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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 FO~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 10pkin, 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 30ukine
or less. However, despite the hard ground at stations MST-4 and MST-5, they showed high values for
noise, 90pkine and 190ukine, 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 Longitude Latitude UTM UTI\'/[ Elevation f}roun.d
No. (easting) (northing) (m) noise(pkine)
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 Mk II 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) Dirtand 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 Mk I Eigenfrequency : 1Hz
(Lennartz Electronic GmbH., | Upper Corner
Germany)
Frequency : 100Hz
RMS Noise @ 1 Hz : <3nm/s
Data Logger GSX-3 A/D Converter : 24bit

(Geospace Technology, USA) | GPS Time Calibration :
Every 6 minutes

GPS Accuracy : <20usec

Recording capacity : 30Gbytes

Seismic Recorder MS-3000 Dynamic Range : 121dB

(JGI, Inc., Japan) 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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3)

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.

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
2 4.0 9.0 6.1
1.78
3 17.0 26.0 6.9
4 — — 7.8

Ad4.

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 .

(M

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

Number of earthquake event

186

57

S-P time (Tendaho2)

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 FO 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 FO fault ranged from 2~6km, and their magnitude
was 1 or less.

- No earthquakes were observed between faults FO 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

Nippon Koei Co., Ltd. A4-10 June 2017
JMC Geothermal Engineering Co., Ltd.
Sumiko Resources Exploration & Development Co., Ltd.




Data Collection Survey for Final Report
Geothermal Development in Ethiopia Appendix

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 FO 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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(7) Wadati diagrams

Figure A4.1.11 b values (Tendaho 2 Area)

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
65 2016.1.15 03:50 1.913
99 2016.1.22 04:00 1.906 1.814
142 2016.2.12 03:53 1.779
172 2016.2.29 02:57 1.751
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A4.1.6 Discussion

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

Figure A4.1.12 Wadati diagrams
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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

1s 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 seismi
CEIOM OF Selstie Rate of seismic activity (Ayele et al, 2015) Results of the present study
occurrence

- A series of earthquakes occurred on

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

Tendaho Dam area March and April 1969

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

. . - Numerous earthquakes (MS4.5~6.5) i
D Rift - Earthquak D
obi,Guma Ri occurred from August 20 to 22, 1989 arthquakes 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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3)

“)

Figure A4.1.14 Seismic activity in the Afar region
Relationship between subterranean heat and micro-earthquakes

In Tendaho 2 Area, faults FO~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.
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.
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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
A4.23 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

Nippon Koei Co., Ltd. A4-19 June 2017
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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 Longitude Latitude UTM UTM Elevation Ground noise
No. g (easting) (northing) (m) (ukine)
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

Nippon Koei Co., Ltd. A4-20 June 2017
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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.

Nippon Koei Co., Ltd. A4-21 June 2017
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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

+ Small-scale earthquakes occur in this area

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

Earthquakes | . 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).

+ Earthquakes are thought to occur in places where there are faults near the study area, sudden changes in

Geology tectonic structure, etc.

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

Nippon Koei Co., Ltd. A4-22 June 2017
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Appendix-5 Temperature Survey

AS5.1 Methodology

(1) Survey Area
Figure AS5.1.1 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 (p40mm).

- 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.

Nippon Koei Co., Ltd. A5-1 June 2017
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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 AS5.1.2 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.

Nippon Koei Co., Ltd. A5-2 June 2017
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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 AS.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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Figure A5.1.4 Diurnal Variation of Underground Temperature

(5) Correction by Seasonal Variation

The temperature survey was conducted for 12 days from 18" to 29" 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 RO5 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
(19" January, 2016). As the correction value is so small that the data don’t have huge difference before and

after the correction.

Table AS5.1.2 Measured Temperature at Reference Points (°C)

Sta. No. Average Maximum Minimum Difference
RO1 36.40 36.57 36.30 0.27
RO2 36.98 37.15 36.84 0.31
RO3 37.89 38.03 37.78 0.25
RO4 35.62 35.77 3548 0.29
ROS5 105.58 105.67 105.50 0.17

Source: JICA Survey Team
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Seasonal Changes in Temperature at Five Reference Stations
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Figure A5.1.5 Variation of 2.0m-depth Temperature during Survey Period

AS5.2 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)

SNo. Cordinates Day Time Outside Subsurface T emperature Ground Type Vegetation Other
X Y ddmm.yy | HH:MM | Temp. 2.0m 1.5m 1.0m 0.5m | Soil/Gravel/Rock Yes/No
AO01 | 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 2:32 322 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
Al0 730158| 1315311 19.01.16 9:45 30.8 46.05 44.25 41.62| 38.26|Soil No
All 731003| 1315847| 19.01.16 10:16 30.5 40.2 39.24 38.06] 36.53|Soil No
Al2 731848| 1316381 19.01.16 10:41 33.4 38.18 37.13 36.02] 34.91|Soil No
Al13 | 732693| 1316916] 19.01.16 11:09 35.5 36.91 36.21 35.41| 34.35|S0il No
Al4 733535| 1317450] 19.01.16 11:32 34.8 36.21 35.69 34.85] 33.94|Soil No
Al15 | 734379| 1317985| 19.01.16 11:56 35.1 36.19 35.83 3531 34.72|Soil No
Al6 735219| 1318523] 19.01.16 12:25 37.7 37.59 37.12 36.58] 35.65|Soil No
Al17 | 736069| 1319056 19.01.16 12:48 38.5 37.78 37.41 36.81| 36.06]Soil No
Al8 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
Source: JICA Survey Team
Nippon Koei Co., Ltd. AS5-5 June 2017

JMC Geothermal Engineering Co., Ltd.

Sumiko Resources Exploration & Development Co., Ltd.



Data Collection Survey for Final Report
Geothermal Development in Ethiopia Appendix
Table AS5.1.3 Measurement Data of 2.0m-depth Temperature Survey (2)
SNo. Cordinates Day Time Outside Subsurface T emperature Ground Type Vegetation Other
X Y ddmm.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| 19.01.16 128 37.08] 36.99] 36.57| 35.95] 35.01[oil No

A30 735533 1319903 19.01.16 2:09 36 38.16 37.77 37.17] 35.99|Soil No

A31 | 736378| 1320438] 19.01.16 227 3671 37.58] 37.12| 36.45] 38.120il No

A32 737225| 13209721 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[0il 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 1023 39.69 413 4034 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[ 3209 37.98] 3732 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 31.1 354 3496 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 10:00 397 3847 38 37.21[ 36.43]Soil No

A42 735843 1321283 20.01.16 9:31 394 36.98 36.57 36.01] 35.33|Soil No

A43 | 736687| 1321818] 20.01.16 9:05 27.4] 3593] 3536] 3472 33.8[Soil No

Ad4 730239| 1318916 20.01.16 12:18 335 38.1 37.36 36.23] 34.95(Soil No

A45 | 731084| 1319451] 20.01.16 11:55 328 3721 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 1:50 383 37.15] 3649 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 9:21 272 37.01] 3639 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( 26.01.16 142 37.89] 36.87] 3594 3457 33.8[il 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 10:48 331 37.19 367 35.94] 35.27[oil 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 12:09 325 3729 36.72] 35.94 35 Soil No

A58 729788| 1323365] 21.01.16 11:23 342 35.48 35.03 34.42] 33.55|Soil No

A59 | 727563| 1323139] 21.01.16 12:37 322 3792 37.6]  36.96] 36.1[Soil No

A60 | 728408| 1323674 21.01.16 1:12 36.4] 3621 3577] 35.22| 34.67|%il No

A61 | 729252| 1324210] 21.01.16 1:45 354 36.37| 3575 35.05 34.22]Soil Yes

X01 | 727848| 1311481] 22.01.16 10:35 29| 4299 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] 4526 4233 39.3[%oil No

X04 | 730382| 1313086] 22.01.16 12:57 347 4837 4629 43.92] 40.67[Soil No

X05 | 731227| 1313622] 22.01.16 12:26 357 4236| 41.07 39.4] 37.13[oil No

X06 | 732071| 1314157| 22.01.16 12:02 345 3952 3878 37.82] 36.38[Soil No

X07 | 727313| 1312325] 22.01.16 10:08 291  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 8:52 259|  48.99| 4624 4334 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] 4272 4096 39.02] 36.54[oil 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 12:11 342 3729 3691 36.3| 35.61|oil 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[oil No

Y01 722495| 1319927 24.01.16 11:05 345 39.56 38.61 37.31]1 35.91|Soil No

Y02 | 725171| 1315704] 24.01.16 8:20 243| 5197 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|  3036] 39.91| 3932 39.24] 38.4[il 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|oil 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 9:25 279 44.01| 4243] 4045 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 1138 3411 4039 395 38.12] 36.4[oil 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| 3424 3874 38.07 37.1| 35.79Soil 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 27 4107 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] 26.01.16 125  38.54| 40.67| 39.56] 38.05] 36.4|il 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|] 3831 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 8:55 282 37.82| 3733 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 1232 34.42] 3824 3756 36.47| 35.24[il No

Source: JICA Survey Team

Nippon Koei Co., Ltd. A5-6 June 2017

JMC Geothermal Engineering Co., Ltd.

Sumiko Resources Exploration & Development Co., Ltd.



Data Collection Survey for Final Report
Geothermal Development in Ethiopia Appendix
Table AS5.1.3 Measurement Data of 2.0m-depth Temperature Survey (3)
SNo. Cordinates Day Time Outside Subsurface T emperature Ground Type Vegetation Other
X Y ddmm.yy | HH:MM | Temp. 2.0m 1.5m 1.0m 0.5m | Soil/Gravel/Rock Yes/No
201 731786| 1325815 23.01.16 8:23 22.9 36.56 36.21 35.67] 34.97|Soil Yes
702 7327741 1320521] 23.01.16 10:28 31.52 36.03 35.63 35| 34.09(Soil No
703 733618| 1321057 23.01.16 10:57 34.6 35.81 35.38 34.82] 34.05|Soil No
704 734463 1321592] 23.01.16 11:20 33.17 36.39 36.11 35.56] 34.81|Soil No
705 735308| 1322127 23.01.16 11:34 33.72 37.34 36.95 36.32] 35.39(Soil No
706 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
708 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 35.76 354 34.89] 34.02(Soil No
Z10 7347721 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 3451 33.39(Soil Yes
720 731477 1324435] 23.01.16 10:34 32.8 34.83 34.29 33.55] 32.49|Soil Yes
721 732322| 1324971 23.01.16 11:25 333 36.23 35.75 35.01] 34.01|Soil Yes
722 730097 1324745 23.01.16 9:22 27.4 35.89 35.45 34.63] 33.64|Soil No
723 730942| 1325280] 23.01.16 8:52 26.8 34.51 342 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 4431 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 43,71 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 10:32 329 36.6 36.13 35.37] 34.03|Soil No
MO1 727467| 1313015| 26.01.16 7:41 28.2 42.46 40.97 39.11 35.84]|Soil No
MO02 | 728312 1313550| 26.01.16 8:17 27.01 52.43 49.27 45.34] 40.33|Soil No
WOl 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 1:44 359 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
WO05 | 728383 1310636] 25.01.16 12:30 35.65 44.53 42.7 40.27] 37.43|Soil No
Wo06 | 729228 1311171] 25.01.16 12:10 344 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
WI10 | 732606 1313312] 25.01.16 9:45 31.8 38.16 37.46 36.57] 35.07|Soil No
WIl 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
WI13 726468 1311790 25.01.16 12:40 345 41 39.93 38.57] 36.36|Soil No
W14 | 725933| 1312635| 25.01.16 12:19 323 39.8 38.94 37.59] 35.25|Soil No
W15 | 725552 1314169] 25.01.16 11:45 339 41.69 39.88 37.95] 35.81|Soil No
W16 | 724862 1314324] 25.01.16 11:08 329 43.91 42.04 39.75] 37.11|Soil No
W17 | 724327] 1315169| 27.01.16 8:51 253 39.33 37.97 36.5| 34.72|Soil No
WI18 | 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 12:54 322 39.68 38.45 36.8| 35.23]|Soil No
Source: JICA Survey Team
Nippon Koei Co., Ltd. A5-7 June 2017

JMC Geothermal Engineering Co., Ltd.

Sumiko Resources Exploration & Development Co., Ltd.



Data Collection Survey for Final Report
Geothermal Development in Ethiopia Appendix
Table AS5.1.3 Measurement Data of 2.0m-depth Temperature Survey (4)
SNo. Cordinates Day Time Outside Subsurface T emperature Ground Type Vegetation Other
X Y ddmm.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

W3l 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 11:24 329 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 8:01 254 40.7 39.62 38.34] 36.34|Soil No

W38 | 732832| 1311088 29.01.16 8:20 24.5 38.53 37.18 35.711 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 7371391 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 8:49 253 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

EO05 738067 1321508| 28.01.16 9:46 253 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

EO08 732393| 1322056] 28.01.16 11:09 29.9 37.34 36.76 3591 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

Ell 7327021 1323436| 28.01.16 12:20 28.06 34.86 34.43 33.82] 32.56|Soil No

MO03 728003| 1312171] 28.01.16 11:47 28.77 37.83 36.61 35.17] 34.73|Soil No

MO04 728538| 1311326 28.01.16 12:29 28.89 41.12 39.74 37.93] 35.71|Soil No

MOS5 729382| 1311861| 28.01.16 12:47 29.65 45.22 43.69 41] 38.48(Soil No

MO06 | 730227| 1312396| 28.01.16 1:05 30.02 47.92 45.43 42.4] 39.55|Soil No

MO07 731072 1312932] 28.01.16 1:24 30.29 45.34 433 40.82] 38.42|Soil No

MO8 | 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

MI11 7275091 1314818] 29.01.16 10:53 23.04 66.82 61.46 54.22] 45.32|Soil No

M12 7292401 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 36.52 355 34.2|Soil No

M14 730394 1319606] 29.01.16 10:59 28.52 37.36 36.83 36.04] 34.76|Soil No

MI15 729014| 1319915] 29.01.16 11:14 29.78 37.77 37.22 36.48| 35.46(Soil No

Ml16 7284791 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

NO1 723227 1321575 29.01.16 2:20 29.88 37.25 36.53 35.38] 33.64|Soil No

NO02 724071] 1322110] 29.01.16 2:05 32.18 36.79 36.32 35.62] 34.56(Soil No

NO3 724888| 1322645 29.01.16 1:37 27.44 40.03 40.03 39.36] 37.54|Soil/Rock No Basalt outcrops nearby.

No04 725761] 1323181] 29.01.16 1:22 30.56 38.28 37.76 36.94] 35.72(Soil No

Source: JICA Survey Team

Nippon Koei Co., Ltd. A5-8 June 2017

JMC Geothermal Engineering Co., Ltd.
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APPENDIX-7

Drilling Program






Data Collection Survey for Final Report
Geothermal Development in Ethiopia Appendix

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

Drilling Vertical NS EW Direction of well

Length LTSRN RUcs s depth  deviation deviation bottom B R
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
3 200.00 000 N ' E | 84.00 200.00 0.00 000 N | E | 84.00 0.00 0.00
4 300.00 000 N ' E | 84.00 300.00 0.00 000 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
7 480.00 030 N | E | 84.00 480.00 0.01 0.13 N | E | 84.00 0.13 0.50
8 510.00 130 N E  84.00 509.99 0.07 065 N | E | 84.00 0.65 1.00
9 540.00 300 N |E | 84.00 539.97 0.19 1.82 N E | 84.00 1.83 1.50
10 | 570.00 500 N | E | 84.00 569.90 0.41 390 N | E | 84.00 3.92 2.00
11 600.00 800 N | E | 84.00 599.70 0.77 728 N | E | 84.00 7.32 3.00
12 | 630.00 930 N | E | 84.00 629.35 1.24 1182 N | E | 84.00 11.88 1.50
13 | 660.00 1230 N | E | 84.00 658.80 1.84 1751 N | E | 84.00 17.61 3.00
14 | 690.00 1530 N | E | 84.00 687.90 2.60 2473 N E | 84.00 24.86 3.00
15 | 720.00 1830 N ' E | 84.00 716.59 3.52 3345 N | E | 84.00 33.63 3.00
16 | 750.00 2130 N | E | 84.00 744.77 4.59 4365 N | E | 84.00 43.89 3.00
17 | 780.00 2430 N E  84.00 772.39 5.81 5531 N E | 84.00 55.61 3.00
18 | 810.00 2730 N E | 84.00 799.35 7.19 6839 N E  84.00 68.76 3.00
19 | 840.00 3030 N | E  84.00 825.58 8.71 8285 N | E | 84.00 83.31 3.00
20 | 870.00 3330 N | E | 84.00 851.02 10.37 98.66 N | E | 84.00 99.20 3.00
21 900.00 3630 N | E | 84.00 875.59 12.17 11577 N | E | 84.00 116.41 3.00
22 | 1000.00 37.00 N E  84.00 955.72 18.42 17527 N | E | 84.00 176.24 0.15
23 | 1100.00 3700 N E  84.00 1035.58 24.71 23513 N | E | 84.00 236.42 0.00
24 | 1200.00 3700 N E | 84.00 1115.45 31.00 29498 N | E | 84.00 296.60 0.00
25 | 1300.00 3700 N | E | 84.00 119531 37.29 35483 N | E | 84.00 356.78 0.00
26 | 1400.00 3700 N | E | 84.00 1275.17 43.58 41468 N ' E | 84.00 416.97 0.00
27 | 1500.00 3700 N | E | 84.00 1355.04 49.88 47453 N | E | 84.00 477.15 0.00
28 | 1600.00 3700 N | E | 84.00 1434.90 56.17 53439 N | E | 84.00 537.33 0.00
29 | 1700.00 37.00 N E  84.00 1514.76 62.46 59424 N | E | 84.00 597.51 0.00
30 | 1800.00 3700 N | E | 84.00 1594.63 68.75 654.09 N | E | 84.00 657.69 0.00
31 | 1900.00 3700 N | E | 84.00 1674.49 75.04 71394 N | E | 84.00 717.87 0.00
32 | 2000.00 3700 N E | 84.00 175435 81.33 77379 N | E | 84.00 778.06 0.00
$¢Magnetic north
Nippon Koei Co., Ltd. A7-1 June 2017

JMC Geothermal Engineering Co., Ltd.
Sumiko Resources Exploration & Development Co., Ltd.
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Table A7.1.2 AY-2 Well Trajectory Calculation Results
Drilling Vertical NS EW Direction of

No Depth Inclination Direction Depth Deviation Deviation well bottom Deviation = DLS
m dd.mm dd.mm m m m dd.mm m dg/30m
1 0.00 000 N E 6.00 0.00 0.00 000 N E 6.00 0.00 0.00
2 100.00 000 N E 6.00  100.00 0.00 000 N E 6.00 0.00 0.00
3 200.00 000 N E 6.00  200.00 0.00 000 N E 6.00 0.00 0.00
4 300.00 000 N E 6.00  300.00 0.00 000 N E 6.00 0.00 0.00
5 400.00 000 N E 6.00  400.00 0.00 000 N E 6.00 0.00 0.00
6 500.00 000 N E 6.00  500.00 0.00 000 N E 6.00 0.00 0.00
7 600.00 000 N E 6.00  600.00 0.00 000 N E 6.00 0.00 0.00
8 700.00 000 N E 6.00  700.00 0.00 000 N E 6.00 0.00 0.00
9 800.00 000 N E 6.00  800.00 0.00 000 N E 6.00 0.00 0.00
10 =~ 900.00 000 N E 6.00  900.00 0.00 000 N E 6.00 0.00 0.00
11 | 1000.00 000 N E 6.00  1000.00 0.00 000 N E 6.00 0.00 0.00
12 1100.00 000 N E 6.00 1100.00 0.00 000 N E 6.00 0.00 0.00
13 1200.00 000 N E 6.00  1200.00 0.00 000 N E 6.00 0.00 0.00
14 1230.00 000 N E 6.00  1230.00 0.00 000 N E 6.00 0.00 0.00
15 1260.00 030 N E 6.00  1260.00 0.13 001 N E 6.00 0.13 0.50
16  1290.00 130 N E 6.00  1289.99 0.65 007 N E 6.00 0.65 1.00
17 = 1320.00 330 N E 6.00 1319.96 1.95 021 N E 6.00 1.96 2.00
18  1350.00 600 N E 6.00  1349.86 4.42 046 N E 6.00 4.45 2.50
19  1380.00 900 N E 6.00  1379.60 8.32 087 N E 6.00 8.36 3.00
20 | 1410.00 1200 N E 6.00  1409.09 13.75 145 N E 6.00 13.83 3.00
21 | 1440.00 1500 N E 6.00 1438.26 20.72 218 N E 6.00 20.83 3.00
22 | 1470.00 1800 N E 6.00 1467.02 29.19 307 N E 6.00 29.35 3.00
23 1500.00 21.00 N E 6.00  1495.30 39.15 411 N | E 6.00 39.36 3.00
24 1530.00 2400 N E 6.00 1523.01 50.56 531 N E 6.00 50.84 3.00
25 | 1560.00 2700 N E 6.00  1550.09 63.41 666 N E 6.00 63.76 3.00
26 | 1590.00 3000 N | E 6.00  1576.45 77.64 816 N | E 6.00 78.07 3.00
27 | 1620.00 3300 N E 6.00  1602.02 93.23 980 N E 6.00 93.74 3.00
28  1650.00 3600 N E 6.00  1626.74 110.13 1157 N E 6.00 110.73 3.00
29  1700.00 3600 N E 6.00 1667.20 139.36 1465 N E 6.00 140.12 0.00
30 | 1800.00 3600 N E 6.00 1748.10 197.81 2079 N | E 6.00 198.90 0.00
31 | 1900.00 3600 N E 6.00  1829.00 256.27 2693 N E 6.00 257.68 0.00
32 | 2000.00 3600 N E 6.00  1909.90 314.72 33.08 N | E 6.00 316.46 0.00
¥ Magnetic north
Nippon Koei Co., Ltd. A7-2 June 2017

JMC Geothermal Engineering Co., Ltd.

Sumiko Resources Exploration & Development Co., Ltd.
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Figure A 7.1.1 AY-1 Well Trajectory Plane Projection (Magnetic North (MN) basis)

Nippon Koei Co., Ltd. A7-3 June 2017

JMC Geothermal Engineering Co., Ltd.
Sumiko Resources Exploration & Development Co., Ltd.
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Figure A7.1.2 AY-1 Well Trajectory Cross Section

Nippon Koei Co., Ltd. A7-4 June 2017
JMC Geothermal Engineering Co., Ltd.
Sumiko Resources Exploration & Development Co., Ltd.
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(Source: JICA Team)

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

Nippon Koei Co., Ltd. A7-5 June 2017

JMC Geothermal Engineering Co., Ltd.
Sumiko Resources Exploration & Development Co., Ltd.
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Figure A7.1.4 AY-2 Well Trajectory Cross Section

Nippon Koei Co., Ltd. A7-6 June 2017
JMC Geothermal Engineering Co., Ltd.
Sumiko Resources Exploration & Development Co., Ltd.
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A7.2 Well Head Equipment

Blind flange
Main Valve
Sleeve Valve
Sleeve Valve
Pressure gauge
p Blind flange (threaded for connection
ressure gauge .
with pressure gauge)
Well Head
(Source: JICA Team)
Figure A 7.2.1 Well Head Assembly

Nippon Koei Co., Ltd. A7-7 June 2017

JMC Geothermal Engineering Co., Ltd.
Sumiko Resources Exploration & Development Co., Ltd.






APPENDIX-8

Minutes of Meetings

































Sunpaawr jsod wodydun|

aaneuasaxdal I syrewal SuIsor) Ui SETI-sT:Tl

syuedronie SUOISSNISIC] Ul (g STTI-SS: 11

IYSBYBEL 'S Hoday eus 03 dn suyf swi] uw g ¢S I1-08:11
Bul[p [1om

iyseyeyel 'S 1591 -a8e1s 1xau 2y ul uoneiadoo)) [ed1uyda] VIIf uiui (g 0S:11-0€:11

oueiry 'L 1enuoo Jurjup jo sad4y 01 uonsnponu] ung 0 11-ST:11

Healy 3JJ07) umge STI-S0:11

IyseyedEl weso1d Suliug utur Qg SO1L-S¢:01
(uaLIYsa1jay] A1owatu

BIBUBMEY ‘N 10]) UONOSRS  198I], JUSWISSISSY  DINOSIY uIw g SE01-S1:01

yseyee], ‘S Aepo) 0} dn UOP 3ARY M JBYM UQ uiug $1:01-01:01

48D ‘NO ssaippe 3utuadQ g 0[-01-00-01

uoprasIday] 00:01-0€°8

aeadg AHAIPDYV | POLIdJ dwL], UL, 01D

SIqIUEZE)) -[910H [BUONELINA] J)IdNnp (:INWIA

VANAOV

y10doy eury yea uo doysyaop

eidoryyy] u1 JuadoRAd(] [BULIAY)0ID) U0 AALNG UCLII[0)) BIE(

yuomido[aAd(] [BULIAY}0IL) J0) uonesddoo)) [edUYIAL, VIII

Aep-jieH (depsany ) 9§07 ‘quydeg 8 :218Q




"dl1 “0D LNIWJOTIAIA B NOILVYOTdXT SIDUNOSIH ONINNS
4 "al1 02 ONIYIINIONI WIANNIHLOID JNT
*aL1 “0D 130M NOddIN

Bul||Up [[9Mm
1591 40} |S3 Buildnpuod 40} 359 1oddns o] €
‘BUl||P ||9M 1531 JOJ 31IS AUO 1I3|3S ‘T

"S91IS |EWJ2Y3098 39509 pue
Z-0yepua] ul SAaAIns |edisAydoas 1onpuod o] ‘T

)40/ JO 2d02S

3ul[jp |[aMm 1581 Jo} 1oddns DIr
Jo Ajlj1gisea) ay3 aulwexs o]

aA1123[q0

*AL1“02 LNIWAO13AIA '8 NOILYHOTdX3 SIDUNOSTH OMIAINS
"1 02 ONIYIINIONT IYWYIHLOID JNT
*al1“0J 130X NOddIN

/6000 wouy pardos abew aiyyarEs

uoI11e207 31IS 103(04d

"al1 0D LNIWJOTIAIA 3 NOILVYO1dX SIDYNOSIH ONINNS
4 "al1 02 ONIYIINIONI WIANIHLOIO JNT
*aL1 0D 130M NOddIN

"139s0¢g 40 g-oyepua] ui 193(oid SujjjUp |[|om
1591 Y3 JO A11|1qIsea} AJuaA 03 ASAINS SIY3 paydune| Il '€

"(YTOZ “49qwis1das YIgT) vDIr 01 8uljjug
[|9M 1531 10} uo1e1d0o0)) |Ba1uUyYd3] B paisanbal 359 7

133s0g pue'z
-oyepua] uo Aysond ysiy pase|d 109foud ue|d J21Se\ 9yl T

punoJdyoegq

"a1 “02 LNIWJOT3AIA 8 NOILYHO1dX3 SIDYNOSIY ONIAINS
"aL1 02 ONIYIINIONT TVINYIHLOID DINT
"aL1 02 130X NOddIN

- [HSVHVIIVL 'S -
Aepo] 03 dn pa3onpuo) YoM
9T0T “4aquia1das 8
doysy4oM 1oday |eul4 1eaq

VIdOIH13 NI
INIINO13AIA TVINHIHLO03D HOA
AJALNS NOILDITIOD VIvd

(voIr) Aousby uopesadood (359) midoiyiz
[euoneusaiu| ueder J0 AanIng [ealbojoas




"aL1“0D INIWJ0O13IAIA 8 NOILYYO1dXT SIDYNOSIY ONINNS
‘aL1 02 ONIYIINIONT TVINYIHLOID DINT
"aL1 02 130) NOddIN

i 5539005 oy Ja13801 199

i1 HeIS SN 197

VIdOIH13 NI
1ININOTIAIA TVINHIHLOID HO4
AIAYNS NOILOIT0D Vivd
(vOIr) Aousby uopesedood (359) eidoyiz

"d11 “0D INIWJOT13AIA 8 NOILVHOTdX3 S3DUNOSIH ONINNS
"a11 02 ONIYIINIONT WINYIHLOID JNT
*aL1 0D 1304 NOddIN

suoIssnasIq ‘8
X3U 3yl sIeym L
ASauns doejins jewJisayloss Jo4

Su||p ||9m 1591 404
93]S 1Xau 9y} ul uoilesadood |eaIuYIRL YOIl 9

10eJ3u02 3ul||l4p JO S9dA} 03 uoidNPOJIU| °§
(¥eauq ea))
9)S papuswWwWodal ay3 ul wesdoud Sulua v

(auawysaifas Alowaw inoA iof)
UOI1299S 198.e] ‘JUDWISSASSY 924N0SAY '€

113509 Ul JU3WaINSDaY\ 31n0Jadwa|
yidag wig — uoiapiuasaid bujuipi) 359 7

Apbpoy 03 dn paonpuod syiom ‘T
doys3Jom ¥/4a Y3 40} epuasdy

‘ALl “0J LNIWAOTIAIA '8 NOILVHOTdXT SIDHNOSTH OMIAINS
"al1“02 ONIYIINIONI IVINYIHLOID JNT
“al1“02 130X NOddIN

lm\ M U S/M 4
i E « |

3|NPayds awil

*GL1 “0J LNIWAO13AIA 8 NOILYHOTdX3 SIDHNOSTH OMININS
H "L 02 ONIYIINIONT IYIWYIHLOID JNT

°4110J 1304 NOddIN

_ (e1e@ Sunsix3) (V1S3) Juswissassy 30edw|

IIN AanINs vIS3 |BID0S pUE |PIUSWIUOJIAUT

sisAjeue

pa310NpUOd pa1oNpuod 92Jn0saJ pue ‘Sujjapow

|BWJay3093 J10AIaSaY

(8urutesy 4oy 359) sjuiod 0zz AsAung aunjesadwa)

jquiod T sjuiod g SULI0}JUOIA DIWSISS-0.DIA

syulod 202'T (e2eq _m_mzm_xuv Aaning Ajinedo

(eyep Bunsixa "|our) "

I'N swiod T6T SISAjeuy uoISISAU| €
(swutod o€ Bunsix3) d K A

IIN sjulod 08 AMaN SAINS INTL/LIN

"PR1ONPUOI 34aM SASAINS SUIMO||04




"dL1 09 ININOTIAIA ® NOILYHOTdX3 STOUNOSIY OMINNS
'aL7 02 HNIYIANIONT TYINYIHLOID T
"dL1 02 1I30% NOddIN

Arewouy
rewsy
> N\
o \
%\
R y 4 auoz
D auoz
v mcoN\
sojotewn -~ \ \\vo
NG
g auoz
sixe Buipeauds
/ o
06\& / eale A||IH / 6\&\
\0@ 3 auoz : aauoz %
N N

auoz 19bue] Buluqg

'dL1 09 INJNdOTIAIA ® NOILYHOTdX3 SFOUNOSIY OMINNS
'dL1 09 HNIYIANIONT TYINYIHLOID NS
'dL1 09 130X NOddIN

924N0s JeaH
191u221da 21WISIBSOIDIN
/ auoz AIARdNpuUod ybiH

\ MoJ} umoq /

JIOAJBSal [ewldayloas)

/

Mo0u depyiarem reway] =
auo0z AJAISISal MO

abureyoay

/ moly dn

suolnelsajiueW [ewIay1099

|ISPON [en1dasuo) [ewayloe9

'd11“09 ININdOT13IAIA ® NOILYHOTdX3 STIOUNOSIY OMINNS
'dL1 09 HNIYIINIONT TYINYIHLOID T
'd11 09 130) NOddIN

'Z-oyepual Ul payuswsaldwi aq ||im Buljud [19M 1oL m
359 Aq pajonpuod
Apnis 1sed ay1 ul pajonpuo) oe|g ‘AeAIns SIYyl Ul pa1onNpuo) :an|g

|auo( [uoQ }9d.ie ] suljjug

«Shutod // 71 sjuiod 0gg Aoning ainjesadws |

syutod J02'T sjulod €96°T Kaning Ayineln
[N auoQ SisA|eue uoisianul Q€

syulod g sjulod O8+TTT Kening INTL/LIN

sjulod z sjuiod / sisAjeuy |eoiwayo0sn

Zw3009 ZUB008  @douess|euu029y |e2180|09K)

119S0g pue z-oyepua| ul ASAINS

"dl1 “09 LN3INdO013AIA ? NOILYHO1dX3 SIDIUNOSIY OMIANS
"aLl “09 HNIYIINIDNI TYINYIHLOTD JNF
"dLl “09 130X NOddIN

VUVHVYMVYM PoeN
doysyiom
}se| 9y} ul passnasip
uono9|asS }93ie] JO MAINdY

VIdOIHLd NI
INJNJO 14AdA "TVINGIHLO04D 404
AIALGNS NOILOF T10D VLV

(voIr) Aousby uoneladood (359) midoipz
[euoneusaiu| ueder Jo Aanns [ea1bojoan




19bre) Buyua

'd11 09 ININd0T13IAIA ® NOILYHOTdXT SIOUN0SIY OMINNS
'dL1 09 HNIYIINIONT TYINYIHL0ID T
'd11 09 130M NOddIN

19bue] Buluqa

10buel Bulua

'd11 09 INJNOTIAIA ® NOILYHOTdX3 SFOUN0SIY OMINNS
"dL1 09 HNIYIINIONT TVINYIHLOID OIS
'dL1 09 130X NOddIN

w9 xoiddy

HOREISSHIUBI peoJ ssa00y

[ewsayl0e9
sojoreWNg——""] Z-AVBT-AY
uonelay
I uonessl|y T £-AY
3 “
%, <
o -
2 >
(]
W

19b.uel Bulua




G O INFNGOTINTA B NOHVEOTIXT STIHAOSTHOMANS)
"a11 02 ONIY3INIONI IVINYIHLOID JINT
“al1“03 130X NOddIN

(maIA uonoas ssou)) de Aloyoslelt

"d11 “0D INIWJOT13AIA 8 NOILVHOTdX3 S3DUNOSIH ONINNS
"a11 02 ONIYIINIONT WINYIHLOID JNT
*aL1 0D 1304 NOddIN

196pnq
JO JUnowre pue sisAjeue 1s09 Jo S}nNsal ay}
0] Buipiodoe pazijeul aq [jIm ueld Buljjup ayL e

‘pauure|d usaq aAey S||oM 1S8] 33l «

Alo1oalel] [|I9AA UO uoISSnosIq

"al1 0D LNIWJOTIAIA 3 NOILVYO1dX SIDYNOSIH ONINNS
"al1 02 ONIYIINIONI WIANIHLOIO JNT
*aL1 0D 130M NOddIN

9INPayos 3o bBuljug<
Buluue|d ped [I9M<
Aiddng Jarepn Bulua«
spiepuels by«
wrelboid buised «
Aioyoalel] 1o«

SUE)ele)

"a1 “02 LNIWJOT3AIA 8 NOILYHO1dX3 SIDYNOSIY ONIAINS
"aL1 02 ONIYIINIONT TVINYIHLOID DINT
"aL1 02 130X NOddIN

IHSVHVIVL O41Y1yo

ueld sulj|lg

VIdOIHL13 NI
1IN3INJOTIAIA TVINGTIH1LO3TD H04
AIAAINS NOILOIT10D Vivd

(voIr) Aousby uopesadood (359) midoiyiz
[euoneusaiu| ueder J0 AanIng [ealbojoas




"dl1 “0D LNIWJOTIAIA B NOILVYOTdXT SIDUNOSIH ONINNS
"al1 02 ONIYIINIONI WIANNIHLOID JNT
*aL1 “0D 130M NOddIN

uond3s

"d11 “0D INIWJOT13AIA 8 NOILVHOTdX3 S3DUNOSIH ONINNS
"a11 02 ONIYIINIONT WINYIHLOID JNT
*aL1 0D 1304 NOddIN

yidap wyz uj uonedo|

ainjessdwsl  90'8/L J.78NIN oSt 000C I\

1s3y81Y ay3 yiesusapun

(uonieso 303.1e]) (w) uof3a3lIg

uoneinaq
1w 1981e,
k| Y M |

valy Z-oyepual ul [|gp Bulji@ fein1onns ayl Jo Alo1osfely

0 LADON o~ Tv8  .Z/18 -
T WOV THE ~ L0V /1T |
wh
) "INO paLed usaq aney bBunuawad
ot WSELUWOVT -y~ 99 L1t P sawil TT JO €10} € ‘SSO| PNl 10} 8INSESWIBIUNOI © SY «
‘WGZT WIST WEET WOEL WTY WEL ! pi€ :
(W T¥8~S oY
uoI13095
0 LD ON o2 :yidap uonoas Bul|up),7/T-2T pue (W G ¥0r~99 :ypdap
o LA oN uondas uonosas bulup),2/T-2T ud ul Apuanbaliy palinaoo sey
sT SSO| pnwi Teyl pamoys £-dl ||\ Wod) uoiewioul ay e
sawi| (W)LWD 2/ 40 Ladaq "Hoday buljug €-al IS WOlj PIMIINSY «
2JNSEaWIIUN0D) SSOT PNIAI €-0.L UO pJoday Suizuswaidw) wreiboid Buisen
‘AL “02 LNINHO13AIA 3 NOILVEOTdX3 SIDOUNOSIY ONIAINS 'Ll “02 INIWAOTIAIA 8 NOLLYHOTdX3 S3DHNOSTH ONIAINS
*aL1 00 ONIYIINIONT TYINYIHLOID JNT "AL1 00 ONIY3IINIONT TVIWYIHLOID DNT
*a11“0D 1304 NOddIN *aL1“02 1304 NOddIN
IELNEEIEIN - - = 000C €AV
So|oJewnd
2J9qO0JAY
ainjoely z-T4j0 Hed desgq  9p'9TE 3.9NA 0€T'T 000C [\ T-AV

CAV

o

(maIA ueld) sdey Aioyoelel) z-oyepual




"dl1 “0D LNIWJOTIAIA B NOILVYOTdXT SIDUNOSIH ONINNS
"al1 02 ONIYIINIONI WIANNIHLOID JNT
*aL1 “0D 130M NOddIN

4/4IS0T . uoIas
BUEEER e WL/ b
ON" H/1 pa|[eIsul Buise) siyL
JUaW) yIam
1y81] pue Sunuawad ages ¢ (e poyieN 1/q10°€2 uonas
350042 UB|d SIYL e MO Sunuawa) e L 5
/1 age15 7 pi
AuBw 91BWI1S3 UOIISS SIY |
“JuBWa) y31em 1y3n
9sooyd ueld siyL  Ausuap POy /91007 _ uondas
N Mo S 8nid ¢ ‘S S pul
Auew 91BWIIS3 UOIISS SIY L
uonenyis ayy (Oomo) .
[elVhEE] uondas
uo 1eaN W) [[BM mh ‘_Mu_wﬂ,__:_ t\m_ww 2 /8/€-€T .“ﬁ
Suipuadap Jojess|ad0e asn [EIEED) ; =

Auadoyg poyIs apeio sz
HE = SR = —

ealy Z-0yepua] ul SpoylaiN Bunuswa) Buise)

‘G171 “09 LNIWJOTIAIA B NOILVHOTdX3 STDUNOSTH ONIAINS
"a.L1“02 ONIYIINIONI TYINYIHLOID DT
*al1“0J 130X NOddIN

WHOOZ~DSIT
(.9€ 03 dazy)

U035 PIOH 7-AY

WOSST~0EZT
U0R3S A PIING Z-AY.

(L€ 01 da3y)
UORI3S PIOH T-AY.

|

woezt
idaq 4oy T-AY

WHOOT ~05%
uon92s dn PIINg T-AY

TBYUBWE) BHEIS T 61 3N

oSk
1dag doX T-AV.

TBM [ERPA

1/5M [EUoRIIa
W (27

(27

[EEEEDT
T-AY.

9S2.8/5-6

Z-oyepua] ul weiboid Buised uowwo)

"al1 “0D LNIWJOT3IAIA 3 NOILVYO1dX SIDYNOSIH OXINNS
"al1 02 ONIYIINIONI WWIANIHLOIO JNT
*aL1 0D 130M NOddIN

‘Bunuawiad ui AlIsuap Jemo| yum Aun|s
asn 0] pauueld sI 1 ‘9ouaiindal SSo| pnw Bunuanaid 104 «

'9S0.8/5-6 buisn Ag ypdap Bu
10 W 009 01 dn pauswa|dwi ag pinoys sjjom buljjup
[eJn1onJis Jo Jo-1nys Jarem ayl ‘uondwnsse siy1 uQ «

‘seale
0M] asay) ul Aousanbal) awes ayl ul IN320 PINOM SSO|
pnw ‘(ngn@) T-oyepual Yum eiens Mmojeys Jo ainjonis
Tejiwis e sey (e19qolAy) Z-oyepua] 1ey) PaWNSSe SI 1l || o

welboid buise)

‘W Opy‘T Jo yadap
3Y3 Mojaq
P344N220 SSO| PN |[eWS

‘W QY9 pue w
086 40 syydap 1e  pasindd0

U/7% 0T In0ge 4O SO PniA

Bul||up Sulnp paJtin220
SSO| PNW JO UOI1B|N2JID JOOd

ylewsay

Bunpuawad qof doj Jo asn
‘W /0T D01

Bunnuawad qof doy Jo asn
‘WyT :D0L

LD gordol oN

LIND gor dog oN

uopenys

Sunuswa) qor doy.

"d11 "0D LNIWJOT13AIA 8 NOILVHOTdX3 SIDUNOSIH ONININS
"a11 02 ONIYIINIONT WINYIHLOID JNT
"1 0D 1304 NOddIN

uonoas

wS

UoI13ss
48/56
H
uol1dss
pi€
uolidss
puC
uoas
sT

Bunuswa) qor dop

(w)ydaq 185 982

uo ploday bunuaws|dw| pue £-a1 Jo yidag buise)




‘ALl “0J LNIWHOTIAIA '8 NOILVHOTdXT SIDHNOSIH OMIAINS
"11 02 ONIY3INIONI IVINYIHLOID JNT
“al1“03 130X NOddIN

poylaN dn By :1seN adA] dens 1009

*AL1“02 LNIWAO13AIA '8 NOILYHOTdX3 SIDUNOSTH OMIAINS
"1 02 ONIYIINIONT IYWYIHLOID JNT
*al1“0J 130X NOddIN

apIS JuoI4

9pIS Xoed

3-099 Aq 61y Bujjug Arer1oy dH0S.

"al1 0D LNIWJOTIAIA 3 NOILVYO1dX SIDYNOSIH ONINNS
"al1 02 ONIYIINIONI WIANIHLOIO JNT
*aL1 0D 130M NOddIN

‘wa1sAs aplis ayl pjing o1 Aressaoau
SI 11 ‘alIs awes ay1 uo aplis B asn o1 pauueld si iom Buljjup asneoag .

"1ybiay Aressasau
yum ag pnoys Bulquiasse juswdinba pesy|jom 1o} pasn aInonis .

uawdinba B ay) apiIsul paureluod ag pjnoys waisAs Buljood pniy

‘pasedald aq ues 1 JI SAL S9SN 0] PaPUSWIWOIAI SI )l ‘ISASMOH
"anIsindwod 10U Inq ajqissod aqg pjnoys (Sal) waisAs JaAup doj Jo asn

"sauelo afue| BuIiSN INOYIM Pa|qIBSSE aQ Ued YoIym
10 Y10q se pasn aq 01 pa1sabifins ale 1sew de.1s100q J0 1SewW JaAajnue) «

‘patedaud
aq p|noys aAoge Jo Y/ 02T Jo Auoedes yum sdwnd pnw om) 1sea| 1y «

‘abelols sjeuarew Joj adeds ybnoua
sl alay) se Buo| se pasn aq ued Jamod Jojow Jo Jamod auibua Jaylg «

'sse[d dy 0G/2 anoqe Bi1 Arejos asn pjnoys SsyIom meiq e

sprepuels By uo uoissnasiq

*GL1 “0J LNIWAO13AIA 8 NOILYHOTdX3 SIDHNOSTH OMININS
"L 02 ONIYIINIONT IYIWYIHLOID JNT

ULIT OO0 T30 NU4dI

i

abels T

abels pug

wrelbeig uoneladQ Jojuawa) abeis g Jo |iereg




"dl1 “0D LNIWJOTIAIA B NOILVYOTdXT SIDUNOSIH ONINNS
"al1 02 ONIYIINIONI WIANNIHLOID JNT
*aL1 “0D 130M NOddIN

‘leued uonebil 10 ||[9M J81eM 10} Pa1INPUOod
sem Ajioe) Aiddns Ja1em Jo uosuedwo) «

‘Alessadau uaym
Ajlsnonunuoo paJanljap SI Jalem YdIiym 0] alIs
Buijjup 8yl ul Pa1INNISU0I 3 ||IM puod JaJeAN «

‘Asea aq 10U ||Im Jarem Jo (09s/]
€€ Inoge) uiw/1 000'Z 40 AIBAIIBP SNoNURUOD «

Alddns J1arepn Buljug

*AL1“02 LNIWAO13AIA '8 NOILYHOTdX3 SIDUNOSTH OMIAINS

wWajsAs Jamoys Jayep Buiiom 'aL1“00 ONIYIINIONT TYWYIHLOID INT

*al1“0J 130X NOddIN

(maIA 8pIsinQ) samol Buljood pniy

(MaIA BpIS U]) WRISAS Jamoys 1a1epn

wa1sAS BuljooD pn pPajood 181epA

‘ALl “0J LNIWAOTIAIA '8 NOILVHOTdXT SIDHNOSTH OMIAINS
"al1“02 ONIYIINIONI IVINYIHLOID JNT
“al1“02 130X NOddIN

(INHOSZ @dA1) s@L uolose

1Se|\ paj[elIsul waisAs aALq dol

00s3L g (51 )waisAs aAuq dot

*GL1 “0J LNIWAO13AIA 8 NOILYHOTdX3 SIDHNOSTH OMININS
"L 02 ONIYIINIONT IYIWYIHLOID JNT
*al10J 130X NOddIN

poylaN umoq % dn By :1seN adAL Jansjnue)d




‘ALl “0J LNIWHOTIAIA '8 NOILVHOTdXT SIDHNOSIH OMIAINS
"11 02 ONIY3INIONI IVINYIHLOID JNT
“al1“03 130X NOddIN

Z-oyepua] ul buluueld ped [I9M

"d11 “0D INIWJOT13AIA 8 NOILVHOTdX3 S3DUNOSIH ONINNS
"a11 02 ONIYIINIONT WINYIHLOID JNT
*aL1 0D 1304 NOddIN

"Z-AV pue T-AV Se awes se si alls ay) Jo adeys

9y} 'a1IS 1UBIaYIP © Je pPaledo| SI £-AY JO ped |3 .
‘Buip|ing alIs 0o 1509 ay) Buisealdap 10} Bulpls yum

Bu Buljup awes Ag pajjUp 84 ||IM Z-AY PUe T-AV e
‘obel01s a1sem se 1d ajeoas-able|

© Ul paJols aq ||IM d1Sem pnul 10 aisem bBuljjuq »
"eale uonebuul syl

wioJ} 3Ing 8q 01 papaau ale sauladid Alddns Jarepn .

‘Bi1 Areroa ssed dy 0G5/ @9 pinoys adiAap bBuljjuup aylL e«

Buluueld ped |19

‘ALl “0J LNIWAOTIAIA '8 NOILVHOTdXT SIDHNOSTH OMIAINS
"al1“02 ONIYIINIONI IVINYIHLOID JNT
“al1“02 130X NOddIN

(punoy are oipeWoU

J0 sa0RA} BjIIT) "BUS

3y} punoJe saouspISal
oualealdyl <«

"eale uonebi
woyj paiddns
aq ued Jarem buiug <«

‘Iredal

Uum pasn aq ued g-dL

0} PeOJ SS8I9Y "alIS

8y} 0] PaJINIISUOI 3q
pINOYS PrOJ SS8TY <«

“Buiup
10} poob ‘1ey) pue
uasap ul sl ays buuag <«

Alddns Jarepn Buljjug

"d11 "0D LNIWJOT13AIA 8 NOILVHOTdX3 SIDUNOSIH ONININS
"a11 02 ONIYIINIONT WINYIHLOID JNT
"1 0D 1304 NOddIN

(papusw adid 9Adn uonels T
-woday)  ybiH ‘auibua Ase3 Buidwnd urepa) ureua) E_.._ Bl
© ‘dwnd om| =t

S90UBISIP Ul
pejedo|agq  UleMadUn  Ureusoun
1IM S|I3M

Ajuo auibua }NaIp

o ubiH pue dwnd Alonnejay

pouad Anjigejreny | a2inos
uonoNAsuoD | Jarem 191/

SENEE
uonenfens | 1s09 aoueuRIUIe) | uonesado

10 asn-ay

‘PapPUSWILIODS]
SI feued uoneBiul Woly Jayem Buljjup ‘Ynsai e sy

Sly gxulw/cw G20 =b : Aoeded Aianeq »
¢W 009 : ped Buluqg 1e puod Ja1ep «

Alddns Jayepn Buljjug




jorebuy

‘ALl “0J LNIWAOTIAIA '8 NOILVHOTdXT SIDHNOSTH OMIAINS
"al1“02 ONIYIINIONI IVINYIHLOID JNT
“al1“02 130X NOddIN

2-oyepua] Joj buiuueld ug

*GL1 “0J LNIWAO13AIA 8 NOILYHOTdX3 SIDHNOSTH OMININS

"L 02 ONIYIINIONT IYIWYIHLOID JNT
*al10J 130X NOddIN

(T-AV) 8Inpayds 3iop Buljjug pauueld




170X NOddIN w3y Aanins voIr

‘sydom Buljjup punoaBbiapun
J10J S10eJIU09 JO SUOIIPUOD pJepuels Ul UMOUX-||ISM =
‘puejiey L ul yoxbueg pue 3yn Ul leqng ‘spuepsyiaN
ul uabaw ‘sa1e1S pauun ul *) g uolbulysep
1e paysi|gelss ale sadlo [euolbay "salels panun
9] Ul Sexal ‘U0ISnOH Je paledo| Si sialenbpesH m
‘Aisnpul Buljjup seb pue |10 apimpliom
ay1 pajuasaidal Ajpaisnjoxa sey (DAvl) si010esu0)
Bullju@ jo uoneldossy [euoneuIdlu| Y3 ‘06T JUIS m
s1019e)U0) Bulju@ 10} UOIIRIDOSSY [euOlleUIdIU|
JO wAuoude Ue S HAYI =

(bavl1) uoneziuebiQ sio0y1o0enuo) buljuqg

SYIOM PUI[Q
10} POYISN 10BJIU0D PasN-AUoWLOo)) T

130N NOddIN wpa| Aaning voIr

S9IIAISS NdI % POYISIA 19eNU0D Jo adA ]

3|qelddy ayl UO uONEPUBWLOITY puk 1 NSaY ASAINS m
¢NdI ST TRy m

(INdI) 1uswabeuely 198loid parelboju] m

10BI1U0D JO SuonIpuo) JAv] JO sainjesd m
yrdaq Aaxuiny pue yidaqg aberood ‘yideq wnwixeN m
a|diound 10enU0) Bulua Oavl m
swi.io4 10e3u0) Bulua oavi m
(oavi) uoneziuebiQ sioenuUo) Bulud m
SYI0M Bunu@ 40y poyrs 10e1U0D PasN-AlUuoWWo) m

SjUSU0YD JO 3jqel

"dL1 09 LNINAOTIAIA ® NOILYHO1dXT STOHNOSIH OMINNS

‘AL 09 ONIYFANIONT TYNYIHLOID JAC
"dL1 09 130X NOddIN

eidoiy13 ‘eqeqy sIppy
9102 ‘g Jaqwaeides
ONVLIM BnAowo|

POUIBIA 10U0) JO adAL
UO UOIEPUSWIWIOIaY pue 1 Nsay AaAIng

eidoiyy3 ui yuswdojanaq
lewuayloas 1oy AsAInS uonda||0) eledg

(voIr) Aousby uoneiadood (3s9) edopzg
[euonreusaju] ueder J0 AanIng [ealfojoan




130N NOddIN wo3] Aanins vIf

‘ybiy sI sysu [ealbojoab ataym suondas

Jay1o Joj paidde si quswAed a1el Ajrep pue pawiiluod

Apuaioyns usag aney suollpuod [ealbojoab ayy

alaym uonoas ayy 01 pandde si JuswAed so1id Aaxuiny

Jo juawAed ajel abelo04 ‘@aurisul 104 ‘JuswAed

a1el Ajrep Jo asn [eiued ay) Sajgeus 19eJ1U0d |9pow

2av] ‘19enuo) Asyuiny pue joesiuo) abeloo4 ay) uang
:pPOYIa|A 10esU0) Jo adAL |idnNN JO 8sN m

"10€e11U0) A9yuun] /abe1004 4o} papinoid Ajfealyoads

1UBIXa 8] 01 SaN|igel| UrelIad sawnsse pue suonelado
Buijjup [013U00 pue asinJadns 1924Ip [[eys J010eIIU0D

:10eNU0) Agyuin] /abr1004 Japun Alljiqisuodsey m

(g) sidioulld 19enuo0) Bulug Javi

130X NOddIN wo3y Aanins voIr

101e1adO Ag paijioads
aJe ‘pawlipuod Ajjuaions are suonRipuod [edibojosab
ay1 ataym ‘yrdaq Aaxuuny/yrdaqg abei1oo4

'siseg Aayuung] e uo Buljjup ajiym ‘yrdaq

Aaxuung ayy 01 ‘1ojesadQ Aqg paijioads se ‘|jom e ||up

0] paJinbai sadinlas ayl wuoad pue ‘loge| ‘quawdinba

9U1 ysiuiny [feys 1010e41u0) suesw Aayuin],, wisl syl
2 10e)U0) Aayuin] m

'siseq abe1004 © uo Bulup 3y Yrdaqg abeyoo4

10BJ1U0) 8Y) 01 ‘JoresadO Aq paioads se ‘|lam e ||up

0] paJinbai sadinas ayl wioad pue ‘loge| ‘quawdinba

33 ysiuiny |jeys Joloenuo) suesw ,s6e1004,, W) ay L

: 10eU0) abe1004 m

(2) aidiould 10enuo) Buljua oavi

130N NOddIN wpa| Aaning voIr

"'ybiy sI sysu [eabojoab ay1 yaiym 19aloid ayp
1o} paljdde Ajeaiseq sl 10enu0) Buljug JiomAeq

"suolresado yons 031 JUspIdUI 1O Ul

paJinaul sanljigel] 10 SySid JaY10 |[e pue synsal Buipnjoul

‘siseq yJomAep e uo ajiym sainted yloq Agq suonelado

J0 saouanbasuo9 |e 10} AlljIgel| sswnsse pue a|gisuodsal

AJ9]10s aq [[eys J01eiadQ ‘1019€N1U0) AQ pawnsse

Ajreoiyioads sainjigel pue suonebijgo yons 4oy 1deax3

*J0YeladQ JO |03U0D pue UOISIAIBANS ‘uoI1daJIp

ay1 Japun Aep Jad wns paiyoads e 10) ‘ulsiay 1012euo)

J0 paJinbal sadines ayy waogad pue ‘oge| ‘quawdinba

31 ysiuiny [eys 1010eJIu0) sueaw MJomAeq,, Wil ayl
: 10e0U0) Buljug diomled m

(T) aidiouLd 10enuo) Buljua oavl

130N NOddIN w3y Aaning voIr

‘pajuiodde si . Jaaulbul,, ONx
(1010€10U02 Bunup 8yl se paulap) Jo1oenuo) (g
(aua1)d Yy se pauyap) Joyesado (T

:Sallled 10e1U0) JO SSWEeN m

10e11u0) Aayuiny (g
10e11u0) Buljug abeloo4 (g
10e41u0) Bulug YlomAeq (T
:SyJom Buljjup 8y 10} asn 0} paysabbns
aJe YoIym S10eJIU0D [9pOW JO SpUIY 984Y3 Sanssl DAVYI m

sw.i04 19eu0) Bulua oavl




30N NOddIN

w3y Aanins yoIr

‘9|geploAeun Ajjealseq SI asealoul 150D

(3115qam Auedwos 1a613quunjyas :82.1nos) * _w _H_.C 9SS9
s1 QiAnoe 12afoud sainsus pue AJaAllBp 92IAISS SPBa| OYM
(NdSI) 106eurey 103l04d saa1nlas patelbaju] pauren-iNdl

‘sjonpoud pue sadlAIas
Aued-payy pue Auedwod ad1A19s Buljjlug paleulpiood
pue pabeuew siaAldp Buldayo SadIAIBS NdI dYL
"1019€1U09 3yl Ag painsoid aq |im 1uswdinba pue
S[eLiayew |e yodiym juswabeue|y [e101 8yl SI 32IAISS NdI
:S92IAI9S 1uawabeue|y 193loid pajeibaiu] m

cluawabeuel 108loid parelbalu] SI 1eyM

¢t

(INd1) 1uawabeuey 108loid paresbolu) 'z

0T

30N NOddIN

w3y Aanins yoIr

‘pamojle si uswisnipe aoud
ou ‘yidaqg Aaxuany 104

"MOJs AJaA sawo029q
ssaiboud j1 ‘paydde
aq ued ayey Bunesado
‘ypdaq abeloo4 Jo4

‘uolsuadsns
Bunnp paidde
aq |m erey Agpuers

suonRpuod
a|qeaasalopun

yrda@ Aexuuny Jo SadIAIaS

yrdag aber004 Jo sadinIas

payoads 10N

payoads 10N

jo uona|dwod uodn J0 uonsa|dwod uodn Alyuo JuawAed
("paiidde si siseq Ajrep ("pandde si siseq Ajrep
eyl 1ed syl Joy paidde 1ey1 ued syy uoy paidde
ag ued ayey Bunesado) aq ued ayey Bunesado)
‘018 - ‘018 - "018 -
arey a|gesinquiidy - a1y a|gesinquiiay - | arey ainafep aoio04 -
ayey pini4 buyua - arey pini4 Buniua - | Jreday Buung arey -
(reuondo) ayey uonesado - | (jeuondo) ayey uonelsadp - | orey awil Agpuels -
a1ey abeddois iom - ayey abeddols iom - ayey Bunesado -
arey swiL Agpuels - arey awi| Agpuess - | a4 uoneziiqowaq -
unowy Asxuing - o1ey abelood - 994 uonezIjIqon - a1y
payioads yadag wnwixep payioads yidag wnwixep payoads
pue yidag Asxuany pue yidaq abejoo4 yrdag wnwixep yrdag
poLiad

payads

uonoNISU0)

Aaxuang

abejoo4

(AlnoH/Airea)
YiomAeq

10e1U0) WNS dwnT

sjuawainseal\ uodn juswAed

swall

10BJ1U0D JO SUONIPUOD DAV JO Sainyea

130N NOddIN

w3y Aanins voIr

wnwixepn

yideq

yidea
Aaxquunp

yidea

wnwixew... ... p

abejoo4

ydaa
wnwixew

10e1U0D AdyuIn]

10e1U0) 9he1004

19eQU0) YlomAeq

yrdaq Aaxuiny pue yidaqg abeiood ‘yidag wnwixep




130N NOddIN wpa| Aaning voIr

"SallIAIIOR pale|al 8yl Buowe uoieuIpio0d Byl swnsse

[leys 1ual|d Y48AaMoH “paldadxa SI uononpal 1509 uald Aq
paJnaold aq 03 ase sbuised pue Juswdinba peayjjam ased u|
199IAI8S NdI Jo uonedliddy ,.ON,, m

"108[0.d SIy} 1o}
92IAI8s Nd] Aidde 01 Ajigissod ayy passaldxa ‘edauy 1se3 ul
SYJom Buljjuip ul saoduauadxa aAey OYM ‘S1010BJIUOD [RISASS

:S92INAISS NI Jo uonedlddy uo AjIgISSOd m

92I1AJISS |ANdI Jo uonealddy uo Yooano

130X NOddIN wo3y Aanins voIr

‘AInga1ed yJom Buljjiap ayl Joluow pue 32ayd pue ‘Auadoad
s1s160]j0ab 811s pue siosiAladns subisse 1.yl ainjonas
uolisiAladns uononJIsuod ysijgeiss (1oresado) juald

aU1 1.y [enuUassa SI 11 ‘1oes1u0d ael Ajrep ayy bulfjdde uj
*(1012e11U0)) Auedwod Buljup Aq pawuipuod 1ou

ale suonipuod [eaibojoab [enyoe aouls 19afoud sy Joj 1depe
aq 01 pa1sabbns sI ‘Ansnpul Buljjup |[om [ewlayloab ayy

Ul poylaw pasn Ajuowwod 1sow ayl sl yaiym ‘. a1el Ajep,,
:S40MN Bunu@ o) poyrsy 10eu0) Jo odAl m
|

POYIsA 19eqju0) uo uoljepuswiwoday

9T ST
130X NOddIN wpaj \AQ\::W voIr
‘Jlaswiy AQq pawiyuod Jou are
ON 9 suonipuod [edibojoab enyoe aduls 108foid
oN ..n_ siy) Joy Ajeanoesd S| 10enuod dles Ajleq <« Areg 9y
’ *A13UN0J SIY Ul UMOUY S| 19BJIU0I d)el
abejoo} yum 108foid Bunup rewsaylosn <«
ON :H ‘J|aswiy Ag pawJijuod jou
soA ..m_ 9Je suolIpuod [eda1Bojoab [enjoe aduls eale
soA “.D MBU Ul SJUSAS U8asalojun 0} ainsodxa Xsii Area H‘3‘a‘D
SaA S,1010BJIUOD JO M3IA Ul 10B13U0D (A8y-uiny)
: 9oud wns-dwn| 1depe 01 maIn aaebaN <«
"PAAIOAUT BJe [e 13 ‘9|qewnsuod wns
SO\ g 10 jwawainooid  ‘syiom  Asoyeredaud dwn a
’ SEe UoNns SYSE} [[e UOolIpuod uo s|qerdadde JAiea
sl j30enuod (Asx-uam) aoud wns dwng <« :
“30enu0d 9d1d arel Ajrep .
S8A IV | yum pasredwod 30enU0d 931ud wns dwn| Areg v CO_HMUCOEEOOOW_ UC@ .._._Dmmﬁ_ \A®>.‘_3m m
BuiA|dde ui pawnsse aie 1502 a|duy/s|gnog <«
uoiyedidde adAL
A1 J019€JJU0D WO} JUSWWOD 10enu0) | Auedwo)
0} Ayjigeoliddy a|qelajeld

1INsay A3AINS MaIAIL1U] JO Arewiwinsg

4




‘uonuane I1noA 10) noA yueyl

eidoiyy3 ui yuswdojanaq
lewuayloas 1oy AsAInS uonda||0) eledg

(voIr) Aousby uoneiadood (3s9) edopzg
[euonreusaju] ueder J0 AanIng [ealfojoan




"dl1 “0D LNIWJOTIAIA B NOILVYOTdXT SIDUNOSIH ONINNS
"al1 02 ONIYIINIONI WIANNIHLOID JNT
*aL1 “0D 130M NOddIN

JUBWISAOW SIY1 Y3IM 3dUBpI0d2e Ul
9q ||eys uoiesadood [e2IuydRl yIIfaylL ¢

‘Paysi|qeisa 2q 0} pa3dadxa S|
“Juswdo|aAap |ewJayloas 1o}
Al@AISN|dxa ‘uonieziuegio djgnd mauy T

dujuue|d 4o} SuollesapISuod Ay

"d11 “0D INIWJOT13AIA 8 NOILVHOTdX3 S3DUNOSIH ONINNS
"a11 02 ONIYIINIONT WINYIHLOID JNT
*aL1 0D 1304 NOddIN

3unuodal
pue sisAjeue Suipnpaul [|1I4S ASAINS
9oepNsS [ewJtayloasd jo sulp|ing Aydede) ¢

(papnjou; Jou st fjasi
11S Buljj1ip)s)1om BUl||LIP ||PM 1581 JO
||19S Juswadeuew jo 3uip|ing Aydede) ‘g

|113S Juswageuew
123loud |ewuayloas jo ulpjing Auoede) T

pasodoud saAl3dalqo 109foid

"al1 0D LNIWJOTIAIA 3 NOILVYO1dX SIDYNOSIH ONINNS
4 "al1 02 ONIYIINIONI WIANIHLOIO JNT
*aL1 0D 130M NOddIN

uoljejuswa|dwi ||9M 1S9 T
UOI}eN|eAS 324n0Say T

:3uawWdo|aASp JO} SYJBU 91104 Ay oM

"ASJ9Ud |ewWJIaY1093 JO Juswdo|aAsp
yioows 10} 3uip|ing Aloede)

SaAI1303[qO ||e Jan0

"a1 “02 LNIWJOT3AIA 8 NOILYHO1dX3 SIDYNOSIY ONIAINS
"aL1 02 ONIYIINIONT TVINYIHLOID DINT
"aL1 02 130X NOddIN

= [HSVHWIVL 'S -
38e)1G 1XoN 91 ul
uollesadoo) |ealuyasl voIr
JO ydomaweu4 pasodo.d

VIdOIH13d NI
1N3INdOT3dAIA TVINEIHLO03D HO4
AJAYNS NOILO3TI0D vivda

(voIr) Aousby uopesadood (359) midoiyi3
[euoneusaiu| ueder 10 AanIng [ealbojoas




"dl1 “0D LNIWJOTIAIA B NOILVYOTdXT SIDUNOSIH ONINNS "d11 “0D INIWJOT13AIA 8 NOILVHOTdX3 S3DUNOSIH ONINNS

‘1100 ONIYIINION WNNIHLOID JINT ‘1700 ONI¥IINIONI WINYIHLOID DT
*aL1 “0D 130M NOddIN *aL1 0D 1304 NOddIN
%TT %L %61 %0 eidoiyi3
SyIom
‘paploap Sul||lup Bulnp NRQ pue |euslew %68 %E6 %18 % 00T
90 01 (33uUeApE ||9M Ul paindoud “uawdinba Buipnpul Aj1oe)
9q 01 a.e jey) sa|qewnsuo)) | ¢-"2.d Ajddns Js1em Jojy Jo10esU0) 7-24d p-ased €-95e) z-95e) 1-958)
uol1lead0||v 1so)
S40M 3oueuSlUlew Sulpnpu| - sydom Suljp
‘uonesedaud ped Sunug - 1o} 9|gewnsuod Jofe| 'q
‘UOIIONJISUOD PeO. SSBY - 814 8ul)|up yum (3sq) eidoiyaa/voIr vOIf vIf voIf Aiddns jeusie|y
J01IB1IUOD YIOM |IA] -2l Jo1oesjuo) S9lAJSS Buljug e -2)
OBIUOD JIOM |IA) | T-"34d 10BIUO0D AIAISS sul||lig T-34d Bl B B BT yiom Sunua
(Asa) g Ajdd
- - wea3 Josiuadns aus Sulug ‘G Y2Ir Y2Ir eidoiy3 Y2Ir |ddns J33eM\
UEYNSUOD [EAUYDDL "8 | 0-"d4d eidoiyia eidoiyi eidony voIr SHIOM 11D
198png eidoiyi3 Ag 198png VOIf Ag =) g-95eD z-9seD 1-8s8) adAq som

uol3edo||e YoM

¢-ase)
pasodoud uoiledo||e Jusawaind0.d

8ul||1p ||9M 1591 J04 SISAjeue uo[1ed0||e 350D

"aLl “02 LNIWJ0T13A3A 3 NOILVYOTdX3 SIDUN0SIY ONIAINS 'l “02 LNIWAOT3IAIQA 8 NOLLYHOTdX3 SIDUNOSIH ONIAINS
"1 00 ONIIINIONT TYINYIHLOID DT "aL1 00 ONIYIINIONT TYINYIHLOID DT
*aL1 0D 130X NOddIN *aL1°0D 130X NOddIN
3|qe|leAe Ajpuasaud
juswdinbs uo/pue sjoo] - Asessaoau
Asnins 3oeLINS se juawdinba [IDs AaAuns aoepns .UWPC&EM_QE_ 9q 0} HuwﬁO._Q ay3 Jo}
JJ13UIs-098 J0) Sulyers - Jo/pue sjoo] - JewJay103n "¢ ' '

juaidioal ayl Aq

SyJom Jofew Joy

si9||ddns /sio1oesu0) - mCCmLm HWOU
paJinbal wes) Suisiauadns ’
Se SI9Y10 Jo/pue SYIOM |IAID - aus Sunug - 1|UP ||9M 1533 JO
jJuawaindold [edo] juawalinooud Jofey | ||1MS Juswaeue\ ¢
S uswageuew :yoeoudde ai1seq Syl UQ
pue NIAd 40 Juswysi|qeisy S1UBYNSUOD |B3IUYIDL 1afoid T

eidoiyi3 33(gns

JouelsIsse s)\yDIr 4o} yoeoudde oiseq v

sa11ed Yyyoqg wodj indul paloadx3




"dl1 “0D LNIWJOTIAIA B NOILVYOTdXT SIDUNOSIH ONINNS
"al1 02 ONIYIINIONI WIANNIHLOID JNT
*aL1 “0D 130M NOddIN

1591 uononpoud ‘Bui830| |[am ‘S3u13IND JO UOIIBAISSFO — ASAINS D1413USIIS-099) P

SHJOM SUNAP JO UOISIATOONS 9
uolsaiadns pue Ayljioey

Alddns ys1em Joj J01oRIIUOD) -
$9|qewnsuod

juawaindoJid ulew ayy Joy weal pue 814 yum Jayie801 Dsa -
asaueder yum Jayiadoy yuom o] ‘g Juswaindold  °q
UOISIAI3dNS pUE SYIO0M [IAID uolsiAJadns pue JuswaJinaod

J0j J01oeJlu0) JO JUsaWalnd0ld e |e30| @Y1 JO} =Jue]sisse wU_>OLQ o] ‘e

SYJOM SUl||Lp ||PM 1S3L T
S11IAINOY 10904

"d11 “0D INIWJOT13AIA 8 NOILVHOTdX3 S3DUNOSIH ONINNS
"a11 02 ONIYIINIONT WINYIHLOID JNT
*aL1 0D 1304 NOddIN

paJinbaJ se sisay1Q -
JHS ‘Sunonuow vIS3 -
SJ9Y10 Jo/pue
suolnesuadwod ‘suoliisinboe
pue| 3uipnjoul suofie|aJ alignd -

‘saunpaooud paJinbai se s1aylQ -

SAllRIISIUlWpPE Sulyerspun - JusWIaSeurW JUBWINJ0L] -
PaUI32U0I $3D10 Juswadeuew a|NPayds -

21|gnd |eUOIIBU YLIM UOIIBUIPJO0D) - juswadeuew |ealUYdI"l -

JJe3S [BUOIIRU JO UOIJRUIPIOOD - suediaqunod eidoiyig yum
JuswaSeuew 123(oud ||edanQ ] 49y31a801 Juswadeuew 109foid ||e1aAQ

wea) Juswadeuew 323[0ld Sjuelnsuod |ealuyda]

l1uswasdeuew 109loud ‘T
SIHAIOY 109[0ud

‘ALl “0J LNIWAOTIAIA '8 NOILVHOTdXT SIDHNOSTH OMIAINS
"al1“02 ONIYIINIONI IVINYIHLOID JNT
“al1“02 130X NOddIN

salllAoe 193[04d

"d11 "0D LNIWJOT13AIA 8 NOILVHOTdX3 SIDUNOSIH ONININS
"a11 02 ONIYIINIONT WINYIHLOID JNT
"1 0D 1304 NOddIN

uolI3onJ3suod ped 3ul||uq-
U0I30NJ1SU0I peod SS92IY/-

d/D ueidoiyig ayx
AQ S}40M [IAID 3U3 JO uollndaxa Ajpwi]

ii T'ON “Quiod A9y |ennuassy




"dl1 “0D LNIWJOTIAIA B NOILVYOTdXT SIDUNOSIH ONINNS
"al1 02 ONIYIINIONI WIANNIHLOID JNT
*aL1 “0D 130M NOddIN

Aunoe USAIB S}|NSa.J JUBLWISSasSe
21J13UBIDS-033 1O} SBIIAIOE SALRLSILIWPY 924n0saJ Yum 109(oud uoijessuss
uonenfers - Jamod 214303|3 40) Apnis Ajjiqisesd -
ASAINS 30BJNS [BWIBYIOSD - suom Buljup
21s ASAuns aoe}INS ||oM 1533 Y3 JOJ SIIUAIIDR SAIBIISIUIWPY

1S9 uondnpold - Sy10M pa3ejal i
SuiB8o| s -| pue Sulj|up ||am s3] 3Y3 Jo uoisiauRdng -
ABoj0a3 ||]sm - SJ0]0BJIUOD JO JUBWIINI0I] -
1S Bul[|1p ||3M IS3L M Bul(|14p [|3M 1S3L

3SD se yans
‘5921440 JBY10 Wioy Ajuley d33 wouy Ajuiepy
dnoJu8 21}13ua125-035 dnoJ8 juawsa8euew 103foud

S1UB}NSUOD |BDIUYID) —

(d433) dnou8 uswsBeuew 133oid

dnoJg 21}13Ua125-099) 7
dno.3 Juswadeuew 303l04d ‘T
sdnou3 om} Joj uoi1edo||e ajoy

*AL1“02 LNIWAO13AIA '8 NOILYHOTdX3 SIDUNOSTH OMIAINS
"1 02 ONIYIINIONT IYWYIHLOID JNT
*al1“0J 130X NOddIN

dnoJ3 21413ua125-039
Ysm Jayiado]

d33
:1ediaiunod JnQ

(pasodoud)
wesdouesdio
uolejuawa|dwi|
103lo.d

"al1 0D LNIWJOTIAIA 3 NOILVYO1dX SIDYNOSIH ONINNS
"al1 02 ONIYIINIONI WIANIHLOIO JNT
*aL1 0D 130M NOddIN

JUBWBAOW SIYY YHM
90UBPJOIIE. U| 3] ||BYS UONBIDd00D [e2IUYIRIYIIf YL T

‘paysijqeiss aq 03 pajdadxa s| Juswdopasp
|ewJay10a8 Joj AjPAISnoxe uoneziuesioognd mauy T

rguiuue|d ayy Joj Ao1jod Jno “uiesy

weJtdouedin
uollejuswa|dw| 123foud

"d11 "0D LNIWJOT13AIA 8 NOILVHOTdX3 SIDUNOSIH ONININS
"a11 02 ONIYIINIONT WINYIHLOID JNT
"1 0D 1304 NOddIN

sal/A1unod pJiy3 Jo ueder ul wesSoud Suluies] p
8uiniodau pue sisAjeue ‘Suissasoud eyeq o

"AJeSS@29u se S1ay1o Jo/pue AsAIns aunlesadwal
yadap-wz Asains NJL/LIN apnjaul Aew Asauns [eaisAydosn -

‘ASnJns |eaisAydoad ‘Asauns |e2130|099 :ASAIns plal4 ‘e

AJessadau se S1=2ylO '°

ASAJINS |B2IWRY2093

3U3 0} UMeJp 3¢ 01 330U []23dS "pasanbai pue ajgissod
JanaydIyMm elifeang Jo 119s0g JSYIIS WOJ) UOIID9[3S 9)S e

wea] e/dojy

Jo]1ell asSual|

wea) ueder

AaAns 9JBLINS J1411UaldS 099 “¢

$S311IAI10Y 10904




‘ALl “0J LNIWHOTIAIA '8 NOILVHOTdXT SIDHNOSIH OMIAINS
"11 02 ONIY3INIONI IVINYIHLOID JNT
“al1“03 130X NOddIN

Hoday |eulq ay1 01 3|qel swl|

*AL1“02 LNIWAO13AIA '8 NOILYHOTdX3 SIDUNOSTH OMIAINS
"1 02 ONIYIINIONT IYWYIHLOID JNT
*al1“0J 130X NOddIN

wesdo.d Asauns adeping A

€ UOIEN[EAS PUE 153] UOIIINPOId

€3ul|q [3M 353L

Aiddns Ja1em

SHIOM [INDD

25 UBWIINI0Id P 4

7 $10398.3U03 A[ddNS J3IEM PUE SHIOM [IA]D JO JUBISINI0I] P _

paloid (pasodoud) Sul|jp ||om 1s3] Jo}
seak gy s|npayds uoneuswa|dwi 193[0id

‘ALl “0J LNIWAOTIAIA '8 NOILVHOTdXT SIDHNOSTH OMIAINS
"al1“02 ONIYIINIONI IVINYIHLOID JNT
“al1“02 130X NOddIN

3|npayds uoneluswa|dw

"d11 "0D LNIWJOT13AIA 8 NOILVHOTdX3 SIDUNOSIH ONININS
"a11 02 ONIYIINIONT WINYIHLOID JNT
"1 0D 1304 NOddIN

Wwea} J1413Ua125-095
3
wea} Juswageuew 39foud sy
U99M13q
UOI}_UIPJO0D) YJ00WS

ii 2'ON “qulod A9y |ennuassy




‘ALl “0J LNIWHOTIAIA '8 NOILVHOTdXT SIDHNOSIH OMIAINS
"11 02 ONIY3INIONI IVINYIHLOID JNT
“al1“03 130X NOddIN

ii |lewJayl099 40} 08 S,197

"d11 “0D INIWJOT13AIA 8 NOILVHOTdX3 S3DUNOSIH ONINNS
"a11 02 ONIYIINIONT WINYIHLOID JNT
*aL1 0D 1304 NOddIN

'/T0C O
1ed AlJea ue Ul 2dusWWOI 03 pa1dadxa sl 1dafoid 9y @

"Jediayunod uerdolyly aya pue
VYOI @Yl U9aM13Q paydead 34 ||om Aew Juswaaide uy e

'9T0¢ 4990100 0 pu2
ay3 spJemoy ‘weal Suluued |1e3ap B yoledsip |[IM YIIfe

"Juswagduedle Aseiadpng 3uipnoul ‘YOIl Ulyiim sapew
3Q ||IM uolleuawWa|dwi 4O UOISIIBP pUB UOISSNISIP Ve

XN BY3 S, 3eYyM

‘aL1 “02 INIWJOTIAIA '8 NOILVHOTdXI STOUNOSIH ONIAINS
"QL1“00 ONIYIINIONI TYWYIHLOID DINT
, ‘QL1“0D 104 NOddIN
eidolyig ‘ouedue oy

édé XauU ayl s,1eym ‘usay|

*GL1 “0J LNIWAO13AIA 8 NOILYHOTdX3 SIDHNOSTH OMININS
"L 02 ONIYIINIONT IYIWYIHLOID JNT
*al10J 130X NOddIN

910¢ 'das 0g Aq
SIUSWIWIOD JNOA JOJ Sullepn

(oAyol) ¥

_
— —AH_ _smﬁﬂ (—— E

_

fuompy Bulua v _%w uoday |eul




"a1 “02 LNIWJOT3AIA 8 NOILYHO1dX3 SIDYNOSIY ONIAINS
"aL1 02 ONIYIINIONT TVINYIHLOID DINT
"aL1 02 130X NOddIN

010311y
pue ‘ o||eu,283sawWy
‘noA yuey

VIdOIH13 NI
INIWdOTIAIA TVIWHFHLOID "0
AIAYNS NOILO3TIOD Vivd

(voIr) Aousby uopesadood (359) midoiyi3
[euoneusaiu| ueder 10 AanIng [ealbojoas







APPENDIX-9
Improvement of Calculating Formulas

for Geothermal Volumetric Assessment
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ABSTRACT

The USGS volumetric method is used for assessing the electrical capacity of a geothermal reservoir. The calculation formulas
include both underground related parameters and above-ground related parameters. While primary variability and uncertainty in
this method lay in the underground related parameters, electric capacity calculated is also a function of the above-ground related
parameters. Among those parameters, the fluid temperature of the reservoir will be the key parameter for the volumetric method
calculation when used with Monte Carlo method, because this temperature is the variable (uncertain) underground related
parameter which affects the steam-liquid separation process in the separator - an_above-ground related parameter. Conventional
calculation methods do not deal with the steam-liquid separation process being affected by fluid temperature as a random variable
when used together with Monte Carlo method. In order to fix up this issue, we have derived calculation formulas by introducing
“Available Exergy Function”, thereby, the fluid-temperature-dependant separation process can be included in the equations together
with the fluid temperature as a random variable. This paper presents the electricity capacity calculations formulas that can be used
for the volumetric method together with Monte Carlo method. In addition, a comparison is also made between the proposed method
and the USGS method. The theoretical background of the proposed formula has eventually proved to be as same as USGS method
except for a few parameters adopted.

Keywords: triple point temperature; single flash power plant; steam-liquid separation process at separator; available exergy
function; adiabatic heat drop at turbine

1. INTRODUCTION - ISSUES OF THE CALCULATION METHODS BEING AVAILABLE
The USGS (1978) defines the reservoir thermal energy available under a reference temperature by the following equation.

qr = pCV(T, — Tref) [kJ] (Ea. 1)

Where q, is geothermal energy that is stored in geothermal reservoir and is able to be used under reference temperature conditions,
pC is volumetric specific heat, V is reservoir volume, T, is reservoir temperature and T,.. is reference temperature. It describes
that the reference temperature (15 °C) is the mean annual surface temperature and for simplicity is assumed to be constant for the
entire United States. A set of calculation equations are presented, on the basis of the second law of thermodynamics, to estimate
electric energy to be converted from geothermal energy available under the reference temperature. Parameters required for the
calculation of the electric generation capacity by using the USGS method are summarized below.

Table 1 Classification of Parameters for USGS Method (1978)

A. Underground related parameters B. Above-ground related parameters
a-1. Reservoir volume: V [m3] b-1. Reference temperature: T, [°C]
a-2. Reservoir temperature: T, [°C] b-2. Utilization factor: ny[ - ]

a-3. Volumetric specific heat: pC [k]/m3 — K] b-3. Plant life: L [sec]
a-4. Recovery factor: R, [ -] b-4. Plant factor: F [ - ]

While primary variability and uncertainty in this method lay in the underground related parameters, considerations have also been
directed to above-ground related parameters. The USGS method defines “utilization factor’ to convert heat energy to electric energy,
giving 0.4 (USGS 1978). It was updated to 0.45 by USGS (2008). USGS (1978) states the given utilization factor is applicable only
for the case that the reference temperature is 15 °C (the average ambient temperature in the United State) and the condenser
temperature is 40 °C. On the other hand, S. K. Garg and J. Combs (2011) pointed out that the utilization factor depends on both
power cycle and the reference temperature; the available work (calculated electric energy) is a strong function of the reference
temperature. This suggests that type of power cycle has to be defined to obtain valid results when practicing the volumetric method.

We consider here a single flash condensing power cycle as a typical plant. Electric energy to be generated is calculated by well
established calculation processes for turbine-separator-condenser performance in accordance to thermodynamics; the electric
energy generated is principally dependent on fluid temperature sent to separator together with separator temperature and condenser
temperature; a set of each fixed temperature may be given into the calculation process. However, these conventional calculation
methods are not applicable when practicing the volumetric method together with Monte Carlo method because the fluid
temperature shall be dealt as a random variable due to its uncertainty and the steam-liquid separation process is a fluid-temperature-
dependant process. Calculation equations for the volumetric method need to satisfy those two requirements when used with Monte
Carlo method. In order to provide this issue with a solution, we have derived calculation formulas by introducing “Available
Exergy Function”, thereby, fluid-temperature-dependant separation process can be included in a equation together with the fluid
temperature as a random variable for the use with Monte Carlo method.

With the concept above, Takahashi and Yoshida (2015 a, 2015 b) proposed a simplified calculation formula, assuming a single
flash condensing power cycle of the separator temperature 151.8 °C and condenser temperature 40 °C; the formula includes fluid
temperature as a random variable and the function that reflects the fluid-temperature-dependant steam-liquid separation process;
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53 that can be used with Monte Carlo method. We herein refined the proposed method and expand its application to various
54 combinations of separator and condenser temperatures assuming a single flash condensing power cycle.

55 Discussions on other important subjects of the underground related parameters are out of the scope of this paper. We believe the
56 proposed equations will provide clearer ideas on the reservoir potential once the underground related parameters are properly
57 defined.

58 2.  SUMMARY OF THE PROPOSED CALCULATION EQUATIONS

59 The key points of the proposal are described below. A detailed explanation on how the equations have been derived are presented
60 in Chapter 3 for verifications by readers.

61 1. We placed the “triple point temperature” in the equation-2 for the place of the reference temperature of the equation-1 of
62 USGS (1978). The equation-2 represents the heat energy potentially stored in the geothermal reservoir, whereas the equation-
63 1 defines the heat energy available in the reference temperature condition out of the heat energy potentially stored in a
64 geothermal reservoir._This is because the fluid recovered at well head is sent to the power plant before exposed to any of
65 reference conditions.

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

67 accordance to thermodynamics. This equation is eventually proved to be the same as the one given by USGS (1978) as the
68 “Available Work” (Chapter-11).

69 3. We defined the “Available Exergy Function” by the equation-7. This represents the ratio of the exergy at a turbine-generation
70 system against the total heat energy recovered at well head. Inclusion of the function in the calculation formula is the key
71 idea of this paper.

72 4. By using the Available Exergy Function, the electricity to be generated is given by the equation-10. “Exergy efficiency”,
73 instead of “utilization factor”, is included in the equation to tie up with the “exergy” adopted. This is the base equation from
74 which approximation equations for application are derived.

75 5. For the separator temperature of 151.8 °C and the condenser temperature of 40 °C as an example; an approximation of the
76 Available Exergy Function is given first as cubic polynomial as in_the equation-21; this polynomial approximation is further
77 simplified by the equation-23 for practical uses; Exergy efficiency is approximated in the equation-25, -26 based on 189
78 actual performance data; Electricity to be generated is given by the equation-27.

79 6. A comparison with USGS method is discussed in Chapter 8 and Chapter 11 for further reference. A discussion on the
80 utilization factor defined by USGS is also given in Chapter-11

81 2.1 Application

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

84 2.1.1 Underground Related Conditions

85 The underground related parameters listed in Table 1 shall be determined first. We referred to the USGS method (1978) for the
86 definitions and applications of those parameters. For the proposed calculation method, those parameters can be random variables
87 for Monte Carlo method as has been practiced in the past. Much attention and examination shall be directed to the determination of
88 those parameters because primary variability and uncertainty lay in the underground related parameters. Discussions on how to
89 determine those parameters are out of scope of this paper.

90 2.1.2 Geothermal Fluid Conditions for the Proposed Method

91 We assume the geothermal fluid is the single phase liquid conditions in the reservoir. This is because “a fluid that is all liquid has
92 a smaller entropy value than a two phase fluid with same enthalpy; thus, the available work (exergy) value assuming liquid water is
93 greater than any two-phase mixture of the same enthalpy and is an appropriate reference condition” (USGS 1978). The enthalpy of
94 the fluid in the reservoir usually decreases when it comes up to the wellhead due to the partial or entire flashing, frictions,
95 gravitational forces and/or others. We, however, assume the fluid enthalpy available at the wellhead should correspond to the
96 enthalpy of the single phase liquid in the reservoir. The loss of enthalpy while the fluid comes up to the well head could be
97 included in the recovery factor when practicing the volumetric method.

98 2.1.3 Above-Ground Conditions for the Proposed Method

99 A single flash condensing system is assumed, where separator temperature and condenser temperature shall be pre-determined.
100 The combination of separator temperature and the condenser temperature will be the index for selection of the simplified
101 calculation equation presented in Table 2. Discussions on how to determine the separator temperature and the condenser
102 temperature in relation to geothermal fluid characteristics are out of the scope of this paper. The following presentation however
103 may be helpful.

104 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
105 bar-a, with two cases of condenser temperatures of T.; =40°C or T.,; =50°C, for the geothermal fluid temperature raging from 200
106 °C to 350 °C, (assuming R,pCV=1 for the calculations of relative outputs). Power output may be maximum when the separator
107 pressure of 5 or 6 bar-a for the fluid temperature of 250 °C - 275 °C. These separator pressures may be recommended for an initial
108 stage of resource evaluation if other conditions should allow to do so. Note that power output will be about 88 % when condenser
109 temperature increases from 40 °C to 50 °C with the separator pressure of 5 bar-a just for a reference.
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Figure 1 Relative Power Output for Various T, with T4 =40 °C (Left) or T4 =50 °C (Right)

2.1.4 A Note on “Reference Temperature” and “Utilization Factor”

For the proposed calculation method, we do not use such generalized temperature names as “reference temperature”,
“abandonment temperature” or “rejection temperature”. Instead, specified temperatures as “triple point temperature”, “separator
temperature” and “condenser temperature” are used to avoid possible misunderstandings. We do not use ‘utilization factor’ either,
because it is originally defined for the use exclusively in the United State. It is a rather region specific factor. Instead of the
“utilization factor”, we use plant specific “exergy efficiency” (defined by Equation-24) together with plant specific “exergy”
(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
paper for further observation.

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

E : Electric energy [k]] pC = (1 — @)Crp, + 9Crps : Reservoir volumetric specific heat [k]/m> — K]
R, : Recovery factor [-] ¢ :Porosity []

V  : Reservoir volume[m?] C, : Specific heat of rock [k]/kg]

T, : Average reservoir temperature [°C] pr - Rock density [kg/m?]

Cy: Specific heat of fluid [k] /kg]
py: Fluid density [kg/m?3]

A calculation equation is uniquely given by selecting a combination of the temperatures of the separator and the condenser.
Numerical constants in the equations in Table-2 shall not be modified or changed in any case. These are the products from a series
of approximation processes. Coefficients of the turbine-generator efficiency are included in the numerical terms in the equations
based on information of actual power plants all over the world.

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

W, = E/(FL) [k]] or [kW]

Where; “We” is the average output capacity of the power plant, “F” is the plant utilization factor, “L” is the plant life period (sec).
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132 Table 2 Proposed Calculation Equations for Volumetric Method
Conditions
Eq.-ID Separator Condenser Electric Energy (kJ) Linear Approximation
P (bar-a) | T (°C) | P (bar-a) T(°C)

230 2 120.2 0.04 30 ( 019 + 001 )* RgpCV *( T, - 1202 )
240 2 120.2 0.07 40 ( 017 + 001 )* RgpCV *( T, - 1202 )
250 2 120.2 0.12 50 ( 014 =+ 001 )* RgpCV *( T, - 1202 )
260 2 120.2 0.20 60 ( 011 + 001 )* RgpCV *( T, - 1202 )
370 2 120.2 0.31 70 ( 009 £ 001 )* RypCV *( T, - 1202 )
330 3 133.5 0.04 30 ( 023 + 001 )* RgpCV *( T, - 1335 )
340 3 133.5 0.07 40 ( 020 + 001 )* RgpCV *( T, - 1335 )
350 3 133.5 0.12 50 ( 017 + 001 )* RgpCV *( T, - 1335 )
360 3 133.5 0.20 60 ( 014 =+ 001 )* RgpCV *( T, - 1335 )
370 3 133.5 0.31 70 ( 012 + 001 )* RgpCV *( T, - 1335 )
430 4 143.6 0.04 30 ( 025 + 0.02 )* RgpCV *( T, - 1436 )
440 4 143.6 0.07 40 ( 022 + 001 )* RgpCV *( T, - 1436 )
450 4 143.6 0.12 50 ( 019 = 001 )* RgpCV *( T, - 1436 )
460 4 143.6 0.20 60 ( 017 + 001 )* RpCV *( T, - 1436 )
470 4 143.6 0.31 70 ( 014 =+ 001 )* RgpCV *( T, - 1436 )
530 5 151.8 0.04 30 (027 =* 002 )* RgpCV *( T, - 1518 )
540 5 151.8 0.07 40 ( 024 + 002 )* RgpCV *( T, - 1518 )
550 5 151.8 0.12 50 ( 021 + 001 )* RgpCV *( T, - 1518 )
560 5 151.8 0.20 60 (019 =# 001 )* RgpCV *( T, - 1518 )
570 5 151.8 0.31 70 ( 016 + 001 )* RgpCV *( T, - 1518 )
630 6 158.8 0.04 30 ( 029 + 002 )* RgpCV *( T, - 1588 )
640 6 158.8 0.07 40 (026 £ 002 )* RgpCV *( T, - 1588 )
650 6 158.8 0.12 50 ( 023 + 002 )* RgpCV *( T, - 1588 )
660 6 158.8 0.20 60 ( 020 + 0.01 )* RypCV *( T, - 1588 )
670 6 158.8 0.31 70 ( 018 +* 001 )* RgpCV *( T, - 1588 )
730 7 165.0 0.04 30 ( 031 + 0.02 )* RypCV *( T, - 1650 )
740 7 165.0 0.07 40 ( 028 + 002 )* RpCV™*( T, - 1650 )
750 7 165.0 0.12 50 (025 +* 002 )* RgpCV *( T, - 1650 )
760 7 165.0 0.20 60 ( 022 + 001 )* RgpCV *( T, - 1650 )
770 7 165.0 0.31 70 ( 019 + 001 )* RgpCV *( T, - 1650 )
830 8 170.4 0.04 30 ( 032 + 0.02 )* RgpCV *( T, - 1704 )
840 8 170.4 0.07 40 ( 029 + 002 )* RgpCV *( T, - 1704 )
850 8 170.4 0.12 50 ( 026 + 002 )* RgpCV *( T, - 1704 )
860 8 170.4 0.20 60 ( 023 + 002 )* RgpCV *( T, - 1704 )
870 8 170.4 0.31 70 ( 021 + 001 )* RgpCV *( T, - 1704 )
930 9 175.4 0.04 30 (034 =+ 002 )* RgpCV *( T, - 1754 )
940 9 175.4 0.07 40 ( 031 + 0.02 )* RgpCV *( T, - 1754 )
950 9 175.4 0.12 50 ( 028 + 002 )* RgpCV *( T, - 1754 )
960 9 175.4 0.20 60 (025 +# 002 )* RgpCV *( T, - 1754 )
970 9 175.4 0.31 70 ( 022 + 001 )* RgpCV *( T, - 1754 )
1030 10 179.9 0.04 30 ( 035 + 0.02 )* RgpCV *( T, - 1799 )
1040 10 179.9 0.07 40 (032 =+ 002 )* RgpCV *( T, - 1799 )
1050 10 179.9 0.12 50 ( 029 + 0.02 )* RgpCV *( T, - 1799 )
1060 10 179.9 0.20 60 ( 026 + 002 )* RpCV *( T, - 1799 )
1070 10 179.9 0.31 70 ( 023 + 001 )* RgpCV *( T, - 1799 )
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3. DERIVING THE PROPOSED EQUATIONS

We will describe hereunder how the proposed calculation equations have been derived. The key abbreviations used correspond to
those in Figure 2.

E = Nex(Ap;, — Dtbgy)

( N
Separator Qib;,,

—p|| T=T

lllllllll>

Steam
Turbine

Generator

Condenser -

Qwn = qur R

RN N N N N N N N N RN NN NN NN NN N NN

[ qr = PCV(T; — Typ) ] Reservoir

Figure 2 Simplified Single Flash Power Plant Schematic.

3.1 Thermal Energy Potentially Stored in Geothermal Reservoir
The thermal energy potentially stored in a geothermal reservoir is given as follows.

qr = pCV(T, — Ttrp) [kJ] (Eq.2)
Where T, is triple point temperature (T,,=0.01°C for pure water).

Note that we placed Ty, (triple point temperature) in the equation Eq. 2 for the position of T,.., (reference temperature) of the
equation Eq. 1 given by USGS (1978). The equation-2 represents the heat energy potentially stored in the geothermal reservoir,
whereas the equation-1 defines the heat energy available in the reference temperature condition out of the heat energy potentially
stored in a geothermal reservoir. The process of utilization of the geothermal fluid stored in a reservoir is made through three steps;
(i) First, the geothermal fluid having the heat energy potentially stored in the reservoir is recovered at the well head (with recovery
factor to be considered. See section 3.2); (ii) Second, the recovered fluid is sent into a energy utilization system before exposed to
any of ambient conditions; (iii) Third, the heat energy, after utilized, decreases down to the final state condition. The equation Eq. 1
represents the heat energy made available through these three steps. Here, we consider the heat energy of the geothermal fluid at the
first step only, where the fluid is not yet exposed to any of reference conditions such as the ambient temperature; the geothermal
fluid retains potentially available heat energy at this step. In accordance to thermodynamics, potentially available heat energy of
geothermal fluid of temperature T,. °C is given by the equation Eq. 2 using the triple point temperature. The triple point temperature
is the extreme minimum temperature for the reference temperature in thermodynamic. The potentially available heat energy is sent
into the geothermal power plant.

3.2 Thermal Energy in the Reservoir, Recovery Factor
Since not all heat energy is recovered, the recovery factor is defined by USGS (1978) as follows.

Rg = qwn/4qr [-] (Eq. 3)

Where R is the recovery factor, and gy is the heat energy recovered at the well head.
From the equations Eq. 2 and Eq. 3, the heat energy recovered at the well head is expressed by the following equation.
qwH = RgPCV(Tr - Ttrp) [kJ] (Eg. 4)

This recovered heat energy is sent into separator through a adiabatic treated fluid transport pipe system without losing its energy
to the ambient.
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3.3 Electric Power Output from Turbine-generator

Electric power output generated by a steam turbine-generator system is expressed by the following equation using “adiabatic heat
drop” between the heats at the turbine entrance and at the turbine exit (DiPippo 2008 or Hirata, et al 2008 or other references on
thermodynamics).

E = Nex my,, (hyp,, — hyp,,,) [kJ] (Eq. 5)
or
E = Nex(eby,, — Qeby) [kJ] (Eq. 6)

Where 7., is the turbine-generator efficiency (exergy efficiency), my,,, is the mass of the steam at turbine entrance, hy,,  is the
specific enthalpy at the turbine entrance, h¢;_, is the specific enthalpy at the turbine exit, gy, is the thermal energy of the turbine
entrance, qyp,,,, is the thermal energy of the turbine exit.

Note that the k., , is the heat energy at turbine exit under the condition when the heat at turbine entrance and heat at condenser
(final state) are given, the explanation for this will be given in section 4.2.2; that the n,, defined as the turbine-generator efficiency
(exergy efficiency) is different from the ‘utilization factor’ defined by the USGS (1978). Also note that E defined by Eq. 5 is
eventually proved to be the exergy energy (Available work) defined by USGS (1978) in Section 11 of the paper.

3.4 Definition of Available Exergy Function
We herein define the following equation. We name it “Available Exergy Function”

= (Qeby, = eby )/ Awn [-] (Eq.7)
Where ¢ is the Available Exergy Function.

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

3.5 Deriving the Rational Calculation Equation
We reform the equation Eq. 7 to the following equation.

@b, — eb,,,) = § Qwn [kJ] (Eq. 8)

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

E =M0ex { qwn [kJ] (Eq. 9)
Further, gy in the equation Eq. 9 is replaced with the equation Eq. 4, resulting in the following equation.
E =10y { pCV(T, — Ttrp) [kJ] (Eq. 10)

The equation Eq. 10 expresses the electric energy generated at a turbine-generator; the electric energy converted from the thermal
energy sent into the turbine-generator of the efficiency 7., (exergy efficiency).

4 CALCULATION OF THE AVAILABLE EXERGY FUNCTION

Although the equation Eq. 10 gives the electric energy to be converted from the thermal energy recovered at the well head, the
equation is not ready for a practical calculation in field. This has to be expressed as an equation that shall be practically and user-
friendlily used.

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

a.  Geothermal fluid recovered at well head is assumed to have the enthalpy that corresponds to the enthalpy of the single
phase liquid stored in the reservoir (as stated in 2.1),

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

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

4.2 Deriving the Calculable Equation of “Available Exergy Function {”

The Available Exergy Function consists of thermal energies (i) at the well head, (ii) at the turbine entrance and (iii) at the turbine
exit. Calculation processes of these three thermal energies are explained hereunder step by step.

4.2.1 Geothermal energy recovered at the wellhead ( gy y)
The geothermal energy at the well head is expressed by the following equation®.

Qwn, = Mwu; hwa, [kJ] (Eq. 11)

! Note that the equation myy = qwn/(hwy — hyep) given by USGS(1978) is valid only when h,..r = 0.
6



This is an authors manuscript version after accepted by Geothermics, before the proofing process. The final version is available on:
http://dx.doi.org/10.1016/j.geothermics.2016.04.011
0375-6505/© 2016 Elsevier Ltd. All rights reserved.

214
215
216

217
218
219
220

221

222

223

224

225
226
227
228

229

230
231
232

233

234

235

236

237
238
239

240

241

242

243

244

245
246

247

248
249

250
251

252
253
254

255
256
257
258
259
260

S. Takahashi and S. Yoshida, Nippon Koei, Co., Ltd, Tokyo

Where gy, is the geothermal energy recovered at the wellhead, my,;, is the mass of the liquid recovered at the wellhead, Ay,
is the specific enthalpy of the fluid recovered at the wellhead.

4.2.2 Thermal energy at turbine entrance (q¢p,,)

The geothermal fluid recovered at the well head is sent into the separator, separated into steam fraction and liquid fraction; and the
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
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
equation Eq. 15 below.

Qiby, = Msp,hsp, [kJ] (Eq. 12)
Mgp, = Asp,MwH, [kl (Eq. 13)
asp, = (hwn, — hsp)/(hsp, — hgp,) [-] (Eq. 14)
Qeby,, = Asp,Mwn By, [x]] (Eq. 15)

Where gy, is the thermal energy sent into the turbine, my,,_is the mass of the steam fraction separated at the separator and sent
into the turbine, h,_is the specific enthalpy of the steam fraction separated at the separator and sent in to the turbine, agy,_is the
ratio of the steam mass fraction separated at the separator, hyy, is the specific enthalpy of the liquid fraction separated at the
separator.

4.2.3 Thermal energy at turbine exit (q;p,,,,)

The dry steam sent into the turbine is losing its thermal energy being converted into electric energy. At the same time the dry
steam is becoming to be wet steam. The thermal energy of the wet steam exhausted at the turbine exit is given in the following
equation. Note the mass of the steam fraction at the turbine entrance is preserved at the turbine exit.

Atboye = mspshtboutSL [kJ] (Eq. 16)

Where gy, is the thermal energy at the turbine exit, htboutﬂis the specific enthalpy of the wet steam fraction at the turbine exit.
Dryness of the steam exhausted at the turbine exit is given by the following equation (DiPippo 2008 and/or Hirata et. al 2008).

X = (ssps - Scd,_)/(scds - scd,_) [-] (Eq. 17)

Where y is the quality of steam (dryness of steam), s,,_is the entropy of the steam at the separator, sc4, is the entropy of the
liquid at the condenser and s.,_ is the entropy of the steam at the condenser. Using the equation E. 17, the specific enthalpy of the
wet steam fraction exhausted at the turbine exit is given by the following equation.

hyp =heq, + (heq, — hea)x [kJ/kg] (Eq. 18)

Where hg, is the specific enthalpy of the liquid at the condenser and k. is the specific enthalpy of the steam at the condenser.

outgy,

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

dtb, = aspsmWHLhtbthL [kJ] (Eq. 19)

4.2.4 The Available Exergy Function (1)

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

(= Asp, (hsps - htboutSL)/hWH,_ [-1] (Eq. 20)

An approximation equation of the Available Exergy Function will be derived by the equation Eq. 20 through specifying the
combination of a separator temperature and a condenser temperature.

5 APPROXIMATION EQUATION (AN EXAMPLE) OF AVAILABLE EXERGY FUNCTION
5.1 Step One Approximation to Cubic Polynomial

In order to convert “Available Exergy Function” into a calculable equation, a set of a separator temperature and a condenser
temperature has to be selected first. There are a number of combinations of the temperatures; among those one sample
approximation equation is derived assuming a typical temperature combination.

a.  Separator temperature :151.8°C (0.5 MPa)
b.  Condenser temperature : 40.0°C (0.007 MPa)

The correlation between the geothermal fluid temperature and the Available Exergy Function is presented in Figure 3 for this
example. Figure 3 shows that the thermal energy contributing to electricity power generation in the turbine ranges from 8% to 16 %
for the geothermal fluid temperature ranging from 200 °C to 300 °C.

7
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262 Figure 3 Available Exergy Ratio vs. Fluid Temperature

263 (for Ts,=151.8 °C, Tq=40.0 °C)

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

265 {=0.0000000127 T3 — 0.0000124900 T2 + 0.0046543806T, — 0.4591082158  (Eq. 21)

266 Note that the Available Exergy Function shall be zero (¢ = 0) when the fluid temperature equals to the separator temperature

267 according to the definition of the equation (see Eq. 7). For this example of the separator temperature Ts,=151.8 °C , ¢ shall
268 theoretically be zero (¢ = 0). (However, this is not necessarily attained by the approximation although we specified ten digits after
269 the decimal point for the coefficients.)

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

271 The equation Eq.21 as an approximation equation of the Available Exergy Function, is still somewhat too large to be used as a
272 user-friendly calculation equation. Thus, a simpler and more user-friendly approximation equation is hereunder derived.

273 Figure 4 shows a lenear correlation between {(T. — Ty,) in the equation Eq. 10 on the vertical axis and (T, — Tg,) on the
274 horizontal axis. Since when T, = Ty, (=0, the correlation between {(T. — Typ) and (T, — Typ) is expressed by the following
275 equation.

276 (T = Top) = AT, — Tgy) [-] (Eq. 22)
277 Where A is a constant.

278 For this example of T;,=151.8 °C and Tq =40 °C the equation Eq. 22 shall be as follows (Figure 4).

279 (T, — Typ) = 0.3155(T, — 151.8) [-1 (Eq. 23)
280 (For Tgp=151.8 °C and T4=40 °C only)

C*(Tr'Ttrp) V.S (Tr - Tsp)

=0.3155x
60 )r/"é = u.wvi//"/
Q250
el
. o
e

0 50 100 150 200 250

281 T Tsp
282 Figure 4 Linear Approximation {(T, — Ty,) and (T, — Tgp)
283 (for Ts,=151.8 °C, Tq=40.0 °C)
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6 TURBINE-GENERATOR EFFICIENCY (ey)

The equation Eq. 5 defines the electric energy converted from the thermal energy, using the adiabatic heat-drop concept at a
turbine. The equation includes the turbine-generator efficiency (exergy efficiency). The equation Eq. 5 is reformed to the following
equation.

Nex = E/{mgy, (Dey,, — hen,, )} [-] (Eq. 24)

We analyzed the correlation between turbine-generator efficiencies (n,, ), and temperature drops (Ty,, — Tcq) Of turbine

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

Turbine-Generator Efficiency vs (T, - Teg)

Efficiency = 0.1639In(T,,-Teg) - 0.0018
with 80% occurence probalility lines

o
©

4
o

Turbine-Generator Efficiency
° °

o
@

20 40 60 80 100 120 140 160 180 200

Tsp - Tcd (oc)

Figure 5 Turbine-Generator Efficiency from 189 data

Nex = 0.164 In(Ty, — Teq) — 0.002 +0.05 [-1 (Eq. 25)
Where Ty, is the temperature of the turbine entrance and T4 is the temperature of the condenser.

The actual efficiency of a turbine-generator system depends on many factors that include the efficiency of basic power plant
design, resource temperature, concentrations of dissolved gases in the reservoir fluid, the condition of plant maintenance and so on.
For this reason, we included an range of + 0.05 in the approximation equation Eq. 25, which encompasses 153 data among the 189
data (approximately 80% occurrence probability).

For this example of T, = 151.8 °C and Tq=40 °C, the equation Eq. 25 is as follows.

Nex = 0.77 £ 0.05 [-] (Eq. 26)
(For the case of Ts,= 151.8 °C and T,4=40 °C only)

7. ARATIONAL, PRACTICAL AND USER-FRIENDLY EQUATION FOR VOLUMETRIC METHOD
7.1 Approximation For the Example of Ty,= 151.8 °C and Tq=40 °C

Replacing (T, — Typ) and ney in the equation Eq. 10 with the equations Eq. 23 and Eq. 26 gives the following equation.
E=1(0.24 +0. OZ)RngV(Tr —151.8) [kJ] (Eq. 27)
(For the case of Tg,=151.8 °C  and Tq=40 °C only)

The equation Eq. 27 above gives the electric energy converted in the geothermal power plant with separator of T,,= 151.8 °C and
condenser of T.q=40 °C. The other factors, i.e. recovery factor (Rg), Volumetric specific heat of the reservoir (pC), reservoir volume
(V) and average reservoir temperature (T,) have to be given by the practitioners in charge.

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

We have derived approximation equations for various sets of separator temperatures and condenser temperatures, so that
practitioners may select one or some of those that may suite to their site conditions. The equations are presented in Table-2.

8. A COMPARISON WITH THE USGS METHOD
A comparison is made between the proposed method and the USGS method.
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In theory, T.e¢ should be T, in USGS method when fluid is sent into a geothermal power plant directly. But, here T.er = 15 °C is

assumed because the utilization factors (0.4 and 0.45) might have been given with the assumption that the T.s is the average
ambient temperature of the USGS . The conditions for the comparison is summarized in Table 3.

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

Proposed method

USGS method
(for Ty, = 151.8 °C and T4 = 40 °C)

Triple point temperature for potential heat stored

Reference Temperature Ambient temperature (15 °C) in reservoir (0.01°C)
Separator temperature Not given 151.8 °C
Condenser temperature 40 °C 40°C
Approximation value of Exergy efficiency (ney)
Factor in equation Utilization factor (n,) X Availéb!e exergy function (Q)
0.40, 0.45 0.22 (minimum), 0.24 (central value),

0.26 (maximum)

Reservoir related factors (RgpCV) = 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
with the utilization factor of 0.4 is in good agreement with the proposed method when fluid temperature is over 250 °C
approximately.

While the USGS method treated the utilization factor as constant possibly for a practical reason, it shall be variable in theory. The
utilization factors as variable is calculated in Section 11.1. We calculated the relative power output using “utilization factors as
variable”. The relative power output of the USGS method with variable utilization factor is shown in Figure 6 (Right). It
demonstrates that the result of the USGS method is on the line of the proposed method with the approximation coefficient of 0.24.

50 o 50
s e S
¥
40 40 So.
é 5 5 v.’
S =3 e
= 535 o
(2 o d.
@ 30 — 20 £l
S s
g 3
T 25 Q25
2 2
=20 =
% -+ ACoef=0.26 w20
o 15 - A.Coef.=0.24 &) +++A.Coef=0.26
—A.Coef.=0.22 15 - A.Coef.=0.24
10 . ;-" =) Factor=0.4 " —A.Coef.=0.22
2 * *U.Factor=0.45 ® U.Factor=variable
5
150 200 250 300 350 % 0 0 - a0 w0
Fluid Temperature (°C) Fluid Temperature (°C)
Proposed Method (for Ty, =151.8 °C, Teq=40°°C) and USGS method | pronosed Method and USGS method with variable utilization factor (for
(fixed Utilization factor of 0.40 and 0.45, T,.;=15 °C and T.q=40 °C) hothT,, =151.8 °C, T,q=40 °C; only for USGS T,;=15 °C)
sp . il C ' rel

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

It has become evident that both of the USGS method and the proposed method are on the same theoretical basis (see the section
11.2). The major difference is that the USGS method defines the Utilization factor as a constant, whereas the proposed method
deals all factors as dynamic variable factors. Thus, the proposed method is more ‘accurate’ than the USGS method although the
method is expressed by approximation equations. Moreover, the proposed method is much simpler and therefore much more user-
friendly, particularly when practiced with Monte Carlo Simulation.

9. NOTES AND DISCUSSIONS

It has been pointed out that the USGS method may have given larger resource estimations than that of reservoir resources actually
available on site. Thus, the proposed method may also give excessive resource estimation than actual. In connection with this issue,
one may be tempted to calibrate the equations by changing the constants in the equations of the proposed method. However, any of
the constants shall not be changed, because the equations in Table-2 do not represent any of thermodynamic implications directly;
the separator temperature in the second brackets acts only for zero-point adjustment; the constants in the first brackets are only the
resultants of the approximations.

10
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If the calculation results should not agree to the reservoir resource actually available, such reservoir related factors have to be
reviewed as recovery factor (Rg), volumetric specific heat of the reservoir (pC), reservoir volume (V) and average reservoir
temperature (T,). In particular, recovery factor (Rg) and reservoir volume (V) shall have to be examined prudently, because the two
factors will give significant impacts on the resource assessment.

10. CONCLUSIONS

The USGS method is widely used for assessing the electrical capacity of a geothermal reservoir. While the under-ground related
parameters will have significant impacts on the resource assessment, the electric capacity calculated is a strong function of the
above-ground related conditions. The fluid temperature recovered at well head will be the key parameter for the volumetric method
calculation when used with Monte Carlo method, because this temperature is the variable (uncertain) underground related
parameter which affects the steam-liquid separation process in the separator - an_above-ground related parameter. \We have derived
calculation formulas by introducing “Available Exergy Function”, thereby, fluid-temperature-dependant separation process can be
included in the equations together with the fluid temperature as a random variable for the Monte Carlo method. It is expected that
this calculation method may provide clearer ideas on geothermal resources assessment because the above-ground related
parameters are separately defined from the much uncertain underground related parameters. The proposed calculation formulas is
proved to be on the same theoretical base of the USGS method (1978). They may thus give larger resource estimation than actually
monitored on site if conventional underground related parameters should be selected. However, any of coefficients in the equations
of the proposed method must not be changed or adjusted or calibrated. It is the underground related factors that shall be reviewed.
In particular, recovery factor and/or reservoir volume have to be reviewed.

11. ADDITIONAL NOTES
11.1 About Utilization Factor of the USGS Method
The utilization factor defined by the USGS (1978) is as follows.

Ny = E'/Wy [-] (Eq. 28)

Where 1 is the utilization factor; W, is the thermodynamically available energy produced at a thermo-engine, into which all
energy of the recovered fluid at well head (originally under the ambient condition in the United State) is assumed to be sent in. E” is
the electric power generated at the thermo-engine, into which only the steam fraction separated at the separator is assumed to be
sent in.

The USGS has given the constants of 0.40 (USGS 1978) or 0.45 (USGS 2008) to the utilization factor as an empirical factor.
However, the factor shall be a variable because W, and E'are given by the following exergy equations, based on the USGS
theoretical concept.

W, = myy, {hwa, — hrer, — T, (Swn, — Srer,)} [kJ] (Eq. 29)

E' = nexmsps{hsps - hch - TgfiL (Ssps - Sch)} [kJ] (Eqg. 30)

Where TrKele Tc’ij are temperature of liquid in reference (i.e. ambient) condition and the condenser in K (absolute temperature)
respectively; hpr , heq, are specific enthalpy of liquid in reference (i.e. ambient) condition and in the condenser respectively;
SwH, » Sref,, » Sca, are specific entropy of the liquid at the well head, in reference (i.e. ambient) condition and in the condenser
respectively. The numerical utilization factors calculated by the equation Eq. 28, Eq. 29 and Eq. 30 for the case of Ts,=151.8 °C,
T.q=40.0 °C and n¢4=0.77 are as shown in the table below.

Table 4 Utilization Factors as Variable (for Tg,=151.8 °C, Tcq=40.0 °C, N¢x=0.77)

Fluid temperature at Well head ( °C ) Utilization factor (variable)
200 0.27
250 0.36
300 0.39
340 0.40

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

11.2 Theoretical Background of the Proposed method

We presented first the adiabatic heat drop concept for the proposed method in the equation Eq. 5. The specific enthalpy of the
turbine exit was expressed by the equations Eq. 16, Eq. 17 and Eq. 18. Among those, combination of the equations Eq. 17 and Eq.
18 gives the following equation.

htb,mtSL = hch + (hcds - hch){(Ssps - Sch)/(Scds - scd,_)}
= hch + Trl:(d,_(scds - Sr:d,_){(ssps - Sch)/(Sr:ds - Sch)}

= heg, + TE, (Ssp, — Sca,) [kJ/kg] (Eq. 31)

11
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Further combination of the equation Eq. 5 and Eq. 31 gives:

E = nexmtbin{htbi“ - hch - TclfiL(Ssps - Sch)} [kJ] (Eq. 32)

Where mgp =my,, , hg, =hg,

sps™ " tbin

The equation Eq. 32 has been derived from the concept of the proposed method (adiabatic heat-drop at turbine), whereas the
equation Eq. 30 from the USGS method (exergy exergy). The electric energy outputs of the two methods have become eventually
to be expressed by the same equation. Thus, the two methods have been proved to be on the same theoretical basis

12. ACKNOWLEDGMENTS

We would like to express our greatest appreciation to the Japan International Cooperation Agency (JICA), who allows and supports
us in conducting this work in courses of JICA financed geothermal development surveys in east African countries. We also would
like to express our gratitude to Prof. Hirofumi Muraoka, Daisuke Fukuda and our colleagues working together for helpful
discussions and suggestions as well as Nippon Koei Co., Ltd for supporting us to complete this work. We also extend our
appreciation to the editor and the reviewers who provided us with suggestive comments that encouraged us to make revisions of
this paper. Finally, we would thank the professionals who communicated with us for our previous work (Takahashi and Yoshida
2015a) that is the base of this paper, the names of whom are presented with thanks in the previous work.

REFERENCES

DiPippo, Ronald. Geothermal Power Plants; Principles, Applications, Case Studies and Environmental Impact, 2nd edition.
Oxford, UK: Elsevier, 2008.

ENAA: Engineering Advncement Association of Japan. Study on Small Scale Geothermal Power Generation and Cascade Use of
Geothermal Energy (in Japanese). Tokyo, Japan: Japan Oil Gas and Metals Nationla Corporation, 2013.

Garg, Sabodh, K. and Jim Combs. A Reexamination of USGS Volumetric "Heat in Place" Method. Stanford, CA, USA:
Proceedings, 36th Workshop on Geothermal Reservoir Engineering, Stanford University, 2011.

Grant, M. A. Stored-heat assessments: a review in the light of field experience. Geothe. Energy. Sci,. 2, 49-54, 2014. Germany:
Geothermal Energy Science, 2014.

Grant, M. A; Bixley, P, F. Geothermal Reservoir Engineering second Edition. Oxford, UK, 359p: ELSEVIER, 2011.
Hirata, T., et al. Engineering Thermodynamics (in Japanese). Tokyo: Mirikita Publishing Co., Ltd, 2008.

Muffler, L. J. P.; Editor. Assessment of Geothermal Resources of the United States - 1978; Geological Survey Circular 790. USA:
USGS, 1978.

Takahashi, S., Yoshida, S. A Rational and Practical Calcuration Aproach for Volumetric Method (2). Resume for Presentation.
Tokyo, Japan: Geothermal Research Society of Japan, 2015b.

Takahashi, S., Yoshida, S.,. A Rational and Practical Calcutation Approach for Volumetric Method. Procceedings. Stanford, CA,
USA: Stanford University, 2015a.

Williams, Colin F., Marshall J. Reed and Robert H. Mariner. A Review of Methods Apllied by the U.S. Geological Survey in the
Assessment of Identified Geothermal Resources. USA: Open-FileReport 2008-1296, U.S. DEpartment of the Interior,
U.S. Geological Survey, 2008.

*** End of document ***

12



APPENDIX-10

An QOutline of Countermeasures against Scale






Data Collection Survey for Final Report
Geothermal Development in Ethiopia Appendix

Appendix-10 An QOutline 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 (CO») 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 pS/cm), 318 ppm (pH=9.2, EC=2,860 pS/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.

Two-phase Fluid
Transport Pipe

—| Silica Scale

Production —{ Separator ‘
Well

—| Calcium Based Scale

Above Ground | | | Turbine ‘
Facilities

Type of Scale

Metal lon Complex Scale

/ Injection —{ Heat Exchanger ‘
Well

Slime, Solid, Corrosion Products

—| Heating Pipe, etc. ‘

(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

Nippon Koei Co., Ltd. A10-1 June 2017
JMC Geothermal Engineering Co., Ltd.
Sumiko Resources Exploration & Development Co., Ltd.
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Calcium carbonate scale is formed wells when COz 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.

CO, Gas Injection

Scale
Prevention Chemical agent Injection
Method

Magnetic Field Treatment

Dredging

String Shot (explosion)

Physical Method

Hydraulic Fracturing

Scale Removing | | Production
Method Well (others) Ultrasonic Wave Fracturing

Chemical Method Chemical Cleaning

(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.

Nippon Koei Co., Ltd. A10-2 June 2017
JMC Geothermal Engineering Co., Ltd.
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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.

—| Retaining Tank |

Ground
—1 Facilities, —| pH Control |
Pipeline
—| Dilution |
|| High-temperature —| Floating Separation |
Scale Prevention Injection (Direct) Injection
Method Well — —| Centrifugal Separation |
Supersaturated Silica
R I . -
emova —| Ultrafiltration Separation |
Steam Cleaning
Equipment Acceleration of Pre-adhesion

N of Scale

Turbine Nozzle Cooling |

Ground —{ Jet Cleaning |
— Facilities, - -
Pipeline Pig Cleaning
—| Mechanical Removal by drilling rig |
Scale Removing Injection | - :
Method Well | Re-drilling by Sidetrack |

Chemical Cleaning

—{ Turbine Nozzle Cleaning |

Honing

(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.

e 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.

e 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.

¢ C(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

Nippon Koei Co., Ltd. Al10-4 June 2017
JMC Geothermal Engineering Co., Ltd.
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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

All.l 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

Nippon Koei Co., Ltd. All-1 June 2017
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Figure A11.1.2 Profile of the access road

A11.2  Drilling pad

Source: JICA Survey Team

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 m* 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 =] 130x65 m 50x20 m
B 1 [A] 115%65 m 35x20m
C 0 [=] 100x65 m 2020 m
D 1 [A] 115%65 m 35x20m
Source: JICA Survey Team
Nippon Koei Co., Ltd. All-2 June 2017
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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 m*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

Nippon Koei Co., Ltd. All-4 June 2017
JMC Geothermal Engineering Co., Ltd.
Sumiko Resources Exploration & Development Co., Ltd.
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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 146,000m?2.

Source: Google Earth added by JICA Survey Team

Figure A11.3.2 Pond in Chronological Order

Nippon Koei Co., Ltd. All-5 June 2017
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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 0.75m*/min of water flow rate,

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

19/\'
N\

’ specification
compari

sonSec-

’ number65.2

Sec-2. PC1

\

rate149.0
m3/min

Sec-1. PC1

Figure A11.3.3 Water Flow from Main Canal to Pond

Table A11.3.1 Flow rate from Main Canal to Pond

Source: JICA Survey Team

Canal Flow Rate

Sec. Canal Width (m) | Depth (m) | (m3/min) Remarks
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
Nippon Koei Co., Ltd. All-6 June 2017
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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/m? 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
Pipeline
N— Full view of PC1
Pipeline is newly laid down under ground, and | Utilizing the irrigation canal, water is delivered to
Summary pump is set and send water. the pond. SC1-5 is dredged because damage is
found in some section.
Economy The cqnstructiog for pipeline and'pump needs | Cost for d?edge work e§timates around USD
expensive cost with around USD 1 mil. 40,000, and is very economical.

- It is necessary to laid down the pipe on | - The work area is limited because it
the ground at the intersection of SC utilize the existing canal, and can
and the tertiary canal (TC). shorten the construction period.

- Because the work occupies the farm | - The dredge work can be acceptable for
road in the irrigation area under Tendaho Sugar Factory and local

. construction, it causes disturbance for residents because it does good to the
Workability LT .
Tendaho Sugar Factory, farmers and irrigation project.
local residents. The work is possibly | - There is nothing to be removed in the
blocked by local residents. irrigation area after the completion of

- The pipeline must be removed in the the project.
irrigation area after the completion of
the project.

- It 1is necessary to protect the | - Because the pump isn’t set in this
aboveground pipeline from destruction section, water flow gauge is adapted in
by local residents. SC1-5, and is utilized for monitoring of

- Because local residents uses MC and water flow rate and calculation of
PC1 for washing and bathing, the water charge.

Sustainability pipeline and pump must be maintain | - If necessary, the project asks Tendaho
properly. Sugar Factory to adjust the water gate

- It is necessary to take care of in Figure A11.1.3. (necessary height:
interfusion of sand and dust to the 2.6cm)
pump when flooding, and clogging of
pipeline due to dirty water.

Tendaho Sugar Factory Tendaho Sugar Factory

It doesn’t not make sense that pipeline is newly | Because the pond is not utilized by the irrigation

laid down along PC1 and SC1-5. project, the project can utilize it for water supply.

Interview Ethiopian Design &  Supervision Works | Ethiopian Design &  Supervision  Works
Survey Result | Corporation Corporation

When construction of pipeline, the project must | The corporation can collaborate supervision and

pay attention to the existing underground water | maintenance works of water supply in the

pipeline to local village. 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

Nippon Koei Co., Ltd.
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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 m? 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 Dg;a;;ce Dred(g;ﬁs)oﬂ v Remarks
1 SC1-5 2.605 1,143 Rehabilitation to the original design
Source: JICA Survey Team
Nippon Koei Co., Ltd. All1-8 June 2017
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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
m’/min considering that water pit is 600 m® 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.

Assumption of caliber and pump Case study: Caliber: 6.8 inch / Pump number: 1~3

Measurement on pipeline laying location

and on-site confirmation Sec-3. SC1-5 Reference point measurement and profile leveling

Hydraulic gradient and flow rate calculation Confirm if the flow rate is less than 2.0 m/s
Determining of pump Based on section loss of head and measurement results
Economic efficiency Comparing the cost of pipeline and pump

Pipeline design Drawing and number calculation

Section flow 0.75m%/min in consideration of total mud water leakage

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)=35.4755x103xC-1-85xD*+87x Q! -85x

H: Head of loss, C: coefficient of flow velocity, D: pipe diameter (m), Q: flow amount (m?/min), L: Pipe

length (m)

Nippon Koei Co., Ltd. Al1-9 June 2017
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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.

A

@
A

Culvert

ool

Location of pump and water pit
(Number is the case number)

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

Nippon Koei Co., Ltd. Al1-10 June 2017
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convenience.

Table A11.3.5 Results of hydraulic head calculation and economy comparison
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Site Photographs






Section-1 (Main Canal-Pond) Site Photograph
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Source: JIAC Survey Team

Figure Location Map of Site Photographs in Section-1 (Main Canal-Pond)



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. PCL.

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. PCL
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)
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Source: JIAC Survey Team
Figure Location Map of Site Photographs inSection-2 (Pond-Drilling Pad)



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. | 6. North inlet of the culvert crossing the national highway.
OFC is laid down in the culvert. 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

Item

No. Item Description Unit Qty

PO _[Mobilization and demobilization L.S. 1

P1 [Road Construction

P1.1 [Clearing and Grubbing Ha 3.848

P12 Gravel Wearing course and. Shoulder constructed from gravel m3 22.999
taken from cut or borrow pits

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




Technical Specification

Item Ref.
No. No. DESCRIPTION
PO 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| Item54.01a) |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| Item84.01a) [Castin 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 84.014a) |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 83.01a) |[Steel Reinforcement for Structure (Steel bar D13)
The furnishing and placing of steel reinforcement in concrete structures (Rig base)
P2.8 | Item 83.014a) |[Steel Reinforcement for Structure (Steel bar D10)

The furnishing and placing of steel reinforcement in concrete structures (Rig base)




Quantity Calculation for Access Road

Al.1 Clearing and Grubbing Road Land.

Al2

Main Road
Side Lay-by
Total

No. of Side Lay-by is 6.

* Width

7516.24 *
300.00 *

Fill of Borrowed Material and Compaction

Main Road

Side Lay-by

Course Aggregate for Hume Pipe

Course Aggregate

Setting of Hume pipe

Item
Length

Hume pipe
Item
Pipe Length

*

*
*
*

* Width

5.0
3.0
A

A
3.0

Width

No.

No.

3.0

1.0

0.90

* X X %

*

A (m2)
37581.20
900.00
38481.20 m2
3.85 Ha

Thickness
0.5
Vv

Thickness
0.1

No.
2.0

>L

2L

V (m3)
22548.72
V (m3)
450.00
22998.72 m3

V (m3)
0.90

1.80 m3

L (m3)
18.00 m
18 m

L (m3)
18.00 m
18 m



Quantity Calculation for Drilling Pad

Site Clearing
PAD
PAD-A
PAD-B
PAD-C
PAD-D
Total

Narrow Side
65
65
65
65

Soil Excavation for Mud Pit

PAD

PAD-A
PAD-B
PAD-C
PAD-D

Narrow Side
15
15
15
15

Soil Excavation for Water Pit

PAD

PAD-A
PAD-B
PAD-C
PAD-D

Narrow Side
14.3
14.3
14.3
14.3

Plain Concrete for Water Pit

Item
Slab

Wall

Edge

Narrow Side

14.3
Length

98.6
Length

98.6

Concrete Basement

PAD

PAD-A
PAD-B
PAD-C
PAD-D

Steel Bar D13
PAD
PAD

Total Length
Steel Bar D10

PAD
PAD-A

Narrow Side

20
20
20
20

Length
19.9

Length
2009.9

Length

49.9

*

Wide Side

120 =

105
105
105
A

Wide Side
35
35
35
35

Wide Side
35.3
35.3
35.3
35.3

Wide Side
35.3
Depth

0.15

Wide Side
50
35
20
35

No.
101
No.

2L =

Weight

No.
168

A (m2)
7800
6825
6825
6825

28275
2.8275

Depth

e

Vv

Depth
2.15
2.15
2.15
2.15
Vv

Thickness
0.3

Thickness
0.15

0.15
No. Pad
>V

Thickness
0.15
0.15
0.15
0.15
Vv

2009.9 m

8039.6 m
8039.6 m

8.00 ton

8383.2 m

m2
Ha

V (m3)
525
525
525
525
2100 m3

V (m3)
1085.30 m3
1085.30 m3
1085.30 m3
1085.30 m3

4341.194 m3

V (m3)
151.44 m3

29.58 m3

2.22 m3
4
732.94 m3

V (m3)
150 m3
105 m3
60 m3
105 m3
420 m3

D13

0.995 kg/m

Wide Side

50



PAD-B
PAD-C
PAD-D

349 *
199 *
349 *

117

68

117

L
Weight

4083.3 m 35

1353.2 m 20

4083.3 m 35

17903.0 m D10 0.56 kg/m
10.03 ton



WATER SUPPLY SYSTEM CONSTRUCTION

Item

No. Item Description Unit Qty

PO _[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
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Technical Specification

Item
No.

Ref.
No.

DESCRIPTION

PO

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)

- Stone masonry wall for foundation of suction pipe

P1.9

Ref.4820 4.01

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 necessarv accessarv such as casina. flanae. 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

P11

P1.2

P1.3
P14

Clearing and Grubbing Road Land.

Length
Pipeline Alignment 15237
Total
Soil Excavation for Pipeline
Length of All Alignment
Connection to Pad-A and C 20
Connection to Pad-B 5
Connection to Pad-D 7

Subtraction
Length of Crossing Culvert Portion
Length of Intermediate Reservoir

Total Length of Alignment to be excavated

Length
(a) Voulume of Excavation 15,219

*

*

*

*

*

*

Width

30 =
A =

20 =
10 =
10 =

L

2L

2L

Width
0.95

*

A (m2)
45711.00
45,711.00 m2
4.57 Ha

15237 m
40 m
5m

7m
15,289 m

Length
3B m
3B m
70m

15,219 m

Depth
060 =

(b) Surplus Volume for Underpass of Access Road Portions in Pad-A and C

Underpass of Access Road L

Connection to T-shape Pipe L =

L

Pad-A and C n
L

Length

140

(c) Surplus Volume for Connection to Pad-B and D

Length
Pad-B 5
Pad-D 7
Total Volume of Soil Excavation (atb+c)
Laid down of HDPE Water Pipe
Material Cost of HDPE Pipe
Length of All Alignment
Connection to Pad-A and C 20
Connection to Pad-B 5
Connection to Pad-D 7

Subtraction
Length of Crossing Culvert Portion
Length of Intermediate Reservoir

Sub-total Length of Alignment per each

* % |l

*

20 m
50 m

70 m

2

140 m

Width
0.95

Width
0.95
0.95

2.0

*

10 =
10 =

L

2L

2L

Depth
02 =

Depth
06 =
06 =

2V =

15237 m
40 m
5m

7m
15,289 m

Length
3B m
3B m
70m

15,219 m

8674.83 m3

26.60 m3

2.85 m3
3.99 m3
6.84 m3
8708.27 m3



P15

P1.6
P17

P1.8

P1.9

P1.10
P1.11

P1.12

P1.13

P1.14

P1.15

The number of lines
Total Length of Alignment

Cut to Fill (Backfill with Cut Material)
Total Length of HDPE Pipe

Area
Volume of HDPE Pipe
-OD=0.25, 2 lines
Sub-Base

Volume of Backfill

Connection of Suction Pipe

Material Cost of Suction Pipe

Length of Suction Pipe per each L
The number of Pumps n
Sub-total Length

The number of lines

Total Length of Alignment

0.049

0.0475

8708.27

2L

n
2L

Stone Masonry Soil Retaining Wall (Suction Pipe)

Length
Volume of Stone Masonay 7.5
*including Concrete Slab in Pump Station
Temporary Coffering with Large Sandbag

Length
Volume of Coffer Dam 15.444
Installation of Water Pump
Material Cost of Water Pump
The number of Water Pumps n
Pump House (Water Pump Station)
The number of Water Pump Sta. n
Cut to Fill (Rehabilitation of Protection Dyke)
Volume of Embankment 3.000

Material Cost of 45-degree Bend Pipe
The number of Bend Pipes n
Sta.0+700

Sta.2+010

Sta.2+300

Sta.15+237

Protection Plain Concrete

The number of Work Places n
Sta.0+000

Sta.0+700

Sta.2+010

*

*

No.

2L

L

15,219

149451 -

Area

Area

Area

430 m

17.2 m

344 m

1.1399 =

Vv

2.00
Vv

17.70
2V

16

2

30,438 m

15,219 m

15219 =

722.90 m3

722.90

V (m3)
8.55 m3
8.55 m3

V (m3)
30.89 m3
30.89 m3

53.10 m3
53.10 m3

1494.51 m3

6490.86 m3



P1.16
P1.17

P1.18

P1.19

P1.20

P1.21

P1.22
P1.23

Sta.2+260
Sta.2+280
Sta.2+300
Sta.2+320
Sta.4+700
Sta.5+300
Sta.7+900
Sta.11+900
Sta.13+160
Sta.13+400
Sta.13+480
Sta.14+720
Sta.15+237

Volume of Plain Concrete

Laid down of Steel Pipe Crossing Culvert

Material Cost of Steel Pipe with Flange
Length

The number of lines

Total Length of Alignment

Material Cost of 30-degree Bend Pipe
The number of Bend Pipes n
Sta.2+320

Sta.13+160

Sta.13+400

Cut to Spoil (for Water Pit)

Narrow Side

Excavation Volume

Cast in situ concrete (Plain Concrete for Water Pit)
Item Narrow Side

Slab

Length

Wall

Length

Edge

Material Cost of T-shape Connection Pin
Sta.11+900
Sta.13+480
Sta.14+720

Intallation of Gate Valve

Material Cost of Gate Valve n
Sta.11+900

Sta.13+480

Sta.14+720

Sta.15+237

0.5193 *

*

*

*

*

Length

*

23.382 m

2
46.8

Wide Side

35.3

Wide Side

Depth

35.3

0.15

m

*

*

*

*

No.
16

Depth
2.15
Y

Thickness
0.3

Thickness
0.15

0.15
2V

V (m3)
24.93 m3
24.93 m3

V (m3)
1085.30 m3
1085.30 m3

V (m3)
151.44 m3
29.58 m3

2.22 m3
183.24 m3



P1.24

P1.25

P1.26

P1.27

P1.28

Flow Test
The number of tests n = 2

Maintenance and Operation
Drilling Work Period including Rig Shift 12 month

Fuel for Diesel Engine

Fuel Consumption Rate 2.1 Litter/hour
Drilling Work Period 270 days
Diesel Qil for Generator \V = 13,608 Litter
Dismantle of Water Pump n = 4

Cut to Spoil (for Dredging Work)

Area * Wide Side = V (m3)
Excavation Volume 0.4386 * 2605 = 1142.55 m3
3V = 1142.55 m3



Specifications (Access Road and Drilling Pad)






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
P11 Clearing and Grubbing Ha 3.848 | Item 21.01
P1.2 Gravel Wearing course and Shoulder constructed from | m3 22,999 | Item 54.01 a)
gravel taken from cut or borrow pits
P1.3 Concrete Pipe Culvert m 18.0 | Item 32.03 ¢)
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 | Cutto Spoil (for Water Pit) W14xL35xD2m m3 4,341 Item 42.03
P2.5 | Cast in situ concrete (Plain Concrete for Thickness=15cm m3 733 Item 84.01 a)
Water Pit)
P2.6 | Cast in situ concrete (Reinforced Thickness=15cm m3 420 Item 84.01 a)
Concrete for Rig Base)
P2.7 | Steel Reinforcement for Structure (Steel ton 8.00 Item 83.01 a)
bar D13)
P2.8 | Steel Reinforcement for Structure (Steel ton 10.03 Item 83.01 a)
bar D10)




Table 3. A preliminary cost estimation
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Specifications (Water Supply System)






Contract Documents of Temperature Survey
Data Collection Survey for Geothermal Development in Ethiopia

SECTION Il
TECHNICALSPECIFICATIONS

Specification of the Water Supply System for
JICA Geothermal Development Support Project in Ethiopia

1 Projectsite

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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Table-2 Work Volume Estimated for the Water Supply System

l,t\?(:n Item Description Unit Qty Standard
ERA Item 12.01
PO Mobilization and demobilization L.S. 1 SRE I L0
ERA ltem
16.01~07
P1 | Water Supply System
P1.1 | Clearing and Grubbing Work Space Width=3m Ha 4571 | ERA ltem 21.01
P1.2 | Soil Excavation for Pipeline m3 8,708.27 S)RA Item 54.01
P13 'F-,?F')‘é down of HDPE Water 8" dia. m | 30,438.00 )
P1.4 | Material Cost of HDPE Pipe 8" dia. m 30,438.00 -
P15 Cut to Fill (Backfill with Cut m3 6.490.86 ERA Item 44.01
Material) a)
P1.6 | Connection of Suction Pipe m 34.40 -
P1.7 | Material Cost of Suction Pipe m 34.40 -
Stone Masonry Soil Retaining EEP Spec.
P18 | wall (Suction Pipe) m3 855 | Ref.4820 4.01
P19 Temporary Coffering with Large m3 30.89 -
Sandbag
P1.10 | Installation of Water Pump ea. 4 -
P1.11 | Material Cost of Water Pump including Generator ea. 4 -
Pump House (Water Pump EEP Spec.
P112 | station) ea. 2 | Bill No.3
P1.13 Cut to I_:lll (Rehabilitation of Soil Embankment m3 53.10 ERA Item 44.01
Protection Dyke) a)
P114 Mlaterlal Cost of 45-degree Bend ea. 8 i
Pipe
P1.15 | Protection Plain Concrete ea. 13 E)RA Item 84.01
P1.16 Laid d_own of Steel Pipe 8" dia. m 70.00 )
Crossing Culvert
P117 Material Cost of Steel Pipe with 8" dia. m 20.00 i
Flange
P1.18 ';Ai?)teenal Cost of 30-degree Bend 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 _(Plaln Thickness=15cm m3 183.24 ERA Item 84.01
Concrete for Water Pit) a)
p1 21 | Material Cost of T-shape 8" dia. ea. 6 )
Connection Pipe
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 -




Contract Documents of Temperature Survey
Data Collection Survey for Geothermal Development in Ethiopia

Table 2. A Preliminary Cost estimation

Cost Estimate

I:\le: Item Description Unit Qty Unit Price Price

(UsD) (UsD)
PO |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 4571 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 (Rehabilitation 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 (PO+P1) 1,900,140




Reference Station Survey Results






FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD
Project Name  : Dubti-Ayroberra Pipeline and Nature of control points : Iron bar in bridge
Access Road parapet
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : 6PS001
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified

Mercator (UTM), Zone 37N

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
GPs Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45’ Sunny KIRUBEL TESFAYE
MICHAEL G/YOHANES

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




FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD
Project Name  : Dubti-Ayroberra Pipeline and Nature of control points :Concrete pillar
Access Road
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : GPS101
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified

Mercator (UTM), Zone 37N

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
GPs Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45’ Sunny KIRUBEL TESFAYE
MICHAEL 6/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 by

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia




FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD
Project Name  : Dubti-Ayroberra Pipeline and Nature of control points :Concrete pillar
Access Road
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : GPS002
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified

Mercator (UTM), Zone 37N

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

Poi ono h Photograph
GPS Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45' Sunny KIRUBEL TESFAYE
MICHAEL 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 by

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia




FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD

Project Name  : Dubti-Ayroberra Pipeline and Nature of control points :Concrete pillar
Access Road
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : GPS102
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified
[Mercator (UTM) Zone 37N
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

Poi ono h Photograph
GPS Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45' Sunny KIRUBEL TESFAYE
MICHAEL 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 by

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia



FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD
Project Name  : Dubti-Ayroberra Pipeline and Nature of control points :Concrete pillar
Access Road
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : GPS003
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified

Mercator (UTM), Zone 37N

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 Photoaraph
GPS Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45' Sunny KIRUBEL TESFAYE
MICHAEL 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 by

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia




FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD
Project Name  : Dubti-Ayroberra Pipeline and Nature of control points :Concrete pillar
Access Road
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : GPS103
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified

Mercator (UTM), Zone 37N

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

Poi ono h Photograph
GPS Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45' Sunny KIRUBEL TESFAYE
MICHAEL 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 by

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia




FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD
Project Name  : Dubti-Ayroberra Pipeline and Nature of control points :Concrete pillar
Access Road
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : GPS004
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified

Mercator (UTM), Zone 37N

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 Photoaraph
GPS Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45' Sunny KIRUBEL TESFAYE
MICHAEL 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 by

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia




FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD
Project Name  : Dubti-Ayroberra Pipeline and Nature of control points :Concrete pillar
Access Road
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : GPS104
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified

Mercator (UTM), Zone 37N

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 Photoaraph
GPS Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45' Sunny KIRUBEL TESFAYE
MICHAEL 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 by

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia




FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD
Project Name  : Dubti-Ayroberra Pipeline and Nature of control points :Concrete pillar
Access Road
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : 6PS005
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified

Mercator (UTM), Zone 37N

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

Poi ono h Photograph
GPS Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45' Sunny KIRUBEL TESFAYE
MICHAEL 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 by

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia




FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD
Project Name  : Dubti-Ayroberra Pipeline and Nature of control points :Concrete pillar
Access Road
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : 6PS105
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified

Mercator (UTM), Zone 37N

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

Poi ono h Photograph
GPS Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45' Sunny KIRUBEL TESFAYE
MICHAEL 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 by

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia




FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD
Project Name  : Dubti-Ayroberra Pipeline and Nature of control points :Concrete pillar
Access Road
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : 6PS006
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified

Mercator (UTM), Zone 37N

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 Photoaraph
GPS Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45' Sunny KIRUBEL TESFAYE
MICHAEL 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 by

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia




FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD
Project Name  : Dubti-Ayroberra Pipeline and Nature of control points :Concrete pillar
Access Road
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : 6PS106
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified

Mercator (UTM), Zone 37N

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

Poi ono h Photograph
GPS Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45' Sunny KIRUBEL TESFAYE
MICHAEL 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 by

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia




FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD
Project Name  : Dubti-Ayroberra Pipeline and Nature of control points :Concrete pillar
Access Road
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : 6GPS007
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified

Mercator (UTM), Zone 37N

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

Poi ono h Photograph

GPS Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45’ Sunny KIRUBEL TESFAYE
MICHAEL 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 by

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia




FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD

Project Name  : Dubti-Ayroberra Pipeline and Nature of control points :Concrete pillar
Access Road
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : 6PS107
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified
[Mercator (UTM) Zone 37N
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

Poi ono h Photograph
GPS Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45' Sunny KIRUBEL TESFAYE
MICHAEL 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 by

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia



FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD
Project Name  : Dubti-Ayroberra Pipeline and Nature of control points :Concrete pillar
Access Road
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : GPS008
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified

Mercator (UTM), Zone 37N

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

Poi ono h Photograph
GPS Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45' Sunny KIRUBEL TESFAYE
MICHAEL 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 by

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia



FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD

Project Name  : Dubti-Ayroberra Pipeline and Nature of control points :Concrete pillar
Access Road
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : GPS108
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified
Mercator (UTM), Zone 37N
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

Poi ono h Photograph
GPS Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45' Sunny KIRUBEL TESFAYE
MICHAEL 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 by

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia



FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD
Project Name  : Dubti-Ayroberra Pipeline and Nature of control points :Concrete pillar
Access Road
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : 6PS009
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified

Mercator (UTM), Zone 37N

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 Photoaraph
GPS Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45' Sunny KIRUBEL TESFAYE
MICHAEL 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 by

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia




FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD
Project Name  : Dubti-Ayroberra Pipeline and Nature of control points :Concrete pillar
Access Road
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : 6PS109
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified

Mercator (UTM), Zone 37N

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

Poi ono h Photograph
GPS Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45' Sunny KIRUBEL TESFAYE
MICHAEL 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 by

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia




FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD
Project Name  : Dubti-Ayroberra Pipeline and Nature of control points :Concrete pillar
Access Road
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : GPS010
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified

Mercator (UTM), Zone 37N

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 Photoaraph
GPS Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45' Sunny KIRUBEL TESFAYE
MICHAEL 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 by

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia




FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD
Project Name  : Dubti-Ayroberra Pipeline and Nature of control points :Concrete pillar
Access Road
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : GPS110
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified

Mercator (UTM), Zone 37N

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

Poi ono h Photograph
GPS Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45' Sunny KIRUBEL TESFAYE
MICHAEL 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 by

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia




FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD
Project Name  : Dubti-Ayroberra Pipeline and Nature of control points : drillied point on
Access Road rock outcrop
Project Type :- DESIGN
Control point ID : 6PS011 Establishment date :- February 2017
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified

Mercator (UTM), Zone 37N

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 Photoaraph
GPS Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45' Sunny KIRUBEL TESFAYE
MICHAEL 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.

@8 AL ASS 4 .kly

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia




FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA

JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD
Project Name  : Dubti-Ayroberra Pipeline and Nature of control points : drillied point on
Access Road rock outcrop
Project Type  :- DESIGN
Control point ID : 6PS111 Establishment date :- February 2017
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified

Mercator (UTM), Zone 37N

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 Monoaraph Photoaraph
GPS Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45' Sunny KIRUBEL TESFAYE
MICHAEL G/YOHANES

Point Description:-The GPS reference point is on rock outcrop (lava flow) about
100m north of GPSO11. The station is located on the rocky, hilly terrain north of
the plain.

GPS Survey by

TerraVision Trading Services PLC
+251-011-279-2819, 0911-126397/0913-178935,
E-mail terra.vision@yahoo.com, Addis Ababa, Ethiopia



FEDERAL DEMOCRATIC REPUBLIC OF ETHIOPIA
JICA SURVEY TEAM
DATA COLLECTION SURVEY FOR GEOTHERNMAL DEVELOPMENT IN ETHIOPIA

Client
NIPPON KOEI CO. LTD
Project Name  : Dubti-Ayroberra Pipeline and Nature of control points : Iron bar in Rock
Access Road Outcrop
Project Type :- DESIGN Establishment date :- February 2017
Control point ID : EMA
Coordinate System: Universal Transverse Datum: Adindan Ellipsoid: Clarke 1880 Modified

Mercator (UTM), Zone 37N

Central Meridian : 39.0000deg E False Easting: 500,000.0000m False Northing: 0.0000m

Latitude: 011:46:42.82079N Northing: 1302640.257
Longitude: 041:00:26.05172E Easting: 718628.634
Height: 419.935
SC. factor=0.999606447 Ele. factor =0.999682350 Comb. Factor= 0.9992889221

Horizontal & Vertical Accuracy: 5mm +1ppm & 10mm +2ppm

Point Monograph Photograph
GPs Survey General Device Type Operation Mode Rec. Per. Unit No.
Information Hi-Target V30 Receiver Static 5" 1
Last Observation date Min. Observation period Weather Operator Checked
Feb-17 45’ Sunny KIRUBEL TESFAYE
MICHAEL 6/YOHANES

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.

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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