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' B >?# k / k �� m �� � ��� �� p �� s �� �� �� �� , �� � ��s �� n C� � � � ��� ; , H �� @ K�!� � n , W�� n

� � �� n ��� n , 9 � �n K� � �, < �� � G �� � n , = � �! �� �� s 9 �� n J� )

' L > N u 3 P $ >k>? O $ / Q " ? 0 % � �� �� �� � � 6 �! � s �� �� ��� � U 9 � �n = � �� � �s V ��� n < � m � �
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X ��n �� ��@ � ��� n �� � �� � �� � � � � �� � � � ��! �� �s , � � � � � �� �� �s � � 6 � (�� � 8 ) 7 � � Y) 8

m �� �� � � (� p � � p �� � n � � �� �� p ��) V � �� � 6 �� � � � �� �� � �� � �� mm �� � �@ , � � mm �� ��� � s � ��� � ��) �� �� �

� � � �� m � ! ��s �� � � �� Z � m � �@ � � �� �) �� � � � � � � �� � � �� � ��n � [\ !� ��� !� @ �, �� � ��s �� n 9 � �n < �� ��� � �,

G� � = �� � � C�� � �, < � �� < � �( ��� � �, H �� V � ; ��� � �, = ��! �� 9 �� � ] � m ���� �, ^ �s = � �� K�� � � � n ��� � �,

< � m � �� n �� �� �, �� �) W ��� _[̀ ; �@ � �� � �� � p � �� �� � �� �� � �� p �� �� m �� �� � � m �� ��, �� �� � � G� � = �� � �
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* f + lq % w % O/3 . G ��� ��s �� � ��� � x � m � �� �@ [[_ � � �� � 6 � ��� ��� �� �� �� � �� �� � 6

< � �� �n � � ��s� � ] �� s) �� � ���� ��� s ��n �� �� � � ��� ��) J �� � (@ � � �� � �� �� � � �� � ��s � < � � C� �� ��� < c ��� �

V � ��, X� p ��� m �� � Zy � � �� �� ��� z< � m � � = �� ; � � H �n � !� @ { � ��� � �� � �s H �n � !� @ �� 6 � � m � � ��� �� � � | ,

] ���s �� ��� � �� �� � z } ] V �� �� �� , = � � m � �� �� � � } � ���n � z ~s � m �� ; | , �� �) | , n � � ��� � � �� z 9 C = | �� s �� �

� �� �� � � p � �� �� �� < � I � m � � m ��� z Y 88 m �� �� � � !� @ | )

* • + P >$k >? € 5 " € % • u " ‚€ "?# ƒ ) = � � ; �� s ] �s � (� ��s �� n � �� �� � �s �� �� � y � ��� � �� „y x �� � 6

9 �� � ��� p � �� � � �n � !� @ � �s 9 � � n J� „ � �� � ]�� s (@ � ���n � �� �� m �� � �� �� n … Y, †78 � c ��� � m �� �� �

z Y \ ) \ � � �� | ) �� � ���� ��� s �� n � � �� � � � � ��� �� � ! ��� �� �� ��� ��, � �� � ��� � � 6 ��� s m � � ; � � � ! ��� � �

J � p �� �� 9 � �n � � H � �� �, V � ��� H � � ��, y m ��� � � �! �� , = �� �� �� ; ���� 9 �� �s �� n , C�� ��� � 9 � �n � �

{ ��� � � m �� � < � �� �, 9 �n C, 9 � �n � � C� m � ��x, < � �� �� � C��s � m �� �� m , = � � m � �� �� � � � ��� � � ��n @ , �� �

J� � ��� 9 �� �s �� n , < � m � � = � � ; �� { �� �� �� � ]� p �� �� ^ 66 �� �, = � � m � �� �� � � } � ��� n �) �� � �� � �� m � ���

� �� �� � � p � �� �� � � � � < � I � m � � m � ��, � � � � „ J� ; � � � �� H � �� ��� �, � �s I � � �� � � � �� �� � C� mm �� � �@ < �� �� �)

& . 1. f  L/ " ‚ 5 % ƒ/ u $ 0 %

1 +  ‡ % 3 q / € / ‚ / # ˆ

z[|
 C� ���� � � � s �� � �@ ‰ � s� ��
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�� � ��� � � ��, � ��� n �� � �� �� ��� � � � � � � �s � s�� �� �� n � � �� � �� �� � � � �� � �@ ��, �� �� �� � � �� �� s �� �� (��� �@ Z

�� � �� � �� � � 6 � �� � � �s �� � (�� m � � 6 � �� � �� � �� �� �� s �� �� ��� �� �� n , �� �) 9 @ � ����� � ��� � 6 �� �

s � � � m �� � � Z � ���� � �, ���� � � �� � ��� p �@ � ���� � �� �� � � �� �� (� ���@ � 6 �� �� , G� �s { � p � ��� m �� �

{ ��� � � m �� � z_ 7[\| )

z_| C� ��� �� �� s � � p � �! �� 6 �� m � � ��� � ��� � �s �� � ��� �� � �� �� �� � � < � � � < �� � �� m � � ��� ��

[ U 78 , 888 � �s �� �� s ���� ��� � �� � � 6 G� �s { � p ��� � m �� � { ��� � � m �� �

z Y | Š ����� m �� � � 6 � � �� � ��� �� � �� � m �� �� � 6 � � m �� � s � p ��� � m �� � � 6 �� � �� ��� ��)

< �nn �� ��s �� � �� � p �� �� �� �� s m �� �n� � ��� m �� � �� �� � �s � ��� � �� �� � �s m �� � �� � ��n �� �n �� m �� �� �

�� ��� ��)
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✢✣✚✤✧♥✖s ✑✖✔✑★ ✩✚✤✙✣✑✧♥✖s ✑✤✘ ✪✑♠♥✙ ✪✚✤✦✫✖✑♠ ♣✖✚✓s✤✗✔✜

✢✣✔ ✒✚s❧ ✒✔✖s✔✒ ♠✑♣ ✘✑✙✑ ❢✖✚♠ ✙✣✔ ▲✑✤✘ ✬✔✓✔❧✚♣♠✔✤✙✒ ✬✔♣✑✖✙♠✔✤✙ ✭✮✯✯✰✱ ❢✚♥✤✘

✳✴✵✳ ✳✴✶ ✷✸✻✼✶✽✳✾❀ ✸✻❁✳✶ ✽❁✳❀ ✳✴✸✻❁❂✴ ❃ ❀✻❄❅ ❀✶✸❄✶❀❇ ❄❈✽❅❁❋❄❈❂ ●✵❈❂❍✻❍ ❀✶✸❄✶❀❇ ●✵❈❂ ■✴✶❈ ❀✶✸❄✶❀❇

✢✣✚✤✧♥✖s ✒✔✖s✔✒★ ❏✣✑✗✣✚✔✤✦✒✑✚ ✒✔✖s✔✒ ✑✤✘ ✪✑♠♥✙ ✪✚✤✦✫✣✖✑♠ ✒✔✖s✔✒✜ ✪✚s❧ ✒✔✖s✔✒ ♠✑♣ ✑❧✚✤✦ ♣✖✚❑✔✗✙

✖✚♥✙✔ ✑✒ ✒✣✚✇✤ s✤ ◆❖P✉◗❯ ❱❲❳❲❨ ❩ ❬✜ ❭✑✗✣ ✒✚s❧ ✒✔✖s✔✒ ✑✖✔ ✘✔✙✑s❧s✤✦ ✙✣✔ ♣✖✚♣✔✖✙s✔✒ ✚❢ ✙✣✔ ✒✚s❧✜

❪❫❴P❦❵❦ ❜❯◗❖❯❝❥ q✫✜ ①✚♥✤✘ ✚✤ ✙✣✔ ♣❧✑s✤✒★ ✑✇✑✕ ❢✖✚♠ ✗✚✑✒✙✑❧ ✑✤✘ ✤✚✙ ❢❧✚✚✘✜ ✢✣✔

✑✖✔✑ s✒ ✑❧♠✚✒✙ ❢❧✑✙★ ✘✔✔♣ ✒✚s❧★ ♣✚✚✖ ✘✖✑s✤✑✦✔✜ ✢✣✔ ✇✑✙✔✖ ✣✚❧✘s✤✦ ✗✑♣✑✗s✙✕ s✒ ✣s✦✣✜ ✢✣✔ ✒✚s❧ s✤ ✑❧❧

❧✑✕✔✖✒ ✣✑✒ ❧✚✇ ♣✔✖♠✔✑✧s❧s✙✕✜ ✢✚♣✒✚s❧ ❧✑✕✔✖ ✚❢ ✑✧✚♥✙ ②③ ④ ⑤⑥ ✗♠✜ ✘✔♣✙✣✜ ✪✚s❧ ✙✔✛✙♥✖✔ s✒ ✗❧✑✕ ✚✖ ✒s❧✙✕

✗❧✑✕✜ ✪✚s❧ ✧✑✗✫✦✖✚♥✤✘ ✗✚❧✚✖ s✒ ✦✖✑✕ ✙✚ ✦✖✑✕④✚❧s✓✔ ✇s✙✣ ✑ ♣✑✙✗✣ ✚❢ ✖♥✒✒✔✙ ✚✖ ❧s✦✣✙ ✧✖✚✇✤④✚❧s✓✔✒✜ ✪✚s❧

✖✔✑✗✙s✚✤ s✒ ✤✔♥✙✖✑❧ ✙✚ ♠s❧✘❧✕ ✑❧✫✑❧s✤✔✜ ♣⑦ ✚❢ ✑✧✚♥✙ ⑧✜⑥ ✙✚ ⑧✜③✜ ⑨✤ ✙✣s✒ ✒✚s❧ ✙✕♣✔ ❢✚♥✤✘ ✧❧✑✗✫ ✗❧♥♠♣s✤✦

✚❢ ⑩✑✤✦✑✤✔✒✔ ✑✤✘ ⑨✖✚✤ ✇✣s✗✣ ✒✚❢✙ ✙✚ ♠✚✘✔✖✑✙✔❧✕ ✖s✦s✘ ♠s✛s✤✦ ✒✗✑✙✙✔✖✒ s✤ ✙✣✔ ✘✔♣✙✣✒ ✧✔❧✚✇ ❶②③④❶③⑥

✗♠✜ ✢✣✔ ✒✚s❧ s✒ ❧s❷♥s✘s✙✕ ✒✚❢✙ ✇s✙✣ ✦✖✑✕④✘✑✖✫ ✦✖✔✔✤ ✗✚❧✚✖✜ ❏✖✚✒✒ ✒✔✗✙s✚✤ ✚❢ ✒✚s❧ ✒✔✖s✔✒ ✑❧✚✤✦ ♣✖✚❑✔✗✙

✖✚♥✙✔ ✑✒ ✒✣✚✇✤ s✤ ◆❖P✉◗❯ ❸❹❬❹❺ ❩ ❬❹

q✫ s✒ ♠✚✘✔✖✑✙✔❧✕ ✣s✦✣ ✙✚ ✣s✦✣ ❢✔✖✙s❧s✙✕★ ✇✣s✗✣ s✒ ✑ ✙✚♣ ✚✤✔ ❢✚✖ ✖s✗✔ ❢s✔❧✘✜ ⑨❢ ✙✣✔✖✔ s✒

✔✤✚♥✦✣ ✇✑✙✔✖ ✙✣✔ ✒✔✗✚✤✘ ✗✖✚♣ ✖s✗✔ ✚✖ ✘✖✕ ✗✖✚♣✒ ✑✒ ✧✔✑✤✒★ ✗✚✖✤★ ✇✑✙✔✖♠✔❧✚✤✒ ✗✑✤ ✧✔ ♣❧✑✤✙✔✘ s✤

✙✣✔ ✘✖✕ ✒✔✑✒✚✤✜ ①✚✖ ✘✖✕ ✗✖✚♣✒ ✇s❧❧ ✣✑✓✔ ✑ ♣✖✚✧❧✔♠ ✇s✙✣ ✘✖✑s✤✑✦✔✜ q✔✗✑♥✒✔ ✙✣✔ ✗❧✑✕ s✒ ♣✚✚✖ ✘✖✑s✤✑✦✔

✑✤✘ ✣s✦✣ ✦✖✚♥✤✘✇✑✙✔✖ ❧✔✓✔❧✒ ✇✣s✗✣ ✑✖✔ ✣✑✖♠❢♥❧ ✙✚ ♣❧✑✤✙ ✖✚✚✙✒✜ ✢✖✑✤✒♣❧✑✤✙✔✘ ✖s✗✔ ✗♥❧✙s✓✑✙s✚✤ ✕s✔❧✘ s✤

q✫ s✒ ❻⑥⑥ ✫✦ ♣✔✖ ✖✑s s❢ ♥✒✔ ❢✔✖✙s❧s❼✔✖ ✙✣✔ ✕s✔❧✘ s✒ ✦✖✔✑✙✔✖✜ ✢✣s✒ ✒✚s❧ ✒✔✖s✔✒ ✒✚♠✔✙s♠✔✒ ✑✖✔ s✤ ✙✣✔

✖✔❧✑✙s✓✔❧✕ ✣s✦✣ ✑✖✔✑★ ✚❢✙✔✤ ❧✑✗✫ ✇✑✙✔✖✜

❪❫❴P ❽❾❯❴ ❝❯◗❖❯❝❿ ❪❴✜ ①✚♥✤✘ ✚✤ ✙✣✔ ♣❧✑s✤✒★ ✑✇✑✕ ❢✖✚♠ ✙✣✔ ✗✚✑✒✙ ✑✤✘ ✖s✓✔✖✒✜

①❧✚✚✘✔✘ ✚✤❧✕ s✤ ✖✑s✤✕ ✒✔✑✒✚✤✜ ✢✣✔ ✑✖✔✑ s✒ ❢❧✑✙★ ✘✔✔♣ ✒✚s❧★ ♣✚✚✖ ✘✖✑s✤✑✦✔✜ ➀✑✙✔✖ ✣✚❧✘s✤✦ ✗✑♣✑✗s✙✕ s✒

✣s✦✣✜ ✢✣✔ ✒✚s❧ s✤ ✑❧❧ ❧✑✕✔✖✒ ✣✑✒ ❧✚✇ ♣✔✖♠✔✑✧s❧s✙✕✜ ✪✚s❧ ✘✔♣✙✣ ✚❢ ✑✧✚♥✙ ⑤⑥ ✗♠✜ ✇s✙✣ ✗❧✑✕ ✙✔✛✙♥✖✔✜ ✪✚s❧

✧✑✗✫✦✖✚♥✤✘ ✗✚❧✚✖ s✒ ✓✔✖✕ ✘✑✖✫ ✦✖✑✕ ✙✚ ✧❧✑✗✫ ✇s✙✣ ✑ ♣✑✙✗✣ ✚❢ ✘✑✖✫ ✧✖✚✇✤ ✚✖ ✖✔✘④✕✔❧❧✚✇✜ ✪✚s❧ ✖✔✑✗✙s✚✤

s✒ ✒❧s✦✣✙ ✙✚ ♠✔✘s♥♠ ✑✗s✘★ ♣⑦ ✚❢ ✑✧✚♥✙ ➁✜⑥ ✙✚ ➁✜③✜ ➂✤ ✙✚♣ ✚❢ ✙✣s✒ ❧✑✕✔✖ s✒ ❢✚♥✤✘ ✗✖✕✒✙✑❧✒ ✚❢ ✦✕♣✒♥♠✜

✢✣✔ ✕✔❧❧✚✇ ♣✑✙✗✣ ✚❢ ✒♥❧❢♥✖ ✗✚♠♣✚♥✤✘✒ ✭❏✑✙ ❏❧✑✕➃ ✇✑✒ ✤✚✙ s✘✔✤✙s❢s✔✘★ ♠✑✕ ✧✔ ❢✚♥✤✘ ✑✙ ✑ ✘✔♣✙✣ ✚❢

❧✔✒✒ ✙✣✑✤ ❶⑥⑥ ✗♠✜ ❏✖✚✒✒ ✒✔✗✙s✚✤ ✚❢ ✒✚s❧ ✒✔✖s✔✒ ✑❧✚✤✦ ♣✖✚❑✔✗✙ ✖✚♥✙✔ ✑✒ ✒✣✚✇✤ s✤ ◆❖P✉◗❯ ❸❹❬❹❺ ❩ ❬✜

q✤ s✒ ♠✚✘✔✖✑✙✔❧✕ ✣s✦✣ ❢✔✖✙s❧s✙✕★ ✇✣s✗✣ s✒ ✑ ✦✚✚✘ ✒✚s❧ ✒♥s✢✑✧❧✔ ❢✚✖ ✖s✗✔ ❢s✔❧✘✜ ❏♥❧✙s✓✑✙✔★

s✤ ✙✣✔ ✑✖✔✑✒ ✙✣✑✙ ✗❧✚✒✔ ✙✚ ✙✣✔ ✗✑✤✑❧✒★ ✗✑✤ ♣❧✑✤✙ ✙✣✔ ✒✔✗✚✤✘ ✗✖✚♣ ✖s✗✔✜ ✢✣s✒ ✒✚s❧ s✒ ✤✚✙ ✑♣♣✖✚♣✖s✑✙✔ ❢✚✖

✘✖✕ ✗✖✚♣✒ ✘♥✔ ✙✚ ✚❢✙✔✤ ❢❧✚✚✘✔✘ ✑✤✘ ♣✚✚✖ ✘✖✑s✤✑✦✔✜ q✔✒s✘✔✒★ ✔❧✔✓✑✙✔✘ ✘s✙✗✣s✤✦ ✗✑✤ ✧✔ ♣❧✑✤✙

✓✔✦✔✢✑✧❧✔ ✑✤✘ ✗✖✚♣✒✜

➄❾❵❴ ❪✉◗❖ ❝❯◗❖❯❝❿ ➄➅❹ ❏✚♠♠✚✤❧✕ ❢✚♥✤✘ s✤ ✙✣✔ ✖s✓✔✖ ♣❧✑s✤✒✜ ✢✣✔ ✑✖✔✑ s✒ ❢❧✑✙★ ✘✔✔♣

✒✚s❧★ ♣✚✚✖ ✘✖✑s✤✑✦✔✜ ➀✑✙✔✖ ✣✚❧✘s✤✦ ✗✑♣✑✗s✙✕ s✒ ✣s✦✣➆ ♣✔✖♠✔✑✧s❧s✙✕ s✒ ❧✚✇✜ ✢✚♣✒✚s❧ ✘✔♣✙✣ ❻⑥④⑧⑥ ✗♠✜

✪✚s❧ ✙✔✛✙♥✖✔ s✒ ✗❧✑✕ ✚✖ ✒s❧✙✕ ✗❧✑✕✜ ✪✚s❧ ✧✑✗✫✦✖✚♥✤✘ ✗✚❧✚✖ s✒ ✧✖✚✇✤ ✇s✙✣ ✑ ✦✖✑✕ ♣✑✙✗✣✜ ✪✚s❧ ✖✔✑✗✙s✚✤ s✒

✒❧s✦✣✙❧✕ ✙✚ ✒✙✖✚✤✦❧✕ ✑✗s✘ ✇s✙✣ ♣⑦ ✚❢ ✑✧✚♥✙ ③✜③ ✙✚ ➁✜③✜ ✢✣✔ ✒♥✧✒✚s❧ s✒ ✗❧✑✕ ✚✖ ✒s❧✙✕ ✗❧✑✕ ✇s✙✣ ✙✣✔

✧✑✗✫✦✖✚♥✤✘ ✗✚❧✚✖ s✒ ✦✖✑✕ ✙✚ ✦✖✑✕④✚❧s✓✔✜ ➇ ♣✑✙✗✣ ✚❢ ✧✖✚✇✤④✕✔❧❧✚✇ ✑✤✘ ❧s✦✣✙ ✧✖✚✇✤④✚❧s✓✔✜ ✪✚s❧ ✖✔✑✗✙s✚✤

s✒ ♠✚✘✔✖✑✙✔ ✙✚ ✒✙✖✚✤✦❧✕ ✑❧✫✑❧s✤✔✜ ♣⑦ ✚❢ ✑✧✚♥✙ ➈✜⑥ ✙✚ ➈✜③✜ ⑨✤ ✙✣s✒ ✒✚s❧ ✙✕♣✔ ❢✚♥✤✘ ✒✚❢✙ ✗❧♥♠♣s✤✦ ✚❢

⑩✑✤✦✑✤✔✒✔✜ ❏✖✚✒✒ ✒✔✗✙s✚✤ ✚❢ ✒✚s❧ ✒✔✖s✔✒ ✑❧✚✤✦ ♣✖✚❑✔✗✙ ✖✚♥✙✔ ✑✒ ✒✣✚✇✤ s✤ ◆❖P✉◗❯ ❸❹❬❹❺ ❩ ❬✜

✢✧ s✒ ♠✚✘✔✖✑✙✔❧✕ ❢✔✖✙s❧s✙✕ ✧♥✙ ♠✚✒✙ ✒♥s✢✑✧❧✔ ❢✚✖ ✚✖✗✣✑✖✘✒ ✑✤✘ ✓✔✦✔✢✑✧❧✔ ✦✑✖✘✔✤✒✜ ⑨✤

✒✚♠✔ ✑✖✔✑✒ ✘✚ ✘✖✕ ✗✖✚♣✒ ✑✤✘ ✦✖✚✇s✤✦ ✖s✗✔ ✧✔✙✇✔✔✤ ✘s✙✗✣✜ ✢✣✔ ♣✖✚✧❧✔♠ ✚❢ ✙✣s✒ ✒✚s❧ ✒✔✖s✔✒ s✒ s✤ ✙✣✔
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• • ƒU Œ W •Z Z\ Z O[ Ò _ ẀP w x kq ykz QUp~ ~jU Ukz~j •€k• U k~ † { yU j n | j V€nps nq |

nq Žkq | •{•



The Re �o �� o �  ha �ge � � � � �o r e�� De� a�i � � � � he E�A Re �o �� � o �

� he t a� g	 o 	 M a�� T� a ���� 
ei i o � �� �e �� or e�� : �a� �h �ao - Sa
 �o �g Se �� �o �  h a�� e � 4 E�� �� � �g E �v� �o �
e �� ai  o � d� � �o �  

AEC/HC/D2A/WE/ENRICH/PSG � �1�

��b � � � � � �3 � � I� �� � � �� !� " �� �#$ % �&� '� ��() �( !) � f �# �(� �� * +,. /0 2*5

6789

;<m 9 =L> ? 7 l 8 <m 9 @B

C7F G < 8 HJ 9 B KG 89G N < 8 O

P9G89 Q B U 9F <> G VW9G 8 Q9 ?> QJ

X YZ[\ ]̂̂ _ ] _` cj kn \p qsu qsw x wy z{w| z} ~ •w su € • sw

‚ { ƒ „ wu |Z

YZ…z z•Z Zs{z•†‡sˆZ sz qsu qsw su‰ x ƒ w qsˆZz

xwyz{w|zy} ~•wsu€ •sw ‚ { ƒ„ wu|Z
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The Re �o �� o �  ha �ge � � � � �o r e�� De� a�i � � � � he E�A Re �o �� � o �

� he t a� g	 o 	 M a�� T� a ���� 
ei i o � �� �e �� or e�� : �a� �h �ao - Sa
 �o �g Se �� �o �  h a�� e � 4 E�� �� � �g E �v� �o �
e �� ai  o � d� � �o �  

AEC/HC/D2A/WE/ENRICH/PSG � �1�

��b � � � � � �3 � � I� �� � � �! "� # �� �$% & �'� (� ��)* �) "* � f �$ �)� �! + ,./ 02 5+6

789;

<=m ; >L? @ 8 l 9 =m ; BC

F8G H = 9 JK ; C NH 9;H O = 9 P

Q;H9; U C V ;G =? H WX;H 9 U; @? UK

YZ [\ ]^ YZ_Z Z Y` cjk n̂p [q \s u\ ] wxyz z{ x x\ ]z{ |}\ ~x \ z •{ €\s • ‚\€ ƒ ]„…€s † x

n ‡ˆ ]^ ‰ pŠp ‹̀Œ‰k • n̂ Ž€\s • •{ \€ •€ • z]€† z‘ •{ €\s •

‚ \€ ƒ] „…€s † x ƒ ]„…€s †x

wxyz z{ x x\ ]z{ |}\ ~x \ z [} x\s • • € • z]€† z‘

•{ €\s • ‚ \€ ƒ] „…€ s† x ƒ ]„…€s † x

’ ‡ˆ ]^ ‰ pŠp p n` Šnk ’̂ ‹ “ „ ]z{ x]s ”} u\z ]\ • • y\s – wxyz z{ x x\ ]z{ |}\ ~x \ z { € •{ —} € y–€s • • €s

˜ \s •~„ ~

™ [\q ‰ pŠ p Š ™ ` n ™ k ’̂• “„ ]z{ x]s ”} u\z ]\ •• y\s – wxyz z{ x x\ ]z{ |}\ ~x \ z { € •{ —} €y– €s • €s

˜ \s •~„ ~‘ ƒ{ } ~xz‘ ƒ\s • “•\‘ ”} ]\ z š{ \s € \s –

” „s • ~{ y\ ƒ] „…€ s† x•

‹ › } y^ ‰ pŠp ‰ ‰̀‰• kŒ ^ n [q \s u\ ] wxyz z{x x\]z{|}\~x \z [\x ”\ €‘ [\ x •{ \s ‘

•{ €\s • ” \xs \s– [\x w\ œ} \s • •€ • z ]€† z •‘

•{ €\s • ‚ \€ ƒ] „…€ s† x

Œ wx— ^ ‰ pŠŠ ‰ p̂nŒ k ‹̂ •

[q \s u\ ] ž •s –€\ — „ ]–x ]

]x •€ „s

wxyz z{ x x\ ]z{ |}\ ~x \ z { € •{ —} € y–€s • • €s

˜ \s •~„ ~

‰• wx— ^ ‰ p ŠŠ ‰ ‰̀ n• k n̂Œ œ\ „ • wxyz z{ x x\ ]z{ |}\ ~x \ z ƒ{ ]\x ‘ “\ s ‘ Ÿ– „s

š{ \s €‘ œ „x€‘ “„s •   {\€‘ “ „s • ˜ }\ œ\u ƒ{ } ‘

  { „s   \xs \s– [\ {\ ”\ ]\ ~{ \ u ƒ ]„…€s †x •

‰Œ [\ ]^ ‰ pŠŠ ‰ p` nnk ‹̂ • [q \s u\ ] wxyz z{ x x\ ]z{ |}\ ~x \ z •xs z]\y \s –

“„]z{x\•zx]s \̂]z• „ ¡ š{\€y\s– \s – { € •{

—} €y–€s •• €s ˜ \s •~„~‘ u€s „] –\u\ •x– €s [\x

”\€ • €•z]€†z‘ •{ €\s • ‚ \€ ƒ] „…€ s† x \s – „s x

x̂„ˆ yx –x\– — x†\} • x „ ¡ \s \† † €–xs† x

• p ‡ˆ ]^ ‰ pŠ Š Š •` Š‰ kŒ Œ̂ ‡s –\ u\s •x \ wxyz z{ x x\ ]z{ |}\ ~x \ z ƒ{ } ~x z ƒ]„…€ s† x

Šp [\q ‰ pŠ Š Š n` ŠŠkŒ ^ p [q \s u\ ] wxyz z{ x x\ ]z{ |}\ ~x \ z [\x ” \€ • € • z]€† z‘

•{ €\s • ‚ \€ ƒ] „…€ s† x

‰Œ
›

} s ^ ‰ pŠŠ ‰ •̀Œ‰ k• ^ n ¢ \ z ”\ u]\s •€ •z ]€† z‘ š]\s •

ƒ] „…€s †x

wxyz z{ x x\ ]z{ |}\ ~x \ z
 

\s z\s •‘ £\s š\

 
{ \ „‘ [} x\s • š]\s • • € • z]€† z•‘ š]\s •

ƒ] „…€s † x

‹ ”xˆ ^ ‰ pŠŠ p p` nnk ‹̂ ’ “ „ ]z{ x]s ”} u\z ]\ • • y\s – wxyz z{ x x\ ]z{ |}\ ~x \ z [} x\s • ƒ{} ~xz

•€ • z]€† z‘ ƒ{ } ~x z ƒ] „…€s † x \s– ¢ \z £ \€ • € • z]€† z‘

” „s • ~{ y\ ƒ] „…€ s† x

‰ p wx— ^ ‰ pŠ‰ p•̀Œ •k‰ ^ ’

š\~} \ ƒ\ • € •z ]€† z‘ ƒ{ \s • “•\

ƒ] „…€s †x

wxyz z{ x …€— ]\z€ „s \ z x\ ]z{ |} \ ~x †xs zx ] \s –

u€s „ ] –\ u\•x– ^

n [\ ]^ ‰ pŠ‰ Š•̀ nŒ k n̂‰ “„ ]z{ x]s ”} u\z ]\ • • y\s – wxyz z{ x x\ ]z{ |}\ ~x \ z ƒ{ } ~xz ƒ]„…€ s† x

ŠŠ ‡ˆ ]^ ‰ pŠ‰ Š n•̀ •k •̂ ‹
Žx •zx ]s † „\ • z „ ¡ “„]z{ x ]s

”} u\ z]\ •• y\s –

wxyz z{ x x\ ]z{ |}\ ~x \ z •xs z ]\ y‘ ” „} z{ x]s

\s– “„ ] z{ x\• zx]s \̂] z• „ ¡ š{ \€ y\s –‘

š•} s \u€ ¤ \…x { x€ •{ z € • •p † û €s •s – „s x•€\
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➑♥✜✣②➏✛✓ ✢✒✖✛ ✔♥✓✛★ ✤✜✗✜✖✛✕✛✗✢ ✒✙ ✕✚✛ ✩✜✕✛✗ q✉✜✣✔✕② ✕✚✜✕ ✧✜♥ ❜✛ ✓✒♥✛ ✔✖✖✛✓✔✜✕✛✣② ✔♥ ✕✚✛ ✙✔✛✣✓✪

✫✛♥✓ ✕✚✛ ✢✜✖✤✣✛✢ ✕✒ ✕✚✛ ✗✛✘✔✢✕✛✗✛✓ ✣✜❜✒✗✜✕✒✗② ✩✔✕✚ ➠✛✤✜✗✕✖✛♥✕ ✒✙ ➡♥✓✉✢✕✗✔✜✣ ➍✒✗➢✢ ✕✒ ✜♥✜✣②➏✛ ✕✚✛

✒✕✚✛✗ ✔♥✓✛★✪ ➛✚✛ ✢✉✗✙✜✧✛ ✩✜✕✛✗ q✉✜✣✔✕② ✔♥✓✛★ ✜♥✓ ✜♥✜✣②✕✔✧✜✣ ✖✛✕✚✒✓✢ ✒✙ ✕✚✛ ✤✗✒✦✛✧✕ ✩✛✗✛ ✤✗✛✢✛♥✕✛✓
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N U ` Z

\] ] I ^

k qxz{{ | } ~•}€ • ‚ƒ„ … † ‡̂̂ ‰ ˆ Š̂‹ Œ •Ž• •• • Ž‘€ • Ž•• ’€ ~Ž‘ “ ~Ž• ’ • Ž” ’

•–– …‚ — … ‚ ˜

™š

}€ •} • • ‚ƒ„ … † ‡̂̂ ‰ ˆ Š̂‹‡ •Ž• •• • Ž •“ • Ž••‘• ~Ž”} ~Ž• • • Ž ••

›„ …{ { | } ••}” • ‚ƒ„ … † ‡̂̂ ‰ ˆ Š̂‹ Œ •Ž• •” • Ž” “ • Ž•• “• ~Ž€ “ }Ž ’ ’ • Ž€ ’

œ

•ž

Ÿ   ¡¢

}” •}‘ • ‚ƒ„ … † ‡̂̂ ‰ ˆ Š̂‹ £ •Ž• •• • Ž” • • Ž••‘€ ~Ž€ ’ ~Ž• € • Ž€‘

}‘ • } • • ‚ƒ„ … † ‡̂̂ ‰ ˆ Š̂‹ ¤ •Ž• •• • Ž” • • Ž••” • ~Ž •“ ~Ž• “ • Ž ••

¥

¦ §

Ÿ  ¡¢

€• ¨ – ƒ x|• } •‚ © † ~••“ ˆ Š̂ Œk •Ž•€ ~ • Ž ’€ • Ž• •” • ~Ž ~’ ~Ž• € • Ž ~‘

} •~ •‚ © † ~••“ ˆ Š̂ ¤ £ •Ž• ~’ } Ž•} • Ž• “•} ~Ž •~ ~Ž} ” • Ž ~•

~•€ •‚ © † ~••“ ˆ Š̂ ¤ £ •Ž•€€ • Ž •• • Ž•””} ~Ž}” }Ž ’ • • Ž} “

€ •• •‚ © † ~••“ ˆ Š̂ Œ¤ •Ž•€• • Ž ’’ • Ž• ~~~ ~Ž ~• ~Ž• ‘ • Ž} •

••” •‚ © † ~••“ ˆ Š̂ ª ‡ •Ž• ~~ • Ž ’} • Ž•} •’ ~Ž} “ ~Ž• } • Ž} •

~ • ‚ƒ x‚ } ’• ~• • ‚ƒ„ … † ‡̂̂ ‰ ˆ Š̂ ŒŒ •Ž•€ • • Ž •‘ • Ž••” ’ ~Ž •’ ~Ž• ’ • Ž ••

« { ¬ ‚

­®

~• • ~} • ‚ƒ„ … † ‡̂̂ ‰ ˆ Š̂ ¤ ª •Ž•€• • Ž “• • Ž•}•‘ ~Ž€€ }Ž ’ “ • Ž€”

¯ … ° ƒ„ … ~} • ~~ • ‚ƒ„ … † ‡̂̂ ‰ ˆ Š̂‹ ± •Ž•€• • Ž” “ • Ž••‘€ ~Ž •• ~Ž• • • Ž ••

œ

•ž

Ÿ   ¡¢

~~• ~€ • ‚ƒ„ … † ‡̂̂ ‰ ˆ Š̂ ¤ £ •Ž• ~” • Ž “‘ • Ž••‘ ~ ~Ž ~“ }Ž ’ ’ • Ž ~’

~€ • ~• • ‚ƒ„ … † ‡̂̂ ‰ ˆ Š̂ ‰‡ •Ž• •• • Ž ““ • Ž••‘ • ~Ž€ ~ }Ž ’ “ • Ž€ •

¥

¦ §

Ÿ  ¡¢

} ‘ •} • •‚ © † ~••“ ˆ Š̂‹̂ •Ž• •~ • Ž ’“ • Ž•}} • •Ž ~• €Ž• ” } Ž}”

} ••} “ •‚ © † ~••“ ˆ Š̂‹ £ •Ž•€ “ • Ž ’‘ • Ž•} •‘ “Ž} ~ €Ž ~” •Ž “•

} “•} ’ •‚ © † ~••“ ˆ Š̂ ‰Œ •Ž• •’ • Ž •• • Ž•}” • ‘Ž”} €Ž} • € Ž€ •

} ’• ~• •‚
©

~••“ ˆ Š̂ ¤Œ •Ž•€} } Ž•• • Ž• ~• • •Ž}• ~Ž ’ • } Ž}€

~• •~} •‚ © † ~••“ ˆ Š̂ ª ˆ •Ž• •} } Ž}• • Ž• ~”} €Ž •~ ~Ž “ ~ • Ž ’•

€ ²³—́ … ‚ µ x ‡‡ •‡ ± ¨ – ƒ x|† ~•• ’ ˆ Š̂ £ ¤ •Ž•€ • • Ž ’’ • Ž• ~•“ ~Ž ’• ~Ž} • • Ž “•

¶{
¬ –

x
—

‚|

­®

‡
±

•‡ ¤
¨ –

ƒ x|† ~•• ’ ˆ Š̂‹ ‰ •Ž•‘ ~ • Ž “• • Ž•} ’’ ~Ž •• ~Ž} ‘ • Ž” “

‡ ¤•‡ Œ ¨ – ƒ x|† ~•• ’ ˆ Š̂ ª Œ •Ž• •” • Ž ’” • Ž• ~•} ~Ž “‘ ~Ž• “ • Ž •“

‡ Œ•‡‹ ¨ – ƒ x|† ~•• ’ ˆ Š̂ ‰‡ •Ž•” • • Ž •“ • Ž• ~}” ~Ž ’€ ~Ž€ ~ • Ž‘}

‡‹ •‡ ª ¨ – ƒ x|† ~•• ’ ˆ Š̂ £ ‰ •Ž•‘ “ • Ž “‘ • Ž•} “’ ~Ž‘ “ ~Ž} • • Ž” •

• • ‚ ³ q …ƒ ‚ ·µ ¸ ‡‡ •‡ ± ¨ – ƒ x|† ~•• ’ ˆ Š k‡ ¤ •Ž•‘€ • Ž •“ • Ž•} •“ ~Ž •” ~Ž} “ • Ž” •

•–– ‚ — …‚ ˜ ‡ ± •‡ ¤ ¨ – ƒ x|† ~•• ’ ˆ Š kˆ £ •Ž•” • • Ž “” • Ž•} “’ ~Ž •’ ~Ž• • • Ž •”

¯ ‚ — …{ |x„ ‡ ¤•‡ Œ ¨ – ƒ x|† ~•• ’ ˆ Š k ±± •Ž•‘} • Ž‘ “ • Ž• ~•” ~Ž “~ ~Ž} ‘ • Ž‘‘

¯ … ° ƒ„ …

­®

‡ Œ•‡‹ ¨ – ƒ x|† ~•• ’ ˆ Š kkŒ •Ž• •” • Ž ’• • Ž•} ’~ ~Ž “} ~Ž} € • Ž‘ “

‡‹ •‡ ª ¨ – ƒ x|† ~•• ’ ˆ Š̂ ££ •Ž•” ’ • Ž “” • Ž•} “• ~Ž‘ ’ ~Ž• ” • Ž‘ •

” ¹|{ µ ¸ º ‚|‚ µ — ‚ µ } ’• ~• • ‚ƒ„ … † ‡̂ ˆ ‰ Š̂̂ ª ‹ Š̂̂ Œk kŠ k‹ ˆ Š̂‡ ‰¤ ‡Š‡ £ kŠ £ ‰ ˆ Š ± k

›„ …{ { |

­
»

‡̂ • ~k • ‚ƒ„ … † ‡̂ ˆ ‰ Š̂̂ ª ± Š̂̂ ¤Œ ˆ Š ‰¤ ˆ Š̂‡ ª ‹ ‡Š ± k ‡Š̂ ‹ ˆ Š‡ Œ

œ

•ž

Ÿ   ¡¢

‡ k•‡‡ • ‚ƒ„ … † ‡̂ ˆ ‰ Š̂̂‹ ¤ Š̂̂ ¤k ˆ Š ª Œ ˆ Š̂‡̂ ‰ ‡Š‡ ‰ kŠ £ £ ˆ Š‡ £

‡‡ •‡ ± • ‚ƒ„ … † ‡̂ ˆ ‰ Š̂̂ Œ ª Š̂̂ ± ‡ ˆ Š £ ‹ ˆ Š̂ k‹‡ ‡Š ± ˆ ‡Š̂ ¤ ˆ Š‡‹

‡ ± •‡ ¤ • ‚ƒ„ … † ‡̂ ˆ ‰ Š̂̂ £ Œ Š̂̂‹‡ ˆ Š ‰¤ ˆ Š̂‡‡‹ ‡Š‡‹ kŠ £ £ ˆ Š‡ ª

¥

¦ §

Ÿ  ¡¢

± ˆ ¨– ƒx| ¼ k •‚ © † ~••“ Š̂̂‹ ‹ Š̂̂‡ ± kŠ‹‡ ˆ Š̂ k ± ˆ ‡Š‡ £ ‡Š̂ ± ˆ Š‡‹

k•‡ •‚ © † ~••“ Š̂̂ Œ ± Š̂̂‡ ± ‡ Š‹ k ˆ Š̂ k ±£ ‡Š‡ ¤ kŠ £ £ ˆ Š‡ Œ

‡ • ± •‚ © † ~••“ Š̂̂‹ ‰ Š̂̂‡ ± kŠ‹ k ˆ Š̂‡‡ ± ‡Š k ª kŠ ‰ £ ˆ Š‡ ‰

± • ¤ •‚ © † ~••“ Š̂̂ Œ‹ Š̂̂‡ ± kŠ £ Œ ˆ Š̂ k £ ˆ ‡Š k‰ kŠ £ Œ ˆ Š‡ ±

¤• Œ •‚ © † ~••“ Š̂̂ ª ‡ Š̂̂ ± k kŠ‹ £ ˆ Š̂ k ª £ ‡Š‡ ¤ kŠ £ ‹ ˆ Š‡ ‰

‹ ¹… ‚ ´ { µ ¬ xƒ x ‡‡ •‡ ± ¨ – ƒ x|† ~•• ’ ˆ Š k‡̂ Š̂̂ ¤‡ ˆ Š ŒŒ ˆ Š̂‡ Œ £ ‡Š ±£ ‡Š‡ ˆ ˆ Š k £

½ ³˜ – | ³

­ »

‡ ± •‡ ¤ ¨ – ƒ x|† ~•• ’ ˆ Š̂ £ ‰ Š̂̂‡ Œ ˆ Š ª ± ˆ Š̂‡̂ Œ ‡Š̂ ª kŠ ª Œ ˆ Š ± ‡

‡ ¤•‡ Œ
¨ –

ƒ x|† ~•• ’ ˆ Š̂ ¤
£

Š̂̂ kŒ kŠ̂
£

ˆ Š̂ k
£

‹ ‡Š̂ Œ kŠ
ª

‹ ˆ Š‡
£

‡ Œ•‡‹ ¨ – ƒ x|† ~•• ’ ˆ Š̂ Œ‡ Š̂̂ k‡ ˆ Š ‰‡ ˆ Š̂ kˆ ‰ ‡Š‡ ¤ ‡Š̂ k ˆ Š‡ ±

‡‹ •‡ ª ¨ – ƒ x|† ~•• ’ ˆ Š kˆ £ Š̂̂̂ £ kŠ̂ £ ˆ Š̂̂‹‡ ‡Š ¤‰ ‡Š k̂ ˆ Š ± ‰





❚❤❡ ❘❡�♦✁✂ ♦✄ ✥❤❛✄❣❡☎ ✆✄ ✝✁♦r❡✞✂ ❉❡✂❛✆✐☎ ✆✄ ✂❤❡ ❊✟❆ ❘❡�♦✁✂☎ ♦✄

✂❤❡ t❛✄❣✠♦✠ ▼❛☎☎ ❚✁❛✄☎✆✂ ✡❡✐✐♦☛ ☞✆✄❡ ✝✁♦r❡✞✂ ✿ ☞❛✂ ✝❤✁❛♦✲❙❛✌✁♦✄❣ ❙❡✞✂✆♦✄ ✥❤❛�✂❡✁ ✹ ❊✍✆☎✂✆✄❣ ❊✄✈✆✁♦✄✌❡✄✂❛✐ ✥♦✄❞✆✂✆♦✄ 

AEC/HC/D2A/WE/ENRICH/PSG ✎✏✸✑

✒✓✔✓✕✖✗ ✘ ✙ ❱✚❥✓✛✔✗✕ ❍✖✜♣✕✓✔✢ ✒✓✔✓✕✖✗ ✣ ✙ ✤✔✚ P✛✦✔ ❖✗♥ ✧♣♣✔✓✛✔★

❈✔✓✛✖✢✕❝ ❈✛✩✦❝✛

✒✓✔✓✕✖✗ ✪ ✙ ❑✢✖✗♥✫✔✢✔✗✓✔✗ ✒❝✛✖✖✢ ✒✓✔✓✕✖✗ ✬ ✙ ❑✛✔❥✖✗✜✕✦✕ ✭✚★♣✢✚

 

✒✓✔✓✕✖✗ ✮ ✙ ✯✔✦✩✢ ✉★✕✗ ✤✖✜q✩✚ ✒✓✔✓✕✖✗ ✰ ✙ ✒✕ ■✔★ ✭✚★♣✢✚

 

✒✓✔✓✕✖✗ ✱ ✙ ✒✕✦✕✇✩✓✓✕ ❲✕✓✓✔②✔ ✒❝✛✖✖✢ ✒✓✔✓✕✖✗ ✳✴ ✙ ❈✛✩✢✔✵✚❥ ❍✖✜♣✕✓✔✢

✶✷✺✻✺ ✼✽✾✽❀ ❁ ✾ ❂❃♠❄❅❇❋● ❂✻❃✻❇✺❋❏ ✺❢ ▲❇◆ ◗❯❃❅❇✻❳ ❃❅✺❋● ✻✷❨ ✶◆✺❩❨❬✻ ❭✺❯✻❨



❚❤❡ ❘❡�♦✁✂ ♦✄ ✥❤❛✄❣❡☎ ✆✄ ✝✁♦r❡✞✂ ❉❡✂❛✆✐☎ ✆✄ ✂❤❡ ❊✟❆ ❘❡�♦✁✂☎ ♦✄

✂❤❡ t❛✄❣✠♦✠ ▼❛☎☎ ❚✁❛✄☎✆✂ ✡❡✐✐♦☛ ☞✆✄❡ ✝✁♦r❡✞✂ ✿ ☞❛✂ ✝❤✁❛♦✲❙❛✌✁♦✄❣ ❙❡✞✂✆♦✄ ✥❤❛�✂❡✁ ✹ ❊✍✆☎✂✆✄❣ ❊✄✈✆✁♦✄✌❡✄✂❛✐ ✥♦✄❞✆✂✆♦✄ 

AEC/HC/D2A/WE/ENRICH/PSG ✎✏✸✑

✒✓❜✔✕ ✖✗✘✗✙✚✛ ✜✕✢✣✔✤✢ ✦❢ ✧★✩ ✪✣✓✔★✤② ❢✩✦♠ ✫✓♠♣✔★✬✭ ✫✤✓✤★✦✬ ✓✔✦✬✭ ✤✮✕ ✯✩✦❥✕✰✤ ✜✦✣✤✕ ❜✕✤✇✕✕✬

❏✣✬✕ ✘✖ ✤✦ ❏✣✔② ✱✳ ✱✴✘✛✵

◆✶✷ ✺✻✼✻✽✶♥ ✾✼✻❀

❁①✽s✻✽♥❂ ✶❃ ❄✽❅ ◗✉✼❧✽✻❇

❈✺P

❋● ❍❅s■

❑▲❂❖▲
❯
❱

P❲❳❨❩

❋● ❍❅s■

❑▲❂❖▲
❯
❱

P❲❳❬✷❭ ❋●

❍❅■

❑▲❂❖▲
❯
❱

❪❫ ❨

❍❅■

❴❵❵▲❝

◆❫❦ ❨ ❍❅■

❴❵❵▲❝

❈q❪

❴❵❵▲❝

◆❲q❪

❴❵❵▲❝

③ ④⑤⑥⑦⑦⑧ ⑨⑩❶⑨❷ ❸❹❺❻❼ ❽❾③❿ ❾➀❾➁➁ ❾➀❾❽➂ ❾➀❾③➂ ❷➃➄ ⑩➃⑩➄⑩➅ ❽➀❿➆ ❾➀➁➆

➇➈➈➉➊➋➉➊➌ ❽③❶❽❽ ❸❹❺❻❼ ❽❾③❿ ❾➀❾➍❾ ❾➀❾➁➆ ❾➀❾❽❽ ❷➃➎ ⑩➃⑩➄❷➏ ❽➀➆❾ ❾➀➂➐

❽❽❶❽❿ ❸❹❺❻❼ ❽❾③❿ ❾➀❾➁❽ ❾➀❾❽❿ ❾➀❾③➁ ⑩➃➑ ⑩➃⑩⑨⑨➑ ❽➀③➐ ❾➀❿❽

❽❿❶❽➁ ❸❹❺❻❼ ❽❾③❿ ❾➀❾❿➆ ❾➀❾❽❾ ❾➀❾③❿ ❷➃⑨ ⑩➃⑩⑨➒⑨ ❽➀➁❽ ❾➀➂❾

❽➁❶❽➂ ❸❹❺❻❼ ❽❾③❿ ❾➀❾❿➍ ❾➀❾❽❽ ❾➀❾③➂ ❷➃⑩ ⑩➃⑩❷➑➅ ❽➀③❽ ❾➀❿❿

⑨ ➓➊➔⑤➊ ⑨⑩❶⑨❷ ❸❹❺❻❼ ❽❾③❿ ❾➀❾❿➆ ❾➀❾❽③ ❾➀❾③❿ ❷➃➄ ⑩➃⑩⑨➄➎ ❽➀➆❽ ❾➀➆❽

→⑦➣➊ ❽③❶❽❽ ❸❹❺❻❼ ❽❾③❿ ❾➀❾➁➂ ❾➀❾❽➂ ❾➀❾③➂ ❷➃➑ ⑩➃⑩⑨➒↔ ❽➀➆❽ ❾➀➁↕

➙➉❹➔➛➉ ❽❽❶❽❿ ❸❹❺❻❼ ❽❾③❿ ❾➀❾➁③ ❾➀❾❽❿ ❾➀❾③➂ ❷➃➅ ⑩➃⑩⑨➎❷ ❽➀❾➆ ❾➀❽↕

❽❿❶❽➁ ❸❹❺❻❼ ❽❾③❿ ❾➀❾➁❽ ❾➀❾❽③ ❾➀❾③➁ ⑨➃⑩ ⑩➃⑩⑨➏➎ ③➀➍↕ ❾➀❽❽

❽➁❶❽➂ ❸❹❺❻❼ ❽❾③❿ ❾➀❾➁➆ ❾➀❾❽➁ ❾➀❾③➆ ❷➃⑨ ⑩➃⑩⑨❷➄ ❽➀➂➆ ❾➀➆❽

➄ ➜❻➝➋➉➊❺⑤ ❽➆❶❽➐ ❸❹❺❻❼ ❽❾③❿ ❾➀❾➂➐ ❾➀❾❽➐ ❾➀❾③➐ ❷➃➏ ⑩➃⑩➏➅➄ ❽➀➆↕ ❾➀➍➆

➞⑦➣➈⑤➋➊⑧ ❽➐❶❽↕ ❸❹❺❻❼ ❽❾③❿ ❾➀❾➐➍ ❾➀❾❿↕ ❾➀❾❽❾ ⑨➃➄ ⑩➃⑩➏⑨⑩ ❽➀↕➁ ③➀③❾

❽↕❶❽➍ ❸❹❺❻❼ ❽❾③❿ ❾➀❾➂➍ ❾➀❾❽➍ ❾➀❾③➐ ❷➃➒ ⑩➃⑩➏⑩➒ ❽➀↕❾ ❾➀➍➂

❽➍❶❿❾ ❸❹❺❻❼ ❽❾③❿ ❾➀❾➐③ ❾➀❾❿❽ ❾➀❾❽③ ❷➃➄ ⑩➃⑩➒↔⑨ ❽➀❿➍ ③➀➁➍

❿❾ ❸❹❺❻ ❶③ ❸❹⑧➟❼ ❽❾③❿ ❾➀❾➁↕ ❾➀❾❽➆ ❾➀❾③➆ ❷➃➅ ⑩➃⑩➒⑨➑ ❽➀➂❽ ❾➀➂↕

➒ ➓➊❻ ④➉➔➊ ➠❺➡ ❽➐❶❽↕ ❸❹❺❻❼ ❽❾③❿ ❾➀❾➐➂ ❾➀❾❿➆ ❾➀❾③➆ ❷➃➅ ⑩➃⑩➄➑⑨ ❽➀➐❾ ❾➀➍➂

➇➈➈➊➋➉➊➌ ❽↕❶❽➍ ❸❹❺❻❼ ❽❾③❿ ❾➀❾➆❿ ❾➀❾❿③ ❾➀❾③❿ ❷➃⑨ ⑩➃⑩⑨➎➑ ❽➀❿❽ ❾➀➆❾

➙➊➋➉⑦⑧⑤➛ ❽➍❶❿❾ ❸❹❺❻❼ ❽❾③❿ ❾➀❾➂❾ ❾➀❾❽❿ ❾➀❾③③ ❷➃⑩ ⑩➃⑩⑨➒➄ ❽➀③❾ ❾➀❿③

❿❾ ❸❹❺❻❶③ ❸❹⑧➟❼ ❽❾③❿ ❾➀❾➆➂ ❾➀❾❽↕ ❾➀❾③➁ ❷➃⑨ ⑩➃⑩⑨➏➒ ❽➀❾➍ ❾➀❿❽

③❶❽ ❸❹⑧➟❼ ❽❾③❿ ❾➀❾➆③ ❾➀❾❿③ ❾➀❾③➆ ❷➃⑨ ⑩➃⑩⑨➏↔ ❽➀❿➆ ❾➀➁➍
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➏ ➢➉➊➝⑦❺➣⑤➔⑤ ❷➒❶❷➅ ❸❹❺❻❼ ❽❾③❿ ❾➀③③➂ ❾➀❾➁❾ ❾➀❾③➐ ❷➃⑨ ⑩➃⑩⑨➒↔ ❽➀➁③ ❾➀➂➁
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ÊË Ì ÍÎ Ï ÐÑ ÍÒÎ Ó Ô ÕÖ ×Î Ó Ö ÏÎ × Ø ÙÖ Ñ× Ú Ó Ë ÍÓ Ê Û Ü Ù ÏÖ Õ ÝÞÝßà Ó Ö ÝÞ Ýáà Õ ØâÕã

äËÎ åË äÍæ ÍçÖ ÑÓ è ÝÞé Ý ÓÖ èßÞéß ê ÌÏ åÌ× Ó ÖÙ Ó Ë Ì æÓ Í× ÚÍ ÏÚ ëæÓ Í× Ú ÍÏ Ú Íì ÌÏ Í ØÌ Ê Û Ü Îæ ÝÞßß Õ Ø âÕã í Þ

Ü î è Ý Ï Í× Ø ÌÚ Ù ÏÖ Õ ÝÞÝ ï è Ó Ö ÝÞ Ý ïð Õ ØâÕã äËÎ åË äÍæ Í çÖ ÑÓ è ñ Þ ð Ó Ö ò ó ô õ ö ê ÌÏå Ì× Ó ÖÙ Ó Ë Ì æÓ Í× ÚÍÏ Ú

ëæÓ Í× ÚÍ Ï Ú Ü î è Ý Î æ ÝÞè ï Õ ØâÕãí ÷ Ü îï Þ ð Ï Í× ØÌ Ú Ù ÏÖ Õ ó ô óø ö Ó Ö ó ô óø ù Õ Ø âÕ ã äË Î åË äÍæ ÍçÖ ÑÓ ï àÞ Ý Ó Ö

ß ÝÞ Ý ê ÌÏ å Ì×Ó ÖÙ Ó Ë Ì æ Ó Í× ÚÍ ÏÚ ëæÓ Í× ÚÍ Ï Ú Ü î ï Þ ð Î æ ÝÞ Ý ð Õ ØâÕãí Þ

ÊË Ì Íì ÌÏ Í ØÌ Ö × Ì ú Ë Ö ÑÏ Õ Í û Î Õ ÑÕ åÖ× åÌ× Ó Ï ÍÓ ÎÖ × Ö Ù üý

þ

Ï Í× ØÌ Ú Ù ÏÖ Õ

ÝÞÝ ï è ß Ó Ö ÝÞ Ý ïñ è êê ÕÞ äË Î åË äÍæ ÍçÖ ÑÓ è ï Þ ðï ÓÖ è ð Þ éá ê ÌÏå Ì×Ó ÖÙ Ó Ë Ì æÓ Í× ÚÍ ÏÚ ëæÓ Í× ÚÍÏ Ú üý

þ

Îæ

ÝÞè ñ ê êÕí Þ ÊË Ì Íì Ì ÏÍ ØÌ Ö × Ì ú Ë Ö ÑÏ Õ Í û ÎÕ ÑÕ åÖ × å Ì×Ó Ï ÍÓÎ Ö × Ö Ù ÿ ý Ï Í× ØÌ Ú Ù ÏÖÕ èÞß Ó Ö ï ÞÝ êêÕÞ

äËÎ åË äÍæ Í çÖ ÑÓ áÞß ÓÖ àÞ à ê ÌÏ å Ì×Ó Ö Ù Ó Ë Ì æ Ó Í× ÚÍÏ Ú ë ÛÓ Í× ÚÍ ÏÚ ÿ ý Î æ ß Ý êêÕí Þ Ê Ë Ì åÖ × å Ì×Ó ÏÍÓÎ Ö × Ö Ù

Ê ❍ ÿ ÏÍ× ØÌ Ú èÞé ✾ ÓÖ ï Þ à ï êêÕÞ Ê Ë ÍÎ ÒÍ× Ú Ë Íæ æÓ Î ÒÒ × Ö Ó ÚÌÓ ÌÏÕÎ × ÌÚ Ó Ë Ì ÍÎ Ï ÐÑÍ ÒÎÓ Ô æ Ó Í× ÚÍ Ï Ú ÙÖ Ï Ó Ë Îæ

ê Í Ï ÍÕ ÌÓ ÌÏÞ üî ❍ ÿ Ï Í× Ø ÌÚ ÝÞ ïï ÓÖ ÝÞ à ï êêÕÞ ÊË ÍÎ ÒÍ× Ú Ë Íæ æ ÓÎ ÒÒ × Ö Ó ÚÌÓ Ì ÏÕÎ × ÌÚ Ó Ë Ì ÍÎ Ï ÐÑ Í ÒÎÓ Ô

æ Ó Í× ÚÍ Ï Ú ÙÖ Ï Ó Ë Îæ ê ÍÏ ÍÕ ÌÓ ÌÏÞ
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ÊË Ì ÍÎ Ï ÐÑ ÍÒÎ Ó Ô ÕÖ ×Î Ó Ö ÏÎ × Ø ÙÖ Ñ× Ú Ó Ë ÍÓ Ê Û Ü Ù ÏÖ Õ ÝÞÝ á
✾

Ó Ö ÝÞ Ý
ñ

é Õ ØâÕã

äËÎ åË äÍæ ÍçÖ ÑÓ è áÞ ð á ÓÖ ï ßÞéß ê ÌÏå Ì×Ó Ö Ù Ó Ë Ì æÓ Í× ÚÍ ÏÚ ëæ Ó Í× ÚÍ ÏÚ Íì Ì Ï ÍØ Ì Ê ÛÜ Î æ ÝÞßß Õ ØâÕãí Þ

Ü î è Ý ÏÍ× Ø Ì Ú Ù ÏÖ Õ ÝÞÝ ï à ÓÖ ÝÞ Ýß ✾ Õ Ø âÕã äËÎ åË äÍæ Í çÖ ÑÓ ï è Þ àà Ó Ö ßè ô àà ê ÌÏå Ì× Ó ÖÙ Ó Ë Ì æÓ Í× ÚÍÏ Ú

ëæÓ Í× ÚÍ Ï Ú Ü î è Ý Î æ ÝÞè ï Õ ØâÕã í ÷ Ü îï Þ ð Ï Í× ØÌ Ú Ù ÏÖ Õ ó ô óø à Ó Ö ó ô óï è Õ Ø âÕã äË Î åË äÍæ ÍçÖ ÑÓ ß ï Þ Ý Ó Ö

á ï Þ Ý ê ÌÏ å Ì×Ó ÖÙ Ó Ë Ì æ Ó Í× ÚÍ ÏÚ ëæÓ Í× ÚÍ Ï Ú Ü î ï Þ ð Î æ ÝÞ Ý ð Õ ØâÕãí Þ

ÊË Ì Íì ÌÏ Í ØÌ Ö × Ì ú Ë Ö ÑÏ Õ Í û Î Õ ÑÕ åÖ× å Ì×Ó Ï ÍÓ Î Ö × ÖÙ üý

þ

Ï Í× Ø ÌÚ Ù ÏÖ Õ

ÝÞÝ á ï ✾ Ó Ö ÝÞ Ýà ð ß êêÕÞ äËÎ åË äÍæ ÍçÖ ÑÓ ï ð Þè ñ ÓÖ ß ✾Þ á ê ÌÏ åÌ× Ó ÖÙ ÓË Ì æ Ó Í× Ú ÍÏ Ú ëæÓ Í× ÚÍÏ Ú üý

þ

Îæ

ÝÞè ñ ê êÕí Þ ÊË Ì Íì Ì ÏÍ ØÌ Ö × Ì ú Ë Ö ÑÏ Õ Í û ÎÕ ÑÕ åÖ × å Ì× Ó Ï ÍÓ Î Ö× Ö Ù ÿ ý ÏÍ× Ø ÌÚ Ù ÏÖ Õ èÞß Ó Ö ï Þß ê êÕÞ

äËÎ åË äÍæ Í çÖ ÑÓ áÞß ÓÖ ñ Þ à ê Ì Ïå Ì×Ó Ö Ù Ó Ë Ì æÓ Í× ÚÍ ÏÚ ëÛÓ Í× ÚÍ Ï Ú ÿ ý Îæ ß Ý êêÕíÞ ÊË Ì åÖ × åÌ× Ó Ï ÍÓ ÎÖ × Ö Ù

Ê ❍ ÿ ÏÍ× ØÌ Ú ï Þßé Ó Ö ï Þ ✾á êêÕÞ Ê Ë ÍÎ ÒÍ× Ú Ë Íæ æÓ Î ÒÒ × Ö Ó ÚÌÓ ÌÏÕÎ× ÌÚ ÓË Ì ÍÎ Ï ÐÑÍ ÒÎÓ Ô æÓ Í× ÚÍ ÏÚ ÙÖ Ï Ó Ë Îæ

ê Í Ï ÍÕ ÌÓ ÌÏÞ üî ❍ ÿ Ï Í× Ø ÌÚ ÝÞ ð ✾ Ó Ö è Þáé ê êÕÞ ÊË ÍÎ ÒÍ× Ú Ë Íæ æ ÓÎ ÒÒ × Ö Ó ÚÌÓ ÌÏÕÎ× ÌÚ Ó Ë Ì ÍÎ Ï ÐÑ ÍÒÎ Ó Ô

æ Ó Í× ÚÍ Ï Ú ÙÖ Ï Ó Ë Îæ ê ÍÏ ÍÕ ÌÓ ÌÏÞ



The Re �o �� o �  ha �ge � � � � �o r e�� De� a�i � � � � he E�A Re �o �� � o �

� he t a� g	 o 	 M a�� T� a ���� 
ei i o � �� �e �� or e�� : �a� �h �ao - Sa
 �o �g Se �� �o �  h a�� e � 4 E�� �� � �g E �v� �o �
e �� ai  o � d� � �o �  

AEC/HC/D2A/WE/ENRICH/PSG � �3�

� � �� ��� n N� . �� �� � P� � � On � U � �� �� �! C � �� � l � " C � #�"� $ H #� �� k $

B �n � % � �� $ B �n� k� k

&' ( )* + q, )/* 0 y m1 2* 0 1 +* 2 5 f1 ,2 6 0 ' )0 & 7 8 f +1 m 9;9<9 0 1 9; 9=< m 5>m ?

w '* c ' w ) @ ) F 1 ,0 G <; G < 01 II ; = I p (+ c (2 0 1f 0 ' ( @ 0 )2 6) +6 J@ 0 )2 6 )+ 6 ) K (+ ) 5( & 7 8 * @ 9; LL m 5>m? Q ;

8 VG 9 +)2 5 ( 6 f +1 m 9;9 IL 01 9; 9 LW m 5> m? w '* c ' w ) @ ) F 1 ,0 GX ; GW 0 1 L 9 Y 99 p (+ c (2 0 1f 0 ' ( @ 0 )2 6)+ 6

J@ 0 )2 6) + 6 8 VG 9 * @ 9; GI m 5> m? Q Z 8 VI ; < + )2 5( 6 f +1 m [ Y [ \ G 0 1 [ Y [ GW m 5>m? w ' * c ' w ) @ ) F 1 ,0 I I ; 9 0 1

L
9; 9

p
(+

c
(20 1f 0 ' (

@
0 )2 6) +6

J@
0 )2 6) + 6 8

VI
;< *

@
9; 9< m 5> m?

Q
;

& ' ( )
K

(+ ) 5( 1 2 (
]

' 1 ,+ m )
^

*m ,m
c

12
c

(2 0 + )0 *1 2 1f
_̀

b

+ )2 5( 6 f +1 m

9;9 Ij L 0 1 9; 9 LsI pp m; w ' * c ' w ) @ ) F 1 ,0 G j ; IX 01 I I ; j = p (+ c (20 1f 0 ' ( @ 0 )2 6) +6 J@ 0 )2 6)+ 6 _̀

b

* @

9; G = pp m Q ; &' ( ) K ( +) 5 ( 1 2 ( ] ' 1 ,+ m ) ^ *m ,m c 1 2 c (20 + )0* 1 2 1 f u ` + )2 5( 6 f +1 m G ; 9 0 1 G ;< pp m;

w '* c ' w ) @ ) F 1 ,0 L ; L 01 <; 9 p (+ c (20 1 f 0 ' ( @ 0 )2 6) +6 J 70 )2 6) + 6 u ` * @ L 9 pp m Q ; &' ( c 1 2 c (2 0 + )0 *1 2 1 f

& x u +)2 5( 6 I ; 9 X 0 1 I ; =9 pp m; & ' )* /)2 6 ' ) @ @ 0 * // 2 1 0 6(0 (+m*2 (6 0' ( )* + q,) /* 0 y @ 0 )2 6) +6 f1 + 0 ' * @

p ) + )m (0 (+; _V x u + )2 5 (6 9; LG 01 9; X < pp m; & ' )* /)2 6 ' ) @ @ 0 * // 2 1 0 6 (0 (+m* 2 (6 0 ' ( )* + q ,) /*0 y

@
0 )2 6) + 6 f1 + 0 ' *

@ p
)+ )m (0 (+;

� � �� ��� n N� . z� % � l � n � % �l �n ��n �"�� � l $ �#�n { #�n � $ �# �n { #�n� $

B �n � k� k

&' ( )* + q, )/* 0 y m1 2* 0 1 +* 2 5 f1 ,2 6 0 ' )0 & 7 8 f +1 m 9; G Gj 0 1 9; G s 9 m 5> m?

w '* c ' w ) @ ) F 1 ,0 Lj ;< j 01 < j ;< j p (+ c (2 0 1f 0 ' ( @ 0 )2 6) + 6 J@ 0 )2 6 )+ 6 ) K (+ ) 5( & 7 8 * @ 9; LL m 5>m? Q ;

8 VG 9 +)2 5 ( 6 f +1 m 9;9 jX 01 9; 9 W 9 m 5> m? w '* c ' w ) @ ) F 1 ,0 j 9 ; sL 0 1 < 9 Y 99 p (+ c (2 0 1f 0 ' ( @ 0 )2 6)+ 6

J@
0 )2 6) + 6 8

VG
9 *

@
9;

GI
m 5> m?

Q
Z 8

VI
; < + )2 5 (6 f +1 m [

Y
[

I L
0 1 [

Y
[

I s
m 5>m?

w
' *

c
'

w
)

@
)

F
1 ,0

jW
; 9 0 1

< W ; 9 p (+ c (20 1f 0 ' ( @ 0 )2 6) +6 J@ 0 )2 6) + 6 8 V I ;< * @ 9; 9< m 5> m? Q ;

& ' ( ) K (+ ) 5( 1 2 ( ] ' 1 ,+ m ) ^ *m ,m c 12 c (2 0 + )0 *1 2 1f _̀

b

+ )2 5( 6 f +1 m

9;9 j < < 0 1 9; 9 = X = pp m; w ' * c ' w ) @ ) F 1 ,0 I W ; = W 01 jW ; ss p (+ c (20 1f 0 ' ( @ 0 )2 6) +6 J@ 0 )2 6)+ 6 _̀

b

* @

9; G = p p m Q ; &' ( ) K ( +) 5( 1 2 ( ] ' 1 ,+ m ) ^ *m ,m c 1 2 c (20 + )0* 1 2 1 f u ` + )2 5( 6 f +1 m G ; j 0 1 I ; = pp m;

w '* c ' w ) @ ) F 1 ,0 j ; W 0 1 X ; 9 p (+ c (2 0 1 f 0 ' ( @ 0 )2 6)+ 6 J 70 )2 6) +6 u ` * @ L 9 pp m Q ; & ' ( c 1 2 c (20 +)0* 1 2 1 f

& x u + )2 5 (6
I

;
Ij

01
L

;
I

9
p p

m; &' )* /)2 6 ' )
@ @

0 * // 21 0 6(0 ( +m* 2 ( 6 0 ' ( )* + q, )/* 0 y
@

0 )2 6)+ 6 f1 + 0 ' *
@

p ) + )m (0 (+; _V x u +)2 5 (6 9; jG 01 9; XW pp m; &' )* /)2 6 ' ) @ @ 0 * // 2 1 0 6(0 ( +m* 2 (6 0' ( )* + q, ) /* 0 y

@ 0 )2 6 )+ 6 f1 + 0 ' * @ p )+ )m (0 (+;

� ������n N�. | � % ��"��n ���� }�!�l�$ �#�n {#�n�$ �#�n {#�n� $ B �n�k�k

&' ( )* + q,) /*0 y m12 * 01 +* 2 5 f1 ,2 6 0 ' )0 & 7 8 f +1 m 9; 9 sG 01 9; G Lj m 5> m?

w '* c ' w ) @ ) F 1 ,0 ~ • Y € • 01 j 9; W 9 p ( + c (20 1 f 0 ' ( @ 0 )2 6) +6 J@ 0 )2 6) + 6 ) K (+ ) 5( & 7 8 * @ 9; LL m 5>m? Q ;

8 VG 9 + )2 5 (6 f +1 m [ Y [ • ~ 0 1 [ Y [ € \ m 5>m ? w '* c ' w ) @ ) F 1 ,0 IW ; WW 0 1 •~ Y € p (+ c (2 0 1f 0' ( @ 0 )2 6)+ 6

J@ 0 )2 6) + 6 8 VG 9 * @ 9; GI m 5> m? Q Z 8 VI ;< + )2 5( 6 f +1 m [ Y [ \ € 0 1 [ Y [ ~ [ m 5>m ? w ' * c ' w ) @ ) F 1 ,0 L 9; 9 0 1

j 9; 9 p (+ c (2 0 1 f 0' ( @ 0 )2 6 )+ 6 J@ 0 )2 6) +6 8 VI ; < * @ 9; 9< m 5> m? Q ;

& ' ( ) K (+ ) 5( 1 2 ( ] ' 1 ,+ m ) ^ *m ,m c 12 c (2 0 + )0 *1 2 1 f _̀

b

+ )2 5( 6 f +1 m

9;9 GsI 0 1 9; 9 Ljs pp m; w ' * c ' w ) @ ) F 1 ,0 G 9; =9 0 1 I 9; j = p (+ c (2 0 1f 0 ' ( @ 0 )2 6) +6 J@ 0 )2 6)+ 6 _̀

b

* @

9; G = pp m Q ; &' ( ) K ( +) 5( 1 2 ( ] ' 1 ,+ m ) ^ *m ,m c 1 2 c (20 +)0* 1 2 1 f u ` + )2 5( 6 f +1 m 9; s 0 1 G ; I pp m;

w
'*

c
'

w
)

@
)

F
1 ,0

I
;

W
01

j
; 9

p
( +

c
(20 1 f 0 ' (

@
0 )2 6) +6

J
70 )2 6) + 6 u

`
*

@ L
9

pp
m

Q
; &' (

c
1 2

c
(2 0 + )0 *1 2 1 f

& x u + )2 5 (6 I ; IG 01 I ; WL p p m; &' )* /)2 6 ' ) @ @ 0 * // 21 0 6(0 ( +m* 2 ( 6 0 ' ( )* + q, )/* 0 y @ 0 )2 6)+ 6 f1 + 0 ' * @

p ) +)m (0 ( +; _V x u +)2 5 (6 9; L < 01 9; == pp m; &' )* /)2 6 ' ) @ @ 0 * // 2 1 0 6(0 ( +m* 2 (6 0' ( )* + q, ) /*0 y

@ 0 )2 6 )+ 6 f1 + 0 ' * @ p )+ )m (0 (+;



The Re �o �� o �  ha �ge � � � � �o r e�� De� a�i � � � � he E�A Re �o �� � o �

� he t a� g	 o 	 M a�� T� a ���� 
ei i o � �� �e �� or e�� : �a� �h �ao - Sa
 �o �g Se �� �o �  h a�� e � 4 E�� �� � �g E �v� �o �
e �� ai  o � d� � �o �  

AEC/HC/D2A/WE/ENRICH/PSG � �� �

� � �� ��� n � �. 7� ���ul�m�n ��squ�, �u�n �u�n�, �u�n �u�n�, B�n�k�k

!" # $% & '( $)% * y +/ 0% */ &% 01 f/ ( 0 2 *" $* !3 5 f &/ + 6 86 9; */ 6 8;;< + 1=+ >

w"% c" w$? $@/( * C F G H F */ I 9869 p#& c #0* / f *" # ?* $ 02$ &2 J ?* $0 2$ &2 $K #& $ 1# !3 5 % ? 6 8I I + 1= +> L 8

5 P ;6 & $ 01 #2 f&/ + N G N O F */ N G N Q C + 1=+ > w"% c" w$? $@/ ( * U I8II */ V N G F W p#&c #0 * / f *" # ?* $0 2$& 2

J ?* $0 2$ & 2 5 P ;6 % ? 6 8; U + 1= +> L X 5 P U 8 Y & $0 1# 2 f &/ + N G N C I */ N G NO N + 1=+ > w" % c" w$ ? $@/ ( * U 986 */

Z6 86 p#& c#0 * / f *" # ?* $0 2 $& 2 J? *$ 0 2$ &2 5 P U 8 Y % ? 6 86 Y + 1= +> L8

! " # $K #& $ 1# / 0 #[" / ( & + $\%+ (+ c/ 0 c#0 * & $*%/ 0 /f ]̂

_

& $0 1# 2 f &/ +

6 86 ;< 6 */ 6 86 II ` pp+8 w" % c" w$ ? $@ /( * ;; 8; ` */ ; <8 bU p #&c #0* /f *" # ?* $ 02$ &2 J?* $ 0 2$& 2 ]̂

_

% ?

6 8; ` p p+L 8 !" # $K # &$ 1# / 0 # [" / ( & + $ \%+( + c/ 0c #0* & $ *% / 0 / f j ^ & $0 1# 2 f &/ + ; 86 */ ; 8 b pp+ 8

w"% c" w$ ? $@/ ( * I8I */ 986 p#& c #0* / f *" # ?* $ 02$ &2 J3 * $ 02$ & 2 j ^ % ? I6 pp+ L8 !" # c/ 0 c#0 * & $*%/ 0 / f

! x j & $0 1 #2 U 8 UU */ U 8Z6 p p+8 !" $% ) $ 02 " $ ? ?*%)) 0/ * 2#* # &+% 0# 2 *" # $% & '( $)% * y ?* $0 2$ &2 f/ & *" % ?

p$ & $+ #* #& 8 ] P x j &$ 01 #2 6 8I Y */ 6 8 `̀ pp+8 !" $% ) $ 02 " $? ?*%)) 0/ * 2#* # &+% 0 #2 *" # $% & '( $)% * y

? *$ 02$ & 2 f/ & *" % ? p$& $+ #* #& 8

� � �� � ��n � �.
z

� ��
{

� m
|

� m
}

l� , B �n � ��, B �n � �� , B�n � k � k

!" # $% & '( $)% * y +/ 0% */ &% 0 1 f/ ( 0 2 *" $ * ! 3 5 f &/ + N GC N V */ N G C W ~ + 1= +>

w"% c" w$? $@/( * W C GF C */ Z U 8; U p#& c #0* / f *" # ?* $ 02$ &2 J ?* $0 2$ & 2 $K #& $ 1# !3 5 % ? 6 8I I + 1= +> L 8

5 P ;6 &$ 01 # 2 f &/ + N G N I9 */ N G N YU + 1=+> w" % c" w$? $@/ ( * I6866 */ ZIG II p# &c #0* /f *" # ?* $0 2$& 2

J ?* $0 2$ & 2 5 P ;6 % ? 6 8; U + 1= +> L X 5 P U 8 Y & $0 1# 2 f &/ + N G N U 6 */ N G NO ` + 1=+> w" % c" w$ ? $@/ ( * Z6 86 */

Y Z86 p#& c#0 * / f *" # ?* $0 2 $& 2 J? *$ 0 2$ &2 5 P U 8 Y % ? 6 86 Y + 1= +> L8

! " # $K #& $ 1# / 0 #[" / ( & + $\%+ (+ c/ 0 c#0 * & $*%/ 0 /f ]̂

_

& $0 1# 2 f &/ +

6 86 Ub Y */ 6 86 ZZI pp+8 w" % c" w$ ? $@ /( * ; 98 ` 9 */ U 986 Y p #&c #0* /f *" # ?* $ 02$ &2 J?* $ 0 2$& 2 ]̂

_

% ?

6 8; ` p p+L 8 !" # $K # &$ 1# / 0 # [" / ( & + $ \%+( + c/ 0c #0* & $ *% / 0 / f j ^ & $0 1# 2 f &/ + ; 8; */ U 8 ` pp+ 8

w"% c" w$ ? $@/ ( * I89 */ < 86 p#& c #0* / f *" # ?* $ 02$ &2 J3 * $ 02$ & 2 j ^ % ? I6 pp+ L8 !" # c/ 0 c#0 * & $*%/ 0 / f

! x j & $ 01 #2 ;8<9 */ U 8 `` p p+8 !" $%) $ 02 " $? ? *% )) 0/ * 2#* #&+% 0 #2 *" # $% & '( $)% * y ?* $ 02$ & 2 f/ & *" % ?

p$ &$+ #* #& 8 ] P x j &$ 01 #2 6 8;< */ 6 89 U pp+8 !" $% ) $ 02 " $? ?*%)) 0/ * 2#* # &+% 0 #2 *" # $% & '( $)% * y

? *$ 02$ & 2 f/ & *" % ? p$& $+ #* #& 8

� ��� � ��n �� . • � � �� �€ u� • � ��‚�ƒ� �„ ‚� � l, | ‚� } ‚� �� k, �u�n � �� m u �

… �� k �� n, �� m u� … �� k��n } � � † �n „�

!" # $% & '( $)% * y +/ 0% */ &% 0 1 f/ ( 0 2 *" $ * !3 5 f &/ + N G N V < */ N GC Ub + 1=+ >

w"% c" w$? $@/( * C ‡ GF ‡ */ I b 8 ` I p#&c #0 * /f *" # ? *$ 02 $& 2 J?* $ 0 2$& 2 $K # &$ 1 # !3 5 % ? 6 8II + 1= +> L 8
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✒✙✖ ✢✣②✘✛✦❧✙♥✧✘✛♥ ✙♥★ ❩✛✛✦❧✙♥✧✘✛♥

✩ ✢✣②✘✛✦❧✙♥✧✘✛♥
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✉✇④ ⑤✒✕✖✚ ✤✙✦s✕② ✓✔✕ ✕✜✒✤✓✒✣✧ ✖✩✣✚ ✙✤✕ ✩✖✗✣✧ ✓✔✕ ✬✦✗♣✕❝✓ ✦✗✙✓✕ ✩✣✚ s✒❝✒✣✒✓② ✓✗ ✬✦✕✤✕✣✓

★✗✦♠ ✗★ ✖✩✣✚ ✙✤✕ ✒✣ ✓✔✕ ♠✗✤✓ ❝✙✦✦✕✣✓❜
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❾✩✣✚ ✙✤✕ ✒✣ ✓✔✕ ②✕✩✦ ✇✫❿⑥ ✩✖✗✣✧ ✓✔✕ ✬✦✗♣✕❝✓ ✦✗✙✓✕ ✩✣✚ ✩✚♣✗✒✣✒✣✧ ✩✦✕✩✤ ✱✒✓✔✒✣ ➀✫✫
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✱✒✓✔ ✓✔✕ ✩✦✕✩ ✗★ ⑥✮✇➀➈➉➈➊ ✦✩✒✤ ✗✦ ❢➊➉✫⑥➅ ✗★ ✓✔✕ ✬✦✗♣✕❝✓ ✩✦✕✩✤❜ ⑦✖✤✗✮ ✩ ✤✔✗✬❦❝✗♠♠✕✦❝✒✩✖ ✘✙✒✖✚✒✣✧
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�
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9
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7, m > 0, m 0,= I V 75, ;

Z,pp [ L, I ; � K , H , m < I 75,;
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q③ s✣✗✣✢✜✧● ❀♣✗✧ ▲♣✗✧✱ ❈✜ ⑤ s✣✗✣✢✜✧● ❀✢ ♥★✜✦ s✣✗✣✢✜✧● ❀✢ ❴✗✦ s✣✗✣✢✜✧● ❀✢ ▲✗ s✗✫✫✙ s✣✗✣✢✜✧● ❀✢ ❇✙✗✛✢✧✱

s✣✗✣✢✜✧● ❀✢ ⑥✗✧ s✣✗✣✢✜✧● ❀✢ ❂✩✙✚✩✗ s✣✗✣✢✜✧● ❂✢✚✚✗✇✗✧ s✣✗✣✢✜✧ ✗✧★ ❀✗✦✛✜✧✱ ❀✣✗✣✢✜✧❝● ✜✧✙ ✚✗✛✘✢✧✱ ✗✧★

✛✢★✙ ✪♣✢✫★✢✧✱● ★✙✚✜✣ ❅✫✜✤✗✣✙★ ✧✙✗✛ ❀✢ ❴✗✦ ❀✣✗✣✢✜✧ ✢✧ ✣✩✙ ✗✛✙✗ ✜❢ ❀✛✢✧✗✱✗✛✢✧★✛✗ ❫ ❇✗✧✱ ◆✗ ❄ ❂✛✗✣

❴✧✣✙✛s✙✤✣✢✜✧❝ ✗✧★ ✫✢✧✘✙★ ❢✗✤✢✫✢✣✢✙s s♣✤✩ ✗s ✚✗✛✘✢✧✱ ✫✜✣● ✚✗ss✙✧✱✙✛ ✗✛✙✗s✬ ❂✩✙✧ ✣✩✙ ✚✛✜✮✙✤✣ ✧✙✙★s ✣✜ ♣s✙

✣✩✙ ✫✗✧★● ✇✩✢✤✩ ✢s ✜✇✧✙★ ❢✜✛ ✗✪✜♣✣ q③⑦ ✚✫✜✣s● ✣✩✙ ✣✜✣✗✫ ✗✛✙✗ ✜❢ ①✰④ ✛✗✢s ⑧⑨❳✬❳ s⑩♣✛✙ ✦✙✣✙✛s ❅★✙✣✗✢✫s

s✩✜✇✧ ✢✧ ❶❷❷✽♠✻❸❹ ❺❻ ❼❦❽❧✽ ❜✕❾

❂✩✙ ✯✗✫♣✗✣✢✜✧ ❢✜ ✤✜✦✚✙✧s✗✣✢✜✧ ✤✜s✣ ✩✗★ ✪✙✙✧ ♣s✙★ ✢✧❢✜✛✦✗✣✢✜✧ ✜✧ ✫✗✧★ ✚✫✜✣

✯✗✫♣✗✣✢✜✧ ✤✜s✣● ❯❬◗❯ ❫ ❯❬◗❩ ✜❢ ✣✩✙ ❂✛✙✗s♣✛❁ ⑥✙✚✗✛✣✦✙✧✣● ✖✢✧✢s✣✛❁ ✜❢ ❋✢✧✗✧✤✙ ✗s ✪✗s✙ ✚✛✢✤✙ ✢✧

✤✜✦✚✗✛✢✣✢✜✧ ✇✢✣✩ ✦✗✛✘✙✣ ✚✛✢✤✙ ✢✧ ✣✩✙ ✯✢✤✢✧✢✣❁✬ ❂✜✱✙✣✩✙✛ ✇✢✣✩ ✣✩✙ ✚✛✢✤✢✧✱ ✱♣✢★✙✫✢✧✙s ♣✧★✙✛ ✣✩✙

❱✳✚✛✜✚✛✢✗✣✢✜✧ ✭✤✣ ❅❇✬❱✬ ❯❩❭❬❝ ✜❢ ✖✢✧✢s✣✛❁ ✜❢ ❂✛✗✧s✚✜✛✣✗✣✢✜✧ ❅❯❬◗❭❝ ❢✜✛ ✣✩✙ ✤✗✫✤♣✫✗✣✢✜✧✬ ❋✛✜✦ ✗



❚❤❡ ❘❡�♦✁✂ ♦✄ ✥❤❛✄❣❡☎ ✆✄ ✝✁♦r❡✞✂ ❉❡✂❛✆✐☎ ✆✄ ✂❤❡ ❊✟❆ ❘❡�♦✁✂☎ ♦✄

✂❤❡ t❛✄❣✠♦✠ ▼❛☎☎ ❚✁❛✄☎✆✂ ✡❡✐✐♦☛ ☞✆✄❡ ✝✁♦r❡✞✂ ✿ ☞❛✂ ✝❤✁❛♦✲❙❛✌✁♦✄❣ ❙❡✞✂✆♦✄ ✥❤❛�✂❡✁ ✹ ❊✍✆☎✂✆✄❣ ❊✄✈✆✁♦✄✌❡✄✂❛✐ ✥♦✄❞✆✂✆♦✄ 
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❝✓♠♣✔✕✔✖✗✘✙ s✖✉✚② ❢✓✉♥✚ ✖✛✔✖ ✖✛✙ ♠✔✕❦✙✖ ♣✕✗❝✙ ✗s ✛✗✜✛✙✕ ✖✛✔♥ ❧✔♥✚ ♣❧✓✖ ✘✔❧✉✔✖✗✓♥ ❝✓s✖✱ ✷✵✢✷ ✣ ✷✵✢✤

✓❢ ✖✛✙ ✦✕✙✔s✉✕② ✧✙♣✔✕✖♠✙♥✖✱ ★✗♥✗s✖✕② ✓❢ ❋✗♥✔♥❝✙ ✔❜✓✉✖ ✷✳✽✻ ✖✗♠✙s✱ s✓ ✔s ✖✓ ✔ss✙ss ✖✛✙ ♣✕✗♠✔✕② ❧✔♥✚

❝✓♠♣✙♥s✔✖✗✓♥ ❝✓s✖ ✓❢ ✖✛✙ ♣✕✓❥✙❝✖ ✇✗❧❧ ❜✙ ✉s✙✚ ✖✛✙ ✕✔✖✙ ✷✳✽✻ ✖✗♠✙s ✘✔❧✉✔✖✗✓♥ ❜✔s✙ ✓❢ ❧✔♥✚ ♣❧✓✖

✘✔❧✉✔✖✗✓♥ ❝✓s✖✱ ✷✵✢✷ ✣ ✷✵✢✤ ✓❢ ✖✛✙ ✦✕✙✔s✉✕② ✧✙♣✔✕✖♠✙♥✖✱ ★✗♥✗s✖✕② ✓❢ ❋✗♥✔♥❝✙✳ ❲✛✙♥ ❝✓♥✘✙✕✖✙✚ ✗♥ ✖✓

✔♠✓✉✖ ✓❢ ♠✓♥✙② ✖✛✔✖ ✛✔✘✙ ✖✓ ❜✙ ♣✔✗✚ ✖✓ ✖✛✓s✙ ✇✛✓ ✙①♣✙❝✖ ✖✓ ❜✙ ✙①♣✕✓♣✕✗✔✖✙✚ ✉♥✚✙✕ ✖✛✙ ✕✉❧✙s ✓❢

✘✔❧✉✔✖✗✓♥ ✇✙✕✙ ✖✓✖✔❧ ✓❢ ✩✱✪✷✫✱✤✪✩✱✩✷✢ ❜✔✛✖ ✬✚✙✖✔✗❧s s✛✓✇♥ ✗♥ ✭✮✮✯✰✴✸✺ ✼❏ ✾❀❁❂✯ ❃❄❅

❇❈● ❍■❑▲◆■▲❑✯ ❖▲✸❂✴✸✰P◗

❯❝❝✓✕✚✗♥✜ ✖✓ ✖✛✙ ❢✗✙❧✚ s✉✕✘✙② ✚✔✖✔✱ ✖✛✙✕✙ ✔✕✙ ✢✤✽ ❜✉✗❧✚✗♥✜s ✖✛✔✖ ✙①♣✙❝✖✙✚ ✖✓ ❜✙

✙①♣✕✓♣✕✗✔✖✙✚✳ ★✓s✖ ✓❢ ✖✛✙ ❜✉✗❧✚✗♥✜s✱ ✢✵✩ ✇✙✕✙ ✔ ❜✉s✗♥✙ss ❜✉✗❧✚✗♥✜ ✇✛✗❝✛ ❝❧✔ss✗❢✗✙✚ ✔s ❝✓♠♠✙✕❝✗✔❧

❜✉✗❧✚✗♥✜s ✔♥✚ s✖✓✕✙s ❱❳ ❜✉✗❧✚✗♥✜s✱ ✓♥✙ ♠✔✕❦✙✖✱ ✓♥✙ ✓❢ ✖✛✙ ❜✔♥❦✱ ✷ ❢✉✙❧ s✖✔✖✗✓♥s✱ ❨ ❢✔❝✖✓✕✗✙s✱ ✓♥✙

✛✓s♣✗✖✔❧✱ ✪ ❝✔✕ s✙✕✘✗❝✙ ❝✙♥✖✙✕s❩✜✔✕✔✜✙s✱ ✓♥✙ ♣✔✕❦✗♥✜ ✜✔✕✔✜✙✱ ✷ ✇✔✕✙✛✓✉s✙s✳ ✦✛✙ ✕✙♠✔✗♥✗♥✜ ❜✉✗❧✚✗♥✜s

❢✓✕ ✕✙s✗✚✙♥✖✗✔❧ ✛✓✉s✗♥✜ ❬❭ ✛✓✉s✙s✱ ✓♥✙ ❝✓♥✚✓♠✗♥✗✉♠✱ ❪ ✔❜✔♥✚✓♥✙✚ ❜✉✗❧✚✗♥✜s✱ ✓♥✙ ✔❜✔♥✚✓♥✙✚

✇✔✕✙✛✓✉s✙✱ ✷ ❜✗❧❧❜✓✔✕✚s ✔♥✚ ✓♥✙ ✖✓✗❧✙✖ ✬✚✙✖✔✗❧s s✛✓✇♥ ✗♥ ✭✮✮✯✰✴✸✺ ✼❏ ✾❀❁❂✯ ❫❄❅

✦✛✙ ✘✔❧✉✔✖✗✓♥ ✓❢ ❝✓♠♣✙♥s✔✖✗✓♥ ❝✓s✖ ✛✔✚ ❜✙✙♥ ✉s✙✚ ❜✉✗❧✚✗♥✜ ❝✓♥s✖✕✉❝✖✗✓♥

✘✔❧✉✔✖✗✓♥ ❝✓s✖✱ ✷✵✢❪ ✓❢ ✦✛✙ ❴✔❧✉✙✕s ❯ss✓❝✗✔✖✗✓♥ ✓❢ ✦✛✔✗❧✔♥✚✳ ✦✓✜✙✖✛✙✕ ✇✗✖✛ ✖✛✙ ♣✕✗❝✗♥✜ ✜✉✗✚✙❧✗♥✙s

✉♥✚✙✕ ✖✛✙ ❵①♣✕✓♣✕✗✔✖✗✓♥ ❯❝✖ ✬q✳❵✳ ✷✤❪✵③ ✓❢ ★✗♥✗s✖✕② ✓❢ ✦✕✔♥s♣✓✕✖✔✖✗✓♥ ✬✷✵✢❪③ ❢✓✕ ✖✛✙ ❝✔❧❝✉❧✔✖✗✓♥ ✇✛✗❝✛

✇✙✕✙ ✵✳✵❪ ✖✗♠✙s ✛✗✜✛✙✕ ✖✛✔♥ ❜✉✗❧✚✗♥✜ ❝✓♥s✖✕✉❝✖✗✓♥ ✘✔❧✉✔✖✗✓♥ ❝✓s✖✱ ✷✵✢❪ ✓❢ ✦✛✙ ❴✔❧✉✙✕s ❯ss✓❝✗✔✖✗✓♥ ✓❢

✦✛✔✗❧✔♥✚✳✱ s✓ ✔s ✖✓ ✘✔❧✉✔✖✙ ✖✛✙ ❜✉✗❧✚✗♥✜ ❝✓♠♣✙♥s✔✖✗✓♥ ❝✓s✖ ✓❢ ✖✛✙ ♣✕✓❥✙❝✖ ✇✗❧❧ ❜✙ ✉s✙s ✖✛✙ ✕✔✖✙ ✵✳✵❪

✖✗♠✙s ❜✉✗❧✚✗♥✜ ❝✓♥s✖✕✉❝✖✗✓♥ ✘✔❧✉✔✖✗✓♥ ❝✓s✖✱ ✷✵✢❪ ✓❢ ✦✛✙ ❴✔❧✉✙✕s ❯ss✓❝✗✔✖✗✓♥ ✓❢ ✦✛✔✗❧✔♥✚✳ ❯s

❝✔❧❝✉❧✔✖✙✚ ✗♥ ✔❝❝✓✕✚✔♥❝✙ ✇✗✖✛ ✖✛✙ ✔❜✓✘✙ ✘✔❧✉✔✖✗✓♥ ❜✔s✙s ❢✓✉♥✚ ✖✛✔✖ ✖✛✙ ❜✉✗❧✚✗♥✜ ✔♥✚ s✖✕✉❝✖✉✕✙s

❝✓♠♣✙♥s✔✖✗✓♥ ❝✓s✖ ✗s ✔♣♣✕✓①✗♠✔✖✙❧② ✻✪✩✱✽✪✻✱✪❪✤ ❜✔✛✖ ✬✚✙✖✔✗❧s s✛✓✇♥ ✗♥ ✭✮✮✯✰✴✸✺ ✼❏ ✾❀❁❂✯ ❫③

❇④● ❍▲⑤⑤❀❑✸⑥✯ ⑦⑧ ■⑨✯ ✭◗◗✯◗■ ⑩❀❂▲❀■✸⑦✰

❶✖✉✚② ✓♥ ✔ss✙s✖s ✘✔❧✉✔✖✗✓♥ ✇✔s ✖✛✙ ✘✔❧✉✔✖✗✓♥ ✓❢ ✖✛✙ ✔ss✙s✖s ✙①♣✙❝✖✙✚ ✖✓ ❜✙ ♣✔✗✚ ✔

♣✕✗♠✔✕② ❝✓♠♣✙♥s✔✖✗✓♥✳ ❋✕✓♠ ✖✛✙ ✘✔❧✉✔✖✗✓♥ ✓❢ ✔ss✙s✖s ❝✓♠♣✙♥s✔✖✗✓♥ ❝✓s✖ ✇✓✕✖✛ ✔ ✖✓✖✔❧

❷❸❬❹❬❸❬❷❺❸❺❷❭ ❜✔✛✖✳ ❲✛✗❝✛ ✔s ❪✽✻ ♣❧✓✖s ✗♥ ✖✛✙ ✔✕✙✔ ✓❢ ❺❷❹ ✕✔✗s ✫✻✩✳✩ s❻✉✕✙ ♠✙✖✙✕s ❝✓s✖

❬❸❳❨❼❸❷❳❬❸❬❨❺ ❜✔✛✖✱ ✢✤✽ s✖✕✉❝✖✉✕✙ ❜✉✗❧✚✗♥✜s ❝✓♠♣✙♥s✔✖✗✓♥ ❝✓s✖ ✓❢ ❺❷❱✱❭❳❬✱❱❳❭✱❳❽❷ ❜✔✛✖✱ ✔s s✛✓✇♥

✗♥ ✾❀❁❂✯ ✼❾✼❾❈ ❿ ❃❾

➀➁➀➁➂ ➃➄➅➆➇➈ ➉➊➋➆➌➍ ➋➎➏ ➐➋➑➊➌➒

➓➔ →➊➌➍➣➏➣➆➣↔➒
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➜➓ ▲✙✧ P✣✚✙✛ ▲✉✧✣✓✚✙✜ ❈✣✉✚✤✣ ➣→ ✔ ✭s✛✉✧✣ ✪✦✚✓✤✧✦✛✜✮

➔➓ ❍✦✪✙✳✙✧✉✜ ■s✖✙✔ ✯✛s❻✉✓ ✭✰✛✜

✘✙✩✙✓✮

➔➣→ ✔ ✭s✛✉✧✣ ✪✦✚✓✤✧✦✛✜✮ ❇✉✦✖✧ ✦✜ ↔➝➞✷

❭➓ ✯✙✓ P✣✚✙ ❑✉✖✙✚❜ ✒✦✕ ❈✣✉✚✤✣

✭✯✙✚✦✙ ➟✛s✙ ✯✳s✧✦✤✙ ❈✣✉✚✤✣✮

❷→→ ✔ ✭s✛✉✧✣ ✪✦✚✓✤✧✦✛✜✮ ❇✉✦✖✧ ✦✜ ↔➝➝↕

❸➓ ➟✉✙✔ ◆✦✔✦✧ ❇✙✜✢✩✛✩ ❈✣✉✚✤✣ ➣→→ ✔ ✭✜✛✚✧✣ ✪✦✚✓✤✧✦✛✜✮ ❇✉✦✖✧ ✦✜ ↔➝➝➛

➠➓ ➡✙✧✧✣✉✖✖❜✙✖✓✓ ✯✛s❻✉✓ ➣→ ✔ ✭✓✙s✧ ✪✦✚✓✤✧✦✛✜✮

➢➓ ✒✣✓ ❈✣✉✚✤✣ ✛✴ ➤✛✪ ✦✜

❇✙✜✢✩✛✩❺✰✦s✧✚✦✤✧➥

➣❭→ ✔ ✭✓✙s✧ ✪✦✚✓✤✧✦✛✜✮

➦➓ ❏✙✔✦✉✖ ■✪✣✙✚✪ ✯✛s❻✉✓ ✭❍✉✙ ✯✙✩

➧✙✦✮

➣❭→ ✔ ✭✜✛✚✧✣ ✪✦✚✓✤✧✦✛✜✮

❷→➓ ✰✙✚✦ss✙✖✙✔ ✯✛s❻✉✓ ❷❭→ ✔ ✭s✛✉✧✣ ✪✦✚✓✤✧✦✛✜✮

❷❷➓ ◆✙✔ P✣✚✙✧✣✙✦ ❈✣✚✦s✧✦✙✜ ❈✣✉✚✤✣ ➔➠→ ✔ ✭s✛✉✧✣ ✪✦✚✓✤✧✦✛✜✮

❷➣➓ ❈✙✚✦ss✙✖✙✔ ✯✛s❻✉✓ ➔→→ ✔ ✭✇✓s✧ ✪✦✚✓✤✧✦✛✜✮

❷➜➓ ✱✜ ▲✙✧✦s✛✔ ✯✛s❻✉✓ ➔→→ ✔ ✭s✛✉✧✣✇✓s✧ ✪✦✚✓✤✧✦✛✜✮

❷➔➓ ❑✛✔ ✒✓✔✕✖✓ ✭❑✣✙✬✛✜s✦✚✦✮ ➣➣→ ✔ ✭s✛✉✧✣✇✓s✧ ✪✦✚✓✤✧✦✛✜✮ ❇✉✦✖✧ ✦✜ ↔↕➨➝

❷❭➓ ✰✙✚✉✖ ✱✔✦✜ ✯✛s❻✉✓ ❷❷→ ✔ ✭✇✓s✧ ✪✦✚✓✤✧✦✛✜✮

❷❸➓ ✘✦ ■✙✔ ✒✓✔✕✖✓ ❷➔→ ✔ ✭✇✓s✧ ✪✦✚✓✤✧✦✛✜✮ ❇✉✦✖✧ ✦✜ ↔➝➙➨

❷➠➓ ❯✪✛✔ ✘✉✩ ✘✦ P✣✙ ➟✙✩

❈✣✚✦s✧✓✜✪✛✔ ❈✣✉✚✤✣

➜❷→ ✔ ✭s✛✉✧✣✇✓s✧ ✪✦✚✓✤✧✦✛✜✮
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Chapter 5 
Environmental Impact Assessment 

 

 The environmental impact assessment is the processes that evaluating the effects that 
may occur due to development projects in both construction Phase and operation Phase that 
cover in four areas, which are; physical environmental resources. Biological environmental 
resources, human use values and quality of life. By proceed accordingly with the guidelines of the 
Environmental Impact Assessment Division. Natural Resources and Environmental Policy and 
Planning Office. The results of the evaluation in each field can be summarized below. 
 
5.1 Physical Environmental Resources 
5.1.1 Topography 
 5.1.1.1 The Impact of the Elevated Structures and the Stations area 
  1) Construction Phase  
   Since the construction of the MRT system build over the area along the 
median strip which the terrain is flat and low lying flood with an altitude of no more than 1.50 
meters above mean sea level. However, during the construction Phase, the construction need to 
excavating / land leveling for the construction of elevated highways and Sky train stations that 
expecting little impact on the landscape or no impact at all. 

  2) Operation Phase  
   During the project operation Phase, the median strip will transform to 
support structures for the evaluated highway and Sky train stations with a height of 14-23 meters 
or approximately 29 meters / pillar. Plant and grass will be planted alongside the structures for the 
beauty and serenity. Therefore, it is not expected to affect the state of the landscape along the 
project in any way. 

 5.1.1.2 The Impact of Depot and Park and Ride buildings area 
  1) Construction Phase 
   The Depot and Park and Ride building will construct on a large flat area with 
the elevation less than 1.50 meters above mean sea level. The construction will be excavating and 
leveling the space with a maximum height of 15 meters. While Park and Ride buildings will be at 
the ground level, therefore there is limited chance of the impacts on the topography change or no 
impact occurs. 

  2) Operation Phase 
   The construction areas will be transformed into a reinforced concrete 
structure maintenance building with a maximum height of 25 meters and a seven story park and 
ride buildings with a maximum height up to 25 meters and parking space for 2,800 vehicles. 
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Furthermore, the construction area will be improved with a large modern building thus it is 
expected to have an impact on the landscape in the area when the construction project 
completed.  
 
5.1.2 Soil Resources  
 5.1.2.1 The Impact of the Elevated Structures and the Stations area 
  1) Construction Phase  
    1.1 The impact on the structure and properties of the soil. Since the 
construction of the Monorail system involve the excavation out the soil and open up surface for 
the construction space, for the construction of the elevated highway support structure foundations 
in a distance of approximately 30 kilometers including the construction of 23 stations, 
consequently, disturbing the structure and properties of the soil will be unavoidable. This Phase 
will need to fill the space and ground resources with the rich soil that suitable for planting cover 
crops, shrubs/medium-sized trees to replace the original soil. Therefore, it has a direct negative 
impact on the structure and properties of the soil that vary from the property and structure of the 
original soil. However, the property and structure of original soil mostly consist of clay particle 
which originates from parent material in a flood plain. Top soil is dark gray - black clay and subsoil 
are sticky clay soil that medium to low in nutrients plants can not absorb soil nutrients. Thus, soil 
suitability for planting is low. In addition, the construction of elevated highways and stations will 
be taken place mainly on the traffic island. The impact on the structure and properties of the soil 
during the construction Phase is relatively low when to compare and contrast the benefits of soil 
that have lost permanent or inevitable for the construction project with the total distance of 30 
km radius and 2.50 meters wide, the total area of no more than 45.68 Rais. 

    1.2 The impact of the changing condition of construction site on soil 
erosion. There will be a significant amount of excavating and leveling activities during the 
construction of elevated highways and stations, especially during the rainy season. the amount of 
soil from a number of drill rigs dropped or fall on a construction site or the road surface will be 
moving out of the area. Rainfall and runoff will flow along the slope of the road surface or into 
wetlands or low public water supply. It is a moderate impact on the accumulation of sediment, 
soil and shallow waters of the public water supply e.g. Num Kaeo Canal, Bang Sue Canal, Lat 
Phrao Canal, Jow Khun Sing Canal, Jun Canal, Yai Phuan Canal, Ta Nhung Canal, San Sab Canal, Ka 
Ja Canal, Hua Mak Canal, Ban Na Canal, and Samrong Canal etc.  

  2) Operation Phase  
    During the operation Phase, there will be no impact on soil resources and 
soil erosion due to the structure take place mostly on the traffic island where there is space under 
the elevated structure. Plus, there will be planting ground cover, shrubs or medium-sized trees 
throughout the route to mitigate soil erosion and to prevent sediments transport into the public 
sewer or public water sources. 
 



The Report on Changes in Project Details in the EIA Reports on     
the Bangkok Mass Transit Yellow Line Project : Lat Phrao-Samrong Section  Chapter 5 Environmental Impact Assessment 

AEC/HC/D2A/WE/ENRICH/PSG  5-3 

 5.1.2.2 Impact on Depot Area and Park and Ride buildings 
  1) Construction Phase 
    1.1 The structure and properties of the soil in Depot and Park & Ride 
buildings construction site are expected to impact. Since the current condition of construction 
sites are mainly lowland and flooded soils. Therefore, the area needs to filling and leveling for at 
least above the flood level of up to 50 centimeters (+1.5 m. MSL) by bringing soil from excavations 
for building foundations, supporting structures, elevated railways or soil from another area. Thus, it 
is unavoidable for the disturbing condition / structure / properties of the soils. However, the 
negative impact is expected low because the area around the depot is empty space. Moreover, 
the area of the Park and Ride buildings mainly consists of an office building and residents area of 
the highway district of Samut Prakan which not be used for agriculture nor directly related to the 
soil resources. 

    1.2 Soil erosion surrounding Depot and Park & Ride buildings is likely to 
occur at the moderate level. This is because the east end of the construction site of Depot and 
Park and Ride building is located close to Khlet Canal approximately 160 meters. During the rainy 
season, which would have a significant amount of rain and sediment erode and transport into 
Khlet Canal. Therefore, the impact caused by the deposition of sediment and silt of Khlet Canal. 

 2) Operation Phase 
   If the Depot and Park and Ride buildings are completed, there will be no impact 
occurs. Because most of the area has a concrete floor, and the buildings were elevated from the 
ground, about three meters (Depot). Also, the surrounding area of the construction sites consists of 
concrete wall and plant trees. It is very unlikely to cause erosion of the amount of sediment 
flowing into the public sewer. 
 
5.1.3 Geology and Earthquake 
 5.1.3.1 The Impact of the Elevated Structures and the Stations area 
  1) Construction Phase  
    The construction of the project could affect the structural geology / 
geological foundation on the motion of the layer of soft clay since the construction area is located 
along the mild to moderate soft clay to a depth of about 18 meters. If drilling Circular Bored Pile 
in diameter from 1.50 to 1.80 meters or Barrette Pile to replace the volume of soil to be dug out. 
It is likely that the soft clay layer will be moved very easily. It is expected to have a moderate 
impact on the soil around the pile particularly on the construction site of the stations that take 
place near surface water since the soft clay layer will be expanded. Also, the amount of soil will 
be squeezed out to the side or moving in all directions. As a result, the building or structures near 
the rail system (about 20 meters corridor, including Phibul Uphatum schools, Soi Phawana 
Community, Lat Phrao Hospital, Vejthani Hospital , and Chularat II Hospital) or the utilities near 
sidewalks along both sides of the street e.g. concrete sewer pipes , water pipes, electricity cables 
underground or phone underground channels etc., might also be slightly damaged. The impact of 
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the earthquake is not expected to occur or to be affected by low level. Since the construction 
area is located in 2A in V-VII Section, according to Mercalli scale. The residents of the building are 
slightly shocked if the building is constructed in poorly designed. Therefore, it appears the damage 
or less risk of damage in the low to moderate levels. 

  2) Operation Phase  
    In operation Phase, the project is expected to have no impact from 
earthquake due to the elevated structure of the station designed to support in case of geohazard 
or earthquake according to AASHTO standards with the Acceleration Coefficient (0.075) and Site 
Coefficient (S) of 1:50 to 2:00. Also the design further reinforced by the special structure of the 
elevated structure to prevent it from moving out of the top spot. support structure 

 5.1.3.2 Impact on Depot Area and Park and Ride buildings  
  1) Construction Phase  
    The construction of the Park and Ride building could affect the structural 
geology / geological foundation on the motion of the layer of soft clay since the construction area 
is located along the mild to moderate soft clay to a depth of about 18 - 20 meters. If drilling 
Circular Bored Pile in diameter from 0.35 meters to replace the volume of soil to be dug out from 
the construction of Depot with the maximum height of 15 meters (2 stories). It is likely that the 
soft clay layer will be moved very easily. It is expected that the volume of soil around piles that is 
soft clay layer will be expanded or the amount of soil is squeezed out, moving in all directions. 
Consequently, the surrounding utilities nearby such as concrete sewer pipes and underground 
electrical/phone conduits, etc. expected to be slightly damaged. The impact of the earthquake is 
not expected to occur or to be affected by low level. Since the construction area is located in 2A 
area in V-VII Section, according to Mercalli scale. The residents of the building are slightly shocked 
if the building is constructed in poorly designed. Therefore, it appears the damage or less risk of 
damage in the low to moderate levels. 

  2) Operation Phase  
    In operation Phase, the project is expected to have no impact occurs. The 
Depot and Park & Ride buildings are concrete building that designed to support the case of 
geohazard or earthquake, according to the Ministry of Interior "Load resistance and durability of 
building ground for building vibration resistance of earthquake 2007" issued under the Building 
Control Act 1979. 
 
5.1.4 Surface Water Quality 
 5.1.4.1 The Impact of the Elevated Structures and the Stations area 
  1) Construction Phase  
    1.1 The impact, regarding the construction activities particularly for the 
excavation, filling and leveling, excavation for the structure of the elevated Skytrain foundations 
support, or moving construction materials such as cement, sand, stone, clay, etc., is low. Since the 
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construction of the structure will not create any portion intrude into the surface water, therefore, there 
will be no activity interferes with surface water quality except for those station located less than 50 
meters from surface water that are; Lat Phrao 101 stations, Kelantan station, and Suan Luang Ro 9 
station. These three stations might affect by an increase in turbidity from soil erosion during the 
excavations, foundations and filling and leveling processes or might contaminate with oil from the 
equipment. However, the impact is expected to be low since the construction area is limited only 
in the traffic island. In addition, the analysis of surface water quality from water sources along the 
rail system showed that the surface water quality already deteriorated because they receiving 
sewer water from a large urban area. It has been contaminated by the dirty relatively in BOD (high) 
the dissolved oxygen (low) and the coliform bacteria (high). If water turbidity increase from the 
construction activities there will not affect much in the water quality. 

    1.2 The impact of the activities in the project office and construction of 
shelters for construction workers are considered into two scenarios: 

    A) With the project office 

      The Environmental Impact Evaluation Bureau, Office of Natural 
Resources and Environmental Policy and Planning (1999) has set the minimum rate of water use 
standard in the office. (No overnight stay) is 50 liters / person / day, equivalent to the amount of 
wastewater. Based on provided number, wastewater and sewage from the use of bathroom / toilet 
or washing dishes in the daily operation of the staff working in the office up to 200 people 
(according to the construction of Bangkok Mass Transit Line extension Sukhumvit Phase I, 2009) 
50x200x0.80 = 8,000 liters / day, or eight cubic meters / day (equivalent to the rate of water loss 
by 80 percent the amount of water used). Therefore, the adequate bathroom and toilet with 
sanitation should be one room for 10 people and installation of sewage treatment capacity of 2 
cubic meters per tank (5 tanks total) as shown in Figure 5.1.4 – 1. Thus, the capacity of waste 
water treatment to cover the total volume of, wastewater that might occur within the project 
office should be ten cubic meters. 

 - The Environmental Impact Evaluation Bureau, Office of 
Natural Resources and Environmental Policy and Planning (1999) determined the rate of solid 
waste 3 liters / person /day. Therefore, the amount of solid waste that may result from activities 
of approximately 200 staffs while work each day in the offices is equivalent to the volume of solid 
waste equal to 0.60 cubic meters / day (200x3/1,000). In order to limited the dumping of solid 
waste problems or littering that might blockage and affect surface water nearby, the project need 
to provide the trash with a capacity of 0.24 cubic meters of solid waste at least eight tanks (plastic 
squares. 0.58x0.71x1.07 Meters or equivalent), with a total volume of 1.92 cubic meters (by 0.24 
cubic meter x 8 cans) distributed in the different locations in order to gather by the office for the 
district office in Bangkok under the waste collection disposal to comply with sanitary. 

    B) With the Project office and shelters for construction workers 

 - The Environmental Impact Evaluation Bureau, Office of 
Natural Resources and Environmental Policy and Planning (1999) determined the rate of water use 
in the office (no overnight stay) is 50 liters/person/day and the rate of water consumption in the 
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residential community of 200 liters/person/day. The estimation of wastewater and sewage that 
might occur from the daily use of bathroom / toilet, dishes washing or body cleansing during 
operation of approximately 1,400 people (200 office staffs – no overnight stay) and (1,200 
construction workers – with overnight stay), number based on the construction of Bangkok mass 
transit line extension Sukhumvit 1, 2009, is expected to have the maximum volume of wastewater 
occurs equal to 200 cubic meters / day [(200x50 + 1,200x200) x0.80] / 1,000). Calculating based on 
80 percent of the rate of water loss by the amount of water used, therefore adequate 
bathroom/toilet with the sanitation must provide for at least 10 people/ room and install 
wastewater treatment system with the capacity of 12 cubic meters/ tank for 20 tanks; as shown in 
Figure 5.1.4 - 1, Thus, a total volume of sewage for wastewater treatment activities that might 
occur within Office Project and construction worker shelters is approximately 240 cubic meters per 
day.  

 - The Environmental Impact Evaluation Bureau, Office of 
Natural Resources and Environmental Policy and Planning (1999) determined the rate of garbage 
per day is 3 liters / person. Therefore, the amount of waste from 1,200 construction workers in the 
construction shelters will be in a total amount of solid waste of 3.60 cubic meters / day (1,200x3 / 
1,000). In order to prevent the problem of waste dumping, littering, or dropping garbage into a 
drainage around the office and residential area which will cause the blockage of surface water 
nearby, at least 50 trash cans with capacity of 0.24 cubic meters, (plastic squares. 0.58x0.71x1.07 
meters or equivalent) representing a total volume of 12 cubic meters (0.24x50) distributed into 
groups of 10 cans inside the office and construction worker shelters should be provided in order to 
gather by the office for the district office in Bangkok under the waste collection disposal to comply 
with sanitary.  

 Clearly, if the office project and the construction worker shelters 
are in the same place along the project route, the impact on waste water and solid waste 
management would be relatively high. The recommendation is that the "Office" should set up 
separately with the construction worker shelters by located approximately 5 kilometers away from 
the rail system and should propose for the approval from the MRTA and must comply with laws / 
regulations of local authorities in the construction of residential or strictly followed the. Ref. 1979, 
or the Building Control Regulation No. 55 Year 2000 Ministry of Interior. 

    1.3 The impact of the ongoing construction activities such as washing and 
cleaning construction equipment, vehicles, etc. that will take place in the office area, is expected 
to take water no more than 12 cubic meters / day (according to the Bangkok Mass Transit System 
Construction. Sukhumvit Line Phase I, 2009) as waste water 12x0.80 of 9.60 cubic meters / day. 
Therefore, two sewage treatments with a capacity of six cubic meters each or volume of 12 cubic 
meters in total should be installed for treat waste water from the activities that may occur. 
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Figure 5.1.4 - 1 Example of wastewater treatment: septic – fixed film aeration system  
   (Cap. 2 - 12 cubic meters) 
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   2) Operation Phase  
    As the Monorail system which runs on elevated structures, using electricity 
to drive, it does not affect surface water quality in the passing water sources. As for the stations, 
the daily amount of waste water from the use of the employee restroom that perform various 
functions such as ticketing, information, security and communications, etc. approximately 10 
people/stations. The amount of water usage is 50 liters/person, equivalent to 400 liters of 
wastewater (50x10x0.80 / day or 0.40 cubic meters / day; equivalent. the rate of water loss by 80 
percent the amount of water used), thus the amount of water that will be treated by the 
wastewater treatment plant with the capacity of 2 cubic meters, ready to be installed in all 
stations, there will be no impact occurs as shown in Figure 5.1.4 - 1. 

5.1.4.2 Impact on Depot Area and Park and Ride buildings 
  1) Construction Phase  
    The Depot which located east of the Si Iam Junction with construction 
activities especially the excavation leveling, drilling foundations for building for support a two-floor 
Depot or moving construction materials such as cement, sand, stone and clay, etc., is expected to 
have a low impact on the increasing in turbidity, impurities in BOD or contamination from the use 
of equipment with the use of oil, etc., even if the Depot is located adjacent to surface water 
(Khlet Canal), but no construction portion intrude into the canal and there is no activity that 
disturbs the surface water quality in the Khlet Canal. 

  2) Operation Phase  
    The Depot which located east of the Si Iam junction will produce waste 
water from using the bathroom, toilet, and dish washing from the employees in the administration 
building and the control center, staff dormitory, and restaurants as wel as the wastewater from 
washing and railcar maintenance activities. The amount of waste water will total 88.27 cubic 
meters/day as shown in Figure 5.1.4 -2. The amount of wastewater from mentioned activities will 
be treated using three small Onsite Treatment Plant which is Septic - Anaerobic Filter and Contact 
Aeration Process, with the capacity of 50 cubic meters in a total volume of 150 cubic meters, and 
followed by the retention. The wastewater from the traffic control centers and staff dormitory will 
be compiled into a septic system that directly installed onsite while the wastewater from 
restaurants and train maintenance and cleaning will flow through oil Interceptor to extract the fat 
and oil prior to discharge into the Khlet Canal. Therefore, the expected impact is low. 
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5.1.5 Air Quality 
 5.1.5.1 The Impact of the Elevated Structures and the Stations area 
   1) Construction Phase  
    Suspended Particulate Matter 
    Project construction activities, including site preparation and construction, site 
excavation, relocation of utilities, drilling rigs, casting the stanchion, the construction of the pillar 
structure as well as stations and escalator, machinery and transport equipment, construction 
materials, etc. The relocation of utilities, particularly water supply pipe in the middle of traffic 
island of Lat Phrao road will immediately relocate at the beginning of the project. Thus, the 
operations will cause a negative impact on air quality along the construction area of the project 
especially in dust and pollution from the use of construction equipment. The amount of dust that 
happens will depend on factors such as soil characteristics, soil moisture, wind speed and 
direction, the Phase of construction, and etc. The concentration of dust particles in the 
atmosphere will be varied with the origin and soil composition but inversely proportional to soil 
moisture. The impact assessment of the suspended particles from construction activities will be 
considered in the worst case, which can be calculated as the Box Model of John G. Rau and David 
C. Wooten. (1996) as follows: 

    
U×W×D

Q
C=  

    Where C = The concentration of the pollutant (mg / m³). 
     Q = The rate of discharge pollutant (mg / sec). 
     D = Mixing Height (m)  
     W = The width of the area perpendicular to the wind direction (m). 
     U = Wind speed (m / s). 

    From the project construction activities based on the nature of the 
construction US.EPA (The Environmental Protection Agency) under "Compilations of Emission 
Factor, AP - 42" (Fifth Edition, Volume I: 1995), which states that "moderate construction activities 
with the volume of 30 percent loam, with the index evaporation of 50 percent would cause the 
emission of dust particles into the atmosphere, about 1.2 tons/acre/month". The construction 
activities of the project are the large construction project that must be open and recondition as 
well as the excavation, relocate utilities, drilling rigs and construction of foundation structures. The 
occurrence of total suspended particulates (TSP) will similar to activity, development, and large 
construction US.EPA (1995). Therefore, the construction activities of the project will emit 
suspended dust particle about 12 tons/acre/month, equivalent to 296.5 gram /square 
meter/month. In the construction projects scheduled for construction activities daily (30 days / 
month) worked eight hours per day. 
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    For the construction area, the routes and the stations ascent/descent stairways 
will be constructed in section, by each section will simultaneously excavate the surface of the traffic 
island and one traffic lane on each side by a distance of 1000 meters. During the construction, the 
open area will cover 7, 8.4, and 7 meters on Lat Phrao road, Srinagarindra road and Thepharak road, 
respectively with the width of the construction area in the middle of the road approximately 10 
meters. In which the calculation is based on the worst case is the longest side of the perpendicular. 
wind direction by a construction area of 10,000 square meters. 
    For the station, there will be 23 stations along the project route that construct 
in the middle of the route with the width and length of 23 and 120 meters respectively. The 
station construction will unearth to construct the foundations as the same procedure of the 
construction of the route foundations with a width of 10 meters. Therefore, each station will be 
the construction of bases and piles in the median of the road, six piles as 1200 square meter 
construction area per station or total construction area stations (23 stations) of 27,600 square 
meters. 
    For the stairways, there will be four stairways per station, two per side, with a 
width of approximately 18 meters and a length of about 26 meters each. The construction of 
stairways will excavate approximately 468 square meters per side or 1872 square meters per 
station. The total area of the building stairways (23 stations), equal to 43,056 square meters.  
    Based on the data from Don Muang airport weather stations, in a 30-year 
Phase (1981-2010), the average wind speed is 4.0 knots or minimum 2.06 m/s with the wind 
direction from the south and the Mixing Height of 1,000 meters (Leeuwen and Vermeir, 2007). 
    The calculation of the concentration of dust emission from construction 
projects using Box Model, which assesses the value of John G. Rau and David C. Wooten (1996) are 
summarized below. 
    A) The impact of the elevated structure less than 1000 m. per section 

 C = 
U×W×D

Q
 

 
Q = 

3,600×8×30
,00010 ×310×296.5    Milligrams per second

 

 
Q = 3,431.71   Milligrams per second 

 C = 
06.2×000,1×000,1

71.431,3    Milligrams per cubic meter 

 C = 0.00167    Milligrams per cubic meter 
 When combining the calculated results with the results from the 
measurement in Lat Phrao, road Srinagarindra road Theparak road, as shown in Table 5.1.5 - 1, the 
amount of total suspended particulates were 0.09167 0.18167 and 0.21667 milligrams per cubic 
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meter, respectively. However, the total amount of dust suspended in that area was lower than the 
air quality standards announced by the National Environment Board No. 24 (2004). Ambient Air 
Quality Standards which determines the concentration of total suspended particles in the 
atmosphere must not exceed 0.330 milligrams per cubic meter. By the percentage 27.78, 55.05, 
and 65.66 of the standard respectively, thus expect construction activities along the project route 
of the would generate the impact of low to moderate. 
 
Table 5.1.5 - 1 The predicted concentration of TSP from construction activities along the 

project route 

Project route TSP from construction 
activities (mg/m3) 

Max. TSP from air 
quality sampling station 

(mg/m3) 

Total TSP 
(mg/m3) 

Lat Phrao road  0.00167 0.0901/ 0.09167 
Srinagarindra road 0.00167 0.1802/ 0.18167 
Thepharak road 0.00167 0.2153/ 0.21667 

Standard4/ 0.330 
Remark :     1/ =  The maximum concentration of TSP (average 24 hr.) is 0.090 mg/m3 at Pibool Upphatham School, 

Samsennok Sub-district, Huai Khwang District, Bangkok during 21 - 22 June, 2013. 
  2/ =  The maximum concentration of TSP (average 24 hr.) is 0.180 mg/m3 at Klongkalantan school, Suan 

Luang Sub-district, Suan Luang District, Bangkok during 16 - 17 June, 2013. 
  3/ =  The maximum concentration of TSP (average 24 hr.) is 0.215 mg/m3 at Chulavej hospital, Thepharak 

Sub-district, Mueang Samut Prakan District, Samut Prakan Province during 28 - 29 June, 2013.  
  4/ =  Notification of National Environmental Board No. 24, 2004 (B.E. 2547). Total Suspended Particulate 

(TSP) average 24 hr. standard value is not exceed 0.33 mg/m3 
 
 B) The impact of the construction area and the stairways of 23 stations 

   C = 
U×W×D

Q
 

   Q = 
3,600×8×30

072,3 ×310×296.5    Milligrams per second 

   Q = 1,054.22   Milligrams per second 

   C = 
06.2×120×000,1

22.054,1    Milligrams per cubic meter 

   C = 0.00426    Milligrams per cubic meter 
  When combining the calculated results with the results from the 
measurement in Lat Phrao, road Srinagarindra road Theparak road, as shown in Table 5.1.5 - 2, the 
amount of total suspended particulates was 0.09426, 0.18426, and 0.21926 milligrams per cubic 
meter, respectively. However, the total amount of dust suspended in the area is lower than the air 
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quality standards announced by the National Environment Board No. 24 (2004). Ambient Air 
Quality Standards which determines the concentration of total suspended particles in the 
atmosphere must not exceed 0.330 milligrams per cubic meter. By the percentage 28.57, 55.84, 
and 66.44 of the standard respectively, thus expect construction activities along the project route 
the would generate the impact of low to moderate. 
 
Table 5.1.5 - 2   The predicted concentration of TSP from station construction area along the 

project route 

Project route TSP from construction 
activities (mg/m3) 

Max. TSP from air 
quality sampling station 

(mg/m3) 

Total TSP 
(mg/m3) 

Lat Phrao road  0.00426 0.0901/ 0.09426 
Srinagarindra road 0.00426 0.1802/ 0.18426 
Thepharak road 0.00426 0.2153/ 0.21926 

Standard4/ 0.330 
Remark :     1/ =  The maximum concentration of TSP (average 24 hr.) is 0.090 mg/m3 at Pibool Upphatham School, 

Samsennok Sub-district, Huai Khwang District, Bangkok during 21 - 22 June, 2013. 
  2/ =  The maximum concentration of TSP (average 24 hr.) is 0.180 mg/m3 at Klongkalantan school, Suan 

Luang Sub-district, Suan Luang District, Bangkok during 16 - 17 June, 2013. 
  3/ =  The maximum concentration of TSP (average 24 hr.) is 0.215 mg/m3 at Chulavej hospital, Thepharak 

Sub-district, Mueang Samut Prakan District, Samut Prakan Province during 28 - 29 June, 2013.  
  4/ =  Notification of National Environmental Board No. 24, 2004 (B.E. 2547). Total Suspended Particulate 

(TSP) average 24 hr. standard value is not exceed 0.33 mg/m3 
 
   Toxic Gases Pollutants 
  The impact from the usage of vehicles for materials transportation, 
construction equipment and machinery used in construction which is considering from the vehicle 
used to transport various construction materials including the functioning of large machinery. This 
may cause a negative impact on communities near the construction area due to the spread of 
dust cause from running out of space and exhaust from vehicles and operation of machinery, such 
as carbon monoxide (CO), hydrocarbons (HC), oxides of nitrogen (NOX) and. Total suspended 
particulates (TSP). The projected rate of pollution from machinery and equipment in the 
construction work will be considered from the Box Model of the John G. Rau and David C. Wooten 
(1996) as well as assessing the impact of suspended dust from construction activities which is 
considered the worst case scenario as follows 
   - The pollution from machinery and equipment, according to the construction 
of US.EPA is shown in Table 5.1.5 - 3. 
   - The number of machines, equipment and vehicles are expected to be used 
in construction projects shown in Table 5.1.5 - 4. 
 - The construction activities will be carried out 30 days / month and no more 
than eight hours a day. 
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Table 5.1.5 - 3 Emission Factor from construction equipments 

Construction 
equipments 

Concentration (kg/unit/hr) 

CO HC (in term of CH4) NOX (in term of NO2) TSP 
1. Bulldozer 0.35 1.05 2.30 0.08 
2. Backhoe 0.25 0.09 1.09 0.08 
3. Roller 0.10 - 0.45 - 
4. Motor Grader 0.10 - - - 
5. Truck Loader 0.05 - 0.25 0.05 
6. Diesel Truck 0.61 0.20 3.45 0.12 
7. Pickup Truck 1.04 0.05 0.02 0.03 

Source : “S.EPA. ๡Compilation of Air Pollutant Emission Factors๢, Publication No. AP - 42. (1995) 
 
Table 5.1.5 - 4 Construction activities and construction equipments 

Construction activities Equipment/machine 

No. of equipment per construction Phase 
(vehicle/day) 

Guideway 
Structure  Station Depot and  

Park & Ride 
1. Ground clearing and 
preparation Bulldozer 1 1 10 

2. Digging trenches, filling and 
ground improvement. Backhoe 1 1 10 

3. Compacted ground Roller 1 1 10 
4. Ground leveling Motor Grader 1 1 10 
5. Soil moving Truck Loader 1 1 25 
6. Material moving Diesel Truck 1 1 25 
7. Transport staff Car and Pickup Truck 2 2 10 

Total 8 8 100 
Source : Office of Transport and Traffic Policy and Planning, 2012. 
 
 - The construction area including the construction of elevate structures and 
station’s ascent/descent stairway will assess the amount of total suspended particulates from the 
plant is 10,000 and 3072 square meters of construction area or length by width perpendicular to 
the wind direction. By considering the worst case scenario that the side is most perpendicular to 
the wind direction with the width of the elevated structure and station’s ascent/descent stairway 
are 1,000 and 120 meters, respectively. 
   - Based on the data from Don Muang airport weather stations, in a 30-year 
Phase (1981-2010), the average wind speed is 4.0 knots or minimum 2.06 m/s with the wind 
direction from the south and the Mixing Height of 1,000 meters (Leeuwen and Vermeir, 2007). 
 The projected concentrations of exhaust pollution caused by equipment and 
vehicles used in the construction area; the details are as follows 



The Report on Changes in Project Details in the EIA Reports on     
the Bangkok Mass Transit Yellow Line Project : Lat Phrao-Samrong Section  Chapter 5 Environmental Impact Assessment 

AEC/HC/D2A/WE/ENRICH/PSG  5-15 

    A) The Impact of the Elevated Structures less than 1,000 m per section
       The impact of the elevated structure construction less than 1,000 meters 
found that the carbon monoxide (CO) is equal to 0.00334 ppm. Hydrocarbon (HC) is equal to 
0.00238 ppm. Nitrogen dioxide (NO2) is equal to 0.00435 ppm. The total suspended particulates 
(TSP) equals 0.00042 Milligrams per cubic meter. In General, the total value not exceeding the 
Ambient Air Quality Standards announced by the National Environment Board No. 10 (1995) and 
No. 24 (2004) which determines the concentration of Carbon Monoxide (CO) the average one hour 
does not exceed 30 parts per million. Nitrogen dioxide (NO2) the average one hour less than 0.170 
parts per million. Average total suspended particulates and up to 24 hours while 0.33 Milligrams 
per cubic meter of gas hydrocarbons in the country has not yet determined its benchmark as 
shown in Table 5.1.5 - 5. 
 
Table 5.1.5 - 5 Results of air quality impact prediction from the construction machines, 

equipments and vehicles at guideway structure construction area 
Construction 
equipments 

Concentration of air pollution from guideway structure construction area 
CO (ppm) HC (ppm) NO2 (ppm) TSP (mg/m3) 

1. Bulldozer 0.00038 0.00113 0.00248 0.00009 
2. Backhoe 0.00027 0.00010 0.00118 0.00009 
3. Roller 0.00011 - 0.00049 - 
4. Motor Grader 0.00011 - - - 
5. Truck Loader 0.00005 - 0.00027 0.00005 
6. Diesel Truck 0.00066 0.00022 0.00372 0.00013 
7. Pickup Truck 0.00224 0.00011 0.00004 0.00006 

Total 0.00382 0.00156 0.00818 0.00042 
Total (ppm) 0.00334 0.00238 0.00435 - 
Standard 30 ppm1/ - 0.170 ppm1/ 0.330 mg/cu.m.2/ 

Remark :  1/ Notification of National Environmental Board No. 10, 1995 (B.E. 2538). 
    2/ Notification of National Environmental Board No. 24, 2004 (B.E. 2547). 
 
      Combining the results from the calculation with the results from the 
measurement in the field during 14 June to 2 July, 2013, found that carbon monoxide (CO) is 
equal to 3.60334 ppm or 12.01 percent of the standard. Hydrocarbon (HC) is equal to 3.20238 
ppm. Nitrogen dioxide (NO2) is equal to 0.10445 ppm or 61.44 percent of the standard. And total 
suspended particles (TSP) equals 0.21542 Milligrams per cubic meter or 65.28 percent of the 
standard. The total value is still lower than the air quality standards announced by the National 
Environment Board No. 10 (1995) and No. 24 (2004). According to the Ambient Air Quality 
Standards, except hydrocarbons in Thailand that have not set the standard yet, is shown in Table 
5.1.5 - 6. Considering the actual work in the construction area, the use of such equipment will 
follow the construction process. By not having work all together and not run the equipment all 
day, thus, the accumulation of pollutants from the equipment and vehicles will not accumulate. 
Moreover, the duration of each Phase of construction will take place only a short time and the 
equipment will be moved along the project route. Therefore, the impact is low to moderate. 
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Table 5.1.5 – 6 Results of air quality impact prediction from the guideway structure 
construction area, and the combinations of existing air quality condition 
during 14 June – 2 July, 2013 

Item 
Concentration of air pollution from guideway structure construction area 

including maximum baseline concentration 
CO (ppm) HC (ppm) NO2 (ppm) TSP (mg/m3) 

Prediction result 0.00334 0.00238 0.00435 0.00042  
Max. concentration 
from sampling stations 3.61/ 3.22/ 0.10013/ 0.2154/ 

Total 3.60334 3.20238 0.10445 0.21542 
% of standard 12.01 - 61.44 65.28 

Standard 305/ - 0.1705/ 0.3306/ 
Remark :  1/  The maximum concentration of CO (average 1 hr.) is 3.6 ppm at Chulavej hospital, Thepharak Sub-district, 

Mueang Samut Prakan District, Samut Prakan Province during 27 - 28 June, 2013.  
 2/ The maximum concentration of THC is 3.2 ppm at Klongkalantan school, Suan Luang Sub-district, Suan 

Luang District, Bangkok during 18 - 19 June, 2013.  
 3/ The maximum concentration of NO2 (average 1 hr.) is 0.1001 ppm at Chulavej hospital, Thepharak Sub-

district, Mueang Samut Prakan District, Samut Prakan Province during 29 - 30 June, 2013.  
 4/ The maximum concentration of TSP (average 24 hr.) is 0.215 mg/m3 at Chulavej hospital, Thepharak Sub-

district, Mueang Samut Prakan District, Samut Prakan Province during 28 - 29 June, 2013.  
 5/ Notification of National Environmental Board No. 10, 1995 (B.E. 2538). 
 6/ Notification of National Environmental Board No. 24, 2004 (B.E. 2547). 
 
 B) The impact of the construction area and the stairways of 23 stations. 
  The impact of the station construction site found that there was Carbon 
Monoxide (CO) 0.0332 parts per million, Hydrocarbons (HC) 0.02375 parts per million, nitrogen 
dioxide (NO2) 0.04346 parts per million and total suspended particles (TSP) 0.0042 milligrams per 
cubic meter, which is less than the threshold. of air quality standards as well as the construction 
of elevated structures as shown in Table 5.1.5 - 7. 
  The results from the measurement in the field during 14 June to 2 July, 
2013 confirmed that carbon monoxide (CO) is equal to 3.63332 parts per million or 12.11 percent 
of the standard. Hydrocarbons (HC) is equal to 3.22375 parts per million while nitrogen dioxide 
(NO2) is equal to 0.14346 parts per million, or 84.39 percent of the standard. Also, total suspended 
particles (TSP) is equal to 0.2192 milligrams per cubic meter, representing 66.49 percent of the 
standard. The total value is still lower than the air quality standards according to the National 
Environment Board No. 10 (1995) and No. 24 (2007) Ambient Air Quality Standards (except 
hydrocarbons in Thailand that have not yet determined the standard) as shown in Table 5.1.5 - 8.  
  Considering the actual work in the construction area, the use of such 
equipment will follow the construction process. By not having work all together and not run the 
equipment all day, thus, the accumulation of pollutants from the equipment and vehicles will not 
accumulate. Moreover, the duration of each Phase of construction will take place only a short 
time and the equipment will be moved along the project route. Therefore, the impact is low to 
moderate 
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Table 5.1.5 - 7 Results of air quality impact prediction from the construction machines, 
equipments and vehicles at station construction area 

Construction 
equipments 

Concentration of air pollution from station construction area 
CO (ppm) HC (ppm) NO2 (ppm) TSP (mg/m3) 

1. Bulldozer 0.00378 0.01133 0.02481 0.00086 
2. Backhoe 0.00270 0.00097 0.01176 0.00086 
3. Roller 0.00108 - 0.00485 - 
4. Motor Grader 0.00108 - - - 
5. Truck Loader 0.00054 - 0.00270 0.00054 
6. Diesel Truck 0.00658 0.00216 0.03722 0.00129 
7. Pickup Truck 0.02240 0.00108 0.00043 0.00065 

Total 0.03816 0.01554 0.08177 0.00420 
Total (ppm) 0.03332 0.02375 0.04346 - 
Standard 30 ppm1/ - 0.170 ppm1/ 0.330 mg/cu.m.2/ 

Remark :  1/ Notification of National Environmental Board No. 10, 1995 (B.E. 2538). 
 2/ Notification of National Environmental Board No. 24, 2004 (B.E. 2547). 
 
Table 5.1.5 - 8 Results of air quality impact prediction from the station construction area, 

and the combinations of existing air quality condition during 14 June - 2 
July, 2013 

Item 
Concentration of air pollution from station construction area 

including maximum baseline concentration 
CO (ppm) HC (ppm) NO2 (ppm) TSP (mg/m3) 

Prediction result 0.03332 0.02375 0.04346 0.00420 
Max. concentration from 
sampling stations 3.61/ 3.22/ 0.10013/ 0.2154/ 

Total 3.63332 3.22375 0.14346 0.2192 
% of standard 12.11 - 84.39 66.49 

Standard 305/ - 0.1705/ 0.3306/ 
Remark :  1/  The maximum concentration of CO (average 1 hr.) is 3.6 ppm at Chulavej hospital, Thepharak Sub-district, 

Mueang Samut Prakan District, Samut Prakan Province during 27 - 28 June, 2013.  
 2/ The maximum concentration of THC is 3.2 ppm at Klongkalantan school, Suan Luang Sub-district, Suan 

Luang District, Bangkok during 18 - 19 June, 2013.  
 3/ The maximum concentration of NO2 (average 1 hr.) is 0.1001 ppm at Chulavej hospital, Thepharak Sub-

district, Mueang Samut Prakan District, Samut Prakan Province during 29 - 30 June, 2013.  
 4/ The maximum concentration of TSP (average 24 hr.) is 0.215 mg/m3 at Chulavej hospital, Thepharak Sub-

district, Mueang Samut Prakan District, Samut Prakan Province during 28 - 29 June, 2013.  
 5/ Notification of National Environmental Board No. 10, 1995 (B.E. 2538). 
 6/ Notification of National Environmental Board No. 24, 2004 (B.E. 2547). 
 
   2) Operation Phase  
  The Monorail transit system that is mainly powered by electricity. The route is 
an elevated structure with the height from the road surface range from 14 - 25 meters thus, there 
will no pollution emission from the commuter train. However, the impact on air quality during the 
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Operation Phase of the project along the route will depend on the pollution from the exhaust of 
vehicles passing by on the main road along the project route such as Lat Phrao road, Srinagarindra 
road. Theparak road. The forecast volume of pollutants that occur in the following two cases. 

 A) The Impact of the Elevated Structures and the Stations area 
  Although the conditions and forms of land use along the route during the 
project to a medium to high density commercial and very dense residential area, the train system 
located on the traffic island of the main road that consist of a solid structure with a clear 
separation between the route about 6 meters, which can be vented to the top. It is expected that 
concentrations of air pollution caused by gases include CO 1-hourม NO2 1 hour, and THC from the 
exhaust of vehicles passing by on the main road along the project including Lat Phrao road, 
Srinagarindra road, and Theparak road will not exceed the standards which agree with the results 
from the air quality measurements that the maximum index were still not exceeded the standard 
in the area include Chulavej Hospital (CO 1-hour and NO2 1-hour peak of 3.6 and 0.1001. parts per 
million) and Kelantan Canal school (max THC was 3.20 parts per million), etc. Thus, areas with 
elevated structures along the project route are expected to prevent the formation of air pollution 
in the area even there are traffic jams on the main roads. 

 B) The impact of construction area and the stairways of 23 stations 
  To study the impact on air quality from the road below the train station 
(Platform), the Box Model of John G. Rau and David C. Wooten (1996) was used to predict the 
concentration of pollutants from motor vehicles by considering the pollution caused by traffic 
problems include carbon monoxide (CO) that is a pollutant released from the exhaust of the 
vehicle while running at low speed, or in idle. The carbon monoxide from the exhaust gas, 
depending on the type and speed of various vehicles are based on Environmental Impact 
Assessment Report on the MRTA Initial System (1993). A study and analysis of carbon monoxide, 
which is released from vehicles on the main road in an urban area with six lanes and traffic 
density, the speed of the vehicle has a value of 0-1 km/hour and 8 km/hr During the year of 1993, 
2006 and 2019 respectively was conducted for forecast the pollution emission from vehicles on 
the road with six lanes with a heavy traffic is shown in Table 5.1.5 - 9. As a result, the amount of 
carbon monoxide is likely to decline in the future if the power grid or mass transit, as well as the 
technology of fuel-burning vehicles running on the road, were developed more efficient. This will 
significantly reduce carbon monoxide emission. Therefore, the impact assessment considers the 
worst case scenario by the emission of carbon monoxide from the vehicle at the speed of 0-1 
km/hr and 8 km/hr in 1993 as the highest rate of exhaust gas that is likely to occur underneath the 
train station in the current year (2013). Also, using the decreasing trend in the future during 2006 
and 2019 projected in 2026 and 2039, respectively. 
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Table 5.1.5 - 9 Vehicles emission prediction on 6-lanes road and traffic jam condition  

Vehicle speed 
(km/hr) 

Concentration of CO (ppm) 
1993 2006 2019 

g/100 m/hr g/sec/m2 g/100 m/hr g/sec/m2 g/100 m/hr g/sec/m2 
0 - 1 50,506 7.01 33,915 4.71 26,672 3.70 
8 16,800 2.33 11,300 1.57 8,900 1.24 

Remark : Apply from Environmental Impact Assessment Report on the MRTA Initial System, 1993. 
Source : Office of Transport and Traffic Policy and Planning, 2012. 
 
 The prediction of carbon monoxide (CO) concentration, the forecast by 
application of Box Model John G. Rau and David C. Wooten (1996) as follows.   

  
U×W×D

Q
C=  

   
 Where C = The concentration of the pollutant (mg / m³). 
  Q = The rate of discharge pollutant (mg / sec). 
  = 7.01 g/s/m at the speed of 0-1 km/hr and 2.33 g/s/m at the speed of 

8 km/hr. at the worst case scenario in one square meter in the area 
  D = The minimum height of the station (14 meters). 

 W = The width of the area perpendicular to the wind direction 
(m). The worst case scenario that the width of the space 
station was 120 meters. 

 U = The lowest average wind speed in the 30-year Phase (1981-2010) 
from Don Muang airport weather stations, that is 4 knots or 2.06 
m/s. 

 Thus, at the vehicle speed of 0-1 km/hr, the concentration of carbon 
monoxide (CO) can be calculated as follows. 

 C = 
06.2×120×14

010,7    Milligrams per cubic meter 

 C = 2.03    Milligrams per cubic meter 
 C = 1.77    parts per million  
   At the vehicle speed 8 km/h, the concentration of carbon monoxide (CO) 
can be calculated as follows. 

 C = 
06.2×120×14

330,2    Milligrams per cubic meter 

 C = 0.67    Milligrams per cubic meter 
 C = 0.59    parts per million  
 
 

 The prediction of carbon monoxide (CO) concentration in the street below the 
train station each year is shown in Table 5.1.5 - 10. Combining the concentration of carbon monoxide 
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(CO) observed from the road under with a total maximum value of the measurement along the project 
route, the results of each predicted year shown in Table 5.1.5 - 11, which are summarized below. 

 (1) In the case of the vehicle speed of 0-1 km/hr. 
  (a) The carbon monoxide (CO) concentration from the forecast. 
   - Year 2013  = 1.77 parts per million 
   - Year 2026  = 1.19 parts per million 
   - Year 2039  = 0.93 parts per million 
  (b) The carbon monoxide (CO) concentration from the forecast 
combine with the maximum value that measured from the following routes  
   Lat Phrao Road area, using maximum value measured from 
Vejthani Hospital, which is equal to 2.3 parts per million. The values are as follows: 
   - Year 2013 = 1.77+2.3 = 4.07 parts per million 
   - Year 2026 = 1.19+2.3 = 3.49 parts per million 
   - Year 2039 = 0.93+2.3 = 3.23 parts per million 
      Srinagarindra Road area, using maximum value measured from Si 
Iam Temple, which is equal to 2.7 parts per million. The values are as follows: 
   - Year 2013 = 1.77+2.7 = 4.47 parts per million 
   - Year 2026 = 1.19+2.7 = 3.89 parts per million 
   - Year 2039 = 0.93+2.7 = 3.63 parts per million 
       Theparak Road area, using maximum value measured from 
ChuIavej Hospital, which is equal to 3.6 parts per million. The values are as follows: 
   - Year 2013 = 1.77+3.6 = 5.37 parts per million 
   - Year 2026 = 1.19+3.6 = 4.79 parts per million 
   - Year 2039 = 0.93+3.6 = 4.53 parts per million 
 
Table 5.1.5 – 10 Results of Carbon Monoxide (CO) concentration prediction from roads 
 under the station only during operation Phase. 

Vehicle speed 
(km/hr) 

Concentration of CO 1 hr (ppm) 
2013 2026 2039 

 0 - 1  1.77 1.19 0.93 
8 0.59 0.39 0.31 
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Table 5.1.5 – 11 Results of Carbon Monoxide (CO) concentration prediction from roads 
under the station, and the combinations of existing air quality condition 

Project route Vehicle speed 
(km/hr) 

Concentration of CO 1 hr including maximum baseline 
concentration of CO1/ (ppm) 

2013 2026 2039 
Lat Phrao road 0 - 1 4.07 3.49 3.23 
 8 2.89 2.69 2.61 
Srinagarindra road  0 - 1 4.47 3.89 3.63 
 8 3.29 3.09 3.01 
Thepharak road  0 - 1 5.37 4.79 4.53 
 8 4.19 3.99 3.91 

Standard2/ 30 
Remark : 1/ = Lat Phrao road section, the maximum concentration of CO (average 1 hr.) is 2.3 ppm at Vejthani hospital 

during 27 - 28 June, 2013. 
  = Srinagarindra road section, the maximum concentration of CO (average 1 hr.) is 2.7 ppm at Klongkalantan 

school during 17 - 18 June, 2013 and at Si Iam Temple during 20 - 21 June, 2013. 
  = Thepharak road section, the maximum concentration of CO (average 1 hr.) is 3.6 ppm at Chulavej hospital 

during 27 - 28 June, 2013 and at Si Iam Temple during 20 - 21 June, 2013. 
 2/ = Notification of National Environmental Board No. 10, 1995 (B.E. 2538). CO standard is not exceed 30 ppm. 

 (2) In case of the vehicle speed of 8 km/hr. 
  (a) The carbon monoxide (CO) concentration from the forecast. 
   - Year 2013  = 0.59 parts per million 
   - Year 2026  = 0.39 parts per million 
   - Year 2039  = 0.31 parts per million 
  (b) The carbon monoxide (CO) concentration from the forecast 
combine with the maximum value that measured from the following routes 

   Lat Phrao Road, using maximum value measured from Vejthani 
Hospital, which is equal to 2.3 parts per million. The values are as follows: 
   - Year 2013 = 0.59+2.3 = 2.89 parts per million 
   - Year 2026 = 0.39+2.3 = 2.69 parts per million 
   - Year 2039 = 0.31+2.3 = 2.61 parts per million 
      Srinagarindra Road area, using maximum value measured from Si 
Iam Temple, which is equal to 2.7 parts per million. The values are as follows: 
   - Year 2013 = 0.59+2.7 = 3.29 parts per million 
   - Year 2026 = 0.39+2.7 = 3.09 parts per million 
   - Year 2039 = 0.31+2.7 = 3.01 parts per million 
       Theparak Road area, using maximum value measured from 
ChuIavej Hospital, which is equal to 3.6 parts per million. The values are as follows: 
   - year 2013 = 0.59+3.6 = 4.19 parts per million 
   - year 2026 = 0.39+3.6 = 3.99 parts per million 
   - year 2039 = 0.31+3.6 = 3.91 parts per million 
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   The forecast report of carbon monoxide (CO) at the stations along the 
project found that combined the calculated carbon monoxide (CO) with the measured carbon 
monoxide (CO), show the highest value from the measurements in Lat Phrao road, Srinagarindra 
road, and Theparak road, (in case of the vehicle speed is 0-1 km/hr) that observed in 2013 were 
4.07, 4.47, and 5.37 parts per million, respectively. The total value is lower than the air quality 
standard according to the Board of Directors of the National Environmental Act No. 10 of 1995 
which states that the carbon monoxide average one hour should not exceed 30 parts per million. 
As the road structure below the train station almost every station, except Phawana station Chok 
Chai 4 station, Lat Phrao 101 station, and Samrong station, are open space with no high-rise 
buildings (more than two floors) on both sides of the train station. So that there is no obstruction 
for the pollution from vehicles that passing under the train station. Therefore, the air flow around 
the station is in a good condition just like the condition before the project construction. Also. the 
concentration of pollutants (CO - 1 hour) is not to exceed air quality standards or harm the health 
of a community or sensitive area, such as religious place, schools, or hospitals, etc. that located 
nearby stations. Thus, the impact is low. However, the project route is located mainly on the 
traffic median that passes through the urban commercial district, moderate density residential 
area, with open space, which in the future, may likely to expand along the both sides of Main 
Street. This may cause blocking ventilation. To prevent health problems, in the long run, the 
measures to prevent and minimize the impact on air quality is recommended. For Samrong station 
(YL - 23) that bordered by commercial structures on both sides of the road even, there is a gap 
between the station and commercial buildings about 6 - 8 meters, the area is considered with 
poor air circulation. It could impact negatively on the health level of the community and the 
public with the activities in the area on both sides of the Samrong station (YL - 23). Thus, to 
minimize the impact on air quality, the prevention measures is recommended. 
 
 5.1.5.2 Impact on Depot Area and Park and Ride buildings 
   1) Construction Phase  
    Depot is located east of the junction of the Srinagarindra intersection with 
Bang Na - Trat Road, an area of 122 Rais or 494,000 square meters. The widest of the area is about 
380 meters and its longest is approximately 1300 meters. The Park & Ride building is located in the 
Samut Prakan highway distric covers 39.9 Rais, or 63,840 square meters, with a width of about 100 
meters and a length of about 600 meters. Considering in the worst case, the idea for construction 
is to excavate all together with the construction area of 494,000 square meters and 63,840 square 
meters, respectively. 
    According to meteorological data from Don Muang airport weather stations, in 
30 years-Phase (1981-2010), the average minimum wind speed is approximately 4.0 knots or 2.06 
m/s with the wind direction from the south therefore the Mixing Height is circa 1,000 meters 
(Leeuwen and Vermeir, 2007). 
    The calculation of the dust concentration caused by construction activities 
using Box Model, which assesses the value of John G. Rau and David C. Wooten (1996) are 
summarized below. 
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    A) The impact at Depot construction area 

     C = 
U×W×D

Q
 

 Q = 
3,600×8×30

000,494 ×310×296.5    Milligrams per second 

 Q = 169,526.62   Milligrams per second 

 C = 
06.2×300,1×000,1

62.526,169   Milligrams per cubic meter 

   C  = 0.0633     Milligrams per cubic meter 
   The calculated results were combined with the results from the 
measurements near Si Iam Temple, Bangna, Bangkok which the amount of suspended dust in a 24-
hour Phase from 20 - 21 June 2013 was 0.139 Milligrams per cubic meter. Thus, the total 
suspended dust particle was as follows;  

   C  = 0.2023     Milligrams per cubic meter 
   The assessment of the dust concentration caused by the Depot 
construction activities will cause maximum dust 0.2023 milligrams per cubic meter. According to 
the National Environment Board No. 24 (2004), the dust concentration in the atmosphere must not 
exceed 0.330 milligrams per cubic meter. Apparently, the dust concentration from the project is 
lower than the air quality standards (61.30 percent). Therefore, it is expected that construction 
activities from Depot will cause the medium impact. 

  The impact from the use of vehicles, including for transport materials, 
construction equipment as well as the large machinery, may cause a negative impact on the 
community nearby construction area due to the emission of dust from running in and out the 
construction area and exhaust from vehicles and machinery, such as carbon monoxide (CO), 
Hydrocarbons (HC), oxides of nitrogen (NOX), and total suspended particles (TSP). The projected 
rate of pollution from machinery and other equipment used in construction will apply the Box 
Model (John G. Rau and David C. Wooten, 1996), as well as assess the impact of dust from 
construction activities (considering the worst case) as follows. 
  - The pollution from machinery and equipment according to the construction 
of US.EPA is shown in Table 5.1.5 - 3. 
  - The number of machines, equipment, and vehicles that expected to be used 
in the projects construction is shown in Table 5.1.5 - 4. 
  - The construction activities will be carried out 30 days/month and no more 
than eight hours a day. 
  - The Depot and park and ride buildings construction area will assess the 
amount of dust from the construction same as the project construction area. The width of the 
construction area will perpendicular to the wind direction. Considering the worst case, the longest 
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side is most perpendicular to the wind direction with the width of the Depot at 1300 meters, the 
width of the park and ride buildings is 600 meters. 
  - According to meteorological data from Don Muang airport weather stations, in 30 
years-Phase (1981-2010), the average minimum wind speed is approximately 4.0 knots or 2.06 m/s with the 
wind direction from the south therefore the Mixing Height is circa 1,000 meters (Leeuwen and Vermeir, 
2007). 
  The predicted concentrations of exhaust pollution caused by the equipment 
and vehicles used in the construction area. The details are as follows 

  The impact from the Depot construction show that Carbon Monoxide (CO) is 
equal to 0.02524 parts per million, Hydrocarbons (HC) is equal to 0.02124 parts per million, 
nitrogen dioxide (NO2) is equal to 0.05783 parts per million and total suspended particles (TSP) is 
equal. 0.00510 mg/m. According to the air quality standards announced by the National 
Environment Board No. 10 (1995) and No. 24 (2004) Ambient Air Quality Standards which 
determines that the concentration of Carbon Monoxide (CO) average one hour should not exceed 
30 parts per million, nitrogen dioxide (NO2) the average one hour should not exceed 0.170 parts 
per million and average suspended particle over 24-hour should not exceed 0.33. mg / m (the 
standard of hydrocarbons in the Thailand has not yet determined) as shown in Table 5.1.5 - 12. 
 
Table 5.1.5 - 12  Results of air quality impact prediction from the construction machines, 

equipments and vehicles at Depot construction area 
Construction 
equipments 

Concentration of air pollution from Depot construction area 
CO (ppm) HC (ppm) NO2 (ppm) TSP (mg/m3) 

1. Bulldozer 0.0029 0.0087 0.0191 0.0007 
2. Backhoe 0.0021 0.0007 0.0090 0.0007 
3. Roller 0.0008 - 0.0037 - 
4. Motor Grader 0.0008 - - - 
5. Truck Loader 0.0010 - 0.0052 0.0010 
6. Diesel Truck 0.0127 0.0041 0.0716 0.0025 
7. Pickup Truck 0.0086 0.0004 0.0002 0.0002 

Total 0.02890 0.01390 0.10880 0.00510 
Total (ppm) 0.02524 0.02124 0.05783 - 
Standard 30 ppm1/ - 0.170 ppm1/ 0.330 mg/cu.m.2/ 

Remark :  1/ Notification of National Environmental Board No. 10, 1995 (B.E. 2538). 
 2/ Notification of National Environmental Board No. 24, 2004 (B.E. 2547). 

  The results from the calculation were merged with the measurement from the 
monitoring station located near Si Iam Temple, which measures from 20 to 25 June 2013. The 
results show that Carbon Monoxide (CO) is equal to 2.72524 parts per million indicating 9.08 
percent of standard components. Hydrocarbons (HC) is equal to 2.79124 parts per million, Nitrogen 
Dioxide (NO2) is equal to 0.10213 parts per million, indicating 60.08 percent of the standard. And 
total suspended particles (TSP) is equal to 0.1441 mg / m³, indicating 43.67 percent of the 
standard. However, the total value is still lower than the air quality standards according to the 
National Environment Board No. 10 (1995) and No. 24 (2004) Ambient Air Quality Standards (except 
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hydrocarbons in Thailand has not yet determined the criterion standard) as shown in Table 5.1.5 - 13. 
Also, as the construction of Depot and the use of equipment will follow the construction 
procedures by not having to work all together at the same time and not continuously run the 
machine for a whole day. Consequently, the accumulation of pollutants from both the equipment 
and vehicles will not take long. Therefore, it impacts is low to moderate. 
 
Table 5.1.5 - 13 Results of Air Quality Impact Prediction from the Depot construction area, 

and the combinations of existing air quality condition during 14 June - 2 
July, 2013 

Item 
Concentration of air pollution from Depot construction area 

including maximum baseline concentration 
CO (ppm) THC (ppm) NO2 (ppm) TSP (mg/m3) 

Prediction result 0.02524 0.02124 0.05783 0.00510 
Max. concentration from 
sampling stations 2.71/ 2.772/ 0.04433/ 0.1394/ 

Total 2.72524 2.79124 0.10213 0.1441 
% of standard 9.08 - 60.08 43.67 

Standard 305/ - 0.1705/ 0.3306/ 
Remark :  1/  The maximum concentration of CO (average 1 hr.) is 2.7 ppm at Si Iam Temple, Bang Na Sub-district, Bang 

Na District, Bangkok during 20 - 21 June, 2013. 
 2/ The maximum concentration of THC is 2.77 ppm at Si Iam Temple, Bang Na Sub-district, Bang Na District, 

Bangkok during 21 - 22 June, 2013. 
 3/ The maximum concentration of NO2 (average 1 hr.) is 0.0443 ppm at Si Iam Temple, Bang Na Sub-district, 

Bang Na District, Bangkok during 20 - 21 June, 2013. 
 4/ The maximum concentration of TSP (average 24 hr.) is 0.139 mg/m3 at Si Iam Temple, Bang Na Sub-district, 

Bang Na District, Bangkok during 20 - 21 June, 2013. 
 5/ Notification of National Environmental Board No. 10, 1995 (B.E. 2538). 
 6/ Notification of National Environmental Board No. 24, 2004 (B.E. 2547). 
 
    B) The impact of Park and Ride buildings construction area 

       C = 
U×W×D

Q
 

     Q = 
3,600×8×30

840,63 ×310×296.5    Milligrams per second 

    Q = 21,908.06   Milligrams per second 

    C = 
06.2×600×000,1

06.908,21     Milligrams per cubic meter 

     C = 0.01772    Milligrams per cubic meter 
 The calculated results were combined with the results from the 

measurement from a monitoring station near Si Iam Temple, Bangna, Bangkok. The amount of dust 
suspended in a 24-hour Phase from 20 - 21 June 2013 was 0.139 milligrams per cubic meter. Thus, 
the total amount of suspended particles is as follows. 
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    C = 0.15672    Milligrams per cubic meter 
      The assessment of the dust concentration caused by the Park and Ride 
buildings construction activities will cause maximum dust 0.15672 milligrams per cubic meter 
which are lower than the air quality standard, according to the National Environment Board No. 24 
(2004), the dust concentration in the atmosphere must not exceed 0.330 milligrams per cubic 
meter. Apparently, the dust concentration from the project is lower than the standards (47.49 
percent) therefore, it is expected that construction activities from Depot will cause the medium 
impact. 
   The impact from the use of vehicles, including for transport materials, 
construction equipments as well as the large machinery, may cause a negative impact on the 
community nearby construction area due to the emission of dust from running in and out the 
construction area and exhaust from vehicles and machinery, such as carbon monoxide (CO), 
Hydrocarbons (HC), oxides of nitrogen (NOX), and total suspended particles (TSP). The projected 
rate of pollution from machinery and other equipment used in construction will apply the Box 
Model (John G. Rau and David C. Wooten, 1996), as well as assess the impact of dust from 
construction activities (considering the worst case) as follows. 

   The impact from the Park and Ride buildings construction show that 
Carbon Monoxide (CO) is equal to 0.05475 parts per million, Hydrocarbons (HC) is equal to 0.04646 
parts per million, Nitrogen Dioxide (NO2) is equal to 0.12533 parts per million and total suspended 
particles (TSP) is equal. 0.01090 mg/m. According to the air quality standards announced by the 
National Environment Board No. 10 (1995) and No. 24 (2004) Ambient Air Quality Standards which 
determines that the concentration of carbon monoxide (CO) average one hour should not exceed 
30 parts per million, Nitrogen Dioxide (NO2) the average one hour should not exceed 0.170 parts 
per million and average suspended particle over 24-hour should not exceed 0.33. mg / m (the 
standard of hydrocarbons in the Thailand has not yet determined) as shown in Table 5.1.5 - 14. 
   The results from the calculation were merged with the measurement from 
the nearest monitoring station located nearby Si Iam Temple, which measures from 20 to 25 June 
2013. The results show that Carbon Monoxide (CO) is equal to 2.75475 parts per million 
representing 9.18 percent of standard components. Hydrocarbon (HC) is equal to 2.81645 parts per 
million, Nitrogen Dioxide (NO2) is equal to 0.16963 parts per million, representing 99.78 percent of 
the standard, and total suspended particles (TSP) is equal to 0.1499 mg / m³, representing 34.79 
percent of the standard. However, the total value is still lower than the air quality standards 
according to the National Environment Board No. 10 (1995) and No. 24 (2004) Ambient Air Quality 
Standards (except hydrocarbons in Thailand has not yet determined the criterion standard) as 
shown in Table 5.1.5 - 15. Also, as the construction of Park and Ride buildings and the use of 
equipment will follow the construction procedure by not having to work all together at the same 
time and not continuously run the machine for a whole day. Consequently, the accumulation of 
pollutants from both the equipment and vehicles will not take long. Therefore, it impacts is low to 
moderate. 
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Table 5.1.5 - 14  Results of air quality impact prediction from the construction machines, 
equipments and vehicles at Park and Ride construction area 

Construction 
equipments 

Concentration of air pollution from Park and Ride construction area 
CO (ppm) HC (ppm) NO2 (ppm) TSP (mg/m3) 

1. Bulldozer 0.0063 0.0189 0.0414 0.0014 
2. Backhoe 0.0045 0.0016 0.0196 0.0014 
3. Roller 0.0018 - 0.0081 - 
4. Motor Grader 0.0018 - - - 
5. Truck Loader 0.0022 - 0.0112 0.0022 
6. Diesel Truck 0.0274 0.0090 0.1551 0.0054 
7. Pickup Truck 0.0187 0.0009 0.0004 0.0005 

Total 0.06270 0.03040 0.23580 0.01090 
Total (ppm) 0.05475 0.04646 0.12533 - 
Standard 30 ppm1/ - 0.170 ppm1/ 0.330 mg/cu.m.2/ 

Remark :  1/ Notification of National Environmental Board No. 10, 1995 (B.E. 2538). 
 2/ Notification of National Environmental Board No. 24, 2004 (B.E. 2547). 
 
Table 5.1.5 - 15 Results of air quality impact prediction from the Park and Ride 

construction area, and the combinations of existing air quality condition 
during 14 June - 2 July, 2013 

Item 
Concentration of air pollution from Park and Ride construction 

area including maximum baseline concentration 
CO (ppm) HC (ppm) NO2 (ppm) TSP (mg/m3) 

Prediction result 0.05475 0.04646 0.12533 0.01090 
Max. concentration from 
sampling stations 2.71/ 2.772/ 0.04433/ 0.1394/ 

Total 2.75475 2.81646 0.16963 0.1499 
% of standard 9.18 - 99.78 34.79 

Standard 305/ - 0.1705/ 0.3306/ 
Remark :  1/  The maximum concentration of CO (average 1 hr.) is 2.7 ppm at Si Iam Temple, Bang Na Sub-district, Bang 

Na District, Bangkok during 20 - 21 June, 2013. 
 2/ The maximum concentration of THC is 2.77 ppm at Si Iam Temple, Bang Na Sub-district, Bang Na District, 

Bangkok during 21 - 22 June, 2013. 
 3/ The maximum concentration of NO2 (average 1 hr.) is 0.0443 ppm at Si Iam Temple, Bang Na Sub-district, 

Bang Na District, Bangkok during 20 - 21 June, 2013. 
 4/ The maximum concentration of TSP (average 24 hr.) is 0.139 mg/m3 at Si Iam Temple, Bang Na Sub-district, 

Bang Na District, Bangkok during 20 - 21 June, 2013. 
 5/ Notification of National Environmental Board No. 10, 1995 (B.E. 2538). 
 6/ Notification of National Environmental Board No. 24, 2004 (B.E. 2547). 
 
 2) Operation Phase  
    A) The impact at Depot operation area 
     Depot is located east of the Si Iam intersection. There are major sources of 
pollution from the exhaust emissions from the vehicles in and out the Depot. To study the impact 
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on air quality, the Box Model of John G. Rau and David C. Wooten (1996) was used to predict the 
concentration of pollutants from motor vehicles by considering the pollution caused by traffic 
problems include carbon monoxide (CO) that is a pollutant released from the exhaust of the 
vehicle while running at low speed, or in idle. The carbon monoxide from the exhaust gas, 
depending on the type and speed of various vehicles are based on Environmental Impact 
Assessment Report on the MRTA Initial System (1993). A study and analysis of carbon monoxide, 
which is released from vehicles on the main road in an urban area with six lanes and traffic 
density, the speed of the vehicle has a value of 0-1 km/hr and 8 km/hr during the year of 1993, 
2006 and 2019 respectively was conducted for forecast the pollution emission from vehicles on 
the road with six lanes with a heavy traffic is shown in Table 5.5.1 - 8. The impact assessment has 
considered the worst case scenario considered by the release of carbon monoxide (CO) of the 
vehicle at a speed of 0-1 km / hour in a year which is equal to 7.01. g/s/m in 1993. The highest 
rate of Carbon monoxide (CO) emission most likely to occur on a depot in the current year (Year 
2013) and the trend in the forecast year Year 2026, Year 2039 and will be assessed by applying the 
assumptions Box Model of John G. Rau. and David C. Wooten (1996) as follows. 

UWD

Q
C


  

   
     Where C = The concentration of the pollutant (mg / m³). 
      Q = The rate of discharge pollutant (mg / sec). 
       = 7.01 g/s/m at the speed of 0-1 km/hr and 2.33 g/s/m 

The speed of 8 km/h. in the worst case scenario for 
one square meter 

      D = The height of the depot from ground (8 meters.)  
      W = The width of the area perpendicular to the wind 

direction (m). In the worst case scenario that the width 
of the Depot at 1300 meters.  

      U = The lowest average wind speed in the 30-year Phase (1981-
2010) from Don Muang airport weather stations, that is 4 
knots or 2.06 m/s. 

     Thus, at the vehicle speed of 0-1 km/hr, the concentration of carbon 
monoxide (CO) can be calculated as follows 

     C = 
06.2×300,1×8

010,7    Milligrams per cubic meter 

     C = 0.33    Milligrams per cubic meter 
     C = 0.29    parts per million  
     At the vehicle speed 8 km/h, the concentration of carbon monoxide (CO) 
can be calculated as follows 

     C = 
06.2×300,1×8

330,2    Milligrams per cubic meter 
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     C = 0.11    Milligrams per cubic meter 
     C = 0.096   parts per million  
     In the worst case scenario, the concentration of carbon monoxide at the is 
0.33 mg/m or 0.29 parts per million as shown in Table 5.1.5 - 16. Combining the concentration of 
carbon monoxide (CO) in the depot with a maximum value from measurement at Si Iam temple 
(2.7 parts per million), which concluded that the vehicle speed 0-1 km/h, the concentration of 
carbon monoxide was 0.29 + 2.7 equals 2.99 parts per million which not to exceed air quality 
standards by the Board of Directors of the National Environmental Act No. 10 of 1995 of carbon 
monoxide, an average one hour does not exceed 30 parts per million as shown in Table 5.1.5 - 17. 
Due to the traffic to the depot has not continued throughout the day and the surrounding area is 
an open space with no high buildings (up to two floors), to block the exhaust from vehicles so 
there is no obstruction for the pollution from vehicles that passing under the train station. 
Therefore, the air flow around the station is in a good condition just like the condition before the 
project construction. Also. the concentration of pollutants (CO - 1 hour) is not to exceed air quality 
standards or harm the health of a community or sensitive area, such as religious place, schools, or 
hospitals, etc. that located nearby stations. Thus, the impact is low. 
 
Table 5.1.5 - 16 Results of Carbon Monoxide (CO) concentration prediction at Depot 

during operation Phase. 
Vehicle speed 

(km/hr) 
Concentration of CO 1 hr (ppm) 

2013 2026 2039 
 0 - 1  0.29 0.19 0.15 

8 0.10 0.06 0.05 
 
Table 5.1.5 - 17 Results of Carbon Monoxide (CO) concentration prediction at Depot and 

the combinations of existing air quality condition 

Vehicle speed 
(km/hr) 

Concentration of CO 1 hr including maximum baseline concentration of 
CO1/ (ppm) 

2013 2026 2039 
0 - 1 2.99 2.89 2.85 
8 2.80 2.76 2.75 

Standard2/ 30 
Remark :  1/ = The maximum concentration of CO (average 1 hr.) is 2.7 ppm at Wat Si Iam (temple), Bang Na Sub-district, 

Bang Na District, Bangkok during 20 - 21 June, 2013. 
 2/ = Notification of National Environmental Board No. 10, 1995 (B.E. 2538). CO standard is not exceed 30 ppm. 
 
    B) The Impact near Park & Ride buildingห 

  Park and Ride buildings are located near the Si Iam intersection. There are 
major sources of pollution from the exhaust emissions from the vehicles in and out the Park and 
Ride buildings. To study the impact on air quality, the Box Model of John G. Rau and David C. 
Wooten (1996) was used to predict the concentration of pollutants from motor vehicles by 
considering the pollution caused by traffic problems include carbon monoxide (CO) that is a 
pollutant released from the exhaust of the vehicle while running at low speed, or in idle. The 
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carbon monoxide from the exhaust gas, depending on the type and speed of various vehicles are 
based on Environmental Impact Assessment Report on the MRTA Initial System (1993). A study and 
analysis of carbon monoxide, which is released from vehicles on the main road in an urban area 
with six lanes and traffic density, the speed of the vehicle has a value of 0-1 km/hr and 8 km/hr 
during the year of 1993, 2006 and 2019 respectively was conducted for forecast the pollution 
emission from vehicles on the road with six lanes with a heavy traffic is shown in Table 5.5.1 - 8. 
The impact assessment has considered the worst case scenario by the release of carbon monoxide 
(CO) of the vehicle at a speed of 0-1 km / hour in a year which is equal to 7.01. g/s/m in 1993. The 
highest rate of Carbon monoxide (CO) emission most likely to occur on a depot in the current year 
(Year 2013) and the trend in the forecast year Year 2026, Year 2039 and will be assessed by 
applying the assumptions Box Model of John G. Rau. and David C. Wooten (1996) as follows. 

  
U×W×D

Q
C=

 

  Where C = The concentration of the pollutant (mg / m³). 
   Q = The rate of discharge pollutant (mg / sec). 
    = 7.01 g/s/m at the speed of 0-1 km/hr and 2.33 g/s/m The 

speed of 8 km/hr. in the worst case scenario for one 
square meter 

   D = The height of the depot from ground (3 meters.) 
   W = The width of the area perpendicular to the wind direction 

(m). In the worst case scenario that the width of the 
Depot at 600 meters  

   U = The lowest average wind speed in the 30-year Phase (1981-
2010) from Don Muang airport weather stations, that is 4 knots 
or 2.06 m/s. 

 Thus, at the vehicle speed of 0-1 km/hr, the concentration of carbon 
monoxide (CO) can be calculated as follows 

 C = 
06.2×600×3

010,7    Milligrams per cubic meter 

 C = 1.89    Milligrams per cubic meter 
 C = 1.65    parts per million  
 At the vehicle speed 8 km/hr, the concentration of carbon monoxide (CO) 
can be calculated as follows 

 C = 
06.2×600×3

330,2    Milligrams per cubic meter 

 C = 0.63    Milligrams per cubic meter 
 C = 0.55   parts per million  
 In the worst case scenario, the concentration of carbon monoxide at the is 
1.89 mg/m or 1.65 parts per million as shown in Table 5.1.5 - 18. Combining the concentration of 



The Report on Changes in Project Details in the EIA Reports on     
the Bangkok Mass Transit Yellow Line Project : Lat Phrao-Samrong Section  Chapter 5 Environmental Impact Assessment 

AEC/HC/D2A/WE/ENRICH/PSG  5-31 

carbon monoxide (CO) in the depot with a maximum value from measurement at Si Iam temple 
(2.7 parts per million), which concluded that the vehicle speed 0-1 km/hr, the concentration of 
carbon monoxide was 1.65+2.7 equals 4.35 parts per million which not to exceed air quality 
standards by the Board of Directors of the National Environmental Act No. 10 of 1995 of carbon 
monoxide, an average one hour does not exceed 30 parts per million as shown in table 5.1.5 - 19. 
Due to the traffic to the depot has not continued throughout the day and the surrounding area is 
an open space with no high buildings (up to two floors), to block the exhaust from vehicles so 
there is no obstruction for the pollution from vehicles that passing under the train station. 
Therefore, the air flow around the station is in a good condition just like the condition before the 
project construction. Also. the concentration of pollutants (CO - 1 hour) is not to exceed air quality 
standards or harm the health of a community or sensitive area, such as religious place, schools, or 
hospitals, etc. that located nearby stations. Thus, the impact is low. 
 
Table 5.1.5 – 18 Results of Carbon Monoxide (CO) concentration prediction at Park and 

Ride during operation Phase. 
Vehicle speed 

(km/hr) 
Concentration of CO 1 hr (ppm) 

2013 2026 2039 
 0-1  1.65 1.11 0.87 
8 0.55 0.37 0.29 

 
Table 5.1.5 - 19 Results of Carbon Monoxide (CO) concentration prediction at Park and 

Ride and the combinations of existing air quality condition 

Vehicle speed 
(km/hr) 

Concentration of CO 1 hr including maximum baseline concentration of 
CO1/ (ppm) 

2013 2026 2039 
0-1 4.35 3.81 3.57 
8 3.25 3.07 2.99 

Standard2/ 30 
Remark :  1/ = The maximum concentration of CO (average 1 hr.) is 2.7 ppm at Si Iam Temple, Bang Na Sub-district, Bang 

Na District, Bangkok during 20 - 21 June, 2013. 
 2/ = Notification of National Environmental Board No. 10, 1995 (B.E. 2538). CO standard is not exceed 30 ppm. 
 
5.1.6 Noise Level 
 5.1.6.1 The Impact of the Elevated Structures and the Stations area 
   1) Construction Phase  
    Construction activities along the project including area preparation, utilities 
relocation excavation, drilling or piling. The operation of heavy equipment equipment and materials 
transportation, etc., may create noise disturbing the residents near the project construction area. The 
construction activities that are excavating and leveling the area, digging and constructing 
foundations as well as the construction of various structures, and finishing work and quality service 
are the use of equipment simultaneously in each of a maximum noise level of 88 dB (A) (Canter, 
1977) volume that occur at different stages of construction activities in the construction sector. 
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(Sound level at a distance of 15-meter origin dB (A)), as shown in Table 5.1.6 - 1. However, 
considering the project activities that occur during work in the area, the activity of the drill rigs will 
possibly create highest noise level. The distance from the equipment in the 15 meters with a noise 
level of 96 dB (A) (US. Department of Transportation, 1995) the volume formed by the machinery 
and equipment at a distance from the source of 15 meters is shown. table 5.1.6 - 2. However, the 
rigs drilling activity will occur only in the construction of the depot and Park and Ride buildings 
thus, the maximum noise resulting from drilling rigs will be considered for the worst case scenario 
along the route with the construction activities for a Phase of eight working hours. 
   The noise level of the construction activities that impact on the sensitive area 
and communities adjacent using the equation (1) below. 

   Lp2  = Lp1 – 20 log (r2/r1) ……………………………….………………………………(1) 

   where Lp2 = Predicted noise level (dB (A)). 
    Lp1 = Reference noise level at 15 meter (dB (A)) 
    r2 = The distance between the noise source and community 
(meters). 
    r1 = the distance from the reference measurement (15 meters). 

   To adjust the noise level of the construction for a 24-hour average noise level 
using equation (2) below. 

   LeqT = Lp + 10 log (t/T) ……………………..…….………………………………(2) 

   where LeqT  = noise level at any given time (dB (A)) 

    Lp  = noise level from the noise source (dB (A)). 
    t  = Time of noise from the source (hr) 
    T  = Time of noise (hr) 
 
Table 5.1.6 - 1 Noise level from construction activities (at distance 15 m., dB(A))  

Construction activities 
Domestic 
Housing 

Office Building, 
Hotel, School, 
Public Works 

Industrial Parking 
Store, Service 

Station 

Road, Highway 
Sewer 

I II I II I II I II 
Ground clearing 83 83 84 84 84 83 84 84 
Excavation 88 75 89 79 89 71 88 78 
Foundation 81 81 78 78 77 77 88 88 
Structure 81 65 87 75 84 72 79 78 
Finishing 88 72 89 75 89 74 84 84 

Remark: I = All pertinent equipment,   II = Minimum requirement 
Source: Larry W. Canter, 1997. Environmental Impact Assessment. 
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Table 5.1.6 - 2 Noise Level from construction equipments/machines (at distance 15 m.)  
  Equipments/Machine Sound level (dB(A)) 
  

Air Compressor 81 
Backhoe 80 
Concrete Mixer 85 
Concrete Pump 82 
Concrete Vibrator 76 
Crane (Derrick) 88 
Crane (Mobile) 83 
Dozer 85 
Generator 81 
Grader 85 
Jack Hammer 88 
Loader 85 
Pile Driver (Sonic) 96 
Pneumatic Tool 85 
Pump 76 
Shovel 82 
Truck 88 

Source : “S. Department of Transportation, 1995.๡Transit Noise and ”ibration Impact Assessment๢, Final Report. April. 
 
   The result from the calculation of the noise level occurred in the vulnerable 
area in each sector along the project route found that the eight-hours of noise level from 
construction activities will be in the range of 65.5 to 91.6 dB (A). Then the calculating the eight-
hours noise level of construction from average 24 hours using equation (2.) will be in the range of 
60.8 to 86.8 dB (a). The vulnerable environmental are expected to be affected by the noise during 
the construction Phase, as shown in table 5.1.6 - 3. The vulnerable areas defined as the space 
along the middle project route less than 174 meters, which noise level higher than the standard 
set for the general noise level averaged 24 hours (Leq24) does not exceed 70 decibels (A). Then, 
combining with volume and average 24 hours in the current conditions measured by the closest 
monitoring stations in the area from 14 June to 2 July, 2013 (Table 4.1.6 - 2) showed that the 
volume will be in the range of 66.5 to 86.6 dB (A), as shown in Table 5.1.6 - 3. In detail, the 
vulnerable areas will be effected within 30 meters from the center line of the route. Therefore, 
the vulnerable area of the project is not much left. 
  As for the noise, according to the Pollution Control Board that set the 
procedure on how to measure noise level without disturbing, to measurements and calculate the 
noise level during a disturbance, to calculate the level of interference and the noise measurement, to 
calculate the volume during a disturbance for measuring the noise level in the field. Therefore, the 
calculation method applied in the calculation of the level of interference from project activities 
are as follows;  
  (1) Use the results from the predicted noise level that might occur in the 
project activity. (forecast + measurements) subtract by the noise level while no interference (noise 
level of Leq measurement current) results as a different of the noise level. 
  (2) Use the results of the noise level from 1) compare against the value in 
Table 5.1.6 - 4 to adjust the noise level 
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Table 5.1.6 - 3 Noise level in construction Phase at sensitive areas along the project route 
Distance from

No. Sensitive areas center line of Construction Construction Existing
project (m) period (8 hr)1/ period (24 hr)2/ noise level3/ 

1 Charuwattananukun Kindergarten School 337.97 68.9 64.2 67.1 68.9

2 Yamsaard Kindergarten School 390.31 67.7 62.9 67.1 68.5

3 Rungwittaya Kindergarten School 222.73 72.6 67.8 67.1 70.5

4 House of Christ Christendom 295.98 70.1 65.3 67.1 69.3

5 Chidanukun School 434.58 66.8 62.0 67.1 68.3

6 Siam Bethel Church 140.75 76.6 71.8 67.1 73.1

7 Siriphan Vittaya School 99.45 79.6 74.8 67.1 75.5

8 Lad Prao Baptist Christendom 84.28 81.0 76.2 67.1 76.7

9 Pibool Upphatham School 86.50 80.8 76.0 67.1 76.5

10 Sirithep School 477.02 66.0 61.2 67.1 68.1

11 Wat Lat Phrao School 494.01 65.6 60.9 67.1 68.0

12 Chaemsuksa School 160.58 75.4 70.6 67.1 72.2

13 Settabutr Upathum School 188.00 74.0 69.3 67.1 71.3

14 Thanormpitvithaya School 75.22 82.0 77.2 67.1 77.6

15 Kurusapa Business Organization Kindergarten School  72.51 82.3 77.5 67.1 77.9

16 Tangtung Vittaya School 496.81 65.6 60.8 67.1 68.0

17 Karnda School 206.38 73.2 68.5 67.1 70.8

18 Antioch Ladphrao Baptist Christendom 275.42 70.7 66.0 67.1 69.6

19 Nawamintharachinuthit Bodindecha School 382.99 67.9 63.1 67.1 68.6

20 Surao Don Sakae School 317.97 69.5 64.7 61.3 66.3

21 Hidayatun Islam Mosque (Don Sakae) 361.03 68.4 63.6 61.3 65.6

22 Jitnatda Kindergarten School  160.92 75.4 70.6 61.3 71.1

23 Santisuk Bangkok Christendom 414.40 67.2 62.4 61.3 64.9

24 Bankru Kindergarten School 455.74 66.3 61.6 61.3 64.5

25 Bangkok Suksa School 106.54 79.0 74.2 61.3 74.4

26 Bangkok Withaya School 280.81 70.6 65.8 61.3 67.1

27 Lad Prao Hospital 52.57 85.1 80.3 61.3 80.4

28 Ruam Nimit Bangkok Christendom 204.89 73.3 68.5 61.3 69.3

29 Rajapongsa Kindergarten School 498.98 65.6 60.8 61.3 64.1

30 Wat Mae Phra Kularb Tip (Maria Rosa MysticaChristendom)87.83 80.6 75.9 61.3 76.0

31 Lat Phrao English School 362.22 68.3 63.6 61.3 65.6

32 Pramote Gym Buddhaisawan School 185.35 74.2 69.4 61.3 70.0

33 Kanathip Child and Elderly Care School 252.46 71.5 66.7 70.6 72.1

34 Mahapawn Bangkok Alliance Christendom 445.67 66.5 61.8 70.6 71.1

Noise level (dB(A))

Total4/ 
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Table 5.1.6 - 3 Noise level in construction Phase at sensitive areas along the project route 
(Cont’d) 

Distance from
No. Sensitive areas center line of Construction Construction Existing

project (m) period (8 hr)1/ period (24 hr)2/ noise level3/ 

35 Suranaraibribal School 64.84 83.3 78.5 70.6 79.2

36 Patarabutr Kindergarten School  133.44 77.0 72.2 70.6 74.5

37 Vejthani Hospital 105.80 79.0 74.3 70.6 75.8

38 Bangkok Good News Christendom 219.09 72.7 67.9 70.6 72.5

39 Mawadi Music School 118.15 78.1 73.3 70.6 75.2

40 Peace of Bangkok Christendom 114.66 78.3 73.6 70.6 75.3

41 Fatthullbalee Mosque 46.40 86.2 81.4 56.1 81.4

42 Huamarkwittayanusorn School 225.82 72.4 67.7 56.1 68.0

43 Huamark Kindergarten School 230.26 72.3 67.5 56.1 67.8

44 Kanchanaphon Kindergarten 156.87 75.6 70.8 56.1 71.0

45 Grace Lutheran Christendom 351.52 68.6 63.8 56.1 64.5

46 Kornsupa Kindergarten School 275.27 70.7 66.0 56.1 66.4

47 International Hotel & Tourism Industry Management School294.51 70.1 65.4 56.1 65.9

48 Krirk Thai Skill Development Center School 151.98 75.9 71.1 56.1 71.2

49 Sudnaree Kindergarten 116.60 78.2 73.4 56.1 73.5

50 Mae Phra Ong Uppatham Catholic Christendom (Christendom of Christ)153.58 75.8 71.0 56.1 71.2

51 Chutima Kindergarten School 108.62 78.8 74.0 56.1 74.1

52 Jamiul Idhard Mosque (Huamak Yai) 364.80 68.3 63.5 56.1 64.2

53 Huamak School 223.35 72.5 67.8 56.1 68.1

54 Darissalam Mosque 232.65 72.2 67.4 56.1 67.7

55 Darissalam School 207.27 73.2 68.4 56.1 68.7

56 Hishaladademee School 404.89 67.4 62.6 56.1 63.5

57 Vibharam Hospital 469.67 66.1 61.3 56.1 62.5
58 Suan Luang Christendom 24.92 91.6 86.8 65.1 86.8
59 Klongkalantan School (Meesuwan Anusorn) 79.91 81.5 76.7 65.1 77.0
60 Piyajit Vittaya School 372.65 68.1 63.3 65.1 67.3
61 Mandaumoucinin School 219.88 72.7 67.9 65.1 69.7
62 Triamudomsakkapatanakran School 500.00 65.5 60.8 65.1 66.5
63 Aliatisorm (Nana Uthit) School 343.92 68.8 64.0 63.5 66.8
64 Suraomai School 395.39 67.6 62.8 63.5 66.2
65 Prasarnwitwatana School 368.96 68.2 63.4 63.5 66.5
66 Masla Artul Islam School 402.61 67.4 62.7 63.5 66.1
67 An Latisom Mosque 430.65 66.8 62.1 63.5 65.9

68 Khajonsiri Temple 239.75 71.9 67.2 63.5 68.7

Noise level (dB(A))

Total4/ 
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Table 5.1.6 - 3 Noise level in construction Phase at sensitive areas along the project route 
(Cont’d) 

Distance from
No. Sensitive areas center line of Construction Construction Existing

project (m) period (8 hr)1/ period (24 hr)2/ noise level3/ 

69 Hussanaveeya Sayowan Anusorn School 164.21 75.2 70.4 63.5 71.2

70 Jaipranee Kindergarten School 299.37 70.0 65.2 63.5 67.5

71 Salahnoi School 302.09 69.9 65.1 61.3 66.6

72 Liswanul Islameeya School 250.03 71.6 66.8 61.3 67.9

73 Darul Amin Mosque 71.73 82.4 77.6 61.3 77.7

74 Darul Amin School 87.66 80.7 75.9 61.3 76.0

75 Bride of Christ Christendom 173.64 74.7 70.0 69.3 72.7

76 Dusit Thani College 163.34 75.3 70.5 69.3 72.9

77 Plengprasiddhi Kindergarten School 201.87 73.4 68.6 69.3 72.0

78 Bangkok Dance Academy (Paradise Park Branch) 80.27 81.4 76.7 69.3 77.4

79 Graduate School of Public Administration, Burapha University (Paradise Park) 99.01 79.6 74.8 69.3 75.9

80 Sereeruk Kindergarten School 361.47 68.4 63.6 69.3 70.3

81 BARTER International Maritime School 274.01 70.8 66.0 69.3 71.0

82 Si Iam Temple 136.53 76.8 72.0 69.3 73.9

83 Srieam Anusorn School 157.64 75.6 70.8 69.3 73.1

84 Bangna Immanuel Christendom 225.42 72.5 67.7 69.3 71.6

85 Suthibongkot School 370.33 68.2 63.4 69.3 70.3

86 Sikarin Hospital 419.51 67.1 62.3 69.3 70.1

87 Bang Kaeo Prachasan School 457.22 66.3 61.5 63.9 65.9

88 Khlong Samrong School 435.65 66.7 62.0 63.9 66.1

89 Jaisamarn Full Gospel Christendom 322.43 69.4 64.6 63.9 67.3

90 Bangmueang Khian Phong Anusorn School (Debsirin Samut Prakan School) 493.14 65.7 60.9 63.9 65.7

91 Intarumphun Anusorn School 398.62 67.5 62.7 63.9 66.4

92 Uthip School 461.09 66.2 61.5 63.9 65.9

93 Chandna Kindergarten School 471.52 66.1 61.3 63.9 65.8

94 Siriwutti Wittaya school 74.20 82.1 77.3 63.9 77.5

95 Chularat2 Hospital 32.73 89.2 84.5 63.9 84.5

96 Udom Suk Si Pha Rak Christendom 313.32 69.6 64.8 73.7 74.2

97 Raak Daroon Kindergarten School 123.34 77.7 72.9 73.7 76.3

98 Hope of Samut Prakan Christendom 498.99 65.6 60.8 73.7 73.9

99 Klongkratumratutit School 66.70 83.0 78.3 73.7 79.6

100 DeeProm Kindergarten School 102.40 79.3 74.5 73.7 77.2

101 Samrong Nuea Public Health Center 341.92 68.8 64.1 73.7 74.1

Noise level (dB(A))

Total4/ 
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Table 5.1.6 - 3 Noise level in construction Phase at sensitive areas along the project route 
(Cont’d) 

Distance from
No. Sensitive areas center line of Construction Construction Existing

project (m) period (8 hr)1/ period (24 hr)2/ noise level3/ 

102 Daroonrat School 309.73 69.7 64.9 73.7 74.2

103 Jaturamuk Kindergarten School 388.03 67.7 63.0 73.7 74.1

104 Samrong Lutheran Christendom 379.71 67.9 63.2 73.7 74.1

105 Jatupornwittaya School 335.21 69.0 64.2 73.7 74.2

106 Dan Samrong Temple 253.75 71.4 66.7 73.7 74.5

107 Watdansamrong School 335.01 69.0 64.2 73.7 74.2

108 Matthayomdansamrong School 355.39 68.5 63.7 73.7 74.1

109 Dansamrong Adult Education School 346.45 68.7 64.0 73.7 74.1

110 Samrong Hospital 466.58 66.1 61.4 73.7 73.9

111 Chulavej Hospital 33.07 89.1 84.4 73.7 84.7

Noise level (dB(A))

Standard5/ Not exceed 70

Total4/ 

 
Remark: 1/ calculated by equation  (1)

2/ calculated to Leq24 by equation (2) 
3/ maximum Noise Level (Leq24hr) at noise sampling stations along the project route during 14 June to 2 July, 2013.
    - No. 1 - 19 use noise level (Leq24hr) at Pibool Upphatham School, Samsennok Sub-district, Huai Khwang District, Bangkok.
    - No. 20 - 32 use noise level (Leq24hr) at Wat Mae Phra Kularb Tip (Maria Rosa Mystica Church), Wang Thonglang Sub-district, Wang Thonglang District, Bangkok.
    - No. 33 - 40 use noise level (Leq24hr) at Vejthani Hospital, Khlong Chan Sub-district, Bang Kapi District, Bangkok.
    - No. 41 - 57 use noise level (Leq24hr) at Mae Phra Ong Uppatham Catholic Church (Church of Christ), Huamak Sub-district, Bang Kapi District, Bangkok.
    - No. 58 - 62 use noise level (Leq24hr) at Klongkalantan School, Suan Luang Sub-district, Suan Luang District, Bangkok.

    - No. 63 - 70 use noise level (Leq24hr) at Khajonsiri Temple, Suan Luang Sub-district, Suan Luang District, Bangkok.
    - No. 71 - 74 use noise level (Leq24hr) at  Darul Amin Mosque, Suan Luang Sub-district, Suan Luang District, Bangkok. 
    - No. 75 -86 use noise level (Leq24hr) at Sri Iam Temple, Bang Na Sub-district, Bang Na District, Bangkok.
    - No. 87 - 95 use noise level (Leq24hr)  at Siriwutti Wittaya School, Thepharak Sub-district, Mueang Samut Prakan District, Samut Prakan Province.
    - No. 96 - 111 use noise level (Leq24hr) at Chulavej hospital, Thepharak Sub-district, Mueang Samut Prakan District, Samut Prakan Province.
4/ calculation by Lptotal equation
5/ refer ambient noise stanadard in Notification of National Environmental Board No. 15, 1997 (B.E. 2540).

Source: ENRICH Consultant Co., Ltd., 2013.  
Table 5.1.6 - 4 Noise value modifier for annoyance noise level calculation  

Difference of Noise Level (dB(A)) Noise value modifier (dB(A)) 
Less than 1.4 and 1.4  7.0 

1.5 - 2.4 4.5 
2.5 - 3.4 3.0 
3.5 - 4.4 2.0 
4.5 - 6.4 1.5 
6.5 - 7.4 1.0 
7.5 - 12.4 0.5 

12.5 and more than 12.5 0 
Source : Pollution Control Department, 2007. 
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 (3) Then use the predicted noise level of the project activities. (forecast + 
measurements) subtract by the adjusted noise level from the 2) therefore, the results are the 
noise level with disturbing. 
 (4) Bring up the noise level during a disturbance in step 3) subtract by the 
noise level-based from the measurements (L90). 
 The predicted results of the interference levels indicated that the most 
vulnerable areas to the impacts of disturbances in the construction Phase projects above the 
standard (not exceed 10 dB (A)). Due to the current measured noise level is relatively high, as a 
result, the expectations are high as well as shown in Table 5.1.6 - 5. The project has prepared the 
measures to prevent and mitigate the impact on neighboring communities during the construction 
Phase. By scheduling the construction carried out only during daytime hours only in order to not 
disturb the living conditions of residents in the adjacent to sensitive areas along the project route 
and requiring the contractors to use equipment that produces sound at a low level, etc. In 
addition, construction activities will occur from time to time as the construction activities within 
the project route. Therefore, the anticipated noise is temporarily hence the impact is moderate. 

   2) Operation Phase  
    During the operation Phase, the impact of noise from the train caused by 
contact between the train wheels against the rails. According to the paper "Transit Noise and 
Vibration Impact Assessment, 2006 Second Edition", Federal Monorail Administration (FTA), USA 
indicated that the noise level of the transit system, the types of is 82 dB (A) at a distance of 50 
feet (about 15 meters) from the train rails at a speed of 80 km/hr (the train runs in the straight 
path). However, in the case of the train ran through a curved path, the squeal will occur 
consequently the noise level will be higher than the train ran over the straight path details shown 
in Table 5.1.6 - 6. 
  To study and analyze the impact of noise from train operation system an 
equation to calculate the noise average one hour. (Leq-1 hour) from the transit system will be 
used. While the type of rail will be defined using the guideline from "Transit Noise and Vibration 
Impact Assessment, 2006 Second Edition", Federal Transit Administration (FTA), U.S.A. details in 
equation (3) as follows. 
  Leq (hr) = SELref + 10 log (Ncars) + 20 log (S/50) + 10 log (V) – 35.6 ….(3) 
  Where SELref = reference noise level at the distance of 50 feet (15 meters) from 
     the sound source. 
   Ncars = The number of cars per train. 
   S = The speed of the train (Miles / hour) 
   V = The number of train trips (Number of trains / hour) 
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Table 5.1.6 - 5 Annoyance noise level in construction Phase at sensitive areas along the 
project route 

Distance from
No. Sensitive areas center line of 

project (m) Leq24 L90 Before adjust value2/ After adjust value3/ 

1 Charuwattananukun Kindergarten School 337.97 67.1 55.0 68.9 64.4 9.4
2 Yamsaard Kindergarten School 390.31 67.1 55.0 68.5 61.5 6.5
3 Rungwittaya Kindergarten School 222.73 67.1 55.0 70.5 67.5 12.5
4 House of Chris Christendom 295.98 67.1 55.0 69.3 64.8 9.8
5 Chidanukun School 434.58 67.1 55.0 68.3 61.3 6.3
6 Siam Bethel Christendom 140.75 67.1 55.0 73.1 71.6 16.6
7 Siriphan Vittaya School 99.45 67.1 55.0 75.5 75.0 20.0
8 Lad Prao Baptist Christendom 84.28 67.1 55.0 76.7 76.2 21.2
9 Pibool Upphatham School 86.50 67.1 55.0 76.5 76.0 21.0
10 Sirithep School 477.02 67.1 55.0 68.1 61.1 6.1
11 Wat Lat Phrao School 494.01 67.1 55.0 68.0 61.0 6.0
12 Chaemsuksa School 160.58 67.1 55.0 72.2 70.7 15.7
13 Settabutr Upathum School 188.00 67.1 55.0 71.3 69.3 14.3
14 Thanormpitvithaya School 75.22 67.1 55.0 77.6 77.1 22.1
15 Kurusapa Business Organization Kindergarten School  72.51 67.1 55.0 77.9 77.4 22.4
16 Tangtung Vittaya School 496.81 67.1 55.0 68.0 61.0 6.0
17 Karnda School 206.38 67.1 55.0 70.8 68.8 13.8
18 Antioch Ladphrao Baptist Christiandom 275.42 67.1 55.0 69.6 66.6 11.6
19 Nawamintharachinuthit Bodindecha School 382.99 67.1 55.0 68.6 64.1 9.1
20 Surao Don Sakae School 317.97 61.3 53.3 66.3 64.8 11.5
21 Hidayatun Islam Mosque (Don Sakae) 361.03 61.3 53.3 65.6 63.6 10.3
22 Jitnatda Kindergarten School  160.92 61.3 53.3 71.1 70.6 17.3
23 Santisuk Bangkok Christendom 414.40 61.3 53.3 64.9 62.9 9.6
24 Bankru Kindergarten School 455.74 61.3 53.3 64.5 61.5 8.2
25 Bangkok Suksa School 106.54 61.3 53.3 74.4 74.4 21.1
26 Bangkok Withaya School 280.81 61.3 53.3 67.1 65.6 12.3
27 Lad Prao Hospital 52.57 61.3 53.3 80.4 80.4 27.1
28 Ruam Nimit Bangkok Christendom 204.89 61.3 53.3 69.3 68.815.5
29 Rajapongsa Kindergarten School 498.98 61.3 53.3 64.1 61.1 7.8
30 Wat Mae Phra Kularb Tip (Maria Rosa Mystica Christendom) 87.83 61.3 53.3 76.0 76.0 22.7
31 Lat Phrao English School 362.22 61.3 53.3 65.6 63.6 10.3
32 Pramote Gym Buddhaisawan School 185.35 61.3 53.3 70.0 69.516.2
33 Kanathip Child and Elderly Care School 252.46 70.6 65.3 72.1 67.6 2.3
34 Mahapawn Bangkok Alliance Christendom 445.67 70.6 65.3 71.1 64.1 -
35 Suranaraibribal School 64.84 70.6 65.3 79.2 78.7 13.4
36 Patarabutr Kindergarten School  133.44 70.6 65.3 74.5 72.5 7.2
37 Vejthani Hospital 105.80 70.6 65.3 75.8 74.3 9.0
38 Bangkok Good News Christendom 219.09 70.6 65.3 72.5 68.0 2.7
39 Mawadi Music School 118.15 70.6 65.3 75.2 73.7 8.4
40 Peace of Bangkok Christendom 114.66 70.6 65.3 75.3 73.8 8.5
41 Fatthullbalee Mosque 46.40 56.1 53.0 81.4 81.4 28.4
42 Huamarkwittayanusorn School 225.82 56.1 53.0 68.0 67.5 14.5

 Annoyance 
noise level 

(dB(A))

Existing noise Noise level during
level1/ (dB(A)) construction period (dB(A))
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Table 5.1.6 - 5 Annoyance noise level in construction Phase at sensitive receptors along 
the project route (Cont’ d)  

Distance from
No. Sensitive areas center line of 

project (m) Leq24 L90 Before adjust value2/ After adjust value3/ 

43 Huamark Kindergarten School 230.26 56.1 53.0 67.8 67.3 14.3
44 Kanchanaphon Kindergarten 156.87 56.1 53.0 71.0 71.0 18.0
45 Grace Lutheran Christendom 351.52 56.1 53.0 64.5 64.0 11.0
46 Kornsupa Kindergarten School 275.27 56.1 53.0 66.4 65.9 12.9
47 International Hotel & Tourism Industry Management School294.51 56.1 53.0 65.9 65.4 12.4
48 Krirk Thai Skill Development Center School 151.98 56.1 53.0 71.2 71.2 18.2
49 Sudnaree Kindergarten 116.60 56.1 53.0 73.5 73.5 20.5
50 Mae Phra Ong Uppatham Catholic Christendom (Christendom of Christ) 153.58 56.1 53.0 71.2 71.2 18.2
51 Chutima Kindergarten School 108.62 56.1 53.0 74.1 74.1 21.1
52 Jamiul Idhard Mosque (Huamak Yai) 364.80 56.1 53.0 64.2 63.7 10.7
53 Huamak School 223.35 56.1 53.0 68.1 67.6 14.6
54 Darissalam Mosque 232.65 56.1 53.0 67.7 67.2 14.2
55 Darissalam School 207.27 56.1 53.0 68.7 68.7 15.7
56 Hishaladademee School 404.89 56.1 53.0 63.5 62.5 9.5
57 Vibharam Hospital 469.67 56.1 53.0 62.5 61.0 8.0
58 Suan Luang Christendom 24.92 65.1 50.0 86.8 86.8 36.8
59 Klongkalantan School (Meesuwan Anusorn) 79.91 65.1 50.0 77.0 76.5 26.5
60 Piyajit Vittaya School 372.65 65.1 50.0 67.3 62.8 12.8
61 Mandaumoucinin School 219.88 65.1 50.0 69.7 68.2 18.2
62 Triamudomsakkapatanakran School 500.00 65.1 50.0 66.5 59.5 9.5
63 Aliatisorm (Nana Uthit) School 343.92 63.5 51.1 66.8 63.812.7
64 Suraomai School 395.39 63.5 51.1 66.2 63.2 12.1
65 Prasarnwitwatana School 368.96 63.5 51.1 66.5 63.5 12.4
66 Masla Artul Islam School 402.61 63.5 51.1 66.1 63.1 12.0
67 An Latisom Mosque 430.65 63.5 51.1 65.9 61.4 10.3
68 Khajonsiri Temple 239.75 63.5 51.1 68.7 67.2 16.1
69 Hussanaveeya Sayowan Anusorn School 164.21 63.5 51.1 71.2 70.7 19.6
70 Jaipranee Kindergarten School 299.37 63.5 51.1 67.5 65.5 14.4
71 Salahnoi School 302.09 61.3 57.9 66.6 65.1 7.2
72 Liswanul Islameeya School 250.03 61.3 57.9 67.9 66.9 9.0
73 Darul Amin Mosque 71.73 61.3 57.9 77.7 77.7 19.8
74 Darul Amin School 87.66 61.3 57.9 76.0 76.0 18.1
75 Bride of Christ Christendom 173.64 69.3 66.7 72.7 69.7 3.0
76 Dusit Thani College 163.34 69.3 66.7 72.9 70.9 4.2
77 Plengprasiddhi Kindergarten School 201.87 69.3 66.7 72.0 69.02.3
78 Bangkok Dance Academy (Paradise Park Branch) 80.27 69.3 66.777.4 76.9 10.2
79 Graduate School of Public Administration, Burapha University (Paradise Park) 99.01 69.3 66.7 75.9 74.9 8.2
80 Sereeruk Kindergarten School 361.47 69.3 66.7 70.3 63.3 -
81 BARTER International Maritime School 274.01 69.3 66.7 71.066.5 -
82 Si Iam Temple 136.53 69.3 66.7 73.9 72.4 5.7
83 Srieam Anusorn School 157.64 69.3 66.7 73.1 71.1 4.4
84 Bangna Immanuel Christendom 225.42 69.3 66.7 71.6 67.1 0.4

 Annoyance 
noise level 

(dB(A))
level1/ (dB(A)) construction period (dB(A))
Existing noise Noise level during
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Table 5.1.6 - 5 Annoyance noise level in construction Phase at sensitive receptors along 
the project route (Cont’d)  

Distance from
No. Sensitive areas center line of 

project (m) Leq24 L90 Before adjust value2/ After adjust value3/ 

85 Suthibongkot School 370.33 69.3 66.7 70.3 63.3 -
86 Sikarin Hospital 419.51 69.3 66.7 70.1 63.1 -
87 Bang Kaeo Prachasan School 457.22 63.9 56.6 65.9 61.4 4.8
88 Khlong Samrong School 435.65 63.9 56.6 66.1 61.6 5.0
89 Jaisamarn Full Gospel Christendom 322.43 63.9 56.6 67.3 64.3 7.7
90 Bangmueang Khian Phong Anusorn School (Debsirin Samut Prakan School) 493.14 63.9 56.6 65.7 61.2 4.6
91 Intarumphun Anusorn School 398.62 63.9 56.6 66.4 61.9 5.3
92 Uthip School 461.09 63.9 56.6 65.9 61.4 4.8
93 Chandna Kindergarten School 471.52 63.9 56.6 65.8 61.3 4.7
94 Siriwutti Wittaya school 74.20 63.9 56.6 77.5 77.5 20.9
95 Chularat2 Hospital 32.73 63.9 56.6 84.5 84.5 27.9
96 Udom Suk Si Pha Rak Christendom 313.32 73.7 68.3 74.2 67.2 -
97 Raak Daroon Kindergarten School 123.34 73.7 68.3 76.3 73.3 5.0
98 Hope of Samut Prakan Christendom 498.99 73.7 68.3 73.9 66.9-
99 Klongkratumratutit School 66.70 73.7 68.3 79.6 78.1 9.8
100 DeeProm Kindergarten School 102.40 73.7 68.3 77.2 75.2 6.9
101 Samrong Nuea Public Health Center 341.92 73.7 68.3 74.1 67.1 -
102 Daroonrat School 309.73 73.7 68.3 74.2 67.2 -
103 Jaturamuk Kindergarten School 388.03 73.7 68.3 74.1 67.1 -
104 Samrong Lutheran Christendom 379.71 73.7 68.3 74.1 67.1 -
105 Jatupornwittaya School 335.21 73.7 68.3 74.2 67.2 -
106 Dan Samrong Temple 253.75 73.7 68.3 74.5 67.5 -
107 Watdansamrong School 335.01 73.7 68.3 74.2 67.2 -
108 Matthayomdansamrong School 355.39 73.7 68.3 74.1 67.1 -
109 Dansamrong Adult Education School 346.45 73.7 68.3 74.1 67.1 -
110 Samrong Hospital 466.58 73.7 68.3 73.9 66.9 -
111 Chulavej Hospital 33.07 73.7 68.3 84.7 84.2 15.9

Not exceed 10Standard4/

 Annoyance 
noise level 

(dB(A))

Existing noise Noise level during
level1/ (dB(A)) construction period (dB(A))

 
Remark: 1/ Maximum noise level (Leq24hr) at noise sampling stations along the project route during 14 June to 2 July, 2013.

    - No. 1 - 19 use noise level (Leq24hr) at Pibool Upphatham School, Samsennok Sub-district, Huai Khwang District, Bangkok.
    - No. 20 - 32 use noise level (Leq24hr) at Wat Mae Phra Kularb Tip (Maria Rosa Mystica Church), Wang Thonglang Sub-district, Wang Thonglang District, Bangkok.
    - No. 33 - 40 use noise level (Leq24hr) at Vejthani Hospital, Khlong Chan Sub-district, Bang Kapi District, Bangkok.
    - No. 41 - 57 use noise level (Leq24hr) at Mae Phra Ong Uppatham Catholic Church (Church of Christ), Huamak Sub-district, Bang Kapi District, Bangkok.
    - No. 58 - 62 use noise level (Leq24hr) at Klongkalantan School, Suan Luang Sub-district, Suan Luang District, Bangkok.
    - No. 63 - 70 use noise level (Leq24hr) at Khajonsiri Temple, Suan Luang Sub-district, Suan Luang District, Bangkok.
    - No. 71 - 74 use noise level (Leq24hr) at  Darul Amin Mosque, Suan Luang Sub-district, Suan Luang District, Bangkok. 
    - No. 75 -86 use noise level (Leq24hr) at Sri Iam Temple, Bang Na Sub-district, Bang Na District, Bangkok.
    - No. 87 - 95 use noise level (Leq24hr)  at Siriwutti Wittaya School, Thepharak Sub-district, Mueang Samut Prakan District, Samut Prakan Province.
    - No. 96 - 111 use noise level (Leq24hr) at Chulavej hospital, Thepharak Sub-district, Mueang Samut Prakan District, Samut Prakan Province.
2/ Predicted noise level from construction period in Table 5.1.6-3
3/ Use noise value modifier of Pollution Control Department method in Table 5.1.6-4
4/ Notification of National Environmental Board No. 29, 2007 (B.E. 2550).

Source: ENRICH Consultant Co., Ltd., 2013.  
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Table 5.1.6 - 6 Additional noise values from Monorail operation on the curve of guideway 
Radius of guideway curve (m) Adjust noise value (dB(A)) 

1. Less than 300 m +8 
2. 300 – less than 500 m +3 
3. More than 500 m +0 

Source : The Initial Environmental Evaluation of CMIP (OCMRT, 1996) 
 
  The predicted noise levels in the operation Phase can be calculated the level using 
equation (1) in the worst case scenario that is the maximum noise with the distant 15 meters (50 ft.) from 
the train rails is equal to 82 dB (A) train 1 train a number of carriages up to six cabinets have a top speed of 
50 miles/hour (80 km / hr.) and a maximum frequency of train rush hours, 2 minutes. one of the convoys, a 
convoy of 30/hr. The example results from the measurement noise level from the Monorail train operator 
in Singapore. According to the data collected from the various Monorail manufacturers, the noise 
level that occurred while the train runs at a speed of 55 km/hr is equal to 72.4 dB (A) at a distance 
of 10 meters from the center of the runway. These values are lower than the standard of 
maximum level (Lmax) that defined up to 115 dB (A), so use the noise level of 82 dB (A) at a 
distance from the train rails 15 meters is the most serious case in this study. It can be calculated 
as follows: 
 Leq (hr) = 82 + 10 log (6) + 20 log (50/50) + 10 log (30) – 35.6  
    = 68.95 dB(A) 
 Thus, the average noise level one hour. (Leq - 1 hour) in the operation Phase 
at a distance of 15 meters (50 feet) from the train, rail is equal to 68.95 dB (A). Also, due to the 
operation hour will be during 6:00 - 24:00 AM. or 18 hours and the height of the elevated structure 
is 15 meters high from the ground level by considering the worst case (worst case) is that every 
hour during opening hours. there are a number of train trips during the rush hour. 
 The impact of noise levels in operation Phase consideration of the noise level 
averaged 24 hours (Leq - 24 hour), so that the calculation of noise level from the beginning of 
service of the project or the noise level averaged 18 hours (Leq - 18 hours. .) to the noise level 
averaged 24 hours (Leq - 24 hour) compared to the standard noise level using equation (4). 
 LeqT = Lp + 10 log (t/T)………………………………………………………………………… (4) 

   where LeqT  = Noise level at any given time (dB (A)) 

    Lp  = Noise level from the noise source (dB (A)). 
    t  = Time of noise from the source (hr). 
    T  = Time of noise (hr) 
 Substituting in the equation (4) to the 24-hour average sound level (Leq - 24 
hrs.) at a distance of 15 meters (50 feet) from the train tracks is equal to 68.95 + 10 log (18/24) at 
67.70 dB (A), which represents the volume of the origin of the operation Phase. 

   To reduce the impact of noise in operation Phase distance to the recipient in 
a direct line to the equation (1) above are as follows.  
 Lp2 = Lp1 - 20 log (r2/r1) ................................................................................ (1) 
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 where Lp1 = Noise levels measurement distance r1 from the source. 
   Lp2 = Noise levels occurred r2 distance from the source. 
   r1, r2 = The distance from the origin to measure the volume Lp1, Lp2 (meters). 

The Noise levels calculated from equation (1) is the noise from the trains 
running and included with the average noise level in the current condition of measurements in the 
field. Based on the accumulation noise as the energy, details in equation (4). 

 

   LpTotal = 10 log(∑10Lpi/10) ………………………………………………………………… (4) 

   where Lptotal = Total noise level (dB (A)). 
    Lpi  = The volume formed by the source in each case. (dB (A)). 

  The predicted Noise levels at the different distance in the operation Phase in 
the urban areas and vulnerable areas to the effects found that the level of noise caused by the 
train is equal to 67.70 dB (A) lower than the benchmark level by the Board of Directors of the 
National Environmental Act No. 15 of 2003 does not exceed 70 dB(A).When taken the distance 
from sensitive areas into account, the sensitive areas that most affected is Suan Luang 
Christendom with the distance of 24.92 meters along the path of the 24-hour average noise level 
of 63.3 dB (A) that lower than the standard. However, when the noise of the train together with 
the measurement results in the current Phase of June 14 to July 2, 2013, at monitoring stations 
close to sensitive areas that most affected, found that the noise average 24-hour values ranged 
from 56.2 to 73.9 dB (A).  Vejthani Most of which is lower than the standard set except for sensitive 
areas in the vicinity of the Vetch Thanee Hospital and the Chulavej Hospital that the current 
conditions above the standard. When combined with the value of the project during the operation 
thus the noise level of the vulnerable area prone to affects at the high impact as shown in Table 
5.1.6 - 7. 
 Given the predicted level of interference, the area most vulnerable to the effects 
of environmental noise level are below set standard in operation Phase (up to 10 dB (A)) due to the 
noise from the train system is relatively low. As a result, the forecasts are not significantly different from 
the current conditions. No noise in the area except Suan Luang Christendom that the noise level higher 
than the standard as shown in Table 5.1.6 - 8. The project has prepared measures to prevent and 
reduce the impact on the communities nearby in operation Phase. To reduce the impact of 
development projects to a level as low as possible. Therefore, it is expected that the noise level 
of activity of the project will affect the livelihood of the people is low only. 
 
 
 
 
 
 
 
 

N 

i = 1 
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Table 5.1.6 - 7  Noise level prediction at sensitive areas during operation Phase  
Distance from

No. Sensitive areas center line of Monorail Existing
project (m) operation1/ noise level2/ 

1 Charuwattananukun Kindergarten School 337.9740.6 67.1 67.1
2 Yamsaard Kindergarten School 390.3139.4 67.1 67.1
3 Rungwittaya Kindergarten School 222.7344.3 67.1 67.1
4 House of Christ Christendom 295.9841.8 67.1 67.1
5 Chidanukun School 434.58 38.5 67.1 67.1
6 Siam Bethel Christendom 140.75 48.3 67.1 67.2
7 Siriphan Vittaya School 99.45 51.3 67.1 67.2
8 Lad Prao Baptist Christendom 84.2852.7 67.1 67.3
9 Pibool Upphatham School 86.50 52.5 67.1 67.2
10 Sirithep School 477.02 37.7 67.1 67.1
11 Wat Lat Phrao School 494.01 37.3 67.1 67.1
12 Chaemsuksa School 160.58 47.1 67.1 67.1
13 Settabutr Upathum School 188.00 45.7 67.1 67.1
14 Thanormpitvithaya School 75.22 53.7 67.1 67.3
15 Kurusapa Business Organization Kindergarten School  72.5154.0 67.1 67.3
16 Tangtung Vittaya School 496.81 37.3 67.1 67.1
17 Karnda School 206.38 44.9 67.1 67.1
18 Antioch Ladphrao Baptist Christendom 275.4242.4 67.1 67.1
19 Nawamintharachinuthit Bodindecha School 382.9939.6 67.1 67.1
20 Surao Don Sakae School 317.97 41.2 61.3 61.3
21 Hidayatun Islam Mosque (Don Sakae) 361.0340.1 61.3 61.3
22 Jitnatda Kindergarten School  160.9247.1 61.3 61.5
23 Santisuk Bangkok Christendom 414.4038.9 61.3 61.3
24 Bankru Kindergarten School 455.74 38.0 61.3 61.3
25 Bangkok Suksa School 106.54 50.7 61.3 61.7
26 Bangkok Withaya School 280.81 42.3 61.3 61.4
27 Lad Prao Hospital 52.57 56.8 61.3 62.6
28 Ruam Nimit Bangkok Christendom 204.8945.0 61.3 61.4
29 Rajapongsa Kindergarten School 498.9837.3 61.3 61.3
30 Wat Mae Phra Kularb Tip (Maria Rosa Mystica Christendom) 87.8352.3 61.3 61.8
31 Lat Phrao English School 362.22 40.0 61.3 61.3
32 Pramote Gym Buddhaisawan School 185.3545.9 61.3 61.4
33 Kanathip Child and Elderly Care School 252.4643.2 70.6 70.6
34 Mahapawn Bangkok Alliance Christendom 445.6738.2 70.6 70.6

Leq24hr (dB(A))

Total3/ 
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Table 5.1.6 - 7  Noise level prediction at sensitive areas during operation Phase (Cont’d) 
Distance from

No. Sensitive areas center line of Monorail Existing
project (m) operation1/ noise level2/ 

35 Suranaraibribal School 64.84 55.0 70.6 70.7
36 Patarabutr Kindergarten School  133.4448.7 70.6 70.6
37 Vejthani Hospital 105.80 50.7 70.6 70.6
38 Bangkok Good News Christendom 219.0944.4 70.6 70.6
39 Mawadi Music School 118.15 49.8 70.6 70.6
40 Peace of Bangkok Christendom 114.6650.0 70.6 70.6
41 Fatthullbalee Mosque 46.40 57.9 56.1 60.1
42 Huamarkwittayanusorn School 225.8244.1 56.1 56.4
43 Huamark Kindergarten School 230.2644.0 56.1 56.4
44 Kanchanaphon Kindergarten 156.87 47.3 56.1 56.6
45 Grace Lutheran Christendom 351.5240.3 56.1 56.2
46 Kornsupa Kindergarten School 275.2742.4 56.1 56.3
47 International Hotel & Tourism Industry Management School 294.51 41.8 56.1 56.3
48 Krirk Thai Skill Development Center School 151.9847.6 56.1 56.7
49 Sudnaree Kindergarten 116.60 49.9 56.1 57.0
50 Mae Phra Ong Uppatham Catholic Christendom (Christendom of Christ)153.58 47.5 56.1 56.7
51 Chutima Kindergarten School 108.6250.5 56.1 57.2
52 Jamiul Idhard Mosque (Huamak Yai) 364.8040.0 56.1 56.2
53 Huamak School 223.35 44.2 56.1 56.4
54 Darissalam Mosque 232.65 43.9 56.1 56.4
55 Darissalam School 207.27 44.9 56.1 56.4
56 Hishaladademee School 404.89 39.1 56.1 56.2
57 Vibharam Hospital 469.67 37.8 56.1 56.2
58 Suan Luang Christendom 24.92 63.3 65.1 67.3
59 Klongkalantan School (Meesuwan Anusorn) 79.91 53.2 65.1 65.4
60 Piyajit Vittaya School 372.65 39.8 65.1 65.1
61 Mandaumoucinin School 219.88 44.4 65.1 65.1
62 Triamudomsakkapatanakran School 500.0037.2 65.1 65.1
63 Aliatisorm (Nana Uthit) School 343.9240.5 63.5 63.5
64 Suraomai School 395.39 39.3 63.5 63.5
65 Prasarnwitwatana School 368.96 39.9 63.5 63.5
66 Masla Artul Islam School 402.61 39.1 63.5 63.5
67 An Latisom Mosque 430.65 38.5 63.5 63.5
68 Khajonsiri Temple 239.75 43.6 63.5 63.5

Leq24hr (dB(A))

Total3/ 
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Table 5.1.6 - 7  Noise level prediction at sensitive areas during operation Phase (Cont’d) 
Distance from

No. Sensitive areas center line of Monorail Existing
project (m) operation1/ noise level2/ 

69 Hussanaveeya Sayowan Anusorn School 164.2146.9 63.5 63.6
70 Jaipranee Kindergarten School 299.3741.7 63.5 63.5
71 Salahnoi School 302.09 41.6 61.3 61.3
72 Liswanul Islameeya School 250.03 43.3 61.3 61.4
73 Darul Amin Mosque 71.73 54.1 61.3 62.1
74 Darul Amin School 87.66 52.4 61.3 61.8
75 Bride of Christ Christendom 173.64 46.4 69.3 69.3
76 Dusit Thani College 163.34 47.0 69.3 69.3
77 Plengprasiddhi Kindergarten School 201.8745.1 69.3 69.3
78 Bangkok Dance Academy (Paradise Park Branch) 80.2753.1 69.3 69.4
79 Graduate School of Public Administration, Burapha University (Paradise Park) 99.01 51.3 69.3 69.4
80 Sereeruk Kindergarten School 361.4740.1 69.3 69.3
81 BARTER International Maritime School 274.0142.5 69.3 69.3
82 Si Iam Temple 136.53 48.5 69.3 69.3
83 Srieam Anusorn School 157.64 47.3 69.3 69.3
84 Bangna Immanuel Christendom 225.4244.2 69.3 69.3
85 Suthibongkot School 370.33 39.9 69.3 69.3
86 Sikarin Hospital 419.51 38.8 69.3 69.3
87 Bang Kaeo Prachasan School 457.22 38.0 63.9 63.9
88 Khlong Samrong School 435.65 38.4 63.9 63.9
89 Jaisamarn Full Gospel Christendom 322.4341.1 63.9 63.9
90 Bangmueang Khian Phong Anusorn School (Debsirin Samut Prakan School) 493.14 37.4 63.9 63.9
91 Intarumphun Anusorn School 398.6239.2 63.9 63.9
92 Uthip School 461.09 37.9 63.9 63.9
93 Chandna Kindergarten School 471.5237.8 63.9 63.9
94 Siriwutti Wittaya school 74.20 53.8 63.9 64.3
95 Chularat2 Hospital 32.73 60.9 63.9 65.7
96 Udom Suk Si Pha Rak Christendom 313.3241.3 73.7 73.7
97 Raak Daroon Kindergarten School 123.3449.4 73.7 73.7
98 Hope of Samut Prakan Christendom 498.9937.3 73.7 73.7
99 Klongkratumratutit School 66.70 54.7 73.7 73.8
100 DeeProm Kindergarten School 102.4051.0 73.7 73.7
101 Samrong Nuea Public Health Center 341.9240.5 73.7 73.7

Leq24hr (dB(A))

Total3/ 
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Table 5.1.6 - 7  Noise level prediction at sensitive areas during operation Phase (Cont’d) 
Distance from

No. Sensitive areas center line of Monorail Existing
project (m) operation1/ noise level2/ 

102 Daroonrat School 309.73 41.4 73.7 73.7
103 Jaturamuk Kindergarten School 388.0339.4 73.7 73.7
104 Samrong Lutheran Christendom 379.7139.6 73.7 73.7
105 Jatupornwittaya School 335.21 40.7 73.7 73.7
106 Dan Samrong Temple 253.75 43.1 73.7 73.7
107 Watdansamrong School 335.01 40.7 73.7 73.7
108 Matthayomdansamrong School 355.3940.2 73.7 73.7
109 Dansamrong Adult Education School 346.4540.4 73.7 73.7
110 Samrong Hospital 466.58 37.8 73.7 73.7
111 Chulavej Hospital 33.07 60.8 73.7 73.9

Standard4/ Not exceed 70

Leq24hr (dB(A))

Total3/ 

 
Remark: 1/ calculated by equation  (1)  and equation (2) 

2/ maximum noise level (Leq24hr) at noise sampling stations along the project route during 14 June to 2 July, 2013.
    - No. 1 - 19 use noise level (Leq24hr) at Pibool Upphatham School, Samsennok Sub-district, Huai Khwang District, Bangkok.
    - No. 20 - 32 use noise level (Leq24hr) at Wat Mae Phra Kularb Tip (Maria Rosa Mystica Church), Wang Thonglang Sub-district, Wang Thonglang District, Bangkok.
    - No. 33 - 40 use noise level (Leq24hr) at Vejthani Hospital, Khlong Chan Sub-district, Bang Kapi District, Bangkok.
    - No. 41 - 57 use noise level (Leq24hr) at Mae Phra Ong Uppatham Catholic Church (Church of Christ), Huamak Sub-district, Bang Kapi District, Bangkok.
    - No. 58 - 62 use noise level (Leq24hr) at Klongkalantan School, Suan Luang Sub-district, Suan Luang District, Bangkok.
    - No. 63 - 70 use noise level (Leq24hr) at Khajonsiri Temple, Suan Luang Sub-district, Suan Luang District, Bangkok.
    - No. 71 - 74 use noise level (Leq24hr) at  Darul Amin Mosque, Suan Luang Sub-district, Suan Luang District, Bangkok. 
    - No. 75 -86 use noise level (Leq24hr) at Sri Iam Temple, Bang Na Sub-district, Bang Na District, Bangkok.
    - No. 87 - 95 use noise level (Leq24hr)  at Siriwutti Wittaya School, Thepharak Sub-district, Mueang Samut Prakan District, Samut Prakan Province.
    - No. 96 - 111 use noise level (Leq24hr) at Chulavej hospital, Thepharak Sub-district, Mueang Samut Prakan District, Samut Prakan Province.
3/ calculation by Lptotal equation
4/ refer ambient noise stanadard in Notification of National Environmental Board No. 15, 1997 (B.E. 2540).

Source: ENRICH Consultant Co., Ltd., 2013.  
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Table 5.1.6 - 8 Annoyance noise level from monorail operation activities at sensitive areas 
along the project route  

Distance from
No. Sensitive areas center line of 

project (m) Leq24 L90 Before adjust value2/ After adjust value3/ 

1 Charuwattananukun Kindergarten School 337.97 67.1 55.0 67.160.1 5.1
2 Yamsaard Kindergarten School 390.31 67.1 55.0 67.1 60.1 5.1
3 Rungwittaya Kindergarten School 222.73 67.1 55.0 67.1 60.1 5.1
4 House of Christ Christendom 295.98 67.1 55.0 67.1 60.1 5.1
5 Chidanukun School 434.58 67.1 55.0 67.1 60.1 5.1
6 Siam Bethel Christendom 140.75 67.1 55.0 67.2 60.2 5.2
7 Siriphan Vittaya School 99.45 67.1 55.0 67.2 60.2 5.2
8 Lad Prao Baptist Christendom 84.28 67.1 55.0 67.3 60.3 5.3
9 Pibool Upphatham School 86.50 67.1 55.0 67.2 60.2 5.2
10 Sirithep School 477.02 67.1 55.0 67.1 60.1 5.1
11 Wat Lat Phrao School 494.01 67.1 55.0 67.1 60.1 5.1
12 Chaemsuksa School 160.58 67.1 55.0 67.1 60.1 5.1
13 Settabutr Upathum School 188.00 67.1 55.0 67.1 60.1 5.1
14 Thanormpitvithaya School 75.22 67.1 55.0 67.3 60.3 5.3
15 Kurusapa Business Organization Kindergarten School  72.51 67.1 55.0 67.3 60.3 5.3
16 Tangtung Vittaya School 496.81 67.1 55.0 67.1 60.1 5.1
17 Karnda School 206.38 67.1 55.0 67.1 60.1 5.1
18 Antioch Ladphrao Baptist Christendom 275.42 67.1 55.0 67.1 60.1 5.1
19 Nawamintharachinuthit Bodindecha School 382.99 67.1 55.0 67.1 60.1 5.1
20 Surao Don Sakae School 317.97 61.3 53.3 61.3 54.3 1.0
21 Hidayatun Islam Mosque (Don Sakae) 361.03 61.3 53.3 61.3 54.3 1.0
22 Jitnatda Kindergarten School  160.92 61.3 53.3 61.5 54.5 1.2
23 Santisuk Bangkok Christendom 414.40 61.3 53.3 61.3 54.3 1.0
24 Bankru Kindergarten School 455.74 61.3 53.3 61.3 54.3 1.0
25 Bangkok Suksa School 106.54 61.3 53.3 61.7 54.7 1.4
26 Bangkok Withaya School 280.81 61.3 53.3 61.4 54.4 1.1
27 Lad Prao Hospital 52.57 61.3 53.3 62.6 55.6 2.3
28 Ruam Nimit Bangkok Christendom 204.89 61.3 53.3 61.4 54.4 1.1
29 Rajapongsa Kindergarten School 498.98 61.3 53.3 61.3 54.3 1.0
30 Wat Mae Phra Kularb Tip (Maria Rosa Mystica Christendom) 87.83 61.3 53.3 61.8 54.8 1.5
31 Lat Phrao English School 362.22 61.3 53.3 61.3 54.3 1.0
32 Pramote Gym Buddhaisawan School 185.35 61.3 53.3 61.4 54.4 1.1
33 Kanathip Child and Elderly Care School 252.46 70.6 65.3 70.6 63.6 -
34 Mahapawn Bangkok Alliance Christendom 445.67 70.6 65.3 70.6 63.6 -

 Annoyance 
noise level 

(dB(A))

Existing noise Noise level during monorail
level1/ (dB(A)) operation period (dB(A))
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Table 5.1.6 - 8 Annoyance noise level from monorail operation activities at sensitive areas 
along the project route (Cont’d) 

Distance from
No. Sensitive areas center line of 

project (m) Leq24 L90 Before adjust value2/ After adjust value3/ 

35 Suranaraibribal School 64.84 70.6 65.3 70.7 63.7 -
36 Patarabutr Kindergarten School  133.44 70.6 65.3 70.6 63.6 -
37 Vejthani Hospital 105.80 70.6 65.3 70.6 63.6 -
38 Bangkok Good News Christendom 219.09 70.6 65.3 70.6 63.6 -
39 Mawadi Music School 118.15 70.6 65.3 70.6 63.6 -
40 Peace of Bangkok Christendom 114.66 70.6 65.3 70.6 63.6 -
41 Fatthullbalee Mosque 46.40 56.1 53.0 60.1 53.1 0.1
42 Huamarkwittayanusorn School 225.82 56.1 53.0 56.4 49.4 -
43 Huamark Kindergarten School 230.26 56.1 53.0 56.4 49.4 -
44 Kanchanaphon Kindergarten 156.87 56.1 53.0 56.6 49.6 -
45 Grace Lutheran Christendom 351.52 56.1 53.0 56.2 49.2 -
46 Kornsupa Kindergarten School 275.27 56.1 53.0 56.3 49.3 -
47 International Hotel & Tourism Industry Management School 294.51 56.1 53.0 56.3 49.3 -
48 Krirk Thai Skill Development Center School 151.98 56.1 53.0 56.7 49.7 -
49 Sudnaree Kindergarten 116.60 56.1 53.0 57.0 50.0 -
50 Mae Phra Ong Uppatham Catholic Christendom (Church of Christ) 153.58 56.1 53.0 56.7 49.7 -
51 Chutima Kindergarten School 108.62 56.1 53.0 57.2 50.2 -
52 Jamiul Idhard Mosque (Huamak Yai) 364.80 56.1 53.0 56.2 49.2 -
53 Huamak School 223.35 56.1 53.0 56.4 49.4 -
54 Darissalam Mosque 232.65 56.1 53.0 56.4 49.4 -
55 Darissalam School 207.27 56.1 53.0 56.4 49.4 -
56 Hishaladademee School 404.89 56.1 53.0 56.2 49.2 -
57 Vibharam Hospital 469.67 56.1 53.0 56.2 49.2 -
58 Suan Luang Christendom 24.92 65.1 50.0 67.3 62.8 12.8
59 Klongkalantan School (Meesuwan Anusorn) 79.91 65.1 50.0 65.4 58.4 8.4
60 Piyajit Vittaya School 372.65 65.1 50.0 65.1 58.1 8.1
61 Mandaumoucinin School 219.88 65.1 50.0 65.1 58.1 8.1
62 Triamudomsakkapatanakran School 500.00 65.1 50.0 65.1 58.1 8.1
63 Aliatisorm (Nana Uthit) School 343.92 63.5 51.1 63.5 56.5 5.4
64 Suraomai School 395.39 63.5 51.1 63.5 56.5 5.4
65 Prasarnwitwatana School 368.96 63.5 51.1 63.5 56.5 5.4
66 Masla Artul Islam School 402.61 63.5 51.1 63.5 56.5 5.4
67 An Latisom Mosque 430.65 63.5 51.1 63.5 56.5 5.4
68 Khajonsiri Temple 239.75 63.5 51.1 63.5 56.5 5.4

level1/ (dB(A)) operation period (dB(A))
 Annoyance 
noise level 

(dB(A))

Existing noise Noise level during monorail
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Table 5.1.6 - 8 Annoyance noise level from monorail operation activities at sensitive areas 
along the project route (Cont’d) 

Distance from
No. Sensitive areas center line of 

project (m) Leq24 L90 Before adjust value2/ After adjust value3/ 

69 Hussanaveeya Sayowan Anusorn School 164.21 63.5 51.1 63.6 56.6 5.5
70 Jaipranee Kindergarten School 299.37 63.5 51.1 63.5 56.5 5.4
71 Salahnoi School 302.09 61.3 57.9 61.3 54.3 -
72 Liswanul Islameeya School 250.03 61.3 57.9 61.4 54.4 -
73 Darul Amin Mosque 71.73 61.3 57.9 62.1 55.1 -
74 Darul Amin School 87.66 61.3 57.9 61.8 54.8 -
75 Bride of Christ Christendom 173.64 69.3 66.7 69.3 62.3 -
76 Dusit Thani College 163.34 69.3 66.7 69.3 62.3 -
77 Plengprasiddhi Kindergarten School 201.87 69.3 66.7 69.3 62.3 -
78 Bangkok Dance Academy (Paradise Park Branch) 80.27 69.3 66.7 69.462.4 -
79 Graduate School of Public Administration, Burapha University (Paradise Park) 99.01 69.3 66.7 69.4 62.4 -
80 Sereeruk Kindergarten School 361.47 69.3 66.7 69.3 62.3 -
81 BARTER International Maritime School 274.01 69.3 66.7 69.3 62.3 -
82 Si Iam Temple 136.53 69.3 66.7 69.3 62.3 -
83 Srieam Anusorn School 157.64 69.3 66.7 69.3 62.3 -
84 Bangna Immanuel Christendom 225.42 69.3 66.7 69.3 62.3 -
85 Suthibongkot School 370.33 69.3 66.7 69.3 62.3 -
86 Sikarin Hospital 419.51 69.3 66.7 69.3 62.3 -
87 Bang Kaeo Prachasan School 457.22 63.9 56.6 63.9 56.9 0.3
88 Khlong Samrong School 435.65 63.9 56.6 63.9 56.9 0.3
89 Jaisamarn Full Gospel Christendom 322.43 63.9 56.6 63.9 56.9 0.3
90 Bangmueang Khian Phong Anusorn School (Debsirin Samut Prakan School) 493.14 63.9 56.6 63.9 56.9 0.3
91 Intarumphun Anusorn School 398.62 63.9 56.6 63.9 56.9 0.3
92 Uthip School 461.09 63.9 56.6 63.9 56.9 0.3
93 Chandna Kindergarten School 471.52 63.9 56.6 63.9 56.9 0.3
94 Siriwutti Wittaya school 74.20 63.9 56.6 64.3 57.3 0.7
95 Chularat2 Hospital 32.73 63.9 56.6 65.7 58.7 2.1
96 Udom Suk Si Pha Rak Christendom 313.32 73.7 68.3 73.7 66.7 -
97 Raak Daroon Kindergarten School 123.34 73.7 68.3 73.7 66.7 -
98 Hope of Samut Prakan Christendom 498.99 73.7 68.3 73.7 66.7 -
99 Klongkratumratutit School 66.70 73.7 68.3 73.8 66.8 -
100 DeeProm Kindergarten School 102.40 73.7 68.3 73.7 66.7 -
101 Samrong Nuea Public Health Center 341.92 73.7 68.3 73.7 66.7 -

Existing noise Noise level during monorail
level1/ (dB(A)) operation period (dB(A))

 Annoyance 
noise level 

(dB(A))
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Table 5.1.6 - 8 Annoyance noise level from monorail operation activities at sensitive areas 
along the project route (Cont’d) 

Distance from
No. Sensitive areas center line of 

project (m) Leq24 L90 Before adjust value2/ After adjust value3/ 

102 Daroonrat School 309.73 73.7 68.3 73.7 66.7 -
103 Jaturamuk Kindergarten School 388.03 73.7 68.3 73.7 66.7 -
104 Samrong Lutheran Christendom 379.71 73.7 68.3 73.7 66.7 -
105 Jatupornwittaya School 335.21 73.7 68.3 73.7 66.7 -
106 Dan Samrong Temple 253.75 73.7 68.3 73.7 66.7 -
107 Watdansamrong School 335.01 73.7 68.3 73.7 66.7 -
108 Matthayomdansamrong School 355.39 73.7 68.3 73.7 66.7 -
109 Dansamrong Adult Education School 346.45 73.7 68.3 73.7 66.7 -
110 Samrong Hospital 466.58 73.7 68.3 73.7 66.7 -
111 Chulavej Hospital 33.07 73.7 68.3 73.9 66.9 -

Not exceed 10

level1/ (dB(A)) operation period (dB(A))

Standard4/

 Annoyance 
noise level 

(dB(A))

Existing noise Noise level during monorail

 
Remark: 1/ Maximum noise level (Leq24hr) at noise sampling stations along the project route during 14 June to 2 July, 2013.

    - No. 1 - 19 use noise level (Leq24hr) at Pibool Upphatham School, Samsennok Sub-district, Huai Khwang District, Bangkok.
    - No. 20 - 32 use noise level (Leq24hr) at Wat Mae Phra Kularb Tip (Maria Rosa Mystica Church), Wang Thonglang Sub-district, Wang Thonglang District, Bangkok.
    - No. 33 - 40 use noise level (Leq24hr) at Vejthani Hospital, Khlong Chan Sub-district, Bang Kapi District, Bangkok.
    - No. 41 - 57 use noise level (Leq24hr) at Mae Phra Ong Uppatham Catholic Church (Church of Christ), Huamak Sub-district, Bang Kapi District, Bangkok.
    - No. 58 - 62 use noise level (Leq24hr) at Klongkalantan School, Suan Luang Sub-district, Suan Luang District, Bangkok.
    - No. 63 - 70 use noise level (Leq24hr) at Khajonsiri Temple, Suan Luang Sub-district, Suan Luang District, Bangkok.
    - No. 71 - 74 use noise level (Leq24hr) at  Darul Amin Mosque, Suan Luang Sub-district, Suan Luang District, Bangkok. 
    - No. 75 -86 use noise level (Leq24hr) at Sri Iam Temple, Bang Na Sub-district, Bang Na District, Bangkok.
    - No. 87 - 95 use noise level (Leq24hr)  at Siriwutti Wittaya School, Thepharak Sub-district, Mueang Samut Prakan District, Samut Prakan Province.
    - No. 96 - 111 use noise level (Leq24hr) at Chulavej hospital, Thepharak Sub-district, Mueang Samut Prakan District, Samut Prakan Province.
2/ Predicted noise level from monorail operation period in Table 5.1.6-7
3/ Use noise value modifier of Pollution Control Department method in Table 5.1.6-4
4/ Notification of National Environmental Board No. 29, 2007 (B.E. 2550).

Source: ENRICH Consultant Co., Ltd., 2013.  
 
 5.1.6.2 Impact on Depot Area and Park and Ride building 
   1) Construction Phase  
    A) The impact on the Depot construction area 
     The Depot will be located east of the Si Iam junction. The nearest village and 
vulnerable areas to be affected is Prem Ruethai Udomsuk where located about 200 meters from the 
predicted noise levels caused by the Depot in the most serious cases (worst case scenario) or noise 
from construction projects is the most activity drilling and pile driving which is create the noise level of 
96 dB (A) at a distance of 15 meters from the source as shown in Table 5.1.6-2 and the predicted 
impact noise occurs. By substituting into the equation (1) are as follows. 
    Lp2 = 96 – 20 log (200/15) 
    Lp2 = 73.5 dB(A) 
    Comparing the calculated noise levels with the standard and the noise is 
not continuous, and the maximum noise level (Lmax) is expected to not exceed 115 dB (A) 
therefore, the level of noise emissions from hammering and drilling rigs is still lower than the 
standard limit. However, when considering the case of hammering or drilling rigs continuous eight 
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hours can adjust the volume formed by the construction of a volume average 24 hours using 
equation (2) with the following details. 
    LeqT  = 73.5 + 10 log (8/24) 
    Leq24 = 68.7 dB(A) 
     Considering the results of the calculation of the noise level occurred in 
terms of the noise level 24-hour average compared to the standard level set for the general noise 
level averaged 24 hours (Leq24) does not exceed 70 decibels (A), the noise level happens to be 
less than the standard limit. Also, the noise level has the total volume of up to 24 hours on 
average in the current measurements from the closest monitoring stations in the area from 14 
June to 2 July, 2013 (Table 4.1.6 - 2) that is Si Iam Station (69.3 dB (A)), the noise level will be 
72.0 dB (A), which still higher than the standard. 
     The calculated average noise for a 24 hour is higher than the standards has 
two aspects: the noise level average 24 hours in the current conditions measured at Si Iam Temple 
is close to the standard (69.3 dB (A)) and noise level forecasts predict an average 24 hours of 
continuous operation. In fact, the project activities (hammering or drilling rigs,) will be 
implemented during operation hour and will be suspended the operations during the night when 
people stay living at home. However, the noise level before adjusting is equal to 72.0 dB (A) and 
the adjusted noise level is shown in Table 5.1.6 - 4 which found that the noise level is equal to 
69.0 dB (A) after subtracted from the measurement ((L90 )measured at Si Iam Temple (66.7 dB (A)) 
that is the interference of 2.3 dB (A) lower than the level of interference. imposed (up to 10.0 dB 
(A)). Thus, the construction activities like drilling and piling will not interference Prem Ruethai Udomsuk 
village where located about 200 meters away, but the effects that occurred in the whole of the Depot 
construction is expected to be moderate. The project has already taken measures prevent and reduce 
the impact caused by the project. 

    B) The Impact on Park & Ride buildings construction area 
     The Park and Ride buildings construction area are located at the East of the Si 
Iam junction. The closest residential areas that vulnerable to the effects is Si Iam Temple where 
located approximately 150 meters away. In the worst case scenario, the predicted noise level from the 
construction of the Park and Ride buildings will be from piling and drilling activity with the noise level 
of 96 dB (A) at a distance of 15 meters from the source details as shown in Table 5.1.6 - 2. The 
predicted impact noise occurs by substituting into the equation (1) as follows. 
    Lp2 = 96 – 20 log (150/15) 
    Lp2 = 76.0 dB(A) 
    The noise level were compared to the standard level from the events 
which will be pile create noise infrequently. The noise is not continuous that the maximum noise 
level (Lmax) is set for the common areas must not exceed 115 dB (A). In short, the level of noise 
emissions from hammering and drilling rigs is still lower than the standard limit. However, when 
considering the case of hammering or drilling rigs continuous eight hours can adjust the volume 
formed by the construction of a volume average 24 hours using equation (2) with the following 
details. 
 



The Report on Changes in Project Details in the EIA Reports on     
the Bangkok Mass Transit Yellow Line Project : Lat Phrao-Samrong Section  Chapter 5 Environmental Impact Assessment 

AEC/HC/D2A/WE/ENRICH/PSG  5-53 

    LeqT  = 76.0 + 10 log (8/24) 
    Leq24 = 71.2 dB(A) 

     Considering the results of the calculation noise level average 24 hours 
compared to the standard level set for the general noise level averaged 24 hours (Leq24) does not 
exceed 70 dB (A), found that the noise level happens to exceed the standards set. the noise level 
has the total volume average 24 hours in the current conditions measured by the monitoring 
stations in the area that is closest from 14 June to 2 July, 2013 (Table 4.1.6 - 2) was measured at 
Si Iam Temple monitoring stations (69.3 dB (A)), found that the volume is equal to 73.4 dB (A) 
which is higher than the standards. 
     The calculated average noise for a 24 hour is higher than the standards set 
has two aspects: the noise level average 24 hours in the current conditions measured at Si Iam 
Temple is close to the standard (69.3 dB (A)) and noise level forecasts predict an average 24 hours 
of continuous operation. In fact, the project activities (hammering or drilling rigs,) will be 
implemented during operation hour and will be suspended the operations during the night when 
people stay living at home. However, the noise level before adjusting is equal to 73.4 dB (A) and 
the adjusted noise level is shown in Table 5.1.6 – 4 which found that the noise level is equal to 
71.4 dB (A) after subtracted from the measurement ((L90) measured at Si Iam Temple (66.7 dB (A)) 
that is the interference of 4.7 dB (A) lower than the level of interference. imposed (up to 10.0 dB 
(A)). Thus, the construction activities like drilling and piling will not interference Prem Ruethai Udomsuk 
village where located about 150 meters away, but the effects that occurred in the whole of the Depot 
construction is expected to be moderate. The project has already taken measures prevent and reduce 
the impact that expected to reduce the impact caused by the project. 

 2) Operation Phase  
    A) The impact on Depot  
   During the operation Phase, the activities of the depot are mainly maintenance 
and repair. The maintenance activities will mainly take place inside the hangar building. The building is 
closed and will not cause noise disturbance to residents living in the neighborhood particularly Prem 
Ruethai Udomsuk where located about 200 meters from the depot. Consider the worst case scenario 
by the set the noise up from maintenance and replacement of equipment of the train is 90 dB (A) at a 
distance of 15 meters from the noise source. The anticipated impact of noise occurring substituting into 
the equation (1) are as follows. 

    Lp2 = 90 – 20 log (200/15) 

    Lp2 = 67.5 dB(A) 

    As the noise levels compare with the standard level, the maintenance 
activities will not cause continuous noise whereas the maximum noise level (Lmax) is set for the 
common areas must not exceed 115 dB (A). Thus, it was concluded that the noise level caused by 
maintenance activities within the Depot is also lower than the standard. 
    Considering the worst case scenario, that the taken place continuously 24-
hours, the results of the calculation noise level is equal to 67.5 dB(A). While the standard level set 
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for the general noise level averaged 24 hours (Leq24) should not exceed 70 dB (A), found that the 
noise level happens to exceed the standards. the noise level has the total volume average 24 
hours in the current conditions measured by the monitoring stations in the area that is closest 
from 14 June to 2 July, 2013 (Table 4.1.6 - 2) was measured at Si Iam Temple monitoring stations 
(69.3 dB (A)), found that the noise level is equal to 73.4 dB (A) which is higher than the standards. 
     The average noise level for a 24-hour forecasting is overestimated than the 
standards has three possible aspects. 
     (1) The noise level average 24 hours in current conditions measured at Si 
Iam Temple is close to the standard that is 69.3 dB (A). 
     (2) The predicted noise level average 24-hour is calculated based on the 
continuous operation, However, in reality, the maintenance activities that will take place during 
the operation hours only. 
 
     (3) The maximum noise level from the train maintenance activities is 90 
decibels (A) at a distance of 15 meters from the source without compromising the level of noise 
from the building that reduces the noise level significantly. 
      Considering the level of noise disturbance by evaluating the procedure to 
assess noise mentioned earlier the noise level is equal to 71.5 dB (A) and the adjusting level is 
shown in Table 5.1.6 - 4 that the noise level is equal to 67.0 dB (A), and when. to subtract from 
the noise level-based measurement ((L90) measured at Si Iam Temple (66.7 dB (a)), the 
interference is 0.3 dB (A) which lower than the interference level defined (up to 10.0 dB (A)). 
Therefore, the maintenance of the rail project does not interfere Prem Ruethai Udomsuk village 
where located 200 meters away. The impact of noise occurring in the whole of the Depot is 
expected to be low. 
    B) The Impact on Park & Ride buildings 

     The Park and Ride buildings will be used for private car parking in the building 
and travel by project. The closest representative vulnerable areas to be of affected is Wat Si Iam where 
located approximately 150 meters from the predicted noise level from the park and ride buildings. The 
activities, in the worst case scenario, will be consists of the car run in and out the building for 18-hour 
Phase with the opening of the system. On the level of the noise from the cars of 85 dB (A) at a 
distance of 7.5 meters from the source. Ministry of Natural Resources and Environment set the noise of 
the car, dated 8 August 2003 when the impact of noise occurring by substituting into the equation (1) 
are as follows. 

    Lp2 = 85 – 20 log (150/7.5) 

    Lp2 = 59.0 dB(A) 

    Comparing the calculated noise levels with the maximum standard level 
(Lmax) which set that must not exceed 115 dB (A), therefore, it was concluded that the level of 
noise emissions from activities in the park and ride buildings is also lower than the standard limit. 
Considering the case of a 24-hour continuous operation can adjust the noise level from the 18-
hour average to the 24-hour average using equation (2), as detailed below. 
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    LeqT  = 59.0 + 10 log (18/24) 

    Leq24 = 57.7 dB(A) 

     Comparing the results of the calculation noise level in 24-hour average 
with the standard level set for the general noise level averaged 24 hours (Leq24) which should not 
exceed 70 dB (A), found that the noise level happens to exceed the standards. the noise level has 
the total volume average 24 hours in the current conditions measured by the monitoring stations 
in the area that is closest from 14 June to 2 July 2013 (Table 4.1.6 - 2) was measured at Si Iam 
Temple monitoring stations (69.3 dB (A)), found that the noise level is equal to 69.6 dB (A) which is 
lower than the standards. 
     The average noise level for a 24-hour estimated close to the standards has 
two aspects: the average noise level 24-hour in the current conditions measured Si Iam Temple is 
close to the standard (69.3 dB (A)) and the noise level predict in the average 24 hours of 
continuous operation. In fact, the activity of park and ride buildings will take place over the 
operation hours. The range of most vehicles in the morning rush (6:00 to 9:00 AM.) and during the 
evening rush. (16:00 to 18:00 PM.) is the only primary considering the level of noise disturbance. 
The evaluation procedure to assess noise above. Before adjusting the noise level that equal to 
69.6 dB (A) and details in the Table 5.1.6 - 4 found that the noise level is equal to 62.6 dB (A). 
When the offset from noise level-based measurement ((L90) measured at Si Iam Temple (66.7 dB 
(A)) is the interference of -4.1 dB (A) lower than the level of interference defined (up to 10.0 dB 
(A)). Considering the operational activities in the park and ride buildings does not interfere with 
measurements Si Iam Temple and communities approximately 150 meters, so the impact on the 
noise from the operation area of park and ride buildings is expected to be low. 
 
5.1.7 Vibration 
 5.1.7.1 The Impact of the Elevated Structures and the Stations area 
   1) Construction Phase  
    The project construction activities include excavation and reclamation of open 
space, drilling rigs for support of the elevated structure and the station, material and construction 
equipment transportation, etc. Those activities may cause vibration of the adjacent area. The level 
of vibration will depend on the type of equipment to use and how the distance of the source of 
the vibration, etc. In assessing the impact of the vibration, according to the vibration caused by the 
mechanical device while construction activities took place at a distance of 25 feet or 7.62 meters 
of origin that the US.EPA (1995) reported in Transit Noise and Vibration Impact Assessment, as 
shown in Table 5.1.7 - 1 in which the calculation of vibration occurred along the project route 
using the following equation: 
    PPVequip = PPVref x (25/D)1.5  ………………………………………………………… (1) 
   Where PPVequip = Peak Particle Velocity (PPV) Caused by equipment in the 

various distance (inches / sec). 
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     PPVref = the reference vibration at a distance of 25 feet or 7.62 meters 
(inches / sec). 

     D = The distance from the equipment to the community (feet). 

    To replace the value of the distance, the use of construction equipment and 
the communities and vulnerable areas to the effects of the equation (1), the calculated results are 
shown in Table 5.1.7 - 2. 
Table 5.1.7 - 1  The vibration caused by the mechanical device while construction activities 

took place at a distance of 25 feet or 7.62 meters of vibration sources 

Construction Machinery Peak Particle Velocity at 25 feet (7.62 meters) 
inch/sec. mm./sec. 

1. Pile Drive (Sonic) 0.734 18.644 
2. Clam Shovel Drop (Slurry Wall) 0.202 5.131 
3. Hydromill (Slurry Wall) (In Soil) 0.008 0.203 
4. Large Bulldozer 0.089 2.261 
5. Loaded Trucks 0.076 1.930 
6. Jackhammer 0.035 0.889 
7. Small Bulldozer 0.003 0.762 

Source: US.EPA, 1995. Transit Noise and Vibration Impact Assessment. 
 
Table 5.1.7 - 2  The calculation of vibration caused by the mechanical device while 

construction activities took place at a distance of 25 feet or 7.62 meters of 
vibration sources 

Construction Machinery 
Peak Particle Velocity (mm./sec.)1/ 

Distance from vibration sources (meters) 
10 20 30 50 100 150 200 250 300 

1. Pile Drive (Sonic) 12.401 4.384 2.387 1.109 0.392 0.213 0.139 0.099 0.075 
2. Clam Shovel Drop (Slurry Wall) 3.413 1.207 0.657 0.305 0.108 0.059 0.038 0.027 0.021 
3. Hydromill (Slurry Wall) (In Soil) 0.135 0.048 0.026 0.012 0.004 0.002 0.002 0.001 0.001 
4. Large Bulldozer 1.504 0.532 0.289 0.134 0.048 0.026 0.017 0.012 0.009 
5. Loaded Trucks 1.284 0.454 0.247 0.115 0.041 0.022 0.014 0.010 0.008 
6. Jackhammer 0.591 0.209 0.114 0.053 0.019 0.010 0.007 0.005 0.004 
7. Small Bulldozer 0.051 0.018 0.010 0.005 0.002 0.001 0.001 0.000 0.000 

Source: 1/ calculated by the equation of PPVequip = PPVref x (25/D)1.5 

   The predictions are based on the vibration of the construction equipment 
which is expected to cause a maximum vibration in the worst case scenario. The data in Table 
5.1.7 - 1 showed that using Pile Drive (Sonic) will cause a maximum vibration. with the maximum 
speed of the particles 0.734 inches/second or 18.644 mm/sec at a distance of 25 feet or 7.62 
meters from the source. The predicted results from each of the vulnerable will be compared with 
the criteria proposed in the impact of vibration on the human by Whiffin, AC and Leonard, DR 
(1971) and the requirements vibration to the building of DIN 4150 (Nelson, 1987). The impact due 
to. vibrations on humans and buildings / structures as shown in Table 5.1.7 - 3 and vibration to 
the building of DIN 4150, as shown in Table 5.1.7 - 4. 
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Table 5.1.7 - 3 The Impact due to Vibrations on Humans and Buildings/Structures 
Peak Particle Velocity 
mm./sec. (inch/sec.) HHuummaann  IImmppaaccttss  11//  Building Structure Impacts2/ 

0 to 0.15  
(0-0.006) 

Not be expected to notice 
vibration 

             
   cannot be damage to building 

0.15 to 0.30  
(0.006-0.012) 

can be expected to be 
disturbed by vibration to 
some extent 

2.00 
 (0.079) 

can be expected to be 
disturbed by vibration 

can be damage to ancient building 

2.50  
(0.098) 

can be expected to be 
annoyed by vibration 

cannot be damage to building  

5.00  
(0.197) 

human in the building can 
be disturbed by vibration  

building damage is primary concerned 

10.00 to 15.00  
(0.394-0.591) 

human can be annoyed by 
vibration 

can be damage to residential 

Remark : 1/ according to the criteria of Reiher & Meister (1931) 
  2/ according to the criteria of DIN 4150 (Nelson, 1987) 
Source : Whiffin, A.C., and Leonard, D.R., 1971. A Survey of Traffic Induced Vibration, Eng. 
 

Table 5.1.7 - 4  Summary of Building Damage criteria in DIN 4150 
Peak Particle Velocity mm./sec. (inch/sec.) Building Damage 

2 mm./sec. (0.079 inch/sec.) cannot be damage to building (also ancient building) 
5 mm./sec. (0.0197 inch/sec.)  building damage is primary concerned  
10 mm./sec. (0.394 inch/sec.)  can be tolerated for residential 
20-40 mm./sec. (0.787-1.575 inch/sec.)  can be tolerated for Industrial 

Source: DIN 4150 (Nelson, 1987) 

   The predicted results of the vibration from the projects construction found that 
the vibration source at the community and the impact on sensitive areas along the route are less than 
0.30 mm/sec or less than 0.012 inches/second, which humans cannot sense or merely feel or it is 
possible to not affected without disturbing the structural or damage to the buildings or structures of all 
types except Suan Luang Christendom where located from the center line of Route 24.92 meters, with 
the vibration of 3.152 mm/sec. or 0.124 inches/second, which is in the range of vibrations that interfere 
with a human in the buildings if it happens continuously. The impact on the structure and the building 
are not vulnerable to damage the building or architectural structure or with a slight impact in damage 
to the architectural structure. Typical houses with walls and a plaster ceiling (a mixture of cement, 
sand, water, and fiber) in the wall / ceiling flexible will receive the minor damage as shown in Table 
5.1.7 - 5. The vulnerable areas prone to the impact located from the center line of project route from 
32.73 to 118.15 meters, including Chularat 2 Hospital, Chulavej Hospital. Hung Bari mosque Lat Phrao 
Hospital, Kuru Sapa Kindergarten Thanormpitvithaya School, Wat Phra Mae Kulapthip and the Santi 
Chumchon Christendom with the vibrations in the range of 0.305 to 2.094 mm/sec or 0.012 to 0.082 
inches/second, which humans can feel the vibrations but it is not vulnerable to cause the damage to 
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the building or architectural structure as shown in Table 5.1.7 - 5. Therefore, it is expected that the 
sources of vibration from drilling rigs for the foundation and structure support of the elevated station / 
train / maintenance building / park and ride buildings will create PPVmax only over a short time Phase 
and incoherent. This case will occur only in each area of construction with a length of 1,000 meters, it 
is expected that the impact is low to moderate. 
   Considering the severity of the vibrations impact from drilling rigs for 
foundation and structures support as shown in Table 5.1.7 - 5, can be concluded that the effects 
of vibration in the construction Phase is low to moderate. The details are as follows 
   (1) The construction of the elevated structures expected to have the impact 
prone, communities and vulnerable, areas of the vibration in a range of drilling rigs in the distance from 
the source of up to 33 meters, the particles velocity ranged up to 2.094 mm./Sec. or no more than 
0.082 inches/second that is Chularat 2 Hospital and Chulavej Hospital as shown in Table 5.1.7 - 5 
which is the vibration that humans can feel to annoyed but not to the level of disrupt on humans who 
live in the building, according to Reiher & Meister (1931). Thus, there is no risk of damage to be caused 
to buildings or architectural structures according to DIN 4150 (Nelson, 1987) as shown in table 5.1.7 - 3 
and table 5.1.7  - 4. 
   (2) The construction of the stations expected to have the impact prone, 
communities and vulnerable, areas of the vibration in a range of drilling rigs in the distance from the 
source of up to 33 meters, as well as the construction of the elevated structure. The peak particle 
velocity in the range is less than 2.094 mm/sec., or less than 0.082 inches/second that are        
Chularat 2 Hospital and Chulavej Hospital (Table 5.1.7 - 5), which is the vibration that humans can 
feel to annoyed but not to the level of disrupt on humans who live in the building, according to Reiher 
& Meister (1931). Thus, there is no risk of damage to be caused to buildings or architectural structures 
according to DIN 4150 (Nelson, 1987) as shown in 5.1.7 - 5.1.7 and table 3 - 4. 

   2) Operation Phase  
    In the operation Phase, there the impact expected to have on the vibration 
from the main two sources, that are: 

    (1) During the operation Phase, the volume of traffic on the road beneath the 
elevated structures station, which the traffic volume is no different from present conditions, is 
expected to cause the vibration. The level of the vibration will depend on many factors, including 
road surface condition surface roughness, the slope of the area, vehicle speed, the weight of the 
vehicle, the distance from the origin to the sources of vibration, and the ability to absorb vibration 
of each soil type, etc. In order to calculate the vibrations from traffic on the street during the 
operation Phase, the equation of the Transport and Road Research Laboratory of the United 
Kingdom will be used to calculate the maximum particle velocity (Peak Particle Velocity, PPV), as 
detailed below. 

    V = 0.021a(v/50)(w/15)tp(r/6)x ……………………………………………………… (2) 
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Table 5.1.7 - 5 Peak particle velocity in construction period at sensitive areas along the  
   project route 

No. Sensitive areas

m. ft. mm./sec inch/sec Human2/ Building3/ 

1 Charuwattananukun Kindergarten School 337.97 1,108.81  0.06 0.002 A 1
2 Yamsaard Kindergarten School 390.31 1,280.53  0.05 0.002 A 1
3 Rungwittaya Kindergarten School 222.73 730.73    0.12 0.005 A 1
4 House of Christ Christendom 295.98 971.05    0.08 0.003 A 1
5 Chidanukun School 434.58 1,425.77  0.04 0.002 A 1
6 Siam Bethel Christendom 140.75 461.77    0.23 0.009 B 1
7 Siriphan Vittaya School 99.45 326.28    0.40 0.016 B-C 1-2
8 Lad Prao Baptist Christendom 84.28 276.51    0.51 0.020 B-C 1-2
9 Pibool Upphatham School 86.50 283.79    0.49 0.019 B-C 1-2
10 Sirithep School 477.02 1,565.01  0.04 0.001 A 1
11 Wat Lat Phrao School 494.01 1,620.75  0.04 0.001 A 1
12 Chaemsuksa School 160.58 526.83    0.19 0.008 B 1
13 Settabutr Upathum School 188.00 616.79    0.15 0.006 B 1
14 Thanormpitvithaya School 75.22 246.78    0.60 0.024 B-C 1-2
15 Kurusapa Business Organization Kindergarten School  72.51 237.89    0.64 0.025 B-C 1-2
16 Tangtung Vittaya School 496.81 1,629.93  0.04 0.001 A 1
17 Karnda School 206.38 677.09    0.13 0.005 A 1
18 Antioch Ladphrao Baptist Christendom 275.42 903.60    0.09 0.003 A 1
19 Nawamintharachinuthit Bodindecha School 382.99 1,256.51  0.05 0.002 A 1
20 Surao Don Sakae School 317.97 1,043.20  0.07 0.003 A 1
21 Hidayatun Islam Mosque (Don Sakae) 361.03 1,184.47  0.06 0.002 A 1
22 Jitnatda Kindergarten School  160.92 527.95    0.19 0.008 B 1
23 Santisuk Bangkok Christendom 414.40 1,359.56  0.05 0.002 A 1
24 Bankru Kindergarten School 455.74 1,495.19  0.04 0.002 A 1
25 Bangkok Suksa School 106.54 349.54    0.36 0.014 B-C 1-2
26 Bangkok Withaya School 280.81 921.28    0.08 0.003 A 1
27 Lad Prao Hospital 52.57 172.47    1.03 0.041 B-C 1-2
28 Ruam Nimit Bangkok Christendom 204.89 672.20    0.13 0.005 A 1
29 Rajapongsa Kindergarten School 498.98 1,637.05  0.04 0.001 A 1
30 Wat Mae Phra Kularb Tip (Maria Rosa Mystica Church) 87.83 288.15    0.48 0.019 B-C 1-2
31 Lat Phrao English School 362.22 1,188.37  0.06 0.002 A 1
32 Pramote Gym Buddhaisawan School 185.35 608.10    0.16 0.006 B 1
33 Kanathip Child and Elderly Care School 252.46 828.27    0.10 0.004 A 1
34 Mahapawn Bangkok Alliance Christendom 445.67 1,462.15  0.04 0.002 A 1
35 Suranaraibribal School 64.84 212.73    0.75 0.030 B-C 2
36 Patarabutr Kindergarten School  133.44 437.79    0.25 0.010 B 1
37 Vejthani Hospital 105.80 347.11    0.36 0.014 B-C 1-2
38 Bangkok Good News Christendom 219.09 718.79    0.12 0.005 A 1
39 Mawadi Music School 118.15 387.63    0.31 0.012 B-C 1-2
40 Peace of Bangkok Christendom 114.66 376.18    0.32 0.013 B-C 1-2

Distance from center 
line of project

Peak particle velocity
from monorail operation1/

Construction period,
Impact on
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Table 5.1.7 - 5 Peak particle velocity in construction period at sensitive areas along the  
   project route (Cont’d) 

No. Sensitive areas

m. ft. mm./sec inch/sec Human2/ Building3/ 

41 Fatthullbalee Mosque 46.40 152.23    1.24 0.049 B-C 1-2
42 Huamarkwittayanusorn School 225.82 740.87    0.12 0.005 A 1
43 Huamark Kindergarten School 230.26 755.44    0.11 0.004 A 1
44 Kanchanaphon Kindergarten 156.87 514.66    0.20 0.008 B 1
45 Grace Lutheran Christendom 351.52 1,153.27  0.06 0.002 A 1
46 Kornsupa Kindergarten School 275.27 903.11    0.09 0.003 A 1
47 International Hotel & Tourism Industry Management School 294.51 966.23    0.08 0.003 A 1
48 Krirk Thai Skill Development Center School 151.98 498.62    0.21 0.008 B 1
49 Sudnaree Kindergarten 116.60 382.54    0.31 0.012 B-C 1-2
50 Mae Phra Ong Uppatham Catholic Christendom (Christendom of Christ)153.58 503.87    0.21 0.008 B 1
51 Chutima Kindergarten School 108.62 356.36    0.35 0.014 B-C 1-2
52 Jamiul Idhard Mosque (Huamak Yai) 364.80 1,196.84  0.06 0.002 A 1
53 Huamak School 223.35 732.77    0.12 0.005 A 1
54 Darissalam Mosque 232.65 763.28    0.11 0.004 A 1
55 Darissalam School 207.27 680.01    0.13 0.005 A 1
56 Hishaladademee School 404.89 1,328.36  0.05 0.002 A 1
57 Vibharam Hospital 469.67 1,540.89  0.04 0.002 A 1
58 Suan Luang Christendom 24.92 81.76     3.15 0.124 D-E 3-4
59 Klongkalantan School (Meesuwan Anusorn) 79.91 262.17    0.55 0.022 B-C 1-2
60 Piyajit Vittaya School 372.65 1,222.59  0.05 0.002 A 1
61 Mandaumoucinin School 219.88 721.38    0.12 0.005 A 1
62 Triamudomsakkapatanakran School 500.00 1,640.40  0.04 0.001 A 1
63 Aliatisorm (Nana Uthit) School 343.92 1,128.33  0.06 0.002 A 1
64 Suraomai School 395.39 1,297.20  0.05 0.002 A 1
65 Prasarnwitwatana School 368.96 1,210.48  0.06 0.002 A 1
66 Masla Artul Islam School 402.61 1,320.88  0.05 0.002 A 1
67 An Latisom Mosque 430.65 1,412.88  0.04 0.002 A 1
68 Khajonsiri Temple 239.75 786.57    0.11 0.004 A 1
69 Hussanaveeya Sayowan Anusorn School 164.21 538.74    0.19 0.007 B 1
70 Jaipranee Kindergarten School 299.37 982.17    0.08 0.003 A 1
71 Salahnoi School 302.09 991.10    0.07 0.003 A 1
72 Liswanul Islameeya School 250.03 820.30    0.10 0.004 A 1
73 Darul Amin Mosque 71.73 235.33    0.65 0.025 B-C 1-2
74 Darul Amin School 87.66 287.59    0.48 0.019 B-C 1-2
75 Bride of Christ Christendom 173.64 569.68    0.17 0.007 B 1
76 Dusit Thani College 163.34 535.89    0.19 0.007 B 1
77 Plengprasiddhi Kindergarten School 201.87 662.30    0.14 0.005 B 1
78 Bangkok Dance Academy (Paradise Park Branch) 80.27 263.35    0.55 0.021 B-C 1-2
79 Graduate School of Public Administration, Burapha University (Paradise Park) 99.01 324.83    0.40 0.016 B-C 1-2
80 Sereeruk Kindergarten School 361.47 1,185.91  0.06 0.002 A 1
81 BARTER International Maritime School 274.01 898.97    0.09 0.003 A 1

Distance from center Peak particle velocity Construction period,
line of project from monorail operation1/ Impact on
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Table 5.1.7 - 5 Peak particle velocity in construction period at sensitive areas along the  
   project route (Cont’d) 

No. Sensitive areas

m. ft. mm./sec inch/sec Human2/ Building3/ 

82 Si Iam Temple 136.53 447.93    0.25 0.010 B 1
83 Srieam Anusorn School 157.64 517.19    0.20 0.008 B 1
84 Bangna Immanuel Christendom 225.42 739.56    0.12 0.005 A 1
85 Suthibongkot School 370.33 1,214.98  0.06 0.002 A 1
86 Sikarin Hospital 419.51 1,376.33  0.05 0.002 A 1
87 Bang Kaeo Prachasan School 457.22 1,500.05  0.04 0.002 A 1
88 Khlong Samrong School 435.65 1,429.28  0.04 0.002 A 1
89 Jaisamarn Full Gospel Christendom 322.43 1,057.83  0.07 0.003 A 1
90 Bangmueang Khian Phong Anusorn School (Debsirin Samut Prakan School) 493.14 1,617.89  0.04 0.001 A 1
91 Intarumphun Anusorn School 398.62 1,307.79  0.05 0.002 A 1
92 Uthip School 461.09 1,512.74  0.04 0.002 A 1
93 Chandna Kindergarten School 471.52 1,546.96  0.04 0.002 A 1
94 Siriwutti Wittaya school 74.20 243.44    0.61 0.024 B-C 1-2
95 Chularat2 Hospital 32.73 107.38    2.09 0.082 C-D 2-3
96 Udom Suk Si Pha Rak Christendom 313.32 1,027.94  0.07 0.003 A 1
97 Raak Daroon Kindergarten School 123.34 404.65    0.29 0.011 B 1
98 Hope of Samut Prakan Christendom 498.99 1,637.09  0.04 0.001 A 1
99 Klongkratumratutit School 66.70 218.83    0.72 0.028 B-C 1-2
100 DeeProm Kindergarten School 102.40 335.95    0.38 0.015 B-C 1-2
101 Samrong Nuea Public Health Center 341.92 1,121.77  0.06 0.002 A 1
102 Daroonrat School 309.73 1,016.16  0.07 0.003 A 1
103 Jaturamuk Kindergarten School 388.03 1,273.05  0.05 0.002 A 1
104 Samrong Lutheran Christendom 379.71 1,245.75  0.05 0.002 A 1
105 Jatupornwittaya School 335.21 1,099.76  0.06 0.003 A 1
106 Dan Samrong Temple 253.75 832.50    0.10 0.004 A 1
107 Watdansamrong School 335.01 1,099.10  0.06 0.003 A 1
108 Matthayomdansamrong School 355.39 1,165.96  0.06 0.002 A 1
109 Dansamrong Adult Education School 346.45 1,136.63  0.06 0.002 A 1
110 Samrong Hospital 466.58 1,530.76  0.04 0.002 A 1
111 Chulavej Hospital 33.07 108.50    2.06 0.081 C-D 2-3

Distance from center Peak particle velocity Construction period,
line of project from monorail operation1/ Impact on

 
Remark: 1/ calculated by equation  (3) 

2/ Vibration impacts upon human beings of Reiher & Meister (1931)
   A = Imperceptible
   B = Just perception
   C = Clearly perceptible
   D = Unpleasant or disturbing for people staying inside a premise (in conformed with vibration level affecting a man standing on time)
         a bridge for a short exposure 
   E = Continuity of perceptible vibration cause unpleasant or disturbing and a man walking on a bridge cannot accept it or unendurance
3/ Vibration determination on building structures of DIN4150 (Nelson, 1987)
   1 = No impact/damage upon all types of structure
   2 = A higher vibration level results in destruction or causing damages to historical sites 
   3 = No risk of damage likely to affect general building or architectural structures.
   4 = Causing damages to architectural structures, houses with rigid plaster wall and ceiling (mixed component of cement, sand, water
       and various fibers) whereas for flexible wall and ceiling, the damages will be quite small.
   5 = Vibration level is higher than normal road traffic which causes damage to architectural structures and a slight damage to housing 
         structure.

Source: ENRICH Consultant Co., Ltd., 2013.  
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    Where V = The peak particle velocity (mm / sec.). 
      a = The roughness of the road surface (Peak to Peak) = 1.40. 
      v = The maximum speed of vehicles moving through the 100 km /hr. 
      w = The weight of the truck (ton). 
      t = Ground Factor 
        (Soft Clay  = 3.0  
        Sand  = 1.0 
        Gravel  = 0.2 
      p = 0.75 (The road surface rough) 
       = 1.00 (Other cases) 
      r = The distance from the source / curb the building (m). 
      x = Distance Power 
       Soft Clay  = -0.67 
       Sand   = -1.40 
       Gravel   = -0.90 
    Substituting those value in equation (1) based on the weight of the truck, from 
10-25 ton that vehicle with a payload of 25 tons have a top speed of 100 km/hr and buildings / 
building away from the source/edge of the road at 4 meters, thus the maximum particle velocity (PPV) 
is equal to 0.838 mm/sec., which is the vibration that human merely feel or possible to feel but not to 
the degree of the vibration standards according to Reiher & Meister (1931) and no effect on any historic 
building follows the DIN 4150 standard (Nelson, 1987), as shown in Table 5.1.7 - 6. 
Table 5.1.7 - 6 The Calculation of Peak Particle Velocity on Operation Period from the traffic 
  under the Elevated Structure and Station 

Distance from vibration sources/roadside 
to building (meters) 

Peak Particle Velocity (mm./sec.)1/ 
Weight of Truck/Vehicles 

10 Tons 15 Tons 20 Tons 25 Tons 
4 0.419 0.503 0.670 0.838 
8 0.211 0.316 0.421 0.527 
10 0.181 0.272 0.363 0.453 
15 0.138 0.207 0.276 0.346 
20 0.114 0.171 0.228 0.285 
25 0.098 0.147 0.196 0.245 
30 0.087 0.130 0.174 0.217 
50 0.062 0.093 0.123 0.154 
100 0.039 0.058 0.078 0.097 
150 0.030 0.044 0.059 0.074 
200 0.024 0.037 0.049 0.061 
250 0.021 0.031 0.042 0.052 
300 0.019 0.028 0.037 0.046 
350 0.017 0.025 0.034 0.042 
400 0.015 0.023 0.031 0.038 
450 0.014 0.021 0.028 0.035 

Remark: 1/ calculated by the equation of V = 0.021a(v/50)(w/15)tp(r/6)x 
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    (2) The vibrations caused by the rail system is determined by the Monorail 
Noise and Vibration Impact Assessment, 2006. Second Edition of the Federal Transit Administration 
(FTA), USA, which set the vibration on the ground caused by the system or the system. The rail 
(Rapid Transit) at speeds up to 50 miles/h or 80 km/h. will affect the level of vibration at ground 
level 73 VdB (velocity level in Decibel) as shown in. Figure 5.1.7 - 1, since the vibration source, are 
VdB (RMS Vibration Velocity) is required, to convert the units PPV (Peak Particle Velocity) equation 
(2) is used as below. 

     Lv = 20 x log10(v/vref) ………………………………………………………….……………..(2) 

     เมื่อ Lv = The level of vibration (VdB). 
      v = RMS Velocity Amplitude (Inches/second)   
      vref = Reference Velocity Amplitude = 1x10-6 Inches second 

     Substitute the values in the equation (2) for Peak Particle Velocity calculation 
     73  = 20 x log10(v/1x10-6) 

     73  = 20 x (log10(v) - log10(1x10-6)) 

     73/20 = log10(v) - log10(1x10-6) 

     log10(v) = (73/20) + log10(1x10-6) 

     log10(v) = -2.35 

     v  = 0.0045 Inches/second 

       = 0.1143 mm/second. 

     The calculation of the vibration of the train system has Peak Particle 
Velocity 0.0045 inch/sec or 0.1143 mm/sec. where the vibration occurs near the ground, the 
position of the pillar of the elevated station only. The vibrations are transferred from the elevated 
rail structure and foundations and passed down to the ground level deeper than 50 meters, which 
compared to the measurement of vibration of pillar of Bangkok Mass Transit System (BTS) Mo Chit 
station (August 9, 2548) found that the vibration of the train station, in the center of the road And 
stanchion outside the station along the sidewalk, is in the range from 0.968 to 1.240 and 1.760 to 
2.020 mm/sec. as shown in Table 5.1.7 - 7. The measured value is greater than the calculated 
vibration from equation (1). To assess the impact of the vibration of the project, the maximum 
vibrations is set to 2.020 mm/sec. for a reference value (ro). The impact of vibration caused by the 
rail system will use the equations of Whiffin and Leonard (1971. ) as follows: 
 
     Ar =    orr e/roroA α ………………………………………………………………….(3) 

    where Ar = the vibration at a distance r from the origin, mm./Sec. 

      Ao = The vibration measuring the distance ro from the source, mm. / Sec.  
       = 2.020 mm / sec. (Worst Case) PPVmax measured using a pillar 

outside edge of the road or away from the train station. 
Building / building about 3 meters). 
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Figure 5.1.7 - 1 Level of Vibration at Ground from the Rapid Transit 

Distance from Track Centerline, ft. 

RM
S 

Ve
lo

ci
ty

 L
ev

el
, V

dB
 

Locomotive Powered 
Passenger or Freight  

(50 mph) 

Rapid Transit or Light 
Rail Vehicles (50 mph) 

Rubber-Tired Vehicles 
(30 mph) 



The Report on Changes in Project Details in the EIA Reports on     
the Bangkok Mass Transit Yellow Line Project : Lat Phrao-Samrong Section  Chapter 5 Environmental Impact Assessment 

AEC/HC/D2A/WE/ENRICH/PSG  5-65 

Table 5.1.7 – 7  The measurement of vibration of pillar of Bangkok Mass Transit System 
(BTS) Mo Chit station (August 9, 2548) 

Measured Stations Date   and 
Time Axis 

Peak Particle 
Velocity 

(mm./sec.) 

Frequency 
(Hz) 

Distance  
(mm.) 

1. Underground the pillar of Mo 
Chit Station 

     

1.1 Inbound train   9/08/48 Transverse 0.762 8 0.01580 
 12.14 p.m. Vertical 0.508 2 0.04680 
  Longitudinal 0.381 2 0.02950 

Peak Particle Velocity (by average of 3 axis) 0.968   
1.2 Outbound train 9/08/48 Transverse 0.953 9 0.04310 
 12.49 p.m. Vertical 0.889 2 0.09020 
  Longitudinal 0.635 n/a 0.06590 

Peak Particle Velocity (by average of 3 axis) 1.240   
2. Underground the pillar of Mo 
Chit Station (outside)  

     

2.1 Inbound train   9/08/48 Transverse 1.270 37 0.00419 
 02.02 p.m. Vertical 1.140 47 0.00366 
  Longitudinal 1.590 57 0.00508 

Peak Particle Velocity (by average of 3 axis) 1.760   
2.2 Outbound train 9/08/48 Transverse 1.330 57 0.00360 
 01.02 p.m. Vertical 1.330 51 0.00347 
  Longitudinal 1.970 43 0.00673 

Peak Particle Velocity (by average of 3 axis) 2.020   
Remark: n/a = not applicable  
Source:    Final EIA Report () of MRTA Blue Line (Bang Sue – Tha Pra Section), 2008 
 
       = The vibration absorption coefficient of each soil type 

        Moist Clay, Clay Soil  = 0.025-0.250 
        Silty Clay    = 0.019-0.430 
        Wet Clay    = 0.310-0.500 
        Loses at Natural Moisture  = 0.040-0.130 
        Dry Sand    = 0.007-0.070 
        Dense Sand and Gravel  = 0.015-0.045 
        Gravel Plus Sand and Silt  = 0.023-0.053 

 Substituting in the equation (3), and calculate the vibration for the sensitive 
areas impact by the distance from the center of the project, found that the vibration is in the range 
of 6.0x10-7 to 0.29084 mm / sec. Thus, the vibration mainly in the sense that humans cannot feel or 
merely feel or possibly feel follows the standards of Reiher & Meister (1931). The impact of vibration 
on structures revealed that the vibration occurred without any consequences to the historic building 
according to DIN 4150 standards (Nelson, 1987). The vulnerable areas to be impact by the vibration 
in operation Phase is shown in Table 5.1.7 - 8. 
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Table 5.1.7 - 8  Peak particle velocity in operation period at sensitive areas along the project 
 route 

No. Sensitive areas

m. ft. mm./sec inch/sec Human2/ Building3/ 

1 Charuwattananukun Kindergarten School 337.97 1,108.81  0.00004 0.000002A 1
2 Yamsaard Kindergarten School 390.31 1,280.53  0.00001 0.0000004A 1
3 Rungwittaya Kindergarten School 222.73 730.73     0.00096 0.000038A 1
4 House of Christ Christendom 295.98 971.05     0.00013 0.000005A 1
5 Chidanukun School 434.58 1,425.77  0.000003 0.0000001A 1
6 Siam Bethel Christendom 140.75 461.77     0.00942 0.000371A 1
7 Siriphan Vittaya School 99.45 326.28     0.03147 0.001239A 1
8 Lad Prao Baptist Christendom 84.28 276.51     0.04995 0.001967A 1
9 Pibool Upphatham School 86.50 283.79     0.04665 0.001836A 1
10 Sirithep School 477.02 1,565.01  0.0000011 0.00000004A 1
11 Wat Lat Phrao School 494.01 1,620.75  0.0000007 0.00000003A 1
12 Chaemsuksa School 160.58 526.83     0.00537 0.000212A 1
13 Settabutr Upathum School 188.00 616.79     0.00250 0.000098A 1
14 Thanormpitvithaya School 75.22 246.78     0.06632 0.002611A 1
15 Kurusapa Business Organization Kindergarten School  72.51 237.89     0.07228 0.002846A 1
16 Tangtung Vittaya School 496.81 1,629.93  0.0000007 0.00000003A 1
17 Karnda School 206.38 677.09     0.00151 0.000059A 1
18 Antioch Ladphrao Baptist Christendom 275.42 903.60     0.00023 0.000009A 1
19 Nawamintharachinuthit Bodindecha School 382.99 1,256.51  0.00001 0.000001A 1
20 Surao Don Sakae School 317.97 1,043.20  0.00007 0.000003A 1
21 Hidayatun Islam Mosque (Don Sakae) 361.03 1,184.47  0.00002 0.000001A 1
22 Jitnatda Kindergarten School  160.92 527.95     0.00532 0.000209A 1
23 Santisuk Bangkok Christendom 414.40 1,359.56  0.00001 0.0000002A 1
24 Bankru Kindergarten School 455.74 1,495.19  0.000002 0.0000001A 1
25 Bangkok Suksa School 106.54 349.54     0.02547 0.001003A 1
26 Bangkok Withaya School 280.81 921.28     0.00020 0.000008A 1
27 Lad Prao Hospital 52.57 172.47     0.13975 0.005502A 1
28 Ruam Nimit Bangkok Christendom 204.89 672.20     0.00157 0.000062A 1
29 Rajapongsa Kindergarten School 498.98 1,637.05  0.000001 0.00000003A 1
30 Wat Mae Phra Kularb Tip (Maria Rosa Mystica Christendom) 87.83 288.15     0.04478 0.001763A 1
31 Lat Phrao English School 362.22 1,188.37  0.00002 0.000001A 1
32 Pramote Gym Buddhaisawan School 185.35 608.10     0.00269 0.000106A 1
33 Kanathip Child and Elderly Care School 252.46 828.27     0.00043 0.000017A 1
34 Mahapawn Bangkok Alliance Christendom 445.67 1,462.15  0.000003 0.0000001A 1
35 Suranaraibribal School 64.84 212.73     0.09259 0.003645A 1
36 Patarabutr Kindergarten School  133.44 437.79     0.01162 0.000457A 1
37 Vejthani Hospital 105.80 347.11     0.02603 0.001025A 1
38 Bangkok Good News Christendom 219.09 718.79     0.00107 0.000042A 1
39 Mawadi Music School 118.15 387.63     0.01809 0.000712A 1
40 Peace of Bangkok Christendom 114.66 376.18     0.02004 0.000789A 1
41 Fatthullbalee Mosque 46.40 152.23     0.17356 0.006833B 1
42 Huamarkwittayanusorn School 225.82 740.87     0.00089 0.000035A 1
43 Huamark Kindergarten School 230.26 755.44     0.00079 0.000031A 1

line of project from monorail operation1/ Impact on
Distance from center Peak particle velocity Operation period,
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Table 5.1.7 - 8  Peak particle velocity in operation period at sensitive areas along the project 
 route (Cont’d) 

No. Sensitive areas

m. ft. mm./sec inch/sec Human2/ Building3/ 

44 Kanchanaphon Kindergarten 156.87 514.66     0.00596 0.000235A 1
45 Grace Lutheran Christendom 351.52 1,153.27  0.00003 0.000001A 1
46 Kornsupa Kindergarten School 275.27 903.11     0.00023 0.000009A 1
47 International Hotel & Tourism Industry Management School 294.51 966.23     0.00014 0.000005A 1
48 Krirk Thai Skill Development Center School 151.98 498.62     0.00685 0.000270A 1
49 Sudnaree Kindergarten 116.60 382.54     0.01893 0.000745A 1
50 Mae Phra Ong Uppatham Catholic Christendom (Christendom of Christ) 153.58 503.87     0.00654 0.000258A 1
51 Chutima Kindergarten School 108.62 356.36     0.02394 0.000943A 1
52 Jamiul Idhard Mosque (Huamak Yai) 364.80 1,196.84  0.00002 0.000001A 1
53 Huamak School 223.35 732.77     0.00095 0.000037A 1
54 Darissalam Mosque 232.65 763.28     0.00074 0.000029A 1
55 Darissalam School 207.27 680.01     0.00147 0.000058A 1
56 Hishaladademee School 404.89 1,328.36  0.00001 0.0000003A 1
57 Vibharam Hospital 469.67 1,540.89  0.000001 0.0000001A 1
58 Suan Luang Christendom 24.92 81.76      0.40518 0.015952A 1
59 Klongkalantan School (Meesuwan Anusorn) 79.91 262.17     0.05722 0.002253A 1
60 Piyajit Vittaya School 372.65 1,222.59  0.00002 0.000001A 1
61 Mandaumoucinin School 219.88 721.38     0.00104 0.000041A 1
62 Triamudomsakkapatanakran School 500.00 1,640.40  0.0000006 0.00000002A 1
63 Aliatisorm (Nana Uthit) School 343.92 1,128.33  0.00004 0.000001A 1
64 Suraomai School 395.39 1,297.20  0.00001 0.000000A 1
65 Prasarnwitwatana School 368.96 1,210.48  0.00002 0.000001A 1
66 Masla Artul Islam School 402.61 1,320.88  0.00001 0.0000003A 1
67 An Latisom Mosque 430.65 1,412.88  0.000004 0.0000002A 1
68 Khajonsiri Temple 239.75 786.57     0.00061 0.000024A 1
69 Hussanaveeya Sayowan Anusorn School 164.21 538.74     0.00485 0.000191A 1
70 Jaipranee Kindergarten School 299.37 982.17     0.00012 0.000005A 1
71 Salahnoi School 302.09 991.10     0.00011 0.000004A 1
72 Liswanul Islameeya School 250.03 820.30     0.00046 0.000018A 1
73 Darul Amin Mosque 71.73 235.33     0.07410 0.002917A 1
74 Darul Amin School 87.66 287.59     0.04501 0.001772A 1
75 Bride of Christ Christendom 173.64 569.68     0.00373 0.000147A 1
76 Dusit Thani College 163.34 535.89     0.00497 0.000196A 1
77 Plengprasiddhi Kindergarten School 201.87 662.30     0.00171 0.000067A 1
78 Bangkok Dance Academy (Paradise Park Branch) 80.27 263.35     0.05658 0.002228A 1
79 Graduate School of Public Administration, Burapha University (Paradise Park)99.01 324.83     0.03189 0.001256A 1
80 Sereeruk Kindergarten School 361.47 1,185.91  0.00002 0.000001A 1
81 BARTER International Maritime School 274.01 898.97     0.00024 0.000010A 1
82 Si Iam Temple 136.53 447.93     0.01063 0.000418A 1
83 Srieam Anusorn School 157.64 517.19     0.00584 0.000230A 1
84 Bangna Immanuel Christendom 225.42 739.56     0.00090 0.000035A 1
85 Suthibongkot School 370.33 1,214.98  0.00002 0.000001A 1
86 Sikarin Hospital 419.51 1,376.33  0.00001 0.0000002A 1
87 Bang Kaeo Prachasan School 457.22 1,500.05  0.000002 0.0000001A 1

Distance from center Peak particle velocity Operation period,
line of project from monorail operation1/ Impact on
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Table 5.1.7 - 8  Peak particle velocity in operation period at sensitive areas along the project 
 route (Cont’d) 

No. Sensitive areas

m. ft. mm./sec inch/sec Human2/ Building3/ 

88 Khlong Samrong School 435.65 1,429.28  0.000003 0.0000001A 1
89 Jaisamarn Full Gospel Christendom 322.43 1,057.83  0.00007 0.000003A 1
90 Bangmueang Khian Phong Anusorn School (Debsirin Samut Prakan School) 493.14 1,617.89  0.000001 0.00000003A 1
91 Intarumphun Anusorn School 398.62 1,307.79  0.00001 0.0000003A 1
92 Uthip School 461.09 1,512.74  0.000002 0.0000001A 1
93 Chandna Kindergarten School 471.52 1,546.96  0.000001 0.0000001A 1
94 Siriwutti Wittaya school 74.20 243.44     0.06850 0.002697A 1
95 Chularat2 Hospital 32.73 107.38     0.29084 0.011450B 1
96 Udom Suk Si Pha Rak Christendom 313.32 1,027.94  0.00008 0.000003A 1
97 Raak Daroon Kindergarten School 123.34 404.65     0.01555 0.000612A 1
98 Hope of Samut Prakan Christendom 498.99 1,637.09  0.000001 0.00000003A 1
99 Klongkratumratutit School 66.70 218.83     0.08714 0.003431A 1
100 DeeProm Kindergarten School 102.40 335.95     0.02881 0.001134A 1
101 Samrong Nuea Public Health Center 341.92 1,121.77  0.00004 0.000002A 1
102 Daroonrat School 309.73 1,016.16  0.00009 0.000004A 1
103 Jaturamuk Kindergarten School 388.03 1,273.05  0.00001 0.0000005A 1
104 Samrong Lutheran Christendom 379.71 1,245.75  0.00001 0.000001A 1
105 Jatupornwittaya School 335.21 1,099.76  0.00005 0.000002A 1
106 Dan Samrong Temple 253.75 832.50     0.00042 0.000016A 1
107 Watdansamrong School 335.01 1,099.10  0.00005 0.000002A 1
108 Matthayomdansamrong School 355.39 1,165.96  0.00003 0.000001A 1
109 Dansamrong Adult Education School 346.45 1,136.63  0.00004 0.000001A 1
110 Samrong Hospital 466.58 1,530.76  0.000002 0.0000001A 1
111 Chulavej Hospital 33.07 108.50     0.28689 0.011295B 1

Distance from center Peak particle velocity Operation period,
line of project from monorail operation1/ Impact on

 
Remark: 1/ calculated by equation  (3) 

2/ Vibration impacts upon human beings of Reiher & Meister (1931)
   A = Imperceptible

   B = Just perception

   C = Clearly perceptible

   D = Unpleasant or disturbing for people staying inside a premise (in conformed with vibration level affecting a man standing on time)

         a bridge for a short exposure 

   E = Continuity of perceptible vibration cause unpleasant or disturbing and a man walking on a bridge cannot accept it or unendurance
3/ Vibration determination on building structures of DIN4150 (Nelson, 1987)
   1 = No impact/damage upon all types of structure

   2 = A higher vibration level results in destruction or causing damages to historical sites 

   3 = No risk of damage likely to affect general building or architectural structures.        
   4 = Causing damages to architectural structures, houses with rigid plaster wall and ceiling (mixed component of cement, sand, water

       and various fibers) whereas for flexible wall and ceiling, the damages will be quite small.
   5 = Vibration level is higher than normal road traffic which causes damage to architectural structures and a slight damage to housing 

         structure.
Source: ENRICH Consultant Co., Ltd., 2013.  
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 5.1.7.2 Impact on Depot Area and Park and Ride buildings 
   1) Construction Phase  
    A) Impact on Depot Construction area 
     The maintenance canter construction activities consist of digging and filling 
of open space, drilling rigs for the elevated structures and buildings, construction material and 
equipment transportation. The activities may cause the vibration of the adjacent area. The 
residential communities or vulnerable areas to be impacted is Prem Ruethai Udomsuk village 
where located 200 meters away. To evaluate the impact of the vibration from the Depot 
construction, the project defined the distance from the Prem Ruethai Udomsuk village as the 
worst case. The level of vibrations caused by machinery and equipment, while construction (at a 
distance of 25 feet or 7.62 meters from the origin) are based on studies of US.EPA (1995), In the 
worst cases, the use of pile drivers that cause the most vibration, the peak particle velocity of 
18.644 mm/sec., or 0.734 inches/second, as shown in Table 5.1.7 - 1 when evaluating the impact 
of vibration caused by equation (1), as detailed below. 

      PPVequip = PPVref x (25/D)1.5………………………..…………………………….........(1) 
     PPVequip = 18.644 x (25/200)1.5   

      = 0.139 mm/sec., or 0.005 inches/sec. 

    The predicted vibration level from the Depot showed that the most 
vulnerable areas to be impacted are Prem Ruethai Udomsuk village at a distance of 200 meters to 
get the peak particle velocity up to 0.139 mm/sec. or 0.005 inches/second, as shown in Table 
5.1.7 - 2 which are the level of vibration that human could not feel of harm to health according to 
Reiher & Meister (1931), as shown in Table 5.1.7 - 3. Thus, there is no effects or damage to the 
structures of all types according to DIN 4150 (Nelson, 1987), as shown in table 5.1.7 - 4. 
    B) Impact on Park & Ride Construction area 
     The park and ride buildings construction activities including excavation and 
reclamation areas, drilling rigs for building, construction material and equipment Transportation, 
etc. Those activities may cause the vibration disrupt the people near the construction area as well. 
In vulnerable areas to be impacted by the park and ride buildings construction in Si Iam Temple 
where located approximately 150 meters. Therefore, the vibration impact assessment will 
reference, according to the distance, Si Iam Temple as worst case. As for the level of vibrations 
that caused by machinery and equipment, while construction activities (at a distance of 25 feet or 
7.62 meters from the origin) are based on studies of US.EPA (1995) is considered the worst cases, 
the use of pile drivers that cause the most vibration. The peak particle velocity is 18.644 mm/sec 
or 0.734 inches/second, as shown in Table 5.1.7 - 1 when evaluating the effects of vibration 
caused by the equation (1), as detailed below. 

     PPVequip = PPVref x (25/D)1.5………………………..…………………………….........(1) 
     PPVequip = 18.644 x (25/150)1.5   
      = 0.213 mm/sec., or 0.005 inches/sec. 
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    The predicted vibration level from the park and ride buildings showed that 
the most vulnerable area to be impacted is Si Iam Temple at a distance of 200 meters to get the 
peak particle velocity up to 0.213 mm/sec. or 0.008 inches/second, as shown in Table 5.1.7 - 2 
which are the level of vibration that human could not feel of harm to health according to Reiher & 
Meister (1931), as shown in Table 5.1.7 – 3. Thus, there is no effects or damage to the structures of 
all types including the ancient building according to DIN 4150 (Nelson, 1987), as shown in table 
5.1.7 - 4. 
   2) Operation Phase  
    A) Impact on Depot  
     During the operation Phase, the activities within the Depot comprise of 
train maintenance the train parking, etc. Those activities may cause the vibration of the Depot 
adjacent area. The nearest residential area is Prem Ruethai Udomsuk village where located 
approximately 200 meters near Depot so the impact of the vibration near Depot is determined by 
the activity of train parking in the depot. This is an activities that contributes to the vibration of the 
Depot. By substituting in the equation (3), and calculate the vibration of vulnerable areas at Prem 
Ruethai Udomsuk village. The details are as follows 

     Ar =    orr e/roroA α  ………………………..……………………………(3) 

     Ar =    3-2000.025 e3/200 2.02   

     Ar = 0.002 mm/sec., or 0.0001 inches/sec. 

     The results from equation (3), and calculate the impact of vibration of 
vulnerable areas at Prem Ruethai Udomsuk village showed the peak particle velocity from the 
Monorail is equal to 0.002 mm/sec. or 0.0001 inches/second which are the level of vibration that 
human could not feel of harm to health according to Reiher & Meister (1931), Thus, there is no 
effects or damage to the structures of all types including the ancient building according to DIN 
4150 (Nelson, 1987), as shown in Table 5.1.7 - 3 and Table 5.1.7 - 4. 
    B) The Impact on Park & Ride buildings 

     During the operation Phase, the activities in park and ride buildings 
including in and out of vehicles, parking in the building for passenger who traveling by train, etc., 
those activities may cause the vibration of the adjacent buildings located near park and ride 
building especially Si Iam Temple, the nearest structure to park and ride buildings (distance 150 
meters). The main impact of the vibration from park and ride building will from the activities in Si 
Iam station that occurred mostly in park and ride buildings. By substituting in the equation (3), and 
calculate the vibration vulnerable areas to the effects Si Iam Temple. The details are as follows  
     Ar =    orr e/roroA α  ………………………..……………………………(3) 

     Ar =    3-1500.025 e3/150 2.02   

     Ar = 0.007 mm/sec., or 0.0003 inches/sec. 
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     The results from equation (3), and calculate the impact of vibration of 
vulnerable areas at Prem Ruethai Udomsuk village showed the peak particle velocity from the 
MRT is equal to 0.007mm/sec. or 0.0003 inches/second which are the level of vibration that 
human could not feel of harm to health according to Reiher & Meister (1931), Thus, there is no 
effects or damage to the structures of all types including the ancient building according to DIN 
4150 (Nelson, 1987), as shown in Table 5.1.7 - 3 and Table 5.1.7 - 4. 
 
5.2 Biological Environmental Resources  
5.2.1 Aquatic Ecology 

5.2.1.1 The Impact of the Elevated Structures and the Stations area 
  1) Construction Phase  
   The construction activities especially the excavation and reclamation, drilling 
and foundations to support the of the elevated and the stations or construction material 
transportation (such as cement, sand, stone, clay, etc.), is not expected to cause a negative impact 
on the aquatic ecosystem in the surface water. There are 19 surface water bodies along the 
project route to cut through, however, the construction of the piers of the elevated structures and 
stations will not create any part of intrusion into the water. Thus, there is no activity to disturb the 
surface water quality and ecological impact directly on the water except three stations which 
located from the surface water up to 50 meters, Lat Phrao 101 stations Kalanton station, Suan 
Luang Ro 9 Station that may be affected by an increase in turbidity from soil erosion during the 
excavations and reclamation. Also, surface water may be contaminated with oil from the 
construction equipment. The amount of turbidity and oil will block the light from the sun into the 
water level, making phytoplankton photosynthesis less hence dissolved oxygen is produced by 
phytoplankton is reduced. The expected impact is only temporary low in the construction Phase. 
The construction area is limited only on the traffic island in the middle of the road. According to a 
literature review of information suspended solids (2012) and analysis of total suspended solids 
(2013) from the surface water examples along the canal include Lad Phrao Canal, Saen Saeb 
Canal, Hua Mak Canal, Phra Khanong Canal, Bangna Canal and Samrong Canal. The total 
suspended solids values ranged from 2.0 to 70.0 mg/l., which fall into low - moderate category 
(<25-100 mg/l., Boyd, 1979) and does not impact the aquatic species (fish, phytoplankton - and 
benthos). However, the total suspended solids from the Saen Saeb Canal (2512) is from 276.0 to 
870.0 mg/l which is relatively high. However, Saen Saeb Canal is located away from the 
construction area of the pillar of elevated structures approximately 240 meters. 

  2) Operation Phase  
   Since a single track rail system to be run on the elevated structure powered by 
electricity. Thus, it does not impact the aquatic ecology in the surface water especially the stations 
that located away from the surface water up to 50 meters, including Lat Phrao 101 Station 
Kalanton Station, Suan Luang Ro 9 Station. These three stations would have wastewater discharge 
from the toilets during the daytime activities such as ticketing, public relations security and 
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communication, etc. approximately up to 10 people per day wastewater per station 0.40 cubic 
meters/day (see details in section 4.2.1: surface water quality), the amount of wastewater that will 
happen will be treated by the wastewater treatment plant with the capacity of 2 cubic meters of 
ready-installed in all stations. The effluent quality, according to the Ministry of Natural Resources 
and Environment. "Standards Control Sewerage from some building types and sizes, "published in 
Volume 122 at 125 dated December 29, 2005, and therefore does not affect the ecology of the 
water in the surface water. 

5.2.1.2 The Impact on Depot and Park and Ride buildings 
  1) Construction Phase  
   Depot is located east of the Si Iam junction nearby the surface water source 
(Khlet Canal), without the construction of any part of the structure intruded into the canal 
however, it may be impacted by an increase in turbidity from soil erosion during the excavations 
and cover of the areas which subject to contamination from oil used in construction equipment 
during Depot construction. The amount of turbidity and oil will partial block the light from the sun 
into the surface water. As a result, phytoplankton can photosynthesis less and dissolved oxygen 
produced by phytoplankton is also reduced. The expected impact is only temporary low in the 
construction Phase. 

  2) Operation Phase  
   During the operation Phase, the amount of wastewater from the use of toilets 
and wash dishes in the management and control building, the restaurant, the staff dormitory, 
wastewater from washing and maintenance activities, approximately 142.60 cubic meters/day in 
total (see details in Chapter 2). The amount of wastewater going to the treatment systems using 
Onsite Treatment Plant which is a Septic - Anaerobic Filter and Contact Aeration Process with the 
capacity of 50 cubic meters/3 containers with a total volume of 150 cubic meters, followed by a 
retention. Therefore, the wastewater quality meets the "Standards Control sewerage from certain 
building types and sizes," according to the Ministry of natural Resources and the environment, 
published in Volume 122 at 125D dated December 29, 2003. The amount of waste water before 
discharge into the Khlet Canal is expected to have no impact on aquatic ecology in the surface 
water. 
 
5.2.2 Terrestrial Ecology  
 5.2.2.1 Forest resources 
   1. The Impact area of the Elevated Structures and the Stations 

  (1) Construction Phase  
  The construction of elevated structures and stations will consider the 

construction area of about eight meters wide on the traffic island of Lat Phrao Road. Srinagarindra 
Road and Theparak Road. Therefore, trees with a height of over 10 meters to be obstructed by the 
construction must be cut or removed. The area is also the location of a piles support elevated 
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structure and stations. It is expected to have an impact on the loss of the balance of ecosystems 
and vegetation is low because the trees are found along the sidewalks on both sides with a total 
of 4,571 trees (60 species) and the median of the road, with a total of 681 trees. (2 species) and 
over 95% of the trees in the city, which has planted by humans (such as Pink Tecoma (Tabebuia 
rosea), Copper pod (Peltophorum pterocarpum), White Cheesewood (Alstonia scholaris), 
Mahogany (S. macrophylla), and Cork Tree (Millingtonia hortensis), etc.) and only 5% is the tree 
itself under natural conditions. (such as Raintree (Samanea saman (Jacg.) Merr.), Manila Tamarind 
(Pithecellobium dulce), jujube (Ziziphus mauritiana), and Tropical almond (Terminalia catappa) 
etc.). 

  (2) Operation Phase  
  During the operation Phase, the impact is expected to have a low impact 

on the ecosystem and disrupt plant communities along the project route. The plant will have the 
capacity to adapt to resist the changing environmental condition. In the large communities, some 
plants will be less receive sun light because the sun light has obscured by the elevated structure 
and stations. This makes the process of photosynthesis of plants for use in food production 
potential deteriorate. 

   2. The Impact on Depot 
  (1) Construction Phase  

  Due to the current conditions of the Depot construction area is a bare 
land. Only plant shrubs and medium-sized tree covered within the Depot 39 trees (6 species), it is 
estimated that only some of the trees were cut down or move out of the construction area. The 
trees removed will not affect the balance of the ecosystem and economic value. Thus, the impact 
is low. 

  (2) Operation Phase  
  In the operation Phase, there will be no change to impact the balance of 

ecosystems and vegetation as a landscape architect, a Depot for the trees / shade by adding more green 
space and trees medium - large and beautiful flowering trees and ornamental plants. To replace the 
trees that may be cut or removed in the construction Phase. 
 
5.3 Human Use Values  
5.3.1 Land Use 

5.3.1.1 The Impact of the Elevated Structures and the Stations area 
  1) Construction Phase  
   Since the construction area of elevated structures is approximately 7 meters 
wide on the traffic island. Therefore, it is expected to have a fair impact on land use change. Due 
to the current conditions in the land use is relatively intense in particular, in the form of the 
medium to the high density residential area or commercial area. The infrastructure and utilities 
accounted for 90 percent while the empty space will be transformed into the medium density 
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residential area. Thus, the expected impact is low. In the certain sector of the project, the route 
will deviate from the median line to the pedestrian area hence the certain commercial buildings 
and some commercial area will change into the elevated structure permanently. As the land use 
patterns have not changed much compared to the use of land surrounding neighborhood is 
commercial / business, therefore, the impact is low. 

  2) Operation Phase  
   In the operation Phase of the project, patterns of land use along the project 
route will be slightly changed from the current condition. As the ratio of current patterns of land 
use in more than 90 percent cannot be expanded or changed, such as a medium to the high 
density residential area, commercial/business zone, government institutions, and public utilities. 
Nonetheless, the wasteland at some point can be improved follow the regulations/specifications 
of Bangkok principle city planning (2013). Also, the draft of principle city plan of Samutprakarn 
could be converted into a residential, semi-commercial due to the convenience of traffic or 
development projects that are good motivation and stimulus for the investment to take place, 
especially around the stations. Consequently, the current land use pattern might be improved for 
development patterns to the residential and commercial area, such as apartments, condominiums, 
large shopping center. office building or entertainment, etc., hence the impact is moderate. 

5.3.1.2 Impact on Depot Area and Park and Ride buildings 
  1) Construction Phase  
   The area of Depot is about 122 rais that necessary to converte the land use 
from partly bare land with a few shrubs covered into a five-story Depot building. Likewise, a seven-
story building of Samut Prakan highway district office building will be converted into Park and Ride 
building with an area of 39.9 rais. Thus, the impact is in the moderate to high as the land use 
patterns will permanently change. However, due to changing land use patterns are not take place 
in many areas compared to the pattern of land use surrounding residential community that is less 
dense - medium. 

  2) Operation Phase  
   The Depot and Park & Ride located near the intersection of Srinagarindra Road 
and Bang Na - Trat, Road with a combined area of approximately 161.9 Rais. It is expected that the 
land used surrounding the Depot and Park and Ride building are likely to change from the current 
form because of the attraction of the Monorail system. With the land use patterns of current 
condition that account for the use of more than 75 percent is less dense residential community 
and semi-commercial area or wasteland area/green space. Therefore, in certain areas may have to 
be expanded or changed according to regulations / specifications of Bangkok Principle City 
Planning (2013) and the draft Samut Prakan Principle Citi Planning. It can be converted into a 
medium to high density residential communities - such as flats, apartment, condominium, and 
housing, etc., or the commercial/trade or landmarks like government/state enterprise, gas station, 
shopping mall, private hospitals, educational institution, office building or entertainment, etc. Thus, 
the positive impact is low to moderate. 
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5.3.2 Transportation 
5.3.2.1 The Impact of the Elevated Structures and the Stations area 

  1) Construction Phase  
   1.1) Since most of the construction activities will take place on the traffic 
median on Lat Phrao Road, Srinagarindra Road, and Thepharak road, the impact on the ability to 
accommodate traffic on the existing road network is expected to affect the amount of the traffic 
jam as follows: 
 - Lat Phrao Road in Ratchada - Lat Phrao intersection to the Happyland 
with the traffic corridor of 30 meters wide with, the current six-lane (in bound - out bound) the 
width of the traffic lanes is 3.25 m while the traffic island wide approximately 4.0 meters and 
include the sidewalks both sides of the road, as shown in Figure 5.3.2 - 1. By the time of the 
construction of the foundations and piers along the traffic Island of Lat Phrao Road must isolate 
for the construction site at least 7 m interval of approximately 500 meters and must keep out one 
traffic lane for materials and equipment transportation or the ground drilling during the night time. 
However, during the normal operation hours, the traffic lanes must be managed by reducing the 
width of the traffic lanes from 3.25 meters/lane to 3.00 and 2.75 meters/lane as shown in Figure 
5.3.2 - 2, which gives the ability to support high traffic volumes decrease. Thus, the impact is 
moderate. 
 The construction at Bang Kapi intersection requires the relocation of 
Bang Kapi viaduct for constructing the pillar structures in the middle of the viaduct. Consequently, 
the traffic must be sealed during the construction near the ramp of a viaduct in front of Tawana 
department store. As a result, local people cannot use the viaduct. However, the construction on 
the other site will operate by the middle of the viaduct. By demolishing the viaduct to one lane 
on each side so that the user can use the viaduct. Therefore, the viaduct has only one lane on 
each side, which allows traffic flow to a certain extent only. As a result, the impact is expected in 
medium - high. 
 - Srinagarindra Road South-Lumsali Intersection to Phatthanakan 
intersection, the traffic corridor width is 30 meters wide with the current six-lanes (in bound - out 
bound). The width of the traffic lanes is 3.25 m the traffic island wide approximately 4.00 meters with 
the sidewalks on both sides of the road. By the time, the construction of the foundations and piers 
along the traffic island require the construction site at least 7.00-meter interval of approximately 500 
meters per section. As a result, the construction area must isolate at least one additional lane for use 
in materials, equipment or the volume of excavated soil transportation during the night. In normal 
operation hours, the traffic would have to manage as detailed for the traffic management on 
Srinagarindra Road at South-Lumsali Intersection to Phatthanakan intersection as well as a separate 
management traffic plan on Lat Phrao Road  
 - Srinagarindra Road From Rama 9 intersection to Bang Na - Trat 
intersection with the traffic corridor of 40 meters wide with the current eight lanes (in bound - out 
bound) width of 3.50 meters and a pedestrian lane on both sides of the road as shown in Figure 
5.3.2 - 3. During the construction of the foundations and piers along the traffic island of Srinagarindra 
Road, it is necessary to isolate the construction site at least 7 m interval or approximately 500 meters 
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per section. Consequently, the construction site of one more lane will be used in materials and 
equipment or the excavated ground transportation during the night. In normal hours, it is 
necessary to manage a number of traffic lanes as the current conditions. By reducing the width of 
the lane down from 3.50 m/ traffic lane to 3.15 m traffic lane. As a result, the surface traffic after 
the reduction has the total width of 12.60 meters/direction four lanes per direction same as the 
current conditions. Nonetheless, the ability to accommodate maximum traffic volume is reduced 
as shown in Figure 5.3.2 - 4. Thus, the impact is moderate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.3.2 - 1 Existing of traffic management on 3-lane Lat Phrao Road (2.75-3.00 m/lane) 

Source : Office of Transport and Traffic Policy and Planning, 2012. 

Figure 5.3.2-2  Existing of traffic management during the construction on 3-lane Lat Phrao Road (2.75-3.00 m/lane) 

Source : Office of Transport and Traffic Policy and Planning, 2012. 
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Figure 5.3.2 - 3 The pattern of traffic management on 8-lane road (3.50 m/lane) 

Figure 5.3.2 - 4 The pattern of traffic management during the construction on 8-lane road 

Source : Office of Transport and Traffic Policy and Planning, 2012. 

Source : Office of Transport and Traffic Policy and Planning, 2012. 
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 - Theparak Road at Sri Thepa intersection to Samrong Pu Chao Saming 
Phrai intersection with the traffic corridor of 33 meters wide with six traffic lanes (in bound - out  
bound). The width of the traffic lanes is 3.50 m efers and sidewalks on both side of the road as shown 
in Figure 5.3.2 - 5. During the construction of the foundations and piers along the traffic island of 
Theparak Road, it is necessary to isolate the construction site at least 7 m interval or 
approximately 500 meters per section. Consequently, the construction site of one more lane will 
be used in materials and equipment or the excavated ground transportation during the night. In 
normal hours, it is necessary to manage a number of traffic lanes as the current conditions. By 
reducing the width of the lane down from 3 traffic lanes per direction to 2 traffic lane per 
direction. As a result, the surface traffic after the reduction has the total width of 7 
meters/direction. Nonetheless, the ability to accommodate maximum traffic volume is reduced as 
shown in Figure 5.3.2 – 6. Thus, the impact is high. 

1.2) Due to the materials, construction equipment/machinery to be used in 
construction will transport through the road network that are Lat Phrao Road, Srinagarindra Road, and 
Theparak Road The impact on the renewal of the existing road network may be a major cause of the 
pavement damaged or deteriorated faster than expected. During the normal operation Phase of the 
road network, including the Lat Phrao Road, Srinagarindra Road, Theparak Road and surrounding areas 
may not be impacted by the loss of the original surface traffic due to the elevated structure and the 
train station will be constructed on the traffic island. The number of traffic lanes in each direction will 
be the as the original during the operation Phase. However, there may have a direct impact on traffic 
conditions on the road network as a whole which highly flexible, or have less traffic congestion, 
especially during the morning rush hour (7:00 to 9:00 AM.) and evening rush hour (16:00 to 19:00 PM.). 
Because there are people who use the road and some have turned to using the Monorail and public 
transportation increasingly. Since, it can be transported in mass passengers, approximately 247 874 
passengers/day during its operation in 2019 and will be increased to more than 532,000 people/day in 
the year 2049, Thus, it is an alternative route for the traveler on the entire road network. 

1.3) The impact on the accidents in the construction area that might occur from 
the activities of the construction could cause an accident or construction workers who commute. Also, 
unorganized materials storing might obstruct walkways and the truck in and out the project area. This 
may be the cause of the accident, the vehicles used the route. As the problem of accidents caused by 
vehicles used for transport construction materials, tools, equipment and workers and so on. The 
project entered the construction area by the construction of the new vertical line extending toward the 
other. The tools, equipment, and materials as well as other construction equipment will be stored in 
the provided space and moving by truck or tow truck that might cause the problem of increased traffic 
from vehicles. Implementation of the project has not yet determined the exact route. It assesses the 
impact of increased traffic from vehicles at major intersections 
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Figure 5.3.2 - 5 The pattern of traffic management on 6-lane road (3.50 m/lane) 

Figure 5.3.2 - 6 The pattern of traffic management during the construction on 4-lane road 

Source : Office of Transport and Traffic Policy and Planning, 2012. 

Source : Office of Transport and Traffic Policy and Planning, 2012. 
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  2) Operation Phase  
During the normal operation Phase of the road network (Lat Phrao Road, 

Srinagarindra Road, Theparak Road) and surrounding areas may not be impacted by the loss of the 
original surface traffic due to the elevated structure and the train station will be constructed on the 
traffic island. The number of traffic lanes in each direction will be the as the original during the 
operation Phase. However, there may have a direct impact on traffic conditions on the road network as 
a whole which highly flexible, or have less traffic congestion, especially during the morning rush hour 
(7:00 to 9:00 AM.) and evening rush hour (16:00 to 19:00 PM.). Because there are people who use the 
road and some have turned to using the Monorail and public transportation increasingly. Since, it can 
be transported in mass passengers, approximately 247 874 passengers/day during its operation in the 
year 2019 and will be increased to more than 532,000 people/day in the year 2049, Thus, it is an 
alternative route for the traveler on the entire road network. 

5.3.2.2 Impact on Depot Area and Park and Ride buildings 
  1) Construction Phase  
   The construction of Depot and Park and Ride buildings will use the current 
road network for transport construction materials, equipment/machinery to be used in the Depot 
and park and ride construction. As a result, the existing road network might damage or deteriorate 
faster than the normal Phase. However, it will not impact the ability to accommodate traffic on 
the road network due to the Depot and park and ride building construction area are not located 
on the traffic island and the existing road network. 

  2) Operation Phase  
   In operation Phase, the Depot is expected to have the volume of traffic on the 
existing road network from the employee commute. It is expected that there will be no additional 
traffic volume because the employees can access directly to the depot by using the project train. 
Consequently, the traffic volume from the use of the personal car will be reduced. Also, the park 
and ride building is expected to reduce the use of personal cars for the commute to the city. The 
passenger can take a train into the city without affecting the overall traffic. Thus, the positive 
impact is low to moderate. 
 
5.3.3 Public Utilities and Infrastructure 

5.3.3.1 The Impact of the Elevated Structures and the Stations area 
   The construction of elevated structures with the total distance of about 30 km 
and 23 stations may have a negative impact on public utilities and infrastructure including Bang 
Kapi viaduct as described below: 
 1) Construction Phase The impact of the relocation of public utilities and 
infrastructure as follows: 
  1.1) The relocation of waterworks system (The Metropolitan Waterworks 
Authority) along the traffic island and along the two sidewalks across the street at a construction 
Phase is consists of Lat Phrao Road and Srinagarindra Road with the total length of 20,620 meters 
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  1.2) The relocation of high voltage towers/wires/ electrical equipment. (The 
Metropolitan Electricity Authority) along the sides of Lat Phrao Road, Srinagarindra Road, Theparak 
Road, and Pu Chao Saming Phrai Road in a total of 440 towers. 
   1.3) The relocation of utilities (Department of Highways) along the roads 
sides and in the center of traffic island of Lat Phrao Road, Srinagarindra Road, Theparak Road, and 
Pu Chao Saming Phrai Road can be summarized as follows: 
    a) The reinforced concrete culvert size  1,000 - 1,200 mm. in total 
3300 meters 
    b) The lighting poles (two pairs of legs luminaire) of 820 poles. 
   1.4) The relocation of landlines – aerial antenna Size 9 - D4 ", 12 - D4", 16 - 
D4 " (TOT Public Company Limited) along the sides of Srinagarindra Road, Theparak Road with a 
total length of 2,700 meters. 
   1.5) The relocation of communication cables - fiber optic communication 
lines - copper wires and conduits (CAT Telecom Public Company Limited ()) along the sides of Lat 
Phrao Road, Srinagarindra Road, and Theparak Road with a total length of 17,100 meters. 
   1.6) The relocation communication line - optical fiber and communication 
cable - copper wires and conduits (TOT Public Company Limited) along the sides of Lat Phrao 
Road, Srinagarindra Road, and Theparak Road with a total length of 11,700 meters. 
   1.7) The relocation of pipelines, oil and gas companies, Fuel Pipeline of the 
Transportation Company Limited and the PTT Public Company Limited, near Phatthanakan 
intersection that the project route will be used the space in the traffic median of Srinagarindra 
Road for the construction. The area is also overlapped with the construction of a through the 
tunnel the Phatthanakan and Srinagarindra intersection. As a result, the oil and gas pipeline at the 
intersection require the relocation of such a length of 30 meters for oil pipelines, and 30 meters of 
gas pipelines, as well. 
   1.8) The Bang Kapi viaduct, of Bangkok Metropolis, is a four-lane bridge, car 
traffic has surfaced asphalt concrete. The exits of the bridge are on Lat Phrao Road and Seri Thai 
Road and the level crossing at the junction of the Lat Phroa and Srinagarindra Road. The impact of the 
construction Phase of the yellow line in the area of the relocation elevated bridge crossing the 
front the Mall Bangkapi between km. 8 + 200 to 9 + 007. The total distance is 807 meters from the 
1,820 meters long bridges. 

 2) Operation Phase  
   In the operation Phase, there may be a positive impact on the overall public 
utility system and infrastructure as the area along the project route will increase the public utilities 
and infrastructure such as lighting systems, water supply systems, telecommunications, etc. The 
impact of the power of the electric drive system on the environment found that the train system 
powered by the rail power supply (Power Rails) with voltage DC 1,500 Volt from electric power 
drive systems (Traction Power Substation - TPS) for supplying electricity to drive the train system 
(monorail). The rail power supply is mounted on both sides of the rails along the path level and 
within the garage for maintenance (Depot) rail power supply to electric voltage (+). DC 1,500 Volt 
directly from a power station to drive the power supply system that powered devices such as air 



The Report on Changes in Project Details in the EIA Reports on     
the Bangkok Mass Transit Yellow Line Project : Lat Phrao-Samrong Section  Chapter 5 Environmental Impact Assessment 

AEC/HC/D2A/WE/ENRICH/PSG  5-82 

conditioning, motors, and lighting system inside the train, etc. The electricity will flow back to the 
rail station to the Negative Bus Power Drive system. Nonetheless, the train system that installed 
the power system follows the standards and control the electric field and magnetic field with the 
maximum safety, to meet the requirements of the WHO (World Health Organization: WHO), has set 
a maximum level of electric and the magnetic field generated by the power system in which 
people can safely, so to decrease the electromagnetic emissions and the noise from the power 
supply in the drive train, the design of the electrical installation requirements follows the 
Electromagnetic Compactibility (EMC) Standardn (IEC 6100). 

5.3.3.2 Impact on Depot Area and Park and Ride buildings 
 1) Construction Phase and Operation Phase  
  The Depot and Park and Ride building construction in both construction 
Phase and operation Phase will not relocate any infrastructure and utilities. Thus, it does not affect 
the utilities and infrastructure. 
 
5.3.4 Water Drainage Hydrology and Flood Prevention  

5.3.4.1 The Impact of the Elevated Structures and the Stations area 
 1) Construction Phase  
    It is expected the construction of the elevated structures and the stations 
will not disrupt the natural flow of water from the existing condition since there is no structure 
intruded in the surface water bodies. However, it is expected to have obstructed water flow occurs 
due to the construction of the elevated structures and stations require the construction space 
about eight meters wide on the traffic island especially in some sections of the Srinagarindra roads 
that drainage the water storm trough in the middle of the road. In addition, a moderate impact on 
the flow of water into the sewer system, waste materials such as debris, concrete, stone 
/clay/sand etc that put piles of construction materials. Or place againt a solid concrete wall along 
the boundary of the construction area. This may obstruct the flow of rainwater falling onto the 
road surface and then flow into the sewer drainage. Therefore, the potential flooding on the traffic 
surface along the construction area of the project could occur. 

 2) Operation Phase  
    In operation Phase, It is expected to have no change of the surface drainage 
on the roads along the project route as follows: 
          2.1) The elevated structures in the total distance of approximately 30 
kilometers consists of the precast concrete box beam structure. As the surface of the elevated 
structure superimposed on the existing road surface, therefore, there will not be decreased of the 
surface water drainage but still capable for draining the sewer from rainstorm without the chance 
of flooding. Thus, the impact is low. 
    2.2) The 23 stations, 26 meters wide and 120 meters long with a total area 
of 2,835 square meters station superimposed over the existing road surface. However, there is no 
drainage surface reduced due to the surface area of the train station roof still receive the rainfall 
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as not very different from the pre-existing projects. The rainwater will flow through the pipes to 
collect rainwater measuring  0.15 meters before entering the reservoir in the traffic island and 
flows through the pipe size  0.30 meters into the drainage system along the train system Thus, 
the impact low 

5.3.4.2 Impact on Depot Area and Park and Ride buildings 
 1) Construction Phase  
    The Depot, located east of the Si Iam junction, will not expect to impact the 
surface water hydrology and the drainage. The current conditions of construction area are a bare 
land which including the construction of a five-floor Depot which will store the equipment and 
materials to be used in the project. The improper storage may obstruct the flow of water during 
heavy rain. However, it will not flood due to the overflow from Khet Canal which flows parallel to 
the construction area. Furthermore, the natural water body, with the ability to fully drain the 
flooding is also located on the north side of the construction area. 
    For the Khet Canal and Bang Na Canal is in charge of the Department of 
Drainage and Sewerage, Bangkok and is the main drainage, flood prevention and drainage of the 
East of Bangkok. There are restrictions that prevent water obstacles from any action in relation to 
the water of Bangkok if the water way is changed from the original size of water or more. To avoid 
squeezing the water. This will cause a back water upstream. 

  The calculation and design of the drainage project and the Depots drainage 
area designed the intensity of the rain (I) on the return Phase of 5 years, as for the sediment trap 
(U-ditch) is designed to have the intensity of the rain (I) to return. Phase of 10 years for the max 
capacity for receiving rain water in three hours. Therefore, the assessment of a temporarily 
sediment trap in the construction Phase of the project in the Depot will adjust the intensity of the 
rain return Phase of 10 years in accordance with the design of the U-ditch scheme with details as 
follows;  
   The drainage rate before construction - construction Phase project. 

  The guidelines for calculation and design of the project drainage use the 
rainfall chart amounts and intensity of rain in Bangkok. The pond water is used to design the flow 
rate of the highest incidence of rainfall Phases (Return Phase) 10 years, calculated from the 
Rational Method follows. 

 The calculation of rain storm that overflows in the areas. 

  Q = 0.278 CIA 

 where Q = The flow rate of the water (m/s) 

  C = The overflow coefficient of the area 

  I = The rainfall intensity (mm/hour) 

    A = Drainage area (sq.km) 
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  where 

- The overflow coefficient (C) of the area before the construction which is the bare 
land is set C = 0.30 and the coefficient of overflow in the area during the construction Phase, an 
area that has been excavated at the Depot is set C = 0.40. 

- The Depot area (A) of 194,400 square meters, or 0.1944 square kilometers. 
- The rainfall intensity (I) will use, a 10-year Phase of rainfall intensity chart in 

Bangkok that is 86.8 mm/hour as shown in Table 5.3.4 - 1  
- The flow of water before the construction  = 1.407 m / sec 

  The flow of water in the construction Phase  = 1.876 m / sec 

  A dampening water to temporarily sediment trap, about 3 hours 

  The amount of water in the pre-construction = 1.407 x 60 x 60 x 3 

        = 15,195.6 cubic meters 

  Amount of water in the construction Phase = 1.876 x 60 x 60 x 3 

        = 20,260.8 cubic meters 

  So the difference the amount of water is required to delay the water before 
discharging into the public trough body was 5065.2 cubic meters. 

  In the operation Phase, the project has created delay pond on the south side of 
the two ponds with a total capacity of 21,339 cubic meters and the construction will proceed to 
dig a temporary pit emptying areas such capacity not less than 5,100 cubics meters to receive the 
rain water during the construction. Before being released into the Khlet Canal and Saria Canal 
along with the construction of a temporary conduit for the water from the Depot into a temporary 
trap sediment and drain water from the pond into the public ditch. 

Table 5.3.4-1 Rainfall (mm.), Rainfall Intensities (mm./hr) and Return Period of Rainfall in 
 Bangkok. 

Return 
Period 
(Year) 

Period 
5 นาท ี 10 นาท ี 15 นาท ี 30 นาท ี 1 ชม. 2 ชม. 6 ชม. 12 ชม. 24 ชม. 

2 11.3 20.2 25.0 42.5 58.7 72.4 85.8 90.0 93.6 
(135.5) (121.1) (99.8) (84.9) (58.7) (36.2) (14.3) (7.5) (3.9) 

5 14.1 24.3 31.7 54.3 76.0 95.0 114.0 120.0 122.4 
(168.9) (152.0) (126.7) (108.6) (76.0) (47.5) (19.0) (10.0) (5.1) 

7 14.9 26.9 33.7 58.0 81.5 102.2 123.0 129.6 134.4 
(178.3) (161.4) (134.9) (115.9) (81.5) (51.1) (20.5) (10.8) (5.6) 

10 15.7 28.4 35.7 61.5 86.8 109.2 132.0 139.2 144.0 
(188.3) (170.2) (142.7) (122.9) (86.8) (54.6) (22.0) (11.6) (6.0) 

12 17.1 31.0 39.2 67.9 96.5 122.4 149.4 157.2 163.2 
(204.9) (185.9) (156.9) (135.7) (96.5) (61.2) (24.9) (13.1) (6.8) 

Remark : Rainfall Intensities (mm/hour) 
Source : Meteorological Department 
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 2) Operation Phase  
    The Depot located east of the Si Iam junction lies near the Khlet Canal in 
the district of Bangkok and part of the Depot are a cross over the Sarai Canal (Bang Na Canal) 
Branch and some part into are cross a bit into Samut Prakarn province. The Sarai canal is 
borderline Bangkok and Samut Prakran. Therefore, it is necessary to divert the water from Sarai 
/Bang Na canal Along the side of the depot, and then return the water to the existing waterways. 
The information of the size of the original Sarai /Bang Na canal were obtained from the surveys for 
flood protection and drainage east of Bangkok. Using cutting the water of the canal near the Bang 
Na area most projects. Consideration will be converted to the form of water standards. To monitor 
the flow rate through the cross-sectional area being considered which sets the coefficient for the 
none-lining canal. The slope and the water flat for the catchment level, the estimated level. 
    For the Khet Canal and Bang Na Canal is in charge of the Department of 
Drainage and Sewerage, Bangkok and is the main drainage, flood prevention and drainage of the 
east of Bangkok. There are restrictions that prevent water obstacles from any action in relation to 
the water of Bangkok if the waterway is changed from the original size of water or more. To avoid 
squeezing the water. This will cause a back water upstream. 
    The water from soil and liquidity requirements set found that the canal can 
drain about 11 cubic meters/second. For the provision of a canal to divert is set to take up the 
cross but as canal lining, so the coefficients of the canal will change. The water will flow better. 
The new canal linings can be found in water about 20 cubic meters/second, which has been more 
change on the water line from the water to the side of the building until the end of the line will 
then converge back into the original waterway. 
 
5.4 Quality of Life value 
5.4.1 Socio-Economic 
 The construction of the yellow line will impact the socio-economic conditions in both the 
construction Phase and operation Phase of the project. The impacts are expected to occur with 
the community and people living in areas along the project route. The general public who use the 
road network and surrounding area Depot that covers both the positive and the negative as 
follows: 

 1) Construction Phase  
  1.1) The positive impact on the community economy is low Because during the 
construction Phase with the construction workers and skilled workers who make a purchase or 
circulation of currency. During the construction Phase of approximately 48 months, resulting in a 
cash flow into the economy, the community. 
  1.2) The impact on the conflict between pedestrians pass - on the road network in 
the local community or the public employees and construction workers will rarely occur or almost 
never happen. Since most of the construction will carry out in the traffic median area of Lat Phrao 
Road, Srinagarindra Road, and Theparak Road in marginal areas where there is a clear boundary. 
Therefore, the staff or construction workers will rarely make contact or interaction to the passer on 
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the road network within the local community or the public. Moreover, the project requires the 
contractors to build the worker shelters located approximately 5 kilometers away from the project 
route and reserve the vehicles for the employees commute from the shuttle to the construction 
sites during the working hours. 
  1.3) There are the impact on annoyance and inconvenience of pedestrians passing 
on the road network or the adjacent area that urgent to resolve or minimize the impact such as 
the relocation of buildings/obstacles in the way, the dirty from dust blowing, traffic jams during 
construction, the noise from the machinery and construction equipment. The dropping of 
equipment or materials in the construction and air pollution from traffic jams and so on. 
  1.4) The impact on the existing commercials area in the construction area 
especially in the construction of the station that may obstruct or block the entrance of various 
businesses such as cargo transporting, dust pollution, difficulties for the customer, the view 
obscured and lack of privacy, lack of customer etc. As a result, the number of customers and 
income from operations will be reduced. Thus, the construction of the station will be impacted in 
the medium - high. 

 2) Operation Phase  
  2.1) The positive impact on economic conditions of the communities is low due to 
the increase in hiring skilled workers with knowledge and skills. 
  2.2) The impact on the value of the land, due to the development project will 
contribute to the convenience of travel which is the significant motivation and attraction for the 
investment of the train station surrounding the area. Also, the impact of changes in land use 
patterns, for example the bare land that has not been exploited and low density residential 
district may change to the residential medium density, such as condominiums, apartment house, 
etc., or the semi-commercial residential in density neighborhood commercial or commercial 
buildings such as offices, mega shopping centers, entertainment venues. It is likely that the price of 
land in the area surrounding the train station and the Depot increase the value. 
  2.3) Since the rail system is a monorail system that does not cause the air 
pollution, the high noise level, and vibration. The system also assists to flow the current traffic 
conditions as an alternative of travel choice besides the bus or taxi and minimize the use of 
personal vehicles. Therefore, the impact on quality of life of residents living near the project route 
or the pedestrians on the road network is the medium positive impact that enhances the quality 
of life, such as reducing the travel time, reducing the stress from the travel and improve the 
mental health of people along the project corridor. It will also increase the income from 
employment growth and reduce the use of energy (fuel) that cause pollution or save time and 
travel costs, and so on. 
  2.4) The impact on the existing businesses. 
   a) The small businesses and commercial buildings nearby station without 
the parking space but required to front store for the business will be the group that expected to 
have a moderate negative impact because the structure of the pillars of the elevated station will 
be permanently obfuscated the front of business. As a result, the customers cannot see the store 
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signs and advertising boards. This impacts the number of customers who use the service less 
hence it is expected income from operations is reduced. 
   b) Large business establishments along the rail system are likely or 
somewhat to get a positive impact are a real estate, large shopping centers, office buildings and 
entertainment complex, etc., due to various businesses will do more quickly and conveniently. 
  2.5) Since the project will carry out in the traffic median area of Lat Phrao Road, 
Srinagarindra Road, and Theparak Road. Also, the current communities on both sides of the road 
are separated by an existing road network and the communities on both sides of the road can 
communicate and interact with each other by the flyover connecting intermittently throughout the 
Monorail system including the local train station will install the escalator or a ramp (for disable) to 
connect communities on both sides of the road. Thus, it does not impact the separation of 
communities on both sides of the road. 
 
5.4.2 Property Compensation 
 1) In case without the project 
 No compensation for property 

 2) In case with the project 
 (1) Pre- Construction Phase  

Due to the construction of the Bangkok Mass Transit Yellow Line Project : Lat 
Phrao-Samrong, Section from Bangkok to Samut Prakan with the connection route starts at the 
MRT Ratchada - Lat Phrao Road and end at Pu Chao Saming Phrai road. The yellow line is a 
monorail that constructs elevated structure throughout the project route runs along the traffic 
median with a distance of approximately 30 kilometers. The project train station with a total of 23 
stations and one depot located near the area Si Iam station adjacent to the intersection of 
Srinagarindra and Bang Na - Trat Road. In the development of the project will impact the private 
land that must be expropriated and compensation for damages. The detailed information on the 
expropriation and compensation are as follows: 

The project route construction area is a monorail that constructs elevated 
structure throughout the project route runs along the traffic median of Lat Phrao Road, 
Srinagarindra Road, and Theparak Road. with a distance of approximately 30 kilometers. which is 
not to be expropriated except in the Suan Luang - Si Udom and Si Udom – Si Iam and Si Thepha 
intersection. The extension line in the future (Samrong Station) need to adjust the project route 
construction area where the expropriation of 64 parcels total area of 3 Rai 2 Ngan 200.3 square 
wah, a total compensation of 153,088,500 Baht that divided into 106,768,500 Baht compensation 
for land and 46.32 million baht compensation for buildings. The impact on the parcel is 
summarized as follows: 

- There are 24 land parcels (37.5 percent) that expropriated a whole parcel. 
- There are 10 parcels of land (15.63 percent) that expropriated, then the space of 

less than 25 square wahs. 
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- There are 30 parcels of land (46.87 per cent) that expropriated and then left the 
area more than 25 square wahs. 

- There are four buildings, two business building, an abandoned building, and an 
abandoned warehouse. 

The MRT stations construction area: The Bangkok Mass Transit Yellow Line Project : 
Lat Phrao-Samrong Section consists of 23 stations namely Ratchada Station, Phawana Station, Chok 
Chai 4 station, Lat Phrao 71 station, Lat Phrao 83 stations, Mahat Thai stations, Lat Phrao 101 
stations, Bang Kapi station, Lam Sali station, Si Kritha station, Phatthanakan station. Kalantan 
station, Si Nut station, Srinagarindra 38 station, Suan Luang Ro 9 station, Si Iam station, Si La Salle 
Station, Si Bearing station, Si Dan station, Si Thepha station, Thipphawan station, Sri Sumrong 
station were expropriated 274 parcels total area of 27rai 3 ngan 161.8 square wahs. The total 
compensation is 1,496,736,350 Baht that divided into the land compensation. 1,041,491,350 Baht 
and buildings compensation 455,245,000 baht. The impact on each parcle is summarized below. 

- There are 57 parcle of land (20.80 percent) that expropriated a whole parcel. 
- There are 98 parcels of land (35.77percent) that expropriated, then the space of 

less than 25 square wahs. 
- There are 119 parcels of land (43.43 per cent) that expropriated and then left 

the area more than 25 square wahs. 
- There are 137 buildings, 33 for residential buildings, 32 houses, 1 condominium, 

100 commercial building which divided into 85 commercial and shop, a market, a bank, two gas 
stations, a hospital, 7 garages, a parking garage, two warehouses. For the rest four building, that is 
abandon building, a billboard, and a toilet. 

The Depot: the Yellow Line Project require a Depot located in the area near the Si 
Iam station at Srinagarindra and Bang Na - Trat intersection with the total area of 118 rai 1 ngan 79 
square wahs, an area of 48 parcels. the total compensation of 523,008,450 baht divided into 
505,437,500 baht for the land compensation and 17,570,950 baht for the buildings compensation. 
The impact assessment on the parcels can be summarized as follows: 

- There is 44 parcels of land (91.67percent) that expropriated a whole parcel. 
- There are 4 parcels of land (8.33 per cent) that expropriated and then left the 

area more than 25 square wahs. 
- There are 17 buildings that are expropriated including 14 housing, a billboard, 

and two factories.  
The Section overall construction of the Bangkok Mass Transit Yellow Line Project : 

Lat Phrao-Samrong. There are 386 parcels of land were expropriated resulted in a total of 150 
rais 2 ngan 41.1 square wahs. The total compensation is 5,404,451,156 Baht which classified as 
land compensation. 4,729,574,421 Baht and buildings compensation impact 674,876,735 baht on 
the conversion can be summarized below. 

- There is 125 parcels of land (32.38 percent) that expropriated a whole parcel. 
- There are 108 parcels of land (27.98 per cent) that expropriated and then left 

the area less than 25 square wahs. 
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- There are 153 parcels of land (39.64 per cent) that expropriated and then left 
the area more than 25 square wahs of the land used for the construction of the Yellow Line, and 
158 building  

The construction of the project needs to be expropriated the commercial district 
for 386 parcels of land value appraisal of land parcel from 2012 to 2013 by the Treasury 
Department, Ministry of Finance up to 1653 million baht as well as a building to be demolished 
158 units valued at 519 million baht therefore the impact assessment of land expropriation and 
relocation of buildings out of the zone could significant impact the economy, society and could 
impede the construction and operation projects. However, since the project is an approach to land 
valuation allowance using the actual price that traded on the market. Together with the pricing 
guidelines under the Expropriation Act of 1987, the Ministry of Transport (2013), which was 2.86 
times higher than the appraised value of the Treasury Department and the building appraised 
value of the building in 2013 set by the Association of Valuers of more than 0.03 are considered, 
including the opportunity cost to the merchant to the expropriation appropriately and fairly. with 
Therefore, it is estimated that the impact caused by the expropriation and relocation for the 
construction of the project. The impact on the acceptable level.  
  (2) Operation Phase  

There is no impact in terms of compensation for property due to reimburse all 
property will continue to be completed before the construction project. 
 
5.4.3 Public health and health 

1) Construction Phase  
(1) Health problems 

  The project could potentially impact the adjacent communities to the project 
area. The health problems that affected this group from the construction activities of the project 
including illnesses, especially respiratory disease from the dusty air, the contagious diseases of 
foreign workers, the problem of noise from the construction. In addition, the increasing of the 
worker community in the area may also affect the ability to provide health services. This makes 
local health departments must rise the responsibility for providing medical care. 

(2) Solid waste/wastewater problem 
The solid waste from activities in the workers shelters including garbage, sewage 

and waste water from washing and other activities if there is no proper the management of the 
waste generated, these wastes can be a breeding ground for germs and disease which can spread 
to the community. Also, there is potential leaching into nearby water sources can cause wastage. 
However, it is expected to have slightly impact due to the short time impact in a construction 
Phase only. 

(3) Environmental issues and the spread of disease. 
This issue is caused by the community of construction workers, such as drinking 

water - water used, toilet, waste disposal, flies and animal-borne diseases control, etc. If the 
internal management in worker shelter were no sanitary and hygienic habits may cause the spread 
of diseases such as cholera, diarrhea, and dysentery, food poisoning. According to the report by 
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patients, the epidemiological surveillance of public health agencies in the project area found that 
diarrheal disease is the first priority for surveillance primacy while the second one is food 
poisoning, which is caused by the lack of sanitary. The contractor must supply drinking water - 
clean water to workers adequately as well as enjoin the workers on the environmental sanitation 
construction shelter worker area to hygienically clean the leftovers of a meal, water or waste 
residues remaining. 

(4) Issues of adequate health facilities and medical personnel. 
The current state of public health in Bangkok and Samut Prakan revealed that the 

number of health facilities and medical staff provide adequate support to the workers and the 
surrounding area and can access to the whole health services. However, the construction activities 
may need to get more health care and medical services, if the contractor does not provide or 
prepare hospitals and medical personnel outside the area to accommodate sick employees/ 
workers. The groups that risk being affected are the people who live in the district and adjoining 
areas. Considering the overall impact on public health and the health effects which can be 
prevented by managing environmental sanitation in the area of construction workers as well as 
provide adequate first aid tools, and given the proper procedures in the workplace. Therefore, the 
impact is low. 

2) Operation Phase  
 (1) Health Problems 

  The monorail that runs on the elevated 13 - 23 meters high from the existing road 
will be no ventilation of air pollution during the operation Phase. The impact on air quality caused 
by pollution from the exhaust of the vehicle on the road network. The pollutant is particulate 
matter, carbon monoxide and the accumulation of air pollution because the building is a three-
stories high building which is lined on both sides of the road. Although there is a gap between the 
train station and the building approximately 4 meters, as an area with poor air circulation the 
negative impact is moderate. Clearly, that the issues affecting health problem (respiratory disease) 
and vulnerable groups will be affected along the route. Because air pollution is likely to occur less 
than that occur in construction Phase excepted for those who live in commercial buildings which 
have to pay extra extension for health monitoring. 

(2) Solid waste/Wastewater Problem 
In the operation Phase, the project will provide sufficient trash cans in each station 

separate wet waste and dry waste to contain garbage from passengers and station staff. The 
project is established the waste collection for the relevant authorities carry out the waste 
collection for disposal of the waste/hazardous. Also, the waste collection program will put the 
container with the lid closed, stored in a waste storage building before sending it to the operators 
licensed by the department to the treatment of hazardous waste disposal. For wastewater that 
occurs in each station, the project will provide adequate toilets and install the wastewater 
treatment. Thus, the impact is low. 
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 (3) Environmental issues and the spread of disease. 
The project will manage the sanitation stations in the Depots. By providing waste 

management and waste water, to prevent a further spread of the insect-borne diseases such as 
dengue, diarrhea, food poisoning and so on. 

(4) Issues of adequate health facilities and medical personnel. 
The development project is an alternative for the people of Bangkok and Sumut 

Prakarn province to increase the use of electricity or public transport for saving time on the 
commute, comfortable and faster, etc. If considered overview of traffic conditions in the area, this 
will help in case of moving or transporting sick people from different locations of the various 
hospitals quickly, convenience and can receive medical treatment immediately to reduce the loss 
of life. Thus, the positive impact is moderate. 

 
5.4.4 Occupational health and safety 

1) Construction Phase  
 The construction activities during the construction Phase, which are quite a variety, such as 
leveling the reclamation area, excavation, laying the foundation and connecting evaluated 
structures. Some activities require the use of heavy equipment which contributes to the risk of 
accidents from working or a worker in a construction area. The main cause is usually affected by 
negligence or unsafe as not working properly, inexpert in the use of machinery and equipment, 
careless or unsafe equipment from malfunctioning or from unorganized material storage including 
the respiratory illness that is caused by exposure to dust result from the operation. Hearing 
problems that are caused by the use of noisy machines, which work as a contractor must have 
personal protective equipment such as dust masks safety shoes, safety glasses and helmet and so 
on. As well as safety requirements when working with materials / equipment or construction 
activities at risk and the need for workers to know how to use, how to treat engines machines 
correctly. Also within the construction area, the authorities must provide the adequate first aid. 
The staff can initially aid correctly and prevention of various diseases control and surveillance of 
the disease and the spread of dangerous diseases among construction workers as well as to 
provide a vehicle to be used to transport patients. in the case of injured by accidents from 
construction activities to the nearest health facilities. And because a large construction project, the 
construction has to be transported/moving equipment and construction materials several times a 
day. Therefore, the probability of an accident on the road construction is relatively modest. The 
project must establish measures in the traffic system including the creation of a temporary access 
road to the construction of a Depot for minimally disturbed communities including the driver 
transporting the materials/equipment, and control drive speed regulatory government agencies 
strictly defined.  

2) Operation Phase  
  As for the security issues due to unforeseen emergencies such as fire stations or train 
derailed when entering the station platform, the chance to occur is slim or never happen at all. 
The project development needs to prepare equipment/tools or safety personnel to meet various 
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standards, such as NFPA-National Fire Protection Association, etc. and monitoring system regularly. 
As well as be prepared to coordinate with the relevant authorities in case of an emergency, such 
as the National Police Agency, Office of Disaster Prevention and Mitigation Bangkok, Hospitals 
affiliated with government agencies, Department of Disaster Prevention and Mitigation Ministry of 
Interior. Thus, the negative impact is low 
 
5.4.5 Historical Site and Archaeology 
 5.4.5.1 The Impact of the Elevated Structures and the Stations area 

 1) Construction Phase  
  In the construction of elevated structures and stations will be no direct impact 
on the loss or relocation of history and archeology due to the construction area will carry out on 
most of the traffic island in the middle of the road network. However, the effects are indirectly 
related to 19 community landmarks within 500 meters of the project route, including House of 
Christ Christendom, Lat Phrao Temple, Suan Luang Christendom, Hidayatul Islam Mosque (Don 
Sakae), Kulabthip Temple, Rum Nimit Bangkok Christendom, Futhulbari Mosque, Yamiaun It-hal 
mosque (Heu Mak Yai), Christendom of God in Bangkok, Darius Salam Mosque, Num Phra Tai 
Christendom, AIE Al Somers mosque, Khom Temple (Kajon Siri), Darul Amin Mosque, Si Iam 
Temple, Udomsuk Sri Pharak Samut Christendom Sumrong Christendom, Samrong Deansmorg 
Temple, and Pu Chao Saming Phrai shrine as shown in Table 5.4.5 - 1 will taking into consideration 
issues such as the impact of the dirt from blowing the dust, the noise vibration and inconveniency 
of access - as follows. 
 1.1) The spread of dust of construction activities, almost all the dust samples 
not exceed air quality standards announced by the General Directorate of National Environment 
No. 24 of 2003 (<0.330 mg / m³), thus there is no causing damage or dirt or disturbance to the 
access of the historical and archeological landmarks related to the communities located within a 
radius of up to 50 meters. 
 1.2) The noise level of construction activities revealed that the noise level 
from activities eight hours will be in the range of 65.5 to 91.6 dB (A) when calculating the noise 
level of the construction of eight hours, noise level average 24 hours will be in the range of 60.8 
to 86.8 dB (A). Consider the project details found that in sensitive areas along the project route 
within 30 meters from the center line of the route, most of the land was already expropriated to 
the project. Thus, only the small vulnerable area will be impacted thus, the impact is moderate. 
As for the nuisance or disturbance to access or leaning visit of the historic and archeological 
landmarks related to the community, located in a radius of fewer than 50 meters from the source 
of noise (2 places) that are Suan Luang Christendom and Fut Hut Bari Mosque. 
 1.3) The predicted vibration from the construction found that the vibration 
source in the community and sensitive areas along the route most are less than 0.30 mm/sec. or 
less than 0.012 inches/second, which humans sense cannot feel or no possibility to recognize the 
impact. There is no impact on the damage of the buildings or structures of all types except Suan 
Luang church that located at a distance from the center line of route 24.92 meters, with the 
vibration of 3.152 mm/sec. or 0.124 inches/second, which is in the range of vibrations to be a 
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nuisance if ongoing continuously and a range of vibrations that interfere with a human in the 
buildings. The impact on the structures and the buildings are in a range that is not vulnerable to 
damage caused to the buildings or architectural structure. 
 
Table 5.4.5 - 1  Archeological landmarks related to the community (radius 50 meters from 
 center line of project)  

Important place Distance from project route (m) Remark 
1. House of Christ Christendom 450 m (north and east direction)  
2. Lat Phrao Temple 500 m (north direction) Built in 1870 
3. Lat Phrao Lutheran Christendom 20 m (south direction)  
4. Hidayatun Islam Mosque (Don Sakae) 420 m (south direction) Built in 1952 
5. Wat Mae Phra Kularb Tip (Maria Rosa 
Mystica Church) 

100 m (south direction) Built in 1998 

6. Ruam Nimit Bangkok Christendom 200 m (north direction) Built in 1990 
7. Fatthullbalee Mosque 20 m (east direction)  
8. The Church of God in 
Bangkok/District6  

250 m (east direction)  

9. Jamiul Idhard Mosque (Hua Mak Yai) 250 m (north direction)  
10. Darissalam Mosque 150 m (south direction)  
11. Nam Phrathai Christian Christendom 470 m (south direction)  
12. Carissalam Mosque 400 m (west direction)  
13. An Latisom Mosque 400 m (southwest direction)  
14. Kom Temple (Khajonsiri) 220 m (southwest direction) Built in 1849 
15. Darul Amin Mosque 110 m (west direction)  
16. Si Iam Temple 140 m (west direction) Built in 1974 
17. Udom Suk Si Pha Rak Christendom 
Christendom 

310 m (southwest direction)  

18. Samrong Lutheran Christendom 350 m (northwest direction)  
19. Dan Samrong Temple 290 m (northwest direction)  

 
 1.4) Obstructing convenient access to religious places or landmarks that are 
relevant to the community of people who visit and learn or who practice religious activity or 
religious rituals (such as charity/alms offer, dharma hearing, funeral, prayers or sermons, etc.), or 
seeking the quiet place. 

(1) Darius Salam Mosque is located near the Hua Mak Canal 
Srinagarindra Road, Bang Kapi, Bangkok, that away from the route in 
approximately 400 meters. 

(2) Al AIE Ti Som Mosque is located near Khlong Phra Khanong, On Nut 
Soi 43, Sukhumvit Road, Suan Luang, Bangkok, that away from the 
route in approximately 400 meters. 
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(3) Khom Temple (Kajon Siri) is located, near Old Phra Khanong Canal 
Sukumvit Road, Suan Luang, Bangkok, that away from the route in 
approximately 200 meters. 

(4) Darul Amin Mosque is located near Chum Sakol Canal community, 
Srinagarindra Road, Bangkok that away from the route in 
approximately 110 meters. 

(5) Si Iam Temple is located on Bang Na - Trat Road, Bangna, Bangkok 
that away from the route in approximately 140 meters. 

(6) The Udomsuk Sripharak Samut Prakarn Christendom is located in 
Udom Suk 52, Muang Samut Prakarn that away from the route in 
approximately 310 meters. 

(7) The Samrong Christendom is located on Sukhumvit Road, North 
Samrong sub-district, Muang Samut Prakan that away from the route 
in approximately 350 meters. 

(8) Dan Samrong Temple is located near Sumrong canal Sukhumvit 113 
North Samrong sub-district, Muang Samut Prakan that away from the 
route in approximately 290 meters. 

 2) Operation Phase  
  In the operation Phase is not expected to cause any impact. The historic and 
archeological landmarks related to the community may have a positive impact on the 
convenience and rapidity of travel of those who want to learn or to enter into religious activity or 
other seeking a peaceful place to. practice, etc. as well as to promote the historic and 
archeological landmarks related to the communities along the project route for passersby. 
 5.4.5.2 Impact on Depot Area and Park and Ride buildings 
  The Depot and park & ride buildings In the construction Phase and operation Phase 
will not affect historical and archeological landmarks related to the community because there is 
no place within a radius of 500 meters is located. 
 
5.4.6 Aesthetics and Tourism 
 5.4.6.1 The Impact area of the Elevated Structures and the Stations 

 1) Construction Phase  
  The construction of elevated structures and stations generally affects the city 
vista in low level. Since along the sides of the elevated structure and Skytrain stations is a busy 
city that is home to commercial, residential, semi-commercial and 3 - 6 stories residential building, 
the wasteland area with weeds / grass / tree and the vine, the village, apartment house, 
government/state organizations, religious communities etc. The only important exception of some 
parts of the trail project will have an unique important place in the history / culture or building 
with valuable and prominent location within the zone of influence would have affected the 
scenes or up to 50 meters from the path that are two places, Lat Phrao church (20 meters) and 
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Fut Hulbari mosque (20 meters), so the impact is moderate in the overshadowed issues leash with 
height or appearance of a conflict within the elements of the scenery.  

 2) Operation Phase  
  In the operation Phase is not expected to affect the city vistas due to the 
elevated structure and the station since most are located on the traffic island of the road network. 
The reasons are technical support. 
   2.1) Case 1 (the elevated structures) before the project, along the traffic 
island, consists of the open spaces with rows of medium size trees or shrubs, the viaduct over the 
intersections, utility poles, etc. Considering the different perspectives of the clutter of disorganized 
power line and towers, poles, high voltage transmission lines, the viaduct over the intersections or 
vehicles passing by - on the road network, etc. However, the project found that a different view to 
narrow down the clutter of the power line will be lost. The elevated structure will block the level 
of visibility. Nevertheless, the elevated structure will be designed and construction is not confined 
airy structure, rounded and compact. Besides, the project will plant the medium. shrubs/vines to 
landscape or reduce the hardness look of the elevated structure on an empty space of the 
island's road network, or along the side of the pavement. Therefore, the city vista is improved. 
   2.2) Case 2 (the stations) if the view along the train system is in harmony with 
the ascent-descent to the train station that barrier the sight. However, in the design and 
construction will use bright colors and structure of the station is in compact appearance, a 
transparent and non-abrasive sight that consistency and harmony, without obscuring the 
surrounding regions. Thus, It does not impact the view of the city. 

 5.4.6.2 Impact on Depot Area and Park and Ride buildings 
  The Depot and Park & Ride building in the construction Phase and operation Phase 
will have no impact on its vista, leash with height or appearance of conflict within the elements of 
the scenery because there is no the historical and cultural landmarks or valuable and prominent 
building located within a radius of 500 meters. The length of the zone of influence would impact 
the views are within a distance of 50 meters only. 


