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Appendix-4  微小地震探査 

A4.1   テンダホ-2 地区 

A4.1.1 探査の目的 

微小地震探査の目的は、地熱徴候地域及びその周辺で発生する地震活動を把握し、断層構造や断

裂系の位置を確認することである。地震計設置位置を図 A4.1.1 に示す。 

観測された地震結果は、地熱貯留層モデルの構築及び調査ボーリング計画に使用する。 

 

 

 

 

 

 

 

 

 

 

 

 

 

出典: CNRS and CNR, 1975 に調査団加筆 

図 A4.1.1 微小地震観測位置図（テンダホ-2 地区） 

A4.1.2 地質概要 

地熱発電開発マスタープラン策定調査プロジェクトファイナルレポート(2015)によれば、テンダ

ホ-2 地区は、Manda-Harraro 地溝帯に位置する(V.Acocella, 2008, p.2)。基盤は Pliocene-Pleistocene 

の Afar Stratoid からなり、玄武岩溶岩・火砕岩と堆積岩が分布する。調査地の南西では、Pleistocene

の Recent basalt の割れ目噴火による溶岩流が見られる。Ayrobera 周辺では、これらを沖積層が覆

い、平原を形成する。また、地溝帯の方向に沿った NW-SE 方向に F0～F4 の断層が存在している。

地熱徴候として、観測点 MST-3 付近及び MST-5 付近を通る断層に噴気帯が認められる。MST-3
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付近の噴気の温度は約 100℃に近い高温噴気である。 

A4.1.3 探査概要 

本観測の調査内容は以下のとおりである。 

(1) 観測地点の選定 

始めに、観測地点の候補地を Google Earth で岩盤が露出している地域を調べ、その後現地踏査を

行って観測地点を絞り込み、さらに、車輛の走行や樹木などによる地盤の振動ノイズの影響が少

ない場所を選定した。 

各観測候補地点では、バッググランドノイズのレベル測定を行った。下図（図 A4.1.2）はテンダ

ホ-2 地区の MST-1 で実施したグラウンドノイズレベルの測定結果である。ノイズレベル測定に用

いた地震計は 3 成分で、図の上段は南北成分、中段は東西成分、下段は上下成分である。初動立

ち上り方向の極性は、＋側が N、E、Up、－側が S、W、Down である。 

MST-1 のノイズレベルは 10μkine と非常に小さく、観測地点として最適地であった。なお、右側

の振幅の大きい波形は、地盤に衝撃を与えた時の波形である。 

 

図 A4.1.2  グラウンドノイズレベルの測定結果(テンダホ-2 地区 MST-1) 

ノイズレベル測定の結果、観測点 MST-1～MST-3 は 30μkine 以下とノイズが小さい。しかし、観

測点 MST-4 及び MST-5 は堅固な岩盤にもかかわらず、MST-4 は 90μkine、MST-5 については

190μkine とノイズが大きかった。各観測点の位置・標高は、エチオピア測量業者が GPS 測量機を

利用してキネマティック測量で求めた。表 A4.1.1 に各観測点の位置、標高及びノイズレベルを示

す。 
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表 A4.1.1 地震計設置概要（テンダホ-2 地区） 

Station 
No. 

Longitude Latitude 
UTM 

(easting) 
UTM 

(northing) 
Elevation 
（m） 

Ground noise
（μkine） 

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

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

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

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

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

 

(2) データ取得システム 

観測装置はドイツ国 Lennartz electronic GmbH 社製 LE-3Dlite MkⅡ地震計、米国 Geospace 社製

GSX-3 データロガー及び 12V バッテリーからなるシステムである。 

速度型地震計で捉えられた 3 成分の波形データは、データロガー(USB カード)に自動記録される。

データロガーには GPS が内蔵され、観測時刻は 6 分毎に較正される。 

微小地震観測は 3 ヶ月の長期間であるため、データロガーへの電源供給は 12V50Ah のシールドバ

ッテリーを 2 個並列結線して利用した。これにより、3 ヶ月間バッテリーを交換する必要もなく

常時連続観測が可能となった。データ取得システムのブロック図を図 A4.1.3 に示す。 

 

 

 

 

 

 

 

 

 

 

 

図 4.1.3 データ取得システムのブロック図 
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(3) 地震計及び周辺機器の設置 

テンダホ-2 地区の観測点数は 5 地点で、全観測地点に 3 成分（南北成分、東西成分、上下成分）

の速度型地震計を設置した。地震計設置は以下の手順で実施した。 

1) 岩盤に付着している土や礫を取り除く。 

2) 岩盤に石膏を敷いて地震計設置台を作り、石膏の台座に地震計を埋め込む。 

3) 地震計には磁北に設置するための矢印が刻印されているので、方位磁石を用いて矢印を北側に

合わせて設置する。 

4) 地震計とデータロガー、データロガーと電源バッテリーをそれぞれ接続する。 

5) 盗難対策として、バッテリーをチェーンと南京錠で固定し、さらにバッテリーとチェーンをモ

ルタルで固定する。 

6) 観測機器をビニールシートで覆い、その中に湿気取りシートを入れ、最後に観測機器を石で覆

い隠した。 

表 A4.1.2 は地震観測に利用した測定機器である。 

表 4.1.2 地震観測の測定機器 

Item Type Specifications Photo 

Seismometer LE-3Dlite MkⅡ 

(Lennartz electronic GmbH., 
Germany) 

 

Eigenfrequency：1Hz 

Upper Corner  

Frequency：100Hz 

RMS Noise @ 1 Hz：<3nm/s 

 

Data Logger GSX-3 

(Geospace Technology, USA) 

 

A/D Converter：24bit 

GPS Time Calibration： 

Every 6 minutes 

GPS Accuracy：<20μsec 

Recording capacity：30Gbyte 

 

Seismic Recorder MS-3000 

(JGI, Inc., Japan) 

 

 

Dynamic Range：121dB 

Sampling：1-4000Hz 

 

(4) 観測機器の保守と盗難防止対策 

無人観測点であるため、データロガーへの電源供給と GPS の信号受信が的確に行われているかの

確認を調査団員が定期的に巡回した。さらに機器の盗難防止のために、見張り人を昼夜それぞれ

1 名ずつ立てて盗難防止対策とした。 
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(5) 観測期間 

本地区における観測期間は、5 箇所の地震計設置が全て終了した日を観測開始日とし、地震計回

収を最初に始めた観測点を観測終了日とした。従って、観測期間は、2015 年 12 月 23 日 11 時 0 分

から 2016 年 3 月 22 日 11 時 30 分までの延べ 90 日間である。それぞれの観測期間中での機器等の

トラブルも無く、観測中断はなかった。観測点の観測期間を表 A4.1.3 に示す。 

表 A4.1.3 各観測点の地震計設置及び回収日時（テンダホ-2 地区） 

Site Code Observation start time Observation stop time Observation 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 観測データの処理 

(1) 観測データの処理 

地震観測データの処理は、ボセッティ地区の 1 観測点を含めた 6 観測点のデータロガーをデータ

変換ユニット(Data Transfer Unit)にそれぞれ接続し、波形データを統合した。統合された観測波形

データから、地震波と思われる部分を目視により識別し、地震波形の部分を切り出した。図 A4.1.4

にデータ回収システムの概念を示す。 
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図 A4.1.4 データ回収システムの概念図 

(2) 記録の読取り・整理及び震源計算 

地震と判定されたデータについて、P 波到達時刻、S 波到達時刻、振動終点時刻を読み取った。震

源計算は、3 地点以上の観測点で P 波及び S 波の到達時刻が読み取れる地震について震源位置及

びマグニチュードの計算を行った。本観測でのマグニチュードは地震動の継続時間を用いた方法

によって求めた。計算式は、M=-2.53+2.85logTd+0.014r、あるいは M=-2.36+2.85logTd である(地熱

開発総合ハンドブック,1982,微小地震, p282-290)。なお、Td は振動継続時間(秒)、r は 200km 以内

である。 

(3) 地震波速度構造 

イタリア企業ELC-Electroconsult S.p.Aは、2015年にエチオピア地質調査所及びアイスランド国際開

発庁からの依頼で、テンダホ-2地区南西25km付近のTendaho-Alalobeda地熱地域で微小地震観測を

行った(Tendaho Geothermal Project Micro-seismic Survey Final Report,1995)。表A4.1.4はその時に使用

した4層の水平層からなるモデルである。本観測では、このプロジェクトで使用した速度構造モデ

ルを採用して震源位置を求めた。 

表 A4.1.4  テンダホ-2 における速度構造モデル 
Layer No. Thickness(km) Depth(km) Vp(km/s) Vp/Vs 

1 5.0 5.0 4.0 

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

出典: 調査団 

A4.1.5 調査結果 

観測されたデータ記録から、日別地震発生頻度、S-P 時間別地震発生頻度、震源分布等を作成し

た。以下に調査結果を述べる。 
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(1) 日別地震発生頻度分布 

観測された地震数は 846 個（平均 9.4 個/日）で、最も高い地震の発生頻度は 1 月 21 日の 60 個、

1 月 22 日の 119 個であった。図 A4.1.5 に日別地震発生頻度分布図示す。 

 

 

 

 

 

 

図 A4.1.5 日別地震発生頻度分布図 (テンダホ-2 地区) 

(2) S-P 時間別地震発生頻度分布 

S-P 時間別地震発生頻度は、全観測を通じて 5 観測点の中でノイズが小さく精度よく P 波、S 波到

達時刻の読取りができた観測点 MST-1 を基準とした(図 A4.1.6)。 

観測された全地震のうち、S-P 時間が 6 秒未満の地震が圧倒的に多く(393 個)、全地震の半分以上

を占めている。特に、4～6 秒の発生頻度が高くなっており、この地震は 1 月 21 日～23 日に集中

した群発的な活動によるものである。 

 

 

 

 

 

 

 

図 A4.1.6 S-P 時間別地震発生頻度分布図(テンダホ-2 地区) 

 

(3) 震源分布図 

観測された 846 個の地震のうち、震源が推定されたものは 202 個であった。震源分布の結果は、

観測網近傍の局地地震の震源分布と、観測点 MST-3 から 200km 以内の遠地地震を含めた震源分布

の 2 通りを作成した(図 3.7～図 3.8)。なお、地震読取りデータ及び震源座標・マグニチュード推定

結果を巻末に添付する。 
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図 A4.1.7 には、本地区に卓越した NW-SE 方向の断層の位置と、F2～F4 の断層間に確認されてい

る噴気孔の位置を示した。図 A4.1.8 には、エチオピア地溝帯(Meseret Teklemariam, 2008)の位置

及び JICA 調査団の地質調査結果による断裂系を示した。 

【局地地震】 

以下に、震源結果を述べる。 

・MST-1 付近を通る F0 断層東側に、断層方向の NW－SE の配列で地震が発生している。 

・F0 断層付近の地震の深さは 2～6km で、マグニチュードは 1 以下である。 

・F0～F2 の断層間には、地震は観測されていない。 

・F2～F4 の断層の途切れる噴気帯周辺で地震が集中して発生している。この地震の深さは 1km 以

浅と深さ 3km～6km の地震に分けられる。マグニチュードは 1 以下が多い。 

・F4 断層付近に発生した地震の一部にマグニチュード 1～2 の地震が見られる。 

 

 

 

 

 

 

 

 

 

 

 

 

 

図 A4.1.7 震源推定分布図（テンダホ-2 地区の観測網近傍） 

【局地地震及び遠地地震を含めた地震】 

・テンダホ-2 地区から 100km 以内の地震は深さ 20km～30km で発生しており、その分布は垂直方

向で配列している。マグニチュードは 2 以下である。 

・テンダホ-2 地区から 100km 以上の地震は比較的浅いところで発生している。マグニチュードは

2 以上が優勢である。 
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・地震の分布は、テンダホ-2 地区の南方 100km では NNE－SSW 方向に配列しているが、多くの

地震は分散している。 

・Dallo、Boina、Tendaho 及び Danab 等の断裂周辺で震源が観測されている。 

・テンダホ-2 地区南西 30km 付近(720000E, 129000N)のテンダホダム付近で、1 月 21 日～23 日に

群発性による地震が発生しており、その深さは 20km 程度で、マグニチュードは 2～3 の範囲に

ある。3.1.6 考察でも述べるが、テンダホダム付近では 1969 年 3 月から 4 月にかけて群発地震

が発生している。 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

図 A4.1.8 震源推定分布図（テンダホ-2 地区の観測網遠方） 
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(4) 震源分布図（震源と地質との関係） 

推定された震源と地質との関係は以下のとおりである(図A4.1.9)。 

・MST-5の西側の震源は、PleistoceneのRecent basaltの割れ目噴火による溶岩流付近にあり、地震

は断層周辺で多発している。 

・観測点MST-3及びMST-5付近に噴気帯が確認されており、これらの噴気帯で震源が分布してい

る。 

・Manda-Harraro 地溝帯周辺において地震が発生している。 

・F0断層東側に推定された震源は、湖成堆積物中に分布している。 

・Afar Storatoidからなる玄武岩溶岩・火砕岩及び堆積岩が分布する地域には断裂系が多く発達し

ており、これらの断裂系に震源が分布している。 

 

 

 

 

 

 

 

 

 

 

 

 

 

図 A4.1.9 震源推定分布図(テンダホ-2 地区の地質と震源) 

(5) マグニチュード別累積頻度分布 

自然地震はマグニチュードに応じて、 

・極微小地震：M＜1 

・微 小 地 震：1≦M＜3 

・小 地 震：3≦M＜5 

・中 地 震：5≦M＜7 

・大 地 震：7≦M 
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のように分類されている。 

本観測によるマグニチュードは、0.8～1付近にピークをもつ正規分布を示し、マグニチュードの範

囲は-1.2～2.9にある（図A4.1.10）。本地域での自然地震は、いずれも微小地震または極微小地震

に相当している。 

 

 

 

 

 

 

 

 

 

 

図 A4.1.10 マグニチュード別頻度分布図(テンダホ-2 地区) 

(6) b 値 

b値の地震学的な意味について、梅田康弘(2012年)は次のように述べている。b値=1.0が普通(広い

領域、長い時間を取るとb値は1.0になる)であり、b値が大きい場合の直線の勾配は急になり、小

さい地震の起こる割合が大きい(例えば地下構造が複雑で不均質な場所で、群発地震の起こりや

すい地域でよく見られる)。逆にb値が小さい値を取る場合は小さい地震の起こる割合が小さい、

或いは小さい地震に対して大きな地震の起こる割合が大きい(例えば地殻はしっかり固く時々大

きな地震が起きる)と述べられている。 

 

本観測で計算した b 値を図 A4.1.11 に示す。青丸が直線状に並ぶのは Mc1.5～Mc2.7 の範囲であ

る。Mc1.5 より小さい地震数は直線より下側に外れており、これは小さな地震を観測できなかっ

たためと考えられ、Mc1.5 より小さい地震は計算から除外した。Mc2.7 より大きな地震は直線より

下側に外れており、これは観測期間が 90 日と短期間であったと考えられる。 

本観測結果での b 値は 1.06 と推定され、通常の構造性地震の b 値(0.7-1.0)(宇津徳治,1977,p133)に

近い。 
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図 A4.1.11 b 値(テンダホ-2 地区) 

(7) 和達ダイヤグラム 

和達ダイヤグラムを用いて、本地域で発生した微小地震の Vp/Vs の評価を行った。観測された地

震の中から精度よく得られた観測点 4 点以上の P 波、S 波の到達時刻を用い、横軸に P 時刻、縦

軸に S-P 時間を観測点毎にプロットした(図 A4.1.12)。読取りの観測点毎の走時データから最小二

乗法によって Vp/Vs に関する和達ダイヤグラムの勾配を計算した。なお、地震記象とその読取り

値に基づいて得られた和達ダイヤグラムを巻末資料に添付する。 

表 A4.1.5 は 5 つの地震を用いて計算した Vp/Vs 値と平均値である。その結果、Vp/Vs の平均値

1.814 は、震源計算に使用された Vp/Vs=1.78 とほぼ一致した値が得られ、使用した Vp/Vs=1.78 は

妥当なものと結論付けられる。 

表 A4.1.5 Vp/Vs の値(テンダホ-2 地区) 

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

58 2016.1.11 02:06 1.722 

1.814 

65 2016.1.15 03:50 1.913 

99 2016.1.22 04:00 1.906 

142 2016.2.12 03:53 1.779 

172 2016.2.29 02:57 1.751 
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図 A4.1.12 和達ダイヤグラム(テンダホ-2 地区) 

A4.1.6 考察 

(1) 2009 年から 2015 年に発生した震源分布域との関係 

震源分布は、赤丸が本観測で得られた震源の位置、青丸は 2009 年から 2015 年の地震活動の

位置である(図 A4.1.13)。2009 年から 2015 年の地震分布は、1995 年にイタリア外務省が実施

した微小地震観測、CEDIM(Center for Disaster Management and Risk Reduction Technology)の

Earthquake -report.com 及び USGS(United States Geological Survey)の Earthquake-Report.com の震源

分布を参考とした。ただし、2009 年から 2015 年に発生した地震は M4 クラス以上に限定された

エチオピア及びジブチ国内で観測された地震観測結果であり、M4 以下の小地震～極微小地震の

分布は不明である。 

この図から2009年から2015年の地震活動域は、エチオピア地溝帯内での分布、ジブチ国Hanle地

区(ジブチ国地熱開発のための情報収集・確認調査の一環として実施された微小地震観測地区)周

辺での分布、テンダホ-2地区、及びBoinaやTendaho断層付近に分布している。 

本観測で推定された震源位置は、2009年から2015年の地震分布とほぼ同じ位置に震源範囲が重

なり、同地区を含む広範囲で地震が活発に発生していることが判明した。 
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図 A4.1.13 2009 年～2015 年(M4 以上)の震源推定分布と本観測の震源推定分布 
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(2) アファール地域における地震活動度と本観測結果との比較（表 A4.1.6） 

アファール地域における地震活動度(Ayele et. al, 2015)によると、Tendaho dam 近辺(黄色の☆印)で

1969 年に群発地震が発生している(図 A4.1.14)。また、アファール地域中央部の震源とする数百も

の地震が発生した。なお、観測点 MST-5 から南方約 15km に位置する町である。 

表A4.1.6 アファール地域における地震活動と本観測結果との比較 

地震発生地域 既存観測結果 (Ayele et al, 2015) 本調査結果 

テンダホダム周辺 
・群発地震が 1969 年 3 月~4 月にかけて

観測された。 

・群発地震が2016年1月21~23日にかけて観

測された。 
・震源の深さは約20km, マグニチュードは2
～3であった。 

アファール地域中央部 
・多くの地震 (マグニチュード4.5～6.5) 
が1989年8月20~22日にかけて観測され
た。 

・地震が同地域において観測された。 

出典: 調査団 

本観測を含めた地域は、断層の活動による地震やアファール地溝帯間での地震が集中して発生し

ており、地震・火山活動はこれらの断層と密接に関連していると考えられる。また、地熱地域で

は、主に岩の割れ目・亀裂が滑ることで地震が起きると言われていることから、本観測で推定さ

れた震源は断層付近で発生しており、断層付近での地震活動を裏付けるものと推定される。 
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図 4.1.14 アファール地域における地震活動 

 

(3) 地熱と微小地震との関係 

テンダホ-2 地区には、断層 F0～F4 が NW-SE 方向に通り、断層 F2～F4 の間に噴気孔が数多く確

認することができる。地震の分布は断層や噴気孔周辺に集中している。これらの地震の深さは、

1km 以浅と深さ 3km～6km のグループに分けることができ、地震発生の深さは地熱流体との関係

によるものと考えられる。また、噴気帯と地震の多発地域の位置関係から地震多発地域は地熱流

体の上昇域に当っていると推定される。特に集中して地震が発生している地域は、割れ目の発達

を示している可能性が高い。 

(4) 過去に計算された b 値との比較 

Ayele et al (2015)はテンダホダム周辺地域の地震活動の評価のために、2009 年から 2011 年の間に

同地域で発生した 5320 個の地震に対して Keir et al (2006)と同じ方法でマグニチュード(ML)を決

定し、この結果得られた b 値は 0.79±0.01 であった。 

本観測でのb値は1.06であり、Ayele et al.(2015)が算出したb値よりも若干高いが、通常の構造性地
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震の値となった。 

 

A4.1.7 まとめ 

テンダホ-2 地区に発生している微小地震活動の特徴を以下のように整理した（表 A4.1.7）。 

表 A4.1.7 震源分布の特徴(テンダホ-2 地区) 

項目 特徴 

地震 

・震源は断層周辺で発生しており、過去の地震観測で発生した位置と一致する。これらの地震は

この断層に沿って応力解放に伴って発生したものと考えられる。 

・F2～F4 断層間の地震は、深さ 1km 以浅に発生している地震と深さ 2km～6km の地震に分かれ

る。マグニチュードは 0～1 の極微小地震である。 

・F2～F4 断層間の地震は、噴気活動が盛んな地域と概ね一致している。噴気地域直下で地震活動

が活発していると推定される。 

・震源計算された全地震のマグニチュードの範囲は-1.2～2.8の範囲にあり、微小地震または極微

小地震に相当する。 

・本観測で推定された b 値は 1.06 であることから、b 値は普通の構造性地震とほぼ同じ 1 に近い。 

・和達ダイヤグラムの勾配から Vp/Vs＝1.814 が求められ、震源計算に使用された Vp/Vs=1.78 と

ほぼ同じ値が得られた。 

地質 

・MST-5付近の震源は、PleistoceneのRecent basaltの割れ目噴火による溶岩流が見られる付近にあ

り、震源は断層付近に分布している。 

・Afar Storatoidからなる玄武岩溶岩・火砕岩及び堆積岩の断裂系が発達した地域で、震源が分布

している。 

・アファール地溝帯間での地震が集中して発生しており、地震・火山活動はこれらの断層と密接

に関連していると考えられる。 

地熱 

・地震は、断層や噴気孔周辺に集中して分布している。 

・地震の深さは1km以浅と深さ3km～6kmであり、地熱流体との相関関係があると考えられる。 

・噴気帯と地震の多発地域の位置関係から、地震多発地域は地熱流体の上昇域に当っていると推

定される。 
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A4.2  ボセッティ地区 

A4.2.1 観測の目的 

微小地震観測の地震計設置位置を図 A4.2.1 に示す。 

ボセッティ地区では、地震発生の有無の確認を行う目的のため、1 地点の観測点を設置して微小

地震観測を行った。 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

図 A4.2.1 微小地震観測位置図（ボセッティ地区） 

A4.2.2 地質概要 

地熱発電開発マスタープラン策定調査プロジェクトファイナルレポート(2015)によれば、ボセッ

ティ地域はNE-SW方向へ発達するエチオピア地溝帯の中央部に位置し、地溝帯内部にはNE-SW

方向の断裂系が発達している。基盤は玄武岩からなり、この基盤に火山噴出物が覆い、さらにこ

の上位にNazareth層群に属する玄武岩・流紋岩溶岩・火砕岩等が被覆している。地熱徴候は、

Bericha山山頂付近を通る断層破砕帯(F1-2,F1-1)沿いに噴気・温泉等が認められる。 

A4.2.3 観測概要 

本観測の調査内容は以下のとおりである。 
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(1) 観測地点の選定 

観測地点は Bericha 山北側の裾野とし、地震計設置地点はグラウンドノイズを測定して、ノイズの

小さい溶岩台地上に選定した。観測地点の周囲には噴気孔が多く見られ、地震計設置地点は噴気

孔から数 10m の場所にある。 

(2) データ取得システム 

観測装置はテンダホ-2 地区で使用したものと同型で、ドイツ国 Lennartz electronic GmbH 社製 LE-

3Dlite MkⅡ地震計、米国 Geospace 社製 GSX-3 データロガー及び 12V バッテリーである。 

(3) 地震計及び周辺機器の設置 

ボセッティ地区は、1 地点に 3 成分（南北成分、東西成分、上下成分）の速度型地震計を設置し

た。表 A4.2.1 は地震計を設置した座標・標高及びノイズレベルである。 

表 A4.2.1 地震計設置概要（ボセッティ地区） 

Station 
No. 

Longitude Latitude 
UTM 

(easting) 
UTM 

(northing) 
Elevation 
（m） 

Ground noise
（μkine） 

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

(4) 観測機器の保守と盗難防止対策 

テンダホ-2 地区と同様に、観測機器の確認を調査団員が定期的に巡回した。また、機器の盗難防

止のために、見張り人を昼夜それぞれ 1 名ずつ立てた。 

(5) 観測期間 

ボセッティ地区における観測期間は 93 日間である。観測期間中に機器等のトラブルは無かった。

観測期間を表 A4.2.2 に示す。 

表 A4.2.2 観測地点の地震計設置及び回収日時（ボセッティ地区） 

Site Code Observation start time Observation stop time Observation days 

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

A4.2.4 観測データの処理 

(1) 観測データの処理 

地震観測データの処理は、テンダホ-2 地区の 5 観測点を含めた 6 観測点と同時に行った。統合さ

れた観測波形データから、地震波の部分を目視により識別し、地震波形の部分を切り出した。 

(2) 記録の読取り・整理 

SEG-D フォーマット形式のデータから、地震と判定されたデータの P 波到達時刻、S 波到達時刻

を読み取った。 

A4.2.5 調査結果 

93 日間の微小地震観測を行った結果、230 個の地震が確認された。なお、1 観測点による観測であ
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るため、震源計算は行っていない。 

調査結果は、図 A4.2.2～図 A4.2.3 に示す日別地震発生頻度分布及び S-P 時間別地震発生頻度分布

である。 

(1) 日別地震発生頻度分布 

観測期間中、230 個（平均 2.4 個/日）の地震が観測され、このうち 1 月 8 日に 13 個、3 月 6 日に

43 個の地震が集中して観測された。 

 

 

 

 

 

 

図 A4.2.2 日別地震発生頻度分布図(ボセッティ地区) 

(2) S-P 時間別地震発生頻度分布 

S-P 時間 4 秒未満の地震が圧倒的に多く、全地震の半分以上を占めている。特に 2 秒以下の局地

地震は 73 個（平均 0.7 個/日）と際立っている。これは 3 月 6 日の群発地震の多発によるものであ

る。 

 

 

 

 

 

 

 

図 A4.2.3 S-P 時間別地震発生頻度分布図(ボセッテイ地区) 

A4.2.6 考察 

(1) 過去の震源分布域との関係 

エチオピア地溝帯をはじめとする断層付近は、これまでの地震観測によって地震多発地帯である

ことが判明しており、震源分布は地溝帯と同じ NE-SW 方向で、マグニチュードの規模は 3 以下の
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微小地震が優勢である(Ayele et al, 2015)。また、Bericha 山山頂周辺の割れ目に多量の噴気が認め

られ、山体の中心に近づくほど温度が高いと考えられている(地熱発電開発マスタープラン策定調

査プロジェクトファイナルレポート,2015)。 

本地区での地震観測では、局地地震の S-P 時間 2 秒以下の地震が数多く観測され、これらの局地

地震はボセッティ地区周辺の断層や、地殻の不均質度が高い地下構造の急変するところで発生し

ていると考えられる。 

A4.2.7 まとめ 

ボセッティ地区の地震活動の特徴は以下の通りである（表 A4.2.3）。 

表 A4.2.3 震源分布の特徴(ボセッティ地区) 

項目 特徴 

地震 

・本地区には、小規模な地震が発生している。 

・93 日間の観測期間中に 230 個（平均 2.4 個/日）の地震が観測された。 

・S-P 時間 4 秒以下の局地地震が、1 月 8 日及び 3 月 6 日に集中して観測された。 

・S-P 時間 4 秒未満の地震が全地震の半分以上を占めている。特に 2 秒以下の局地地震は 68 個（平

均 0.7 個/日）である。 

地質 
・本地区周辺の断層や地下構造の急変するところでの地震が考えられる。 

・地熱徴候を示唆している噴気等で、地震が発生している可能性が考えられる。 
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A4.3  作業写真（テンダホ地区） 

地震計設置 テンダホ-2：MST-1 

 

 

 

 

 

 

 

 

 

 

観測点設置箇所の全景 ノイズ測定中 

 

 

 

 

 

 

 

 

 

 

ノイズ測定中 地震計設置箇所の地盤整形 

 

 

 

 

 

 

 

 

 

 

石膏の台座に地震計を埋め込んだ状況 石膏の台座に地震計を埋め込んだ状況 

 

 

 

 

 

 

 

 

 

 

観測機器にビニールシートを被せている

作業 

石で観測施設全体を覆い隠した観測点 

設置箇所 
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地熱エンジニアリング株式会社 
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地震計設置 テンダホ-2：MST-2 

 

 

 

 

 

 

 

 

 

 

観測点 MST-2 の全景 ノイズ測定中 

 

 

 

 

 

 

 

 

 

地震計設置箇所の地盤整形 石膏の台座に地震計を埋め込んだ状況 

 

 

 

 

 

 

 

 

 

 

周辺機器の設置作業 周辺機器設置の全景 

 

 

 

 

 

 

 

 

 

 

周辺機器をモルタルにて固定 石で観測施設全体を覆っている作業 

 

 

 

設置箇所 
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地熱エンジニアリング株式会社 
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地震計設置 テンダホ-2：MST-3 

 

 

 

 

 

 

 

 

 

 

観測点設置箇所の全景 ノイズ測定中 

 

 

 

 

 

 

 

 

 

 

石膏の準備 石膏の台座に地震計を埋め込んだ状況 

 

 

 

 

 

 

 

 

 

 

モルタルの準備 周辺機器をモルタルにて固定 

 

 

 

 

 

 

 

 

 

 

バッテリーをチェーンと南京錠で固定 石で観測施設全体を覆っている作業 

 

 

 

設置箇所 
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地震計設置 テンダホ-2：MST-4 

 

 

 

 

 

 

 

 

 

 

観測点設置箇所の全景 観測点設置箇所の全景 

 

 

 

 

 

 

 

 

 

 

ノイズ測定中(1 箇所目の測定) ノイズ測定中(1 箇所目の測定) 

 

 

 

 

 

 

 

 

 

 

ノイズ測定中(2 箇所目の測定) 地震計設置箇所の地盤整形 

 

 

 

 

 

 

 

 

 

 

石で観測施設全体を覆い隠した観測点 石で観測施設全体を覆い隠した観測点 

 

 

設置箇所 

設置箇所 
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地震計設置 テンダホ-2：MST-5 

 

 

 

 

 

 

 

 

 

 

観測点設置箇所の全景 ノイズ測定中 

 

 

 

 

 

 

 

 

 

 

石膏の台座に地震計を埋め込む作業 周辺機器の設置作業 

 

 

 

 

 

 

 

 

 

 

周辺機器をモルタルにて固定 周辺機器をモルタルにて固定 

 

 

 

 

 

 

 

 

 

 

観測機器にビニールシートを被せている作

業 

石で観測施設全体を覆い隠した観測点 

 

設置箇所 
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日本工営株式会社 A4-27 2017 年 6 月 
地熱エンジニアリング株式会社 
住鉱資源開発株式会社 

地震計回収 テンダホ-2：MST-1～MST-5 

 

 

 

 

 

 

 

 

 

 

TENDAHO2：MST-1 の機器の撤収作業 TENDAHO2：MST-1 の機器の撤収作業 

 

 

 

 

 

 

 

 

 

 

TENDAHO2：MST-2 の機器の撤収作業 TENDAHO2：MST-3 の機器の撤収作業 

 

 

 

 

 

 

 

 

 

 

TENDAHO2：MST-4 の機器の撤収作業 TENDAHO2：MST-5 の機器の撤収作業 
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A4.4  作業写真（ボセッティ地区） 

地震計設置/回収 ボセッティ：MSB-1 

 

 

 

 

 

 

 

 

 

観測点設置箇所の全景 ノイズ測定中 

 

 

 

 

 

 

 

 

 

 

石膏の準備 石膏の台座に地震計を埋め込む作業 

 

 

 

 

 

 

 

 

 

 

周辺機器の設置作業 石で観測施設全体を覆い隠した観測点 

 

 

 

 

 

 

 

 

 

 

機器の撤収作業 機器撤去後の風景 

 

設置箇所 
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A4.5  微小地震計観測データ（テンダホ-2 地区） 

Tendaho2 event identifier 
 

No. Station Date 

Arrival time F-P 

(sec) 

Hypocenter 

Magnitude 

Hour Minute Second(P) Second(S) Longitude Latitude 
Northing(m) 

[Zone 37] 

Easting(m) 

[Zone 37] 

Depth 

(km) 

1 

MST-1 

2015/12/24 

03 26 45.04  
49.75(NS) 

49.78(EW) 
35 

11.9527  40.8100  1321964  697099  2.5  0.9  

MST-2 03 26 43.08  
46.31(NS) 

46.32(EW) 
32 

MST-3 03 26 44.08  
47.95(NS) 

47.96(EW) 
29 

MST-4 - - - - - 

MST-5 - - - - - 

2 

MST-1 

2015/12/24 

07 47 24.47  
32.48(NS) 

32.56(EW) 
39 

12.2760  41.6332  1358473  786441  12.0  1.1  

MST-2 07 47 26.14  
35.30(NS) 

35.32(EW) 
36 

MST-3 07 47 26.53  
35.53(NS) 

35.53(EW) 
32 

MST-4 - - - - - 

MST-5 - - - - - 

3 

MST-1 

2015/12/24 

12 59 2.39  
5.73(NS) 

 5.70(EW) 
33 

11.9843  40.9037  1325536  707278  0.2  0.7  

MST-2 12 59 0.54  
2.59(NS) 

 2.60(EW) 
23 

MST-3 12 59 1.68  
4.55(NS) 

 4.56(EW) 
22 

MST-4 - - - - - 

MST-5 - - - - - 

4 

MST-1 

2015/12/24 

15 45 1.31  
28.70(NS) 

28.45(EW) 
97 

14.0373  40.6997  1552515  683542  5.0  2.4  

MST-2 15 45 1.23  
28.42(NS) 

28.36(EW) 
98 

MST-3 15 45 2.77  
31.05(NS) 

31.13(EW) 
102 

MST-4 - - - - - 

MST-5 - - - - - 

5 

MST-1 

2015/12/24 

16 40 23.92  
27.23(NS) 

27.23(EW) 
28 

11.9795  40.9065  1325003  707590  0.2  0.7  

MST-2 16 40 22.05  
24.08(NS) 

24.08(EW) 
26 

MST-3 16 40 23.23  
25.99(NS) 

25.96(EW) 
24 

MST-4 - - - - - 

MST-5 - - - - - 

6 

MST-1 

2015/12/24 

16 50 23.22  
26.72(NS) 

26.72(EW) 
31 

11.7425  41.0977  1298932  728611  9.5  0.8  

MST-2 16 50 22.78  
26.28(NS) 

26.27(EW) 
29 

MST-3 16 50 21.58  
23.91(NS) 

23.94(EW) 
24 

MST-4 - - - - - 

MST-5 - - - - - 

7 

MST-1 

2015/12/25 

00 08 32.82  
38.69(NS) 

38.69(EW) 
- 

11.9095  41.5752  1317847  780510  0.0  1.4  

MST-2 00 08 34.57  
41.75(NS) 

41.79(EW) 
50 

MST-3 00 08 33.87  
40.42(NS) 

40.34(EW) 
43 

MST-4 - - - - - 

MST-5 - - - - - 

8 

MST-1 

2015/12/25 

01 42 18.60  
21.10(NS) 

21.10(EW) 
- 

11.8667  40.9978  1312591  717623  5.7  0.5  

MST-2 01 42 17.07  
18.86(NS) 

18.87(EW) 
20 

MST-3 01 42 16.72  
18.17(NS) 

18.18(EW) 
26 

MST-4 - - - - - 

MST-5 01 42 16.71  
18.28(NS) 

18.28(EW) 
22 

9 

MST-1 

2015/12/26 

13 14 59.72  
62.62(NS) 

62.59(EW) 
- 

11.8608  40.9747  1311927  715109  0.1  1.0  
MST-2 13 14 58.26  

59.93(NS) 

59.89(EW) 
40 

MST-3 13 14 57.88  
59.40(NS) 

59.42(EW) 
27 

MST-4 - - - - - 
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MST-5 - - - - - 

10 

MST-1 

2015/12/27 

15 03 37.05  
51.93(NS) 

51.93(EW) 
77 

11.6123  42.1862  1285633  847497  5.0  2.1  

MST-2 15 03 38.45  
54.69(NS) 

54.67(EW) 
82 

MST-3 15 03 37.32  
53.02(NS) 

52.96(EW) 
92 

MST-4 - - - - - 

MST-5 15 03 37.49  
52.79(NS) 

52.87(EW) 
86 

11 

MST-1 

2015/12/27 

15 18 16.28  
48.48(NS) 

48.55(EW) 
101 

13.7032  39.2623  1514913  528365  5.0  2.5  

MST-2 15 18 15.84  
46.96(NS) 

47.02(EW) 
102 

MST-3 15 18 16.85  
49.02(NS) 

48.99(EW) 
98 

MST-4 - - - - - 

MST-5 - - - - - 

12 

MST-1 

2015/12/28 

03 33 51.19  
55.04(NS) 

55.05(EW) 
26 

11.9644  40.7253  1323209  687863  0.7  0.6  

MST-2 03 33 49.36  
51.78(NS) 

51.81(EW) 
21 

MST-3 03 33 50.42  
53.44(NS) 

53.46(EW) 
26 

MST-4 - - - - - 

MST-5 - - - - - 

13 

MST-1 

2015/12/28 

08 00 34.46  
40.99(NS) 

40.67(EW) 
- 

11.6798  40.8802  1291831  704945  1.3  1.5  

MST-2 08 00 33.27  
37.44(NS) 

37.44(EW) 
49 

MST-3 08 00 32.38  
35.99(NS) 

35.95(EW) 
59 

MST-4 - - - - - 

MST-5 - - - - - 

14 

MST-1 

2015/12/28 

09 19 18.97  
40.09(NS) 

39.95(EW) 
78 

13.3765  40.4863  1479255  660949  5.0  2.1  

MST-2 09 19 18.92  
39.47(NS) 

39.29(EW) 
74 

MST-3 09 19 19.42  
41.96(NS) 

41.96(EW) 
83 

MST-4 - - - - - 

MST-5 - - - - - 

15 

MST-1 

2015/12/28 

11 08 47.82  
68.62(NS) 

68.48(EW) 
101 

13.3813  40.6360  1479892  677156  5.1  2.3  

MST-2 11 08 47.54  
68.10(NS) 

67.97(EW) 
93 

MST-3 11 08 48.94  
70.12(NS) 

70.12(EW) 
100 

MST-4 - - - - - 

MST-5 - - - - - 

16 

MST-1 

2015/12/29 

23 48 28.17  
30.58(NS) 

30.57(EW) 
31 

11.8853  41.0027  1314659  718141  3.3  0.4  
MST-2 23 48 26.72  

28.03(NS) 

28.01(EW) 
21 

MST-3 23 48 26.49  - 13 

MST-4 - - - - - 

MST-5 - - - - - 

17 

MST-1 

2015/12/30 

01 05 56.72  
68.99(NS) 

69.06(EW) 
- 

11.1048  41.0675  1228355  725827  0.1  2.2  

MST-2 01 05 56.69  
68.42(NS) 

68.61(EW) 
- 

MST-3 01 05 55.30  
66.32(NS) 

66.40(EW) 
82 

MST-4 - - - - - 

MST-5 01 05 54.50  
65.17(NS) 

65.27(EW) 
98 

18 

MST-1 

2016/1/1 

02 22 22.74  
35.37(NS) 

35.47(EW) 
64 

12.7727  40.6732  1412582  681627  0.0  1.9  

MST-2 02 22 22.03  
34.04(NS) 

33.95(EW) 
65 

MST-3 02 22 23.93  
36.19(NS) 

36.37(EW) 
78 

MST-4 02 22 24.16  
37.80(NS) 

38.16(EW) 
- 

MST-5 02 22 23.16  
39.05(NS) 

38.87(EW) 
86 

19 

MST-1 

2016/1/2 

04 25 32.15  
34.69(NS) 

34.66(EW) 
20 

11.8905  40.9707  1315206  714650  0.0  0.4  MST-2 04 25 29.86  
31.76(NS) 

31.79(EW) 
19 

MST-3 04 25 30.45  
31.79(NS) 

31.79(EW) 
21 
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MST-4 - - - - - 

MST-5 - - - - - 

20 

MST-1 

2016/1/2 

11 44 23.60  
25.47(NS) 

25.52(EW) 
17 

11.8727  41.0570  1313301  724072  3.5  0.2  

MST-2 11 44 22.59  
24.03(NS) 

24.01(EW) 
16 

MST-3 11 44 21.61  22.37(NS)22.39(EW) 16 

MST-4 - - - - - 

MST-5 - - - - - 

21 

MST-1 

2016/1/2 

13 12 33.17  
35.19(NS) 

35.11(EW) 
34 

11.9925  41.2952  1326764  749918  0.2  0.9  

MST-2 13 12 34.98  
38.35(NS) 

38.34(EW) 
28 

MST-3 13 12 34.67  
37.78(NS) 

37.75(EW) 
32 

MST-4 - - - - - 

MST-5 - - - - - 

22 

MST-1 

2016/1/3 

13 29 24.81  
27.78(NS) 

27.72(EW) 
16 

11.9573  41.3207  1322896  752728  11.4  0.3  

MST-2 13 29 26.55  
30.41(NS) 

30.27(EW) 
19 

MST-3 13 29 26.04  
29.47(NS) 

29.45(EW) 
21 

MST-4 - - - - - 

MST-5 - - - - - 

23 

MST-1 

2016/1/3 

20 33 19.27  
40.19(NS) 

40.20(EW) 
72 

11.7387  39.6318  1297733  568847  5.0  1.9  

MST-2 20 33 17.62  
37.65(NS) 

37.65(EW) 
64 

MST-3 20 33 18.44  
38.33(NS) 

38.42(EW) 
60 

MST-4 - - - - - 

MST-5 - - - - - 

24 

MST-1 

2016/1/4 

10 42 31.60  
53.03(NS) 

53.17(EW) 
96 

13.4672  41.6795  1490379  790110  5.5  2.4  

MST-2 10 42 32.11  
54.38(NS) 

54.47(EW) 
98 

MST-3 10 42 33.56  
55.67(NS) 

55.70(EW) 
110 

MST-4 - - - - - 

MST-5 10 42 33.22  
56.32(NS) 

56.25(EW) 
114 

25 

MST-1 

2016/1/5 

19 29 0.48  
25.36(NS) 

25.37(EW) 
86 

13.5480  42.1890  1499990  845205  5.0  2.2  

MST-2 19 29 1.64  
27.02(NS) 

27.00(EW) 
84 

MST-3 19 29 2.20  
28.23(NS) 

28.21(EW) 
- 

MST-4 - - - - - 

MST-5 - - - - - 

26 

MST-1 

2016/1/6 

22 33 59.90  
64.36(NS) 

64.37(EW) 
23 

11.9507  40.8435  1321767  700750  0.1  0.5  

MST-2 22 33 58.04  
60.91(NS) 

60.87(EW) 
22 

MST-3 22 33 59.00  
62.39(NS) 

62.42(EW) 
18 

MST-4 - - - - - 

MST-5 - - - - - 

27 

MST-1 

2016/1/7 

06 27 19.39  
38.52(NS) 

38.64(EW) 
57 

13.2570  41.6520  1467082  787380  2.8  1.6  

MST-2 06 27 20.14  
40.14(NS) 

40.14(EW) 
51 

MST-3 06 27 20.93  
41.50(NS) 

41.50(EW) 
51 

MST-4 - - - - - 

MST-5 - - - - - 

28 

MST-1 

2016/1/8 

16 34 35.26  
45.22(NS) 

45.24(EW) 
50 

11.4005  40.7307  1260827  688831  19.2  1.5  

MST-2 16 34 34.05  
43.41(NS) 

43.29(EW) 
50 

MST-3 16 34 33.40  
41.98(NS) 

42.02(EW) 
46 

MST-4 - - - - - 

MST-5 - - - - - 

29 

MST-1 

2016/1/8 

18 39 17.76  
27.74(NS) 

27.66(EW) 
- 

11.4300  40.6863  1264062  683974  25.4  1.7  
MST-2 18 39 16.12  

26.02(NS) 

25.69(EW) 
57 

MST-3 18 39 16.25  
24.51(NS) 

24.39(EW) 
63 

MST-4 - - - - - 
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MST-5 - - - - - 

30 

MST-1 

2016/1/8 

19 05 40.22  
50.13(NS) 

50.15(EW) 
- 

11.3425  40.8325  1254479  699986  0.0  0.0  

MST-2 19 05 39.16  
48.51(NS) 

48.38(EW) 
- 

MST-3 19 05 38.37  
46.67(NS) 

46.63(EW) 
- 

MST-4 19 05 39.12  
48.09(NS) 

48.08(EW) 
- 

MST-5 19 05 37.66  
45.64(NS) 

45.71(EW) 
- 

31 

MST-1 

2016/1/8 

21 32 50.17  
59.90(NS) 

60.02(EW) 
42 

11.4448  40.7643  1265753  692475  32.3  1.3  

MST-2 21 32 49.29  
58.26(NS) 

58.26(EW) 
- 

MST-3 21 32 49.19  
56.78(NS) 

56.78(EW) 
46 

MST-4 - - - - - 

MST-5 - - - - - 

32 

MST-1 

2016/1/8 

21 36 41.80  
51.58(NS) 

51.52(EW) 
68 

11.3790  40.7618  1258469  692247  6.3  1.9  

MST-2 21 36 40.52  
49.87(NS) 

49.65(EW) 
- 

MST-3 21 36 39.78  
48.15(NS) 

48.11(EW) 
74 

MST-4 - - - - - 

MST-5 - - - - - 

33 

MST-1 

2016/1/8 

21 40 41.10  
51.09(NS) 

51.06(EW) 
- 

11.4113  40.9108  1262149  708487  29.6  1.6  

MST-2 21 40 41.63  
49.25(NS) 

49.22(EW) 
57 

MST-3 21 40 40.34  
47.87(NS) 

47.84(EW) 
54 

MST-4 - - - - - 

MST-5 - - - - - 

34 

MST-1 

2016/1/8 

22 12 48.07  
57.97(NS) 

58.03(EW) 
42 

11.4910  40.6618  1270794  681261  24.5  1.3  

MST-2 22 12 46.71  
56.03(NS) 

56.05(EW) 
46 

MST-3 22 12 47.26  
54.85(NS) 

54.75(EW) 
43 

MST-4 - - - - - 

MST-5 - - - - - 

35 

MST-1 

2016/1/8 

22 37 29.82  
39.60(NS) 

39.67(EW) 
67 

11.3398  40.8403  1254189  700843  5.0  1.8  

MST-2 22 37 28.65  
37.98(NS) 

37.95(EW) 
66 

MST-3 22 37 27.97  
36.57(NS) 

36.42(EW) 
63 

MST-4 - - - - - 

MST-5 22 37 27.10  
35.26(NS) 

35.31(EW) 
70 

36 

MST-1 

2016/1/8 

22 51 20.82  
30.75(NS) 

30.66(EW) 
56 

11.3797  40.8260  1258586  699250  19.1  1.6  

MST-2 22 51 20.36  
28.91(NS) 

28.88(EW) 
54 

MST-3 22 51 18.95  
27.46(NS) 

27.53(EW) 
51 

MST-4 - - - - - 

MST-5 - - - - - 

37 

MST-1 

2016/1/8 

23 09 34.55  
44.48(NS) 

44.55(EW) 
- 

11.3717  40.8036  1257686  696813  0.7  0.8  

MST-2 23 09 33.51  
42.90(NS) 

42.68(EW) 
- 

MST-3 23 09 33.02  - - 

MST-4 23 09 33.65  - - 

MST-5 23 09 32.05  
40.08(NS) 

40.12(EW) 
27 

38 

MST-1 

2016/1/8 

23 35 56.05  
65.93(NS) 

66.10(EW) 
36 

11.3662  40.8170  1257086  698277  18.8  1.1  

MST-2 23 35 54.84  
64.27(NS) 

64.16(EW) 
39 

MST-3 23 35 54.18  
62.73(NS) 

62.62(EW) 
36 

MST-4 23 35 55.12  
63.94(NS) 

64.00(EW) 
32 

MST-5 - - - - - 

39 

MST-1 

2016/1/9 

00 37 2.59  
12.56(NS) 

12.55(EW) 
- 

11.3525  40.8056  1255567  697038  0.1  0.0  

MST-2 00 37 1.54  
10.83(NS) 

10.81(EW) 
- 
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MST-3 00 37 0.74  
9.12(NS) 

 9.11(EW) 
- 

MST-4 00 37 1.51  10.66(NS)10.71(EW) - 

MST-5 00 37 0.15  
8.32(NS) 

 8.28(EW) 
- 

40 

MST-1 

2016/1/9 

04 04 2.41  32.75(NS)32.53(EW) 96 

13.7783  39.6168  1523296  566676  5.0  2.4  

MST-2 04 04 2.01  
31.36(NS) 

31.42(EW) 
99 

MST-3 - - - - - 

MST-4 04 04 3.95  
34.73(NS) 

34.80(EW) 
96 

MST-5 - - - - - 

41 

MST-1 

2016/1/9 

04 50 39.78  
49.61(NS) 

49.66(EW) 
- 

11.3372  40.9280  1253956  710416  18.7  0.9  

MST-2 - - - - - 

MST-3 04 50 38.49  
46.39(NS) 

46.42(EW) 
- 

MST-4 04 50 38.65  
47.68(NS) 

47.66(EW) 
29 

MST-5 - - - - - 

42 

MST-1 

2016/1/9 

04 53 24.02  
33.82(NS) 

33.84(EW) 
47 

11.3763  40.8265  1258218  699307  23.3  1.5  

MST-2 04 53 22.96  
32.07(NS) 

32.09(EW) 
54 

MST-3 04 53 22.32  
30.58(NS) 

30.59(EW) 
50 

MST-4 04 53 22.82  
31.95(NS) 

31.97(EW) 
- 

MST-5 - - - - - 

43 

MST-1 

2016/1/9 

04 54 29.86  
39.70(NS) 

39.69(EW) 
- 

11.3740  40.7882  1257933  695125  19.9  1.8  

MST-2 04 54 28.84  
38.10(NS) 

38.07(EW) 
75 

MST-3 04 54 28.03  
36.57(NS) 

36.57(EW) 
58 

MST-4 - - - - - 

MST-5 - - - - - 

44 

MST-1 

2016/1/9 

11 18 0.09  
10.07(NS) 

10.07(EW) 
71 

11.3812  40.7612  1258708  692173  18.7  2.1  

MST-2 11 17 59.02  
68.33(NS) 

68.31(EW) 
87 

MST-3 11 17 58.12  
66.87(NS) 

66.87(EW) 
92 

MST-4 - - - - - 

MST-5 - - - - - 

45 

MST-1 

2016/1/9 

13 47 59.34  
62.46(NS) 

62.46(EW) 
15 

11.9540  40.9265  1322197  709788  0.6  0.0  

MST-2 13 47 57.53  
59.21(NS) 

59.13(EW) 
14 

MST-3 13 47 58.47  
60.81(NS) 

60.83(EW) 
13 

MST-4 - - - - - 

MST-5 - - - - - 

46 

MST-1 

2016/1/9 

13 53 46.90  
56.90(NS) 

56.84(EW) 
51 

11.3893  40.7812  1259625  694350  18.1  1.6  

MST-2 13 53 46.18  
55.16(NS) 

55.03(EW) 
- 

MST-3 13 53 44.99  
53.61(NS) 

53.55(EW) 
55 

MST-4 - - - - - 

MST-5 - - - - - 

47 

MST-1 

2016/1/9 

13 52 40.07  
50.32(NS) 

50.16(EW) 
60 

11.3582  40.7813  1256177  694390  18.4  1.7  

MST-2 13 52 39.11  
48.66(NS) 

48.39(EW) 
60 

MST-3 13 52 38.36  
47.05(NS) 

46.89(EW) 
63 

MST-4 - - - - - 

MST-5 - - - - - 

48 

MST-1 

2016/1/9 

15 29 15.68  
25.50(NS) 

25.51(EW) 
76 

11.3857  40.7545  1259202  691442  5.0  2.0  

MST-2 15 29 14.51  
23.68(NS) 

23.70(EW) 
81 

MST-3 15 29 13.81  
22.12(NS) 

22.11(EW) 
73 

MST-4 - - - - - 

MST-5 - - - - - 

49 

MST-1 

2016/1/9 

16 17 55.20  
65.26(NS) 

65.24(EW) 
67 

11.3602  40.7773  1256396  693952  1.4  1.9  

MST-2 16 17 54.21  
63.41(NS) 

63.42(EW) 
77 
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MST-3 16 17 53.32  
61.69(NS) 

61.71(EW) 
72 

MST-4 - - - - - 

MST-5 - - - - - 

50 

MST-1 

2016/1/10 

01 28 38.23  48.24(NS)48.27(EW) - 

11.3558  40.8022  1255933  696665  5.0  2.0  

MST-2 01 28 37.27  
46.47(NS) 

46.43(EW) 
88 

MST-3 01 28 36.52  
44.78(NS) 

44.76(EW) 
80 

MST-4 01 28 37.20  
46.39(NS) 

46.42(EW) 
72 

MST-5 - - - - - 

51 

MST-1 

2016/1/10 

02 06 4.53  
14.64(NS) 

14.63(EW) 
74 

11.3417  40.7982  1254363  696238  0.0  1.9  

MST-2 02 06 3.56  
12.76(NS) 

12.77(EW) 
82 

MST-3 02 06 2.65  
11.36(NS) 

11.36(EW) 
72 

MST-4 02 06 3.37  
12.68(NS) 

12.67(EW) 
65 

MST-5 02 06 2.06  
10.21(NS) 

10.19(EW) 
- 

52 

MST-1 

2016/1/10 

04 02 32.00  
41.96(NS) 

41.93(EW) 
41 

11.3577  40.8452  1256165  701358  18.0  1.2  

MST-2 04 02 31.15  
40.27(NS) 

40.26(EW) 
42 

MST-3 04 02 30.37  
38.69(NS) 

38.67(EW) 
40 

MST-4 04 02 30.93  
39.99(NS) 

39.99(EW) 
38 

MST-5 - - - - - 

53 

MST-1 

2016/1/10 

10 57 42.10  
50.93(NS) 

50.96(EW) 
52 

12.2268  40.5545  1352122  669097  6.7  1.4  

MST-2 10 57 40.69  
48.41(NS) 

48.41(EW) 
41 

MST-3 10 57 41.97  
50.63(NS) 

50.65(EW) 
- 

MST-4 - - - - - 

MST-5 - - - - - 

54 

MST-1 

2016/1/10 

11 59 29.53  
31.52(NS) 

31.49(EW) 
13 

12.0335  41.2857  1331293  748845  0.2  0.0  

MST-2 11 59 31.39  
34.64(NS) 

34.67(EW) 
14 

MST-3 11 59 31.36  
34.69(NS) 

34.68(EW) 
15 

MST-4 - - - - - 

MST-5 - - - - - 

55 

MST-1 

2016/1/10 

14 27 0.96  
10.94(NS) 

10.93(EW) 
53 

11.3855  40.7735  1259196  693516  17.5  1.5  

MST-2 14 26 59.88  
69.12(NS) 

69.09(EW) 
57 

MST-3 14 26 59.06  
67.55(NS) 

67.54(EW) 
48 

MST-4 - - - - - 

MST-5 - - - - - 

56 

MST-1 

2016/1/11 

01 52 54.74  
64.61(NS) 

64.66(EW) 
41 

11.4007  40.7212  1260839  687794  13.2  1.3  

MST-2 01 52 53.44  
62.81(NS) 

62.71(EW) 
47 

MST-3 01 52 52.61  
61.37(NS) 

61.23(EW) 
43 

MST-4 - - - - - 

MST-5 - - - - - 

57 

MST-1 

2016/1/11 

02 05 30.59  
40.44(NS) 

40.49(EW) 
37 

11.5200  40.6444  1273991  679346  30.1  1.2  

MST-2 02 05 29.29  
38.75(NS) 

38.48(EW) 
41 

MST-3 02 05 29.52  
37.41(NS) 

37.14(EW) 
34 

MST-4 - - - - - 

MST-5 - - - - - 

58 

MST-1 

2016/1/11 

02 07 6.28  
16.32(NS) 

16.29(EW) 
42 

11.3617  40.8025  1256579  696698  22.1  1.3  

MST-2 02 07 5.21  
14.43(NS) 

14.46(EW) 
44 

MST-3 02 07 4.44  
13.15(NS) 

13.12(EW) 
42 

MST-4 02 07 5.16  
14.37(NS) 

14.42(EW) 
36 

MST-5 - - - - - 

59 MST-1 2016/1/12 02 58 10.07  12.44(NS)12.38(EW) 29 11.8698  41.2558  1313155  745743  8.7  0.8  
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MST-2 02 58 11.21  
14.44(NS) 

14.46(EW) 
28 

MST-3 02 58 10.24  
12.70(NS) 

12.68(EW) 
31 

MST-4 - - - - - 

MST-5 - - - - - 

60 

MST-1 

2016/1/12 

23 04 42.32  
44.39(NS) 

44.39(EW) 
13 

11.9307  41.2928  1319920  749720  0.0  -0.1  

MST-2 23 04 43.84  
47.29(NS) 

47.31(EW) 
12 

MST-3 23 04 43.42  
45.96(NS) 

45.96(EW) 
14 

MST-4 - - - - - 

MST-5 - - - - - 

61 

MST-1 

2016/1/13 

00 31 19.36  
24.62(NS) 

24.57(EW) 
46 

11.9963  40.7673  1326765  692420  2.4  1.2  

MST-2 00 31 17.43  
21.28(NS) 

21.24(EW) 
40 

MST-3 00 31 18.51  
23.21(NS) 

23.12(EW) 
38 

MST-4 - - - - - 

MST-5 - - - - - 

62 

MST-1 

2016/1/13 

04 42 5.40  
14.31(NS) 

14.18(EW) 
54 

11.9092  41.7380  1317980  798260  31.6  1.5  

MST-2 04 42 6.93  
16.98(NS) 

16.89(EW) 
45 

MST-3 04 42 6.84  
15.45(NS) 

15.54(EW) 
48 

MST-4 - - - - - 

MST-5 - - - - - 

63 

MST-1 

2016/1/13 

22 39 34.74  
37.33(NS) 

37.32(EW) 
11 

11.8787  40.9938  1313914  717183  0.5  -0.3  

MST-2 22 39 33.24  
34.68(NS) 

34.68(EW) 
10 

MST-3 22 39 33.07  
34.37(NS) 

34.36(EW) 
11 

MST-4 - - - - - 

MST-5 - - - - - 

64 

MST-1 

2016/1/14 

03 23 11.33  
21.36(NS) 

21.36(EW) 
40 

11.3397  40.8338  1254166  700133  0.7  1.3  

MST-2 03 23 10.38  
19.55(NS) 

19.61(EW) 
- 

MST-3 03 23 9.47  
17.92(NS) 

17.94(EW) 
39 

MST-4 - - - - - 

MST-5 03 23 8.66  
16.87(NS) 

16.83(EW) 
46 

65 

MST-1 

2016/1/15 

03 50 30.86  
34.98(NS) 

34.92(EW) 
55 

12.1008  41.4270  1338877  764174  0.0  1.6  

MST-2 03 50 32.70  
38.51(NS) 

38.55(EW) 
53 

MST-3 03 50 32.40  
37.73(NS) 

37.74(EW) 
60 

MST-4 03 50 31.88  
35.58(NS) 

35.62(EW) 
53 

MST-5 03 50 32.71  
38.48(NS) 

38.52(EW) 
58 

66 

MST-1 

2016/1/15 

19 48 33.52  
49.38(NS) 

49.34(EW) 
54 

11.0833  41.8793  1226714  814584  12.4  1.6  

MST-2 19 48 34.29  
50.63(NS) 

50.67(EW) 
61 

MST-3 19 48 32.98  
48.57(NS) 

48.59(EW) 
48 

MST-4 - - - - - 

MST-5 - - - - - 

67 

MST-1 

2016/1/16 

01 01 18.20  
33.94(NS) 

33.55(EW) 
77 

10.9880  41.7598  1216037  801615  13.9  1.9  

MST-2 01 01 18.66  
35.06(NS) 

35.12(EW) 
78 

MST-3 01 01 17.35  
32.83(NS) 

32.64(EW) 
61 

MST-4 01 01 16.63  
31.59(NS) 

31.66(EW) 
66 

MST-5 - - - - - 

68 

MST-1 

2016/1/16 

01 43 9.68  25.51(NS)25.77(EW) 78 

11.1442  41.9202  1233492  818982  9.6  1.9  

MST-2 01 43 10.56  
27.08(NS) 

26.97(EW) 
66 

MST-3 01 43 9.47  
24.63(NS) 

24.78(EW) 
69 

MST-4 - - - - - 

MST-5 - - - - - 



エチオピア国  ファイナルレポート 
地熱開発のための情報収集・確認調査  巻末資料 

日本工営株式会社 A4-36 2017 年 6 月 
地熱エンジニアリング株式会社 
住鉱資源開発株式会社 

69 

MST-1 

2016/1/17 

02 30 35.93  
38.15(NS) 

38.06(EW) 
29 

11.9618  41.2970  1323372  750146  2.6  0.5  

MST-2 02 30 37.61  
41.14(NS) 

41.14(EW) 
17 

MST-3 02 30 37.50  
40.11(NS) 

40.14(EW) 
- 

MST-4 - - - - - 

MST-5 - - - - - 

70 

MST-1 

2016/1/17 

13 06 42.28  
48.01(NS) 

47.97(EW) 
39 

11.6185  40.9430  1285092  711843  0.3  1.2  

MST-2 13 06 41.26  
46.36(NS) 

46.36(EW) 
- 

MST-3 13 06 40.21  
44.49(NS) 

44.35(EW) 
40 

MST-4 - - - - - 

MST-5 - - - - - 

71 

MST-1 

2016/1/17 

16 57 47.22  
52.91(NS) 

52.91(EW) 
40 

11.6333  40.9253  1286720  709905  0.0  1.2  

MST-2 16 57 46.23  
51.09(NS) 

51.26(EW) 
40 

MST-3 16 57 45.17  
49.47(NS) 

49.50(EW) 
45 

MST-4 - - - - - 

MST-5 - - - - - 

72 

MST-1 

2016/1/21 

02 53 43.12  
72.24(NS) 

72.45(EW) 
115 

13.5887  39.5293  1502297  557264  4.8  2.6  

MST-2 02 53 42.29  
70.64(NS) 

70.67(EW) 
126 

MST-3 02 53 43.56  
73.00(NS) 

73.07(EW) 
111 

MST-4 - - - - - 

MST-5 - - - - - 

73 

MST-1 

2016/1/21 

11 45 56.14  
62.49(NS) 

62.50(EW) 
61 

11.5692  40.9457  1279636  712171  0.1  1.8  

MST-2 11 45 55.21  
60.96(NS) 

60.97(EW) 
74 

MST-3 11 45 54.16  
58.98(NS) 

58.92(EW) 
69 

MST-4 - - - - - 

MST-5 - - - - - 

74 

MST-1 

2016/1/21 

22 33 15.59  
21.59(NS) 

21.59(EW) 
46 

11.5750  40.9947  1280318  717512  5.8  1.5  

MST-2 22 33 14.78  
20.38(NS) 

20.41(EW) 
51 

MST-3 22 33 13.65  
18.25(NS) 

18.28(EW) 
56 

MST-4 - - - - - 

MST-5 - - - - - 

75 

MST-1 

2016/1/21 

22 38 52.59  
58.91(NS) 

58.92(EW) 
23 

11.5722  40.9600  1279978  713732  1.3  0.6  

MST-2 22 38 51.71  
57.36(NS) 

57.36(EW) 
- 

MST-3 22 38 50.63  
55.33(NS) 

55.33(EW) 
24 

MST-4 22 38 51.44  
56.87(NS) 

56.88(EW) 
- 

MST-5 - - - - - 

76 

MST-1 

2016/1/21 

22 39 11.01  
17.15(NS) 

17.19(EW) 
48 

11.5758  40.9475  1280375  712366  5.9  1.4  

MST-2 22 39 9.95  
15.74(NS) 

15.75(EW) 
53 

MST-3 22 39 8.93  
13.80(NS) 

13.78(EW) 
44 

MST-4 - - - - - 

MST-5 - - - - - 

77 

MST-1 

2016/1/21 

22 42 4.89  
11.05(NS) 

11.06(EW) 
33 

11.5768  40.9648  1280498  714256  0.3  1.0  

MST-2 22 42 3.93  
9.60(NS) 

 9.61(EW) 
36 

MST-3 22 42 2.90  
7.50(NS) 

 7.50(EW) 
32 

MST-4 22 42 3.78  - 36 

MST-5 - - - - - 

78 

MST-1 

2016/1/21 

22 50 11.62  17.96(NS)17.96(EW) 49 

11.5812  40.9540  1280970  713071  11.9  1.4  

MST-2 22 50 10.76  
16.50(NS) 

16.50(EW) 
52 

MST-3 22 50 9.73  
14.62(NS) 

14.59(EW) 
43 

MST-4 - - - - - 

MST-5 - - - - - 
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79 

MST-1 

2016/1/21 

22 58 13.49  
19.26(NS) 

19.24(EW) 
51 

11.6027  41.0050  1283387  718618  16.1  1.4  

MST-2 22 58 12.59  
18.21(NS) 

18.22(EW) 
45 

MST-3 22 58 11.56  
16.18(NS) 

16.18(EW) 
45 

MST-4 - - - - - 

MST-5 - - - - - 

80 

MST-1 

2016/1/21 

23 12 24.49  
30.84(NS) 

30.84(EW) 
74 

11.5727  40.9643  1280037  714205  5.0  1.8  

MST-2 23 12 23.82  
29.39(NS) 

29.38(EW) 
74 

MST-3 23 12 22.65  
27.37(NS) 

27.38(EW) 
62 

MST-4 - - - - - 

MST-5 - - - - - 

81 

MST-1 

2016/1/21 

23 36 57.29  
63.58(NS) 

63.57(EW) 
50 

11.5765  40.9595  1280457  713675  11.2  1.5  

MST-2 23 36 56.43  
62.19(NS) 

62.17(EW) 
- 

MST-3 23 36 55.31  
60.28(NS) 

60.28(EW) 
52 

MST-4 - - - - - 

MST-5 - - - - - 

82 

MST-1 

2016/1/21 

23 38 13.32  
19.36(NS) 

19.36(EW) 
48 

11.5993  40.9940  1283010  717420  18.7  1.5  

MST-2 23 38 12.49  
18.24(NS) 

18.23(EW) 
54 

MST-3 23 38 11.49  
16.35(NS) 

16.34(EW) 
51 

MST-4 - - - - - 

MST-5 - - - - - 

83 

MST-1 

2016/1/21 

23 38 40.22  
46.27(NS) 

46.27(EW) 
22 

11.6360  40.9908  1287064  717047  20.8  0.6  

MST-2 23 38 39.55  - 25 

MST-3 23 38 38.93  
43.19(NS) 

43.19(EW) 
25 

MST-4 - - - - - 

MST-5 - - - - - 

84 

MST-1 

2016/1/21 

23 39 18.84  
25.24(NS) 

25.23(EW) 
24 

11.5983  40.9540  1282869  713058  20.4  0.7  

MST-2 23 39 18.08  
23.85(NS) 

23.89(EW) 
32 

MST-3 23 39 16.96  
22.28(NS) 

22.28(EW) 
24 

MST-4 - - - - - 

MST-5 - - - - - 

85 

MST-1 

2016/1/21 

23 51 27.48  
33.71(NS) 

33.74(EW) 
57 

11.5760  40.9832  1280420  716257  7.4  1.7  

MST-2 23 51 26.91  
32.38(NS) 

32.38(EW) 
63 

MST-3 23 51 25.64  
30.33(NS) 

30.38(EW) 
58 

MST-4 - - - - - 

MST-5 - - - - - 

86 

MST-1 

2016/1/22 

00 48 51.09  
56.96(NS) 

56.95(EW) 
46 

11.5967  40.9760  1282701  715459  14.1  1.3  

MST-2 00 48 50.19  
55.82(NS) 

55.82(EW) 
- 

MST-3 00 48 49.12  
53.76(NS) 

53.84(EW) 
39 

MST-4 00 48 49.93  
55.33(NS) 

55.24(EW) 
45 

MST-5 - - - - - 

87 

MST-1 

2016/1/22 

00 50 2.19  
8.49(NS) 

 8.45(EW) 
40 

11.5740  40.9508  1280174  712731  1.4  1.3  

MST-2 00 50 1.32  
6.88(NS) 

 6.98(EW) 
46 

MST-3 00 50 0.14  
4.98(NS) 

 4.89(EW) 
39 

MST-4 - - - - - 

MST-5 - - - - - 

88 

MST-1 

2016/1/22 

01 02 23.28  29.02(NS)29.03(EW) 29 

11.6057  40.9818  1283701  716088  13.8  0.7  

MST-2 01 02 22.25  
27.87(NS) 

27.86(EW) 
25 

MST-3 01 02 21.37  
25.84(NS) 

25.83(EW) 
25 

MST-4 - - - - - 

MST-5 - - - - - 

89 MST-1 2016/1/22 01 05 12.82  
18.46(NS) 

18.48(EW) 
21 11.5980  41.0197  1282882  720221  13.5  0.6  
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MST-2 01 05 12.00  
17.49(NS) 

17.49(EW) 
- 

MST-3 01 05 10.85  
15.37(NS) 

15.35(EW) 
24 

MST-4 - - - - - 

MST-5 - - - - - 

90 

MST-1 

2016/1/22 

01 09 34.81  
40.64(NS) 

40.80(EW) 
- 

11.6140  40.9420  1284593  711737  17.7  0.2  
MST-2 01 09 33.41  

39.43(NS) 

39.44(EW) 
- 

MST-3 01 09 32.83  - - 

MST-4 - - - - - 

MST-5 - - - - - 

91 

MST-1 

2016/1/22 

01 09 50.28  
55.49(NS) 

55.50(EW) 
- 

11.6093  41.0342  1284147  721794  1.2  -0.2  

MST-2 01 09 49.76  
54.45(NS) 

54.43(EW) 
13 

MST-3 01 09 47.81  
52.27(NS) 

52.24(EW) 
11 

MST-4 - - - - - 

MST-5 - - - - - 

92 

MST-1 

2016/1/22 

01 15 36.05  
42.01(NS) 

42.01(EW) 
37 

11.5790  40.9947  1280761  717509  11.2  1.2  

MST-2 01 15 35.15  
40.88(NS) 

40.89(EW) 
37 

MST-3 01 15 34.07  
38.79(NS) 

38.81(EW) 
41 

MST-4 - - - - - 

MST-5 - - - - - 

93 

MST-1 

2016/1/22 

01 44 50.41  
56.41(NS) 

56.45(EW) 
36 

11.5960  40.9492  1282607  712533  6.7  1.0  

MST-2 01 44 49.54  
54.89(NS) 

54.88(EW) 
35 

MST-3 01 44 48.46  
53.01(NS) 

53.03(EW) 
31 

MST-4 01 44 49.26  
54.67(NS) 

54.69(EW) 
33 

MST-5 - - - - - 

94 

MST-1 

2016/1/22 

02 46 17.57  
23.91(NS) 

23.90(EW) 
55 

11.5762  40.9427  1280408  711839  3.2  1.6  

MST-2 02 46 16.67  
22.23(NS) 

22.33(EW) 
56 

MST-3 02 46 15.63  
20.46(NS) 

20.41(EW) 
- 

MST-4 - - - - - 

MST-5 - - - - - 

95 

MST-1 

2016/1/22 

03 30 1.27  
7.07(NS) 

 7.06(EW) 
32 

11.5977  40.9948  1282826  717513  14.3  1.0  

MST-2 03 30 0.37  
5.92(NS) 

 5.95(EW) 
- 

MST-3 03 29 59.32  
63.93(NS) 

63.93(EW) 
36 

MST-4 - - - - - 

MST-5 - - - - - 

96 

MST-1 

2016/1/22 

03 37 32.52  
39.05(NS) 

39.04(EW) 
25 

11.5672  40.9428  1279412  711864  11.5  0.7  

MST-2 03 37 31.62  
37.56(NS) 

37.58(EW) 
- 

MST-3 03 37 30.60  
35.72(NS) 

35.72(EW) 
26 

MST-4 - - - - - 

MST-5 - - - - - 

97 

MST-1 

2016/1/22 

03 49 50.89  
57.15(NS) 

57.17(EW) 
31 

11.5353  41.0042  1275937  718579  13.2  1.0  

MST-2 03 49 50.00  
56.75(NS) 

56.78(EW) 
33 

MST-3 03 49 48.93  
54.06(NS) 

54.02(EW) 
37 

MST-4 03 49 49.66  
55.57(NS) 

55.56(EW) 
- 

MST-5 - - - - - 

98 

MST-1 

2016/1/22 

04 00 30.45  36.75(NS)36.76(EW) 50 

11.5822  40.9808  1281100  715997  1.4  1.4  

MST-2 04 00 29.77  
35.29(NS) 

35.31(EW) 
49 

MST-3 04 00 28.57  
33.17(NS) 

33.22(EW) 
43 

MST-4 04 00 29.30  
34.65(NS) 

34.63(EW) 
- 

MST-5 04 00 28.22  
32.42(NS) 

32.41(EW) 
49 
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99 

MST-1 

2016/1/22 

04 07 23.51  
29.79(NS) 

29.82(EW) 
27 

11.5030  41.1988  1272515  739847  2.2  0.8  

MST-2 04 07 23.00  
30.75(NS) 

30.78(EW) 
30 

MST-3 04 07 21.56  
26.59(NS) 

26.60(EW) 
28 

MST-4 - - - - - 

MST-5 - - - - - 

100 

MST-1 

2016/1/22 

04 08 5.52  
11.85(NS) 

11.81(EW) 
25 

11.569446666666666  40.9528  1279673  712947  5.0  0.7  

MST-2 04 08 4.67  
10.36(NS) 

10.37(EW) 
- 

MST-3 04 08 3.56  
8.44(NS) 

 8.41(EW) 
- 

MST-4 - - - - - 

MST-5 - - - - - 

101 

MST-1 

2016/1/22 

07 09 13.22  
18.83(NS) 

18.86(EW) 
21 

11.5815  40.9570  1281009  713398  5.0  0.6  

MST-2 07 09 11.73  
17.71(NS) 

17.72(EW) 
- 

MST-3 07 09 10.83  
15.64(NS) 

15.66(EW) 
26 

MST-4 - - - - - 

MST-5 - - - - - 

102 

MST-1 

2016/1/22 

11 00 22.53  
28.43(NS) 

28.43(EW) 
35 

11.5888  41.0080  1281859  718956  14.5  1.1  

MST-2 11 00 21.71  
27.38(NS) 

27.40(EW) 
- 

MST-3 11 00 20.66  
25.32(NS) 

25.31(EW) 
36 

MST-4 - - - - - 

MST-5 - - - - - 

103 

MST-1 

2016/1/22 

12 30 45.16  
50.80(NS) 

50.89(EW) 
13 

11.6233  41.0144  1285681  719632  23.6  -0.1  

MST-2 12 30 44.25  
49.99(NS) 

50.04(EW) 
- 

MST-3 12 30 43.30  
48.22(NS) 

48.25(EW) 
- 

MST-4 - - - - - 

MST-5 - - - - - 

104 

MST-1 

2016/1/22 

12 30 55.70  
61.97(NS) 

62.02(EW) 
34 

11.5708  40.9472  1279822  712340  2.8  1.1  

MST-2 12 30 54.73  
60.51(NS) 

60.51(EW) 
37 

MST-3 12 30 53.71  
58.47(NS) 

58.48(EW) 
35 

MST-4 - - - - - 

MST-5 - - - - - 

105 

MST-1 

2016/1/22 

13 08 12.23  
18.61(NS) 

18.64(EW) 
31 

11.5790  40.9095  1280697  708219  11.5  0.8  

MST-2 13 08 10.87  
17.10(NS) 

17.11(EW) 
28 

MST-3 13 08 10.29  
15.36(NS) 

15.33(EW) 
27 

MST-4 - - - - - 

MST-5 - - - - - 

106 

MST-1 

2016/1/22 

13 38 49.95  
55.42(NS) 

55.41(EW) 
27 

11.6260  41.0190  1285979  720126  17.9  0.8  

MST-2 13 38 49.08  
54.45(NS) 

54.48(EW) 
- 

MST-3 13 38 48.01  
52.52(NS) 

52.48(EW) 
29 

MST-4 - - - - - 

MST-5 - - - - - 

107 

MST-1 

2016/1/22 

15 21 19.06  
30.73(NS) 

30.71(EW) 
74 

11.2735  41.6095  1247489  784897  27.6  2.0  

MST-2 15 21 19.68  
31.85(NS) 

31.88(EW) 
81 

MST-3 15 21 18.40  
29.63(NS) 

29.63(EW) 
86 

MST-4 - - - - - 

MST-5 - - - - - 

108 

MST-1 

2016/1/22 

21 55 35.84  
41.29(NS) 

41.33(EW) 
43 

11.6257  41.0218  1285945  720436  19.2  1.3  

MST-2 21 55 34.95  
40.40(NS) 

40.42(EW) 
47 

MST-3 21 55 33.85  
38.50(NS) 

38.46(EW) 
44 

MST-4 - - - - - 

MST-5 - - - - - 

109 MST-1 2016/1/23 04 12 18.07  
23.55(NS) 

23.57(EW) 
33 11.6155  41.0145  1284814  719644  14.9  1.0  
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MST-2 04 12 17.18  
22.57(NS) 

22.57(EW) 
- 

MST-3 04 12 16.13  
20.50(NS) 

20.51(EW) 
34 

MST-4 - - - - - 

MST-5 - - - - - 

110 

MST-1 

2016/1/23 

05 20 47.72  
53.20(NS) 

53.22(EW) 
25 

11.6193  41.0193  1285242  720168  16.7  0.6  

MST-2 05 20 46.84  
52.25(NS) 

52.27(EW) 
18 

MST-3 05 20 45.79  
50.24(NS) 

50.26(EW) 
28 

MST-4 - - - - - 

MST-5 - - - - - 

111 

MST-1 

2016/1/23 

23 58 9.04  
17.52(NS) 

17.61(EW) 
71 

11.4105  40.9878  1262113  716892  20.0  1.8  

MST-2 23 58 8.41  
16.50(NS) 

16.52(EW) 
70 

MST-3 23 58 7.28  
14.55(NS) 

14.59(EW) 
63 

MST-4 23 58 7.81  
15.32(NS) 

15.39(EW) 
57 

MST-5 - - - - - 

112 

MST-1 

2016/1/24 

05 44 19.02  
20.98(NS) 

20.98(EW) 
22 

11.9892  41.2993  1326399  750375  1.6  0.5  

MST-2 05 44 20.87  
24.32(NS) 

24.28(EW) 
23 

MST-3 05 44 20.52  
23.62(NS) 

23.63(EW) 
23 

MST-4 - - - - - 

MST-5 - - - - - 

113 

MST-1 

2016/1/25 

11 58 11.00  
17.27(NS) 

17.24(EW) 
26 

11.9295  41.6153  1320102  784867  1.7  0.8  

MST-2 11 58 12.61  
20.41(NS) 

20.41(EW) 
29 

MST-3 11 58 11.94  
19.08(NS) 

19.09(EW) 
29 

MST-4 - - - - - 

MST-5 - - - - - 

114 

MST-1 

2016/1/26 

02 36 25.19  
42.36(NS) 

42.40(EW) 
54 

11.6163  39.9587  1284305  604509  0.0  1.5  
MST-2 02 36 23.47  

39.00(NS) 

39.03(EW) 
49 

MST-3 - - - - - 

MST-4 02 36 25.33  - 47 

MST-5 - - - - - 

115 

MST-1 

2016/1/27 

14 57 35.34  
58.68(NS) 

58.82(EW) 
76 

12.8727  39.6648  1423147  572133  2.5  2.0  

MST-2 14 57 34.36  
56.57(NS) 

56.57(EW) 
74 

MST-3 14 57 35.39  
58.66(NS) 

58.74(EW) 
72 

MST-4 - - - - - 

MST-5 - - - - - 

116 

MST-1 

2016/1/28 

09 17 26.09  
28.13(NS) 

28.12(EW) 
19 

11.8952  41.0355  1315773  721710  6.0  0.2  
MST-2 09 17 24.87  

26.23(NS) 

26.25(EW) 
16 

MST-3 09 17 24.61  - - 

MST-4 - - - - - 

MST-5 - - - - - 

117 

MST-1 

2016/1/28 

10 55 21.64  
24.11(NS) 

24.14(EW) 
48 

11.8380  41.0390  1309451  722138  0.0  1.3  

MST-2 10 55 20.61  
22.39(NS) 

22.39(EW) 
43 

MST-3 - - - - - 

MST-4 10 55 21.04  23.02(NS)23.08(EW) - 

MST-5 - - - - - 

118 

MST-1 

2016/1/28 

10 58 31.14  33.60(NS)33.59(EW) 20 

11.8270  41.0557  1308247  723964  0.1  0.3  

MST-2 10 58 30.13  - 16 

MST-3 10 58 28.98  
29.86(NS) 

29.90(EW) 
- 

MST-4 - - - - - 

MST-5 - - - - - 

119 

MST-1 

2016/1/28 

12 18 39.38  
41.91(NS) 

41.95(EW) 
28 

11.8369  41.0461  1309340  722915  0.2  0.6  
MST-2 12 18 38.38  - 23 

MST-3 12 18 37.23  
38.07(NS) 

38.07(EW) 
- 

MST-4 - - - - - 
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MST-5 12 18 37.34  
38.19(NS) 

38.19(EW) 
22 

120 

MST-1 

2016/1/28 

15 01 58.05  
60.80(NS) 

60.83(EW) 
21 

11.8370  41.0145  1309321  719469  0.0  0.2  

MST-2 15 01 56.76  
58.54(NS) 

58.54(EW) 
17 

MST-3 15 01 55.92  
57.12(NS) 

57.15(EW) 
14 

MST-4 - - - - - 

MST-5 - - - - - 

121 

MST-1 

2016/1/29 

06 40 24.95  
27.44(NS) 

27.45(EW) 
21 

11.8437  41.0192  1310062  719972  0.6  0.4  

MST-2 06 40 23.67  
25.48(NS) 

25.47(EW) 
18 

MST-3 06 40 22.83  
24.06(NS) 

24.06(EW) 
21 

MST-4 - - - - - 

MST-5 - - - - - 

122 

MST-1 

2016/1/30 

09 08 57.86  
83.93(NS) 

83.78(EW) 
78 

13.8982  40.5697  1537022  669602  5.0  2.2  

MST-2 09 08 57.73  
83.51(NS) 

83.55(EW) 
84 

MST-3 09 08 58.29  
85.87(NS) 

85.86(EW) 
85 

MST-4 - - - - - 

MST-5 - - - - - 

123 

MST-1 

2016/1/30 

11 29 30.91  
33.81(NS) 

33.79(EW) 
31 

11.8595  41.2277  1311987  742682  20.0  0.8  

MST-2 11 29 31.20  
35.31(NS) 

35.29(EW) 
23 

MST-3 11 29 30.66  
33.72(NS) 

33.73(EW) 
32 

MST-4 - - - - - 

MST-5 - - - - - 

124 

MST-1 

2016/1/31 

02 54 54.65  
57.20(NS) 

57.21(EW) 
34 

11.8315  41.0360  1308729  721816  0.1  1.0  

MST-2 02 54 53.62  
55.41(NS) 

55.39(EW) 
33 

MST-3 - - - - - 

MST-4 02 54 53.95  
56.05(NS) 

56.15(EW) 
35 

MST-5 02 54 52.44  
53.40(NS) 

53.45(EW) 
31 

125 

MST-1 

2016/1/31 

09 36 19.28  
22.34(NS) 

22.33(EW) 
40 

11.9440  41.3717  1321468  758298  0.6  1.2  

MST-2 09 36 20.93  
25.38(NS) 

25.42(EW) 
- 

MST-3 09 36 20.30  
24.21(NS) 

24.22(EW) 
40 

MST-4 - - - - - 

MST-5 - - - - - 

126 

MST-1 

2016/1/31 

10 20 28.80  
30.49(NS) 

30.50(EW) 
30 

12.0097  41.2757  1328646  747778  2.0  0.8  

MST-2 10 20 30.71  
33.84(NS) 

33.84(EW) 
30 

MST-3 10 20 30.49  
33.53(NS) 

33.53(EW) 
28 

MST-4 - - - - - 

MST-5 - - - - - 

127 

MST-1 

2016/2/1 

10 42 22.22  
24.46(NS) 

24.47(EW) 
41 

11.8960  41.0210  1315854  720130  9.3  0.9  
MST-2 10 42 21.13  

22.60(NS) 

22.62(EW) 
23 

MST-3 - - - - - 

MST-4 - - - - - 

MST-5 10 42 20.60  - - 

128 

MST-1 

2016/2/1 

20 16 26.59  35.38(NS)35.39(EW) 34 

12.3138  40.6602  1361815  680535  1.7  1.0  

MST-2 20 16 25.87  
33.00(NS) 

33.01(EW) 
33 

MST-3 20 16 27.72  
35.35(NS) 

35.37(EW) 
28 

MST-4 - - - - - 

MST-5 - - - - - 

129 

MST-1 

2016/2/1 

20 35 46.65  
79.94(NS) 

79.95(EW) 
129 

9.5013  40.1982  1050505  631518  5.0  2.7  

MST-2 20 35 45.98  
78.74(NS) 

78.90(EW) 
124 

MST-3 20 35 45.09  
77.27(NS) 

77.25(EW) 
125 

MST-4 - - - - - 

MST-5 - - - - - 
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130 

MST-1 

2016/2/2 

06 02 53.55  
59.62(NS) 

59.57(EW) 
57 

11.9053  41.5987  1317410  783076  0.8  1.7  

MST-2 06 02 55.20  
62.62(NS) 

62.61(EW) 
56 

MST-3 06 02 54.40  
61.30(NS) 

61.29(EW) 
62 

MST-4 - - - - - 

MST-5 06 02 54.23  
61.44(NS) 

61.47(EW) 
65 

131 

MST-1 

2016/2/3 

04 10 48.63  
51.25(NS) 

51.22(EW) 
12 

11.8790  40.9930  1313951  717092  0.0  -0.1  

MST-2 04 10 47.14  
48.61(NS) 

48.61(EW) 
12 

MST-3 04 10 46.96  
48.26(NS) 

48.26(EW) 
14 

MST-4 - - - - - 

MST-5 - - - - - 

132 

MST-1 

2016/2/4 

00 17 24.89  
27.56(NS) 

27.56(EW) 
21 

11.8828  40.9887  1314371  716617  0.2  0.3  

MST-2 00 17 23.44  
24.71(NS) 

24.70(EW) 
16 

MST-3 00 17 23.27  
24.53(NS) 

24.53(EW) 
20 

MST-4 - - - - - 

MST-5 - - - - - 

133 

MST-1 

2016/2/4 

03 16 4.01  
30.23(NS) 

30.21(EW) 
- 

12.6973  39.2143  1403674  523270  6.1  2.3  

MST-2 03 16 2.72  
28.54(NS) 

28.51(EW) 
91 

MST-3 03 16 3.52  
29.87(NS) 

29.84(EW) 
- 

MST-4 - - - - - 

MST-5 - - - - - 

134 

MST-1 

2016/2/5 

00 18 44.73  
47.07(NS) 

47.07(EW) 
25 

11.8978  41.0002  1316040  717858  0.2  0.4  

MST-2 00 18 43.27  
44.42(NS) 

44.42(EW) 
21 

MST-3 00 18 43.17  
44.50(NS) 

44.50(EW) 
15 

MST-4 - - - - - 

MST-5 - - - - - 

135 

MST-1 

2016/2/5 

21 09 23.18  
24.93(NS) 

24.94(EW) 
20 

11.8643  41.0510  1312374  723425  4.4  0.3  

MST-2 21 09 21.76  
23.73(NS) 

23.73(EW) 
20 

MST-3 21 09 21.13  
21.96(NS) 

21.96(EW) 
16 

MST-4 - - - - - 

MST-5 - - - - - 

136 

MST-1 

2016/2/8 

23 02 20.14  
34.87(NS) 

34.87(EW) 
68 

12.0133  42.2325  1330097  852041  13.2  1.9  

MST-2 23 02 21.82  
37.78(NS) 

37.80(EW) 
64 

MST-3 23 02 21.03  
36.69(NS) 

36.74(EW) 
76 

MST-4 23 02 20.05  
34.31(NS) 

34.36(EW) 
- 

MST-5 - - - - - 

137 

MST-1 

2016/2/11 

00 29 33.06  
35.50(NS) 

35.50(EW) 
22 

11.8837  41.0030  1314475  718178  4.9  0.4  

MST-2 00 29 31.67  
33.15(NS) 

33.16(EW) 
- 

MST-3 00 29 31.44  
32.86(NS) 

32.83(EW) 
17 

MST-4 - - - - - 

MST-5 - - - - - 

138 

MST-1 

2016/2/11 

05 52 35.70  
64.27(NS) 

64.34(EW) 
98 

12.9565  39.1017  1432327  511026  5.0  2.5  

MST-2 05 52 34.38  
62.55(NS) 

62.44(EW) 
112 

MST-3 05 52 35.45  
64.13(NS) 

64.09(EW) 
112 

MST-4 - - - - - 

MST-5 - - - - - 

139 

MST-1 

2016/2/11 

14 38 22.16  
23.44(NS) 

23.48(EW) 
11 

12.0173  41.1348  1329372  732430  0.0  -0.3  

MST-2 14 38 23.79  
26.24(NS) 

24.91(EW) 
- 

MST-3 14 38 25.32  
26.25(NS) 

26.26(EW) 
10 

MST-4 - - - - - 

MST-5 - - - - - 
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140 

MST-1 

2016/2/11 

14 40 41.52  
42.88(NS) 

42.90(EW) 
21 

11.9428  41.2385  1321218  743789  2.1  0.5  

MST-2 14 40 43.12  
45.64(NS) 

45.67(EW) 
21 

MST-3 14 40 42.57  
44.70(NS) 

44.70(EW) 
23 

MST-4 - - - - - 

MST-5 - - - - - 

141 

MST-1 

2016/2/11 

15 07 55.37  
56.77(NS) 

56.76(EW) 
29 

11.9538  41.2192  1322418  741673  5.1  0.8  

MST-2 15 07 56.98  
59.41(NS) 

59.49(EW) 
- 

MST-3 15 07 56.81  
58.58(NS) 

58.58(EW) 
29 

MST-4 - - - - - 

MST-5 - - - - - 

142 

MST-1 

2016/2/12 

03 53 18.08  
21.95(NS) 

21.96(EW) 
29 

11.6992  41.1445  1294175  733754  1.5  0.9  

MST-2 03 53 18.28  
22.20(NS) 

22.19(EW) 
33 

MST-3 03 53 16.78  
19.75(NS) 

19.75(EW) 
29 

MST-4 03 53 16.66  
19.54(NS) 

19.60(EW) 
28 

MST-5 03 53 16.39  
18.85(NS) 

18.82(EW) 
- 

143 

MST-1 

2016/2/12 

06 02 46.61  
51.13(NS) 

51.12(EW) 
23 

11.9740  40.8415  1324347  700514  0.7  0.5  

MST-2 06 02 44.61  
47.43(NS) 

47.42(EW) 
20 

MST-3 06 02 45.66  
49.36(NS) 

49.37(EW) 
23 

MST-4 - - - - - 

MST-5 - - - - - 

144 

MST-1 

2016/2/13 

05 12 1.55  
2.66(NS) 

 2.67(EW) 
20 

11.9582  41.2048  1322885  740107  0.4  0.4  

MST-2 05 12 3.15  
5.52(NS) 

 5.55(EW) 
- 

MST-3 05 12 3.53  
4.69(NS) 

 4.69(EW) 
22 

MST-4 - - - - - 

MST-5 - - - - - 

145 

MST-1 

2016/2/13 

13 55 2.71  
24.06(NS) 

24.19(EW) 
62 

11.7855  39.5918  1302902  564477  4.9  1.8  

MST-2 13 55 1.24  
21.19(NS) 

21.17(EW) 
59 

MST-3 13 55 1.81  
22.31(NS) 

22.31(EW) 
58 

MST-4 - - - - - 

MST-5 - - - - - 

146 

MST-1 

2016/2/13 

17 57 16.88  
29.83(NS) 

29.81(EW) 
57 

11.3028  41.8100  1250939  806771  23.0  1.7  

MST-2 17 57 17.92  
31.33(NS) 

31.34(EW) 
60 

MST-3 17 57 16.70  
29.23(NS) 

29.19(EW) 
55 

MST-4 - - - - - 

MST-5 - - - - - 

147 

MST-1 

2016/2/14 

00 36 2.37  24.41(NS)24.38(EW) 93 

10.9320  42.3732  1210521  868781  4.4  2.3  

MST-2 00 36 3.42  
25.68(NS) 

25.66(EW) 
97 

MST-3 00 36 2.21  
24.07(NS) 

24.26(EW) 
96 

MST-4 00 36 0.98  
22.16(NS) 

22.18(EW) 
97 

MST-5 00 36 2.14  
23.56(NS) 

23.41(EW) 
105 

148 

MST-1 

2016/2/15 

04 27 53.73  
72.42(NS) 

72.43(EW) 
61 

13.0808  41.9375  1447924  818569  0.0  1.7  

MST-2 04 27 54.93  
74.78(NS) 

74.77(EW) 
56 

MST-3 04 27 55.95  
76.01(NS) 

75.98(EW) 
55 

MST-4 - - - - - 

MST-5 - - - - - 

149 

MST-1 

2016/2/15 

15 28 50.35  
51.40(NS) 

51.40(EW) 
16 

11.9872  41.1708  1326064  736378  4.4  0.3  
MST-2 15 28 52.15  

53.64(NS) 

53.63(EW) 
20 

MST-3 15 28 52.26  
53.81(NS) 

53.82(EW) 
19 

MST-4 - - - - - 
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MST-5 - - - - - 

150 

MST-1 

2016/2/16 

09 09 25.35  
31.40(NS) 

31.40(EW) 
32 

11.9492  40.7268  1321519  688042  0.3  0.8  

MST-2 09 09 23.59  
27.92(NS) 

27.93(EW) 
26 

MST-3 09 09 24.47  
29.40(NS) 

29.40(EW) 
25 

MST-4 - - - - - 

MST-5 - - - - - 

151 

MST-1 

2016/2/16 

15 20 22.40  
27.45(NS) 

27.42(EW) 
33 

12.1090  40.8582  1339294  702229  20.4  1.1  

MST-2 15 20 21.30  
25.44(NS) 

25.44(EW) 
36 

MST-3 15 20 22.42  
27.59(NS) 

27.55(EW) 
38 

MST-4 - - - - - 

MST-5 - - - - - 

152 

MST-1 

2016/2/17 

11 40 15.48  
56.60(NS) 

56.48(EW) 
119 

13.5422  38.1560  1497250  408675  5.0  2.7  

MST-2 11 40 14.76  
54.44(NS) 

54.43(EW) 
115 

MST-3 11 40 15.85  
56.33(NS) 

56.28(EW) 
119 

MST-4 - - - - - 

MST-5 - - - - - 

153 

MST-1 

2016/2/18 

12 35 41.97  
47.12(NS) 

47.11(EW) 
21 

12.0105  41.5417  1328992  776756  0.7  0.5  

MST-2 12 35 43.70  
50.55(NS) 

50.60(EW) 
24 

MST-3 12 35 43.39  
49.60(NS) 

49.60(EW) 
21 

MST-4 - - - - - 

MST-5 - - - - - 

154 

MST-1 

2016/2/19 

23 50 13.74  
19.50(NS) 

19.54(EW) 
36 

12.1137  40.7967  1339766  695530  23.4  1.3  

MST-2 23 50 12.73  
17.40(NS) 

17.35(EW) 
42 

MST-3 23 50 13.35  
19.52(NS) 

19.47(EW) 
48 

MST-4 - - - - - 

MST-5 - - - - - 

155 

MST-1 

2016/2/20 

06 07 14.04  
27.90(NS) 

27.97(EW) 
65 

12.4990  40.2622  1382060  637150  5.0  1.8  

MST-2 06 07 12.25  
25.93(NS) 

25.99(EW) 
66 

MST-3 06 07 14.27  
27.97(NS) 

27.97(EW) 
64 

MST-4 - - - - - 

MST-5 - - - - - 

156 

MST-1 

2016/2/20 

06 08 39.56  
58.06(NS) 

58.01(EW) 
66 

12.8605  40.1185  1421972  621366  9.3  1.8  

MST-2 06 08 38.31  
56.41(NS) 

56.43(EW) 
- 

MST-3 06 08 39.76  
58.57(NS) 

58.61(EW) 
62 

MST-4 - - - - - 

MST-5 - - - - - 

157 

MST-1 

2016/2/20 

06 26 42.18  
59.74(NS) 

59.82(EW) 
62 

12.8567  40.1708  1421573  627047  19.7  1.8  

MST-2 06 26 41.69  
58.36(NS) 

58.05(EW) 
61 

MST-3 06 26 42.53  
60.40(NS) 

60.22(EW) 
66 

MST-4 - - - - - 

MST-5 - - - - - 

158 

MST-1 

2016/2/20 

06 29 39.77  
45.24(NS) 

45.22(EW) 
46 

12.0785  40.8243  1335895  698568  20.0  1.4  

MST-2 06 29 38.66  
42.91(NS) 

42.76(EW) 
45 

MST-3 06 29 39.83  
44.81(NS) 

44.81(EW) 
51 

MST-4 - - - - - 

MST-5 - - - - - 

159 

MST-1 

2016/2/21 

19 57 37.23  
42.09(NS) 

42.07(EW) 
48 

11.9675  40.8163  1323610  697778  0.5  1.2  

MST-2 19 57 35.30  
38.52(NS) 

38.51(EW) 
36 

MST-3 19 57 36.33  
40.20(NS) 

40.30(EW) 
37 

MST-4 - - - - - 

MST-5 - - - - - 
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160 

MST-1 

2016/2/22 

00 47 32.19  
36.83(NS) 

36.82(EW) 
40 

11.7960  41.3900  1305106  760436  14.1  1.1  

MST-2 00 47 33.33  
38.96(NS) 

38.96(EW) 
33 

MST-3 00 47 32.62  
36.87(NS) 

36.85(EW) 
34 

MST-4 - - - - - 

MST-5 - - - - - 

161 

MST-1 

2016/2/23 

01 14 14.83  
18.99(NS) 

18.98(EW) 
44 

11.9977  41.4503  1327482  766818  1.2  1.4  

MST-2 01 14 16.67  
22.22(NS) 

22.22(EW) 
52 

MST-3 01 14 16.36  
21.25(NS) 

21.26(EW) 
- 

MST-4 - - - - - 

MST-5 - - - - - 

162 

MST-1 

2016/2/23 

09 28 58.14  
69.26(NS) 

69.27(EW) 
51 

11.2118  41.3245  1240403  753819  0.2  1.6  

MST-2 09 28 58.54  
69.65(NS) 

69.65(EW) 
56 

MST-3 09 28 57.09  
66.74(NS) 

66.74(EW) 
53 

MST-4 - - - - - 

MST-5 - - - - - 

163 

MST-1 

2016/2/25 

05 28 4.36  
5.95(NS) 

 5.95(EW) 
10 

11.9330  41.2352  1320127  743434  6.1  -0.3  

MST-2 05 28 5.79  
8.49(NS) 

 8.47(EW) 
11 

MST-3 05 28 5.28  
7.32(NS) 

 7.32(EW) 
10 

MST-4 - - - - - 

MST-5 - - - - - 

164 

MST-1 

2016/2/26 

09 32 55.96  
60.14(NS) 

60.17(EW) 
53 

11.9238  41.4420  1319302  765982  1.2  1.3  

MST-2 09 32 57.87  
63.18(NS) 

63.17(EW) 
39 

MST-3 09 32 57.15  
61.76(NS) 

61.77(EW) 
45 

MST-4 - - - - - 

MST-5 - - - - - 

165 

MST-1 

2016/2/26 

19 21 33.57  
35.83(NS) 

35.80(EW) 
18 

11.8930  41.0098  1315513  718915  5.8  0.2  

MST-2 19 21 32.11  
33.56(NS) 

33.56(EW) 
17 

MST-3 19 21 31.99  
33.34(NS) 

33.35(EW) 
17 

MST-4 - - - - - 

MST-5 - - - - - 

166 

MST-1 

2016/2/27 

13 41 41.42  
43.46(NS) 

43.45(EW) 
33 

11.9493  41.2943  1321987  749867  1.4  1.0  

MST-2 13 41 43.10  
46.38(NS) 

46.38(EW) 
31 

MST-3 13 41 42.57  
45.43(NS) 

45.44(EW) 
36 

MST-4 - - - - - 

MST-5 - - - - - 

167 

MST-1 

2016/2/28 

01 03 1.80  5.94(NS) 5.96(EW) 43 

11.9427  41.4378  1321383  765510  1.2  1.1  

MST-2 01 03 3.64  
9.15(NS) 

 9.15(EW) 
36 

MST-3 01 03 3.28  
7.68(NS) 

 7.65(EW) 
35 

MST-4 - - - - - 

MST-5 - - - - - 

168 

MST-1 

2016/2/28 

01 10 43.62  
47.86(NS) 

47.90(EW) 
43 

11.9557  41.4763  1322859  769692  1.4  1.2  

MST-2 01 10 45.37  
51.01(NS) 

51.02(EW) 
- 

MST-3 01 10 44.43  
50.08(NS) 

50.10(EW) 
35 

MST-4 - - - - - 

MST-5 - - - - - 

169 

MST-1 

2016/2/28 

16 33 58.35  
62.54(NS) 

62.53(EW) 
37 

11.9317  41.4563  1320183  767536  0.1  1.0  

MST-2 16 34 0.09  
5.77(NS) 

 5.79(EW) 
31 

MST-3 16 33 59.63  
64.33(NS) 

64.29(EW) 
32 

MST-4 - - - - - 

MST-5 - - - - - 

170 MST-1 2016/2/28 23 48 40.38  
44.40(NS) 

44.44(EW) 
42 11.9408  41.4470  1321189  766510  1.0  1.3  
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MST-2 23 48 42.04  
47.75(NS) 

47.75(EW) 
- 

MST-3 23 48 41.65  
46.31(NS) 

46.29(EW) 
- 

MST-4 - - - - - 

MST-5 - - - - - 

171 

MST-1 

2016/2/29 

02 26 38.07  
42.25(NS) 

42.25(EW) 
44 

11.8963  41.4538  1316270  767298  0.0  1.2  

MST-2 02 26 39.89  
45.51(NS) 

45.44(EW) 
- 

MST-3 02 26 38.84  
43.82(NS) 

43.81(EW) 
38 

MST-4 - - - - - 

MST-5 - - - - - 

172 

MST-1 

2016/2/29 

02 57 18.83  
23.13(NS) 

23.13(EW) 
40 

11.9655  41.4188  1323891  763417  17.1  1.2  

MST-2 02 57 20.70  
26.23(NS) 

26.26(EW) 
- 

MST-3 02 57 19.84  
24.74(NS) 

24.73(EW) 
- 

MST-4 02 57 18.78  
22.92(NS) 

22.93(EW) 
41 

MST-5 - - - - - 

173 

MST-1 

2016/2/29 

03 11 1.17  
5.32(NS) 

 5.27(EW) 
24 

11.9320  41.4732  1320236  769370  0.4  0.7  
MST-2 03 11 3.17  

8.48(NS) 

 8.46(EW) 
23 

MST-3 - - - - - 

MST-4 03 10 59.94  - 31 

MST-5 - - - - - 

174 

MST-1 

2016/2/29 

03 15 26.33  
30.61(NS) 

30.50(EW) 
36 

12.0182  41.4503  1329750  766797  2.7  1.1  

MST-2 03 15 28.12  
33.63(NS) 

33.65(EW) 
34 

MST-3 - - - - - 

MST-4 03 15 26.18  
30.35(NS) 

30.32(EW) 
39 

MST-5 03 15 28.07  
33.16(NS) 

33.16(EW) 
33 

175 

MST-1 

2016/2/29 

03 31 20.28  
24.70(NS) 

24.60(EW) 
35 

11.9637  41.4577  1323726  767650  2.5  1.0  

MST-2 03 31 22.12  
27.70(NS) 

27.69(EW) 
33 

MST-3 03 31 21.54  
26.72(NS) 

26.71(EW) 
33 

MST-4 - - - - - 

MST-5 03 31 21.82  
26.61(NS) 

26.88(EW) 
36 

176 

MST-1 

2016/2/29 

10 24 50.43  
52.40(NS) 

52.40(EW) 
26 

11.9848  41.2993  1325920  750379  0.4  0.7  

MST-2 10 24 52.27  
55.62(NS) 

55.62(EW) 
26 

MST-3 10 24 51.91  
54.98(NS) 

55.02(EW) 
24 

MST-4 - - - - - 

MST-5 - - - - - 

177 

MST-1 

2016/2/29 

22 48 47.53  
59.04(NS) 

59.02(EW) 
71 

11.8560  41.9562  1312338  822107  27.6  1.8  

MST-2 22 48 49.08  
61.86(NS) 

61.83(EW) 
64 

MST-3 22 48 49.10  
60.26(NS) 

60.23(EW) 
- 

MST-4 - - - - - 

MST-5 - - - - - 

178 

MST-1 

2016/3/2 

21 00 32.16  
34.61(NS) 

34.60(EW) 
32 

11.8465  41.0525  1310402  723602  0.7  0.6  

MST-2 21 00 31.14  
32.83(NS) 

32.84(EW) 
27 

MST-3 21 00 30.00  
30.70(NS) 

30.71(EW) 
18 

MST-4 - - - - - 

MST-5 - - - - - 

179 

MST-1 

2016/3/4 

12 06 1.98  
18.03(NS) 

18.21(EW) 
70 

11.9582  39.9997  1322124  608844  0.1  1.8  

MST-2 12 06 0.40  
14.73(NS) 

14.75(EW) 
61 

MST-3 12 06 1.40  
15.94(NS) 

15.78(EW) 
65 

MST-4 - - - - - 

MST-5 - - - - - 

180 MST-1 2016/3/4 18 36 31.85  
34.23(NS) 

34.24(EW) 
21 11.8927  41.0022  1315470  718080  0.1  0.3  
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日本工営株式会社 A4-47 2017 年 6 月 
地熱エンジニアリング株式会社 
住鉱資源開発株式会社 

MST-2 18 36 30.40  
31.58(NS) 

31.60(EW) 
23 

MST-3 18 36 30.28  - 13 

MST-4 - - - - - 

MST-5 - - - - - 

181 

MST-1 

2016/3/4 

02 0  36.05  
37.97(NS) 

37.96(EW) 
21 

11.9067  41.0265  1317038  720720  4.5  0.4  

MST-2 02 0  34.61  
35.68(NS) 

35.69(EW) 
22 

MST-3 02 0  34.49  
35.67(NS) 

35.65(EW) 
16 

MST-4 - - - - - 

MST-5 - - - - - 

182 

MST-1 

2016/3/4 

21 07 48.30  
50.33(NS) 

50.31(EW) 
29 

11.8933  41.0268  1315563  720768  5.5  0.7  

MST-2 21 07 46.88  
48.33(NS) 

48.33(EW) 
27 

MST-3 21 07 46.74  
47.85(NS) 

47.85(EW) 
23 

MST-4 - - - - - 

MST-5 - - - - - 

183 

MST-1 

2016/3/5 

02 30 11.43  
14.51(NS) 

14.51(EW) 
22 

11.9525  41.3633  1322400  757382  9.9  0.5  

MST-2 02 30 13.03  
17.33(NS) 

17.32(EW) 
19 

MST-3 02 30 12.31  
16.41(NS) 

16.47(EW) 
22 

MST-4 - - - - - 

MST-5 - - - - - 

184 

MST-1 

2016/3/6 

00 57 56.14  
58.48(NS) 

58.47(EW) 
30 

11.8562  41.0362  1311458  721815  5.2  0.7  

MST-2 00 57 55.01  
56.63(NS) 

56.62(EW) 
28 

MST-3 - - - - - 

MST-4 00 57 55.62  
57.64(NS) 

57.65(EW) 
- 

MST-5 00 57 54.17  
55.34(NS) 

55.38(EW) 
24 

185 

MST-1 

2016/3/8 

02 04 5.56  
7.28(NS) 

 7.26(EW) 
14 

11.9187  41.5873  1318874  781827  0.4  0.1  

MST-2 02 04 7.47  
10.60(NS) 

10.62(EW) 
16 

MST-3 - - - - - 

MST-4 02 04 6.02  
8.38(NS) 

 8.39(EW) 
16 

MST-5 - - - - - 

186 

MST-1 

2016/3/11 

11 10 56.23  
58.42(NS) 

58.37(EW) 
28 

11.9117  41.2895  1317814  749374  0.2  0.8  

MST-2 11 10 57.90  
61.32(NS) 

61.33(EW) 
26 

MST-3 11 10 57.29  
59.67(NS) 

59.70(EW) 
28 

MST-4 - - - - - 

MST-5 - - - - - 

187 

MST-1 

2016/3/12 

06 37 20.52  47.23(NS)47.32(EW) 68 

9.9902  41.5397  1105396  778430  4.7  2.0  

MST-2 06 37 20.85  
47.47(NS) 

47.54(EW) 
73 

MST-3 06 37 19.41  
44.95(NS) 

45.01(EW) 
67 

MST-4 - - - - - 

MST-5 - - - - - 

188 

MST-1 

2016/3/12 

14 06 24.11  
67.86(NS) 

68.01(EW) 
136 

14.4027  38.4393  1592333  439559  5.3  2.9  

MST-2 14 06 23.66  
67.10(NS) 

67.15(EW) 
129 

MST-3 14 06 24.80  
68.06(NS) 

68.25(EW) 
133 

MST-4 - - - - - 

MST-5 - - - - - 

189 

MST-1 

2016/3/12 

19 18 9.87  
11.09(NS) 

11.08(EW) 
14 

11.9578  41.2113  1322854  740816  4.7  0.0  

MST-2 19 18 11.43  
13.79(NS) 

13.79(EW) 
14 

MST-3 19 18 11.27  
12.97(NS) 

12.97(EW) 
15 

MST-4 - - - - - 

MST-5 - - - - - 

190 

MST-1 

2016/3/13 

02 29 40.87  
68.77(NS) 

68.77(EW) 
- 

9.8687  41.3302  1091782  755544  4.4  2.1  

MST-2 02 29 41.44  
68.57(NS) 

68.65(EW) 
- 
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日本工営株式会社 A4-48 2017 年 6 月 
地熱エンジニアリング株式会社 
住鉱資源開発株式会社 

MST-3 02 29 39.67  
66.17(NS) 

66.13(EW) 
73 

MST-4 - - - - - 

MST-5 - - - - - 

191 

MST-1 

2016/3/15 

02 49 40.51  
70.57(NS) 

70.60(EW) 
- 

9.7017  40.8063  1072954  698175  2.6  2.4  

MST-2 02 49 40.49  
69.62(NS) 

69.80(EW) 
89 

MST-3 02 49 39.56  
67.89(NS) 

67.94(EW) 
95 

MST-4 - - - - - 

MST-5 02 49 38.75  
67.61(NS) 

67.53(EW) 
- 

192 

MST-1 

2016/3/16 

14 08 59.33  
70.68(NS) 

70.72(EW) 
48 

11.2073  41.3288  1239909  754296  18.1  1.4  

MST-2 14 08 59.80  
70.92(NS) 

70.91(EW) 
44 

MST-3 14 08 58.45  
68.54(NS) 

68.53(EW) 
47 

MST-4 - - - - - 

MST-5 - - - - - 

193 

MST-1 

2016/3/17 

03 37 21.95  
30.57(NS) 

30.60(EW) 
35 

12.0885  41.7513  1337846  799515  12.3  1.0  

MST-2 03 37 23.60  
33.61(NS) 

33.62(EW) 
32 

MST-3 03 37 23.74  
32.82(NS) 

32.81(EW) 
34 

MST-4 - - - - - 

MST-5 - - - - - 

194 

MST-1 

2016/3/17 

17 55 46.08  
69.94(NS) 

69.97(EW) 
83 

13.0965  42.5688  1450542  887085  4.0  2.3  

MST-2 17 55 47.48  
72.12(NS) 

72.12(EW) 
96 

MST-3 17 55 47.36  
72.83(NS) 

72.78(EW) 
96 

MST-4 - - - - - 

MST-5 - - - - - 

195 

MST-1 

2016/3/18 

05 04 11.39  
35.03(NS) 

35.03(EW) 
75 

12.8908  42.6798  1427928  899469  4.2  2.2  

MST-2 05 04 12.86  
37.36(NS) 

37.37(EW) 
86 

MST-3 05 04 12.84  
37.59(NS) 

37.52(EW) 
- 

MST-4 - - - - - 

MST-5 - - - - - 

196 

MST-1 

2016/3/18 

07 47 7.31  
32.78(NS) 

32.82(EW) 
- 

13.0427  39.5145  1441910  555784  2.9  2.3  

MST-2 07 47 5.97  
31.09(NS) 

31.10(EW) 
90 

MST-3 07 47 7.52  
33.29(NS) 

32.89(EW) 
- 

MST-4 - - - - - 

MST-5 - - - - - 

197 

MST-1 

2016/3/18 

18 34 38.46  43.13(NS)43.05(EW) 29 

12.0702  41.4577  1335512  767545  0.6  0.8  

MST-2 18 34 40.27  
46.29(NS) 

46.31(EW) 
28 

MST-3 18 34 40.70  
45.69(NS) 

45.61(EW) 
- 

MST-4 - - - - - 

MST-5 - - - - - 

198 

MST-1 

2016/3/18 

21 29 52.89  
57.64(NS) 

57.61(EW) 
31 

11.9718  41.5122  1324683  773581  1.8  1.0  

MST-2 21 29 54.79  
60.72(NS) 

60.70(EW) 
34 

MST-3 21 29 53.61  
60.01(NS) 

60.01(EW) 
35 

MST-4 - - - - - 

MST-5 - - - - - 

199 

MST-1 

2016/3/20 

07 04 3.48  
6.60(NS) 

 6.62(EW) 
26 

11.9892  40.9190  1326082  708944  0.1  0.7  

MST-2 07 04 1.66  
3.50(NS) 

 3.51(EW) 
26 

MST-3 07 04 2.80  
5.58(NS) 

 5.57(EW) 
28 

MST-4 - - - - - 

MST-5 - - - - - 

200 

MST-1 

2016/3/20 

09 41 11.32  
13.86(NS) 

13.85(EW) 
114 

11.9887  40.9570  1326056  713084  9.2  -1.2  

MST-2 09 41 9.50  
11.55(NS) 

11.54(EW) 
131 
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日本工営株式会社 A4-49 2017 年 6 月 
地熱エンジニアリング株式会社 
住鉱資源開発株式会社 

MST-3 09 41 
10.61    

5 

73.24(NS) 

73.24(EW) 
117 

MST-4 - - - - - 

MST-5 - - - - - 

201 

MST-1 

2016/3/20 

16 47 38.13  
41.35(NS) 

41.34(EW) 
15 

11.9932  40.9220  1326527  709268  0.4  0.1  

MST-2 16 47 36.25  
38.04(NS) 

38.03(EW) 
15 

MST-3 16 47 37.62  
40.26(NS) 

40.24(EW) 
14 

MST-4 - - - - - 

MST-5 - - - - - 

202 

MST-1 

2016/3/21 

16 46 10.72  
51.84(NS) 

51.88(EW) 
146 

15.3668  41.5288  1700488  771475  5.0  3.0  

MST-2 16 46 10.35  
52.80(NS) 

52.83(EW) 
130 

MST-3 16 46 12.16  
54.23(NS) 

54.62(EW) 
148 

MST-4 - - - - - 

MST-5 - - - - - 
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地熱エンジニアリング株式会社 
住鉱資源開発株式会社 

A4.6  微小地震計観測データ（ボセッティ地区） 

Boseti event identifier 
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日本工営株式会社 A4-51 2017 年 6 月 
地熱エンジニアリング株式会社 
住鉱資源開発株式会社 

Hour Minute Second(P) S-Ptime Hour Minute Second(P) S-Ptime
1 MSB-1 2015/12/24 03 26 44 5 116 MSB-1 2016/2/16 05 07 58 9
2 MSB-1 2015/12/25 00 53 03 12 117 MSB-1 2016/2/16 11 38 11 15
3 MSB-1 2015/12/25 02 12 49 9 118 MSB-1 2016/2/16 12 04 23 13
4 MSB-1 2015/12/25 02 36 15 19 119 MSB-1 2016/2/17 02 26 17 5
5 MSB-1 2015/12/25 02 00 52 11 120 MSB-1 2016/2/17 06 08 58 12
6 MSB-1 2015/12/25 04 49 59 10 121 MSB-1 2016/2/18 02 42 02 13
7 MSB-1 2015/12/25 04 57 30 32 122 MSB-1 2016/2/18 10 54 28 12
8 MSB-1 2015/12/25 05 56 54 10 123 MSB-1 2016/2/19 13 39 03 2
9 MSB-1 2015/12/25 22 22 07 - 124 MSB-1 2016/2/19 22 25 56 3
10 MSB-1 2015/12/26 01 31 18 1 125 MSB-1 2016/2/20 05 22 44 30
11 MSB-1 2015/12/26 08 08 46 2 126 MSB-1 2016/2/20 15 29 12 35
12 MSB-1 2015/12/26 08 09 27 2 127 MSB-1 2016/2/20 15 34 42 15
13 MSB-1 2015/12/26 08 11 34 2 128 MSB-1 2016/2/23 05 41 50 40
14 MSB-1 2015/12/26 08 31 24 2 129 MSB-1 2016/2/24 05 56 36 13
15 MSB-1 2015/12/26 13 56 13 3 130 MSB-1 2016/2/24 23 45 25 3
16 MSB-1 2015/12/27 04 19 37 - 131 MSB-1 2016/2/24 23 56 13 2
17 MSB-1 2015/12/27 15 03 23 6 132 MSB-1 2016/2/25 01 58 03 15
18 MSB-1 2015/12/30 03 05 05 3 133 MSB-1 2016/2/25 05 21 54 5
19 MSB-1 2015/12/30 15 57 11 4 134 MSB-1 2016/2/25 15 08 18 3
20 MSB-1 2015/12/31 03 05 05 3 135 MSB-1 2016/2/28 02 47 00 15
21 MSB-1 2016/1/3 06 40 40 7 136 MSB-1 2016/2/28 07 32 42 24
22 MSB-1 2016/1/3 08 23 43 1 137 MSB-1 2016/2/28 13 32 41 -
23 MSB-1 2016/1/4 02 14 38 18 138 MSB-1 2016/2/29 03 35 54 5
24 MSB-1 2016/1/4 05 40 55 12 139 MSB-1 2016/2/29 23 24 03 6
25 MSB-1 2016/1/4 17 22 37 10 140 MSB-1 2016/3/1 14 38 03 12
26 MSB-1 2016/1/5 12 48 50 19 141 MSB-1 2016/3/1 23 51 42 -
27 MSB-1 2016/1/5 15 11 07 18 142 MSB-1 2016/3/2 15 11 32 7
28 MSB-1 2016/1/6 09 55 19 9 143 MSB-1 2016/3/2 16 17 17 5
29 MSB-1 2016/1/6 13 33 39 6 144 MSB-1 2016/3/3 09 24 41 3
30 MSB-1 2016/1/6 17 39 00 6 145 MSB-1 2016/3/3 16 15 44 5
31 MSB-1 2016/1/7 12 15 08 - 146 MSB-1 2016/3/5 03 04 32 20
32 MSB-1 2016/1/7 17 00 50 2 147 MSB-1 2016/3/6 00 24 25 2
33 MSB-1 2016/1/8 00 21 11 2 148 MSB-1 2016/3/6 00 47 21 -
34 MSB-1 2016/1/8 00 21 22 2 149 MSB-1 2016/3/6 02 21 31 2
35 MSB-1 2016/1/8 00 27 05 3 150 MSB-1 2016/3/6 04 10 59 2
36 MSB-1 2016/1/8 00 39 28 1 151 MSB-1 2016/3/6 04 11 28 2
37 MSB-1 2016/1/8 01 06 27 4 152 MSB-1 2016/3/6 04 53 44 2
38 MSB-1 2016/1/8 04 24 10 1 153 MSB-1 2016/3/6 06 33 20 2
39 MSB-1 2016/1/8 04 24 28 1 154 MSB-1 2016/3/6 06 33 30 2
40 MSB-1 2016/1/8 04 41 00 4 155 MSB-1 2016/3/6 08 15 09 2
41 MSB-1 2016/1/8 05 20 10 4 156 MSB-1 2016/3/6 08 33 39 2
42 MSB-1 2016/1/8 06 34 11 3 157 MSB-1 2016/3/6 09 39 53 2
43 MSB-1 2016/1/8 07 22 19 8 158 MSB-1 2016/3/6 10 01 33 2
44 MSB-1 2016/1/8 07 39 02 1 159 MSB-1 2016/3/6 10 01 41 2
45 MSB-1 2016/1/8 13 31 53 7 160 MSB-1 2016/3/6 10 02 23 2
46 MSB-1 2016/1/9 01 37 43 2 161 MSB-1 2016/3/6 10 33 36 2
47 MSB-1 2016/1/9 09 37 15 12 162 MSB-1 2016/3/6 10 34 18 2
48 MSB-1 2016/1/9 16 29 57 11 163 MSB-1 2016/3/6 10 34 36 2
49 MSB-1 2016/1/9 21 01 41 10 164 MSB-1 2016/3/6 10 40 11 2
50 MSB-1 2016/1/10 01 53 26 3 165 MSB-1 2016/3/6 10 40 37 2
51 MSB-1 2016/1/10 02 24 05 2 166 MSB-1 2016/3/6 10 42 22 2
52 MSB-1 2016/1/10 02 26 11 2 167 MSB-1 2016/3/6 10 42 50 2
53 MSB-1 2016/1/10 22 21 15 1 168 MSB-1 2016/3/6 10 42 58 2
54 MSB-1 2016/1/11 00 25 30 4 169 MSB-1 2016/3/6 10 43 31 2
55 MSB-1 2016/1/11 00 49 19 8 170 MSB-1 2016/3/6 10 43 46 2
56 MSB-1 2016/1/11 01 01 53 8 171 MSB-1 2016/3/6 11 59 26 2
57 MSB-1 2016/1/11 06 33 14 7 172 MSB-1 2016/3/6 13 42 52 2
58 MSB-1 2016/1/11 06 33 58 18 173 MSB-1 2016/3/6 14 12 59 2
59 MSB-1 2016/1/15 13 36 08 25 174 MSB-1 2016/3/6 14 13 53 2
60 MSB-1 2016/1/16 02 43 48 10 175 MSB-1 2016/3/6 14 25 24 2
61 MSB-1 2016/1/19 17 09 37 12 176 MSB-1 2016/3/6 14 25 37 2
62 MSB-1 2016/1/19 17 30 00 12 177 MSB-1 2016/3/6 14 25 56 2
63 MSB-1 2016/1/21 16 03 48 1 178 MSB-1 2016/3/6 21 15 15 2
64 MSB-1 2016/1/21 16 40 26 8 179 MSB-1 2016/3/6 21 21 04 2
65 MSB-1 2016/1/23 11 40 39 13 180 MSB-1 2016/3/6 22 10 56 2
66 MSB-1 2016/1/24 02 16 50 4 181 MSB-1 2016/3/6 22 21 16 2
67 MSB-1 2016/1/24 09 40 44 19 182 MSB-1 2016/3/6 22 22 06 2
68 MSB-1 2016/1/25 01 40 17 - 183 MSB-1 2016/3/6 22 22 46 2
69 MSB-1 2016/1/25 04 10 46 9 184 MSB-1 2016/3/6 22 27 14 2
70 MSB-1 2016/1/25 08 12 15 3 185 MSB-1 2016/3/6 22 28 24 2
71 MSB-1 2016/1/25 09 25 13 10 186 MSB-1 2016/3/6 22 29 59 2
72 MSB-1 2016/1/25 12 06 24 10 187 MSB-1 2016/3/6 22 46 38 2
73 MSB-1 2016/1/28 23 32 17 8 188 MSB-1 2016/3/6 23 37 57 2
74 MSB-1 2016/1/29 03 16 6 26 189 MSB-1 2016/3/6 23 47 25 1
75 MSB-1 2016/1/29 10 42 55 12 190 MSB-1 2016/3/7 09 16 24 -
76 MSB-1 2016/1/29 13 19 58 3 191 MSB-1 2016/3/9 00 42 10 2
77 MSB-1 2016/1/30 12 37 30 5 192 MSB-1 2016/3/9 01 21 25 23
78 MSB-1 2016/1/30 23 11 20 6 193 MSB-1 2016/3/9 01 27 56 14
79 MSB-1 2016/1/31 14 00 13 20 194 MSB-1 2016/3/9 09 14 28 7
80 MSB-1 2016/1/31 21 01 15 5 195 MSB-1 2016/3/9 11 17 10 7
81 MSB-1 2016/2/1 00 16 17 5 196 MSB-1 2016/3/10 00 53 59 4
82 MSB-1 2016/2/1 02 29 21 3 197 MSB-1 2016/3/10 08 44 49 3
83 MSB-1 2016/2/2 14 29 20 4 198 MSB-1 2016/3/10 22 45 25 10
84 MSB-1 2016/2/3 11 27 55 4 199 MSB-1 2016/3/11 02 32 30 3
85 MSB-1 2016/2/3 11 28 15 4 200 MSB-1 2016/3/11 02 46 43 4
86 MSB-1 2016/2/3 11 28 29 4 201 MSB-1 2016/3/12 01 42 18 2
87 MSB-1 2016/2/5 09 02 54 12 202 MSB-1 2016/3/14 12 25 41 5
88 MSB-1 2016/2/5 09 04 37 4 203 MSB-1 2016/3/15 02 49 32 22
89 MSB-1 2016/2/5 11 11 53 4 204 MSB-1 2016/3/17 05 44 27 4
90 MSB-1 2016/2/5 11 12 11 4 205 MSB-1 2016/3/17 17 17 02 3
91 MSB-1 2016/2/5 11 12 31 4 206 MSB-1 2016/3/17 17 17 46 8
92 MSB-1 2016/2/5 11 19 32 12 207 MSB-1 2016/3/20 00 18 05 4
93 MSB-1 2016/2/5 12 09 02 4 208 MSB-1 2016/3/20 07 15 42 12
94 MSB-1 2016/2/5 12 30 30 6 209 MSB-1 2016/3/20 14 25 54 4
95 MSB-1 2016/2/5 13 07 35 4 210 MSB-1 2016/3/20 14 33 33 4
96 MSB-1 2016/2/6 01 41 36 4 211 MSB-1 2016/3/20 17 54 48 15
97 MSB-1 2016/2/6 02 48 02 4 212 MSB-1 2016/3/21 14 49 45 3
98 MSB-1 2016/2/6 03 32 24 6 213 MSB-1 2016/3/22 07 15 38 18
99 MSB-1 2016/2/6 03 36 08 6 214 MSB-1 2016/3/23 03 40 58 -
100 MSB-1 2016/2/6 09 21 22 4 215 MSB-1 2016/3/23 10 4 48 2
101 MSB-1 2016/2/6 17 23 22 6 216 MSB-1 2016/3/23 10 41 31 10
102 MSB-1 2016/2/6 17 31 15 4 217 MSB-1 2016/3/24 01 31 35 21
103 MSB-1 2016/2/6 17 54 20 3 218 MSB-1 2016/3/24 01 36 30 12
104 MSB-1 2016/2/10 01 43 14 12 219 MSB-1 2016/3/24 01 42 04 14
105 MSB-1 2016/2/11 09 07 23 44 220 MSB-1 2016/3/24 02 40 18 4
106 MSB-1 2016/2/11 12 16 53 4 221 MSB-1 2016/3/24 09 04 31 5
107 MSB-1 2016/2/12 15 57 55 7 222 MSB-1 2016/3/24 11 52 12 5
108 MSB-1 2016/2/12 15 58 29 7 223 MSB-1 2016/3/24 11 53 04 22
109 MSB-1 2016/2/12 15 59 08 7 224 MSB-1 2016/3/25 00 43 48 22
110 MSB-1 2016/2/13 01 04 11 14 225 MSB-1 2016/3/25 00 44 34 32
111 MSB-1 2016/2/14 00 36 36 32 226 MSB-1 2016/3/25 11 40 34 2
112 MSB-1 2016/2/14 12 17 58 18 227 MSB-1 2016/3/25 13 38 29 2
113 MSB-1 2016/2/15 06 47 53 14 228 MSB-1 2016/3/25 14 24 43 2
114 MSB-1 2016/2/15 18 50 52 14 229 MSB-1 2016/3/25 23 29 26 2
115 MSB-1 2016/2/16 02 57 12 3 230 MSB-1 2016/3/26 07 22 02 30

Date
Arrival time

No. Station Date
Arrival time

No. Station

 

A4.7  地震記象データ（テンダホ-2 地区） 
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Appendix-5  地温調査 

A5.1   調査手法 

(1) 調査範囲 

測点位置を図 A5.1.1に示す。調査地内の 220点で温度測定を行ったほか、調査地内外に 5点のリ

ファレンス測点を設け、観測期間毎日測定し、観測期間中の地温季節変化を確認した。 

 
出典: 調査団 

図 A5.1.1  地温調査測点位置図 

(2) 調査手順 

調査は以下の手順にて実施した。図 A5.1.2に作業写真を示す。 

- エンジンオーガー（φ40mm）で、深さ約 30~50cmまで穿孔する。 

- ステンレス製のプローブ（全長 2.2.m、外径 13.8mm）を電動ハンマーで打設し、深さ 2.0mま

で打ち込む。打設地点は、GPSを使用して座標を記録する。 

- 礫などとの衝突などにより、深さ 2.0m まで打設できない場合は、打設位置を数 m ずらして

再度プローブ打設を行う。 

- プローブ挿入後翌日（約 17時間後）に 2.0m深地温をサーミスタ温度計により計測する。 

プローブ打設後の温度の平衡状態にかかる時間については、以下に示すように確認した。 

- 地温測定後、打設したプローブは油圧ジャッキなどを使用して引き抜く。 
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オーガーによる掘削 (深度 0.3~0.5m） プローブ削孔 (深度 2.0m) 

  
地温測定 油圧ジャッキによる引き抜き 

出典: 調査団 

図 A5.1.2  地温調査作業写真 

(3) 温度平衡 

掘削・プローブ挿入直後から継続的に地温の測定を実施し、温度平衡状態に至る時間を確認した。 

図 A5.1.3にプローブ挿入直後の 2m深地温の変化を示す。プローブ挿入の直後は挿入による摩擦

熱で高温となっているが、約 3 時間後にはほぼ平衡状態に達していることが確認できる。後述す

る季節変化の計測では、調査期間においては最大 0.13°C/日、平均-0.028°C/日の温度変化が確認さ

れており、平衡状態後にも非常に緩やかな温度低下が認められる。 

本調査では、作業効率を考慮し、プローブ挿入後の翌日に計測を実施した。すなわち計測は、プ

ローブ挿入後約 17時間以上経過しており、完全に温度が平衡状態となった後に測定している。 
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出典: 調査団 

図 A5.1.3  プローブ挿入後の 2m深地温変化 

 

(4) 日変化 

日射や外気温による地温の影響を確認するため、0.5m から 2.0m 深地温の日変化を計測した。計

測地点は、調査地点とほぼ同緯度、同標高に設けたリファレンス点において、24時間計測を実施

した。 

測定結果を表 A5.1.1および図 A5.1.4に示す。観測日における 2.0m深地温の日変化はほとんどな

く 0.01°Cの温度の変化のみであった。1.0m深では、0.09°Cの外気温の変化と相関の無い温度低下

が認められた。0.5m深では、測定日における温度差は軽微ながらも、夜半に向けて温度が下がり、

夜明けとともに温度が上昇する傾向が見出せる。よって、本地域においても過去の研究（例えば

Coolbaugh et al. 2007）と同様に、2.0m深地温は太陽放射および外気温の変化による影響がないと

言える。 

表 A5.1.1  日変化における観測結果概要（単位: °C） 

深度 最高温度 最低温度 温度差 

0.5m 31.99 31.95 0.04  

1.0m 34.80 34.71 0.09  

2.0m 36.39 36.38 0.01  

出典: 調査団 
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出典: 調査団 

図 A5.1.4  2m深地温の日変化 

(5) 季節変化補正 

地温調査は、2016年 1月 18日から 1月 29日の 12日間調査を実施した。季節変化による測定結

果の補正のため、測定期間中毎日、調査範囲内外に設置したリファレンス点の 2m深地温の 12日

間の温度変化を計測した。 

測定結果グラフを図 A5.1.5に示す。噴気帯内に設けた R05点以外のすべてのリファレンス点にお

いて、測定開始日から測定終了日にかけて地温の低下が認められた。短期間で調査が完了したた

め、温度低下幅は、表 A5.1.2に示すように最大で 0.31°C、平均日変化は-0.024°Cと非常に小さか

った。本データを用いて季節変化による補正値を設定し、すべての観測点を観測初日（2016 年 1

月 19日）に補正した。補正値は非常に小さいため、補正前後のデータに大きな違いは生じなかっ

た。 

表 A5.1.2  リフェレンス点における観測結果概要（単位: °C） 

Sta. No. 平均 最高温度 最低温度 温度差 

R01 36.40 36.57 36.30 0.27  

R02 36.98 37.15 36.84 0.31  

R03 37.89 38.03 37.78 0.25  

R04 35.62 35.77 35.48 0.29  

R05 105.58 105.67 105.50 0.17  
出典: 調査団 
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出典: 調査団 

図 A5.1.5  調査期間中のリファレンス点 2m深地温の変化 
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A5.2   調査結果 

下表に 2m深地温測定結果を示す。 

表 A5.1.3  2m深地温測定結果 (1) 

 
出典: 調査団 

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

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

S.No.
Cordinates Subsurface Temperature

Other
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表 A5.1.3  2m深地温測定結果 (2) 

 
出典: 調査団 

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

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

S.No.
Cordinates Subsurface Temperature

Other
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表 A5.1.3  2m深地温測定結果 (3) 

 
出典: 調査団 

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

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

S.No.
Cordinates Subsurface Temperature

Other
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表 A5.1.3  2m深地温測定結果 (4) 

 
出典: 調査団 

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

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

S.No.
Cordinates Subsurface Temperature

Other
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at
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 f
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l d
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at
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 s
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at
io

n 
al

re
ad

y 
gi

ve
n 

th
ei

r 
co

nf
ir

m
at

io
n 

in
 t

ha
t, 

th
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 f
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 f
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 d
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 o
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 p
ro

gr
am

 le
ve

ls
, b

ut
 n

ot
 a

 p
ro

je
ct

-l
ev

el
 E

IA
.  

 
9.

 
A

n 
“e

xa
m

in
at

io
n

 
of
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at
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 f
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at
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 d
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 c
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to

 
fo

ur
 

ca
te

go
ri

es
: 

A
, 

B
, 

C
, 

an
d 

FI
 

(F
in

an
ci

al
 

In
te

rm
ed

ia
ry

).
  

 
11

. “
Sc

op
in

g”
: 

R
ef

er
s 

to
 c

ho
os

in
g 

al
te

rn
at

iv
es

 f
or

 a
na

ly
si

s,
 a

 r
an

ge
 o

f 
si

gn
if

ic
an

t 
an

d 
po

te
nt

ia
lly

 s
ig

ni
fi

ca
nt

 im
pa

ct
s,

 a
nd

 s
tu

dy
 m

et
ho

ds
.  

 
12

. “
L

oc
al

 s
ta

ke
h

ol
de

rs
”:

 T
he

y 
ar

e 
af

fe
ct

ed
 i

nd
iv

id
ua

ls
 o

r 
gr

ou
ps

 (
in

cl
ud

in
g 

il
le

ga
l 

dw
el

le
rs

) 
an

d 
lo

ca
l 

N
G

O
s.

 “
St

ak
eh

ol
de

rs
” 

ar
e 

al
so

 i
nd

iv
id

ua
ls

 o
r 

gr
ou

ps
, 

w
ho

 h
av

e 
vi

ew
s 

ab
ou

t c
oo

pe
ra

ti
on

 p
ro

je
ct

s,
 in

cl
ud

in
g 

lo
ca

l s
ta

ke
ho

ld
er

s.
  

 
13

. A
n 

“E
nv

ir
on

m
en

ta
l 

Im
pa

ct
 A

ss
es

sm
en

t 
(E

IA
) 

le
ve

l 
st

u
d

y”
: 

It
 i

s 
a 

st
ud

y 
th

at
 

in
cl

ud
es

 
th
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d
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at
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 d
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 c
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t b
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 c
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 p

ra
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w
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 r
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 d
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 m
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l o
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 c
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ra
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R
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 f
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 r
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 f
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 m
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 c
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 l
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 c
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 o
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 c
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 f
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 p
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t o
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 p
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 D
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 c
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 c
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 m
ea

nt
 t

o 
ga

th
er

 t
he

 v
ie

w
s 

of
 t

he
 c
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 b
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 d
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 c

ou
ld

 r
es

ul
t f

ro
m

 th
e 

te
st

 w
el

l d
ri

ll
in

g,
 e

tc
. 

O
bs

er
va

tio
ns

: 
Fi

rs
th

an
d 

da
ta

 c
ol

le
ct

io
ns

 t
hr

ou
gh

 p
re

pl
an

ne
d 

ob
se

rv
at

io
ns

 w
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at
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to
 t

he
 s

it
ua

ti
on

 o
f 

th
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 d
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 m
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 d

ec
is

io
n 

m
ak

er
s,

 w
it

h 
ba

ck
gr

ou
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 s
ite

; 
an

d 
(i

i)
 h
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 b
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 d
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 t
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 c
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 t
ak

en
 

fr
om

 t
ec

hn
o-

ec
on

om
ic

 s
tu

di
es
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ra
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 c
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 c
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 f
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 p

ri
st

in
e 

na
tu

re
 o

f 
th

e 
en

vi
ro

nm
en

ta
l 

se
tt

in
g 

of
 t

he
 p
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ra
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 f
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C
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C
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f 
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e 
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er
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 d
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C
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er
 T
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s 
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 o
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, 
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or
k 

go
ve
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in
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en
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l 
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es
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re
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d 
to

 t
he

 e
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ed
 p
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st
in
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C
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ns
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f 
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e 

pr
oj

ec
t 
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ea
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e 
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d 

in
 C

ha
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er
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ou
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ch
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ll
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ed
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 c
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ig
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C
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er

 S
ix

; f
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en
 d
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  C
H
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P

T
E
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O
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P

R
O
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C
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 D

E
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1 

O
ve

rv
ie

w
 

 T
hi

s 
se
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io

n 
de

sc
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s 

th
e 
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e 
an

d 
te

ch
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lo
gi
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 b
e 

em
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oy
ed
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n 
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ot
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al
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er

 p
la
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. 
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e 
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at
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w
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 c
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 w
el

l d
ri

ll
in

g.
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 to

 th
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ec
t, 

pr
od

uc
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on
 c
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it
y 
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e 
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 p
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 r
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il
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T
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ne
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 d
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 b
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 c
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 d
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 c
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pr
oj

ec
t. 

  It
 i

s 
a 

w
id

el
y 

pr
ac

ti
ce

d 
pr

oc
ed

ur
e 

th
at

 a
 f

ul
l-

fl
ed

ge
d 

de
ve

lo
pm

en
t 

pr
oj

ec
t 

ha
s 

va
ri

ou
s 

ph
as

es
 

in
 c

om
m

on
 t

o 
ac

co
m

pl
is

h 
it

s 
ta

sk
. 

In
 a

 s
im

il
ar

 a
pp

ro
ac

h,
 t

es
t 

w
el

l 
dr

il
li

ng
 p

ro
je

ct
s 

ha
ve

 
va

ri
ou

s 
in

te
rd

ep
en

de
nt

 p
ha

se
s,

 s
uc

h 
as

:  

 
Pr

e 
dr

il
li

ng
 p

ha
se

 (
su

rv
ey

 &
 c

on
ce

pt
ua

l m
od

el
in

g)
; 

 
C

on
st

ru
ct

io
n 

ph
as

e 
(c

iv
il

 &
 n

on
-c

iv
il

 w
or

ks
);

 

 
D

ri
ll

in
g 

ph
as

e 
(d

ev
el

op
m

en
t &

 c
om

m
is

si
on

in
g 

ph
as

e)
; 

 
T

es
ti

ng
 p

ha
se

 (
op

er
at

io
n 

ph
as

e)
; 

 
D

ec
om

m
is

si
on

in
g 

ph
as

e;
 

 St
ar

ti
ng

 f
ro

m
 th

e 
ve

ry
 in

ce
pt

io
n,

 te
st

 w
el

l d
ri

ll
in

g 
in

vo
lv

es
 th

e 
fo

llo
w

in
g 

m
aj

or
 s

te
ps

; 
Si

te
 s

ur
ve

y;
 


 

L
an

d 
se

cu
ri

ng
; 


 

Fe
nc

in
g 

an
d 

bo
rd

er
in

g;
 


 

L
an

d 
es

ca
pi

ng
 a

nd
 le

ve
li

ng
; 


 

R
es

ou
rc

e 
m

ob
il

iz
at

io
n;

 


 
C

am
p 

si
te

 c
on

st
ru

ct
io

n 
an

d 
ut

il
ity

 d
ev

el
op

m
en

t;
 


 

W
at

er
 d

ev
el

op
m

en
t w

or
ks

 f
or

 d
ri

lli
ng

 p
ur

po
se

 &
 d

om
es

ti
c 

co
ns

um
pt

io
n 


 

W
el

l p
ad

 p
re

pa
ra

tio
n;

 


 
U

sa
ge

 o
f 

co
ns

um
ab

le
 r

ow
 m

at
er

ia
ls

 a
nd

 c
he

m
ic

al
s;

 


 
W

el
l d

ri
ll

in
g;

 


 
T

es
ti

ng
; 


 

C
om

m
is

si
on

in
g;

 
T

he
 a

bo
ve

 a
ct

iv
it

ie
s 

ar
e 

re
vi

ew
ed

 f
ro

m
 s

oc
io

-e
nv

ir
on

m
en

ta
l 

pe
rs

pe
ct

iv
es

 i
n 

th
e 

fo
ll

ow
in

g 
se

ct
io

ns
. 

B
as

ic
 d

at
a 

re
qu

ir
ed

 f
or

 r
ev

ie
w

in
g 

ar
e 

li
st

ed
 in

 ta
bl

e 
2.

1b
ut

 s
ti

ll
 w

it
h 

so
m

e 
da

ta
 g

ap
. 

 T
ab

le
 2

.1
: 

B
as

ic
 d

at
a 

re
q

u
ir

ed
 f

ro
m

 f
in

d
in

gs
 o

f 
te

ch
n

o-
ec

on
om

ic
 s

tu
d

ie
s 

D
es

cr
ip

tio
n 

R
em

ar
k 

Pr
oj

ec
t N

am
e 

ES
IA

 s
tu

dy
 fo

r t
es

t w
el

l d
ril

lin
g 

 
  

Lo
ca

tio
n 

Ay
ro

be
ra

; D
ub

ti 
W

or
ed

a;
 A

fa
r R

eg
io

n 
  

G
PS

 lo
ca

tio
n 

N
ot

 y
et

 d
ec

id
ed

 
  

Es
tim

at
ed

 p
la

nt
 s

iz
e 

 
In

 h
ec

ta
re

, n
ot

 y
et

 d
et

er
m

in
ed

   
  

Pr
op

os
ed

 d
ril

lin
g 

te
ch

no
lo

gy
   

R
ep

or
te

d 
to

 b
e 

on
 p

ro
cu

re
m

en
t b

id
 

  

Pu
rp

os
e 

of
 th

e 
pr

oj
ec

t  
C

on
fir

m
 th

e 
po

te
nt

ia
l o

f g
eo

th
er

m
al

 s
ys

te
m

s 
an

d 
re

so
ur

ce
s 

  

N
um

be
r o

f o
pe

ra
tin

g 
da

ys
 

30
0 

da
ys

/y
ea

r 
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 C
on

su
m

ab
le

 ra
w

 m
at

er
ia

ls
 

&
 in

pu
t c

he
m

ic
al

s 
D

es
cr

ib
ed

 in
 th

e 
bo

dy
 o

f t
he

 d
oc

um
en

t 
  

Pl
an

t l
ife

 ti
m

e 
O

ne
 y

ea
r 

  

M
ai

n 
w

at
er

 s
ou

rc
e 

Irr
ig

at
io

n 
po

nd
 a

t D
ub

ti 
dr

illi
ng

 s
ub

-s
ur

fa
ce

 w
at

er
 in

 th
e 

si
te

 
  

W
at

er
 re

qu
ire

m
en

t 
 3

00
 m

3  /
 d

ay
 

  
Fl

ow
 ra

te
 o

f w
at

er
 s

ou
rc

e 
 A

t l
ea

st
 fi

ve
 y

ea
rs

 d
at

a 
at

 th
e 

w
or

st
 s

ce
na

rio
 

  
W

as
te

 
w

at
er

 
ge

ne
ra

tio
n 

/d
ay

 
In

du
st

ria
l  

an
d 

do
m

es
tic

 w
as

te
 w

at
er

 
  

Po
w

er
 s

ou
rc

e 
&

 
re

qu
ire

m
en

t 
G

ov
er

nm
en

t c
ap

tiv
e 

po
w

er
 

  

Pr
oj

ec
t c

os
t  

D
at

a 
no

t a
va

ila
bl

e 
  

Em
pl

oy
ee

s:
  

Ex
pa

tri
at

e:
 

Ta
ke

n 
fro

m
 

si
m

ila
r 

pr
oj

ec
ts

 
su

ch
 a

s 
Al

ut
o 

D
ire

ct
 a

nd
 in

di
re

ct
 e

m
pl

oy
m

en
t: 

a 
to

ta
l o

f 6
9 

w
or

ke
rs

. O
f 

th
is

, s
ki

lle
d 

23
, u

ns
ki

lle
d:

 4
6 

(fo
r d

et
ai

l s
ee

 c
ha

pt
er

 4
). 

 

 2.
2 

E
xi

st
in

g 
T

ec
h

n
ol

og
ie

s 
fo

r 
E

xt
ra

ct
in

g 
G

eo
th

er
m

al
 E

ne
rg

y 
 K

ey
 te

ch
no

lo
gi

es
 f

or
 e

xp
lo

ra
ti

on
 a

nd
 d

ri
lli

ng
, r

es
er

vo
ir

 m
an

ag
em

en
t a

nd
 s

ti
m

ul
at

io
n,

 a
nd

 
en

er
gy

 r
ec

ov
er

y 
an

d 
co

nv
er

si
on

 a
re

 d
es

cr
ib

ed
 b

el
ow

. 

2.
2.

1 
T

ec
h

n
ol

og
ie

s 
fo

r 
ex

p
lo

ra
ti

on
 a

n
d

 d
ri

ll
in

g 

 Si
nc

e 
ge

ot
he

rm
al

 r
es

ou
rc

es
 a

re
 f

ou
nd

 i
n 

de
ep

 u
nd

er
gr

ou
nd

, 
ex

pl
or

at
io

n 
m

et
ho

ds
 (

in
cl

ud
in

g 
ge

ol
og

ic
al

, 
ge

oc
he

m
ic

al
 a

nd
 g

eo
ph

ys
ic

al
 s

ur
ve

ys
) 

ha
ve

 b
ee

n 
de

ve
lo

pe
d 

to
 l

oc
at

e 
an

d 
as

se
ss

 
th

em
. 

T
he

 
ob

je
ct

iv
es

 
of

 
ge

ot
he

rm
al

 
ex

pl
or

at
io

n 
ar

e 
to

 
id

en
ti

fy
 

an
d 

ra
nk

 
pr

os
pe

ct
iv

e 
ge

ot
he

rm
al

 r
es

er
vo

ir
s 

pr
io

r 
to

 d
ri

ll
in

g,
 a

nd
 t

o 
pr

ov
id

e 
m

et
ho

ds
 o

f 
ch

ar
ac

te
ri

zi
ng

 r
es

er
vo

ir
s 

(i
nc

lu
di

ng
 

th
e 

pr
op

er
ti

es
 

of
 

th
e 

fl
ui

ds
) 

th
at

 
en

ab
le

 
es

tim
at

es
 

of
 

ge
ot

he
rm

al
 

re
se

rv
oi

r 
pe

rf
or

m
an

ce
 

an
d 

li
fe

ti
m

e.
 

E
xp

lo
ra

ti
on

 
of

 
a 

pr
os

pe
ct

iv
e 

ge
ot

he
rm

al
 

re
se

rv
oi

r 
in

vo
lv

es
 

es
tim

at
in

g 
it

s 
lo

ca
ti

on
, 

la
te

ra
l 

ex
te

nt
 a

nd
 d

ep
th

 w
it

h 
ge

op
hy

si
ca

l 
m

et
ho

ds
 a

nd
 t

he
n 

dr
ill

in
g 

ex
pl

or
at

io
n 

w
el

ls
 to

 te
st

 it
s 

pr
op

er
tie

s,
 m

in
im

iz
in

g 
th

e 
ri

sk
.  

 T
od

ay
, 

ge
ot

he
rm

al
 w

el
ls

 a
re

 d
ri

ll
ed

 o
ve

r 
a 

ra
ng

e 
of

 d
ep

th
s 

do
w

n 
up

 t
o 

5 
km

 u
si

ng
 m

et
ho

ds
 

si
m

il
ar

 t
o 

th
os

e 
us

ed
 f

or
 o

il
 a

nd
 g

as
. 

A
dv

an
ce

s 
in

 d
ri

ll
in

g 
te

ch
no

lo
gy

 h
av

e 
en

ab
le

d 
hi

gh
-

te
m

pe
ra

tu
re

 
op

er
at

io
n 

an
d 

pr
ov

id
e 

di
re

ct
io

na
l 

dr
il

li
ng

 
ca

pa
bi

li
ty

. 
T

yp
ic

al
ly

, 
w

el
ls

 
ar

e 
de

vi
at

ed
 f

ro
m

 v
er

ti
ca

l t
o 

ab
ou

t 3
0 

to
 5

0°
 in

cl
in

at
io

n 
fr

om
 a

 ‘
ki

ck
-o

ff
 p

oi
nt

’ 
at

 d
ep

th
s 

be
tw

ee
n 

20
0 

an
d 

2,
00

0 
m

. 
Se

ve
ra

l 
w

el
ls

 c
an

 b
e 

dr
il

le
d 

fr
om

 t
he

 s
am

e 
pa

d,
 h

ea
di

ng
 i

n 
di

ff
er

en
t 

di
re

ct
io

ns
 t

o 
ac

ce
ss

 l
ar

ge
r 

re
so

ur
ce

 v
ol

um
es

, 
ta

rg
et

in
g 

pe
rm

ea
bl

e 
st

ru
ct

ur
es

 a
nd

 m
in

im
iz

in
g 

th
e 

su
rf

ac
e 

im
pa

ct
.  

 R
es

er
vo

ir
 e

ng
in

ee
ri

ng
 e

ff
or

ts
 a

re
 f

oc
us

ed
 o

n 
tw

o 
m

ai
n 

go
al

s:
 (

a)
 t

o 
de

te
rm

in
e 

th
e 

vo
lu

m
e 

of
 

ge
ot

he
rm

al
 r

es
ou

rc
e 

an
d 

th
e 

op
ti

m
al

 p
la

nt
 s

iz
e 

ba
se

d 
on

 a
 n

um
be

r 
of

 c
on

di
ti

on
s 

su
ch

 a
s 

su
st

ai
na

bl
e 

us
e 

of
 th

e 
av

ai
la

bl
e 

re
so

ur
ce

; a
nd

 (
b)

 to
 e

ns
ur

e 
sa

fe
 a

nd
 e

ff
ic

ie
nt

 o
pe

ra
ti

on
 d

ur
in

g 
th

e 
li

fe
ti

m
e 

of
 th

e 
pr

oj
ec

t. 
T

he
 m

od
er

n 
m

et
ho

d 
of

 e
st

im
at

in
g 

re
se

rv
es

 a
nd

 s
iz

in
g 

po
w

er
 p

la
nt

s 
is

 t
o 

ap
pl

y 
re

se
rv

oi
r 

si
m

ul
at

io
n 

te
ch

no
lo

gy
. 

Fi
rs

t 
a 

co
nc

ep
tu

al
 m

od
el

 i
s 

bu
il

t, 
us

in
g 

av
ai

la
bl

e 
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 da
ta

, a
nd

 i
s 

th
en

 t
ra

ns
la

te
d 

in
to

 a
 n

um
er

ic
al

 r
ep

re
se

nt
at

io
n,

 a
nd

 c
al

ib
ra

te
d 

to
 t

he
 u

ne
xp

lo
it

ed
, 

in
it

ia
l 

th
er

m
od

yn
am

ic
 s

ta
te

 o
f 

th
e 

re
se

rv
oi

r 
(G

ra
nt

 e
t 

al
., 

19
82

).
 F

ut
ur

e 
be

ha
vi

or
 i

s 
fo

re
ca

st
 

un
de

r 
se

le
ct

ed
 l

oa
d 

co
nd

it
io

ns
 u

si
ng

 a
 h

ea
t 

an
d 

m
as

s 
tr

an
sf

er
 a

lg
or

it
hm

, 
an

d 
th

e 
op

tim
um

 
pl

an
t s

iz
e 

is
 s

el
ec

te
d.

 
 In

je
ct

io
n 

m
an

ag
em

en
t 

is
 a

n 
im

po
rt

an
t 

as
pe

ct
 o

f 
ge

ot
he

rm
al

 d
ev

el
op

m
en

t, 
w

he
re

 t
he

 u
se

 o
f 

is
ot

op
ic

 a
nd

 c
he

m
ic

al
 t

ra
ce

rs
 i

s 
co

m
m

on
. C

oo
li

ng
 o

f 
pr

od
uc

ti
on

 z
on

es
 b

y 
in

je
ct

ed
 w

at
er

 t
ha

t 
ha

s 
ha

d 
in

su
ff

ic
ie

nt
 c

on
ta

ct
 w

it
h 

ho
t 

re
se

rv
oi

r 
ro

ck
 c

an
 r

es
ul

t i
n 

pr
od

uc
tio

n 
de

cl
in

es
. I

n 
so

m
e 

ci
rc

um
st

an
ce

s,
 p

la
ce

m
en

t 
of

 w
el

ls
 c

ou
ld

 a
ls

o 
ai

m
 t

o 
en

ha
nc

e 
de

ep
 h

ot
 r

ec
ha

rg
e 

th
ro

ug
h 

pr
od

uc
tio

n 
pr

es
su

re
 d

ra
w

do
w

n,
 w

hi
le

 s
up

pr
es

si
ng

 s
ha

ll
ow

 i
nf

lo
w

s 
of

 p
er

ip
he

ra
l 

co
ol

 w
at

er
 

th
ro

ug
h 

in
je

ct
io

n 
pr

es
su

re
 in

cr
ea

se
s.

 
 G

iv
en

 s
uf

fi
ci

en
t 

an
d 

ac
cu

ra
te

 c
al

ib
ra

ti
on

 w
it

h 
fi

el
d 

da
ta

, 
ge

ot
he

rm
al

 r
es

er
vo

ir
 e

vo
lu

ti
on

 c
an

 
be

 a
de

qu
at

el
y 

m
od

el
ed

 a
nd

 p
ro

ac
ti

ve
ly

 m
an

ag
ed

. 
Fi

el
d 

op
er

at
or

s 
m

on
it

or
 t

he
 c

he
m

ic
al

 a
nd

 
th

er
m

od
yn

am
ic

 p
ro

pe
rt

ie
s 

of
 g

eo
th

er
m

al
 f

lu
id

s,
 a

nd
 m

ap
 t

he
ir

 f
lo

w
 a

nd
 m

ov
em

en
t 

in
 t

he
 

re
se

rv
oi

r.
 T

hi
s 

in
fo

rm
at

io
n,

 c
om

bi
ne

d 
w

it
h 

ot
he

r 
ge

op
hy

si
ca

l 
da

ta
, 

is
 f

ee
db

ac
k 

to
 r

ec
al

ib
ra

te
 

m
od

el
s 

fo
r 

be
tt

er
 p

re
di

ct
io

ns
 o

f 
fu

tu
re

 p
ro

du
ct

io
n 

(G
ra

nt
 e

t a
l.,

 1
98

2)
. 

2.
2.

2 
G

eo
th

er
m

al
 P

ow
er

 P
la

n
ts

 

 T
he

re
 a

re
 d

if
fe

re
nt

 g
eo

th
er

m
al

 t
ec

hn
ol

og
ie

s 
w

it
h 

di
st

in
ct

 l
ev

el
s 

of
 m

at
ur

it
y.

 G
eo

th
er

m
al

 
en

er
gy

 i
s 

cu
rr

en
tl

y 
ex

tr
ac

te
d 

us
in

g 
w

el
ls

 o
r 

ot
he

r 
m

ea
ns

 t
ha

t 
pr

od
uc

e 
ho

t 
fl

ui
ds

 f
ro

m
: 

a)
 

hy
dr

ot
he

rm
al

 r
es

er
vo

ir
s 

w
it

h 
na

tu
ra

ll
y 

hi
gh

 p
er

m
ea

bi
li

ty
; 

an
d 

b)
 E

G
S-

ty
pe

 r
es

er
vo

ir
s 

w
it

h 
ar

ti
fi

ci
al

 
fl

ui
d 

pa
th

w
ay

s.
 

T
he

 
te

ch
no

lo
gy

 
fo

r 
el

ec
tr

ic
it

y 
ge

ne
ra

tio
n 

fr
om

 
hy

dr
ot

he
rm

al
 

re
se

rv
oi

rs
 is

 m
at

ur
e 

an
d 

re
li

ab
le

, a
nd

 h
as

 b
ee

n 
op

er
at

in
g 

fo
r 

m
or

e 
th

an
 1

00
 y

ea
rs

.  
 T

he
 b

as
ic

 t
yp

es
 o

f 
ge

ot
he

rm
al

 p
ow

er
 p

la
nt

s 
in

 u
se

 t
od

ay
 a

re
 s

te
am

 c
on

de
ns

in
g 

tu
rb

in
es

 a
nd

 
bi

na
ry

 c
yc

le
 u

ni
ts

. 
St

ea
m

 c
on

de
ns

in
g 

tu
rb

in
es

 c
an

 b
e 

us
ed

 i
n 

fl
as

h 
or

 d
ry

-s
te

am
 p

la
nt

s 
op

er
at

in
g 

at
 s

it
es

 w
it

h 
in

te
rm

ed
ia

te
- 

an
d 

hi
gh

-t
em

pe
ra

tu
re

 r
es

ou
rc

es
 (

≥1
50

°C
).

 T
he

 p
ow

er
 

pl
an

t 
ge

ne
ra

ll
y 

co
ns

is
ts

 o
f 

pi
pe

li
ne

s,
 w

at
er

-s
te

am
 s

ep
ar

at
or

s,
 v

ap
or

iz
er

s,
 d

e-
m

is
te

rs
, 

he
at

 
ex

ch
an

ge
rs

, 
tu

rb
in

e 
ge

ne
ra

to
rs

, 
co

ol
in

g 
sy

st
em

s,
 a

nd
 a

 s
te

p-
up

 t
ra

ns
fo

rm
er

 f
or

 t
ra

ns
m

is
si

on
 

in
to

 t
he

 e
le

ct
ri

ca
l 

gr
id

. 
T

he
 p

ow
er

 u
ni

t 
si

ze
 u

su
al

ly
 r

an
ge

s 
fr

om
 2

0 
to

 1
10

 M
W

 (
D

i 
Pi

pe
, 

20
08

),
 a

nd
 m

ay
 u

ti
li

ze
 a

 m
ul

ti
pl

e 
fl

as
h 

sy
st

em
, 

fl
as

hi
ng

 t
he

 f
lu

id
 i

n 
a 

se
ri

es
 o

f 
ve

ss
el

s 
at

 
su

cc
es

si
ve

ly
 lo

w
er

 p
re

ss
ur

es
, t

o 
m

ax
im

iz
e 

th
e 

ex
tr

ac
ti

on
 o

f 
en

er
gy

 f
ro

m
 th

e 
ge

ot
he

rm
al

 f
lu

id
. 

T
he

 o
nl

y 
di

ff
er

en
ce

 b
et

w
ee

n 
a 

fl
as

h 
pl

an
t 

an
d 

a 
dr

y-
st

ea
m

 p
la

nt
 i

s 
th

at
 t

he
 l

at
te

r 
do

es
 n

ot
 

re
qu

ir
e 

br
in

e 
se

pa
ra

ti
on

, r
es

ul
ti

ng
 in

 a
 s

im
pl

er
 a

nd
 c

he
ap

er
 d

es
ig

n.
 

 A
s 

it
 i

s 
di

sc
us

se
d 

in
 t

he
 p

re
ce

di
ng

 s
ec

tio
ns

, 
th

e 
sc

op
e 

of
 t

hi
s 

E
SI

A
 s

tu
dy

 i
s 

li
m

it
ed

 t
o 

th
e 

le
ve

l 
of

 t
es

t 
w

el
l 

dr
ill

in
g.

 T
hu

s,
 d

is
cu

ss
io

n 
on

 t
he

 d
et

ai
ls

 o
f 

ge
ot

he
rm

al
 p

ow
er

 p
la

nt
s 

is
 n

ot
 

tim
el

y 
ex

ce
pt

 
pe

rh
ap

s 
is

su
es

 t
ha

t 
lin

k 
w

ith
 

th
e 

te
st

 w
el

l 
dr

ill
in

g.
 

T
he

 
fo

ll
ow

in
g 

ta
bl

e 
su

m
m

ar
iz

es
 ty

pe
s 

of
 w

id
el

y 
us

ed
 g

eo
th

er
m

al
 p

ow
er

 p
la

nt
s.
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ab

le
 2

.2
: 

C
om

m
on

ly
 u

se
d

 g
eo

th
er

m
al

 e
n

er
gy

 t
ec

h
n

ol
og

ie
s 

 

N
o.

 
T

ec
h

n
ol

og
y 

R
es

ou
rc

e 
te

m
p

er
at

u
re

 
R

es
er

vo
ir

 f
lu

id
W

or
ki

n
g 

fl
u

id
 

1 
D

ry
 S

te
am

 P
ow

er
 P

la
nt

s
≥1

50
°C

 
S

te
am

 
G

eo
-f

lu
id

 

2 
S

in
gl

e 
F

la
sh

 S
te

am
 

P
ow

er
 P

la
nt

s 
≥1

50
°C

 
S

te
am

 a
nd

 
w

at
er

 
G

eo
-f

lu
id

 

3 
D

ou
bl

e 
F

la
sh

 P
ow

er
 

P
la

nt
s 

≥1
50

°C
 

S
te

am
 a

nd
 

w
at

er
 

G
eo

-f
lu

id
 

4 
 B

in
ar

y 
C

yc
le

 P
ow

er
 

P
la

nt
s 

10
7°

 to
 1

82
°C

 
st

ea
m

 o
r 

w
at

er
 

or
 b

ot
h 

O
rg

an
ic

 s
ol

ve
nt

 o
r 

am
m

on
ia

 

5 
C

om
bi

ne
d 

C
yc

le
 P

la
nt

s 
10

7°
 to

 1
82

°C
 

 
O

rg
an

ic
 s

ol
ve

nt
 o

r 
am

m
on

ia
 a

nd
 G

eo
-f

lu
id

 

 D
es

pi
te

 a
 m

or
e 

co
m

pl
ex

 d
es

ig
n,

 b
in

ar
y 

po
w

er
 s

ys
te

m
s 

ar
e 

ge
ne

ra
lly

 l
es

s 
ex

pe
ns

iv
e 

th
an

 
st

ea
m

 
sy

st
em

s 
fo

r 
te

m
pe

ra
tu

re
 

cl
os

e 
to

 
17

60 C
.. 

T
he

 
co

st
 

of
 

bi
na

ry
 

sy
st

em
s 

ri
se

s 
as

 
te

m
pe

ra
tu

re
 d

ro
ps

. B
in

ar
y 

sy
st

em
s 

m
ay

 b
e 

pr
ef

er
re

d 
in

 h
ig

hl
y 

se
ns

it
iv

e 
en

vi
ro

nm
en

ta
l 

ar
ea

s,
 

si
nc

e 
th

ey
 o

pe
ra

te
 a

s 
cl

os
ed

-l
oo

p,
 v

ir
tu

al
ly

 e
m

is
si

on
s-

fr
ee

 s
ys

te
m

 p
ro

du
ce

d.
 

2.
2.

3 
R

es
ou

rc
e 

C
h

ar
ac

te
ri

st
ic

s 

T
em

pe
ra

tu
re

, 
pr

es
su

re
, 

an
d 

vo
lu

m
es

 
of

 
fl

ui
d 

ge
ot

he
rm

al
 

re
se

rv
oi

rs
 

ar
e 

th
e 

pr
im

ar
y 

de
te

rm
in

an
ts

 o
f 

th
e 

si
ze

 a
nd

 t
yp

e 
of

 p
ow

er
 c

on
ve

rs
io

n 
eq

ui
pm

en
t//

te
ch

no
lo

gy
 o

pt
io

n/
/. 

A
ss

um
in

g 
su

ff
ic

ie
nt

 v
ol

um
es

 o
f 

fl
ui

d 
ar

e 
pr

od
uc

ed
, t

em
pe

ra
tu

re
 d

et
er

m
in

es
 th

e 
m

os
t e

ff
ic

ie
nt

 
co

nv
er

si
on

 d
es

ig
n.

 W
hi

le
 b

in
ar

y 
pl

an
ts

 c
an

 u
til

iz
e 

an
y 

te
m

pe
ra

tu
re

 r
es

ou
rc

e,
 lo

w
 te

m
pe

ra
tu

re
 

re
so

ur
ce

s 
ar

e 
co

ns
tr

ai
ne

d 
to

 
th

e 
bi

na
ry

 
m

od
el

. 
M

ed
iu

m
 

te
m

pe
ra

tu
re

 
re

so
ur

ce
s 

ca
n 

be
 

ec
on

om
ic

al
 b

y 
us

in
g 

ei
th

er
 f

la
sh

 o
r 

bi
na

ry
 s

ys
te

m
s.

 
 H

ig
h 

te
m

pe
ra

tu
re

 r
es

ou
rc

es
 a

re
 m

os
t 

ec
on

om
ic

al
 w

he
n 

st
ea

m
 o

r 
fl

as
h 

sy
st

em
s 

ar
e 

em
pl

oy
ed

, 
as

 t
he

se
 a

re
 s

im
pl

er
 a

nd
 t

he
re

fo
re

 l
es

s 
co

st
ly

. 
F

la
sh

 s
ys

te
m

s 
ar

e 
le

ss
 e

xp
en

si
ve

 t
ha

n 
bi

na
ry

 
sy

st
em

s,
 b

ut
 m

ay
 n

ot
 b

e 
ef

fi
ci

en
t 

at
 l

ow
er

 t
em

pe
ra

tu
re

s.
 S

te
am

 p
la

nt
 e

qu
ip

m
en

t 
co

st
s 

ri
se

 a
s 

te
m

pe
ra

tu
re

 d
ec

re
as

es
 (

as
 a

 r
es

ul
t o

f 
ef

fi
ci

en
cy

 lo
ss

es
).

  

2.
2.

4 
C

oo
lin

g 
sy

st
em

s 
 D

ev
el

op
er

s 
ha

ve
 t

w
o 

ba
si

c 
co

ol
in

g 
op

tio
ns

: 
w

at
er

 o
r 

ai
r 

co
ol

in
g.

 H
yb

ri
d 

ai
r-

w
at

er
 s

ys
te

m
s 

ha
ve

 
be

en
 

de
m

on
st

ra
te

d 
to

 
a 

li
m

it
ed

 
ex

te
nt

 
an

d 
ar

e 
co

ns
id

er
ed

 
im

po
rt

an
t 

fo
r 

fu
tu

re
 

ad
va

nc
em

en
t 

(s
ee

 “
N

ew
 T

ec
hn

ol
og

y”
 f

or
 m

or
e 

in
fo

rm
at

io
n)

. 
B

ot
h 

ai
r 

an
d 

w
at

er
-c

oo
le

d 
sy

st
em

s 
us

e 
co

ol
in

g 
fa

n 
m

ot
or

s.
 S

om
e 

m
ai

nt
en

an
ce

 i
s 

re
qu

ir
ed

; 
ty

pi
ca

ll
y 

an
 a

nn
ua

l 
ch

ec
k-

up
 

of
 f

an
 m

ot
or

s 
an

d 
be

lt
s 

as
 w

el
l a

s 
sy

st
em

 lu
br

ic
at

io
n.
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 M
os

t 
po

w
er

 p
la

nt
s,

 i
nc

lu
di

ng
 m

os
t 

ge
ot

he
rm

al
 p

la
nt

s,
 u

se
 w

at
er

-c
oo

le
d 

sy
st

em
s 

ty
pi

ca
ll

y 
in

 
co

ol
in

g 
to

w
er

s.
 A

s 
th

es
e 

ar
e 

m
or

e 
ef

fi
ci

en
t, 

th
ey

 g
en

er
al

ly
 r

eq
ui

re
 l

es
s 

la
nd

 t
ha

n 
ai

r-
co

ol
ed

 
sy

st
em

s.
 W

at
er

-c
oo

le
d 

sy
st

em
s 

ar
e 

le
ss

 e
xp

en
si

ve
 t

o 
bu

il
d 

an
d 

op
er

at
e 

if
 w

at
er

 i
s 

re
ad

il
y 

av
ai

la
bl

e 
an

d 
in

ex
pe

ns
iv

e 
to

 o
bt

ai
n.

 T
he

se
 s

ys
te

m
s 

lo
se

 m
os

t 
of

 t
he

 w
at

er
 t

o 
th

e 
at

m
os

ph
er

e 
by

 e
va

po
ra

tio
n 

in
 t

he
 f

or
m

 o
f 

w
at

er
 v

ap
or

, 
w

hi
le

 t
he

 r
em

ai
nd

er
 i

s 
in

je
ct

ed
 b

ac
k 

in
to

 t
he

 
sy

st
em

. 
E

m
is

si
on

s 
fr

om
 a

 w
et

 c
oo

li
ng

 t
ow

er
 (

i.e
. 

w
at

er
 v

ap
or

 p
lu

s 
di

ss
ol

ve
d 

so
li

ds
 o

r 
m

in
er

al
s)

 d
ep

en
d 

up
on

 th
e 

qu
al

it
y 

of
 th

e 
ge

ot
he

rm
al

 li
qu

id
 in

je
ct

ed
 b

ac
k 

th
ro

ug
h 

th
e 

sy
st

em
. 

 B
ec

au
se

 
th

e 
ef

fi
ci

en
cy

 
of

 
po

w
er

 
ge

ne
ra

ti
on

 
is

 
af

fe
ct

ed
 

by
 

th
e 

di
ff

er
en

ce
 

be
tw

ee
n 

th
e 

te
m

pe
ra

tu
re

 o
f 

th
e 

fl
ui

d 
ex

it
in

g 
th

e 
tu

rb
in

e 
an

d 
th

e 
te

m
pe

ra
tu

re
 o

f 
th

e 
co

ol
in

g 
m

ed
iu

m
, 

ai
r-

co
ol

ed
 s

ys
te

m
s 

ar
e 

in
fl

ue
nc

ed
 b

y 
se

as
on

al
 c

ha
ng

es
 i

n 
ai

r 
te

m
pe

ra
tu

re
. 

T
he

se
 s

ys
te

m
s 

ca
n 

be
 

ex
tr

em
el

y 
ef

fi
ci

en
t 

in
 t

he
 c

ol
d 

m
on

th
s,

 b
ut

 a
re

 l
es

s 
ef

fi
ci

en
t 

in
 h

ot
te

r 
se

as
on

s 
w

he
n 

th
e 

co
nt

ra
st

 b
et

w
ee

n 
th

e 
ai

r 
an

d 
w

at
er

 te
m

pe
ra

tu
re

 is
 r

ed
uc

ed
.  

 T
he

 i
de

al
 t

em
pe

ra
tu

re
 d

if
fe

re
nc

e 
be

tw
ee

n 
th

e 
ai

r 
an

d 
th

e 
re

so
ur

ce
 i

s 
20

0o F
 (

93
o C

) 
fo

r 
an

 a
ir

-
co

ol
ed

 s
ys

te
m

. 
A

ir
 c

oo
li

ng
 i

s 
be

ne
fi

ci
al

 i
n 

ar
ea

s 
w

he
re

 e
xt

re
m

el
y 

lo
w

 e
m

is
si

on
s 

ar
e 

de
si

re
d,

 
w

he
re

 w
at

er
 r

es
ou

rc
es

 a
re

 li
m

it
ed

, o
r 

w
he

re
 th

e 
vi

ew
 o

f 
th

e 
la

nd
sc

ap
e 

is
 p

ar
ti

cu
la

rl
y 

se
ns

iti
ve

 
to

 th
e 

ef
fe

ct
s 

of
 v

ap
or

 p
lu

m
es

 (
as

 v
ap

or
 p

lu
m

es
 a

re
 o

nl
y 

em
it

te
d 

in
to

 th
e 

ai
r 

by
 w

at
er

 c
oo

lin
g 

to
w

er
s)

. 
W

hi
le

 a
ir

-c
oo

le
d 

sy
st

em
s 

ar
e 

on
ly

 u
se

d 
at

 b
in

ar
y 

fa
ci

li
tie

s 
to

da
y,

 t
he

se
 c

ou
ld

 
th

eo
re

ti
ca

ll
y 

be
 u

se
d 

w
it

h 
an

y 
ge

ot
he

rm
al

 c
on

ve
rs

io
n 

te
ch

no
lo

gy
 

 D
et

ai
le

d 
ev

al
ua

tio
n 

of
 s

ur
fa

ce
 w

at
er

 a
nd

/o
r 

gr
ou

nd
w

at
er

 a
va

il
ab

il
it

y 
sh

ou
ld

 b
e 

ca
rr

ie
d 

ou
t 

be
fo

re
 r

ec
om

m
en

di
ng

 a
 p

ar
tic

ul
ar

 t
ec

hn
ol

og
y.

 M
os

t 
of

 t
he

 g
eo

th
er

m
al

 p
ro

sp
ec

t 
ar

ea
s 

ar
e 

lo
ca

te
d 

at
 r

ea
so

na
bl

e 
di

st
an

ce
 f

ro
m

 A
w

as
h 

R
iv

er
 a

nd
 L

ak
es

. 
B

ut
 s

om
e 

si
te

s 
w

il
l 

fa
ce

 
di

ff
ic

ul
ti

es
 c

on
ce

rn
in

g 
th

e 
av

ai
la

bi
li

ty
 o

f 
w

at
er

 o
f 

th
e 

ri
gh

t q
ua

lit
y.

 

2.
3 

P
ro

ce
ss

es
 a

nd
 A

ct
iv

it
ie

s 
in

 T
es

t-
w

el
l D

ri
lli

ng
 

A
ct

iv
it

ie
s 

of
 

th
is

 
ph

as
e 

in
cl

ud
es

 
bo

rd
er

in
g 

an
d 

fe
nc

in
g;

 
si

te
 

la
y 

ou
t 

de
ve

lo
pm

en
t;

 
co

ns
tr

uc
tio

n 
of

 r
oa

d;
  

w
at

er
 s

up
pl

y 
sy

st
em

, 
el

ec
tr

ic
 p

ow
er

 s
up

pl
y;

 s
it

e 
cl

ea
ri

ng
 e

ar
th

 w
or

k;
 

te
m

po
ra

ry
 

ca
m

p 
co

ns
tr

uc
ti

on
; 

re
so

ur
ce

 
m

ob
il

iz
at

io
n 

in
cl

ud
in

g 
ri

g 
tr

an
sp

or
ta

tio
n 

an
d 

de
rr

ic
k/

m
as

t f
ou

nd
at

io
ns

; d
ra

in
ag

e,
 d

ri
ll

 s
it

e 
ce

lla
r 

an
d 

w
as

te
 s

um
p 

de
ve

lo
pm

en
t; 

 
 R

oa
d 

co
ns

tr
uc

tio
n:

 H
ea

vy
 d

ut
y 

ro
ad

 c
om

pa
ct

ed
 w

it
h 

gr
av

el
s 

m
ig

ht
 b

e 
re

qu
ir

ed
 a

s 
ri

g 
co

m
po

ne
nt

s 
ar

e 
as

 h
ea

vy
 a

s 
50

 t
on

s 
an

d 
po

ss
es

s 
un

us
ua

lly
 b

ig
 w

id
th

 /
/ 

up
 t

o 
8 

m
 h

ei
gh

t 
//

 o
f 

th
e 

m
ac

hi
ne

ry
. 

Si
te

 p
re

pa
ra

tio
n:

 D
ri

lli
ng

 s
ite

 n
ee

d 
to

 b
e 

la
be

le
d,

 c
om

pa
ct

ed
 a

nd
 c

ov
er

ed
 w

it
h 

he
av

y 
th

ic
k 

la
ye

r 
of

 g
oo

d 
su

rf
ac

in
g 

m
at

er
ia

l (
i.e

., 
qu

ar
ri

ed
 s

to
ne

).
 D

im
en

si
on

s 
of

 t
he

 d
ri

ll
in

g 
ar

ea
 n

ee
d 

to
 

pr
ov

id
e 

m
ax

im
um

 m
an

eu
ve

ra
bi

li
ty

 f
or

 d
ri

ll
in

g 
op

er
at

io
ns

. 
F

ig
ur

e 
be

lo
w

 p
ro

vi
de

s 
fo

r 
th

e 
m

in
im

um
 a

re
a 

di
m

en
si

on
s 

re
qu

ir
ed

 f
or

 d
ri

ll
in

g 
ri

g 
an

d 
it

s 
di

ff
er

en
t c

om
po

ne
nt

s.
 

 D
ri

ll
in

g 
si

te
 n

ee
d 

to
 h

av
e 

ad
eq

ua
te

 d
ra

in
ag

e 
an

d 
di

tc
he

s 
no

t 
to

 a
ll

ow
 a

cc
um

ul
at

io
n 

of
 w

at
er

 
an

d 
al

so
 to

 p
re

ve
nt

 h
av

in
g 

a 
m

ud
dy

 a
nd

 u
ns

af
e 

w
or

ki
ng

 a
re

a.
 D

ra
in

ag
e 

di
tc

he
s 

sh
ou

ld
 b

e 
du

g 
on

 th
e 

ba
se

 o
f 

th
e 

sl
op

e 
to

 p
re

ve
nt

 f
lo

od
in

g 
of

 th
e 

dr
ill

 s
ite

. T
he

 a
re

as
 n

ot
 o

cc
up

ie
d 

by
 a

ny
 r

ig
 

co
m

po
ne

nt
 s

ho
ul

d 
sl

op
e 

sl
ig

ht
ly

 t
ow

ar
ds

 t
he

 o
ut

er
 w

or
ki

ng
 p

er
im

et
er

 o
f 

th
e 

dr
ill

 s
it

e 
an

d 
th

e 
sl

op
e 

to
 e

nd
 a

t t
he

 d
it

ch
es

. S
lo

pe
 s

ho
ul
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 p
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ha
t 

ge
ot

he
rm

al
 f

lu
id

s 
co

nt
ai

n 
hi

gh
 c

on
ce

nt
ra

ti
on

s 
of

 h
ea

vy
 m

et
al

s 
an

d 
ot

he
r 

to
xi

c 
el

em
en

ts
, 

in
cl

ud
in

g 
ra

do
n,

 a
rs

en
ic

, 
m

er
cu

ry
, 

am
m

on
ia

 a
nd

 b
or

on
, 

w
hi

ch
 m

ay
 

da
m

ag
e 

th
e 

fr
es

hw
at

er
 s

ys
te

m
s 

in
to

 w
hi

ch
 th

ey
 a

re
 r

el
ea

se
d 

as
 w

as
te

 w
at

er
 d

ep
en

di
ng

 o
n 

si
te

 
sp

ec
if

ic
 c

on
di

ti
on

s.
  

 H
yd

ro
ge

n 
su

lp
hi

de
 (

H
2S

) 
is

 a
 m

ai
n 

co
m

po
ne

nt
 o

f 
ge

ot
he

rm
al

 s
te

am
 a

nd
 is

 r
es

po
ns

ib
le

 f
or

 th
e 

ro
tte

n 
eg

g 
sm

el
l 

of
 g

eo
th

er
m

al
 a

re
as

. I
t 

is
 c

or
ro

si
ve

 a
nd

 c
la

ss
ed

 a
s 

ve
ry

 to
xi

c.
 H

2S
 i

s 
a 

he
av

y 
ga

s 
an

d 
ca

n 
li

ng
er

 i
n 

va
ll

ey
s,

 p
ol

lu
ti

ng
 l

oc
al

 p
op

ul
at

io
ns

. 
It

 f
or

m
s 

su
lp

hu
r 

di
ox

id
e 

(S
O

2)
 i

n 
th

e 
at

m
os

ph
er

e 
ca

us
in

g 
ac

id
 r

ai
n.

 

 L
an

ds
ca

pe
 i

m
pa

ct
 is

 a
no

th
er

 s
ig

ni
fi

ca
nt

 f
ac

to
r.

 A
s 

ea
ch

 g
eo

th
er

m
al

 b
or

eh
ol

e 
pr

od
uc

es
 o

nl
y 

a 
fe

w
 m

eg
aw

at
ts

 o
f 

po
w

er
, 

a 
nu

m
be

r 
of

 b
or

eh
ol

es
 m

ay
 b

e 
dr

il
le

d 
ac

ro
ss

 l
ar

ge
 a

re
a,

 c
on

ne
ct

ed
 

to
 t

he
 m

ai
n 

po
w

er
 s

ta
ti

on
 w

it
h 

pi
pe

s 
an

d 
ro

ad
s.

 N
um

er
ou

s 
te

st
 h

ol
es

 a
re

 d
ri

ll
ed

 f
or

 e
ve

ry
 

bo
re

ho
le

 
th

at
 

go
es

 
in

to
 

pr
od

uc
ti

on
. 

In
 

a 
si

m
ila

r 
ap

pr
oa

ch
, 

th
e 

fo
ll

ow
in

g 
sp

ec
if

ic
 

en
vi

ro
nm

en
ta

l i
m

pa
ct

s 
m

ay
 li

ke
ly

 to
 h

ap
pe

n:
 

 
G

as
eo

us
 e

m
is

si
on

s 

 
W

at
er

 p
ol

lu
ti

on
 

 
So

li
ds

 e
m

is
si

on
s 

 
N

oi
se

 p
ol

lu
ti

on
 

 
L

an
d 

us
e 

 
L

an
d 

su
bs

id
en

ce
 

 
In

du
ce

d 
se

is
m

ic
it

y 

 
In

du
ce

d 
la

nd
sl

id
es

 

 
W

at
er

 u
se

 

 
D

is
tu

rb
an

ce
 o

f 
na

tu
ra

l h
yd

ro
th

er
m

al
 m

an
if

es
ta

ti
on

s 

 
D

is
tu

rb
an

ce
 o

f 
w

il
dl

if
e 

ha
bi

ta
t a

nd
 v

eg
et

at
io

n 

 
A

lt
er

in
g 

na
tu

ra
l v

is
ta

s 

 
C

at
as

tr
op

hi
c 

ev
en

ts
. 
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 T
hu

s,
 it

 c
an

 b
e 

co
nc

lu
de

d 
th

at
 c

er
ta

in
 im

pa
ct

s 
m

us
t b

e 
co

ns
id

er
ed

 a
nd

 m
an

ag
ed

 if
 g

eo
th

er
m

al
 

en
er

gy
 i

s 
to

 b
e 

de
ve

lo
pe

d 
as

 a
 l

ar
ge

r 
pa

rt
 o

f 
a 

m
or

e 
en

vi
ro

nm
en

ta
ll

y 
so

un
d,

 s
us

ta
in

ab
le

 
en

er
gy

 p
or

tf
ol

io
 f

or
 t

he
 f

ut
ur

e.
 M

os
t 

of
 t

he
 p

ot
en

ti
al

ly
 i

m
po

rt
an

t 
en

vi
ro

nm
en

ta
l 

im
pa

ct
s 

of
 

ge
ot

he
rm

al
 p

ow
er

 p
la

nt
 d

ev
el

op
m

en
t a

re
 a

ss
oc

ia
te

d 
w

it
h 

gr
ou

nd
 w

at
er

 u
se

 a
nd

 c
on

ta
m

in
at

io
n,

 
an

d 
re

la
te

d 
co

nc
er

ns
 a

bo
ut

 l
an

d 
su

bs
id

en
ce

 a
nd

 i
nd

uc
ed

 s
ei

sm
ic

ity
 a

s 
a 

re
su

lt
 o

f 
w

at
er

 
in

je
ct

io
n 

an
d 

pr
od

uc
ti

on
 i

nt
o 

an
d 

ou
t 

of
 a

 f
ra

ct
ur

ed
 r

es
er

vo
ir

 f
or

m
at

io
n.

 I
ss

ue
s 

of
 a

ir
 

po
ll

ut
io

n,
 n

oi
se

, s
af

et
y,

 a
nd

 la
nd

 u
se

 a
ls

o 
m

er
it 

so
m

e 
co

ns
id

er
at

io
n.
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 C
H

A
P

T
E

R
 T

H
R

E
E

: 
P

O
L

IC
Y

 F
R

A
M

E
W

O
R

K
 

3.
1 

O
ve

r 
vi

ew
 

 It
 is

 q
ui

te
 o

bv
io

us
 th

at
 p

ol
ic

y 
el

em
en

ts
 f

or
 th

is
 “

te
st

 w
el

l d
ri

lli
ng

 p
ro

je
ct

” 
ar

e 
ne

ar
ly

 th
e 

sa
m

e 
w

it
h 

w
ha

t 
ha

s 
be

en
 d

ea
lt

 f
or

 t
he

 M
as

te
r 

Pl
an

 o
n 

D
ev

el
op

m
en

t 
of

 G
eo

th
er

m
al

 E
ne

rg
y 

in
 

E
th

io
pi

a.
 I

n 
ad

di
tio

n 
to

 th
is

, r
es

ul
ts

 o
f 

th
is

 s
tu

dy
 a

re
 s

up
po

se
d 

to
 b

e 
us

ed
 u

nt
il

 c
ap

ac
it

y 
of

 th
e 

re
se

rv
e 

is
 d

et
er

m
in

ed
 f

or
 p

ow
er

 p
la

nt
 d

ev
el

op
m

en
t. 

 O
n 

th
e 

ot
he

r 
ha

nd
, 

re
gu

la
tio

n 
of

 
fi

na
nc

ia
l 

in
st

it
ut

io
n 

fo
r 

th
is

 t
ra

ns
iti

on
 p

er
io

d 
pr

oj
ec

t 
is

 a
ss

um
ed

 t
o 

be
 a

t 
m

in
im

al
. 

T
he

re
fo

re
, 

th
is

 
ch

ap
te

r 
fo

cu
se

s 
on

ly
 

on
 

su
m

m
ar

y 
of

 
po

li
cy

 
el

em
en

ts
 

th
at

 
ar

e 
us

ef
ul

 
to

 
ge

ne
ra

te
 

co
nc

lu
si

on
 a

nd
 r

ec
om

m
en

da
ti

on
. 

H
en

ce
, 

an
y 

of
fi

ci
al

 i
nt

er
es

te
d 

in
 r

ev
ie

w
in

g 
th

is
 d

oc
um

en
t 

m
ay

 n
ee

d 
to

 h
av

e 
a 

co
py

 o
f 

th
e 

m
as

te
r 

pl
an

 s
tu

dy
 f

or
 f

ur
th

er
 v

er
if

ic
at

io
n.

  

H
ug

e 
de

ve
lo

pm
en

t 
pr

oj
ec

ts
 u

su
al

ly
 i

m
po

se
 c

er
ta

in
 e

nv
ir

on
m

en
ta

l 
an

d 
so

ci
al

 i
m

pa
ct

s.
 T

he
re

 
ar

e 
a 

nu
m

be
r 

of
 s

ta
nd

ar
ds

 i
n 

th
e 

w
or

ld
 t

ha
t 

im
po

se
 l

im
its

 o
n 

th
e 

ha
rm

fu
l 

su
bs

ta
nc

es
 t

ha
t 

m
ay

 
be

 c
on

ta
in

ed
 i

n 
th

e 
in

du
st

ri
al

 e
m

is
si

on
s 

an
d 

ef
fl

ue
nt

s.
 T

he
se

 s
ta

nd
ar

ds
, 

ho
w

ev
er

, 
va

ry
 b

as
ed

 
on

 t
he

 t
yp

e 
an

d 
sc

al
e 

of
 t

he
 i

nd
us

tr
ie

s.
 C

ou
nt

ri
es

 a
ls

o 
ha

ve
 t

he
ir

 o
w

n 
re

gu
la

to
ry

 f
ra

m
ew

or
k 

th
at

 p
ro

vi
de

s 
gu

id
el

in
es

 r
eg

ar
di

ng
 t

he
se

 e
m

is
si

on
s 

an
d 

ef
fl

ue
nt

. 
T

he
 g

ov
er

nm
en

t 
of

 E
th

io
pi

a 
th

ro
ug

h 
sp

ec
if

ic
 l

eg
is

la
tio

ns
 r

eg
ul

at
es

 t
he

 e
nv

ir
on

m
en

ta
l 

m
an

ag
em

en
t 

sy
st

em
 f

or
 a

ll 
pr

oj
ec

ts
 

ac
ro

ss
 th

e 
co

un
tr

y.
  F

ol
lo

w
in

g 
th

is
, t

he
 s

ta
tu

to
ry

 b
od

ie
s 

re
sp

on
si

bl
e 

fo
r 

in
su

ri
ng

 e
nv

ir
on

m
en

ta
l 

co
m

pl
ia

nc
e 

by
 th

e 
pr

oj
ec

t p
ro

m
ot

er
s 

in
cl

ud
e:

 

 

 
T

he
 t

he
n 

E
nv

ir
on

m
en

ta
l 

Pr
ot

ec
tio

n 
A

ut
ho

ri
ty

 o
f 

E
th

io
pi

a,
 E

PA
, 

no
w

 M
in

is
tr

y 
of

 
E

nv
ir

on
m

en
t a

nd
 F

or
es

t; 

 
R

eg
io

na
l E

nv
ir

on
m

en
ta

l A
ut

ho
ri

ty
 B

ur
ea

u;
 

 
M
in
is
tr
y 
of
 M

in
e 
Pe

tr
ol
eu

m
 a
nd

 N
at
ur
al
 G
as
, a

nd
, 

 
E

th
io

pi
an

 E
le

ct
ri

c 
U

til
ity

  
 Si

m
ila

r 
to

 o
th

er
 d

ev
el

op
m

en
ta

l 
pr

oj
ec

ts
, 

th
e 

pr
op

os
ed

 t
es

t 
w

el
l 

dr
ill

in
g 

is
 s

ub
je

ct
 t

o 
se

ve
ra

l 
po

lic
ie

s 
an

d 
pr

og
ra

m
s 

ai
m

ed
 a

t 
de

ve
lo

pm
en

t 
an

d 
en

vi
ro

nm
en

ta
l 

pr
ot

ec
tio

n.
 T

he
re

fo
re

, a
s 

pa
rt

 
of

 E
SI

A
 r

ev
ie

w
in

g 
po

lic
ie

s,
 l

eg
is

la
tio

ns
 a

nd
 i

ns
tit

ut
io

na
l 

fr
am

ew
or

ks
 m

os
t 

re
le

va
nt

 t
o 

th
e 

pr
op

os
ed

 p
ro

je
ct

 is
 n

ec
es

sa
ry

. I
n 

ad
di

tio
n 

to
 t

hi
s,

 s
ta

nd
ar

d 
re

qu
ir

em
en

ts
 o

f 
E

SI
A

 p
ro

ce
ss

 n
ee

d 
to

 b
e 

ad
he

re
d 

to
. 

Fo
r 

th
e 

pu
rp

os
e 

E
SI

A
 s

co
pi

ng
 p

ro
ce

ss
-t

ho
se

 n
at

io
na

l 
an

d 
in

te
rn

at
io

na
l 

en
vi

ro
nm

en
ta

l 
st

an
da

rd
s,

 r
eg

ul
at

io
ns

 a
nd

 g
ui

de
lin

es
 t

ha
t 

ca
n 

pr
ov

id
e 

a 
fr

am
ew

or
k 

fo
r 

th
e 

E
SI

A
 S

tu
dy

 p
ro

ce
ss

 a
re

 id
en

tif
ie

d,
 r

ev
ie

w
ed

 a
nd

 p
re

se
nt

ed
.  

T
he

se
 s

ta
nd

ar
ds

 a
re

, 
th

en
, 

us
ed

 a
s 

a 
be

nc
hm

ar
k 

to
 m

ea
su

re
 a

nd
 e

va
lu

at
e 

si
gn

if
ic

an
ce

 o
f 

en
vi

ro
nm

en
ta

l 
an

d 
so

ci
al

 
im

pa
ct

s.
 

E
nv

ir
on

m
en

t 
is

 
a 

cr
os

s-
cu

tt
in

g 
is

su
e 

fo
r 

se
ve

ra
l 

de
ve

lo
pm

en
t 

se
ct

or
s 

th
at

 u
se

 n
at

ur
al

 r
es

ou
rc

es
 a

s 
ra

w
 m

at
er

ia
ls

 a
nd

 f
or

 o
th

er
 d

ev
el

op
m

en
t 

ac
ti

vi
ti

es
 w

hi
ch

 m
ay

 p
ol

lu
te

 t
he

 e
nv

ir
on

m
en

t. 
T

o 
de

al
 w

it
h 

en
vi

ro
nm

en
ta

l 
is

su
es

, 
E

th
io

pi
a 

ha
s 

de
ve

lo
pe

d 
a 

nu
m

be
r 

of
 l

eg
al

 f
ra

m
ew

or
ks

 a
nd

 g
ui

de
li

ne
s 

th
at

 e
m

an
at

es
 f

ro
m

 i
nt

er
na

tio
na

l 
co

nv
en

ti
on

s.
  

  
 

28
 

 3.
2 

In
te

rn
at

io
na

l C
on

ve
n

ti
on

s 
an

d
 P

ro
to

co
ls

 
 In

 
ad

di
tio

n 
to

 
na

tio
na

l 
en

vi
ro

nm
en

ta
l 

le
gi

sl
at

io
ns

, 
th

e 
F

ed
er

al
 

D
em

oc
ra

tic
 

R
ep

ub
lic

 
of

 
E

th
io

pi
a 

is
 a

ls
o 

m
em

be
r 

of
 a

 n
um

be
r 

of
 r

eg
io

na
l 

an
d 

in
te

rn
at

io
na

l 
co

nv
en

tio
ns

 a
nd

 p
ro

to
co

ls
 

on
 e

nv
ir

on
m

en
t. 

T
he

 g
ov

er
nm

en
t h

as
 e

st
ab

li
sh

ed
 a

n 
E

nv
ir

on
m

en
ta

l P
ro

te
ct

io
n 

A
ut

ho
ri

ty
, a

nd
 

th
en

 M
in

is
tr

y 
de

si
gn

at
ed

 to
 im

pl
em

en
t t

he
 c

on
ve

nt
io

ns
 a

nd
 p

ro
to

co
ls

. 
 A

cc
or

di
ng

 to
 A

rt
ic

le
 9

(4
) 

of
 th

e 
C

on
st

it
ut

io
n 

of
 th

e 
Fe

de
ra

l D
em

oc
ra

ti
c 

R
ep

ub
li

c 
of

 E
th

io
pi

a,
 

on
ce

 a
n 

in
te

rn
at

io
na

l a
gr

ee
m

en
t i

s 
ra

ti
fi

ed
 t

hr
ou

gh
 th

e 
es

ta
bl

is
he

d 
pr

oc
ed

ur
e,

 it
 a

ut
om

at
ic

al
ly

 
be

co
m

es
 a

n 
in

te
gr

al
 p

ar
t 

of
 t

he
 l

aw
 o

f 
th

e 
la

nd
. 

C
on

se
qu

en
ti

al
ly

, 
th

e 
ad

op
te

d 
C

on
ve

nt
io

ns
 

an
d 

th
e 

Pr
ot

oc
ol

s 
ha

ve
 a

lr
ea

dy
 b

ec
om

e 
th

e 
in

te
gr

al
 p

ar
t 

of
 t

he
 n

at
io

na
l 

la
w

s.
 I

n 
li

ne
 t

o 
th

is
, 

th
e 

fo
ll

ow
in

g 
do

cu
m

en
ts

 a
re

 r
el

ev
an

t t
o 

th
e 

E
SI

A
 s

tu
dy

 o
f 

th
is

 p
ro

je
ct

. 
 • 

C
on

ve
nt

io
n 

on
 

B
io

lo
gi

ca
l 

D
iv

er
si

ty
: 

G
oa

ls
 o

f 
th

e 
co

ns
er

va
ti

on
 

of
 b

io
di

ve
rs

it
y:

 t
he

 
su

st
ai

na
bl

e 
us

e 
of

 t
he

 c
om

po
ne

nt
s 

of
 b

io
di

ve
rs

it
y;

 a
nd

 t
he

 f
ai

r 
an

d 
eq

ui
ta

bl
e 

sh
ar

in
g 

of
 t

he
 

be
ne

fi
ts

 a
ri

si
ng

 f
ro

m
 th

e 
us

e 
of

 g
en

et
ic

 r
es

ou
rc

es
. 

 • 
T

he
 U

n
it

ed
 N

at
io

ns
 C

on
ve

nt
io

n
 t

o 
C

om
ba

t 
D

es
er

ti
fi

ca
ti

on
 (

C
C

D
):

 T
he

 o
bj

ec
ti

ve
 o

f 
th

e 
   

C
on

ve
nt

io
n 

is
 t

o 
co

m
ba

t 
de

se
rt

if
ic

at
io

n 
an

d 
m

iti
ga

te
 t

he
 e

ff
ec

ts
 o

f 
dr

ou
gh

ts
 i

n 
co

un
tr

ie
s 

ex
pe

ri
en

ci
ng

 s
er

io
us

 d
ro

ug
ht

 a
nd

/o
r 

de
se

rt
if

ic
at

io
n,

 p
ar

tic
ul

ar
ly

 in
 A

fr
ic

a.
 

 • 
F

ra
m

ew
or

k 
C

on
ve

nt
io

n 
on

 C
li

m
at

e 
C

ha
ng

e 
(F

C
C

C
):

 T
hi

s 
co

nv
en

ti
on

 ta
ke

s 
in

to
 a

cc
ou

nt
 

th
e 

fa
ct

  
 t

ha
t 

cl
im

at
e 

ch
an

ge
 h

as
 t

ra
ns

-b
ou

nd
ar

y 
im

pa
ct

s.
 T

he
 b

as
ic

 o
bj

ec
ti

ve
 b

ei
ng

 t
o 

pr
ov

id
e 

w
it

h 
ag

re
ed

 l
im

it
s 

on
 t

he
 r

el
ea

se
 o

f 
gr

ee
nh

ou
se

 g
as

es
 i

nt
o 
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e 

at
m
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pr
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at
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. 
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 c
ou

nt
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. 
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D
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H

u
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 d
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an
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 o
f 
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ev
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en
t 
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r 
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l 

pe
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le
s 
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d 
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l 
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ti

on
s:

 t
o 

pr
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ot
e 
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t 
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r 
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m
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s,
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 s

ec
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e 
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r 
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er
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l a
nd

 e
ff
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va
nc

e.
 

E
nv

ir
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 s
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l c
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e 
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ra
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nv
ir

on
m

en
t, 
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o 
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 s

oc
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l 
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h 
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nv

ol
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 r
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en

t 
an

d 
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ec

t 
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r 
th

e 
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m
an

 r
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 p
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n 
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te
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at

io
n
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oo
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ra
ti

on
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y,
 J

IC
A

 
O

w
in

g 
to
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e 

re
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nt
 in
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se
 o

f 
pu

bl
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er
es

t i
n 

en
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ro
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en
ta
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ue
s 
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d 
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op

tin
g 

m
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t 
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at
io

na
l 

co
nv

en
ti

on
s,

 
th

e 
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ve
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en

t 
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pa
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th
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ug
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C
A
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s 
de

ve
lo
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d 

G
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de
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ne
s 
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r 

E
nv

ir
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m
en

ta
l a
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oc
ia

l C
on
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de
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ti
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s 
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d 
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 to
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n 
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d 
an

d 
te
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l 
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er
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A

m
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g 
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e 

co
nv

en
ti
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R
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D
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ra
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; 

A
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; 
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d 

O
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at
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n 
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E

co
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m
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 C
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n 
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d 

D
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m
en
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E
C

D
) 

C
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 R
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m

en
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s 
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e 
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in

en
t. 
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C

A
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P

ro
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l 
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d 

M
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-
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la
n 
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y 

st
at

e 
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A
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m

pl
em

en
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 c
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pe
ra

ti
on
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ct

iv
it

ie
s 

in
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nc

e 
w

it
h 

th
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e 
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in
es

. W
it

h 
re

sp
ec

t t
o 

hu
m

an
 r

ig
ht

s 
an

d 
in
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w
 o

f 
th

e 
pr

in
ci
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f 

de
m

oc
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tic
 

go
ve
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an

ce
, 

m
ea
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s 
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r 
en
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ro
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en

ta
l 

an
d 
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ci
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 c
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si

de
ra

ti
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s 
ar

e 
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pl
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en
te

d 
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en

su
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ng
 

a 
w

id
e 

ra
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e 
of

 
m
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ng
fu

l 
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ol
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r 
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ip
at

io
n 

an
d 
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an

sp
ar

en
cy

 
of

 
de

ci
si

on
-m

ak
in

g,
 a

s 
w

el
l 
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 b

y 
w

or
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ng
 f

or
 i
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or

m
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io
n 
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lo
su
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y 
en
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ng
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fi
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 3.
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L
eg

al
 a

n
d 

P
ol

ic
y 

C
on

te
xt

 
T

he
 c

on
ce

pt
 o

f 
Su

st
ai

na
bl

e 
D

ev
el

op
m

en
t a

nd
 E

nv
ir

on
m

en
ta

l 
R

ig
ht

s 
ar

e 
en

sh
ri

ne
d 

in
 A

rt
ic

le
s 

43
, 4

4 
an

d 
92

 o
f 

th
e 

C
on

st
it

ut
io

n 
of

 F
D

R
E

. 
 In

 A
rt

ic
le

 4
3:

 th
e 

R
ig

ht
 to

 d
ev

el
op

m
en

t, 
w

he
re

 p
eo

pl
e’

s 
ri

gh
t t

o:
 

 
Im

pr
ov

ed
 li

vi
ng

 s
ta

nd
ar

ds
 a

nd
 to

 s
us

ta
in

ab
le

 d
ev

el
op

m
en

t;
 

 
Pa

rt
ic

ip
at

e 
in

 n
at

io
na

l 
de

ve
lo

pm
en

t 
an

d,
 i

n 
pa

rt
ic

ul
ar

, t
o 

be
 c

on
su

lt
ed

 w
it

h 
re

sp
ec

t 
to

 
po

li
ci

es
 a

nd
 p

ro
je

ct
s 

af
fe

ct
in

g 
th

ei
r 

co
m

m
un

it
y;

 

 
T

he
 e

nh
an

ce
m

en
t 

of
 t

he
ir

 c
ap

ac
it

ie
s 

fo
r 

de
ve

lo
pm

en
t 

an
d 

to
 m

ee
t 

th
ei

r 
ba

si
c 

ne
ed

s,
 

ar
e 

re
co

gn
iz

ed
; 

 In
 A

rt
ic

le
 4

4:
 E

nv
ir

on
m

en
ta

l R
ig

ht
s,

 a
ll

 p
er

so
ns

 a
re

 e
nt

it
le

d 
to

: 

 
L

iv
e 

in
 a

 c
le

an
 a

nd
 h

ea
lt

hy
 e

nv
ir

on
m

en
t;

 

 
C

om
pe

ns
at

io
n,

 in
cl

ud
in

g 
re

lo
ca

ti
on

 w
it

h 
ad

eq
ua

te
 s

ta
te

 a
ss

is
ta

nc
e 

 In
 A

rt
ic

le
 9

2:
 E

nv
ir

on
m

en
ta

l O
bj

ec
ti

ve
s,

 it
 is

 d
ec

la
re

d 
th

at
; 

 
G

ov
er

nm
en

t s
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ll
 e

ns
ur

e 
th

at
 a

ll
 E

th
io

pi
an

s 
li

ve
 in

 a
 c

le
an

 a
nd
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ea

lt
hy

 e
nv

ir
on

m
en

t;
 

 
Pr

og
ra

m
s 

an
d 

pr
oj

ec
ts

 d
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ig
n 

sh
al

l n
ot

 d
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e 

or
 d

es
tr
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 th

e 
en
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en

t;
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le

s 
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ve
 th

e 
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gh
t t

o 
fu

ll
 c

on
su

lt
at

io
n 

an
d 

ex
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f 
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s;

 

 
G

ov
er

nm
en

t a
nd

 c
it

iz
en

s 
ha

ve
 th

e 
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 to
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 th
e 
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ro
nm

en
t. 

3.
4 

E
n

vi
ro

n
m

en
ta

l P
ol

ic
y 
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 E

th
io

p
ia

 
E

th
io

pi
a 

ad
op

te
d 
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 C
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st

it
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n 
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 1

99
5,

 w
hi

ch
 p

ro
vi

de
s 

th
e 
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an

d 
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m
pr

eh
en

si
ve

 
pr

in
ci

pl
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nd
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de
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es
 f

or
 e

nv
ir

on
m

en
ta

l 
pr

ot
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tio
n,
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 m
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en
t. 

T
he

 E
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ir
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m
en
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l 

Po
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y 
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 p
re
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te
d 
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ro

w
in

g 
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er

n 
fo

r 
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e 
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at
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 r
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e 
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se
. 
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ra
ll 
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y 
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s 
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m
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e 
an

d 
en
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nc

e 
th

e 
he

al
th
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nd
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 o
f 
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f 

al
l 

E
th

io
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an
s 

an
d 
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 p

ro
m

ot
e 

su
st
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na
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e 

so
ci

al
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nd
 e
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no

m
ic

 d
ev

el
op

m
en

t 
th

ro
ug

h 
so

un
d 

m
an
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em

en
t a
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 u

se
 o

f 
na

tu
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l, 
hu

m
an

 m
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e 
an

d 
cu

lt
ur

al
 r
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ou
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es

 a
nd

 th
e 

en
vi

ro
nm

en
t a

s 
a 

w
ho

le
. 

 T
he

 f
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lo
w

in
g 

ar
e 

ex
tr
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ts

 f
ro

m
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he
 N

at
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na
l 

E
nv

ir
on

m
en

ta
l 

Po
li

cy
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ch

 p
ro

vi
de

 e
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en
tia

l 
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id
an
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 f

or
 a

ct
iv

it
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s 
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 e
nv

ir
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m
en

ta
l a

ge
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ie
s 
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 g

en
er

al
. 

 


 
In
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at

e 
th

e 
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ll 
ec
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, 

so
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al
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nd
 e

nv
ir

on
m

en
ta

l 
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s 
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d 
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ne
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 o
f 
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ra
l 
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ur
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s 
de

ve
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t;
 


 

A
pp

ro
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te

 a
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 a
ff

or
da

bl
e 
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no
lo
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es

 w
hi
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 u

se
 r

en
ew
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es
 e
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ie
nt
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sh
al

l b
e 
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te
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, d
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ed
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 d
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m
in
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; 


 
W

he
n 

a 
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m
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om
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e 
be
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n 
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or
t 

te
rm
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on
om
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an
d 

lo
ng

 
te
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en
vi

ro
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en
ta

l 
pr

ot
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ti
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s 

ne
ce

ss
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y,
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he
n 

de
ve
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pm

en
t 

ac
ti

vi
ti

es
 s
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ll 

m
in

im
iz

e 
de

gr
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in
g 

an
d 

po
ll

ut
in

g 
im

pa
ct

s 
on

 e
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lo
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ca
l a

nd
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 s
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 s
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te

m
s;

 


 
R

eg
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 a

nd
 a
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ur

at
e 
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m
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g 
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m
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l 
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ll 
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E
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ur
e 

th
at

 E
SI

A
s 
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er
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y 
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al
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 b

io
lo

gi
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l 
im
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s 
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t 
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, s
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m
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tu
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l c
on
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s;
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R
ec

og
ni

ze
 t

ha
t 

pu
bl

ic
 c

on
su

lt
at

io
n 

is
 a

n 
in

te
gr

al
 p

ar
t 

of
 E

S
IA

 a
nd

 e
ns

ur
e 

th
at

 E
SI

A
 

pr
oc

ed
ur

es
 m

ak
e 

pr
ov

is
io

n 
fo

r 
bo

th
 a

n 
in

de
pe

nd
en

t 
re

vi
ew

 a
nd

 p
ub

li
c 

co
m

m
en

t 
be

fo
re

 c
on

si
de

ra
ti

on
 b

y 
de

ci
si

on
 m

ak
er

s;
 


 

E
st

ab
li

sh
 t

he
 n

ec
es

sa
ry

 i
ns

ti
tu

tio
na

l 
fr

am
ew

or
k 

an
d 

de
te

rm
in

e 
th

e 
lin

ka
ge

 o
f 

it
s 

pa
rt

s 
fo

r 
un

de
rt

ak
in

g,
 c

oo
rd

in
at

in
g 

an
d 

ap
pr

ov
in

g 
E

SI
A

s 
an

d 
th

e 
su

bs
eq

ue
nt

 s
ys

te
m

 o
f 

en
vi

ro
nm

en
ta

l a
ud

it
s 
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qu

ir
ed

 to
 e

ns
ur

e 
co

m
pl

ia
nc

e 
w

ith
 c

on
di

ti
on

s;
 


 

D
ev

el
op

 d
et

ai
le

d 
se

ct
or

al
 te

ch
ni

ca
l g

ui
de

li
ne

s 
in

 E
SI

A
 a

nd
 e

nv
ir

on
m

en
ta

l a
ud

its
; 


 

E
ns

ur
e 

th
at

 p
re

li
m

in
ar

y 
an

d 
fu

ll
 E

S
IA

s 
ar

e 
un

de
rt

ak
en

 b
y 

th
e 

re
le

va
nt

 s
ec

to
ra

l 
m

in
is

tr
ie

s 
or

 d
ep

ar
tm

en
ts

, i
f 

in
 th

e 
pu

bl
ic

 s
ec

to
r,

 a
nd

 b
y 

th
e 

de
ve

lo
pe

r 
if

 in
 th

e 
pr

iv
at

e 
se

ct
or

. 

3.
4.

1 
In

st
it

ut
io

na
l F

ra
m

ew
or

k 
T

he
 F

D
R

E
 c

on
si

st
s 

of
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 F
ed

er
al

 a
nd

 R
eg

io
na

l 
St

at
es

. 
Pr

oc
la

m
at

io
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 3
3/

 1
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 4

1/
 1

99
3 

an
d 

4/
 1

99
5 
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fi

ne
 t

he
 d

ut
ie

s 
an

d 
re

sp
on

si
bi

lit
ie

s 
of

 t
he

 R
eg

io
na

l 
St

at
es

 w
hi

ch
 i

nc
lu

de
 p

la
nn

in
g,

 
di

re
ct

in
g 

an
d 

de
ve

lo
pi

ng
 s

oc
ia

l 
an

d 
ec

on
om

ic
 d

ev
el

op
m

en
t 

pr
og

ra
m

s 
as

 w
el

l a
s 

pr
ot

ec
ti

on
 o

f 
na

tu
ra

l 
re

so
ur

ce
s.

 
T

he
 

m
os

t 
im

po
rt

an
t 

st
ep

 
in

 
se

tti
ng

 
up

 
th

e 
le

ga
l 

fr
am

ew
or

k 
fo

r 
th

e 
en

vi
ro

nm
en

t 
in

 
E

th
io

pi
a 

ha
s 

be
en

 
th

e 
es

ta
bl

is
hm

en
t 

of
 

th
e 

E
nv

ir
on

m
en

ta
l 

Pr
ot

ec
tio

n 
A

ut
ho

ri
ty

 (
E

P
A

),
 P

ro
cl

am
at

io
n 

no
. 2

99
/ 2

00
2.

 A
cc

or
di

ng
 to

 th
is

 P
ro

cl
am

at
io

n,
 T

he
 E

PA
 a

s 
a 

Fe
de

ra
l E

nv
ir

on
m

en
ta

l a
ge

nc
y 

is
 r

es
po

ns
ib

le
 f

or
: 

 

 
T

he
 e

st
ab

lis
hm

en
t 

of
 a

 r
eq

ui
re

d 
sy

st
em

 f
or

 E
nv

ir
on

m
en

ta
l 

A
ud

it
in

g 
of

 p
ub

li
c 

an
d 

pr
iv

at
e 

se
ct

or
 

pr
oj

ec
ts

, 
as

 
w

el
l 

as
 

so
ci

al
 

an
d 

ec
on

om
ic

 
de

ve
lo

pm
en

t 
po

li
ci

es
, 

st
ra

te
gi

es
, l

aw
s,

 a
nd

 p
ro

gr
am

s 
of

 f
ed

er
al

 le
ve

l f
un

ct
io

ns
; 

 
R

ev
ie

w
in

g 
an

d 
pa

ss
in

g 
de

ci
si

on
s 

an
d 

fo
ll

ow
-u

p 
th

e 
im

pl
em

en
ta

ti
on

 o
f 

E
nv

ir
on

m
en

ta
l 

Im
pa

ct
 S

tu
dy

 R
ep

or
ts

 o
f 

pr
oj

ec
ts

, 
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 w
el

l 
as

 s
oc

ia
l 

an
d 

ec
on

om
ic

 d
ev

el
op

m
en

t 
pr

og
ra

m
s 

or
 p

la
ns

 w
he

re
 th

ey
 a

re
: 

o
 

su
bj

ec
t t

o 
fe

de
ra

l l
ic

en
si

ng
, e

xe
cu

ti
on

 o
r 

su
pe

rv
is

io
n;

 
o

 
pr

op
os

ed
 a

ct
iv

it
ie

s 
su

bj
ec

t t
o 

ex
ec

ut
io

n 
by

 a
 f

ed
er

al
 a

ge
nc

y;
 

o
 

L
ik

el
y 

to
 

en
ta

il
 

in
te

r 
or

 
tr

an
s 

re
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on
al

, 
an

d 
in

te
rn

at
io

na
l 

im
pa
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s.

 

 
N

ot
if
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ng

 
it

s 
de

ci
si

on
 

to
 

th
e 

co
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er
ne

d 
li

ce
ns

in
g 

ag
en

cy
 

at
 

or
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re
 

th
e 

ti
m

e 
sp

ec
if

ie
d 

in
 th

e 
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pr
op

ri
at

e 
la

w
 o

r 
di

re
ct

iv
es

; 

 
A

ud
it

in
g 

an
d 

re
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la
ti

ng
 th

e 
im

pl
em

en
ta

ti
on

 o
f 

th
e 

co
nd

it
io

ns
 a

tt
ac

he
d 

to
 th

e 
de

ci
si

on
; 

 
Pr

ov
id

e 
ad

vi
ce

 a
nd

 t
ec

hn
ic

al
 s

up
po

rt
 t

o 
th

e 
re

gi
on

al
 e

nv
ir

on
m

en
ta

l 
ag

en
ci

es
, 

se
ct

or
al

 
in

st
it

ut
io

ns
 a

nd
 th

e 
pr

op
on

en
ts

; 

 
M

ak
in

g 
it

s 
de

ci
si

on
s 

an
d 

th
e 

E
A

 
re

po
rt

 
av

ai
la

bl
e 

to
 

th
e 

pu
bl

ic
, 

re
so

lv
in

g 
al

l 
co

m
pl

ai
nt

s 
an

d 
gr

ie
va

nc
es

 in
 g

oo
d 

fa
it

h 
an

d 
at

 th
e 

ap
pr

op
ri

at
e 

ti
m

e;
 

 
D

ev
el

op
in

g 
in

ce
nt

iv
e 

or
 

di
si

nc
en

ti
ve

 
st

ru
ct

ur
es

 
re

qu
ir

ed
 

fo
r 

co
m

pl
ia

nc
e 

of
 

E
A

 
re

qu
ir

em
en

ts
 p

av
e 

th
e 

w
ay

 a
nd

 in
vo

lv
e 

in
 E

A
 a

w
ar

en
es

s 
cr

ea
ti

on
, e

tc
. 

  Th
e 

Re
gi

on
al

 E
nv

ir
on

m
en

ta
l A

ge
nc

ie
s a

re
 re

sp
on

si
bl

e 
to

: 
 

 
A

do
pt

 a
nd

 in
te

rp
re

t f
ed

er
al

 le
ve

l E
A

 p
ol

ic
ie

s 
an

d 
sy

st
em

s 
or

 r
eq

ui
re

m
en

ts
 in

 li
ne

 w
it

h 
th

ei
r 

re
sp

ec
ti

ve
 lo

ca
l r

ea
li

ti
es

; 
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E

st
ab

li
sh

 a
 s

ys
te

m
 f

or
 E

A
 o

f 
pu

bl
ic

 a
nd

 p
ri

va
te

 p
ro

je
ct

s,
 a

s 
w

el
l 

as
 s

oc
ia

l 
an

d 
ec

on
om

ic
 

de
ve

lo
pm

en
t 

po
li

ci
es

, 
st

ra
te

gi
es

, 
la

w
s,

 
or

 
pr

og
ra

m
s 

of
 

re
gi

on
al

 
le

ve
l 

fu
nc

ti
on

s;
 

 
In

fo
rm

 E
P

A
 a

bo
ut

 m
al

pr
ac

tic
es

 t
ha

t 
af

fe
ct

 t
he

 s
us

ta
in

ab
il

ity
 o

f 
th

e 
en

vi
ro

nm
en

t 
re

ga
rd

in
g 

E
A

 a
nd

 c
oo

pe
ra

te
 w

it
h 

E
P

A
 in

 c
om

pl
ia

nt
 in

ve
st

ig
at

io
ns

; 

 
A

dm
in

is
te

r,
 o

ve
rs

ee
, a

nd
 p

as
s 

m
aj

or
 d

ec
is

io
ns

 r
eg

ar
di

ng
 im

pa
ct

 a
ss

es
sm

en
t o

f:
 

o
 

pr
oj

ec
ts

 s
ub

je
ct

 to
 li

ce
ns

in
g 

by
 r

eg
io

na
l a

ge
nc

y;
 

o
 

pr
oj

ec
ts

 s
ub

je
ct

 to
 e

xe
cu

tio
n 

by
 a

 r
eg

io
na

l a
ge

nc
y;

 
o

 
pr

oj
ec

ts
 li

ke
ly

 to
 h

av
e 

re
gi

on
al

 im
pa

ct
s.

 
 T

he
 

P
ro

cl
am

at
io

n 
as

si
gn

s 
re

sp
on

si
bi

li
ti

es
 

to
 

di
ff

er
en

t 
or

ga
ni

za
ti

on
s 

fo
r 

en
vi

ro
nm

en
ta

l 
de

ve
lo

pm
en

t 
an

d 
m

an
ag

em
en

t 
ac

ti
vi

ti
es

 
on

 
on

e 
ha

nd
, 

an
d 

en
vi

ro
nm

en
ta

l 
pr

ot
ec

ti
on

, 
re

gu
la

ti
on

 a
nd

 m
on

it
or

in
g 

on
 t

he
 o

th
er

. 
It

 g
iv

es
 t

he
 E

PA
 t

he
 l

eg
al

 p
ow

er
s 

re
qu

ir
ed

 f
or

 
en

fo
rc

in
g 

as
 w

el
l a

s 
sp

ea
rh

ea
d 

th
e 

en
fo

rc
em

en
t o

f 
an

d 
en

su
re

 c
om

pl
ia

nc
e 

w
it

h 
en

vi
ro

nm
en

ta
l 

la
w

s 
an

d 
st

an
da

rd
s.

 
 In

 t
hi

s 
re

ga
rd

, 
E

P
A

 h
as

 e
st

ab
li

sh
ed

 a
n 

E
nv

ir
on

m
en

ta
l 

Im
pa

ct
 A

ss
es

sm
en

t 
sy

st
em

 i
nc

lu
di

ng
 t

he
 

pr
ep

ar
at

io
n 

of
 

P
ro

ce
du

ra
l 

an
d 

S
ec

to
ra

l 
G

ui
de

li
ne

s 
as

 
a 

pr
er

eq
ui

si
te

 
fo

r 
th

e 
ap

pr
ov

al
 

of
 

ne
w

 

de
ve

lo
pm

en
t a

ct
iv

it
ie

s 
an

d 
pr

oj
ec

ts
. 

“E
nv

ir
on

m
en

ta
l 

Pr
ot

ec
tio

n 
O

rg
an

s 
Es

ta
bl

is
hm

en
t 

Pr
oc

la
m

at
io

n 
(P

ro
cl

am
at

io
n 

no
. 

29
5 

of
 

20
02

)”
 s

tip
ul

at
es

 t
he

 n
ee

d 
to

 e
st

ab
li

sh
 a

 s
ys

te
m

 t
ha

t 
en

ab
le

s 
to

 f
os

te
r 

co
or

di
na

te
d 

bu
t 

di
ff

er
en

ti
at

ed
 

re
sp

on
si

bi
li

ti
es

 
am

on
g 

en
vi

ro
nm

en
ta

l 
pr

ot
ec

ti
on

 
ag

en
ci

es
 

at
 

Fe
de

ra
l 

an
d 

R
eg

io
na

l 
le

ve
ls

. 
T

he
 p

ro
cl

am
at

io
n 

re
qu

ir
es

 t
he

 e
st

ab
li

sh
m

en
t 

of
 S

ec
to

ra
l 

an
d 

R
eg

io
na

l 
E

nv
ir

on
m

en
ta

l 
U

ni
ts

 
an

d 
A

ge
nc

ie
s,

 
re

sp
ec

tiv
el

y.
 T

hi
s 

sh
ow

s 
th

at
 

in
st

it
ut

io
na

li
zi

ng
 a

nd
 

m
ai

ns
tr

ea
m

in
g 

en
vi

ro
nm

en
ta

l c
on

ce
rn

s 
in

vo
lv

e 
le

ga
l f

ou
nd

at
io

n.
 

 “E
nv

ir
on

m
en

ta
l I

m
pa

ct
 A

ss
es

sm
en

t P
ro

cl
am

at
io

n 
(P

ro
cl

am
at

io
n 

no
. 2

99
 o

f 2
00

2)
” 

pr
ov

id
es

 
E

A
 w

it
h 

m
an

da
to

ry
 l

eg
al

 p
re

re
qu

is
it

e 
fo

r 
th

e 
im

pl
em

en
ta

ti
on

 o
f 

m
aj

or
 d

ev
el

op
m

en
t 

pr
oj

ec
ts

, 
pr

og
ra

m
s 

an
d 

pl
an

s.
 T

hi
s 

pr
oc

la
m

at
io

n 
is

 a
 p

ro
ac

tiv
e 

to
ol

 a
nd

 a
 b

ac
kb

on
e 

to
 h

ar
m

on
iz

in
g 

an
d 

in
te

gr
at

in
g 

en
vi

ro
nm

en
ta

l, 
ec

on
om

ic
 

an
d 

so
ci

al
 

co
ns

id
er

at
io

ns
 

in
to

 
a 

de
ci

si
on

 
m

ak
in

g 
pr

oc
es

s 
in

 a
 m

an
ne

r 
th

at
 p

ro
m

ot
es

 s
us

ta
in

ab
le

 d
ev

el
op

m
en

t. 
 “E

nv
ir

on
m

en
ta

l 
Po

llu
tio

n 
C

on
tr

ol
 P

ro
cl

am
at

io
n 

(P
ro

cl
am

at
io

n 
no

. 
30

0 
of

 2
00

2)
” 

is
 

pr
om

ul
ga

te
d 

w
it

h 
a 

vi
ew

 t
o 

el
im

in
at

e 
or

, 
w

he
n 

no
t 

po
ss

ib
le

 t
o 

m
it

ig
at

e 
po

ll
ut

io
n 

as
 a

n 
un

de
si

ra
bl

e 
co

ns
eq

ue
nc

e 
of

 s
oc

ia
l a

nd
 e

co
no

m
ic

 d
ev

el
op

m
en

t a
ct

iv
it

ie
s.

 T
hi

s 
pr

oc
la

m
at

io
n 

is
 

on
e 

of
 t

he
 b

as
ic

 l
eg

al
 d

oc
um

en
ts

, 
w

hi
ch

 n
ee

d 
to

 b
e 

ob
se

rv
ed

 a
s 

co
rr

es
po

nd
in

g 
to

 e
ff

ec
ti

ve
 

E
A

 a
dm

in
is

tr
at

io
n.

 
 In

 a
dd

it
io

n 
to

 t
he

 a
bo

ve
 p

ro
cl

am
at

io
ns

, 
ot

he
r 

re
le

va
nt

 r
eg

ul
at

io
ns

 i
n 

re
la

tio
n 

to
 t

he
 p

ro
po

se
d 

pr
oj

ec
t, 

as
 li

st
ed

 in
 T

ab
le

 3
.1

 a
re

 a
ls

o 
re

vi
ew

ed
.  
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 3.
4.

2 
A

p
pl

ic
ab

le
 P

ro
cl

am
at

io
ns

/ G
ui

de
li

ne
s 

 P
ro

cl
am

at
io

ns
 a

nd
 E

P
A

 G
ui

de
li

ne
s 

ap
pl

ic
ab

le
 to

 th
e 

pr
op

os
ed

 p
ro

je
ct

 a
re

 li
st

ed
 in

 T
ab

le
 3

.1
. 

T
ab

le
 3

.1
: 

P
ro

cl
am

at
io

n
s 

an
d

 G
u

id
el

in
es

 

 

 H
er

e,
 i

t 
is

 w
or

th
w

hi
le

 t
o 

su
m

m
ar

iz
e 

th
e 

pr
ov

is
io

ns
, 

pa
rt

ic
ul

ar
ly

 t
ho

se
 k

ey
 s

ec
to

rs
 r

el
ev

an
t 

to
 

th
e 

pr
oj

ec
t, 

na
m

el
y 

w
at

er
, a

nd
 e

ne
rg

y,
 a

m
on

g 
ot

he
rs

. 
 W

at
er

 R
es

ou
rc

es
 M

an
ag

em
en

t 
po

lic
y 

of
 E

th
io

pi
a:

 T
he

 o
ve

ra
ll

 g
oa

l 
of

 W
at

er
 R

es
ou

rc
es

 
Po

lic
y 

is
 t

o 
en

ha
nc

e 
an

d 
pr

om
ot

e 
al

l 
na

ti
on

al
 e

ff
or

ts
 t

ow
ar

ds
 t

he
 e

ff
ic

ie
nt

, 
eq

ui
ta

bl
e 

an
d 

op
ti

m
um

 
ut

il
iz

at
io

n 
of

 
th

e 
av

ai
la

bl
e 

W
at

er
 

R
es

ou
rc

es
 

of
 

E
th

io
pi

a 
fo

r 
si

gn
if

ic
an

t 
so

ci
oe

co
no

m
ic

 d
ev

el
op

m
en

t o
n 

su
st

ai
na

bl
e 

ba
si

s 
th

at
 in

co
rp

or
at

e 
en

vi
ro

nm
en

ta
l c

on
se

rv
at

io
n 

an
d 

pr
ot

ec
ti

on
 r

eq
ui

re
m

en
ts

.  

E
th

io
pi

an
 N

at
io

na
l 

E
ne

rg
y 

Po
lic

y 
an

d 
E

ne
rg

y 
La

w
: 

E
ns

ur
in

g 
th

at
 t

he
 d

ev
el

op
m

en
t 

of
 

en
er

gy
 s

up
pl

y 
an

d 
ut

il
iz

at
io

n 
is

 e
nv

ir
on

m
en

ta
ll

y 
be

ni
gn

. 
T

he
 e

ne
rg

y 
po

li
cy

 g
iv

es
 p

ri
or

it
y 

to
 

th
e 

pl
an

ni
ng

 
an

d 
ex

pa
ns

io
n 

of
 

th
e 

en
er

gy
 

su
pp

ly
 

re
qu

ir
ed

 
fo

r 
ec

on
om

ic
 

de
ve

lo
pm

en
t, 

pa
rt

ic
ul

ar
ly

 t
he

 i
m

pl
em

en
ta

ti
on

 o
f 

th
e 

A
gr

ic
ul

tu
re

 D
ev

el
op

m
en

t 
L

ed
 I

nd
us

tr
y,

 A
D

L
I,

 w
hi

le
 

at
 t

he
 s

am
e 

ti
m

e,
 t

ak
in

g 
m

ea
su

re
s 

to
 t

ra
ns

fo
rm

 e
ne

rg
y 

co
ns

um
pt

io
n 

in
 t

he
 c

ou
nt

ry
 f

ro
m

 
tr

ad
it

io
na

l t
o 

m
od

er
n 

so
ur

ce
s.

 

Pr
oc

la
m

at
io

n 
on

 S
ol

id
 W

as
te

 M
an

ag
em

en
t: 

T
he

 p
ro

cl
am

at
io

n 
on

 S
ol

id
 W

as
te

 M
an

ag
em

en
t 

N
o.

 5
13

/2
00

7 
is

 in
te

nd
ed

 to
 c

re
at

e 
a 

su
st

ai
na

bl
e 

pa
th

 to
 li

m
it

 th
e 

ad
ve

rs
e 

ef
fe

ct
s 

of
 w

as
te

 a
nd

 
m

ax
im

iz
e 

al
l p

ot
en

ti
al

 b
en

ef
it

s.
 T

he
 p

ri
m

ar
y 

ob
je

ct
iv

e 
of

 th
e 

pr
oc

la
m

at
io

n 
is

 to
 e

nh
an

ce
 a

t a
ll
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 le
ve

ls
 c

ap
ac

iti
es

 t
o 

pr
ev

en
t 

th
e 

po
ss

ib
le

 a
dv

er
se

 i
m

pa
ct

s 
w

hi
le

 c
re

at
in

g 
ec

on
om

ic
al

ly
 a

nd
 

so
ci

al
ly

 b
en

ef
ic

ia
l 

as
se

ts
 o

ut
 o

f 
so

li
d 

w
as

te
. 

It
 a

ls
o 

se
ts

 c
le

ar
 g

ui
de

li
ne

s 
on

 t
he

 i
nt

er
re

gi
on

al
 

tr
an

sp
or

ta
ti

on
 o

f 
w

as
te

 a
s 

w
el

l a
s 

th
e 

di
sp

os
al

 o
f 

to
xi

c 
m

at
er

ia
ls

 a
nd

 r
ec

yc
la

bl
e 

go
od

s.
 U

rb
an

 
ad

m
in

is
tr

at
io

ns
 a

re
 r

eq
ui

re
d 

to
 c

re
at

e 
en

ab
li

ng
 c

on
di

ti
on

s 
to

 p
ro

m
ot

e 
in

ve
st

m
en

t 
on

 t
he

 
pr

ov
is

io
n 

of
 s

ol
id

 w
as

te
 m

an
ag

em
en

t s
er

vi
ce

s.
 F

ol
lo

w
in

g 
th

e 
pr

oc
la

m
at

io
n,

 a
ll

 w
as

te
 d

is
po

sa
l 

fa
ci

li
ti

es
 n

ee
d 

to
 f

ol
lo

w
 r

el
ev

an
t 

en
vi

ro
nm

en
ta

l 
an

d 
lo

ca
l 

re
gu

la
ti

on
s 

as
 w

el
l 

as
 s

ec
ur

e 
al

l 
re

qu
ir

ed
 p

er
m

it
s 

be
fo

re
 i

m
pl

em
en

ta
ti

on
. E

PA
 i

s 
em

po
w

er
ed

 to
 is

su
e 

di
re

ct
iv

es
 f

or
 th

e 
pr

op
er

 
im

pl
em

en
ta

ti
on

 o
f 

th
e 

pr
oc

la
m

at
io

n 
an

d 
re

gu
la

ti
on

s.
 

E
nv

ir
on

m
en

ta
l 

Po
llu

tio
n 

C
on

tr
ol

 P
ro

cl
am

at
io

n:
 T

he
 l

aw
 r

ec
og

ni
ze

s 
th

e 
fa

ct
 t

ha
t 

so
m

e 
so

ci
al

 a
nd

 e
co

no
m

ic
 d

ev
el

op
m

en
t e

nd
ea

vo
rs

 m
ay

 in
fl

ic
t e

nv
ir

on
m

en
ta

l h
ar

m
 th

at
 c

ou
ld

 m
ak

e 
th

e 
en

de
av

or
s 

co
un

te
rp

ro
du

ct
iv

e.
 

It
 

al
so

 
un

de
rl

in
es

 
th

e 
fa

ct
 

th
at

 
th

e 
pr

ot
ec

tio
n 

of
 

th
e 

en
vi

ro
nm

en
t, 

in
 g

en
er

al
, 

an
d 

th
e 

sa
fe

 g
ua

rd
in

g 
hu

m
an

 h
ea

lt
h 

an
d 

w
el

l-
be

in
g,

 a
s 

w
el

l 
as

 
m

ai
nt

ai
ni

ng
 t

he
 b

io
ta

 a
nd

 t
he

 a
es

th
et

ic
 v

al
ue

 o
f 

na
tu

re
, 

in
 p

ar
tic

ul
ar

, 
ar

e 
th

e 
du

ty
 a

nd
 

re
sp

on
si

bi
li

ty
 o

f 
al

l. 
T

o 
th

is
 e

nd
, t

he
 l

aw
 a

im
s 

to
 e

li
m

in
at

e 
or

, w
he

n 
no

t 
po

ss
ib

le
, t

o 
m

it
ig

at
e 

po
ll

ut
io

n 
as

 a
n 

un
de

si
ra

bl
e 

co
ns

eq
ue

nc
e 

of
 s

oc
ia

l a
nd

 e
co

no
m

ic
 d

ev
el

op
m

en
t a

ct
iv

it
ie

s.
 

T
he

 n
at

io
na

l 
E

PA
 G

ui
de

lin
e 

pr
ov

id
es

 c
at

eg
or

ie
s,

 r
el

ev
an

t 
re

qu
ir

em
en

ts
 f

or
 a

n 
E

IA
, 

an
d 

li
st

s 
pr

oj
ec

t t
yp

es
 u

nd
er

 e
ac

h 
ca

te
go

ry
. I

n 
ac

co
rd

an
ce

 w
it

h 
th

is
 G

ui
de

li
ne

, p
ro

je
ct

s 
ar

e 
ca

te
go

ri
ze

d 
in

to
 th

re
e 

sc
he

du
le

s:
 

Sc
he

du
le

-I
: P

ro
je

ct
s,

 w
hi

ch
 m

ay
 h

av
e 

ad
ve
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at
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ra
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 r
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at
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 D
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 p
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 m
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 d
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ra
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 p
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 c
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l C
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l o
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 d
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 t
o 

L
oa

n 
ai

d 
an

d 
te

ch
ni

ca
l 

co
op

er
at

io
n.
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 p
ow

er
 

de
ve

lo
pm

en
t 

at
 t

he
 A

lu
to

-L
an

ga
no

 g
eo

th
er

m
al

 f
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 p
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ra
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E

C
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ro
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h 

E
rn

st
 &
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hi
n 

N
ih

on
 L

L
C

 a
nd

 th
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ra
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at
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 f
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 f
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 D
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at
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d 
fo

r 
th

is
 p
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 p

ro
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 d
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A
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 b
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at
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at

io
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 f
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T
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m
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se
 s
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nd
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re
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t 
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 c
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 p
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 b
ee

n 
pr

ep
ar

ed
 b

y 
E

PA
 i

n 
co

ll
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w
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S
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 f
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en
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en
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 f
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 f
or

 N
oi

se
 L

im
it

s.
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 p
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 f
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 l
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n
d

 

E
ff

lu
en

t 
li

m
it

s;
 E

P
A

, F
D

R
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R
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he
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an
iz

at
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 s
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oi
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at
io
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S
uc

h 
ar

ea
s 

in
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ud
e 
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m

es
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 d
w

el
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pi
ta
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sc
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 p
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or
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re
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gh
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en
it
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T
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 s
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si
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ty
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o 
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is

e 
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 u
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al
ly
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at
er
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t 
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gh

t-
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an

 d
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e 
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y 
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 l
ev

el
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ro
m
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ll 

so
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s 
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en
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nt
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un
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th
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no
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e 

le
ve

l 
at
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e 
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ld

 b
e 
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ab

le
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m
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en
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e 
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/ n
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se
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n

da
rd
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he
re

 p
eo

pl
e 

li
ve

 o
r 

w
or

k 

C
at
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of
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e 
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m
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 d

B
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) L
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R

em
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D
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m
e 
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al
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 D
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ed

 f
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m
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 t
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 N

ig
ht

 ti
m
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ed
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 p

m
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m
C
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m
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id
en
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ot
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n 
so

m
e 
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et
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, s
uc
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 p
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to
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l, 
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ra
l s

et
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ng
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 w
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e 
 b
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w
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m
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s 
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 b
e 

m
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e 
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ri
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e.
 

 In
 c
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 w
he
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 s

ec
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r 
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if
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 s
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nd
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re
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ot

 a
va

il
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en
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en
er

al
 s
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nd
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 f
or

 in
du

st
ri

al
 

ef
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ue
nt
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nd

 f
or
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eo
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 e
m

is
si
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ed
 f
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m
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er
 c

ou
nt
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n 

ou
r 

ca
se

, S
ou

th
 A

fr
ic

a 
an

d 
N

et
he

rl
an
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. I

n 
th
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 p
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t o

f 
th

e 
do

cu
m

en
t t

he
 f

ol
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w
in

g 
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e 
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an

da
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e 
st

at
ed
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st

an
da

rd
s 

w
hi
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 s
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ll

 b
e 
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ie
d 

to
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ll
 e

ff
lu

en
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 d
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ch
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ge
d 

to
 i
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an

d 
w

at
er
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th
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 f
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m
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to
rs

);
 

 
st
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 b
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 p
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 m
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 c
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 p
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 m
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r.

 A
bo

ut
 2

5 
pe

rs
on

s 
at

te
nd

ed
 t

he
 m

ee
ti

ng
. 

T
hi

s 
in

cl
ud

es
 t

w
o 

of
fi

ci
al

s 
fr

om
 D

ub
ti 

w
or

ed
a 

ad
m

in
is

tr
at

io
n,

 a
ll

 k
eb

el
e 

le
ad

er
s 

an
d 

co
m

m
un

it
y 

re
pr

es
en

ta
ti

ve
s 

as
 m
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 c
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 m
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 b
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 c
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dy

 o
f 

th
e 

pr
oj

ec
t, 

th
e 

st
ud

y 
te

am
 c

an
 o

nl
y 

un
de

rt
ak

e 
a 

pr
el

im
in

ar
y 

E
SI

A
. F

ro
m

 d
is

cu
ss

io
n 

m
ad

e 
in

 t
he

 p
re

vi
ou

s 
ch

ap
te

r 
of

 p
ro

je
ct

 
de

sc
ri

pt
io

n,
 t

he
 f

ol
lo

w
in

g 
po

te
nt

ia
l 

im
pa

ct
s 

m
ay

 n
ee

d 
fu

rt
he

r 
el

ab
or

at
io

n 
fo

r 
cr

ed
ib

le
 a

ss
es

sm
en

t 
an

d 
ev

al
ua

tio
n.

 

5.
3 

Id
en

ti
fi

ed
 I

m
pa

ct
s 

on
 N

at
ur

al
 E

nv
ir

on
m

en
t 

5.
3.

1 
G

as
eo

us
 e

m
is

si
on

s 
G

as
eo

us
 e

m
is

si
on

s 
re

su
lt 

fr
om

 t
he

 d
is

ch
ar

ge
 o

f 
no

n-
co

nd
en

sa
bl

e 
ga

se
s 

(N
C

G
s)

 t
ha

t 
ar

e 
ca

rr
ie

d 
in

 t
he

 
so

ur
ce

 s
tr

ea
m

 t
o 

th
e 

po
w

er
 p

la
nt

. 
F

or
 h

yd
ro

th
er

m
al

 i
ns

ta
lla

tio
ns

, 
th

e 
m

os
t 

co
m

m
on

 N
C

G
s 

ar
e 

ca
rb

on
 

di
ox

id
e 

(C
O

2)
 a

nd
 h

yd
ro

ge
n 

su
lf

id
e 

(H
2S

),
 a

lth
ou

gh
 s

pe
ci

es
 s

uc
h 

as
 m

et
ha

ne
, 

hy
dr

og
en

, 
su

lp
hu

r 
di

ox
id

e,
 a

nd
 a

m
m

on
ia

 a
re

 o
ft

en
 e

nc
ou

nt
er

ed
 i

n 
lo

w
 c

on
ce

nt
ra

tio
ns

. 
E

m
is

si
on

s 
of

 H
2S

 –
 d

is
tin

gu
is

he
d 

by
 i

ts
 “

ro
tt

en
 e

gg
” 

od
or

 a
nd

 d
et

ec
ta

bl
e 

at
 3

0 
pa

rt
s 

pe
r 

bi
ll

io
n 

– 
ar

e 
st

ri
ct

ly
 r

eg
ul

at
ed

 t
o 

av
oi

d 
ad

ve
rs

e 
im

pa
ct

s 
on

 p
la

nt
 a

nd
 h

um
an

 l
if

e.
  

St
ud

ie
s 

co
nd

uc
te

d 
at

 t
he

 g
eo

th
er

m
al

 p
ro

sp
ec

t 
si

te
s 

in
 E

th
io

pi
a 

sh
ow

ed
 th

at
 th

e 
H

2S
 c

on
ce

nt
ra

tio
n 

is
 r

el
at

iv
el

y 
hi

gh
. 

 E
m

is
si

on
s 

ca
n 

be
 m

an
ag

ed
 t

hr
ou

gh
 p

ro
ce

ss
 d

es
ig

n.
 I

n 
st

ea
m

 a
nd

 f
la

sh
 p

la
nt

s,
 n

at
ur

al
ly

 o
cc

ur
ri

ng
 

N
C

G
s 

in
 t

he
 p

ro
du

ct
io

n 
fl

ui
d 

m
us

t 
be

 r
em

ov
ed

 t
o 

av
oi

d 
th

e 
bu

ild
up

 o
f 

pr
es

su
re

 i
n 

th
e 

co
nd

en
se

r 
an

d 
th

e 
re

su
lt

an
t l

os
s 

in
 p

ow
er

 f
ro

m
 th

e 
st

ea
m

 tu
rb

in
e.

 T
he

 v
en

t 
st

re
am

 o
f 

N
C

G
s 

ca
n 

be
 c

he
m

ic
al

ly
 tr

ea
te

d 
an

d/
or

 s
cr

ub
be

d 
to

 r
em

ov
e 

H
2S

, 
or

 t
he

 N
C

G
s 

ca
n 

be
 r

ec
om

pr
es

se
d 

an
d 

in
je

ct
ed

 b
ac

k 
in

to
 t

he
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 su
bs

ur
fa

ce
 w

it
h 

th
e 

sp
en

t 
li

qu
id

 s
tr

ea
m

 f
ro

m
 t

he
 p

ow
er

 p
la

nt
. 

B
ot

h 
of

 t
he

se
 s

ol
ut

io
ns

 r
eq

ui
re

 p
ow

er
, 

th
er

eb
y 

in
cr

ea
si

ng
 t

he
 p

ar
as

it
ic

 l
oa

d 
an

d 
re

du
ci

ng
 t

he
 p

la
nt

 o
ut

pu
t 

an
d 

ef
fi

ci
en

cy
. B

in
ar

y 
pl

an
ts

 a
vo

id
 

th
is

 p
ro

bl
em

 b
ec

au
se

 s
uc

h 
pl

an
ts

 o
nl

y 
re

co
ve

r 
he

at
 f

ro
m

 t
he

 s
ou

rc
e 

fl
ui

d 
st

re
am

 b
y 

m
ea

ns
 o

f 
a 

se
co

nd
ar

y 
w

or
ki

ng
 f

lu
id

 s
tr

ea
m

. T
he

 s
ou

rc
e 

ge
o-

fl
ui

d 
st

re
am

 is
 r

e-
in

je
ct

ed
 w

ith
ou

t r
el

ea
si

ng
 a

ny
 o

f 
th

e 
no

n-
co

nd
en

sa
bl

e.
 

 T
he

 s
el

ec
ti

on
 o

f 
a 

pa
rt

ic
ul

ar
 H

2S
 c

le
an

up
 p

ro
ce

ss
 f

ro
m

 m
an

y 
co

m
m

er
ci

al
ly

 a
va

ila
bl

e 
on

es
 w

ill
 d

ep
en

d 
on

 t
he

 c
on

ce
nt

ra
tio

n 
of

 c
on

ta
m

in
an

ts
 i

n 
th

e 
ge

o-
fl

ui
d 

st
re

am
 a

nd
 o

n 
th

e 
es

ta
bl

is
he

d 
ga

se
ou

s 
em

is
si

on
s 

st
an

da
rd

s 
at

 th
e 

pl
an

t s
it

e.
 

 So
 f

ar
 i

n 
E

th
io

pi
a,

 t
he

re
 a

re
 n

o 
st

an
da

rd
s 

to
 b

e 
m

et
 f

or
 t

he
 e

m
is

si
on

 o
f 

C
O

2 
an

d 
H

2S
. 

N
ev

er
th

el
es

s,
 

ge
ot

he
rm

al
 s

te
am

 a
nd

 f
la

sh
 p

la
nt

s 
em

it 
m

uc
h 

le
ss

 C
O

2 
on

 a
n 

el
ec

tr
ic

al
 g

en
er

at
io

n 
ba

si
s 

(p
er

 m
eg

aw
at

t-
ho

ur
) 

th
an

 f
os

si
l-

fu
el

ed
 p

ow
er

 p
la

nt
s,

 a
nd

 b
in

ar
y 

pl
an

ts
 e

m
it 

es
se

nt
ia

ll
y 

no
ne

. 
T

he
 c

on
ce

nt
ra

ti
on

s 
of

 
re

gu
la

te
d 

po
llu

ta
nt

s 
– 

ni
tr

og
en

 o
xi

de
 (

N
O

x)
 a

nd
 s

ul
fu

r 
di

ox
id

e 
(S

O
2)

 –
 i

n 
th

e 
ga

se
ou

s 
di

sc
ha

rg
e 

st
re

am
s 

fr
om

 g
eo

th
er

m
al

 s
te

am
 a

nd
 f

la
sh

 p
la

nt
s 

ar
e 

ex
tr

em
el

y 
m

in
ut

e.
  

5.
3.

2 
W

at
er

 p
ol

lu
ti

on
 

L
iq

ui
d 

st
re

am
s 

fr
om

 w
el

l 
dr

il
li

ng
, 

st
im

ul
at

io
n,

 a
nd

 p
ro

du
ct

io
n 

m
ay

 c
on

ta
in

 a
 v

ar
ie

ty
 o

f 
di

ss
ol

ve
d 

m
in

er
al

s,
 e

sp
ec

ia
lly

 f
or

 h
ig

h-
te

m
pe

ra
tu

re
 r

es
er

vo
ir

s 
(>

23
0°

C
) 

w
hi

ch
 m

ay
 n

ot
 b

e 
th

e 
ca

se
 i

n 
si

m
il

ar
 

pr
oj

ec
ts

. 
So

m
e 

of
 t

he
se

 d
is

so
lv

ed
 m

in
er

al
s 

(e
.g

., 
bo

ro
n 

an
d 

ar
se

ni
c)

 c
ou

ld
 p

oi
so

n 
su

rf
ac

e 
or

 g
ro

un
d 

w
at

er
s 

an
d 

al
so

 
ha

rm
 

lo
ca

l 
ve

ge
ta

tio
n 

on
ly

 
in

 
so

m
e 

lo
ca

ti
on

s.
 

L
iq

ui
d 

st
re

am
s 

m
ay

 
en

te
r 

th
e 

en
vi

ro
nm

en
t 

th
ro

ug
h 

su
rf

ac
e 

ru
no

ff
 o

r 
th

ro
ug

h 
br

ea
ks

 i
n 

th
e 

w
el

l 
ca

si
ng

. 
Su

rf
ac

e 
ru

no
ff

 c
an

 b
e 

co
nt

ro
ll

ed
 b

y 
di

re
ct

in
g 

fl
ui

ds
 to

 i
m

pe
rm

ea
bl

e 
ho

ld
in

g 
po

nd
s 

an
d 

by
 in

je
ct

io
n 

of
 a

ll
 w

as
te

 s
tr

ea
m

s 
de

ep
 

un
de

rg
ro

un
d.

  
 T

o 
gu

ar
d 

ag
ai

ns
t f

lu
id

s 
le

ak
in

g 
in

to
 s

ha
ll

ow
 f

re
sh

-w
at

er
 a

qu
if

er
s,

 w
el

l c
as

in
gs

 s
ho

ul
d 

be
 d

es
ig

ne
d 

w
it

h 
m

ul
ti

pl
e 

st
ri

ng
s 

to
 p

ro
vi

de
 r

ed
un

da
nt

 b
ar

ri
er

s 
be

tw
ee

n 
th

e 
in

si
de

 o
f 

th
e 

w
el

l a
nd

 th
e 

ad
ja

ce
nt

 f
or

m
at

io
n.

 
N

ev
er

th
el

es
s,

 i
t 

is
 i

m
po

rt
an

t 
to

 m
on

it
or

 w
el

ls
 d

ur
in

g 
dr

il
li

ng
 a

nd
 s

ub
se

qu
en

t 
op

er
at

io
n,

 s
o 

th
at

 a
ny

 
le

ak
ag

e 
th

ro
ug

h 
ca

si
ng

 f
ai

lu
re

s 
ca

n 
be

 r
ap

id
ly

 d
et

ec
te

d 
an

d 
m

an
ag

ed
. 

5.
3.

3 
So

li
ds

 e
m

is
si

on
s 

T
he

re
 i

s 
pr

ac
ti

ca
lly

 n
o 

ch
an

ce
 f

or
 c

on
ta

m
in

at
io

n 
of

 s
ur

fa
ce

 f
ac

il
it

ie
s 

or
 t

he
 s

ur
ro

un
di

ng
 a

re
a 

by
 t

he
 

di
sc

ha
rg

e 
of

 s
ol

id
s 

pe
r 

se
 f

ro
m

 t
he

 g
eo

-f
lu

id
. 

T
he

 o
nl

y 
co

nc
ei

va
bl

e 
si

tu
at

io
n 

w
ou

ld
 b

e 
an

 a
cc

id
en

t 
as

so
ci

at
ed

 w
it

h 
a 

fl
ui

d 
tr

ea
tm

en
t 

or
 m

in
er

al
s 

re
co

ve
ry

 s
ys

te
m

 t
ha

t 
so

m
eh

ow
 f

ai
le

d 
in

 a
 c

at
as

tr
op

hi
c 

m
an

ne
r 

an
d 

sp
ew

ed
 r

em
ov

ed
 s

ol
id

s 
on

to
 t

he
 a

re
a.

 T
he

re
 a

re
 n

o 
fu

nc
ti

on
in

g 
m

in
er

al
 r

ec
ov

er
y 

fa
ci

li
ti

es
 

of
 th

is
 ty

pe
 a

t a
ny

 s
im

il
ar

 p
ro

je
ct

 e
ls

ew
he

re
. 

5.
3.

3.
1 

N
oi

se
 p

ol
lu

tio
n,

 d
us

t a
nd

 v
ib

ra
tio

n 
N

oi
se

 f
ro

m
 g

eo
th

er
m

al
 o

pe
ra

tio
ns

 i
s 

ty
pi

ca
l 

si
m

ila
r 

to
 m

an
y 

in
du

st
ri

al
 a

ct
iv

it
ie

s.
 T

he
 h

ig
he

st
 n

oi
se

 
le

ve
ls

 a
re

 u
su

al
ly

 p
ro

du
ce

d 
du

ri
ng

 t
he

 w
el

l 
dr

il
lin

g,
 s

tim
ul

at
io

n,
 a

nd
 t

es
ti

ng
 p

ha
se

s 
w

he
n 

no
is

e 
le

ve
ls

 
ra

ng
in

g 
fr

om
 a

bo
ut

 8
0 

to
 1

15
 d

ec
ib

el
s.

 A
-w

ei
gh

te
d 

(d
B

A
) 

m
ay

 o
cc

ur
 a

t 
th

e 
pl

an
t 

fe
nc

e 
bo

un
da

ry
. 
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 D
ur

in
g 

no
rm

al
 o

pe
ra

tio
ns

 o
f 

a 
ge

ot
he

rm
al

 p
ow

er
 p

la
nt

, n
oi

se
 le

ve
ls

 a
re

 in
 th

e 
71

 to
 8

3 
de

ci
be

l r
an

ge
 a

t 
a 

di
st

an
ce

 o
f 

90
0 

m
. N

oi
se

 l
ev

el
s 

dr
op

 r
ap

id
ly

 w
it

h 
di

st
an

ce
 f

ro
m

 t
he

 s
ou

rc
e,

 s
o 

th
at

 i
f 

a 
pl

an
t 

is
 s

it
ed

 
w

it
hi

n 
a 

la
rg

e 
ge

ot
he

rm
al

 r
es

er
vo

ir
 a

re
a,

 b
ou

nd
ar

y 
no

is
e 

sh
ou

ld
 n

ot
 b

e 
ob

je
ct

io
na

bl
e.

 I
f 

ne
ce

ss
ar

y,
 

no
is

e 
le

ve
ls

 c
ou

ld
 b

e 
re

du
ce

d 
fu

rt
he

r 
by

 t
he

 a
dd

iti
on

 o
f 

m
uf

fl
er

s 
or

 o
th

er
 s

ou
nd

pr
oo

fi
ng

 m
ea

ns
 b

ut
 a

t 
ad

de
d 

co
st

.  
 D

ur
in

g 
no

rm
al

 o
pe

ra
tio

ns
, t

he
re

 a
re

 th
re

e 
m

ai
n 

so
ur

ce
s 

of
 n

oi
se

: t
he

 tr
an

sf
or

m
er

, t
he

 p
ow

er
 h

ou
se

, a
nd

 
th

e 
co

ol
in

g 
to

w
er

. B
ec

au
se

 t
he

 l
at

te
r 

is
 a

 r
el

at
iv

el
y 

ta
ll

 s
tr

uc
tu

re
 a

nd
 t

he
 n

oi
se

 e
m

an
at

es
 f

ro
m

 t
he

 f
an

s 
th

at
 a

re
 lo

ca
te

d 
at

 th
e 

to
p,

 th
es

e 
ca

n 
be

 th
e 

pr
im

ar
y 

so
ur

ce
 o

f 
no

is
e 

du
ri

ng
 r

ou
ti

ne
 o

pe
ra

tio
n.

 
 A

ir
 c

oo
le

d 
co

nd
en

se
rs

 e
m

pl
oy

 n
um

er
ou

s 
ce

ll
s,

 e
ac

h 
fi

tt
ed

 w
it

h 
a 

fa
n,

 a
nd

 a
re

 w
or

se
 f

ro
m

 a
 n

oi
se

 
pe

rs
pe

ct
iv

e 
th

an
 w

at
er

 c
oo

lin
g 

to
w

er
s,

 w
hi

ch
 a

re
 s

m
al

le
r 

an
d 

us
e 

fa
r 

fe
w

er
 c

el
ls

 f
or

 a
 g

iv
en

 p
la

nt
 

ra
ti

ng
. 

T
he

 
ai

r 
co

ol
ed

 
sy

st
em

s 
m

ay
 

no
t 

be
 

re
co

m
m

en
de

d 
in

 
th

e 
E

th
io

pi
an

 
co

nt
ex

t 
as

 
am

bi
en

t 
te

m
pe

ra
tu

re
 is

 r
el

at
iv

el
y 

hi
gh

 in
 th

e 
pr

os
pe

ct
ed

 A
yr

ob
er

a 
si

te
.  

 
 H

ow
ev

er
, i

t s
ho

ul
d 

be
 n

ot
ed

 th
at

 te
st

 w
el

l d
ri

ll
in

g 
pl

an
ts

 w
ill

 li
ke

ly
 b

e 
lo

ca
te

d 
in

 lo
ca

tio
ns

 w
he

re
 w

at
er

 
m

ay
 b

e 
in

 s
ho

rt
 s

up
pl

y,
 th

ey
 m

ay
 r

eq
ui

re
 a

ir
-c

oo
li

ng
, a

nd
 p

ro
pe

r 
at

te
nt

io
n 

m
ay

 b
e 

ne
ed

ed
 to

 m
uf

fl
e 

th
e 

so
un

d 
fr

om
 th

ei
r 

ai
r-

co
ol

ed
 c

on
de

ns
er

s.
 

 D
ri

ll
in

g 
ac

ti
vi

ti
es

 a
nd

 m
ov

em
en

t 
of

 t
ru

ck
s 

ca
rr

yi
ng

 h
ea

vy
 l

oa
d 

m
ac

hi
ne

ri
es

 c
au

se
 d

us
t 

an
d 

vi
br

at
io

n.
 

O
n 

to
p 

of
 t

ha
t 

an
d 

in
 t

he
 a

bs
en

ce
 o

f 
pr

oj
ec

t 
in

te
rv

en
tio

n,
 t

op
og

ra
ph

y 
//

la
nd

 s
ca

pe
// 

of
 t

he
 A

yr
ob

er
a 

pr
oj

ec
t 

si
te

 b
y 

it
se

lf
 is

 a
 w

id
e-

fl
at

 a
nd

 s
an

dy
 w

it
h 

as
h.

 T
he

 p
re

va
le

nt
 s

tr
on

g 
w

in
d 

in
 t

he
 a

re
a 

is
 c

ap
ab

le
 

of
 c

re
at

in
g 

vi
su

al
 i

nt
ru

si
on

 a
nd

 i
nd

uc
es

 h
ea

lth
 r

is
ks

. 
T

hu
s,

 t
he

 p
ro

po
se

d 
dr

il
li

ng
 a

ct
iv

it
y 

w
il

l 
ha

ve
 

cu
m

ul
at

iv
e 

ef
fe

ct
 w

ith
 r

es
pe

ct
 t

o 
du

st
. 

A
s 

th
e 

pr
oj

ec
t 

ar
ea

 i
s 

su
sc

ep
ti

bl
e 

fo
r 

se
is

m
ic

, 
hu

ge
 v

ib
ra

tio
ns

 
m

ay
 a

ls
o 

ex
ac

er
ba

te
 th

e 
se

is
m

ic
 r

is
k.

 
 So

il 
co

nt
am

in
at

io
n 

an
d 

de
gr

ad
at

io
n:

 S
oi
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is

 
bu

ilt
 

at
 

or
 

ne
ar

 
th

e 
ge

ot
he

rm
al

 
re

se
rv

oi
r 

be
ca

us
e 

lo
ng

 
tr

an
sm

is
si

on
 l

in
es

 d
eg

ra
de

 t
he

 p
re

ss
ur

e 
an

d 
te

m
pe

ra
tu

re
 o

f 
th

e 
ge

o-
fl

ui
d.

 A
lt

ho
ug

h 
w

el
l 

fi
el

ds
 c

an
 

co
ve

r 
a 

co
ns

id
er

ab
le

 a
re

a,
 t

yp
ic

al
ly

 5
 t

o 
10

 k
m

2  
or

 m
or

e,
 t

he
 w
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 o
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 c
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ra
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pr
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re
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 d
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 f
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 c
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 p
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, d
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 m
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ra
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at
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-p
la

nt
);

 
j. 

C
om

m
un

it
y 

sa
fe

ty
 a

nd
 h

ea
lt

h 
(o

ut
-p

la
nt

);
 

k.
 

E
ff

ec
ts

 a
nd

 b
en

ef
it

s 
to

 lo
ca

l c
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 p
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at
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t p
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 m
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 m
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 c
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 m
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 b
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 m
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 d
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rs

 in
cl

ud
e:

 
• 

N
at

ur
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ra
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 f
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 p
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 p
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at
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ra
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 d
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 c
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 d
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 d
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 c
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 c
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 f
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 d
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 f
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 p
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 d
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ra
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at
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 d
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 D

ev
el

op
in

g 
C

ou
nt

ri
es

 p
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d 

to
 W

es
t 

Ja
pa

n 
E

ng
in

ee
ri

ng
 C

on
su

lt
an

ts
 I

nc
. (

W
es

t 
JE

C
) 

th
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ra
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 d
ev

el
op

m
en

t 
pr

oj
ec

t 
is

 d
iv

id
ed

 i
nt

o 
th

e 
fo

llo
w

in
g 

tw
o 

ki
nd

s 
of

 d
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 p
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 d
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m
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 r
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 c
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 c
on

ce
pt

ua
l 

m
od

el
. 

U
si

ng
 t

hi
s 

nu
m

er
ic

al
 m

od
el

, 3
0 

ye
ar

s 
fo

re
ca

st
 s

im
ul

at
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 d
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 c
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 d
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 c
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 p
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el

ls
 w

il
l 

be
 r

eq
ui

re
d 

at
 t

he
 



85
 

 co
m

m
is

si
on

in
g 

of
 t

he
 3

5M
W

 p
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 p
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 p
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 b
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l b
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 b
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 f
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at
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 t
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at
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 d
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 f
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 d
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 o
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ra
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w
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 c
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ra
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 r
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 c
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 m
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 d
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 t
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 c
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 b
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w
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ra
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l c
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pe

ct
ed

 
to

 
cr

ea
te

 
an
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 m
ai

n 
ro

ad
 t

o 
th

e 
si

te
.  

In
 

ge
ne

ra
l, 

a 
to

ta
l 

of
 1

29
 s

ki
ll

ed
 a

nd
 n

on
-s

ki
lle

d 
w

or
ke

rs
 w

il
l 

be
 i

nv
ol

ve
d 

th
ro

ug
h-

ou
t 

th
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ro
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w
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 c
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 p
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at
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 s
ta

ge
 o

f 
th

e 
re

cr
ui

tm
en

t 
th

er
ef

or
e 

w
il

l 
be

 b
es

t 
ap

pr
oa

ch
 t

o 
th

at
 e

nd
.  

T
he

 a
va

il
ab

le
 j

ob
 o

pp
or

tu
ni

ty
 f

or
 t

he
 c

om
m

un
it

y 
du

ri
ng

 t
es

t 
w

el
l 

dr
ill

in
g 

is
 m

ai
nl

y 
la

bo
r 

w
or

ks
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 m
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 m
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m
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l b
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ne

ed
ed

 t
o 

th
e 

pr
oj

ec
t 

st
af

f/
w

or
ke

rs
. 

T
he

 i
m

pa
ct

 o
f 

m
ig

ra
nt

 w
or

ke
rs

 o
n 

th
e 

ex
is

ti
ng

 s
er

vi
ce

s 
an

d 
fa

ci
li

ti
es

 o
f 

Se
m

er
a 

w
il

l 
be

 n
eg

lig
ib

le
 w

he
n 

co
m

pa
re

d 
w

it
h 

th
e 

si
ze

 o
f 

la
bo

re
rs

 e
m

pl
oy

ed
 i

n 
th

e 
pr

oj
ec

t. 
B

es
id

es
, 

th
e 



93
 

 in
cr

ea
se

 in
 th

e 
de

m
an

d 
fo

r 
fa

ci
li

ti
es

 a
nd

 s
er

vi
ce

s 
du

ri
ng

 t
he

 d
ri

lli
ng

 p
ha

se
 w

ill
 b

e 
te

m
po

ra
ry

. O
nc

e 
th

e 
dr

il
lin

g 
op

er
at

io
n 

is
 o

ve
r,

 t
he

 d
em

an
d 

m
ay

 r
et

ur
n 

to
 i

ts
 p

re
vi

ou
s 

le
ve

l. 
M

or
eo

ve
r,

 t
he

 d
ri

lli
ng

 p
ro

je
ct

 
m

ay
 n

ot
 s

ig
ni

fi
ca

nt
ly

 a
ff

ec
t 

ho
us

in
g 

fa
ci

li
tie

s 
ad

ve
rs

el
y 

in
 t

he
 k

eb
el

e,
 s

in
ce

 t
he

 s
ta

ff
/w

or
ke

rs
 w

il
l 

be
 

ca
m

pi
ng

 w
it

hi
n 

th
e 

si
te

. C
on

se
qu

en
tl

y,
 t

he
 p

ro
je

ct
’s

 i
m

pa
ct

 o
n 

th
e 

co
st

 o
f 

se
rv

ic
es

 a
nd

 f
ac

il
it

ie
s 

ei
th

er
 

on
 th

e 
ke

be
le

 a
nd

/o
r 

on
 th

e 
lo

ca
l c

om
m

un
it

y 
w

ou
ld

 b
e 

m
in

or
.  

5.
5.

6.
 I

m
pa

ct
 o

n 
C

ul
tu

ra
l a

nd
 S

oc
ia

l N
or

m
s 

A
yr

ob
er

a 
si

te
 i

s 
lo

ca
te

d 
aw

ay
 f

ro
m

 t
he

 l
oc

al
 v

il
la

ge
s 

w
he

re
 t

he
 k

eb
el

e 
co

m
m

un
ity

 s
et

tl
ed

. 
H

ow
ev

er
 

th
er

e 
ar

e 
ve

ry
 f

ew
 p

eo
pl

e 
li

vi
ng

 w
it

hi
n 

10
 K

il
o 

m
et

er
 r

ad
iu

s 
fr

om
 t

he
 p

ot
en

tia
l 

te
st

 w
el

l 
dr

il
lin

g 
si

te
. 

T
hu

s 
th

e 
es

ta
bl

is
hm

en
t 

an
d 

op
er

at
io

n 
of

 t
he

 p
ro

je
ct

 w
il

l 
ha

ve
 s

om
e 

ki
nd

 o
f 

im
pa

ct
 w

it
h 

li
m

it
ed

 r
an

ge
 

of
 i

nt
en

si
ty

.  
T

he
 i

m
pa

ct
 o

f 
m

ig
ra

nt
 w

or
ke

rs
 o

n 
th

e 
cu

ltu
re

, l
an

gu
ag

e,
 r

el
ig

io
n,

 a
nd

 s
ty

le
 o

f 
li

fe
 o

f 
th

e 
co

m
m

un
it

y 
w

ill
 b

e 
in

si
gn

if
ic

an
t 

on
 t

he
 n

ea
rb

y 
fe

w
 r

es
id

en
ts

 a
nd

 l
es

se
r 

im
pa

ct
 o

n 
A

sb
od

a 
an

d 
B

oi
na

 
vi

ll
ag

es
, 

th
e 

tw
o 

bi
g 

se
ttl

em
en

t 
vi

lla
ge

s 
in

 t
he

 p
ro

je
ct

 k
eb

el
e.

 S
im

il
ar

ly
, 

th
e 

im
pa

ct
 o

n 
so

ci
o 

cu
lt

ur
al

 
no

rm
s 

of
 S

em
er

a 
to

w
n 

w
il

l 
be

 i
ns

ig
ni

fi
ca

nt
 t

oo
, 

be
ca

us
e 

th
e 

to
w

n 
ha

s 
al

re
ad

y 
be

en
 m

ix
ed

 w
it

h 
m

ig
ra

nt
s 

fo
r 

a 
lo

ng
 t

im
e.

 T
he

 i
ss

ue
 o

f 
ge

nd
er

 w
ou

ld
 n

ot
 b

e 
a 

po
in

t 
of

 d
is

cu
ss

io
n 

he
re

. T
hi

s 
is

 b
ec

au
se

 
th

at
 a

s 
al

re
ad

y 
m

en
tio

ne
d,

 th
e 

si
te

 is
 d

ev
oi

d 
of

 h
um

an
 s

et
tl

em
en

t. 
 

5.
6 

C
on

fl
ic

t 
H

is
to

ry
 a

n
d 

M
in

or
it

y 
Is

su
e 

C
on

fli
ct

:-
T

he
 a

re
a 

is
 n

ot
 k

no
w

n 
fo

r 
w

itn
es

si
ng

 t
ri

ba
l 

co
nf

li
ct

 w
ith

in
 a

nd
/o

r 
w

it
ho

ut
. 

N
o 

re
po

rt
 o

f 
co

nf
lic

t h
as

 b
ee

n 
re

po
rt

ed
 b

y 
re

sp
on

de
nt

s 
du

ri
ng

 d
at

a 
co

ll
ec

ti
on

. I
n 

ad
di

ti
on

 to
 th

at
, t

he
re

 is
 n

o 
of

fi
ci

al
 

re
co

rd
ed

 d
at

a 
on

 h
is

to
ry

 o
f 

co
nf

li
ct

 i
n 

th
e 

ar
ea

. 
Po

ss
ib

le
 c

on
fl

ic
t 

of
 i

nt
er

es
t 

(c
la

im
in

g 
th

e 
si

te
 t

o 
be

 
in

cl
ud

ed
 in

 th
ei

r 
re

sp
ec

ti
ve

 k
eb

el
e)

 h
ow

ev
er

 m
ig

ht
 a

ri
se

 a
m

on
g 

th
e 

sa
m

e 
ke

be
le

 d
w

el
le

rs
 w

he
n 

dr
ill

in
g 

ac
tiv

it
y 

be
gi

ns
 i

n 
th

e 
ne

ar
 f

ut
ur

e.
  

A
cc

or
di

ng
 t

o 
Fo

cu
s 

G
ro

up
 D

is
cu

ss
an

ts
, t

hr
ee

 n
ei

gh
bo

ri
ng

 v
il

la
ge

rs
 

be
ga

n 
to

 
cl

ai
m

 
A

yr
ob

er
a 

w
he

n 
th

e 
ne

w
s 

of
 

th
e 

dr
ill

in
g 

pr
oj

ec
t 

w
as

 
he

ar
d.

 
H

ow
ev

er
, 

th
ro

ug
h 

in
te

rm
ed

ia
ri

es
’ 

of
 a

ll
 s

id
es

, 
th

e 
is

su
e 

w
as

 b
ei

ng
 d

is
cu

ss
ed

. A
lth

ou
gh

 t
he

 s
ite

 i
s 

ch
ar

ac
te

ri
ze

d 
by

 s
an

dy
 

te
rr

ai
n 

an
d 

in
ce

ss
an

t 
w

in
d,

 a
cc

or
di

ng
 t

o 
in

fo
rm

er
s,

 t
he

 s
ou

th
er

n 
pa

rt
 o

f 
A

yr
ob

er
a 

is
 c

la
im

ed
 b

y 
a 

tr
ib

e 
ca

ll
ed

 T
io

u 
H

en
te

ba
. 

O
th

er
 p

eo
pl

e 
w

ho
 h

av
e 

se
tt

le
d 

at
 t

he
 f

ar
 e

nd
 (

no
rt

he
rn

 p
ar

t)
 o

f 
A

yr
ob

er
a 

al
so

 
cl

ai
m

 t
ha

t 
th

e 
ar

ea
 b

el
on

gs
 t

o 
th

em
. 

N
ea

rl
y 

al
l 

K
eb

el
e 

re
si

de
nt

s 
of

 A
yr

ol
af

-G
eb

el
ay

tu
 a

re
 r

es
et

tl
ed

 b
y 

th
e 

A
fa

r 
R

eg
io

na
l g

ov
er

nm
en

t. 
T

he
 s

et
tle

m
en

t a
re

a 
is

 f
ar

 a
w

ay
/ o

pp
os

ite
 th

e 
si

te
. A

nd
 y

et
 a

cc
or

di
ng

 to
 

so
m

e 
re

sp
on

de
nt

s,
 t

he
 s

am
e 

re
se

tt
le

d 
pe

op
le

 t
hi

nk
 o

f 
be

ne
fi

ti
ng

 f
ro

m
 t

he
 f

ut
ur

e 
ge

ot
he

rm
al

 p
ro

je
ct

, 
if

 
an

y.
 F

ro
m

 t
hi

s 
an

ge
l 

th
er

ef
or

e 
co

nf
lic

t 
of

 e
co

no
m

ic
 i

nt
er

es
t 

(j
us

t 
to

 g
et

 a
 k

in
d 

of
 b

en
ef

it
 f

ro
m

 t
he

 
pr

oj
ec

t)
 m

ig
ht

 o
cc

ur
 w

he
n 

th
e 

ac
tu

al
 te

st
 w

el
l d

ri
ll

in
g 

ac
ti

vi
ty

 b
eg

in
s.

  

In
 f

ac
t, 

th
e 

te
nd

en
cy

 o
f 

in
di

vi
du

al
s 

cl
ai

m
in

g 
pr

oj
ec

t l
an

d 
(e

ve
n 

th
ou

gh
 th

e 
la

nd
 is

 n
o 

m
an

 la
nd

 a
nd

 h
as

 
ne

ve
r 

be
en

 s
er

vi
ng

 f
or

 e
it

he
r 

gr
az

in
g 

or
 s

et
tl

em
en

t)
, 

is
 c

om
m

on
 a

m
on

g 
th

e 
A

fa
r.

 T
he

 p
re

vi
ou

s 
st

ud
y 

m
ad

e 
by

 t
he

 s
am

e 
te

am
 (

on
 M

as
te

r 
P

la
n 

fo
r 

G
eo

th
er

m
al

 s
it

es
 i

n 
E

th
io

pi
a)

 c
on

fi
rm

s 
th

is
 v

er
y 

fa
ct

, p
er

-
se

. A
ny

 p
er

so
n/

s 
fr

om
 s

om
ew

he
re

 m
ig

ht
 c

om
e 

an
d 

cl
ai

m
 a

 p
lo

t 
of

 l
an

d 
as

si
gn

ed
 t

o 
an

y 
pr

oj
ec

t. 
S

in
ce

 
th

e 
A

fa
r 

cu
lt

ur
e 

do
es

n’
t e

nc
ou

ra
ge

 c
er

ti
fi

ca
te

 o
f 

an
y 

ki
nd

 f
or

 o
w

ni
ng

/i
nh

er
iti

ng
 la

nd
, a

 m
er

e 
or

al
 c

la
im

 
is

 t
ak

en
 f

or
 g

ra
nt

ed
. 

In
 l

in
e 

to
 t

hi
s 

th
er

ef
or

e,
 l

an
d 

cl
ai

m
 m

ig
ht

 a
ri

se
 f

ro
m

 t
hr

ee
 d

ir
ec

ti
on

s.
 T

he
 f

ir
st

 i
s 

fr
om

 p
eo

pl
e 

w
ho

 a
re

 n
ei

gh
bo

ri
ng

 o
r 

li
vi

ng
 a

t 
th

e 
fa

r 
en

d 
of

 t
he

 s
it

e.
 T

he
 s

ec
on

d 
cl

ai
m

er
s 

m
ig

ht
 b

e 
th

os
e 

w
ho

 a
re

 a
lr

ea
dy

 s
et

tle
d 

on
 t

he
 o

pp
os

it
e 

si
de

 o
f 

th
e 

si
te

. 
T

he
 t

hi
rd

 o
ne

 c
ou

ld
 b

e 
in

di
vi

du
al
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 pe
rs

on
/g

ro
up

 o
f 

pe
op

le
 w

ho
 m

ig
ht

 c
la

im
 th

at
 th

e 
si

te
 b

el
on

ge
d 

to
 th

ei
r 

fa
th

er
 o

r 
gr

an
df

at
he

rs
. T

hu
s 

th
e 

is
su

e 
ne

ed
 t

o 
be

 g
iv

en
 d

ue
 c

on
si

de
ra

ti
on

. 
T

he
 s

ho
rt

es
t 

cu
t 

is
 t

o 
le

t 
th

e 
hi

gh
er

 b
od

y 
of

 A
fa

r 
R

eg
io

na
l 

St
at

e 
pr

oc
es

s 
an

d 
cl

ea
r 

th
e 

fu
tu

re
 l

an
d 

cl
ai

m
 t

ha
t 

m
ay

 a
ri

se
 b

y 
on

e 
or

 a
ll

 o
f 

th
e 

gr
ou

ps
 m

en
ti

on
ed

 
ab

ov
e.

   
   

  

M
in

or
ity

 a
nd

 I
nd

ig
en

ou
s 

Is
su

es
: 

- 
In

 g
en

er
al

, 
m

in
or

iti
es

 (
no

n-
A

fa
r)

 l
iv

in
g 

in
 A

fa
r 

fa
ce

 d
if

fi
cu

lt
ie

s 
in

 
po

ss
es

si
ng

 l
an

d.
  

T
he

 A
fa

r 
be

li
ev

es
 t

ha
t 

th
ei

r 
la

nd
 b

el
on

gs
 t

o 
no

 o
th

er
 e

xc
ep

t 
th

e 
A

fa
r 

pe
op

le
. 

D
ue

 t
o 

th
is

, 
no

ne
-A

fa
r 

in
di

vi
du

al
s 

do
n’

t 
ha

ve
 t

he
 r

ig
ht

 t
o 

ow
n 

la
nd

. 
Fo

llo
w

in
g 

ob
se

rv
at

io
n 

an
d 

in
fo

rm
al

 
in

te
rv

ie
w

s,
 in

 r
ur

al
 a

re
as

 m
in

or
it

y 
gr

ou
p 

m
ay

 b
e 

de
ni

ed
 o

f 
po

ss
es

si
ng

 la
nd

. M
in

or
iti

es
 in

 b
ig

 to
w

s 
su

ch
 

as
 S

em
er

a,
 D

ub
ti

 a
nd

 L
og

ia
 h

ow
ev

er
 s

ee
m

ed
 t

o 
ha

ve
 t

he
 r

ig
ht

 t
o 

po
ss

es
s 

la
nd

 a
s 

lo
ng

 a
s 

th
ey

 p
as

se
d 

th
ro

ug
h 

le
ga

l 
pr

oc
es

s 
in

 t
he

ir
 r

es
pe

ct
iv

e 
M

un
ic

ip
al

ity
. 

T
he

 b
es

t 
ex

am
pl

e 
co

ul
d 

be
 c

er
ta

in
 n

on
-A

fa
r 

m
in

or
it

y 
gr

ou
ps

, f
or

 in
st

an
ce

, b
us

in
es

s 
pe

op
le

, s
uc

h 
as

 h
ot

el
 o

w
ne

rs
 h

av
e 

be
en

 a
bl

e 
to

 p
os

se
ss

 la
nd

 a
nd

 
bu

il
t h

ou
se

s.
  

T
he

 c
as

e 
of

 i
nv

es
to

rs
 i

s 
to

ta
ll

y 
di

ff
er

en
t. 

L
an

d 
fo

r 
bi

g 
in

ve
st

or
s 

is
 p

ro
ce

ss
ed

 b
y 

th
e 

R
eg

io
na

l 
go

ve
rn

m
en

t. 
Si

nc
e 

th
e 

fe
de

ra
l 

go
ve

rn
m

en
t 

al
so

 h
as

 c
on

ce
rn

 o
n 

in
ve

st
m

en
t, 

ac
ce

ss
in

g 
la

nd
 f

or
 l

ar
ge

 
ve

nt
ur

e 
su

ch
 a

s 
m

od
er

n 
fa

rm
in

g 
an

d 
ge

ot
he

rm
al

 p
ro

je
ct

s 
w

ou
ld

 b
e 

si
m

pl
e,

 a
nd

 r
el

at
iv

el
y 

no
ne

 
bu

re
au

cr
at

ic
. A

nd
 y

et
 th

e 
is

su
e 

of
 c

om
pe

ns
at

io
n 

m
ig

ht
 b

e 
a 

bi
t i

rr
ita

ti
ng

.  
 

A
yr

ol
af

-G
eb

el
ay

tu
 r

es
id

en
ts

 b
el

on
ge

d 
to

 m
ai

nl
y 

to
 A

so
ba

ka
ri

, 
ot

he
r 

th
re

e 
tr

ib
es

, 
na

m
el

y,
 B

ed
ew

ai
ta

, 
M

an
di

t, 
an

d 
H

in
ti

ba
 a

re
 a

ls
o 

re
si

di
ng

 i
n 

th
e 

ar
ea

. 
In

 l
in

e 
to

 t
hi

s 
th

er
ef

or
e 

th
e 

in
di

ge
no

us
 p

eo
pl

e 
ar

e 
no

ne
 o

th
er

 t
ha

n 
th

es
e 

fo
ur

 m
en

ti
on

ed
 t

ri
be

s.
 I

n 
ot

he
r 

w
or

ds
, 

th
er

e 
ar

e 
no

 o
th

er
 i

nd
ig

en
ou

s 
pe

op
le

 
kn

ow
n 

am
on

g 
th

e 
ar

ea
. 

T
he

 f
ou

r 
tr

ib
es

 b
el

on
ge

d 
to

 t
he

 b
ig

ge
r 

cl
an

-T
he

 A
fa

r.
  

T
he

 a
bo

ve
 m

en
ti

on
ed

 
tr

ib
al

 g
ro

up
s 

ar
e 

m
or

e 
or

 l
es

s 
tr

ea
tin

g 
ea

ch
 o

th
er

 e
qu

al
ly

 a
nd

 w
ha

t 
is

 m
or

e,
 t

he
y 

ar
e 

so
ci

al
ly

 a
nd

 
ec

on
om

ic
al

ly
 t

ie
d 

to
ge

th
er

. 
M

in
or

it
y 

w
it

hi
n 

th
e 

A
fa

r 
ar

e 
no

t 
di

sc
ri

m
in

at
ed

. 
In

 l
ig

ht
 o

f 
th

is
 t

he
re

 i
s 

no
 

hi
st

or
y 

of
 d

is
cr

im
in

at
io

n 
ag

ai
ns

t a
ny

 A
fa

r 
m

in
or

it
y 

gr
ou

p 
in

 th
e 

ke
be

le
.  

  

5.
7 

Q
ua

nt
it

at
iv

e 
E

va
lu

at
io

n 
of

 I
de

n
ti

fi
ed

 I
m

p
ac

ts
 

Fr
om

 d
is

cu
ss

io
ns

 m
ad

e 
ab

ov
e 

th
e 

fo
ll

ow
in

g 
im

pa
ct

s 
ar

e 
co

ns
id

er
ed

 u
se

fu
l 

fo
r 

qu
an

ti
ta

tiv
e 

ev
al

ua
ti

on
 

an
d 

th
en

 f
or

 th
e 

co
rr

es
po

nd
in

g 
m

an
ag

em
en

t p
la

n.
  H

er
e,

 a
s 

m
uc

h 
as

 p
os

si
bl

e,
 s

im
ila

r 
im

pa
ct

s 
th

at
 m

ay
 

oc
cu
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m
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t d
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2 
F

ac
il

it
y 

D
es

ig
n

 f
or

 W
or

k 
A

re
as

 
R

is
k 

m
an

ag
em

en
t: 

T
o 

co
nt

ro
l 

an
d/

or
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vo
id

 a
dv

er
se
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m

pa
ct

s 
of
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he

 p
ro

je
ct

, 
th

e 
co

nt
ra

ct
or

 s
ho

ul
d 

as
si

gn
 p

er
so

nn
el

 a
nd

/o
r 

se
ct

io
ns

. 
A

s 
di

sc
us

se
d 

in
 C

ha
pt

er
 5

 t
he

re
 w

ou
ld

 b
e 

po
te

nt
ia

l 
ad

ve
rs

e 
im

pa
ct

s 
bu

t 
li

m
ite

d 
to

 a
ro

un
d 

th
e 

si
te

 a
nd

 o
n 

w
or

ke
rs

 o
f 

th
e 

pr
oj

ec
t. 

 T
he

 p
ot

en
tia

l 
fo

r 
oc

cu
pa

tio
na

l 
ac

ci
de

nt
s 

an
d 

ha
za

rd
 w

ou
ld

 b
e 

im
m

in
en

t, 
am

on
g 

ot
he

rs
. 

H
ea

lt
h 

th
re

at
, 

ve
hi

cl
es

 m
ov

em
en

ts
 a

nd
 f

un
ct

io
ni

ng
 o

f 
m

ac
hi

ne
s,

 f
ir

e 
so

un
d 

an
d 

du
st

 e
ff

ec
ts
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av

e 
be

en
 t

he
 t

re
at

ed
 a

s 
so

ur
ce

s 
of

 a
dv

er
se

 i
m

pa
ct

s.
 I

n 
fa

ct
, 
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lo
ng

 
as

 
pr

op
er

 
m

it
ig

at
io

n 
an

d 
m

on
it

or
in

g 
m

ea
su

re
s 

ta
ke

n,
 

th
e 

sa
id

 
ne

ga
tiv

e 
im

pa
ct

s 
co

ul
d 

be
 

co
nt

ro
ll

ed
. 

T
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 r
is

k 
of

 f
ir

e 
fo

r 
ex

am
pl

e 
co

ul
d 

be
 c

on
tr

ol
le

d 
fo

ll
ow

in
g 

E
nv

ir
on

m
en

ta
l 

H
ea

lt
h 

an
d 

Sa
fe

ty
 (

E
H

S)
 

gu
id

el
in

e 
an

d 
st

an
da

rd
s 

w
hi

ch
 in

vo
lv

e 
oc

cu
pa

ti
on

al
 h

ea
lt

h 
an

d 
sa

fe
ty

 r
ul

es
. A

cc
or

di
ng

 to
 o

th
er

 s
im

ila
r 

te
st

 w
el

l 
dr

ill
in

g 
pr

oj
ec

ts
 n

o 
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m
ag

in
g 
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re

 h
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ar
d 

oc
cu

rr
ed

. 
H

ow
ev

er
, 

th
er

e 
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 p

os
si

bi
li

ty
 o

f 
fi

re
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ci

de
nt

; 
th

us
 t

he
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on
ce

rn
ed

 b
od

y 
sh

ou
ld

 c
on

si
st

en
tly

 a
dh

er
e 

to
 t

he
 p

re
sc

ri
be

d 
re

qu
ir

em
en

ts
 a

nd
 t

he
 

re
ad

in
es

s 
of

 f
ir

e 
ex

ti
ng

ui
sh

er
s 

an
d 

re
la

te
d 

eq
ui

pm
en

t; 
ac

ro
ss

 a
ll

 p
ar

ts
 o

f 
th

e 
si

te
, 

ca
m

ps
 a

nd
 d

ri
ll

in
g 

ar
ea

s,
 a

m
on

g 
ot

he
rs

.  
 

 In
 t

er
m

s 
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 t
ra

ff
ic
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id
en

ts
 t
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, a

ll
 p

re
ve

nt
io

n 
m

et
ho

ds
 s

ho
ul

d 
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 i
n 

lin
e 

w
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 i
nt

er
na

ti
on

al
 g

ui
de

li
ne

s 
(p

ar
tic

ul
ar

ly
, 

IF
C

’s
 G

ui
de

li
ne

s,
 3

.4
 T

ra
ff

ic
 S

af
et

y)
. 

A
s 

pe
r 

th
e 
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em
en

t 
th

at
 w

ou
ld

 b
e 

re
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he
d 

be
tw

ee
n 

pr
oj

ec
t 

ow
ne

r 
an

d 
th

e 
co

nt
ra

ct
or

, 
al

l 
te

st
 d

ri
lli

ng
 p

ha
se

s 
sh

ou
ld

 b
e 

gi
ve

n 
du

e 
em

ph
as

is
 i

n 
ac

co
rd

an
ce

 w
ith

 r
el

ev
an

t s
ta

tu
to

ry
 r

eq
ui

re
m

en
ts

, a
bi

di
ng

 r
eg

ul
at

io
ns

 s
ta

nd
ar

ds
.  

 S
im

il
ar

 t
o 

th
e 

st
af

f 
ca

m
p,

 w
or

k 
ar

ea
s 

ar
e 

m
ai

nl
y 

so
ur

ce
s 

of
 a

dv
er

se
 i

m
pa

ct
. 

In
 l

in
e 

to
 t

ha
t, 

dr
il

li
ng

 
sp

ot
s 

an
d 

as
so

ci
at

ed
 a

re
as

 n
ee

d 
to

 b
e 

ar
ra

ng
ed

 i
n 

a 
w

ay
 t

ha
t 

th
ey

 w
ou

ld
 m

in
im

iz
e,

 c
on

tr
ol

 a
nd

 a
vo

id
 

ad
ve

rs
e 

im
pa

ct
s.

 T
he

 f
ol

lo
w

in
g 

po
in

ts
 s

ho
ul

d 
be

 c
on

si
de

re
d 

to
 m

it
ig

at
e/

m
an

ag
e 

ne
ga

ti
ve

 i
m

pa
ct

s 
be

fo
re

 p
ro

je
ct

 im
pl

em
en

ta
tio

n.
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e 
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Pr
oj

ec
t 

ow
ne
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in
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en

er
al
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nd
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 c
on

tr
ac

to
r 
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ar
ti

cu
la

r 
ne

ed
 t

o 
fo

llo
w

 a
nd

 e
ns

ur
e 

th
e 

st
ip

ul
at

io
ns

 
in

di
ca

te
d 

he
re

 u
nd

er
 d

ur
in

g 
co

ns
tr

uc
ti

on
 p

ha
se

:  

 
A

va
il

in
g 

he
al

th
 a

nd
 s

af
et

y 
eq

ui
pm

en
t s

uc
h 

as
 F

ir
st

 A
id

 k
it

s,
 p

ro
te

ct
iv

e 
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ot
hi

ng
 a

nd
 b

oo
ts

.  

 
C

on
tr

ol
li

ng
 h

ug
e 

di
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ha
rg

e 
of

 d
us

t. 

 
Im

pl
em

en
tin

g 
no

is
e 
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em
en

t 
m

ec
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ni
sm

s 
to

 m
in

im
iz

e 
in

co
nv

en
ie
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e 
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 c

ur
re

nt
 s

ta
ff

 a
nd

 s
ite

 
w

or
ke

rs
. 

 
E

ns
ur

in
g 

th
e 

cl
ea

nn
es
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 t
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 s
it

e,
 f

or
 i

ns
ta

nc
e 
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ee

 f
ro

m
 m

ud
 a

nd
 d
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s;
 a

nd
 d

um
pi

ng
 

ex
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va
te

d 
m

at
er

ia
ls

 a
nd

 s
cr

ap
s 

at
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 p
re

se
t a

nd
 a

pp
ro

ve
d 

lo
ca

ti
on

. 

 
Im

pl
em

en
tin

g 
tr

af
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 f
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le
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en

te
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ng
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 e

xi
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g 
th

e 
si

te
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Q

ua
li
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ed
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ea
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 p

ro
fe
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na
ls

 w
ith
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es
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 m

ed
ic

al
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ol
s 

an
d 

dr
ug

s 
sh

ou
ld

 a
va

il 
24

 h
ou

rs
 f

or
 

em
er

ge
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y,
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t 
le
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t 
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im
s 
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r 
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s 
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ci
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r 
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ra

ns
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ed
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o 
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pp
ro
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te
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ed

ic
al

 f
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il
it

y.
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d 
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T

he
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ce

 p
ro
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de

d 
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f 
w

or
ke
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 s

ho
ul
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be
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en
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 f
or

 s
af
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m

en
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T
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s 
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fe
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al
l 
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ild
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ir

ed
 

fo
r 

th
e 

pr
oj

ec
t, 
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r 

ex
am

pl
e,

 
of
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s,
 

la
bo
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ri
es

, l
od

gi
ng

s 
an

d 
lo

un
ge
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cl
ud

in
g 

  s
to

ra
ge

 o
f 

m
at

er
ia

ls
, a

m
on

g 
ot

he
rs
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T

he
 n

um
be

r 
of

 s
to

re
s 

ne
ed

ed
 f

or
 th

e 
pr

oj
ec
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s 

de
te
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in

ed
 b

y 
th

e 
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be

r 
of

 w
el

ls
 t
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be

 d
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lle
d.

  
O

ne
 s

to
re

 f
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 e
ac

h 
w

el
l, 

ac
co

rd
in

g 
to

 e
xp

er
ie

nc
e 
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he

re
, 

m
ay

 b
e 
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ir
ed

. 
S

to
re

s 
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r 
si

li
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an

d 
be

nt
on

it
e 

ar
e 

m
an

da
to

ry
. 

T
he

se
 

te
m

po
ra

ry
 

st
or

es
 

m
ay

 
be

 
co

ns
tr

uc
te

d 
fr

om
 

ch
ea

pe
r 

m
at

er
ia

ls
 b

ut
 n

ee
d 

to
 b

e 
w

id
e 

an
d 

lo
ng

 e
no

ug
h 

to
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cc
om

m
od

at
e 

th
ou

sa
nd

s 
of

 s
il

ic
a/

be
nt

on
it

e 
sa

ck
s.

 A
 s

in
gl

e 
st

or
es

 u
se

d 
fo

r 
th

e 
sa

m
e 

pr
op

os
e 

at
 A

lu
to

 L
an

ga
no

, 
fo

r 
ex

am
pl

e,
 i

s 
ne

ar
ly

 
20

x1
0 

m
et

er
 w

id
e 

an
d 

5m
te

r 
he

ig
ht

. 
O

th
er

 s
ta

nd
ar

di
ze

d 
st

or
es

 i
n 

so
m

e 
co

un
tr

ie
s 

ar
e 

w
id

e 
en

ou
gh

 to
 a

cc
om

m
od

at
e 

bi
g 

tr
uc

ks
 to

 f
ac

il
ita

te
 lo

ad
in

g 
an

d 
un

lo
ad

in
g.

   
   

  

 
A

ll 
st

or
es

, 
ro

om
s 

an
d 

ha
ll

s 
ne

ed
 p

as
sa

ge
s 

em
er

ge
nc

y 
ex

its
 a

nd
 s

ho
ul

d 
be

 u
no

bs
tr

uc
te

d 
at

 a
ll 

tim
es

. 
E

xi
ts

 s
ho

ul
d 

be
 c

le
ar

ly
 m

ar
ke

d 
to

 b
e 

vi
si

bl
e 

in
 t

ot
al

 d
ar

kn
es

s.
 T

he
 n

um
be

r 
an

d 
ca

pa
ci

ty
 

of
 e

m
er

ge
nc

y 
ex

its
 s

ho
ul

d 
al

so
 b

e 
w

id
e 

en
ou

gh
 f

or
 s

af
e 

an
d 

or
de

rl
y 

ev
ac

ua
tio

n 
of

 t
he

 s
ta

ff
 a

nd
 

w
or

ke
rs

. 

F
ir

e 
p

re
ca

u
ti

on
s:

 
 

T
he

 t
es

t 
w

el
l 

dr
il

li
ng

 c
am

p 
sh

ou
ld

 b
e 

de
si

gn
ed

 t
o 

pr
ev

en
t 

th
e 

st
ar

t 
of

 f
ir

es
 t

hr
ou

gh
 t

he
 

im
pl

em
en

ta
tio

n 
of

 f
ir

e 
co

de
s 

ap
pl

ic
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le
 to

 in
du

st
ri

al
 s

et
ti

ng
s.

 O
th

er
 e

ss
en

ti
al

 m
ea

su
re

s 
in

cl
ud

e:
 

 
E

qu
ip

pi
ng

 
fa

ci
li

tie
s 

w
it

h 
fi

re
 

de
te

ct
or

s,
 

al
ar

m
 

sy
st

em
s,

 
an

d 
fi

re
-f

ig
ht

in
g 

eq
ui

pm
en

t. 
T

he
 

eq
ui

pm
en

t 
sh

ou
ld

 b
e 

m
ai

nt
ai

ne
d 

in
 g

oo
d 

w
or

ki
ng

 o
rd

er
 a

nd
 b

e 
re

ad
il

y 
ac

ce
ss

ib
le

. I
t 

sh
ou

ld
 b

e 
ad

eq
ua

te
 f

or
 

th
e 

di
m

en
si

on
s 

an
d 

us
e 

of
 

th
e 

pr
em

is
es

, 
eq

ui
pm

en
t 

in
st

al
le

d,
 p

hy
si

ca
l 

an
d 

ch
em

ic
al

 p
ro

pe
rt

ie
s 

of
 s

ub
st

an
ce

s 
pr

es
en

t, 
an

d 
th

e 
m

ax
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 n

um
be

r 
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 p
eo

pl
e 

pr
es

en
t. 

 
Pr

ov
is

io
n 
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 m

an
ua

l f
ir

ef
ig

ht
in

g 
eq
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pm

en
t t
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s 
ea

si
ly

 a
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es
si

bl
e 

an
d 

si
m

pl
e 

to
 u

se
 

 
Fi

re
 a

nd
 e

m
er

ge
nc

y 
al

ar
m

 s
ys

te
m

s 
th

at
 a

re
 b

ot
h 

au
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bl
e 

an
d 

vi
si

bl
e.

 

 
F

ol
lo

w
in

g 
th

e 
na

tu
re

 
of

 
th

e 
te

st
 

w
el

l 
dr

il
li

ng
, 

w
or

ke
rs

 
m

ay
 

be
 

ex
po

se
d 

to
 

po
is

on
ou

s 
sm

ok
es

/v
ap

or
s,

 e
ye

 a
nd

 s
ki

n 
ir

ri
ta

ti
ng

 s
ub

st
an

ce
s.

 T
hu

s 
al

l 
sa

fe
ty

 t
oo

ls
 s

ho
ul

d 
be

 a
va

il
ed

 a
t 

th
e 

ca
m

p 
an

d 
ch

ec
k 

w
or

ke
rs

 u
se

 th
em

 w
it

ho
ut

 f
ai

lu
re

.  

Sa
fe

 a
cc

es
s:

 
 

Pa
ss

ag
ew

ay
s 

fo
r 

m
ov

em
en

ts
 o

f 
ve
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es
, 

m
ac
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ne

s,
 a

nd
 w

or
ke

rs
 w

it
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n 
an

d 
ou

ts
id

e 
th

e 
ca

m
p 

sh
ou

ld
 b

e 
se

gr
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at
ed

 a
nd

 p
ro
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de

 f
or

 e
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 s

af
e,

 a
nd

 a
pp

ro
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ia
te

 a
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es
s.

 

 
D

ri
lli

ng
 a

nd
 o

th
er

 r
el

at
ed

 e
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ip
m

en
t, 

to
ol

s 
an

d 
in

st
al

la
ti

on
s 

re
qu

ir
in

g 
se

rv
ic

in
g,

 i
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pe
ct

io
n,

 
an

d/
or

 c
le

an
in

g 
sh

ou
ld

 h
av

e 
un

ob
st

ru
ct

ed
, u

nr
es

tr
ic

te
d,

 a
nd

 r
ea

dy
 a

cc
es

s.
 

 
H

an
d,

 k
ne

e 
an

d 
fo

ot
 r

ai
li

ng
s 

sh
ou

ld
 b

e 
av

ai
le

d 
w

hi
le

 w
or

ki
ng

 o
n 

st
ea

m
 p

ip
es

, 
st

ai
rs

, 
la
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er

s,
 

pl
at
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s,
 p

er
m

an
en

t a
nd

 in
te

ri
m
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, e
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. 

 
H

az
ar
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 d
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g 
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il
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ng
 o
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ng
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ti
ng
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ho
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ar
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d 
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 p
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s 
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re
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en
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 t

he
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w
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 d
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ep

t 
fe

w
 d
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n 
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he
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 r
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er

 t
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pe
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. T
hu
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w

or
k 
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t, 
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ng
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 s
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g 
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ou
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 b
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m
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tu
re
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ro
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ia
te
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or
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e 
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 c
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ea
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ff
ic

ie
nt

 f
re
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 c
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rs
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se
, a
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 p

ro
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 d

is
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n 
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s 
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 b
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ed
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ot
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o 
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or
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nd
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oc
at

io
n.
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 i

f 
th

er
e 

is
 a

 n
ee

d 
ar

tif
ic

ia
l 

lig
ht

 
(w

hi
ch

 o
f 

co
ur

se
 d

oe
sn

’t
 a

gg
ra

va
te

 t
he

 h
ot

 c
li

m
at

e 
of

 t
he

 s
ite

) 
to

 p
ro

m
ot

e 
w

or
ke

rs
’ 

sa
fe

ty
 a

nd
 

he
al

th
, a

nd
 e

na
bl

e 
sa

fe
 e

qu
ip

m
en

t o
pe

ra
ti

on
.  

 
E

m
er

ge
nc

y 
li

gh
ti

ng
 o

f 
ad

eq
ua

te
 i

nt
en

si
ty

 s
ho

ul
d 

be
 i

ns
ta

ll
ed

 a
nd

 a
ut

om
at

ic
al

ly
 a

ct
iv

at
ed

 u
po

n 
fa

ilu
re

 o
f 

en
er

gy
 to

 e
ns

ur
e 

th
e 

co
nt

in
ua

tio
n 

of
 th

e 
en

ti
re

 d
ri

lli
ng

 a
ct

iv
it

y 
an

d/
or

 c
oo

lin
g 

sy
st

em
, 

am
on

g 
ot

he
rs

. 

N
oi

se
 M

iti
ga

tio
n 

M
ea

su
re

: 
A

s 
al

re
ad

y 
m

en
ti

on
ed

, 
th

e 
si

te
 i

s 
re

la
ti

ve
ly

 f
ar

 f
ro

m
 t

he
 n

ei
gh

bo
rh

oo
d.

  
A

nd
 y

et
, 

it
 i

s 
li

ke
ly

 t
he

 i
m

pa
ct

 o
f 

so
un

d 
co

ul
d 

be
 f

el
t 

th
ro

ug
ho

ut
 t

he
 s

ite
. 

 T
hu

s,
 m

ea
su

re
 f

or
 t

he
 

m
it

ig
at

io
n 

sh
ou

ld
 e

ns
ur

e 
m

in
im

iz
e 

no
is

e 
ca

us
ed

 b
y 

ve
hi

cl
e 

m
ov

em
en

ts
, 

ex
ca

va
ti

on
s,

 d
ri

lli
ng

, 
he

av
y 

m
ac

hi
ne

s 
ac

ti
vi

ti
es

, a
nd

 p
it

 r
el

at
ed

 w
or

ks
. T

he
re

fo
re

 tw
o 

ba
si

c 
m

ea
su

re
s 

ne
ed

 to
 b

e 
co

ns
id

er
ed

:  

 
A

pp
ly

in
g 

eq
ui

pm
en

t m
uf

fl
er

s 
pa

rt
ic

ul
ar

ly
 to

 h
ea

vy
 c

on
st

ru
ct

io
n 

m
ac

hi
ne

s;
 a

nd
, 

 
 E

va
lu

at
in

g 
th

e 
le

ve
l 

of
 n

oi
se

 e
ve

ry
 w

ee
k 

pa
rt

ic
ul

ar
ly

 b
y 

co
ns

ul
tin

g 
  

gr
ou

ps
 (

st
af

f 
of

 t
he

 
co

nt
ra

ct
or

) 
th

at
 m

ay
 li

ke
ly

 a
ff

ec
te

d 
by

 th
e 

so
un

d.
  

L
ab

or
 r

ig
ht

s 
In

 t
er

m
s 

of
 l

ab
or

 a
nd

 e
m

pl
oy

m
en

t 
to

o,
 t

he
 c

on
tr

ac
to

r 
as

 w
el

l 
as

 p
ro

je
ct

 o
w

ne
r 

w
il

l 
be

 c
om

m
itt

ed
 t

o 
re

sp
ec

t 
hu

m
an

 r
ig

ht
 i

ss
ue

s,
 n

at
io

na
l 

an
d 

in
te

rn
at

io
na

l 
po

li
ci

es
 a

nd
 c

on
ve

nt
io

ns
 i

nv
ol

vi
ng

 w
or

ke
rs

 t
ha

t 
w

il
l b

e 
en

ga
ge

d 
in

 th
e 

pr
oj

ec
t. 

 
 Su

m
m

ar
y 

of
 m

iti
ga

tio
n 

m
ea

su
re

: 
T

he
 a

bo
ve

 d
is

cu
ss

io
ns

 b
ri

ef
ed

 t
he

 m
it

ig
at

io
n 

m
ea

su
re

s 
re

qu
ir

ed
 f

or
 t

he
 

id
en

tif
ie

d 
im

pa
ct

s 
so

 f
ar

 d
is

cu
ss

ed
. I

n 
lin

e 
to

 th
at

 T
ab

le
 X

X
 s

um
m

ar
iz

es
 th

e 
m

it
ig

at
io

n 
m

ea
su

re
s 

pr
op

os
ed

.  
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 6.

3 
M

an
ag

em
en

t 
P

la
n 

E
nv

ir
on

m
en

ta
l a

nd
 S

oc
ia

l M
an

ag
em

en
t P

la
n 

(E
SM

P)
 is

 p
re

pa
re

d 
on

 th
e 

ba
si

s 
of

 id
en

ti
fi

ed
 im

pa
ct

s 
an

d 
th

ei
r 

le
ve

l o
f 

si
gn

if
ic

an
ce

. T
he

 o
bj

ec
ti

ve
 o

f 
th

is
 E

S
M

P 
is

 to
 id

en
ti

fy
 p

ro
je

ct
 s

pe
ci

fi
c 

en
vi

ro
nm

en
ta

l a
nd

 
so

ci
al

 a
ct

io
ns

 t
ha

t 
w

il
l 

be
 u

nd
er

ta
ke

n 
to

 m
an

ag
e 

im
pa

ct
s 

as
so

ci
at

ed
 w

it
h 

th
e 

de
ve

lo
pm

en
t 

an
d 

op
er

at
io

n 
of

 te
st

 w
el

l d
ri

ll
in

g.
 T

hu
s,

 it
 f

oc
us

es
 o

n:
 


 

S
pe

ci
fi

c 
m

ea
su

re
s 

th
at

 w
il

l 
be

 t
ak

en
 t

o 
pr

ev
en

t, 
re

du
ce

 o
r 

m
an

ag
e 

th
e 

so
ci

o-
en

vi
ro

nm
en

ta
l 

im
pa

ct
s 

of
 th

e 
de

ve
lo

pm
en

t 


 
W

he
re

 i
t 

is
 n

ot
 p

os
si

bl
e 

to
 s

pe
ci

fy
 t

he
se

 a
t 

th
is

 s
ta

ge
 w

ha
t 

le
ve

l 
of

 e
nv

ir
on

m
en

ta
l 

pe
rf

or
m

an
ce

 
w

ill
 b

e 
ex

pe
ct

ed
 o

f 
th

e 
op

er
at

io
n 


 

D
ev

el
op

in
g 

pr
op

os
al

s 
fo

r 
m

on
it

or
in

g 
an

d 
au

di
t o

f 
E

SI
A

 im
pl

em
en

ta
tio

n 
pr

oc
es

s.
 

 
Si

gn
if

ic
an

t 
im

pa
ct

s 
th

at
 a

re
 d

et
ai

le
d 

in
 t

he
 p

re
vi

ou
s 

se
ct

io
n 

sh
al

l 
be

 m
it

ig
at

ed
 t

hr
ou

gh
 p

ro
po

se
d 

m
et

ho
ds

 a
nd

 t
he

n 
su

bj
ec

te
d 

to
 m

ec
ha

ni
sm

s 
of

 e
nv

ir
on

m
en

ta
l 

m
an

ag
em

en
t 

pl
an

 u
si

ng
 m

on
it

or
in

g 
an

d 
au

di
tin

g 
as

 in
st

ru
m

en
t. 

 
 H

ow
ev

er
, i

n 
pa

ra
lle

l t
o 

th
e 

ge
ne

ra
l E

SM
P,

 a
 n

um
be

r 
of

 s
pe

ci
fi

c 
do

cu
m

en
ts

 a
re

 r
eq

ui
re

d.
 G

S
E

 s
ha

ll 
de

ve
lo

p 
ad

di
ti

on
al

 p
la

ns
, p

ol
ic

ie
s 

an
d 

pr
oc

ed
ur

es
 t

o 
en

su
re

 a
de

qu
at

e 
m

an
ag

em
en

t 
an

d 
m

on
it

or
in

g 
of

 s
oc

ia
l 

an
d 

en
vi

ro
nm

en
ta

l a
sp

ec
ts

. I
t i

s 
as

su
m

ed
 th

at
 th

es
e 

pl
an

s 
w

il
l b

e 
el

ab
or

at
ed

 b
y 

G
S

E
 to

 c
om

pl
em

en
t e

xi
st

in
g 

E
nv

ir
on

m
en

ta
l, 

H
ea

lt
h 

an
d 

Sa
fe

ty
 M

an
ag

em
en

t 
Sy

st
em

 s
pe

ci
fi

ca
ll

y 
fo

r 
th

e 
Pr

oj
ec

t. 
W

he
re

 r
el

ev
an

t 
an

d 
un

de
r 

re
sp

ec
ti

ve
 

co
nt

ra
ct

s,
 

dr
il

lin
g 

co
nt

ra
ct

or
s 

sh
ou

ld
 

be
 

re
qu

ir
ed

 
to

 
im

pl
em

en
t 

th
e 

co
rr

es
po

nd
in

g 
ar

ra
ng

em
en

ts
.  

 T
hi

s 
m

an
ag

em
en

t 
pl

an
 

ha
s 

be
en

 
de

ve
lo

pe
d 

to
 

cl
ea

rl
y 

id
en

ti
fy

 
m

it
ig

at
io

n 
m

ea
su

re
s 

th
at

 
sh

ou
ld

 
be

 
im

pl
em

en
te

d 
to

 m
in

im
iz

e,
 r

ed
uc

e,
 o

r 
el

im
in

at
e 

m
od

er
at

e 
an

d 
m

aj
or

 a
dv

er
se

 im
pa

ct
s 

id
en

ti
fi

ed
 in

 th
e 

E
SI

A
. 

In
 a

dd
it

io
n,

 t
he

 E
SM

P 
al

so
 i

de
nt

if
ie

s 
be

st
 m

an
ag

em
en

t 
pr

ac
tic

es
 (

B
M

Ps
) 

an
d 

ot
he

r 
m

it
ig

at
io

n 
m

ea
su

re
s 

th
at

 w
ill

 m
in

im
iz

e,
 r

ed
uc

e,
 o

r 
el

im
in

at
e 

so
m

e 
ne

gl
ig

ib
le

 a
nd

 m
in

or
 i

m
pa

ct
s 

th
at

 c
ou

ld
 e

sc
al

at
e 

to
 b

ec
om

e 
m

or
e 

im
po

rt
an

t i
f 

th
ey

 a
re

 n
ot

 h
an

dl
ed

 p
ro

pe
rl

y.
 

 Im
pl

em
en

ta
tio

n 
of

 
th

e 
E

S
M

P
 

is
 

us
ua

ll
y 

an
d 

ef
fe

ct
iv

el
y 

pr
ac

tic
ed

 
th

ro
ug

h 
es

ta
bl

is
hm

en
t 

of
 

an
 

E
nv

ir
on

m
en

ta
l M

an
ag

em
en

t U
ni

t (
E

M
U

).
 I

n 
pa

rt
ic

ul
ar

, i
m

pl
em

en
ta

ti
on

 o
f 

th
e 

E
SM

P
 r

eq
ui

re
s 

th
at

: 
 


 
T

he
 d

et
ai

le
d 

fi
na

l 
de

si
gn

 (
pl

an
s 

an
d 

sp
ec

if
ic

at
io

ns
) 

fo
r 

th
e 

pr
oj

ec
t 

in
co

rp
or

at
es

 a
ll 

m
it

ig
at

io
n 

m
ea

su
re

s 
sp

ec
if

ie
d 

in
 th

e 
ap

pr
ov

ed
 E

S
IA

; 


 
T

he
 c

on
tr

ac
t f

or
 th

e 
pr

oj
ec

t i
m

pl
em

en
ta

ti
on

 in
cl

ud
es

 a
ll

 m
it

ig
at

io
n 

m
ea

su
re

s;
 


 

T
he

 
dr

il
lin

g 
co

nt
ra

ct
or

s’
 

pe
rf

or
m

an
ce

 
is

 
du

ly
 

m
on

it
or

ed
 

fo
r 

co
m

pl
ia

nc
e 

w
it

h 
th

e 
E

SM
P

 
by

 
co

m
pe

te
nt

 in
sp

ec
to

rs
; 

 


 
O

n 
co

m
pl

et
io

n 
of

 t
he

 w
or

ks
, 

in
sp

ec
ti

on
 t

ak
es

 p
la

ce
 t

o 
ch

ec
k 

th
at

 t
he

 c
om

pl
et

ed
 w

or
k 

m
ee

t 
al

l 
si

gn
if

ic
an

t e
nv

ir
on

m
en

ta
l r

eq
ui

re
m

en
ts

 b
ef

or
e 

th
e 

pr
oj

ec
t i

s 
of

fi
ci

al
ly

 a
cc

ep
te

d;
 


 

T
he

 o
pe

ra
tio

ns
 s

ta
ge

 m
on

it
or

in
g 

pr
og

ra
m

 is
 im

pl
em

en
te

d 
as

 s
pe

ci
fi

ed
 in

 th
e 

E
S

M
P

. 
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T
he

re
 i

s 
ef

fe
ct

iv
e 

re
po

rt
in

g 
m

ec
ha

ni
sm

 b
y 

th
e 

E
M

U
 (

E
nv

ir
on

m
en

ta
l 

M
on

it
or

in
g 

U
ni

t)
, 

th
ro

ug
h 

P
ro

je
ct

 I
m

pl
em

en
ta

ti
on

 U
ni

t, 
to

 d
em

on
st

ra
te

 th
at

 th
e 

E
S

M
P 

is
 b

ei
ng

 p
ro

pe
rl

y 
m

an
ag

ed
;  

 D
ur

in
g 

dr
ill

in
g 

st
ag

e,
 t

he
 f

oc
us

 i
s 

on
 e

ns
ur

in
g 

th
at

 t
he

 d
ri

lli
ng

 c
on

tr
ac

t 
re

qu
ir

em
en

ts
 i

nc
lu

de
 b

as
ic

 h
ea

lth
 

an
d 

sa
fe

ty
 r

eq
ui

re
m

en
ts

 a
s 

w
el

l 
as

 m
it

ig
at

io
n 

m
ea

su
re

s 
ar

e 
en

vi
ro

nm
en

ta
ll

y 
so

un
d.

 T
o 

a 
co

ns
id

er
ab

le
 

de
gr

ee
, d

ri
ll

in
g 

co
nt

ra
ct

or
s 

w
ill

 b
e 

re
sp

on
si

bl
e 

fo
r 

im
pl

em
en

ti
ng

 m
it

ig
at

io
n 

m
ea

su
re

s 
bu

t, 
in

 a
ny

 c
as

e,
 t

he
 

ul
ti

m
at

e 
re

sp
on

si
bi

lit
y 

fo
r 

en
su

ri
ng

 t
ha

t 
en

vi
ro

nm
en

ta
l a

nd
 s

oc
ia

l 
pr

ot
ec

tio
n 

el
em

en
ts

 a
re

 b
ei

ng
 c

ar
ri

ed
 o

ut
 

pr
op

er
ly

 i
s 

of
 G

SE
. 

M
os

t 
of

 t
he

 i
m

pa
ct

s 
w

hi
ch

 o
cc

ur
 d

ur
in

g 
th

e 
dr

ill
in

g 
ph

as
e 

ca
n 

be
 r

ed
uc

ed
 o

r 
av

oi
de

d 
th

ro
ug

h 
th

e 
ap

pl
ic

at
io

n 
of

 s
ou

nd
 c

on
st

ru
ct

io
n 

m
an

ag
em

en
t g

ui
de

lin
es

.  

6.
4 

In
st

it
u

ti
on

al
 a

rr
an

ge
m

en
t 

 
T

he
 

pr
oj

ec
t 

of
fi

ce
 

w
il

l 
en

su
re

 
th

at
 

so
ci

o-
en

vi
ro

nm
en

ta
lly

 
cr

it
ic

al
 

ac
ti

on
s 

ar
e 

un
de

rt
ak

en
 

as
 

pe
r 

re
co

m
m

en
de

d 
m

it
ig

at
io

n 
m

ea
su

re
s,

 v
ar

io
us

 s
ta

nd
ar

d 
gu

id
el

in
e 

re
qu

ir
em

en
ts

 a
nd

 a
pp

li
ca

bl
e 

E
th

io
pi

an
 

le
gi

sl
at

io
ns

. 
T

he
re

 s
ha

ll
 b

e 
an

 a
ss

ig
ne

d 
hi

gh
 l

ev
el

 M
an

ag
em

en
t 

B
od

y 
fo

r 
ov

er
se

ei
ng

 a
ll

 e
nv

ir
on

m
en

t 
an

d 
sa

fe
ty

 r
es

po
ns

es
 to

 e
ns

ur
e 

th
e 

im
pl

em
en

ta
ti

on
 o

f 
E

S
M

P.
 

 T
hu

s,
 o

rg
an

iz
at

io
na

l 
U

ni
t 

sh
al

l 
be

 i
ns

tit
ut

ed
 w

it
h 

de
fi

ne
d 

ro
le

s,
 r

es
po

ns
ib

il
it

ie
s,

 a
nd

 a
ut

ho
ri

ty
 t

o 
im

pl
em

en
t 

th
e 

E
S

M
P.

 T
hi

s 
U

ni
t 

w
il

l 
fo

cu
s 

on
 a

ss
es

si
ng

 c
ur

re
nt

 e
nv

ir
on

m
en

ta
l 

pr
ac

ti
ce

s,
 d

ev
el

op
in

g 
an

 i
nt

er
na

l 
au

di
t 

sy
st

em
, 

re
vi

ew
in

g 
en

vi
ro

nm
en

ta
l 

m
on

it
or

in
g 

re
po

rt
s,

 i
de

nt
if

yi
ng

 r
eq

ui
re

d 
co

nt
ro

l 
m

ea
su

re
s,

 in
it

ia
ti

ng
 p

ub
lic

 r
el

at
io

ns
 c

am
pa

ig
ns

 to
 r

ep
or

t, 
m

ai
nt

ai
ni

ng
 a

 c
le

ar
 e

nv
ir

on
m

en
ta

l p
ro

ce
du

re
, 

an
d 

es
ta

bl
is

hi
ng

 a
 t

ra
ns

pa
re

nt
 c

om
m

un
ic

at
io

n 
w

ith
 g

ov
er

nm
en

ta
l 

an
d 

no
n-

go
ve

rn
m

en
ta

l 
ag

en
ci

es
 

co
nc

er
ne

d 
in

 e
nv

ir
on

m
en

ta
l m

an
ag

em
en

t. 
 T

he
 s

oc
ia

l s
et

 u
p 

w
ith

in
 th

e 
U

ni
t w

ill
 f

or
m

 a
n 

im
po

rt
an

t p
ar

t o
f 

th
e 

E
nv

ir
on

m
en

ta
l m

an
ag

em
en

t. 
T

he
re

 
m

ig
ht

 
no

t 
be

 
in

st
it

ut
io

na
l 

ca
pa

ci
ty

 
at

 
th

e 
w

or
ed

a 
an

d 
PA

 
le

ve
ls

 
fo

r 
im

pl
em

en
ta

tio
n 

of
 

so
ci

al
 

de
ve

lo
pm

en
t 

sc
he

m
es

 i
n 

th
e 

pr
oj

ec
t 

ar
ea

. 
T

hu
s,

 t
hi

s 
se

t 
up

 i
n 

th
e 

Pr
oj

ec
t 

O
ff

ic
e 

w
il

l 
im

pl
em

en
t 

th
es

e 
pr

og
ra

m
s.

 T
he

 S
oc

ia
l 

O
ff

ic
er

 w
il

l 
co

or
di

na
te

 w
it

h 
th

e 
M

un
ic

ip
al

it
y 

of
 t

he
 T

ow
n,

 t
he

 w
or

ed
a 

of
fi

ci
al

s 
an

d 
th

e 
lo

ca
l c

om
m

un
ity

 to
 a

dd
re

ss
 th

e 
so

ci
al

 is
su

es
 in

 th
e 

pr
oj

ec
t s

ur
ro

un
di

ng
. C

om
m

un
ity

 li
ai

so
n 

an
d 

im
pl

em
en

ta
ti

on
 o

f 
va

ri
ou

s 
ed

uc
at

io
n,

 h
ea

lt
h,

 e
m

pl
oy

m
en

t, 
an

d 
in

fr
as

tr
uc

tu
re

 s
ch

em
es

 p
ro

po
se

d 
w

il
l b

e 
its

 im
po

rt
an

t f
un

ct
io

n.
 

 A
 p

er
m

an
en

t 
or

ga
ni

za
ti

on
al

 s
et

 u
p 

ch
ar

ge
d 

w
it

h 
th

e 
ta

sk
 o

f 
en

su
ri

ng
 e

ff
ec

ti
ve

 i
m

pl
em

en
ta

ti
on

 o
f 

th
e 

So
ci

o-
en

vi
ro

nm
en

ta
l 

M
an

ag
em

en
t 

P
la

n 
sh

al
l 

be
 e

st
ab

li
sh

ed
 i

n 
th

e 
Pr

oj
ec

t 
O

ff
ic

e.
 T

hu
s,

 i
t 

m
ay

 h
av

e 
a 

de
pa

rt
m

en
t 

co
ns

is
tin

g 
of

 E
xp

er
ts

 f
ro

m
 v

ar
io

us
 d

is
ci

pl
in

es
 t

o 
co

-o
rd

in
at

e 
ac

ti
vi

ti
es

 c
on

ce
rn

ed
 w

ith
 t

he
 

m
an

ag
em

en
t 

an
d 

im
pl

em
en

ta
tio

n 
of

 t
he

 s
oc

io
-e

nv
ir

on
m

en
ta

l 
m

iti
ga

tio
n 

m
ea

su
re

s 
of

 t
he

 p
ro

po
se

d 
te

st
 

w
el

l 
dr

ill
in

g 
op

er
at

io
n.

 
T

hu
s,

 
th

e 
fo

llo
w

in
g 

pr
of

es
si

on
al

 
m

ix
 

is
 

re
co

m
m

en
de

d 
to

 
es

ta
bl

is
h 

E
nv

ir
on

m
en

ta
l M

an
ag

em
en

t U
ni

t (
E

M
U

).
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S

en
io

r 
E

nv
ir

on
m

en
ta

lis
t-

on
e;

  


 
C

he
m

ic
al

 E
ng

in
ee

r 
or

 C
he

m
is

t-
on

e;
  


 

Se
ni

or
 S

oc
io

lo
gi

st
-o

ne
.  

6.
5 

M
on

it
or

in
g 

an
d 

A
ud

it
in

g 
M

on
ito

ri
ng

 is
 r

eq
ui

re
d 

pr
io

r 
to

, d
ur

in
g 

an
d 

af
te

r 
th

e 
dr

ill
in

g 
is

 c
om

pl
et

ed
. T

he
 p

ur
po

se
 o

f 
th

is
 a

ct
iv

ity
 i

s 
to

 
m

ak
e 

pe
ri

od
ic

 c
he

ck
s 

on
 th

e 
en

vi
ro

nm
en

ta
l i

m
pa

ct
s 

du
ri

ng
 d

if
fe

re
nt

 p
ha

se
s 

of
 t

he
 p

ro
je

ct
, c

om
pa

ri
ng

 th
em

 
w

it
h 

th
os

e 
fo

re
se

en
 d

ur
in

g 
th

e 
fi

rs
t 

ph
as

es
 o

f 
E

S
IA

 p
ro

ce
ss

. 
 M

on
ito

ri
ng

 p
ro

vi
de

s 
a 

ve
ry

 u
se

fu
l 

fe
ed

ba
ck

, 
w

hi
ch

 p
er

m
its

 t
o 

co
rr

ec
t 

at
 t

he
 r

ig
ht

 m
om

en
t 

an
y 

en
vi

ro
nm

en
ta

l p
ro

bl
em

 d
ue

 t
o 

th
e 

pr
oj

ec
t 

an
d 

m
ea

nw
hi

le
 

to
 a

cq
ui

re
 e

xp
er

ie
nc

e 
in

 p
la

nn
in

g 
fu

tu
re

 p
ro

je
ct

s.
 T

he
 F

ed
er

al
 E

PA
, 

th
e 

R
eg

io
na

l 
E

PA
 o

r 
W

or
ed

a 
le

ve
l 

of
fi

ce
s 

m
ay

 n
ot

 h
av

e 
fa

ci
lit

ie
s 

to
 u

nd
er

ta
ke

 s
om

e 
pa

rt
 o

f 
th

e 
m

on
it

or
in

g 
or

 a
ud

it
in

g 
ac

tiv
it

ie
s.

 
T

he
re

fo
re

, 
th

e 
pr

oj
ec

t 
ow

ne
r,

 G
S

E
, 

sh
al

l 
es

ta
bl

is
h 

S
oc

io
-e

nv
ir

on
m

en
ta

l 
M

an
ag

em
en

t 
un

it/
se

ct
io

n 
to

 
ad

dr
es

s 
th

e 
is

su
es

. 
 T

he
 a

ud
it

 p
ro

gr
am

 w
il

l 
in

cl
ud

e 
pr

e-
co

m
m

is
si

on
in

g 
au

di
ts

 o
f 

th
e 

fa
ci

li
ti

es
 f

oc
us

in
g 

on
 t

he
 c

om
pl

ia
nc

e 
of

 e
qu

ip
m

en
t 

an
d 

pr
oc

ed
ur

es
 t

o 
de

li
ve

r 
th

e 
sp

ec
if

ie
d 

le
ve

l 
of

 p
er

fo
rm

an
ce

 t
o 

en
su

re
 t

ha
t 

al
l 

so
ci

o-
en

vi
ro

nm
en

ta
l 

re
qu

ir
em

en
ts

 a
re

 m
et

. T
he

 a
bo

ve
 s

ai
d 

m
on

ito
ri

ng
 s

ha
ll 

be
 c

ar
ri

ed
 o

ut
 b

y 
ei

th
er

 c
re

at
in

g 
in

-h
ou

se
 f

ac
il

it
ie

s 
or

 b
y 

hi
ri

ng
 a

n 
ex

te
rn

al
 c

on
su

lt
an

t. 
T

hi
s 

E
SI

A
 s

tu
dy

, 
af

te
r 

it
s 

ap
pr

ov
al

, 
w

il
l 

be
 

su
bm

it
te

d 
to

 c
on

ce
rn

ed
 b

od
ie

s;
 F

ed
er

al
 &

 R
eg

io
na

l 
E

PA
, 

lo
ca

l 
ad

m
in

is
tr

at
or

s 
an

d 
co

m
m

un
it

ie
s,

 e
tc

. 
T

hu
s,

 t
hi

s 
do

cu
m

en
t 

sh
al

l 
on

ly
 s

er
ve

 a
s 

a 
be

nc
h 

m
ar

k 
fo

r 
au

di
tin

g.
 I

t 
sh

ou
ld

 b
e 

dy
na

m
ic

, 
in

te
ra

ct
iv

e 
an

d 
pa

rt
ic

ip
at

or
y 

w
it

h 
re

gu
la

to
ry

 b
od

ie
s,

 p
ro

je
ct

 o
w

ne
r,

 lo
ca

l a
dm

in
is

tr
at

or
s,

 a
nd

 c
om

m
un

it
ie

s 
th

ro
ug

h 
its

 i
ns

ti
tu

ti
on

al
 a

rr
an

ge
m

en
t. 

L
im

it
in

g 
va

lu
es

 o
f 

E
P

A
’s

 g
ui

de
lin

e 
di

sc
us

se
d 

in
 C

ha
pt

er
 3

 o
n 

in
du

st
ri

al
 

em
is

si
on

 (
or

 e
ff

lu
en

t)
 n

ee
d 

to
 b

e 
ad

ap
te

d 
he

re
 in

 te
st

 w
el

l m
on

it
or

in
g 

an
d 

au
di

ti
ng

 a
ct

iv
it

ie
s.
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 T
ab

le
 6

.2
: 

M
on

it
or

in
g 

an
d

 a
u

d
it

in
g 

p
la

n
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0 

 

 

   
   

6.
6 

C
os

t 
fo

r 
M

it
ig

at
io

n
 a

n
d 

M
an

ag
em

en
t 

It
 i

s 
un

de
rs

to
od

 t
ha

t 
te

st
 w

el
l 

dr
il

li
ng

 i
s 

a 
tr

an
si

ti
on

 (
or

 a
n 

in
te

rm
ed

ia
te

) 
st

ud
y 

ha
vi

ng
 n

ei
th

er
 

te
ch

no
-e

co
no

m
ic

 n
or

 e
ng

in
ee

ri
ng

 e
st

im
at

e 
st

ud
ie

s 
th

at
 c

or
re

sp
on

ds
 t

o 
th

is
 l

ev
el

 o
f 

E
SI

A
 s

tu
dy

. 

T
hu

s,
 d

et
er

m
in

in
g 

co
m

pl
et

e 
co

st
 f

or
 i

m
pl

em
en

ti
ng

 t
hi

s 
E

S
M

P
 m

ig
ht

 b
e 

un
re

al
is

ti
c 

or
 m

is
le

ad
in

g 

ex
ce

pt
 p

er
ha

ps
 c

os
t 

es
tim

at
e 

fo
r 

hu
m

an
 r

es
ou

rc
e 

de
ve

lo
pm

en
t 

in
 t

he
 p

ro
je

ct
 o

ff
ic

e 
an

d 
as

so
ci

at
ed

 

ex
pe

ns
es

 f
or

 n
ea

rb
y 

co
m

m
un

it
y 

m
ob

il
iz

at
io

n 
in

 t
he

 t
as

k 
of

 a
w

ar
en

es
s 

cr
ea

tio
n 

an
d 

co
ll

ec
ti

ve
 

m
on

it
or

in
g.

 F
or

 a
 f

ul
l-

fl
ed

ge
d 

pr
oj

ec
t, 

it
 i

s 
a 

co
m

m
on

 p
ra

ct
ic

e 
th

at
 5

 u
p 

to
 7

 %
 o

f 
th

e 
to

ta
l 

pr
oj

ec
t 

co
st

 i
s 

al
lo

ca
te

d 
fo

r 
E

SI
A

 i
m

pl
em

en
ta

tio
n.

 H
ow

ev
er

, t
he

 i
m

pl
em

en
ta

tio
n 

co
st

 f
or

 t
es

t 
w

el
l 

dr
il

li
ng

 

is
 

ex
pe

ct
ed

 
m

uc
h 

lo
w

er
. 

T
he

 
fo

ll
ow

in
g 

ta
bl

e 
pr

es
en

ts
 

an
nu

al
 

co
st

 
es

ti
m

at
e 

fo
r 

E
S

M
P 

im
pl

em
en

ta
ti

on
, 

be
in

g 
co

ns
er

va
tiv

e 
an

d 
ho

pi
ng

 t
ha

t 
it 

se
rv

es
 o

nl
y 

as
 b

en
ch

 m
ar

k 
to

 b
e 

fu
rt

he
r 

de
ve

lo
pe

d 
w

he
n 

te
ch

no
-e

co
no

m
ic

 s
tu

di
es

 a
re

 f
in

al
iz

ed
. 

Ta
bl

e 
6.

3:
  C

os
t e

st
im

at
e 

fo
r E

SM
P 

im
pl

em
en

ta
tio

n 
(in

 U
SD

) 
  

N
o 

It
em

 
U

ni
t 

A
m

ou
nt

U
ni

t p
ri

ce
 

(C
os

t/m
on

th
)  

A
nn

ua
l c

os
t 

1 
Pr

of
es

si
on

al
 f

ee
 

Pe
rs

on
 

3 
60

0.
00

 
72

00
.0

0 
2 

Su
pp

or
ti

ve
 s

ta
ff

 
Pe

rs
on

 
1 

40
0.

00
 

48
00

.0
0 

3 
L

ab
or

at
or

y 
eq

ui
pm

en
t &

 c
he

m
ic

al
s

Pc
s 

L
S 

10
00

.0
0 

12
00

0.
00

 

4 
C

om
m

un
it

y 
m

ob
il

iz
at

io
n 

N
o 

of
 m

ee
ti

ng
s 

/w
or

ks
ho

ps
/ 

12
 

20
00

.0
0 

24
00

0.
00

 

5 
M

is
ce

ll
an

eo
us

 e
xp

en
se

s 
L

s 
L

S 
30

0.
00

 
12

00
0.

00
 

6 
To

ta
l 

60
00

0.
00
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 C
H

A
P

T
E

R
 S

E
V

E
N

: 
 C

O
N

C
L

U
S

IO
N

S
 A

N
D

   
R

E
C

O
M

M
E

N
D

A
T

IO
N

 

7.
1 

C
on

cl
us

io
n 

 T
hi

s 
E

S
IA

 r
ep

or
t 

is
 d

ev
el

op
ed

 a
s 

a 
co

nt
in

ua
ti

on
 o

f 
th

e 
“M

as
te

r 
pl

an
 s

tu
dy

 f
or

 g
eo

th
er

m
al

 p
ow

er
 p

la
nt

 
de

ve
lo

pm
en

t 
in

 E
th

io
pi

a”
. 

T
he

 o
bj

ec
ti

ve
 o

f 
th

e 
M

as
te

r 
P

la
n 

st
ud

y 
w

as
 p

ri
or

it
iz

at
io

n 
fr

om
 f

if
te

en
 p

ot
en

ti
al

 
ge

ot
he

rm
al

 s
it

es
 f

ou
nd

 i
n 

E
th

io
pi

a.
 A

cc
or

di
ng

ly
, 

T
en

da
ho

-2
, 

D
ub

ti
 W

or
ed

a,
 A

yr
ob

er
a 

si
te

 b
ec

om
es

 a
t 

th
e 

fr
on

ti
er

. 
H

ow
ev

er
, 

ge
ot

he
rm

al
 p

ow
er

 p
la

nt
 d

ev
el

op
m

en
t 

by
 i

ts
 v

er
y 

na
tu

re
 i

s 
co

m
pl

ex
 w

it
h 

hi
gh

 c
oe

ff
ic

ie
nt

 o
f 

un
ce

rt
ai

nt
y.

 O
n 

to
p 

of
 t

ha
t, 

th
e 

co
st

 o
f 

w
el

l 
dr

il
li

ng
 i

s 
to

o 
hi

gh
. T

hu
s,

 i
t 

is
 q

ui
te

 r
ea

so
na

bl
e 

th
at

 t
he

 s
el

ec
te

d 
si

te
 

ne
ed

 t
o 

be
 s

up
pl

em
en

te
d 

(v
er

if
ie

d)
 b

y 
fi

ne
r 

sc
ie

nt
if

ic
 i

nv
es

ti
ga

ti
on

 a
nd

 t
es

t 
w

el
l 

dr
il

li
ng

 w
it

hi
n 

th
e 

se
le

ct
ed

 
A

yr
ob

er
a 

si
te

. 
It

 i
s 

w
it

h 
th

is
 u

nd
er

st
an

di
ng

 t
ha

t 
th

e 
sc

op
e 

of
 t

he
 p

ro
je

ct
 i

s 
li

m
it

ed
 t

o 
“E

S
IA

 s
tu

dy
 f

or
 t

es
t 

w
el

l 
dr

il
li

ng
”.

 

Fr
om

 t
he

 n
at

ur
e 

of
 t

he
 p

ro
je

ct
, 

it
 c

an
 b

e 
co

nc
lu

de
d 

th
at

 g
eo

th
er

m
al

 e
ne

rg
y 

co
nv

er
si

on
 e

qu
ip

m
en

t 
in

 
ge

ne
ra

l 
an

d 
te

st
 w

el
l 

dr
ill

in
g 

in
 p

ar
tic

ul
ar

 i
s 

re
la

tiv
el

y 
co

m
pa

ct
, 

m
ak

in
g 

th
e 

ov
er

al
l 

fo
ot

pr
in

t 
of

 t
he

 
en

tir
e 

sy
st

em
 s

m
al

l. 
W

it
h 

ge
ot

he
rm

al
 e

ne
rg

y,
 th

er
e 

ar
e 

no
 a

tm
os

ph
er

ic
 d

is
ch

ar
ge

s 
of

 n
it

ro
ge

n 
ox

id
es

 o
r 

pa
rt

ic
ul

at
e 

m
at

te
r,

 n
o 

ne
ed

 t
o 

di
sp

os
e 

of
 r

ad
io

ac
ti

ve
 w

as
te

 m
at

er
ia

ls
, 

do
es

 n
ot

 r
eq

ui
re

 l
ar

ge
 l

an
d 

ar
ea

. 
T

he
 a

va
ila

bl
e 

an
d 

ne
ar

-t
er

m
 g

eo
th

er
m

al
 e

ne
rg

y 
te

ch
no

lo
gi

es
 g

en
er

al
ly

 p
re

se
nt

 m
uc

h 
lo

w
er

 o
ve

ra
ll 

en
vi

ro
nm

en
ta

l 
im

pa
ct

 t
ha

n 
do

 c
on

ve
nt

io
na

l 
fo

ss
il

-f
ue

le
d,

 n
uc

le
ar

 p
ow

er
 p

la
nt

s 
an

d 
ev

en
 h

yd
ro

po
w

er
 

en
er

gy
 s

ys
te

m
. 

Fo
r 

ex
am

pl
e,

 t
he

 p
ow

er
 p

la
nt

 i
s 

lo
ca

te
d 

ab
ov

e 
th

e 
ge

ot
he

rm
al

 e
ne

rg
y 

re
so

ur
ce

 
el

im
in

at
in

g 
th

e 
ne

ed
 to

: 
 

a)
 

ph
ys

ic
al

ly
 m

in
in

g 
th

e 
en

er
gy

 s
ou

rc
e 

(t
he

 “
fu

el
”)

 i
n 

th
e 

co
nv

en
tio

na
l 

se
ns

e,
 a

nd
 i

n 
th

e 
pr

oc
es

s,
 

to
 d

is
tu

rb
 th

e 
ea

rt
h’

s 
su

rf
ac

e,
 a

nd
; 

 
b)

 p
ro

ce
ss

 t
he

 f
ue

l 
an

d 
th

en
 u

se
 a

dd
it

io
na

l 
en

er
gy

 t
o 

tr
an

sp
or

t 
th

e 
fu

el
 o

ve
r 

gr
ea

t 
di

st
an

ce
s 

w
hi

le
 

in
cu

rr
in

g 
ad

di
ti

on
al

 e
nv

ir
on

m
en

ta
l i

m
pa

ct
s;

 
 T

he
re

 a
re

, h
ow

ev
er

, c
er

ta
in

 im
pa

ct
s 

th
at

 m
us

t b
e 

co
ns

id
er

ed
 a

nd
 m

an
ag

ed
 if

 g
eo

th
er

m
al

 e
ne

rg
y 

is
 to

 b
e 

de
ve

lo
pe

d 
as

 a
 la

rg
er

 p
ar

t o
f 

a 
m

or
e 

en
vi

ro
nm

en
ta

lly
 s

ou
nd

, s
us

ta
in

ab
le

 e
ne

rg
y 

po
rt

fo
li

o 
fo

r 
th

e 
fu

tu
re

.  
M

os
t 

of
 t

he
 p

ot
en

ti
al

ly
 i

m
po

rt
an

t 
en

vi
ro

nm
en

ta
l 

im
pa

ct
s 

of
 g

eo
th

er
m

al
 p

ow
er

 p
la

nt
 d

ev
el

op
m

en
t 

ar
e 

as
so

ci
at

ed
 w

ith
 g

ro
un

d 
w

at
er

 u
se

 a
nd

 c
on

ta
m

in
at

io
n,

 a
nd

 w
it

h 
re

la
te

d 
co

nc
er

ns
 a

bo
ut

 l
an

d 
su

bs
id

en
ce

 
an

d 
in

du
ce

d 
se

is
m

ic
it

y 
as

 a
 r

es
ul

t 
of

 w
at

er
 i

nj
ec

ti
on

 a
nd

 p
ro

du
ct

io
n 

in
to

 a
nd

 o
ut

 o
f 

a 
fr

ac
tu

re
d 

re
se

rv
oi

r 
fo

rm
at

io
n.

 I
ss

ue
s 

of
 a

ir
 p

ol
lu

ti
on

, n
oi

se
, s

af
et

y,
 a

ls
o 

m
er

it 
so

m
e 

co
ns

id
er

at
io

n.
 

 Fi
nd

in
gs

 o
f 

th
e 

pr
oj

ec
t 

fr
om

 p
ol

ic
y 

pe
rs

pe
ct

iv
e 

w
er

e 
st

ud
ie

d 
by

 c
on

si
de

ri
ng

 a
 n

um
be

r 
of

 e
le

m
en

ts
: 

al
ig

nm
en

t 
of

 t
he

 p
ro

je
ct

 f
ro

m
 p

ol
ic

y 
pe

rs
pe

ct
iv

es
; 

en
er

gy
 p

ol
ic

y 
of

 t
he

 c
ou

nt
ry

 v
er

se
s 

ge
ot

he
rm

al
; 

pr
oj

ec
t 

pe
rs

pe
ct

iv
e 

fr
om

 g
ui

de
li

ne
s 

of
 f

in
an

ci
al

 i
ns

ti
tu

tio
ns

; 
an

d 
al

ig
nm

en
t 

of
 J

IC
A

’s
 g

ui
de

lin
es

 w
it

h 
na

tio
na

l 
po

li
ci

es
. 

T
o 

th
is

 e
ff

ec
t, 

na
tio

na
l 

po
lic

ie
s 

an
d 

re
gu

la
tio

n 
w

er
e 

re
vi

ew
ed

; 
gu

id
el

in
es

 o
f 

re
le

va
nt

 
Fe

de
ra

l a
nd

 R
eg

io
na

l O
ff

ic
es

 w
er

e 
st

ud
ie

d;
 s

uf
fi

ci
en

t n
um

be
rs

 o
f 

of
fi

ci
al

s 
w

er
e 

al
so

 in
te

rv
ie

w
ed

. I
t w

as
 

un
de

rs
to

od
 t

ha
t 

th
e 

en
tir

e 
le

gi
sl

at
iv

e 
fr

am
ew

or
k 

ap
pl

ic
ab

le
 t

o 
th

e 
pr

op
os

ed
 p

ro
je

ct
 i

s 
go

ve
rn

ed
 b

y 
th

e 
la

w
s 

of
 F

ed
er

al
 D

em
oc

ra
tic

 R
ep

ub
li

c 
of

 E
th

io
pi

a 
(F

D
R

E
).

 T
he

 E
SI

A
 s

tu
dy

 t
ea

m
 h

as
 a

ls
o 

co
nc

lu
de

d 

11
2 

 th
at

 t
he

 p
ro

po
se

d 
pr

oj
ec

t 
co

ul
d 

be
 f

ul
ly

 m
at

er
ia

liz
ed

 i
n 

al
ig

nm
en

t 
w

ith
 n

at
io

na
l 

re
gu

la
tio

ns
 a

nd
 

in
te

rn
at

io
na

l c
on

ve
nt

io
ns

. 
 In

 
te

rm
s 

of
 

so
ci

al
 

as
pe

ct
s,

 
th

e 
pr

oj
ec

t 
br

in
gs

 
al

m
os

t 
no

 
ad

ve
rs

e 
si

gn
if

ic
an

t 
im

pa
ct

 
up

on
 

th
e 

ne
ig

hb
or

ho
od

 in
 g

en
er

al
 a

nd
 th

e 
co

m
m

un
it

y 
in

 p
ar

tic
ul

ar
.  

T
hi

s 
is

 b
ec

au
se

 th
at

 th
e 

pr
oj

ec
t s

ite
 is

 to
ta

ll
y 

de
se

rt
ed

, e
ve

n 
gr

az
in

g 
is

 u
nt

hi
nk

ab
le

. W
ha

t i
s 

m
or

e,
 th

er
e 

is
 n

o 
pe

rm
an

en
t s

et
tl

em
en

t, 
ev

en
 a

ro
un

d 
th

e 
si

te
. L

ik
el

y 
ad

ve
rs

e 
im

pa
ct

s 
co

ul
d 

oc
cu

r 
on

 th
e 

pr
oj

ec
ts

 s
ta

ff
 a

nd
 te

m
po

ra
ry

 w
or

ke
rs

 a
t l

ar
ge

. T
hi

s 
w

ill
 

ha
pp

en
 d

ue
 t

o 
th

e 
ex

pe
ct

ed
 o

cc
up

at
io

n 
ac

ci
de

nt
s 

an
d 

ha
za

rd
. 

 I
n 

th
is

 r
es

pe
ct

, 
so

ur
ce

s 
of

 a
dv

er
se

 
im

pa
ct

s 
co

ul
d 

be
 o

bs
er

ve
d 

pa
rt

ic
ul

ar
ly

 i
n 

th
e 

la
st

 t
w

o 
ph

as
es

. 
T

he
se

 a
re

 r
el

at
ed

 t
o 

pe
rs

on
 f

ac
to

rs
, 

un
sa

fe
 a

ct
iv

iti
es

, 
un

he
al

th
y 

w
ea

th
er

 c
on

di
ti

on
s 

an
d 

jo
b 

fa
ct

or
s.

 T
he

se
 a

re
 e

xp
la

in
ed

 b
y 

ill
 o

pe
ra

ti
on

s,
 

ab
se

nc
e 

of
 s

af
et

y 
to

ol
s,

 l
ac

k 
of

 s
ki

ll
, f

ai
lu

re
 o

f 
m

ac
hi

ne
s 

an
d 

eq
ui

pm
en

t, 
av

ai
la

bi
li

ty
 o

f 
ch

em
ic

al
s 

an
d 

m
ov

em
en

t 
of

 v
eh

ic
le

s 
an

d 
m

ac
hi

ne
s,

 a
m

on
g 

ot
he

rs
. 

T
hi

s 
do

es
n’

t 
ho

w
ev

er
 m

ea
n 

th
at

 a
ll

 t
he

 a
dv

er
se

 
im

pa
ct

s 
w

il
l 

10
0%

 o
cc

ur
. A

s 
lo

ng
 a

s 
pr

op
er

 c
au

tio
n 

an
d 

ca
re

 ta
ke

n,
 a

nd
 a

ll
 s

af
et

y 
m

it
ig

at
io

n 
m

ea
su

re
s 

ar
e 

im
pl

em
en

te
d 

pr
io

r 
to

 l
au

nc
hi

ng
 t

he
 p

ro
je

ct
, 

th
e 

sa
id

 a
dv

er
se

 i
m

pa
ct

s 
w

ou
ld

 e
it

he
r 

be
 a

vo
id

ed
 o

r 
m

in
im

iz
ed

, i
n 

on
e 

or
 a

no
th

er
 w

ay
.  

 

C
on

ce
rn

in
g 

ec
on

om
y,

 th
e 

pr
oj

ec
t w

il
l r

es
ul

t i
n 

a 
nu

m
be

r 
of

 f
av

or
ab

le
 b

en
ef

it
s.

  T
he

 c
as

e 
in

 p
oi

nt
 is

 th
e 

fa
ct

 
th

at
 

th
e 

pr
oj

ec
t 

w
il

l 
de

fi
ni

te
ly

 p
ro

vi
de

 
jo

b 
op

po
rt

un
it

y 
fo

r 
th

e 
un

em
pl

oy
ed

 
se

ct
io

n 
of

 
th

e 
co

m
m

un
it

y;
 th

is
 w

il
l b

e 
tr

ue
 in

 a
ll 

ph
as

es
 o

f 
th

e 
pr

oj
ec

t. 
Fo

r 
in

st
an

ce
, d

ur
in

g 
co

ns
tr

uc
ti

on
 o

f 
ro

ad
s,

 a
nd

 
dr

il
lin

g 
or

 t
es

ti
ng

 p
ha

se
s,

 m
os

t 
w

or
ke

rs
 m

ig
ht

 b
e 

te
m

po
ra

ry
. A

nd
 y

et
, s

om
e 

ot
he

r 
w

or
ke

rs
 c

ou
ld

 e
nj

oy
 

pe
rm

an
en

t 
w

or
k 

if
 t

he
 d

ri
ll

in
g 

te
st

 r
es

ul
t 

in
di

ca
te

s 
po

si
ti

ve
. 

A
dd

it
io

na
l 

in
co

m
e 

ge
ne

ra
te

d 
th

ro
ug

h 
em

pl
oy

m
en

t 
in

 t
he

 f
or

m
 o

f 
w

ag
e 

w
ill

 a
ls

o 
re

su
lt 

in
 i

nj
ec

ti
ng

 a
dd

it
io

na
l 

ca
sh

 f
lo

w
 i

n 
th

e 
pr

oj
ec

t 
ke

be
le

 
an

d 
th

e 
su

rr
ou

nd
in

g 
to

w
ns

. 
T

hi
s 

in
 t

ur
n 

w
il

l 
co

nt
ri

bu
te

 t
o 

th
e 

ex
pa

ns
io

n 
of

 t
he

 e
xi

st
in

g 
m

ar
ke

t 
an

d 
bo

os
t 

ne
w

 s
m

al
l 

bu
si

ne
ss

es
, 

th
ou

gh
 n

ot
 s

ig
ni

fi
ca

nt
ly

. 
Se

m
er

a 
to

w
n 

is
 e

xp
ec

te
d 

to
 b

en
ef

it
 m

or
e 

fr
om

 
ad

di
ti

on
al

 m
ar

ke
t 

re
la

te
d 

to
 t

he
 p

ro
je

ct
 w

or
ke

rs
. 

O
n 

to
p 

of
 t

ha
t 

th
e 

Fe
de

ra
l, 

re
gi

on
al

 a
nd

 w
or

ed
a 

G
ov

er
nm

en
t 

R
ev

en
ue

 a
nd

 C
us

to
m

 o
ff

ic
es

 w
il

l 
be

ne
fi

t 
fr

om
 t

he
 d

if
fe

re
nt

 w
it

hh
ol

di
ng

 a
nd

 p
ro

fi
t 

ta
xe

s 
ar

is
in

g 
fr

om
 t

he
 f

lo
w

 o
f 

ca
sh

 f
ro

m
 t

he
 p

ro
je

ct
. 

In
 f

ac
t, 

th
e 

pr
oj

ec
t 

m
ay

 h
av

e 
m

in
or

 a
dv

er
se

 i
m

pa
ct

s 
re

la
te

d 
to

 h
ea

vy
 t

ra
ff

ic
, 

in
fl

ue
nc

e 
on

 t
he

 c
ul

tu
re

 a
nd

 s
ty

le
 o

f 
li

fe
 o

f 
th

e 
co

m
m

un
it

y 
ar

ou
nd

 t
he

 p
ro

je
ct

 
ar

ea
. 

7.
2 

R
ec

om
m

en
da

ti
on

 
In

 t
er

m
s 

of
 e

nv
ir

on
m

en
ta

l 
as

pe
ct

s,
 g

eo
th

er
m

al
 p

ow
er

 p
ro

je
ct

s 
ar

e 
re

la
ti

ve
ly

 e
co

-f
ri

en
dl

y,
 a

nd
 a

re
 

re
su

lt
s 

of
 c

om
pa

ra
ti

ve
 a

na
ly

si
s 

an
d 

po
ss

ib
il

it
ie

s 
of

 a
cc

es
si

ng
 B

es
t 

A
va

ila
bl

e 
in

-p
ro

ce
ss

 T
ec

hn
ol

og
y,

 
(B

A
T

).
 T

hi
s 

he
lp

s 
to

 f
ix

 p
ot

en
tia

l 
en

vi
ro

nm
en

ta
l 

pr
ob

le
m

s 
an

d 
th

us
 e

nc
ou

ra
ge

s 
th

e 
re

al
iz

at
io

n 
of

 t
he

 
te

st
 w

el
l 

dr
il

lin
g 

pr
oj

ec
t. 

It
 i

s 
al

so
 t

o 
be

 n
ot

ed
 t

ha
t 

th
e 

pr
op

os
ed

 m
it

ig
at

io
n 

m
ea

su
re

s 
an

d 
m

an
ag

em
en

t 
pl

an
s 

se
rv

e 
on

ly
 a

s 
a 

be
nc

h 
m

ar
k 

fo
r 

au
di

ti
ng

. 
It

 i
s 

su
pp

os
ed

 t
o 

be
 d

yn
am

ic
, 

in
te

ra
ct

iv
e 

an
d 

pa
rt

ic
ip

at
or

y 
w

ith
 R

eg
ul

at
or

y 
B

od
ie

s,
 p

ro
je

ct
 o

w
ne

r,
 l

oc
al

 a
dm

in
is

tr
at

or
s 

an
d 

ne
ar

by
 c

om
m

un
iti

es
 

th
ro

ug
h 

its
 in

st
it

ut
io

na
l a

rr
an

ge
m

en
t. 

In
 a

dd
it

io
n 

to
 t

hi
s,

 j
us

ti
fi

ca
ti

on
 o

f 
th

e 
pr

oj
ec

t 
is

 a
de

qu
at

el
y 

de
m

on
st

ra
te

d 
in

 t
er

m
s 

of
: 

pr
oj

ec
t 

ra
tio

na
l;

 
co

ns
is

te
nc

y 
w

it
h 

na
tio

na
l 

po
lic

y;
 a

tt
ra

ct
iv

e 
sc

op
in

g 
re

su
lt

 f
ro

m
 s

ta
ke

ho
ld

er
s’

 f
ee

db
ac

k 
in

 t
he

 p
ro

je
ct
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3 

 si
te

; 
m

an
ag

ea
bl

e 
ne

ga
tiv

e 
im

pa
ct

; 
co

nt
ri

bu
ti

on
 

to
 

th
e 

na
tio

na
l 

de
ve

lo
pm

en
t;

 
ac

ce
ss

 
fo

r 
jo

b 
op

po
rt

un
it

ie
s 

an
d 

be
tte

r 
li

ve
li

ho
od

s,
 a

m
on

g 
ot

he
rs

. T
hu

s,
 a

s 
lo

ng
 a

s 
th

e 
pr

op
os

ed
 m

it
ig

at
io

n 
m

ea
su

re
s 

an
d 

in
st

it
ut

io
na

l 
ar

ra
ng

em
en

ts
 a

re
 i

m
pl

em
en

te
d,

 t
he

 t
es

t 
w

el
l 

dr
il

li
ng

 p
ro

je
ct

 i
s 

fe
as

ib
le

 f
ro

m
 s

oc
io

-
en

vi
ro

nm
en

ta
l p

er
sp

ec
tiv

es
. 

H
ar

d 
an

d 
so

ft
 c

op
ie

s 
of

 a
pp

ro
ve

d 
do

cu
m

en
ts

 o
f 

E
SI

A
 s

tu
dy

 a
lo

ng
 w

ith
 a

gr
ee

d 
up

-o
n 

au
di

tin
g 

pl
an

 
sh

al
l 

be
 s

ub
m

it
te

d 
to

 t
he

 r
es

pe
ct

iv
e 

le
ga

l 
an

d 
ad

m
in

is
tr

at
iv

e 
in

st
it

ut
io

ns
 i

n 
a 

w
ay

 t
ha

t 
en

su
re

s 
ea

sy
 

ac
ce

ss
 f

or
 t

he
ir

 a
ud

iti
ng

 p
ur

po
se

s.
  I

t 
is

 w
it

h 
th

is
 a

pp
ro

ac
h 

th
at

 r
el

ev
an

t 
in

st
it

ut
io

ns
 l

eg
al

ly
 r

es
po

ns
ib

le
 

ca
n 

cr
os

sc
he

ck
 i

ts
 c

om
pl

ia
nc

e 
w

it
h 

ex
is

tin
g 

en
vi

ro
nm

en
ta

l 
la

w
s 

an
d 

na
tio

na
l 

st
an

da
rd

s.
  

A
s 

th
e 

pr
op

os
ed

 g
eo

th
er

m
al

 p
ro

je
ct

 a
nd

 i
ts

 p
re

-r
eq

ui
si

te
 t

es
t 

w
el

l 
dr

ill
in

g 
is

 c
la

ss
if

ie
d 

in
 C

at
eg

or
y 

A
 o

f 
E

P
A

 
gu

id
el

in
e,

 t
he

 s
ta

tu
s 

an
d 

re
sp

on
si

bi
li

ty
 o

f 
th

is
 U

ni
t 

sh
al

l 
be

 h
ig

he
r 

to
 i

nc
or

po
ra

te
 t

he
 f

ol
lo

w
in

g 
ob

je
ct

iv
es

: 


 

re
co

rd
 p

ro
je

ct
 im

pa
ct

s 
du

ri
ng

 c
on

st
ru

ct
io

n 
an

d 
op

er
at

io
n;

 


 
ev

al
ua

te
 th

e 
ef

fe
ct

iv
en

es
s 

of
 th

e 
m

iti
ga

ti
on

 m
ea

su
re

s;
 


 

m
ee

t l
eg

al
 a

nd
 c

om
m

un
it

y 
ob

li
ga

ti
on

s;
 


 

up
da

te
 m

it
ig

at
io

n 
m

ea
su

re
s 

to
 f

ur
th

er
 r

ed
uc

e 
im

pa
ct

s;
 


 

el
ab

or
at

e 
m

it
ig

at
io

n 
m

ea
su

re
s 

to
 d

ea
l w

it
h 

un
fo

re
se

en
 is

su
es

; 


 
de

ve
lo

p 
m

it
ig

at
io

n 
m

ea
su

re
s 

to
 f

ac
e 

ch
an

ge
s 

in
 o

pe
ra

ti
on

s;
 


 

le
t t

he
 in

te
rn

at
io

na
l l

en
de

rs
 v

er
if

y 
th

at
 lo

an
 r

eq
ui

re
m

en
ts

 a
re

 b
ei

ng
 m

et
. 

 Pe
rt

ai
ni

ng
 t

o 
th

e 
so

ci
al

 i
m

pa
ct

 a
ss

es
sm

en
t, 

th
e 

su
cc

es
s 

of
 t

he
 p

ro
je

ct
 w

il
l 

be
 d

et
er

m
in

ed
 b

y 
tw

o 
m

ea
su

re
s 

th
at

 p
ro

je
ct

 o
w

ne
r 

an
d 

th
e 

co
nt

ra
ct

or
 s

ho
ul

d 
co

ns
id

er
. T

he
 f

ir
st

 i
s 

to
 c

lo
se

ly
 w

or
k 

w
ith

 A
fa

r 
R

eg
io

na
l 

go
ve

rn
m

en
t 

an
d 

D
ub

ti
 w

or
ed

a 
ad

m
in

is
tr

at
io

n.
 T

hi
s 

is
 d

ec
is

iv
e,

 b
ec

au
se

 t
he

y 
ar

e 
th

e 
tw

o 
go

ve
rn

m
en

t 
bo

di
es

 
th

at
 

co
ul

d 
re

ac
t 

an
d 

re
sp

on
d 

to
 

th
os

e 
in

di
vi

du
al

s 
w

ho
 

w
ou

ld
 

tr
y 

to
 

cl
ai

m
 

be
lo

ng
in

gn
es

s 
ov

er
 

th
e 

de
se

rt
ed

 
an

d 
un

in
ha

bi
te

d 
si

te
. 

E
xp

er
ie

nc
es

 
fr

om
 

th
e 

re
gi

on
 

sh
ow

 
th

at
 

in
di

vi
du

al
s 

w
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Appendix-7  掘削計画 

A7.1   掘削計画坑跡 

以下の表に AY-1 および AY-2 の坑跡計算結果を示す。 

表 A7.1.1  AY-1 (A 基地)計画坑跡計算結果 

No 掘進長 傾斜 方位 
垂直深

度 
南北

偏距 
東西偏

距 
坑底方位 偏距 DLS 

 m dd.mm dd.mm m m m dd.mm m dg/30m 
1 0.00  0.00  N E 82.00  0.00 0.00 0.00 N E 82.00  0.00 0.00 
2 100.00  0.00  N E 82.00  100.00 0.00 0.00 N E 82.00  0.00 0.00 
3 200.00  0.00  N E 82.00  200.00 0.00 0.00 N E 82.00  0.00 0.00 
4 300.00  0.00  N E 82.00  300.00 0.00 0.00 N E 82.00  0.00 0.00 
5 400.00  0.00  N E 82.00  400.00 0.00 0.00 N E 82.00  0.00 0.00 
6 450.00  0.00  N E 82.00  450.00 0.00 0.00 N E 82.00  0.00 0.00 
7 480.00  0.30  N E 82.00  480.00 0.02 0.13 N E 82.00  0.13 0.50 
8 510.00  1.30  N E 82.00  509.99 0.09 0.65 N E 82.00  0.65 1.00 
9 540.00  3.00  N E 82.00  539.97 0.25 1.81 N E 82.00  1.83 1.50 
10 570.00  5.00  N E 82.00  569.90 0.55 3.89 N E 82.00  3.92 2.00 
11 600.00  8.00  N E 82.00  599.70 1.02 7.25 N E 82.00  7.32 3.00 
12 630.00  9.30  N E 82.00  629.35 2.45 17.44 N E 82.00  11.88 1.50 
13 660.00  12.30  N E 82.00  658.80 3.46 24.62 N E 82.00  17.61 3.00 
14 690.00  15.30  N E 82.00  687.90 4.68 33.31 N E 82.00  24.86 3.00 
15 720.00  18.30  N E 82.00  716.59 6.11 43.47 N E 82.00  33.63 3.00 
16 750.00  21.30  N E 82.00  744.77 7.74 55.07 N E 82.00  43.89 3.00 
17 780.00  24.30  N E 82.00  772.39 9.57 68.10 N E 82.00  55.61 3.00 
18 810.00  27.30  N E 82.00  799.35 11.59 82.50 N E 82.00  68.76 3.00 
19 840.00  30.30  N E 82.00  825.58 13.81 98.24 N E 82.00  83.31 3.00 
20 870.00  33.30  N E 82.00  851.02 16.20 115.28 N E 82.00  99.20 3.00 
21 900.00  36.30  N E 82.00  875.59 24.53 174.53 N E 82.00  116.41 3.00 
22 1000.00  37.00  N E 82.00  955.72 32.90 234.12 N E 82.00  176.24 0.15 
23 1100.00  37.00  N E 82.00  1035.58 41.28 293.72 N E 82.00  236.42 0.00 
24 1200.00  37.00  N E 82.00  1115.45 49.65 353.31 N E 82.00  296.60 0.00 
25 1300.00  37.00  N E 82.00  1195.31 58.03 412.91 N E 82.00  356.78 0.00 
26 1400.00  37.00  N E 82.00  1275.17 66.41 472.50 N E 82.00  416.97 0.00 
27 1500.00  37.00  N E 82.00  1355.04 74.78 532.10 N E 82.00  477.15 0.00 
28 1600.00  37.00  N E 82.00  1434.90 83.16 591.70 N E 82.00  537.33 0.00 
29 1700.00  37.00  N E 82.00  1514.76 91.53 651.29 N E 82.00  597.51 0.00 
30 1800.00  37.00  N E 82.00  1594.63 99.91 710.89 N E 82.00  657.69 0.00 
31 1900.00  37.00  N E 82.00  1674.49 108.28 770.48 N E 82.00  717.87 0.00 
32 2000.00  37.00  N E 82.00  1754.35 0.00 0.00 N E 82.00  778.06 0.00 

※磁北基準にて検討 
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表 A7.1.2  AY-2 (B 基地)計画坑跡計算結果 

No 掘進長 傾斜 方位 
垂直深

度 
南北

偏距 
東西偏

距 
坑底方位 偏距 DLS 

 m dd.mm dd.mm m m m dd.mm m dg/30m 
1 0.00  0.00  N E 84.00  0.00 0.00 0.00 N E 84.00  0.00 0.00 
2 100.00  0.00  N E 84.00  100.00 0.00 0.00 N E 84.00  0.00 0.00 
3 200.00  0.00  N E 84.00  200.00 0.00 0.00 N E 84.00  0.00 0.00 
4 300.00  0.00  N E 84.00  300.00 0.00 0.00 N E 84.00  0.00 0.00 
5 400.00  0.00  N E 84.00  400.00 0.00 0.00 N E 84.00  0.00 0.00 
6 450.00  0.00  N E 84.00  450.00 0.00 0.00 N E 84.00  0.00 0.00 
7 480.00  0.30  N E 84.00  480.00 0.01 0.13 N E 84.00  0.13 0.50 
8 510.00  1.30  N E 84.00  509.99 0.07 0.65 N E 84.00  0.65 1.00 
9 540.00  3.00  N E 84.00  539.97 0.19 1.82 N E 84.00  1.83 1.50 
10 570.00  5.00  N E 84.00  569.90 0.41 3.90 N E 84.00  3.92 2.00 
11 600.00  8.00  N E 84.00  599.70 0.77 7.28 N E 84.00  7.32 3.00 
12 630.00  9.30  N E 84.00  629.35 1.24 11.82 N E 84.00  11.88 1.50 
13 660.00  12.30  N E 84.00  658.80 1.84 17.51 N E 84.00  17.61 3.00 
14 690.00  15.30  N E 84.00  687.90 2.60 24.73 N E 84.00  24.86 3.00 
15 720.00  18.30  N E 84.00  716.59 3.52 33.45 N E 84.00  33.63 3.00 
16 750.00  21.30  N E 84.00  744.77 4.59 43.65 N E 84.00  43.89 3.00 
17 780.00  24.30  N E 84.00  772.39 5.81 55.31 N E 84.00  55.61 3.00 
18 810.00  27.30  N E 84.00  799.35 7.19 68.39 N E 84.00  68.76 3.00 
19 840.00  30.30  N E 84.00  825.58 8.71 82.85 N E 84.00  83.31 3.00 
20 870.00  33.30  N E 84.00  851.02 10.37 98.66 N E 84.00  99.20 3.00 
21 900.00  36.30  N E 84.00  875.59 12.17 115.77 N E 84.00  116.41 3.00 
22 1000.00  37.00  N E 84.00  955.72 18.42 175.27 N E 84.00  176.24 0.15 
23 1100.00  37.00  N E 84.00  1035.58 24.71 235.13 N E 84.00  236.42 0.00 
24 1200.00  37.00  N E 84.00  1115.45 31.00 294.98 N E 84.00  296.60 0.00 
25 1300.00  37.00  N E 84.00  1195.31 37.29 354.83 N E 84.00  356.78 0.00 
26 1400.00  37.00  N E 84.00  1275.17 43.58 414.68 N E 84.00  416.97 0.00 
27 1500.00  37.00  N E 84.00  1355.04 49.88 474.53 N E 84.00  477.15 0.00 
28 1600.00  37.00  N E 84.00  1434.90 56.17 534.39 N E 84.00  537.33 0.00 
29 1700.00  37.00  N E 84.00  1514.76 62.46 594.24 N E 84.00  597.51 0.00 
30 1800.00  37.00  N E 84.00  1594.63 68.75 654.09 N E 84.00  657.69 0.00 
31 1900.00  37.00  N E 84.00  1674.49 75.04 713.94 N E 84.00  717.87 0.00 
32 2000.00  37.00  N E 84.00  1754.35 81.33 773.79 N E 84.00  778.06 0.00 

※磁北基準にて検討 
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表 A7.1.2  AY-3 (C 基地)計画坑跡計算結果 

No 掘進長 傾斜 方位 
垂直深

度 
南北偏

距 
東西偏

距 
坑底方位 偏距 DLS 

 m dd.mm dd.mm m m m dd.mm m dg/30m 
1 0 0 N E 49.00  0 0.00 0.00 N E 49.00  0.00 0.00 
2 100 0 N E 49.00  100.00 0.00 0.00 N E 49.00  0.00 0.00 
3 200 0 N E 49.00  200.00 0.00 0.00 N E 49.00  0.00 0.00 
4 300 0 N E 49.00  300.00 0.00 0.00 N E 49.00  0.00 0.00 
5 400 0 N E 49.00  400.00 0.00 0.00 N E 49.00  0.00 0.00 
6 500 0 N E 49.00  500.00 0.00 0.00 N E 49.00  0.00 0.00 
7 530 0.3 N E 49.00  530.00 0.09 0.10 N E 49.00  0.13 0.50 
8 560 1.3 N E 49.00  559.99 0.43 0.49 N E 49.00  0.65 1.00 
9 590 3 N E 49.00  589.97 1.20 1.38 N E 49.00  1.83 1.50 
10 600 3.4 N E 49.00  599.95 1.58 1.82 N E 49.00  2.41 2.00 
11 630 5 N E 49.00  629.87 3.07 3.53 N E 49.00  4.68 1.33 
12 660 8 N E 49.00  659.67 5.30 6.10 N E 49.00  8.08 3.00 
13 690 11 N E 49.00  689.26 8.55 9.83 N E 49.00  13.03 3.00 
14 720 14 N E 49.00  718.54 12.81 14.73 N E 49.00  19.52 3.00 
15 750 17 N E 49.00  747.45 18.07 20.78 N E 49.00  27.54 3.00 
16 780 20 N E 49.00  775.89 24.31 27.96 N E 49.00  37.05 3.00 
17 810 23 N E 49.00  803.80 31.52 36.26 N E 49.00  48.05 3.00 
18 840 26 N E 49.00  831.10 39.68 45.65 N E 49.00  60.49 3.00 
19 870 29 N E 49.00  857.71 48.77 56.10 N E 49.00  74.34 3.00 
20 900 32 N E 49.00  883.55 58.76 67.59 N E 49.00  89.56 3.00 
21 930 33.3 N E 49.00  908.78 69.41 79.84 N E 49.00  105.79 1.50 
22 1000 33.3 N E 49.00  967.15 94.75 109.00 N E 49.00  144.43 0.00 
23 1100 33.3 N E 49.00  1050.54 130.96 150.66 N E 49.00  199.62 0.00 
24 1200 33.3 N E 49.00  1133.93 167.17 192.31 N E 49.00  254.81 0.00 
25 1300 33.3 N E 49.00  1217.32 203.38 233.97 N E 49.00  310.01 0.00 
26 1400 33.3 N E 49.00  1300.71 239.59 275.62 N E 49.00  365.20 0.00 
27 1500 33.3 N E 49.00  1384.10 275.80 317.28 N E 49.00  420.39 0.00 
28 1600 33.3 N E 49.00  1467.49 312.01 358.93 N E 49.00  475.59 0.00 
29 1700 33.3 N E 49.00  1550.87 348.22 400.59 N E 49.00  530.78 0.00 
30 1800 33.3 N E 49.00  1634.26 384.43 442.24 N E 49.00  585.98 0.00 
31 1900 33.3 N E 49.00  1717.65 420.65 483.90 N E 49.00  641.17 0.00 
32 2000 33.3 N E 49.00  1801.04 456.86 525.55 N E 49.00  696.36 0.00 

※磁北基準にて検討 
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出典: 調査団 

図 A7.1.1  AY-1 (A 基地)磁北基準坑跡平面図  
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出典: 調査団 

図 A7.1.2  AY-1 (A 基地)磁北基準坑跡断面図  
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出典: 調査団 

図 A7.1.3  AY-2 (B 基地)磁北基準坑跡平面図  
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出典: 調査団 

図 A7.1.4  AY-2 (B 基地)磁北基準坑跡断面図 
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出典: 調査団 

図 A7.1.5  AY-3 (C 基地) 磁北基準坑跡平面図  
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出典: 調査団 

図 A7.1.6  AY-3 (C 基地)磁北基準坑跡断面図 
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A7.2   想定地質柱状図 

以下の図に、既存坑井 TD-3 を基にした想定地質柱状図を示す。 

 
出典: 調査団 

図 A7.2.1  想定地質柱状図 
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A7.3   坑口装置 

以下の表に AY シリーズの坑井に取り付ける坑口装置の計画を示す。 

 

出典: 調査団 

図 A7.3.1  坑口装置図
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