Long term air quality impacts are therefore
expected to be the most significant to the NNW and SSE of proposed operations.
o Ambient air quality monitoring conducted at the wells by the University of Eldoret indicated ambient air
pollutant levels that exceed the odour threshold as well as the ACGIH TLV of 1 ppm.
o  Several AQSRs are situated within the vicinity of the proposed power plant.

o Impact of the proposed Menengai Geothermal Power Plant:
o Health Impact:

For Scenario 1, with all three IPPs emitting from a single stack (at 3.3 % NCG in steam),
simulated 24-hour ambient HzS concentrations exceed the Iceland guideline of 50 ug/m® at
some of the AQSRs. However, the WHO daily guideline value of 150 pg/m? is not exceeded at
any of the AQSRs. Simulated annual average ambient H2S concentrations exceed the
OEHHA screening level for chronic exposure (10 pg/m?) at some of the AQSRs. Similar
impacts are experienced for Scenario 2, at higher emissions because of 4 % NCG in steam.
For Scenario 3, with all three IPPs emitting from cooling tower fans (at 3.3 % NCG in steam),
simulated 24-hour ambient H2S concentrations do not exceed the Iceland guideline of 50
pg/m? or the WHO daily guideline value of 150 pg/m? at any of the AQSRs. Simulated annual
average ambient H2S concentrations do not exceed the OEHHA screening level for chronic
exposure (10 pug/m?) at any of the AQSRs. Similar impacts are experienced for Scenario 4, at
higher emissions because of 4 % NCG in steam.

For Scenario 5, with Quantum emitting from a single stack and the other two IPPs emitting
from cooling tower fans (at 3.3 % NCG in steam), simulated 24-hour ambient H2S
concentrations do not exceed the Iceland guideline of 50 pg/m* or the WHO daily guideline
value of 150 pg/m® at any of the AQSRs. Simulated annual average ambient H2S
concentrations exceed the OEHHA screening level for chronic exposure (10 ug/m®) at Marigo
B and Rigogo.

For Scenario 6 and 7, with 2 of the IPPs emitting from single stacks, the impacts would be
higher than Scenario 5 (i.e. would result in exceedences of the health screening levels at
some of the AQSRs).

o Occupational Impact:

For Scenario 1, the ACGIH TLV of 1ppm (1500 pg/m?) is exceeded both on-site as well as ~ 1
km from the site boundary. For Scenario 3, the TLV is not exceeded. For Scenario 5, the
ACGIH TLV of 1ppm (1500 pg/m®) is exceeded in the vicinity of the three IPPs. None of the
scenarios exceed the WHO lowest observable adverse effect level (LOAEL) of 15 mg/m? (15
000 pg/m?) or 10 ppm.

o Odour Impact:

The results of the modelling suggest it is possible that there will be a H2S odour impact at the
AQSRs. For Scenario 3, the New Zealand guideline value (70 ug/m? for geothermal areas) is
not exceeded at the sensitive receptors on the eastern side of the caldera.
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o  Summary:
= Scenario 3 and 4, with all three IPPs emitting from cooling tower fans is the preferable
equipment arrangement with regards to air quality impacts.

To ensure the lowest possible impact on AQSRs and the environment it is recommended that an air quality management
plan should be adopted. This includes:

e  The mitigation of sources of emission;

e The management of associated air quality impacts; and

o Ambient air quality monitoring.
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6 RECOMMENDATIONS

Based on the findings of the impact assessment, the following mitigation, management and monitoring recommendations
are made.

It is recommended that the source parameters used in the dispersion modelling be confirmed, as these will influence the
simulated ground level concentrations. Based on the stack and cooling tower fans parameters given, the cooling tower fan
option is preferable from an air quality impact perspective.

It is recommended that once more detailed design parameters are available for each IPP, dispersion modelling be redone to
reassess the preferred option.

6.1  Possible mitigation methods

Some potential mitigation measures which could be applied during operation to reduce impacts on air quality include (IFC,
2007):

e  Total or partial re-injection of gases with geothermal fluids;

e  Abatement systems to remove hydrogen sulfide and mercury emissions from non-condensable gases. Examples
of hydrogen sulfide controls can include wet or dry scrubber systems or a liquid phase reduction / oxidation
system, while mercury emissions controls may include gas stream condensation with further separation or
adsorption methods.

Iceland

In 2014 stricter standards took effect in Iceland that lower the allowable levels of atmospheric H2S. The H2S levels stipulated
in the regulations are significantly lower than the current WHO guidelines and require the Icelandic geothermal industry to
take action to reduce its H2S emissions. To tackle this challenge, three Icelandic energy companies that all produce power
from high temperature geothermal fields, Reykjavik Energy, Landsvirkjun and HS Orka, joined forces to develop the best
abatement solution. Hydrogen sulfide is a known pollutant in a number of industries and is formed where sulphur reacts
under anaerobic conditions such as in oil reservoirs and geothermal systems. The petroleum industry has used abatement
technologies for H2S mitigation for a long time. Commonly the H2S is oxidized by burning it in the atmosphere, forming SO:
or by oxidizing it to elemental sulphur. The methods of producing elemental sulphur, such as by the Claus method where
H2S is partly burnt followed by catalytic oxidation over to elemental sulphur, or the liquid redox method where H2S is
oxidized with metals such as iron or vanadium, results in formation of solid sulphur. In most cases sulphur is a commodity
and can be utilized for a wide industrial application such as production of sulphuric acid. However due to the remote location
of Iceland and absence of industries that use sulphur, the specific conditions in Iceland lead to further studies on possible
mitigation methods. It was therefore decided to build on research and development of reinjection methods for CO2 at
Reykjavik Energy to develop an abatement method called SulFix. The aim of the SulFix project is to develop a sustainable
and environmentally friendly H2S abatement method with lower operation costs than commercially available abatement
options. The process dissolves H2S in condensate water and injects it back into the high temperature geothermal reservoir.
Once injected, water-rock reactions taking place in the high temperature geothermal reservoir will mineralize the H.S
(Juliusson, et al., 2015).
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6.2 Performance Indicators

Key performance indicators against which progress of implemented mitigation and management measures may be
assessed form the basis for all effective environmental management practices. In the definition of key performance
indicators careful attention is usually paid to ensure that progress towards their achievement is measurable, and that the
targets set are achievable given available technology and experience.

Performance indicators are usually selected to reflect both the source of the emission directly (source monitoring) and the
impact on the receiving environment (ambient air quality monitoring). Ensuring that emissions are below a certain mg/Nm?
represents an example of a source-based indicator, whereas maintaining off-site concentrations to below e.g. 50 ug/m?
represents an impact- or receptor-based performance indicator.

Source monitoring can be challenging. The focus is therefore rather on receptor based performance indicators i.e.
compliance with ambient air quality standards and/or guidelines. It is recommended that the criteria listed in Error!
eference source not found. be adopted by Menengai geothermal power plant as receptor-based objectives.

6.2.1  Ambient Air Quality Monitoring

IFC (2007) recommends the following planning process and precautions as a result of the potential for H2S exposure to the
community:

e Siting of potential significant emissions sources with consideration of hydrogen sulfide gas exposure to nearby
communities (considering key environmental factors such as proximity, morphology and prevailing wind
directions);

o Installation of a hydrogen sulfide gas monitoring network;

o  Continuous operation of the hydrogen sulfide gas monitoring systems to facilitate early detection and warning; and

¢  Emergency planning involving community input to allow for effective response to monitoring system warnings.

6.3  Record-keeping, Environmental Reporting and Community Liaison
6.3.1  Periodic Inspections and Audits

Periodic inspections and external audits are essential for progress measurement, evaluation and reporting purposes. It is
recommended that site inspections and progress reporting be undertaken at regular intervals (at least quarterly), with annual
environmental audits being conducted. Annual environmental audits should be continued at least until closure. Results from
site inspections and monitoring efforts should be combined to determine progress against source- and receptor-based
performance indicators. Progress should be reported to all interested and affected parties, including authorities and persons
affected by pollution.

The criteria to be taken into account in the inspections and audits must be made transparent by way of minimum
requirement checklists included in the management plan. Corrective action or the implementation of contingency measures
must be proposed to the stakeholder forum in the event that progress towards targets is indicated by the quarterly/annual
reviews to be unsatisfactory.
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6.3.2  Liaison Strategy for Communication with I&APs

Stakeholder forums provide possibly the most effective mechanisms for information dissemination and consultation.
Management plans should stipulate specific intervals at which forums will be held, and provide information on how people
will be notified of such meetings.

6.3.3  Financial Provision
The budget should provide a clear indication of the capital and annual maintenance costs associated with monitoring plans.

Costs related to inspections, audits, environmental reporting and I&AP liaison should also be indicated where applicable.
The financial plan should be audited by an independent consultant, with reviews conducted on an annual basis.
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