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Appendix-4 Micro-seismic Monitoring 

A4.1 Tendaho 2 Area 

A4.1.1 Purpose of the exploration 

The purpose of exploring for micro-seismic is to gain an understanding of areas with signs of geothermal 

activity, and earthquake events that occur in the surrounding area, and to confirm fault structures and the 

positions of fault systems. Figure A4.1.1 shows the locations where seismometers were set up. 

The results of the earthquake observations will be used to construct a model of geothermal retention layers 

and formulate plans for survey drilling. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A4.1.1 Locations of micro-seismic observations (Tendaho 2 Area) 

A4.1.2 Overview of the geology 

According to the Final Report of the Survey Project for Formulating a Master Plan on Development of 

Geothermal Energy (2015), Tendaho 2 Area is located in the Manda-Harraro trough zone (V.Acocella, 2008, 

p.2). The basement is composed of the Afar Stratoid from the Pliocene-Pleistocene, and there are distributions 

of basaltic lava, pyroclastic rock, and sedimentary rock. In the Southwest part of the study area, lava flows 

from fissure eruptions of Pleistocene recent basalt have been observed. In the Ayrobera area, these are 

covered by alluvium which forms a plain. In addition, faults F0～F4 have a NW-SE orientation along the 
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trough direction. As one sign of geothermal activity, a fumarolic gas belt has been observed in a fault that 

runs through areas near microseismic stations (hereafter, “stations”) MST-3 and MST-5. The temperature of 

the fumarolic gas near MST-3 is very high, close to 100 °C. 

A4.1.3 Overview of the exploration 

The following describes the contents of surveys in this study. 

(1) Selection of micro-seismic station 

First, candidate sites for measurements were identified by using Google Earth to examine areas of 

exposed rock. After that, reconnaissance was conducted at the sites to sift out prospective stations. The 

stations that were selected were those that were least affected by basement noise caused by traffic, trees, 

etc. 

The background noise at each candidate microseismic station was measured. The following figure shows 

the results of ground noise level measurements that were taken at MST-1 in Tendaho 2 Area. The 

seismometer used to measure noise levels had 3 components: the top part of the figure is the N-S 

component, the middle part is the E-W component, and the bottom part is the Up-Down component. 

The polarity of the initial rise direction was positive at N、E、Up, and negative at S、W、and Down.  

The noise level at MST-1 was a very low 10μkin, making it an optimal location for a station. It should 

be noted that the large wave on the right side of the oscillation was the wave that was generated when 

the ground was impacted. 

 

Figure A4.1.2 Results of ground noise level measurements (MST-1, Tendaho 2 Area) 

The results of the noise level measurements at stations MST-1～MST-3 were all low values of 30μkine 

or less. However, despite the hard ground at stations MST-4 and MST-5, they showed high values for 

noise, 90μkine and 190μkine, respectively. The location and elevation of each observation point were 

derived with kinematic surveying by Ethiopian surveyors using GPS surveying instruments. Table 

A4.1.1 shows the location, elevation, and noise level at each station. 
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Table A4.1.1 Overview of seismometer installations (Tendaho 2 Area) 

Station 
No. 

Longitude Latitude 
UTM 

(easting) 
UTM 

(northing) 
Elevation 

(m) 
Ground 

noise(μkine) 

MST-1 41°     9′       53.8″       E 11°    58′       53.3″       N 1325430 735742 367 10 

MST-2 41°     3′       17.6″       E 11°    58′       01.4″       N 1323743 723765 384 20 

MST-3 41°     5′       30.1″       E 11°    53′       33.5″       N 1315539 727835 376 25 

MST-4 41°    10′       39.1″       E 11°    53′       58.7″       N 1316387 737184 375 90 

MST-5 41°     5′       18.6″       E 11°    50′       26.5″       N 1309790 727531 366 190 

(2) Data acquisition system 

The observation equipment was a system consisting of an LE-3Dlite MkⅡ seismometer made by 

Lennartz Electronic GmbH of Germany, and a GSX-3 data logger and a 12V battery made by Geospace 

of the United States. 

The 3-component waveform data that was captured by the velocity-type seismometer was automatically 

recorded in the data logger (SD card). The data logger had a built-in GPS, and it was calibrated to take 

measurements every 6 minutes. 

Because measurements of micro-seismic were taken over a long 3-month period, two 12V50Ah shield 

batteries connected in parallel to provide power to the data logger. As a result, it was not necessary to 

replace any battery during the 3-month period, and measurements could be taken continuously. Figure 

A4.1.3 shows a block diagram of the data acquisition system. 
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Figure A4.1.3 Block diagram of the data acquisition system 

(3) Installation of seismometers and peripheral equipment 

There were 5 points set up as measuring stations in Tendaho 2 Area. All of these stations had 3 

components (N-S, E-W, and Up-Down), and each station was installed with a velocity-type seismometer. 

The seismometers were installed using the following procedure: 

1） Dirt and gravel were removed from the ground. 

2） Gypsum was poured onto the ground to create a base for the seismometer, which was embedded in 

the gypsum base. 

3） Using a compass, an arrow symbol was carved to align the seismometer with magnetic north. 

4） The seismometer and the data logger were connected, then the data logger and battery were 

connected. 

5） To prevent theft of the equipment, the batteries were fixed into place with a chain and padlock, 

then mortar was used to adhere the chain to the battery. 

6） The measuring equipment was covered with a vinyl sheet, and a humidity-absorbing sheet was 

placed inside of tat. Lastly, the measuring equipment was hidden by covering it with rocks. 

Table A4.1.2 lists the equipment that was used to take earthquake measurements. 
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Table A4.1.2 Equipment for taking earthquake measurements 

Item Type Specifications Photo 

Seismometer LE-3Dlite MkⅡ 

(Lennartz Electronic GmbH., 
Germany) 

 

Eigenfrequency：1Hz 

Upper Corner  

Frequency：100Hz 

RMS Noise @ 1 Hz：<3nm/s 

 

Data Logger GSX-3 

(Geospace Technology, USA) 

 

A/D Converter：24bit 

GPS Time Calibration： 

Every 6 minutes 

GPS Accuracy：<20μsec 

Recording capacity：30Gbytes 

 

Seismic Recorder MS-3000 

(JGI, Inc., Japan) 

 

 

Dynamic Range：121dB 

Sampling：1-4000Hz 

 

(4) Protecting the measuring equipment and measures to prevent theft 

Because the micro-seismic stations were unmanned, Survey team members made regular rounds to 

check the equipment and make sure that electric power was being supplied to the data logger and that 

the GPS signals being received were accurate. Furthermore, to prevent theft of the equipment, two 

watchmen were posted, one in the daytime and one at night.  

(5) Observation/measurement period 

The measurement period in this study area started on the day when the installation of all 5 seismometers 

was completed, and ended on the day and at the station where the seismometers were first being 

collected. Therefore, the measurement period extended past 90 days, from 11:00 a.m. on December 23, 

2015, to 11:30 a.m. on March 22, 2016. There was no trouble with the equipment, etc., during any of 

the measurement periods, and there were no interruptions with the measurements. Table A4.1.3 shows 

the measurement periods of the observation stations. 
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Table A4.1.3 Installation of a seismometer at the microseismic station and date of removal 

(Tendaho 2 Area) 

Site Code Measurement start time Measurement stop time Measurement days 

MST-1 2015.12.22 12:00 2016.3.23 9:00 92days and 21hours 

MST-2 2015.12.23 11:00 2016.3.24 8:30 92days and 21hours 

MST-3 2015.12.21 11:20 2016.3.22 11:30 93days 

MST-4 2015.12.22 15:10 2016.3.23 9:40 92days and 21hours 

MST-5 2015.12.21 14:10 2016.3.22 12:20 92days and 22hours 

A4.1.4 Processing the measurement data 

(1) Processing the measurement data 

The data were processed by connecting each of the data loggers from 6 microseismic stations (including 

one in the Boseti Area) to a Data Transfer Unit to integrate the waveform data. From the integrated 

waveform data, the parts that appeared to be seismic waves were visually sorted, then the seismic 

waveform parts were removed. The following is a conceptual diagram of the data collection system 

(Figure A4.1.4). 

 

Figure A4.1.4 Conceptual diagram of the data collection system 

(2) Reading and organizing the records, calculating epicenters 

For the data that were determined to be seismic, readings were made of the times of P-wave arrival, S-

wave arrival, and the end of the seismic motion. Locations of epicenters and magnitude were calculated 
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for earthquakes whose arrival times for P and S waves from 3 or more measuring stations could be read. 

In this study, the magnitude was derived with a method that used the time of continuous seismic motion. 

Calculations were made using either M=-2.53+2.85logTd+0.014r or M=-2.36+2.85logTd. (Complete 

Geothermal Energy Development Handbook, 1982; Micro-earthquakes, p282-290. It should be noted 

that Td is the time of continuous seismic motion (in seconds), and r is 200km or less. 

(3) Structure of seismic wave velocity 

In 2015, the Italian company ELC-Electro consult S.p.A was commissioned by the Ethiopian Geological 

Survey and the Icelandic International Development Agency was commissioned to measure micro-

seismic in the Tendaho-Alalobeda geothermal region about 25km southwest of Tendaho 2 Area. Table 

A4.1.4 shows the model that was created from the 4 horizontal layers that were used at the time. In the 

present study, the velocity structure model used in the Italian study was employed to derive the locations 

of epicenters. 

Table A4.1.4 Velocity structure model (Tendaho 2 Area) 

Number of layers Thickness (km) Depth (km) Vp (km/s) Vp/Vs 

1 5.0 5.0 4.0 

1.78 
2 4.0 9.0 6.1 

3 17.0 26.0 6.9 

4 － － 7.8 

A4.1.5 Survey results 

From the measured data records, the daily frequency of earthquake occurrence, the frequency of earthquake 

occurrence by S-P times, the distribution of epicenters, etc., were compiled. The following is a description . 

(1) Distribution of the frequency of earthquake occurrence by day 

There were 846 observed earthquakes (averaging 9.4 quakes/day). The two days with the largest number 

of quakes were January 21 (60) and January 22 (119). Figure A4.1.5 shows the distribution of the 

frequency of earthquake occurrence on a daily basis. 

 

 

 

 

 

 

Figure A4.1.5 Distribution of the frequency of earthquake occurrence by day (Tendaho 2 Area) 
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(2) Distribution of the frequency of earthquake occurrence by S-P time 

The frequency of earthquake occurrence by S-P time was based on station MST-1 where, among all 

observations at the 5 micro-seismic stations, the noise was the lowest and the arrival times of the P and 

S waves could be read (Figure A4.1.6) 

By far, most (393) of the observed earthquakes had S-P times of less than 6 seconds, accounting for 

more than half of all quakes. The frequency of occurrence of 4～6 seconds was particularly high. Those 

quakes occurred in series that were concentrated in the period January 21~23. 

 

 

 

 

 

 

Figure A4.1.6 Distribution of the frequency of earthquake occurrence by S-P time (Tendaho 2 Area) 

(3) Epicenter distribution map 

Of the 846 earthquakes that were observed, there were 202 events whose epicenters were estimated. The 

results of epicenter distribution were compiled into 2 figures. One was the distribution of epicenters of 

local quakes near the observation network (Figure A4.1.7), while the other was distribution of distant 

epicenters that were up to 200km away from microseismic station MST-3 (Figure A4.1.8). The data 

from the earthquake readings and the epicenter coordinates and estimated magnitudes are attached in 

the Appendix. 

Figure 3.7 shows the locations of faults in this zone which have a predominately NW-SE orientation, 

and the locations of fumaroles that were confirmed between the faults F2～F4.  Figure 3.8 shows the 

location of the Ethiopian Rift Valley (Meseret Teklemariam, 2008) and the fracture system based on the 

geological survey results of the JICA study tem. 

[Local earthquakes] 

The following is a description of local earthquakes. 

- On the eastern side of fault F0 which passes through MST-1, earthquakes occur in an array along 

the NW-SE orientation of the fault. 

- The depths of earthquakes that occurred near the F0 fault ranged from 2～6km, and their magnitude 

was 1 or less. 

- No earthquakes were observed between faults F0 and F2. 
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- There was a concentrated occurrence of earthquakes around the fumaroles zone that interrupts 

faults F2～F4. The depths of these earthquakes were divided into two categories: shallow depths 

of 1-km or less, and deeper depths of 3km～6km. Most of the magnitudes were 1 or less. 

- Some of the earthquakes that occurred near fault F4 had magnitudes of 1~2. 

 

Figure A4.1.7 Estimated distribution of epicenters (near the observation network of Tendaho 2 Area) 

[Earthquakes including both local and distant quakes] 

- Earthquakes occurred at depths of 20km～30km within 100km of Tendaho 2 Area, and their 

distribution is arranged in a vertical direction. Magnitudes were 2 or less. 

- Earthquakes that occurred more than 100km from Tendaho 2 Area were in relatively shallow places. 

Magnitudes of 2 or greater were dominant. 

- About 100km south of Tendaho 2 Area, the distribution of earthquakes had a NNE－SSW 

orientation, but many of the quakes were scattered.  

- Epicenters were observed near fractures such as Dallo, Boina, Tendaho and Danab. 

- Near the Tendaho Dam around 30km SW of Tendaho 2 Area (129000N, 720000E), there was a 

series of earthquakes that occurred on January 21, 22 and 23. Their depth was about 20km and 

their magnitudes ranged from 2 to 3. As will be discussed in Section 4.1.6, there was a series of 

earthquakes that occurred near the Tendaho Dam in March and April of 1969. 
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Figure A4.1.8 Estimated distribution of earthquakes (distant from the Tendaho 2 Area measurement 

network) 

(4) Map of the distribution of epicenters (relation between epicenters and geology) 

The following describes the relation between the estimated epicenters and the geology (Figure 
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A4.1.9). 

- The epicenters on the western side of MST-5 were near pyroclastic flows resulting from eruptions 

in fissures of recent basalt of the Pleistocene. There were many occurrences of earthquakes near 

the faults. 

- Fumarole belts were confirmed near stations MST-3 and MST-5, and epicenters were distributed 

in these fumarole belts. 

- Earthquakes occurred in the vicinity of the Manda-Harraro Rift Valley. 

- Estimated epicenters on the eastern side of fault F0 were distributed in lacustrine deposits. 

- In areas where there were distributions of basaltic lava, pyroclastic rock and sedimentary rock 

derived from the Afar Stratoid, there were numerous fracture systems that developed, and 

epicenters were distributed in these fracture systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A4.1.9 Distribution of estimated epicenters (geology and epicenters of Tendaho 2 Area) 

(5) Cumulative frequency distribution, by magnitude 

Based on magnitude, natural earthquakes are classified as follows: 

- Ultra-micro earthquakes：M＜1   

- Micro-earthquakes：1≦M＜3 

- Small earthquakes：3≦M＜5 

- Moderate earthquakes：5≦M＜7 

- Large earthquakes：7≦M 
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The magnitudes that were observed in this study showed peaks with a Gaussian distribution at 

magnitudes of around 0.8～1, with magnitudes ranging from -1.2～2.9 (Figure A4.1.10). In the study 

area, all natural earthquakes corresponded to ultra-micro or micro-earthquakes. 

 

Figure A4.1.10 Distribution of frequency by magnitude (Tendaho 2 Area) 

(6) b values 

The seismological meaning of b values was described by Yasuhiro Umeda (2014) as follows. A b 

value of 1.0 is normal (over a wide area and a long time, the b value becomes 1.0). However, when the 

b value is large, the slope of the line becomes steep, and the proportion of small earthquakes is large 

(for example, series of earthquakes can easily occur in places where the underground structure is 

complex and uneven). On the other hand, when the b value is small, the proportion of small 

earthquakes is also small, or there is a high proportion of large earthquakes to small earthquakes (for 

example, the earth’s crust is very hard and large earthquakes sometimes occur). 

Figure A4.1.11 shows b values calculated in the present study. The blue dots align in a somewhat 

straight line from Mc1.5 to Mc2.7. Starting at Mc1.5 the number of small earthquakes falls below the 

straight line, apparently because the small earthquakes could not be observed, so the small earthquakes 

that were less than Mc1.5 were removed from the calculations. Large earthquakes greater than Mc2.7 

also fall below the straight line, apparently because the observation period was a short 90 days. 

The b value in the present observations was estimated to be 1.06, which is close to the b value (0.7-1.0) 

of normal tectonic earthquakes (Tokuji Utsu, 1977, p133). 
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Figure A4.1.11 b values (Tendaho 2 Area) 

(7) Wadati diagrams 

Evaluations of the Vp/Vs of micro-earthquakes that occur in this area were made using Wadati diagrams. 

Using the P- and S-wave arrival times from at least 4 stations from which accurate values were obtained 

from observed earthquakes, a plot was made of each of the stations with the P arrival on the x-axis, and 

the S-P time on the y-axis (Figure A4.1.12). The gradients of Wadati diagrams related to Vp/Vs were 

calculated from the running time data from the readings from each station using the least squares method. 

The Wadati diagrams that were derived based on the seismograms and associated reading values are 

included in the Appendix. 

Table A4.1.5 below shows the Vp/Vs calculated using the earthquake data, and the average value. As a 

result, an average value of 1.814, which nearly corresponded to the Vp/Vs value of 1.78 that was used 

in the epicenter calculations, was obtained, and it was concluded that Vp/Vs=1.78 was a suitable value. 

Table A4.1.5 Values of Vp/Vs (Tendaho 2 Area) 

Event No. Event origin time Vp/Vs Average of Vp/Vs 

58 2016.1.11 02:06 1.722 

1.814 

65 2016.1.15 03:50 1.913 

99 2016.1.22 04:00 1.906 

142 2016.2.12 03:53 1.779 

172 2016.2.29 02:57 1.751 
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Figure A4.1.12 Wadati diagrams 

A4.1.6 Discussion 

(1) Relationship with areas of epicenters of earthquakes that occurred in 2009 to 2015 

The red dots show the distribution of epicenters in the present study, while the blue dots show the 

locations of seismic activity from 2009 to 2015. The distribution of earthquakes for 2009~2015 was 

based on data from micro-earthquake observations made by the Italian foreign ministry in 1995, 

Earthquake-report.com of the Center for Disaster Management and Risk Reduction Technology 

(CEDIM), and Earthquake-Report.com of the United States Geological Survey (USGS). However, the 

data for 2009-2015 are limited to earthquakes of Magnitude 4 or greater that were observed in 

Ethiopia and Djibouti; the distribution of small- and micro-earthquakes from that time of less than M4 

is unknown. 

From the figure, we can see that the areas of seismic activity in the 2009-2015 period were around the 

Ethiopian Rift Valley, and the Hanle district of Djibouti (where observations of micro-earthquakes had 

been carried out as part of a study to gather and confirm data for geothermal energy development in 

Djibouti), and were near the Tendaho 2 Area, and the Boina and Tendaho faults. 

The locations of epicenters estimated from these observations correspond roughly with the 2009-2015 

earthquake distribution. It was determined that seismic activity is occurring in this wide area, which 

includes Tendaho 2 Area. 
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Figure A4.1.13 Estimated distribution of earthquakes (M4 or greater) in 2009-2015 and estimated 

distribution of earthquakes in the present study 
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(2) Comparison between the rate of seismic activity in the Afar region and the results from the present 

measurements 

According to Ayele et al, (2015), seismic activity in the Afar region includes a series of earthquakes 

(yellow stars) that occurred in 1969 in the Tendaho Dam area (Figure A4.1.14). In addition, assuming 

the Dobi and Guma rift valleys that are in the central part of the Afar region as epicenters, there were 

several hundred earthquakes that occurred. Dobi is the name of a town that is about 15km south of 

microseismic station MST-5. 

Table A4.1.6 Comparison between the rate of seismic activity in the Afar region and the results of the 

present study 

Region of seismic 
occurrence 

 Rate of seismic activity (Ayele et al, 2015) Results of the present study 

Tendaho Dam area 
- A series of earthquakes occurred in 

March and April 1969 

- A series of earthquakes occurred on 
January 21~23, 2016 

- Depth was about 20km, magnitude was 
2～3 

Dobi,Guma Rift 
- Numerous earthquakes (MS4.5~6.5) 

occurred from August 20 to 22, 1989 
- Earthquakes were observed near Dobi  

Earthquakes in the present study area usually occurred where there was movement of faults or on the Afar 

rift valleys, and seismic and volcanic activity appears to have a close relation with these faults and valleys. 

In addition, it is said that in the geothermal region, earthquakes occur mainly due to slippage of fissures and 

cracks. Therefore, the epicenters estimated in the present study appear to have occurred near faults, which 

seems to provide supporting evidence for seismic activity near the faults. 
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Figure A4.1.14 Seismic activity in the Afar region 

(3) Relationship between subterranean heat and micro-earthquakes 

In Tendaho 2 Area, faults F0~F4 are aligned in a NW-SE orientation, and numerous fumaroles can be 

confirmed between faults F2 and F4. Earthquakes are concentrated around faults and fumaroles. The 

depths of these earthquakes can be divided into 1km or shallower, and 3km～6km groups, and it appears 

that the depth of earthquake occurrence may be due to the relationship with geothermal fluids. In 

addition, from the positional relationship between the fumarole zone and areas of frequent earthquake 

occurrence, it is estimated that areas of frequent occurrence correspond to areas where geothermal 

liquids are rising. Areas where earthquakes are concentrated have a particularly high possibility of 

indicating the development of fissures. 

(4) Comparison with past calculated b values 

In order to evaluate the seismic activity of the area around the Tandaho Dam, Ayele et al (2015), using 

the same method as Keir et al (2006), determined the magnitude (ML) for 5320 earthquakes that had 

occurred in that region from 2009 to 2011. As a result, their b value was 0.79±0.01. 
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The b value in the present study is 1.06, which is slightly higher than that calculated by Ayele et al. 

(2015), but it is a normal value for tectonic earthquakes. 

A4.1.7 Summary 

The following is a compilation of the characteristics of micro-earthquakes that occur in Tendaho-2 Area: 

Table A4.1.7 Characteristics of epicenter distribution 

Item Characteristics 

Earthquakes 

・Earthquakes occur near faults and correspond with the positions of previous earthquake observations. 
These earthquakes are thought to occur in conjunction with the release of stress along these faults. 

・The depths of earthquakes between faults F2 and F4 are divided into 1km or shallower, and 2km～6km. 
They are micro-earthquakes of magnitude 0～1. 

・Earthquakes between faults F2 and F4 roughly correspond with areas of fumarole activity. It is estimated 
that there is seismic activity directly below the fumaroles. 

・ The magnitudes of all earthquakes whose epicenters were calculated, ranged from -1.2～ 2.8, 
corresponding to micro-earthquakes or ultra micro-earthquakes. 

・The b value calculated in the present study was 1.06, which is roughly the same as the value of 1.0 for a 
normal tectonic earthquake.  

・A Vp/Vs value of 1.814 was derived from the gradient of the Wadati diagram, which was nearly the same 
value as the Vp/Vs=1.78 that was used in the epicenter calculations 

Geology 

・Epicenters near MST-5 were near what appear to be pyroclastic flows resulting from eruptions of 
fissures of recent basalt of the Pleistocene, and the epicenters were near faults. 

・Epicenters are distributed in areas where fracture systems of basaltic lava, pyroclastic rock, and 
sedimentary rock derived from Afar Storatoid developed. 

・Earthquakes are concentrated between Afar rift valleys, and it appears that there is a close relationship 
between these faults and seismic and volcanic activity. 

Geothermy 

・Earthquakes are concentrated around faults and fumaroles. 

・The depths of these earthquakes can be divided into 1km or shallower, and 3km～6km groups, and it 
appears that the depth of earthquake occurrence may be due to the relationship with geothermal fluids. 

・The positional relationship between the fumarole zone and areas of frequent earthquake occurrence, it is 
estimated that areas of frequent occurrence correspond to areas where geothermal liquids are rising. 
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A4.2 3.2 Boseti Area 

A4.2.1 Purpose of the observations 

Figure A4.2.1 shows the location of a seismometer installed for observing micro-earthquakes 

Because the purpose is to confirm whether or not earthquakes occur in the Boseti area, one micro-seismic 

station was set up to observe micro-earthquakes. 

 

Figure A4.2.1 Location of the micro-seismic station (Boseti Area) 

A4.2.2 Overview of the geology 

According to the Final Report of the Survey Project for Formulating a Master Plan for Geothermal Power 

Development (2015), the Boseti Area is located in the center of the Ethiopian Rift Valley that developed 

along a NE-SW direction, and NE-SW oriented fracture systems have developed in the interior of the rift 

valley. The basement rock, which is composed of basalt, is covered by volcanic ejecta, which itself is 

covered by basalt, rhyolite lava and pyroclastic rock belonging to the Nazereth formation. Geothermal 

signs include fumerolic gas, hot springs, etc., along a fault fracture zone (F1-2, F1-1) that passes through an 

area near the summit of Mt. Bericha 

A4.2.3 3.2.3 Overview of the surveys 

The contents of the surveys in the present study were as follows: 

(1) Selection of micro-seismic station 
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The microseismic station was set up on the northern foot of Mt. Bericha. Ground noise was measured, 

and a seismometer was installed at a place on a small lava bed where noise was low. The area around 

the microseismic station had many fumaroles, and the seismometer was set up a few tens of meters away 

from a fumarole. 

(2) Data acquisition system 

The observation equipment was a system consisting of a LE-3Dlite Mk seismometer made by Lennartz 

Electronic GmbH of Germany, and a GSX-3 data logger and a 12V battery made by Geospace of the 

United States. 

(3) Installation of the seismometer and peripheral equipment 

The seismometer used to measure noise levels in the Boseti Area had 3 components: a N-S component, 

an E-W component, and an Up-Down component. Table A4.2.1 lists the coordinates, the elevation, and 

the noise level of the site where the seismometer was installed. 

Table A4.2.1 Overview of the seismometer installation (Boseti Area) 

Station 
No. 

Longitude Latitude 
UTM 

(easting) 
UTM 

(northing) 
Elevation 
（m） 

Ground noise
（μkine） 

MSB-1 39°     31′       01.5″       E 8°     38′       50.5″       N 955906 556889 1356 40 

(4) Protection of measuring equipment and theft prevention measures 

As with Tendaho Area 2, the state of the observation equipment was regularly checked by staff of the 

Survey team. Furthermore, to prevent theft of the equipment, two watchmen were posted, one in the 

daytime and one at night. 

(5) Observation period 

The observation period in the Boseti Area was 93 days. During that period, there was no trouble with 

the equipment, etc. Table A4.2.2 shows temporal information about the observations. 

Table A4.2.2 Installation of a seismometer at the micro-seismic station and date of removal 

(Boseti Area) 

Site Code Measurement start time Measurement stop time Measurement period 

MSB-1 2015.12.24 17:50 2016.3.26 9:50 93days and 16hours 

A4.2.4 3.2.4 Processing of measurement data 

(1) Processing of measurement data 

The processing of the seismic measurement data was done simultaneously with the data from the 5 

Tendaho Area 2 stations (6 stations in all). From the integrated waveform observation data, areas with 

seismic waves were sorted by eye, and areas with seismic waveform were removed. 

(2) Reading and organizing the records 
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From the waveform data in SEG-D format, readings were made of P-wave and S-wave arrival time data 

that were determined to be from earthquakes. 

A4.2.5 Survey results 

As a result of the 93 days of micro-earthquake observations, 230 earthquakes were confirmed. However, 

because there was only one micro-seismic observation station, epicenters were not calculated. 

The survey results are compiled into Figure A4.2.2 (the frequency of earthquake occurrence by day), and 

Figure A4.2.3 (the frequency of earthquake occurrence by S-P time),  

(1) Distribution of the frequency of earthquake occurrence by day 

During the observation period, 230 earthquakes (average 2.4/day) were observed. The largest 

concentrations of earthquakes occurred on January 8 (13 events) and March 6 (43 events). 

 

 

 

 

 

 

 

Figure A4.2.2 Distribution of the frequency of earthquake occurrence by day (Boseti Area) 

(2) The frequency of earthquake occurrence by S-P time 

The overwhelming majority S-P times of earthquakes lasted less than 4 seconds, accounting for more 

than half of all earthquakes. Especially noticeable are the 73 local earthquakes (average 0.7/day) with 

S-P times of 2 seconds or less. This was the result of the occurrence of a series of quakes on March 6. 
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Figure A4.2.3 The frequency of earthquake occurrence by S-P time (Boseti Area) 

A4.2.6 Discussion 

(1) Relationship with past epicenter distributions 

Based on seismic observations that have been conducted up to this point, the vicinity of faults in places 

such as the Ethiopian Rift Valley have been judged to be zones of high earthquake occurrence . The 

distribution of epicenters is along the same NE-SW orientation, and micro-earthquakes with a magnitude 

of 3 or less are dominant (Ayele et. Al, 2015). In addition, many fumaroles have been found in fissures 

around the summit of Mt. Bericha, and it appears that the temperature increases as one approaches the 

center of the mountain (Final Report of the Survey Project for Formulating a Master Plan for Geothermal 

Power Development (2015)). 

In this area, earthquake observations have indicated that there are many local earthquakes with an S-P 

time of 2 seconds or less. These local earthquakes are thought to occur in faults near the Boseti Area, 

and in places where there are sudden changes in underground tectonics in highly uneven crust. 

A4.2.7 Summary 

The following table lists characteristics of seismic movements in the Boseti Area 

Table A4.2.3 Characteristics of epicenter distribution (Boseti Area) 

Item Characteristics 

Earthquakes 

・Small-scale earthquakes occur in this area 

・During the 93-day observation period, 230 earthquakes (average of 2.4/day) were observed. 

・Local earthquakes with an S-P time of 4 seconds or less were concentrated on January 8 and March 6 

・Earthquakes with an S-P time of 4 seconds or less accounted for more than half of all quakes. Of particular 
note, there were 68 local earthquakes with an S-P of 2 seconds or less (average of 0.7/day). 

Geology 

・Earthquakes are thought to occur in places where there are faults near the study area, sudden changes in 
tectonic structure, etc. 

・There is a possibility that earthquakes may occur in fumarole areas. 

73

49

22

15 15
18

10
5 5 4

23

0

10

20

30

40

50

60

70

80

N
um

be
r o

f e
ar

th
qu

ak
e 

ev
en

t

S-P time（Boseti）



Data Collection Survey for   Final Report 
Geothermal Development in Ethiopia  Appendix 

Nippon Koei Co., Ltd. A4-23 June 2017 
JMC Geothermal Engineering Co., Ltd. 
Sumiko Resources Exploration & Development Co., Ltd. 

REFERENCES 

Atalay Ayele, Cynthia.J.Ebinger, Carolyn Van Alstyne, Derek Keir, Casey W. Nixon, Manahloh Belachew 

& James O. S. Hammond, 2015: “Seismicity of The Central Afar Rift And Implications for Tendaho 

Dam Hazards,” P.7-8. 

CEDIM (Center for Disaster Management and Risk Reduction Technology): 

Earthquake-report.com (Website:http://dev.earthquake-report.com/2012/02/21/ethiopia-earthquake-list/). 

Derek Keir, C.J.Ebinger, G.W.Stuart, E.Daly, and A.Ayele, 2006: “Strain accommodation by magmatism 

and faulting as rifting proceeds to break up: Seismicity of the northern Ethiopian rift,” p.1-14. 

ELC-Electroconsult S.p.A,2016: “Consultancy Services for Geothermal Surface Exploration in Tendaho 

Alalobeda, Ethiopia, Micro-seismic Report Draft Version,” 

Government of the Republic of Italy, 1995, “Tendaho Geothermal Project Micro-seismic Survey Final 

Report,” 

Meseret Teklemariam, 2008: “OVERVIEW OF GEOTHERMAL RESOURCE UTILIZATION AND  

POTENTIAL IN THE EAST AFRICAN RIFT SYSTEM,” p.1-9 

USGS (United States Geological Survey): Earthquake-Report.com. 

V.Acocella, B.Abebe, T.Korme, and F. Barberi, 2008: “Structure of the Tendaho Graben and Manda Hararo 

Rift: Implications for the evolution of the southern Red Sea propagator in Central Afar,” v.27, p.1-17. 

UZU Tokuji, 1977: Jishingaku (Seismology), p.1-286. (in Japanese) 

UMEDA Yasuhiro, 2012: Basic Lectures of the Kansai Namazu no Kai. Frequency of earthquake distribution, 

by seismic scale. (in Japanese) p.1-20 

Final Report of the Survey Project for Formulating a Master Plan for Nationwide Geothermal Power 

Development in Ethiopia, 2015 (in Japanese) 

Complete Handbook for Geothermal Development, 1982. Chapter 10: Micro-earthquakes, p.282-290. (in 

Japanese). 



 

 

Final report 



 

 

 

 

 

 

APPENDIX-5 

Temperature Survey 

  



 

 

A 

  



Data Collection Survey for    Final Report 
Geothermal Development in Ethiopia  Appendix 

Nippon Koei Co., Ltd. A5-1 June 2017 
JMC Geothermal Engineering Co., Ltd. 
Sumiko Resources Exploration & Development Co., Ltd. 

Appendix-5  Temperature Survey 

A5.1   Methodology 

(1) Survey Area 

Figure A5.1.1 shows the survey area and stations of temperature survey. Underground temperature were 

measured at 220 stations, and 5 reference stations were set and measured every day during survey period 

for verifying seasonal variation of underground temperature.  

 
Source: JICA Survey Team 

Figure A5.1.1  Location Map of Temperature Survey 

(2) Procedure 

The survey was excited following procedure below. Figure A5.1.2 shows pictures of the survey.  

- Drill up to 30 ~ 50cm in depth by engine auger (φ40mm). 

- Install a stainless-steel probe (total length=2.2m, outside diameter=13.8mm using electric hammer up 

to 2.0m in depth. Coordinates of installation points are recorded by mobile GPS device.  

- In case that it was not possible to drill up to 2.0m in depth due to hit with gravels, installation points 

were shifted a few meter, and probe was drilled again. 

- On the following day after probe installation (about 17 hours later), underground temperature of 0.5m, 

1.0m, 1.5m 2.0m in depth is measured with a thermistor thermometer. 

Time for temperature equilibrium condition after installation of probe is verified as showing below. 

- After measurement of underground temperature, installed probe is pulled out by hydraulic jack. 



Data Collection Survey for    Final Report 
Geothermal Development in Ethiopia  Appendix 

Nippon Koei Co., Ltd. A5-2 June 2017 
JMC Geothermal Engineering Co., Ltd. 
Sumiko Resources Exploration & Development Co., Ltd. 

 

  
Drill by engine auger (0.3~0.5m in depth） Drill by probe (2.0m in depth) 

  
Measurement of underground temperature Pull-out  by hydraulic jack 

Source: JICA Survey Team 

Figure A5.1.2  Photographs of Temperature Survey 

(3) Temperature Equilibrium 

2.0m depth temperature was measured continuously just after drilling and installation of probe, and time for 

temperature equilibrium was verified. 

Figure A5.1.3 presents variation of 2.0m depth temperature just after probe installation. Temperature was 

high just after prove installation because of frictional heat by the installation, but temperature equilibrium 

can be verified after around 3 hours. As seasonal variation is confirmed maximum 0.13°C/day and average 

-0.028°C/day during the survey period as mentioned below, very small decrease of underground 

temperature was confirmed even in the equilibrium condition  

In this survey, the measurement was conducted on the following day after probe installation considering 

working efficiency. Accordingly, the measurement has been done after more than 17 hours passed from 

prove installation and underground temperature completely reached equilibrium condition. 
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Source: JICA Survey Team 

Figure A5.1.3  Variation of 2.0m-depth Temperature after Probe Installation 

 

(4) Diurnal Variation 

In order to verify effect on underground temperature by solar insolation and outside air temperature, diurnal 

variation of underground temperature at 0.5m to 2.0m in depth was monitored. The diurnal variation was 

measured around the clock at the reference points which is located on almost same latitude and elevation as 

the survey station. 

Table A5.1.1 and Figure A5.1.4 presents the survey results. Diurnal variation of 2.0m-depth temperature is 

very small and about 0.01°C. Temperature at 1.0 in depth had decreased 0.09°C, but doesn’t have 

correlation with variation of outside air temperature. Variation of underground temperature at 0.5m in depth 

is very small, but variation trend including temperature decrease with sunset and increase with sunrise can 

be confirmed. Therefore, similarly to the past study (e.g. Coolbaugh et al. 2007), 2.0m-depth temperature is 

not affected by solar insolation and outside air temperature. 

Table A5.1.1  Diurnal Variation Monitoring Result (°C) 

Depth Maximum Minimum Difference 

0.5m 31.99 31.95 -0.04  

1.0m 34.80 34.71 -0.09  

2.0m 36.39 36.38 -0.01  

Source: JICA Survey Team 
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Source: JICA Survey Team 

Figure A5.1.4  Diurnal Variation of Underground Temperature  

(5) Correction by Seasonal Variation 

The temperature survey was conducted for 12 days from 18th to 29th January, 2016. In order to set the 

correction value for the measurement result by seasonal variation for 12 days, 2.0m-depth temperature at 

the reference points located in and out survey area were measured every day during the survey period, and 

temperature variation for 12 days was clarified. 

Figure A5.1.5 shows a graph of temperature variation for 12 days. It is confirmed that temperature has been 

decreased from the beginning to the end of the survey period at all reference points except for R05 located 

in fumarole area. Because the survey was completed foe a very short period, decrease is very small, 

maximum 0.31°C and averaged -0.024°C as shown in Table A5.1.2. The correction value for seasonal 

variation was set based on this data, and all measurement data were corrected to the first measurement gay 

(19th January, 2016). As the correction value is so small that the data don’t have huge difference before and 

after the correction. 

Table A5.1.2 Measured Temperature at Reference Points (°C) 

Sta. No. Average Maximum Minimum Difference 

R01 36.40 36.57 36.30 0.27  

R02 36.98 37.15 36.84 0.31  

R03 37.89 38.03 37.78 0.25  

R04 35.62 35.77 35.48 0.29  

R05 105.58 105.67 105.50 0.17  
Source: JICA Survey Team 
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Source: JICA Survey Team 

Figure A5.1.5  Variation of 2.0m-depth Temperature during Survey Period 

A5.2   Survey Result 

Measurement Data of 2.0m-depth Temperature Survey are shown below. 

Table A5.1.3  Measurement Data of 2.0m-depth Temperature Survey (1) 

 
Source: JICA Survey Team 
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Seasonal Changes in Temperature at Five Reference Stations

R01-Outside of Survey Area R02-West of Area
R03-East of Area R04-Background

Day T ime Outside Ground Type Vegetation
X Y dd.mm.yy HH:MM Temp. 2.0m 1.5m 1.0m 0.5m Soil/Gravel/Rock Yes/No

A01 737757 1320125 19.01.16 2:02 39.9 37.04 36.68 36.14 35.47 Soil No
A02 732916 1314692 22.01.16 2:32 32.2 37.23 36.69 35.83 34.83 Soil No
A03 732381 1315537 22.01.16 10:48 34.4 39.29 38.32 36.9 35.36 Soil No
A04 733225 1316072 22.01.16 11:16 35.55 38.74 38.28 37.56 36.34 Soil No
A05 734070 1316607 22.01.16 11:55 34.45 36.71 36.22 35.89 35.14 Soil No
A06 726777 1313170 21.01.16 11:59 35.67 41.39 40.61 39.01 37.05 Soil No
A07 727622 1313705 21.01.16 1:08 34.64 49.57 45.85 43.08 40.14 Soil No
A08 728467 1314240 21.01.16 1:29 34.23 54.97 51.94 47.05 41.39 Soil No
A09 729311 1314776 21.01.16 1:58 36.69 52.63 49.73 45.71 41.17 Soil No
A10 730158 1315311 19.01.16 9:45 30.8 46.05 44.25 41.62 38.26 Soil No
A11 731003 1315847 19.01.16 10:16 30.5 40.2 39.24 38.06 36.53 Soil No
A12 731848 1316381 19.01.16 10:41 33.4 38.18 37.13 36.02 34.91 Soil No
A13 732693 1316916 19.01.16 11:09 35.5 36.91 36.21 35.41 34.35 Soil No
A14 733535 1317450 19.01.16 11:32 34.8 36.21 35.69 34.85 33.94 Soil No
A15 734379 1317985 19.01.16 11:56 35.1 36.19 35.83 35.31 34.72 Soil No
A16 735219 1318523 19.01.16 12:25 37.7 37.59 37.12 36.58 35.65 Soil No
A17 736069 1319056 19.01.16 12:48 38.5 37.78 37.41 36.81 36.06 Soil No
A18 736913 1319590 19.01.16 1:36 39.1 38.65 38.27 37.55 36.66 Soil No
A19 726242 1314015 21.01.16 11:27 32.56 45.66 43.42 40.71 36.96 Soil No
A20 727087 1314550 21.01.16 12:39 35.41 63.96 58.22 51.82 45.15 Soil No
A21 727931 1315085 19.01.16 11:03 33.36 53.15 49.82 46.6 43.38 Soil No
A22 728776 1315620 19.01.16 11:40 35.3 50.92 48.07 44.7 40.57 Soil No
A23 729621 1316156 19.01.16 11:59 35.64 46.36 44.04 41.32 38.5 Soil No
A24 730465 1316691 19.01.16 12:16 38.72 38.76 38.06 37.06 35.6 Soil No
A25 731310 1317226 19.01.16 12:24 38.61 37.4 36.82 36.1 35.1 Soil No
A26 732155 1317762 19.01.16 12:44 37.93 36.49 36.11 35.57 34.76 Soil No
A27 732999 1318297 19.01.16 12:59 38.89 36.39 35.8 35.05 34.33 Soil No

S.No.
Cordinates Subsurface Temperature

Other
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Table A5.1.3  Measurement Data of 2.0m-depth Temperature Survey (2) 

 
Source: JICA Survey Team 

Day T ime Outside Ground Type Vegetation
X Y dd.mm.yy HH:MM Temp. 2.0m 1.5m 1.0m 0.5m Soil/Gravel/Rock Yes/No

A28 733844 1318832 23.01.16 10:04 31.25 35.53 35.16 34.69 34.16 Soil No
A29 734689 1319367 19.01.16 1:28 37.08 36.99 36.57 35.95 35.01 Soil No
A30 735533 1319903 19.01.16 2:09 36 38.16 37.77 37.17 35.99 Soil No
A31 736378 1320438 19.01.16 2:27 36.71 37.58 37.12 36.45 38.12 Soil No
A32 737225 1320972 19.01.16 2:17 37.85 38.98 38.61 38.02 37.16 Soil No
A33 725707 1314859 21.01.16 10:45 32.25 49.92 46.13 41.83 39.02 Soil No
A34 726551 1315395 21.01.16 10:14 29.36 43.9 42.6 40.61 38.39 Soil No
A35 729930 1317536 20.01.16 10:23 39.69 41.3 40.34 39.09 37.17 Soil No
A36 730778 1318067 20.01.16 10:40 30.86 37.88 37.04 35.93 34.27 Soil No
A37 731619 1318606 20.01.16 11:02 32.09 37.98 37.32 36.5 35.24 Soil No
A38 732464 1319141 20.01.16 11:21 33.09 36.27 35.67 34.89 34.07 Soil No
A39 733309 1319677 20.01.16 11:00 31.1 35.4 34.96 34.36 34.62 Soil No
A40 734153 1320212 20.01.16 10:23 31.1 35.53 35.07 34.35 33.23 Soil No
A41 734998 1320747 20.01.16 10:00 39.7 38.47 38 37.21 36.43 Soil No
A42 735843 1321283 20.01.16 9:31 39.4 36.98 36.57 36.01 35.33 Soil No
A43 736687 1321818 20.01.16 9:05 27.4 35.93 35.36 34.72 33.8 Soil No
A44 730239 1318916 20.01.16 12:18 33.5 38.1 37.36 36.23 34.95 Soil No
A45 731084 1319451 20.01.16 11:55 32.8 37.21 36.58 35.68 35.63 Soil No
A46 731932 1319985 20.01.16 11:32 33.6 36.65 36.08 35.31 34.44 Soil No
A47 729704 1319760 20.01.16 12:39 36.1 36.98 36.36 35.64 34.67 Soil No
A48 730549 1320296 20.01.16 1:19 36.8 37.47 36.92 36.13 35.02 Soil No
A49 731394 1320831 20.01.16 1:50 38.3 37.15 36.49 35.77 34.98 Soil No
A50 729169 1320605 21.01.16 9:43 29.5 36.87 36.34 35.65 34.8 Soil No
A51 730014 1321140 21.01.16 9:21 27.2 37.01 36.39 35.42 34.32 Soil No
A52 730858 1321676 21.01.16 8:52 26.8 37.61 37.06 36.3 35.35 Soil Yes
A53 728634 1321450 26.01.16 1:42 37.89 36.87 35.94 34.57 33.8 Soil No
A54 729476 1321987 21.01.16 10:12 31.2 37.9 37.4 36.51 35.5 Gravel No
A55 730323 1322520 21.01.16 10:48 33.1 37.19 36.7 35.94 35.27 Soil No
A56 728098 1322294 21.01.16 2:37 36.5 39.02 38.56 37.7 36.48 Gravel No
A57 728943 1322830 21.01.16 12:09 32.5 37.29 36.72 35.94 35 Soil No
A58 729788 1323365 21.01.16 11:23 34.2 35.48 35.03 34.42 33.55 Soil No
A59 727563 1323139 21.01.16 12:37 32.2 37.92 37.6 36.96 36.1 Soil No
A60 728408 1323674 21.01.16 1:12 36.4 36.21 35.77 35.22 34.67 Soil No
A61 729252 1324210 21.01.16 1:45 35.4 36.37 35.75 35.05 34.22 Soil Yes
X01 727848 1311481 22.01.16 10:35 29 42.99 41.65 40.22 38.34 Soil No
X02 728692 1312016 22.01.16 11:02 30.1 48.19 45.06 41.87 38.34 Soil No
X03 729537 1312551 22.01.16 1:28 36.9 47.76 45.26 42.33 39.3 Soil No
X04 730382 1313086 22.01.16 12:57 34.7 48.37 46.29 43.92 40.67 Soil No
X05 731227 1313622 22.01.16 12:26 35.7 42.36 41.07 39.4 37.13 Soil No
X06 732071 1314157 22.01.16 12:02 34.5 39.52 38.78 37.82 36.38 Soil No
X07 727313 1312325 22.01.16 10:08 29.1 41.16 39.8 38 36.2 Soil No
X08 728157 1312861 22.01.16 9:25 26 48.65 45.28 41.99 39.12 Soil No
X09 729002 1313396 22.01.16 8:52 25.9 48.99 46.24 43.34 40.1 Soil No
X10 729847 1313931 22.01.16 8:16 25.1 48.5 45.35 41.76 38.2 Soil No
X11 730691 1314466 22.01.16 10:15 29.46 42.72 40.96 39.02 36.54 Soil No
X12 731536 1315002 22.01.16 10:31 30.56 40.22 39.06 37.73 36.41 Soil No
X13 734915 1317143 22.01.16 12:11 34.2 37.29 36.91 36.3 35.61 Soil No
X14 735759 1317678 22.01.16 12:31 36.85 36.89 36.68 36.17 65.49 Soil No
X15 736604 1318213 22.01.16 12:46 35.39 38.64 38.17 37.2 36.22 Soil No
Y01 722495 1319927 24.01.16 11:05 34.5 39.56 38.61 37.31 35.91 Soil No
Y02 725171 1315704 24.01.16 8:20 24.3 51.97 48.62 44.54 40.06 Soil No
Y03 726016 1316239 24.01.16 1:15 39.83 44.67 42.62 40.08 37.14 Soil No
Y04 729395 1318380 24.01.16 10:03 30.36 39.91 39.32 39.24 38.4 Soil No
Y05 724622 1316524 24.01.16 8:54 25.8 41.08 39.42 37.47 33.73 Soil No
Y06 725481 1317084 24.01.16 12:54 37.55 41.15 40.1 38.58 36.65 Soil No
Y07 728860 1319225 26.01.16 11:11 31.14 38.42 37.81 36.8 35.5 Soil Yes-sparse
Y08 724101 1317393 24.01.16 9:25 27.9 44.01 42.43 40.45 37.9 Soil No
Y09 724946 1317929 24.01.16 1:08 34.7 44.86 42.66 40.23 37.37 Soil No
Y10 728324 1320070 26.01.16 11:38 34.11 40.39 39.5 38.12 36.4 Soil No
Y11 723566 1318238 24.01.16 9:55 31.9 41.63 40.01 38.03 35.97 Soil No
Y12 724410 1318773 24.01.16 12:39 36.5 42.46 41.16 39.77 36.97 Soil No
Y13 725255 1319309 25.01.16 10:09 31.6 41.46 40.59 39.36 37.21 Soil No
Y14 727789 1320914 26.01.16 11:52 34.24 38.74 38.07 37.1 35.79 Soil No
Y15 723030 1319083 24.01.16 10:25 32.1 40.23 39.18 38.07 36.5 Soil No
Y16 723875 1319618 24.01.16 12:13 32.9 42.7 41.07 39.1 36.64 Soil No
Y17 724720 1320153 25.01.16 9:35 30.6 39.87 38.49 37.3 35.87 Soil No Near fault scarp
Y18 726409 1321224 26.01.16 1:25 38.54 40.67 39.56 38.05 36.4 Soil Yes-Grass Near fault scarp
Y19 727254 1321759 26.01.16 12:06 34.78 37.29 36.57 35.38 33.54 Soil No
Y20 723340 1320463 24.01.16 11:35 36.8 39.15 38.31 37.34 35.86 Soil Yes
Y21 724184 1320998 25.01.16 8:31 26.5 40.61 39.53 38.4 36.63 Soil No
Y22 724771 1321306 25.01.16 8:55 28.2 37.82 37.33 36.6 35.36 Soil No Near fault scarp
Y23 725877 1322086 26.01.16 12:48 36.6 39.14 38.35 37.42 35.79 Soil No
Y24 726701 1322512 26.01.16 12:32 34.42 38.24 37.56 36.47 35.24 Soil No
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Table A5.1.3  Measurement Data of 2.0m-depth Temperature Survey (3) 

 
Source: JICA Survey Team 

Day T ime Outside Ground Type Vegetation
X Y dd.mm.yy HH:MM Temp. 2.0m 1.5m 1.0m 0.5m Soil/Gravel/Rock Yes/No

Z01 731786 1325815 23.01.16 8:23 22.9 36.56 36.21 35.67 34.97 Soil Yes
Z02 732774 1320521 23.01.16 10:28 31.52 36.03 35.63 35 34.09 Soil No
Z03 733618 1321057 23.01.16 10:57 34.6 35.81 35.38 34.82 34.05 Soil No
Z04 734463 1321592 23.01.16 11:20 33.17 36.39 36.11 35.56 34.81 Soil No
Z05 735308 1322127 23.01.16 11:34 33.72 37.34 36.95 36.32 35.39 Soil No
Z06 736152 1322663 23.01.16 11:48 34.42 35.65 35.2 34.7 33.73 Soil No
Z07 732238 1321366 23.01.16 1:10 35.06 37.14 36.61 35.75 34.54 Soil No
Z08 733083 1321901 23.01.16 12:52 34.77 35.88 35.22 34.3 33.4 Soil No
Z09 733928 1322437 23.01.16 12:28 35.73 35.76 35.4 34.89 34.02 Soil No
Z10 734772 1322972 23.01.16 12:10 35.1 37.04 36.44 35.58 34.7 Soil No
Z11 731703 1322211 23.01.16 1:40 38.7 37.42 36.98 36.29 35.31 Soil No
Z12 732548 1322746 23.01.16 2:16 38.1 38.06 37.51 36.78 35.58 Soil No
Z13 733392 1323281 23.01.16 1:38 38.37 37.66 37.17 36.54 35.66 Gravel No
Z14 734237 1323817 23.01.16 2:04 37.55 36.23 35.7 35.17 34.3 Soil Yes-shrubs
Z15 731168 1323055 23.01.16 12:54 36.7 35.77 35.31 34.68 32.65 Soil No
Z16 732012 1323591 23.01.16 12:51 34.8 35.26 34.73 34.03 32.94 Soil No
Z17 732857 1324126 23.01.16 12:14 33.7 36.34 35.75 35.01 34.12 Soil No
Z18 733702 1324661 23.01.16 11:47 34.1 36.4 36.03 35.49 34.67 Soil No
Z19 730632 1323900 23.01.16 9:55 29.09 35.65 35.22 34.51 33.39 Soil Yes
Z20 731477 1324435 23.01.16 10:34 32.8 34.83 34.29 33.55 32.49 Soil Yes
Z21 732322 1324971 23.01.16 11:25 33.3 36.23 35.75 35.01 34.01 Soil Yes
Z22 730097 1324745 23.01.16 9:22 27.4 35.89 35.45 34.63 33.64 Soil No
Z23 730942 1325280 23.01.16 8:52 26.8 34.51 34.2 33.66 32.2 Soil Yes
C19 730085 1318226 28.01.16 11:17 29.73 39.45 38.47 37.16 35.52 Soil No
C22 731636 1319300 21.01.16 8:14 24.3 37.65 35.94 35.35 34.5 Soil No
C26 726397 1314705 26.01.16 9:32 30.69 47.98 45.03 41.63 37.94 Soil No
C27 727241 1315240 26.01.16 9:53 32.03 45.85 43.88 41.07 37 Gravel No Near foothill
C28 729775 1316846 28.01.16 10:58 31.4 41.98 40.86 39.19 37.35 Soil No
C29 730620 1317381 28.01.16 10:40 28.8 37.39 36.66 35.72 34.8 Soil No
C36 726932 1313860 27.01.16 7:51 25.36 44.31 42.8 41.08 38.64 Soil No
C37 727777 1314395 26.01.16 12:38 34.4 59.59 55.56 50.65 44.03 Soil No
C38 728621 1314930 26.01.16 12:09 33.03 50.62 47.98 44.9 40.87 Soil No
C40 729466 1315466 26.01.16 10:43 34.63 55.47 51.7 47.71 41.83 Soil No
C42 730311 1316001 26.01.16 11:38 30.2 42.06 40.52 38.24 35.35 Soil No
C44 731155 1316536 26.01.16 11:16 29.5 37.55 36.81 35.93 34.61 Soil No
C45 732000 1317072 26.01.16 10:55 30.42 37.47 36.48 35.21 33.66 Soil No
C50 729157 1314086 26.01.16 8:40 27.4 49.36 46.79 43.7 39.94 Soil No
C51 730001 1314621 26.01.16 9:01 28.7 54.75 51.82 48.07 42.29 Soil No
C52 730846 1315156 26.01.16 9:25 29.79 41.6 40.41 38.48 36.56 Soil No
C53 731691 1315692 26.01.16 9:50 29.6 39.52 38.76 37.8 36.26 Soil No
C54 732535 1316227 26.01.16 10:12 30.5 40.2 39.58 38.61 36.51 Soil No
C55 733380 1316762 26.01.16 10:32 32.9 36.6 36.13 35.37 34.03 Soil No
M01 727467 1313015 26.01.16 7:41 28.2 42.46 40.97 39.1 35.84 Soil No
M02 728312 1313550 26.01.16 8:17 27.01 52.43 49.27 45.34 40.33 Soil No
W01 728074 1309256 25.01.16 1:09 36.08 38.99 37.74 36.35 34.64 Soil No
W02 728918 1309791 25.01.16 1:27 38.18 42.54 41.13 39.16 36.49 Soil No
W03 729763 1310326 25.01.16 1:44 35.9 42.16 40.97 39.24 37.14 Soil No
W04 727538 1310101 25.01.16 12:52 35.95 39.4 38.51 37.4 35.7 Soil No
W05 728383 1310636 25.01.16 12:30 35.65 44.53 42.7 40.27 37.43 Soil No
W06 729228 1311171 25.01.16 12:10 34.4 44.22 42.88 40.73 37.8 Soil No
W07 730072 1311706 25.01.16 10:52 33.65 42.28 40.6 38.61 36.4 Soil No
W08 730917 1312242 25.01.16 10:29 32.49 50.41 48 44.56 39.6 Soil No
W09 731762 1312777 25.01.16 10:10 31.46 39.58 38.84 37.71 35.88 Soil No
W10 732606 1313312 25.01.16 9:45 31.8 38.16 37.46 36.57 35.07 Soil No
W11 733451 1313848 25.01.16 9:28 30.82 35.36 34.96 34.36 33.19 Soil No
W12 727003 1310945 25.01.16 1:01 35.03 37.98 36.87 35.46 33.19 Soil No
W13 726468 1311790 25.01.16 12:40 34.5 41 39.93 38.57 36.36 Soil No
W14 725933 1312635 25.01.16 12:19 32.3 39.8 38.94 37.59 35.25 Soil No
W15 725552 1314169 25.01.16 11:45 33.9 41.69 39.88 37.95 35.81 Soil No
W16 724862 1314324 25.01.16 11:08 32.9 43.91 42.04 39.75 37.11 Soil No
W17 724327 1315169 27.01.16 8:51 25.3 39.33 37.97 36.5 34.72 Soil No
W18 723482 1314633 27.01.16 8:28 25.1 39.3 38.26 36.93 35.14 Soil No
W19 723791 1316013 27.01.16 10:08 30.73 38.68 37.39 35.8 33.79 Soil No
W20 722947 1315478 27.01.16 1:35 32.35 35.49 34.64 33.22 31.83 Dessicated clay Yes-shrubs
W21 723256 1316858 27.01.16 10:25 35.55 39.92 38.83 37.49 35.84 Soil No
W22 722412 1316323 27.01.16 12:50 36.63 33.44 32.63 31.58 30.8 Dessicated clay Yes-shrubs
W23 722721 1317703 27.01.16 10:42 32.42 40.5 39.18 37.68 36.05 Soil No
W24 721876 1317167 27.01.16 12:20 33.44 32.96 32.41 31.7 31.03 Dessicated clay Yes-shrubs
W25 722186 1318547 27.01.16 11:01 33.65 38.5 37.81 36.79 35.47 Soil No
W26 721341 1318012 27.01.16 11:55 37.33 33.34 32.64 31.8 31.27 Dessicated clay Yes-shrubs
W27 721650 1319392 27.01.16 11:17 33.44 37.37 36.6 35.55 34.27 Soil No Near fault scarp
W28 720806 1318857 27.01.16 11:34 33.13 32.65 32.21 31.57 31.08 Dessicated clay Yes-shrubs
W29 728609 1308411 27.01.16 12:54 32.2 39.68 38.45 36.8 35.23 Soil No
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Table A5.1.3  Measurement Data of 2.0m-depth Temperature Survey (4) 

 
Source: JICA Survey Team 

Day T ime Outside Ground Type Vegetation
X Y dd.mm.yy HH:MM Temp. 2.0m 1.5m 1.0m 0.5m Soil/Gravel/Rock Yes/No

W30 729454 1308947 27.01.16 12:37 36.5 43.56 41.86 39.77 37.2 Soil No
W31 730298 1309482 27.01.16 12:01 30.6 40.33 39.42 38.31 37.02 Soil No
W32 731143 1310017 27.01.16 11:24 32.9 40.18 38.9 37.64 35.86 Soil No
W33 730608 1310862 27.01.16 10:59 31.3 43.77 42.2 39.94 37.28 Soil No
W34 731452 1311397 27.01.16 10:27 30.9 41.73 40.16 38.43 36.78 Soil No
W35 732297 1311932 27.01.16 10:01 26.8 39.47 38.53 37.38 35.84 Soil No
W36 733142 1312468 27.01.16 9:39 26.5 35.98 35.32 34.49 33.22 Soil No
W37 731988 1310552 29.01.16 8:01 25.4 40.7 39.62 38.34 36.34 Soil No
W38 732832 1311088 29.01.16 8:20 24.5 38.53 37.18 35.71 33.62 Soil No
W39 730762 1311552 29.01.16 8:44 23.49 48.37 45.47 42.1 38.46 Soil No
W40 731607 1312087 29.01.16 9:03 24.5 41.08 39.53 38.03 35.3 Soil No
W41 725017 1315014 29.01.16 11:29 26.5 45.25 42.61 39.46 36.03 Soil No
W42 725861 1315549 29.01.16 11:58 26.3 51.65 49.2 45.3 39.81 Soil No
W43 724481 1315859 29.01.16 12:30 26.8 49.32 46.53 43.56 40.4 Soil No
W44 725326 1316394 29.01.16 1:05 30.7 49.91 46.84 42.39 37.43 Soil No
E01 737139 1317369 28.01.16 8:00 22.2 38 37.54 36.79 35.6 Soil No
E02 737449 1318749 28.01.16 8:28 24 36.86 36.53 35.78 34.78 Soil No
E03 738293 1319284 28.01.16 8:49 25.3 36.47 36.04 35.46 34.34 Soil No
E04 738603 1320664 28.01.16 9:24 26.7 37.97 37.61 37.09 36.22 Soil No
E05 738067 1321508 28.01.16 9:46 25.3 35.1 34.57 33.87 31.99 Soil No
E06 736533 1321128 28.01.16 10:18 24.5 37.28 36.89 36.23 35.41 Soil No
E07 734308 1320902 28.01.16 10:40 25.8 35.49 35.07 34.45 33.85 Soil No
E08 732393 1322056 28.01.16 11:09 29.9 37.34 36.76 35.91 34.85 Soil No
E09 733238 1322591 28.01.16 11:34 26.4 38.02 37.58 36.71 35.46 Soil No
E10 731858 1322901 28.01.16 12:00 27.7 37.51 37.05 36.31 35.16 Soil No
E11 732702 1323436 28.01.16 12:20 28.06 34.86 34.43 33.82 32.56 Soil No
M03 728003 1312171 28.01.16 11:47 28.77 37.83 36.61 35.17 34.73 Soil No
M04 728538 1311326 28.01.16 12:29 28.89 41.12 39.74 37.93 35.71 Soil No
M05 729382 1311861 28.01.16 12:47 29.65 45.22 43.69 41 38.48 Soil No
M06 730227 1312396 28.01.16 1:05 30.02 47.92 45.43 42.4 39.55 Soil No
M07 731072 1312932 28.01.16 1:24 30.29 45.34 43.3 40.82 38.42 Soil No
M08 731916 1313467 29.01.16 9:26 25.7 38.82 38.18 37.15 35.63 Soil No
M09 732761 1314002 29.01.16 9:46 26.5 36.54 35.84 35.05 34.05 Soil No
M10 730537 1313776 29.01.16 10:09 24.1 44.11 42.36 40.3 37.45 Soil No
M11 727509 1314818 29.01.16 10:53 23.04 66.82 61.46 54.22 45.32 Soil No
M12 729240 1317690 29.01.16 10:18 25.56 40.76 39.44 37.77 35.46 Soil No
M13 729549 1319070 29.01.16 10:41 26.77 37.27 36.52 35.5 34.2 Soil No
M14 730394 1319606 29.01.16 10:59 28.52 37.36 36.83 36.04 34.76 Soil No
M15 729014 1319915 29.01.16 11:14 29.78 37.77 37.22 36.48 35.46 Soil No
M16 728479 1320760 29.01.16 11:29 30.75 36.56 35.93 35.1 33.85 Soil No
M17 727944 1321604 29.01.16 11:44 31.03 39.16 38.64 37.66 36.2 Soil No
M18 726564 1321914 29.01.16 11:59 27.7 38.06 36.86 35.8 34.4 Soil No
M19 728253 1322984 29.01.16 12:37 30.18 37.06 36.62 35.84 34.7 Soil No
N01 723227 1321575 29.01.16 2:20 29.88 37.25 36.53 35.38 33.64 Soil No
N02 724071 1322110 29.01.16 2:05 32.18 36.79 36.32 35.62 34.56 Soil No
N03 724888 1322645 29.01.16 1:37 27.44 40.03 40.03 39.36 37.54 Soil/Rock No Basalt outcrops nearby.
N04 725761 1323181 29.01.16 1:22 30.56 38.28 37.76 36.94 35.72 Soil No
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nd

er
ta

ki
ng

s 
th

at
 p

ro
je

ct
 p

ro
po

ne
nt

s 
co

nd
uc

t a
nd

 g
et

 J
IC

A
’s

 s
up

po
rt

.  
 

6.
 

“E
nv

ir
on

m
en

ta
l 

an
d

 
so

ci
al

 
co

ns
id

er
at

io
n

s 
st

ud
ie

s”
: 

It
 

in
co

rp
or

at
es

 
ba

se
li

ne
 

su
rv

ey
s,

 p
re

di
ct

in
g 

an
d 

ev
al

ua
ti

ng
 t

he
 a

dv
er

se
 a

nd
 l

ik
el

y 
im

pa
ct

s 
of

 p
ro

je
ct

s 
on

 t
he

 
en

vi
ro

nm
en

t 
an

d 
on

 l
oc

al
 c

om
m

un
it

y,
 a

nd
 t

he
 s

ub
se

qu
en

t 
m

it
ig

at
io

n 
m

ea
su

re
s 

th
at

 
ar

e 
se

t t
o 

av
oi

d 
an

d 
m

in
im

iz
e 

ne
ga

ti
ve

 e
ff

ec
ts

.  
 

7.
 

“E
nv

ir
on

m
en

ta
l 

im
pa

ct
 a

ss
es

sm
en

t”
: 

in
cl

ud
es

 e
va

lu
at

in
g 

th
e 

en
vi

ro
nm

en
ta

l 
an

d 
so

ci
al

 
im

pa
ct

s 
of

 
pr

oj
ec

ts
, 

an
al

yz
in

g 
al

te
rn

at
iv

e 
pl

an
s,

 
an

d 
pr

ep
ar

in
g 

ad
eq

ua
te

 
m

it
ig

at
io

n 
m

ea
su

re
s 

an
d 

m
on

it
or

in
g 

pl
an

s 
in

 a
cc

or
da

nc
e 

w
it

h 
th

e 
la

w
s/

gu
id

el
in

es
 o

f 
ho

st
 c

ou
nt

ri
es

.  
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8.
 

A
 “

st
ra

te
gi

c 
en

vi
ro

nm
en

ta
l 

as
se

ss
m

en
t”

: I
t i

s 
an

 a
ss

es
sm

en
t i

m
pl

em
en

te
d 

at
 p

ol
ic

y,
 

pl
an

ni
ng

, a
nd

 p
ro

gr
am

 le
ve

ls
, b

ut
 n

ot
 a

 p
ro

je
ct

-l
ev

el
 E

IA
.  

 
9.

 
A

n 
“e

xa
m

in
at

io
n

 
of

 
en

vi
ro

nm
en

ta
l 

an
d

 
so

ci
al

 
co

ns
id

er
at

io
ns

”:
 

T
hi

s 
is

 
a 

co
nf

ir
m

at
io

n 
of

 
th

e 
m

ea
su

re
s 

ta
ke

n 
by

 
pr

oj
ec

t 
pr

op
on

en
ts

 
et

c.
 

to
 

m
ee

t 
th

e 
re

qu
ir

em
en

ts
 o

f 
th

e 
gu

id
el

in
es

 i
n 

vi
ew

 o
f 

th
e 

pr
oj

ec
t’

s 
ch

ar
ac

te
ri

st
ic

 f
ea

tu
re

s 
an

d 
th

e 
in

he
re

nt
 n

at
ur

e 
of

 th
e 

af
fe

ct
ed

 c
ou

nt
ri

es
 a

nd
/o

r 
ar

ea
.  

 
10

. “
Sc

re
en

in
g”

: D
ec

id
in

g 
w

he
th

er
 p

ro
po

se
d 

pr
oj

ec
ts

 a
re

 li
ke

ly
 to

 h
av

e 
im

pa
ct

s 
th

at
 n

ee
d 

to
 

be
 

as
se

ss
ed

 
by

 
co

nd
uc

ti
ng

 
en

vi
ro

nm
en

ta
l 

an
d 

so
ci

al
 

co
ns

id
er

at
io

ns
 

st
ud

ie
s 

ac
co

rd
in

g 
to

 p
ro

je
ct

 d
es

cr
ip

tio
n 

an
d 

si
te

 d
es

cr
ip

ti
on

. 
JI

C
A

 c
on

du
ct

s 
sc

re
en

in
g 

by
 

cl
as

si
fy

in
g 

pr
op

os
ed

 
pr

oj
ec

ts
 

in
to

 
fo

ur
 

ca
te

go
ri

es
: 

A
, 

B
, 

C
, 

an
d 

FI
 

(F
in

an
ci

al
 

In
te

rm
ed

ia
ry

).
  

 
11

. “
Sc

op
in

g”
: 

R
ef

er
s 

to
 c

ho
os

in
g 

al
te

rn
at

iv
es

 f
or

 a
na

ly
si

s,
 a

 r
an

ge
 o

f 
si

gn
if

ic
an

t 
an

d 
po

te
nt

ia
lly

 s
ig

ni
fi

ca
nt

 im
pa

ct
s,

 a
nd

 s
tu

dy
 m

et
ho

ds
.  

 
12

. “
L

oc
al

 s
ta

ke
h

ol
de

rs
”:

 T
he

y 
ar

e 
af

fe
ct

ed
 i

nd
iv

id
ua

ls
 o

r 
gr

ou
ps

 (
in

cl
ud

in
g 

il
le

ga
l 

dw
el

le
rs

) 
an

d 
lo

ca
l 

N
G

O
s.

 “
St

ak
eh

ol
de

rs
” 

ar
e 

al
so

 i
nd

iv
id

ua
ls

 o
r 

gr
ou

ps
, 

w
ho

 h
av

e 
vi

ew
s 

ab
ou

t c
oo

pe
ra

ti
on

 p
ro

je
ct

s,
 in

cl
ud

in
g 

lo
ca

l s
ta

ke
ho

ld
er

s.
  

 
13

. A
n 

“E
nv

ir
on

m
en

ta
l 

Im
pa

ct
 A

ss
es

sm
en

t 
(E

IA
) 

le
ve

l 
st

u
d

y”
: 

It
 i

s 
a 

st
ud

y 
th

at
 

in
cl

ud
es

 
th

e 
an

al
ys

is
 

of
 

al
te

rn
at

iv
e 

pl
an

s,
 

th
e 

pr
ed

ic
tio

n 
an

d 
as

se
ss

m
en

t 
of

 
en

vi
ro

nm
en

ta
l 

im
pa

ct
s,

 a
nd

 t
he

 p
re

pa
ra

tio
n 

of
 m

iti
ga

tio
n 

m
ea

su
re

s 
an

d 
m

on
it

or
in

g 
pl

an
s 

ba
se

d 
on

 d
et

ai
le

d 
fi

el
d 

su
rv

ey
s.

  
 

14
. A

n 
“I

ni
ti

al
 E

nv
ir

on
m

en
ta

l 
E

xa
m

in
at

io
n

 (
IE

E
) 

le
ve

l 
st

u
d

y”
: 

A
 s

tu
dy

 t
ha

t 
in

cl
ud

es
 

an
 a

na
ly

si
s 

of
 a

lt
er

na
ti

ve
 p

la
ns

, a
 p

re
di

ct
io

n 
an

d 
as

se
ss

m
en

t o
f 

en
vi

ro
nm

en
ta

l i
m

pa
ct

s,
 

an
d 

a 
pr

ep
ar

at
io

n 
of

 m
it

ig
at

io
n 

m
ea

su
re

s 
an

d 
m

on
it

or
in

g 
pl

an
s 

ba
se

d 
on

 e
as

il
y 

av
ai

la
bl

e 
in

fo
rm

at
io

n 
in

cl
ud

in
g 

ex
is

ti
ng

 d
at

a 
an

d 
si

m
pl

e 
fi

el
d 

su
rv

ey
s.

 
 

15
. “

D
et

ai
le

d
 d

es
ig

n
 s

tu
d

y”
: 

It
 i

s 
a 

st
ud

y 
th

at
 d

ec
id

es
 t

he
 d

et
ai

le
d 

pl
an

 o
f 

a 
pr

oj
ec

t 
su

ch
 a

s 
pr

oj
ec

t 
ob

je
ct

iv
e,

 c
on

fi
rm

at
io

n 
of

 f
ea

si
bi

li
ty

, s
ca

le
 o

f 
in

pu
t 

an
d 

ac
ti

vi
ti

es
, a

nd
 i

t 
is

 c
on

du
ct

ed
 

af
te

r 
th

e 
ap

pr
ov

al
 o

f 
th

e 
pr

oj
ec

t b
y 

co
nc

er
ne

d 
bo

dy
.  

 1.
4 

S
tu

d
y 

A
p

p
ro

ac
h

 a
n

d 
M

et
h

od
ol

og
y 

  T
he

 E
nv

ir
on

m
en

ta
l 

an
d 

So
ci

al
 I

m
pa

ct
 A

ss
es

sm
en

t 
fo

r 
th

e 
pr

oj
ec

t 
si

te
 w

as
 c

on
du

ct
ed

 b
as

ed
 

on
 n

at
io

na
ll

y 
an

d 
in

te
rn

at
io

na
ll

y 
ac

ce
pt

ed
 p

ra
ct

ic
es

, 
pr

oc
ed

ur
es

 a
nd

 r
eg

ul
at

io
ns

. 
T

he
 s

tu
dy

 
fo

cu
se

s 
on

 
th

e 
ac

ti
vi

ti
es

 
of

 
th

e 
te

st
 

w
el

l 
dr

il
li

ng
, 

an
d 

th
us

 
ev

al
ua

te
s 

th
e 

po
ss

ib
le

 
en

vi
ro

nm
en

ta
l 

an
d 

so
ci

al
 i

m
pa

ct
s,

 a
nd

 u
lt

im
at

el
y 

pr
ov

id
es

 r
ec

om
m

en
da

ti
on

s.
 L

au
nc

hi
ng

 t
he

 
te

st
 w

el
l 

dr
il

li
ng

, 
ne

ed
 t

o 
fo

ll
ow

 t
he

 E
th

io
pi

an
 G

ov
er

nm
en

t 
le

ga
l 

re
qu

ir
em

en
ts

. 
Fo

r 
is

su
es

 
th

at
 d

on
’t

 h
av

e 
na

ti
on

al
 r

eg
ul

at
io

n 
or

 s
ta

nd
ar

d,
 b

es
t 

in
te

rn
at

io
na

l 
pr

ac
ti

ce
s 

an
d 

gu
id

el
in

es
 

w
ou

ld
 b

e 
co

ns
id

er
ed

. 
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 M
et

ho
do

lo
gy

: 
T

he
 m

et
ho

do
lo

gy
 u

se
d 

fo
r 

th
e 

st
ud

y 
w

as
 m

ai
nl

y 
pr

im
ar

y 
an

d 
se

co
nd

ar
y 

da
ta

. 
T

he
 s

ec
on

da
ry

 d
at

a 
in

cl
ud

ed
 r

ev
ie

w
in

g 
of

 d
oc

um
en

ts
 r

el
at

ed
 t

o 
th

e 
te

st
 w

el
l 

dr
il

li
ng

 p
ro

je
ct

. 
T

he
 p

ri
m

ar
y 

da
ta

 in
vo

lv
ed

, i
nt

er
vi

ew
, s

tr
uc

tu
re

d 
qu

es
ti

on
na

ir
es

 a
nd

 p
ro

fe
ss

io
na

l o
bs

er
va

tio
ns

.  
So

ur
ce

s 
of

 D
at

a:
 

 
T

he
 m

aj
or

 s
ou

rc
es

 o
f 

da
ta

 w
er

e:
- 


 

D
oc

um
en

ts
 in

vo
lv

in
g 

pr
io

r 
st

ud
ie

s 
on

 th
e 

ta
rg

et
ed

 a
re

a;
 


 

Pr
oj

ec
t 

re
la

te
d 

do
cu

m
en

ts
 f

ro
m

 t
he

 c
on

ce
rn

ed
 s

ta
ke

ho
ld

er
s 

su
ch

 a
s 

JI
C

A
 a

nd
 

G
S

E
; 


 

R
el

ev
an

t 
re

gu
la

ti
on

s,
 c

od
es

 a
nd

 t
ec

hn
ic

al
 s

ta
nd

ar
ds

 o
f 

Fe
de

ra
l 

D
em

oc
ra

tic
 

R
ep

ub
li

c 
of

 E
th

io
pi

a.
 


 

C
SA

’s
 c

en
su

s 
an

d 
ot

he
r 

re
la

te
d 

do
cu

m
en

ts
;  


 

G
ov

er
nm

en
t o

rg
an

iz
at

io
ns

 in
 A

fa
r 

R
eg

io
na

l S
ta

te
; 


 

D
ub

ti
 w

or
ed

a 
an

d 
ke

be
le

 a
dm

in
is

tr
at

io
ns

 a
nd

 s
ec

to
r 

of
fi

ce
s;

 


 
B

as
el

in
e 

in
fo

rm
at

io
n 

fr
om

 f
ie

ld
 s

ur
ve

y;
 


 

C
ur

re
nt

 r
el

at
ed

 l
it

er
at

ur
e 

re
vi

ew
 a

nd
 e

m
er

gi
ng

 t
ec

hn
ol

og
ie

s 
in

 t
he

rm
al

 w
el

l 
dr

ill
in

g 
se

ct
or

; 

Q
ue

st
io

nn
ai

re
: 

St
an

da
rd

iz
ed

 q
ue

st
io

nn
ai

re
 w

as
 e

m
pl

oy
ed

 f
or

 h
ou

se
ho

ld
s.

 T
he

 q
ue

st
io

nn
ai

re
 

w
as

 m
ea

nt
 f

or
 t

he
 s

am
pl

e 
se

tt
le

rs
 l

oc
at

ed
 i

n 
tw

o 
di

ff
er

en
t 

lo
ca

ti
on

s 
w

it
hi

n 
th

e 
w

or
ed

a.
 T

he
 

da
ta

 c
ol

le
ct

ed
 w

er
e,

 m
ai

nl
y,

 o
n 

li
ve

li
ho

od
/ 

an
d 

ec
on

om
ic

 s
it

ua
ti

on
s,

 l
ev

el
 o

f 
in

co
m

e 
an

d 
ho

us
eh

ol
d 

ex
pe

ns
es

, 
 e

nv
ir

on
m

en
ta

l 
is

su
es

, 
m

aj
or

 c
on

st
ra

in
ts

 o
f 

th
e 

ke
be

le
/c

om
m

un
it

y,
 a

nd
 

vi
ew

s 
of

 ta
rg

et
 g

ro
up

 o
n 

th
e 

pr
op

os
ed

 P
ro

je
ct

. 

In
te

rv
ie

w
: 

Se
m

i 
st

ru
ct

ur
ed

 q
ue

st
io

nn
ai

re
 w

as
 c

on
du

ct
ed

 w
it

h 
se

le
ct

ed
 s

ta
ke

ho
ld

er
s 

at
 a

ll
 

le
ve

l:
 f

ed
er

al
 l

ev
el

 a
ut

ho
ri

ti
es

/e
xp

er
ts

, 
re

gi
on

al
 o

ff
ic

ia
ls

 a
nd

 e
xp

er
ts

, 
w

or
ed

a 
an

d 
ke

be
le

 
re

pr
es

en
ta

ti
ve

s,
 e

tc
. T

he
 in

te
rv

ie
w

 r
ev

ol
ve

d 
ar

ou
nd

:  

 
L

au
nc

hi
ng

 te
st

 w
el

l d
ri

ll
in

g 
 f

or
 g

eo
th

er
m

al
 p

ow
er

 p
la

nt
;  

 
E

xt
en

t o
f 

st
ak

eh
ol

de
rs

’ 
su

pp
or

t o
n 

th
e 

ac
ti

vi
ty

; 

 
Po

te
nt

ia
ll

y 
ne

ga
tiv

e 
an

d/
or

 p
os

it
iv

e 
im

pa
ct

s 
of

 th
e 

te
st

 w
el

l d
ri

ll
in

g;
  

 
Id

en
ti

fy
in

g 
m

it
ig

at
io

n 
m

ea
su

re
s,

 if
 th

er
e 

is
 a

 n
ee

d.
  

F
oc

us
 G

ro
up

 D
is

cu
ss

io
n:

 F
G

D
 w

as
 c

on
du

ct
ed

 a
ro

un
d 

th
e 

se
le

ct
ed

 s
it

e.
 T

he
 p

ar
ti

ci
pa

nt
s 

in
cl

ud
ed

 c
om

m
un

it
y 

re
pr

es
en

ta
ti

ve
s,

 e
ld

er
s,

 r
el

ig
io

us
 l

ea
de

rs
, r

ep
re

se
nt

at
iv

es
 o

f 
w

om
en

, a
nd

 
yo

ut
h,

 a
m

on
g 

ot
he

rs
. T

he
 F

G
D

 w
as

 m
ea

nt
 t

o 
ga

th
er

 t
he

 v
ie

w
s 

of
 t

he
 c

om
m

un
it

y,
 w

he
th

er
 o

r 
no

t 
th

ey
 w

ou
ld

 b
e 

w
il

li
ng

 t
o 

su
pp

or
t 

th
e 

ac
ti

vi
ty

 o
f 

th
e 

dr
il

lin
g 

pr
oj

ec
t. 

Fu
rt

he
rm

or
e,

 t
he

y 
w

er
e 

le
t 

to
 d

is
cu

ss
 t

he
ir

 f
ea

rs
 a

nd
 w

or
ri

es
 a

bo
ut

 d
is

pl
ac

em
en

t 
an

d 
ot

he
r 

un
fo

re
se

en
 r

ev
er

se
 

im
pa

ct
s 

w
hi

ch
 c

ou
ld

 r
es

ul
t f

ro
m

 th
e 

te
st

 w
el

l d
ri

ll
in

g,
 e

tc
. 

O
bs

er
va

tio
ns

: 
Fi

rs
th

an
d 

da
ta

 c
ol

le
ct

io
ns

 t
hr

ou
gh

 p
re

pl
an

ne
d 

ob
se

rv
at

io
ns

 w
er

e 
ca

rr
ie

d 
ou

t 
w

it
hi

n 
an

d 
ar

ou
nd

 A
yr

ob
er

a 
si

te
. T

he
 p

ur
po

se
 o

f 
th

e 
ob

se
rv

at
io

n,
 a

m
on

g 
ot

he
rs

, w
as

 t
o 

lo
ok

 
in

to
 t

he
 s

it
ua

ti
on

 o
f 

th
e 

en
vi

ro
nm

en
t, 

se
ttl

em
en

t 
pa

tt
er

n,
 l

an
d 

us
e,

 e
xi

st
in

g 
in

fr
as

tr
uc

tu
re

, t
he

 
av

ai
la

bl
e 

so
ci

al
 

se
rv

ic
es

, 
vi

su
al

 
am

en
it

y,
 

am
on

g 
ot

he
rs

. 
T

he
 

da
ta

 
co

lle
ct

ed
 

th
ro

ug
h 

pr
of

es
si

on
al

 o
bs

er
va

ti
on

 w
as

 p
re

su
m

ed
 t

o 
st

re
ng

th
en

 o
th

er
 d

at
a 

an
d 

w
ha

t 
is

 m
or

e 
fi

ll
 t

he
 

in
fo

rm
at

io
n 

ga
p 

th
at

 m
ig

ht
 o

cc
ur

 o
n 

th
e 

in
te

rv
ie

w
 a

nd
 q

ue
st

io
nn

ai
re

.  

A
ud

io
 a

nd
 v

is
ua

ls
: T

he
 o

th
er

 f
ir

st
ha

nd
 d

at
a 

co
lle

ct
io

n 
w

as
 a

ud
io

s,
 p

ic
tu

re
s 

an
d 

m
ov

ie
s.

 T
he

 
te

ch
ni

qu
e 

w
as

 u
se

d 
fo

r 
ca

pt
ur

in
g 

th
e 

re
al

 s
ce

ne
 o

f 
th

e 
st

ud
y 

ar
ea

, r
ec

or
d 

sc
en

ar
io

 a
nd

 e
ve

nt
s 
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 va
lu

ab
le

 f
or

 t
he

 s
tu

dy
. O

n 
to

p 
of

 t
ha

t, 
m

ee
ti

ng
s 

an
d 

di
sc

us
si

on
s 

co
nd

uc
te

d 
be

tw
ee

n 
th

e 
st

ud
y 

te
am

 a
nd

 t
he

 c
on

ce
rn

ed
 s

ta
ke

ho
ld

er
s 

ha
ve

 b
ee

n 
au

di
o 

ta
pe

d,
 p

ic
tu

re
s 

ta
ke

n 
an

d 
vi

de
os

 
re

co
rd

ed
.  

 

C
on

ce
rn

ed
 

st
ak

eh
ol

de
rs

 
fr

om
 d

if
fe

re
nt

 o
ff

ic
es

 a
nd

 h
ou

se
ho

ld
s 

fr
om

 
A

yr
ol

af
-G

eb
el

ay
it

u 
ke

be
le

 (
in

 t
w

o 
vi

ll
ag

es
, 

na
m

el
y,

 B
oi

na
 a

nd
 A

sb
od

a)
 w

er
e 

co
ns

ul
te

d.
 T

he
 w

ho
le

 s
et

ti
ng

 o
f 

fi
el

d 
da

ta
 c

ol
le

ct
io

n 
is

 s
ys

te
m

at
ic

al
ly

 p
re

se
nt

ed
 in

 T
ab

le
 1

.1
. 

T
ab

le
 1

.1
: D

es
ig

ns
 o

f D
at

a 
C

ol
le

ct
io

n 
M

et
ho

d 
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 1.

5 
S

co
pe

 

 Fr
om

 t
he

 p
er

sp
ec

ti
ve

 o
f 

ge
ot

he
rm

al
 p

ow
er

 p
la

nt
 d

ev
el

op
m

en
t, 

th
is

 p
ar

tic
ul

ar
 p

ha
se

 o
f 

th
e 

st
ud

y 
ca

n 
be

 p
er

ce
iv

ed
 a

s 
pr

e-
co

ns
tr

uc
tio

n 
or

 p
re

fe
as

ib
il

it
y 

ph
as

e.
 T

hu
s,

 it
 w

il
l b

e 
to

o 
ea

rl
y 

to
 

se
t 

ta
rg

et
s 

on
 p

ro
du

ct
io

n 
ca

pa
ci

ty
 o

f 
th

e 
po

w
er

 p
la

nt
 a

nd
 c

or
re

sp
on

di
ng

 t
im

e 
sc

he
du

le
. 

T
he

 
sc

op
e 

of
 t

hi
s 

E
SI

A
 s

tu
dy

 i
s,

 t
hu

s,
 l

im
ite

d 
to

 “
te

st
 w

el
l 

dr
il

lin
g 

ph
as

e”
. 

T
ha

t 
is

 w
hy

; 
th

is
 

pa
rt

ic
ul

ar
 E

SI
A

 s
tu

dy
 i

s 
de

si
gn

ed
 f

or
 i

nt
er

na
l 

co
ns

um
pt

io
n 

of
 J

IC
A

 b
ut

 a
ft

er
 r

ev
ie

w
 m

ad
e 

by
 

co
nc

er
ne

d 
bo

di
es

 f
ro

m
 M

in
is
tr
y 
of
 M

in
e 
Pe

tr
ol
eu

m
 a
nd

 N
at
ur
al
 G
as

. A
s 

lo
ng

 a
s 

da
ta

 g
ap

 e
xi

st
s,

 
w

e 
be

lie
ve

 t
ha

t 
it 

is
 a

 w
is

e 
de

ci
si

on
 a

nd
 t

he
 r

ig
ht

 m
ov

e.
 O

n 
to

p 
of

 t
ha

t, 
th

is
 E

SI
A

 s
tu

dy
 i

s 
ca

rr
ie

d 
st

ri
ct

ly
 b

as
ed

 o
n 

E
P

A
 g

ui
de

li
ne

s 
an

d 
in

 r
ef

er
en

ce
 t

o 
na

ti
on

al
 s

ta
nd

ar
ds

 s
o 

as
 t

o 
se

rv
e 

as
 a

 s
pr

in
g 

bo
ar

d 
fo

r 
E

SI
A

 o
f 

th
e 

po
w

er
 p

la
nt

 d
ev

el
op

m
en

t. 
 A

ft
er

 d
et

er
m

in
in

g 
th

e 
ca

pa
ci

ty
 

of
 t

he
 p

ow
er

 p
la

nt
, 

ho
w

ev
er

, 
se

cu
ri

ng
 a

pp
ro

va
l 

of
 R

eg
ul

at
or

y 
B

od
ie

s 
w

ill
 b

e 
m

an
da

to
ry

; 
in

 
su

ch
 c

as
es

, i
t w

il
l b

e 
fr

om
 M

in
is

tr
y 

of
 E

nv
ir

on
m

en
t a

nd
 F

or
es

t. 

O
n 

th
e 

ot
he

r 
ha

nd
, s

co
pe

 o
f 

th
e 

st
ud

y 
ha

s 
be

en
 g

ov
er

ne
d 

by
 r

ev
ie

w
 o

f 
re

ad
il

y 
av

ai
la

bl
e 

da
ta

, 
do

cu
m

en
ts

 r
ev

ie
w

ed
 (

ei
th

er
 f

ro
m

 G
SE

 o
r 

JI
C

A
 r

es
ou

rc
es

),
 a

nd
 f

in
di

ng
s 

of
 p

re
vi

ou
s 

st
ud

ie
s 

co
nd

uc
te

d 
in

 s
om

e 
pa

rt
ic

ul
ar

 s
it

es
. 

D
at

a 
fr

om
 f

ie
ld

 s
ur

ve
y 

w
as

 p
ro

pe
rl

y 
ex

pl
oi

te
d 

an
d 

lim
it

in
g 

va
lu

es
 o

f 
na

ti
on

al
 g

ui
de

li
ne

s 
ad

eq
ua

te
ly

 a
ss

es
se

d.
 I

n 
ad

di
ti

on
 t

o 
th

is
, 

lit
er

at
ur

e 
da

ta
 

an
d 

ex
pe

ri
en

ce
s 

of
 o

th
er

 p
ro

je
ct

s 
w

er
e 

th
or

ou
gh

ly
 r

ev
ie

w
ed

. 

1.
6 

S
ig

n
if

ic
an

ce
 o

f 
th

e 
st

ud
y 

 It
 i

s 
w

el
l 

un
de

rs
to

od
 t

ha
t 

ge
ot

he
rm

al
 p

ro
je

ct
s 

ar
e 

co
st

ly
, 

ti
m

e 
co

ns
um

in
g 

an
d 

lo
ng

 l
as

ti
ng

. 
E

ve
n 

in
 t

he
 a

bs
en

ce
 o

f 
fe

as
ib

il
it

y 
st

ud
y,

 p
re

li
m

in
ar

y 
in

ve
st

ig
at

io
n 

on
 s

oc
io

-e
nv

ir
on

m
en

ta
l 

co
nd

iti
on

s 
of

 t
he

 p
ro

sp
ec

te
d 

si
te

 s
ee

m
s 

a 
w

is
e 

de
ci

si
on

 a
s 

it 
is

 a
ls

o 
a 

co
st

 m
in

im
iz

in
g 

op
ti

on
. 

T
hi

s 
is

 w
ha

t 
sh

al
l 

be
 p

ra
ct

ic
ed

 f
or

 o
th

er
 m

eg
a 

pr
oj

ec
ts

. 
C

ar
ry

in
g 

ou
t 

pa
ra

ll
el

 o
r 

si
de

-b
y-

si
de

 
E

SI
A

 s
tu

dy
 w

it
h 

ot
he

r 
se

ct
or

s 
is

, 
th

us
, 

qu
ite

 j
us

tif
ia

bl
e 

fo
r 

va
ri

ou
s 

pr
oj

ec
t 

ph
as

es
. 

It
 i

s 
a 

w
id

el
y 

ac
ce

pt
ed

 f
ac

t 
th

at
 E

SI
A

 i
s 

a 
pr

o-
ac

ti
ve

 m
ea

ns
 o

f 
av

oi
di

ng
 s

uc
h 

so
ci

o-
en

vi
ro

nm
en

ta
l 

co
ns

eq
ue

nc
es

 t
ha

t 
ot

he
rw

is
e 

w
ou

ld
 b

e 
m

uc
h 

m
or

e 
ex

pe
ns

iv
e 

(r
is

ky
) 

to
 c

or
re

ct
 t

he
m

 a
ft

er
 

th
ei

r 
oc

cu
rr

en
ce

. 
 E

xp
er

ie
nc

e 
le

ar
nt

 f
ro

m
 m

eg
a 

pr
oj

ec
ts

 o
f 

E
th

io
pi

a 
de

m
on

st
ra

te
d 

th
at

 c
ri

tic
al

 i
ss

ue
s 

an
d 

gr
ie

va
nc

es
 a

ri
se

 n
ot

 f
ro

m
 i

m
po

rt
ed

, 
w

el
l 

es
ta

bl
is

he
d 

te
ch

no
lo

gy
 o

r 
te

ch
no

-e
co

no
m

ic
 s

tu
dy

 
fi

nd
in

gs
 b

ut
 m

ai
nl

y 
fr

om
 s

oc
io

-e
nv

ir
on

m
en

ta
l a

sp
ec

ts
. 

  H
en

ce
, 

th
e 

si
gn

if
ic

an
ce

 o
f 

th
is

 s
tu

dy
 i

s 
to

: 
(i

) 
pr

ov
id

e,
 d

ec
is

io
n 

m
ak

er
s,

 w
it

h 
ba

ck
gr

ou
nd

 t
o 

so
ci

o-
en

vi
ro

nm
en

ta
l 

fa
ct

s 
ab

ou
t 

th
e 

pr
op

os
ed

 s
ite

; 
an

d 
(i

i)
 h

el
p 

to
 i

de
nt

if
y 

is
su

es
 t

o 
be

 
co

ns
id

er
ed

 a
nd

 in
co

rp
or

at
ed

 d
ur

in
g 

im
pl

em
en

ta
ti

on
 o

f 
th

e 
pr

op
os

ed
 p

ro
je

ct
. 

1.
7A

ss
um

pt
io

ns
 

It
 c

an
 b

e 
ob

se
rv

ed
 th

at
 b

ot
h 

te
ch

no
-e

co
no

m
ic

 a
nd

 E
SI

A
 s

tu
di

es
 h

av
e 

co
m

m
on

 b
or

de
r 

to
 s

ha
re

 
w

it
h 

an
d 

at
 t

he
 s

am
e 

ti
m

e 
pl

ay
 d

if
fe

re
nt

 r
ol

e/
sc

op
e/

 t
o 

de
al

 w
ith

 c
er

ta
in

 i
ss

ue
s.

 S
om

e 
ba

si
c 

da
ta

 s
uc

h 
as

 g
en

er
at

io
n 

ra
te

s,
 c

ap
ac

ity
, 

am
ou

nt
 e

tc
. 

th
at

 s
er

ve
 a

s 
in

pu
ts

 f
or

 E
SI

A
 a

re
 t

ak
en

 
fr

om
 t

ec
hn

o-
ec

on
om

ic
 s

tu
di

es
. 

It
 i

s 
na

tu
ra

l 
th

er
ef

or
e 

de
ta

il
ed

 w
or

ks
 o

f 
th

es
e 

in
pu

t 
da

ta
 a

re
 

de
al

t 
in

 t
ec

hn
o-

ec
on

om
ic

 w
hi

le
 a

na
ly

si
s 

of
 t

he
ir

 o
ut

co
m

e 
is

 c
ar

ri
ed

 o
ut

 b
y 

E
SI

A
 s

tu
dy

 t
ea

m
. 

It
 is

 w
it

h 
th

is
 a

pp
ro

ac
h 

th
at

 th
e 

ov
er

al
l p

ro
je

ct
 f

ea
tu

re
 c

an
 b

e 
ea

si
ly

 u
nd

er
st

oo
d.
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 H
ow

ev
er

, i
n 

co
nd

it
io

ns
 o

f 
su

ch
 d

at
a-

ga
ps

, a
ss

um
pt

io
ns

 g
en

er
at

ed
 f

ro
m

 p
ro

fe
ss

io
na

l j
ud

gm
en

t 
ar

e 
em

pl
oy

ed
. 

It
 i

s 
st

ro
ng

ly
 b

el
ie

ve
d 

th
at

 t
he

se
 a

ss
um

pt
io

ns
 a

re
 n

ot
 f

ar
 f

ro
m

 w
ha

t 
m

ig
ht

 b
e 

ex
pe

ct
ed

 a
ft

er
 c

om
pl

et
io

n 
of

 te
ch

no
-e

co
no

m
ic

 s
tu

dy
 f

in
di

ng
s 

an
d 

m
ay

 n
ot

 s
ig

ni
fi

ca
nt

ly
 a

ff
ec

t 
th

e 
fi

na
l 

ou
tc

om
e.

 A
ny

 p
ro

je
ct

 r
ev

ie
w

er
 i

nt
er

es
te

d 
in

 d
et

ai
le

d 
w

or
ks

 s
ha

ll
 b

e 
of

fe
re

d 
th

is
 E

S
IA

 
st

ud
y 

fi
nd

in
gs

 w
it

h 
a 

co
py

 o
f 

te
ch

no
-e

co
no

m
ic

 s
tu

dy
 d

oc
um

en
ts

 a
s 

a 
re

fe
re

nc
e.

 A
s 

a 
re

su
lt

 t
he

 
fo

ll
ow

in
g 

as
su

m
pt

io
ns

 a
re

 m
ad

e.
 


 

A
s 

th
is

 E
SI

A
 d

oc
um

en
t 

is
 a

 c
on

tin
ua

tio
n 

of
 t

he
 M

as
te

r 
Pl

an
 S

tu
dy

, t
he

 c
ur

re
nt

 r
ep

or
t 

is
 s

qu
ee

ze
d 

fo
cu

si
ng

 o
nl

y 
on

 A
yr

ob
er

a 
pr

oj
ec

t s
ite

 b
y 

om
it

ti
ng

 c
om

m
on

 a
nd

 r
ep

et
iti

ve
 

fe
at

ur
es

, p
ar

ti
cu

la
rl

y,
 o

n 
po

li
cy

 f
ra

m
e 

w
or

k 
an

d 
an

al
ys

is
 a

lte
rn

at
iv

es
. 

 


 
T

he
 

st
ud

y 
te

am
 

re
vi

ew
ed

 
ex

is
ti

ng
 

an
d 

av
ai

la
bl

e 
ge

ot
he

rm
al

 
te

ch
no

lo
gi

es
 

us
ed

 
el

se
w

he
re

 a
nd

 s
el

ec
te

d 
m

os
t 

w
id

el
y 

pr
ac

ti
ce

d 
te

ch
no

lo
gy

 w
it

h 
m

od
er

at
e 

ca
pa

ci
ty

 f
or

 
its

 im
pa

ct
 a

ss
es

sm
en

t. 
 


 

T
he

 a
m

bi
en

t 
ai

r,
 n

oi
se

 a
nd

 d
us

t 
le

ve
ls

 a
re

 a
ss

um
ed

 t
o 

be
 a

t 
th

ei
r 

be
st

 q
ua

li
ty

/l
ev

el
/ 

as
 

co
m

pa
re

d 
to

 t
hr

es
ho

ld
 v

al
ue

s 
of

 n
at

io
na

l 
st

an
da

rd
s 

du
e 

to
 t

he
 p

ri
st

in
e 

na
tu

re
 o

f 
th

e 
en

vi
ro

nm
en

ta
l 

se
tt

in
g 

of
 t

he
 p

ro
je

ct
 s

ite
. 

T
he

 a
re

a 
is

 a
ls

o 
ch

ar
ac

te
ri

ze
d 

by
 s

pa
rs

el
y 

po
pu

la
te

d 
co

m
m

un
ity

 w
it

h 
tr

ad
it

io
na

l 
w

ay
 o

f 
li

fe
 t

ha
t 

ha
s 

in
si

gn
if

ic
an

t 
in

fl
ue

nc
e 

on
 

th
e 

na
tu

ra
l 

se
tti

ng
. 

In
 m

os
t 

of
 t

he
 s

it
es

, 
ge

ot
he

rm
al

 s
pr

in
gs

 a
nd

 f
um

ar
ol

es
 s

til
l 

ex
is

t 
fo

r 
se

ve
ra

l y
ea

rs
 a

nd
 n

o 
si

gn
if

ic
an

t e
ff

ec
t h

ad
 b

ee
n 

ob
se

rv
ed

. 
 


 

A
ny

 c
ha

ng
e 

af
te

r 
de

ta
il

ed
 te

ch
no

-e
co

no
m

ic
 f

ea
si

bi
li

ty
 s

tu
dy

 m
ay

 r
eq

ui
re

 a
n 

ad
di

ti
on

al
 

en
vi

ro
nm

en
ta

l 
m

an
ag

em
en

t 
m

ea
su

re
s 

w
hi

ch
 w

ill
 a

ga
in

 r
eq

ui
re

 a
n 

am
en

dm
en

t 
of

 t
hi

s 
E

S
IA

 s
tu

dy
. 

1.
8 

O
rg

an
iz

at
io

n
 o

f 
th

e 
R

ep
or

t 
 T

hi
s 

E
SI

A
 

re
po

rt
 

is
 

or
ga

ni
ze

d 
in

 
to

 
th

e 
fo

ll
ow

in
g 

se
ve

n 
C

ha
pt

er
s:

 
C

ha
pt

er
 

O
ne

 
is

 
Ba

ck
gr

ou
nd

 o
f 

th
e 

st
ud

y.
 C

ha
pt

er
 T

w
o 

is
 d

ev
ot

ed
 t

o 
Pr

oj
ec

t 
D

es
cr

ip
tio

n 
on

 T
es

t 
W

el
l 

D
ri

lli
ng

. 
C

ha
pt

er
 T

hr
ee

 o
ve

rv
ie

w
s 

fi
nd

in
gs

 o
f,

 L
eg

al
, 

Po
lic

y 
an

d 
In

st
itu

tio
na

l 
Fr

am
ew

or
k 

go
ve

rn
in

g 
en

vi
ro

nm
en

ta
l 

is
su

es
 a

s 
re

la
te

d 
to

 t
he

 e
nv

is
ag

ed
 p

ro
je

ct
. 

T
he

 e
xi

st
in

g 
Ba

se
lin

e 
C

on
di

tio
ns

 o
f 

th
e 

pr
oj

ec
t 

ar
ea

s 
ar

e 
de

sc
ri

be
d 

in
 C

ha
pt

er
 F

ou
r;

 w
hi

ch
 i

s 
fo

ll
ow

ed
 b

y 
im

pa
ct

 
as

se
ss

m
en

t 
at

 c
ha

pt
er

 F
iv

e.
 T

he
n 

m
it

ig
at

io
n 

m
ea

su
re

s 
an

d 
m

an
ag

em
en

t 
pl

an
 i

s 
de

al
t 

in
 

C
ha

pt
er

 S
ix

; f
in

al
ly

 C
ha

pt
er

 S
ev

en
 d

ea
ls

 w
it

h 
C

on
cl

us
io

ns
 a

nd
 R

ec
om

m
en

da
tio

ns
 

  C
H

A
P

T
E

R
 T

W
O

: 
P

R
O

JE
C

T
 D

E
S

C
R

IP
T

IO
N

 

2.
1 

O
ve

rv
ie

w
 

 T
hi

s 
se

ct
io

n 
de

sc
ri

be
s 

th
e 

sc
op

e 
an

d 
te

ch
no

lo
gi

es
 to

 b
e 

em
pl

oy
ed

 i
n 

ge
ot

he
rm

al
 p

ow
er

 p
la

nt
. 

Sc
op

e 
of

 t
hi

s 
pr

oj
ec

t 
is

 l
im

it
ed

 t
o 

th
e 

de
te

rm
in

at
io

n 
of

 g
eo

th
er

m
al

 v
ia

bi
li

ty
 t

hr
ou

gh
 t

es
t 

w
el

l 
dr

ill
in

g 
at

 A
yr

ob
er

a 
si

te
. S

ci
en

ti
fi

c 
in

ve
st

ig
at

io
ns

 c
ar

ri
ed

 s
o 

fa
r 

ar
e 

li
m

it
ed

 t
o 

gr
ou

nd
 s

ur
fa

ce
 

st
ud

ie
s.

 T
hi

s 
pr

oj
ec

t 
is

 f
or

m
ul

at
ed

 t
o 

ve
ri

fy
 f

in
di

ng
s 

of
 g

ro
un

d 
su

rf
ac

e 
st

ud
ie

s 
th

ro
ug

h 
te

st
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 w
el

l d
ri

ll
in

g.
 D

ue
 to

 th
is

 e
ff

ec
t, 

pr
od

uc
ti

on
 c

ap
ac

it
y 

of
 th

e 
pr

os
pe

ct
ed

 p
ow

er
 p

la
nt

 a
nd

 r
el

at
ed

 
ut

il
it

ie
s 

m
ay

 
no

t 
be

 
ac

cu
ra

te
ly

 
de

te
rm

in
ed

. 
T

hu
s,

 
di

sc
us

si
on

s 
on

 
po

w
er

 
ge

ne
ra

ti
on

, 
tr

an
sm

is
si

on
 a

nd
 d

is
tr

ib
ut

io
n 

ar
e 

no
t 

m
aj

or
 t

op
ic

s 
to

 b
e 

co
ve

re
d 

in
 t

hi
s 

st
ud

y.
 H

en
ce

, 
th

e 
sc

op
e 

of
 th

is
 s

tu
dy

 c
an

 b
e 

vi
ew

ed
 a

s 
pr

ef
ea

si
bi

li
ty

. B
as

ic
 d

at
a 

re
qu

ir
ed

 f
or

 p
ro

je
ct

 d
es

cr
ip

tio
n 

ar
e 

no
t 

ye
t 

fi
na

liz
ed

. 
In

 f
ew

 c
as

es
, 

pr
of

es
si

on
al

 j
ud

gm
en

t 
an

d 
as

su
m

pt
io

ns
 a

re
 m

ad
e 

to
 

de
sc

ri
be

 th
e 

pr
oj

ec
t. 

  It
 i

s 
a 

w
id

el
y 

pr
ac

ti
ce

d 
pr

oc
ed

ur
e 

th
at

 a
 f

ul
l-

fl
ed

ge
d 

de
ve

lo
pm

en
t 

pr
oj

ec
t 

ha
s 

va
ri

ou
s 

ph
as

es
 

in
 c

om
m

on
 t

o 
ac

co
m

pl
is

h 
it

s 
ta

sk
. 

In
 a

 s
im

il
ar

 a
pp

ro
ac

h,
 t

es
t 

w
el

l 
dr

il
li

ng
 p

ro
je

ct
s 

ha
ve

 
va

ri
ou

s 
in

te
rd

ep
en

de
nt

 p
ha

se
s,

 s
uc

h 
as

:  

 
Pr

e 
dr

il
li

ng
 p

ha
se

 (
su

rv
ey

 &
 c

on
ce

pt
ua

l m
od

el
in

g)
; 

 
C

on
st

ru
ct

io
n 

ph
as

e 
(c

iv
il

 &
 n

on
-c

iv
il

 w
or

ks
);

 

 
D

ri
ll

in
g 

ph
as

e 
(d

ev
el

op
m

en
t &

 c
om

m
is

si
on

in
g 

ph
as

e)
; 

 
T

es
ti

ng
 p

ha
se

 (
op

er
at

io
n 

ph
as

e)
; 

 
D

ec
om

m
is

si
on

in
g 

ph
as

e;
 

 St
ar

ti
ng

 f
ro

m
 th

e 
ve

ry
 in

ce
pt

io
n,

 te
st

 w
el

l d
ri

ll
in

g 
in

vo
lv

es
 th

e 
fo

llo
w

in
g 

m
aj

or
 s

te
ps

; 
Si

te
 s

ur
ve

y;
 


 

L
an

d 
se

cu
ri

ng
; 


 

Fe
nc

in
g 

an
d 

bo
rd

er
in

g;
 


 

L
an

d 
es

ca
pi

ng
 a

nd
 le

ve
li

ng
; 


 

R
es

ou
rc

e 
m

ob
il

iz
at

io
n;

 


 
C

am
p 

si
te

 c
on

st
ru

ct
io

n 
an

d 
ut

il
ity

 d
ev

el
op

m
en

t;
 


 

W
at

er
 d

ev
el

op
m

en
t w

or
ks

 f
or

 d
ri

lli
ng

 p
ur

po
se

 &
 d

om
es

ti
c 

co
ns

um
pt

io
n 


 

W
el

l p
ad

 p
re

pa
ra

tio
n;

 


 
U

sa
ge

 o
f 

co
ns

um
ab

le
 r

ow
 m

at
er

ia
ls

 a
nd

 c
he

m
ic

al
s;

 


 
W

el
l d

ri
ll

in
g;

 


 
T

es
ti

ng
; 


 

C
om

m
is

si
on

in
g;

 
T

he
 a

bo
ve

 a
ct

iv
it

ie
s 

ar
e 

re
vi

ew
ed

 f
ro

m
 s

oc
io

-e
nv

ir
on

m
en

ta
l 

pe
rs

pe
ct

iv
es

 i
n 

th
e 

fo
ll

ow
in

g 
se

ct
io

ns
. 

B
as

ic
 d

at
a 

re
qu

ir
ed

 f
or

 r
ev

ie
w

in
g 

ar
e 

li
st

ed
 in

 ta
bl

e 
2.

1b
ut

 s
ti

ll
 w

it
h 

so
m

e 
da

ta
 g

ap
. 

 T
ab

le
 2

.1
: 

B
as

ic
 d

at
a 

re
q

u
ir

ed
 f

ro
m

 f
in

d
in

gs
 o

f 
te

ch
n

o-
ec

on
om

ic
 s

tu
d

ie
s 

D
es

cr
ip

tio
n 

R
em

ar
k 

Pr
oj

ec
t N

am
e 

ES
IA

 s
tu

dy
 fo

r t
es

t w
el

l d
ril

lin
g 

 
  

Lo
ca

tio
n 

Ay
ro

be
ra

; D
ub

ti 
W

or
ed

a;
 A

fa
r R

eg
io

n 
  

G
PS

 lo
ca

tio
n 

N
ot

 y
et

 d
ec

id
ed

 
  

Es
tim

at
ed

 p
la

nt
 s

iz
e 

 
In

 h
ec

ta
re

, n
ot

 y
et

 d
et

er
m

in
ed

   
  

Pr
op

os
ed

 d
ril

lin
g 

te
ch

no
lo

gy
   

R
ep

or
te

d 
to

 b
e 

on
 p

ro
cu

re
m

en
t b

id
 

  

Pu
rp

os
e 

of
 th

e 
pr

oj
ec

t  
C

on
fir

m
 th

e 
po

te
nt

ia
l o

f g
eo

th
er

m
al

 s
ys

te
m

s 
an

d 
re

so
ur

ce
s 

  

N
um

be
r o

f o
pe

ra
tin

g 
da

ys
 

30
0 

da
ys

/y
ea

r 
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 C
on

su
m

ab
le

 ra
w

 m
at

er
ia

ls
 

&
 in

pu
t c

he
m

ic
al

s 
D

es
cr

ib
ed

 in
 th

e 
bo

dy
 o

f t
he

 d
oc

um
en

t 
  

Pl
an

t l
ife

 ti
m

e 
O

ne
 y

ea
r 

  

M
ai

n 
w

at
er

 s
ou

rc
e 

Irr
ig

at
io

n 
po

nd
 a

t D
ub

ti 
dr

illi
ng

 s
ub

-s
ur

fa
ce

 w
at

er
 in

 th
e 

si
te

 
  

W
at

er
 re

qu
ire

m
en

t 
 3

00
 m

3  /
 d

ay
 

  
Fl

ow
 ra

te
 o

f w
at

er
 s

ou
rc

e 
 A

t l
ea

st
 fi

ve
 y

ea
rs

 d
at

a 
at

 th
e 

w
or

st
 s

ce
na

rio
 

  
W

as
te

 
w

at
er

 
ge

ne
ra

tio
n 

/d
ay

 
In

du
st

ria
l  

an
d 

do
m

es
tic

 w
as

te
 w

at
er

 
  

Po
w

er
 s

ou
rc

e 
&

 
re

qu
ire

m
en

t 
G

ov
er

nm
en

t c
ap

tiv
e 

po
w

er
 

  

Pr
oj

ec
t c

os
t  

D
at

a 
no

t a
va

ila
bl

e 
  

Em
pl

oy
ee

s:
  

Ex
pa

tri
at

e:
 

Ta
ke

n 
fro

m
 

si
m

ila
r 

pr
oj

ec
ts

 
su

ch
 a

s 
Al

ut
o 

D
ire

ct
 a

nd
 in

di
re

ct
 e

m
pl

oy
m

en
t: 

a 
to

ta
l o

f 6
9 

w
or

ke
rs

. O
f 

th
is

, s
ki

lle
d 

23
, u

ns
ki

lle
d:

 4
6 

(fo
r d

et
ai

l s
ee

 c
ha

pt
er

 4
). 

 

 2.
2 

E
xi

st
in

g 
T

ec
h

n
ol

og
ie

s 
fo

r 
E

xt
ra

ct
in

g 
G

eo
th

er
m

al
 E

ne
rg

y 
 K

ey
 te

ch
no

lo
gi

es
 f

or
 e

xp
lo

ra
ti

on
 a

nd
 d

ri
lli

ng
, r

es
er

vo
ir

 m
an

ag
em

en
t a

nd
 s

ti
m

ul
at

io
n,

 a
nd

 
en

er
gy

 r
ec

ov
er

y 
an

d 
co

nv
er

si
on

 a
re

 d
es

cr
ib

ed
 b

el
ow

. 

2.
2.

1 
T

ec
h

n
ol

og
ie

s 
fo

r 
ex

p
lo

ra
ti

on
 a

n
d

 d
ri

ll
in

g 

 Si
nc

e 
ge

ot
he

rm
al

 r
es

ou
rc

es
 a

re
 f

ou
nd

 i
n 

de
ep

 u
nd

er
gr

ou
nd

, 
ex

pl
or

at
io

n 
m

et
ho

ds
 (

in
cl

ud
in

g 
ge

ol
og

ic
al

, 
ge

oc
he

m
ic

al
 a

nd
 g

eo
ph

ys
ic

al
 s

ur
ve

ys
) 

ha
ve

 b
ee

n 
de

ve
lo

pe
d 

to
 l

oc
at

e 
an

d 
as

se
ss

 
th

em
. 

T
he

 
ob

je
ct

iv
es

 
of

 
ge

ot
he

rm
al

 
ex

pl
or

at
io

n 
ar

e 
to

 
id

en
ti

fy
 

an
d 

ra
nk

 
pr

os
pe

ct
iv

e 
ge

ot
he

rm
al

 r
es

er
vo

ir
s 

pr
io

r 
to

 d
ri

ll
in

g,
 a

nd
 t

o 
pr

ov
id

e 
m

et
ho

ds
 o

f 
ch

ar
ac

te
ri

zi
ng

 r
es

er
vo

ir
s 

(i
nc

lu
di

ng
 

th
e 

pr
op

er
ti

es
 

of
 

th
e 

fl
ui

ds
) 

th
at

 
en

ab
le

 
es

tim
at

es
 

of
 

ge
ot

he
rm

al
 

re
se

rv
oi

r 
pe

rf
or

m
an

ce
 

an
d 

li
fe

ti
m

e.
 

E
xp

lo
ra

ti
on

 
of

 
a 

pr
os

pe
ct

iv
e 

ge
ot

he
rm

al
 

re
se

rv
oi

r 
in

vo
lv

es
 

es
tim

at
in

g 
it

s 
lo

ca
ti

on
, 

la
te

ra
l 

ex
te

nt
 a

nd
 d

ep
th

 w
it

h 
ge

op
hy

si
ca

l 
m

et
ho

ds
 a

nd
 t

he
n 

dr
ill

in
g 

ex
pl

or
at

io
n 

w
el

ls
 to

 te
st

 it
s 

pr
op

er
tie

s,
 m

in
im

iz
in

g 
th

e 
ri

sk
.  

 T
od

ay
, 

ge
ot

he
rm

al
 w

el
ls

 a
re

 d
ri

ll
ed

 o
ve

r 
a 

ra
ng

e 
of

 d
ep

th
s 

do
w

n 
up

 t
o 

5 
km

 u
si

ng
 m

et
ho

ds
 

si
m

il
ar

 t
o 

th
os

e 
us

ed
 f

or
 o

il
 a

nd
 g

as
. 

A
dv

an
ce

s 
in

 d
ri

ll
in

g 
te

ch
no

lo
gy

 h
av

e 
en

ab
le

d 
hi

gh
-

te
m

pe
ra

tu
re

 
op

er
at

io
n 

an
d 

pr
ov

id
e 

di
re

ct
io

na
l 

dr
il

li
ng

 
ca

pa
bi

li
ty

. 
T

yp
ic

al
ly

, 
w

el
ls

 
ar

e 
de

vi
at

ed
 f

ro
m

 v
er

ti
ca

l t
o 

ab
ou

t 3
0 

to
 5

0°
 in

cl
in

at
io

n 
fr

om
 a

 ‘
ki

ck
-o

ff
 p

oi
nt

’ 
at

 d
ep

th
s 

be
tw

ee
n 

20
0 

an
d 

2,
00

0 
m

. 
Se

ve
ra

l 
w

el
ls

 c
an

 b
e 

dr
il

le
d 

fr
om

 t
he

 s
am

e 
pa

d,
 h

ea
di

ng
 i

n 
di

ff
er

en
t 

di
re

ct
io

ns
 t

o 
ac

ce
ss

 l
ar

ge
r 

re
so

ur
ce

 v
ol

um
es

, 
ta

rg
et

in
g 

pe
rm

ea
bl

e 
st

ru
ct

ur
es

 a
nd

 m
in

im
iz

in
g 

th
e 

su
rf

ac
e 

im
pa

ct
.  

 R
es

er
vo

ir
 e

ng
in

ee
ri

ng
 e

ff
or

ts
 a

re
 f

oc
us

ed
 o

n 
tw

o 
m

ai
n 

go
al

s:
 (

a)
 t

o 
de

te
rm

in
e 

th
e 

vo
lu

m
e 

of
 

ge
ot

he
rm

al
 r

es
ou

rc
e 

an
d 

th
e 

op
ti

m
al

 p
la

nt
 s

iz
e 

ba
se

d 
on

 a
 n

um
be

r 
of

 c
on

di
ti

on
s 

su
ch

 a
s 

su
st

ai
na

bl
e 

us
e 

of
 th

e 
av

ai
la

bl
e 

re
so

ur
ce

; a
nd

 (
b)

 to
 e

ns
ur

e 
sa

fe
 a

nd
 e

ff
ic

ie
nt

 o
pe

ra
ti

on
 d

ur
in

g 
th

e 
li

fe
ti

m
e 

of
 th

e 
pr

oj
ec

t. 
T

he
 m

od
er

n 
m

et
ho

d 
of

 e
st

im
at

in
g 

re
se

rv
es

 a
nd

 s
iz

in
g 

po
w

er
 p

la
nt

s 
is

 t
o 

ap
pl

y 
re

se
rv

oi
r 

si
m

ul
at

io
n 

te
ch

no
lo

gy
. 

Fi
rs

t 
a 

co
nc

ep
tu

al
 m

od
el

 i
s 

bu
il

t, 
us

in
g 

av
ai

la
bl

e 
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 da
ta

, a
nd

 i
s 

th
en

 t
ra

ns
la

te
d 

in
to

 a
 n

um
er

ic
al

 r
ep

re
se

nt
at

io
n,

 a
nd

 c
al

ib
ra

te
d 

to
 t

he
 u

ne
xp

lo
it

ed
, 

in
it

ia
l 

th
er

m
od

yn
am

ic
 s

ta
te

 o
f 

th
e 

re
se

rv
oi

r 
(G

ra
nt

 e
t 

al
., 

19
82

).
 F

ut
ur

e 
be

ha
vi

or
 i

s 
fo

re
ca

st
 

un
de

r 
se

le
ct

ed
 l

oa
d 

co
nd

it
io

ns
 u

si
ng

 a
 h

ea
t 

an
d 

m
as

s 
tr

an
sf

er
 a

lg
or

it
hm

, 
an

d 
th

e 
op

tim
um

 
pl

an
t s

iz
e 

is
 s

el
ec

te
d.

 
 In

je
ct

io
n 

m
an

ag
em

en
t 

is
 a

n 
im

po
rt

an
t 

as
pe

ct
 o

f 
ge

ot
he

rm
al

 d
ev

el
op

m
en

t, 
w

he
re

 t
he

 u
se

 o
f 

is
ot

op
ic

 a
nd

 c
he

m
ic

al
 t

ra
ce

rs
 i

s 
co

m
m

on
. C

oo
li

ng
 o

f 
pr

od
uc

ti
on

 z
on

es
 b

y 
in

je
ct

ed
 w

at
er

 t
ha

t 
ha

s 
ha

d 
in

su
ff

ic
ie

nt
 c

on
ta

ct
 w

it
h 

ho
t 

re
se

rv
oi

r 
ro

ck
 c

an
 r

es
ul

t i
n 

pr
od

uc
tio

n 
de

cl
in

es
. I

n 
so

m
e 

ci
rc

um
st

an
ce

s,
 p

la
ce

m
en

t 
of

 w
el

ls
 c

ou
ld

 a
ls

o 
ai

m
 t

o 
en

ha
nc

e 
de

ep
 h

ot
 r

ec
ha

rg
e 

th
ro

ug
h 

pr
od

uc
tio

n 
pr

es
su

re
 d

ra
w

do
w

n,
 w

hi
le

 s
up

pr
es

si
ng

 s
ha

ll
ow

 i
nf

lo
w

s 
of

 p
er

ip
he

ra
l 

co
ol

 w
at

er
 

th
ro

ug
h 

in
je

ct
io

n 
pr

es
su

re
 in

cr
ea

se
s.

 
 G

iv
en

 s
uf

fi
ci

en
t 

an
d 

ac
cu

ra
te

 c
al

ib
ra

ti
on

 w
it

h 
fi

el
d 

da
ta

, 
ge

ot
he

rm
al

 r
es

er
vo

ir
 e

vo
lu

ti
on

 c
an

 
be

 a
de

qu
at

el
y 

m
od

el
ed

 a
nd

 p
ro

ac
ti

ve
ly

 m
an

ag
ed

. 
Fi

el
d 

op
er

at
or

s 
m

on
it

or
 t

he
 c

he
m

ic
al

 a
nd

 
th

er
m

od
yn

am
ic

 p
ro

pe
rt

ie
s 

of
 g

eo
th

er
m

al
 f

lu
id

s,
 a

nd
 m

ap
 t

he
ir

 f
lo

w
 a

nd
 m

ov
em

en
t 

in
 t

he
 

re
se

rv
oi

r.
 T

hi
s 

in
fo

rm
at

io
n,

 c
om

bi
ne

d 
w

it
h 

ot
he

r 
ge

op
hy

si
ca

l 
da

ta
, 

is
 f

ee
db

ac
k 

to
 r

ec
al

ib
ra

te
 

m
od

el
s 

fo
r 

be
tt

er
 p

re
di

ct
io

ns
 o

f 
fu

tu
re

 p
ro

du
ct

io
n 

(G
ra

nt
 e

t a
l.,

 1
98

2)
. 

2.
2.

2 
G

eo
th

er
m

al
 P

ow
er

 P
la

n
ts

 

 T
he

re
 a

re
 d

if
fe

re
nt

 g
eo

th
er

m
al

 t
ec

hn
ol

og
ie

s 
w

it
h 

di
st

in
ct

 l
ev

el
s 

of
 m

at
ur

it
y.

 G
eo

th
er

m
al

 
en

er
gy

 i
s 

cu
rr

en
tl

y 
ex

tr
ac

te
d 

us
in

g 
w

el
ls

 o
r 

ot
he

r 
m

ea
ns

 t
ha

t 
pr

od
uc

e 
ho

t 
fl

ui
ds

 f
ro

m
: 

a)
 

hy
dr

ot
he

rm
al

 r
es

er
vo

ir
s 

w
it

h 
na

tu
ra

ll
y 

hi
gh

 p
er

m
ea

bi
li

ty
; 

an
d 

b)
 E

G
S-

ty
pe

 r
es

er
vo

ir
s 

w
it

h 
ar

ti
fi

ci
al

 
fl

ui
d 

pa
th

w
ay

s.
 

T
he

 
te

ch
no

lo
gy

 
fo

r 
el

ec
tr

ic
it

y 
ge

ne
ra

tio
n 

fr
om

 
hy

dr
ot

he
rm

al
 

re
se

rv
oi

rs
 is

 m
at

ur
e 

an
d 

re
li

ab
le

, a
nd

 h
as

 b
ee

n 
op

er
at

in
g 

fo
r 

m
or

e 
th

an
 1

00
 y

ea
rs

.  
 T

he
 b

as
ic

 t
yp

es
 o

f 
ge

ot
he

rm
al

 p
ow

er
 p

la
nt

s 
in

 u
se

 t
od

ay
 a

re
 s

te
am

 c
on

de
ns

in
g 

tu
rb

in
es

 a
nd

 
bi

na
ry

 c
yc

le
 u

ni
ts

. 
St

ea
m

 c
on

de
ns

in
g 

tu
rb

in
es

 c
an

 b
e 

us
ed

 i
n 

fl
as

h 
or

 d
ry

-s
te

am
 p

la
nt

s 
op

er
at

in
g 

at
 s

it
es

 w
it

h 
in

te
rm

ed
ia

te
- 

an
d 

hi
gh

-t
em

pe
ra

tu
re

 r
es

ou
rc

es
 (

≥1
50

°C
).

 T
he

 p
ow

er
 

pl
an

t 
ge

ne
ra

ll
y 

co
ns

is
ts

 o
f 

pi
pe

li
ne

s,
 w

at
er

-s
te

am
 s

ep
ar

at
or

s,
 v

ap
or

iz
er

s,
 d

e-
m

is
te

rs
, 

he
at

 
ex

ch
an

ge
rs

, 
tu

rb
in

e 
ge

ne
ra

to
rs

, 
co

ol
in

g 
sy

st
em

s,
 a

nd
 a

 s
te

p-
up

 t
ra

ns
fo

rm
er

 f
or

 t
ra

ns
m

is
si

on
 

in
to

 t
he

 e
le

ct
ri

ca
l 

gr
id

. 
T

he
 p

ow
er

 u
ni

t 
si

ze
 u

su
al

ly
 r

an
ge

s 
fr

om
 2

0 
to

 1
10

 M
W

 (
D

i 
Pi

pe
, 

20
08

),
 a

nd
 m

ay
 u

ti
li

ze
 a

 m
ul

ti
pl

e 
fl

as
h 

sy
st

em
, 

fl
as

hi
ng

 t
he

 f
lu

id
 i

n 
a 

se
ri

es
 o

f 
ve

ss
el

s 
at

 
su

cc
es

si
ve

ly
 lo

w
er

 p
re

ss
ur

es
, t

o 
m

ax
im

iz
e 

th
e 

ex
tr

ac
ti

on
 o

f 
en

er
gy

 f
ro

m
 th

e 
ge

ot
he

rm
al

 f
lu

id
. 

T
he

 o
nl

y 
di

ff
er

en
ce

 b
et

w
ee

n 
a 

fl
as

h 
pl

an
t 

an
d 

a 
dr

y-
st

ea
m

 p
la

nt
 i

s 
th

at
 t

he
 l

at
te

r 
do

es
 n

ot
 

re
qu

ir
e 

br
in

e 
se

pa
ra

ti
on

, r
es

ul
ti

ng
 in

 a
 s

im
pl

er
 a

nd
 c

he
ap

er
 d

es
ig

n.
 

 A
s 

it
 i

s 
di

sc
us

se
d 

in
 t

he
 p

re
ce

di
ng

 s
ec

tio
ns

, 
th

e 
sc

op
e 

of
 t

hi
s 

E
SI

A
 s

tu
dy

 i
s 

li
m

it
ed

 t
o 

th
e 

le
ve

l 
of

 t
es

t 
w

el
l 

dr
ill

in
g.

 T
hu

s,
 d

is
cu

ss
io

n 
on

 t
he

 d
et

ai
ls

 o
f 

ge
ot

he
rm

al
 p

ow
er

 p
la

nt
s 

is
 n

ot
 

tim
el

y 
ex

ce
pt

 
pe

rh
ap

s 
is

su
es

 t
ha

t 
lin

k 
w

ith
 

th
e 

te
st

 w
el

l 
dr

ill
in

g.
 

T
he

 
fo

ll
ow

in
g 

ta
bl

e 
su

m
m

ar
iz

es
 ty

pe
s 

of
 w

id
el

y 
us

ed
 g

eo
th

er
m

al
 p

ow
er

 p
la

nt
s.
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 T
ab

le
 2

.2
: 

C
om

m
on

ly
 u

se
d

 g
eo

th
er

m
al

 e
n

er
gy

 t
ec

h
n

ol
og

ie
s 

 

N
o.

 
T

ec
h

n
ol

og
y 

R
es

ou
rc

e 
te

m
p

er
at

u
re

 
R

es
er

vo
ir

 f
lu

id
W

or
ki

n
g 

fl
u

id
 

1 
D

ry
 S

te
am

 P
ow

er
 P

la
nt

s
≥1

50
°C

 
S

te
am

 
G

eo
-f

lu
id

 

2 
S

in
gl

e 
F

la
sh

 S
te

am
 

P
ow

er
 P

la
nt

s 
≥1

50
°C

 
S

te
am

 a
nd

 
w

at
er

 
G

eo
-f

lu
id

 

3 
D

ou
bl

e 
F

la
sh

 P
ow

er
 

P
la

nt
s 

≥1
50

°C
 

S
te

am
 a

nd
 

w
at

er
 

G
eo

-f
lu

id
 

4 
 B

in
ar

y 
C

yc
le

 P
ow

er
 

P
la

nt
s 

10
7°

 to
 1

82
°C

 
st

ea
m

 o
r 

w
at

er
 

or
 b

ot
h 

O
rg

an
ic

 s
ol

ve
nt

 o
r 

am
m

on
ia

 

5 
C

om
bi

ne
d 

C
yc

le
 P

la
nt

s 
10

7°
 to

 1
82

°C
 

 
O

rg
an

ic
 s

ol
ve

nt
 o

r 
am

m
on

ia
 a

nd
 G

eo
-f

lu
id

 

 D
es

pi
te

 a
 m

or
e 

co
m

pl
ex

 d
es

ig
n,

 b
in

ar
y 

po
w

er
 s

ys
te

m
s 

ar
e 

ge
ne

ra
lly

 l
es

s 
ex

pe
ns

iv
e 

th
an

 
st

ea
m

 
sy

st
em

s 
fo

r 
te

m
pe

ra
tu

re
 

cl
os

e 
to

 
17

60 C
.. 

T
he

 
co

st
 

of
 

bi
na

ry
 

sy
st

em
s 

ri
se

s 
as

 
te

m
pe

ra
tu

re
 d

ro
ps

. B
in

ar
y 

sy
st

em
s 

m
ay

 b
e 

pr
ef

er
re

d 
in

 h
ig

hl
y 

se
ns

it
iv

e 
en

vi
ro

nm
en

ta
l 

ar
ea

s,
 

si
nc

e 
th

ey
 o

pe
ra

te
 a

s 
cl

os
ed

-l
oo

p,
 v

ir
tu

al
ly

 e
m

is
si

on
s-

fr
ee

 s
ys

te
m

 p
ro

du
ce

d.
 

2.
2.

3 
R

es
ou

rc
e 

C
h

ar
ac

te
ri

st
ic

s 

T
em

pe
ra

tu
re

, 
pr

es
su

re
, 

an
d 

vo
lu

m
es

 
of

 
fl

ui
d 

ge
ot

he
rm

al
 

re
se

rv
oi

rs
 

ar
e 

th
e 

pr
im

ar
y 

de
te

rm
in

an
ts

 o
f 

th
e 

si
ze

 a
nd

 t
yp

e 
of

 p
ow

er
 c

on
ve

rs
io

n 
eq

ui
pm

en
t/

/t
ec

hn
ol

og
y 

op
ti

on
//

. 
A

ss
um

in
g 

su
ff

ic
ie

nt
 v

ol
um

es
 o

f 
fl

ui
d 

ar
e 

pr
od

uc
ed

, t
em

pe
ra

tu
re

 d
et

er
m

in
es

 th
e 

m
os

t e
ff

ic
ie

nt
 

co
nv

er
si

on
 d

es
ig

n.
 W

hi
le

 b
in

ar
y 

pl
an

ts
 c

an
 u

til
iz

e 
an

y 
te

m
pe

ra
tu

re
 r

es
ou

rc
e,

 lo
w

 te
m

pe
ra

tu
re

 
re

so
ur

ce
s 

ar
e 

co
ns

tr
ai

ne
d 

to
 

th
e 

bi
na

ry
 

m
od

el
. 

M
ed

iu
m

 
te

m
pe

ra
tu

re
 

re
so

ur
ce

s 
ca

n 
be

 
ec

on
om

ic
al

 b
y 

us
in

g 
ei

th
er

 f
la

sh
 o

r 
bi

na
ry

 s
ys

te
m

s.
 

 H
ig

h 
te

m
pe

ra
tu

re
 r

es
ou

rc
es

 a
re

 m
os

t 
ec

on
om

ic
al

 w
he

n 
st

ea
m

 o
r 

fl
as

h 
sy

st
em

s 
ar

e 
em

pl
oy

ed
, 

as
 t

he
se

 a
re

 s
im

pl
er

 a
nd

 t
he

re
fo

re
 l

es
s 

co
st

ly
. 

F
la

sh
 s

ys
te

m
s 

ar
e 

le
ss

 e
xp

en
si

ve
 t

ha
n 

bi
na

ry
 

sy
st

em
s,

 b
ut

 m
ay

 n
ot

 b
e 

ef
fi

ci
en

t 
at

 l
ow

er
 t

em
pe

ra
tu

re
s.

 S
te

am
 p

la
nt

 e
qu

ip
m

en
t 

co
st

s 
ri

se
 a

s 
te

m
pe

ra
tu

re
 d

ec
re

as
es

 (
as

 a
 r

es
ul

t o
f 

ef
fi

ci
en

cy
 lo

ss
es

).
  

2.
2.

4 
C

oo
lin

g 
sy

st
em

s 
 D

ev
el

op
er

s 
ha

ve
 t

w
o 

ba
si

c 
co

ol
in

g 
op

tio
ns

: 
w

at
er

 o
r 

ai
r 

co
ol

in
g.

 H
yb

ri
d 

ai
r-

w
at

er
 s

ys
te

m
s 

ha
ve

 
be

en
 

de
m

on
st

ra
te

d 
to

 
a 

li
m

it
ed

 
ex

te
nt

 
an

d 
ar

e 
co

ns
id

er
ed

 
im

po
rt

an
t 

fo
r 

fu
tu

re
 

ad
va

nc
em

en
t 

(s
ee

 “
N

ew
 T

ec
hn

ol
og

y”
 f

or
 m

or
e 

in
fo

rm
at

io
n)

. 
B

ot
h 

ai
r 

an
d 

w
at

er
-c

oo
le

d 
sy

st
em

s 
us

e 
co

ol
in

g 
fa

n 
m

ot
or

s.
 S

om
e 

m
ai

nt
en

an
ce

 i
s 

re
qu

ir
ed

; 
ty

pi
ca

ll
y 

an
 a

nn
ua

l 
ch

ec
k-

up
 

of
 f

an
 m

ot
or

s 
an

d 
be

lt
s 

as
 w

el
l a

s 
sy

st
em

 lu
br

ic
at

io
n.
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 M
os

t 
po

w
er

 p
la

nt
s,

 i
nc

lu
di

ng
 m

os
t 

ge
ot

he
rm

al
 p

la
nt

s,
 u

se
 w

at
er

-c
oo

le
d 

sy
st

em
s 

ty
pi

ca
ll

y 
in

 
co

ol
in

g 
to

w
er

s.
 A

s 
th

es
e 

ar
e 

m
or

e 
ef

fi
ci

en
t, 

th
ey

 g
en

er
al

ly
 r

eq
ui

re
 l

es
s 

la
nd

 t
ha

n 
ai

r-
co

ol
ed

 
sy

st
em

s.
 W

at
er

-c
oo

le
d 

sy
st

em
s 

ar
e 

le
ss

 e
xp

en
si

ve
 t

o 
bu

il
d 

an
d 

op
er

at
e 

if
 w

at
er

 i
s 

re
ad

il
y 

av
ai

la
bl

e 
an

d 
in

ex
pe

ns
iv

e 
to

 o
bt

ai
n.

 T
he

se
 s

ys
te

m
s 

lo
se

 m
os

t 
of

 t
he

 w
at

er
 t

o 
th

e 
at

m
os

ph
er

e 
by

 e
va

po
ra

tio
n 

in
 t

he
 f

or
m

 o
f 

w
at

er
 v

ap
or

, 
w

hi
le

 t
he

 r
em

ai
nd

er
 i

s 
in

je
ct

ed
 b

ac
k 

in
to

 t
he

 
sy

st
em

. 
E

m
is

si
on

s 
fr

om
 a

 w
et

 c
oo

li
ng

 t
ow

er
 (

i.e
. 

w
at

er
 v

ap
or

 p
lu

s 
di

ss
ol

ve
d 

so
li

ds
 o

r 
m

in
er

al
s)

 d
ep

en
d 

up
on

 th
e 

qu
al

it
y 

of
 th

e 
ge

ot
he

rm
al

 li
qu

id
 in

je
ct

ed
 b

ac
k 

th
ro

ug
h 

th
e 

sy
st

em
. 

 B
ec

au
se

 
th

e 
ef

fi
ci

en
cy

 
of

 
po

w
er

 
ge

ne
ra

ti
on

 
is

 
af

fe
ct

ed
 

by
 

th
e 

di
ff

er
en

ce
 

be
tw

ee
n 

th
e 

te
m

pe
ra

tu
re

 o
f 

th
e 

fl
ui

d 
ex

it
in

g 
th

e 
tu

rb
in

e 
an

d 
th

e 
te

m
pe

ra
tu

re
 o

f 
th

e 
co

ol
in

g 
m

ed
iu

m
, 

ai
r-

co
ol

ed
 s

ys
te

m
s 

ar
e 

in
fl

ue
nc

ed
 b

y 
se

as
on

al
 c

ha
ng

es
 i

n 
ai

r 
te

m
pe

ra
tu

re
. 

T
he

se
 s

ys
te

m
s 

ca
n 

be
 

ex
tr

em
el

y 
ef

fi
ci

en
t 

in
 t

he
 c

ol
d 

m
on

th
s,

 b
ut

 a
re

 l
es

s 
ef

fi
ci

en
t 

in
 h

ot
te

r 
se

as
on

s 
w

he
n 

th
e 

co
nt

ra
st

 b
et

w
ee

n 
th

e 
ai

r 
an

d 
w

at
er

 te
m

pe
ra

tu
re

 is
 r

ed
uc

ed
.  

 T
he

 i
de

al
 t

em
pe

ra
tu

re
 d

if
fe

re
nc

e 
be

tw
ee

n 
th

e 
ai

r 
an

d 
th

e 
re

so
ur

ce
 i

s 
20

0o F
 (

93
o C

) 
fo

r 
an

 a
ir

-
co

ol
ed

 s
ys

te
m

. 
A

ir
 c

oo
li

ng
 i

s 
be

ne
fi

ci
al

 i
n 

ar
ea

s 
w

he
re

 e
xt

re
m

el
y 

lo
w

 e
m

is
si

on
s 

ar
e 

de
si

re
d,

 
w

he
re

 w
at

er
 r

es
ou

rc
es

 a
re

 li
m

it
ed

, o
r 

w
he

re
 th

e 
vi

ew
 o

f 
th

e 
la

nd
sc

ap
e 

is
 p

ar
ti

cu
la

rl
y 

se
ns

iti
ve

 
to

 th
e 

ef
fe

ct
s 

of
 v

ap
or

 p
lu

m
es

 (
as

 v
ap

or
 p

lu
m

es
 a

re
 o

nl
y 

em
it

te
d 

in
to

 th
e 

ai
r 

by
 w

at
er

 c
oo

lin
g 

to
w

er
s)

. 
W

hi
le

 a
ir

-c
oo

le
d 

sy
st

em
s 

ar
e 

on
ly

 u
se

d 
at

 b
in

ar
y 

fa
ci

li
tie

s 
to

da
y,

 t
he

se
 c

ou
ld

 
th

eo
re

ti
ca

ll
y 

be
 u

se
d 

w
it

h 
an

y 
ge

ot
he

rm
al

 c
on

ve
rs

io
n 

te
ch

no
lo

gy
 

 D
et

ai
le

d 
ev

al
ua

tio
n 

of
 s

ur
fa

ce
 w

at
er

 a
nd

/o
r 

gr
ou

nd
w

at
er

 a
va

il
ab

il
it

y 
sh

ou
ld

 b
e 

ca
rr

ie
d 

ou
t 

be
fo

re
 r

ec
om

m
en

di
ng

 a
 p

ar
tic

ul
ar

 t
ec

hn
ol

og
y.

 M
os

t 
of

 t
he

 g
eo

th
er

m
al

 p
ro

sp
ec

t 
ar

ea
s 

ar
e 

lo
ca

te
d 

at
 r

ea
so

na
bl

e 
di

st
an

ce
 f

ro
m

 A
w

as
h 

R
iv

er
 a

nd
 L

ak
es

. 
B

ut
 s

om
e 

si
te

s 
w

il
l 

fa
ce

 
di

ff
ic

ul
ti

es
 c

on
ce

rn
in

g 
th

e 
av

ai
la

bi
li

ty
 o

f 
w

at
er

 o
f 

th
e 

ri
gh

t q
ua

lit
y.

 

2.
3 

P
ro

ce
ss

es
 a

nd
 A

ct
iv

it
ie

s 
in

 T
es

t-
w

el
l D

ri
lli

ng
 

A
ct

iv
it

ie
s 

of
 

th
is

 
ph

as
e 

in
cl

ud
es

 
bo

rd
er

in
g 

an
d 

fe
nc

in
g;

 
si

te
 

la
y 

ou
t 

de
ve

lo
pm

en
t;

 
co

ns
tr

uc
tio

n 
of

 r
oa

d;
  

w
at

er
 s

up
pl

y 
sy

st
em

, 
el

ec
tr

ic
 p

ow
er

 s
up

pl
y;

 s
it

e 
cl

ea
ri

ng
 e

ar
th

 w
or

k;
 

te
m

po
ra

ry
 

ca
m

p 
co

ns
tr

uc
ti

on
; 

re
so

ur
ce

 
m

ob
il

iz
at

io
n 

in
cl

ud
in

g 
ri

g 
tr

an
sp

or
ta

tio
n 

an
d 

de
rr

ic
k/

m
as

t f
ou

nd
at

io
ns

; d
ra

in
ag

e,
 d

ri
ll

 s
it

e 
ce

lla
r 

an
d 

w
as

te
 s

um
p 

de
ve

lo
pm

en
t; 

 
 R

oa
d 

co
ns

tr
uc

tio
n:

 H
ea

vy
 d

ut
y 

ro
ad

 c
om

pa
ct

ed
 w

it
h 

gr
av

el
s 

m
ig

ht
 b

e 
re

qu
ir

ed
 a

s 
ri

g 
co

m
po

ne
nt

s 
ar

e 
as

 h
ea

vy
 a

s 
50

 t
on

s 
an

d 
po

ss
es

s 
un

us
ua

lly
 b

ig
 w

id
th

 /
/ 

up
 t

o 
8 

m
 h

ei
gh

t 
//

 o
f 

th
e 

m
ac

hi
ne

ry
. 

Si
te

 p
re

pa
ra

tio
n:

 D
ri

lli
ng

 s
ite

 n
ee

d 
to

 b
e 

la
be

le
d,

 c
om

pa
ct

ed
 a

nd
 c

ov
er

ed
 w

it
h 

he
av

y 
th

ic
k 

la
ye

r 
of

 g
oo
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 d
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 d
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 D
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ra
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 f
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 p
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 d
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 d
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 p

on
d 

m
us

t 
be

 
pr

ov
id

ed
, u

p 
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 p
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 o

f 
th

is
 f

lu
id

 w
ill

 c
on

ta
m

in
at

e 
gr

ou
nd

 w
at

er
 

re
so

ur
ce

s.
  

 E
m

is
si

on
: D

ur
in

g 
w

el
l t

es
ti

ng
 e

m
is

si
on

 o
f 

ga
se

s 
al

on
g 

w
it

h 
th

e 
st

ea
m

 is
 in

ev
it

ab
le

, a
t l

ea
st

 in
 

te
st

in
g 

ph
as

e.
 M

aj
or

 c
om

po
ne

nt
 o

f 
th

e 
ga

s 
is

 H
yd

ro
ge

n 
Su

lp
hi

de
, 

H
2S

, 
w

hi
ch

 i
s 

to
xi

c.
 D

at
a 

on
 o

th
er

 c
on

st
it

ue
nt

s 
of

 t
he

 g
as

 i
s 

no
t 

av
ai

la
bl

e.
 M

it
ig

at
io

n 
m

ea
su

re
s 

ne
ed

 t
o 

be
 s

ou
gh

t 
to

 
m

in
im

iz
e 

th
e 

im
pa

ct
 

of
 

to
xi

c 
ga

s 
em

is
si

on
. 

O
n 

th
e 

ot
he

r 
ha

nd
, 

th
e 

fo
llo

w
in

g 
ta

bl
e 

su
m

m
ar

iz
es

 p
er

ce
nt

ag
e 

co
m

po
si

ti
on

 o
f 

sa
m

pl
es

 ta
ke

n 
fr

om
 g

eo
th

er
m

al
 s

ite
s.
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 T
ab

le
 2

.5
: 

T
ra

ce
 c

on
st

it
u

en
ts

 in
 s

el
ec

te
d

 g
eo

th
er

m
al

 f
ie

ld
s 

(m
g/

1)
 

 

2.
3.

4 
P

ot
en

ti
al

 I
m

p
ac

ts
 A

ss
oc

ia
te

d
 w

it
h

 D
ri

ll
in

g 
P

ro
ce

ss
 

 It
 i

s 
w

el
l 

un
de

rs
to

od
 t

ha
t 

ge
ot

he
rm

al
 f

lu
id

s 
co

nt
ai

n 
hi

gh
 c

on
ce

nt
ra

ti
on

s 
of

 h
ea

vy
 m

et
al

s 
an

d 
ot

he
r 

to
xi

c 
el

em
en

ts
, 

in
cl

ud
in

g 
ra

do
n,

 a
rs

en
ic

, 
m

er
cu

ry
, 

am
m

on
ia

 a
nd

 b
or

on
, 

w
hi

ch
 m

ay
 

da
m

ag
e 

th
e 

fr
es

hw
at

er
 s

ys
te

m
s 

in
to

 w
hi

ch
 th

ey
 a

re
 r

el
ea

se
d 

as
 w

as
te

 w
at

er
 d

ep
en

di
ng

 o
n 

si
te

 
sp

ec
if

ic
 c

on
di

ti
on

s.
  

 H
yd

ro
ge

n 
su

lp
hi

de
 (

H
2S

) 
is

 a
 m

ai
n 

co
m

po
ne

nt
 o

f 
ge

ot
he

rm
al

 s
te

am
 a

nd
 is

 r
es

po
ns

ib
le

 f
or

 th
e 

ro
tte

n 
eg

g 
sm

el
l 

of
 g

eo
th

er
m

al
 a

re
as

. I
t 

is
 c

or
ro

si
ve

 a
nd

 c
la

ss
ed

 a
s 

ve
ry

 to
xi

c.
 H

2S
 i

s 
a 

he
av

y 
ga

s 
an

d 
ca

n 
li

ng
er

 i
n 

va
ll

ey
s,

 p
ol

lu
ti

ng
 l

oc
al

 p
op

ul
at

io
ns

. 
It

 f
or

m
s 

su
lp

hu
r 

di
ox

id
e 

(S
O

2)
 i

n 
th

e 
at

m
os

ph
er

e 
ca

us
in

g 
ac

id
 r

ai
n.

 

 L
an

ds
ca

pe
 i

m
pa

ct
 is

 a
no

th
er

 s
ig

ni
fi

ca
nt

 f
ac

to
r.

 A
s 

ea
ch

 g
eo

th
er

m
al

 b
or

eh
ol

e 
pr

od
uc

es
 o

nl
y 

a 
fe

w
 m

eg
aw

at
ts

 o
f 

po
w

er
, 

a 
nu

m
be

r 
of

 b
or

eh
ol

es
 m

ay
 b

e 
dr

il
le

d 
ac

ro
ss

 l
ar

ge
 a

re
a,

 c
on

ne
ct

ed
 

to
 t

he
 m

ai
n 

po
w

er
 s

ta
ti

on
 w

it
h 

pi
pe

s 
an

d 
ro

ad
s.

 N
um

er
ou

s 
te

st
 h

ol
es

 a
re

 d
ri

ll
ed

 f
or

 e
ve

ry
 

bo
re

ho
le

 
th

at
 

go
es

 
in

to
 

pr
od

uc
ti

on
. 

In
 

a 
si

m
ila

r 
ap

pr
oa

ch
, 

th
e 

fo
ll

ow
in

g 
sp

ec
if

ic
 

en
vi

ro
nm

en
ta

l i
m

pa
ct

s 
m

ay
 li

ke
ly

 to
 h

ap
pe

n:
 

 
G

as
eo

us
 e

m
is

si
on

s 

 
W

at
er

 p
ol

lu
ti

on
 

 
So

li
ds

 e
m

is
si

on
s 

 
N

oi
se

 p
ol

lu
ti

on
 

 
L

an
d 

us
e 

 
L

an
d 

su
bs

id
en

ce
 

 
In

du
ce

d 
se

is
m

ic
it

y 

 
In

du
ce

d 
la

nd
sl

id
es

 

 
W

at
er

 u
se

 

 
D

is
tu

rb
an

ce
 o

f 
na

tu
ra

l h
yd

ro
th

er
m

al
 m

an
if

es
ta

ti
on

s 

 
D

is
tu

rb
an

ce
 o

f 
w

il
dl

if
e 

ha
bi

ta
t a

nd
 v

eg
et

at
io

n 

 
A

lt
er

in
g 

na
tu

ra
l v

is
ta

s 

 
C

at
as

tr
op

hi
c 

ev
en

ts
. 

 
 

26
 

 T
hu

s,
 it

 c
an

 b
e 

co
nc

lu
de

d 
th

at
 c

er
ta

in
 im

pa
ct

s 
m

us
t b

e 
co

ns
id

er
ed

 a
nd

 m
an

ag
ed

 if
 g

eo
th

er
m

al
 

en
er

gy
 i

s 
to

 b
e 

de
ve

lo
pe

d 
as

 a
 l

ar
ge

r 
pa

rt
 o

f 
a 

m
or

e 
en

vi
ro

nm
en

ta
ll

y 
so

un
d,

 s
us

ta
in

ab
le

 
en

er
gy

 p
or

tf
ol

io
 f

or
 t

he
 f

ut
ur

e.
 M

os
t 

of
 t

he
 p

ot
en

ti
al

ly
 i

m
po

rt
an

t 
en

vi
ro

nm
en

ta
l 

im
pa

ct
s 

of
 

ge
ot

he
rm

al
 p

ow
er

 p
la

nt
 d

ev
el

op
m

en
t a

re
 a

ss
oc

ia
te

d 
w

it
h 

gr
ou

nd
 w

at
er

 u
se

 a
nd

 c
on

ta
m

in
at

io
n,

 
an

d 
re

la
te

d 
co

nc
er

ns
 a

bo
ut

 l
an

d 
su

bs
id

en
ce

 a
nd

 i
nd

uc
ed

 s
ei

sm
ic

ity
 a

s 
a 

re
su

lt
 o

f 
w

at
er

 
in

je
ct

io
n 

an
d 

pr
od

uc
ti

on
 i

nt
o 

an
d 

ou
t 

of
 a

 f
ra

ct
ur

ed
 r

es
er

vo
ir

 f
or

m
at

io
n.

 I
ss

ue
s 

of
 a

ir
 

po
ll

ut
io

n,
 n

oi
se

, s
af

et
y,

 a
nd

 la
nd

 u
se

 a
ls

o 
m

er
it 

so
m

e 
co

ns
id

er
at

io
n.
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 C
H

A
P

T
E

R
 T

H
R

E
E

: 
P

O
L

IC
Y

 F
R

A
M

E
W

O
R

K
 

3.
1 

O
ve

r 
vi

ew
 

 It
 is

 q
ui

te
 o

bv
io

us
 th

at
 p

ol
ic

y 
el

em
en

ts
 f

or
 th

is
 “

te
st

 w
el

l d
ri

lli
ng

 p
ro

je
ct

” 
ar

e 
ne

ar
ly

 th
e 

sa
m

e 
w

it
h 

w
ha

t 
ha

s 
be

en
 d

ea
lt

 f
or

 t
he

 M
as

te
r 

Pl
an

 o
n 

D
ev

el
op

m
en

t 
of

 G
eo

th
er

m
al

 E
ne

rg
y 

in
 

E
th

io
pi

a.
 I

n 
ad

di
tio

n 
to

 th
is

, r
es

ul
ts

 o
f 

th
is

 s
tu

dy
 a

re
 s

up
po

se
d 

to
 b

e 
us

ed
 u

nt
il

 c
ap

ac
it

y 
of

 th
e 

re
se

rv
e 

is
 d

et
er

m
in

ed
 f

or
 p

ow
er

 p
la

nt
 d

ev
el

op
m

en
t. 

 O
n 

th
e 

ot
he

r 
ha

nd
, 

re
gu

la
tio

n 
of

 
fi

na
nc

ia
l 

in
st

it
ut

io
n 

fo
r 

th
is

 t
ra

ns
iti

on
 p

er
io

d 
pr

oj
ec

t 
is

 a
ss

um
ed

 t
o 

be
 a

t 
m

in
im

al
. 

T
he

re
fo

re
, 

th
is

 
ch

ap
te

r 
fo

cu
se

s 
on

ly
 

on
 

su
m

m
ar

y 
of

 
po

li
cy

 
el

em
en

ts
 

th
at

 
ar

e 
us

ef
ul

 
to

 
ge

ne
ra

te
 

co
nc

lu
si

on
 a

nd
 r

ec
om

m
en

da
ti

on
. 

H
en

ce
, 

an
y 

of
fi

ci
al

 i
nt

er
es

te
d 

in
 r

ev
ie

w
in

g 
th

is
 d

oc
um

en
t 

m
ay

 n
ee

d 
to

 h
av

e 
a 

co
py

 o
f 

th
e 

m
as

te
r 

pl
an

 s
tu

dy
 f

or
 f

ur
th

er
 v

er
if

ic
at

io
n.

  

H
ug

e 
de

ve
lo

pm
en

t 
pr

oj
ec

ts
 u

su
al

ly
 i

m
po

se
 c

er
ta

in
 e

nv
ir

on
m

en
ta

l 
an

d 
so

ci
al

 i
m

pa
ct

s.
 T

he
re

 
ar

e 
a 

nu
m

be
r 

of
 s

ta
nd

ar
ds

 i
n 

th
e 

w
or

ld
 t

ha
t 

im
po

se
 l

im
its

 o
n 

th
e 

ha
rm

fu
l 

su
bs

ta
nc

es
 t

ha
t 

m
ay

 
be

 c
on

ta
in

ed
 i

n 
th

e 
in

du
st

ri
al

 e
m

is
si

on
s 

an
d 

ef
fl

ue
nt

s.
 T

he
se

 s
ta

nd
ar

ds
, 

ho
w

ev
er

, 
va

ry
 b

as
ed

 
on

 t
he

 t
yp

e 
an

d 
sc

al
e 

of
 t

he
 i

nd
us

tr
ie

s.
 C

ou
nt

ri
es

 a
ls

o 
ha

ve
 t

he
ir

 o
w

n 
re

gu
la

to
ry

 f
ra

m
ew

or
k 

th
at

 p
ro

vi
de

s 
gu

id
el

in
es

 r
eg

ar
di

ng
 t

he
se

 e
m

is
si

on
s 

an
d 

ef
fl

ue
nt

. 
T

he
 g

ov
er

nm
en

t 
of

 E
th

io
pi

a 
th

ro
ug

h 
sp

ec
if

ic
 l

eg
is

la
tio

ns
 r

eg
ul

at
es

 t
he

 e
nv

ir
on

m
en

ta
l 

m
an

ag
em

en
t 

sy
st

em
 f

or
 a

ll 
pr

oj
ec

ts
 

ac
ro

ss
 th

e 
co

un
tr

y.
  F

ol
lo

w
in

g 
th

is
, t

he
 s

ta
tu

to
ry

 b
od

ie
s 

re
sp

on
si

bl
e 

fo
r 

in
su

ri
ng

 e
nv

ir
on

m
en

ta
l 

co
m

pl
ia

nc
e 

by
 th

e 
pr

oj
ec

t p
ro

m
ot

er
s 

in
cl

ud
e:

 

 

 
T

he
 t

he
n 

E
nv

ir
on

m
en

ta
l 

Pr
ot

ec
tio

n 
A

ut
ho

ri
ty

 o
f 

E
th

io
pi

a,
 E

PA
, 

no
w

 M
in

is
tr

y 
of

 
E

nv
ir

on
m

en
t a

nd
 F

or
es

t; 

 
R

eg
io

na
l E

nv
ir

on
m

en
ta

l A
ut

ho
ri

ty
 B

ur
ea

u;
 

 
M
in
is
tr
y 
of
 M

in
e 
Pe

tr
ol
eu

m
 a
nd

 N
at
ur
al
 G
as
, a

nd
, 

 
E

th
io

pi
an

 E
le

ct
ri

c 
U

til
ity

  
 Si

m
ila

r 
to

 o
th

er
 d

ev
el

op
m

en
ta

l 
pr

oj
ec

ts
, 

th
e 

pr
op

os
ed

 t
es

t 
w

el
l 

dr
ill

in
g 

is
 s

ub
je

ct
 t

o 
se

ve
ra

l 
po

lic
ie

s 
an

d 
pr

og
ra

m
s 

ai
m

ed
 a

t 
de

ve
lo

pm
en

t 
an

d 
en

vi
ro

nm
en

ta
l 

pr
ot

ec
tio

n.
 T

he
re

fo
re

, a
s 

pa
rt

 
of

 E
SI

A
 r

ev
ie

w
in

g 
po

lic
ie

s,
 l

eg
is

la
tio

ns
 a

nd
 i

ns
tit

ut
io

na
l 

fr
am

ew
or

ks
 m

os
t 

re
le

va
nt

 t
o 

th
e 

pr
op

os
ed

 p
ro

je
ct

 is
 n

ec
es

sa
ry

. I
n 

ad
di

tio
n 

to
 t

hi
s,

 s
ta

nd
ar

d 
re

qu
ir

em
en

ts
 o

f 
E

SI
A

 p
ro

ce
ss

 n
ee

d 
to

 b
e 

ad
he

re
d 

to
. 

Fo
r 

th
e 

pu
rp

os
e 

E
SI

A
 s

co
pi

ng
 p

ro
ce

ss
-t

ho
se

 n
at

io
na

l 
an

d 
in

te
rn

at
io

na
l 

en
vi

ro
nm

en
ta

l 
st

an
da

rd
s,

 r
eg

ul
at

io
ns

 a
nd

 g
ui

de
lin

es
 t

ha
t 

ca
n 

pr
ov

id
e 

a 
fr

am
ew

or
k 

fo
r 

th
e 

E
SI

A
 S

tu
dy

 p
ro

ce
ss

 a
re

 id
en

tif
ie

d,
 r

ev
ie

w
ed

 a
nd

 p
re

se
nt

ed
.  

T
he

se
 s

ta
nd

ar
ds

 a
re

, 
th

en
, 

us
ed

 a
s 

a 
be

nc
hm

ar
k 

to
 m

ea
su

re
 a

nd
 e

va
lu

at
e 

si
gn

if
ic

an
ce

 o
f 

en
vi

ro
nm

en
ta

l 
an

d 
so

ci
al

 
im

pa
ct

s.
 

E
nv

ir
on

m
en

t 
is

 
a 

cr
os

s-
cu

tt
in

g 
is

su
e 

fo
r 

se
ve

ra
l 

de
ve

lo
pm

en
t 

se
ct

or
s 

th
at

 u
se

 n
at

ur
al

 r
es

ou
rc

es
 a

s 
ra

w
 m

at
er

ia
ls

 a
nd

 f
or

 o
th

er
 d

ev
el

op
m

en
t 

ac
ti

vi
ti

es
 w

hi
ch

 m
ay

 p
ol

lu
te

 t
he

 e
nv

ir
on

m
en

t. 
T

o 
de

al
 w

it
h 

en
vi

ro
nm

en
ta

l 
is

su
es

, 
E

th
io

pi
a 

ha
s 

de
ve

lo
pe

d 
a 

nu
m

be
r 

of
 l

eg
al

 f
ra

m
ew

or
ks

 a
nd

 g
ui

de
li

ne
s 

th
at

 e
m

an
at

es
 f

ro
m

 i
nt

er
na

tio
na

l 
co

nv
en

ti
on

s.
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 3.
2 

In
te

rn
at

io
na

l C
on

ve
n

ti
on

s 
an

d
 P

ro
to

co
ls

 
 In

 
ad

di
tio

n 
to

 
na

tio
na

l 
en

vi
ro

nm
en

ta
l 

le
gi

sl
at

io
ns

, 
th

e 
F

ed
er

al
 

D
em

oc
ra

tic
 

R
ep

ub
lic

 
of

 
E

th
io

pi
a 

is
 a

ls
o 

m
em

be
r 

of
 a

 n
um

be
r 

of
 r

eg
io

na
l 

an
d 

in
te

rn
at

io
na

l 
co

nv
en

tio
ns

 a
nd

 p
ro

to
co

ls
 

on
 e

nv
ir

on
m

en
t. 

T
he

 g
ov

er
nm

en
t h

as
 e

st
ab

li
sh

ed
 a

n 
E

nv
ir

on
m

en
ta

l P
ro

te
ct

io
n 

A
ut

ho
ri

ty
, a

nd
 

th
en

 M
in

is
tr

y 
de

si
gn

at
ed

 to
 im

pl
em

en
t t

he
 c

on
ve

nt
io

ns
 a

nd
 p

ro
to

co
ls

. 
 A

cc
or

di
ng

 to
 A

rt
ic

le
 9

(4
) 

of
 th

e 
C

on
st

it
ut

io
n 

of
 th

e 
Fe

de
ra

l D
em

oc
ra

ti
c 

R
ep

ub
li

c 
of

 E
th

io
pi

a,
 

on
ce

 a
n 

in
te

rn
at

io
na

l a
gr

ee
m

en
t i

s 
ra

ti
fi

ed
 t

hr
ou

gh
 th

e 
es

ta
bl

is
he

d 
pr

oc
ed

ur
e,

 it
 a

ut
om

at
ic

al
ly

 
be

co
m

es
 a

n 
in

te
gr

al
 p

ar
t 

of
 t

he
 l

aw
 o

f 
th

e 
la

nd
. 

C
on

se
qu

en
ti

al
ly

, 
th

e 
ad

op
te

d 
C

on
ve

nt
io

ns
 

an
d 

th
e 

Pr
ot

oc
ol

s 
ha

ve
 a

lr
ea

dy
 b

ec
om

e 
th

e 
in

te
gr

al
 p

ar
t 

of
 t

he
 n

at
io

na
l 

la
w

s.
 I

n 
li

ne
 t

o 
th

is
, 

th
e 

fo
ll

ow
in

g 
do

cu
m

en
ts

 a
re

 r
el

ev
an

t t
o 

th
e 

E
SI

A
 s

tu
dy

 o
f 

th
is

 p
ro

je
ct

. 
 • 

C
on

ve
nt

io
n 

on
 

B
io

lo
gi

ca
l 

D
iv

er
si

ty
: 

G
oa

ls
 o

f 
th

e 
co

ns
er

va
ti

on
 

of
 b

io
di

ve
rs

it
y:

 t
he

 
su

st
ai

na
bl

e 
us

e 
of

 t
he

 c
om

po
ne

nt
s 

of
 b

io
di

ve
rs

it
y;

 a
nd

 t
he

 f
ai

r 
an

d 
eq

ui
ta

bl
e 

sh
ar

in
g 

of
 t

he
 

be
ne

fi
ts

 a
ri

si
ng

 f
ro

m
 th

e 
us

e 
of

 g
en

et
ic

 r
es

ou
rc

es
. 

 • 
T

he
 U

n
it

ed
 N

at
io

ns
 C

on
ve

nt
io

n
 t

o 
C

om
ba

t 
D

es
er

ti
fi

ca
ti

on
 (

C
C

D
):

 T
he

 o
bj

ec
ti

ve
 o

f 
th

e 
   

C
on

ve
nt

io
n 

is
 t

o 
co

m
ba

t 
de

se
rt

if
ic

at
io

n 
an

d 
m

iti
ga

te
 t

he
 e

ff
ec

ts
 o

f 
dr

ou
gh

ts
 i

n 
co

un
tr

ie
s 

ex
pe

ri
en

ci
ng

 s
er

io
us

 d
ro

ug
ht

 a
nd

/o
r 

de
se

rt
if

ic
at

io
n,

 p
ar

tic
ul

ar
ly

 in
 A

fr
ic

a.
 

 • 
F

ra
m

ew
or

k 
C

on
ve

nt
io

n 
on

 C
li

m
at

e 
C

ha
ng

e 
(F

C
C

C
):

 T
hi

s 
co

nv
en

ti
on

 ta
ke

s 
in

to
 a

cc
ou

nt
 

th
e 

fa
ct

  
 t

ha
t 

cl
im

at
e 

ch
an

ge
 h

as
 t

ra
ns

-b
ou

nd
ar

y 
im

pa
ct

s.
 T

he
 b

as
ic

 o
bj

ec
ti

ve
 b

ei
ng

 t
o 

pr
ov

id
e 

w
it

h 
ag

re
ed

 l
im

it
s 

on
 t

he
 r

el
ea

se
 o

f 
gr

ee
nh

ou
se

 g
as

es
 i

nt
o 

th
e 

at
m

os
ph

er
e 

so
 a

s 
to

 
pr

ev
en

t 
th

e 
oc

cu
rr

en
ce

 o
f 

cl
im

at
e 

ch
an

ge
. 

It
 a

ls
o 

ai
m

s 
to

 p
re

pa
re

 c
ou

nt
ri

es
 t

o 
m

in
im

iz
e 

th
e 

im
pa

ct
 o

f 
cl

im
at

e 
ch

an
ge

. 

 
T

he
 U

n
iv

er
sa

l 
D

ec
la

ra
ti

on
 o

f 
H

u
m

an
 R

ig
ht

s:
  

T
he

 d
ec

la
ra

ti
on

 m
ak

es
 c

le
ar

 a
 c

om
m

on
 

st
an

da
rd

 o
f 

ac
hi

ev
em

en
t 

fo
r 

al
l 

pe
op

le
s 

an
d 

al
l 

na
ti

on
s:

 t
o 

pr
om

ot
e 

re
sp

ec
t 

fo
r 

hu
m

an
 

ri
gh

ts
 a

nd
 f

re
ed

om
s,

 a
nd

 to
 s

ec
ur

e 
th

ei
r 

un
iv

er
sa

l a
nd

 e
ff

ec
ti

ve
 r

ec
og

ni
ti

on
 a

nd
 o

bs
er

va
nc

e.
 

E
nv

ir
on

m
en

ta
l a

nd
 s

oc
ia

l c
on

si
de

ra
ti

on
s 

re
fe

r 
no

t o
nl

y 
to

 th
e 

na
tu

ra
l e

nv
ir

on
m

en
t, 

bu
t a

ls
o 

to
 s

oc
ia

l 
is

su
es

 s
uc

h 
as

 i
nv

ol
un

ta
ry

 r
es

et
tl

em
en

t 
an

d 
re

sp
ec

t 
fo

r 
th

e 
hu

m
an

 r
ig

ht
s 

of
 

in
di

ge
no

us
 p

eo
pl

es
.  

 

 
Ja

pa
n 

In
te

rn
at

io
n

al
 C

oo
pe

ra
ti

on
 A

ge
nc

y,
 J

IC
A

 
O

w
in

g 
to

 th
e 

re
ce

nt
 in

cr
ea

se
 o

f 
pu

bl
ic

 I
nt

er
es

t i
n 

en
vi

ro
nm

en
ta

l i
ss

ue
s 

an
d 

ad
op

tin
g 

m
os

t 
in

te
rn

at
io

na
l 

co
nv

en
ti

on
s,

 
th

e 
go

ve
rn

m
en

t 
of

 
Ja

pa
n,

 
th

ro
ug

h 
JI

C
A

 
ha

s 
de

ve
lo

pe
d 

G
ui

de
li

ne
s 

fo
r 

E
nv

ir
on

m
en

ta
l a

nd
 S

oc
ia

l C
on

si
de

ra
ti

on
s 

(2
01

0)
 a

nd
 a

pp
lie

d 
th

em
 to

 L
oa

n 
ai

d 
an

d 
te

ch
ni

ca
l 

co
op

er
at

io
n.

 
A

m
on

g 
th

es
e 

co
nv

en
ti

on
s,

 
Pr

in
ci

pl
e 

17
 

of
 

th
e 

R
io

 
D

ec
la

ra
ti

on
; 

A
ge

nd
a 

21
; 

an
d 

O
rg

an
iz

at
io

n 
fo

r 
E

co
no

m
ic

 C
oo

pe
ra

tio
n 

an
d 

D
ev

el
op

m
en

t 
(O

E
C

D
) 

C
ou

nc
il

 R
ec

om
m

en
da

ti
on

s 
ar

e 
pr

om
in

en
t. 

JI
C

A
’s

 B
us

in
es

s 
P

ro
to

co
l 

an
d 

M
id

-
te

rm
 P

la
n 

cl
ea

rl
y 

st
at

e 
th

at
 J

IC
A

 i
m

pl
em

en
ts

 c
oo

pe
ra

ti
on

 a
ct

iv
it

ie
s 

in
 a

cc
or

da
nc

e 
w

it
h 

th
es

e 
gu

id
el

in
es

. W
it

h 
re

sp
ec

t t
o 

hu
m

an
 r

ig
ht

s 
an

d 
in

 v
ie

w
 o

f 
th

e 
pr

in
ci

pl
es

 o
f 

de
m

oc
ra

tic
 

go
ve

rn
an

ce
, 

m
ea

su
re

s 
fo

r 
en

vi
ro

nm
en

ta
l 

an
d 

so
ci

al
 c

on
si

de
ra

ti
on

s 
ar

e 
im

pl
em

en
te

d 
by

 
en

su
ri

ng
 

a 
w

id
e 

ra
ng

e 
of

 
m

ea
ni

ng
fu

l 
st

ak
eh

ol
de

r 
pa

rt
ic

ip
at

io
n 

an
d 

tr
an

sp
ar

en
cy

 
of

 
de

ci
si

on
-m

ak
in

g,
 a

s 
w

el
l 

as
 b

y 
w

or
ki

ng
 f

or
 i

nf
or

m
at

io
n 

di
sc

lo
su

re
 a

nd
 b

y 
en

su
ri

ng
 

ef
fi

ci
en

cy
. 
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 3.
3 

L
eg

al
 a

n
d 

P
ol

ic
y 

C
on

te
xt

 
T

he
 c

on
ce

pt
 o

f 
Su

st
ai

na
bl

e 
D

ev
el

op
m

en
t a

nd
 E

nv
ir

on
m

en
ta

l 
R

ig
ht

s 
ar

e 
en

sh
ri

ne
d 

in
 A

rt
ic

le
s 

43
, 4

4 
an

d 
92

 o
f 

th
e 

C
on

st
it

ut
io

n 
of

 F
D

R
E

. 
 In

 A
rt

ic
le

 4
3:

 th
e 

R
ig

ht
 to

 d
ev

el
op

m
en

t, 
w

he
re

 p
eo

pl
e’

s 
ri

gh
t t

o:
 

 
Im

pr
ov

ed
 li

vi
ng

 s
ta

nd
ar

ds
 a

nd
 to

 s
us

ta
in

ab
le

 d
ev

el
op

m
en

t;
 

 
Pa

rt
ic

ip
at

e 
in

 n
at

io
na

l 
de

ve
lo

pm
en

t 
an

d,
 i

n 
pa

rt
ic

ul
ar

, t
o 

be
 c

on
su

lt
ed

 w
it

h 
re

sp
ec

t 
to

 
po

li
ci

es
 a

nd
 p

ro
je

ct
s 

af
fe

ct
in

g 
th

ei
r 

co
m

m
un

it
y;

 

 
T

he
 e

nh
an

ce
m

en
t 

of
 t

he
ir

 c
ap

ac
it

ie
s 

fo
r 

de
ve

lo
pm

en
t 

an
d 

to
 m

ee
t 

th
ei

r 
ba

si
c 

ne
ed

s,
 

ar
e 

re
co

gn
iz

ed
; 

 In
 A

rt
ic

le
 4

4:
 E

nv
ir

on
m

en
ta

l R
ig

ht
s,

 a
ll

 p
er

so
ns

 a
re

 e
nt

it
le

d 
to

: 

 
L

iv
e 

in
 a

 c
le

an
 a

nd
 h

ea
lt

hy
 e

nv
ir

on
m

en
t;

 

 
C

om
pe

ns
at

io
n,

 in
cl

ud
in

g 
re

lo
ca

ti
on

 w
it

h 
ad

eq
ua

te
 s

ta
te

 a
ss

is
ta

nc
e 

 In
 A

rt
ic

le
 9

2:
 E

nv
ir

on
m

en
ta

l O
bj

ec
ti

ve
s,

 it
 is

 d
ec

la
re

d 
th

at
; 

 
G

ov
er

nm
en

t s
ha

ll
 e

ns
ur

e 
th

at
 a

ll
 E

th
io

pi
an

s 
li

ve
 in

 a
 c

le
an

 a
nd

 h
ea

lt
hy

 e
nv

ir
on

m
en

t;
 

 
Pr

og
ra

m
s 

an
d 

pr
oj

ec
ts

 d
es

ig
n 

sh
al

l n
ot

 d
am

ag
e 

or
 d

es
tr

oy
 th

e 
en

vi
ro

nm
en

t;
 

 
Pe

op
le

s 
ha

ve
 th

e 
ri

gh
t t

o 
fu

ll
 c

on
su

lt
at

io
n 

an
d 

ex
pr

es
si

on
 o

f 
vi

ew
s;

 

 
G

ov
er

nm
en

t a
nd

 c
it

iz
en

s 
ha

ve
 th

e 
du

ty
 to

 p
ro

te
ct

 th
e 

en
vi

ro
nm

en
t. 

3.
4 

E
n

vi
ro

n
m

en
ta

l P
ol

ic
y 

of
 E

th
io

p
ia

 
E

th
io

pi
a 

ad
op

te
d 

its
 C

on
st

it
ut

io
n 

in
 1

99
5,

 w
hi

ch
 p

ro
vi

de
s 

th
e 

ba
si

c 
an

d 
co

m
pr

eh
en

si
ve

 
pr

in
ci

pl
es

 a
nd

 g
ui

de
lin

es
 f

or
 e

nv
ir

on
m

en
ta

l 
pr

ot
ec

tio
n,

 a
nd

 m
an

ag
em

en
t. 

T
he

 E
nv

ir
on

m
en

ta
l 

Po
lic

y 
is

 p
re

di
ca

te
d 

on
 a

 g
ro

w
in

g 
co

nc
er

n 
fo

r 
th

e 
de

gr
ad

at
io

n 
of

 t
he

 n
at

ur
al

 r
es

ou
rc

e 
ba

se
. 

T
he

 o
ve

ra
ll 

po
lic

y 
go

al
 i

s 
to

 i
m

pr
ov

e 
an

d 
en

ha
nc

e 
th

e 
he

al
th

 a
nd

 q
ua

li
ty

 o
f 

li
fe

 o
f 

al
l 

E
th

io
pi

an
s 

an
d 

to
 p

ro
m

ot
e 

su
st

ai
na

bl
e 

so
ci

al
 a

nd
 e

co
no

m
ic

 d
ev

el
op

m
en

t 
th

ro
ug

h 
so

un
d 

m
an

ag
em

en
t a

nd
 u

se
 o

f 
na

tu
ra

l, 
hu

m
an

 m
ad

e 
an

d 
cu

lt
ur

al
 r

es
ou

rc
es

 a
nd

 th
e 

en
vi

ro
nm

en
t a

s 
a 

w
ho

le
. 

 T
he

 f
ol

lo
w

in
g 

ar
e 

ex
tr

ac
ts

 f
ro

m
 t

he
 N

at
io

na
l 

E
nv

ir
on

m
en

ta
l 

Po
li

cy
 w

hi
ch

 p
ro

vi
de

 e
ss

en
tia

l 
gu

id
an

ce
 f

or
 a

ct
iv

it
ie

s 
of

 e
nv

ir
on

m
en

ta
l a

ge
nc

ie
s 

in
 g

en
er

al
. 

 


 
In

co
rp

or
at

e 
th

e 
fu

ll 
ec

on
om

ic
, 

so
ci

al
 a

nd
 e

nv
ir

on
m

en
ta

l 
co

st
s 

an
d 

be
ne

fi
ts

 o
f 

na
tu

ra
l 

re
so

ur
ce

s 
de

ve
lo

pm
en

t;
 


 

A
pp

ro
pr

ia
te

 a
nd

 a
ff

or
da

bl
e 

te
ch

no
lo

gi
es

 w
hi

ch
 u

se
 r

en
ew

ab
le

 r
es

ou
rc

es
 e

ff
ic

ie
nt

ly
 

sh
al

l b
e 

ad
op

te
d,

 a
da

pt
ed

, d
ev

el
op

ed
 a

nd
 d

is
se

m
in

at
ed

; 


 
W

he
n 

a 
co

m
pr

om
is

e 
be

tw
ee

n 
sh

or
t 

te
rm

 
ec

on
om

ic
 

gr
ow

th
 

an
d 

lo
ng

 
te

rm
 

en
vi

ro
nm

en
ta

l 
pr

ot
ec

ti
on

 i
s 

ne
ce

ss
ar

y,
 t

he
n 

de
ve

lo
pm

en
t 

ac
ti

vi
ti

es
 s

ha
ll 

m
in

im
iz

e 
de

gr
ad

in
g 

an
d 

po
ll

ut
in

g 
im

pa
ct

s 
on

 e
co

lo
gi

ca
l a

nd
 li

fe
 s

up
po

rt
 s

ys
te

m
s;

 


 
R

eg
ul

ar
 a

nd
 a

cc
ur

at
e 

as
se

ss
m

en
t a

nd
 m

on
it

or
in

g 
of

 e
nv

ir
on

m
en

ta
l c

on
di

ti
on

s 
sh

al
l b

e 
un

de
rt

ak
en

; 


 
E

ns
ur

e 
th

at
 E

SI
A

s 
co

ns
id

er
 n

ot
 o

nl
y 

ph
ys

ic
al

 a
nd

 b
io

lo
gi

ca
l 

im
pa

ct
s 

bu
t 

al
so

 a
dd

re
ss

 
so

ci
al

, s
oc

io
-e

co
no

m
ic

, p
ol

it
ic

al
 a

nd
 c

ul
tu

ra
l c

on
di

ti
on

s;
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
 

R
ec

og
ni

ze
 t

ha
t 

pu
bl

ic
 c

on
su

lt
at

io
n 

is
 a

n 
in

te
gr

al
 p

ar
t 

of
 E

S
IA

 a
nd

 e
ns

ur
e 

th
at

 E
SI

A
 

pr
oc

ed
ur

es
 m

ak
e 

pr
ov

is
io

n 
fo

r 
bo

th
 a

n 
in

de
pe

nd
en

t 
re

vi
ew

 a
nd

 p
ub

li
c 

co
m

m
en

t 
be

fo
re

 c
on

si
de

ra
ti

on
 b

y 
de

ci
si

on
 m

ak
er

s;
 


 

E
st

ab
li

sh
 t

he
 n

ec
es

sa
ry

 i
ns

ti
tu

tio
na

l 
fr

am
ew

or
k 

an
d 

de
te

rm
in

e 
th

e 
lin

ka
ge

 o
f 

it
s 

pa
rt

s 
fo

r 
un

de
rt

ak
in

g,
 c

oo
rd

in
at

in
g 

an
d 

ap
pr

ov
in

g 
E

SI
A

s 
an

d 
th

e 
su

bs
eq

ue
nt

 s
ys

te
m

 o
f 

en
vi

ro
nm

en
ta

l a
ud

it
s 

re
qu

ir
ed

 to
 e

ns
ur

e 
co

m
pl

ia
nc

e 
w

ith
 c

on
di

ti
on

s;
 


 

D
ev

el
op

 d
et

ai
le

d 
se

ct
or

al
 te

ch
ni

ca
l g

ui
de

li
ne

s 
in

 E
SI

A
 a

nd
 e

nv
ir

on
m

en
ta

l a
ud

its
; 


 

E
ns

ur
e 

th
at

 p
re

li
m

in
ar

y 
an

d 
fu

ll
 E

S
IA

s 
ar

e 
un

de
rt

ak
en

 b
y 

th
e 

re
le

va
nt

 s
ec

to
ra

l 
m

in
is

tr
ie

s 
or

 d
ep

ar
tm

en
ts

, i
f 

in
 th

e 
pu

bl
ic

 s
ec

to
r,

 a
nd

 b
y 

th
e 

de
ve

lo
pe

r 
if

 in
 th

e 
pr

iv
at

e 
se

ct
or

. 

3.
4.

1 
In

st
it

ut
io

na
l F

ra
m

ew
or

k 
T

he
 F

D
R

E
 c

on
si

st
s 

of
 9

 F
ed

er
al

 a
nd

 R
eg

io
na

l 
St

at
es

. 
Pr

oc
la

m
at

io
ns

 3
3/

 1
99

2,
 4

1/
 1

99
3 

an
d 

4/
 1

99
5 

de
fi

ne
 t

he
 d

ut
ie

s 
an

d 
re

sp
on

si
bi

lit
ie

s 
of

 t
he

 R
eg

io
na

l 
St

at
es

 w
hi

ch
 i

nc
lu

de
 p

la
nn

in
g,

 
di

re
ct

in
g 

an
d 

de
ve

lo
pi

ng
 s

oc
ia

l 
an

d 
ec

on
om

ic
 d

ev
el

op
m

en
t 

pr
og

ra
m

s 
as

 w
el

l a
s 

pr
ot

ec
ti

on
 o

f 
na

tu
ra

l 
re

so
ur

ce
s.

 
T

he
 

m
os

t 
im

po
rt

an
t 

st
ep

 
in

 
se

tti
ng

 
up

 
th

e 
le

ga
l 

fr
am

ew
or

k 
fo

r 
th

e 
en

vi
ro

nm
en

t 
in

 
E

th
io

pi
a 

ha
s 

be
en

 
th

e 
es

ta
bl

is
hm

en
t 

of
 

th
e 

E
nv

ir
on

m
en

ta
l 

Pr
ot

ec
tio

n 
A

ut
ho

ri
ty

 (
E

P
A

),
 P

ro
cl

am
at

io
n 

no
. 2

99
/ 2

00
2.

 A
cc

or
di

ng
 to

 th
is

 P
ro

cl
am

at
io

n,
 T

he
 E

PA
 a

s 
a 

Fe
de

ra
l E

nv
ir

on
m

en
ta

l a
ge

nc
y 

is
 r

es
po

ns
ib
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e 
co

m
m

un
it

y 
in

 th
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 C
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y 

20
16

):
 T

he
 s

tu
dy

 t
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pe

rt
s 

fr
om

 
JI

C
A

 
(A

pp
en

di
x)

. 
T

he
 p

ur
po

se
 o

f 
th

e 
co

ns
ul

ta
ti

on
 w

as
 t

o 
in

tr
od

uc
e 

th
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 s
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 s
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 d
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 c
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R
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e 

co
m

m
un

ity
 

w
ho

 a
re

 s
et

tle
d 

at
 t

he
 f

ar
 e

nd
 o

f 
th

e 
si

te
. 

T
he

 c
on

su
lta

ti
on

 m
ad

e 
bo

th
 i

n 
A

dd
is

 a
nd

 S
em

er
a 

w
it

h 
G

SE
 

st
af

f 
w

as
 v

al
ua

bl
e 

an
d 

fr
ui

tf
ul

. 
  

 

68
 

 4.
4.

4 
P

ub
li

c 
C

on
su

lt
at

io
n

 
Pu

bl
ic

 c
on

su
lta

ti
on

s 
w

er
e 

un
de

rt
ak

en
 i

n 
th
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el

ay
tu

, 
ke

be
le

. 
B

ot
h 

se
tt

le
m

en
t 

ar
ea

s 
ar
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 f
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 p
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e 
ke

be
le

s,
 e

ld
er

s 
an

d 
re

li
gi

ou
s 

le
ad

er
s;

 r
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 m
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 c
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 p
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 m
it

ig
at

io
n 

m
ea

su
re

s 
to

 b
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 c
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 c
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 c
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 m
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 l
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 m
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 k
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 m
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 c

on
su

lta
ti

on
, 

pa
rt

ic
ip

an
ts

 
ac

ti
ve

ly
 e

ng
ag

ed
 in

 th
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 t
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 d
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 s
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re
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 d
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 f
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 b
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 m
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 t
ak

en
 a

s 
va

lu
ab

le
 w

as
 t

he
 t

he
rm

al
 s

m
ok

e 
us

ed
 b

y 
so

m
e 

pe
op

le
 f

or
 m
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 l
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 m
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 d
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 b
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 p
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 b
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 c
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 b
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 b
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 r
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 c
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 m
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re

 w
or

se
 f

ro
m

 a
 n

oi
se

 
pe

rs
pe

ct
iv

e 
th

an
 w

at
er

 c
oo

lin
g 

to
w

er
s,

 w
hi

ch
 a

re
 s

m
al

le
r 

an
d 

us
e 

fa
r 

fe
w

er
 c

el
ls

 f
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 g

iv
en

 p
la

nt
 

ra
ti

ng
. 

T
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ai

r 
co

ol
ed
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st
em

s 
m

ay
 

no
t 
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co

m
m

en
de

d 
in

 
th

e 
E
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an
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nt
ex

t 
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en

t 
te

m
pe

ra
tu

re
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 r
el

at
iv

el
y 
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gh
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 th

e 
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os
pe

ct
ed
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yr

ob
er

a 
si

te
.  

 
 H

ow
ev

er
, i

t s
ho

ul
d 

be
 n

ot
ed

 th
at

 te
st

 w
el

l d
ri

ll
in

g 
pl

an
ts
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ill
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ke

ly
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e 
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ca
te

d 
in
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tio
ns
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he

re
 w

at
er

 
m

ay
 b

e 
in
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ho
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 s

up
pl
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 th
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 m
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 r

eq
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re
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ir
-c

oo
li

ng
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ro
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r 
at

te
nt

io
n 

m
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 b
e 

ne
ed

ed
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fl
e 

th
e 

so
un

d 
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ei
r 

ai
r-
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ol

ed
 c

on
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 D
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ll
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 c
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p 
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t 
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 t
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f 
pr
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ec
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en
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ra
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nd

 s
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pe
// 
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yr
ob

er
a 

pr
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ec
t 

si
te

 b
y 

it
se

lf
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fl
at
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 s
an
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h.
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 p
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va
le

nt
 s

tr
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in
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a 

is
 c
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 c

re
at
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g 

vi
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. 
T
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 p
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il
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ct
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il

l 
ha

ve
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m
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iv
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A
s 
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e 

pr
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t 
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e 
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r 

se
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m
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hu

ge
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ib
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tio
ns

 
m
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ex
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te
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e 
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m
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 r
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k.

 
 So

il 
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n 
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d 
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n:

 S
oi

l c
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m

in
at

io
n 

du
e 

to
 g
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ev
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l e
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si
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 c
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 b
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le
m
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 th

e 
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ac

ti
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es
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ag
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 p
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t 
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 b
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 p

ro
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er
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se
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r 
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d 
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e 
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tr

ea
m

 d
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ch
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ll
y 
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si
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ec
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T
yp
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al
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po
w

er
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an

t 
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at
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ne
ar

 
th

e 
ge

ot
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rm
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r 
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e 
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ng
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 d
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d 
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f 
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e 
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w

el
l 
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el
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 c
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a 
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ns

id
er
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ic

al
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 k
m

2  
or

 m
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e,
 t
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el
l 

pa
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m
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lv
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ill
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nl

y 
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ve
r 
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 o
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e 
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W

it
h 
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g 

te
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, 
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 c
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e 
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e 
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l w
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ea
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. H

ow
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er
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s 
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rt
an

t t
o 
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va

ila
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y 
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 c
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en
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A
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er
a 
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 p

ro
sp

ec
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 n
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m
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’s
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 c
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 p
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at
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 r
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 d
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d 
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th

e 
fo

rm
at

io
n 

m
ay

 
ex

pe
ri
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 c
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 w
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f 
as

 a
 l

ow
er
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 m
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 o
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ve
d 

ea
rl
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e 
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of
 g

eo
th

er
m

al
 p

ow
er

 a
t t

he
 W

ai
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ke
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el
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in
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ew

 Z
ea
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nd
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ec
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ot
 u

se
d.

 S
ub

si
de
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e 

ra
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 p
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 t
he

 f
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 w

er
e 
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hi
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s 
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 m
 p
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ai

ra
ke

i u
se

d 
sh
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 c
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 d
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w

he
re

 r
aw

 m
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 l
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vi
ng

 a
 v

oi
d 

th
at

 
ca
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m
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es
t 

its
el
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en
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ft
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is

 
ex
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ot
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ot

he
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al
 

de
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en
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ed

 a
ct
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an
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en
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 r
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 g
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 d
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 b
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k 
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 c
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w
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il
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d 
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ac

tu
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s 
w

it
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n 
th

e 
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l 
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e 
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ft
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ot
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rm
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s 
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il

le
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e 
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r 
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m
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ed
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y 
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m

pi
ng
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ig
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at
er

 d
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w
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g 
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th
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pe
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 r

el
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ng
 o

n 
th

e 
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h 
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s.

  
A

pp
ro

pr
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re
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ut
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 c
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d 
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er
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 d

ep
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s 

w
el

l 
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 r
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ti
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 o
f 
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e 

ge
ot

he
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al
 f

lu
id

. I
n 
pa

rt
ic
ul
ar
 c
as
e 
of
 D
ub

ti,
 th

e 
sh
al
lo
w
 r
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er
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t t
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 d
ep

th
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f 3
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 to
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th
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m
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 p
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ct
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n 
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ra

l, 
re
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ir

e 
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ce
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o 

w
at

er
 d

ur
in

g 
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ve
ra

l 
st

ag
es

 o
f 

de
ve
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en
t 

an
d 

op
er

at
io
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 W

at
er

 u
se

 c
an

 b
e 

m
an

ag
ed

 in
 m
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t c
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es

 to
 m

in
im

iz
e 

en
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ro
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en
ta

l i
m

pa
ct
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 T

he
 u

pc
om

in
g 

fe
as

ib
il

it
y 

st
ud

y 
sh

al
l 

cl
ea

rl
y 

id
en

tif
y 

an
d 

ev
al

ua
te

 t
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 a
va

ila
bi

li
ty

 a
nd

 p
ot

en
tia

l 
of

 w
at

er
 s

up
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y 
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ur
ce

s 
at

 A
yr

ob
er

a 
si

te
. T

w
o 

op
tio

ns
 a

re
 s

ite
d:

 O
ne

, f
ro

m
 D

ub
ti

 ir
ri

ga
ti

on
 p

on
d 

th
ro

ug
h 

pi
pe

lin
es

; t
he

 
se

co
nd

 o
ne

 is
 b

y 
dr

ill
in

g 
su

b 
su

rf
ac

e 
gr

ou
nd

 w
at

er
 a

nd
 a

bs
tr

ac
t t

he
 r

es
ou

rc
e 

us
in

g 
el

ec
tr

ic
al

 p
um

p.
  

 A
cc

es
s 

to
 p

ot
ab

le
 (

tr
ea

te
d)

 w
at

er
 i

s 
st

il
l 

a 
pr

io
ri

ty
. W

at
er

 r
es

ou
rc

e 
co

m
pe

tit
io

n 
fr

om
 c

ur
re

nt
ly

 g
ro

w
in

g 
(e

xp
an

di
ng

) 
su

ga
r 

in
du

st
ri

es
 i

s 
pe

ss
im

is
ti

ca
lly

 p
er

ce
iv

ed
 b

y 
th

e 
co

m
m

un
it

y.
 R

es
po

nd
en

ts
 w

er
e 

as
ke

d 
ab

ou
t 

th
e 

ne
ga

ti
ve

 i
m

pa
ct

 o
f 

th
e 

pr
oj

ec
t 

on
 w

at
er

 i
n 

te
rm

s 
of

 p
ol

lu
ti

on
, 

w
at

er
 s

up
pl

y/
 s

ys
te

m
; 

th
e 

po
ss

ib
le

 c
om

pe
ti

ti
on

 o
f 

th
e 

pr
oj

ec
t 

fo
r 

th
e 

ex
is

ti
ng

 w
at

er
 r

es
ou

rc
es

; 
an

d 
op

ti
on

s 
to

 r
ed

uc
e 

or
 a

vo
id

 t
he

 
im

pa
ct

s.
  

T
he

 f
in

di
ng

 r
ev

ea
ls

 t
ha

t 
th

e 
co

m
m

un
it

y 
be

lie
ve

d 
th

e 
pr

oj
ec

t 
w

ou
ld

 b
ri

ng
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bo
ut

 n
o 

ne
ga

ti
ve

 
im

pa
ct

. 
H

ow
ev

er
 i

n 
te
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s 

of
 t

he
 c

ri
ti

ca
l 

sh
or

ta
ge

 o
f 

w
at

er
 a

ll
 c

om
m

un
it

y 
in

 a
ll 

si
te

s 
re
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ed
 t
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su
pp
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 o

f 
w

at
er

 a
t l

ea
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r 

re
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ec
tiv

e 
ke

be
le

.  
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 t
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se
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 o
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se
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pe
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e 
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d 
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in
g 

la
nd

; 
 c

le
ar

in
g 

of
 b

us
he

s;
 p

re
ss

ur
e 

on
 e
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st

in
g 

fl
or

a 
&

 f
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na
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pr
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e 
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al
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e 
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uc

ts
 

an
d 
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w

at
er
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m

pe
ti

tio
ns
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Im

pa
ct

s 
on

 
ea

ch
 

of
 

th
es

e 
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ro
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en
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l c
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e 
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, f
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 b
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ve
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A

yr
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er
a 
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ec
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it
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 c
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er
ed
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y 
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. F
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e 
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un
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 D
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e 
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te
r.
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od
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e 

w
el
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r 
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id
er
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he
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ng

 p
ip

e 
lin

es
 a
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ou
nt

ed
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n 
st
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ns
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o 
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at

 m
os

t 
of
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 a
va

il
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 a

re
a 

re
m

ai
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 u
na

ff
ec

te
d 
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ve

n 
in
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e 

pr
od

uc
ti

on
 p
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 T
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s,

 th
e 

ex
is
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ng

 b
io

di
ve

rs
it

y 
m
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 n

ot
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e 
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ur

be
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T

he
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el

l d
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ar

m
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eo
th

er
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al
 s

te
am

 r
el

ea
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he

at
 a

lo
ng
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 C
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to
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 s
ur

ro
un

di
ng
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th
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 p
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 t
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 c
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 c
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 b
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 d
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l d
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ra
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 f
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 d
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t d
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 b
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l d
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 d
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 c
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 c
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 c
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 b
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 c
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ro
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 d
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 p
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 m
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 r
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 m
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 b
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 p
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 d
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ra
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w
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 b
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ra
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 c
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 m
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 b
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 p
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 l
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 r
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 c
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 p
ro

je
ct

 s
it

e 
at

 A
yr

ob
er

a 
is

 a
 n

o 
m

an
 l

an
d;

 a
ri

d 
cl

im
at

e;
 f

la
t 

la
nd

 c
ov

er
ed

 w
it

h 
sa

nd
 a

nd
 

as
h.

 T
hu

s,
 im

pa
ct

s 
fr

om
 s

it
e 

se
le

ct
io

n 
an

d 
la

nd
 a

cq
ui

si
ti

on
 a

re
 a

t m
in

im
al

. 

S
it

e 
an

al
ys

is
 

 
Fi

nd
in

gs
 f

ro
m

 d
oc

um
en

t 
re

vi
ew

 a
t 

R
eg

io
na

l 
an

d/
or

 Z
on

al
 l

ev
el

s 
do

 n
ot

 r
ev

ea
l 

an
y 

 d
ir

ec
ti

ve
s 

th
at

 p
re

ve
nt

 th
e 

ge
ot

he
rm

al
 p
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 f
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 l
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 p
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 d
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 d
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 d
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 c
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re
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 b
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ca

rr
ie

d 
ou

t 
af

te
r 

du
ri

ng
 im

pl
em

en
ta

ti
on

; 

 
In

 a
dd

iti
on

 t
o 

th
e 

ab
ov

e 
m

en
ti

on
ed

 f
ac

ts
, 

pr
of

es
si

on
al

 o
bs

er
va

tio
n 

an
d 

ju
dg

m
en

t 
of

 t
he

 s
tu

dy
 

te
am

 i
s 

th
at

 t
he

 p
ro

po
se

d 
si

te
 i

s 
no

t 
en

vi
ro

nm
en

ta
lly

 s
en

si
tiv

e 
bu

t 
ar

id
 c

li
m

at
e 

fo
r 

th
e 

w
or

k 
fo

rc
e;

 

 
T

he
 s

tu
dy

 t
ea

m
 s

tr
on

gl
y 

be
lie

ve
s 

an
d 

as
 u

su
al

ly
 p

ra
ct

ic
ed

, 
pu

bl
ic

 d
is

cl
os

ur
e 

an
d 

of
fi

ci
al

 
re

vi
ew

in
g 

ar
e 

be
st

 i
ns

tr
um

en
ts

 f
or

 f
ur

th
er

 i
nv

es
ti

ga
ti

on
 o

f 
fe

w
 u

nf
or

es
ee

n 
di

m
en

si
on

s 
so

 a
s 

to
 

ar
ri

ve
 o

n 
a 

so
un

d 
de

ci
si

on
 b

ef
or

e 
im

pl
em

en
ta

ti
on

.  

5.
3.

6 
F

in
di

ng
s 

fr
om

 R
el

ev
an

t 
G

ui
de

li
ne

s 
Fo

r 
th

is
 

st
ud

y 
m

aj
or

 
gu

id
el

in
es

 
se

le
ct

ed
 

as
 

re
le

va
nt

 
ar

e:
 

Fe
de

ra
l 

an
d 

R
eg

io
na

l 
gu

id
el

in
es

 
of

 
E

nv
ir

on
m

en
ta

l 
Pr

ot
ec

ti
on

 A
ut

ho
ri

ty
, 

E
PA

: 
A

cc
or

di
ng

 t
o 

th
es

e 
gu

id
el

in
es

, 
ge

ot
he

rm
al

 p
ow

er
 p

la
nt

 
de

ve
lo

pm
en

t 
in

du
st

ri
es

 w
hi

ch
 p

ro
ce

ss
 m

in
e 

pr
od

uc
ts

 a
re

 t
re

at
ed

 u
nd

er
 C

at
eg

or
y 

I 
(S

ch
ed

ul
e 

II
I)

 a
nd

 
th

ey
 r

eq
ui

re
 f

ul
l 

E
IA

. 
W

it
h 

re
ga

rd
 t

o 
si

te
 s

el
ec

tio
n 

pr
oc

es
se

s;
 t

he
 f

ed
er

al
 g

ui
de

li
ne

; 
en

vi
ro

nm
en

ta
l 

im
pa

ct
 a

ss
es

sm
en

t 
pr

oc
ed

ur
al

 g
ui

de
lin

e,
 M

ay
, 

20
03

,(
A

nn
ex

 V
I)

 s
tr

es
s 

th
at

 a
dv

er
se

 p
ro

je
ct

s 
sh

al
l 

be
 

su
ff

ic
ie

nt
ly

 f
ar

 o
r 

ou
t f

ro
m

 e
nv

ir
on

m
en

ta
lly

 s
en

si
ti

ve
 s

ite
s.

 
Fr

om
 t

hi
s 

gu
id

el
in

e,
 d

es
cr

ip
ti

on
 o

f 
en

vi
ro

nm
en

ta
ll

y 
se

ns
it

iv
e 

si
te

s 
re

le
va

nt
 t

o 
th

e 
pr

op
os

ed
 p

la
nt

 i
s 

su
m

m
ar

iz
ed

 a
s 

fo
ll

ow
s. 

 E
nv

ir
on

m
en

ta
ll

y 
S

en
si

ti
ve

 A
re

as
 a

n
d 

E
co

sy
st

em
s 

 
A

re
as

 p
ro

ne
 to

 n
at

ur
al

 d
is

as
te

rs
 (

ge
ol

og
ic

al
 h

az
ar

ds
, f

lo
od

s 
ra

in
 s

to
rm

s,
 e

ar
th

qu
ak

es
, l

an
ds

li
de

s,
 

vo
lc

an
ic

 a
ct

iv
it

y,
 e

tc
.)

. 
 

 
W

et
la

nd
s:

 -
 f

lo
od

 p
la

in
s,

 s
w

am
ps

, l
ak

es
, r

iv
er

s 
et

c.
 

 
M

an
gr

ov
e 

sw
am

ps
 c

ha
ra

ct
er

iz
ed

 b
y 

on
e 

or
 a

ny
 c

om
bi

na
ti

on
 o

f 
th

e 
fo

ll
ow

in
g 

co
nd

it
io

ns
; 

 
o

 
W

it
h 

pr
im

ar
y 

pr
is

tin
e 

an
d 

de
ns

e 
gr

ow
th

; 
o

 
A

dj
oi

ni
ng

 m
ou

th
 o

f 
m

aj
or

 r
iv

er
 s

ys
te

m
s;
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o
 

N
ea

r 
or

 a
dj

ac
en

t t
o 

tr
ad

it
io

na
l f

is
hi

ng
 g

ro
un

ds
; 

o
 

W
hi

ch
 a

ct
 a

s 
na

tu
ra

l b
uf

fe
rs

 a
ga

in
st

 s
ho

re
 e

ro
si

on
, s

tr
on

g 
w

in
ds

 a
nd

   
   

   
   

   
   

   
st

or
m

 
fl

oo
ds

 
 

 
A

re
as

 o
f 

un
iq

ue
 s

oc
io

-c
ul

tu
ra

l 
hi

st
or

y 
ar

ch
ae

ol
og

ic
al

 o
r 

sc
ie

nt
if

ic
 i

m
po

rt
an

ce
  

 a
nd

 a
re

as
 w

ith
 

po
te

nt
ia

l t
ou

ri
st

 v
al

ue
 

 
 

A
re

as
 d

ec
la

re
d 

as
: 

 N
at

io
na

l 
pa

rk
s,

 W
at

er
sh

ed
 r

es
er

ve
s,

 f
or

es
t 

re
se

rv
es

, 
w

ild
li

fe
 r

es
er

ve
s 

an
d 

sa
nc

tu
ar

ie
s,

 s
ac

re
d 

ar
ea

s,
 w

il
dl

if
e 

co
rr

id
or

s,
 h

ot
 -

 s
pr

in
g 

ar
ea

s 
 Po

te
nt

ia
l i

m
pa

ct
s:

 I
t c

an
 b

e 
ob

se
rv

ed
 f

ro
m

 th
e 

di
sc

us
si

on
 o

f 
th

e 
pr

ev
io

us
 s

ec
tio

n 
th

at
 p

ot
en

tia
l i

m
pa

ct
s 

of
 th

e 
pr

oj
ec

t n
at

ur
al

ly
 e

m
an

at
e 

fr
om

 m
aj

or
 d

ri
ll

in
g 

pr
oc

es
se

s 
an

d 
re

la
te

d 
ac

tiv
it

ie
s.

 T
he

se
 im

pa
ct

s 
ar

e 
id

en
ti

fi
ed

 a
s 

fo
ll

ow
s:

 

a.
 

P
re

di
ct

ed
 im

pa
ct

s 
fr

om
 p

ro
je

ct
 c

on
ce

pt
 f

or
m

ul
at

io
n 

(s
cr

ee
ni

ng
);

 
b.

 
P

re
di

ct
ed

 im
pa

ct
s 

fr
om

 s
it

e 
se

le
ct

io
n 

an
d 

la
nd

 a
cq

ui
si

ti
on

; 
c.

 
Im

pa
ct

s 
du

e 
to

 p
la

nt
 la

y-
ou

t (
se

tt
in

g)
, d

es
ig

n 
as

pe
ct

; 
d.

 
Im

pa
ct

s 
du

e 
to

 c
on

st
ru

ct
io

n 
an

d 
de

ve
lo

pm
en

t p
ha

se
; 

e.
 

Im
pa

ct
s 

fr
om

 r
aw

 m
at

er
ia

l h
an

dl
in

g,
 s

to
ra

ge
 a

nd
 f

ee
d 

su
pp

ly
; 

f.
 

Im
pa

ct
s 

fr
om

 m
aj

or
 p

la
nt

 p
ro

ce
ss

es
; 

g.
 

Im
pa

ct
s 

fr
om

 h
an

dl
in

g,
 s

to
ra

ge
 a

nd
 f

ee
d 

su
pp

ly
 o

f 
ha

za
rd

ou
s 

in
pu

t m
at

er
ia

ls
/c

he
m

ic
al

s/
; 

h.
 

Im
pa

ct
s 

fr
om

 u
ti

li
ti

es
 a

nd
 in

fr
as

tr
uc

tu
re

 s
er

vi
ce

s;
 

i. 
O

cc
up

at
io

na
l s

af
et

y 
of

 w
or

ke
rs

 (
in

-p
la

nt
);

 
j. 

C
om

m
un

it
y 

sa
fe

ty
 a

nd
 h

ea
lt

h 
(o

ut
-p

la
nt

);
 

k.
 

E
ff

ec
ts

 a
nd

 b
en

ef
it

s 
to

 lo
ca

l c
om

m
un

it
y;

 
l. 

Im
pa

ct
s 

fr
om

 g
en

er
at

io
n 

an
d 

di
sp

os
al

 o
f 

li
qu

id
 p

ro
ce

ss
-w

as
te

s;
 

m
. 

Im
pa

ct
s 

fr
om

 n
on

-c
on

de
ns

ab
le

 g
as

eo
us

 w
as

te
s;

 
n.

 
Im

pa
ct

s 
fr

om
 g

en
er

at
io

n 
an

d 
di

sp
os

al
 o

f 
do

m
es

ti
c 

w
as

te
s;

 
o.

 
Im

pa
ct

s 
fr

om
 in

fr
a-

tr
an

sp
or

t p
he

no
m

en
on

; 
p.

 
Im

pa
ct

s 
fr

om
 r

es
ou

rc
e 

co
m

pe
ti

ti
on

 a
nd

 is
su

es
 o

f 
cl

ea
ne

r 
pr

od
uc

ti
on

 m
et

ho
ds

;  
q.

 
N

at
ur

e 
of

 w
at

er
 r

es
ou

rc
e 

ut
il

iz
at

io
n 

an
d 

it
s 

op
ti

on
s;

  
r.

 
E

ne
rg

y 
so

ur
ce

 a
nd

 it
s 

ut
il

iz
at

io
n;

  
s.

 
O

pt
im

iz
ed

 r
aw

 m
at

er
ia

l u
ti

li
za

ti
on

 
 Fo

r 
co

nv
en

ie
nc

e,
 e

ac
h 

of
 t

he
 a

bo
ve

 i
m

pa
ct

s 
on

 t
he

 c
or

re
sp

on
di

ng
 s

en
si

ti
ve

 s
oc

io
-e

nv
ir

on
m

en
ta

l 
re

ce
pt

or
s 

is
 u

su
al

ly
 a

nd
 m

ea
ni

ng
fu

ll
y 

gr
ou

pe
d 

ph
as

e-
by

-p
ha

se
 o

f 
th

e 
pr

oj
ec

t 
de

ve
lo

pm
en

t. 
T

he
se

 
re

ce
pt

or
s 

ar
e 

th
en

 s
qu

ee
ze

d 
to

 f
ew

 b
ut

 m
ai

n 
ca

te
go

ri
es

. 
F

in
al

ly
, 

im
pa

ct
 e

va
lu

at
io

n 
is

 p
er

fo
rm

ed
 o

n 
m

ai
n 

re
ce

pt
or

s 
fo

r 
ea

sy
 d

ec
is

io
n 

m
ak

in
g.
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 Su
m

m
ar

iz
ed

 e
nv

ir
on

m
en

ta
l r

ec
ep

to
rs

 in
cl

ud
e:

 
• 

N
at

ur
al

 e
nv

ir
on

m
en

t:
 (

1)
 T

op
og

ra
ph

y 
an

d 
ge

ol
og

ic
al

 f
ea

tu
re

s 
in

cl
ud

in
g 

se
is

m
ic

, 
(2

) 
So

il
 

er
os

io
n,

 (
3)

 , 
 H

yd
ro

lo
gi

ca
l 

&
 s

ei
sm

ic
 s

itu
at

io
n,

 (
4)

 F
lo

ra
, 

fa
un

a 
an

d 
bi

od
iv

er
si

ty
,(

5)
Pr

ot
ec

te
d 

A
re

a,
 (

6)
 G

lo
ba

l w
ar

m
in

g 
 

 
• 

 P
ol

lu
tio

n 
co

nt
ro

l:
 (

1)
 A

ir
 p

ol
lu

tio
n 

an
d 

du
st

, 
(2

)W
at

er
 p

ol
lu

tio
n,

 (
3)

 W
as

te
 g

en
er

at
io

n,
 (

4)
 

B
ot

to
m

 s
ed

im
en

t, 
(5

) 
N

oi
se

 a
nd

 v
ib

ra
tio

n,
 (

6)
 O

do
ur

  
Fo

r 
in

st
an

ce
, 

a 
re

pr
es

en
ta

ti
ve

 d
ev

el
op

m
en

t 
pr

oj
ec

t 
ha

s 
th

e 
fo

ll
ow

in
g 

ph
as

es
: 

(1
) 

co
nc

ep
t 

fo
rm

ul
at

io
n 

(i
nc

ep
ti

on
) 

ph
as

e;
 (

2)
 c

on
st

ru
ct

io
n 

ph
as

e;
 (

3)
 o

pe
ra

tio
n 

ph
as

e;
 (

4)
 d

ec
om

m
is

si
on

in
g 

ph
as

e 
et

c.
  

In
 a

 
si

m
il

ar
 a

pp
ro

ac
h 

th
e 

“t
es

t w
el

l d
ri

ll
in

g 
pr

oj
ec

t”
 c

an
 b

e 
pe

rc
ei

ve
d 

as
 h

av
in

g 
th

e 
fo

ll
ow

in
g 

ph
as

es
: 

 
P

re
 d

ri
ll

in
g 

ph
as

e 
(s

ur
ve

y 
&

 c
on

ce
pt

ua
l m

od
el

in
g)

; 

 
C

on
st

ru
ct

io
n 

ph
as

e 
(c

iv
il

 &
 n

on
-c

iv
il

 w
or

ks
);

 

 
D

ri
ll

in
g 

ph
as

e 
(d

ev
el

op
m

en
t &

 c
om

m
is

si
on

in
g 

ph
as

e)
; 

 
T

es
ti

ng
 p

ha
se

 (
op

er
at

io
n 

ph
as

e)
; 

 
D

ec
om

m
is

si
on

in
g 

ph
as

e.
 

5.
3.

7 
E

xp
er

ie
nc

e 
L

ea
rn

t 
fr

om
 A

lu
to

-L
an

ga
no

 
T

he
 A

lu
to

-L
an

ga
no

 g
eo

th
er

m
al

 f
ie

ld
 i

s 
lo

ca
te

d 
on

 t
he

 f
lo

or
 o

f 
th

e 
E

th
io

pi
an

 R
if

t 
V

al
le

y 
ab

ou
t 

20
0 

km
 

so
ut

h 
ea

st
 o

f 
A

dd
is

 A
ba

ba
. I

t i
s 

re
ga

rd
ed

 a
s 

ad
va

nc
ed

 p
ro

sp
ec

t a
re

a.
 E

ig
ht

 d
ee

p 
ex

pl
or

at
or

y 
w

el
ls

 w
er

e 
dr

il
le

d 
to

 a
 m

ax
im

um
 d

ep
th

 o
f 

25
00

 m
 b

et
w

ee
n 

19
81

 a
nd

 1
98

5,
 o

f 
w

hi
ch

 f
ou

r 
ar

e 
po

te
nt

ia
ll

y 
pr

od
uc

ti
ve

. T
he

 m
ax

im
um

 r
es

er
vo

ir
 te

m
pe

ra
tu

re
 e

nc
ou

nt
er

ed
 in

 th
e 

pr
od

uc
ti

ve
 w

el
ls

 is
 a

bo
ut

 3
50

ºC
. 

 A
 7

.3
 M

W
 p

ilo
t 

ge
ot

he
rm

al
 p

la
nt

 w
as

 i
ns

ta
ll

ed
 i

n 
19

99
 o

n 
th

e 
ba

si
s 

of
 t

he
 e

xp
lo

ra
ti

on
 w

el
ls

 t
ha

t 
ha

d 
be

en
 d

ri
ll

ed
. 

B
in

ar
y 

sy
st

em
 w

as
 i

ns
ta

ll
ed

 a
nd

 o
pe

ra
te

d 
fo

r 
m

an
y 

ye
ar

s.
  

H
ow

ev
er

, 
th

e 
pl

an
t 

w
as

 n
ot

 
fu

ll
y 

op
er

at
io

na
l m

ai
nl

y 
du

e 
to

 te
ch

ni
ca

l l
im

ita
ti

on
s 

in
ap

pr
op

ri
at

e,
 f

ie
ld

 a
nd

 p
la

nt
 m

an
ag

em
en

t s
ki

ll
s.

 
 R

ec
en

tl
y,

 t
ec

hn
o-

fe
as

ib
il

it
y 

st
ud

y 
of

 t
he

 p
ow

er
 d

ev
el

op
m

en
t 

at
 t

he
 A

lu
to

-L
an

ga
no

 g
eo

th
er

m
al

 f
ie

ld
 

ha
s 

be
en

 c
on

du
ct

ed
 a

s 
pa

rt
 o

f 
FY

20
09

 S
tu

di
es

 f
or

 E
co

no
m

ic
 P

ar
tn

er
sh

ip
 P

ro
je

ct
s 

in
 D

ev
el

op
in

g 
C

ou
nt

ri
es

 p
ro

m
ot

ed
 b

y 
th

e 
“M

in
is

tr
y 

of
 E

co
no

m
y,

 T
ra

de
 a

nd
 I

nd
us

tr
y 

of
 J

ap
an

 (
M

E
T

I)
” 

an
d 

th
at

 w
as

 
en

tr
us

te
d 

to
 W

es
t 

Ja
pa

n 
E

ng
in

ee
ri

ng
 C

on
su

lt
an

ts
 I

nc
. (

W
es

t 
JE

C
) 

th
ro

ug
h 

E
rn

st
 &

 Y
ou

ng
 S

hi
n 

N
ih

on
 

L
L

C
 a

nd
 th

e 
Ja

pa
n 

E
xt

er
na

l T
ra

de
 O

rg
an

iz
at

io
n 

(J
E

T
R

O
).

  
T

he
 g

eo
th

er
m

al
 p

ow
er

 d
ev

el
op

m
en

t 
pr

oj
ec

t 
is

 d
iv

id
ed

 i
nt

o 
th

e 
fo

llo
w

in
g 

tw
o 

ki
nd

s 
of

 d
ev

el
op

m
en

t:
 

un
de

rg
ro

un
d 

ge
ot

he
rm

al
 r

es
ou

rc
e 

de
ve

lo
pm

en
t a

nd
 s

ur
fa

ce
 p

ow
er

 g
en

er
at

io
n 

fa
ci

lit
ie

s.
 T

he
 o

ut
lin

es
 o

f 
ea

ch
 d

ev
el

op
m

en
t a

re
 a

s 
fo

ll
ow

s:
 

 (a
) 

U
nd

er
gr

ou
nd

 g
eo

th
er

m
al

 r
es

ou
rc

e 
D

ev
el

op
m

en
t 

T
he

 3
D

 n
um

er
ic

al
 m

od
el

 w
as

 c
on

st
ru

ct
ed

 b
as

ed
 o

n 
th

e 
ge

ot
he

rm
al

 c
on

ce
pt

ua
l 

m
od

el
. 

U
si

ng
 t

hi
s 

nu
m

er
ic

al
 m

od
el

, 3
0 

ye
ar
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 d
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 c
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 p
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 p
ro

du
ce

d 
st

ea
m

 a
nd

 b
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l b

e 
se

pa
ra

te
d 

at
 a

 s
ep

ar
at

or
 s

ta
tio

n,
 a

nd
 th
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 b
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 p
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 p
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 f
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at
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 t
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at
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 d
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 c
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 c
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 b
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 m
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 c
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 p

ro
je

ct
 a

re
a 

is
 a

bo
ut

 4
4 

H
ec

ta
re

; 
33

 h
ou

se
ho

ld
s 

w
er

e 
co

m
pe

ns
at

ed
 e

ac
h 

ho
us

eh
ol

d 
ga

in
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e 

si
te

 r
ec

om
m

en
ds

 t
ha

t 
an

y 
ne

w
 g

eo
th

er
m

al
 d
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 c
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 d
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 f
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. C
op

ie
s 

of
 a

pp
ro

ve
d 

do
cu

m
en

t 
w

it
h 

si
te

 p
la

n 
sh

al
l 

be
 

of
fi

ci
al

ly
 is

su
ed

 to
 th

e 
lo

ca
l a

dm
in
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 f
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 p
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 p
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l r
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 D
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 c
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 p
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 m
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 f
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 d
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 c
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 p
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 c
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 c
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 t
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 d
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 p
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 r
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 b
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 p
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 t
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 s
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 l
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 t
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 d
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 f
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e 

re
su

lt
 

of
 t

he
 p
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l b
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 p
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t, 

ac
ce

ss
in

g 
la

nd
 f

or
 l

ar
ge

 
ve

nt
ur

e 
su

ch
 a

s 
m

od
er

n 
fa

rm
in

g 
an

d 
ge

ot
he

rm
al

 p
ro

je
ct

s 
w

ou
ld

 b
e 

si
m

pl
e,

 a
nd

 r
el

at
iv

el
y 

no
ne

 
bu

re
au

cr
at

ic
. A

nd
 y

et
 th

e 
is

su
e 

of
 c

om
pe

ns
at

io
n 

m
ig

ht
 b

e 
a 

bi
t i

rr
ita

ti
ng

.  
 

A
yr

ol
af

-G
eb

el
ay

tu
 r

es
id

en
ts

 b
el

on
ge

d 
to

 m
ai

nl
y 

to
 A

so
ba

ka
ri

, 
ot

he
r 

th
re

e 
tr

ib
es

, 
na

m
el

y,
 B

ed
ew

ai
ta

, 
M

an
di

t, 
an

d 
H

in
ti

ba
 a

re
 a

ls
o 

re
si

di
ng

 i
n 

th
e 

ar
ea

. 
In

 l
in

e 
to

 t
hi

s 
th

er
ef

or
e 

th
e 

in
di

ge
no

us
 p

eo
pl

e 
ar

e 
no

ne
 o

th
er

 t
ha

n 
th

es
e 

fo
ur

 m
en

ti
on

ed
 t

ri
be

s.
 I

n 
ot

he
r 

w
or

ds
, 

th
er

e 
ar

e 
no

 o
th

er
 i

nd
ig

en
ou

s 
pe

op
le

 
kn

ow
n 

am
on

g 
th

e 
ar

ea
. 

T
he

 f
ou

r 
tr

ib
es

 b
el

on
ge

d 
to

 t
he

 b
ig

ge
r 

cl
an

-T
he

 A
fa

r.
  

T
he

 a
bo

ve
 m

en
ti

on
ed

 
tr

ib
al

 g
ro

up
s 

ar
e 

m
or

e 
or

 l
es

s 
tr

ea
tin

g 
ea

ch
 o

th
er

 e
qu

al
ly

 a
nd

 w
ha

t 
is

 m
or

e,
 t

he
y 

ar
e 

so
ci

al
ly

 a
nd

 
ec

on
om

ic
al

ly
 t

ie
d 

to
ge

th
er

. 
M

in
or

it
y 

w
it

hi
n 

th
e 

A
fa

r 
ar

e 
no

t 
di

sc
ri

m
in

at
ed

. 
In

 l
ig

ht
 o

f 
th

is
 t

he
re

 i
s 

no
 

hi
st

or
y 

of
 d

is
cr

im
in

at
io

n 
ag

ai
ns

t a
ny

 A
fa

r 
m

in
or

it
y 

gr
ou

p 
in

 th
e 

ke
be

le
.  

  

5.
7 

Q
ua

nt
it

at
iv

e 
E

va
lu

at
io

n 
of

 I
de

n
ti

fi
ed

 I
m

p
ac

ts
 

Fr
om

 d
is

cu
ss

io
ns

 m
ad

e 
ab

ov
e 

th
e 

fo
ll

ow
in

g 
im

pa
ct

s 
ar

e 
co

ns
id

er
ed

 u
se

fu
l 

fo
r 

qu
an

ti
ta

tiv
e 

ev
al

ua
ti

on
 

an
d 

th
en

 f
or

 th
e 

co
rr

es
po

nd
in

g 
m

an
ag

em
en

t p
la

n.
  H

er
e,

 a
s 

m
uc

h 
as

 p
os

si
bl

e,
 s

im
ila

r 
im

pa
ct

s 
th

at
 m

ay
 

oc
cu

r 
in

 d
if

fe
re

nt
 p

ha
se

s 
of

 p
ro

je
ct

 d
ev

el
op

m
en

t 
ar

e 
tr

ea
te

d 
to

ge
th

er
 u

si
ng

 t
he

ir
 g

en
er

ic
 n

am
e.

 
H

ow
ev

er
, 

fe
w

 i
m

pa
ct

 p
ar

am
et

er
s 

su
ch

 a
s 

na
tu

re
; 

se
ns

it
iv

it
y;

 r
ev

er
si

bi
li

ty
 e

tc
. 

ar
e 

ex
pl

ai
ne

d 
us

in
g 

de
sc

ri
pt

iv
e 

st
at

em
en

ts
. 

As
su
m
pt
io
n 
fo
r t
he

 sc
op

in
g 
re
su
lt 

A
s 

th
e 

sc
op

e 
of

 th
e 

pr
es

en
t s

tu
dy

 is
 li

m
it

ed
 to

 te
st

 w
el

l d
ri

ll
in

g,
 s

co
pi

ng
 r

es
ul

ts
 o

f 
op

er
at

io
n 

ph
as

e 
m

ay
 

no
t 

be
 a

de
qu

at
el

y 
ad

dr
es

se
d 

us
in

g 
th

e 
ab

ov
e 

m
en

ti
on

ed
 p

ar
am

et
er

s,
 s

uc
h 

as
 g

en
er

at
io

n 
ra

te
, 

sp
at

ia
l 

co
ve

ra
ge

, 
in

te
ns

it
y 

et
c.

 T
hu

s,
 s

co
pi

ng
 r

es
ul

ts
 o

f 
op

er
at

io
n 

ph
as

e 
ne

ed
 d

et
ai

le
d 

in
ve

st
ig

at
io

n 
af

te
r 

pr
od

uc
ti

on
 c

ap
ac

it
y 

of
 t

he
 p

ow
er

 p
la

nt
 i

s 
de

te
rm

in
ed

. 
H

en
ce

, 
ra

te
 g

iv
en

 o
n 

op
er

at
io

n 
ph

as
e 

sh
al

l 
be

 
pe

rc
ei

ve
d 

on
ly

 a
s 

in
di

ca
tiv

e 
va

lu
e 

in
 th

e 
co

nt
ex

t o
f 

te
st

 w
el

l d
ri

ll
in

g.
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N
ot

e:
 

Pr
e:

-D
ur

in
g 

pr
ep

ar
at

io
n,

  

Co
n:
‐D
ur
in
g 
co
ns
tr
uc
tio

n,
  

O
pe

:‐D
ur
in
g 
 w
el
l t
es
tin

g 
A

+/
-: 

Si
gn

ifi
ca

nt
 p

os
iti

ve
/n

eg
at

iv
e 

im
pa

ct
 is

 e
xp

ec
te

d.
 

B
+/

-: 
Po

si
tiv

e/
ne

ga
tiv

e 
im

pa
ct

 is
 e

xp
ec

te
d 

to
 s

om
e 

ex
te

nt
. 

C
+/

-: 
Ex

te
nt

 o
f p

os
iti

ve
/n

eg
at

iv
e 

im
pa

ct
 is

 u
nk

no
w

n 
(fu

rth
er

 
ex

am
in

at
io

n 
is

 n
ee

de
d,

 a
nd

 it
s 

im
pa

ct
 c

ou
ld

 b
e 

cl
ar

ifi
ed

 a
s 

th
e 

st
ud

y 
pr

og
re

ss
es

) 

D
+/

-: 
M

in
er

 im
pa

ct
 is

 e
xp

ec
te

d.
 

E 
 : 

N
o 

im
pa

ct
 is

 e
xp

ec
te

d.
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 T
ab

le
 5

.6
: 

Q
ua

nt
it

ie
s 

ev
al

ua
ti

on
 o

f 
id

en
ti

fi
ed

 im
p

ac
ts
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 Su
m

m
ar

y 
of

 o
ve

ra
ll 

fin
di

ng
s 

A
s 

ca
n 

be
 o

bs
er

ve
d 

fr
om

 r
es

ul
ts

 o
f 

th
e 

id
en

ti
fi

ed
 im

pa
ct

s 
(T

ab
le

 5
.6

),
 s

oc
io

-e
nv

ir
on

m
en

ta
l c

om
po

ne
nt

s 
w

it
h 

ra
ti

ng
 v

al
ue

 g
re

at
er

 t
ha

n-
1.

25
 a

re
 c

on
si

de
re

d 
as

 h
av

in
g 

ad
ve

rs
el

y 
si

gn
if

ic
an

t 
im

pa
ct

s.
 T

hu
s,

 
po

llu
tio

n,
 s

af
et

y 
an

d 
he

al
th

, w
as

te
 g

en
er

at
io

n,
 c

ha
ng

es
 in

 li
fe

 p
at

te
rn

 a
re

 a
m

on
g 

th
e 

to
p 

pr
io

ri
ti

es
 f

or
 

th
e 

co
rr

es
po

nd
in

g 
m

iti
ga

ti
on

 m
ea

su
re

 a
nd

 m
an

ag
em

en
t 

pl
an

 t
ha

t 
w

il
l 

be
 d

ea
lt 

in
 t

he
 n

ex
t 

ch
ap

te
r.

 
G

eo
th

er
m

al
 t

ec
hn

ol
og

ie
s 

in
 g

en
er

al
, 

te
st

 w
el

l 
dr

il
li

ng
 i

n 
pa

rt
ic

ul
ar

 a
re

 e
nv

ir
on

m
en

ta
ll

y 
ad

va
nt

ag
eo

us
 

be
ca

us
e 

th
er

e 
is

 
no

 
co

m
bu

st
io

n 
pr

oc
es

s.
 

T
he

 
po

te
nt

ia
l 

en
vi

ro
nm

en
ta

l 
im

pa
ct

s 
of

 
co

nv
en

tio
na

l 
hy

dr
ot

he
rm

al
 p

ow
er

 g
en

er
at

io
n 

ar
e 

w
id

el
y 

kn
ow

n.
 S

ev
er

al
 a

rt
ic

le
s 

an
d 

re
po

rt
s 

ha
ve

 d
oc

um
en

te
d 

va
ri

ou
s 

po
te

nt
ia

l 
im

pa
ct

s 
fr

om
 g

eo
th

er
m

al
 d

ry
-s

te
am

, 
fl

as
h-

st
ea

m
, 

bi
na

ry
 e

ne
rg

y,
 c

om
bi

ne
d 

en
er

gy
 

co
nv

er
si

on
 s

ys
te

m
s.

 T
he

 g
en

er
al

 c
on

cl
us

io
n 

fr
om

 a
ll 

st
ud

ie
s 

is
 t

ha
t 

em
is

si
on

s 
an

d 
ot

he
r 

im
pa

ct
s 

fr
om

 
ge

ot
he

rm
al

 p
la

nt
s 

ar
e 

dr
am

at
ic

al
ly

 l
ow

er
 t

ha
n 

ot
he

r 
fo

rm
s 

of
 e

le
ct

ri
ca

l 
ge

ne
ra

ti
on

. 
T

hu
s,

 t
he

 l
es

so
ns

 
le

ar
ne

d 
fr

om
 a

 n
um

be
r 

of
 e

xi
st

in
g 

ge
ot

he
rm

al
 p

ow
er

 p
la

nt
s 

ca
n 

be
 u

se
d 

to
 e

ns
ur

e 
th

at
 f

ut
ur

e 
ge

ot
he

rm
al

 s
ys

te
m

s 
w

il
l h

av
e 

si
m

il
ar

 o
r 

ev
en

 lo
w

er
 e

nv
ir

on
m

en
ta

l i
m

pa
ct

s.
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 C
H

A
P

T
E

R
 S

IX
: 

M
IT

IG
A

T
IO

N
 M

E
A

S
U

R
E

S 
A

N
D

 M
A

N
A

G
E

M
E

N
T

 P
L

A
N

 

6.
1	
O
ve
rv
ie
w
	

T
hi

s 
se

ct
io

n 
pr

es
en

ts
 m

aj
or

 a
dv

er
se

 e
ff

ec
ts

 o
nl

y 
on

 n
at

ur
al

 a
nd

 s
oc

ia
l 

en
vi

ro
nm

en
t 

du
e 

to
 s

ig
ni

fi
ca

nt
 

im
pa

ct
s 

id
en

ti
fi

ed
 

in
 

th
e 

pr
ev

io
us

 
se

ct
io

ns
; 

th
en

 
pr

ov
id

es
 

m
it

ig
at

io
n 

m
ea

su
re

s 
if

 
po

ss
ib

le
 

w
ith

 
al

te
rn

at
iv

es
. F

or
 h

ar
m

on
iz

ed
 r

ev
ie

w
in

g,
 th

es
e 

im
pa

ct
s 

ca
n 

be
 p

re
se

nt
ed

 p
ar

al
le

l t
o 

th
e 

dr
il

li
ng

 a
ct

iv
it

ie
s 

bu
t a

t v
ar

io
us

 p
ro

je
ct

 p
ha

se
s.

  

T
he

se
 p

ha
se

s 
ca

n 
be

 p
re

se
nt

ed
 a

s 
fo

ll
ow

s;
 

 

 
P

re
 d

ri
ll

in
g 

ph
as

e 
(s

ur
ve

y 
&

 c
on

ce
pt

ua
l m

od
el

in
g)

; 

 
C

on
st

ru
ct

io
n 

ph
as

e 
(c

iv
il

 &
 n

on
-c

iv
il

 w
or

ks
);

 

 
D

ri
ll

in
g 

ph
as

e 
(d

ev
el

op
m

en
t &

 c
om

m
is

si
on

in
g 

ph
as

e)
; 

 
T

es
ti

ng
 p

ha
se

 (
op

er
at

io
n 

ph
as

e)
; 

 
M

os
t 

of
 i

de
nt

if
ie

d 
po

te
nt

ia
l 

im
pa

ct
s 

ca
n 

ei
th

er
 b

e 
av

oi
de

d 
or

 r
ed

uc
ed

 t
hr

ou
gh

 m
it

ig
at

io
n.

 T
he

se
 m

iti
ga

ti
on

 
m

ea
su

re
s 

ar
e 

pr
op

os
ed

 in
 s

eq
ue

nc
e 

of
: t

ec
hn

ol
og

y/
de

si
gn

/ o
pt

io
n;

 c
ar

ef
ul

 c
ho

ic
e 

of
 lo

ca
ti

on
; p

ro
pe

r 
ti

m
in

g;
 

su
ita

bl
e 

se
as

on
; m

at
er

ia
l a

nd
 b

es
t p

ra
ct

ic
es

. 

 M
iti

ga
ti

on
 m

ea
su

re
s 

an
d 

m
an

ag
em

en
t p

la
n 

fo
r 

ai
r 

em
is

si
on

 d
ep

en
ds

 o
n 

pr
ac

tic
es

 to
 b

e 
ad

op
te

d 
to

 e
li

m
in

at
e 

or
 r

ed
uc

e 
ai

r 
em

is
si

on
s.

 S
uc

h 
pr

ac
tic

es
 i

nc
lu

de
 b

ot
h 

pr
ev

en
tio

n 
pr

ac
tic

es
 a

nd
 p

ol
lu

ti
on

 c
on

tr
ol

 m
ea

su
re

s,
 

pr
ef

er
ab

ly
 a

t 
a 

lo
w

er
 c

os
t. 

Pr
ev

en
tio

n 
an

d 
co

nt
ro

l 
te

ch
ni

qu
es

 m
ay

 i
nc

lu
de

 v
ar

io
us

 m
et

ho
ds

 o
f 

tr
ea

tm
en

t 
de

pe
nd

in
g 

on
: 


 
R

eg
ul

at
or

y 
re

qu
ir

em
en

ts
; 


 

S
ig

ni
fi

ca
nc

e 
of

 th
e 

so
ur

ce
; 


 
L

oc
at

io
n 

of
 th

e 
em

it
tin

g 
fa

ci
lit

y 
re

la
tiv

e 
to

 o
th

er
 s

ou
rc

es
; 


 
L

oc
at

io
n 

of
 s

en
si

ti
ve

 r
ec

ep
to

rs
; 


 
E

xi
st

in
g 

am
bi

en
t a

ir
 q

ua
lit

y;
 


 

T
ec

hn
ic

al
 f

ea
si

bi
lit

y 
an

d 
co

st
 e

ff
ec

tiv
en

es
s 

of
 t

he
 a

va
ila

bl
e 

op
tio

ns
 f

or
 p

re
ve

nt
io

n,
 

co
nt

ro
l, 

an
d 

re
le

as
e 

of
 e

m
is

si
on

s;
 

 E
m

is
si

on
s 

fr
om

 t
he

 t
es

t 
w

el
ls

, 
ac

co
rd

in
g 

to
 t

he
 i

nf
or

m
at

io
n 

ga
th

er
ed

 d
ur

in
g 

th
e 

pr
el

im
in

ar
y 

dr
ill

in
gs

 
ca

rr
ie

d 
ou

t 
by

 A
qu

at
er

 a
nd

 t
he

 r
el

ev
an

t 
fi

el
d 

as
se

ss
m

en
t, 

co
nt

ai
n 

99
%

 s
te

am
 a

nd
 t

he
 r

em
ai

ni
ng

 1
 %

 i
s 

co
ns

tit
ut

ed
 b

y 
C

O
2,

 H
2S

, 
am

m
on

ia
 a

nd
 o

th
er

 n
on

-c
on

de
ns

ab
le

 g
as

es
. 

Fu
rt

he
rm

or
e,

 t
es

t 
w

el
l 

dr
ill

in
g 

is
 a

 
sh

or
t 

te
rm

 a
ct

iv
ity

 a
nd

 l
oc

al
iz

ed
 i

n 
th

e 
pr

oj
ec

t 
si

te
 w

hi
ch

 i
s 

al
m

os
t 

no
 m

an
’s

 l
an

d.
 T

he
re

fo
re

, 
te

ch
no

lo
gy

 
op

tio
n 

to
 a

ds
or

b 
em

is
si

on
 is

 c
on

si
de

re
d 

as
 n

ot
 a

 v
ia

bl
e 

op
ti

on
. 
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 6.
2 

So
ci

al
 I

m
pa

ct
 M

it
ig

at
io

n 
M

ea
su

re
s 

an
d 

M
an

ag
em

en
t 

6.
2.

1 
D

es
ig

n 
fo

r 
w

or
ke

rs
’ 

ca
m

p 
 

A
s 

di
sc

us
se

d 
in

 t
he

 s
oc

io
 i

m
pa

ct
 a

na
ly

si
s 

pa
rt

 o
f 

th
is

 r
ep

or
t, 

m
os

t 
ex

pe
ct

ed
 a

dv
er

se
 i

m
pa

ct
 o

f 
th

e 
pr

oj
ec

t 
w

ou
ld

 b
e 

on
 t

he
 s

ta
ff

/w
or

ke
rs

 o
f 

th
e 

pr
oj

ec
t. 

T
o 

av
oi

d 
an

d/
or

 m
an

ag
e 

th
e 

ne
ga

ti
ve

 i
m

pa
ct

s 
th

e 
fi

rs
t 

st
ep

 w
ou

ld
 b

e 
to

 a
rr

an
ge

 a
nd

 p
re

pa
re

 t
he

 p
ro

je
ct

 s
ite

 i
n 

a 
m

an
ne

r 
th

at
 a

dv
er

se
 i

m
pa

ct
s 

w
ou

ld
 b

e 
ea

si
ly

 c
on

tr
ol

le
d.

 T
o 

th
at

 e
nd

, w
or

ke
rs

’ 
ca

m
p 

ne
ed

s 
to

 b
e 

bu
il

t i
n 

a 
w

ay
 th

at
 f

its
 th

e 
ha

rs
h 

en
vi

ro
nm

en
t 

of
 th

e 
si

te
/a

re
a.

 T
he

 f
ol

lo
w

in
g 

pr
ec

au
ti

on
 s

ho
ul

d 
be

 c
on

si
de

re
d 

w
hi

le
 b

ui
ld

in
g 

th
e 

ca
m

p.
   

  
 Pe

rm
an

en
t a

nd
 r

ec
ur

re
nt

 p
la

ce
s 

of
 w

or
k 

sh
ou

ld
 b

e 
de

si
gn

ed
 a

nd
 e

qu
ip

pe
d 

w
it

h:
 

 
T

em
po

ra
ry

 b
ut

 s
ta

nd
ar

di
ze

d 
bu

il
di

ng
s 

th
at

 a
re

 s
tr

uc
tu

ra
ll

y 
sa

fe
, 

an
d 

pr
ov

id
e 

ap
pr

op
ri

at
e 

pr
ot

ec
tio

n 
ag

ai
ns

t t
he

 h
ar

sh
 A

yr
ob

er
a 

cl
im

at
e 

sh
ou

ld
 b

e 
se

t. 
 

 
S

ur
fa

ce
s,

 s
tr

uc
tu

re
s 

an
d 

in
st

al
la

ti
on

s 
sh

ou
ld

 b
e 

ea
sy

 to
 c

le
an

 a
nd

 m
ai

nt
ai

n,
 a

nd
 n

ot
 a

ll
ow

 
fo

r 
ac

cu
m

ul
at

io
n 

of
 h

az
ar

do
us

 c
om

po
un

ds
; 

 
T

he
 b

ui
ld

in
gs

 o
f 

th
e 

ca
m

p 
an

d 
te

m
po

ra
ry

 o
ff

ic
es

 s
ho

ul
d 

be
 e

qu
ip

pe
d 

w
ith

 f
ir

e 
re

si
st

an
t, 

no
is

e-
ab

so
rb

in
g 

m
at

er
ia

ls
, f

ol
lo

w
in

g 
th

e 
na

tu
re

 o
f 

th
e 

pr
oj

ec
t. 

 
T

he
 e

nt
ir

e 
bu

il
di

ng
s 

sh
ou

ld
 b

e 
eq

ui
pp

ed
 w

it
h 

A
C

 a
nd

 v
en

ti
la

to
rs

.  

P
ot

ab
le

 w
at

er
: 

 
 

A
de

qu
at

e 
la

va
to

ry
 f

ac
il

it
ie

s 
(t

oi
le

ts
 a

nd
 w

as
hi

ng
 a

re
as

) 
sh

ou
ld

 b
e 

pr
ov

id
ed

 a
cc

or
di

ng
 t

o 
th

e 
nu

m
be

r 
of

 w
or

k 
fo

rc
e 

av
ai

la
bl

e 
at

 t
he

 s
it

e.
 P

ar
tic

ul
ar

ly
 c

ol
d 

sh
ow

er
 i

s 
hi

gh
ly

 r
eq

ui
re

d 
si

nc
e 

A
yr

ob
er

a 
si

te
 i

s 
so

 h
ot

 a
lm

os
t 

th
ro

ug
ho

ut
 t

he
 y

ea
r.

 T
oi

le
t 

fa
ci

li
tie

s 
sh

ou
ld

 a
ls

o 
be

 
pr

ov
id

ed
 w

it
h 

ad
eq

ua
te

 s
up

pl
ie

s 
of

 c
ol

d 
ru

nn
in

g 
w

at
er

, s
oa

p,
 a

nd
 h

an
d 

dr
yi

ng
 d

ev
ic

es
. 

 
A

de
qu

at
e 

su
pp

lie
s 

of
 p

ot
ab

le
 d

ri
nk

in
g 

w
at

er
 s

ho
ul

d 
be

 p
ro

vi
de

d 
fr

om
 a

 f
ou

nt
ai

n 
w

it
h 

an
 u

pw
ar

d 
je

t o
r 

w
it

h 
a 

sa
ni

ta
ry

 m
ea

ns
 o

f 
co

ll
ec

tin
g 

th
e 

w
at

er
 f

or
 th

e 
pu

rp
os

es
 o

f 
dr

in
ki

ng
. 

 
W

at
er

 s
up

pl
ie

d 
to

 a
re

as
 o

f 
fo

od
 p

re
pa

ra
ti

on
 o

r 
fo

r 
th

e 
pu

rp
os

e 
of

 p
er

so
na

l 
hy

gi
en

e 
(w

as
hi

ng
 o

r 
ba

th
in

g)
 s

ho
ul

d 
m

ee
t d

ri
nk

in
g 

w
at

er
 q

ua
li

ty
 s

ta
nd

ar
ds

. 
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 6.
2.

2 
F

ac
il

it
y 

D
es

ig
n

 f
or

 W
or

k 
A

re
as

 
R

is
k 

m
an

ag
em

en
t: 

T
o 

co
nt

ro
l 

an
d/

or
 a

vo
id

 a
dv

er
se

 i
m

pa
ct

s 
of

 t
he

 p
ro

je
ct

, 
th

e 
co

nt
ra

ct
or

 s
ho

ul
d 

as
si

gn
 p

er
so

nn
el

 a
nd

/o
r 

se
ct

io
ns

. 
A

s 
di

sc
us

se
d 

in
 C

ha
pt

er
 5

 t
he

re
 w

ou
ld

 b
e 

po
te

nt
ia

l 
ad

ve
rs

e 
im

pa
ct

s 
bu

t 
li

m
ite

d 
to

 a
ro

un
d 

th
e 

si
te

 a
nd

 o
n 

w
or

ke
rs

 o
f 

th
e 

pr
oj

ec
t. 

 T
he

 p
ot

en
tia

l 
fo

r 
oc

cu
pa

tio
na

l 
ac

ci
de

nt
s 

an
d 

ha
za

rd
 w

ou
ld

 b
e 

im
m

in
en

t, 
am

on
g 

ot
he

rs
. 

H
ea

lt
h 

th
re

at
, 

ve
hi

cl
es

 m
ov

em
en

ts
 a

nd
 f

un
ct

io
ni

ng
 o

f 
m

ac
hi

ne
s,

 f
ir

e 
so

un
d 

an
d 

du
st

 e
ff

ec
ts

 h
av

e 
be

en
 t

he
 t

re
at

ed
 a

s 
so

ur
ce

s 
of

 a
dv

er
se

 i
m

pa
ct

s.
 I

n 
fa

ct
, 

as
 

lo
ng

 
as

 
pr

op
er

 
m

it
ig

at
io

n 
an

d 
m

on
it

or
in

g 
m

ea
su

re
s 

ta
ke

n,
 

th
e 

sa
id

 
ne

ga
tiv

e 
im

pa
ct

s 
co

ul
d 

be
 

co
nt

ro
ll

ed
. 

T
he

 r
is

k 
of

 f
ir

e 
fo

r 
ex

am
pl

e 
co

ul
d 

be
 c

on
tr

ol
le

d 
fo

ll
ow

in
g 

E
nv

ir
on

m
en

ta
l 

H
ea

lt
h 

an
d 

Sa
fe

ty
 (

E
H

S)
 

gu
id

el
in

e 
an

d 
st

an
da

rd
s 

w
hi

ch
 in

vo
lv

e 
oc

cu
pa

ti
on

al
 h

ea
lt

h 
an

d 
sa

fe
ty

 r
ul

es
. A

cc
or

di
ng

 to
 o

th
er

 s
im

ila
r 

te
st

 w
el

l 
dr

ill
in

g 
pr

oj
ec

ts
 n

o 
da

m
ag

in
g 

fi
re

 h
az

ar
d 

oc
cu

rr
ed

. 
H

ow
ev

er
, 

th
er

e 
is

 a
 p

os
si

bi
li

ty
 o

f 
fi

re
 

ac
ci

de
nt

; 
th

us
 t

he
 c

on
ce

rn
ed

 b
od

y 
sh

ou
ld

 c
on

si
st

en
tly

 a
dh

er
e 

to
 t

he
 p

re
sc

ri
be

d 
re

qu
ir

em
en

ts
 a

nd
 t

he
 

re
ad

in
es

s 
of

 f
ir

e 
ex

ti
ng

ui
sh

er
s 

an
d 

re
la

te
d 

eq
ui

pm
en

t; 
ac

ro
ss

 a
ll

 p
ar

ts
 o

f 
th

e 
si

te
, 

ca
m

ps
 a

nd
 d

ri
ll

in
g 

ar
ea

s,
 a

m
on

g 
ot

he
rs

.  
 

 In
 t

er
m

s 
of

 t
ra

ff
ic

 a
cc

id
en

ts
 t

oo
, a

ll
 p

re
ve

nt
io

n 
m

et
ho

ds
 s

ho
ul

d 
be

 i
n 

lin
e 

w
ith

 i
nt

er
na

ti
on

al
 g

ui
de

li
ne

s 
(p

ar
tic

ul
ar

ly
, 

IF
C

’s
 G

ui
de

li
ne

s,
 3

.4
 T

ra
ff

ic
 S

af
et

y)
. 

A
s 

pe
r 

th
e 

ag
re

em
en

t 
th

at
 w

ou
ld

 b
e 

re
ac

he
d 

be
tw

ee
n 

pr
oj

ec
t 

ow
ne

r 
an

d 
th

e 
co

nt
ra

ct
or

, 
al

l 
te

st
 d

ri
lli

ng
 p

ha
se

s 
sh

ou
ld

 b
e 

gi
ve

n 
du

e 
em

ph
as

is
 i

n 
ac

co
rd

an
ce

 w
ith

 r
el

ev
an

t s
ta

tu
to

ry
 r

eq
ui

re
m

en
ts

, a
bi

di
ng

 r
eg

ul
at

io
ns

 s
ta

nd
ar

ds
.  

 S
im

il
ar

 t
o 

th
e 

st
af

f 
ca

m
p,

 w
or

k 
ar

ea
s 

ar
e 

m
ai

nl
y 

so
ur

ce
s 

of
 a

dv
er

se
 i

m
pa

ct
. 

In
 l

in
e 

to
 t

ha
t, 

dr
il

li
ng

 
sp

ot
s 

an
d 

as
so

ci
at

ed
 a

re
as

 n
ee

d 
to

 b
e 

ar
ra

ng
ed

 i
n 

a 
w

ay
 t

ha
t 

th
ey

 w
ou

ld
 m

in
im

iz
e,

 c
on

tr
ol

 a
nd

 a
vo

id
 

ad
ve

rs
e 

im
pa

ct
s.

 T
he

 f
ol

lo
w

in
g 

po
in

ts
 s

ho
ul

d 
be

 c
on

si
de

re
d 

to
 m

it
ig

at
e/

m
an

ag
e 

ne
ga

ti
ve

 i
m

pa
ct

s 
be

fo
re

 p
ro

je
ct

 im
pl

em
en

ta
tio

n.
   

  

6.
2.

3 
H

ea
lt

h
 a

nd
 S

af
et

y 
ar

ou
nd

 t
h

e 
Si

te
 

Pr
oj

ec
t 

ow
ne

r 
in

 g
en

er
al

 a
nd

 t
he

 c
on

tr
ac

to
r 

in
 p

ar
ti

cu
la

r 
ne

ed
 t

o 
fo

llo
w

 a
nd

 e
ns

ur
e 

th
e 

st
ip

ul
at

io
ns

 
in

di
ca

te
d 

he
re

 u
nd

er
 d

ur
in

g 
co

ns
tr

uc
ti

on
 p

ha
se

:  

 
A

va
il

in
g 

he
al

th
 a

nd
 s

af
et

y 
eq

ui
pm

en
t s

uc
h 

as
 F

ir
st

 A
id

 k
it

s,
 p

ro
te

ct
iv

e 
cl

ot
hi

ng
 a

nd
 b

oo
ts

.  

 
C

on
tr

ol
li

ng
 h

ug
e 

di
sc

ha
rg

e 
of

 d
us

t. 

 
Im

pl
em

en
tin

g 
no

is
e 

ab
at

em
en

t 
m

ec
ha

ni
sm

s 
to

 m
in

im
iz

e 
in

co
nv

en
ie

nc
e 

to
 c

ur
re

nt
 s

ta
ff

 a
nd

 s
ite

 
w

or
ke

rs
. 

 
E

ns
ur

in
g 

th
e 

cl
ea

nn
es

s 
of

 t
he

 s
it

e,
 f

or
 i

ns
ta

nc
e 

fr
ee

 f
ro

m
 m

ud
 a

nd
 d

eb
ri

s;
 a

nd
 d

um
pi

ng
 

ex
ca

va
te

d 
m

at
er

ia
ls

 a
nd

 s
cr

ap
s 

at
 a

 p
re

se
t a

nd
 a

pp
ro

ve
d 

lo
ca

ti
on

. 

 
Im

pl
em

en
tin

g 
tr

af
fi

c 
sy

st
em

 f
or

 v
eh

ic
le

s 
en

te
ri

ng
 a

nd
 e

xi
tin

g 
th

e 
si

te
.  

 

 
Q

ua
li

fi
ed

 h
ea

lth
 p

ro
fe

ss
io

na
ls

 w
ith

 n
ec

es
sa

ry
 m

ed
ic

al
 to

ol
s 

an
d 

dr
ug

s 
sh

ou
ld

 a
va

il 
24

 h
ou

rs
 f

or
 

em
er

ge
nc

y,
 a

t 
le

as
t 

vi
ct

im
s 

un
de

r 
se

ri
ou

s 
ac

ci
de

nt
 o

r 
ha

za
rd

 t
ra

ns
fe

rr
ed

 t
o 

an
 a

pp
ro

pr
ia

te
 

m
ed

ic
al

 f
ac

il
it

y.
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 S
p

ac
e 

an
d 

E
xi

t:
 

 
T

he
 s

pa
ce

 p
ro

vi
de

d 
fo

r 
ac

ti
vi

ty
 o

f 
w

or
ke

rs
 s

ho
ul

d 
be

 w
id

e 
en

ou
gh

 f
or

 s
af

e 
ex

ec
ut

io
n 

of
 a

ll
 

as
si

gn
m

en
ts

. 
T

hi
s 

re
fe

rs
 

to
 

al
l 

bu
ild

in
gs

 
re

qu
ir

ed
 

fo
r 

th
e 

pr
oj

ec
t, 

fo
r 

ex
am

pl
e,

 
of

fi
ce

s,
 

la
bo

ra
to

ri
es

, l
od

gi
ng

s 
an

d 
lo

un
ge

s,
 in

cl
ud

in
g 

  s
to

ra
ge

 o
f 

m
at

er
ia

ls
, a

m
on

g 
ot

he
rs

.  

 
T

he
 n

um
be

r 
of

 s
to

re
s 

ne
ed

ed
 f

or
 th

e 
pr

oj
ec

t i
s 

de
te

rm
in

ed
 b

y 
th

e 
nu

m
be

r 
of

 w
el

ls
 t

o 
be

 d
ri

lle
d.

  
O

ne
 s

to
re

 f
or

 e
ac

h 
w

el
l, 

ac
co

rd
in

g 
to

 e
xp

er
ie

nc
e 

el
se

w
he

re
, 

m
ay

 b
e 

re
qu

ir
ed

. 
S

to
re

s 
fo

r 
si

li
ca

 
an

d 
be

nt
on

it
e 

ar
e 

m
an

da
to

ry
. 

T
he

se
 

te
m

po
ra

ry
 

st
or

es
 

m
ay

 
be

 
co

ns
tr

uc
te

d 
fr

om
 

ch
ea

pe
r 

m
at

er
ia

ls
 b

ut
 n

ee
d 

to
 b

e 
w

id
e 

an
d 

lo
ng

 e
no

ug
h 

to
 a

cc
om

m
od

at
e 

th
ou

sa
nd

s 
of

 s
il

ic
a/

be
nt

on
it

e 
sa

ck
s.

 A
 s

in
gl

e 
st

or
es

 u
se

d 
fo

r 
th

e 
sa

m
e 

pr
op

os
e 

at
 A

lu
to

 L
an

ga
no

, 
fo

r 
ex

am
pl

e,
 i

s 
ne

ar
ly

 
20

x1
0 

m
et

er
 w

id
e 

an
d 

5m
te

r 
he

ig
ht

. 
O

th
er

 s
ta

nd
ar

di
ze

d 
st

or
es

 i
n 

so
m

e 
co

un
tr

ie
s 

ar
e 

w
id

e 
en

ou
gh

 to
 a

cc
om

m
od

at
e 

bi
g 

tr
uc

ks
 to

 f
ac

il
ita

te
 lo

ad
in

g 
an

d 
un

lo
ad

in
g.

   
   

  

 
A

ll 
st

or
es

, 
ro

om
s 

an
d 

ha
ll

s 
ne

ed
 p

as
sa

ge
s 

em
er

ge
nc

y 
ex

its
 a

nd
 s

ho
ul

d 
be

 u
no

bs
tr

uc
te

d 
at

 a
ll 

tim
es

. 
E

xi
ts

 s
ho

ul
d 

be
 c

le
ar

ly
 m

ar
ke

d 
to

 b
e 

vi
si

bl
e 

in
 t

ot
al

 d
ar

kn
es

s.
 T

he
 n

um
be

r 
an

d 
ca

pa
ci

ty
 

of
 e

m
er

ge
nc

y 
ex

its
 s

ho
ul

d 
al

so
 b

e 
w

id
e 

en
ou

gh
 f

or
 s

af
e 

an
d 

or
de

rl
y 

ev
ac

ua
tio

n 
of

 t
he

 s
ta

ff
 a

nd
 

w
or

ke
rs

. 

F
ir

e 
p

re
ca

u
ti

on
s:

 
 

T
he

 t
es

t 
w

el
l 

dr
il

li
ng

 c
am

p 
sh

ou
ld

 b
e 

de
si

gn
ed

 t
o 

pr
ev

en
t 

th
e 

st
ar

t 
of

 f
ir

es
 t

hr
ou

gh
 t

he
 

im
pl

em
en

ta
tio

n 
of

 f
ir

e 
co

de
s 

ap
pl

ic
ab

le
 to

 in
du

st
ri

al
 s

et
ti

ng
s.

 O
th

er
 e

ss
en

ti
al

 m
ea

su
re

s 
in

cl
ud

e:
 

 
E

qu
ip

pi
ng

 
fa

ci
li

tie
s 

w
it

h 
fi

re
 

de
te

ct
or

s,
 

al
ar

m
 

sy
st

em
s,

 
an

d 
fi

re
-f

ig
ht

in
g 

eq
ui

pm
en

t. 
T

he
 

eq
ui

pm
en

t 
sh

ou
ld

 b
e 

m
ai

nt
ai

ne
d 

in
 g

oo
d 

w
or

ki
ng

 o
rd

er
 a

nd
 b

e 
re

ad
il

y 
ac

ce
ss

ib
le

. I
t 

sh
ou

ld
 b

e 
ad

eq
ua

te
 f

or
 

th
e 

di
m

en
si

on
s 

an
d 

us
e 

of
 

th
e 

pr
em

is
es

, 
eq

ui
pm

en
t 

in
st

al
le

d,
 p

hy
si

ca
l 

an
d 

ch
em

ic
al

 p
ro

pe
rt

ie
s 

of
 s

ub
st

an
ce

s 
pr

es
en

t, 
an

d 
th

e 
m

ax
im

um
 n

um
be

r 
of

 p
eo

pl
e 

pr
es

en
t. 

 
Pr

ov
is

io
n 

of
 m

an
ua

l f
ir

ef
ig

ht
in

g 
eq

ui
pm

en
t t

ha
t i

s 
ea

si
ly

 a
cc

es
si

bl
e 

an
d 

si
m

pl
e 

to
 u

se
 

 
Fi

re
 a

nd
 e

m
er

ge
nc

y 
al

ar
m

 s
ys

te
m

s 
th

at
 a

re
 b

ot
h 

au
di

bl
e 

an
d 

vi
si

bl
e.

 

 
F

ol
lo

w
in

g 
th

e 
na

tu
re

 
of

 
th

e 
te

st
 

w
el

l 
dr

il
li

ng
, 

w
or

ke
rs

 
m

ay
 

be
 

ex
po

se
d 

to
 

po
is

on
ou

s 
sm

ok
es

/v
ap

or
s,

 e
ye

 a
nd

 s
ki

n 
ir

ri
ta

ti
ng

 s
ub

st
an

ce
s.

 T
hu

s 
al

l 
sa

fe
ty

 t
oo

ls
 s

ho
ul

d 
be

 a
va

il
ed

 a
t 

th
e 

ca
m

p 
an

d 
ch

ec
k 

w
or

ke
rs

 u
se

 th
em

 w
it

ho
ut

 f
ai

lu
re

.  

Sa
fe

 a
cc

es
s:

 
 

Pa
ss

ag
ew

ay
s 

fo
r 

m
ov

em
en

ts
 o

f 
ve

hi
cl

es
, 

m
ac

hi
ne

s,
 a

nd
 w

or
ke

rs
 w

it
hi

n 
an

d 
ou

ts
id

e 
th

e 
ca

m
p 

sh
ou

ld
 b

e 
se

gr
eg

at
ed

 a
nd

 p
ro

vi
de

 f
or

 e
as

y,
 s

af
e,

 a
nd

 a
pp

ro
pr

ia
te

 a
cc

es
s.

 

 
D

ri
lli

ng
 a

nd
 o

th
er

 r
el

at
ed

 e
qu

ip
m

en
t, 

to
ol

s 
an

d 
in

st
al

la
ti

on
s 

re
qu

ir
in

g 
se

rv
ic

in
g,

 i
ns

pe
ct

io
n,

 
an

d/
or

 c
le

an
in

g 
sh

ou
ld

 h
av

e 
un

ob
st

ru
ct

ed
, u

nr
es

tr
ic

te
d,

 a
nd

 r
ea

dy
 a

cc
es

s.
 

 
H

an
d,

 k
ne

e 
an

d 
fo

ot
 r

ai
li

ng
s 

sh
ou

ld
 b

e 
av

ai
le

d 
w

hi
le

 w
or

ki
ng

 o
n 

st
ea

m
 p

ip
es

, 
st

ai
rs

, 
la

dd
er

s,
 

pl
at

fo
rm

s,
 p

er
m

an
en

t a
nd

 in
te

ri
m

 r
am

ps
, e

tc
. 

 
H

az
ar

do
us

 a
re

as
 d

ur
in

g 
dr

il
li

ng
 o

r 
du

ri
ng

 t
es

ti
ng

 s
ho

ul
d 

be
 m

ar
ke

d 
to

 p
re

ve
nt

 u
na

ut
ho

ri
ze

d 
ac

ce
ss

. 
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 W
or

k 
E

n
vi

ro
n

m
en

t 
 

A
s 

al
re

ad
y 

m
en

tio
ne

d,
 t

he
 s

it
e 

is
 s

o 
ho

t, 
w

in
dy

 a
nd

 d
us

ty
 e

xc
ep

t 
fe

w
 d

ay
s 

(i
n 

tw
o 

m
on

th
s)

 w
he

n 
th

er
e 

is
 l

it
tle

 r
ai

n 
an

d 
co

ol
er

 t
em

pe
ra

tu
re

. T
hu

s,
 t

he
 t

em
pe

ra
tu

re
 i

n 
al

l 
w

or
k 

ro
om

s,
 r

es
t, 

ea
ti

ng
 a

nd
 s

le
ep

in
g 

ro
om

s 
sh

ou
ld

 b
e 

at
 a

 te
m

pe
ra

tu
re

 a
pp

ro
pr

ia
te

 f
or

 th
e 

cl
im

at
ic

 c
on

di
ti

on
 o

f 
th

e 
ar

ea
.  

 

 
Su

ff
ic

ie
nt

 f
re

sh
 a

ir
 s

ho
ul

d 
be

 s
up

pl
ie

d 
fo

r 
in

do
or

 a
nd

 c
on

fi
ne

d 
w

or
k 

sp
ac

es
. 

F
ac

to
rs

 t
o 

be
 

co
ns

id
er

ed
 in

 v
en

til
at

io
n 

de
si

gn
 in

cl
ud

e 
ph

ys
ic

al
 a

ct
iv

it
y,

 s
ub

st
an

ce
s 

in
 u

se
, a

nd
 p

ro
ce

ss
 r

el
at

ed
 

em
is

si
on

s.
 A

ir
 d

is
tr

ib
ut

io
n 

sy
st

em
s 

sh
ou

ld
 b

e 
de

si
gn

ed
 s

o 
as

 n
ot

 t
o 

ex
po

se
 w

or
ke

rs
 t

o 
he

at
 a

nd
 

su
ff

oc
at

io
n.

 

 
A

ll 
w

or
k 

ar
ea

s 
of

 t
he

 d
ri

ll
in

g 
sh

ou
ld

 r
ec

ei
ve

 n
at

ur
al

 l
ig

ht
 a

nd
 i

f 
th

er
e 

is
 a

 n
ee

d 
ar

tif
ic

ia
l 

lig
ht

 
(w

hi
ch

 o
f 

co
ur

se
 d

oe
sn

’t
 a

gg
ra

va
te

 t
he

 h
ot

 c
li

m
at

e 
of

 t
he

 s
ite

) 
to

 p
ro

m
ot

e 
w

or
ke

rs
’ 

sa
fe

ty
 a

nd
 

he
al

th
, a

nd
 e

na
bl

e 
sa

fe
 e

qu
ip

m
en

t o
pe

ra
ti

on
.  

 
E

m
er

ge
nc

y 
li

gh
ti

ng
 o

f 
ad

eq
ua

te
 i

nt
en

si
ty

 s
ho

ul
d 

be
 i

ns
ta

ll
ed

 a
nd

 a
ut

om
at

ic
al

ly
 a

ct
iv

at
ed

 u
po

n 
fa

ilu
re

 o
f 

en
er

gy
 to

 e
ns

ur
e 

th
e 

co
nt

in
ua

tio
n 

of
 th

e 
en

ti
re

 d
ri

ll
in

g 
ac

ti
vi

ty
 a

nd
/o

r 
co

ol
in

g 
sy

st
em

, 
am

on
g 

ot
he

rs
. 

N
oi

se
 M

iti
ga

tio
n 

M
ea

su
re

: 
A

s 
al

re
ad

y 
m

en
ti

on
ed

, 
th

e 
si

te
 i

s 
re

la
ti

ve
ly

 f
ar

 f
ro

m
 t

he
 n

ei
gh

bo
rh

oo
d.

  
A

nd
 y

et
, 

it
 i

s 
li

ke
ly

 t
he

 i
m

pa
ct

 o
f 

so
un

d 
co

ul
d 

be
 f

el
t 

th
ro

ug
ho

ut
 t

he
 s

ite
. 

 T
hu

s,
 m

ea
su

re
 f

or
 t

he
 

m
it

ig
at

io
n 

sh
ou

ld
 e

ns
ur

e 
m

in
im

iz
e 

no
is

e 
ca

us
ed

 b
y 

ve
hi

cl
e 

m
ov

em
en

ts
, 

ex
ca

va
ti

on
s,

 d
ri

lli
ng

, 
he

av
y 

m
ac

hi
ne

s 
ac

ti
vi

ti
es

, a
nd

 p
it

 r
el

at
ed

 w
or

ks
. T

he
re

fo
re

 tw
o 

ba
si

c 
m

ea
su

re
s 

ne
ed

 to
 b

e 
co

ns
id

er
ed

:  

 
A

pp
ly

in
g 

eq
ui

pm
en

t m
uf

fl
er

s 
pa

rt
ic

ul
ar

ly
 to

 h
ea

vy
 c

on
st

ru
ct

io
n 

m
ac

hi
ne

s;
 a

nd
, 

 
 E

va
lu

at
in

g 
th

e 
le

ve
l 

of
 n

oi
se

 e
ve

ry
 w

ee
k 

pa
rt

ic
ul

ar
ly

 b
y 

co
ns

ul
tin

g 
  

gr
ou

ps
 (

st
af

f 
of

 t
he

 
co

nt
ra

ct
or

) 
th

at
 m

ay
 li

ke
ly

 a
ff

ec
te

d 
by

 th
e 

so
un

d.
  

L
ab

or
 r

ig
ht

s 
In

 t
er

m
s 

of
 l

ab
or

 a
nd

 e
m

pl
oy

m
en

t 
to

o,
 t

he
 c

on
tr

ac
to

r 
as

 w
el

l 
as

 p
ro

je
ct

 o
w

ne
r 

w
il

l 
be

 c
om

m
itt

ed
 t

o 
re

sp
ec

t 
hu

m
an

 r
ig

ht
 i

ss
ue

s,
 n

at
io

na
l 

an
d 

in
te

rn
at

io
na

l 
po

li
ci

es
 a

nd
 c

on
ve

nt
io

ns
 i

nv
ol

vi
ng

 w
or

ke
rs

 t
ha

t 
w

il
l b

e 
en

ga
ge

d 
in

 th
e 

pr
oj

ec
t. 

 
 Su

m
m

ar
y 

of
 m

iti
ga

tio
n 

m
ea

su
re

: 
T

he
 a

bo
ve

 d
is

cu
ss

io
ns

 b
ri

ef
ed

 t
he

 m
it

ig
at

io
n 

m
ea

su
re

s 
re

qu
ir

ed
 f

or
 t

he
 

id
en

tif
ie

d 
im

pa
ct

s 
so

 f
ar

 d
is

cu
ss

ed
. I

n 
lin

e 
to

 th
at

 T
ab

le
 X

X
 s

um
m

ar
iz

es
 th

e 
m

it
ig

at
io

n 
m

ea
su

re
s 

pr
op

os
ed

.  
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6 
 6.

3 
M

an
ag

em
en

t 
P

la
n 

E
nv

ir
on

m
en

ta
l a

nd
 S

oc
ia

l M
an

ag
em

en
t P

la
n 

(E
SM

P)
 is

 p
re

pa
re

d 
on

 th
e 

ba
si

s 
of

 id
en

ti
fi

ed
 im

pa
ct

s 
an

d 
th

ei
r 

le
ve

l o
f 

si
gn

if
ic

an
ce

. T
he

 o
bj

ec
ti

ve
 o

f 
th

is
 E

S
M

P 
is

 to
 id

en
ti

fy
 p

ro
je

ct
 s

pe
ci

fi
c 

en
vi

ro
nm

en
ta

l a
nd

 
so

ci
al

 a
ct

io
ns

 t
ha

t 
w

il
l 

be
 u

nd
er

ta
ke

n 
to

 m
an

ag
e 

im
pa

ct
s 

as
so

ci
at

ed
 w

it
h 

th
e 

de
ve

lo
pm

en
t 

an
d 

op
er

at
io

n 
of

 te
st

 w
el

l d
ri

ll
in

g.
 T

hu
s,

 it
 f

oc
us

es
 o

n:
 


 

S
pe

ci
fi

c 
m

ea
su

re
s 

th
at

 w
il

l 
be

 t
ak

en
 t

o 
pr

ev
en

t, 
re

du
ce

 o
r 

m
an

ag
e 

th
e 

so
ci

o-
en

vi
ro

nm
en

ta
l 

im
pa

ct
s 

of
 th

e 
de

ve
lo

pm
en

t 


 
W

he
re

 i
t 

is
 n

ot
 p

os
si

bl
e 

to
 s

pe
ci

fy
 t

he
se

 a
t 

th
is

 s
ta

ge
 w

ha
t 

le
ve

l 
of

 e
nv

ir
on

m
en

ta
l 

pe
rf

or
m

an
ce

 
w

ill
 b

e 
ex

pe
ct

ed
 o

f 
th

e 
op

er
at

io
n 


 

D
ev

el
op

in
g 

pr
op

os
al

s 
fo

r 
m

on
it

or
in

g 
an

d 
au

di
t o

f 
E

SI
A

 im
pl

em
en

ta
tio

n 
pr

oc
es

s.
 

 
Si

gn
if

ic
an

t 
im

pa
ct

s 
th

at
 a

re
 d

et
ai

le
d 

in
 t

he
 p

re
vi

ou
s 

se
ct

io
n 

sh
al

l 
be

 m
it

ig
at

ed
 t

hr
ou

gh
 p

ro
po

se
d 

m
et

ho
ds

 a
nd

 t
he

n 
su

bj
ec

te
d 

to
 m

ec
ha

ni
sm

s 
of

 e
nv

ir
on

m
en

ta
l 

m
an

ag
em

en
t 

pl
an

 u
si

ng
 m

on
it

or
in

g 
an

d 
au

di
tin

g 
as

 in
st

ru
m

en
t. 

 
 H

ow
ev

er
, i

n 
pa

ra
lle

l t
o 

th
e 

ge
ne

ra
l E

SM
P,

 a
 n

um
be

r 
of

 s
pe

ci
fi

c 
do

cu
m

en
ts

 a
re

 r
eq

ui
re

d.
 G

S
E

 s
ha

ll 
de

ve
lo

p 
ad

di
ti

on
al

 p
la

ns
, p

ol
ic

ie
s 

an
d 

pr
oc

ed
ur

es
 t

o 
en

su
re

 a
de

qu
at

e 
m

an
ag

em
en

t 
an

d 
m

on
it

or
in

g 
of

 s
oc

ia
l 

an
d 

en
vi

ro
nm

en
ta

l a
sp

ec
ts

. I
t i

s 
as

su
m

ed
 th

at
 th

es
e 

pl
an

s 
w

il
l b

e 
el

ab
or

at
ed

 b
y 

G
S

E
 to

 c
om

pl
em

en
t e

xi
st

in
g 

E
nv

ir
on

m
en

ta
l, 

H
ea

lt
h 

an
d 

Sa
fe

ty
 M

an
ag

em
en

t 
Sy

st
em

 s
pe

ci
fi

ca
ll

y 
fo

r 
th

e 
Pr

oj
ec

t. 
W

he
re

 r
el

ev
an

t 
an

d 
un

de
r 

re
sp

ec
ti

ve
 

co
nt

ra
ct

s,
 

dr
il

lin
g 

co
nt

ra
ct

or
s 

sh
ou

ld
 

be
 

re
qu

ir
ed

 
to

 
im

pl
em

en
t 

th
e 

co
rr

es
po

nd
in

g 
ar

ra
ng

em
en

ts
.  

 T
hi

s 
m

an
ag

em
en

t 
pl

an
 

ha
s 

be
en

 
de

ve
lo

pe
d 

to
 

cl
ea

rl
y 

id
en

ti
fy

 
m

it
ig

at
io

n 
m

ea
su

re
s 

th
at

 
sh

ou
ld

 
be

 
im

pl
em

en
te

d 
to

 m
in

im
iz

e,
 r

ed
uc

e,
 o

r 
el

im
in

at
e 

m
od

er
at

e 
an

d 
m

aj
or

 a
dv

er
se

 im
pa

ct
s 

id
en

ti
fi

ed
 in

 th
e 

E
SI

A
. 

In
 a

dd
it

io
n,

 t
he

 E
SM

P 
al

so
 i

de
nt

if
ie

s 
be

st
 m

an
ag

em
en

t 
pr

ac
tic

es
 (

B
M

Ps
) 

an
d 

ot
he

r 
m

it
ig

at
io

n 
m

ea
su

re
s 

th
at

 w
ill

 m
in

im
iz

e,
 r

ed
uc

e,
 o

r 
el

im
in

at
e 

so
m

e 
ne

gl
ig

ib
le

 a
nd

 m
in

or
 i

m
pa

ct
s 

th
at

 c
ou

ld
 e

sc
al

at
e 

to
 b

ec
om

e 
m

or
e 

im
po

rt
an

t i
f 

th
ey

 a
re

 n
ot

 h
an

dl
ed

 p
ro

pe
rl

y.
 

 Im
pl

em
en

ta
tio

n 
of

 
th

e 
E

S
M

P
 

is
 

us
ua

ll
y 

an
d 

ef
fe

ct
iv

el
y 

pr
ac

tic
ed

 
th

ro
ug

h 
es

ta
bl

is
hm

en
t 

of
 

an
 

E
nv

ir
on

m
en

ta
l M

an
ag

em
en

t U
ni

t (
E

M
U

).
 I

n 
pa

rt
ic

ul
ar

, i
m

pl
em

en
ta

ti
on

 o
f 

th
e 

E
SM

P
 r

eq
ui

re
s 

th
at

: 
 


 
T

he
 d

et
ai

le
d 

fi
na

l 
de

si
gn

 (
pl

an
s 

an
d 

sp
ec

if
ic

at
io

ns
) 

fo
r 

th
e 

pr
oj

ec
t 

in
co

rp
or

at
es

 a
ll 

m
it

ig
at

io
n 

m
ea

su
re

s 
sp

ec
if

ie
d 

in
 th

e 
ap

pr
ov

ed
 E

S
IA

; 


 
T

he
 c

on
tr

ac
t f

or
 th

e 
pr

oj
ec

t i
m

pl
em

en
ta

ti
on

 in
cl

ud
es

 a
ll

 m
it

ig
at

io
n 

m
ea

su
re

s;
 


 

T
he

 
dr

il
lin

g 
co

nt
ra

ct
or

s’
 

pe
rf

or
m

an
ce

 
is

 
du

ly
 

m
on

it
or

ed
 

fo
r 

co
m

pl
ia

nc
e 

w
ith

 
th

e 
E

SM
P

 
by

 
co

m
pe

te
nt

 in
sp

ec
to

rs
; 

 


 
O

n 
co

m
pl

et
io

n 
of

 t
he

 w
or

ks
, 

in
sp

ec
ti

on
 t

ak
es

 p
la

ce
 t

o 
ch

ec
k 

th
at

 t
he

 c
om

pl
et

ed
 w

or
k 

m
ee

t 
al

l 
si

gn
if

ic
an

t e
nv

ir
on

m
en

ta
l r

eq
ui

re
m

en
ts

 b
ef

or
e 

th
e 

pr
oj

ec
t i

s 
of

fi
ci

al
ly

 a
cc

ep
te

d;
 


 

T
he

 o
pe

ra
tio

ns
 s

ta
ge

 m
on

it
or

in
g 

pr
og

ra
m

 is
 im

pl
em

en
te

d 
as

 s
pe

ci
fi

ed
 in

 th
e 

E
S

M
P

. 
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
 

T
he

re
 i

s 
ef

fe
ct

iv
e 

re
po

rt
in

g 
m

ec
ha

ni
sm

 b
y 

th
e 

E
M

U
 (

E
nv

ir
on

m
en

ta
l 

M
on

it
or

in
g 

U
ni

t)
, 

th
ro

ug
h 

P
ro

je
ct

 I
m

pl
em

en
ta

ti
on

 U
ni

t, 
to

 d
em

on
st

ra
te

 th
at

 th
e 

E
S

M
P 

is
 b

ei
ng

 p
ro

pe
rl

y 
m

an
ag

ed
;  

 D
ur

in
g 

dr
ill

in
g 

st
ag

e,
 t

he
 f

oc
us

 i
s 

on
 e

ns
ur

in
g 

th
at

 t
he

 d
ri

lli
ng

 c
on

tr
ac

t 
re

qu
ir

em
en

ts
 i

nc
lu

de
 b

as
ic

 h
ea

lth
 

an
d 

sa
fe

ty
 r

eq
ui

re
m

en
ts

 a
s 

w
el

l 
as

 m
it

ig
at

io
n 

m
ea

su
re

s 
ar

e 
en

vi
ro

nm
en

ta
ll

y 
so

un
d.

 T
o 

a 
co

ns
id

er
ab

le
 

de
gr

ee
, d

ri
ll

in
g 

co
nt

ra
ct

or
s 

w
ill

 b
e 

re
sp

on
si

bl
e 

fo
r 

im
pl

em
en

ti
ng

 m
it

ig
at

io
n 

m
ea

su
re

s 
bu

t, 
in

 a
ny

 c
as

e,
 t

he
 

ul
ti

m
at

e 
re

sp
on

si
bi

lit
y 

fo
r 

en
su

ri
ng

 t
ha

t 
en

vi
ro

nm
en

ta
l a

nd
 s

oc
ia

l 
pr

ot
ec

tio
n 

el
em

en
ts

 a
re

 b
ei

ng
 c

ar
ri

ed
 o

ut
 

pr
op

er
ly

 i
s 

of
 G

SE
. 

M
os

t 
of

 t
he

 i
m

pa
ct

s 
w

hi
ch

 o
cc

ur
 d

ur
in

g 
th

e 
dr

ill
in

g 
ph

as
e 

ca
n 

be
 r

ed
uc

ed
 o

r 
av

oi
de

d 
th

ro
ug

h 
th

e 
ap

pl
ic

at
io

n 
of

 s
ou

nd
 c

on
st

ru
ct

io
n 

m
an

ag
em

en
t g

ui
de

li
ne

s.
 

6.
4 

In
st

it
u

ti
on

al
 a

rr
an

ge
m

en
t 

 
T

he
 

pr
oj

ec
t 

of
fi

ce
 

w
il

l 
en

su
re

 
th

at
 

so
ci

o-
en

vi
ro

nm
en

ta
lly

 
cr

it
ic

al
 

ac
ti

on
s 

ar
e 

un
de

rt
ak

en
 

as
 

pe
r 

re
co

m
m

en
de

d 
m

it
ig

at
io

n 
m

ea
su

re
s,

 v
ar

io
us

 s
ta

nd
ar

d 
gu

id
el

in
e 

re
qu

ir
em

en
ts

 a
nd

 a
pp

li
ca

bl
e 

E
th

io
pi

an
 

le
gi

sl
at

io
ns

. 
T

he
re

 s
ha

ll
 b

e 
an

 a
ss

ig
ne

d 
hi

gh
 l

ev
el

 M
an

ag
em

en
t 

B
od

y 
fo

r 
ov

er
se

ei
ng

 a
ll

 e
nv

ir
on

m
en

t 
an

d 
sa

fe
ty

 r
es

po
ns

es
 to

 e
ns

ur
e 

th
e 

im
pl

em
en

ta
ti

on
 o

f 
E

S
M

P.
 

 T
hu

s,
 o

rg
an

iz
at

io
na

l 
U

ni
t 

sh
al

l 
be

 i
ns

tit
ut

ed
 w

it
h 

de
fi

ne
d 

ro
le

s,
 r

es
po

ns
ib

il
it

ie
s,

 a
nd

 a
ut

ho
ri

ty
 t

o 
im

pl
em

en
t 

th
e 

E
S

M
P.

 T
hi

s 
U

ni
t 

w
il

l 
fo

cu
s 

on
 a

ss
es

si
ng

 c
ur

re
nt

 e
nv

ir
on

m
en

ta
l 

pr
ac

ti
ce

s,
 d

ev
el

op
in

g 
an

 i
nt

er
na

l 
au

di
t 

sy
st

em
, 

re
vi

ew
in

g 
en

vi
ro

nm
en

ta
l 

m
on

it
or

in
g 

re
po

rt
s,

 i
de

nt
if

yi
ng

 r
eq

ui
re

d 
co

nt
ro

l 
m

ea
su

re
s,

 in
it

ia
ti

ng
 p

ub
lic

 r
el

at
io

ns
 c

am
pa

ig
ns

 to
 r

ep
or

t, 
m

ai
nt

ai
ni

ng
 a

 c
le

ar
 e

nv
ir

on
m

en
ta

l p
ro

ce
du

re
, 

an
d 

es
ta

bl
is

hi
ng

 a
 t

ra
ns

pa
re

nt
 c

om
m

un
ic

at
io

n 
w

ith
 g

ov
er

nm
en

ta
l 

an
d 

no
n-

go
ve

rn
m

en
ta

l 
ag

en
ci

es
 

co
nc

er
ne

d 
in

 e
nv

ir
on

m
en

ta
l m

an
ag

em
en

t. 
 T

he
 s

oc
ia

l s
et

 u
p 

w
ith

in
 th

e 
U

ni
t w

ill
 f

or
m

 a
n 

im
po

rt
an

t p
ar

t o
f 

th
e 

E
nv

ir
on

m
en

ta
l m

an
ag

em
en

t. 
T

he
re

 
m

ig
ht

 
no

t 
be

 
in

st
it

ut
io

na
l 

ca
pa

ci
ty

 
at

 
th

e 
w

or
ed

a 
an

d 
PA

 
le

ve
ls

 
fo

r 
im

pl
em

en
ta

tio
n 

of
 

so
ci

al
 

de
ve

lo
pm

en
t 

sc
he

m
es

 i
n 

th
e 

pr
oj

ec
t 

ar
ea

. 
T

hu
s,

 t
hi

s 
se

t 
up

 i
n 

th
e 

Pr
oj

ec
t 

O
ff

ic
e 

w
il

l 
im

pl
em

en
t 

th
es

e 
pr

og
ra

m
s.

 T
he

 S
oc

ia
l 

O
ff

ic
er

 w
il

l 
co

or
di

na
te

 w
it

h 
th

e 
M

un
ic

ip
al

it
y 

of
 t

he
 T

ow
n,

 t
he

 w
or

ed
a 

of
fi

ci
al

s 
an

d 
th

e 
lo

ca
l c

om
m

un
ity

 to
 a

dd
re

ss
 th

e 
so

ci
al

 is
su

es
 in

 th
e 

pr
oj

ec
t s

ur
ro

un
di

ng
. C

om
m

un
ity

 li
ai

so
n 

an
d 

im
pl

em
en

ta
ti

on
 o

f 
va

ri
ou

s 
ed

uc
at

io
n,

 h
ea

lt
h,

 e
m

pl
oy

m
en

t, 
an

d 
in

fr
as

tr
uc

tu
re

 s
ch

em
es

 p
ro

po
se

d 
w

il
l b

e 
its

 im
po

rt
an

t f
un

ct
io

n.
 

 A
 p

er
m

an
en

t 
or

ga
ni

za
ti

on
al

 s
et

 u
p 

ch
ar

ge
d 

w
it

h 
th

e 
ta

sk
 o

f 
en

su
ri

ng
 e

ff
ec

ti
ve

 i
m

pl
em

en
ta

ti
on

 o
f 

th
e 

So
ci

o-
en

vi
ro

nm
en

ta
l 

M
an

ag
em

en
t 

P
la

n 
sh

al
l 

be
 e

st
ab

li
sh

ed
 i

n 
th

e 
Pr

oj
ec

t 
O

ff
ic

e.
 T

hu
s,

 i
t 

m
ay

 h
av

e 
a 

de
pa

rt
m

en
t 

co
ns

is
tin

g 
of

 E
xp

er
ts

 f
ro

m
 v

ar
io

us
 d

is
ci

pl
in

es
 t

o 
co

-o
rd

in
at

e 
ac

ti
vi

ti
es

 c
on

ce
rn

ed
 w

ith
 t

he
 

m
an

ag
em

en
t 

an
d 

im
pl

em
en

ta
tio

n 
of

 t
he

 s
oc

io
-e

nv
ir

on
m

en
ta

l 
m

iti
ga

tio
n 

m
ea

su
re

s 
of

 t
he

 p
ro

po
se

d 
te

st
 

w
el

l 
dr

ill
in

g 
op

er
at

io
n.

 
T

hu
s,

 
th

e 
fo

llo
w

in
g 

pr
of

es
si

on
al

 
m

ix
 

is
 

re
co

m
m

en
de

d 
to

 
es

ta
bl

is
h 

E
nv

ir
on

m
en

ta
l M

an
ag

em
en

t U
ni

t (
E

M
U

).
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

 
S

en
io

r 
E

nv
ir

on
m

en
ta

lis
t-

on
e;

  


 
C

he
m

ic
al

 E
ng

in
ee

r 
or

 C
he

m
is

t-
on

e;
  


 

Se
ni

or
 S

oc
io

lo
gi

st
-o

ne
.  

6.
5 

M
on

it
or

in
g 

an
d 

A
ud

it
in

g 
M

on
ito

ri
ng

 is
 r

eq
ui

re
d 

pr
io

r 
to

, d
ur

in
g 

an
d 

af
te

r 
th

e 
dr

ill
in

g 
is

 c
om

pl
et

ed
. T

he
 p

ur
po

se
 o

f 
th

is
 a

ct
iv

ity
 i

s 
to

 
m

ak
e 

pe
ri

od
ic

 c
he

ck
s 

on
 th

e 
en

vi
ro

nm
en

ta
l i

m
pa

ct
s 

du
ri

ng
 d

if
fe

re
nt

 p
ha

se
s 

of
 t

he
 p

ro
je

ct
, c

om
pa

ri
ng

 th
em

 
w

it
h 

th
os

e 
fo

re
se

en
 d

ur
in

g 
th

e 
fi

rs
t 

ph
as

es
 o

f 
E

S
IA

 p
ro

ce
ss

. 
 M

on
ito

ri
ng

 p
ro

vi
de

s 
a 

ve
ry

 u
se

fu
l 

fe
ed

ba
ck

, 
w

hi
ch

 p
er

m
its

 t
o 

co
rr

ec
t 

at
 t

he
 r

ig
ht

 m
om

en
t 

an
y 

en
vi

ro
nm

en
ta

l p
ro

bl
em

 d
ue

 t
o 

th
e 

pr
oj

ec
t 

an
d 

m
ea

nw
hi

le
 

to
 a

cq
ui

re
 e

xp
er

ie
nc

e 
in

 p
la

nn
in

g 
fu

tu
re

 p
ro

je
ct

s.
 T

he
 F

ed
er

al
 E

PA
, 

th
e 

R
eg

io
na

l 
E

PA
 o

r 
W

or
ed

a 
le

ve
l 

of
fi

ce
s 

m
ay

 n
ot

 h
av

e 
fa

ci
lit

ie
s 

to
 u

nd
er

ta
ke

 s
om

e 
pa

rt
 o

f 
th

e 
m

on
it

or
in

g 
or

 a
ud

it
in

g 
ac

tiv
it

ie
s.

 
T

he
re

fo
re

, 
th

e 
pr

oj
ec

t 
ow

ne
r,

 G
S

E
, 

sh
al

l 
es

ta
bl

is
h 

S
oc

io
-e

nv
ir

on
m

en
ta

l 
M

an
ag

em
en

t 
un

it/
se

ct
io

n 
to

 
ad

dr
es

s 
th

e 
is

su
es

. 
 T

he
 a

ud
it

 p
ro

gr
am

 w
il

l 
in

cl
ud

e 
pr

e-
co

m
m

is
si

on
in

g 
au

di
ts

 o
f 

th
e 

fa
ci

li
ti

es
 f

oc
us

in
g 

on
 t

he
 c

om
pl

ia
nc

e 
of

 e
qu

ip
m

en
t 

an
d 

pr
oc

ed
ur

es
 t

o 
de

li
ve

r 
th

e 
sp

ec
if

ie
d 

le
ve

l 
of

 p
er

fo
rm

an
ce

 t
o 

en
su

re
 t

ha
t 

al
l 

so
ci

o-
en

vi
ro

nm
en

ta
l 

re
qu

ir
em

en
ts

 a
re

 m
et

. T
he

 a
bo

ve
 s

ai
d 

m
on

ito
ri

ng
 s

ha
ll 

be
 c

ar
ri

ed
 o

ut
 b

y 
ei

th
er

 c
re

at
in

g 
in

-h
ou

se
 f

ac
il

it
ie

s 
or

 b
y 

hi
ri

ng
 a

n 
ex

te
rn

al
 c

on
su

lt
an

t. 
T

hi
s 

E
SI

A
 s

tu
dy

, 
af

te
r 

it
s 

ap
pr

ov
al

, 
w

il
l 

be
 

su
bm

it
te

d 
to

 c
on

ce
rn

ed
 b

od
ie

s;
 F

ed
er

al
 &

 R
eg

io
na

l 
E

PA
, 

lo
ca

l 
ad

m
in

is
tr

at
or

s 
an

d 
co

m
m

un
it

ie
s,

 e
tc

. 
T

hu
s,

 t
hi

s 
do

cu
m

en
t 

sh
al

l 
on

ly
 s

er
ve

 a
s 

a 
be

nc
h 

m
ar

k 
fo

r 
au

di
tin

g.
 I

t 
sh

ou
ld

 b
e 

dy
na

m
ic

, 
in

te
ra

ct
iv

e 
an

d 
pa

rt
ic

ip
at

or
y 

w
it

h 
re

gu
la

to
ry

 b
od

ie
s,

 p
ro

je
ct

 o
w

ne
r,

 lo
ca

l a
dm

in
is

tr
at

or
s,

 a
nd

 c
om

m
un

it
ie

s 
th

ro
ug

h 
its

 i
ns

ti
tu

ti
on

al
 a

rr
an

ge
m

en
t. 

L
im

it
in

g 
va

lu
es

 o
f 

E
P

A
’s

 g
ui

de
lin

e 
di

sc
us

se
d 

in
 C

ha
pt

er
 3

 o
n 

in
du

st
ri

al
 

em
is

si
on

 (
or

 e
ff

lu
en

t)
 n

ee
d 

to
 b

e 
ad

ap
te

d 
he

re
 in

 te
st

 w
el

l m
on

it
or

in
g 

an
d 

au
di

ti
ng

 a
ct

iv
it

ie
s.
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6.
6 

C
os

t 
fo

r 
M

it
ig

at
io

n
 a

n
d 

M
an

ag
em

en
t 

It
 i

s 
un

de
rs

to
od

 t
ha

t 
te

st
 w

el
l 

dr
il

li
ng

 i
s 

a 
tr

an
si

ti
on

 (
or

 a
n 

in
te

rm
ed

ia
te

) 
st

ud
y 

ha
vi

ng
 n

ei
th

er
 

te
ch

no
-e

co
no

m
ic

 n
or

 e
ng

in
ee

ri
ng

 e
st

im
at

e 
st

ud
ie

s 
th

at
 c

or
re

sp
on

ds
 t

o 
th

is
 l

ev
el

 o
f 

E
SI

A
 s

tu
dy

. 

T
hu

s,
 d

et
er

m
in

in
g 

co
m

pl
et

e 
co

st
 f

or
 i

m
pl

em
en

ti
ng

 t
hi

s 
E

S
M

P
 m

ig
ht

 b
e 

un
re

al
is

ti
c 

or
 m

is
le

ad
in

g 

ex
ce

pt
 p

er
ha

ps
 c

os
t 

es
tim

at
e 

fo
r 

hu
m

an
 r

es
ou

rc
e 

de
ve

lo
pm

en
t 

in
 t

he
 p

ro
je

ct
 o

ff
ic

e 
an

d 
as

so
ci

at
ed

 

ex
pe

ns
es

 f
or

 n
ea

rb
y 

co
m

m
un

it
y 

m
ob

il
iz

at
io

n 
in

 t
he

 t
as

k 
of

 a
w

ar
en

es
s 

cr
ea

tio
n 

an
d 

co
ll

ec
ti

ve
 

m
on

it
or

in
g.

 F
or

 a
 f

ul
l-

fl
ed

ge
d 

pr
oj

ec
t, 

it
 i

s 
a 

co
m

m
on

 p
ra

ct
ic

e 
th

at
 5

 u
p 

to
 7

 %
 o

f 
th

e 
to

ta
l 

pr
oj

ec
t 

co
st

 i
s 

al
lo

ca
te

d 
fo

r 
E

SI
A

 i
m

pl
em

en
ta

tio
n.

 H
ow

ev
er

, t
he

 i
m

pl
em

en
ta

tio
n 

co
st

 f
or

 t
es

t 
w

el
l 

dr
il

li
ng

 

is
 

ex
pe

ct
ed

 
m

uc
h 

lo
w

er
. 

T
he

 
fo

ll
ow

in
g 

ta
bl

e 
pr

es
en

ts
 

an
nu

al
 

co
st

 
es

ti
m

at
e 

fo
r 

E
S

M
P 

im
pl

em
en

ta
ti

on
, 

be
in

g 
co

ns
er

va
tiv

e 
an

d 
ho

pi
ng

 t
ha

t 
it 

se
rv

es
 o

nl
y 

as
 b

en
ch

 m
ar

k 
to

 b
e 

fu
rt

he
r 

de
ve

lo
pe

d 
w

he
n 

te
ch

no
-e

co
no

m
ic

 s
tu

di
es

 a
re

 f
in

al
iz

ed
. 

Ta
bl

e 
6.

3:
  C

os
t e

st
im

at
e 

fo
r E

SM
P 

im
pl

em
en

ta
tio

n 
(in

 U
SD

) 
  

N
o 

It
em

 
U

ni
t 

A
m

ou
nt

U
ni

t p
ri

ce
 

(C
os

t/m
on

th
)  

A
nn

ua
l c

os
t 

1 
Pr

of
es

si
on

al
 f

ee
 

Pe
rs

on
 

3 
60

0.
00

 
72

00
.0

0 
2 

Su
pp

or
ti

ve
 s

ta
ff

 
Pe

rs
on

 
1 

40
0.

00
 

48
00

.0
0 

3 
L

ab
or

at
or

y 
eq

ui
pm

en
t &

 c
he

m
ic

al
s

Pc
s 

L
S 

10
00

.0
0 

12
00

0.
00

 

4 
C

om
m

un
it

y 
m

ob
il

iz
at

io
n 

N
o 

of
 m

ee
ti

ng
s 

/w
or

ks
ho

ps
/ 

12
 

20
00

.0
0 

24
00

0.
00

 

5 
M

is
ce

ll
an

eo
us

 e
xp

en
se

s 
L

s 
L

S 
30

0.
00

 
12

00
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00
 

6 
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l 
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7.
1 

C
on

cl
us

io
n 

 T
hi

s 
E

S
IA

 r
ep

or
t 

is
 d

ev
el

op
ed

 a
s 

a 
co

nt
in

ua
ti

on
 o

f 
th

e 
“M

as
te

r 
pl

an
 s

tu
dy

 f
or

 g
eo

th
er

m
al

 p
ow

er
 p

la
nt

 
de

ve
lo

pm
en

t 
in

 E
th

io
pi

a”
. 

T
he

 o
bj

ec
ti

ve
 o

f 
th

e 
M

as
te

r 
P

la
n 

st
ud

y 
w

as
 p

ri
or

it
iz

at
io

n 
fr

om
 f

if
te

en
 p

ot
en

ti
al

 
ge

ot
he

rm
al

 s
it

es
 f

ou
nd

 i
n 

E
th

io
pi

a.
 A

cc
or

di
ng

ly
, 

T
en

da
ho

-2
, 

D
ub

ti
 W

or
ed

a,
 A

yr
ob

er
a 

si
te

 b
ec

om
es

 a
t 

th
e 

fr
on

ti
er

. 
H

ow
ev

er
, 

ge
ot

he
rm

al
 p

ow
er

 p
la

nt
 d

ev
el

op
m

en
t 

by
 i

ts
 v

er
y 

na
tu

re
 i

s 
co

m
pl

ex
 w

it
h 

hi
gh

 c
oe

ff
ic

ie
nt

 o
f 

un
ce

rt
ai

nt
y.

 O
n 

to
p 

of
 t

ha
t, 

th
e 

co
st

 o
f 

w
el

l 
dr

il
li

ng
 i

s 
to

o 
hi

gh
. T

hu
s,

 i
t 

is
 q

ui
te

 r
ea

so
na

bl
e 

th
at

 t
he

 s
el

ec
te

d 
si

te
 

ne
ed

 t
o 

be
 s

up
pl

em
en

te
d 

(v
er

if
ie

d)
 b

y 
fi

ne
r 

sc
ie

nt
if

ic
 i

nv
es

ti
ga

ti
on

 a
nd

 t
es

t 
w

el
l 

dr
il

li
ng

 w
it

hi
n 

th
e 

se
le

ct
ed

 
A

yr
ob

er
a 

si
te

. 
It

 i
s 

w
it

h 
th

is
 u

nd
er

st
an

di
ng

 t
ha

t 
th

e 
sc

op
e 

of
 t

he
 p

ro
je

ct
 i

s 
li

m
it

ed
 t

o 
“E

S
IA

 s
tu

dy
 f

or
 t

es
t 

w
el

l 
dr

il
li

ng
”.

 

Fr
om

 t
he

 n
at

ur
e 

of
 t

he
 p

ro
je

ct
, 

it
 c

an
 b

e 
co

nc
lu

de
d 

th
at

 g
eo

th
er

m
al

 e
ne

rg
y 

co
nv

er
si

on
 e

qu
ip

m
en

t 
in

 
ge

ne
ra

l 
an

d 
te

st
 w

el
l 

dr
ill

in
g 

in
 p

ar
tic

ul
ar

 i
s 

re
la

tiv
el

y 
co

m
pa

ct
, 

m
ak

in
g 

th
e 

ov
er

al
l 

fo
ot

pr
in

t 
of

 t
he

 
en

tir
e 

sy
st

em
 s

m
al

l. 
W

it
h 

ge
ot

he
rm

al
 e

ne
rg

y,
 th

er
e 

ar
e 

no
 a

tm
os

ph
er

ic
 d

is
ch

ar
ge

s 
of

 n
it

ro
ge

n 
ox

id
es

 o
r 

pa
rt

ic
ul

at
e 

m
at

te
r,

 n
o 

ne
ed

 t
o 

di
sp

os
e 

of
 r

ad
io

ac
ti

ve
 w

as
te

 m
at

er
ia

ls
, 

do
es

 n
ot

 r
eq

ui
re

 l
ar

ge
 l

an
d 

ar
ea

. 
T

he
 a

va
ila

bl
e 

an
d 

ne
ar

-t
er

m
 g

eo
th

er
m

al
 e

ne
rg

y 
te

ch
no

lo
gi

es
 g

en
er

al
ly

 p
re

se
nt

 m
uc

h 
lo

w
er

 o
ve

ra
ll 

en
vi

ro
nm

en
ta

l 
im

pa
ct

 t
ha

n 
do

 c
on

ve
nt

io
na

l 
fo

ss
il

-f
ue

le
d,

 n
uc

le
ar

 p
ow

er
 p

la
nt

s 
an

d 
ev

en
 h

yd
ro

po
w

er
 

en
er

gy
 s

ys
te

m
. 

Fo
r 

ex
am

pl
e,

 t
he

 p
ow

er
 p

la
nt

 i
s 

lo
ca

te
d 

ab
ov

e 
th

e 
ge

ot
he

rm
al

 e
ne

rg
y 

re
so

ur
ce

 
el

im
in

at
in

g 
th

e 
ne

ed
 to

: 
 

a)
 

ph
ys

ic
al

ly
 m

in
in

g 
th

e 
en

er
gy

 s
ou

rc
e 

(t
he

 “
fu

el
”)

 i
n 

th
e 

co
nv

en
tio

na
l 

se
ns

e,
 a

nd
 i

n 
th

e 
pr

oc
es

s,
 

to
 d

is
tu

rb
 th

e 
ea

rt
h’

s 
su

rf
ac

e,
 a

nd
; 

 
b)

 p
ro

ce
ss

 t
he

 f
ue

l 
an

d 
th

en
 u

se
 a

dd
it

io
na

l 
en

er
gy

 t
o 

tr
an

sp
or

t 
th

e 
fu

el
 o

ve
r 

gr
ea

t 
di

st
an

ce
s 

w
hi

le
 

in
cu

rr
in

g 
ad

di
ti

on
al

 e
nv

ir
on

m
en

ta
l i

m
pa

ct
s;

 
 T

he
re

 a
re

, h
ow

ev
er

, c
er

ta
in

 im
pa

ct
s 

th
at

 m
us

t b
e 

co
ns

id
er

ed
 a

nd
 m

an
ag

ed
 if

 g
eo

th
er

m
al

 e
ne

rg
y 

is
 to

 b
e 

de
ve

lo
pe

d 
as

 a
 la

rg
er

 p
ar

t o
f 

a 
m

or
e 

en
vi

ro
nm

en
ta

lly
 s

ou
nd

, s
us

ta
in

ab
le

 e
ne

rg
y 

po
rt

fo
li

o 
fo

r 
th

e 
fu

tu
re

.  
M

os
t 

of
 t

he
 p

ot
en

ti
al

ly
 i

m
po

rt
an

t 
en

vi
ro

nm
en

ta
l 

im
pa

ct
s 

of
 g

eo
th

er
m

al
 p

ow
er

 p
la

nt
 d

ev
el

op
m

en
t 

ar
e 

as
so

ci
at

ed
 w

ith
 g

ro
un

d 
w

at
er

 u
se

 a
nd

 c
on

ta
m

in
at

io
n,

 a
nd

 w
it

h 
re

la
te

d 
co

nc
er

ns
 a

bo
ut

 l
an

d 
su

bs
id

en
ce

 
an

d 
in

du
ce

d 
se

is
m

ic
it

y 
as

 a
 r

es
ul

t 
of

 w
at

er
 i

nj
ec

ti
on

 a
nd

 p
ro

du
ct

io
n 

in
to

 a
nd

 o
ut

 o
f 

a 
fr

ac
tu

re
d 

re
se

rv
oi

r 
fo

rm
at

io
n.

 I
ss

ue
s 

of
 a

ir
 p

ol
lu

ti
on

, n
oi

se
, s

af
et

y,
 a

ls
o 

m
er

it 
so

m
e 

co
ns

id
er

at
io

n.
 

 Fi
nd

in
gs

 o
f 

th
e 

pr
oj

ec
t 

fr
om

 p
ol

ic
y 

pe
rs

pe
ct

iv
e 

w
er

e 
st

ud
ie

d 
by

 c
on

si
de

ri
ng

 a
 n

um
be

r 
of

 e
le

m
en

ts
: 

al
ig

nm
en

t 
of

 t
he

 p
ro

je
ct

 f
ro

m
 p

ol
ic

y 
pe

rs
pe

ct
iv

es
; 

en
er

gy
 p

ol
ic

y 
of

 t
he

 c
ou

nt
ry

 v
er

se
s 

ge
ot

he
rm

al
; 

pr
oj

ec
t 

pe
rs

pe
ct

iv
e 

fr
om

 g
ui

de
li

ne
s 

of
 f

in
an

ci
al

 i
ns

ti
tu

tio
ns

; 
an

d 
al

ig
nm

en
t 

of
 J

IC
A

’s
 g

ui
de

lin
es

 w
it

h 
na

tio
na

l 
po

li
ci

es
. 

T
o 

th
is

 e
ff

ec
t, 

na
tio

na
l 

po
lic

ie
s 

an
d 

re
gu

la
tio

n 
w

er
e 

re
vi

ew
ed

; 
gu

id
el

in
es

 o
f 

re
le

va
nt

 
Fe

de
ra

l a
nd

 R
eg

io
na

l O
ff

ic
es

 w
er

e 
st

ud
ie

d;
 s

uf
fi

ci
en

t n
um

be
rs

 o
f 

of
fi

ci
al

s 
w

er
e 

al
so

 in
te

rv
ie

w
ed

. I
t w

as
 

un
de

rs
to

od
 t

ha
t 

th
e 

en
tir

e 
le

gi
sl

at
iv

e 
fr

am
ew

or
k 

ap
pl

ic
ab

le
 t

o 
th

e 
pr

op
os

ed
 p

ro
je

ct
 i

s 
go

ve
rn

ed
 b

y 
th

e 
la

w
s 

of
 F

ed
er

al
 D

em
oc

ra
tic

 R
ep

ub
li

c 
of

 E
th

io
pi

a 
(F

D
R

E
).

 T
he

 E
SI

A
 s

tu
dy

 t
ea

m
 h

as
 a

ls
o 

co
nc

lu
de

d 

11
2 

 th
at

 t
he

 p
ro

po
se

d 
pr

oj
ec

t 
co

ul
d 

be
 f

ul
ly

 m
at

er
ia

liz
ed

 i
n 

al
ig

nm
en

t 
w

ith
 n

at
io

na
l 

re
gu

la
tio

ns
 a

nd
 

in
te

rn
at

io
na

l c
on

ve
nt

io
ns

. 
 In

 
te

rm
s 

of
 

so
ci

al
 

as
pe

ct
s,

 
th

e 
pr

oj
ec

t 
br

in
gs

 
al

m
os

t 
no

 
ad

ve
rs

e 
si

gn
if

ic
an

t 
im

pa
ct

 
up

on
 

th
e 

ne
ig

hb
or

ho
od

 in
 g

en
er

al
 a

nd
 th

e 
co

m
m

un
it

y 
in

 p
ar

tic
ul

ar
.  

T
hi

s 
is

 b
ec

au
se

 th
at

 th
e 

pr
oj

ec
t s

ite
 is

 to
ta

ll
y 

de
se

rt
ed

, e
ve

n 
gr

az
in

g 
is

 u
nt

hi
nk

ab
le

. W
ha

t i
s 

m
or

e,
 th

er
e 

is
 n

o 
pe

rm
an

en
t s

et
tl

em
en

t, 
ev

en
 a

ro
un

d 
th

e 
si

te
. L

ik
el

y 
ad

ve
rs

e 
im

pa
ct

s 
co

ul
d 

oc
cu

r 
on

 th
e 

pr
oj

ec
ts

 s
ta

ff
 a

nd
 te

m
po

ra
ry

 w
or

ke
rs

 a
t l

ar
ge

. T
hi

s 
w

ill
 

ha
pp

en
 d

ue
 t

o 
th

e 
ex

pe
ct

ed
 o

cc
up

at
io

n 
ac

ci
de

nt
s 

an
d 

ha
za

rd
. 

 I
n 

th
is

 r
es

pe
ct

, 
so

ur
ce

s 
of

 a
dv

er
se

 
im

pa
ct

s 
co

ul
d 

be
 o

bs
er

ve
d 

pa
rt

ic
ul

ar
ly

 i
n 

th
e 

la
st

 t
w

o 
ph

as
es

. 
T

he
se

 a
re

 r
el

at
ed

 t
o 

pe
rs

on
 f

ac
to

rs
, 

un
sa

fe
 a

ct
iv

iti
es

, 
un

he
al

th
y 

w
ea

th
er

 c
on

di
ti

on
s 

an
d 

jo
b 

fa
ct

or
s.

 T
he

se
 a

re
 e

xp
la

in
ed

 b
y 

ill
 o

pe
ra

ti
on

s,
 

ab
se

nc
e 

of
 s

af
et

y 
to

ol
s,

 l
ac

k 
of

 s
ki

ll
, f

ai
lu

re
 o

f 
m

ac
hi

ne
s 

an
d 

eq
ui

pm
en

t, 
av

ai
la

bi
li

ty
 o

f 
ch

em
ic

al
s 

an
d 

m
ov

em
en

t 
of

 v
eh

ic
le

s 
an

d 
m

ac
hi

ne
s,

 a
m

on
g 

ot
he

rs
. 

T
hi

s 
do

es
n’

t 
ho

w
ev

er
 m

ea
n 

th
at

 a
ll

 t
he

 a
dv

er
se

 
im

pa
ct

s 
w

il
l 

10
0%

 o
cc

ur
. A

s 
lo

ng
 a

s 
pr

op
er

 c
au

tio
n 

an
d 

ca
re

 ta
ke

n,
 a

nd
 a

ll
 s

af
et

y 
m

it
ig

at
io

n 
m

ea
su

re
s 

ar
e 

im
pl

em
en

te
d 

pr
io

r 
to

 l
au

nc
hi

ng
 t

he
 p

ro
je

ct
, 

th
e 

sa
id

 a
dv

er
se

 i
m

pa
ct

s 
w

ou
ld

 e
it

he
r 

be
 a

vo
id

ed
 o

r 
m

in
im

iz
ed

, i
n 

on
e 

or
 a

no
th

er
 w

ay
.  

 

C
on

ce
rn

in
g 

ec
on

om
y,

 th
e 

pr
oj

ec
t w

il
l r

es
ul

t i
n 

a 
nu

m
be

r 
of

 f
av

or
ab

le
 b

en
ef

it
s.

  T
he

 c
as

e 
in

 p
oi

nt
 is

 th
e 

fa
ct

 
th

at
 

th
e 

pr
oj

ec
t 

w
il

l 
de

fi
ni

te
ly

 p
ro

vi
de

 
jo

b 
op

po
rt

un
it

y 
fo

r 
th

e 
un

em
pl

oy
ed

 
se

ct
io

n 
of

 
th

e 
co

m
m

un
it

y;
 th

is
 w

il
l b

e 
tr

ue
 in

 a
ll 

ph
as

es
 o

f 
th

e 
pr

oj
ec

t. 
Fo

r 
in

st
an

ce
, d

ur
in

g 
co

ns
tr

uc
ti

on
 o

f 
ro

ad
s,

 a
nd

 
dr

il
lin

g 
or

 t
es

ti
ng

 p
ha

se
s,

 m
os

t 
w

or
ke

rs
 m

ig
ht

 b
e 

te
m

po
ra

ry
. A

nd
 y

et
, s

om
e 

ot
he

r 
w

or
ke

rs
 c

ou
ld

 e
nj

oy
 

pe
rm

an
en

t 
w

or
k 

if
 t

he
 d

ri
ll

in
g 

te
st

 r
es

ul
t 

in
di

ca
te

s 
po

si
ti

ve
. 

A
dd

it
io

na
l 

in
co

m
e 

ge
ne

ra
te

d 
th

ro
ug

h 
em

pl
oy

m
en

t 
in

 t
he

 f
or

m
 o

f 
w

ag
e 

w
ill

 a
ls

o 
re

su
lt 

in
 i

nj
ec

ti
ng

 a
dd

it
io

na
l 

ca
sh

 f
lo

w
 i

n 
th

e 
pr

oj
ec

t 
ke

be
le

 
an

d 
th

e 
su

rr
ou

nd
in

g 
to

w
ns

. 
T

hi
s 

in
 t

ur
n 

w
il

l 
co

nt
ri

bu
te

 t
o 

th
e 

ex
pa

ns
io

n 
of

 t
he

 e
xi

st
in

g 
m

ar
ke

t 
an

d 
bo

os
t 

ne
w

 s
m

al
l 

bu
si

ne
ss

es
, 

th
ou

gh
 n

ot
 s

ig
ni

fi
ca

nt
ly

. 
Se

m
er

a 
to

w
n 

is
 e

xp
ec

te
d 

to
 b

en
ef

it
 m

or
e 

fr
om

 
ad

di
ti

on
al

 m
ar

ke
t 

re
la

te
d 

to
 t

he
 p

ro
je

ct
 w

or
ke

rs
. 

O
n 

to
p 

of
 t

ha
t 

th
e 

Fe
de

ra
l, 

re
gi

on
al

 a
nd

 w
or

ed
a 

G
ov

er
nm

en
t 

R
ev

en
ue

 a
nd

 C
us

to
m

 o
ff

ic
es

 w
il

l 
be

ne
fi

t 
fr

om
 t

he
 d

if
fe

re
nt

 w
it

hh
ol

di
ng

 a
nd

 p
ro

fi
t 

ta
xe

s 
ar

is
in

g 
fr

om
 t

he
 f

lo
w

 o
f 

ca
sh

 f
ro

m
 t

he
 p

ro
je

ct
. 

In
 f

ac
t, 

th
e 

pr
oj

ec
t 

m
ay

 h
av

e 
m

in
or

 a
dv

er
se

 i
m

pa
ct

s 
re

la
te

d 
to

 h
ea

vy
 t

ra
ff

ic
, 

in
fl

ue
nc

e 
on

 t
he

 c
ul

tu
re

 a
nd

 s
ty

le
 o

f 
li

fe
 o

f 
th

e 
co

m
m

un
it

y 
ar

ou
nd

 t
he

 p
ro

je
ct

 
ar

ea
. 

7.
2 

R
ec

om
m

en
da

ti
on

 
In

 t
er

m
s 

of
 e

nv
ir

on
m

en
ta

l 
as

pe
ct

s,
 g

eo
th

er
m

al
 p

ow
er

 p
ro

je
ct

s 
ar

e 
re

la
ti

ve
ly

 e
co

-f
ri

en
dl

y,
 a

nd
 a

re
 

re
su

lt
s 

of
 c

om
pa

ra
ti

ve
 a

na
ly

si
s 

an
d 

po
ss

ib
il

it
ie

s 
of

 a
cc

es
si

ng
 B

es
t 

A
va

ila
bl

e 
in

-p
ro

ce
ss

 T
ec

hn
ol

og
y,

 
(B

A
T

).
 T

hi
s 

he
lp

s 
to

 f
ix

 p
ot

en
tia

l 
en

vi
ro

nm
en

ta
l 

pr
ob

le
m

s 
an

d 
th

us
 e

nc
ou

ra
ge

s 
th

e 
re

al
iz

at
io

n 
of

 t
he

 
te

st
 w

el
l 

dr
il

lin
g 

pr
oj

ec
t. 

It
 i

s 
al

so
 t

o 
be

 n
ot

ed
 t

ha
t 

th
e 

pr
op

os
ed

 m
it

ig
at

io
n 

m
ea

su
re

s 
an

d 
m

an
ag

em
en

t 
pl

an
s 

se
rv

e 
on

ly
 a

s 
a 

be
nc

h 
m

ar
k 

fo
r 

au
di

ti
ng

. 
It

 i
s 

su
pp

os
ed

 t
o 

be
 d

yn
am

ic
, 

in
te

ra
ct

iv
e 

an
d 

pa
rt

ic
ip

at
or

y 
w

ith
 R

eg
ul

at
or

y 
B

od
ie

s,
 p

ro
je

ct
 o

w
ne

r,
 l

oc
al

 a
dm

in
is

tr
at

or
s 

an
d 

ne
ar

by
 c

om
m

un
iti

es
 

th
ro

ug
h 

its
 in

st
it

ut
io

na
l a

rr
an

ge
m

en
t. 

In
 a

dd
it

io
n 

to
 t

hi
s,

 j
us

ti
fi

ca
ti

on
 o

f 
th

e 
pr

oj
ec

t 
is

 a
de

qu
at

el
y 

de
m

on
st

ra
te

d 
in

 t
er

m
s 

of
: 

pr
oj

ec
t 

ra
tio

na
l;

 
co

ns
is

te
nc

y 
w

it
h 

na
tio

na
l 

po
lic

y;
 a

tt
ra

ct
iv

e 
sc

op
in

g 
re

su
lt

 f
ro

m
 s

ta
ke

ho
ld

er
s’

 f
ee

db
ac

k 
in

 t
he

 p
ro

je
ct
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3 

 si
te

; 
m

an
ag

ea
bl

e 
ne

ga
tiv

e 
im

pa
ct

; 
co

nt
ri

bu
ti

on
 

to
 

th
e 

na
tio

na
l 

de
ve

lo
pm

en
t;

 
ac

ce
ss

 
fo

r 
jo

b 
op

po
rt

un
it

ie
s 

an
d 

be
tte

r 
li

ve
li

ho
od

s,
 a

m
on

g 
ot

he
rs

. T
hu

s,
 a

s 
lo

ng
 a

s 
th

e 
pr

op
os

ed
 m

it
ig

at
io

n 
m

ea
su

re
s 

an
d 

in
st

it
ut

io
na

l 
ar

ra
ng

em
en

ts
 a

re
 i

m
pl

em
en

te
d,

 t
he

 t
es

t 
w

el
l 

dr
il

li
ng

 p
ro

je
ct

 i
s 

fe
as

ib
le

 f
ro

m
 s

oc
io

-
en

vi
ro

nm
en

ta
l p

er
sp

ec
tiv

es
. 

H
ar

d 
an

d 
so

ft
 c

op
ie

s 
of

 a
pp

ro
ve

d 
do

cu
m

en
ts

 o
f 

E
SI

A
 s

tu
dy

 a
lo

ng
 w

ith
 a

gr
ee

d 
up

-o
n 

au
di

tin
g 

pl
an

 
sh

al
l 

be
 s

ub
m

it
te

d 
to

 t
he

 r
es

pe
ct

iv
e 

le
ga

l 
an

d 
ad

m
in

is
tr

at
iv

e 
in

st
it

ut
io

ns
 i

n 
a 

w
ay

 t
ha

t 
en

su
re

s 
ea

sy
 

ac
ce

ss
 f

or
 t
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Appendix-7 Drilling Program 

A7.1   Well Trajectory 

Calculation results of well trajectory are shown in the tables and figures below.  

Table A7.1.1 1AY-1 Well Trajectory Calculation Results 

No 
Drilling 
Length 

Inclination Direction 
Vertical 
depth 

NS 
deviation 

EW 
deviation 

Direction of well 
bottom 

Deviation DLS 

m dd.mm dd.mm m m m dd.mm m dg/30m 
1 0.00  0.00  N E 84.00  0.00 0.00 0.00 N E 84.00 0.00 0.00 
2 100.00  0.00  N E 84.00  100.00 0.00 0.00 N E 84.00 0.00 0.00 
3 200.00  0.00  N E 84.00  200.00 0.00 0.00 N E 84.00 0.00 0.00 
4 300.00  0.00  N E 84.00  300.00 0.00 0.00 N E 84.00 0.00 0.00 
5 400.00  0.00  N E 84.00  400.00 0.00 0.00 N E 84.00 0.00 0.00 
6 450.00  0.00  N E 84.00  450.00 0.00 0.00 N E 84.00 0.00 0.00 
7 480.00  0.30  N E 84.00  480.00 0.01 0.13 N E 84.00 0.13 0.50 
8 510.00  1.30  N E 84.00  509.99 0.07 0.65 N E 84.00 0.65 1.00 
9 540.00  3.00  N E 84.00  539.97 0.19 1.82 N E 84.00 1.83 1.50 

10 570.00  5.00  N E 84.00  569.90 0.41 3.90 N E 84.00 3.92 2.00 
11 600.00  8.00  N E 84.00  599.70 0.77 7.28 N E 84.00 7.32 3.00 
12 630.00  9.30  N E 84.00  629.35 1.24 11.82 N E 84.00 11.88 1.50 
13 660.00  12.30  N E 84.00  658.80 1.84 17.51 N E 84.00 17.61 3.00 
14 690.00  15.30  N E 84.00  687.90 2.60 24.73 N E 84.00 24.86 3.00 
15 720.00  18.30  N E 84.00  716.59 3.52 33.45 N E 84.00 33.63 3.00 
16 750.00  21.30  N E 84.00  744.77 4.59 43.65 N E 84.00 43.89 3.00 
17 780.00  24.30  N E 84.00  772.39 5.81 55.31 N E 84.00 55.61 3.00 
18 810.00  27.30  N E 84.00  799.35 7.19 68.39 N E 84.00 68.76 3.00 
19 840.00  30.30  N E 84.00  825.58 8.71 82.85 N E 84.00 83.31 3.00 
20 870.00  33.30  N E 84.00  851.02 10.37 98.66 N E 84.00 99.20 3.00 
21 900.00  36.30  N E 84.00  875.59 12.17 115.77 N E 84.00 116.41 3.00 
22 1000.00  37.00  N E 84.00  955.72 18.42 175.27 N E 84.00 176.24 0.15 
23 1100.00  37.00  N E 84.00  1035.58 24.71 235.13 N E 84.00 236.42 0.00 
24 1200.00  37.00  N E 84.00  1115.45 31.00 294.98 N E 84.00 296.60 0.00 
25 1300.00  37.00  N E 84.00  1195.31 37.29 354.83 N E 84.00 356.78 0.00 
26 1400.00  37.00  N E 84.00  1275.17 43.58 414.68 N E 84.00 416.97 0.00 
27 1500.00  37.00  N E 84.00  1355.04 49.88 474.53 N E 84.00 477.15 0.00 
28 1600.00  37.00  N E 84.00  1434.90 56.17 534.39 N E 84.00 537.33 0.00 
29 1700.00  37.00  N E 84.00  1514.76 62.46 594.24 N E 84.00 597.51 0.00 
30 1800.00  37.00  N E 84.00  1594.63 68.75 654.09 N E 84.00 657.69 0.00 
31 1900.00  37.00  N E 84.00  1674.49 75.04 713.94 N E 84.00 717.87 0.00 
32 2000.00  37.00  N E 84.00  1754.35 81.33 773.79 N E 84.00 778.06 0.00 

※Magnetic north 
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Table A7.1.2 AY-2 Well Trajectory Calculation Results 

No 
Drilling 
Depth Inclination Direction 

Vertical 
Depth 

NS 
Deviation 

EW 
Deviation 

Direction of 
well bottom Deviation DLS 

m dd.mm dd.mm m m m dd.mm m dg/30m 
1 0.00  0.00  N E 6.00  0.00 0.00 0.00 N E 6.00 0.00 0.00 
2 100.00  0.00  N E 6.00  100.00 0.00 0.00 N E 6.00 0.00 0.00 
3 200.00  0.00  N E 6.00  200.00 0.00 0.00 N E 6.00 0.00 0.00 
4 300.00  0.00  N E 6.00  300.00 0.00 0.00 N E 6.00 0.00 0.00 
5 400.00  0.00  N E 6.00  400.00 0.00 0.00 N E 6.00 0.00 0.00 
6 500.00  0.00  N E 6.00  500.00 0.00 0.00 N E 6.00 0.00 0.00 
7 600.00  0.00  N E 6.00  600.00 0.00 0.00 N E 6.00 0.00 0.00 
8 700.00  0.00  N E 6.00  700.00 0.00 0.00 N E 6.00 0.00 0.00 
9 800.00  0.00  N E 6.00  800.00 0.00 0.00 N E 6.00 0.00 0.00 

10 900.00  0.00  N E 6.00  900.00 0.00 0.00 N E 6.00 0.00 0.00 
11 1000.00  0.00  N E 6.00  1000.00 0.00 0.00 N E 6.00 0.00 0.00 
12 1100.00  0.00  N E 6.00  1100.00 0.00 0.00 N E 6.00 0.00 0.00 
13 1200.00  0.00  N E 6.00  1200.00 0.00 0.00 N E 6.00 0.00 0.00 
14 1230.00  0.00  N E 6.00  1230.00 0.00 0.00 N E 6.00 0.00 0.00 
15 1260.00  0.30  N E 6.00  1260.00 0.13 0.01 N E 6.00 0.13 0.50 
16 1290.00  1.30  N E 6.00  1289.99 0.65 0.07 N E 6.00 0.65 1.00 
17 1320.00  3.30  N E 6.00  1319.96 1.95 0.21 N E 6.00 1.96 2.00 
18 1350.00  6.00  N E 6.00  1349.86 4.42 0.46 N E 6.00 4.45 2.50 
19 1380.00  9.00  N E 6.00  1379.60 8.32 0.87 N E 6.00 8.36 3.00 
20 1410.00  12.00  N E 6.00  1409.09 13.75 1.45 N E 6.00 13.83 3.00 
21 1440.00  15.00  N E 6.00  1438.26 20.72 2.18 N E 6.00 20.83 3.00 
22 1470.00  18.00  N E 6.00  1467.02 29.19 3.07 N E 6.00 29.35 3.00 
23 1500.00  21.00  N E 6.00  1495.30 39.15 4.11 N E 6.00 39.36 3.00 
24 1530.00  24.00  N E 6.00  1523.01 50.56 5.31 N E 6.00 50.84 3.00 
25 1560.00  27.00  N E 6.00  1550.09 63.41 6.66 N E 6.00 63.76 3.00 
26 1590.00  30.00  N E 6.00  1576.45 77.64 8.16 N E 6.00 78.07 3.00 
27 1620.00  33.00  N E 6.00  1602.02 93.23 9.80 N E 6.00 93.74 3.00 
28 1650.00  36.00  N E 6.00  1626.74 110.13 11.57 N E 6.00 110.73 3.00 
29 1700.00  36.00  N E 6.00  1667.20 139.36 14.65 N E 6.00 140.12 0.00 
30 1800.00  36.00  N E 6.00  1748.10 197.81 20.79 N E 6.00 198.90 0.00 
31 1900.00  36.00  N E 6.00  1829.00 256.27 26.93 N E 6.00 257.68 0.00 
32 2000.00  36.00  N E 6.00  1909.90 314.72 33.08 N E 6.00 316.46 0.00 

※Magnetic north 
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(Source: JICA Team) 

Figure A 7.1.1 AY-1 Well Trajectory Plane Projection (Magnetic North (MN) basis) 
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(Source: JICA Team) 

Figure A7.1.2 AY-1 Well Trajectory Cross Section  
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(Source: JICA Team) 

Figure A7.1.3 AY-2 Well Trajectory Plane Projection (Magnetic North (NM) basis) 

NS Deviation (m) 

E
W

 D
eviation (m

) 



Data Collection Survey for                                                                             Final Report 
Geothermal Development in Ethiopia  Appendix 

Nippon Koei Co., Ltd. A7-6 June 2017 
JMC Geothermal Engineering Co., Ltd. 
Sumiko Resources Exploration & Development Co., Ltd.   

 
(Source: JICA Team) 

Figure A7.1.4 AY-2 Well Trajectory Cross Section 
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A7.2   Well Head Equipment 

 

 

 

(Source: JICA Team) 

Figure A 7.2.1 Well Head Assembly
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 C
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 C
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

D
ril

lin
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iz
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
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m
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
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
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 D
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 D
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 D
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
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
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
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Ty
pe
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ra
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et
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&
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1.
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om
m

on
ly

-U
se

d 
Co

nt
ra

ct
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et
ho

d 
fo

r 
D

ril
lin

g 
W

or
ks

JIC
A 
Su
rv
ey
 T
ea

m

D
ril

lin
g 

Co
nt

ra
ct

or
s’

 O
rg

an
iz

at
io

n 
(I

AD
C)


IA

D
C 

is
 a

n 
ac

ro
ny

m
 o

f 
In

te
rn

at
io

na
l A

ss
oc

ia
tio

n 
fo

r 
D

ril
lin

g 
Co

nt
ra

ct
or

s


Si
nc

e 
19

40
, t

he
 I

nt
er

na
tio

na
l A

ss
oc

ia
tio

n 
of

 D
ril

lin
g 

Co
nt

ra
ct

or
s 

(I
AD

C)
 h

as
 e

xc
lu

si
ve

ly
 r

ep
re

se
nt

ed
 t

he
 

w
or

ld
w

id
e 

oi
l a

nd
 g

as
 d

ril
lin

g 
in

du
st

ry
.


H

ea
dq

ua
rt

er
s 

is
 lo

ca
te

d 
at

 H
ou

st
on

, T
ex

as
 in

 t
he

 
U

ni
te

d 
St

at
es

. R
eg

io
na

l o
ff

ic
es

 a
re

 e
st

ab
lis

he
d 

at
 

W
as

hi
ng

to
n 

D
.C

. i
n 

U
ni

te
d 

St
at

es
, N

ijm
eg

en
 in

 
N

et
he

rla
nd

s,
 D

ub
ai

 in
 U

AE
 a

nd
 B

an
gk

ok
 in

 T
ha

ila
nd

.


W
el

l-k
no

w
n 

in
 s

ta
nd

ar
d 

co
nd

iti
on

s 
of

 c
on

tr
ac

ts
 fo

r 
un

de
rg

ro
un

d 
dr

ill
in

g 
w

or
ks

.
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
IA

D
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in
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f 
m

od
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 c
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tr
ac

ts
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hi
ch
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gg
es

te
d 
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se
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r 
th

e 
dr

ill
in

g 
w

or
ks

:
1)

D
ay

w
or

k 
D

ril
lin

g 
Co

nt
ra

ct
2)

Fo
ot

ag
e 

D
ril

lin
g 

Co
nt

ra
ct

3)
Tu

rn
ke

y 
Co

nt
ra

ct


N

am
es

 o
f 

Co
nt

ra
ct

 P
ar

tie
s:

1)
O

pe
ra

to
r 

(d
ef

in
ed

 a
s 

th
e 

cl
ie

nt
)

2)
Co

nt
ra

ct
or

 (
de

fin
ed

 a
s 

th
e 

dr
ill

in
g 

co
nt

ra
ct

or
)

*N
o 

“E
ng

in
ee

r”
 is

 a
pp

oi
nt

ed
.

5

JIC
A 
Su
rv
ey
 T
ea

mIA
D

C 
D

ril
lin

g 
Co

nt
ra

ct
 P

rin
ci

pl
e 

(1
)


D

ay
w

or
k 

D
ril

lin
g 

Co
nt

ra
ct

 :
Th

e 
te

rm
 “

D
ay

w
or

k”
 m

ea
ns

 C
on

tr
ac

to
r 

sh
al

l f
ur

ni
sh

 t
he

 
eq

ui
pm

en
t,

 la
bo

r,
 a

nd
 p

er
fo

rm
 t

he
 s

er
vi

ce
s 

re
qu

ire
d 

of
 

Co
nt

ra
ct

or
 h

er
ei

n,
 f

or
 a

 s
pe

ci
fie

d 
su

m
 p

er
 d

ay
 u

nd
er

 t
he

 
di

re
ct

io
n,

 s
up

er
vi

si
on

 a
nd

 c
on

tr
ol

 o
f 

O
pe

ra
to

r.

Ex
ce

pt
 f

or
 s

uc
h 

ob
lig

at
io

ns
 a

nd
 li

ab
ili

tie
s 

sp
ec

ifi
ca

lly
 

as
su

m
ed

 b
y 

Co
nt

ra
ct

or
, O

pe
ra

to
r 

sh
al

l b
e 

so
le

ly
 

re
sp

on
si

bl
e 

an
d 

as
su

m
es

 li
ab

ili
ty

 f
or

 a
ll 

co
ns

eq
ue

nc
es

 o
f 

op
er

at
io

ns
 b

y 
bo

th
 p

ar
tie

s 
w

hi
le

 o
n 

a 
da

yw
or

k 
ba

si
s,

 
in

cl
ud

in
g 

re
su

lts
 a

nd
 a

ll 
ot

he
r 

ris
ks

 o
r 

lia
bi

lit
ie

s 
in

cu
rr

ed
 

in
 o

r 
in

ci
de

nt
 t

o 
su

ch
 o

pe
ra

tio
ns

. 
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w
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k 
D
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lin
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nt
ra
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al
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 a
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lie
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fo

r 
th

e 
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t 
w

hi
ch
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eo

lo
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ca
l r
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ks
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 h

ig
h.

JIC
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D
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nt
ra

ct
 P

rin
ci

pl
e 

(2
)


Fo

ot
ag

e 
Co

nt
ra

ct
 :

Th
e 

te
rm

 “
Fo

ot
ag

e”
 m

ea
ns

 C
on

tr
ac

to
r 

sh
al

l f
ur

ni
sh

 t
he

 
eq

ui
pm

en
t,

 la
bo

r,
 a

nd
 p

er
fo

rm
 t

he
 s

er
vi

ce
s 

re
qu

ire
d 

to
 

dr
ill

 a
 w

el
l, 

as
 s

pe
ci

fie
d 

by
 O

pe
ra

to
r,

 t
o 

th
e 

Co
nt

ra
ct

 
Fo

ot
ag

e 
D

ep
th

. W
hi

le
 d

ril
lin

g 
on

 a
 F

oo
ta

ge
 B

as
is

.


Tu
rn

ke
y 

Co
nt

ra
ct

 :
Th

e 
te

rm
 “

Tu
rn

ke
y”

 m
ea

ns
 C

on
tr

ac
to

r 
sh

al
l f

ur
ni

sh
 t

he
 

eq
ui

pm
en

t,
 la

bo
r,

 a
nd

 p
er

fo
rm

 t
he

 s
er

vi
ce

s 
re

qu
ire

d 
to

 
dr

ill
 a

 w
el

l, 
as

 s
pe

ci
fie

d 
by

 O
pe

ra
to

r,
 t

o 
th

e 
Tu

rn
ke

y 
D

ep
th

. W
hi

le
 d

ril
lin

g 
on

 a
 T

ur
nk

ey
 B

as
is

.

7

Fo
ot

ag
e 

D
ep

th
/T

ur
nk

ey
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ep
th

, w
he

re
 t

he
 

ge
ol

og
ic

al
 c

on
di

tio
ns

 a
re

 s
uf

fic
ie

nt
ly

 c
on

fir
m

ed
, a

re
 

sp
ec

ifi
ed

 b
y 

O
pe

ra
to

r.

JIC
A 
Su
rv
ey
 T
ea

mIA
D

C 
D

ril
lin

g 
Co

nt
ra

ct
 P
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ci

pl
e 

(3
)


Re

sp
on

si
bi

lit
y 

un
de

r 
Fo

ot
ag

e/
Tu

rn
ke

y 
Co

nt
ra

ct
:

Co
nt

ra
ct

or
 s

ha
ll 

di
re

ct
, s

up
er

vi
se

 a
nd

 c
on

tr
ol

 d
ril

lin
g 

op
er

at
io

ns
 a

nd
 a

ss
um

es
 c

er
ta

in
 li

ab
ili

tie
s 

to
 t

he
 e

xt
en

t 
sp

ec
ifi

ca
lly

 p
ro

vi
de

d 
fo

r 
Fo

ot
ag

e/
Tu

rn
ke

y 
Co

nt
ra

ct
.


U

se
 o

f 
M

ul
tip

le
 T

yp
e 

of
 C

on
tr

ac
t 

M
et

ho
d:

Ev
en

 t
he

 F
oo

ta
ge

 C
on

tr
ac

t 
an

d 
Tu

rn
ke

y 
Co

nt
ra

ct
, I

AD
C 

m
od

el
 c

on
tr

ac
t 

en
ab

le
s 

th
e 

pa
rt

ia
l u

se
 o

f 
da

ily
 r

at
e 

pa
ym

en
t.

 F
or

 in
st

an
ce

, F
oo

ta
ge

 r
at

e 
pa

ym
en

t 
or

 
Tu

rn
ke

y 
pr

ic
e 

pa
ym

en
t 

is
 a

pp
lie

d 
to

 t
he

 s
ec

tio
n 

w
he

re
 

th
e 

ge
ol

og
ic

al
 c

on
di

tio
ns

 h
av

e 
be

en
 s

uf
fic

ie
nt

ly
 

co
nf

irm
ed

 a
nd

 d
ai

ly
 r

at
e 

pa
ym

en
t 

is
 a

pp
lie

d 
fo

r 
ot

he
r 

se
ct

io
ns

 w
he

re
 g

eo
lo

gi
ca

l r
is

ks
 is

 h
ig

h.
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 c
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 b

e 
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fo
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pa

rt
 t
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ily

 b
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 is

 a
pp

lie
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Pa
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en
t

M
on

th
ly

U
po

n 
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m
pl

et
io

n 
of
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rv
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es
 o

f 
Fo

ot
ag

e 
D

ep
th

U
po

n 
co

m
pl

et
io

n 
of

 
se

rv
ic

es
 o

f 
Tu

rn
ke

y 
D

ep
th

U
nf

or
es
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ab

le
 

C
on

di
tio

ns
S
ta

nd
by

 R
at

e 
w

ill
be

 
ap

pl
ie

d 
du

ri
ng
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sp
en

si
on
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Fo
r 

Fo
ot

ag
e 

D
ep

th
, 

O
pe

ra
tin

g 
Ra

te
ca

n 
be

 
ap

pl
ie

d,
 if

 p
ro

gr
es

s 
be

co
m

es
 v

er
y 

sl
ow

.

Fo
r 

Tu
rn

ke
y

D
ep

th
, 

no
 

pr
ic

e 
ad

ju
st

m
en

t 
is

 a
llo

w
ed

.
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 I

nt
eg

ra
te

d 
Pr

oj
ec

t 
M

an
ag

em
en

t 
(I

PM
) 

JIC
A 
Su
rv
ey
 T
ea

m

12

W
ha

t 
is

 I
nt

eg
ra

te
d 

Pr
oj

ec
t 

M
an

ag
em

en
t?


In

te
gr

at
ed

 P
ro

je
ct

 M
an

ag
em

en
t 

Se
rv

ic
es

:
IP

M
 s

er
vi

ce
 is

 t
he

 t
ot

al
 M

an
ag

em
en

t 
w

hi
ch

 a
ll 

m
at

er
ia

ls
 

an
d 

eq
ui

pm
en

t 
w

ill
 b

e 
pr

oc
ur

ed
 b

y 
th

e 
co

nt
ra

ct
or

. 
Th

e 
IP

M
 s

er
vi

ce
s 

of
fe

rin
g 

de
liv

er
s 

m
an

ag
ed

 a
nd

 
co

or
di

na
te

d 
D

ril
lin

g 
se

rv
ic

e 
co

m
pa

ny
 a

nd
 t

hi
rd

-p
ar

ty
 

se
rv

ic
es

 a
nd

 p
ro

du
ct

s.
 

IP
M

-t
ra

in
ed

 I
nt

eg
ra

te
d 

Se
rv

ic
es

 P
ro

je
ct

 M
an

ag
er

 (
IS

PM
) 

w
ho

 le
ad

s 
se

rv
ic

e 
de

liv
er

y 
an

d 
en

su
re

s 
pr

oj
ec

t 
ac

tiv
ity

 is
 

es
se

nt
ia

l.
(s

ou
rc

e:
 S

ch
lu

m
be

rg
er

 c
om

pa
ny

 w
eb

si
te

)

Co
st

 in
cr

ea
se

 is
 b

as
ic

al
ly

 u
na

vo
id

ab
le

.
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ur
ve

y 
Re

su
lt 

an
d 

Re
co

m
m
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tio
n 

JIC
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Su
rv
ey
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ea

mSu
m

m
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y 
of

 I
nt

er
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ew
 S

ur
ve

y 
Re

su
lt
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Co
m

pa
ny

Pr
ef

er
ab

le
Co

nt
ra

ct
 

Ty
pe

Co
m

m
en

t 
fr

om
 C

on
tr

ac
to

r
Ap

pl
ic

ab
ili

ty
 t

o 
IP

M
 

ap
pl

ic
at

io
n

A
D

ai
ly


D

ou
bl

e/
tr

ip
le

co
st

ar
e

as
su

m
ed

in
ap

pl
yi

ng
lu

m
p

su
m

pr
ic

e
co

nt
ra

ct
co

m
pa

re
d

w
ith

da
ily

ra
te

pr
ic

e
co

nt
ra

ct
.

A:
Ye

s

B
D

ai
ly

/
Lu

m
p 

Su
m


Lu

m
p

su
m

pr
ic

e
(t

ur
n-

ke
y)

co
nt

ra
ct

is
ac

ce
pt

ab
le

on
co

nd
iti

on
al

l
ta

sk
s

su
ch

as
pr

ep
ar

at
or

y
w

or
ks

,
pr
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 5 

ABSTRACT 6 

The USGS volumetric method is used for assessing the electrical capacity of a geothermal reservoir. The calculation formulas 7 

include both underground related parameters and above-ground related parameters. While primary variability and uncertainty in 8 

this method lay in the underground related parameters, electric capacity calculated is also a function of the above-ground related 9 

parameters. Among those parameters, the fluid temperature of the reservoir will be the key parameter for the volumetric method 10 

calculation when used with Monte Carlo method, because this temperature is the variable (uncertain) underground related 11 

parameter which affects the steam-liquid separation process in the separator - an above-ground related parameter. Conventional 12 

calculation methods do not deal with the steam-liquid separation process being affected by fluid temperature as a random variable 13 

when used together with Monte Carlo method. In order to fix up this issue, we have derived calculation formulas by introducing 14 

Available Exergy Function , thereby, the fluid-temperature-dependant separation process can be included in the equations together 15 

with the fluid temperature as a random variable. This paper presents the electricity capacity calculations formulas that can be used 16 

for the volumetric method together with Monte Carlo method. In addition, a comparison is also made between the proposed method 17 

and the USGS method. The theoretical background of the proposed formula has eventually proved to be as same as USGS method 18 

except for a few parameters adopted. 19 

Keywords:  triple point temperature; single flash power plant; steam-liquid separation process at separator; available exergy 20 

function; adiabatic heat drop at turbine 21 

1. INTRODUCTION - ISSUES OF THE CALCULATION METHODS BEING AVAILABLE 22 

The USGS (1978)  defines the reservoir thermal energy available under a reference temperature by the following equation. 23 

      [kJ]  (Eq. 1) 24 

Where  is geothermal energy that is stored in geothermal reservoir and is able to be used under reference temperature conditions, 25 

 is volumetric specific heat,  is reservoir volume,   is reservoir temperature and  is reference temperature.  It describes 26 

that the reference temperature (15  ) is the mean annual surface temperature and for simplicity is assumed to be constant for the 27 

entire United States. A set of calculation equations are presented, on the basis of the second law of thermodynamics, to estimate 28 

electric energy to be converted from geothermal energy available under the reference temperature. Parameters required for the 29 

calculation of the electric generation capacity by using the USGS method are summarized below.  30 

Table 1 Classification of Parameters for USGS Method (1978) 31 

A. Underground related parameters B. Above-ground related parameters 

a-1. Reservoir volume:  [ ] 

a-2. Reservoir temperature:   [ ] 

a-3. Volumetric specific heat:  [ ] 

a-4. Recovery factor:  [ - ] 

b-1. Reference temperature:  [ ] 

b-2. Utilization factor: [  -  ] 

b-3. Plant life: L [sec] 

b-4. Plant factor: F [ - ] 

 32 

While primary variability and uncertainty in this method lay in the underground related parameters, considerations have also been 33 

directed to above-ground related parameters. The USGS method defines utilization factor  to convert heat energy to electric energy, 34 

giving 0.4 (USGS 1978). It was updated to 0.45 by USGS (2008). USGS (1978) states the given utilization factor is applicable only 35 

for the case that the reference temperature is 15   (the average ambient temperature in the United State) and the condenser 36 

temperature is 40 . On the other hand, S. K. Garg and J. Combs (2011) pointed out that the utilization factor depends on both 37 

power cycle and the reference temperature; the available work (calculated electric energy) is a strong function of the reference 38 

temperature. This suggests that type of power cycle has to be defined to obtain valid results when practicing the volumetric method. 39 

We consider here a single flash condensing power cycle as a typical plant. Electric energy to be generated is calculated by well 40 

established calculation processes for turbine-separator-condenser performance in accordance to thermodynamics; the electric 41 

energy generated is principally dependent on fluid temperature sent to separator together with separator temperature and condenser 42 

temperature; a set of each fixed temperature may be given into the calculation process. However, these conventional calculation 43 

methods are not applicable when practicing the volumetric method together with Monte Carlo method because the fluid 44 

temperature shall be dealt as a random variable due to its uncertainty and the steam-liquid separation process is a fluid-temperature-45 

dependant process.  Calculation equations for the volumetric method need to satisfy those two requirements when used with Monte 46 

Carlo method. In order to provide this issue with a solution, we have derived calculation formulas by introducing Available 47 

Exergy Function , thereby, fluid-temperature-dependant separation process can be included in a equation together with the fluid 48 

temperature as a random variable for the use with Monte Carlo method.  49 

With the concept above, Takahashi and Yoshida (2015 a, 2015 b) proposed a simplified calculation formula, assuming a single 50 

flash condensing power cycle of the separator temperature 151.8   and condenser temperature 40 ; the formula includes fluid 51 

temperature as a random variable and the function that reflects the fluid-temperature-dependant steam-liquid separation process; 52 

*Manuscript
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that can be used with Monte Carlo method. We herein refined the proposed method and expand its application to various 53 

combinations of separator and condenser temperatures assuming a single flash condensing power cycle. 54 

Discussions on other important subjects of the underground related parameters are out of the scope of this paper. We believe the 55 

proposed equations will provide clearer ideas on the reservoir potential once the underground related parameters are properly 56 

defined. 57 

2. SUMMARY OF THE PROPOSED CALCULATION EQUATIONS 58 

The key points of the proposal are described below. A detailed explanation on how the equations have been derived are presented 59 

in Chapter 3 for verifications by readers.  60 

1. We placed the triple point temperature  in the equation-2 for the place of the reference temperature of the equation-1 of 61 

USGS (1978). The equation-2 represents the heat energy potentially stored in the geothermal reservoir, whereas the equation-62 

1 defines the heat energy available in the reference temperature condition out of the heat energy potentially stored in a 63 

geothermal reservoir. This is because the fluid recovered at well head is sent to the power plant before exposed to any of 64 

reference conditions. 65 

2. We adopted the concept of the exergy  at a single flash condensing cycle by the equation-5 or -6 (adiabatic heat drop) in 66 

accordance to thermodynamics. This equation is eventually proved to be the same as the one given by USGS (1978) as the 67 

Available Work   (Chapter-11). 68 

3. We defined the Available Exergy Function  by the equation-7. This represents the ratio of the exergy at a turbine-generation 69 

system against the total heat energy recovered at well head. Inclusion of the function in the calculation formula is the key 70 

idea of this paper. 71 

4. By using the Available Exergy Function, the electricity to be generated is given by the equation-10.  efficiency , 72 

instead of utilization factor , is included in the equation to tie up with the exergy  adopted.  This is the base equation from 73 

which approximation equations for application are derived. 74 

5. For the separator temperature of 151.8  and the condenser temperature of 40  as an example; an approximation of the 75 

Available Exergy Function is given first as cubic polynomial as in the equation-21; this polynomial approximation is further 76 

simplified by the equation-23 for practical uses;  Exergy efficiency is approximated in the equation-25, -26 based on 189 77 

actual performance data; Electricity to be generated is given by the equation-27.  78 

6. A comparison with USGS method is discussed in Chapter 8 and Chapter 11 for further reference. A discussion on the 79 

utilization factor defined by USGS is also given in Chapter-11 80 

2.1 Application 81 

We will first present the sets of equations in Table-2. Thereafter, the explanation is given on how those equations have been 82 

derived. 83 

2.1.1 Underground Related Conditions 84 

The underground related parameters listed in Table 1 shall be determined first. We referred to the USGS method (1978) for the 85 

definitions and applications of those parameters. For the proposed calculation method, those parameters can be random variables 86 

for Monte Carlo method as has been practiced in the past. Much attention and examination shall be directed to the determination of 87 

those parameters because primary variability and uncertainty lay in the underground related parameters. Discussions on how to 88 

determine those parameters are out of scope of this paper. 89 

2.1.2 Geothermal Fluid Conditions for the Proposed Method 90 

We assume the geothermal fluid is the single phase liquid conditions in the reservoir. This is because a fluid that is all liquid has 91 

a smaller entropy value than a two phase fluid with same enthalpy; thus, the available work (exergy) value assuming liquid water is 92 

greater than any two-phase mixture of the same enthalpy and is an appropriate reference condition  (USGS 1978). The enthalpy of 93 

the fluid in the reservoir usually decreases when it comes up to the wellhead due to the partial or entire flashing, frictions, 94 

gravitational forces and/or others. We, however, assume the fluid enthalpy available at the wellhead should correspond to the 95 

enthalpy of the single phase liquid in the reservoir. The loss of enthalpy while the fluid comes up to  the well head could be 96 

included in the recovery factor when practicing the volumetric method.  97 

2.1.3 Above-Ground Conditions for the Proposed Method 98 

A single flash condensing system is assumed, where separator temperature and condenser temperature shall be pre-determined. 99 

The combination of separator temperature and the condenser temperature will be the index for selection of the simplified 100 

calculation equation presented in Table 2. Discussions on how to determine the separator temperature and the condenser 101 

temperature in relation to geothermal fluid characteristics are out of the scope of this paper. The following presentation however 102 

may be helpful. 103 

 Figure 1 shows the relative power output to be generated by a power plant with the separator pressures ranging from 2 bar-a to 10 104 

bar-a, with two cases of condenser temperatures of  =40  or   =50 , for the geothermal fluid temperature raging from 200 105 

  to 350 , (assuming =1 for the calculations of relative outputs). Power output may be maximum when the separator 106 

pressure of 5 or 6 bar-a for the fluid temperature of 250  - 275 . These separator pressures may be recommended for an initial 107 

stage of resource evaluation if other conditions should allow to do so. Note that power output will be about 88 % when condenser 108 

temperature increases from 40  to 50  with the separator pressure of 5 bar-a just for a reference. 109 
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Figure 1 Relative Power Output for Various  with  =40   (Left) or   =50  (Right) 110 

 111 

2.1.4 A Note on Reference Temperature  and Utilization Factor  112 

For the proposed calculation method, we do not use such generalized temperature names as reference temperature , 113 

  or rejection temperature . Instead, specified temperatures as triple point temperature , separator 114 

temperature  and   are used to avoid possible misunderstandings. We do not use utilization factor  either, 115 

because it is originally defined for the use exclusively in the United State. It is a rather region specific factor. Instead of the 116 

utilization factor , we use plant specific  efficiency  (defined by Equation-24) together with plant specific  117 

(defined by Equation-5 or -6 ) at a turbine-generator. A brief observation on the utilization factor  is given in Chapter 11.1 of this 118 

paper for further observation. 119 

 120 

2.2 Calculation Equations  121 

The sets of the calculation equations are presented in Table-2. Abbreviations appeared in the table are shown below. 122 

E    : Electric energy [ ] Reservoir volumetric specific heat [ ] 

 : Recovery factor [-]    : Porosity [-] 

V    : Reservoir volume[ ]  : Specific heat of rock [ ] 

 : Average reservoir temperature [ ]  : Rock density [ ] 

 : Specific heat of fluid [ ] 

 : Fluid density [ ]  

 123 

A calculation equation is uniquely given by selecting  a combination of the temperatures of the separator and the condenser. 124 

Numerical constants in the equations in Table-2 shall not be modified or changed in any case. These are the products from a series 125 

of approximation processes. Coefficients of the turbine-generator efficiency are included in the numerical terms in the equations 126 

based on information of actual power plants all over the world.  127 

The average output capacity of the power plant in a designed plant life period is given as follows. 128 

     [ ] or [ ] 129 

Where; We” is the average output capacity of the power plant, F  is the plant utilization factor, L  is the plant life period (sec). 130 

  131 
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Table 2 Proposed Calculation Equations for Volumetric Method 132 

Eq.-ID 

Conditions 

Electric Energy (kJ) Linear Approximation  Separator Condenser 

P (bar-a) T ( ) P (bar-a) T( ) 

230 2 120.2 0.04  30 ( 0.19 ± 0.01  ) *   * (   - 120.2 ) 

240 2 120.2 0.07 40 ( 0.17 ± 0.01 ) *   * (  - 120.2 ) 

250 2 120.2 0.12 50 ( 0.14 ± 0.01 ) *   * (  - 120.2 ) 

260 2 120.2 0.20 60 ( 0.11 ± 0.01 ) *   * (  - 120.2 ) 

370 2 120.2 0.31 70 ( 0.09 ± 0.01 ) *   * (  - 120.2 ) 

330 3 133.5 0.04 30 ( 0.23 ± 0.01 ) *   * (  - 133.5 ) 

340 3 133.5 0.07 40 ( 0.20 ± 0.01 ) *   * (  - 133.5 ) 

350 3 133.5 0.12 50 ( 0.17 ± 0.01 ) *   * (  - 133.5 ) 

360 3 133.5 0.20 60 ( 0.14 ± 0.01 ) *   * (  - 133.5 ) 

370 3 133.5 0.31 70 ( 0.12 ± 0.01 ) *   * (  - 133.5 ) 

430 4 143.6 0.04 30 ( 0.25 ± 0.02 ) *   * (  - 143.6 ) 

440 4 143.6 0.07 40 ( 0.22 ± 0.01 ) *   * (  - 143.6 ) 

450 4 143.6 0.12 50 ( 0.19 ± 0.01 ) *   * (  - 143.6 ) 

460 4 143.6 0.20 60 ( 0.17 ± 0.01 ) *   * (  - 143.6 ) 

470 4 143.6 0.31 70 ( 0.14 ± 0.01 ) *   * (  - 143.6 ) 

530 5 151.8 0.04 30 ( 0.27 ± 0.02 ) *   * (  - 151.8 ) 

540 5 151.8 0.07 40 ( 0.24 ± 0.02 ) *   * (  - 151.8 ) 

550 5 151.8 0.12 50 ( 0.21 ± 0.01 ) *   * (  - 151.8 ) 

560 5 151.8 0.20 60 ( 0.19 ± 0.01 ) *   * (  - 151.8 ) 

570 5 151.8 0.31 70 ( 0.16 ± 0.01 ) *   * (  - 151.8 ) 

630 6 158.8 0.04 30 ( 0.29 ± 0.02 ) *   * (  - 158.8 ) 

640 6 158.8 0.07 40 ( 0.26 ± 0.02 ) *   * (  - 158.8 ) 

650 6 158.8 0.12 50 ( 0.23 ± 0.02 ) *   * (  - 158.8 ) 

660 6 158.8 0.20 60 ( 0.20 ± 0.01 ) *   * (  - 158.8 ) 

670 6 158.8 0.31 70 ( 0.18 ± 0.01 ) *   * (  - 158.8 ) 

730 7 165.0 0.04 30 ( 0.31 ± 0.02 ) *   * (  - 165.0 ) 

740 7 165.0 0.07 40 ( 0.28 ± 0.02 ) *   * (  - 165.0 ) 

750 7 165.0 0.12 50 ( 0.25 ± 0.02 ) *   * (  - 165.0 ) 

760 7 165.0 0.20 60 ( 0.22 ± 0.01 ) *   * (  - 165.0 ) 

770 7 165.0 0.31 70 ( 0.19 ± 0.01 ) *   * (  - 165.0 ) 

830 8 170.4 0.04 30 ( 0.32 ± 0.02 ) *   * (  - 170.4 ) 

840 8 170.4 0.07 40 ( 0.29 ± 0.02 ) *   * (  - 170.4 ) 

850 8 170.4 0.12 50 ( 0.26 ± 0.02 ) *   * (  - 170.4 ) 

860 8 170.4 0.20 60 ( 0.23 ± 0.02 ) *   * (  - 170.4 ) 

870 8 170.4 0.31 70 ( 0.21 ± 0.01 ) *   * (  - 170.4 ) 

930 9 175.4 0.04 30 ( 0.34 ± 0.02 ) *   * (  - 175.4 ) 

940 9 175.4 0.07 40 ( 0.31 ± 0.02 ) *   * (  - 175.4 ) 

950 9 175.4 0.12 50 ( 0.28 ± 0.02 ) *   * (  - 175.4 ) 

960 9 175.4 0.20 60 ( 0.25 ± 0.02 ) *   * (  - 175.4 ) 

970 9 175.4 0.31 70 ( 0.22 ± 0.01 ) *   * (  - 175.4 ) 

1030 10 179.9 0.04 30 ( 0.35 ± 0.02 ) *   * (  - 179.9 ) 

1040 10 179.9 0.07 40 ( 0.32 ± 0.02 ) *   * (  - 179.9 ) 

1050 10 179.9 0.12 50 ( 0.29 ± 0.02 ) *   * (  - 179.9 ) 

1060 10 179.9 0.20 60 ( 0.26 ± 0.02 ) *   * (  - 179.9 ) 

1070 10 179.9 0.31 70 ( 0.23 ± 0.01 ) *   * (  - 179.9 ) 

 133 

 134 

 135 

 136 

 137 
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3. DERIVING THE PROPOSED EQUATIONS  138 

We will describe hereunder how the proposed calculation equations have been derived. The key abbreviations used correspond to 139 

those in Figure 2.  140 

 141 

 142 

Figure 2 Simplified Single Flash Power Plant Schematic. 143 

3.1 Thermal Energy Potentially Stored in Geothermal Reservoir 144 

The thermal energy  potentially stored in a geothermal reservoir is given as follows. 145 

      [kJ]  (Eq. 2) 146 

Where  is triple point temperature ( =0.01   for pure water). 147 

Note that we placed  (triple point temperature) in the equation Eq. 2 for the position of   (reference temperature) of the 148 

equation Eq. 1 given by USGS (1978). The equation-2 represents the heat energy potentially stored in the geothermal reservoir, 149 

whereas the equation-1 defines the heat energy available in the reference temperature condition out of the heat energy potentially 150 

stored in a geothermal reservoir. The process of utilization of the geothermal fluid stored in a reservoir is made through three steps; 151 

(i) First, the geothermal fluid having the heat energy potentially stored in the reservoir is recovered at the well head (with recovery 152 

factor to be considered. See section 3.2); (ii) Second, the recovered fluid is sent into a energy utilization system before exposed to 153 

any of ambient conditions; (iii) Third, the heat energy, after utilized, decreases down to the final state condition. The equation Eq. 1 154 

represents the heat energy made available through these three steps. Here, we consider the heat energy of the geothermal fluid at the 155 

first step only, where the fluid is not yet exposed to any of reference conditions such as the ambient temperature; the geothermal 156 

fluid retains potentially available heat energy at this step. In accordance to thermodynamics, potentially available heat energy of 157 

geothermal fluid of temperature  ºC is given by the equation Eq. 2 using the triple point temperature. The triple point temperature 158 

is the extreme minimum temperature for the reference temperature in thermodynamic. The potentially available heat energy is sent 159 

into the geothermal power plant. 160 

3.2 Thermal Energy in the Reservoir, Recovery Factor  161 

Since not all heat energy is recovered, the recovery factor is defined by USGS (1978) as follows. 162 

       [-]  (Eq. 3) 163 

Where  is the recovery factor, and  is the heat energy recovered at the well head. 164 

From the equations Eq. 2 and Eq. 3, the heat energy recovered at the well head is expressed by the following equation. 165 

     [kJ]  (Eq. 4) 166 

This recovered heat energy is sent into separator through a adiabatic treated fluid transport pipe system without losing its energy 167 

to the ambient.  168 
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3.3 Electric Power Output from Turbine-generator 169 

Electric power output generated by a steam turbine-generator system is expressed by the following equation using adiabatic heat 170 

drop  between the heats at the turbine entrance and at the turbine exit (DiPippo 2008 or Hirata, et al 2008 or other references on 171 

thermodynamics).  172 

      [kJ]  (Eq. 5)  173 

or  174 

       [kJ]  (Eq. 6) 175 

Where  is the turbine-generator efficiency (exergy efficiency),  is the mass of the steam at turbine entrance,  is the 176 

specific enthalpy at the turbine entrance,  is the specific enthalpy at the turbine exit,  is the thermal energy of the turbine 177 

entrance,  is the thermal energy of the turbine exit.  178 

Note that the  is the heat energy at turbine exit under the condition when the heat at turbine entrance and heat at condenser 179 

(final state) are given, the explanation for this will be given in section 4.2.2; that the  defined as the turbine-generator efficiency 180 

(exergy efficiency) is different from the utilization factor  defined by the USGS (1978). Also note that  defined by Eq. 5 is 181 

eventually proved to be the exergy energy (Available work) defined by USGS (1978) in Section 11 of the paper. 182 

3.4 Definition of Available Exergy Function 183 

We herein define the following equation. We name it Available Exergy Function  184 

 (      [ - ]  (Eq. 7) 185 

Where  is the Available Exergy Function. 186 

This is the ratio of the heat energy that contributes to electric power generation (i.e. exergy) at the turbine-generator against the 187 

whole thermal energy recovered at the well head.  188 

3.5 Deriving the Rational Calculation Equation 189 

We reform the equation Eq. 7 to the following equation. 190 

(      [kJ]  (Eq. 8) 191 

Combination of the equation Eq. 6 and Eq. 8 gives the following equation. 192 

       [kJ]  (Eq. 9) 193 

Further,  in the equation Eq. 9 is replaced with the equation Eq. 4, resulting in the following equation. 194 

     [kJ]  (Eq. 10) 195 

The equation Eq. 10 expresses the electric energy generated at a turbine-generator; the electric energy converted from the thermal 196 

energy sent into the turbine-generator of the efficiency  (exergy efficiency). 197 

4 CALCULATION OF THE AVAILABLE EXERGY FUNCTION 198 

Although the equation Eq. 10 gives the electric energy to be converted from the thermal energy recovered at the well head, the 199 

equation is not ready for a practical calculation in field. This has to be expressed as an equation that shall be practically and user-200 

friendlily used. 201 

4.1 Assumptions  202 

In order to convert the equation Eq. 10 to a calculable equation, we assume the following three conditions. 203 

a. Geothermal fluid recovered at well head is assumed to have the enthalpy that corresponds to the enthalpy of the single 204 

phase liquid stored in the reservoir (as stated in 2.1),  205 

b. Single flash condensing geothermal power plant is assumed for resource evaluation (as stated in 2.1),,  206 

c. Dry steam sent into the turbine and wet steam exhausted from the turbine is assumed. 207 

4.2  Deriving the Calculable Equation of  Available Exergy Function  208 

The Available Exergy Function consists of thermal energies (i) at the well head, (ii) at the turbine entrance and (iii) at the turbine 209 

exit. Calculation processes of these three thermal energies are explained hereunder step by step. 210 

4.2.1 Geothermal energy recovered at the wellhead ( ) 211 

The geothermal energy at the well head is expressed by the following equation1.  212 

      [kJ]  (Eq. 11) 213 

                                                                 

1
 Note that the equation   given by USGS(1978) is valid only when . 
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Where  is the geothermal energy recovered at the wellhead,  is the mass of the liquid recovered at the wellhead,  214 

is the specific enthalpy of the  fluid recovered at the wellhead.  215 

4.2.2 Thermal energy at turbine entrance ( ) 216 

The geothermal fluid recovered at the well head is sent into the separator, separated into steam fraction and liquid fraction; and the 217 

steam fraction (dry steam) only is sent into the turbine. The thermal energy of the dry steam sent into the turbine is first given by 218 

the equation Eq. 12 and Eq. 13; the Equations Eq. 12 and Eq. 13 are re-written using water/steam separation ratio (Eq. 14), as the 219 

equation Eq. 15 below. 220 

      [kJ]  (Eq. 12) 221 

      [kg]  (Eq. 13) 222 

    [ - ]  (Eq. 14) 223 

Eq. 15)224 

Where  is the thermal energy sent into the turbine,  is the mass of the steam fraction separated at the separator and sent 225 

into the turbine,  is the specific enthalpy of the steam fraction separated at the separator and sent in to the turbine,  is the 226 

ratio of the steam mass fraction separated at the separator,  is the specific enthalpy of the liquid fraction separated at the 227 

separator. 228 

4.2.3 Thermal energy at turbine exit ( ) 229 

The dry steam sent into the turbine is losing its thermal energy being converted into electric energy. At the same time the dry 230 

steam is becoming to be wet steam. The thermal energy of the wet steam exhausted at the turbine exit is given in the following 231 

equation. Note the mass of the steam fraction at the turbine entrance is preserved at the turbine exit. 232 

      [kJ]  (Eq. 16) 233 

Where   is the thermal energy at the turbine exit,  is the specific enthalpy of the wet steam fraction at the turbine exit. 234 

Dryness of the steam exhausted at the turbine exit is given by the following equation (DiPippo 2008 and/or Hirata et. al 2008). 235 

    [ - ]  (Eq. 17) 236 

Where  is the quality of steam (dryness of steam),  is the entropy of the steam at the separator,  is the entropy of the 237 

liquid at the condenser and  is the entropy of the steam at the condenser. Using the equation E. 17, the specific enthalpy of the 238 

wet steam fraction exhausted at the turbine exit is given by the following equation. 239 

    [kJ/kg]  (Eq. 18) 240 

Where  is the specific enthalpy of the liquid at the condenser and  is the specific enthalpy of the steam at the condenser. 241 

Combination of the equations Eq. 16, Eq. 17 and Eq. 18 gives the following equation.  242 

    [kJ]  (Eq. 19) 243 

4.2.4 The Available Exergy Function  244 

Replacing the terms in the equation Eq. 7 (Available Exergy Function) with the equations Eq. 11, Eq. 15 and Eq. 19 gives the 245 

following equation. 246 

   [ - ]  (Eq. 20) 247 

An approximation equation of the Available Exergy Function will be derived by the equation Eq. 20 through specifying the 248 

combination of a separator temperature and a condenser temperature. 249 

5  APPROXIMATION EQUATION (AN EXAMPLE) OF AVAILABLE EXERGY FUNCTION  250 

5.1 Step One Approximation to Cubic Polynomial 251 

In order to convert Available Exergy Function  into a calculable equation, a set of a separator temperature and a condenser 252 

temperature has to be selected first. There are a number of combinations of the temperatures; among those one sample 253 

approximation equation is derived assuming  a typical temperature combination. 254 

a. Separator temperature  : 151.8   (0.5     MPa) 255 

b. Condenser temperature  :   40.0   (0.007 MPa) 256 

 257 

The correlation between the geothermal fluid temperature and the Available Exergy Function is presented in Figure 3 for this 258 

example. Figure 3 shows that the thermal energy contributing to electricity power generation in the turbine ranges from 8% to 16 % 259 

for the geothermal fluid temperature ranging from 200   to 300 . 260 
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 261 

Figure 3 Available Exergy Ratio vs. Fluid Temperature 262 

(for =151.8 , =40.0 ) 263 

The approximation equation of the correlation is given by the following cubic polynomial. 264 

 (Eq. 21) 265 

Note that the Available Exergy Function shall be zero ( ) when the fluid temperature equals to the separator temperature 266 

according to the definition of the equation (see Eq. 7). For this example of the separator temperature =151.8   ,   shall 267 

theoretically be zero ( ). (However, this is not necessarily attained by the approximation although we specified ten digits after 268 

the decimal point for the coefficients.)  269 

5.2 Step Two Appropriation to a Practical Equation for the Available Exergy Function  270 

The equation Eq.21 as an approximation equation of the Available Exergy Function, is still somewhat too large to be used as a 271 

user-friendly calculation equation. Thus, a simpler and more user-friendly approximation equation is hereunder derived.  272 

Figure 4 shows a lenear correlation between  in the equation Eq. 10 on the vertical axis and  on the 273 

horizontal axis. Since when , ,  the correlation between  and  is expressed by the following 274 

equation. 275 

   [ - ]  (Eq. 22) 276 

Where A is a constant. 277 

For this example of = 151.8    and  =40    the equation Eq. 22 shall be as follows (Figure 4).  278 

    [ - ]  (Eq. 23) 279 

(For = 151.8    and =40   only) 280 

 281 

Figure 4 Linear Approximation  and   282 

(for =151.8 , =40.0 ) 283 
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6  TURBINE-GENERATOR EFFICIENCY ( ) 284 

The equation Eq. 5 defines the electric energy converted from the thermal energy, using the adiabatic heat-drop concept at a 285 

turbine. The equation includes the turbine-generator efficiency (exergy efficiency). The equation Eq. 5 is reformed to the following 286 

equation.  287 

     [ - ]  (Eq. 24) 288 

We analyzed the correlation between turbine-generator efficiencies ( ), and temperature drops  of turbine 289 

entrance and condenser. We used 189 data of geothermal power plants all over the world (listed in ENAA 2013 in Japanese) 290 

resulting in the following correlation. 291 

 292 

Figure 5 Turbine-Generator Efficiency from 189 data 293 

  [ - ]  (Eq. 25) 294 

Where is the temperature of the turbine entrance and  is the temperature of the condenser. 295 

The actual efficiency of a turbine-generator system depends on many factors that include the efficiency of basic power plant 296 

design, resource temperature, concentrations of dissolved gases in the reservoir fluid, the condition of plant maintenance and so on. 297 

For this reason, we included an range of ± 0.05 in the approximation equation Eq. 25, which encompasses 153 data among the 189 298 

data (approximately 80% occurrence probability). 299 

For this example of = 151.8   and =40 , the equation Eq. 25 is as follows.  300 

      [ - ]  (Eq. 26) 301 

(For the case of = 151.8   and =40   only) 302 

7. A RATIONAL, PRACTICAL AND USER-FRIENDLY EQUATION FOR VOLUMETRIC METHOD 303 

7.1 Approximation For the Example of = 151.8   and =40  304 

Replacing   and  in the equation Eq. 10 with the equations Eq. 23 and Eq. 26 gives the following equation. 305 

  [kJ]  (Eq. 27) 306 

(For the case of = 151.8    and =40    only) 307 

The equation Eq. 27 above gives the electric energy converted in the geothermal power plant with separator of = 151.8   and 308 

condenser of =40 . The other factors, i.e. recovery factor ( ), Volumetric specific heat of the reservoir ( ), reservoir volume 309 

(V) and average reservoir temperature ( ) have to be given by the practitioners in charge. 310 

7.2 Approximation Equations for Various Sets of Separator Temperatures and Condenser Temperatures 311 

We have derived approximation equations for various sets of separator temperatures and condenser temperatures, so that 312 

practitioners may select one or some of those that may suite to their site conditions. The equations are presented in Table-2. 313 

. 314 

8. A COMPARISON WITH THE USGS METHOD 315 

A comparison is made between the proposed method and the USGS method.  316 
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In theory,  should be  in USGS method when fluid is sent into a geothermal power plant directly. But, here  = 15   is 317 

assumed because the utilization factors (0.4 and 0.45) might have been given with the assumption that the  is the average 318 

ambient temperature of the USGS2. The conditions for the comparison is summarized in Table 3. 319 

Table 3 Calculation Conditions for Comparison between USGS method and the Proposed method 320 

 USGS method 
Proposed method   

(for    and   ) 

Reference Temperature Ambient temperature  (15 ) 
Triple point temperature for potential heat stored 

in reservoir (0.01 ) 

Separator temperature Not given 151.8  

Condenser temperature 40  40  

Factor in equation 
Utilization factor (  

0.40, 0.45 

Approximation value of Exergy efficiency (  

x Available exergy function ( )  

0.22 (minimum),  0.24 (central value),  

0.26 (maximum) 

Reservoir related factors  ( ) = 1 is assumed for this comparison 

  

Figure 6 (Left) shows that the USGS method gives slightly larger values than those of the proposed method; the USGS method 321 

with the utilization factor of 0.4 is in good agreement with the proposed method when fluid temperature is over 250  322 

approximately.  323 

While the USGS method treated the utilization factor as constant possibly for a practical reason, it shall be variable in theory. The 324 

utilization factors as variable is calculated in Section 11.1. 325 

Figure 6 (Right). It 326 

demonstrates that the result of the USGS method is on the line of the proposed method with the approximation coefficient of 0.24. 327 

 

Proposed Method (for =151.8 , =40 ) and USGS method 

(fixed Utilization factor of 0.40 and 0.45, =15   and =40 ) 

 

Proposed Method and USGS method with variable utilization factor (for 

both  =151.8 , =40 ; only for USGS =15 ) 

Notes: A. Coef.: Approximation Coefficient of the proposed method, U. Factor: Utilization Factor of the USGS method 

Figure 6 A Comparison of the Proposed Method with USGS Method  328 
 329 

It has become evident that both of the USGS method and the proposed method are on the same theoretical basis (see the section 330 

11.2). The major difference is that the USGS method defines the Utilization factor as a constant, whereas the proposed method 331 

deals all factors as dynamic variable factors. Thus, the proposed method is more accurate  than the USGS method although the 332 

method is expressed by approximation equations. Moreover, the  proposed method is much simpler and therefore much more user-333 

friendly, particularly  when practiced with Monte Carlo Simulation.  334 

9. NOTES AND DISCUSSIONS 335 

It has been pointed out that the USGS method may have given larger resource estimations than that of reservoir resources actually 336 

available on site. Thus, the proposed method may also give excessive resource estimation than actual. In connection with this issue, 337 

one may be tempted to calibrate the equations by changing the constants in the equations of the proposed method. However, any of 338 

the constants shall not be changed, because the equations in Table-2 do not represent any of thermodynamic implications directly; 339 

the separator temperature in the second brackets acts only for zero-point adjustment; the constants in the first brackets are only the 340 

resultants of the approximations.  341 

                                                                 

2 The calculation  made with  =15 ºC gives values ranging from 83 % to 86 % of the values calculated with . 
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If the calculation results should not agree to the reservoir resource actually available, such reservoir related factors have to be 342 

reviewed as recovery factor ( ), volumetric specific heat of the reservoir ( ), reservoir volume (V) and average reservoir 343 

temperature ( ). In particular, recovery factor ( ) and reservoir volume (V) shall have to be examined prudently, because the two 344 

factors will give significant impacts on the resource assessment. 345 

10. CONCLUSIONS 346 

The USGS method is widely used for assessing the electrical capacity of a geothermal reservoir. While the under-ground related 347 

parameters will have significant impacts on the resource assessment, the electric capacity calculated is a strong function of the 348 

above-ground related conditions. The fluid temperature recovered at well head will be the key parameter for the volumetric method 349 

calculation when used with Monte Carlo method, because this temperature is the variable (uncertain) underground related 350 

parameter which affects the steam-liquid separation process in the separator - an above-ground related parameter. We have derived 351 

calculation formulas by introducing Available Exergy Function , thereby, fluid-temperature-dependant separation process can be 352 

included in the equations together with the fluid temperature as a random variable for the Monte Carlo method. It is expected that 353 

this calculation method may provide clearer ideas on geothermal resources assessment because the above-ground related 354 

parameters are separately defined from the much uncertain underground related parameters. The proposed calculation formulas is 355 

proved to be on the same theoretical base of the USGS method (1978). They may thus give larger resource estimation than actually 356 

monitored on site if conventional underground related parameters should be selected. However, any of coefficients in the equations 357 

of the proposed method must not be changed or adjusted or calibrated. It is the underground related factors that shall be reviewed. 358 

In particular, recovery factor and/or reservoir volume have to be reviewed. 359 

11. ADDITIONAL NOTES  360 

11.1 About Utilization Factor of the USGS Method 361 

The utilization factor defined by the USGS (1978) is as follows. 362 

      [ - ]  (Eq. 28) 363 

Where  is the utilization factor;  is the thermodynamically available energy produced at a thermo-engine, into which all 364 

energy of the recovered fluid at well head (originally under the ambient condition in the United State) is assumed to be sent in.  is 365 

the electric power generated at the thermo-engine, into which only the steam fraction separated at the separator is assumed to be 366 

sent in.  367 

The USGS has given the constants of 0.40 (USGS 1978) or 0.45 (USGS 2008) to the utilization factor as an empirical factor. 368 

However, the factor shall be a variable because   and are given  by the following exergy equations, based on the USGS 369 

theoretical concept. 370 

 [kJ]  (Eq. 29) 371 

  [kJ]  (Eq. 30) 372 

Where ,  are temperature of liquid in reference (i.e. ambient) condition and the condenser in K (absolute temperature) 373 

respectively; ,  are specific enthalpy of liquid in reference (i.e. ambient) condition and in the condenser respectively; 374 

,  , are specific entropy of the liquid at the well head, in reference (i.e. ambient) condition and in the condenser 375 

respectively. The numerical utilization factors calculated by the equation Eq. 28, Eq. 29 and Eq. 30 for the case of =151.8 , 376 

=40.0   and =0.77 are as shown in the table below. 377 

Table 4 Utilization Factors as Variable (for =151.8 , =40.0 , =0.77) 378 

Fluid temperature at Well head (  )  Utilization factor (variable) 

200 0.27 

250 0.36

300 0.39

340 0.40

 379 

The utilization factor ranges from 0.27 to 0.40 in accordance to the temperatures of the fluid recovered at the well head. If the 380 

exergy efficiency  could be larger than 0.77, the utilization factor would be larger than those calculated above. 381 

11.2 Theoretical Background of the Proposed method 382 

We presented first the adiabatic heat drop concept for the proposed method in the equation Eq. 5. The specific enthalpy of the 383 

turbine exit was expressed by the equations Eq. 16, Eq. 17 and Eq. 18. Among those, combination of the equations Eq. 17 and Eq. 384 

18 gives the following equation.  385 

  386 

 387 

     [kJ/kg]  (Eq. 31) 388 
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Further combination of the equation Eq. 5 and Eq. 31 gives: 389 

  [kJ]  (Eq. 32) 390 

Where = , =  391 

The equation Eq. 32 has been derived from the concept of the proposed method (adiabatic heat-drop at turbine), whereas the 392 

equation Eq. 30 from the USGS method (exergy exergy). The electric energy outputs of the two methods have become eventually 393 

to be expressed by the same equation. Thus,  the two methods have been proved to be on the same theoretical basis 394 
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Appendix-10  An Outline of Countermeasures Against Scale 

A.10.1 Purpose of this appendix 

A considerable amount of costs is sometimes spent to countermeasures against scale during operation period 

of geothermal power generation plants. We describe here an outline of countermeasures against scale because 

this is a key factor for stable and continuous operation of a geothermal power plant, though this subject may 

be out of cope of the present Data Collection Survey that has been aimed for examine a justification for a 

JICA support to Ethiopia in conducting geothermal test well drilling. 

Detail plan for countermeasure operations shall be proposed based on concrete information that should be 

obtained from the geothermal test well drilling. 

A.10.2 Possibility of scaling from geothermal fluid to be produced in Tendaho geothermal site. 

Geothermal fluid of Tendaho area may well contain carbon dioxide (CO2) with considerable high content 

because the area is underlain by Alkaline rock group. Due to this reason, Calcium carbonite scale in 

geothermal wells during plant operation. Further, hot spring in Tendaho-3 contain a relatively high 

concentration of Silica 316 ppm (pH=8.8, EC=2,900 μ S/cm), 318 ppm (pH=9.2, EC=2,860 μ S/cm) 

according to the Mater Plan (2015); this may imply a possibility that the geothermal fluid that may be 

obtained from the geothermal well may well contain a high concentration of Silica that will form Silica scale 

in the power plant. 

Various types of scales may disturb smooth operation of various portion of the power plant as shown in 

Figure-1.  

 

（Source：Geothermal power generation hand book (2011, in Japanese）） 

Figure A.10.1 Portions affected by scales 

A.10.3 Countermeasures against scaling  

(1) Calcium Carbonate Scale – Countermeasures of Prevention and Removal 
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Calcium carbonate scale is formed wells when CO2 separates from the geothermal fluid as 

the fluid is depressurized while coming up in production well; the Calcium carbonate scale 

therefore often is formed at and around boiling depth of production wells. Figure 10.2 

shows a general countermeasure of prevention and removal of Calcium carbonate scale. 

There are three options indicated in the Figure 10.2; among those, injection of chemical 

agents is effective in many cases. Polycyclic acid type of chemical agents is known to be 

used in many power plants. Removal of calcium carbonate scale may be attained either by 

physical removal methods and chemical removal methods as shown in Figure A 10-2. As 

for physical removal method, dredging by a drilling rig and/or coiled tubing equipment 

against scale in geothermal wells; cleaning using jet water and/or pig for SGAS facility. As 

for chemical agents, agents are injected into geothermal wells and/or pipe system to resolve 

the scale in them. 

 

 

 

（Source：Geothermal power generation hand book (2011, in Japanese）） 

Figure A.10.2 Countermeasure for Prevention and Removal – Calcium Carbonate Scale 

(2) Countermeasures for prevention and removal -  Silica Scale 

Silica scale is one of the serious problems against smooth operations of geothermal power 

plants, that impose a considerable part of O & M cost. Since silica scale is formed as silica 

concentration in geothermal fluid increase while liquid-steam separation process, the scale 

often concentrates in SAGS, turbine and/or re-injection wells. The scale is sometimes 

formed in production wells that produce two phase fluid of high-dryness. 
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Figure 10.3 shows a general countermeasure for prevention and removal of silica scale 

formation. 

For prevention, high temperature re-injection method and pH adjustment method have 

most commonly been used. Polymer type inhibiters are also sometimes used. 

For removal, physical methods and chemical methods are used as for the case of calcium 

carbonate scale. As for physical methods, dredging by drilling rig is applicable for scale 

removal in the geothermal wells or in the geothermal reservoir of the periphery of 

geothermal wells; cleaning by jet water and/or pig method will be used for the scale removal 

in SAGS. Cleaning by jet water or honing are used for the silica scale removal on turbine 

when periodical services. As for chemical method, there are examples that re-injection 

wells are cleaned by chemical agents. 

 

 

 

（Source：Geothermal power generation hand book (2011, in Japanese）） 

Figure A.10.3 Countermeasure for Prevention and Removal – Silica Scale 
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A.10.4 Countermeasures against scale formation in Tendaho-2 

A detail examination and planning shall be proposed once the characteristics of geothermal 

fluid should be identified through test well drilling works. Subjects to be examined are 

described, but not limited to, as follows. 

（１） Countermeasures for scale formulation prevention 

 Options for permanent facility for polyacrylic acid type inhibitors to be injected 

into production wells shall be examined for the prevention countermeasure 

against calcium carbonate scale formulation. 

 Such countermeasures as high-temperature direct reinjection method, pH 

adjustment methods or retaining tank method shall be examined as 

application for silica scale prevention. In case, removal of saturated silica shall 

be considered. 

 Steam scrubbing system or turbine nozzle cooling facility may be considered 

for scale prevention to turbine system. 

（２） Countermeasure of scale removal 

 Physical methods are proposed because timely supply of chemical agents may 

not be maintained due to such remote area as Tendaho. 

 Scale in geothermal wells should be counter-measured by dredging or side 

track drilling. The subject on how equipment should be procured shall be 

worked out with expected cleaning frequency that shall be planed based on the 

information on characteristics of geothermal chemistry to be obtained by 

analysing the geothermal fluid to be obtained from the test well drilling. 

 Cleaning by jet water or pigging equipment for SAGS; nozzle cleaning or 

honing for turbine set will be used. The subject on how the equipment should 

be procured (time-to-time procumbent or permanently equipped) shall also 

examined based on information of characteristics of geothermal chemistry to 

be obtained. Advice from turbine manufacturer may be useful for this decision. 

A.10.5 O&M management system during operation of Tendaho-2 geothermal power station 

Another geothermal development project is now on a process to drilling in Tendaho-1 with 

financial assistance of AFD to EEP, who will the project owner. It may be an efficient 

arrangement for EEP if both power station (AFD Tendaho-1 and JICA Tendaho-2) should 

be maintained by one maintenance system. Considerations on such arrangement shall be 
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made once the frequency of scale countermeasures are proposed after chemical properties 

of the geothermal fluid should be obtained from the geothermal test wells. 

A.10.6 Feasibility Study of Tendaho-2 geothermal power station 

As stated in the first paragraph, a considerable amount of costs is sometimes spent to 

countermeasures against scale during operation period of geothermal power generation 

plants. The Master Plan (2015) has proposed that the Tendaho-2 should be the highest 

priority among the geothermal green fields in Ethiopia mainly based on the financial 

analysis. The cost estimation included O&M cost based on past experiences and 

information collected.  

On top this general approach taken by the Master Plan, a feasibility study shall be 

conducted with concrete information based on test well drilling results. The F/S shall 

include technical and financial analysis of countermeasures against possible scale 

formulations with a firm and concrete information about geochemistry of geothermal fluid 

to be obtained.  

End of document 
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Appendix-11 Civil Works 

A11.1 Access Road 

An access road with total length of 7.5 km will be prepared from existing national road to drilling pad D via 

drilling pad A, B and C. Specification of the access road is as below. 

- Road with 5.0 m width is designed in consideration of the heavy vehicle passage. 

- Gravel road without asphalt pavement will be used as it is trial drilling. 

- Considering the underlain soft alluvium, embankment with thickness of 50 cm for road and rolling 

compaction in accordance with suitable soil bearing capacity will be necessary. 

- For purpose of alternate passage, passing place with 3 m length will be prepared every 3 km. 

- Pipe culvert will be built at the place where surface water is probably generated when it rains for fast 

dewatering. 

Location and profile of the access road is shown in the figures below, and design drawing of the access 

road can be found in the Appendix. 

 
Source: JICA Survey Team 

Figure A11.1.1 Location of the access road 
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Source: JICA Survey Team 

Figure A11.1.2 Profile of the access road 

A11.2 Drilling pad 

The method of drilling pad and drilling targets selection has already been discussed based on the drilling 

decision tree (Figure 6.1.1 of main text). Four drilling pads have been planned and designed based on the 

consideration of all possible cases. The area of each drilling pad is determined based on the times of rig 

sliding which has also been determined using decision tree. Area of each drilling pad can be found in Table 

A11.2.1. Specifics of each drilling pads are described as below, and the layout drawing of drilling pad A is 

shown in Figure A11.2.1. The location map and layout drawings of all drilling pads can be found in 

Appendix. 

- For prevention of rig subsidence during assembling, reinforced concrete slab will be installed. Area of 

the slab will be changed corresponding to the times of rig sliding (Table A11.2.1). 

- Water pit with volume of about 600 m3 will be built for storing water sent by the pipeline which will 

be described later. 

- Besides the rig sliding times, the entering of large trailer is also necessary to be considered when 

determining the drilling pads area. 

Table A11.2.1 Area of drilling pads 

Site Maximum rig sliding times Site area Class of rig assembling 

A 2回 130×65 m 50×20 m 

B 1回 115×65 m 35×20 m 

C 0回 100×65 m 20×20 m 

D 1回 115×65 m 35×20 m 
Source: JICA Survey Team 
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Source: JICA Survey Team 

Figure A11.2.1 Layout of drilling pad A 
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A11.3 Pipeline 

For the water supply for the test-well drilling, water pipeline is planned from the main canal (MC) in the 

Dubti irrigation area owned by Tendaho Sugar Factory, that is the nearest water resource (Figure A11.3.1).  

The summary of the pipeline is the followings; 

- Quantity of necessary water: 0.75 m3/min (possible to continue drilling for 7 hours when lost 

circulation occurs) 

- Pipeline and Pump: 2 lines and sets including backup 

A11.3.1 Site Condition 

The distance form MC to the proposed drilling pad is more than 20km, and the elevation of the drilling pad 

is higher than that of the Dubti irrigation area. Therefore, it is impossible to carry water by one pump, and 

necessary to set a reservoir and other pump at one or more intermediate point. For this reason, pond located 

in the north of the irrigation area is examined to utilize as a reservoir, and alignment is divided into two 

sections; section-1 from MC to the pond, and section-2 from the pond to the drilling pad.  

 
Source: JICA Survey Team 

Figure A11.3.1 Summary of Water Supply 

The pond located in the north of the irrigation area can be first found in the satellite photograph available in 

Google Earth taken in October, 2011 as shown in Figure A11.1.2. According to local people, the pond used 

to be the sand quarry for the Tendaho dam, and has more than 10m in depth. Significant drawdown of water 
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level of the pond cannot be observed in the satellite photographs taken form October, 2011 to June, and the 

reservoir area is estimated around 146,000m2. 

Source: Google Earth added by JICA Survey Team 

Figure A11.3.2 Pond in Chronological Order  
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Figure A11.1.3 shows water flow oath from MC to the pond through the primary canal-1 (PC1) and the 

secondary canal-1-5 (SC1-5). The water flow rate is calculated based on the dimension of canal and 

drainage gradient as shown in Table A11.2.1. While the project needs 0.75m3/min of water flow rate, 

enough amount of water discharge with 19.0 m3/min from PC1 flows into the pond. 

 

Source: JICA Survey Team 

Figure A11.3.3 Water Flow from Main Canal to Pond 

Table A11.3.1 Flow rate from Main Canal to Pond 

Sec. Canal 
Canal Flow Rate 

(m3/min) Remarks 
Width (m) Depth (m) 

1 PC1: MC~SC1-3 5.0 1.0 149.0 Design discharge is 163.8 m3/min. 
2 PC1: SC1-3~SC1-5 3.0 1.0 65.2  
3 SC1-5: SC1-5~Bend point 2.0 1.0 39.1  
4 SC1-5: Curve ~ Pond 2.0 0.6 19.0  

Source: JICA Survey Team 
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Based on the above, Table A11.1.2 discusses the water supply system in section-1 from MC to the pond. In 

both two alternatives, the project must pay for water use with ETB 1.00/m3 to the Tendaho Sugar Factory, 

the owner of the irrigation area.  

Table A11.3.2 Water Supply in Section-1 form Main Canal to Pond 
Item Pipeline Construction Utilization of Existing PC1 and SC1-5 

Conceptual 
Image 

 

 
 

Full view of PC1 

Summary 
Pipeline is newly laid down under ground, and 
pump is set and send water. 

Utilizing the irrigation canal, water is delivered to 
the pond. SC1-5 is dredged because damage is 
found in some section. 

Economy 
The construction for pipeline and pump needs 
expensive cost with around USD 1 mil.  

Cost for dredge work estimates around USD 
40,000, and is very economical. 

Workability 

- It is necessary to laid down the pipe on 
the ground at the intersection of SC 
and the tertiary canal (TC). 

- Because the work occupies the farm 
road in the irrigation area under 
construction, it causes disturbance for 
Tendaho Sugar Factory, farmers and 
local residents. The work is possibly 
blocked by local residents.  

- The pipeline must be removed in the 
irrigation area after the completion of 
the project. 

- The work area is limited because it 
utilize the existing canal, and can 
shorten the construction period.  

- The dredge work can be acceptable for 
Tendaho Sugar Factory and local 
residents because it does good to the 
irrigation project.  

- There is nothing to be removed in the 
irrigation area after the completion of 
the project.  

Sustainability 

- It is necessary to protect the 
aboveground pipeline from destruction 
by local residents. 

- Because local residents uses MC and 
PC1 for washing and bathing, the 
pipeline and pump must be maintain 
properly.  

- It is necessary to take care of 
interfusion of sand and dust to the 
pump when flooding, and clogging of 
pipeline due to dirty water. 

- Because the pump isn’t set in this 
section, water flow gauge is adapted in 
SC1-5, and is utilized for monitoring of 
water flow rate and calculation of 
water charge. 

- If necessary, the project asks Tendaho 
Sugar Factory to adjust the water gate 
in Figure A11.1.3. (necessary height: 
2.6cm) 

Interview 
Survey Result 

Tendaho Sugar Factory 
It doesn’t not make sense that pipeline is newly 
laid down along PC1 and SC1-5. 
Ethiopian Design & Supervision Works 
Corporation 
When construction of pipeline, the project must 
pay attention to the existing underground water 
pipeline to local village.  

Tendaho Sugar Factory 
Because the pond is not utilized by the irrigation 
project, the project can utilize it for water supply.  
Ethiopian Design & Supervision Works 
Corporation 
The corporation can collaborate supervision and 
maintenance works of water supply in the 
irrigation area.  

Evaluation Poor Good 
Source: JICA Survey Team 

Based on the above comparison, water had better to be delivered using and maintaining the existing canal 

of PC1 and SC1-5 from MC to the pond under the cooperation of Tendaho Sugar Factory. In section-1, the 

dredging work is planned in a part of SC1-5 connecting to the pond. In section-2, water pipeline with pump 

Pipeline 
PC1 
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is designed to connect form the pond to the drilling pads. 

A11.3.2 Dredging Work in Section-1 

Even though there is enough quantity of water flow at present, sedimentation of debris and erosion by 

overflow can be observed in SC1-5 connecting to the pond as shown in Figure A11.3.4. To secure 

sustainable flowing water, the rehabilitation work is implemented at this portion.  

  
Source: JICA Survey Team 

Figure A11.3.4 Sedimentation of Debris (left) and Erosion by Overflow (right) in SC1-5 

Location of the rehabilitation work and volume of dredging work are shown below. The dredging work 

improves to the original canal cross section based on the design drawings of the irrigation canal shared by 

Ethiopian Design and Supervision Works Corporation as shown in Figure A11.3.5. The soil volume of the 

work is estimated 1,143 m3 as shown in Table A11.3.5. 

 
Source: JICA Survey Team 

Figure A11.3.5 Plan View and Typical Cross-Section of Dredging Work in SC1-5 

Table A11.3.3 Summary of Dredging Work 

Sec. Canal 
Distance 

(km) 
Dredge Soil V 

(m3) 
Remarks 

1 SC1-5 2.605 1,143 Rehabilitation to the original design 

Source: JICA Survey Team 
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A11.3.3 Water supplying work in Section-2 

(1) Design process 

Design process of water supplying facilities is shown in Figure A11.3.6. Water flow rate is designed as 0.75 

m3/min considering that water pit is 600 m3 and drilling will be continued for 5 hours during lost 

circulation is occurring. Three cases of pump number (1 pump, 2 pumps and 3 pumps), which will be 

installed between water intake pond and drilling pad, are considered. The most suitable case will be decided 

by comparing the economic efficiency of different pump and pipeline specification and their cost. 

 
Source: JICA Survey Team 

Figure A11.3.6 Layout of drilling pad A 

 

(2) Determining of pump specification 

When determining the pump specification, the pump need to meet the resistance of water level differences 

and pipe or valve based on the flow rate and calibre mentioned above. Head loss of the pipeline route can 

be figured out by using Hazen–Williams equation, and actual pump head can be obtained from 

measurement results, and furthermore, the total pump head can be calculated. 

- Hazen–Williams equation 

H(m)＝5.4755×10-3×C-1.85×D-4.87×Q1.85×L 

H: Head of loss, C: coefficient of flow velocity, D: pipe diameter (m), Q: flow amount (m3/min), L: Pipe 

length (m) 

Section flow 

Assumption of caliber and pump 

0.75m3/min in consideration of total mud water leakage  

Case study: Caliber: 6.8 inch / Pump number: 1~3 

Reference point measurement and profile leveling 

Confirm if the flow rate is less than 2.0 m/s 

Based on section loss of head and measurement results 

Comparing the cost of pipeline and pump 

Drawing and number calculation 

Determining of pump 

Economic efficiency 

Pipeline design 

Hydraulic gradient and flow rate calculation 

Measurement on pipeline laying location 
and on-site confirmation Sec-3. SC1-5 
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Table A11.3.4 Coefficient of flow velocity 

Pipe Diameter C 

6 inch (150mm) 140 
8 inch (200mm) 150 

Source: JICA Survey Team 

The candidate location of pipeline, pump and water pit is shown in Figure A11.3.7. Pipeline will be laid 

along the existing national road and planned access road for the sake of maintenance. For crossing through 

the national road, culvert will be used. In case 1, one pump will be installed at the location 15 km away 

from water intake pond. In case 2, a junction water pit and pump will be set at the middle of water intake 

pond and drilling pad. In case 3, a junction water pit and pump will be at the location with the lowest 

elevation, and another junction pond and pump will be set at the middle of rest section. 

 
Source: JICA Survey Team 

Figure A11.3.7 The candidate location of pipeline, pump and water pit 

The results of hydraulic head calculation and economic efficiency comparison of each cases is shown in 

Table A11.3.5. 

Considering the economy and durability against water hammering pipe with diameter of 8 inch is selected. 

As to the number of pump and water pit, case 2 has been adopted for the sake of economy and maintenance 

1 

1 2 3 

2 

3 

3 

Location of pump and water pit 
(Number is the case number) 

Culvert 

Water intake location of pond 

Junction location along national 
road 

Pad-A location 
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convenience. 

Table A11.3.5 Results of hydraulic head calculation and economy comparison 

 
Source: JICA Survey Team 
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Site Photographs 

  



 

 

地表地質調査 

 



 

 

Section-1 (Main Canal-Pond) Site Photograph

 
Source: JIAC Survey Team 

Figure  Location Map of Site Photographs in Section-1 (Main Canal-Pond) 
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Section-1 (Main Canal – Pond) 

1. Main canal (MC). 
Canal drawing water from Awash River near Tendaho 
dam. 
Water is mixed with floating dust and sand. 

2. Primary Canal-1 (PC1).  
Canal is covered with geo-textile (filter fabrics) 
and geomembrane (impermeable fabrics) 

3. Water gate. 
First water gate in PC1 just before SC1-1. 
Gate width is 2m. 

4. PC1. 
Canal has 5m in width and 1m in depth 
Canal is covered with. 

5. PC1. 
Total length of PC1 is about 4km from MC to SC1-5. 

6. Water gate near SC1-3. 
Gate width is 2m. Downstream PC1 from the gate is no 
surface treatment such as geo-textile and geomembrane 
with 3m in width. 

 



 

 

7. Agricultural farm. 
March when the survey conducted is slightly agricultural 
off-season. According to Tendaho Sugar factory, the 
water usage is 30-40% against the maximum usage. 

8. PC1. 
PC1 is diving into three SC at this point; SC1-4, SC1-5, 
and SC1-6. 
SC1-5 is connecting to the pond. 

9. .SC1-5. 
Deep Bushes on the right bank of the canal, and the 
canal is close to farm land, so it seems to be difficult to 
construct pipeline on right bank. 

10. SC1-5. 
Canal has 2m in width and is excavated ditch without 
surface treatment. 

11. Bend point of SC1-5. 
At this point, the canal changes flow direction from 
north to east. 
Connection pipe underground toward north is not found.

12. SC1-5. 
The canal flows to east and ends at the pond. 
There are farm land and tertiary canal. 

 



 

 

13. SC1-5. 
Due to depositing debris and waterweed, overflow has 
occurred.  

14. SC1-5. 
Because of close to the pond, flow rate here is very slow. 
Waterweed grows in the canal. 

15. Pond in north of the irrigation area. 
Connecting point to east part of the pond can be 
confirmed. 

16. Joint site verification with Mr.Ashebir Kochito, General 
Manager, Tendaho Sugar Factory (right).  
According to him, the pond is filled with excess water 
from the canal, and not utilized by the factory.  

17. Full view of pond. 
Water color is clear blue, and cannot be found floating dust and debris. 
According to local residents, original topography of the pond is quarry for the construction of Tendaho dam, and water 
depth of the pond is more than 10m.  

 

  



 

 

Section-2 (Pond to Drilling Pad) 

 
Source: JIAC Survey Team 

Figure  Location Map of Site Photographs inSection-2 (Pond-Drilling Pad) 
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Section-2 (Pond – Drilling Pad) 

1. North edge point of the pond planned pump station. 2. Protection dyke surrounding north part of the irrigation 
area..  

3. Overview of the protection dyke. 4. Overview of the planned pipeline alignment from the 
dyke to the culvert. 

5. South inlet of the culvert crossing the national highway. 
OFC is laid down in the culvert. 

6. North inlet of the culvert crossing the national highway. 
OFC is laid down in the culvert. 



 

 

7. National highway near the site 8. Old trace of Excavation for OFC. 

9. Planned start point of the access road from the existing 
national highway. 

10. Planned point of relay pump station and water pit. 

11. Ephemeral water stream on the planned access road and 
pipeline. 

12. Ephemeral water stream on the planned access road and 
pipeline. 



 

 

13. Site condition of planned drilling pad-A in front of hilly 
basaltic lava plateau.  

14. Site condition of planned drilling pad-B near white-
colored hill composed of altered ground. 

15. Site condition of planned drilling pad-C near warm/wet 
ground with geothermal glass. 

16. Site condition of planned drilling pad-D near another 
white-colored hill composed of altered ground. 

 

  



 

 

 

 

 

 

 

 

Drawings 
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Quantity Calculation 



 

 

  



ACCESS ROAD AND DRILLING PAD CONSTRUCTION

P0 Mobilization and demobilization L.S. 1

P1 Road Construction
P1.1 Clearing and Grubbing Ha 3.848

P1.2 Gravel Wearing course and Shoulder constructed from gravel
taken from cut or borrow pits m3 22,999

P1.3 Concrete Pipe Culvert m 18.0

P2 Drilling Pad Construction
P2.1 Clearing and Grubbing Ha 2.828
P2.2 Cut and Borrow to Fill m2 28,275
P2.3 Cut to Spoil (for Mud Pit) W15xL35xD1m m2 2,100
P2.4 Cut to Spoil (for Water Pit) W14xL35xD2m m3 4,341
P2.5 Cast in situ concrete (Plain Concrete for Water Pit) Thickness=15cm m3 733
P2.6 Cast in situ concrete (Reinforced Concrete for Rig Base) Thickness=15cm m3 420
P2.7 Steel Reinforcement for Structure (Steel bar D13) ton 8.00
P2.8 Steel Reinforcement for Structure (Steel bar D10) ton 10.03

Total (P0+P1+P2)

P3 Contingencies
P3.1 Contingency % 10.0
P3.2 Quality Control % 5.0
P3.3 Work Charged Establishment % 20.0
P3.4 Agency Charge % 8.0

ItemItem
No. UnitDescription Qty



Technical Specification
Item
No.

Ref.
No. DESCRIPTION

P0 Mobilization and demobilization
Item 12.01 General Requirements and Provisions
Item 13.01 Contractor's Establishment on Site

Item 16.01~07 Social, Health, Safety and Environmental Protection and Mitigation Measures

P1 Access Road Construction
P1.1 Item 21.01 Clearing and Grubbing

The clearing of the site and grubbing necessary for the construction of the permanent works in accordance
with these Specifications; and the removal and disposal of materials resulting from clearing and grubbing.
This work shall also include the preservation from injury or defacement of all vegetation and objects

P1.2 Item 54.01 a) Gravel Wearing course and Shoulder constructed from gravel taken from cut or borrow pits
Gravel wearing course from natural gravels. The gravel wearing course shall be constructed to the dimensions
and cross sectional profiles shown on the Drawings.

P1.3 Item 32.03 c) Concrete Pipe Culvert
The construction of in-situ drainage culverts for new works, together with inlet and outlet structures, and
other appurtenant structures at the
locations and to the dimensions shown on the Drawings or as directed by the Engineer. All concrete works for
culverts shall be in line with the requirements of Divisions 8200, 8300, 8400 and T8000 of Series 8000 in
ERA standard.

P2 Drilling Pad Construction
P2.1 Item 21.01 Clearing and Grubbing

The clearing of the site and grubbing necessary for the construction of the permanent works in accordance
with these Specifications; and the removal and disposal of materials resulting from clearing and grubbing.
This work shall also include the preservation from injury or defacement of all vegetation and objects

P2.2 Item42.01 b) (iii) Cut and Borrow to Fill
The work in connection with the excavation, stockpiling and use (or otherwise) of soil and rock within the

P2.3 Item 42.03 Cut to Spoil (for Mud Pit)
The work in connection with the excavation, stockpiling and use (or otherwise) of soil and rock within the

P2.4 Item 42.03 Cut to Spoil (for Water Pit)
The work in connection with the excavation, stockpiling and use (or otherwise) of soil and rock within the

P2.5 Item 84.01 a) Cast in situ concrete (Plain Concrete for Water Pit)
The placing, curing and testing of concrete used in the works where plain concrete (Class C 30/20 concrete) is
specified.

P2.6 Item 84.01 a) Cast in situ concrete (Reinforced Concrete for Rig Base)
The placing, curing and testing of concrete used in the works where reinforced concrete is specified.

P2.7 Item 83.01 a) Steel Reinforcement for Structure (Steel bar D13)
The furnishing and placing of steel reinforcement in concrete structures (Rig base)

P2.8 Item 83.01 a) Steel Reinforcement for Structure (Steel bar D10)
The furnishing and placing of steel reinforcement in concrete structures (Rig base)



Quantity Calculation for Access Road
A1.1 Clearing and Grubbing Road Land.

Length * Width = A (m2)
Main Road 7516.24 * 5.0 = 37581.20
Side Lay-by 300.00 * 3.0 = 900.00
Total ΣA = 38481.20 m2

= 3.85 Ha
No. of Side Lay-by is 6.

A1.2 Fill of Borrowed Material and  Compaction
Length * A = V (m3)

Main Road 7516.24 * 3.0 = 22548.72
Length * Width * Thickness = V (m3)

Side Lay-by 300 * 3.0 * 0.5 = 450.00
ΣV = 22998.72 m3

Course Aggregate for Hume Pipe
Length * Width * Thickness = V (m3)

Course Aggregate 9 * 1.0 * 0.1 = 0.90
V * No.

ΣV = 0.90 * 2.0 = 1.80 m3

Setting of Hume pipe
Item Length * No. * = L (m3)
Length 9 * 2 * = 18.00 m

ΣL = 18 m

Hume pipe
Item Length * No. * = L (m3)
Pipe Length 9 * 2 * = 18.00 m

ΣL = 18 m



Quantity Calculation for Drilling Pad
Site Clearing
PAD Narrow Side * Wide Side = A (m2)
PAD-A 65 * 120 = 7800
PAD-B 65 * 105 = 6825
PAD-C 65 * 105 = 6825
PAD-D 65 * 105 = 6825
Total ΣA = 28275 m2

= 2.8275 Ha

Soil Excavation for Mud Pit
PAD Narrow Side * Wide Side * Depth = V (m3)
PAD-A 15 * 35 * 1 = 525
PAD-B 15 * 35 * 1 = 525
PAD-C 15 * 35 * 1 = 525
PAD-D 15 * 35 * 1 = 525

ΣV = 2100 m3

Soil Excavation for Water Pit
PAD Narrow Side * Wide Side * Depth = V (m3)
PAD-A 14.3 * 35.3 * 2.15 = 1085.30 m3
PAD-B 14.3 * 35.3 * 2.15 = 1085.30 m3
PAD-C 14.3 * 35.3 * 2.15 = 1085.30 m3
PAD-D 14.3 * 35.3 * 2.15 = 1085.30 m3

ΣV = 4341.194 m3

Plain Concrete for Water Pit
Item Narrow Side * Wide Side * Thickness = V (m3)
Slab 14.3 * 35.3 * 0.3 = 151.44 m3

Length * Depth * Thickness
Wall 98.6 * 2 * 0.15 = 29.58 m3

Length
Edge 98.6 * 0.15 * 0.15 = 2.22 m3

No. Pad 4
ΣV = 732.94 m3

Concrete Basement
PAD Narrow Side * Wide Side * Thickness = V (m3)
PAD-A 20 * 50 * 0.15 = 150 m3
PAD-B 20 * 35 * 0.15 = 105 m3
PAD-C 20 * 20 * 0.15 = 60 m3
PAD-D 20 * 35 * 0.15 = 105 m3

ΣV = 420 m3

Steel Bar D13
PAD Length * No.
PAD 19.9 * 101 = 2009.9 m

Length * No.
Total Length 2009.9 * 4 = 8039.6 m

ΣL = 8039.6 m D13 0.995 kg/m
Weight = 8.00 ton

Steel Bar D10
PAD Length * No. Wide Side
PAD-A 49.9 * 168 = 8383.2 m 50



PAD-B 34.9 * 117 = 4083.3 m 35
PAD-C 19.9 * 68 = 1353.2 m 20
PAD-D 34.9 * 117 = 4083.3 m 35

ΣL = 17903.0 m D10 0.56 kg/m
Weight = 10.03 ton



WATER SUPPLY SYSTEM CONSTRUCTION

P0 Mobilization and demobilization L.S. 1

P1 Water Supply System
P1.1 Clearing and Grubbing Work Space Width=3m Ha 4.571
P1.2 Soil Excavation for Pipeline m3 8,708.27
P1.3 Laid down of  HDPE Water Pipe 8" dia. m 30,438.00
P1.4 Material Cost of HDPE Pipe 8" dia. m 30,438.00
P1.5 Cut to Fill (Backfill with Cut Material) m3 6,490.86
P1.6 Connection of Suction Pipe m 34.40
P1.7 Material Cost of Suction Pipe m 34.40
P1.8 Stone Masonry Soil Retaining Wall (Suction Pipe) m3 8.55
P1.9 Temporary Coffering with Large Sandbag m3 30.89

P1.10 Installation of Water Pump ea. 4
P1.11 Material Cost of Water Pump including Generator ea. 4
P1.12 Pump House (Water Pump Station) ea. 2
P1.13 Cut to Fill (Rehabilitation of Protection Dyke) Soil Embankment m3 53.10
P1.14 Material Cost of 45-degree Bend Pipe 8" dia. HDPE Pipe ea. 8
P1.15 Protection Plain Concrete ea. 25
P1.16 Laid down of Steel Pipe Crossing Culvert 8" dia. Steel Pipe m 46.76
P1.17 Material Cost of Steel Pipe with Flinge 8" dia. Steel Pipe m 46.76
P1.18 Material Cost of 30-degree Bend Pipe 8" dia. HDPE Pipe ea. 6
P1.19 Cut to Spoil (for Water Pit) W14xL35xD2m m3 1,085.30
P1.20 Cast in situ concrete (Plain Concrete for Water Pit) Thickness=15cm m3 183.24
P1.21 Material Cost of T-shape Connection Pipe 8" dia. ea. 6
P1.22 Intallation of Gate Valve 8" dia. Gate Valve ea. 8.0
P1.23 Material Cost of  Gate Valve 8" dia. Gate Valve, PN16 ea. 8.0
P1.24 Flow Test times 2.0
P1.25 Maintenance and Operation month 12.0
P1.26 Fuel for Diesel Engine Litter 13,608.0
P1.27 Dismantle of Water Pump including Generator ea. 4.0
P1.28 Cut to Spoil (for Dredging Work) m3 1,142.55

Item
No. Item Description Unit Qty
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Technical Specification
Item
No.

Ref.
No. DESCRIPTION

P0 Mobilization and demobilization
ERA Item 12.01 General Requirements and Provisions
ERA Item 13.01 Contractor's Establishment on Site

ERA Item 16.01~07 Social, Health, Safety and Environmental Protection and Mitigation Measures

P1 Water Supply System
P1.1 ERA Item 21.01 Clearing and Grubbing

The clearing of the site and grubbing necessary for the construction of the permanent works in accordance with these
Specifications; and the removal and disposal of materials resulting from clearing and grubbing. This work shall also
include the preservation from injury or defacement of all vegetation and objects designated to remain.

P1.2 ERA Item 54.01 a) Soil Excavation for Pipeline
Gravel wearing course from natural gravels. The gravel wearing course shall be constructed to the dimensions and cross
sectional profiles shown on the Drawings.

P1.3 - Laid down of  HDPE Water Pipe
- Laid down and fixing HDPE pipe in excavated ditch
- Laid down bend and T-shape pipe at indicated points, and connect to pipes
- Sub-base with 5cm in thickness under HDPE pipe
- Connection of each pipes by fusion splicing

P1.4 - Material Cost of HDPE Pipe
- Pipe Type: HDPE Pipe (High-Density Polyethylene Pipe)
- Diameter: 8 inches (200mm)
- Maximum Allowable Pressure: 0.8MPa

P1.5 ERA Item 44.01 a) Cut to Fill (Backfill with Cut Material)
All work in connection with the construction of backfill within the pipeline alignment using soil or rock excavated from
the pipe line in accordance with Division 4200 and conforming with the lines, grades, cross-section and dimensions
shown on the Drawings, or as instructed by the Engineer.

P1.6 - Connection of Suction Pipe
- Connection suction pipe to pump
- Set pipe stand at the top pf masonry wall
- Put suction pipe at more than 1.0m in depth

P1.7 - Material Cost of Suction Pipe
- Steel pipe with 8-inch in diameter
- Including 90-degree bend pipe, foot valve, flanges, adjuster, filter, etc.

P1.8 EEP Spec. Stone Masonry Soil Retaining Wall (Suction Pipe)
Ref.4820 4.01 - Stone masonry wall for foundation of suction pipe

P1.9 - Temporary Coffering with Large Sandbag
- Making coffer dam to dry up around planned site of masonry wall
- Size of large sandbag is 1m cubic meter
- Including dismantle of the sandbags

P1.10 - Installation of Water Pump
- Fixing water pump and generator on concrete slab  in pump house
- Connection pump to generator, suction pipes, main pipeline

P1.11 - Material Cost of Water Pump
- Total Pump Head: 20m
- Flow Rate: 0.75m3/min
- Handled Fluid: Clear Water (Lake Water)
- Total Pump Head for Suction: -6m
- Use Place: Outdoor (Inside pump house)
- Including generator with necessary capacity
- Including necessary accessary such as casing, flange, etc.

P1.12 EEP Spec. Pump House (Water Pump Station)

Bill No.3
- Store 2 sets of pump and generator
- Steel wire fence with 2m in height (No brick wall for aeration)
- Protection roof, lockable door

P1.13 ERA Item 44.01 a) Cut to Fill (Rehabilitation of Protection Dyke)
All work in connection with the construction of backfill within the pipeline alignment using soil or rock excavated from
the pipe line in accordance with Division 4200 and conforming with the lines, grades, cross-section and dimensions
shown on the Drawings, or as instructed by the Engineer.
- Rehabilitation of excavated protection dyke with 3m high.

P1.14 - Material Cost of 45-degree Bend Pipe
- HDPE pipe with 8-inch in diameter
- Maximum Allowable Pressure: 0.8MPa

P1.15 ERA Item 84.01 a) Protection Plain Concrete
The placing, curing and testing of concrete used in the works where plain concrete (Class C 30/20 concrete) is specified.
- Placing plain concrete instead of backfill to fix pipe at bend parts.

P1.16 - Laid down of Steel Pipe Crossing Culvert
- Placing and fixing steel pipe with 8-inch in diameter in and around existing culvert.

P1.17 - Material Cost of Steel Pipe with Flinge
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- Steel pipe with 8-inch in diameter
- Including 22-1/2-degree bend pipe and flanges, etc.

P1.18 - Material Cost of 30-degree Bend Pipe
- HDPE pipe with 8-inch in diameter
- Maximum Allowable Pressure: 0.8MPa

P1.19 ERA Item 42.03 Cut to Spoil (for Water Pit)
The work in connection with the excavation, stockpiling and use (or otherwise) of soil and rock within the site.

P1.20 ERA Item 84.01 a) Cast in situ concrete (Plain Concrete for Water Pit)
The placing, curing and testing of concrete used in the works where plain concrete (Class C 30/20 concrete) is specified.
- Placing plain concrete for slab and wall of water pit.

P1.21 - Material Cost of T-shape Connection Pipe
- HDPE pipe with 8-inch in diameter
- Maximum Allowable Pressure: 0.8MPa

P1.22 - Intallation of Gate Valve
- Gate valve with 8-inch in diameter
- Laid down gate valve and connect to pipes
- Installation of hand hole for hand wheel of gate valve

P1.23 - Material Cost of  Gate Valve
- Gate valve with 8-inch in diameter
- Including hand wheel, flange, etc

P1.24 - Flow Test
- Comissioning pump and testing flow rate
- Adjusting pump and pipes after test

P1.25 - Maintenance and Operation
- Dispatch a guard man at two pump stations for 24 hours everyday throughout drilling work period (12 months)
- Start pump in order to fill water in water pit at both intermeadiate reservoir and drilling pad
- Delivery and supply fuel into generator

P1.26 - Fuel for Diesel Engine
- Diesel oil for generator

P1.27 - Dismantle of Water Pump
- Dismantle of 4 sets of water pump from pump stations after completion of drilling work.



Quantity Calculation for Pipeline Construction
P1.1 Clearing and Grubbing Road Land.

Length * Width = A (m2)
Pipeline Alignment 15237 * 3.0 = 45711.00
Total ΣA = 45,711.00 m2

= 4.57 Ha

P1.2 Soil Excavation for Pipeline
Length of All Alignment L = 15237 m
Connection to Pad-A and C 20 * 2.0 = 40 m
Connection to Pad-B 5 * 1.0 = 5 m
Connection to Pad-D 7 * 1.0 = 7 m

ΣL = 15,289 m

Subtraction Length
Length of Crossing Culvert Portion L = 35 m
Length of Intermediate Reservoir L = 35 m

ΣL = 70 m

Total Length of Alignment to be excavated ΣL = 15,219 m

Length * Width * Depth
(a) Voulume of Excavation 15,219 * 0.95 * 0.60 = 8674.83 m3

(b) Surplus Volume for Underpass of Access Road Portions in Pad-A and C
Underpass of Access Road L = 20 m
Connection to T-shape Pipe L = 50 m

ΣL = 70 m
Pad-A and C n = 2

ΣL = 140 m
Length * Width Depth

140 * 0.95 * 0.2 = 26.60 m3

(c) Surplus Volume for Connection to Pad-B and D
Length * Width Depth

Pad-B 5 * 0.95 * 0.6 = 2.85 m3
Pad-D 7 0.95 * 0.6 = 3.99 m3

V = 6.84 m3
Total Volume of Soil Excavation (a+b+c) ∑V = 8708.27 m3

P1.3 Laid down of  HDPE Water Pipe
P1.4 Material Cost of HDPE Pipe

Length of All Alignment L = 15237 m
Connection to Pad-A and C 20 * 2.0 = 40 m
Connection to Pad-B 5 * 1.0 = 5 m
Connection to Pad-D 7 * 1.0 = 7 m

ΣL = 15,289 m

Subtraction Length
Length of Crossing Culvert Portion L = 35 m
Length of Intermediate Reservoir L = 35 m

ΣL = 70 m

Sub-total Length of Alignment per each ΣL = 15,219 m



The number of lines n = 2
Total Length of Alignment ΣL = 30,438 m

P1.5 Cut to Fill (Backfill with Cut Material)
Total Length of HDPE Pipe ΣL = 15,219 m

Area No.
Volume of HDPE Pipe 0.049 * 2 * 15,219 = 1494.51 m3
-OD=0.25, 2 lines
Sub-Base 0.0475 * 15,219 = 722.90 m3

Volume of Backfill 8708.27 - 1494.51 - 722.90 = 6490.86 m3

P1.6 Connection of Suction Pipe
P1.7 Material Cost of Suction Pipe

Length of Suction Pipe per each L = 4.30 m
The number of Pumps n = 4
Sub-total Length ΣL = 17.2 m
The number of lines n = 2
Total Length of Alignment ΣL = 34.4 m

P1.8 Stone Masonry Soil Retaining Wall (Suction Pipe)
Length * Area = V (m3)

Volume of Stone Masonay 7.5 * 1.1399 = 8.55 m3
*including Concrete Slab in Pump Station ΣV = 8.55 m3

P1.9 Temporary Coffering with Large Sandbag
Length * Area = V (m3)

Volume of Coffer Dam 15.444 * 2.00 = 30.89 m3
ΣV = 30.89 m3

P1.10 Installation of Water Pump
P1.11 Material Cost of Water Pump

The number of Water Pumps n = 4

P1.12 Pump House (Water Pump Station)
The number of Water Pump Sta. n = 2

P1.13 Cut to Fill (Rehabilitation of Protection Dyke)
Area

Volume of Embankment 3.000 * 17.70 = 53.10 m3
ΣV = 53.10 m3

P1.14 Material Cost of 45-degree Bend Pipe
The number of  Bend Pipes n = 8
Sta.0+700
Sta.2+010
Sta.2+300
Sta.15+237

P1.15 Protection Plain Concrete
The number of Work Places n = 16
Sta.0+000 S
Sta.0+700 45-Degree Bend
Sta.2+010 45-Degree Bend



Sta.2+260 22
Sta.2+280 22
Sta.2+300 45
Sta.2+320 30
Sta.4+700 B
Sta.5+300 B
Sta.7+900 S
Sta.11+900 T
Sta.13+160 30
Sta.13+400 30
Sta.13+480 T
Sta.14+720 T
Sta.15+237 45

A Length * No. = V (m3)
Volume of Plain Concrete 0.5193 * 3 * 16 = 24.93 m3

V = 24.93 m3

P1.16 Laid down of Steel Pipe Crossing Culvert
P1.17 Material Cost of Steel Pipe with Flange

Length L = 23.382 m
The number of lines n = 2
Total Length of Alignment ΣL = 46.8 m

P1.18 Material Cost of 30-degree Bend Pipe
The number of Bend Pipes n = 6
Sta.2+320
Sta.13+160
Sta.13+400

P1.19 Cut to Spoil (for Water Pit)
Narrow Side * Wide Side * Depth = V (m3)

Excavation Volume 14.3 * 35.3 * 2.15 = 1085.30 m3
ΣV = 1085.30 m3

P1.20 Cast in situ concrete (Plain Concrete for Water Pit)
Item Narrow Side * Wide Side * Thickness = V (m3)
Slab 14.3 * 35.3 * 0.3 = 151.44 m3

Length * Depth * Thickness
Wall 98.6 * 2 * 0.15 = 29.58 m3

Length
Edge 98.6 * 0.15 * 0.15 = 2.22 m3

ΣV = 183.24 m3

P1.21 Material Cost of T-shape Connection Pi n = 6
Sta.11+900
Sta.13+480
Sta.14+720

P1.22 Intallation of Gate Valve
P1.23 Material Cost of  Gate Valve n = 8

Sta.11+900
Sta.13+480
Sta.14+720
Sta.15+237



P1.24 Flow Test
The number of tests n = 2

P1.25 Maintenance and Operation
Drilling Work Period including Rig Shift 12 month

P1.26 Fuel for Diesel Engine
Fuel Consumption Rate 2.1 Litter/hour
Drilling Work Period 270 days
Diesel Oil for Generator V = 13,608 Litter

P1.27 Dismantle of Water Pump n = 4

P1.28 Cut to Spoil (for Dredging Work)
Area * Wide Side = V (m3)

Excavation Volume 0.4386 * 2605 = 1142.55 m3
ΣV = 1142.55 m3
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Annex 8 Specification 
 

Specification for the design of the access road and drilling pads for JICA 
Geothermal Development Support Project in Ethiopia 

 
1. Project site 

Semera, Afar Region 
 

2. Access road to drilling pads 
2.1. General descriptions 

The access road shall connect from the National road 12 to the drilling 
pad-D through pad-A, pad-B, and pad-C. 
Length of the road shall be 7,539m. 
General layout and typical cross sections of the road are shown in 
Figure-1. 
The road shall be of single track with the nominal width 5 m in principle, 
associated with widened double truck stretches of the nominal width 8 m 
for dual traffic for side ray-by. The widened stretches shall be 
constructed approximately at every 1 km of the access road. 
The road shall be constructed following the Standard Technical 
Specification and Methods of Measurement for Roadworks of ERA 
published in July 2014. The bearing capacity of the access road shall be 
enough CBR specified in the standard for the transportation by 20 ton 
class trailers. The road shall be paved with compacted pebble. 
Concrete pipe culvert with 300mm in diameter shall be placed under the 
road material at narrow streams where deemed necessary. 
 

2.2. Specifications and work volumes 
Specifications and the work volumes for the access road construction 
are shown in Table-1. 
 

3. Drilling pad construction 
3.1. General description 

Total four drilling pads shall be constructed. The drilling pad is a land lot 
where a drilling rig is erected and the drilling works are undertaken. 
Construction of a drilling pad consists of (i) leveling and compacting of 



four land lots of 6,500m2 for pad-B and pad-D, 6825m2 for pad-C, and 
7,800 m2 for pad-A, (ii) placing basement concrete on 400m2 in pad-C, 
and 700 m2 for pad-B and pad-D, 1000m2 in pad-A, and excavating two 
pits of 500m3 and 600 m3 at each drilling pad for mud pit and water pit 
respectively. 
General layout of a drilling pad-A is as shown in Figure 3.  
 

3.2. Specifications and work volumes 
The specification and work volumes of the drilling pad construction is as 
shown in the Table-2. The concrete shall be of base-concrete quality 
with Fc not less than 24 N/mm2 with reinforcing bar of D13 @ 200mm 
and D10 @ 300mm. 

 
4. Cost estimation 

Based on information from local contractors, a preliminary cost 
estimation is as shown in Table 3. 
The cost estimation for the access road is about 528 thousand USD 
whereas the cost estimation for the drilling pad is about 712 thousand 
USD. 
The total cost of the civil works to be undertaken by EEP shall be 1,395 
thousand USD. 
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Figure-3 General layout of the drilling pad 



Table-1 Specifications and work volume estimated for the access road 
Item Road Construction Unit Q’ty ERA Standard 

P1.1 Clearing and Grubbing Ha 3.848 Item 21.01 

P1.2 Gravel Wearing course and Shoulder constructed from 

gravel taken from cut or borrow pits 

m3 22,999 Item 54.01 a) 

P1.3 Concrete Pipe Culvert m 18.0 Item 32.03 c) 

 
 
Table-2 Specifications and work volume estimated for the drilling pad 
construction 
Item Drilling Pad Construction Description Unit Q’ty ERA Standard

P2.1 Clearing and Grubbing  Ha 2.828 Item 21.01 

P2.2 Cut and Borrow to Fill  m2 28,275 Item42.01 b) (iii)

P2.3 Cut to Spoil (for Mud Pit) W15xL35xD1m m2 2,100 Item 42.03 

P2.4 Cut to Spoil (for Water Pit) W14xL35xD2m m3 4,341 Item 42.03 

P2.5 Cast in situ concrete (Plain Concrete for 

Water Pit) 

Thickness=15cm m3 733 Item 84.01 a) 

P2.6 Cast in situ concrete (Reinforced 

Concrete for Rig Base) 

Thickness=15cm m3 420 Item 84.01 a) 

P2.7 Steel Reinforcement for Structure (Steel 

bar D13) 

 ton 8.00 Item 83.01 a) 

P2.8 Steel Reinforcement for Structure (Steel 

bar D10) 

 ton 10.03 Item 83.01 a) 

 
 



Table 3. A preliminary cost estimation 
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SECTION  III 
TECHNICALSPECIFICATIONS 

 

Specification of the Water Supply System for 
JICA Geothermal Development Support Project in Ethiopia 

 

1 Project site 

Semera, Afar Region 

 
2 Water Supply System  

2.1 General Descriptions 

The water supply system shall connect from the pond in the Semera irrigation area to the 
drilling pad-A, B, C, and D. The system includes 2sets of pipeline and water pump for 
backup. 

Length of the pipeline shall be 15,237m. General layout and typical cross sections of the 
pipeline are shown in Figure-1. 

The pipeline shall be of HDPE (high-density polyethylene) pipe with 8-inch diameter in 
principle, and divided into two sections; from the pond to sta.7+900, and from sta.7+900 to 
the farthest drilling pad-D. The pump shall be set at the begging point of the sections, and 
shall have a capacity of total pump head with 20m.  

The construction work of the pipeline shall follow the drawings and the specification. It is 
the responsibility of the Contractor to route all piping. Piping shall be routed in such a way 
so as not to interfere with other piping, OFC (optical fiber cable), electrical line or tower. 
Pipeline routing shall be in accordance with the guidelines presented in the Drawings. 
Minor changes due to differences in equipment, size or configurations will be permitted 
provided that such changes do not interfere with other work. Any major deviations from 
the layouts shown on the Drawings will be considered substitutions and shall require 
approval as such. All piping layouts shall be subject to approval by the Engineer prior to 
installation.  
2.2 Specifications and Work Volumes 

Specifications and the work volumes for the access road construction are shown in 
Table-1. 
3 Cost Estimation 

Based on information from local contractors, a preliminary cost estimation is as shown in 
Table 3. 

The cost estimation for the water supply system is about USD 1.9 million. The total cost of 
the work shall be financed by JICA. 
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Figure-1  General Layout and Typical Cross-section of the Water Supply System
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Table-2  Work Volume Estimated for the Water Supply System 
Item 
No. Item Description Unit Qty Standard 

P0 Mobilization and demobilization  L.S. 1 

ERA Item 12.01
ERA Item 13.01
ERA Item 
16.01~07 

      
P1 Water Supply System     

P1.1 Clearing and Grubbing Work Space Width=3m Ha 4.571 ERA Item 21.01

P1.2 Soil Excavation for Pipeline  m3 8,708.27 ERA Item 54.01 
a) 

P1.3 Laid down of  HDPE Water 
Pipe 8" dia.  m 30,438.00 - 

P1.4 Material Cost of HDPE Pipe 8" dia.  m 30,438.00 - 

P1.5 Cut to Fill (Backfill with Cut 
Material)  m3 6,490.86 ERA Item 44.01 

a) 
P1.6 Connection of Suction Pipe  m 34.40 - 
P1.7 Material Cost of Suction Pipe  m 34.40 - 

P1.8 Stone Masonry Soil Retaining 
Wall (Suction Pipe)  m3 8.55 EEP Spec. 

Ref.4820 4.01 

P1.9 Temporary Coffering with Large 
Sandbag  m3 30.89 - 

P1.10 Installation of Water Pump  ea. 4 - 
P1.11 Material Cost of Water Pump including Generator ea. 4 - 

P1.12 Pump House (Water Pump 
Station)  ea. 2 EEP Spec. 

Bill No.3 

P1.13 Cut to Fill (Rehabilitation of 
Protection Dyke) Soil Embankment m3 53.10 ERA Item 44.01 

a) 

P1.14 Material Cost of 45-degree Bend 
Pipe  ea. 8 - 

P1.15 Protection Plain Concrete  ea. 13 ERA Item 84.01 
a) 

P1.16 Laid down of Steel Pipe 
Crossing Culvert 8" dia.  m 70.00 - 

P1.17 Material Cost of Steel Pipe with 
Flange 8" dia.  m 70.00 - 

P1.18 Material Cost of 30-degree Bend 
Pipe  ea. 6 - 

P1.19 Cut to Spoil (for Water Pit) W14xL35xD2m m3 1,085.30 ERA Item 42.03

P1.20 Cast in situ concrete (Plain 
Concrete for Water Pit) Thickness=15cm m3 183.24 ERA Item 84.01 

a) 

P1.21 Material Cost of T-shape 
Connection Pipe 8" dia.  ea. 6 - 

P1.22 Installation of Gate Valve 8" dia. Gate Valve ea. 8.0 - 
P1.23 Material Cost of  Gate Valve 8" dia. Gate Valve ea. 8.0 - 
P1.24 Flow Test  times 2.0 - 
P1.25 Maintenance and Operation  month 12.0 - 
P1.26 Fuel for Diesel Engine  Litter 13,608.0 - 
P1.27 Dismantle of Water Pump including Generator ea. 4.0 - 
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Table 2. A Preliminary Cost estimation 

Unit Price
(USD)

Price
(USD)

P0 Mobilization and demobilization L.S. 1 155,383 155,383

P1 Water Supply System 1,744,757
P1.1 Clearing and Grubbing Work Space Width=3m Ha 4.571 1,956 8,940
P1.2 Soil Excavation for Pipeline m3 8,708.27 13 117,141
P1.3 Laid down of  HDPE Water Pipe 8" dia. m 30,438.00 7 213,297
P1.4 Material Cost  of HDPE Pipe 8" dia. m 30,438.00 38 1,163,469
P1.5 Cut to Fill (Backfill with Cut Material) m3 6,490.86 6 40,725
P1.6 Connection of Suction Pipe m 34.40 7 241
P1.7 Material Cost  of Suction Pipe m 34.40 162 5,580
P1.8 Stone Masonry Soil Retaining Wall (Suction Pipe) m3 8.55 42 360
P1.9 Temporary Coffering with Large Sandbag m3 30.89 6 193

P1.10 Installation of Water Pump ea. 4 6,659 26,637
P1.11 Material Cost  of Water Pump including Generator ea. 4 14,650 58,602
P1.12 Pump House (Water Pump Station) ea. 2 89 178
P1.13 Cut to Fill (Rehabilitat ion of Protection Dyke) Soil Embankment m3 53.10 6 332
P1.14 Material Cost  of 45-degree Bend Pipe 8" dia. HDPE Pipe ea. 8 263 2,104
P1.15 Protection Plain Concrete ea. 25 43 1,065
P1.16 Laid down of Steel Pipe Crossing Culvert 8" dia. Steel Pipe m 46.76 14 655
P1.17 Material Cost  of Steel Pipe with Flinge 8" dia. Steel Pipe m 46.76 115 5,363
P1.18 Material Cost  of 30-degree Bend Pipe 8" dia. HDPE Pipe ea. 6 263 1,578
P1.19 Cut to Spoil (for Water Pit) W14xL35xD2m m3 1,085.30 13 14,599
P1.20 Cast  in situ concrete (Plain Concrete for Water Pit) Thickness=15cm m3 183.24 43 7,826
P1.21 Material Cost  of T -shape Connection Pipe 8" dia. ea. 6 263 1,578
P1.22 Intallation of Gate Valve 8" dia. Gate Valve ea. 8.0 7 56
P1.23 Material Cost  of  Gate Valve 8" dia. Gate Valve, PN16 ea. 8.0 718 5,744
P1.24 Flow Test times 2.0 1,000 2,000
P1.25 Maintenance and Operation month 12.0 3,000 36,000
P1.26 Fuel for Diesel Engine Litter 13,608.0 1.33 18,124
P1.27 Dismantle of Water Pump including Generator ea. 4.0 5,327 21,310
P1.28 Cut to Spoil (for Dredging Work) m3 1,142.55 13 15,369

Total (P0+P1) 1,900,140

Item
No.

Item Description Unit Qty
Cost Estimate
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NIPPON KOEI CO. LTD

FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA
JICA SURVEY TEAM

DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road

Nature of control points : Iron bar in bridge 
parapet

Project Type       :- DESIGN Establishment date :– February 2017
Control point ID  : GPS001
Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:43:35.82334N Northing: 1296958.7057
Longitude: 041:05:12.32615E Easting: 727340.297

Height: 373.299

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

Point Description:-The GPS reference point is on bridge parapet near the intake.
The station is located by the side of the primary canal.

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia



NIPPON KOEI CO. LTD

FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA
JICA SURVEY TEAM

DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road

Nature of control points :Concrete pillar

Project Type       :- DESIGN Establishment date :– February 2017
Control point ID  : GPS101
Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:43:41.11970N Northing: 1297121.3875
Longitude: 041:05:11.88633E Easting: 727325.7706

Height: 373.005

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on concrete pillar about 100m north
of GPS001.  The station is located by the side of the primary canal.

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia



NIPPON KOEI CO. LTD

FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA
JICA SURVEY TEAM

DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road

Nature of control points :Concrete pillar

Project Type       :- DESIGN Establishment date :– February 2017
Control point ID  : GPS002
Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:44:38.34653N Northing: 1298883.0501
Longitude: 041:05:24.47693E Easting: 727694.0493

Height: 370.554

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on concrete pillar. The station is
located by the side of the gravel road.

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia



NIPPON KOEI CO. LTD

FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA
JICA SURVEY TEAM

DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road

Nature of control points :Concrete pillar

Project Type       :- DESIGN Establishment date :– February 2017
Control point ID  : GPS102
Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:44:41.35179N Northing: 1298975.5513
Longitude: 041:05:25.08134E Easting: 727711.668

Height: 370.541

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on concrete pillar about 100m north
of GPS002.  The station is located by the side of the gravel road.

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia



NIPPON KOEI CO. LTD

FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA
JICA SURVEY TEAM

DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road

Nature of control points :Concrete pillar

Project Type       :- DESIGN Establishment date :– February 2017
Control point ID  : GPS003
Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:45:45.55464N Northing: 1300951.253
Longitude: 041:05:35.98682E Easting: 728027.254

Height: 368.656

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on concrete pillar. The station is
located by the side of the gravel road.

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia



NIPPON KOEI CO. LTD

FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA
JICA SURVEY TEAM

DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road

Nature of control points :Concrete pillar

Project Type       :- DESIGN Establishment date :– February 2017
Control point ID  : GPS103
Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:45:48.91592N Northing: 1301054.6967
Longitude: 041:05:36.59070E Easting: 728044.7716

Height: 368.886

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on concrete pillar about 100m north
of GPS003.  The station is located by the side of the gravel road.

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia



NIPPON KOEI CO. LTD

FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA
JICA SURVEY TEAM

DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road

Nature of control points :Concrete pillar

Project Type       :- DESIGN Establishment date :– February 2017
Control point ID  : GPS004
Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:47:01.34765N Northing: 1303276.7574
Longitude: 041:05:18.43177E Easting: 727478.2945

Height: 365.800

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on concrete pillar. The station is
located by the side of the gravel road across the canal.

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia



NIPPON KOEI CO. LTD

FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA
JICA SURVEY TEAM

DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road

Nature of control points :Concrete pillar

Project Type       :- DESIGN Establishment date :– February 2017
Control point ID  : GPS104
Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:47:04.95591N Northing: 1303387.4029
Longitude: 041:05:17.31192E Easting: 727443.5582

Height: 365.27

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on concrete pillar about 100m north
of GPS004.  The station is located by the side of the gravel road across the canal.

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia



NIPPON KOEI CO. LTD

FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA
JICA SURVEY TEAM

DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road

Nature of control points :Concrete pillar

Project Type       :- DESIGN Establishment date :– February 2017
Control point ID  : GPS005
Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:48:15.91431N Northing: 1305562.3793
Longitude: 041:04:51.15158E Easting: 726635.2026

Height: 363.800

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on concrete pillar. The station is
located by the side of the track/dirt road past the plantation residence
condominium.

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia



NIPPON KOEI CO. LTD

FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA
JICA SURVEY TEAM

DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road

Nature of control points :Concrete pillar

Project Type       :- DESIGN Establishment date :– February 2017
Control point ID  : GPS105
Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:48:15.94140N Northing: 1305562.5181
Longitude: 041:04:48.06802E Easting: 726541.8301

Height: 363.883

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on concrete pillar about 100m west
of GPS005.  The station is located by the side of the track/dirt road.

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia



NIPPON KOEI CO. LTD

FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA
JICA SURVEY TEAM

DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road

Nature of control points :Concrete pillar

Project Type       :- DESIGN Establishment date :– February 2017
Control point ID  : GPS006
Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:49:23.40979N Northing: 1307640.184
Longitude: 041:05:17.00940E Easting: 727402.3035

Height: 362.345

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on concrete pillar. The station is
located by the side of the National Highway close to the culvert.

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia



NIPPON KOEI CO. LTD

FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA
JICA SURVEY TEAM

DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road

Nature of control points :Concrete pillar

Project Type       :- DESIGN Establishment date :– February 2017
Control point ID  : GPS106
Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:49:25.47524N Northing: 1307704.381
Longitude: 041:05:20.17623E Easting: 727497.7105

Height: 362.278

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on concrete pillar about 100m east of
GPS006.  The station is located by the side of the National Highway.

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia



NIPPON KOEI CO. LTD

FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA
JICA SURVEY TEAM

DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road

Nature of control points :Concrete pillar

Project Type       :- DESIGN Establishment date :– February 2017
Control point ID  : GPS007
Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:50:22.13322N Northing: 1309458.929
Longitude: 041:06:18.16025E Easting: 729240.1594

Height: 364.217

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on concrete pillar. The station is
located by the side of the National Highway. 

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia



NIPPON KOEI CO. LTD

FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA
JICA SURVEY TEAM

DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road

Nature of control points :Concrete pillar

Project Type       :- DESIGN Establishment date :– February 2017
Control point ID  : GPS107
Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:50:24.58504N Northing: 1309537.3079
Longitude: 041:06:20.57433E Easting: 729313.0395

Height: 364.825

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on concrete pillar about 100m east of
GPS007.  The station is located by the side of the National Highway.

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia



NIPPON KOEI CO. LTD

FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA
JICA SURVEY TEAM

DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road

Nature of control points :Concrete pillar

Project Type       :- DESIGN Establishment date :– February 2017
Control point ID  : GPS008
Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:51:17.59443N Northing: 1311179.2906
Longitude: 041:07:16.09293E Easting: 730981.4969

Height: 369.904

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on concrete pillar. The station is
located by the side of the National Highway. 

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia
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DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road

Nature of control points :Concrete pillar

Project Type       :- DESIGN Establishment date :– February 2017
Control point ID  : GPS108
Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:51:20.32754N Northing: 1311262.8925
Longitude: 041:07:14.35186E Easting: 730928.149

Height: 369.771

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on concrete pillar about 100m north
of GPS008.  The station is located by the side of the National Highway.

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia
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DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road

Nature of control points :Concrete pillar

Project Type       :- DESIGN Establishment date :– February 2017
Control point ID  : GPS009
Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:52:13.36327N Northing: 1312881.2199
Longitude: 041:06:23.26269E Easting: 729369.1688

Height: 373.796

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on concrete pillar. The station is
located on the sand plain  off the National highway to the north. 

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia
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DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road

Nature of control points :Concrete pillar

Project Type       :- DESIGN Establishment date :– February 2017
Control point ID  : GPS109
Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:52:14.87286N Northing: 1312926.9938
Longitude: 041:06:20.54157E Easting: 729286.4446

Height: 373.651

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on concrete pillar about 100m north
of GPS009. The station is located on the sand plain off the National highway to
the north. 

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia
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DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road

Nature of control points :Concrete pillar

Project Type       :- DESIGN Establishment date :– February 2017
Control point ID  : GPS010
Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:53:12.71187N Northing: 1314691.646
Longitude: 041:05:23.48106E Easting: 727545.7739

Height: 368.688

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on concrete pillar. The station is
located on the sand plain  off the National highway to the north. 

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia
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Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road

Nature of control points :Concrete pillar

Project Type       :- DESIGN Establishment date :– February 2017
Control point ID  : GPS110
Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:53:15.59959N Northing: 1314779.7843
Longitude: 041:05:20.77750E Easting: 727463.271

Height: 368.481

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on concrete pillar about 100m north
of GPS010. The station is located on the sand plain off the National highway to
the north. 

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia
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FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA
JICA SURVEY TEAM

DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road
Project Type       :- DESIGN

Establishment date :– February 2017Control point ID  : GPS011

Nature of control points : drillied point on 
rock outcrop

Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:54:30.40910N Northing: 1317070.0427
Longitude: 041:04:41.19437E Easting: 726247.9069

Height: 382.131

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on rock outcrop (lava flow). The
station is located on the rocky, hilly terrain north of the plain. 

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia
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DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

Client

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road
Project Type       :- DESIGN
Control point ID  : GPS111 Establishment date :– February 2017

Nature of control points : drillied point on 
rock outcrop

Coordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

Datum: Adindan Ellipsoid: Clarke 1880 Modified

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m
Latitude: 011:54:32.53785N Northing: 1317135.0881
Longitude: 041:04:39.51336E Easting: 726196.5377

Height: 382.551

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Point Description:-The GPS reference point is on rock outcrop (lava flow) about
100m north of GPS011. The station is located on the rocky, hilly terrain north of
the plain. 

                 

GPS Survey General 
Information

Device Type Operation Mode Rec. Per.

Hi-Target V30 Receiver Static 5”

Last Observation date Min. Observation period

Feb-17 45’

GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia



Ele. factor =0.999682350SC. factor=0.999606447

Easting: 718628.634
Latitude: 011:46:42.82079N Northing: 1302640.257

JICA SURVEY TEAM

FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

Ellipsoid: Clarke 1880 ModifiedDatum: AdindanCoordinate System: Universal Transverse 
Mercator (UTM),  Zone 37N

DATA COLLECTION SURVEY FOR GEOTHERMAL DEVELOPMENT IN ETHIOPIA

False Northing: 0.0000mCentral Meridian : 39.0000deg E False Easting: 500,000.0000m

Longitude: 041:00:26.05172E

Comb. Factor= 0.9992889221

Client
NIPPON KOEI CO. LTD

Establishment date :– February 2017

Nature of control points : Iron bar in Rock 
Outcrop

Project Name    : Dubti-Ayroberra Pipeline and 
Access Road
Project Type       :- DESIGN
Control point ID  : EMA 

Height: 419.935

Horizontal & Vertical Accuracy:  5mm +1ppm & 10mm +2ppm

Point Monograph Photograph

Unit No.

1

Weather Operator Checked

Sunny KIRUBEL 
MICHAEL

TESFAYE 
G/YOHANES

Rec. Per.

5”
GPS Survey General 

Information

                 

Point Description:-The GPS reference point is on rock outcrop. The station is
located in Semera in the compound of Agda Hotel near the water reservoir.

Min. Observation period

45’

Device Type

Hi-Target V30 Receiver

Last Observation date

Feb-17

Operation Mode

Static

 GPS Survey by

TerraVision Trading Services PLC  
+251‐011‐279‐2819,  0911‐126397/0913‐178935,

E‐mail terra.vision@yahoo.com, Addis Ababa, Ethiopia
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