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รายงานผลการปฏิบัติตามมาตรการป้องกันและแก้ไข

ผลกระทบสิ่งแวดล้อม และมาตรการติดตามตรวจสอบ

ผลกระทบสิ่งแวดล้อม ปี พ.ศ. 2567

โครงการผลิตปิโตรเลียมในพื้นที่ผลิตปิโตรเลียมรสสคุนธ์ 

แปลงส ารวจในทะเลอ่าวไทยหมายเลข G6/48

นอรธ์เทิร์น กัลฟ์ ปิโตรเลียม พีทีอี แอลทีดี

(ฉบับปกปิดข้อมูลที่มีกฎหมายคุ้มครอง)



ภาคผนวก



ภาคผนวก NGP 



ภาคผนวก NGP-1  

หนังสือเห็นชอบรายงานการประเมินผลกระทบสิ่งแวดล้อม
o ภาคผนวก NGP-1.1 หนังสือแจ้งผลการพิจารณารายงานการประเมินผลกระทบสิง่แวดล้อม 

โครงการผลิตฯ 
o ภาคผนวก NGP-1.2 หนังสือแจ้งผลการพิจารณารายงานการขอเปล่ียนแปลงรายละเอียด 

(ครั้งที่ 1) โครงการผลิตฯ 



ภาคผนวก NGP-1.1 

หนังสือแจ้งผลการพิจารณารายงานการประเมินผลกระทบ

สิ่งแวดล้อม โครงการผลิตฯ 





ภาคผนวก 1-2 

หนังสือแจ้งผลการพิจารณารายงานการขอเปลี่ยนแปลงรายละเอียด 

(ครั้งที่ 1) โครงการผลิตฯ 





ภาคผนวก NGP-2 

มาตรการป้องกันและแก้ไขผลกระทบสิ่งแวดล้อม และมาตรการ

ติดตามตรวจสอบผลกระทบสิ่งแวดลอ้ม โครงการผลิตปิโตรเลียมใน

พื้นที่ผลิตปิโตรเลียมรสสุคนธ์ แปลงส ารวจในทะเลอ่าวไทย 

หมายเลข G6/48  





















 



 





















 





















 



 



 



 











 



 















ภาคผนวก NGP-3  

จดหมายแจ้งต่อหน่วยงานราชการหรือหน่วยงานทีเ่กี่ยวข้อง 

o ภาคผนวก NGP-3.1 หนังสือแจ้งน าสิ่งติดตั้งของโครงการฯ เข้ามาในราชอาณาจักร 
o ภาคผนวก NGP-3.2 หนังสือแจ้งน าสิ่งติดตั้งของโครงการฯ เข้ามาในพื้นที่โครงการฯ 
o ภาคผนวก NGP-3.3 หนังสือขอความอนุเคราะห์ประสานงานแจ้งปรบัปรุงแผนทีช่าวเรือ 
o ภาคผนวก NGP-3.4 หนังสือขอแจ้งช่องทางในการตดิต่อสื่อสาร และช่องทาง 

   การติดต่อสื่อสารของบริษัทฯ  



ภาคผนวก NGP-3.1 

หนังสอืแจ้งน าสิง่ติดตั้งของโครงการฯ เข้ามาในราชอาณาจักร  









ภาคผนวก NGP-3.2 

หนังสอืแจ้งน าสิง่ติดตั้งของโครงการฯ เข้ามาในพื้นที่โครงการฯ  



 

Bangkok : B205, 2nd Floor, Suntowers Building B, 123 Vibhavadi-Rangsit Road, Chomphon, Chatuchak, Bangkok 10900 Tel. 66-2617-6107  
Singapore : 6 Temasek Boulevard, #09-05, Suntec Tower Four, Singapore 038986 

ฝ่ายรฐักจิ 

โทร 089 204 8600 

อีเมล ์ tanai@ngpg6.net 

ท่ี CA/GA/23/0063 

      11 ตลุาคม 2566 

เร่ือง  ขอแจง้นาํแท่นผลิตแบบเคล่ือนยา้ยตาํแหน่ง แท่นขดุเจาะ และเรือกกัเกบ็ปิโตรเลียม เขา้มาดาํเนินงานในพืน้ท่ี

แหล่งผลิตปิโตรเลียมรสสคุนธ ์

เรียน  ประธานสมาคมการประมงแห่งประเทศไทย 

ส่ิงท่ีส่งมาดว้ย 1. รายละเอียดของแท่นผลิตแบบเคล่ือนยา้ยตาํแหน่ง "AP 1" พรอ้มเรือลาก-จงู 1 ชดุ 

2. รายละเอียดของแท่นขดุเจาะ “PV Drilling 1” พรอ้มเรือลาก-จงู   1 ชดุ 

3. รายละเอียดของเรือกกัเก็บปิโตรเลียม “PRIDE 1”    1 ชดุ 

4. แผนท่ีแสดงพืน้ท่ีปฏิบตัิงาน      2 แผ่น 

ดว้ย Northern Gulf Petroleum Pte. Ltd. "บริษัทฯ" ผูร้บัสัมปทานปิโตรเลียมเลขท่ี 4/2550/80 แปลง

สาํรวจในทะเลอ่าวไทยหมายเลข G6/48 “แหล่งผลิตปิโตรเลียม รสสคุนธ”์ มีโครงการนาํแท่นผลิตแบบเคล่ือนยา้ยตาํแหน่ง 

"AURORA PRODUCER 1" รายละเอียดตามส่ิงท่ีส่งมาดว้ย (1) แท่นขุดเจาะ “PV Drilling 1” รายละเอียดตามส่ิงท่ีส่งมา

ดว้ย (2) เรือกักเก็บปิโตรเลียม “PRIDE 1” รายละเอียดตามส่ิงท่ีส่งมาดว้ย (3) และ เรือสนบัสนุนจาํนวนประมาณ 4-5 ลาํ 

เข้ามาเพ่ือดาํเนินงานขุดหลุมผลิตและดาํเนินงานผลิตปิโตรเลียมในพืน้ท่ีแหล่งรสสุคนธ์ ดังมีรายละเอียดพืน้ท่ีการ

ปฏิบัติงานของ แท่นผลิต แท่นขุดเจาะ เรือกักเก็บปิโตรเลียม ตามแผนท่ีแสดงพืน้ท่ีปฏิบัติงาน และพิกัดตาํแหน่ง

รายละเอียดตามส่ิงท่ีส่งมาดว้ย (4) โดยจะมีระยะเวลาปฏิบตัิงานขุดหลุมผลิตประมาณ 3 เดือน จากนั้นแท่นขุดเจาะจะ

เดินทางออกไปนอกราชอาณาจักรทันทีท่ีปฏิบัติพิธีการต่างๆ แลว้เสร็จ ส่วนแท่นผลิต และเรือกักเก็บปิโตรเลียม จะอยู่

ปฏิบตังิานต่อไปในช่วงแรกประมาณ 5 ปี โดยกรมเชือ้เพลิงธรรมชาติ กระทรวงพลงังานไดม้ีจดหมายแจง้ไปยงัหน่วยงานกาํกับ

ดแูลและหน่วยงานท่ีเก่ียวขอ้งแลว้นัน้  

ทั้งนี ้เพ่ือใหก้ารดาํเนินกิจกรรมการผลิตปิโตรเลียมเป็นไปไดด้ว้ยความเรียบรอ้ย บริษัทฯ ขอความ

ร่วมมือจากสมาคมประมงแห่งประเทศไทยกรุณาประชาสมัพนัธ ์ใหท้ราบถึงตาํแหน่ง และการปฏิบตัิงานผลิตปิโตรเลียม

ของบรษิัทดว้ย จกัเป็นพระคณุยิ่ง  

  จึงเรียนมาเพ่ือโปรดทราบและโปรดดาํเนินการ 

     ขอแสดงความนบัถือ 

 

    (นายชาติชาย เย็นบาํรุง) 

         กรรมการบรษิัท 

 



ภาคผนวก NGP-3.3 

หนังสอืขอความอนุเคราะห์ประสานงานแจ้งปรับปรุงแผนที่ชาวเรอื  



 

 
Bangkok : B205, 2nd Floor, Suntowers Building B, 123 Vibhavadi-Rangsit Road, Chomphon, Chatuchak, Bangkok 10900 Tel. 66-2617-6107  
Singapore : 6 Temasek Boulevard, #09-05, Suntec Tower Four, Singapore 038986 

 

 

ท่ี CA/GA/23/0106 

      18 ธันวาคม 2566 

เร่ือง ขอความอนเุคราะหป์ระสานงานแจง้ปรบัปรุงแผนท่ีชาวเรือ 

เรียน อธิบดีกรมเชือ้เพลิงธรรมชาต ิ

ส่ิงท่ีส่งมาดว้ย แผนท่ีตาํแหน่งแท่นผลิตแบบเคร่ืองยา้ยตาํแหน่ง เรือกกัเก็บนํา้มนั และ แนวท่อขนส่งปิโตรเลียมใตท้ะเล 

  ดว้ย นอรธ์เทิรน์ กลัฟ์ ปิโตรเลียม พีทีอี แอลทีดี ผูร้บัสมัปทานปิโตรเลียมเลขท่ี 4/2550/80 แปลงสาํรวจ

ในทะเลอ่าวไทยหมายเลข G6/48 ไดด้าํเนินการผลิตนํา้มนั ณ แหล่งปิโตรเลียมรสสคุนธโ์ดยนาํแท่นผลิตแบบเคล่ือนยา้ย

ตาํแหน่ง “AP-1” เรือกกัเก็บปิโตรเลียม “PRIDE 1” และแนวท่อขนส่งปิโตรเลียมไปยงัเรือกกัเก็บ เพ่ือดาํเนินการผลิตนํา้มนั

รายละเอียดพิกดัตาํแหน่งปรากฏตามส่ิงท่ีส่งมาดว้ย นัน้ 

  บรษิัทฯ ใครข่อท่านไดโ้ปรดมีหนงัสือประสานงานไปยงัหน่วยงานท่ีเก่ียวขอ้ง เพ่ือแจง้พิกดัตาํแหน่งของ

แท่นผลิตแบบเคล่ือนยา้ยตาํแหน่ง “AP-1” เรือกกัเก็บปิโตรเลียม “PRIDE 1” และแนวท่อขนส่งปิโตรเลียมไปยงัเรือกกัเก็บใน

แผนท่ีชาวเรือ เพ่ือป้องกนัการเขา้มาในพืน้ท่ีปลอดภยัในการผลิตปิโตรเลียม ซึ่งอาจส่งผลกระทบตอ่การผลิตปิโตรเลียม

และความมั่นคงทางพลงังานของประเทศได ้ 

  จึงเรียนมาเพ่ือโปรดพิจารณาอนเุคราะห ์

      ขอแสดงความนบัถือ 

 

 

    (นายชาติชาย เย็นบาํรุง) 

         กรรมการบรษิัท 

 

 

 

ฝ่ายรฐักจิ 

โทร 089 204 8600 

อีเมล ์ tanai@ngpg6.net  

สาํเนาเรียน ผูอ้าํนวยการศนูยเ์ทคโนโลยีสารสนเทศและการส่ือสาร 

mailto:tanai@ngpg6.net


ภาคผนวก NGP-3.4 

หนังสอืขอแจ้งช่องทางในการติดต่อสือ่สาร และช่องทาง 

การติดต่อสื่อสารของบริษัทฯ  











 





ภาคผนวก NGP-4 

หนังสอืการรับโอนสัมปทานปิโตรเลียมเลขที่ 4/2550/80 

ส าหรับแปลงส ารวจในอ่าวไทยหมายเลข G6/48  









ภาคผนวก NGP-5 

กิจกรรมการรับผิดชอบต่อชุมชน สังคม และสิ่งแวดล้อม 
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CSR Project Opening Ceremony and Orientation 

Project Name: NGP English Matery Initiative: Empowering Educators 

Implementation Partner: The Education for Development Foundation (EDF) 

Host: Nakhon Si Thammarat Industrial and Community Education College 

Date: August 8, 2024 

 

The opening ceremony and orientation of “NGP English Matery Initiative: Empowering Educators” 
hosted in Nakhon Si Thammarat Industrial and Community Education College on August 8, 2024, aimed 
to provide participants’ understanding and guidelines towards the project’s objectives, implementation 
processes and expected results. The participants were members from Office of the Provincial Vocational 
Education Commission, Executive, College Administrator of hosted vocational college, project 
participants from 7 vocational colleges and representatives from Northern Gulf Petroleum Pte Ltd. The 
event was organized in the morning, consisting of an opening speech, project introduction and guidelines 
for using the platform.  

The project focuses on training English teachers from vocational schools in Nakhon Si Thammarat via 
uTalk platform. Its objectives consist of improving the level of expertise of teachers in English subjects 
and teaching quality of teachers in the classroom, providing teachers with skills in the field of creating 
knowledge and offering a learning platform that can reach students in remote rural areas. Participants will 
be provided Pre-Test and Post-Test session, E-Learning courses of English Language and Zoom meetings 
with an instructor and colleagues. Funded by Northern Gulf Petroleum Pte Ltd., this project was 
established in collaboration of Nakhon Si Thammarat Provincial Office of the Vocational Education 
Commission, 7 vocational colleges in Nakhon Si Thammarat Province, uTalk Learning Platform, The 
Education for Development Foundation (EDF). 
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A welcome speech from Director of Institute of Vocational Education Southern Region 1, Chairman of the 
ceremony 

 

 

Panpen Phobai, Ph.D., Director of Nakhon Si Thammarat Industrial and Community Education College, 
host of the ceremony greetings to the participants 
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Khun Sakda Sreesangkom, Senior Advisor from Northern Gulf Petroleum Pte Ltd. introduced to the 
audience the project’s background and overview. 

 

 

 

      

      

 

EDF’s representatives, Khun Siripak Poolsawat and Khun Panitan Kaewja, introduce project participants 
in guidelines for using the learning platform  
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List of participating vocational colleges 

No. College Name Director Name 

1 Nakhon Si Thammarat Technical College Pracha Ritthipol 

2 Nakhon Si Thammarat Vocational College Panpen Phobai 

3 Nakhon Si Thammarat College of Agriculture and Technology Prasit Suwanna 

4 Sichon Technical College Manas Churasri 

5 Thung Song Technical College Wiwat Sribunnag 

6 Huasai Vocational College Chansorn Jitpakdee 

7 Phrom Khiri Vocational College Pornanan Pakdeeboon 

8 Nakhon Si Thammarat College of Technology and Extension Industry Chaiyachet Yoyyangthong 
 

 

 

About learning platform 

Steve Eatock from uTalk and Simon Macartney from Professional Learning Solutions, both British, met 
for the first time at an education event Bangkok in 2022. Simon manages PLS, a London based 
organization which has been delivering English language and teacher training for over 30 years. Steve 
runs uTalk, also London-based and 30 years old, a language company that produces online and App based 
learning resources and content for English language. In October 2022, when they met, both Steve and 
Simon felt that their services complemented one another – traditional face to face in service training 
combined with educational technology that could provide unique and special benefits to teachers and 
learners. Simon has close connections with Thailand because he was a teacher in Bangkok for several 
years and met his (Thai) wife there. Steve from uTalk has also visited Thailand many times over the last 
few years, working with teachers and learner - both know the country well. They carried out their first 
project in Chiang Rai province in 2023 where they successfully trained 250 primary and secondary school 
teachers and thus were able to prove that their new training course not only worked but revolutionized the 
teaching and language abilities of all the teachers involved 
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¡ÒÃ¼ÅÔμ»�âμÃàÅÕÂÁ¨ÃÔ§ (Real Time)

นอรธ์เทริน์ กลัฟ์ ปิโตรเลยีม ลงนามความรว่มมอืกบัภาควชิาเหมอืงแรแ่ละปิโตรเลยีม คณะ
วศิวกรรมศาสตร์ จฬุาลงกรณม์หาวทิยาลยั สง่นสิติดา้นวศิวกรรมปิโตรเลยีมเป็นนกัศกึษาฝึกงานภาค
สนามดว้ยขอ้มลูการผลติปิโตรเลยีมจรงิ ((RReeaal TTiimmee)) เพืѷอผลติ บคุคลากร ป้อนวงการผลติ
ปิโตรเลยีมของไทย

พธิลีงนาม จัดขึѸนทีѷคณะวศิวกรรมศาสตร์ จฬุาลงกรณม์หาวทิยาลยั เมืѷอ วนัทีѷ 25 กนัยายน 2567 โดย รอง
ศาสตราจารย์ ดร.. จริวฒัน์ ชวีรุง่โรจน์ หวัหนา้ภาควชิาเหมอืงแรแ่ละปิโตรเลยีม คณะวศิวกรรมศาสตร์
จฬุาลงกรณม์หาวทิยาลยั เป็นตวัแทนลงนามในบนัทกึความรว่มมอืทางวชิาการกบั คณุมารษิา เย็นบาํรงุ
กรรมการบรหิาร บรษิทั นอรธ์เทริน์ กลัฟ์ ปิโตรเลยีม ((NNoorrtthheerrnn GGuulf f PPeettrrooleeuumm) ) ของคนไทย โดย
วตัถปุระสงคห์ลกัของความรว่มมอืในครั ѸงนีѸมเีป้าหมายเพืѷอสนับสนุนการศกึษาดา้นวศิวกรรมปิโตรเลยีมภาค
ปฏบิตัอิยา่งเป็นรปูธรรม ทําใหน้สิติสามารถใชค้วามรูท้ีѷไดรั้บไปประยกุตใ์ชก้บัขอ้มลูจรงิ และฝึกทกัษะทีѷจําเป็น
ในอตุสาหกรรมผลติปิโตรเลยีม โดยเฉพาะอยา่งยิѷงในดา้นการวางแผนพัฒนาแหลง่ผลติปิโตรเลยีมใน
ประเทศไทยและประเทศเพืѷอนบา้น ซึѷงจะชว่ยเพิѷมขดีความสามารถใหก้บันสิติภาควชิาเหมอืงแรแ่ละปิโตรเลยีม
ในการเขา้สูต่ลาดแรงงานทีѷมคีวามตอ้งการบคุคลากรซึѷงมคีวามรูแ้ละทกัษะเฉพาะทางสงู รวมทั Ѹงเป็นการสรา้ง
เครอืขา่ยและความสมัพันธอ์นัดรีะหวา่งภาคการศกึษาและภาคอตุสาหกรรม เป็นไปตามนโยบายของ นายพรีะ
พนัธุ ์ สาลรีฐัวภิาค รองนายกรฐัมนตรแีละรฐัมนตรวีา่การกระทรวงพลงังาน รวมทั Ѹง กรมเชืѸอเพลงิ
ธรรมชาติ ในฐานะผูกํ้ากบัดแูลอตุสาหกรรมปิโตรเลยีมของไทย

25/09/2024 ; 7:32 pm

รองศาสตราจารย์ ดร. จริวฒัน์ ชวีรุง่โรจน์ หวัหนา้ภาควชิาเหมอืงแรแ่ละปิโตรเลยีม คณะวศิวกรรมศาสตร์ จฬุาลงกรณม์หาวทิยาลยั (ซา้ยสดุ) เป็นตวัแทนลงนาม
ในบนัทกึความรว่มมอืทางวชิาการกบั คณุมารษิา เย็นบํารงุ กรรมการบรหิาร บรษัิท นอรธ์เทริน์ กลัฟ์ ปิโตรเลยีม (ขวาสดุ)

ความรว่มมอืครั ѸงนีѸ ถอืเป็นประวตัศิาสตรห์นา้ใหมข่องวงการปิโตรเลยีมไทย ทีѷบรษัิท นอรธ์เทริน์ กลัฟ์
ปิโตรเลยีม ซึѷงเป็นบรษัิทของคนไทย จะป้อนขอ้มลูทางวศิวกรรมปิโตรเลยีม รวมถงึขอ้มลูแหลง่กกัเกบ็นํѸามนั
และกา๊ซธรรมชาตจิากแหลง่รสสคุนธใ์นอา่วไทย รวมถงึการใชข้อ้มลูการหยัѷงธรณีหลมุเจาะ คณุสมบตัทิางแรง
ดนั ปรมิาณ และ อณุหภมูิ (Pressure, Volume, Temperature – PVT) ของนํѸามนัในแหลง่กกัเกบ็
(Reservoir Management) จากแหลง่รสสคุนธ์ เพืѷอใหน้สิติไดใ้ชใ้นการเรยีนรูแ้ละสรา้งแบบจําลอง
(Reservoir Modelling) สถานการณใ์นดา้นการวางแผนพัฒนาแหลง่ผลติปิโตรเลยีมใหไ้ดป้ระสทิธภิาพ
สงูสดุ

ขอ้มลูทีѷไดจ้ากการรว่มมอืในครั ѸงนีѸจะชว่ยใหน้สิติคุน้เคยกบัสภาพทางธรณีวทิยาทีѷแทจ้รงิและทนัสมยั (Real

Time) ของประเทศไทย โดยการทดลองใชข้อ้มลูจรงิ ทําใหน้สิติมทีกัษะและประสบการณท์ีѷใกลเ้คยีงกบั
สถานการณใ์นการทํางานจรงิ



Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Cross-Out

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box



ภาคผนวก NGP-6 

ตัวอย่างข้อมูลการส ารวจสภาพพ้ืนท้องทะเล 
o ภาคผนวก NGP-6.1 การส ารวจสภาพพื้นท้องทะเล 
o ภาคผนวก NGP-6.2 การส ารวจแหล่งก๊าซระดบัตืน้ 



ภาคผนวก NGP-6.1 

การส ารวจสภาพพื้นท้องทะเล 
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ภาคผนวก NGP-6.2 

การส ารวจแหล่งกา๊ซระดับตื้น  



RROS-AA 20233 Primaryy Drillingg Programm Shalloww Hazard
There was 1 pilot hole drilled in the year 2014, located 130 meters east-northeast of ROS-A. The hole was
drilled up to 1000 ft.tvdss and encountered “no” shallow gas.

Rossukon-3 and Rossukon-3ST, exploration wells, surface hole location (up to 1000 ft.tvdss) also were
drilled nearby at 130m east of ROS-A MOPU location in the year 2015, there was no shallow gas observed
from the exploration wells.

There are 4 zones of medium to high amplitude seismic anomalies observed in the 2D and 3D seismic data
within a 100m radius of the ROS-A MOPU location. Anomaly “A” high amplitude is located approximately
50m northeast of the MOPU location measured from 3D seismic data, it is interpreted as a possible shallow
gas from 2D lines sparker data. Anomaly “B” medium amplitude is located approximately 50m southwest of
the MOPU location at a depth of 370 ft. tvdss. Anomaly “C” medium amplitude is located 0m south-
southwest of the MOPU location at a depth of 950 ft.tvdss. Anomaly “D” medium-high amplitude is located
50m northeast of the MOPU location at a depth of 1080 ft.tvdss. High seismic amplitude anomalies polygons
at approximated 100m radius distance up to a depth of 1080 ft. tvdss of ROS-A location are provided for
surface hole section planning to avoid these events.

There is a shallow normal fault trending northwest-southeast. The distance is approximately 260m at a depth
of 1080 ft.tvdss east of ROS-A location and dipping to the southwest. The tip of the fault is observed from the
2D seismic data at approximately 223 ft.tvdss (68m). Though there is no evidence observed that the gas has
migrated along the fault, it is recommended not to drill any well across this fault in the riserless hole section.

There are several geophysical conditions that could account for these seismic anomalies, one of them is the
presence of gas. It should be recognized that an absence of a seismic anomaly does not indicate an absence of
gas.

In order to minimize the risk of drilling into seismic anomalies, a drilling engineer and drilling superintendent
may choose any suitable safety method of well control issue for this drilling program. Also, drilling
procedures for drilling the riserless section should be in place such as the drilling fluid in the borehole
annulus to be sufficient to contain all potential gas hazards.

Anomaly
Shallowest 

Observed TWT 
(ms)

Shallowest 
Observed
(ft.tvdss)

Distance and Direction Risk Level

A 100 260 50m northeast High

B 142 370 50m southwest Low

C 350 950 Passing Low
D 408 1080 50m northeast medium

Note: 1. Time-Depth window error +-50ft is expected
2. This shallow hazard analysis is for depth above 1080ft. tvdss

Attachment II-A: Shallow Gas Hazard Exhibit

ROS-A MOPU Location

Estimated Water depth 63.2m ( 207 ft.) below msl from 2023 site survey

2014 processing 3D sesimic: PSTM

UTM
X, 728963.23 Y, 1045958.27
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ภาคผนวก NGP-7 

แผนการด าเนินงานของโครงการฯ 

(Field Development Plan)  



  



 



ภาคผนวก NGP-8 

แผนตอบสนองกรณีเกิดเหตุฉุกเฉิน 
o ภาคผนวก NGP-8.1  แนวทางการจัดการเหตุฉุกเฉิน 
o ภาคผนวก NGP-8.2  แผนตอบสนองต่อเหตุการณ์น ้ามันหกร่ัวไหล 
o ภาคผนวก NGP-8.3  แผนตอบสนองต่อเหตุการณ์การเกิดพายุไต้ฝุ่น 
o ภาคผนวก NGP-8.4  แผนการเคลื่อนย้ายผู้ป่วยฉุกเฉิน  



ภาคผนวก NGP-8.1 

แนวทางการจัดการเหตุฉุกเฉนิ  
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PREFACE 
 
 
This Emergency Management Guideline has been developed to ensure that Northern Gulf 
Petroleum reacts quickly and effectively in the event of an emergency in its operations. The 
document is formulated to meet all Company and legislative requirements and to satisfy all 
moral obligations in the event of any such emergency.  
 
This document addresses the actions to be taken before, during, and after an emergency or 
disaster. The ability to contain and respond effectively to an emergency is one of the most 
challenging priorities facing our operations. The Company regards all hazards and risks that 
can be managed and mitigate if appropriate efforts were made. In doing so, Northern Gulf 
Petroleum vigorously pursues efforts to deter and preempt these risks and manage through 
good HSSE practice. 
 
This plan was built upon previous experiences for managing risks and further elaborated as 
emergency management strategies, a mechanism and management structure undertaken by 
the country office to mitigate all possible emergency situations. The management strategies 
include implementing measures to reduce our vulnerabilities, responding rapidly and 
effectively to incidents or actual emergency, and giving the highest priority to developing 
sufficient capabilities to mitigate and manage the consequences. 
 
To ensure this management strategy is implemented in a coordinated manner, this Emergency 
Management Guideline, hereafter referred to as the EMG, is designed to provide overall 
guidance to the Emergency Management Team concerning how they would respond to an 
incident or emergency that occurs in the Company jurisdictional areas. This plan outlines an 
organized and unified capability for a timely, coordinated response by the Emergency 
Response Teams and the assistance that will be rendered by other emergency support 
agencies and government authorities. 
 
It establishes conceptual guidance for assessing and responding, notifying appropriate service 
providers and government agencies, and deploying the requisite resources to assist the 
emergency management team in facilitating inter-agency coordination for mitigation and 
controls. Lastly, it defines the relationships between structures under which the Company will 
marshal consequence management resources (including support from Authorities) to respond 
to an emergency or crisis. 
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ABBREVIATIONS AND ACRONYMS 

The abbreviations and acronyms used in this document shall have the following meaning: 
 

NGP Northern Gulf Petroleum 

EMT Emergency Management Team 

EMG Emergency Management Guideline 

CASEVAC Casualty Evacuation 

CMP Crisis Management Plan 

CMT Crisis Management Team 

CMERT  
Crisis Management and Emergency 
Response Training 

DCT Damage Control Team 

DM  Duty Manager (Incident Commander) 

ECC Emergency Control Centre 

EMG  Emergency Management Guideline 

EMT Emergency Management Team 

EOC Emergency Operation Centre 

ERP Emergency Response Plan 

ERT Emergency Response Team 

IAP Incident Action Plan 

IC Incident Commander 

ICS Incident Command System 

IMS Incident Management System 

MEDEVAC Medical Evacuation 

NOK Next of Kin 

NGP Northern Gulf Petroleum 

OIM Offshore Installation Manager 

OFS Offshore Superintendent 

OPU Operating Unit 

OSC On Scene Commander 

PD Project Director 

PIC Person-in-Charge 

UC Unified Command UC Unified Command 
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GLOSSARY 
 

Activation The implementation of emergency response capabilities, 
procedures, activities, and plans in response to an 
emergency or emergency declaration.  

Alert Notification that a potential emergency exists or has 
occurred; direction for recipient to standby for possible 
activation of emergency response plan. 
 

Area Command An organization established to:  
1)  Oversee the management of multiple incidents that are 
each being handled by an Incident Command System 
organization; or  
2)  To oversee the management of a very large incident 
that has multiple Incident Management Teams assigned to 
it. Area Command has the responsibility to set overall 
strategy and priorities, allocate critical resources based on 
priorities, ensure that incidents are properly managed, and 
ensure that objectives are met, and strategies followed. 

Assessment Meetings Two-way meetings held in the ECC and scheduled by the 
IC for the purpose of checking response progress and 
reviewing objectives, problems, and task allocation. 

Assignments Tasks given to resources to perform within a given 
operational period, based upon tactical objectives in the 
Incident Action Plan. 

CASEVAC Casualty Evacuation. The urgent evacuation of a sick or 
injured person because there is a risk of serious injury or 
death if more comprehensive medical treatment is not 
available quickly.  A Casevac may involve special transport 
arrangements (i.e., ad-hoc charters, air ambulance, etc.) 
and will almost certainly require medical staff to 
accompany the patient. 

Cold Zone This area contains the command post and such other 
support functions as are deemed necessary to control the 
incident.  This is also referred to as the clean zone or 
support zone. 

Common Emergency 
Management System (CEMS) 

Combination of facilities, equipment, personnel, 
procedures, and communications operating within a 
common organizational structure with responsibility for 
management of assigned resources to effectively direct 
and control the response to an incident. 

Command Network Direct communication link established between the EMT 
Operations Section Chief and the ERT On-Scene 
Commander 
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Control Zone The designation of areas at an incident based upon safety 
and the degree of hazard.  Many terms are used to 
describe the zones involved in a hazardous materials 
incident. 

Emergency Unexpected condition resulting in fire, explosion, oil and/or 
chemical spill, gas escape, serious injury or fatality, 
structure damage, total evacuation, severe electrical 
storm, aircraft or vehicle crash, vessel collision or sinking, 
deliberate act of arson or sabotage etc., all of which require 
prompt action. 

Crisis Network The direct communication link established between the 
EMT Incident Commander and Top Management of NGP. 

Emergency Control Centre 
(ECC) 

A site from which management-appointed response 
personnel exercise direction and control in an emergency. 
 

Emergency Operations Centre 
(EOC) 

The physical location at which the coordination of 
information and resources to support incident 
management (on−scene operations) activities normally 
takes place. An EOC may be a temporary facility or may 
be in a more central or permanently established facility. 

Emergency Response Team A team of personnel, trained to manage and respond to an 
emergency. These are the Site Emergency Response 
Team, Regional Emergency Response Team, and 
Corporate Emergency Response Team. 

Hot Zone The area immediately surrounding an incident, 
which extends far enough to prevent adverse 
effects from hazardous materials releases to 
personnel outside the zone. This zone is also 
referred to as the exclusion zone or restricted zone. 
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Incident Commander Those who is normally the first person to be contacted in 
case of emergency. IC is responsible, in conjunction with 
the Person-In-Charge of the installation on which the 
emergency occurred, for assessing the scale of the 
emergency and initiating the appropriate response 
actions, including, if deemed necessary, calling out the 
Regional Emergency Response Team. 
 
IC shall also notify all relevant parties of the emergency. 
During the emergency, the Regional Incident commander 
shall normally remain in overall charge of and is 
responsible for directing the Regional Emergency 
Response Team, for authorizing, or obtaining authorization 
for, any funds required for materials, equipment, contract 
services or specialist personnel necessary to resolve the 
emergency. 

Incident Action Plan (IAP) The IAP, which is initially prepared at the first meeting, 
contains general control objectives reflecting the overall 
incident strategy and specific action plans for the next 
operational period. When complete, the IAP will have a few 
attachments. The IAP is used to manage change from one 
operational period to another in support of the OSC. It is 
prepared by Planning for review by Operations. The IC is 
the issue authority. 

Initial Briefing Delivered by the EMT IC at the beginning of the 
emergency in the ECC which is one way (no questions) 
and which is designed to push information in front of the 
EMT. 

Incident Command System 
(ICS) 

An organized system of roles, responsibilities, and 
standard operating procedures used to manage and direct 
emergency operations. 

Incident Management System The process used by the EMT to navigate the emergency 
phase, and which consists of; briefings (initial and 
subsequent), objectives (based on core values, aligned 
with PEAR priorities, and aligned in support of the ERT 
objectives), tactical response operations (supporting the 
field tasks), information management (situation status 
display), response thought process (solving problems), 
incident potential (informal and formal assessment of the 
implications), meetings (scheduled assessment meetings), 
and action plans (incident action planning cycle managing 
change from one operational period to another) 
 

Incident Objectives Statements of guidance and direction necessary for the 
selection of appropriate strategies, and the tactical 
direction of resources. Incident objectives are based on 
realistic expectations of what can be accomplished when 
all allocated resources have been effectively deployed. 
Incident objectives must be achievable and measurable, 
yet flexible enough to allow for strategic and tactical 
alternatives. 
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International Direct Dialing 
(IDD) 

With an IDD telephone line, you can make a direct 
overseas call by using the international access code.  With 
non-IDD telephones, overseas calls must be made via a 
Myanmar Telecomm Authority operator. 

Installation Offshore – MOPU, Drilling Rig, FSO, Vessels etc. 
Onshore – Supply Base. 

Jurisdiction The range or sphere of authority. The teams and agencies 
have jurisdiction at an incident related to their legal 
responsibilities and authority for incident mitigation. 
Jurisdictional authority at an incident can be 
political/geographical (e.g., site, facility, state, or federal 
boundary lines), or functional (e.g., police department, 
home ministry, etc.). (See Multi-Jurisdiction Incident.) 

Major Emergency 
 

An emergency that, on assessment by the PIC, cannot 
immediately be brought under control with the first line 
response team and available equipment onsite without 
outside assistance. 

MEDEVAC Medical Evacuation. The routine evacuation of a sick or 
injured person to a location where they can receive more 
appropriate medical treatment than is possible at the work 
site.  A MEDEVAC will typically involve normal transport 
arrangements, although timetables may be accelerated, 
and medical staff may accompany the patient during travel. 
 

Minor Emergency 
 

An emergency, which when assessed by the PIC, can 
immediately be brought under control with the first-line 
response team and available equipment located onsite 
without any outside assistance. However, if there is any 
uncertainty regarding the scale of the emergency, it should 
initially be treated as a major emergency. 

Mitigate Any action to contain, reduces, or eliminates the harmful 
effects of a spill or release of a hazardous 
substance/material. 

Person-In-Charge (PIC) 
 

PIC of the site/installation/drilling rig or vessel at the time 
of the emergency. He is the person who coordinates all 
emergency response activities carried out by his own 
personnel and any additional assistance from outside the 
installation. 

Person on Board (POB) POB is used in this document to mean the number of 
people at a certain location, not necessarily on a vessel or 
aircraft. 
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Personal Protective 
Equipment 

The equipment provided to shield or equipment to isolate 
a person from the chemical, physical, and thermal hazards 
that may be encountered at a hazardous materials 
incident.  Adequate personal protective equipment should 
protect the respiratory system, skin, eyes, face, hands, 
feet, head, body, and hearing.  Personal protective 
equipment includes both personal protective clothing and 
respiratory protection. 

Resources All personnel and major items of equipment available, or 
potentially available, for assignment to incident tasks on 
which status is maintained. 

Situation Status Display The display managed by Planning provides the entire EOC 
staff with a ready view of what has happened, where it has 
happened, and what is being done about it. It should 
include the following boards: incident facts, casualty 
status, organization, contacts, map, response objectives, 
problems/ solutions, action tracking, resource tracking, 
and a schedule of assessment meetings. 

Span of Control A Command-and-Control term that means how many 
organizational elements may be directly managed by one 
person. Span of Control may vary from three to seven, and 
a ratio of one-to-five reporting elements is recommended. 
 

Staging Area That location where incident personnel and equipment 
are assigned awaiting tactical assignment. 

Stakeholders Any person, group, or organization affected by and 
having a vested interest in the incident and/or the 
response operation. 

Strategy The general plan or direction selected to accomplish 
incident objectives. 

Supply Network Direct communication network established between the 
EMT Logistics Section Chief and the ERT Staging Area 
Manager 

Tactics Deploying and directing resources during an 
incident to accomplish the objectives designated 
by strategy. 

Tactical Direction Directions given by the IC include: the tactics 
appropriate for the selected strategy, the selection 
and assignment of resources, tactics 
implementation, and performance monitoring for 
each operational period. 

Task Force A group of resources with common 
communications and a leader assembled for a 
specific mission. 

Triage The classification of casualties according to the 
severity of their injuries to set priorities for 
treatment in a multiple casualty situation. 
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Unified Command (UC) A unified team that manages an incident by establishing a 
common set of incident objectives and strategies. This is 
accomplished without loss or abdication of agency or 
organizational authority, responsibility, or accountability. 

Warm Zone The area where personnel and equipment 
decontamination and hot zone support takes place.  
It includes control points for the access corridor 
and thus assists in reducing the spread of 
contamination. This is also referred to as the 
decontamination, contamination reduction, or 
limited access zone/corridor. 
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1. INTRODUCTION 
 
This document has been developed to provide guidelines to the on-duty emergency 
management team, who are directly or indirectly involved, when responding to emergencies 
occurring at Northern Gulf Petroleum’s operational areas. 
 
This Emergency Management Guideline (EMG) has been developed to complement the 
existing Sites’ Emergency Response Plans, which cover in detail the required response to 
specific emergencies. The document provides details of the management philosophy utilized 
by Northern Gulf Petroleum when defining the organization and resources used in the 
response to an emergency and details the overall responsibilities required to effectively handle 
any emergency, which may arise. 
 
All personnel with emergency roles and responsibilities must ensure that they become familiar 
with the requirements and procedures contained in this manual. 
 

 
1.1 Purpose 

 
This guideline establishes procedures to manage and coordinate the mitigation and control 
measures following an emergency or disaster situation. The following objectives have been 
established for this guideline: 
 
 To support the Northern Gulf Petroleum’s ERPs, 
 To attend to the primary priorities of: 

 People 
 Environment 
 Assets 
 Reputation 

 Sets forth fundamental policies, planning assumptions, a concept of operations, the 
emergency management team responsibilities, and response and mitigation actions. 

 Addresses linkages to other existing emergency management plans developed for specific 
incidents. 

 Maximize the effectiveness of countermeasures through an established plan that consists 
of the following phases: 

 Over-reaction: applying all emergency resources as soon as possible, 
 Assessment: anticipating problems before they become a reality, 
 Response: the application of resources to contain, isolate & stabilize the 

emergency, 
 De-Escalation: the scaling down of the response towards agreed termination 

criteria which marks the end of the emergency phase. Assign responsibilities to 
designated EMT members and provide guidance for emergency support groups 
during prolonged periods of mitigation. 

 Serves as the foundation for the development of detailed supplemental procedures to 
complement this plan for response activities, rapidly and efficiently. 

 Ensure compliance with applicable regulatory requirements and industry standards for 
emergency management. 

 
This guideline is organized into sections for easy reference. Each major section deals with a 
component of the plan beginning with governing policies, plan activation through emergency 
countermeasures and restoration of normal operations. The appendices contain information 
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such as forms which may be required during the emergency response process; partners 
contact lists, vendor lists, etc. 
 

1.2 Scope 
 
All activities that are managed by Northern Gulf Petroleum are covered by this Emergency 
Management Plan. All EMT members are required to understand and be familiar with their 
duties as they pertain to this Plan. When there is an actual emergency or potential for an 
emergency, the procedures written in this Plan will be carried out immediately.   
 
This document covers the response of Myanmar Asset to emergencies affecting Myanmar 
Operations, specifically the following area operations: 
 
 Mobile Offshore Production Unit (MOPU) 
 Drilling Rig 
 FSO 
 Vessels 
 Bangkok Office 
 Etc. 

 
This guideline shall be used by the on-duty EMT members that are tasked to provide 
emergency assistance. This guideline will be reviewed annually and updated when any of the 
following occurs: 
 

 Applicable regulations are introduced or revised. 
 The guideline fails in an exercise or real emergency. 
 Changes to the configuration of the facility. 
 New hazards are introduced into or near the facility. 
 Existing hazards are eliminated. 
 There are changes to personnel who have a role in the plan. 

 
All changes shall be approved by the Project Director of Northern Gulf Petroleum. The 
complete guideline shall be distributed to all relevant parties. 
 

1.3 Overview 
 
During an emergency, the centre of operation is known as the Emergency Control Centre 
(ECC). All information and coordination regarding emergency management operations, shall 
flow through the ECC. The centre is staffed by the Emergency Management Team (EMT) and 
shall include one Incident Commander and members of the appointed representatives. 
Emergency Management Team meeting shall be activated and conducted through Microsoft 
Team network if EMT Members cannot come to ECC Room.  
 
Within this framework, the EMT can provide equipment, supplies, facilities, managerial and 
technical services in support of site ERT mitigation and control efforts. The Incident 
Commander and the other team members shall be involved in providing all required support. 
 
Under NGP Incident Command System, the HSE Department has been delegated with primary 
responsibility for coordinating Northern Gulf Petroleum emergency preparedness, planning, 
management, and emergency assistance functions. The department has also been delegated 
responsibility for establishing emergency assistance policy. In this stewardship role, the 
department has the lead in developing this plan. 
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1.4 Document Structure 
 
This Guideline applies and shall be used by the emergency management team to coordinate 
emergency management operations occurring at Northern Gulf Petroleum. The plan 
presented here is based on the following planning assumptions: 
 
1 The plan is current, having been reviewed, maintained, and updated on an annual 

basis. Training exercises have been performed. 
2 Emergency mitigation is performed in accordance with the procedures that have been 

set forth within this plan and appendices. 
3 The EMT has current strategies in place and any weaknesses have been identified and 

addressed. 
4 Appropriate emergency response equipment is available and accessible. 
5 The plan is to be a document that reflects a changing environment. Therefore, part of 

the plan is to implement on-going practices, to sustain the state of readiness. 
 
The document is organized into sections for easy reference. Each Section deals with a 
component of the Plan beginning with response concept, plan activation through restoration 
of normal operations. The appendices contain information such as incident notification flow 
chart, dedicated contact numbers, vendor lists, etc. 

1.5 Ownership and Maintenance 
 
This plan shall be reviewed annually by the Custodian, HSE Manager. All EMT members shall 
be responsible for reviewing their team responsibilities and making any recommendations for 
change. The plan will also be updated because of all post-incident review processes and 
information gained from training exercises. 
 
Recommendations arising from the annual review will be submitted to NGP management for 
discussion and approval each year. Minor updates may be made by the Custodian at any time 
during the year. The Custodian holds ownership to this Manual. 
 
 

18 
 

Section 2 
 

             AUTHORITIES AND POLICIES 
 

             Contents 
 
 
Paragraph Page 

 
2 AUTHORITIES AND POLICIES----------------------------------------------------------- 19 

 
2.1 Authorities----------------------------------------------------------------------------------- 19 

 
2.2 Response Policy---------------------------------------------------------------------------- 20 

 
2.3 Terms of Reference EMT Members---------------------------------------------------- 21 

 
2.4 Terms of Reference ERT Members----------------------------------------------------- 22 

 
2.5 Emergency Classifications--------------------------------------------------------------- 22 
 
2.6 On-duty Assignments – EMT Members------------------------------------------------ 23 
 
2.7       Coordination and Issues Management------------------------------------------------- 24 
 

       2.8       Exclusions and Exemptions-------------------------------------------------------------- 25 
                                                                                          

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

19 
 

2. AUTHORITIES AND POLICIES 
 
This section describes the authorities and policies associated with emergency and crisis 
management.  Authorities and policies will govern the response concepts and what directs the 
planning and development of an operational emergency management system. 
 

2.1 Authorities 
 
(a) Emergency planning shall include the identification of hazards and threats, hazard 
mitigation, development and preparation of emergency plans and procedures, and 
identification of personnel and resources required for an effective response. 
 
(b) Implementation of a comprehensive emergency management program at all Northern Gulf 
Petroleum’s operations and worksites shall be commensurate with the hazards present. 
 
(c) Any worksite that has significant quantities of hazardous materials (radiological and non-
radiological) shall develop and maintain a quantitative hazards assessment and meet more 
detailed emergency planning requirements. Hazardous materials are any solid, liquid, or 
gaseous material that is toxic, flammable, radioactive, corrosive, chemically reactive, or 
unstable upon prolonged storage in quantities that could pose a threat to life, property, or the 
environment. Oil is not included in this definition of hazardous materials. 
 
(d) Readiness assurance shall include assessments and documentation to ensure that stated 
emergency capabilities are sufficient to implement emergency plans. 
 
(e) Emergency preparedness shall cover acquisition and maintenance of resources, training, 
drills, and exercises. 
 
(f) All worksites shall establish a readiness assurance program to ensure that stated 
emergency capabilities are sufficient to implement emergency response plans. 
 
(g) Emergency response shall include the use of resources to mitigate consequences to 
personnel, the public, the environment, and company assets, and the initiation of recovery 
activities. 
 
(i) Recovery shall include planning for, and actions taken following termination of the 
emergency to return the facility/operations to normal. 
 
(j) Assigned Incident Commander of Northern Gulf Petroleum serve as the point of contact for 
all emergency alert and notifications. 
 
(k) The On-Scene Commander and Incident Commander have the authority to direct and 
coordinate emergency management operations and may delegate this authority to a 
government On-Scene Commander, under or during Unified Command. 
 
(l) Upon activation the appointed ERT members shall initiate immediate mitigation action plan 
to contain the emergency while for on-duty EMT members, upon notification shall respond and 
proceed to the ECC within sixty (60) minutes. 
 
(m) EMT members of Northern Gulf Petroleum shall assist the Incident Commander for all 
emergency mitigation activities. Accordingly, the EMT receives, coordinate, and disseminate 
emergency information to Management of NGP, industry partners and government agencies. 
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(n) Each worksite, along with NGP Office, shall document the emergency management 
program that implements the requirements of applicable legislations for personnel safety 
programs (e.g., fire, safety, and security). 
 
 (o) Each offshore worksite shall have necessary marine support arrangement to ensure that 
relevant coverage is made for emergency mitigation needs. As guide the operations marine 
support vessel shall; 1) maintain a response time of within one (1) hour from the worksite or 
facility; 2) an Emergency Response Plan must be formulated in case someone falls overboard 
or the worksite must be evacuated; and 3) the vessels must be designed and equipped 
efficiently and comply with the requirement related to evacuation and rescue. 
 
(p) Each offshore worksite shall conduct emergency response drill every two-weekly and for 
onshore at monthly intervals to ensure continuous state of preparedness. 
 
(q) Each worksite shall declare an emergency when events or conditions require time-urgent 
response. Such events or conditions cause, or have the potential to cause, serious health and 
safety impacts to personnel or the public, serious detrimental effects on the environment 
because of degradation of safeguards conditions. 
 
(r) Each worksite shall notify IC when emergencies occur. The notification and reporting 
requirements within this authority have been agreed with NGP requirements for non-
emergency incident or occurrence reporting. 
 
(s) Each worksite shall provide accurate and timely information about emergencies to 
personnel and the public. 
 
(t) For contracted activity (i.e., worksite managed by contractor), the on-scene response and 
mitigation efforts shall be managed by the main contractor. While for all necessary emergency 
support (reporting, communications, logistics, materials, etc.) they shall be managed by the 
company management person on-site (i.e., CSR, Field Superintendent, Drilling Supervisor, 
etc.). 
 

2.2 Response Policy 
 

Northern Gulf Petroleum policy on contingency planning and response to emergencies take 
cognizance of both existing Company and statutory requirements as they relate to the handling 
of emergencies relevant to the Company operations, as well as to satisfy all moral obligations 
of the Company. 
 
It is the policy of Northern Gulf Petroleum that: 
 
(a) In the event of any emergency occurring in any of its operations, the respective Site 

Emergency Response Team shall be immediately mobilized to deal with the emergency. 
 
(b) Additionally, the Northern Gulf Petroleum Management Team shall also be mobilized, as 

necessary, to provide whatever support required by the site Emergency Response Team. 
 
(c) Both Teams shall give their total support to the site Emergency Response Team with a 

view to effectively minimizing the harmful effect and to overcome the emergency as 
quickly as possible. When managing the emergency, the following priorities shall prevail: 
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1. Saving of lives and safety of personnel. 
2. Preserving public health and safety. 
3. Preserving the environment. 
4. Protecting the property and investment; and 
5. Maintaining the company reputation. 

 
(d) Consistent with the overall policy, it is also a requirement that the Emergency Response 

Procedures of Contractors working for, and on behalf of Myanmar Asset, shall conform 
to the contractual requirement and policy on emergency response. 

 
(e) Additionally, regular training of all personnel, both Company and Contractors personnel, 

shall be conducted to ensure an effective emergency response preparedness exists 
throughout the Company's operations. 

 
2.3 Terms of Reference EMT Members 

 
The appointed emergency management team members are responsible for the co-ordination 
of response efforts during any emergency. The team is led by an Incident Commander. When 
on emergency duty, EMT Members’ activities take precedence over any other duties/or off-
site visits. The terms of reference for these EMT members are listed below. 
 
(a) A company executive and management-appointed person. 
 
(b) Good working knowledge in operations, engineering, or management-related activities 
 
(c) Familiar with hazards and risks associated with various phases of E&P operations 
 
(d) High level of maturity, analytical ability, good leadership qualities, with effective 
communication and interpersonal skills 
 
(e) Responds to all emergency call-for-assistance when on-duty 
 
(f) Vested with the department and management authority in the discharge of duty 
 
(g) Co-ordinate all emergency supports and countermeasures 
 
(h) Attend emergency management training course 
 
(i) Participate in at least one (1) full-scale emergency response exercise 
 
(j) Attend emergency induction training and department briefing before taking up duty 
 
(k) Only delegate emergency duty to another trained team member 
 
(l) Listed in the Weekly Duty Roster when on emergency duty for the week 
 
(m) Duty Roster is coordinated by HSE, with changes requiring management approval. 
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Note:  

1. Appointment to Duty Manager/ IC designate must be Department Manager (or) 
Section Head Level and above at Northern Gulf Petroleum. Appointment of other EMT 
members shall be executive level and above for core team members. 

2. However, if IC cannot assume to take IC Responsibility due to special circumstances, 
he or she can delegate to Senior Executive if he or she has attended and completed 
IC Training. 

 

2.4 Terms of Reference ERT Members 
 
The appointed emergency response team members are responsible for the mitigation efforts 
at the worksite or facility during any emergency. The team is led by the On-scene Commander. 
When on emergency mitigation, ERT members’ activities take precedence over any other 
duties at worksite. The terms of reference for these ERT members are listed below. 
 
(a) A full-time employee of worksite or facility operations team 
 
(b) Good working experience associated with maintenance and operations 
 
(c) Good appreciation of hazards and risks associated with the worksite operations 
 
(d) Able to respond to all emergency call-for-assistance 
 
(e) Vested with the management authority in the discharge of duty 
 
(f) Attend site emergency response team and oil spill operator training 
 
(g) Management-appointed person (in writing by Business Head) 
 
(h) Delegation of emergency duty is only to another trained team member 
 
(i) Listed in the worksite emergency response Duty Roster when on emergency duty 
 
(j) Duty Roster is managed by On-scene Commander; with changes require facility 
management approval. 

Note: Appointment to On-scene Commander designate must be an Executive, while for 
smaller facilities i.e., satellite platform, the individual must be a supervisor-appointed person. 

 
2.5 Emergency Classifications 

 
Classification of an incident is subjective and may change after additional facts are gathered. 
After the Duty Managers have been notified, the incident may be re-classified as deemed 
appropriate. 
 
NGP three-tiered response definitions provide the following classification. 
 
Tier 1- Minor  
 
A situation where there is no danger to life and where the risk of damage to property and 
environment is minimal. The incident is within the control of the NGP ERT. 
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Tier 2 - Major  
 
A situation when there is danger to life and risk of damage to property and environment and 
where the emergency response is beyond the control and capability of NGP ERT, thus requires 
EMT support as well as involvement. 
 
Tier 3 - Crisis 
 
A situation where there is danger to life and risk of damage to property and environment 
involving neighboring sites and surrounding communities. The incident is clearly beyond the 
capacity of the NGP ERT/EMT to control and consequently requires action from NGP 
corporate, government or other external parties.  
 
When an emergency / crisis occurs, emergency / crisis teams shall respond according to the 
designated tier based on emergency escalation and severity. The ERT will be mobilized at Tier 
1 followed by the activation of EMT at Tier 2 when required. If the emergency escalates to a 
crisis, the CMT will be activated at Tier 3 to manage the situation. 
 

 
 

Figure 1: Three-tiered response protocol and linkage with host government for operations 
 
 

2.6 On-duty Assignments-EMT Members 
 
In the absence of the Duty Incident Commander for any reason, the replacement will be 
proposed by HSSE Department and approved by the Project Director (NGP) to act as IC. 
 
Personnel appointed for emergency duty shall be available 24 hours and 7 days active 
coverage and ready for possible call out. The common rules while on emergency duty are: 
 

 Available for handover or takeover session inside the ECC. 
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 Ensure telephone contact(s) remain current and advise on changes in writing to HSE Unit. 
 Understand emergency responsibilities and be familiar with those of other members. 
 Make available a copy of the weekly duty roster and other support documents. 
 Keep Incident Commander informed of own whereabouts and means of contacting at all 

times. 
 If, due to circumstances a team member cannot be available. 

1. Arrange for replacement and transfer of duty, 
2. Advise HSE Unit of the change so that an update can be made to the Duty Roster. 

 Duty can only be transferred to a team member that is trained as an EMT member. 
 Always carry emergency duty mobile phone and remain within the response times. 

 
2.7 Coordination and Issues Management 

 
The overall responsibility for the safety of the worksite rests with the OSC. He has the 
responsibility to take immediate response actions required to control the emergency; including 
directly mobilizing or requesting the use of necessary resources such as aircraft, materials, 
decision to shutting down, vacate/abandon worksite, etc. 
 
At Northern Gulf Petroleum Office, the Incident Commander is empowered for directing key 
personnel, authorizing, or obtaining authorization of any funds required for materials, 
equipment, contract services or specialist personnel necessary to contain the emergency. 
 
For emergency or crisis associated with issues management or strategic response, NGP 
Headquarter/ Authority shall be directly involved. Issues to be managed include the protection 
of employees; public; the environment; company assets; and company reputation. The 
categories of issues management may include the following: 

 People and the environment 

 Augment worksite actions to employees and the environment as required. 

 Reputation issues 

 Acknowledge responsibility as appropriate. 

 Anticipate and address public perception. 

 Mobilize emergency or crisis management executives and management person. 

 Communicate with employees, governments, media, and shareholders. 

 Ensure continuity of business operations 

 Meet needs of customers and business partners 

 Support or manage asset and liability issues. 

 Evaluate financial standing and exposure. 
 
To the maximum extent possible, internal local resources at site shall be used as the first line 
of support for emergency recovery operations. Arrangements and working collaboration 
should be made with other agencies as an additional option for resource support after an 
emergency declaration. 
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Resources are acquired using the standard company procurement vehicle such as a purchase 
order, blanket purchase agreement, or contract. Additionally, the IC may authorize purchase 
under the emergency provision power directing completion of a specific task. 
 

2.8 Exclusions and Exemptions 
 
When implementing emergency management programs, consideration on translating and use 
of this guide is required. Implication and applicability on exclusions and exemptions are: 
 
(a) The facilities and activities of Joint Operating Companies are exempt from the 
requirements. 
 
(b) All service contractors’ facilities subject to license requirements are specifically exempted 
from the requirements. 
 
(c) If a NGP contracted activity can demonstrate that it is subjected to emergency management 
program requirements under the authority of other regulatory agencies and those 
requirements are at least as stringent, then an exemption may be requested. 
 
(d) Requests for exemptions from the requirements shall document the basis for each 
exemption and shall establish and justify alternatives equivalent to or exceeding. Requests for 
exemptions shall be submitted to the Department Manager of HSSE Department, NGP, for 
approval. 
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3. COMMANDS AND MANAGEMENT 
 
Emergency management expands on the objectives and principles of emergency planning 
and response and outlines the methods by which these objectives will be achieved by Northern 
Gulf Petroleum. The management system framework should be used to develop plans and 
procedures which are appropriate to the strategic objectives and risks of Northern Gulf 
Petroleum, and which satisfy the requirements of the relevant legislations, host country 
authorities and industry organizations. 
 
In this section, the principles of emergency response planning are expanded to provide a 
framework of guidance on issues which should be considered and, if appropriate, addressed 
by Northern Gulf Petroleum in developing its emergency response plans and procedures. 
 
3.1 Emergency Situations  
 
3.1.1 Hazards and Risks Assessment 
 
A hazard is the potential to cause harm, including ill-health or injury, damage to property, 
facility, products or the environment, production losses or increased liabilities. All hazards 
within the Operating Unit should be identified ('what can go wrong?') and assessed for 
consequence ('what will happen, and how serious will it be if it does go wrong?') and, if 
practicable, for risk (determined by the chance that a specified undesired event will occur and 
the severity of the consequences of the event). 
 
Hazards must be considered in the context of the ever-changing operating environment. 
Further details and guidance on Hazards Assessment and Vulnerability Analysis is given in 
Section 4. 
 
3.1.2 Definition and Classification 
 
Hazards can be controlled through elimination, improved design, and improved operating 
Procedures, competence, reduce exposure. Not all operations can be made hazard free. 
These 'residual hazards', or failure of control systems to eliminate other hazards, can give rise 
to emergency situations. 
 
An emergency is any sudden, abnormal, or unplanned situation which requires immediate 
attention and may endanger human life, the environment or have an adverse effect on the 
Business Unit and public. It is likely to attract news media attention, put at risk the Operating 
Division reputation and may pose a significant financial or legal liability. 
 
The nature, location and scale of the emergency should determine the level of response 
required to recover control of the hazard and to initiate the restoration of activities required to 
return the business to normal operating levels. A tiered (see the classification at Section 2) 
response is adopted to integrate all available resources e.g., from another Division, a function 
or from other external parties. 
 
The escalation potential of any emergency must be recognized and evaluated. Key decisions 
on response strategy need to be taken in the early minutes/hours, and it is important to assess 
the situation on the basis not only of what has happened but on what could happen with the 
level of response, should correspond to this assessment. 
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3.2  ORGANIZATION 
 
3.2.1   NORTHERN GULF PETROLEUM SUPPORT TEAM 

 

Northern Gulf Petroleum (NGP) Support Team Emergency Control Centre (ECC) is located at 
Bangkok, Thailand to support Northern Gulf Petroleum Emergency Management Team (NGP 
EMT) and to coordinate and cooperate with government, in the event of emergency at 
respective site. 

NGP Top Management is notified of emergencies by EMT IC through the Project Director 
(NGP). Press releases (besides the Holding Statement) must be approved by the Project 
Director (NGP) before releasing officially. The overall crisis management framework for 
Northern Gulf Petroleum is shown in Figure - 2. 

 

 

Figure 2: Emergency / Crisis management framework of NGP 

 

3.2.3 Emergency Management Team, Northern Gulf Petroleum 

 
The Northern Gulf Petroleum EMT supports the site Emergency Response Team. Following 
an emergency-declared situation, the IC and EMT members will proceed to the designated 
ECC at NGP office. 
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The Northern Gulf Petroleum EMT members shall assist the Incident Commander for all 
emergency mitigation activities. Accordingly, the EMT receives, coordinates, and disseminates 
emergency information to Management of NGP, industry partners and government agencies. 
 
The command and control of an incident or emergency demands a unified framework for the 
preparation and execution of plans and orders. Emergency Response Teams at all levels may 
manage command and control activities somewhat differently depending on the complexity, 
capabilities, and resources. 
 

 
3.3 EMERGENCY ROLES AND RESPONSIBILITIES 
 
3.3.1 Incident Commander  
 
The authority to manage any emergency is delegated to NGP appointed Incident Commander. 
 
Roles 
 

 Serve as management representative during an emergency. 
 Exercise overall management responsibility for the coordination between emergency 

response agencies. 
 Establish appropriate staffing level for the ECC and continuously monitor organizational 

effectiveness and made appropriate modifications, as required. 
 In conjunction with other EMT members, set priorities for response efforts. Ensure that all 

actions are accomplished within the priorities established. 
 Lead the determination of strategic and tactical issues and actions on a local basis. 
 Ensure that NGP EMT is activated in the event of a major incident. 
 Ensure that Inter-Agency Coordination is accomplished effectively. 

 

Responsibilities 

 
 Activate the EMT and support groups as required. 
 Provide status updates of the conditions and situations at the emergency scene to Head 

Office and authorities. 
 Ensure that the appropriate tactics and resources are in place at the emergency scene. 
 Ensure that all necessary resources are available for optimal response. 
 Ensure that there is a continuous dialogue with PIC, contractor, and other involved parties. 
 Ensure EMT roles (e.g., operations, safety, liaison with external agencies, media liaison, 

and documentation) are satisfactorily being fulfilled. 
 Inform contractors of NGP expectation and regularly update PD of NGP and Management 

via briefings. 
 Keep a personal log of events, communications, and decisions. 
 Co-ordinate response with external response resources. 
 Co-ordinate with local authorities and consulate office, as appropriate. 

 
Activation Phase 
 
 On being notified of an emergency, shall return the call within 5 minutes, and proceed 

immediately to the ECC.  
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 Establish direct contact with the PIC and obtain clear and concise details on the nature, 
seriousness and in particular details of casualties. 

 Assessing the emergency and determining the adequacy of emergency response 
capability and resources. 

 Verify total number of personnel on site and their status/disposition. 
 Determine appropriate level of activation based on situation as known. 
 Start and maintain an incident status log until relieved by the Logistic & Planning Section 

Chief. 
 Maintain open communication with the PIC throughout the emergency and keep as brief 

as possible; provide advice and assistance as is possible. 
 Alerting PD (NGP) and mobilizing appropriate EMT members for the initial activation. 
 On the arrival of EMT brief them fully on the status of the Emergency giving details of any 

action taken. 
 Ensure that the ECC is properly set up and ready for operations. 
 Ensure that telephone and/or radio communications with partners/operators are 

established and functioning. 
 Conduct initial briefing and schedule the initial Action Planning meeting. 

 
Operational Phase 
 
 Monitor EMT member activities to ensure that all appropriate actions are being taken. 
 Coordinating the overall company efforts to collect, analyze, process, synthesize, report, 

mitigate and facilitate the supports for effective emergency operations on-scene. 
 Providing staffing support for emergency management activities, if deemed necessary. 
 Establishing general liaisons with business partner(s), contractors, and the relevant 

government agencies. 
 Keep NGP Management updated on progress of mitigation and controls. 
 If partial or total evacuation of personnel is deemed necessary, ensure that numbers and 

movements are accurately documented. 
 In conjunction with the NGP management/ Authority, conduct news conferences and 

review media releases for final approval, following the established procedure for 
information releases and media briefings. 

 Ensure that the HSE & Liaison Officer provides for and maintaining effective inter agencies 
coordination.   

 Based on status reports, establish initial strategic objectives to support partners efforts. 
 Identify requirements for specific expertise (e.g., Exploration, Drilling, Structural, Aviation 

etc.) depending on the nature of the emergency. 
 If there are casualties, ensure that appropriate CASEVAC arrangements have been made. 
 In coordination with EMT members, prepare management function objectives for the initial 

Action Planning Meeting.  
 Convene the initial Action Planning meeting.  Ensure that all EMT members and other key 

agency representatives are in attendance.  
 Once the Action Plan is completed, review, approve and authorize its implementation. 
 Request Finance & HR Chief to set up a separate cost center/account number for the 

emergency and ensure that all related expenditure and costs are recorded against this 
account. 

 Establish a separate technical support team outside the ECC to consider detailed technical 
aspects of the emergency and response if required and staff with appropriate specialists. 

 Conduct periodic briefings with EMT members to ensure strategic objectives are current 
and appropriate. 

 Conduct regular updates to NGP Management. 
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 Ensure that the HSE & Liaison Officer has accurate information regarding the emergency 
to enable him to co-ordinate the preparation of draft Press Statements. 

 
Demobilization Phase 
 
 Authorize deactivation of EMT and Support Teams when they are no longer required. 
 Notify NGP Management and other appropriate organizations of the expected planned 

deactivation time. 
 Ensure that any open actions not yet completed will be handled after deactivation. 
 Ensure that all required forms or reports are completed prior to deactivation. 
 Be prepared to provide input to the after-action report. 
 Deactivate the ECC at the designated time, as appropriate. 
 Proclaim termination of the emergency and proceed with recovery operations. 

 
3.3.2 Operations Section Chief 
 
A member of EMT responsible to the IC on all matters related to operations and emergency 
communication. 

 
Roles 

 
 Assess the emergency and determine the adequacy of emergency response resources. 
 Provide on-scene tactical operations support to the site ERT. 
 Serve as the single focal point of situation assessment operations and overall management 

of response efforts for team members. 
 Establish direct contact with PIC and obtain clear and concise details on the nature and 

seriousness. 
 Interpret information from the PIC and use it to support the different planning needs of 

EMT members. 
 Monitor the actions of ERT and other response agencies (if involved). 

 
Responsibilities 
 

 Ensure operational objectives and assignments identified in the agreed Action Plan are 
carried out effectively. 

 Establish the appropriate level of operations support, continuously monitoring the 
effectiveness and modifying accordingly. 

 Exercise overall responsibility for the management of emergency operational activities 
within the Operations Section. 

 Ensure that the updated reports are provided (for log keeping) utilizing the Emergency 
Response Log Sheet. 

 Conduct periodic Operations briefings to EMT members as required or requested. 
 Overall supervision and control of the operations Unit activities; including technical 

support. 
 

Activation Phase 

 Confer with IC to ensure that EMT positions are staffed at levels necessary to provide 
adequate information and support for emergency operations. 

 Ensure that the Operations Section support is set up properly and that appropriate 
personnel, equipment, and supplies are in place, including maps and status boards. 
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 Based on the situation, activate appropriate support within the section.  Designate a Leader 
as necessary.   

 Establish communications with the site PIC. 

 Based on the situation known or forecasted, determine likely future needs of the operations 
supports. 

 Identify key issues currently affecting the emergency site and affected personnel or 
secondees; discuss with EMT members and determine appropriate countermeasures for 
the first operational period. 

 Review responsibilities; develop an operations plan detailing strategies for carrying out 
operations objectives. 

 
 
 
Operational Phase 
 
 Analyze the escalation trends and assist with the development of subsequent action plans. 
 Discuss with the IC; obtain a preliminary situation briefing on: 

 
o Type of emergency 
o Number of personnel on-location 
o Status of mustering and head count 
o Number and conditions of casualties 
o Actions that have been taken on-scene 
o Weather conditions (strong wind, sandstorms, etc.) 
o Resources on site – vehicles, aircraft 
o Assistance requested from others. 
 

 Identify critical issues and provide general planning support to the PIC. 
 Maintain open communication with the PIC. 
 Ensure that situation and resources information is provided (for log keeping) on a regular 

basis or as the situation requires. 
 Ensure that all media contacts are referred to the IC or HSE& Liaison Officer. 
 Conduct periodic updates and work to reach consensus among EMT members. 
 Work closely with PIC to ensure that the company’s objectives, as defined in the current 

action plan, are being addressed. 
 Brief the IC periodically on any updated information you may have received. 

 
Demobilization Phase 
 
 Follow the instructions of EMT IC. 

 
3.3.3 Logistics & Planning Section Chief 

 
A member of EMT responsible to the IC on all matters related to technical, secretarial support, 
logistics and resources. 
 
Roles 
 

 Assess the emergency and determine the adequacy of logistics response resources. 
 Establish communications with logistics service providers, when appropriate. 
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 Identify available resources – aircraft, road transport, and materials and arrange for 
mobilization and movement of those resources as planned. 

 Validate requests and manage the procurement process with Vendors assistance. 
 Coordinate resource requests with Service Providers and other suppliers. 
 Obtain additional resources from other oil companies/operators, if necessary. 
 Serve as the information focal point for the overall compilation of situation assessment. 
 Collect, analyze, and display information regarding the emergency and the location of 

critical resources at the Event Boards. 
 Process information that is common to team members that can contributes to the overall 

perspective of the emergency. 
 Provide status reports on logistics activities to the IC and EMT members. 

 
 
 
Responsibilities 
 

 Ensure the Logistics function is carried out in support of EMT and ERT operations. This 
function includes resource tracking: acquiring equipment, supplies, and transportation 
services. 

 Establish the appropriate level of staffing and continuously monitor the effectiveness and 
modification as required. 

 Coordinate closely with all EMT members to establish priorities for resource allocation to 
support emergency management operations. 

 Keep the IC informed of all significant issues relating to the logistics operations. 
 Ensure that the updated reports are provided (for log keeping) utilizing the Emergency 

Response Log Sheet. 
 Supervise all logistics related activities. 
 In coordination with other EMT members, ensure that consistent log keeping is made, 

complete Situation Status Reports, and develop the ECC Action Plan. 
 Ensure all status boards and other displays contain accurate information. 

 
Activation Phase 
 
 Ensure the logistics support is set up properly and that appropriate personnel, equipment, 

and supplies are in place, contact directories, vendor references, and other resource 
directories. 

 Establish communications with logistics support department. 
 Advise logistics support units to deliver and coordinate requirements. 
 Discuss with the IC and EMT members and identify immediate resource needs. 
 Meet with Finance & HR Chief and determine the level of purchasing authority for the 

Logistics Section. 
 Provide periodic updates to the IC and EMT members, if required. 
 Adopt a proactive attitude, thinking ahead and anticipating situations and problems before 

they occur. 
 Make a list of key issues to be addressed; in consultation with EMT members, identify 

objectives to be accomplished during the initial Operational Period. 
 Keep the IC and EMT members informed of significant events. 
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Operational Phase 
 
 Ensure proper and effective log keeping including logistics position logs and other 

necessary files are maintained and keep current information for the situation status report. 
 Ensure that major information is compiled by EMT members and is available for recording. 
 Attend and participate in EMT Action Planning meetings. 
 Ensure that transportation requirements, in support of response operations, are met. 
 Ensure that all requests for facilities and facility support are addressed. 
 Ensure that all resources are tracked and accounted for, as well as resources ordered 

through Mutual Aid. 
 Ensure that the Planning Unit is provided with updated reports (for log keeping) utilizing 

the Emergency Response Log Sheet. 
 Provide section staff with information updates as required. 

 
Demobilization Phase 
 
 Follow the instructions of EMT IC. 

 
3.3.4 Finance & HR Section Chief 

 
On being notified of an emergency, the team member (HR Officer) shall proceed to the 
allocated Next-of-Kin Room as soon as possible and will receive calls from Next-of-Kin or 
relatives. It is a member of EMT responsible for HR & Finance matters.  Normally, EMT HR & 
Finance Section Chief shall be taken care of by HR Department Staff (Executive of HRD). But, 
as per the requirement of emergency, in consultation with Finance Department Head, EMT IC 
can request Finance Department Personnel (Executive Level) to handle and settle financial 
matters.  
 
Roles 
 

 Ensure that all financial records are maintained throughout the event or disaster. 
 Ensure NOK and Media Response Teams are given only approved information, which they 

can release. 
 Allocate personnel to render appropriate assistance to Next of Kin, providing 

representatives with an initial briefing and copies of press releases. 
 Identify and arrange specific needs for transport, accommodation, catering, clothing, 

money etc. for evacuated personnel and NOK. 
 Collate and make copies of all approved press reports and provide them to EMT members. 

 
Responsibilities 
 

 Determine purchase order limits for the procurement function in Logistics. 
 Discuss requirement and support with medical service provider, if necessary. 
 Ensure that compensation claims resulting from the response to the incident are processed 

within a reasonable time, given the nature of the situation. 
 Ensure that all travel and expense claims are processed within a reasonable time, given 

the nature of the situation. 
 Provide administrative support to EMT members as required. 
 Activate support teams as required; monitor activities continuously and modify the 

organization as needed. 
 Coordinate with HSE &Liaison Officer on local meetings and security support. 
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 Keep current on the general status of resources and activity associated with your position. 
 Ensure that the updated reports are provided (for log keeping) utilizing the Emergency 

Response Log Sheet. 
 Responsible for addressing human resources issues that arise for response personnel and 

for arranging humanitarian assistance to the NOKs of individuals injured or killed by the 
incident or during response operations. 

 Responsible for managing and supervising all financial and administrative aspects of 
incident response operations, including accounting, invoice processing, contracts, cost 
control, insurance coordination, and financial reporting. 

 
Activation Phase 
 
 Ensure that the supports are set up properly and that appropriate personnel, equipment, 

and supplies are in place. 
 Maintain accurate details of all POB movements. 
 Co-ordinate response to Relatives/Next-of-Kin enquiries. 
 Ensure coordination with all EMT members for the purposes of gathering and consolidating 

response cost estimates and other related information. 
 Discuss with the IC and Logistics Chief and review financial and administrative support 

requirements and procedures; determine the level of purchasing authority to be delegated. 
 Notify and coordinate requirements with medical service provider, if necessary. 
 Communicate with contractors/or partners and relevant agencies to address welfare 

needs. 
 Adopt a proactive attitude, thinking ahead and anticipating situations and problems before 

they occur. 
 
Operational Phase 
 
 Ensure that position logs and other necessary files are maintained. 
 Ensure all data (NOK address, contact numbers, etc.) are current, and that information is 

posted in a legible and concise manner. 
 Provide NOK and support teams with an initial briefing and copies of press releases. 
 Notify the medical service providers. 
 Co-ordinate response to media and spouse enquiries. 
 Participate in all Action Planning meetings. 
 Brief all support team leaders and ensure they are aware of EMT objectives as defined in 

the Action Plan. 
 Keep the IC and EMT members aware of the current fiscal situation and other related 

matters, on an on-going basis. 
 In coordination with the Logistics & Planning Section, ensure that the purchasing unit 

processes purchase orders and develops contracts in a timely manner. 
 Notify and coordinate requirements with medical service provider, including doctors, 

ambulances etc. 
 Ensure Support teams are given only approved information, which they can release. 
 Allocate personnel to render appropriate assistance to Next of Kin, providing 

representatives with an initial briefing and copies of press releases. 
 Identify and arrange specific needs for transport, accommodation, catering, clothing, 

money etc. for evacuated personnel and spouse. 
 Collate and make copies of all approved press reports and provide them to EMT members. 
 Coordinate reception of evacuated personnel, sending representatives to landing places, 

hospitals etc. as required. 
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 Ensure that the Logistics and Planning Chief is provided with updated reports (for log 
keeping) utilizing the Emergency Response Log Sheet. 

 
Demobilization Phase 
 
 Follow the instructions of EMT IC. 

 
3.3.5 HSE & Liaison Officer 

 
A member of EMT responsible is to the IC on all matters that are related to HSE, Security and 
Liaison with relevant external agencies. But as per the requirement of emergency the HSE & 
Liaison Officer will split into Safety officer, Liaison officer and Security officer. The additional 
manpower will take over from HSE & Liaison to concentrate more on either Security, Safety 
part or Liaison part to response effectively.  
 
Roles 
 

 Develops and recommends measures for assuring personnel safety and security, 
assessing and/or anticipating hazardous and unsafe situations, and taking corrective 
measures. 

 Acting as liaison with partners and facilitate requests, but normally do not directly act on 
or process resource requests. 

 Obtain situation status information and response activities from EMT Operations Chief. 
 Coordinate Myanmar Asset’s participation with regulatory agencies at the incident scene, 

if necessary. 
 Resolve any conflicts with agencies having jurisdiction over Myanmar asset’s response 

efforts. 
 
Responsibilities 
 

 Provides a point of reference for identifying and addressing the safety and health hazards 
that may threaten personnel. 

 Delineates responsibilities for protecting personnel from these hazards and for providing 
prompt and effective remedial actions when an emergency-related injury or illness takes 
place. 

 Ensures that all parties take reasonable steps to protect deployed personnel from 
emergency-related hazards, including, but not limited to, compliance with established 
safety and health standards. 

 Develops and implements a standard reporting system to centrally document the 
occurrence of emergency-related injury or illnesses. 

 Resolve any conflicts between NGP response activities and agencies participating in the 
response. 

 Ensure that the Logistic & Planning Chief is provided with updated reports (for log keeping) 
utilizing the Emergency Response Log Sheet. 

 Implement a system to report, investigate, and recommend remediation for accidents, 
injuries, and illnesses related to the emergency. 

 Provide written evaluations and after-action reports on emergency safety and health 
activities. 
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Activation Phase 
 
 Follow the generic Activation Phase Checklist. 

 
 On being notified of an emergency, inform Incident Commander immediately. 
 Commence and maintain a log of all emergency related communications. 
 On instructions from EMT IC, call out or locate other Emergency Response Personnel.  
 On instructions from EMT IC, screen all non-emergency communications. 
 If the emergency has occurred outside normal office hours, handle all emergency 

related calls until such time as the Switchboard Operator is at the switchboard, 
including taking details of incoming enquiries from Next of Kin/ Relatives, Media, etc. 

 Send and receive hard copy messages to ECC. 
 Confide with the IC, as and when appropriate to implement the followings: 

 
 Integrate HSE and security requirement structure. 
 Ensure a safe and healthful working environment is maintained for staff; and 
 Establish and maintain liaison among emergency services and local officials concerned 

with safety, health, and security. 
 
Establish communications with NGP Office (upon advice by IC) and government agencies; 
notify the IC of any communications problems. 

 
 Contact other jurisdictional agency public information officers to coordinate public 

information activities. 
 
 
Operational Phase 
 
 Communicate with partners and relevant government authorities. 
 Identify, investigate, and coordinate abatement of safety and health or security problems. 
 Provide teams with approved press releases, updates on significant developments 

pending next press release and other background information. 
 Attend briefings and press conferences and respond to requests for information about 

NGP’s involvement in the incident. 
 Establish a system for accomplishing required follow-up activity after the emergency. 
 Represent NGP at planning meetings, as appropriate, providing update briefings about 

your agency's activities and priorities. 
 Keep the IC informed and ensure that you can provide HSE policy guidance and 

clarification, as required. 
 On a regular basis, inform EMT members of priorities and actions that may be of interest. 
 Maintain logs and files associated with your position. 

 
Demobilization Phase 
 
 Follow the instructions of EMT IC. 
 When deactivation is approved by the IC, contact relevant parties, and advise them of 

expected time of deactivation and points of contact for the completion of ongoing actions 
or new requirements. 

 During the stand-down phase, ensure that the emergency safety operation has a smooth 
closeout by concluding the emergency recovery functions and activities with the IC; 
providing follow-up information to deployed personnel; evaluate and document the 
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effectiveness of emergency safety and health effort; and debrief deployed personnel on 
safety and health issues, if applicable. 

 Ensure that you complete all final reports, close out your activity log, and transfer any 
ongoing missions and/or actions to the IC or other appropriate individual. 

 Ensure copies of all documentation generated during the operation are submitted to the 
Planning Chief. 

 
3.3.6 Computer Operator 
 
Roles & Responsibilities 
 
 Record all incoming and outgoing messages from the main log of events and emergency 

response messages forms and incorporate them into the computer log in related order.
  

 Assist in accessing any other information held on the computer such as Emergency 
Contacts.  

 Type and print reports, draft press releases and any other material required by the EMT 
members. 
 
 
 

3.3.7 Chief Executive Officer/ Project Director (NGP) 
 

Project Director or CEO is the legitimate Corporate Management representative, responsible 
for all business activities and as such retains overall control of all response efforts to incidents 
or emergencies occurring in jurisdictional areas. On being notified of an emergency, Project 
Director/ CEO (NGP) will: 
 
 Confide with the IC and obtain clear and concise details on the nature, seriousness and in 

particular details of casualties. 
 Ensure adequacy of emergency response capability and resources to mitigate and 

facilitate the support for effective emergency management operations. 
 Communicate with authority, relevant government agencies and NGP Management. 
 Analyze possible long-term trends and assist the IC with the development of strategic plans 

and critical planning issues. 
 Request progress updates on contingency action plans, special planning meetings, and 

long-range management plans concerning personnel or operational priorities. 
 Produce and disseminate emergency response summary for the Corporate Management 

teams and the relevant authorities. 
  

3.3.8 Emergency Support Teams 
 
A) Media Response Team (Information Officer) 
 

On being notified of an emergency, as per request by EMT IC, NGP Management shall assign 
the Information Officer to handle media response matters related to incident. Assigned 
Information Officer shall take information and latest status of incident from EMT Members. 
Assigned Information Officer shall: 
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 Prepare an initial press release regarding NGP’s involvement in the response and monitor 
approval. 

 Prepare Standard Holding Statement, submit to IC and take approval from CEO of NGP. 
 Identify or act as the spokesperson (seek prior authorization) for public, media, or special 

interest stakeholders during an emergency. 
 Prepare press releases and coordinate public briefings.  
 Provide teams with approved press releases, updates on significant developments 

pending next press release and other background information. 
 
B) Medical Advisor 
 
 Assist Operations Chief as required. 
 Ensure appropriate hospital facilities are available including doctors, ambulances etc. if 

required. 
 Liaise with site Doctor and ensure patient information form is received. 
 Liaise with local hospitals. 
 Liaise with internal medical support organizations. 

 
3.3.9   Legal Officer 
 
The legal officer is responsible for all business activities and as such retains overall control of 
all response efforts to incidents or emergencies occurring in legal areas. The Legal Officer is 
responsible for providing advice on legal issues associated with incident response operations. 
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4 ACTIVATION, NOTIFICATION AND COMMUNICATION 
 
4.1 General 

 
The EMT shall take the necessary actions to assist affected sites or employees. These actions 
ranging from initial notification of an emergency to preparation of a final disaster post 
emergency response report are summarized below. They are not necessarily in sequential 
order; some may be undertaken concurrently.  
 
4.2 Call-out Assignments 
 
All members of the EMT or their alternates must: 
 
o Be available to reach NGP ECC Room within an hour or to be connected through Microsoft 

Team meeting. 
o Be available 24 hours per day, 7 days per week for call out. 
o Ensure their contact details remain current; make changes in writing to the EMT focal 

person of HSSE Department of NGP. 
o Understand their responsibilities and be familiar with those of the other members. 
o Ensure that their alternates are appropriately informed and prepared for any call out. 
 
4.3 Activation and Notification 
 
The responsibility of activating an emergency rest solely with the Person-In-Charge of the site, 
installation, drilling rig or vessel as defined below: 
 

LOCATION    PERSON-IN-CHARGE 

MOPU - Offshore Installation Manager (OIM) 
Drilling Rig  - Drilling Site Manager (DSM) 
Drilling Rig (Others, e.g., Exploratory Semi 
or Jack-up) 

- Rig Superintendent - Contractor 

Construction Barge - Barge Master 
NGP BKK Office 
FSO 
Support Vessel 

- Incident Commander (IC) 
- Master 
- Master 

  
 
The PIC shall immediately notify the IC of any emergency that exceeds or has the potential to 
exceed the capability of the facility by calling the dedicated mobile phone number and follow 
up by email of INF (Initial Incident Notification Form) as provided in Appendix. PIC must notify 
the IC in NGP Office within notification time as mentioned in Incident Notification Flowchart of 
Northern Gulf Petroleum. The IC then immediately mobilizes the EMT members. 
 
The EMT supports the site Emergency Response Team. Following an emergency-declared 
situation, the IC and EMT members will proceed to the designated ECC. All EMT members 
shall try to reach the ECC within an hour of the activation time. 
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Activation Phase 
 
(a) Proceed to the ECC at NGP Office. 
(b) Report to the IC or other assigned EMT members. 
(c) Set up your workstation and review your position responsibilities. 
(d) Establish and maintain an event/or position log, which chronologically describes your 

action taken.  
(e) Determine your resource needs, such as a computer, phone, plan copies, and other 

reference documents. 
 
The IC will alert the Project Director of Northern Gulf Petroleum (NGP) according to the 
incident notification matrix. 

 
4.4        Emergency Communication 
 
Efficient communication is essential during any emergency. The importance of keeping the 
Emergency Management Team fully informed of the development of the emergency cannot 
be emphasized too highly. The IC requires such information to enable him to plan his response 
to the emergency and pass accurate information to the Project Director of NGP. 
 
4.5 Emergency Messages 
 
All emergency messages from the site or facility shall be addressed to the IC at NGP Office or 
Mobile phone. The IC is the designated emergency contact point for the receipt of notification 
of an emergency and any request for assistance and shall always remain contactable during 
the period when on duty.  
 
Upon notification of an emergency: 
 
(a) The IC will inform Project Director of NGP and call out the on-duty EMT members. 
(b) The IC will inform the relevant government authorities within 24 hours. 

 
4.6 Emergency Mitigation Operations 
 
The EMT will assist in identifying appropriate countermeasures to meet emergency mission-
critical needs, synchronizing support, and encouraging incorporation of mitigation measures, 
where possible. Additionally, they track overall progress of response effort, particularly noting 
program deficiencies and problem areas. 
 
Upon arrival at the ECC, every member shall review the followings with the IC:  
 
 What had happened? 
 When did it happen? 
 Where exactly does it happen? 
 How did it happen? 
 What action had been taken? 
 Are there people involved? 
 What effect does it have on operations or productions? 
 Has contact been made with other agencies? 
 What support is required? 
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The EMT members are the focal persons for delivering emergency recovery assistance 
programs. The members ensure that third party agencies that might have appropriate 
emergency assistance programs are notified in support of mitigation efforts. 
 
4.7 Joint Response Arrangement 
 
In the event of a joint response operation, the On-Scene Commander, in conjunction with the 
IC, will confer with each other regarding the coordination of the joint response efforts including: 
 
1. Joint response actions to be undertaken. 
2. Status of damages and response efforts. 
3. Personnel, equipment, and financial resources available. 
4. Information to be provided to the personnel; and 
5. Health and safety issues. 
 
Any issues that cannot be settled by the OSC will be brought to the EMT IC for resolution. If 
necessary, the Project Director (NGP) and Management shall be consulted. 
 
4.8 Emergency Notification Protocol 
 

Emergency Notification protocol is illustrated by Figure 4.1: 
 

 
 

Figure 4.1: Emergency Notification Protocol 
 
NGP EMT IC establishes communication with Project Director (NGP) and NGP Management; 
notifications are also made to higher management and other parties as per notification flow 
chart in Fig 4.1 and Table 4.1. 
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Initial Incident Notification Matrix 
 

TYPE OF INCIDENT 

LINE OF NOTIFICATION/TIMING 

OSC to IC 
IC to Project 

Director 
(NGP) 

 Project 
Director to 
Executive 
Chairman 

(NGP) 
Fatality/Multiple Fatalities Immediate 15 minutes 30 minutes 

Permanent Total/Partial Disability Immediate 15 minutes 30 minutes 

Lost Workday Case Immediate 15 minutes 30 minutes 

Restricted Workday Case Immediate 15 minutes 30 minutes 

Medical Treatment Case Immediate 15 minutes 30 minutes 

First Aid Case Immediate 15 minutes 30 minutes 

Detection of Contagious Disease Immediate 15 minutes 30 minutes 

Process Fire Rating 4 & 5 (Major) Immediate 15 minutes 30 minutes 

Process Fire Rating 3 (Major) Immediate 15 minutes 30 minutes 

Process Fire R 1 & 2 (Minor) Immediate 15 minutes 30 minutes 
Non-Process Fire/Explosion Rating 
4 & 5 (Major) 

Immediate 15 minutes 30 minutes 

Non-Process Fire/Explosion Rating 
3 (Major) 

Immediate 15 minutes 30 minutes 

Non-Process Fire/Explosion Rating 
1 & 2 (Minor) 

Immediate 15 minutes 30 minutes 

Property Damage Rating 4 & 5 
(Major) 

Immediate 15 minutes 30 minutes 

Property Damage Rating 3 (Major) Immediate 15 minutes 30 minutes 
Property Damage Rating 1 & 2 
(Minor) 

Immediate 15 minutes 30 minutes 

Oil/Chemical Spill ≥ 5 bbl Immediate 15 minutes 30 minutes 

Oil/Chemical Spill < 5 bbl Immediate 15 minutes 30 minutes 
Hydrocarbon Gas Release Rating 4 
& 5 (Major) 

Immediate 15 minutes 30 minutes 

Hydrocarbon Gas Release Rating 3 
(Major) 

Immediate 15 minutes 30 minutes 

Hydrocarbon Gas Release Rating 1 
(Minor) 

Immediate 15 minutes 30 minutes 

Near Miss (Hi Po Near Miss) Immediate 15 minutes 30 minutes 

Aviation Accidents Immediate 15 minutes 30 minutes 
Security Threat (hijacking, 
encroachment) 

Immediate 15 minutes 30 minutes 

Dangerous Occurrence (M) Immediate 15 minutes 30 minutes 

Radiation Exposure (M) Immediate 15 minutes 30 minutes 

 
Table 4.1 Initial Incident Notification Matrix 
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4.9 External Communication 
 
In the event of any emergency, it is necessary to notify the Government Ministries and 
authorities (Government). Initial contact should be by telephone. This should be followed up 
by email as soon as possible. When cleared by the Project Director (NGP), the EMT's IC on 
duty who has the necessary contact numbers will initiate contact with authorities.  
 
NGP EMT IC will then contact any other government agencies required i.e., police, medical, 
military, Coastguard, Royal Thai Navy, customs, immigration etc. For example, the Coastguard 
or Royal Thai Navy or Air Force may be involved in assisting in maritime or land-based search 
and rescue operations or in dealing with terrorist threat or other security issues. 
 
4.10 Public Information 
 
Notification to the public through relevant Government Agencies on potential and actual 
impacts of an emergency shall be made as soon as possible. This will increase public 
awareness of the hazards by providing information to advise the public on appropriate actions 
to be taken before, during and after emergencies. 

NGP EMT IC shall decide to inform the public through communication with the authorities if 
required. 
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5           POST INCIDENT MANAGEMENT 
 
5.1         Purpose 
 
This section describes the authorities, procedures to be followed and actions to be taken post 
emergency response activation.  
 
5.2         Post Incident Procedures 
 
All teams responding to emergencies shall ensure that the emergency is managed to 
completion, including executing post incident procedures. These include the authority to 
declare termination of the emergency and preparing report on incident management to extract 
lessons learnt and institute continual improvement to NGP Emergency Management process. 
 
5.3 Ending the Emergency (Stand-Down) 
 
It is essential to ensure all potential hazards have been identified and that the emergency is 
under control before a decision is made to terminate the emergency.  
 
As response operations begin to diminish, the IC shall demobilize the EMT and support groups. 
The all-clear stand down announcement is made by the IC.  
 
Demobilization Phase 
 
(a) Deactivate the assigned position and close out logs when authorized by the IC. 
(b) Complete all required forms and reports. All forms should be submitted to the IC, prior to 

departure.  
(c) Be prepared to provide input to the post emergency response report. 
(d) If another person is relieving, ensure they are thoroughly briefed before leaving. 

 
The HSE & Liaison officer shall assume responsibility for the closeout of any other activities 
left unaccomplished following demobilization of other EMT. Once this is accomplished, the 
HSE & Liaison person will close out emergency response activities by: 
 
(a) Coordinating with affected site and the IC on the disposal, refurbishment, and retrograde 

of affected assets. 
(b) Maintaining proper property accountability processes; and 
(c) Conducting post-action meetings and participating in other after-action meetings. 
 
The Custodian (HSSE Department) shall revise documents, collect, and file paperwork, and 
develop and assign tasks to improve capabilities. The team may meet with service providers 
to develop a corrective action plan to improve overall cost-effectiveness and efficiency. 
 
5.4         Management of Evidence 
 

 The HSE & Liaison officer shall assume responsibility for keeping evidence of all emergency 
logs, forms and reports that have been used during emergencies in ECC to improve NGP EMT 
response capability. 
 
The affected area should be secured, and evidence preserved for further examination and 
investigation by the investigation team. 
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5.5        Recovery and Restoration 
 

 The process of recovery and restoration of NGP to pre-emergency condition will include 
managing the affected personnel and implementation of BCP shall be implemented as deemed 
appropriate. 

 
5.6 Emergency Post-Mortem 
 
Following any emergency response activities, the IC will submit a Post Emergency Response 
report, detailing problems encountered and key issues affecting overall performance. The IC 
may convene an interagency forum to identify lessons learned. Each EMT member involved 
is expected to keep records of its activity to assist in preparing its own post emergency 
response report. 
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6 EMERGENCY EVENT REGISTER 
 

6.1 Purpose 
 
This section lists the risk events and consequences which have been described and assessed in 
HSE CASE. It is intended to determine the critical scenarios which provide the basis for the 
development of Pre-Incident Plan.  
 
6.2 Hazard Assessment 
 
The Risk Matrix used in the hazards assessment is provided as Figure below. 

 
 

CO
NS

EQ
UE

NC
E 

SEVERITY 
1 

Insignificant  
2 

Minor 
3 

Moderate 
4 

Major 

5 
Catastrophic 

People Slight Injury Minor Injury 

Major Injury Single Fatality Multiple Fatalities 

Major Health 
Effects* 

Permanent Total 
Disability* 

Permanent Total 

Disability* 

Environment Slight Impact Minor Impact 
Moderate 

Impact 
Major Impact Massive Impact 

Asset Slight Damage Minor Damage Local Damage Major Damage Extensive Damage 

Reputation Slight Impact Limited Impact 
Considerable 

Impact 
Major National 

Impact 

Major International 

Impact 

LIK
EL

IH
OO

D 

E 
Almost 
Certain 

Incident has 
occurred 

several times 
per year at 

Asset 

E1 E2 E3 E4 E5 

D 
Likely 

Incident has 
occurred at 

Asset 
D1 D2 D3 D4 D5 

C 
Possible 

Incident has 
occurred more 
than once per 

year in industry 
worldwide 

C1 C2 C3 C4 C5 

B 
Unlikely 

Incident has 
occurred in 

industry 
worldwide 

B1 B2 B3 B4 B5 
A 

Remotely 
likely to 
happen 

Never heard of 
in industry 

worldwide but 
could occur 

A1 A2 A3 A4 A5 
     LOW * For chronic health effects 
     MEDIUM    
     HIGH    
     VERY HIGH    
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Risk Matrix 
 

6.3 List of Scenarios 
 
Incident Action Plan (IAPs) for the following scenarios was developed. 
 
1. Fire and Explosion  
2. Hydrocarbon Spill 
3. Major Gas Release  
4. Threat of Vessel Collision 
5. Helicopter Emergency 
6. Radioactive Emergency 
7. Severe Weather Condition (Tropical Cyclone) Typhoon 
8. Vessel Encroachment 
9. Bomb Threat 
10. Chemical Exposure 
11. Man Overboard 
12. Diving Emergency 
13. Emergency on Export Tanker 
14. Pipeline Emergency 
15. Road Transport Accident 
16. Fire at Main office 
17. Terrorist Threat  
18. Collision/Structure damage 
 
It is important that the type of emergency is identified as early as possible, so that the appropriate 
emergency response action plans can be taken. 
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7 SUPPORT PLANS  
 
7.1 Purpose 
 
This section describes the external support that can be readily accessible by Northern Gulf 
Petroleum during emergency.  
 

7.2 Specialised Emergency Support 

 
The list of specialised emergency support is provided in below table: 

 
 

No. Agency Scope 

1 International SOS (ISOS) (or) Awarded 
Medical Services Contractor 

Medical Services 

2 1) Nakharin Hospital at 
Nakhornsrithummarat 

2) Bangkok Hospital at Songkhla  

Medical Services 

3 Thai Aviation Services Limited (TAS) Helicopter Services 

4 Vessel  

 

Fire Fighting, Search and 
Rescue, Oil Spill, etc 

 
 

Specialised Emergency Support 
 

7.3        Business Continuity Plan (BCP)  
 
Northern Gulf Petroleum Business Continuity Plan shall be developed by NGP BCP Strategy Team. 
The IC shall immediately notify the Project Director of NGP to initiate NGP Business Continuity 
Strategy when any emergency escalates into a crisis, or any disruptions could threaten NGP 
business survival. Please refer to NGP BCP. As per requirement of emergency response, The 
Business Continuity Chief will be mobilized to give advice for NGP EMT. Business Continuity Chief 
is responsible to ensure the team is activated to provide response related to Business Continuity 
Management. 
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APPENDIX I 
EMERGENCY CONTACT DATABASE 

 

PARTIES 
CONTACT NUMBERS 

TELEPHONE Email 

AUTHORITIES (THAILAND) 

   

   

NGP HQ, BANGKOK, THAILAND 

Pui Thai Chong +601 938 901 87 

+959 765 606 791 

puitc@gulfpetroleumm.c
om 

Somchai S. 089 969 2176  Somchai@ngpg6.com 

Thang Lam Quach +84 85 827 3915  
Thangquach@ngpg6.co

m 

Sirima J. 081 889 2113 Sirima.j@ngpg6.com 

Tawatchai S. 081 372 3692 tawatchai@ngpg6.net 

Kajornyod K. 089 892 4814 Kajornyod@ngpg6.com 

Apichart L.  081 824 6312 Apichart@ngpg6.com 

Tanai S.   089 204 8600 tanai@ngpg6.com 

MANAGER, HSSE DEPARTMENT   

MANAGER, PLANNING 
DEPARTMENT 

  

MANAGER, FINANCE & ACCOUNT 
DEPARTMENT 

  

NGP EMERGENCY MANAGEMENT TEAM 

NGP Emergency Management, Bangkok, Thailand.  

INCIDENT COMMANDER Somchai Sampeenong 
somchai@gulfpetroleum

mm.onmicrosoft.com 

OPERATIONS CHIEF Thang Quach thangquach@ngpg6.com 
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LOGISTICS & PLANNING CHIEF Apichart Limvtanalert 
Apichart@gulfpetroleum

mm.onmicrosoft.com 

HSE & LIAISON OFFICER Tawatchai S. tawatchai@ngpg6.net 

HSE & LIAISON OFFICER Kajornyod Katchapong Kajornyod@ngpg6.com 

MEDICAL COORDINATOR Mone Mone Zaw 
monemone.zaw@gulfpet

roleumm.com 

COMPUTER OPERATOR Tanai Srisawat  

HR & FINANCE OFFICER   

MARINE COORDINATOR Satavat Sripum 
marine.logistics.co@n

gpg6.net 

AVIATION COORDINATOR   

MOPU   

DRILLING RIG   

FSO   

VESSEL   

HELICOPTER TAS  

ISOS   

CONTRACTORS REPRESENTATIVE   

OTHERS 

Department of Mineral Fuels (DMF)    

ROYAL THAI NAVY   

Marine Department 

02-2343832 (Office Hours) 

1199 (24 hrs) 

envi@md.go.th 

 

IMMIGRATION   

CUSTOMS   

POLICE   

Oil Industry Environmental Safety 
Group Association (IESG) 

(66) 2 239 7918  

 

56 
 

OSCT (Thailand) (66) 8 1911 3941  

OSRL (Singgapore) (65) 6 266 1566  

Waste Management Siam (WMS) (66) 9 828 00845 Pongskorn 

   

 

NGP FACILITIES INMARSAT NUMBERS 

NGP PHONE EMAIL 

NGP OFFICE (BANKKOK)   

MOPU    

DRILLING RIG   

FSO   
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APPENDIX II

INCIDENT NOTIFICATION FORM

Type
Project Director to notify the following notification list: 
(With IMPACT / Hi-PO / No IMPACT where relevant)

NGP to notify internally as 
follows:

Tier 1
Tier 2 

With IMPACT / HIGH POTENTIAL INCIDENT*

NGP Management Committee 

No IMPACT*
NGP Management Committee 

Notification list as 
established by NGP

Tier 3 NGP Management Committee Notification list as 
established by NGP

*DESCRIPTION OF IMPACT, EMERGENCY, NON-EMERGENCY & HI-PO

Impact:
Fatality
Major injury / health effect that resulted in Permanent Partial Disability / 
Lost Workday Case more than 4 days.
Occupational Illness with irreversible health impact
Asset damage equal or exceeding USD 100,000.
LOPC release equal to or above Tier 1 threshold quantity**
Spill no longer confined within company site, with off-site environmental 
impact (e.g., visible contamination to soil / water system, fish killed, 
vegetation damaged). 
Emission or discharge from regulated / permitted source, exceeding 
regulatory standard

Emergency:
Incident where emergency 
or crisis team have been 
activated (Tier 1, Tier 2, or 
Tier 3)

High Potential (Hi-Po) 
Incident:

Any incident which, under 
different circumstances, 
would have caused more 
severe consequences leading 
to a major incident

** Note:
Natural gas, Methane, Ethane, Propane, Butane, LPG, LNG = 500 kg
Petrol, Gasoline, Methanol, above 15 API Gravity Crude oil = 1000 kg or 7 bbl.
Diesel, below 15 API Gravity Crude oil = 2000 kg or 14 bbl.
For other material, please refer to API 754 Standard 
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NOTIFICATION FORM

NGP (BKK):

Tel:

Fax:

Type of Notification
Initial 

SECTION A: BASIC INFORMATION 

Location:   MOPU Offshore: BKK Office Date

FSO/Rig/Supply Vessel: Time

Department 
Responsible:

SECTION B: TYPE

HSE & 
Process Safety

Fire/ Explosion Hi-Po 
Incident 

Loss of Primary Containment 
(Liquid)

Release Volume: 

Loss of Primary Containment 
(Gaseous) Recovered Volume:

Spillage
Others. Please specify:

Security
Others. Please specify:

Transportation Land Water Air
Others, please specify:

Natural Disaster Flood Earthquake Tsunami
Others, please specify:

SECTION C: IMPACT

People (specify in SECTION D) Environment Asset Reputation

SECTION D: INJURED / ILL / FATALITY / MISSING 

Number of Injured Person 
NGP (        )
Contractor (         )
3rd Party (         )

Number of Ill Person 
NGP (         )
Contractor (         )
3rd Party (         )

Number of Fatality
NGP (         )
Contractor (         )
3rd Party (         )

Number of Missing 
NGP (          )
Contractor (     )
3rd Party (        )

SECTION E: POTENTIAL ESCALATION

Under control with available resources. No potential 
of escalation

May require additional resources (e.g.,
authorities, contractors, mutual aid group)

Authorities may take over command and control May trigger significant authorities / public / 
community / media interest 

SECTION F: AUTHORITIES INFORMED 

Authorities / 
Date Informed:

Police 
Fire Dept. 
MOPH
DMF/ MONRE   

HSE Regulator: e.g. Please specify:   Others: e.g. Navy, 
Military, Marine Dept.,
Regional Authority., 
etc. Please specify:        
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SECTION G: BRIEF DESCRIPTION OF INCIDENT (Who, What, Where, When & Consequence)

SECTION H: ACTION TAKEN / ADDITIONAL INFORMATION (If any)

SECTION I: STAND DOWN /       
   ALL CLEAR                   

Date: Time:

Prepared / Reported by Name: Signature:

Designation:

Contact No

Date

Approved and submitted by Name: Signature:

Designation:

Contact No

Date

SMS Template:

SAMPLE SMS Notification

The following are the mandatory information 
for SMS notification: 

(1) Type of incident i.e., fire, 
injuries/casualty/fatality.

(2) Basic Information: Incident location, 
date, and time.

(3) Incident Potential: Incident under 
control or potential to escalate.

(4) Impact & Consequence: 
Fire/Injury/Environment/Security (No. 
of Casualty/Fatality).

(5) Sender: 

Sample of SMS notification showing all the information 
above is shown as below:



 

61 
 

APPENDIX III 
 

INCIDENT NOTIFICATION FLOWCHART FOR  
NORTHERN GULF PETROLEUM 
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ACRONYMS  

List of Acronyms in this Document Acronyms  

NGP Northern Gulf Petroleum 

EMT Emergency Management Team 

EMG Emergency Management Guideline 

CMERT  Crisis Management and Emergency Response Training 

IC  Incident Commander 

ECC Emergency Control Centre 

ERP Emergency Response Plan 

ERT Emergency Response Team 

BBLS  Barrels  

CMT  Crisis Management Team  

DMF  Department of Mineral Fuels  

PCD PolluƟon Control Department 

DSM  Drill Site Manager  

EIA  Environmental Impact Assessment  

EMT  Emergency Management Team  

ERO  Emergency Response OrganizaƟon  

ERP  Emergency Response Plan  

ERT  Emergency Response Team  

ESD  Emergency Shut Down  

ESI  Environmental SensiƟvity Index  

FSO  FloaƟng Storage and Offloading  

HES  Health, Environment and Safety  

IC  Incident Commander  

ICC  Incident Command Centre  

ICS  Incident Command System  

IESG  Oil Industry Environmental Safety Group  

IMO  InternaƟonal MariƟme OrganizaƟon  

MSDS  Material Safety Data Sheet  

NEB  NaƟonal Environment Board  

8 
 

NEQA  NaƟonal Environmental Quality Act  

NOSRP  NaƟonal Oil Spill Response Plan 
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1.0 IntroducƟon 
The NGP Oil Spill Response Plan serves as a supplementary guide for managing incidents 
related to Oil Spill Response (OSR). Its main objecƟve is to ensure thorough preparaƟon for 
responding to and recovering from oil spill incidents. The plan is structured to achieve the 
following goals: 
 

 Adherence to Thai regulaƟons and laws governing oil spill response, ensuring compliance. 
 Alignment with the NaƟonal Oil Spill Response Plan in Thailand, incorporaƟng global 

standards for effecƟve Oil Spill Management and Response.  
 Consistency with the NGP Emergency Response procedures, maintaining harmony with 

exisƟng emergency protocols and working together with local/reginal Oil Spill OrganizaƟon to 
support. 

2.0 Scope of Coverage  
The field is situated within Block G6/48 and is located 194 km northeast of the city of 
Songkhla. 

The Rossukon First Development will comprise a mobile offshore production unit (MOPU), 
Drilling and an FSO with an initial production rate of 8,000 to 10,000 BOPD from eight wells. 
Potential exists for adding more wells after the first phase development.  
 

Rossukon 
Field 

Datum: Indian 1975 Zone 47N Datum: WGS 1984 Zone 47N 
Geographic 
coordinates UTM Geographic 

coordinates UTM 

latitude longitude East North latitude longitude West North 
        

MOPU 9° 27' 
24.90" 

101° 05' 
08.30" 

728,9
63.23 

1,045,
958.27 

9° 27' 
31.71" 

101° 04' 
56.46" 

728,631
.50 

1046,26
0.22 

FSO 
 

9o 27' 
11.48" 

101o 05' 
23.52" 

729,4
29.96 

1,045,
561.24 

9o 27' 
18.70" 

101o 05' 
11.67" 

729,098
.22 

1,045,8
63.23 

 
Table 2.1 Rossukon coordinaƟon  
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Fig 2.1 Rossukon Map 

3.0 The key concept of Oil Spill Procedure 
3.1 Oil Spill classificaƟon or Tier ClassificaƟon Levels: 
To facilitate effecƟve planning, oil spills have been categorized based on the criteria outlined in the 
NaƟonal Oil Spill Response Plan. This categorizaƟon hinges on the amount of oil released and the 
logisƟcal assets accessible to manage the spill. These levels are explained below: 

Tier I Incident: 

Tier I incident encompasses a spill of less than 20 metric tonnes (150 barrels), manageable by the 
available personnel and equipment at the Rosssukon Field by Tier 1 spill equipment onsite. 
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Tier II Incident: 

Tier II incident encompasses a spill ranging from 20 metric tonnes (150 barrels) to 1,000 metric tonnes 
(7,400 barrels), necessitaƟng external support such as Oil Industry Environmental Safety Group 
AssociaƟon (IESG) etc.   

Tier III Incident: 

Tier III incident involves a spill likely to surpass 1,000 metric tonnes (7,400 barrels) or one that might 
impact a shoreline. It goes beyond the combined capabiliƟes of NGP, IESG and OSRL (Singapore) and 
local industry resources to manage. This level is Tier 3 which automaƟcally comply with Thailand 
NaƟonal Oil Spill Plan. 

An oil spill can cause significant environmental damage if not properly managed. If an oil spill occurs 
offshore, the following general procedure should be followed to contain and clean up the spill. 

 

3.2 Oil Spill Response Process 
 

The Oil Spill Response process is key significant to guide OSC to manage iniƟal Oil Spill situaƟon and 
reporƟng.   

1. Immediate response: 

 Any case of Oils Spill within Rossukon Field, MOPU OIM shall immediately noƟfy EMT.   

 NGP HSE noƟfy appropriate authoriƟes: The first step is to immediately report the spill 
to the relevant authoriƟes Marine Department and DMF. They will coordinate the 
response efforts and provide necessary guidance. 

 AcƟvate the emergency response team: Companies operaƟng in the area should have 
a pre-established emergency response team that can quickly mobilize and respond to 
the spill. 

2. Assess the spill: 

 AŌer the spill incident, MOPU OIM to be noƟfied all staƟon. The first oil spill area, 
locaƟon, esƟmated volume of oil, weather forecast, and wind/current direcƟon are 
required.    

 MOPU OIM call onsite team to update spill situaƟon, spill equipment, agree strategies 
and plan. 

 MOPU OIM lead as OSC and assigned SRT for Oil Spill Response. 

 Determine the spill size and locaƟon. Conduct aerial and satellite surveys, if possible, 
to assess the extent of the spill and its potenƟal trajectory. 

 IdenƟfy vulnerable areas. Determine the areas that are most at risk of being impacted 
by the spill, such as sensiƟve ecosystems, coastal communiƟes, and important wildlife 
habitats.  

 Prepare to mobilize Tier 1 Oil Spill Equipment to spill area. 
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 Conduct risk assessment before starƟng spill response. 

 Oil Dispersant is the first consider strategy oil spill response. (Required approve PCD 
before spray)  

 Update regularly to EMT 

3. Containment: 

 Deploy booms. Use floaƟng barriers called booms to contain the spread of the oil. 
Booms can help to corral the oil and keep it from reaching sensiƟve areas. 

 Skimming. Deploy skimmers to remove the oil from the surface of the water. Skimmers 
collect the oil, which can then be transferred to storage containers for proper disposal. 

4. Cleanup: 

 In-situ burning: Controlled burning of the oil on the water's surface can be used to 
remove large quanƟƟes of spilled oil. However, this method must be used carefully to 
avoid causing air polluƟon. 

 Dispersants: Chemical dispersants can be applied to break up the oil into smaller 
droplets, which can facilitate natural degradaƟon. However, dispersants can also be 
harmful to marine life, so their use is carefully regulated and considered only under 
specific circumstances. 

 Sorbents: Use sorbent materials to absorb and remove the oil from the water's surface. 
Sorbents can include booms, pads, and other absorbent materials. 

5. Recovery and disposal: 

 Recovered oil: Store the recovered oil in appropriate containers for transportaƟon to 
approved faciliƟes for proper disposal.  

 Oiled debris: Collect any oiled debris, such as booms and pads, and dispose of them 
properly according as hazardous waste disposal guideline and comply with 
environmental regulaƟons. 

 Oil contaminate material to be manage and dispose refer to NGP Waste Management 
Plan. 

6. Environmental monitoring: 

 Conduct regular monitoring of the affected areas to assess the effecƟveness of the 
cleanup efforts and to idenƟfy any lingering impacts on the environment and wildlife. 

7. Learn from the incident: 

 Analyze the cause of the spill and the effecƟveness of the response to idenƟfy areas 
for improvement and prevent similar incidents in the future. 

It's essenƟal to note that oil spill response can vary depending on the specific circumstances, the type 
of oil spilled, weather condiƟons, and the sensiƟvity of the affected ecosystem. Rapid response and 
coordinaƟon among relevant stakeholders are crucial to minimize the environmental impacts of 
offshore oil spills. 
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4.0 Emergency Management Team (EMT) 
 

The structure of an emergency management team for offshore oil spill response typically involves 
mulƟple levels of coordinaƟon and experƟse. The team is designed to efficiently manage the response 
efforts and ensure effecƟve communicaƟon among all stakeholders. Refer to ICS, here is a general 
outline of the key roles within the emergency management team: 

1. Incident Commander (IC): 

 The Incident Commander has overall authority and responsibility for managing the 
response to the oil spill. 

 They make criƟcal decisions, allocate resources, and coordinate all acƟviƟes during the 
response. 

 The IC is usually a senior representaƟve from the company operaƟng the offshore 
facility or a government agency with jurisdicƟon over the area. 

2. Government Affair 

 Responding to an offshore oil spill involves mulƟple organizaƟons, including 
government agencies, oil companies, and contractors. To ensure effecƟve 
coordinaƟon, a Unified Command structure is oŌen established. 

 Brings together representaƟves from various agencies and organizaƟons, including the 
DMF, Marine Department, Thai Navy, PolluƟon Control Department (PCD), IESG, 
environmental agencies, and the responsible party. 

 Together, they collaboraƟvely make decisions and share resources to manage the 
response efficiently. 

3. OperaƟons SecƟon: 

 The OperaƟons SecƟon is responsible for implemenƟng the response strategies and 
tacƟcs to contain and clean up the spill. Support MOPU OIM as On-Scene Commander 
to implement as the plan. 

 The On-Scene Commander regularly reports and updates the spill situaƟon to the 
OperaƟon SecƟon. 

 FSO Master to support On-Scene Commander as the plan. 

 It includes various response teams, such as: 

 Skimming teams: Responsible for operaƟng skimmers to remove oil from the 
water surface. 

 Boom deployment teams: Deploy and maintain the boom to contain the spill. 

 In-situ burning teams: If in-situ burning is used, this team is responsible for 
carrying out the controlled burns. 

 Shoreline cleanup teams: If the spill reaches the shore, these teams handle the 
cleanup efforts on beaches and coastal areas. 
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4. Planning SecƟon: 

 The Planning SecƟon gathers and analyzes data related to the spill, including its size, 
trajectory, and environmental impact. 

 They develop response plans based on this informaƟon, coordinaƟng with the 
OperaƟons SecƟon, and ensuring compliance with relevant regulaƟons. 

5. LogisƟcs SecƟon: 

 The LogisƟcs SecƟon manages the resources needed for the response efforts. 

 This includes coordinaƟng the procurement and deployment of equipment, supplies, 
and personnel to support the response acƟviƟes. 

6. Finance/AdministraƟon SecƟon: 

 The Finance/AdministraƟon SecƟon handles all financial and administraƟve aspects of 
the response. 

 This includes tracking costs, managing contracts, and handling paperwork and 
documentaƟon. 

7. Environmental Unit: 

 The Environmental Unit is responsible for monitoring and assessing the environmental 
impacts of the spill. 

 They work closely with the Planning SecƟon to understand the potenƟal risks to 
sensiƟve areas and wildlife. 

8. Public InformaƟon Officer (PIO): 

 The PIO is responsible for managing communicaƟon with the public, media, and 
stakeholders during the response. 

 They provide accurate and Ɵmely informaƟon about the spill and response efforts to 
keep the public informed. 

9. Computer Operator: 

 Support ECC regarding communicaƟon advice. 

 Arrange and provide basic informaƟon to support e.g., Map, list of key government 
agencies. 

 Cover Public InformaƟon Officer (PIO) role and assist Incident Commander. 

It's essenƟal for the emergency management team to conduct regular drills and exercises to ensure 
preparedness and effecƟve coordinaƟon during an actual oil spill incident. The team's structure may 
vary depending on the size and complexity of the spill and the specific response plan in place. 

Note: Due to NGP is small organizaƟon, 1) OperaƟon Chief will be included in the Planning SecƟon. 2) 
Government Affair is in a part of Incident Commander (IC)  
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Fig 4.1 NGP Emergency Management Team (EMT) 
 

Name PosiƟon Phone No. E-Mail 
Pui Thai Chong Project Director +60 19 389 0187 

+95 9 765 606791 
puitc@gulfpetroleumm.com 

Somchai S. Incident 
Commander 

089 969 2176 Somchai@ngpg6.com 

Thang Lam  Quach OperaƟon Chief +84 85 827 3915 Thangquach@ngpg6.com 
Sirima J. SCM & LogisƟc 081 889 2113 Sirima.j@ngpg6.com 
Kajornyod K. HSE Advisor 089 892 4814 Kajornyod@ngpg6.com 
Apichart L.  SKL LogisƟc 081 824 6312 Apichart@ngpg6.com 
Tanai S.   Government Affairs 089 204 8600 tanai@ngpg6.com 

 

Table 4.1 NGP Emergency Management Team Member 
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Table 4.2 Spill NoƟficaƟon Timeframe 
  

NoƟficaƟon 
Requirements 
SPILL SIZE  

FROM  TO  TIMING  FORM  

All Spill Sizes  MOPU OIM   NGP EMT 
  

Within 1 hr of 
Incident  

NGP Spill 
Incident  
(Appendix A) 

All Spill Sizes  NGP EMT  Department of 
Mineral Fuel, 
and Marine 
Department at 
Bangkok  

Tier 1: By 24 hrs 
following day.  
Tier 2 / 3: 
Within 1 hour 
of iniƟal report  

NGP Spill 
Incident  
(Appendix A) 

Tier 2/3  NGP EMT IESG/OSRL Within 1 hour 
aŌer incident  

Marine 
PolluƟon 
Report 
(Harbour 
Department 
NoƟficaƟon 
Form) 

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box
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Government Agency Phone/E-Mail 
Department of Mineral Fuel 
 

0 2794 3000, (66) 0 85 482 7650 
saraban@dmf.go.th 

Marine Department 
 

02-2343832 (Office Hours) 
1199 (24 hrs) 
envi@md.go.th 

PolluƟon Control Department 
 

0 2298 2126, 0 2298 2130 (Office 
Hours) 
1650 (24 hrs) 

Thai Navy  1465 (24 hrs) 
saraban@thai-mecc.go.th 

 

Table 4.3 Government Agency contact. 
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5.0 Spill Assessment 
ConƟnuous spill assessment involves ongoing monitoring and reporƟng of the spill its status. Below 
are the key steps involved in this process: 

a) Manual assessment 

 Tides, Currents, and Wind Data CollecƟon: 
Gather informaƟon on Ɵdal paƩerns, current direcƟon, and speed in the affected area. This data is 
crucial for understanding how the spill might move over Ɵme. 
CollecƟng wind speed and direcƟon data as wind can significantly influence the spread of the oil slick. 

 Trajectory and Speed PredicƟon: 
UƟlize the collected data on currents and wind to create predicƟve models for the trajectory and 
speed at which the oil spill is likely to move. 
These models should consider the dynamic interplay between Ɵdes, currents, and wind condiƟons. 

 Visual RepresentaƟon on a Chart or Map: 
Create a visual representaƟon of the oil slick on a chart or map. This should include: 
Coordinates depicƟng the current posiƟon of the oil slick. 
Projected movement of the oil based on the trajectory predicƟons. 

 Aerial ObservaƟon via Helicopter: 
Request the assistance of a helicopter for aerial observaƟon of the spill. 
Aerial surveillance is essenƟal for accurately assessing the size, locaƟon, and thickness of the oil slick. 

 Aerial Surveillance Schedule: 
Conduct aerial surveillance at least twice daily, typically at dawn and just before dusk. This schedule 
helps monitor changes in the spill's size and movement throughout the day. 

 Assessment of Oil Thickness: 
 

Assess the thickness of the oil on the water's surface during aerial surveillance. 
UƟlize the Bonn Agreement Oil Appearance Code (BAOAC) color chart to categorize the oil's color 
(Table 5.1). 
Calculate the volume of oil based on the observed area and color of the oil, using established 
guidelines provided by the BAOAC. 
 
In summary, spill assessment is a comprehensive process that involves conƟnuous monitoring of 
Ɵdes, currents, wind condiƟons, and oil thickness. Data collecƟon, trajectory predicƟon, visual 
mapping, and aerial observaƟon are criƟcal components of this assessment process, helping esƟmate 
the volume and extent of the oil spill and guiding response efforts. 
 

 
 
 

 

 

 
 
 

Table 5.1 Bonn Agreement Oil Appearance Code 
 

Code DescripƟon - 
Appearance 

Layer Thickness Interval 
(μm) 

Litres per km2 

1 Sheen (silvery/grey)  0.04 to 0.30 40 – 300 
2 Rainbow  0.30 to 5.0 300 – 5000 
3 Metallic  5.0 to 50 5000 – 50,000 
4 DisconƟnuous true oil 

colour  
50 to 200 50,000 – 200,000 

5 ConƟnuous true oil 
colour  

200 to > 200 200,000 - > 200,000 
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b) Computer Spill Models 

A number of spill models are commercially available. The Thailand PCD uses the ASA OILMAP. OSCT 
will provide spill modeling using OILMAP (To confirm with OSCT again). Another resource for spill 
modeling is Tier 3 resource from OSRL (Singapore). 

NGP EMT has access to this resource, a model run should be iniƟated as soon as possible to provide a 
predicƟon as to the possible area of impact and the weathering effects of the slick. 

c) Oil ProperƟes 

Rossukon crude oil, which was used as input for the assessed scenarios. The crude oil has a density of 
906 kg/m3 (API 24.50), kinemaƟc viscosity of 2.22 cSt (at 40°C), a wax content of 7.68% and a pour 
point of 11°C (Table 5.2). These properƟes classify it as a Group 3 oil according to the InternaƟonal 
Tanker Owners PolluƟon FederaƟon classificaƟon scheme (ITOPF, 2014). 

The boiling point ranges of crude indicate that 56.5% will evaporate when on the water surface and 
the remaining 43.5% of residual components, which will not evaporate (refer Table 5.2). 

 

Table 5.2 Physical properƟes for the Rossukon-2 crude oil used in this study. 
 

d) MobilizaƟon Oil Spill Equipment.  
 
During an oil spill occurrence, EMT (Emergency Management Team) and ERT (Emergency 
Response Team) shall ensure that the key acƟviƟes are performed according to the Ɵming 
guidelines. 
 
For Tier 1, it is esƟmated that it takes about 3 hours to mobilize Tier 1 equipment from FSO 
(FloaƟng Storage and Offloading) to the spill source. 
 
For Tier 2, there is an esƟmated 24-hour Ɵmeframe for IESG Oil Spill Equipment at SKL IESG 
subcommiƩee group to be ready at SKL port and prepared for mobilizaƟon to the Rossukon 
field. 
 
For Tier 3, there is a 48-hour Ɵmeframe for OSRL (Oil Spill Response Limited) spray dispersant 
deployment. 
 

e) Reference Oil Spill Model from Main Rossukon EIA. 
 

20 
 

Rossukon Field is not far from the shore base. Figure 5.1 shows the economic and sensiƟve 
areas that are of high value in the economic zone. Figure 5.2 displays modeled monthly wind 
rose distribuƟons. Understanding the basics of wind direcƟon is significant in determining the 
direcƟon of oil slick dispersion. 

 

Fig 5.1 LocaƟon of the Ɵde staƟons used for the HYDROMAP model validaƟon. 
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Fig 5.2 Modelled monthly wind rose distribuƟons from 2010–2019 (inclusive), for the CFSR wind 
node adjacent to the release locaƟons. 
  

22 
 

 

 

Fig 5.3 Photograph showing the difference between oil appearance on the sea surface (source: Oil 
Spill SoluƟons, 2015). 

 
 

f) Model Seƫngs 

Refer to Main Rossukon EIA, the modelling study assessed the following scenarios: 

• Scenario 1 – a 7,500 bbl surface release of crude oil over 1 day (Tier 3 spill), to represent a 
hypotheƟcal collision involving a floaƟng, storage and offloading (FSO) unit. 

• Scenario 2 – an instantaneous surface release of 167.73 bbl of crude oil (Tier 2 spill), to represent a 
loading hose rupture between an FSO and oil tanker. 

• Scenario 3 – a 722.69 bbl subsea release of crude oil over 1 day (Tier 2 spill), to represent a 
pipeline rupture between MOPU and FSO. 

• Scenario 4 – an 11,900 bbl surface release of crude oil over 14 days (Tier 3 spill), to represent a loss 
of well control. 

The study invesƟgated the floaƟng oil exposure to the sea surface and oil accumulaƟon on 
shorelines during the four disƟnct seasons.  

(i) Northeast monsoon (November to the following February),  
(ii) Southeast monsoon (March and April),  
(iii) Southwest monsoon (May to September) and  
(iv) Northwest monsoon (October). 

Table 5.3 provides a summary of the oil spill model seƫngs used and assumpƟons for the scenarios. 
The table also shows the thresholds that were used. It should be noted that concentraƟons above 10 
g/m2 on the sea surface is considered the lower threshold, whereby oil may be thick enough for 
containment and recovery as well as surface dispersant treatment (AMSA, 2015). 
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Table 5.3 Summary of the seƫngs used for G6/48 ProducƟon oil spill modelling. Data Input 
Parameters 

 

g) Oil AccumulaƟon for Shorelines 

Oil accumulaƟon on shorelines sectors were individually assessed for provinces and islands, which 
are shown in Figure 5.4 
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Figure 5.4 Map of the shoreline sectors assessed for oil accumulaƟon. 

 

h) MobilizaƟon of Tier 3 Resources 

NGP Tier 3 resource in Asia is OSRL located at Singapore. For the mobilizaƟon of oil spill equipment, it 
will take approximately six to eight hours from the Ɵme of 1st acƟvaƟon to mobilize the equipment 
and load it in the aircraŌ to prepare it for takeoff. MobilizaƟon of the Aerial Dispersant Delivery 
System, ADDS Pack will take approximately four to six hours from the Ɵme of 1st acƟvaƟon to when 
the aircraŌ is ready to take off from Singapore. 
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i)  Predicted average and maximum winds from CFSR (Climate Forecast System Reanalysis). 

 
 

 
 

Table 5.4 Predicted average and maximum winds   
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6.0 Oil Spill Equipment 
 

NGP is a crude oil producer, and as part of its safety measures, it requires Oil Spill Equipment (Tier 
1) to be available for its onsite response team. ParƟcularly, Oil Dispersant and spray equipment 
are considered essenƟal in case of a small spill. However, there is a limitaƟon in the number of 
MOPU operators available to handle the Oil Spill equipment, including deploying booms, power 
packs, and skimmers. 

To address this limitaƟon, it is necessary to have a dispersant spray unit and chemicals available 
onsite. AddiƟonally, periodic training and exercises should be conducted to familiarize support 
vessel personnel with this operaƟon. This ensures that in case of an oil spill emergency, the 
response team can effecƟvely and promptly manage the situaƟon, miƟgaƟng potenƟal 
environmental impact and ensuring the safety of the offshore operaƟons. 

A sufficient volume Oil Dispersant is required. stock at Rossukon field under control OIM MOPU. 

Remark: Oil Dispersant spray is required to be approved by NGP MRT every me prior using 
dispersant and report incident to DMF ASAP.   

Oil Spill Response Equipment for Tier 1. (set) as EIA’s requirement and located at Rossukon Field. 

1. Inflatable sea boom 250 m. 
2. Hydraulic winder 
3. Towing equipment for inflatable sea boom  
4. Weir skimmer capacity 30 tons/hr 
5. MulƟpurpose hydraulic powerpack 
6. Oil Pump 
7. Oil Dispersant ApplicaƟon Systems. (Spay unit) 
8. Fast tank 25 tons 

7.0 Summary 
 

The summary oil spill plan consists of three main components. 

1. PrevenƟon 
Ensuring process integrity is the first step in ensuring that the producƟon process 
shutdown system is aligned, and funcƟons as designed, including prevenƟve maintenance 
and loading and offloading procedures, etc. However, competency training for key team 
members is required. 
• Spill exercises shall be conducted on an annual basis. 
• Tabletop exercises shall be conducted by EMT on an annual basis. 

2. Responsible and response plan 
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Refer to item No. 3.2 Oil Spill Response Process, item No. 4.0 Emergency Management 
Team (EMT) 

3. Recovery Plan 

AŌer controlling the spill source to contain it within our designated area, the oil spill 
cleanup process involves addressing shore-based soil contaminaƟon, equipment 
contaminaƟon, and other materials contaminated with oil. All of these oil-contaminated 
materials shall be disposed of by an authorized waste management company following an 
approved final disposal process (NGP Waste Management Plan). 

 

------------------------------------------------------------------------------------------------------------- 

Reference 1; Equipment list (Refer to OSRL) 

 The oil spill equipment by theory is referred to WWW.OILSPILLRESPONSE.COM. It 
covers Tier 1,2 & 3 spill equipment and other support.  

 

Reference 2; Oil Spill Scenario and model from Main Rossukon EIA  

 Rossukon (G6/48) EIA, Appendix 4.5-1 VALEURA ENERGY BLOCK G6/48 
PRODUCTION: Oil Spill Modelling Report. 
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Appendix A. NGP Incident No fica on Form 
  

Type 
Project Director/ Chief Executive Officer to notify the 

following notification list:  
(With IMPACT / Hi-PO / No IMPACT where relevant) 

NGP to notify internally 
as follows: 

 Tier 1 
 Tier 2  
 

 
 

 With IMPACT / HIGH POTENTIAL INCIDENT*  
 NGP Management Committee  

 
 No IMPACT*  
 NGP Management Committee  

 

 Notification list as 
established by NGP 

 Tier 3  
 

 NGP Management Committee  
 
 

 Notification list as 
established by NGP  

*DESCRIPTION OF IMPACT, EMERGENCY, NON-EMERGENCY & HI-PO 

Impact: 
 Fatality 
 Major injury / health effect that resulted in Permanent Partial 
Disability / Lost Workday Case more than 4 days. 

 Occupational Illness with irreversible health impact 
 Asset damage equal or exceeding USD 100,000. 
 LOPC release equal to or above Tier 1 threshold quantity** 
 Spill no longer confined within company site, with off-site 
environmental impact (e.g., visible contamination to soil / water 
system, fish killed, vegetation damaged).  

 Emission or discharge from regulated / permitted source, 
exceeding regulatory standard 

Emergency: 
 Incident where 
emergency or crisis team 
have been activated (Tier 
1, Tier 2, or Tier 3) 

High Potential (Hi-Po) 
Incident: 

 Any incident which, under 
different circumstances, 
would have caused more 
severe consequences 
leading to a major incident 

** Note: 
Natural gas, Methane, Ethane, Propane, Butane, LPG, LNG = 500 kg 
Petrol, Gasoline, Methanol, above 15 API Gravity Crude oil = 1000 kg or 7 bbl. 
Diesel, below 15 API Gravity Crude oil = 2000 kg or 14 bbl. 
For other material, please refer to API 754 Standard  



 
29 

 

 

NOTIFICATION FORM 

NGP (BKK):  

Tel:  

Fax:  

Type of Notification 
 Initial  

SECTION A: BASIC INFORMATION  
Location: 
 

  MOPU Offshore:  BKK Office Date  
 FSO/Rig/Supply Vessel:   Time  

Department 
Responsible: 

 

SECTION B: TYPE 

HSE &  
Process Safety 

 

 Fire/ 
Explosion 

 Hi-Po 
Incident  

 

 Loss of Primary Containment 
(Liquid) 

Release Volume:  
 

  Loss of Primary Containment 
(Gaseous) Recovered Volume: 

 Spillage 
 Others. Please specify: 

Security 
 Others. Please specify: 

Transportation  Land  Water  Air 
Others, please specify: 
 

Natural Disaster  Flood  Earthquake  Tsunami 
Others, please specify: 
 

SECTION C: IMPACT 

 People (specify in SECTION D)  Environment  Asset  Reputation 

SECTION D: INJURED / ILL / FATALITY / MISSING  
Number of Injured 
Person  

 NGP (         ) 
 Contractor (         ) 
 3rd Party (         ) 

Number of Ill Person  
 NGP (         ) 
 Contractor (         ) 
 3rd Party (         ) 

Number of Fatality 
 NGP (         ) 
 Contractor (         ) 
 3rd Party (         ) 

Number of Missing  
 NGP (          ) 
 Contractor (      ) 
 3rd Party (        ) 

SECTION E: POTENTIAL ESCALATION 
 Under control with available resources. No 

potential of escalation 
 May require additional resources (e.g. 
authorities, contractors, mutual aid group) 

 Authorities may take over command and control  May trigger significant authorities / public / 
community / media interest  

SECTION F: AUTHORITIES INFORMED  
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SECTION G: BRIEF DESCRIPTION OF INCIDENT (Who, What, Where, When & Consequence) 

 
 
 
 
 

SECTION H: ACTION TAKEN / ADDITIONAL INFORMATION (If any) 

 
 
 
 
 
 
SECTION I: STAND DOWN /     

   ALL CLEAR                  
Date: Time: 

Prepared / Reported by  
 

Name:  Signature: 
 Designation:  

Contact No  
Date  

Approved and submitted by 
 

Name:  Signature: 
 Designation:  

Contact No  

Date  

 
 
 

  

Authorities /  
Date Informed: 

 Police  
 Fire Dept.  
 MOPH 
 DMF/ 

MONRE       

 HSE Regulator: e.g. Please specify: 
 

   Others: e.g. Navy, 
Military, Marine Dept., 
Regional Authority., 
etc. Please specify:       
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Appendix B NGP Oil Spill Plan 

 

 

 

 

 

 

 

NGP Oil Spill Response Plan

Tier 1 Tier 2 Tier 3

Activites

Notification

Assessment
Within
3 hrs

Mobilization

Within
24 hrs

Response Actions

Control of Operation

Within
48 hrs

Waste Management

Oil Spill was found.

MOPU OIM lead Emergency 
Response Team (ERT),On-Scene 
Commander (OSC) and Site 
Commander Team (SCT)

Inform control room to 
activate Emergency 
Response Team (ERT)

Initial evaluate spill and collect data i.e. 
spill location, estimated volum, current 

and wind direction, prepare mobilize Tier 
1 spill equipment to spill area.

Clean up process till finish.

MOPU OIM Report NGP EMT 
and update reguarly.
Ref. Figure 4.1: Emergency 
Notification Protocol

Immediately report to MOPU OIM.

Notify control room,
Initial stop spill source.

Is the spill 
greater than 20 

Tonnes.

Re-accessment the spill 
volume, it it is yes.
To notify spill Tier 2. to 
EMT.

EMT
Notify list Tier 2 

Evaluate Oil slick direcftion, weather 
forcast ( wind and current direction), the 

spill planning, setup startigy, identify 
existion spill equipment list,   

EMT notify Tier 2 IESG 
to support the oils spill 
equipment.

Continue controling oil slick, spry 
dispersant, recover till clean up. 

EMT notify Tier 3 for Thaniland 
National Plan to DMF, Maring 
Department, Thai Navy, Pollution 
Control Department.

No

Is the spill greater 
than 1000 Tonnes.

Re-accessment the spill 
volume, it it is yes.
To notify spill Tier 3. to 
EMT.

Tier 1

Tier 3

Tier 2

EMT to notify 
OSRL to support the 
oils spill equipment.

Yes

Yes

OSRL spray dispersant.

Mobilization of the Aerial 
Dispersant Delivery System 

Yes

No
Notify DMF , 
Marine Department 
and IESG



ภาคผนวก NGP-8.3 
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ABBREVIATIONS AND ACRONYMS 

The abbreviations and acronyms used in this document shall have the following meaning: 

 
NGP Northern Gulf Petroleum 

EMT Emergency Management Team 

EMG Emergency Management Guideline 

CMERT  Crisis Management and Emergency Response Training 

IC  Incident Commander 

ECC Emergency Control Centre 

ERP Emergency Response Plan 

ERT Emergency Response Team 
IAP Incident Action Plan 

NOK Next of Kin 

MOPU OIM MOPU Offshore Installation Manager 

OSC On Scene Commander 

UC Unified Command UC Unified Command 
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ACRONYMS 

Activation The implementation of emergency response capabilities, 
procedures, activities, and plans in response to an emergency 
or emergency declaration. 

Alert Notification that a potential emergency exists or has occurred; 
direction for recipient to standby for possible activation of 
emergency response plan. 

Assessment The evaluation and interpretation of measurements and other 
information to provide a basis for decision-making. 

Chain-of-Command Formal process followed when there is a change in On-Scene 
Command (OSC) or Incident Command (IC). Changes-of-
Command should, if possible, be handled face-to-face, include 
a thorough briefing, and be broadcast over appropriate 
communication networks.  

Crisis A situation where there is a potential for multiple fatalities and 
severe damage to property and environment involving 
neighboring sites and surrounding communities. The incident 
is beyond the capacity of the OPU to control and consequently 
requires support from GPM Top Management, Host 
Government, or other external parties. 

Demobilization The orderly, safe, and efficient return of an incident resource 
to its original location and status. 

Emergency An emergency may be defined as a subset of all incidents that 
threaten (based upon the impact or the need to respond) 
human life, health, property and/or the environment if not 
responded to, contained, and eliminated properly. 

Emergency Control 
Centre (ECC) 

A site from which management-appointed response personnel 
exercise direction and control in an emergency. 

Emergency Management 
Team (EMT) 

The EMT is the Headquarters, Country or Region response 
team or emergency management group appointed to carry out 
tasks and assume emergency management role. 

Emergency Operations 
Centre (EOC) 

The physical location at which the coordination of information 
and resources to support incident management (on−scene 
operations) activities normally takes place. An EOC may be a 
temporary facility or may be in a more central or permanently 
established facility. 
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Emergency Response 
Team (ERT) 

The ERT is the site response team, or first responder identified 
in an emergency response plan. 

Evacuation Organized, phased, and supervised withdrawal, dispersal, or 
removal of personnel from dangerous or potentially 
dangerous areas as well as their reception and care in safe 
areas. 

Exercise Maneuver or simulated emergency condition involving 
planning, preparation, and execution for the identification of 
areas of strength and weakness for improvement of 
emergency response plan. 

Incident An incident is an unplanned event or chain of events which has 
or could have caused injury and/or damage (loss) to people, 
assets, the environment, reputation or third party. 

Incident Commander (IC) The most senior individual who is vested with the authority for 
the overall management of response operations.   

On-Scene Commander 
(OSC) 

Person in command of the Tactical Response Team. The OSC is 
responsible for managing and executing the tactical response 
to an incident. The OSC reports to the Operational Section 
Coordinator if the EMT is activated.   

Planning Plans describe how personnel, equipment and other resources 
are used to support incident management and emergency 
response activities. Plans provide mechanisms and systems for 
setting priorities, integrating multiple entities and functions, 
and ensuring that communications and other systems are 
available and integrated in support of a full spectrum of 
incident management requirements.  

Strategy The general plan or direction selected to accomplish incident 
objectives. 

Tier I (Minor Emergency) A situation where there is no danger to life and the risk of 
damage to property and environment is minimal. The incident 
is within the control of the worksite/facility.  

Tier II (Major Emergency) A situation where there is danger to life and risk of damage to 
property and environment is likely. The incident is within the 
control of the worksite/facility with limited external 
assistance. 
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Unified Command (UC) A unified team that manages an incident by establishing a 
common set of incident objectives and strategies. This is 
accomplished without loss or abdication of agency or 
organizational authority, responsibility, or accountability. 
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1.0 Overview of Typhoon 
 
The Typhoon Season in the Gulf of Thailand (GOT) typically spans from October to December, 
marked by the region's renowned weather unpredictability. Typically, typhoons here originate in 
the east, emerging from the Pacific Ocean and South China Sea, and then track westward across 
the gulf. However, there's a constant concern for storms that may originate or regenerate locally 
within the GOT. 
 
Looking at historical data from past typhoons, like Typhoon Gay in 1989 and Typhoon Angela in 
1992, it's evident that these locally generated storms can undergo rapid intensification in just 12 
to 16 hours. In such scenarios, it's imperative to swiftly decide on evacuating field personnel, 
offshore mobile units, and marine vessels to safer locations before sea and wind conditions 
become hazardous. 
 
The primary objective here is ensuring the safety and welfare of all individuals and assets in the 
face of potential typhoon threats. Acting promptly and proactively is indispensable in mitigating 
risks and safeguarding against the adverse impacts of these formidable natural events. 
 

1.1 Purpose and Objectives 
 
The Typhoon Contingency Plan has been developed with the primary objective of safeguarding 
the well-being of both Employee and Contractor Personnel in the event of adverse weather 
conditions necessitating personnel evacuation. Its key goals are as follows: 
 
 To effectively address a wide range of unusual weather scenarios, offering precise guidance 

for the orderly evacuation and subsequent reintegration of offshore personnel as 
circumstances dictate. 

 
 To establish standardized procedures and efficient communication channels among NGP 

Offshore Operation, BKK Incident Command Center, Songkhla Shore base Facilities & 
Logistic, and other Administrative Support personnel responsible for coordinating and 
assisting in evacuation and reintegration efforts. 

 
 Through the achievement of these objectives, the plan strives to ensure the safety and 

welfare of all personnel while facilitating a well-coordinated response to typhoon-related 
emergencies. 

1.2 Scope 
 

The Typhoon Contingency plan provides roles and responsibility of NGP BKK ECC team and NGP 
offshore personnel of G6-48 Rossukon Field. It is located from 104, 128 and 250 kms from Samui 
Island, Nakhornsrithumarat and Songkhla province respectively. 
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NGP offshore facilities, MOPU, FSO and support vessels are the main facilities of NGP Offshore 
operation. Meanwhile, Drilling is temporary schedule at Rossukon field. In case of Drilling Rig is 
operate within NGP G6-48 concession area, to be count in this scope.  

 MOPU stands for "Mobile Offshore Production Unit." It is a type of offshore platform used 
in the oil and gas industry for the exploration and production of hydrocarbons (oil and 
natural gas) in offshore environments. 50 POB max. 

 

 
 

Figure 1.1 Rossukon location 
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2.0 Role and Responsibilities 
 
NGP ECC is fully responsible to advise and control Typhoon situation. Rossukon MOPU OIM is 
assigned OSC to manage NGP personnel, contractors, and facilities (MOPU, FSO and Support 
vessels).  
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Table 2.1 NGP EMT and ERT Role and Responsibility. 
 

Role Responsibility 
Emergency Management 
Team (EMT) 

 Follow up the weather forecast and call 
meeting when Typhoon on NGP alert zone. 

 Participate in storm daily meeting and activate 
EMT. 

 Advise NGP G6-48 to develop Typhoon plan for 
evacuation and shutdown process if need. 

 To confirm NGP’s contract owners for onshore 
accommodation during evacuation. 

 Assigned onshore focus point (MOPU OIM) to 
head count during standby for Typhoon 
evacuation. 

 Plan back to work after Typhoon end. 
Emergency Response Team 
(ERT) 
(MOPU OIM, FSO and Drilling) 

 Follow up weather forecast and alert offshore 
personnel.  

 Plan stop unnecessary job and secure flying 
object. 

 Monitor wind speed to stop crane operation. 
 Plan for evacuation e.g. non-essential crew and 

essential crew. 
 Align the plan with EMT via daily meeting basis.  

NGP HSE  Periodical update and remind the weather 
forecast and send message to preparation. 

 Advise EMT and update the situation as 
planned. 

 Monitor closely Typhoon part way. 
 Ensure POB of MOPU, FSO and Drilling updated. 

NGP SCM  Plan and contact local accommodation to 
support evacuation. 

 Update support vessel about readiness to 
support evacuation. 

MOPU Shorebase focal point  MOPU’s contractor representatives 
 Coordinate EMT and NGP onshore focal point 
 Provide ground transportation from TAS to 

assigned accommodation. 
 Take care their personnel 

SKL Logistic  Update regularly support vessel.  
 Provide schedule of support vessel for 

evacuation. 
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Role Responsibility 
MOPU OIM 
FSO Captain 
Drilling Rig 
 

 Follow up weather forecast and alert offshore 
personnel.  

 Monitor wind speed and stop crane operation 
as guideline.  

 Plan for evacuation e.g., non-essential crew and 
essential crew. 

 Align the plan with EMT via daily meeting basis. 
 Review currently operation plan 

MOPU OIM  Follow up weather forecast and alert offshore 
personnel.  

 Plan stop unnecessary job and secure flying 
object. 

 Monitor wind speed to stop crane operation. 
 Plan for evacuation e.g. non-essential crew and 

essential crew. 
 Align the plan with EMT via daily meeting basis. 

FSO Captain  Monitor Typhoon part way. 
 Advise EMT unmooring operation date/time. 
 Advise safe location for FSO to safe water (far 

from Typhoon radian)  
 Follow up weather forecast and alert offshore 

personnel.  
 Plan stop unnecessary job and secure flying 

object. 
 Monitor wind speed to stop crane operation. 
 Plan for evacuation e.g. non-essential crew and 

essential crew. 
 Align the plan with EMT via daily meeting basis.    

Drilling Rig (DSM)  Follow up weather forecast and alert offshore 
personnel.  

 Plan stop unnecessary job and secure flying 
object. 

 Monitor wind speed to stop crane operation. 
 Plan for evacuation e.g. non-essential crew and 

essential crew. 
 Align the plan with EMT via daily meeting basis. 

FIC Coordinator 
(Family Information Center) 

 MOPU onshore representative to be focal point 
to received and answer of MPOU crew’s family. 

E Complement  Evacuees (Personnel that will be evacuated) 
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Role Responsibility 
R Complement  Remain On Board Personnel (Personnel who 

will remain on board until final/full evacuation 
is declared) 

 

3.0 Definition Tropical Storm Terms 
 
A tropical storm is a weather system characterized by low pressure at its core, where the central 
region is warmer than the surrounding atmosphere. It's a broad term encompassing low-pressure 
systems with established wind circulation patterns that typically form over tropical or 
occasionally subtropical waters. This category includes various stages of cyclonic development 
such as tropical depressions, tropical storms, hurricanes, and typhoons. 
 
            3.1 Typhoon Alert Zone 
  
Initial Alert 
 
Typhoon's Life Cycle and Classification: 
 
A typhoon, classified as a tropical cyclone, undergoes four distinct stages: 
 
Tropical Disturbance: The earliest stage, characterized by organized thunderstorms persisting for 
over 24 hours in the tropics. While low pressure may form, winds remain below 30 knots. 
 
Tropical Depression: A tropical disturbance with developed circulation, marked by rotation 
around a center of low pressure. It has maximum sustained winds of 33 knots or less. 
 
Tropical Storm: At this stage, the cyclone is given a name. It features maximum sustained winds 
of 34 to 63 knots. 
 
Typhoon: The designation "typhoon" is used when the circulating storm has sustained winds at 
or above 64 knots (at the 10-meter elevation). Typhoons can have much stronger winds. They 
are categorized on a scale of 1 to 5 based on their wind speed, barometric pressure, and 
destructive potential. 
 
Typhoons occur in other regions as well, known as name “Hurricanes in the North Atlantic Ocean, 
the Gulf of Mexico, and the Caribbean Sea”. For Bay of Bengal is name “Cyclone”. 

 
           3.2 Typhoon Evacuation Phase and preparation  
 
Minimum Actions for Typhoon Contingency Procedures in the Thai Gulf. The decision to initiate 
any phase of the typhoon contingency procedures in the Rossukon field will be made by the 
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Bangkok EMT based on advice from Global MeteOcean Pte Ltd. Singapore. The decision will 
take based on several factors, including local offshore weather and sea conditions, storm 
severity, speed, direction, distance from Rossukon field, ongoing activities, available evacuation 
resources (boats and helicopters), and the resources required to carry out the evacuation. To 
ensure safety, the stated actions for each phase must be implemented as a minimum. The 
phases are triggered based on the center position of the Tropical Depression and can be 
accelerated if necessary. Here is a summary of the key phases: 

1. 650 nm Watch Area (Gray): Weather situation identified, operations remain normal, but 
closely monitored. Storm tracking and weather updates distributed more frequently. 

2. 650 nm Phase 1 (Green): Specific facility plans implemented, non-essential work 
stopped, and preparations for evacuation initiated. Crew changes suspended, floating 
units secured, and marine vessels ready to move. 

3. 550 nm Phase 2 (Yellow): All work stopped, and evacuation of "E" Complement 
personnel to shore begins. Tanker lifting stopped, Floating (FSO) units prepare 
disconnect mooring line and prepare sail to assigned safe areas.   

4. 450 nm Phase 3 (Orange): "E" Complement personnel in transit to shore, securing 
operations and minimum crew preparations completed. "R" Complement personnel 
finalized and at their designated locations. At this stage, the total process may shut 
down and evacuation to be advised by EMT.   

5. 350 nm Phase 4 (Red): All "R" Complement personnel briefed and ready for controlled 
facility shutdown and evacuation if necessary. Helicopters on standby for final 
evacuation of "R" Complement. The decision for "R" Complement personnel evacuation 
upon EMT advised. These phased actions are essential to ensure the safety and 
preparedness of personnel and facilities in the event of a typhoon in the Thai Gulf.  

 
Remark: The above criteria serve as guidelines for the EMT (Emergency Management Team) to 
make decisions regarding evacuation and shutdown operations. However, the final decision 
shall be determined by the Incident Commander (EMT) once again. It is upon Typhoon travel 
time (Table 3.1) 
 

3.3 Alert Zone 
 
Alert Zones have been established based on the estimated length of time that an approaching 
Typhoon hit any of NGP facilities or passed through the facility closely. Typhoon alert zones and 
estimated time of arrival of an approaching Typhoon moving at different speed mentioned in 
Table 3.1 

 

Alert 
Zone 

Distance 

(NM) 

Typhoon Travel Time (hours/days) 

At 5 Knots At 10 Knots At 15 Knots 

Hour Day Hour Day Hour Day 
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Gray >650 Closely monitored, Storm tracking and weather updates 
distributed more frequently. 

Green 650 130 5.41 65 2.70 43 1.80 

Yellow 550 110 4.58 55 2.29 36 1.52 

Orange 450 90 3.75 45 1.8 30 1.25 

Red 350 70 2.91 35 1.45 23 0.97 
 

Table 3.1 Alert Zone and estimated time of arrival of an approaching Typhoon 
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4.0 Standby at Onshore 
 

All NGP operation personnel are to stand by onshore at assigned accommodations. The MPOU 
OIM (MOPU Offshore Installation Manager) is delegated to lead and control all NGP offshore 
personnel. Therefore, all operation personnel are required to report to the OIM and undergo a 
head count daily then update EMT regularly via daily meeting till return to Rossukon after the 
end of Typhoon. 
MOPU OIM is schedule meeting and update situation to EMT on daily basis.  

 5.0 Remobilization Phase 
 
When it is confirmed that the situation is safe for remobilization, the NGP EMT will declare that 
the situation is over, and offshore re-manning operations can commence. 
 
The MOPU OIM is assigned to coordinate and inform the schedule for returning offshore. 
Essential crew members are given the priority to return offshore to prepare for startup. 
 
In making the decision on the transportation method, the Remobilization Planning shall consider 
the following: 
 
• Weather conditions end route/at the fields 
• Weather forecast – potential for additional tropical disturbances / depressions 
• Field production levels – priority of crews and urgency 
• Availability of air transport and crews 
• Availability of boat transport and crews 
 
 
Note: Blood Alcohol Testing (B.A.C.), prior to return to field, will be random check. 
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Table 3.2 Summary on action at different alert levels. 
 

VICINITY 

(NM) 
CODE ASSETS 

WIND 

(Knots) 

WAVE 

(Mtr) 
ACTIVITIES 

>650 Gray    Closely Monitor. 

550-650 GREEN ALL 0-25 0-2 

 Inform & Stop Personnel from 
embarking. 

 POB on full alert 

 ERT on standby 

 Inform EMT 

 Stop non-routine works. 

 Weather tracking frequency 
(every 12 hrs.) 

450-550 YELLOW ALL 25-30 2-3 

 Evacuate non-essential 
personnel: (Visitors, Ad hoc 
personnel, Trainees)  

(Basket Transfer allowable limit < 
25 knots) 

 Weather tracking frequency 
(every 6 hrs.) 

 Activate EMT 

 Suspend crane operation. 

 Secure all loose materials/items. 

 Update station keeping condition 
(every 6 hours) 

  Floating (FSO) units prepare 
disconnect mooring line and 
prepare sail to assigned safe 
areas.   

350–450 ORANGE All 30-40 3 - 5 
 Evacuate Essential personnel 
(Basket Transfer allowable limit < 
25 knots) 
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 Weather tracking frequency 
(every 3 hrs.) 

 Suspend outside activities. 

 Stop all non-routine works and 
prepare for Shutdown. 

 May shut down process and 
total evacuation upon EMT 
advised. 

FSO 40-50 3-5 

 EMT consider prepare 
disconnect FSO (upon wind 
speed and Typhoon direction, 
Table 3.1) 
 

< 310 RED 

All > 40 > 5 

 All "R" Complement personnel 
briefed and ready for controlled 
facility shutdown and evacuation 
if necessary. 

 Total Shutdown  

 Keep Monitoring wind direction. 

FSO >50 > 5 

 

 Keep Monitoring wind direction 

 
Remarks: The activity at each alert level, especially orange and red level may be revised and 
advised by the EMT, depending on the situation involving wind speed, the typhoon forecast 
partway, and sea conditions for supporting vessel operations. 
 
Conditions for the Operation of Rossukon are Limited as Follows: 
 

 The allowable limit for Basket Transfer is less than 25 knots. 
 The allowable limit for Support Vessel Operation is a wave height of less than 2 

meters. 



ภาคผนวก NGP-8.4 

แผนการเคลือ่นย้ายผู้ป่วยฉุกเฉิน  



 

1 
 

 

NGP MEDIVAC PROCEDURE  

HSE 02 I 06 – October 2023 

Rev.0 

 

 

 

 

 

 

 

 

NORTHERN GULF PETROLEUM 

NGP MEDIVAC PROCEDURE 
 

 

 

 

 

 

 

 

 

 

 

 

 

2 
 

TABLE OF CONTENTS 

 

No. Contents Page 
No. 

1. ObjecƟve 6 
2. The concept of medivac 6 
3. Medivac Procedure 7 
4. Return to work 8 
5. Reference 8 
6. NGP Medivac Case Flowchart 9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3 
 

DOCUMENT AUTHORIZATION 

Approved by Pui Thai Chong 

Signature  

Posi on  Project Director 

Date 06-October-2023 

 

Endorsed by Linn Thura Htun 

Signature 

 

Posi on  Head (Health, Safety, Security & Environment 

Department) 

Date 5 October 2023 

 

Reviewed by KAJORNYOD KATCHAPONG 

Signature 

   

Posi on  HSSE ADVISOR, Northern Gulf Petroleum. 

Date September 26, 2023 

 

Proprietary Information 
 

This document contains proprietary information which belongs to  
NGP and must not be wholly or partially reproduced nor 

disclosed without prior permission from NGP. 

 

 

4 
 

DISTRIBUTION LISTS 

Copy No Title Location 

   

01 Executive Chairman, NGP NGP, Thailand. 

02 Project Director, NGP NGP, Thailand. 

03 
Health, Safety, Security & Environment 
Department 

NGP, Thailand. 

04 Production Department  NGP, Thailand. 

05 Human Resource Management  NGP, Thailand. 

06 Finance & Accounts Department NGP, Thailand. 

07 Drilling Department NGP, Thailand. 

08 Exploration Department NGP, Thailand. 

09 Project Department NGP, Thailand. 

10 Supply Chain Management Department NGP, Thailand. 

11 NGP ECC Room NGP, Thailand. 

12 Contractors NGP, Thailand. 

 

 

 

 

 

 

 

 

 

 

 

 

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box



 

5 
 

Amendment Summary 

 

This sheet must be completed in detail at each revision once this document has been approved.  

 

Details must include revision number, description, and indication of which pages and Paragraphs 
have been revised, date of revision approval, approvers' title and signature. 

Rev Description Date Approver Title Signature 

0 Original Issue October 2023 Project Director  

 

Notes: 
(1) NGP Medivac Procedure shall be reviewed every 3 years, or earlier if 

dictated by signi cant operational change, project change, major audit 
nding, exercise lessons or due to domestic regulation.  

 
(2) Document Holders to update Amendment Record as and when 

amendments/new revisions are received.  
 

(3) For description of amendment the Document Holder should indicate 
correction, modi cation, and update or deletion issue. 

 
(4) Document Holder to enter their company reference number, sign and date 

the record of entry. 
 

(5) Where part amendments are issued, the relevant page(s) will be identi ed 
with a lower-case letter in the revision status line in the header. 

 
Any proposed changes are to be submitted to the HSE Department, NGP Of ce as per the revision 
procedure contained in this document. 

 

 

 

 

 

 

 

 

 

6 
 

1.0 ObjecƟve 
The primary objecƟve of a medical evacuaƟon (medevac) procedure for NGP is to ensure the prompt and 
safe evacuaƟon of an injured or ill individual from Rossukon Field (MOPU, FSO and Drilling) to an onshore 
assigned hospital for necessary medical care. This objecƟve is driven by the overarching goal of 
safeguarding the health, well-being, and safety of offshore personnel.  

2. 0 The concept of medivac 
The medical evacuaƟon (medevac) procedure for NGP is criƟcal to ensuring the safety and well-being of 
workers in remote offshore locaƟons as the general guide for medevac procedures in the oil and gas 
offshore industry: 

1. Assessment of the Situa on: 

 When a medical emergency occurs offshore, the first step is to assess the severity of the situaƟon 
by MOPU and Drilling medic. The onsite medical personnel should evaluate the injured or of our 
personnel condiƟon. 

2. Ini al First Aid: 

 Provide immediate first aid and medical aƩenƟon to stabilize the paƟent's condiƟon if necessary. 
Basic medical supplies and equipment should be readily available at the offshore facility. 

3. No fica on: 

 NoƟfy the OIM (Company man) designated authority or control room about the medical 
emergency. Use the established communicaƟon protocols, call list communicaƟon systems. 
(Figure 5.1) 

4. Coordina on with Onshore Medical Support: 

 Contact the onshore medical support team, such as a remote medical assistance provider or 
medical director, to discuss the paƟent's condiƟon and receive guidance on further treatment. 

5. Prepare for Medevac: 

 Prepare the paƟent for medevac. This may involve stabilizing the paƟent's condiƟon, 
administering necessary medicaƟons, and ensuring they are safely transported to the helideck. 

6. Helicopter Arrival: 

 Depending on the offshore facility and locaƟon, a helicopter will be dispatched to transport the 
paƟent. The offshore installaƟon's helideck should be ready for the helicopter's arrival, or a 
suitable locaƟon on the vessel should be prepared. 

7. Pa ent Transfer: 

 Safely transfer the paƟent to the medevac by helicopter while following proper safety procedures 
and protocols. Medical personnel may accompany the paƟent during transport. 
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8. Onshore Medical Facility: 

 The paƟent will be transported to a designated onshore hospital. NoƟfy the assigned hospital 
about the incoming paƟent to ensure a smooth handover. 

9. Documenta on: 

 Maintain thorough documentaƟon of the enƟre medevac process, including the paƟent's medical 
condiƟon, treatment provided, communicaƟon logs, and any other relevant informaƟon. This 
documentaƟon is essenƟal for incident reporƟng and analysis. 

10. Post-Incident Review: 

 AŌer the medevac operaƟon is completed, conduct a debriefing and post-incident review to 
idenƟfy any areas for improvement in the medevac procedure and overall emergency response. 
FFD is required by medical doctor case owner. 

3.0 Medivac Procedure 
 

 This medivac procedure applies to MOPUs, FSOs, and drilling operaƟons. Each facility has a medic 
on board, except for FSOs, where the first aid assigned person takes care of iniƟal assessments. 
Any paƟent or injured person must first visit and consult their facility's medic for an iniƟal 
assessment. If the case can be handled by the facility's medic and treatment, it will be closed. 
If the case exceeds the facility's capabiliƟes and requires medivac: 

The facility's medic should immediately report to the MOPU OIM (Company Man) to request 
medivac. 

The MOPU OIM will noƟfy EMT for approval and then proceed as follows: 

I. Inform Mr. Somchai S. for medivac approval. 
 Phone: 089 069 2176 

II. Contact TAS OperaƟon Center (OC) to arrange for a medivac flight. 
 Phone: 080 713 0238 (available 24 hours) 
 TAS to arrange a medical flight. 
 TAS to contact the assigned hospital for ambulance requirements if necessary. 

III. Inform Rossukon RepresentaƟve, Mr. Satavat Sripum. 
 Phone: 089 924 9509 
 Coordinate between NGP and TAS. 
 Inform the paƟent or the injured person's company representaƟve to take care of the 

case. 
IV. Inform Mr. Kajornyod K. (EMT HSE) 

 Phone: 089 892 4814 
 Support and advise the EMT." 
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4.0 Return to work 
AŌer compleƟng medical treatment and returning to normal, paƟents or injured persons (IPs) 
must obtain a 'Fit for Duty' (FFD) cerƟficate from the case owner's Medical Doctor. This cerƟficate 
should then be forwarded to the NGP Medical Doctor for approval before returning to offshore 
work. 

5.0 Reference 
NGP Medivac procedure is linked to NGP Emergency Management Guideline. The emergency 
management process, communicaƟon and command refer to this guideline.  

Key contact phone number: 

Contact Posi on Company Phone Number 
TAS OperaƟon center (OC) for 
Medivac Flight request. 

  080 713 0238 (available 24 
hours) 

Nakharin Hospital 
(Nakhornsrithummarat) 

  075 - 312800-6 Ext. 1110, 
1111, 1112 

Bangkok Hospital  
(Had Yai, Songkhla) – 
Emergency Call 

  074 272 800 Ext. Supervisor 
bhhsupervisor@bgh.co.th 

Somchai S. Incident 
Commander 

NGP 089 969 2176 
 

Tawatchai S. HSE Advisor NGP 081 372 3692 
Kajornyod K. HSE Advisor NGP 089 892 4814 
Apichart Limvtanalert SKL LogisƟcs  081 824 6312 
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6.0 NGP Medivac Case Flowchart 
 

 

Figure 6.1 NGP medivac workflow. 
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แท่นผลิตแบบเคลื่อนย้ายได้ (MOPU)  
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Wellhead Deck layout and picture  
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DETAIL 2
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1.0 INTRODUCTION  
 

The FloaƟng, Storage and Offloading (FSO) MV Pride 1 is the storage and offloading facility for 
the ROSSUKON Oil field, own by Northern Gulf Petroleum Pte Ltd. The FSO will store crude oil 
extracted from the field by a Mobile Offshore ProducƟon Unit (MOPU) Aurora Producer. The FSO 
were anchored 500m radius from the MOPU and connected via a 750m flexible flowline to export 
the oil produced by the MOPU. 
  
Profiler Sdn Bhd (CONTRACTOR) has been appointed to installed a new 6" flexible flowline. Three (3) 
NOS of flexible flow line (250 m), four (4) NOS of buoyancy module and 12 NOS Ballast module. The 
flowline will be connected to the FSO port side manifold at the A-frame overboard structure and at 
MOPU overboard structure starboard AŌ area. 
 
2.0 FIELD LAYOUT  
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3.0 SUMMARY OF ACTIVITY  
The installaƟon acƟvity can be summarized as the following  
 

Date Installa on ac vity 
4th November 2023 PreparaƟon at PRIDE 1 
5th November 2023 Flowline transfer and handover to PRIDE 1 A FRAME  

IniƟal lay  
Lay away  
Flowline connecƟon joint  

6th November 2023 PreparaƟon at AURORA PRODUCER 1 (AP1) 
Flowline transfer and handover to AP1 A FRAME  

9th November 2023 HYDROTEST  
Flow line final connecƟon at AP1 
Pride 1 cross over spool installaƟon  
Pride 1 marine breakaway coupling  
Flowline final connecƟon at Pride 1 
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3.2. Summary of Buoyancy Module  
 

Buoyancy 
Module No. Marking Flexible flowline 

distance (meter) 
Deployment Date 

and Time 
1 B1 79 5th NOV 2023, 11:59 
2 B2 82 5th NOV 2023, 12:05 
3 B3 85 5th NOV 2023, 12:09 
4 B4 88 5th NOV 2023, 12:14 

 
 
3.3. Summary of Ballast Module  
 

Ballast Module 
No. Marking Flexible flowline 

distance (meter) 
Deployment Date 

and Time 
1 BM1 205 5th NOV 2023, 13:45 
2 BM2 247 5th NOV 2023, 16:47 
3 BM3 293 5th NOV 2023, 17:42 
4 BM4 338 5th NOV 2023, 19:08 
5 BM5 383 5th NOV 2023, 19:35 
6 BM6 428 5th NOV 2023, 19:58 
7 BM7 473 5th NOV 2023, 20:31 
8 BM8 508 6th NOV 2023, 08:47 
9 BM9 543 6th NOV 2023, 09:18 

10 BM10 578 6th NOV 2023, 09:36 
11 BM11 613 6th NOV 2023, 10:23 
12 BM12 648 6th NOV 2023, 10:58 
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4.0 INSTALLATION ACTIVITY 
  

 
 

Loca on: EVAY 
Ac vity: Flexible flowline pulling 

head installaƟon and 
torque check 

 
 

Loca on: EVAY 
Ac vity: Flexible flowline, reel #1 

ready for handover to Pride 
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Loca on: EVAY 
Ac vity: Flexible flowline handover 

started 

 

Loca on: Pride 1 
Ac vity: Flexible flowline pulling 

head received at Pride 1’s 
balcony 



 PROVISION OF 6" FLEXIBLE FLOW LINE INSTALLATION 
FOR ROSSUKON PROJECT, GULF OF THAILAND 

C-NGP/2023/016 

 

FIELD REPORT  
 
PSB/NGP/23016/RPT-004 
 
A 

 

Page 8 of 38 
 

DOCUMENT TITLE: DOCUMENT NO: 

REVISION: 

 
 

Loca on: EVAY 
Ac vity: Flexible flowline distance 

marking 

 
 

Loca on: EVAY 
Ac vity: Buoyancy module, B1 

installaƟon 

 

Loca on: EVAY 
Ac vity: Buoyancy module, B1 

deployed at EVAY stern 
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Loca on: EVAY 
Ac vity: Buoyancy module, B2 

installaƟon and torque 
check 

 
 

Loca on: EVAY 
Ac vity: Buoyancy module, B3 

installed and ready to be 
deployed 

 

Loca on: EVAY 
Ac vity: Buoyancy module, B4 

deployed 
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Loca on: EVAY 
Ac vity: Ballast module, BM1 

installaƟon and torque 
check 

 
 
 
 
 
 
 

 

Loca on: EVAY 
Ac vity: Ballast module, BM1 

installed and ready to be 
deployed 
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Loca on: EVAY 
Ac vity: Ballast module, BM1 gap 

aŌer Ɵghtening 

 
 

Loca on: EVAY 
Ac vity: Flexible flowline reel #1 to 

reel #2 replace 

 

Loca on: EVAY 
Ac vity: Flexible flowline reel #2 

ready for midline flange 
connecƟon  
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Loca on: EVAY 
Ac vity: Gasket and bolts used for 

the flexible flowline midline 
flange connecƟon  

 
 

Loca on: EVAY 
Ac vity: Flange gasket condiƟon for 

both reel #2 (top) and #1 
(boƩom) 

 

Loca on: EVAY 
Ac vity: Reel #1 and #2 flange 

torque check (leŌ) and final 
connecƟon (right) 
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Loca on: EVAY 
Ac vity: Ballast module, BM2 

installaƟon and torque 
check 

 
 

Loca on: EVAY 
Ac vity: Ballast module, BM2 gap 

aŌer bolt Ɵghtening 

 

Loca on: EVAY 
Ac vity: Ballast module, BM2 

installed and ready to be 
deployed 
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Loca on: EVAY 
Ac vity: flexible flowline midline 

flange midline (#1 and #2) 
ready to be deployed 

 
 
 
 
 
 
 

 

Loca on: EVAY 
Ac vity: Ballast module, BM3 

installaƟon and torque 
check 
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Loca on: EVAY 
Ac vity: Ballast module, BM3 gap 

aŌer bolt Ɵghtening 

 
 

 
 

Loca on: EVAY 
Ac vity: Ballast module, BM3 

installed and ready to be 
deployed 
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Loca on: EVAY 
Ac vity: Ballast module, BM4 

installaƟon and torque 
check 

 
 

Loca on: EVAY 
Ac vity: Ballast module, BM4 gap 

aŌer bolt Ɵghtening 

 

Loca on: EVAY 
Ac vity: Ballast module, BM4 

installed and ready to be 
deployed 
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Loca on: EVAY 
Ac vity: Ballast module, BM5 

installaƟon and torque 
check 

 
 

Loca on: EVAY 
Ac vity: Ballast module, BM5 gap 

aŌer bolt Ɵghtening 

 

Loca on: EVAY 
Ac vity: Ballast module, BM5 

installed and deployed 

 PROVISION OF 6" FLEXIBLE FLOW LINE INSTALLATION 
FOR ROSSUKON PROJECT, GULF OF THAILAND 

C-NGP/2023/016 

 

FIELD REPORT  
 
PSB/NGP/23016/RPT-004 
 
A 

 

Page 18 of 38 
 

DOCUMENT TITLE: DOCUMENT NO: 

REVISION: 

 
 

Loca on: EVAY 
Ac vity: Ballast module, BM6 

installaƟon and torque 
check 

 
 

Loca on: EVAY 
Ac vity: Ballast module, BM6 gap 

aŌer bolt Ɵghtening 

 

Loca on: EVAY 
Ac vity: Ballast module, BM6 

installed and deployed 
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Loca on: EVAY 
Ac vity: Ballast module, BM7 

installaƟon and torque 
check 

 
 
 

 

Loca on: EVAY 
Ac vity: Ballast module, BM7 gap 

aŌer bolt Ɵghtening 
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Loca on: EVAY 
Ac vity: Ballast module, BM7 

installed and ready to be 
deployed 

 
 
 

 

Loca on: EVAY 
Ac vity: Flexible flowline reel #2 

replaced by reel #3 and 
ready for midline flange 
connecƟon 
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Loca on: EVAY 
Ac vity: Flexible flowline reel #3 

serial number 

 

 
 

Loca on: EVAY 
Ac vity: Flange gasket condiƟon for 

both reel #2 (top) and #3 
(boƩom) 
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Loca on: EVAY 
Ac vity: Gasket used for the flexible 

flowline midline flange 
connecƟon 

 
 
 

 

Loca on: EVAY 
Ac vity: Reel #2 and #3 flange 

connecƟon and torque 
check 
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Loca on: EVAY 
Ac vity: Reel #2 and #3 final flange 

connecƟon  

 
 

Loca on: EVAY 
Ac vity: flexible flowline midline 

flange midline (#2 and #3) 
ready to be deployed 

 

Loca on: EVAY 
Ac vity: Ballast module, BM8 

installaƟon and torque 
check 
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Loca on: EVAY 
Ac vity: Ballast module, BM8 gap 

aŌer bolt Ɵghtening 

 
 

Loca on: EVAY 
Ac vity: Ballast module, BM8 

deployment 

 

Loca on: EVAY 
Ac vity: Ballast module, BM9 

installaƟon 
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Loca on: EVAY 
Ac vity: Ballast module, BM9 torque 

check 

 
 

Loca on: EVAY 
Ac vity: Ballast module, BM9 gap 

aŌer bolt Ɵghtening 

 

Loca on: EVAY 
Ac vity: Ballast module, BM10 

installaƟon 
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Loca on: EVAY 
Ac vity: Ballast module, BM10 

torque check 

 
 

Loca on: EVAY 
Ac vity: Ballast module, BM10 gap 

aŌer bolt Ɵghtening 

 

Loca on: EVAY 
Ac vity: Ballast module, BM11 

installaƟon and torque 
check 

 PROVISION OF 6" FLEXIBLE FLOW LINE INSTALLATION 
FOR ROSSUKON PROJECT, GULF OF THAILAND 

C-NGP/2023/016 

 

FIELD REPORT  
 
PSB/NGP/23016/RPT-004 
 
A 

 

Page 27 of 38 
 

DOCUMENT TITLE: DOCUMENT NO: 

REVISION: 

 
 

Loca on: EVAY 
Ac vity: Ballast module, BM11 gap 

aŌer bolt Ɵghtening 

 
 

Loca on: EVAY 
Ac vity: Ballast module, BM11 

deployment 

 

Loca on: EVAY 
Ac vity: Ballast module, BM12 

installaƟon 
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Loca on: EVAY 
Ac vity: Ballast module, BM12 

torque check 

 
 
 

 

Loca on: EVAY 
Ac vity: Ballast module, BM2 

installed and ready to be 
deployed 
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Loca on: EVAY 
Ac vity: Ballast module, BM12 ready 

to be deployed 

 
 
 

 

Loca on: EVAY 
Ac vity: Flexible flowline pulling 

head picked up Aurora 
Producer 1’s crane 
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Loca on: Aurora Producer 1 
Ac vity: Water fill up for hydrotest 

 

Loca on: Aurora Producer 1 
Ac vity: Flexible flowline hydrotest 

setup 
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Loca on: Aurora Producer 1 
Ac vity: Hydrotest exceeding 20bar  

 
 
 

 

Loca on: Aurora Producer 1 
Ac vity: Hydrotest 40bar holding 

pressure procedure 
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Loca on: Aurora Producer 1 
Ac vity: Hydrotest reaching 50bar 

 
 
 
 
 
 
 

 
 

Loca on: Pride 1 
Ac vity: Hydrotest 50bar holding 

pressure procedure (1st 
hour) 
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Loca on: Pride 1 
Ac vity: Hydrotest 50bar holding 

pressure procedure (2nd 
hour) 

 

Loca on: Pride 1 
Ac vity: Hydrotest 50bar holding 

pressure procedure 
(reaching final 3rd hour) 
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Loca on: Aurora Producer 1 
Ac vity: Hydrotest 50bar procedure 

completed and accepted 

 
 
 
 
 
 
 

Loca on: Aurora Producer 1 
Ac vity: Flexible flowline 

depressurized for flanges 
Ɵe-in connecƟon 
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Loca on: Aurora Producer 1 
Ac vity: Gasket used for the flexible 

flowline and Aurora 
Producer 1’s flange 
connecƟon 

 
 

Loca on: Aurora Producer 1 
Ac vity: Pulling head flange 

condiƟon at Aurora 
Producer 1’s end 

 

Loca on: Aurora Producer 1 
Ac vity: Gasket posiƟon at Aurora 

Producer 1’s end flange 
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Loca on: Pride 1 
Ac vity: Pulling head flange 

condiƟon at Pride 1’s end 
 
 
 

 

 

Loca on: Pride 1 
Ac vity: Gasket posiƟon at Pride 1’s 

end flange 
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Loca on: Pride 1 
Ac vity: Flexible flowline installaƟon 

and torque check at Pride 
1’s end 

 

Loca on: Pride 1 
Ac vity: Flexible flowline Ɵe-in 

completed   
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ภาคผนวก NGP-10 

ตัวอย่างเอกสารข้อก าหนดต่าง ๆ ระหว่างบริษัทฯ กับผู้รบัเหมา 

(Bridging Document) 
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ภาคผนวก NGP-11 

การเดินเรือ 

o ภาคผนวก NGP-11.1  ต าแหน่งการทิ้งทุ่นลอยน ้า (Buoy Position) 
▪ ภาคผนวก NGP-11.1.1 Buoy inspection check list 

o ภาคผนวก NGP-11.2  ต าแหน่งปลอดภัยในการทิ้งสมอ 
o ภาคผนวก NGP-11.3  การเข้าพื้นที่เขตปลอดภัยรัศมี 500 เมตร โดยรอบสิ่งติดตั้ง  



ภาคผนวก NGP-11.1 

ต าแหน่งการทิง้ทุ่นลอยน ้า (Buoy Position)  
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ภาคผนวก NGP-11.1.1 

Buoy inspection check list  



Date: Mooring Buoy Position Record
Time: Lat:
Vessel Name: Long:

Equipment Description Condition Checked by Remark
Monthly & 6 Monthly (General Inspection)

Buoy body condition
Buoy color condition
Connection point condition
Shackle and pin 2x30T Set
Pickup buoy with line x1 Ea
Polypropylene pickup rope 1x20m
Mooring Buoy Position
Distance NE of AP-1

Yearly (Retrieve for Inspection)
Flipper Delta Anchor 1×55MT G2150 6:1 H.D.G bow bolt and nut shackle

30mm U3 stud anchor chain 15m
2×35MT & 2x30MT G2150 H.D.G shackles
6×36 IWRC Grade 1960 galvanized steel rope 
c/w both ends closed spelter socket
1×35MT & 1x55T G2150 H.D.G shackles.
30mm U3 stud anchor chain 2m×1 Ea
30mm U3 swivel group(E+SW+EL+C)
2×30MT G2150 shackles.

Note:
1.In the "Condition" please specify Satisfactory/Unsatisfactory and remark condition with attached photos (Buoy body gauging every 3 years)
2.Original Mooring Buoy Position Latitude: 09° 28.500' N, Longitude: 101° 04.934' E, Distance: 1.0 NM from N of AP-1
3.Before and during each mooring operation, visually inspect the condition of the mooring buoy. For the monthly inspection, please complete and submit the checklist.
4.6-Monthly Inspection (Visual Inspection, Checklist & Witness person) Yearly Inspection (Retrieve, Visual Inspection, Checklist & Witness person)
5.3-Yearly Inspection (Retrieve, Third Party Inspection, Checklist & witness person) Witness Person is (OIM/HSE/Marine) from NGP

NGP Marine Mooring Buoy Inspection and Maintenance Checklist

Dia.50mm×100 m 
Galvanized steel rope

Swivel Group

Anchor Chain

Mooring Buoy

Accessories

Position and Distance

NGP-M-MOORING BUOY-2024
Vessel Sign and Stamp

Witness Signature

NGP-M-MOORING BUOY-2024
Vessel Sign and Stamp

Witness Signature



ภาคผนวก NGP-11.2 

ต าแหน่งปลอดภัยในการทิ้งสมอ  



16.7 Navigation and Approach to the Terminal

Safe approach to the Terminal is from the South-East or from the South-West to the Terminal 
(see Appendix F).

The Terminal is situated near busy shipping lanes and Masters of visiting Offtake Vessels are 
cautioned accordingly. 

West side of Aurora Producer 1 there are subsea pipelines laid across the field from 
Northwest – southeast direction and nearest distant is 1 Nautical mile southwest of 
MOPU, the appropriate British Admiralty chart for the area should be consulted. 

16.8 Designated Anchoring Position

The designated anchoring position for Vessels awaiting berth lies ESE and ENE of the Terminal 
depending on monsoon season as below.

- Northeast monsoon season: Waiting position is lies on East of terminal.

    

- Southwest monsoon season: Waiting area is lies on Northeast of terminal. 

   

in a water depth of approximately 64 meters.  To avoid danger to sub-sea installations, no anchors 
may be dropped in the Terminal area except at the designated anchoring position and only with 
prior approval from the Terminal. (See Section 7.2)

16.9 Mooring Master Boarding Position

The Mooring Master boarding position is 1 nautical miles South of the Terminal or where the 
Barge Master may otherwise advise to the arriving vessel.

Latitude Longitude Latitude Longitude Easting Northing
09° 27' 01.80" N 101° 07' 53.87" E 09° 27' 09" N 101° 07' 42" E 734018.47 1045291.58

WGS84 E/NDatum

Latitude Longitude Latitude Longitude Easting Northing
09° 28' 58.81" N 101° 06' 52.86" E 09° 29' 06" N 101° 06' 41" E 732135.40 1048875.78

Datum WGS84 E/N

( )

  This location will 
also be a designated 
berthing position for 
the Offtake Vessel to 
be anchored.



ภาคผนวก NGP-11.3 

การเข้าพื้นที่เขตปลอดภัยรัศมี 500 เมตร โดยรอบสิ่งติดตั้ง  



7 Plan, Procedure, or Bridging 
Document 

Requirement Provided 

7.4 handling unauthorized vessels 
entering 500 meter safety zone 

Provide chart including with 500m zone and how 
approaching by email 

 Yes 
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ภาคผนวก NGP-12 

การทดสอบท่อด้วยแรงดัน  















ภาคผนวก NGP-13 

การจัดการของเสีย 

 
o ภาคผนวก NGP-13.1  แผนการจัดการของเสียของโครงการฯ 
o ภาคผนวก NGP-13.2  ใบอนุญาตของผู้ขนส่ง ผู้รบับ าบดั และผู้รับก าจัดของเสีย 
o ภาคผนวก NGP-13.3  ตัวอย่างเอกสารก ากับการขนสง่ของเสีย 

▪ ภาคผนวก NGP-13.3.1 ตัวอย่างเอกสารก ากับการขนสง่ของเสียจากพื้นที่ปฏบิัติงาน
    นอกชายฝัง่ไปยังทา่เรือ 

▪ ภาคผนวก NGP-13.3.2 ตัวอย่างเอกสารก ากับการขนสง่ของเสียจากท่าเรือไปยัง 
    สถานที่ก าจัด/บ าบัดของเสีย 

o ภาคผนวก NGP-13.4  คู่มือความปลอดภัยและขั้นตอนปฏิบัติส าหรับพนักงานขบัรถ
    ขนส่งของเสีย และตัวอยา่งใบขบัขี่  



ภาคผนวก NGP-13.1 

แผนการจัดการของเสียของโครงการฯ  
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แผนการจัดการของเสีย
(Waste Management Plan)
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แปลงสำรวจในทะเลอาวไทยหมายเลข G6/48
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ภาคผนวก 
ภาคผนวกที่ 1 กฎหมายและขอกำหนดที่เกี่ยวของกับการจัดการของเสียของโครงการฯ 
ภาคผนวกที่ 2 ตัวอยางผลการวิเคราะหเศษดินเศษหินจากการขุดเจาะ 
ภาคผนวกที่ 3 ใบอนุญาตของผูขนสง ผูรับบำบัด และผูรับกำจดัของเสีย 
ภาคผนวกที่ 4 แผนรับมือเหตุการณฉุกเฉิน 
ภาคผนวกที่ 5 รูปแบบการจดัวางถังกักเก็บภายในเรือกักเก็บปโตรเลียม 

 



ภาคผนวก NGP-13.2 

ใบอนุญาตของผู้ขนส่ง ผู้รับบ าบัด และผู้รับก าจัดของเสีย  



เลขประจำตัว 13 หลัก สำหรับผูขนสงของเสียอันตราย

บริษัท เวสท แมเนจเมนท สยาม จำกัด

เลขประจำตัว 13 หลัก สำหรับผูขนสงของเสียอันตราย

บริษัท ไฟศอล อีเนอรจี จำกัด
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ใบอนุญาตรับทำการกำจัดสิ่งปฏิกูลหรือมูลฝอย 

บริษัท อัคคีปราการ จำกัด (มหาชน)  

เลขประจำตัว 13 หลัก สำหรับผูรับบำบัด/กำจัด  
ของเสียอันตราย และใบอนุญาตประกอบกิจการ 

บริษัท ดับบลิว เอ็ม เอส ดีโป จำกัด  



 

rvi

หมายเหตุ
บริษัทฯ ยื่นคำขอเพิ่มประเภทการประกอบกิจการล้าง
บดย่อยวัสดุที่ไม่ใช้แล้วและผลิตภัณฑ์อุตสาหกรรมที่ปนเปื้อนสารปรอท
กนอ.จึงพิจารณาออกหนังสืออนุญาตฯ ฉบับใหม่ แทนฉบับที่ สนต.035/2563
ออกให้ ณ วันที่ 28 ธันวาคม 2563 ปรับปรุงข้อมูลล่าสุด ณ วันที่ 2 มีนาคม

2566 ซึ่งเป็นอันยกเลิก 

ลงชื่อ ผู้อนุญาต

 (นายวุฒิชัย วงศ์หิรัญเดชา)
ผู้อำนวยการสำนักงานนิคมอุตสาหกรรมภาคใต้ ปฏิบัติงานแทน

ผู้ว่าการการนิคมอุตสาหกรรมแห่งประเทศไทย 

01055430070930012

* หนังสืออนุญาตนี้ได้จัดทำด้วยวิธีการทางอิเล็กทรอนิกส์ สามารถตรวจสอบเอกสารผ่านทาง QR Code
** หนังสืออนุญาตนี้เป็นอันสิ้นผลเมื่อสิทธิครอบครองที่ดินของผู้ประกอบกิจการสิ้นสุดลง

*** กรณีนิคมอุตสาหกรรมที่ กนอ. บริหารจัดการสาธารณูปโภค ให้หนังสืออนุญาตนี้มีผลใช้บังคับเมื่อผู้ประกอบกิจการได้ทำนิติกรรมกับ กนอ. แล้ว 

หน้าที่ 1

จากทั้งหมด 6 หน้า

  

หนังสืออนุญาตให้ใช้ที่ดินและประกอบกิจการในนิคมอุตสาหกรรม
ตามพระราชบัญญัติการนิคมอุตสาหกรรมแห่งประเทศไทย พ.ศ. 2522

Letter of Permission for Land Utilization and Business Operations in Industrial Estate
Under the Industrial Authority of Thailand Act B.E. 2522 (1979)

หนังสืออนุญาตเลขท่ี สนต.035/2563

ออกให้ ณ วันที่ 28 ธันวาคม 2563

ปรับปรุงข้อมูลล่าสุด ณ วันที่ 7 เมษายน 2566

ชื่อผู้ประกอบกิจการ บริษัท ดับบลิว เอ็ม เอส ดีโป จำกัด

Name WMS DEPOT CO.,LTD.

รหัสประจำตัวผู้ประกอบกิจการ 01055430070930012

เลขประจำตัวผู้เสียภาษีอากร 0105543007093

ที่อยู่สำนักงาน เลขท่ี 589/142 อาคาร เซ็นทรัลซิตี้ ทาวเวอร์ 1 ชั้น 25 หมู่ที่ - ตรอก/ซอย - ถนน เทพรัตน
ตำบล/แขวง บางนาเหนือ อำเภอ/เขต บางนา จังหวัด กรุงเทพมหานคร

ประกอบกิจการ แสดงหน้าถัดไป

ที่อยู่สถานประกอบการ เลขท่ี 31/9 หมู่ที่ 4 ตรอก/ซอย - ถนน - ตำบล/แขวง ฉลุง อำเภอ/เขต หาดใหญ่ จังหวัด สงขลา

นิคมอุตสาหกรรม ภาคใต้จังหวัดสงขลา

เขต อุตสาหกรรมท่ัวไป

แปลงท่ีดินเลขที่ G1-4/1,G1-10/1,G1-10/A

เนื้อที่ ประมาณ 14 ไร่ 1 งาน 8.85 ตารางวา

ประเภทหรือชนิดโรงงานลำดับที่ 105,106,42(2)

ทะเบียนผู้ประกอบอุตสาหกรรมเลขท่ี 72210000225498 (น.105-2/2549-ญนต.)

                ทั้งนี้ ผู้ประกอบกิจการต้องปฏิบัติตามเงื่อนไขแนบท้ายหนังสืออนุญาตให้ใช้ที่ดินและประกอบกิจการในนิคมอุตสาหกรรม
ตามพระราชบัญญัติการนิคมอุตสาหกรรม แห่งประเทศไทย พ.ศ. 2522 
                The business operator shall comply with the conditions attached to the Letter of Permission for Land Utilization and Business
Operations in Industrial Estate under the Industrial Estate Authority of Thailand Act B.E. 2522 (1979) and other conditions attached
hereto (if any). 

หนังสืออนุญาตเลขท่ี สนต.035/2563

ออกให้ ณ วันที่ 28 ธันวาคม 2563

ปรับปรุงข้อมูลล่าสุด ณ วันที่ 7 เมษายนน 22 222255655 6

ชื่อผู้ประกอบกิจการ บริษัท ดัับับบลิว เอ็ม เอส ดีโป จำกัด

Name WMS DDEPOT COOO.,LTLTLTLTLTLTD.DDDD

รหัสประจำตัวผู้ประกอบกิจการ 010050505050505545555 33300707070707070 0009000 30012

เลขประจำตัวผู้เสียภาษีอากร 0105050505050555554555 3007093

ที่อยู่สำนักงาน เลขที ่555555589/142 อาคารรรรรรรรรรรรร เ   ซ็นทรัลซิตี ้ททททาวาาาาา เวอร์ ์์ 1 11111 ชัชชชชช้น 25 หมู่ที่ - ตรอก/ซอย - ถนน เทพรัตน
ตำบบบลบลบลบ /แขวง บางนาเเเเเเเเา หหนห ือออออออออ อ  ำเภอ/เขต บางงงงงนา จังหววววัด กรุงเทพมมมหานคร

ประกอบกจิการ แแแสแแแ ดงหน้าถัดไป

ที่อยู่สถานประกอบการ เลขที่ 31/9 หมมมมมมููููููููููู่ทีทีทีีทีทีีทีทีทีทีท่่ 4 ตรอกก/ซอออออออ  - ถนน - ตำบล//////แขขขขแแแแแ วง ฉฉฉฉฉฉลลลลลุลลง อำเภอ/เขต หาดใหญ่ จังหวัด สงขลา

นิคมอุตสาหกรรม ภาคใต้จังหวดัสงขลาาา

เขต อุตสาหกรรมท่ัวไไปไปไปไไปไปไไปไไไไไ

แปลงที่ดินเลขที่ G1G111-4/1,G1-10/1,GGGGGGGGGG1-10 A

เนื้อที่ ประมมมมาณาาาาาา  14 ไร่ 1 น 88888.888888 85 ตารางวา

ประเภทหรือชนิดโรงงานลำดบัทที่ี่ 10101011005,5555 106,66 424242(((

ทะเบียนผู้ประกอบอุตสาหกรรมเลลลลลลขทขขขขขข ี่ 722100000000000000 000000 5498 (น.105-2/254949494949494 -ญ-ญ-ญ-ญ-ญ-ญนตนนน .)

             ทั้งนี้ ผู้ประกอบกิจการต้องปฏิบัติตามเง่ือน แนบท้ายหนังสืออนุญาตให้ใ้ใช้ที่ดินและประกอบกิจการในนิคมอุตสาหกรรม
 พพพ.ศ. 2522ตามพระราชบัญญัติการนิคมอุตสาหกรรม แห่งประเทศ

ู ฏฏ

       The business operator shall comply with the condidiiitititititit onoononooo s attached to o oo o oo ththththththe Letter of Permission for Land Utilization and Business            
Operations in Industrial Estate under the Industrial Estate Authhhororororriti y offff TT TTThailand Act B.E. 2522 (1979) and other conditions attached
hereto (if any). 

Fo
r 

ะเภทการะเภทก
ิิ

ทกทก

su
pp

o

y with twith 
Industrndustr

GGGGGGGG1-10/A/AA/A/AAA/AAA/A1-10/

ร่ 1 งาาาาาาานนน นนนนนนนนนนน 881 งาาาานนนนน

2(2(2(2)))2)

0000000000000222222 549002222 54

เงื่อนไขขขแนงื่อนไข
ทศไทย พศไทย 

he

ขต บ

ซอออยอออออออ  - ถนย - ถน

าวาาาา เวอรวเวอ
บางางางางงงนบางาางงน

์์์

on
ly.

* หนังสืออนุญาตนี้ได้จัดทำด้วยวิธีการทางอิเล็กทรอนิกส์ สามารถตรวจสอบเอกสารผ่านทาง QR Code
** หนังสืออนุญาตนี้เป็นอันสิ้นผลเมื่อสิทธิครอบครองที่ดินของผู้ประกอบกิจการสิ้นสุดลง

*** กรณีนิคมอุตสาหกรรมที่ กนอ. บริหารจัดการสาธารณูปโภค ให้หนังสืออนุญาตนี้มีผลใช้บังคับเมื่อผู้ประกอบกิจการได้ทำนิติกรรมกับ กนอ. แล้ว 

หน้าที่ 2

จากทั้งหมด 6 หน้า

  

หนังสืออนุญาตให้ใช้ที่ดินและประกอบกิจการในนิคมอุตสาหกรรม
ตามพระราชบัญญัติการนิคมอุตสาหกรรมแห่งประเทศไทย พ.ศ. 2522

Letter of Permission for Land Utilization and Business Operations in Industrial Estate
Under the Industrial Authority of Thailand Act B.E. 2522 (1979)

ประกอบกิจการ โรงพักขยะมูลฝอยและขยะอุตสาหกรรม(Hazardous and non- hazardous waste) การคัดแยกขยะไม่อันตราย
ล้างถังปนเป้ือนน้ำมันและสารเคมี การขจัดสารปรอทท่ีปนเปื้อนในเคร่ืองจักร อุปกรณ์ และภาชนะบรรจุ ทำเชื้อเพลิงผสม
เชื้อเพลิงทดแทน วัตถุดิบทดแทนการรีไซเคิลไส้กรองน้ำมัน การรีไซเคิลหลอดฟลูออเรสเซนต์ แบ่งบรรจุและถ่ายเทของเสีย
การเก็บรักษา ลำเลียง แยกคัดเลือก เฉพาะของเสียเคมีวัตถุ เก็บรวบรวมแบตเตอร่ีโดยไม่มีการแปรสภาพ,ล้าง
บดย่อยวัสดุที่ไม่ใช้แล้วและผลิตภัณฑ์อุตสาหกรรมท่ีปนเปื้อนสารปรอท

 
ลงชื่อ ผู้อนุญาต

 (นายวุฒิชัย วงศ์หิรัญเดชา)
ผู้อำนวยการสำนักงานนิคมอุตสาหกรรมภาคใต้ ปฏิบัติงานแทน

ผู้ว่าการการนิคมอุตสาหกรรมแห่งประเทศไทย 

ประกอบกิจการ โรงพักขยะมูลฝอยและขยะอุตสาหกรรม(Hazardous and non- hazardous waste) การคัดแยกขยะไม่อันตราย
ล้างถังปนเป้ือนน้ำมันและสารเคมี การขจัดสารปรอทอทอทอทอทอทอ ทีทีทททท่ปปปปปปนเปื้อนในเคร่ืองจักร อุปกรณ์ และภาชนะบรรจุ ทำเชื้อเพลิงผสม
เชื้อเพลิงทดแทน วัตถุดิบทดแทนการรีไซเคเคคคคคิลิลิลลลลลไไไไสไไ ้้ก้้้้ รองน้ำมนั กากากากากาการรีไซเคิลหลอดฟลูออเรสเซนต์ แบ่งบรรจุและถ่ายเทของเสีย
การเก็บรักษา ลำเลียง แยกคัดเลือก เฉฉฉพาะของเสียเคมีวัตถุ เก็บรววบว รวมแบตเตอร่ีโดยไม่มีการแปรสภาพ,ล้าง
บดย่อยวัสดุที่ไม่ใช้แล้วและผลิตภัณฑ์ออุอุตสาหกรรมท่ีปนเปื้อนสารปปปรอท

ลงชื่อ ผู้อนุญาต

(นาาาาาายวฒิชัยยยย วงศ์หิรัญเดชชชา)์
ผู้อำนำนำนำนำนำำนนนนวยการสำนักงานนนนนิคิคิิคิ มอุตตตตสาหกรรมภภภาาคาคคา ใต้ ปฏิบัติงานแทน

 (นายวุฒชยยยย วงศหรญเดชชชา)ุ ญ )

การการนิคมอุออออตสตตตตต าาาหกรรมรมรมรมรมรมร แแแห่งประเทศไทย
ุ

Fo
r s

up
po

ยการสำนักการสำนัก
ผู้ว่ากาผู้ว่ากา

รสเซ
รโดยไม่มีดยไม่มี

ดแยกขยแยกข
ะภาชนะบะภาชนะ
ซนต์ซนต์

on
ly.

เลขประจำตัว 13 หลัก สำหรับผูรับบำบัด/กำจัด  
ของเสียอันตราย และใบอนุญาตประกอบกิจการ 

บริษัท อีสเทิรน ซีบอรด เอนไวรอนเมนทอล คอมเพล็กซ จำกัด 



หมายเหตุ
1. จัดทำรายงานผลกระทบสิ่งแวดล้อมเบื้องต้น
โครงการศูนย์การจัดการสิ่งแวดล้อมครบวงจร
(การปรับปรุงระบบบำบัดน้ำเสียแบบเอสบีอาร์ และติดตั้งระบบระเหยน้ำเสีย
ด้วยความร้อนแบบไอน้ำเพิ่มเติม)
2. จัดทำรายงานการวิเคราะห์ความเสี่ยงจากอันตราย

ที่อาจเกิดจากการประกอบกิจการโรงงาน 

ลงชื่อ ผู้อนุญาต

 (นางสาวกรชวัล สังข์ทอง)
ผู้อำนวยการสำนักงานนิคมอุตสาหกรรมดับบลิวเอชเอ ชลบุรี 1 - 2 ปฏิบัติงานแทน

ผู้ว่าการการนิคมอุตสาหกรรมแห่งประเทศไทย 

01055430071070024

* หนังสืออนุญาตนี้ได้จัดทำด้วยวิธีการทางอิเล็กทรอนิกส์ สามารถตรวจสอบเอกสารผ่านทาง QR Code
** หนังสืออนุญาตนี้เป็นอันสิ้นผลเมื่อสิทธิครอบครองที่ดินของผู้ประกอบกิจการสิ้นสุดลง

*** กรณีนิคมอุตสาหกรรมที่ กนอ. บริหารจัดการสาธารณูปโภค ให้หนังสืออนุญาตนี้มีผลใช้บังคับเมื่อผู้ประกอบกิจการได้ทำนิติกรรมกับ กนอ. แล้ว 

หน้าที่ 1

จากทั้งหมด 4 หน้า

  

หนังสืออนุญาตให้ใช้ที่ดินและประกอบกิจการในนิคมอุตสาหกรรม
ตามพระราชบัญญัติการนิคมอุตสาหกรรมแห่งประเทศไทย พ.ศ. 2522

Letter of Permission for Land Utilization and Business Operations in Industrial Estate
Under the Industrial Authority of Thailand Act B.E. 2522 (1979)

หนังสืออนุญาตเลขท่ี 2-08-1-109-81412-2564
ออกให้ ณ วันที่ 27 ธันวาคม 2564
ชื่อผู้ประกอบกิจการ บริษัท อีสเทิร์น ซีบอร์ด เอนไวรอนเมนทอล คอมเพล็กซ์ จำกัด
Name EASTERN SEABOARD ENVIRONMENTEL COMPLEX CO., LTD.
รหัสประจำตัวผู้ประกอบกิจการ 01055430071070024
เลขประจำตัวผู้เสียภาษีอากร 0105543007107
ที่อยู่สำนักงาน เลขท่ี 88 หมู่ที่ 8 ตรอก/ซอย - ถนน - ตำบล/แขวง บ่อวิน อำเภอ/เขต ศรีราชา จังหวัด ชลบุรี
ประกอบกิจการ การเก็บรักษา ลำเลียง แยก คัดเลือก หรือแบ่งบรรจุเฉพาะของเสียเคมีวัตถุ,

บำบัดน้ำเสียโดยวิธีชีวภาพ, คัดแยกฝังกลบขยะ, ล้างภาชนะปนเป้ือน,
การขจัดสารปนเป้ือนในเคร่ืองจักร อุปกรณ์และภาชนะบรรจุ (Decontamination),
ผลิตเชื้อเพลิงผสมและเช้ือเพลิงทดแทนจากวัสดุที่ไม่ใช้แล้ว, รีไซเคิลหลอดฟลูออเรสเซนต์,
รีไซเคิลกระป๋องและขวดสเปรย์ที่ไม่ใช้แล้ว,
การถอดและบดย่อยชิ้นส่วนอิเล็กทรอนิกส์ที่ไม่ใช้แล้ว (E-Waste Dismantling),
การทำวัตถุดิบทดแทนสำหรับโรงงานผลิตปูนซีเมนต์จากวัสดุที่ไม่ใช้แล้ว,
ผลิตเชื้อเพลิงแข็งจากขยะ (Solid Recovered Fuel) และสถานีขนถ่ายของเสียและวัสดุรีไซเคิล

ที่อยู่สถานประกอบการ เลขท่ี 88 หมู่ที่ 8 ตรอก/ซอย - ถนน ทางหลวง 331 กิโลเมตร 91-92 ตำบล/แขวง บ่อวิน
อำเภอ/เขต ศรีราชา จังหวัด ชลบุรี

นิคมอุตสาหกรรม ดับบลิวเอชเอ ชลบุรี 1
เขต อุตสาหกรรมท่ัวไป
แปลงท่ีดินเลขท่ี M.4, M.5, M.6, M.7, M.8, M.9, M.10, M.11, M.13, M.14, M.15, M.16, M.17
เนื้อที่ ประมาณ 113 ไร่ 72.00 ตารางวา
ประเภทหรือชนิดโรงงานลำดับที่ 42(2),101,105,106
ทะเบียนผู้ประกอบอุตสาหกรรมเลขท่ี 72080000125455 (น.105-1/2545-ญหช.)

         ทั้งนี้ ผู้ประกอบกิจการต้องปฏิบัติตามเง่ือนไขแนบท้ายหนังสืออนุญาตให้ใช้ที่ดินและประกอบกิจการในนิคมอุตสาหกรรม ตามพระราชบัญญัติ
การนิคมอุตสาหกรรมแห่งประเทศไทย พ.ศ. 2522 
                The business operator shall comply with the conditions attached to the Letter of Permission for Land Utilization and Business
Operations in Industrial Estate under the Industrial Estate Authority of Thailand Act B.E. 2522 (1979) and other conditions attached
hereto (if any). 

ออกให้ ณ วันที่ 27 ธันวาคม 2564
ชื่อผู้ประกอบกิจการ บริษัท อีสเทิร์น ซีบอร์ด เอนไวรอนเมนทอล คอมเพล็กซ์ จำ
Name EASTERN SEABBBBBBOOOAOOOO RDRDRDRDRDRD E NVIRONMENTEL COMPLEX CO., LTD.
รหัสประจำตัวผู้ประกอบกิจการ 0105543000000707070707071070024
เลขประจำตัวผู้เสียภาษีอากร 010554333007107
ที่อยู่สำนักงาน เลขที่ 8888 หมู่ที่ 8 ตรอกอกอกอกอกอก/ซอย - ถนนนน - ตำบล/แ  บ่อวิน อำเภอ/เขต ศรีราชา จังหวัด ชลบุรี
ประกอบกิจการ กากากากากาการเรรรรรร ก็บรรรััักษา ลลลลลลำเำเำเำเำเำำ ีีีลีีียง แยก คคคคคคัดดดดดดเลือกกก หรือออแบแแแบแแแ ่ บรรจุเฉพฉพฉพฉพฉพพพาะาาาาา ของเสียเคมีวัตถุ,

บำบดันนนนน้ำ้ำำำำำเสเสเสเสเสียียียียียโโดยวิธีชีวภาพ, คัดแยกฝกฝกฝกฝกฝฝฝังังังังังงกลบขยะ, ล้างภาชนะปะปะปะปะปปนเนนนนน ปื้อน,
ุุ

กาาาาาารรรขรขรขร จัดสารปนเป้ือนในเคร่ืองจักร อุุุปก ์แแและภาชนะบรรจุ (DDDecontamination),
ผลิตเชชชชชื้อออเอออ พลิงผสมและะะะะะะะะะะเเชเชเชเชเเเเเเเช้ือเพลิงทดแทททนจนนนน ากวสัดดดดดดุททุทุททท่ีไมไ ่ใช้แล้ว, รไีไไซเคิลหลอดฟลูออเรสเซนต์,

ุ ุุ

รีไซซซซซเเเคเเเเ ิิิลิิ กระป๋องและะะะะะะะขขขวข ดดสดสดดสดสดสดดสดสสดสเปรย์ที่ไม่ใชแ้ลลลลลล้ว,
กากาาาาก รถอดและบดย่ออออออออยยชย ิ้นส่ววนอนนนนนนนน ิเล็กทรอนิกส์ท์ท์์ที่ีไมไ ่ใช้แแแแล้ว (E-Wastte Dismantling),
การทำวัตถุดิบทดดดดแดดดดดดดดด ทนสำหรรััััััั โรงงานผลิตปูนซซซซซีเีี มนนนนต์จากวัสสสดดุดดุดดดทุีทีีททท่ไ่ไ่ไไไม่ใช้แล้ว,
ผลิตเชื้อเพลิงแขแขแขแขแขขแแแแแแ ็ง็็ง็็ง็็็็็ จาาจาาจาากขยย olid Recovered FuFuuuFuFFFF el) )) )) แแลแลแลแลแ ะสถานีขนถ่ายของเสียและวัสดุรีไซเคิล

ุ ู ุ

ที่อยู่สถานประกอบการ เลขที่ 88 หมูท่ีท่     88888 8 ตรตรตรตรตตรอก/ซซซซซซซซซอยอยอยอยอยอย -     ถนน ทางหลวง 333333333133131 กกก กกกิโโโโโโลเมตร 91-92 ตำบล/แขวง บ่อวิน
อำเภอ/เขต ศรีรรรราาชาชาาาาาาาาาา า จังหวดั  ชชชลชชชชชชชช บุรี

นิคมอุตสาหกรรม ดัดัดัับบบบบ ลิวเอชเอ ชล
เขต อุตสสสาหาาาาาา กรรมท่ั
แปลงท่ีดินเลขท่ี M.4, MMMMMM.5.. M.  M.7, , MMMM.MM 8,, M.9, , M...110111 , M.1111111111 , M.13, M.14, MMM.15, M.16, M.17
เนื้อที่ ประมมมมมมมาณาาาาา  113 ไร่ 72.00 ตารางวา
ประเภทหรือชนิดโรงงานลำดับที่ 42(2((2(2(2( 1,101001010105,555555,106
ทะเบียนผู้ประกอบอุตสาหกรรมเลขท่ี 72080000001254555555 ((( ((น.น.น.น.น.น.1010101010101 5-1/2545--ญหช.)

       ทั้งนี้ ผู้ประกอบกิจการต้องปฏิบัติตามเงื่อนไขแนบท้า้า้าาาาาายหยหยยหยหยหนังสืออนุญาตให้ใช้ที่ดดดดดินินินินนนและประกอบกิจการในนิคมอุตสาหกรรม ตามพระราชบัญญัติ
การนิคมอุตสาหกรรมแห่งประเทศไทย พ.ศ. 2522

ู ฏ

       The business operator shall comply with the conditions attaaaacccched to the Letter of Permission for Land Utilization and Business         
Operations in Industrial Estate under the Industrial Estate Authority of Thailand Act B.E. 2522 (1979) and other conditions attached
hereto (if any). 
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เลขประจำตัว 13 หลัก สำหรับผูรับบำบัด/กำจัด  
ของเสียอันตราย และใบอนุญาตประกอบกิจการ 

บริษัท บางปู เอนไวรอนเมนทอล คอมเพล็กซ จำกัด 



เลขประจำตัว 13 หลัก สำหรับผูรับบำบัด/กำจัด  
ของเสียอันตราย และใบอนุญาตประกอบกิจการ 

บริษัท อัคคีปราการ จำกัด (มหาชน)  

ลงชื่อ ผู้อนุญาต

 (นางพจนี ศิลารัตน์)
ผู้อำนวยการสำนักงานนิคมอุตสาหกรรมบางปู ปฏิบัติงานแทน

ผู้ว่าการการนิคมอุตสาหกรรมแห่งประเทศไทย 

01075540002910019

* หนังสืออนุญาตนี้ได้จัดทำด้วยวิธีการทางอิเล็กทรอนิกส์ สามารถตรวจสอบเอกสารผ่านทาง QR Code
** หนังสืออนุญาตนี้เป็นอันสิ้นผลเมื่อสิทธิครอบครองที่ดินของผู้ประกอบกิจการสิ้นสุดลง

*** กรณีนิคมอุตสาหกรรมที่ กนอ. บริหารจัดการสาธารณูปโภค ให้หนังสืออนุญาตนี้มีผลใช้บังคับเมื่อผู้ประกอบกิจการได้ทำนิติกรรมกับ กนอ. แล้ว 

หน้าที่ 1

จากทั้งหมด 2 หน้า

  

หนังสืออนุญาตให้ใช้ที่ดินและประกอบกิจการในนิคมอุตสาหกรรม
ตามพระราชบัญญัติการนิคมอุตสาหกรรมแห่งประเทศไทย พ.ศ. 2522

Letter of Permission for Land Utilization and Business Operations in Industrial Estate
Under the Industrial Authority of Thailand Act B.E. 2522 (1979)

หนังสืออนุญาตเลขท่ี 2-02-1-109-81038-2563
ออกให้ ณ วันที่ 29 ธันวาคม 2563
ชื่อผู้ประกอบกิจการ บริษัท อัคคีปราการ จำกัด
Name AKKHIE PRAKARN CO.,LTD.
รหัสประจำตัวผู้ประกอบกิจการ 01075540002910019
เลขประจำตัวผู้เสียภาษีอากร 0107554000291
ที่อยู่สำนักงาน เลขที่ 792 หมู่ที่ 2 ตรอก/ซอย 1C/1 ถนน สุขุมวิท ตำบล/แขวง บางปูใหม่ อำเภอ/เขต

เมืองสมุทรปราการ จังหวัด สมุทรปราการ
ประกอบกิจการ โรงงานปรับคุณภาพของเสียรวม (เตาเผาขยะอุตสาหกรรม)
ที่อยู่สถานประกอบการ เลขที่ 792 หมู่ที่ 2 ตรอก/ซอย 1C/1 ถนน สุขุมวิท ตำบล/แขวง บางปูใหม่ อำเภอ/เขต

เมืองสมุทรปราการ จังหวัด สมุทรปราการ
นิคมอุตสาหกรรม บางปู
เขต อุตสาหกรรมท่ัวไป
แปลงท่ีดินเลขที่ 25A, 26A/2, 31A/2, 32A
เนื้อที่ ประมาณ 18 ไร่ 1 งาน 0.00 ตารางวา
ประเภทหรือชนิดโรงงานลำดับที่ 101
ทะเบียนผู้ประกอบอุตสาหกรรมเลขท่ี 82020000125442 (น.101-1/2544-นนป.)

                ทั้งนี้ ผู้ประกอบกิจการต้องปฏิบัติตามเงื่อนไขแนบท้ายหนังสืออนุญาตให้ใช้ที่ดินและประกอบกิจการในนิคมอุตสาหกรรม
ตามพระราชบัญญัติการนิคมอุตสาหกรรม แห่งประเทศไทย พ.ศ. 2522 
                The business operator shall comply with the conditions attached to the Letter of Permission for Land Utilization and Business
Operations in Industrial Estate under the Industrial Estate Authority of Thailand Act B.E. 2522 (1979) and other conditions attached
hereto (if any). 

ออกให ณ วันที 29 ธันวาคม 2563
ชื่อผู้ประกอบกิจการ บริษัท อัคคีปราการ จำกัด
Name AKKHIE PRAKARNRNRNRNNRNRNRNNNNN CCC C CCCCCCO.OOOO ,LTD.
รหัสประจำตัวผู้ประกอบกิจการ 01075540000000000002929292929292222 10019
เลขประจำตัวผู้เสียภาษีอากร 01075544044 00291
ที่อยู่สำนักงาน เลขที่ 79992 หมู่ที่ 2 ตรอก/ซอย 1C/11 ถนน สุขุมวิท ตำบล/แขวง บางปูใหม่ อำเภอ/เขต

เมืองสมุทททรปราการรรรรรร จจจจจจจ จ จังังังังงงหวหวหวหวหวหวหวหหววัดดดดดด สมุทรปรราก
ูู

ประกอบกิจการ โรงงงงงงงงงงงงงงานาาาาานาาาานปปปรับบคคคคคคคุคณณณณณภณณณ าพของเสียรวมมมมมมมมม (  (( (((เตาเ ะอุตสาหกรรรรรรรรรรรม)ม)ม)ม)มมมม)ม)ม)ม
ที่อยู่สถานประกอบการ เลขทททททททททท่ี 777 777777792 หมู่ที่ 2 ตรอก/ซอย 1C/1 น สุขุมวิท ตำบล/แขววง บางปูใหม่ อำเภอ/เขต

เมเมเมเมมมมเมมเ ือือืือือืือือืองสมุมุุุุทรทรททรททรปรปรปรปรากากากาการาราราร จจ จจังงงงหวหวหวหวัดดดด สส สสมมมม าร
ูู

นิคมอุตสาหกรรม บางปปปูููููููููู
เขต อุตสสตสตสสตสสตสต าหกรรมท่ัวไปป
แปลงท่ีดินเลขที่ 2225222 A, 26A/2, 31AAAA/AAAAAAAAAA 2, 
เนื้อที่ ประมาณ 18 ไรรรรรรรรรรรรรรรรรรร่ ่่่่ 1111 ง น 0000 ตตตตต ตตตตตตตตตตตตตตารางวา
ประเภทหรือชนิดโรงงานลำดับท่ี 101
ทะเบียนผู้ประกอบอุตสาหกรรมเลขทขทขทขทขทขทขทขทขทขทททขข ี่ีีีีีีี 8202000012  (น.10 2544-นนป.)

               ทั้งนี้ ผู้ประกอบกิจกกกกการต้องปฏิบัััติตามเง่ือนอนอนนนอนนนนนนไขแนบท้ายห ันงส นุญาตให้ใช้ที่ดดดดดดดดดดดิิิิินินินิิ และประกอบกิจการใใในนิคมอุตสาหกรรม
ตามพระราชบัญญัติการนิคมอุตสาหกรรม แห่งปรระเะเะเะเะเะเะเะเะเทศททททท ไทย ศ. 2522

ู ฏฏ

         The business operator sssshall comply with t onditions attached to the Letttttttttererererererererereree  of Permission for LLLand Utilization and Business         
Operations in Industrial Estate unnnnndeddedddeder the Industrial Estststtststststatataataaattateee ee Authority of Thailand d ddd dd AcAAcAcAAAcAAcct t B.E. 2522 (1979)9)9)))))) aa aa aand other conditions attached
hereto (if any). 
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* หนังสืออนุญาตนี้ได้จัดทำด้วยวิธีการทางอิเล็กทรอนิกส์ สามารถตรวจสอบเอกสารผ่านทาง QR Code
** หนังสืออนุญาตนี้เป็นอันสิ้นผลเมื่อสิทธิครอบครองที่ดินของผู้ประกอบกิจการสิ้นสุดลง

*** กรณีนิคมอุตสาหกรรมที่ กนอ. บริหารจัดการสาธารณูปโภค ให้หนังสืออนุญาตนี้มีผลใช้บังคับเมื่อผู้ประกอบกิจการได้ทำนิติกรรมกับ กนอ. แล้ว 

หน้าที่ 2

จากทั้งหมด 2 หน้า

 

 

เงื่อนไขแนบท้ายหนังสืออนุญาตให้ใช้ที่ดินและประกอบกิจการในนิคมอุตสาหกรรม

บริษัท อัคคีปราการ จำกัด

ที่ 2-02-1-109-81038-2563 ลงวันที่ 29  ธันวาคม  2563

ผู้ใช้ที่ดินและประกอบกิจการต้องปฏิบัติดังนี้ :-

1. ต้องปฏิบัติตามข้อบังคับคณะกรรมการการนิคมอุตสาหกรรมแห่งประเทศไทย ว่าด้วย หลักเกณฑ์ วิธีการ และ เงื่อนไขในการประกอบกิจการ
ในนิคมอุตสาหกรรม พ.ศ. 2551 และฉบับที่แก้ไขเพิ่มเติม 

2. ในการประกอบกิจการที่ได้รับอนุญาตหากมีกฎหมายอื่นที่เกี่ยวข้อง จะต้องได้รับอนุญาตจากส่วนราชการที่เกี่ยวข้องด้วยและจะต้องปฏิบัติตาม อย่างเคร่งครัด 
3. ต้องปฏิบัติตามมาตรการป้องกันและ แก้ไขผลกระทบสิ่งแวดล้อม และมาตรการติดตามตรวจสอบคุณภาพ สิ่งแวดล้อมตามที่เสนอไว้ ในรายงานการวิเคราะห์

ผลกระทบสิ่งแวดล้อม โครงการของนิคมอุตสาหกรรมที่ผู้ประกอบกิจการตั้งอยู่ เฉพาะในส่วนที่กำหนด ให้ผู้ประกอบกิจการเป็นผู้รับผิดชอบ 
4. กรณีที่ผู้ประกอบกิจการก่อให้เกิดความเสียหาย อันเนื่องจากการประกอบกิจการของตน ผู้ประกอบกิจการนั้น จะต้องรับผิดชอบความเสียหาย ฟื้นฟู

ตลอดจนดำเนินการอื่นๆ เพื่อบรรเทาความเสียหายนั้น และในกรณีที่ จำเป็น กนอ. อาจเข้าดำเนินการ หรือมอบหมายบุคคลอื่น ให้เข้าดำเนินการ
แก้ไขความเสียหาย ฟื้นฟู ตลอดจน ดำเนินการอื่นๆ ได้ โดยผู้ประกอบกิจการ ต้องเป็นผู้รับผิดชอบค่าใช้จ่ายทั้งหมดที่เกิดขึ้น จากการดำเนินการดังกล่าว 

5. น้ำทิ้งที่ระบายออกนอกบริเวณโรงงาน จะต้องได้มาตรฐานตามที่ กนอ. กำหนด 
6. ต้องดำเนินการจัดการกากอุตสาหกรรมจาก กระบวนการผลิตให้ถูกต้องตามหลักวิชาการ มิให้เป็นที่เดือดร้อนรำคาญ หรือเป็นอันตรายต่อผู้อยู่ใกล้เคียง

และต้องได้รับความเห็นชอบจาก กนอ. และต้องปฏิบัติตามประกาศกระทรวงอุตสาหกรรม เรื่อง การกำจัดสิ่งปฏิกูลหรือวัสดุที่ไม่ใช้แล้ว พ.ศ.2548 
7. ต้องมีและใช้ระบบขจัดกลิ่นฝุ่นละออง หรือวัตถุมีพิษที่มีขนาด และประสิทธิภาพเพียงพอ เพื่อป้องกันมิให้เกิดเหตุเดือดร้อนรำคาญ

หรือเป็นอันตรายต่อผู้ปฏิบัติงาน และผู้อยู่ใกล้เคียงตลอดเวลาทำงาน 
8. หากหนังสืออนุญาตนี้เป็นอันสิ้นผล โดยเหตุการณ์ระงับลงของสิทธิครอบครองที่ดินของผู้ประกอบกิจการ ไม่ว่ากรณีใด ผู้ประกอบกิจการต้องแจ้งเป็นหนังสือให้

กนอ. ทราบ และคืนหนังสืออนุญาตดังกล่าวแก่ กนอ. ต่อไป 
9. ต้องปฏิบัติ ตามสัญญาการใช้ที่ดิน เพื่อการอุตสาหกรรม สัญญาท่ี 98/2553-สนป. ลงวันที่ 19 ตุลาคม 2553
10. ต้องปฏิบัติ ตามมาตรการลดผลกระทบสิ่งแวดล้อม และมาตรการติด ตามตรวจสอบคุณภาพสิ่งแวดล้อมท่ีเสนอไว้ใน

รายงานวิเคราะห์ผลกระทบสิ่งแวดล้อมโครงการจัดตั้งศูนย์บริหารจัดการวัสดุเหลือใช้อุตสาหกรรม (เตาเผา)ขยะอุตสาหกรรม) และที่สำนักงานนโยบาย
และแผนสิ่งแวดล้อมกำหนด

11. หากผู้ประกอบกิจการประสงค์จะอุทธรณ์หรือโต้แย้งคำสั่งนี้ ให้ยื่นอุทธรณ์หรือโต้แย้งคำสั่งดังกล่าว ต่อเจ้าหน้าที่ผู้ทำคำสั่งภายในสิบห้าวัน
นับแต่วันที่ทราบคำสั่งนี้ ตามพระราชบัญญัติวิธีปฏิบัติราชการทางปกครอง พ.ศ. 2539 

 
ลงชื่อ ผู้อนุญาต

 (นางพจนี ศิลารัตน์)
ผู้อำนวยการสำนักงานนิคมอุตสาหกรรมบางปู ปฏิบัติงานแทน

ผู้ว่าการการนิคมอุตสาหกรรมแห่งประเทศไทย 

1. ต้องปฏิบัติตามข้อบังคับคณะกรรมการการนิคมอุตสาหกรรมแห่งประเทศไทย ว่าด้วย หลักเกณฑ์ วิธีการ และ เงื่อนไขในการประกอบกิจการ
ในนิคมอุตสาหกรรม พ.ศ. 2551 และฉบับที่แก้ไขเพิ่มเติม

ุ

2. ในการประกอบกิจการที่ได้รับอนุญาตหากมีกฎหมายอื่นที่เกี่ยวข้อง จะต้องไดร้ัรรรรรรรรบอบบบ นุญาตจากส่วนราชการที่เกี่ยวข้องด้วยและจะต้องปฏิบัติตาม อย่างเคร่งครัด
ุ

3. ตองปฏิบัติตามมาตรการปองกันและ แกไขผลกระทบสิงแวดลอม และมาตตาตตาตตา รรรกรรรรรร ารติติติติติติิติิติดตดตดตดดดตตามตรวจสอบคุณภาพ สิงแวดลอมตามทีเสนอไว ในรายงานการวิเคราะห
ในการประกอบกจการทไดรบอนุญาตหากมกฎหมายอนทเกยวของ จะตองไดรรรรรบอบบ นุญาตจากสวนราชการทเกยวของดวยและจะตองปฏบตตาม อยางเครงครดในการประกอบกจการทไดรบอนุญาตหากมกฎหมายอนทเกยวของ จะตองได นุญาตจากสวนราชการทเกยวของดวยและจะตองปฏบตตาม อยางเครงครด

ผลกระทบสิ่งแวดล้อม โครงการของนิคมอตสาหกรรมที่ผ้ประกอบกกกกกกกกกิจิจจจจจจจจจกกการตั้งอย่ เฉพาะใใใใใใใในสนนสนสนสนสนสนสนนส่วนที่กำหนด ให้ผ้ประกอบกิจการเป็นผ้รับผิดชอบ
ุุ

4. กรณีที่ผู้ประกอบกิจการก่อให้เกิดความเสียหาย อันเน่ืองจากการปรปปรปรปรปรปรรรร ระกอบกิจการของตน ผปรรรรปรประกะะะะะ อบกิจการนั้น จะต้องรับผิดชอบความเสียหาย ฟื้นฟู
ผลกระทบสงแวดลอม โครงการของนคมอุตสาหกรรมทผูประกอบกกกกกกจการตงอยู เฉพาะในสสสสสสสสสววนทกำหนด ใหผูประกอบกจการเปนผูรบผดชอบ กระทบสงแวดลอม โครงการของนคมอุตสาหกรรมทผูประกอ การตงอยู เฉพาะใ สสส นทกำหนด ใหผูประกอบกจการเปนผูรบผด

ตลอดจนดำเนินการอืนๆ เพือบรรเทาความเสียหายนัน และในกกกรณีที จำเป็น กนอ. อาจเขาดำเนินการ หรือมอบหมายบุคคลอืน ใหเขาดำเนินการ
กรณทผูปร กอบกจการกอใหเกดความเสยหาย อนเนองจากการรปร กอบกจการของตน ผูปร กอบกจการนน จ ตองรบผดชอบความเสยหาย ฟนการกอใหเกดความเสยหาย อนเนองจาก ร กอบกจการของตน ผูปร อบกจการนน จ ตองรบผดชอบความ

แก้ไขความเสียหาย ฟื้นฟู ตลอดจน ดำเนินการอื่นๆ ได้ โดยผูป้ปประกอบกิจการ ตตตตตตตต้องเป็นผู้รับผิดดชอบค่าใช้จ่ายทั้งหมดที่เกิดขึ้น จากการดำเนินการดังกล่าว
ุ

5. น้ำทิ้งที่ระบายออกนอกบริเวณโรงงาน จะตอ้งองงองงงงงงงไดไดไดไดไดไดไดไดไดได้้้้้ม้้้้้้้้้ าตตตตตตตตตรฐรฐรฐรรรฐรฐรร านตามทททีี่ กนอ. กำกำกำกำกำำกำกำำกำกำหหหหนห ด 
ู ูู ู

6. ต้องดำเนินการจัดการกากอุตสาหกรรมจาจาจาจาาจจาจ กกกกก ก กระบวนการผรผผผผผผผผลิลลลลลลลลลตใหหหถููกตกตตตตกตตตตอออออออองตามหลักวิชากาาารรร รรรรรร มิมมมให้้ ป็ ี่ อดร้อนรำคาญญญญญญญญญ หห ห ห หหหรือเป็นอันตรายต่อผู้อยู่ใกล้เคียง
นำทงทระบายออกนอกบรเวณโรงงาน จะตอองออออ ไดมาตรฐฐฐรฐฐฐฐฐฐานตามททท กนอ. กกำกกกำหนด นำทงทระบายออกนอกบรเวณโรงงาน จะต ไดมาต านตา ท กนอ. หนด

และต้องได้รับความเห็นชอบจาก กนกนกนกนกนกกกกก อ. และต้องปฏิบัติตามปรรปรรรรรรรระะกะกะะะะะ าศกระทรวงอุตสาหกรรม เร ารกำจัดสิ่งปฏิกูลหรือวัสัสัสัสััสสสดดดดดดดที่ไม่ใช้แล้ว พ.ศ.2548 
ุ ูู

7. ต้องมีและใช้ระบบขจัดกล่ินฝุ่นละอออออง หรือวัตถุมีพิษทีม่ีมมมขนขนขนขนขนขนขนขนขนขนขข าด และประสิทธิภาพเพียงพอ เพื่อ กักกกกกกกกนมนนนนนนนนนน ิให้เกิดเหตุเดือดร้อนนนรำคาญ
และตองไดรบความเหนชอบจาก กกกนก อ. และตองปฏบตตามปรปรปรรปรป ะกาศกระทรวงอุตสาหกรรม เรอง ารกำจดสงปฏกูลหรอวสดดดุทไมใชและตองไดรบความเหนชอบจาก อ. และตองปฏบตตาม ะกาศกระทรวงอุตสาหกรรม เรอง ารกำจดสงปฏกูลหรอวส ท

หรือเป็นอันตรายต่อผู้ปฏิบัติงาน แแและผู้อยู่ใกล้เคียยยยยยงตงตงตงตงตงงงง ลอดเวลาาทาทาาาาา ำงาน 
ุ ุุ

8. หากหนังสืออนุญาตนี้เป็นอันสิ้นผลลลล โดยเหตุการณณณระงับลงขอขอขอขอขอขอขอออองสิทธิครอบครออองององอองงองออออออ ทีีีี่ด่ดด่ด่ด่ดดดดดดดดดดดดดดดินิิ ของผู้ประกอบบบบบบบบบบบกิจการ ไ วววากรณีใด ผู้ปรรระกอบกิจการต้องแจ้งเป็นหนังสือให้
หรอเปนอนตรายตอผูปฏบตงาน แแและผูอยูใกลเคยยยยยยยยยงตลอดเวลาาาาทา ำงาน นอนตรายตอผูปฏบตงาน ะผูอยูใกลเคยย ลอดเวล ำงา

กนอ. ทราบ และคืนหนังสืออนุญาตตตดังกล่าวแก่ กกกนอ. ตอ่ไอไอไไอไอไไไไอไปปป 
9. ต้องปฏิบัติ ตามสัญญาการใช้ที่ดิน เพื่อการอุตสาาาหกรรมมม มมมมม สัญญาท่ี 98/255353533335353355 -สนป. วันที่ 19 ตุลาคม 2553

ุญุญ

10. ต้องปฏิบัติ ตามมาตรการลดผลกระททททททททบสบบบบบบบบบบ ิ่งแวดล้อออม แแแแแแแแแและมาตรการติด ตาาามาาาาาาาาาาาาา ตรวจสอ ณภาพส่ิงแวดล้อมทีทีททีททททท่เสนนนอไว้ใน
ฏ ญญ ุ ญญ ุฏ ญญ ุ ญญ ุ

รายงานวิเคราะห์ผลกระทบสิ่งแวดล้อมโครครครครครรครรรรงกงงงงงงงการรรจัดดดดตดดดดดด ังศูนย์บริหารจัดกการาาาราราาาาาาาาาาาาราา วัวววส ุเหล ชชชชออออตตุตตตตตตตตตตตตตตตตสาหกรรม (เตาเผา)า)า)า)า)า)า)า)า))ขยะอออออตตุตตุตตตตตสสสาหกรรม) และที่สำนักงานนโยบาย
ตองปฏบต ตามมาตรการลดผลกร ทบบบสสงแวดลอออม แล มาตรการตด ตาาาามตรวจสอบคณภาพสงแวดลอมทททเสนนนอไวในบต ตามมาตรการลดผลกร ท งแวดล แล มาตรการตด

และแผนสงิแวดลอมกำหนด
รายงานวเครา หผลกร ทบสเครา หผ

11. หากผู้ประกอบกิจการประสงค์จะอุทธรณ์ณณณณณณหรหรหรหรหรหรหรหรรหหหห ือือือือือือือโตโโ ้แแแย้ย้ย้ย้ย้ย้้ย้ยงคงงงงงงงงง ำสั่งนี้ ให้ยื่นอทุธ อโต้แย้้ง สั่งดังกล่าว ต่อเจ้าหหหนหหหหหหหห ้้าาที่ผู้้้้้้ทำทำทำทำทำทำทำทำำำำคำคคำคคคคำคำค สั่งภายในสิบห้าวัน
นับแต่วันที่ทราบคำสั่งนี้ ตามพระราราาราราาราชชชบชชชช ัััญญัติวิธปีปปฏิบัตัตัตตัตตติิิิริริิิ าชการทางปกคร  พ.ศ. 25

ุ ุ

ลงลงลงลงลงชืชชชช่อออออ ผู้อนุญาต

(นางพจนี ศิลารัรรตนตนตนตนตนตนตต ์)์)์)์)์์
ผู้อำนนนนนนนนนนววยวยวยวววววว การสสำนักงางางางางางางาาาานนนนนนนนนน ิคมอุตสาาาาาาาาาหกหกหกหกหกหกหกหห รรมบางปู ปฏิบัติงานแทน

 (นางพจน ศลารรรตน)

ผู้ว่ากาารการนิคมอุออตสตสตสตสตสตสตสตสสตสตสสสต าหกรรมแห่งประเทศไทย 
ุ

Fo

อบค่าใช้บคาใ

ให้เป็นทนททนทนทททนททนททนน ี่เเเเเดเ ืืืืือืืื ดรเป็นทททท่ีเ ืืื
ม เรื่ื่ื่ืืืององององงงงง การกำององององ การ

พอ เพือปองกักักกกกก เพือปอ
ม เรอง กก ารกเรอง ารเรอง กาเรอง

นของผู้ประกอองผู้ประ

นป. ลงลลงลงลลงงงวันที่ป. ลลลลงลลงลงงวันที่
ตรวจสอบคคคคคคคคคคคคณณณภจสอบคค ภ

ววววสดสดสดสดดุเหลืออออออออใชใชใชใชออดดดดดุเหลืออออออใ
ตรวจสอบคุณณณณสอบควจสอบ

ทธรรรรณรรรรรรรรรรรรรรร ์์์หรืืืืืืืืือโต้รรรณรณรรรรณร ์์ห ืืรืืืืือโต
ปกครอออองออออออ  พ.ศกครออองงออ  พ

eงื่อนไขในกานไขในก

กี่ยวข้องด้วข้องด้ว
พ สิงแวดลอสิงแวดล

กยวของดกยวของยวของ

ให้ผ้ประกอห้ผ้ประก
จการนัน จารนัน จ

 ใหผูประกผูหผูปร

ร หรือมอหรือม
จการนน จการนน จ

ช้จ่าย่

to
 o

าพสิาพสิ
ตสาหกรรมสาหกรร
ภาพสงาพส

ยงคำำคำำำำำำคำำคำคำำำำคำำำำคำสั่งดังกยง ำคำคำคำสั่งดังก
253393939393939393  2533933  

มิใหเกิดใหเกด
จด

บบบกิกกกกจการ ไม่่่่่ว่ววจการ ไม่ว

9 ตุลาคม 2 222255ตุลาคม
งแวดล้อมแวดล้

ุุ
ดล

เลขประจำตัว 13 หลัก สำหรับผูรับบำบัด/กำจัด  
ของเสียอันตราย และใบอนุญาตประกอบกิจการ 

บริษัท วงศตระกูลโลหะกิจ จำกัด  



ภาคผนวก NGP-13.3 

ตัวอย่างเอกสารก ากับการขนส่งของเสีย  



ภาคผนวก NGP-13.3.1 

ตัวอย่างเอกสารก ากับการขนส่งของเสียจากพ้ืนที่ปฏิบัติงาน 

นอกชายฝั่งไปยังทา่เรือ  



MOP-24-09-15-010

TO : PRATEEP SEALAND FROM : DATE : 15-Sep-24

VESSEL/AIRCRAFT/TRUCK :   MV: AG AZZAM CARRIERS SIGNATURE PRINT NAME

L W H
1 1 CONT EMTPY CHILLER FOOD CONTAINER, C/w SLING SET SDX-C-39 3.12 2.54 2.67 8.33 N SODEXO 3.50
2 1 CONT EMTPY DRY FOOD CONTAINER, C/w SLING SET SDX-D-35 2.45 2.54 2.71 7.7 N SODEXO 3.00
3 1 CONT EMTPY FREEZER FOOD CONTAINER, C/w SLING SET PP-02 3.15 2.44 2.7 8.29 N SODEXO 3.00
4 1 SKIP NON-HAZARDOUS TRASH SKIP C/w SLING SET 1026 2.6 2.00 2.00 5.20 N WMS 1.20

General waste N WMS 0.70
5 1 CONT 10FT CONTAINER C/W SLINGS & SHACKLES AMPL-C001 2.90 2.40 2.70 6.96 N AURORA 3.00

4 EA RENTAL LIFERAFT 25 PERSON WITH HYDROSTATIC RELEASE UNIT C/W CERTIFICATES N
1 Bag Broken electrical equipment N AURORA
4 Dump Empty Pastic Dump N AURORA
2 Dump Empty Dump N AURORA

6 1 TANK EMPTY TOTE TANK CHEMICAL CTI-036 1.26 1.12 1.90 1.41 Y MM 0.30
7 1 BKT Empty Tools Box c/w lifting sling PS-TB-006 1.50 1.5 1.42 2.25 N PSA 0.50
8 1 RACK RACK  N2 C/W 4 LEG SLING & 4 SHACKLE,  BLUE  COLOR  CEC-N2RACK-010 2.02 0.91 1.33 1.83 N AURORA 0.90

6 CYL EMTPY NITROGEN GAS
9 1 RACK RACK GAS  C/W 4 LEG SLING & 4 SHACKLE,  BLUE  COLOR  CEC-ELPB-008 1.79 1.2 1.53 3.93 N AURORA 0.90

4 CYL EMTPY GAS
2 CYL EMTPY OXYGEN

10 1 RACK EMTPY RACK GAS  C/W 4 LEG SLING & 4 SHACKLE,  BLUE  COLOR  CEC-ELPB-007 1.79 1.2 1.53 3.93 N AURORA 0.90
11 1 BKT Basket c/w lifting sling AMPL-TB-01 2.00 2.00 1.50 4.00 N AURORA 4.00

Iron scrap in jumbo bag
Broken Transformer

CABIN LOAD

1 1 BOX Water Bath N/A 0.65 0.55 0.4 0.36 N MMSVS/CHX 30.00
2 1 BOX Lab Equipment N/A 0.63 0.43 0.29 0.27 N MMSVS/CHX 15.00
3 1 BOX Centrifuge Machine N/A 0.75 0.48 0.28 0.36 N MMSVS/CHX 30.00
4 1 BOX HACH machine N/A 0.3 0.2 0.4 0.06 N MMSVS/CHX 15.00
5 1 BOX Sini bottle N/A 0.61 0.42 0.36 0.26 N MMSVS/CHX 20.00
6 1 BOX Empty sampling HDPE bottle N/A 0.68 0.42 0.37 0.29 N MMSVS/CHX 10.00
7 1 BOX Lab Equipment and empty sampling bottle N/A 0.75 0.47 0.42 0.35 N MMSVS/CHX 20.00
8 1 BOX Empty sampling HDPE bottle N/A 0.62 0.42 0.35 0.26 N MMSVS/CHX 10.00
9 1 BOX Chemical test kit N/A 0.62 0.42 0.35 0.26 Y MMSVS/CHX 20.00

10 1 BOX Small Cotton BoX N/A 0.09 0.065 0.13 0.01 Y AURORA 0.02
1 Bottle Sample Bottle

ISSUED/DISPATCHED BY : RECEIVED BY 56.3
  TOTAL    
WEIGHT 191.92

PRINT NAME DATE

DESCRIPTION SERIAL NO. HAZ SUPPLIER WT.(MT)SQM.

15-Sep-24
SIGNATURE NAME

ITEM QTY. UNIT
DIM. (M)

  TOTAL    SQM.DATE

VOYAGE NO.

INBOUND MANIFEST
MOPU(AP-1)

FSO-24-09-15-007

TO : PRATEEP SEALAND FROM : DATE : 15/09/2024

VESSEL/AIRCRAFT/TRUCK :   MV AG AZZAM CARRIERS SIGNATURE PRINT NAME

L W H
1 1 SKIP 1097 2.6 2 2 5.20 N WMS 1.20
2 1 CONT SDX-C-81 3.44 2.66 2.7 9.15 N SODEXO 2.00
3 1 CONT SDX-C-119 3.76 2.52 2.76 9.48 N SODEXO 2.00
4 1 CONT BSL60215 1.83 1.83 2.48 3.35 N NGP 2.35

5 1 CONT KD346 2.9 2.4 2.8 6.96 N PROMPT 2.60

6 1 BOX

7 1 BOX 8542N 0.02
8 1 BOX 8512N 0.02
9 1 BOX 2072 0.02

ISSUED/DISPATCHED BY : RECEIVED BY 34.14
  TOTAL    
WEIGHT 10.21

Ratchakrit A.
PRINT NAME DATE

HAZ SUPPLIER WT.(MT)SQM.

EMPTY CHILLER FOOD CONTAINER, C/W SLING SET

(INDUCTION MOTOR 350 KG inside Container no.BSL60215)

15/09/2024

EMPTY CHILLER FREEZER CONTAINER, C/W SLING SET

CABIN LOAD

UTI - MMC ASIA LIMITED, Model D-2401-2
UTI - INTERNATIONAL CORP, Model D-2401-2

UTI - MMC ASIA LIMITED, Model D-2401-2

VOYAGE NO.

INBOUND MANIFEST
PRIDE-1

ITEM QTY. UNIT
DIM. (M)

  TOTAL    SQM.DATE

DO BUNKER SAMPLE FOR ANALYSIS (Attn Ms. Laddawan, SKL Base / Mr. Alex)

6FT CONTAINER C/W SLING & SHACKLES

10FT CONTAINER C/W SLINGS & SHACKLES
(5 NOS LIFE RAFT inside Container no.KD346)

DESCRIPTION SERIAL NO.

HAZARDOUS TRASH SKIP C/w SLING SET

SIGNATURE NAME



ภาคผนวก NGP-13.3.2 

ตัวอย่างเอกสารก ากับการขนส่งของเสียจากท่าเรือไปยัง 

สถานที่ก าจัด/บ าบัดของเสีย  
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Customer Name: NORTHERN GULF PETROLEUM PTE LTD

Waste Inventory Monthly report of February 2024

Stock Balance Waste generated Waste Stock balance 

31-Jan-24 1-29 Feb 24 Manifest No. Weight 29-Feb-24

Group 1 : Non Hazardous waste

WP901616 Commercial Waste Kg. 0 422                     09281 422 -                               

WP901614 Expired Ceramic Ball Kg. 0 -                         -                               

WP901615 Air Filter Kg. 0 -                         -                               

WP901617 Wooden Packaging Kg. 0 -                         -                               

WP901618 Clean Glass Bottle Kg. 0 -                         -                               

WP901619 Clean Metal and Aluminum Scrap Kg. 0 10                       21381 10 -                               

WP901620 Clean construction wood, rubber scrap  Kg. 0 -                         -                               

Group 2 : Hazardous waste -                               

WPH93541 Used Oil Kg. 0 -                         -                               

WPH93542 Oily Waste Water Kg. 0 -                         -                               

WPH93543 Contaminated Waste Kg. 0 -                         -                               

WPH93544 Used Catalyst Kg. 0 -                         -                               

WPH93545 Oil Filter Kg. 0 -                         -                               

WPH93546 Used Chemical / Expired Chemical (Liquid) Kg. 0 -                         -                               

WPH93547 Used Chemical / Expired Chemical (Solid) Kg. 0 -                         -                               

WPH93548 Contaminated Container Kg. 0 -                         -                               

WPH93549 Used Lead / Acid Battery Kg. 0 -                         -                               

WPH93550 Used Alkaline / Dry Cell Battery Kg. 0 -                         -                               

WPH93551 Fluorescent lamp / Light bulb Kg. 0 -                         -                               

WPH93552 Electronics Waste Kg. 0 -                         -                               

WPH93553 Used Spray Can Kg. 0 -                         -                               

WPH93554 Empty Paint can Kg. 0 -                         -                               

WPH93555 Paint Sludge Kg. 74 -                         21346 74 -                               

N/A Infectious waste Kg. 0 -                         -                               

Remark : 

Waste profile No. Type of waste UOM Waste dispose



Customer Name: NORTHERN GULF PETROLEUM PTE LTD

Waste Segergation Monthly report of February 2024

06246 21381

Group 1 : Non Hazardous waste

WP901616 Commercial Waste Kg. 135 287 422

WP901614 Expired Ceramic Ball Kg. 0 0 0

WP901615 Air Filter Kg. 0 0 0

WP901617 Wooden Packaging Kg. 0 0 0

WP901618 Clean Glass Bottle Kg. 0 0 0

WP901619 Clean Metal and Aluminum Scrap Kg. 0 10 10

WP901620 Clean construction wood, rubber scrap  Kg. 0 0 0

Group 2 : Hazardous waste

WPH93541 Used Oil Kg. 0 0 0

WPH93542 Oily Waste Water Kg. 0 0 0

WPH93543 Contaminated Waste Kg. 0 0 0

WPH93544 Used Catalyst Kg. 0 0 0

WPH93545 Oil Filter Kg. 0 0 0

WPH93546 Used Chemical / Expired Chemical (Liquid) Kg. 0 0 0

WPH93547 Used Chemical / Expired Chemical (Solid) Kg. 0 0 0

WPH93548 Contaminated Container Kg. 0 0 0

WPH93549 Used Lead / Acid Battery Kg. 0 0 0

WPH93550 Used Alkaline / Dry Cell Battery Kg. 0 0 0

WPH93551 Fluorescent lamp / Light bulb Kg. 0 0 0

WPH93552 Electronics Waste Kg. 0 0 0

WPH93553 Used Spray Can Kg. 0 0 0

WPH93554 Empty Paint can Kg. 0 0 0

WPH93555 Paint Sludge Kg. 0 0 0

N/A Infectious waste Kg. 0 0 0

Remark : 

Total waste 
generated 

of Feb 2024
Waste profile No. Type of waste UOM Manifest No. Manifest No.
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Customer name : NORTHERN GULF PETROLEUM PTE LTD

Summary of waste dispose monthly of Feb 2024 Attachment #1

No. Type of waste Manifest No. Qty Unit

1 Non Hazardous Wastes (Kg)

Commercial Waste 09281 422 Kg

Clean Metal and Aluminum Scrap 21381 10 Kg

Total Non Hazardous Wastes 432                           Kg

2 Hazardous Wastes (Kg)

Paint Sludge 21346 74 Kg

Total Hazardous Wastes 74                             Kg
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Customer name : NORTHERN GULF PETROLEUM PTE LTD
Summary of Transportation service monthly of Feb 2024

Refer
Manifest No. Truck Baht Trialer Baht

07-Feb-24 STS/24/000947 06246 Collect waste skip no. WMS-WC008 from Jetty
And send back Skip No.Skip No.WMS-WC-009, WMS-WC-013 Prateep Truck 1 4,800.00        

18-Feb-24 STS/24/001230 21381 Collect waste skip no. WMS-WC-003 from Jetty
And send back skip no. WMS-WC-008, WMS-1026 Prateep Truck 1 4,800.00        

2 9,600.00     0 -               

Attachment #2

Total Number trip of transport  of Feb 2024

TRO Number No. Trip Detail of  service JettyDate UOM

 



Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box



Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box



ภาคผนวก NGP-13.4 

คู่มือความปลอดภยัและขั้นตอนปฏิบตัิส าหรับ 

พนักงานขับรถขนส่งของเสีย และตัวอย่างใบขับขี่  
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ภาคผนวก NGP-14 

แผนการฝึกซ้อมและตัวอย่างรายงานการฝึกซ้อมตอบสนอง 

ต่อเหตุฉุกเฉนิ  



Scenario of Typhoon “Bazooka” Tabletop Exercise

3rd Dec. 2024  

1. Today Weather forecast reported by Global Mete Ocean (GMO) that 
Tropical Storm “Bazooka” near 11.5 N 114.3E (South China Ocean) is 
developing and moving E to NW at 8kt. Maximum winds near storm eye 

“Bazooka” is expected move E to NW today 
and enter the Gulf of Thailand on the 5th Dec to NW 
towards likely to intensify to Severe Tropical Storm (Typhoon) intensity, 
maximum winds near storm eye increase to 70kt
at 8 Kt on 5th Dec. as it moves across the Gulf of Thailand. TS “Bazooka”
is considered a direct threat to your on 
7th Dec. 

2. OIM/ MOPU Barge Master/ Pride-1 Captain decides to shut down the 
by emergency release 

coupling and drop to seabed, release 8 spread mooring chains by 
emergency mooring release system to seabed. 

3. plans for non-
4. AG Azzam and Pride-
5. establishes ECC for EMT and plans

6.



Operation Chief Logistics & Planning
Chief HR & Finance Chief

OIM Rossukon Field
(On-Scene Commander)

Business Continuity
Planner

Medical Advisor

Computer Operator

HSE & Liaison
Officer

Incident
Commander

Project Director
Mr. Chatchai

Yenbamroong.
Executive Chairman

Site ERT
(Emergency Response Team)

EMT (Emergency
Management Team)

Crisis
Management

Team

EMT Organization

MOPU

SKL Logistic

FSO Drilling Rig

OSC
(On-Scene Commander)

BKK Office

Offshore

2nd Dec. weather forecast
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3rd Dec. weather forecast 4th Dec. weather forecast



Rossukorn location and distance

10

                                                   Emergency Objectives and Plans

Title name: Location: Date/ Time:

Objectives:

People No loss, safe evacuation to shore, minimize POB
Environment No oil/ produced water spill to sea
Assets Shut down safely, secure equipment on board MOPU, Pride-1
Reputation Minimize impact to environment, social complaint

Action plans: (How to achieve the objectives)

HSE:
1. Update POB / Non and Essential (10)
2. Monitor weather forecast for personal 
transfer (tide >2 m /ws > 25N)
3. Secure all equipment and material 
before evacuation
4. All electrical secure
5.

Logistics & Planning:
1. Update Vessels position
2. Coordinate with TAS for helicopter 
standby
3.Call AG Azzam back with empty deck
4. Bunkering from PRIDE1 from AP1 (3 days)
5. Contact vessels owner for safe area and 
corporate for communication when cast 
off.
6. Emergency cast off preparation for 
PRIDE1 (8 Spread Mooring and Flowline / 
Produced waterline)

Operations:
1. Monitor SCSSV – Shut in from Top Valve
2. Shut down preparation
3. Flush pipeline to FSO
4. stop the pump and export pump
5. Suspense wireline operation and secure 
Christmas tree as normal operation

HR& Finance:
1. Check accommodation for evacuation
2. In-Land transport 
3.Coordinate with Customs 
4.Focal point for Family calls 
5.Check for Next of Kin
6. Emergency line activate



EMT Roles and Responsibilities  

EMT 
Functioned 

Roles Responsibilities 

Incident 
Commander 

 Serve as management 
representative during an emergency. 

 Exercise overall management 
responsibility for the coordination 
between emergency response 
agencies. 

 Establish appropriate staffing level 
for the ECC and continuously 
monitor organizational  
effectiveness and made appropriate 
modifications, as required. 

  In conjunction with other EMT 
members, set priorities for response 
efforts. Ensure that all actions are 
accomplished within the priorities 
established. 

 Lead the determination of strategic 
and tactical issues and actions on a 
local basis. 

 Ensure that NGP EMT is activated in 
the event of a major incident. 

 Ensure that Inter-Agency 
Coordination is accomplished 
effectively. 
 

 Activate the EMT and support groups as 
required. 

 Provide status updates of the conditions 
and situations at the emergency scene to 
Head Office and authorities. 

 Ensure that the appropriate tactics and 
resources are in place at the emergency 
scene. 

 Ensure that all necessary resources are 
available for optimal response. 

 Ensure that there is a continuous dialogue 
with PIC, contractor, and other involved 
parties. 

 Ensure EMT roles (e.g., operations, safety, 
liaison with external agencies, media 
liaison, and documentation) are 
satisfactorily fulfilled. 

 Inform contractors of NGP expectation and 
regularly update PD of NGP and 
Management via briefings. 

 Keep a personal log of events, 
communications, and decisions. 

 Co-ordinate response with external 
response resources. 

 Co-ordinate with local authorities and 
consulate office, as appropriate. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EMT 
Functioned 

Roles Responsibilities 

Operations  Assess the emergency and 
determine the adequacy of 
emergency response resources.  

 � Ensure operational objectives and 
assignments identified in the agreed Action 
Plan are  

 Provide on-scene tactical 
operations support to the site ERT.  

 Serve as the single focal point of 
situation assessment operations 
and overall management of 
response efforts for team members.  

 Establish direct contact with PIC 
and obtain clear and concise details 
on the nature and seriousness.  

 Interpret information from the PIC 
and use it to support the different 
planning needs of EMT members.  

 Monitor the actions of ERT and other 
response agencies (if involved). 

 carried out effectively. 
 � Establish the appropriate level of 

operations support, continuously 
monitoring the  

 effectiveness and modifying accordingly. 
 � Exercise overall responsibility for the 

management of emergency operational 
activities  

 within the Operations Section. 
 � Ensure that the updated reports are 

provided (for log keeping) utilizing the 
Emergency  

 Response Log Sheet. 
 � Conduct periodic Operations briefings to 

EMT members as required or requested. 
 � Overall supervision and control of the 

operations Unit activities; including 
technical  

 support. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
EMT 

Functioned 
Roles Responsibilities 

Logistics & 
Planning 

 Assess the emergency and 
determine the adequacy of logistics 
response resources. 

 Establish communications with 
logistics service providers, when 
appropriate. 

 Ensure the Logistics function is carried out 
in support of EMT and ERT operations. This 
function includes resource tracking: 
acquiring equipment, supplies, and 
transportation  
services. 



 Identify available resources – 
aircraft, road transport, and 
materials and arrange for 
mobilization and movement of those 
resources as planned. 

 Validate requests and manage the 
procurement process with Vendors 
assistance. 

 Coordinate resource requests with 
Service Providers and other 
suppliers. 

 Obtain additional resources from 
other oil companies/ operators, if 
necessary. 

 Serve as the information focal point 
for the overall compilation of 
situation assessment. 

 Collect, analyze, and display 
information regarding the 
emergency and the location of 
critical resources at the Event 
Boards. 

 Process information that is common 
to team members that can 
contributes to the overall 
perspective of the emergency. 

 Provide status reports on logistics 
activities to the IC and EMT 
members. 
 
 
 
 
 
 
 
 
 

 Establish the appropriate level of staffing 
and continuously monitor the effectiveness 
and  
modification as required. 

 Coordinate closely with all EMT members to 
establish priorities for resource allocation to  
support emergency management 
operations. 

 Keep the IC informed of all significant issues 
relating to the logistics operations. 

 Ensure that the updated reports are 
provided (for log keeping) utilizing the 
Emergency Response Log Sheet. 

 Supervise all logistics related activities. 
 In coordination with other EMT members, 

ensure that consistent log keeping is made,  
complete Situation Status Reports, and 
develop the ECC Action Plan. 

 Ensure all status boards and other displays 
contain accurate information. 

EMT 
Functioned 

Roles Responsibilities 

Finance & HR 
Section 

 Ensure that all financial records are 
maintained throughout the event or 
disaster.  

 Ensure NOK and Media Response 
Teams are given only approved 
information, which they can release.  

 Allocate personnel to render 
appropriate assistance to Next of 
Kin, providing representatives with 
an initial briefing and copies of press 
releases.  

 Determine purchase order limits for the 
procurement function in Logistics. 

 Discuss requirement and support with 
medical service provider, if necessary. 

 Ensure that compensation claims resulting 
from the response to the incident are 
processed within a reasonable time, given 
the nature of the situation. 

 Ensure that all travel and expense claims 
are processed within a reasonable time, 
given  

 Identify and arrange specific needs 
for transport, accommodation, 
catering, clothing, money etc. for 
evacuated personnel and NOK.  

 Collate and make copies of all 
approved press reports and provide 
them to EMT members 

the nature of the situation. 
 Provide administrative support to EMT 

members as required. 
 Activate support teams as required; monitor 

activities continuously and modify the 
organization as needed. 

 Coordinate with HSE &Liaison Officer on 
local meetings and security support. 

 Keep current on the general status of 
resources and activity associated with your 
position. 

 Ensure that the updated reports are 
provided (for log keeping) utilizing the 
Emergency Response Log Sheet. 

 Responsible for addressing human 
resources issues that arise for response 
personnel and for arranging humanitarian 
assistance to the NOKs of individuals 
injured or killed by the incident or during 
response operations. 
 

 Responsible for managing and supervising 
all financial and administrative aspects of 
incident response operations, including 
accounting, invoice processing, contracts, 
cost control, insurance coordination, and 
financial reporting. 
 
 
 
 
 
 

EMT 
Functioned 

Roles Responsibilities 

HSE & 
Liaison 
Officer 

 Develops and recommends 
measures for assuring personnel 
safety and security, assessing 
and/or anticipating hazardous and 
unsafe situations, and taking 
corrective measures. 

 Acting as liaison with partners and 
facilitate requests, but normally do 
not directly act on or process 
resource requests. 

 Obtain situation status information 
and response activities from EMT 
Operations Chief. 

 Coordinate Myanmar Asset’s 
participation with regulatory 
agencies at the incident scene,  

 Provides a point of reference for identifying 
and addressing the safety and health 
hazards that may threaten personnel.  

 Delineates responsibilities for protecting 
personnel from these hazards and for 
providing prompt and effective remedial 
actions when an emergency-related injury 
or illness takes place.  

 Ensures that all parties take reasonable 
steps to protect deployed personnel from 
emergency-related hazards, including, but 
not limited to, compliance with established 
safety and health standards.  

 Develops and implements a standard 
reporting system to centrally document the 



if necessary. 
 Resolve any conflicts with agencies 

having jurisdiction over Myanmar 
asset’s response efforts. 

occurrence of emergency-related injury or 
illnesses.  

 Resolve any conflicts between NGP 
response activities and agencies 
participating in the response.  

 Ensure that the Logistic & Planning Chief is 
provided with updated reports (for log 
keeping) utilizing the Emergency Response 
Log Sheet.  

 Implement a system to report, investigate, 
and recommend remediation for accidents, 
injuries, and illnesses related to the 
emergency.  

 Provide written evaluations and after-action 
reports on emergency safety and health 
activities 
 
 
 
 
 
 
 
 
 
 
 
 
 

EMT 
Functioned 

Roles Responsibilities 

Computer 
Operator 

 Record all incoming and outgoing 
messages from the main log of 
events and emergency response 
messages forms and incorporate 
them into the computer log in 
related order.  

 Assist in accessing any other 
information held on the computer 
such as Emergency Contacts.  

 Type and print reports, draft press releases 
and any other material required by the EMT 
members. 

 

 



EMERGENCY MAIN EVENT LOG   
Incident title:                                                                                 Date:             
 

Open 

TIME FROM TO MAIN EVENT LOG KEY POINTS 

13:35 3-Dec  OIM inform of typhoon approx. RSK 3 days Typhoon approaching 

13:38   Dominic called incident commander Typhoon coming within  

13:48 
  Check POB for non-essential 34+24+1 

Essential: 10 
Plan for transfer 

   NS309 to support the hose release  

14:14 
  Identify Essential and Non-Essential pax  

AP1 10 /25 
PRIDE1  23 / 1 (Fitter) – No need transfer 

Prepare transportation 

14:16   IC Design SKL as safe location  

14:18   PRIDE1 Master design shelter down South  

14:25 
  Barge master confirmed <20 min to shut 

black operation  
 

 4-Dec  76 hrs. before the Typhoon hit RSK  

   AG AZZAM arrive   

   IC approves to bring AG AZZAM back to RSK  

   Cancel Bunkering for AG AZZAM  

 
  Non essential crew on AG AZZAM need hotel 

accommodation 
 

   shut down preparation and monitor  

 
  PRIDE1 disconnect produced water and flowline 

lines in 4 hours + Mooring line 8 hours no Bouy  
preparation 

 

EMERGENCY MAIN EVENT LOG   
Incident title:                                                                                 Date:             
 

Open 

TIME FROM TO MAIN EVENT LOG KEY POINTS 

13:35 3-Dec  OIM inform of typhoon approx. RSK 3 days Typhoon approaching 

13:38   Dominic called incident commander Typhoon coming within  

13:48 
  Check POB for non-essential 34+24+1 

Essential: 10 
Plan for transfer 

 5-Dec  Non-Essential crew from FSO to AG AZZAM  

 
  Confirm PRIDE1 master cast off time when 

typhoon approx. <360 NM  
 

   Shut down   

   Mobilize 10 essential crew to SKL  

 6 Dec   Stand Down-Drill is Over.  

     

     

     

     

     

     

     

     

     

     

 



Scenario of Tabletop Oil Spill Exercise 

Dated Mar. 11 , 2024  
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ภาคผนวก NGP-15 

รายชื่อและเอกสารรับรองของเจ้าหน้าที่ความปลอดภัยในการท างาน

ระดับวิชาชีพ ที่ประจ าที่แท่นผลิต  







ภาคผนวก NGP-16 

ตัวอย่างรายงานขอ้มูลการพยากรณ์อากาศ  



ATTN: GPM

Platform / Fixed: Rossukon_G6_48 Coordinates: 9.43N / 101.03E Time Zone: GMT+7.0

Weather Forecast Report Issued at: 2024-11-28 00GMT Validity 5 days (120hrs) from: 2024-11-28 00GMT

Tropical Cyclone Advisory: NIL.

Meteorological Situation: The area is under the influence of a Low Pressure area 1009.9mb remaining steady over the next 48 hours

Forecast Summary: Winds will reach 25-34kts on Fri 29-Nov 10:00. Wave Height peaking 2.1-3.2m on Fri 29-Nov 10:00

Warnings (next 12 hrs:) Winds: 21.0-29kts Wave: 1.2-2.0m Thunderstorm Risk: High Potential Gusts/Squalls: 25-30kts

Date / Time 

LT

Wind

Dir

10m

Speed

10m

(kt)

Gust

10m

(kt)

Speed

50m

(kt)

Wind

Vave

Hght

Swell

Dir

Swell

Hght

(m)

Swell

Per

(s)

Hs

(m)

Hmax

(m)

MSLP

(mb)

TAir

(C)

Visi

(Km)

Precip

(mm/h)

Thund

Lightn

Risk

Thu 28-Nov 07 ENE 21 29 25 1.1 ENE 0.5 4.6 1.2 2.0 1009.6 28.9 17.3 0.3 Low

Thu 28-Nov 10 ENE 20 28 24 1.2 ENE 0.7 5.1 1.4 2.2 1011.7 28.2 5.4 0.7 Mod

Thu 28-Nov 13 ENE 22 29 25 1.4 ENE 0.8 5.6 1.6 2.6 1009.8 28.1 16.6 0.9 Mod

Thu 28-Nov 16 ENE 15 21 17 0.7 ENE 1.6 6.4 1.8 2.8 1008.3 28.3 15.4 1.5 High

Thu 28-Nov 19 ENE 18 24 20 1.1 ENE 1.4 6.6 1.8 2.9 1010.1 28.3 20.0 1.5 High

Thu 28-Nov 22 ENE 17 22 20 0.9 E 1.4 6.7 1.7 2.7 1011.1 28.2 7.2 0.7 Mod

Fri 29-Nov 01 ENE 20 28 24 1.2 ENE 1.3 6.2 1.8 2.8 1009.7 28.2 10.7 1.2 Mod

Fri 29-Nov 04 ENE 20 27 23 1.2 ENE 1.4 6.1 1.8 2.9 1008.4 28.6 20.0 0.9 Mod

Fri 29-Nov 07 ENE 24 33 29 1.8 ENE 0.6 6.0 1.9 3.0 1010.5 28.5 20.0 0.6 Mod

Fri 29-Nov 10 ENE 25 34 30 2.0 ENE 0.6 6.3 2.1 3.4 1011.5 28.3 20.0 0.0 Nil

Fri 29-Nov 13 ENE 19 26 21 1.1 ENE 1.8 6.6 2.1 3.3 1008.8 27.9 20.0 0.0 Nil

Fri 29-Nov 16 ENE 16 22 17 0.8 ENE 1.8 6.7 2.0 3.1 1008.1 27.7 20.0 0.0 Nil

Fri 29-Nov 19 ENE 15 20 16 0.7 ENE 1.7 6.6 1.9 3.0 1009.9 27.9 20.0 0.0 Nil

Fri 29-Nov 22 ENE 13 17 14 0.6 ENE 1.5 6.2 1.7 2.7 1011.1 27.8 20.0 0.0 Nil

Sat 30-Nov 01 NE 15 20 16 0.7 ESE 1.3 6.8 1.5 2.4 1009.4 27.9 20.0 0.1 Nil

Sat 30-Nov 04 NE 18 24 20 1.1 ENE 1.0 5.5 1.5 2.4 1007.9 28.5 20.0 0.0 Nil

Sat 30-Nov 07 ENE 21 28 24 1.3 NE 1.0 5.4 1.7 2.7 1009.3 28.5 20.0 0.0 Nil

Sat 30-Nov 10 ENE 21 28 23 1.3 ENE 1.3 5.7 1.8 2.9 1010.9 28.3 20.0 0.0 Nil

Sat 30-Nov 13 ENE 16 22 18 0.8 ENE 1.5 6.0 1.7 2.7 1008.2 28.0 20.0 0.0 Nil

Sat 30-Nov 16 NE 14 19 15 0.6 ENE 1.4 6.0 1.5 2.5 1006.8 27.9 20.0 0.0 Nil

Sat 30-Nov 19 ENE 11 14 11 0.4 E 1.3 5.9 1.4 2.2 1009.0 27.8 20.0 0.0 Nil

Sat 30-Nov 22 ENE 9 12 10 0.3 E 1.2 5.8 1.2 1.9 1010.3 27.8 20.0 0.0 Nil

Sun 01-Dec 01 ENE 9 12 10 0.3 ENE 1.0 5.4 1.1 1.8 1008.7 27.8 20.0 0.0 Nil

Sun 01-Dec 04 NE 8 11 9 0.2 E 1.0 5.5 1.0 1.7 1007.7 27.8 20.0 0.0 Nil

Sun 01-Dec 07 NE 10 14 11 0.3 E 0.9 5.4 1.0 1.6 1008.9 28.0 20.0 0.0 Nil

Sun 01-Dec 13 NE 10 14 11 0.3 ESE 0.9 5.6 0.9 1.5 1008.2 28.3 20.0 0.0 Nil

Sun 01-Dec 19 ENE 4 6 5 0.0 ESE 0.9 5.8 0.9 1.5 1007.8 28.2 20.0 0.0 Nil

Mon 02-Dec 01 ENE 8 10 8 0.2 ENE 0.8 5.4 0.9 1.4 1008.2 28.3 20.0 0.0 Nil

Mon 02-Dec 07 ENE 9 11 9 0.3 ENE 0.5 4.8 0.6 1.0 1008.5 27.6 20.0 0.1 Low

Mon 02-Dec 13 ENE 8 11 9 0.2 NE 0.4 4.3 0.5 0.7 1007.7 28.5 20.0 0.0 Nil

Mon 02-Dec 19 NE 9 12 9 0.3 ENE 0.0 3.9 0.4 0.6 1007.5 28.5 20.0 0.0 Nil

Tue 03-Dec 01 NE 9 12 9 0.3 NE 0.0 4.2 0.4 0.6 1008.2 28.3 20.0 0.0 Nil

Tue 03-Dec 07 NE 10 14 11 0.3 NE 0.3 4.0 0.4 0.7 1008.2 27.9 20.0 0.5 Mod

Report generated / validated by the duty Forecaster. Color codes, explanations over the parameters displayed on the last page of this report
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Sunrise at: 06:15LT   |   Sunset at: 17:52LT

Temperature & Humidity Temp (C) Humidity (%)
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Heatwave Risk >45C
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Notes concerning the report:

1. Color Codes

Confidence Level: High Moderate Low

Wind Beaufort Scale: Light Fresh Strong Near Gale Gale Storm

Sea State Scale: Slight Moderate Rough Very Rough High Very High

Wave period Tp: <6 sec 6-7 sec 8-9 sec >9 sec

Rainfall intensity: Negligible Light Moderate Heavy Violent

Reduced Visi Risk: Negligible Light Moderate High

Thunderstorm Risk: Negligible Light Moderate High

2. Metocean parameters general conventions

Hs - Significant Wave Height: expressed in meters. Corresponds to the mean of the 1/3 highest waves

Hmax - Maximum Wave Height: Maximum individual wave height from peak to trough expressed in meters. Generally 1.6 to 1.7* Hs over a 1-hour

period and 1.8 to 2.0* Hs for a 3-hour period

Swell Direction: Main Wave direction expressed in degrees relative to the true North and describes the direction from which the waves are

travelling.

Peak Wave Period Tp: The period of the waves with the highest energy density expressed in seconds. The peak period identifies either the

dominant wave system generated elsewhere or the locally generated windwaves due to strong local winds.

3. Tropical Cyclone trigger phases

650Nm: Phase1 (Green)

550Nm: Phase2 (Yellow)

450Nm: Phase3 (Orange)

350Nm: Phase4 (Red)

For more details on the trigger phases, please refer to GPM / Rossukon_G6_48 Tropical Cyclone Response Plan.
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ภาคผนวก NGP-17 

ชนิดของโคลนช่วยเจาะและค่าปริมาณน ้ามันที่ติดค้างบนเศษหนิ  















ภาคผนวก NGP-18 

Monthly fuel consumption record  



FO (Liter)/Month Sep-23 Oct-23 Nov-23 Dec-23 Total Liter/Vessel
AG Azzam 203,893.40      238,085.60  441,979.00           
MP Prestige 44,342.00    439,775.00      428,885.00      197,975.00  1,110,977.00       
Evay 49,134.00        406,347.00      468,193.00  923,674.00           
Logindo Sturdy 279,070.00      156,082.00      435,152.00           
Pacific Centurion 310,245.00      310,245.00           
NS309 12,284.00        14,440.00        26,724.00             
NS311 7,887.00          10,305.00        18,192.00             
Tan Cang 89 41,355.00    365,475.00      406,830.00           
ENA Jade 48,388.00    324,306.00      372,694.00           
Total Liter/Month 134,085.00  1,788,176.00   1,219,952.40   904,253.60  4,046,467.00       

AG Azzam Jan-24 Feb-24 Mar-24 Apr-24 May-24 Jun-24 Jul-24 Aug-24 Sep-24 Oct-24 Nov-24 Dec-24 Total Liter/Cost Unit
FO Liter/Month 236,867.00    217,902.00         240,592.00         238,005.00    228,895.00              224,415.00              234,210.00   212,297.00   221,498.00   192,886.00   189,768.00   235,600.00   2,672,935.00    Liters

MOPU AP-1 Jan-24 Feb-24 Mar-24 Apr-24 May-24 Jun-24 Jul-24 Aug-24 Sep-24 Oct-24 Nov-24 Dec-24 Total Liter/Cost Unit
FO Liter/Month 79,690.00       55,600.00           73,700.00           74,800.00       91,090.00                72,220.00                77,130.00     73,020.00     87,940.00     92,200.00     91,880.00     93,000.00     962,270.00        Liters

Pride1 Jan-24 Feb-24 Mar-24 Apr-24 May-24 Jun-24 Jul-24 Aug-24 Sep-24 Oct-24 Nov-24 Dec-24 Total Liter/Cost Unit
FO Liter/Month 94,474.84       76,614.38           112,486.11         67,648.15       138,570.19              72,101.85                74,906.48     123,872.93   71,150.93     113,099.59   85,520.30     109,279.00   1,139,724.74    Liters

Tugboat Jan-24 Feb-24 Mar-24 Apr-24 May-24 Jun-24 Jul-24 Aug-24 Sep-24 Oct-24 Nov-24 Dec-24 Total Liter/Cost Unit
NS309 FO (L) 29032.00 36272.00 57598.00 34934.00 41111.00 18140.00 37972.00 27913.00 21302.00 41521.00 20893.00 20368.00 387056.00 Liters
NS313 FO (L) 0.00 0.00 16465.00 0.00 24445.00 0.00 0.00 20924.00 0.00 29819.00 0.00 0.00 91653.00 Liters
Alternative Boat FO (L) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 43292.00 65088.00 0.00 0.00 0.00 108380.00 Liters

Total (L) 440,063.84    386,388.38         500,841.11         415,387.15    524,111.19              386,876.85              424,218.48   501,318.93   466,978.93   469,525.59   388,061.30   458,247.00   5,362,018.74    Liters

YEAR 2024

YEAR 2023



ภาคผนวก NGP-19 

การจัดการน ้าจากกระบวนการผลิต 

o ภาคผนวก NGP-19.1  การตรวจสอบความสามารถในการรองรับน ้า 
    จากกระบวนการผลิต 

o ภาคผนวก NGP-19.2  การตรวจสอบปั๊มส าหรับการอัดกลับน า้จากกระบวนการผลิต  



ภาคผนวก NGP-19.1 

การตรวจสอบความสามารถในการรองรับน ้าจากกระบวนการผลิต  



EIA Compliance 18.6
Water Injection Well Capacity 

Monitoring

Injection Well Capacity
NGP submitted the Well Conversion Package to DMF and received 
approval to proceed with operations. The package included detailed 
calculation methods along with other supporting information to ensure 
compliance and feasibility.
The capacity of the injection wells is determined using the following 
methodologies:
• Produced Voidage Replacement (Virgin Voidage): This method 

accounts for the total volume of hydrocarbons and water removed from 
the reservoir. The injected water volume is calculated to balance this 
voidage, maintaining optimal reservoir pressure.

• Material Balance Calculations: A thorough reservoir engineering 
approach evaluates reservoir voidage and provides a reliable estimate 
of the injection capacity, ensuring alignment with reservoir 
management objectives.

Monitoring Plan
Cumulative Water Injected vs. Calculated Capacity: The total 
volume of water injected is monitored continuously and compared 
with the calculated injection capacity. This ensures that the 
reservoir remains balanced and avoids over-pressurization or 
under-injection.
As our field is newly developed, we do not have historical 
performance data from similar injection wells to validate the 
reliability of material balance calculations. Nevertheless, we have 
implemented real-time monitoring to ensure injected volumes align 
with calculated capacities. This proactive approach allows for 
immediate adjustments, ensuring safe, efficient, and reliable 
operations.

Evidence to Support the Plan
Field Data Evidence (Daily Report)

FSO

PW report Online Hr Choke Size THP (psig) Factor
Estimated Water 
volume injected 
from FSO Ullage

Online Hr Choke Size THP (psig) Factor
Estimated Water 
volume injected 
from FSO Ullage

Oct-2024 99,360 77,633                   21,727                   
01-Nov-24 2,714 19.25 41 970           0.85 2,308                     19.25 7 1,000        0.15 406                        
02-Nov-24 0 0 S/I 380           0.00 -                         0 S/I 200           0.00 -                         
03-Nov-24 2,518 13.5 41 980           0.86 2,159                     13.5 7 955           0.14 359                        
04-Nov-24 3,447 21.5 41 980           0.85 2,936                     21.5 7 1,000        0.15 511                        
05-Nov-24 3,015 24 41 980           0.85 2,568                     24 7 1,000        0.15 447                        
06-Nov-24 2,983 24 41 1,000        0.84 2,496                     24 8 1,000        0.16 487                        
07-Nov-24 2,850 24 41 1,000        0.84 2,385                     24 8 1,000        0.16 465                        
08-Nov-24 2,818 24 41 1,060        0.83 2,351                     24 8 1,080        0.17 467                        
09-Nov-24 2,602 24 41 1,060        0.83 2,170                     24 8 1,080        0.17 432                        
10-Nov-24 2,845 24 41 1,060        0.83 2,373                     24 8 1,080        0.17 472                        
11-Nov-24 2,863 24 41 1,070        0.83 2,388                     24 8 1,090        0.17 475                        
12-Nov-24 542 5.5 41 1,070        0.83 452                        5.5 8 1,090        0.17 90                           
13-Nov-24 901 9 41 1,060        0.83 749                        9 8 1,100        0.17 152                        
14-Nov-24 3050 24 41 1,080        0.83 2,544                     24 8 1,100        0.17 506                        
15-Nov-24 2883 23.75 41 1,060        0.83 2,398                     23.75 8 1,100        0.17 485                        
16-Nov-24 2817 24 41 1,060        0.83 2,343                     24 8 1,100        0.17 474                        
17-Nov-24 2817 24 41 1,060        0.83 2,343                     24 8 1,100        0.17 474                        
18-Nov-24 2783 24 41 1,060        0.83 2,314                     24 8 1,100        0.17 469                        
19-Nov-24 2850 24 41 1,060        0.83 2,370                     24 8 1,100        0.17 480                        
20-Nov-24 2850 24 41 1,060        0.83 2,370                     24 8 1,100        0.17 480                        
21-Nov-24 2552 24 41 1,060        0.83 2,122                     24 8 1,100        0.17 430                        
22-Nov-24 2717 24 41 1,060        0.83 2,259                     24 8 1,100        0.17 458                        
23-Nov-24 1989 19 41 914           0.83 1,654                     19 8 950           0.17 335                        
24-Nov-24 0 0 S/I 453           0.00 -                         0 S/I 496           0.00 -                         
25-Nov-24 0 0 S/I 410           0.00 -                         0 S/I 475           0.00 -                         
26-Nov-24 1524 12 41 798           0.83 1,262                     12 8 849           0.17 262                        
27-Nov-24 2926 24 41 1,052        0.84 2,451                     24 8 1,046        0.16 475                        
28-Nov-24 0.00 -                         0.00 -                         
29-Nov-24 0.00 -                         0.00 -                         
30-Nov-24 0.00 -                         0.00 -                         

0.00 -                         0.00 -                         
Cum. Volume 161,216 129,397                31,819                   

Date

ROSA-11 ROSA-13

ROSA-11 ROSA-13
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Work order: 2024-82271

SPS Pump A- Replacement grease 9000hrs / 12M

Details
Vessel: Aurora Producer 1

StatusDate done      :Due date : :7/31/2025 Approved

Tech acc Criticality914.010.001   PUMP, PRODUCED WATER INJECTION A   (325.101): :

Equipment Serial no. ::

Class ref. Location        :: P-450A

Org. schedule         : Project type   :
Cost allocation :

Job class Corrective:: Priority : Interv. typeCondition Based Maintenance Low

Job type :: Duration       : LengthOil Change / Lubrication 2.00
Job grade Yes Scheduling: Mat. in stock  : N/A:Planned corrective work

FloatEst. delivery   : :Dept. : Mechanical

Description

Replacement of grease in coupling as needed or required every 12M or every 9000hrs of operation

Recommended Grease - Shell Alvania CG grease, FalkLTG grease
Report No data to be shown

Connections

History (latest 5) No data to be shown

Failure reporting No data to be shown

Done by

Creator       : Chief Mechanic B Created date   : 12/20/2024 Last done date    

Original due date Approved date :Approved by   :

Printed by   : Printed date : Original due value 

Completed by  : Completed date :

Closed by  : Closed date       :

Status comments:

Chief Mechanic B 12/20/2024

0.00

7/31/2025

:

:

:

Change log (latest 2) No data to be shown

Comments (latest 2) No data to be shown
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Work order: 2024-82272

SPS Pump C - Replacement grease 9000hrs / 12M

Details
Vessel: Aurora Producer 1

StatusDate done      :Due date : :7/31/2025 Approved

Tech acc Criticality914.010.003   PUMP, PRODUCED WATER INJECTION C   (325.103): :

Equipment Serial no. ::

Class ref. Location        :: P-450C

Org. schedule         : Project type   :
Cost allocation :

Job class Corrective:: Priority : Interv. typePreventative Maintenance Low

Job type :: Duration       : LengthOil Change / Lubrication 2.00
Job grade Yes Scheduling: Mat. in stock  : N/A:Planned corrective work

FloatEst. delivery   : :Dept. : Mechanical

Description

Replacement of grease in coupling as needed or required every 12M or every 9000hrs of operation

Recommended Grease - Shell Alvania CG grease, FalkLTG grease
Report No data to be shown

Connections

History (latest 5) No data to be shown

Failure reporting No data to be shown

Done by

Creator       : Chief Mechanic B Created date   : 12/20/2024 Last done date    

Original due date Approved date :Approved by   :

Printed by   : Printed date : Original due value 

Completed by  : Completed date :

Closed by  : Closed date       :

Status comments:

Chief Mechanic B 12/20/2024

0.00

7/31/2025

:

:

:

Change log (latest 2)
Date Site Description Txt Due Cod TA Stat Rep User

Aurora Maritime  Office12/20/2024   1:55:54A Technical Marine SuperinteRelocated *

Comments (latest 2) No data to be shown
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ภาคผนวก NGP-20 

การจัดการด้านความปลอดภัย ความมั่นคง อาชีวอนามัย และ

สิ่งแวดล้อม 

o ภาคผนวก NGP-20.1  คู่มือการจัดการด้านความปลอดภัย ความมั่นคง อาชีวอนามยั 
    และสิ่งแวดล้อม 

o ภาคผนวก NGP-20.2  Simultaneous Operations Guidelines 
o ภาคผนวก NGP-20.3  ตัวอย่างแบบฟอร์มรายงานการเกิดอุบัติเหตุ 
o ภาคผนวก NGP-20.4  บันทึกสถิติการเกิดอุบัติเหตุ การเจ็บป่วย หรือได้รับบาดเจ็บ

    ของพนักงาน  



ภาคผนวก NGP-20.1 

คู่มือการจัดการด้านความปลอดภัย ความม่ันคง อาชีวอนามัย 

และสิ่งแวดล้อม  
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Note: A Document Holder is responsible for communicating and ensuring compliance with this 

document's requirements. 
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PREFACE 

NORTHERN GULF PETROLEUM (NGP) LIMITED Health, Safety, and Environment 

Management System (HSE MS) defines the Company’s HSE policy, strategic objectives, 

organization, and the arrangements that are necessary to manage the identified health, 

safety, and environmental risks associated with NGP’s activities. It was developed based 

on 8 main elements, covering the ‘plan’, ‘do’, ‘check’, and ‘act’ (PDCA) loop to ensure 

continual improvement.  

This Manual shall be adhered to, by NGP operations including Contractors engaged in 

works for the Company. 
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PART I: INTRODUCTION  
 
1.0 OBJECTIVE  
 

(1) NGP HSE MS defines the Company’s HSE policies, strategic objectives, organization, 

and the arrangements that are necessary to manage the identified HSE risks associated 

with NGP’s activities. 

 
(2) The objectives of the HSE MS are to ensure that: 

 
i. The HSE inherent risks in NGP operations have been systematically identified. 

ii. Arrangements are in place to control these risks and to deal with the 

consequences should the needs arise; and 

iii. The necessary information, training, assurance, and improvement processes are 

in place. 

2.0 SCOPE  
 

(1) Unless otherwise specified, all requirements defined in this HSE MS shall apply to NGP 

operations, including Contractors engaged in works for the Company. 

 
(2) NGP shall influence the implementation of an effective HSE MS that is in line with 

International Standards and/or Industry Standards. 

3.0 REVIEW REQUIREMENTS  

 
(1) This Manual shall be reviewed periodically at intervals not exceeding five (5) years. 

 
(2) It may be reviewed and revised earlier if significant amendments from the original 

latest revision are required. 
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4.0 GLOSSARY OF TERMS  

 
(1) For the purpose of this Manual, the definitions of terms, acronyms and abbreviations 

used are as follows: 

 

4.1  Specific Definition of Terms 
 

No. Terms Description 

1. Due Diligence The care that the Company (or) an individual person 
exercises under the circumstances to avoid harm to other 
persons, their property, or the environment. 

2. Escalation An increase in the consequences of a hazardous event. 

3. Escalation 
Factor 

A condition that leads to increased risk associated with the 
loss of controls or loss of recovery capabilities (mitigation 
or lifesaving). Escalation factors include abnormal 
operating conditions, 
e.g., maintenance mode, operating outside design 
envelope; environmental variations, e.g., extreme weather 
and tidal conditions; failure of    barriers, 
e.g., maintenance failure, result of a prior event like 
explosion or fire, introduction of an ignition source; human 
error, e.g., lapses, violations; no barrier provided, e.g., not 
possible, or too expensive. Escalation Factors may 
concurrently affect the control and/or recovery of more 
than one hazard. 

4. HSE Liaison / 
Focal Person 

Competent personnel within the Departments/ Work 
Locations to coordinate and to act as an advisory body for 
the implementation of the HSE Management System,
including the associated procedures and guidelines, within 
the respective Department/Work Locations. 

5. Third Parties Persons or organizations which are not employed by or 
contracted to NGP. 

 

 

Table 4.1.1: Specific Definition of Terms 
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4.2  Specific Abbreviations 
 

No. Abbreviations Description 

1. HSE MS Health, Safety, Security & Environment Management 
System 

2. NGP NORTHERN GULF PETROLEUM LTD. 

Table 4.2.1: Specific Abbreviations 
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PART II: HSE MS ELEMENTS  
 

1.0 LEADERSHIP AND COMMITMENT  

 
(1) Purpose 

 
i. This Element defines NGP’s expectations from leaders at all levels (from CEO 

to General Labors) for visible leadership and commitment in creating and 

sustaining a culture that drives effectiveness of the HSE MS. 

 
(2) Expectations 

 
i. As a general guideline, the commitments expected from the various levels of 

leadership are as follows: 

 
a. Senior Management (CEO and Directors) 

 
A. Senior Management shall provide strong, visible leadership and 

commitment, and ensure that this commitment is translated into 

the necessary resources to develop, operate, and maintain HSE 

MS and to institutionalize the HSE Policies and Strategic 

Objectives. 

 
b. Line Management (Senior Managers and Managers) 

 
A. Line Management shall provide strong, visible leadership and 

commitment, and ensure accountability of the HSE policies 

requirements and shall provide support for actions taken to 

protect health, safety, security and the environment within their 

sphere of influence. 

 
c. Technical Professionals (TPs) and Subject Matter Experts (SMEs) 

 
A. Technical Professionals and Subject Matter Experts shall provide   

strong, visible technical leadership and commitment in their 

respective areas of technical expertise and shall provide support 

for the effective implementation of HSE MS. 
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d. Employees 
 

A. Employees at all levels in NGP shall demonstrate their 

commitment to HSE requirements and ensure that these are 

given priority and not compromised in their daily activities. 

 
e. Contractors 

 
A. Contractors shall actively inculcate and sustain a culture that 

supports HSE MS implementation through its policy, strategic 

objectives, initiatives and HSE plan. 

 
(3) Demonstration of Leadership and Commitment  

 
i. HSE commitments to the expectations may be demonstrated by the following: 

 
a. Records of site - HSE visits (HSE and others). 

 
b. Terms of Reference (TOR) and minutes of HSE meetings. 

 
c. Records on participation in HSE related activities e.g., incident 

investigation, HSE meetings, HSE trainings, HSE assurance/inspection, 

HSE risk assessment, etc. 

 
d. HSE strategies, initiatives and plan, including HSE MS implementation 

plan. 

e. HSE Performance Indicators (PI) (leading and lagging) and targets 

including communication to employees and contractors, and record of 

reviews; Annual Employee Performance Management (EPM) (or 

equivalent) and records of appraisal; and 

 
f. HSE rewards and recognition programmes. 

 
 
1.1 Visible HSE Leadership 
 

1. Leaders at all levels, including Contractors, shall demonstrate strong, visible, and felt 

HSE leadership to drive and promote a culture in which all employees share their 

commitment to HSE, through: 

 

Internal

NGP – HSE MS

Open

Page 14 of 85

i. Establishing NGP HSE Policy and its associated policies, Strategic HSE 

Objectives, HSE Plan and Programmes; 

 
ii. Communicating NGP HSE Policy and its associated policies to 

employees and stakeholders. 

 
iii. Prioritizing HSE matters high on the agenda of meetings from Board and 

downwards e.g., HSE Performance, HSE lessons learnt, HSE action 

items, etc. 

 
iv. Leading or participating in HSE activities such as site visits, assurances, 

management reviews, incident investigations and HSE programmes; 

 
v. Driving the process for HSE excellence which provides a culture where 

employees and stakeholders are well informed and motivated towards 

improving HSE performance. 

 
vi. Continuously communicate with employees and contractors with clear 

HSE messages through daily job briefings, toolbox meetings and other 

meetings. 

 

vii. Integrating HSE considerations in business decisions, e.g., HSE risk. 

Ensuring necessary resources, milestones and reviews are available 

within the Business Plan; and 

 
viii. Recognizing and rewarding HSE achievements. 

 
1.2 Proactive in Managing HSE Risk 

 
1. Leaders at all levels, including Contractors, shall demonstrate understanding of HSE 

risks associated with specific business activities and how they are managed by: 

 
i. Recognizing HSE hazards and risks to the Company. 

 
ii. Being proactive in target setting by integrating HSE targets and risk 

mitigation into business activities including leading (proactive) and 

lagging (reactive) KPIs and cascade to all employees and contractors. 
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iii. Prioritizing and providing sufficient resources to manage the risks to 

ALARP. 

 
iv. Taking corrective actions if the existing controls are ineffective. 

 
v. Implementing learnings from Lessons Learnt; and 

 
vi. Considering risk throughout asset lifecycle. 

 
1.3  Accountability and Informed Involvement 

 
1. Leaders at all levels, including Contractors, shall demonstrate their informed 

involvement through the following: 

 
i. Embed HSE values in business strategies and plan; 

 

ii. Jointly develop HSE plans and targets with their managers, employees 

and contractors for continual improvement and evaluate performance at 

appropriate levels; 

iii. Provide direction and expectation to contractors/stakeholders. 

 
iv. Being actively involved and show leadership initiative in HSE activities 

and reviews (including Management Review); 

 
v. Take actions against concerns and grievances raised by 

employees/contractor arising from incidents, assurances, visits, etc. 

 
vi. Take overall responsibility and accountability in safeguarding the health, 

safety and wellbeing of employees, contractors, as well as effectiveness 

of the HSE MS; and 

 
vii. Ensure compliance with applicable laws, regulations and Industry 

Standards. 

 
 
 
 
 
 
 
 

Internal

NGP – HSE MS

Open

Page 16 of 85

1.4  Drive HSE Culture 

 
1. Leaders at all levels, including Contractors, shall drive HSE culture by: 

 
i. Assuming responsibility and accountability to manage HSE risks, 

recognizing positive behavior and applying consequence management 

for HSE non-compliance. 

ii. Implementing a system to institutionalize daily HSE behavior. 

iii. Providing focused feedback to personnel on their HSE behaviors and 

performance. 

iv. Protecting employees from reprisals when reporting grievances, 

incidents, hazards and risks. 

v. Ensuring compliance with HSE requirements by reporting HSE 

incidents, near misses and issues; and 

vi. Driving programmes to nurture and elevate the maturity of HSE culture 

towards generative, including monitoring and tracking of progress.
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2.0 POLICY AND STRATEGIC OBJECTIVES  

 
2.1 Content 

 
(1) Purpose 

 
i. NGP HSE Policy provides the direction on how issues relating to HSE 

are to be managed and integrated into the overall business process 

throughout the Company. 

 
ii. NGP HSE associated policy (also referred to as daughter policies) on 

the other hand is developed for specific HSE associated subject to 

complement NGP HSE Policy. This HSE associated policies shall be in 

line with NGP HSE Policy. 

 
(2) Expectations 

 
i. NGP HSE Policy and its associated policy is in line with NGP HSE Policy, 

which can be referred to in Appendix 1. 

 
ii. NGP Leadership Team Members shall be the custodian of the HSE Policy 

and be responsible for its review. The HSE Policy and its associated 

policy shall be reviewed at least once a year or as and when required, 

taking into account the relevancy and adequacy as part of Management 

Review. 

 
 

(3) Demonstration of Compliance 
 

i. Compliance to the above expectations may be demonstrated by the 

following: 

a. Availability of NGP HSE Policy and its associated policy in 

English; and 

b. Records of NGP HSE Policy and its associated policy revisions. 
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2.2 Dissemination 
 

(1) Purpose 
 

i. This Sub-Element defines NGP HSE Policy dissemination to employees 

and key stakeholders. 

 
(2) Expectations 

 
i. The HSE Policy and its associated policy shall be communicated and 

explained to all employees and key stakeholders e.g., contractor, visitor, 

supplier etc. Records of communication shall be maintained. 

 
ii. All employees and contractors shall be informed of their personal role in 

meeting the requirements of the policies. 

 
iii. The HSE policy and its associated policy shall be readily available and 

displayed at prominent location in a language and format that is easily 

understood. 

 
(3) Demonstration of Compliance 

 
i. Compliance to the above expectations may be demonstrated by the 

following: 

 
a. Display of NGP HSE Policy and its associated policy at strategic 

locations throughout workplaces; and 

 
b. Records of dissemination and communication of the NGP HSE 

Policy and its associated policies to all employees and 

Contractors. 

Internal
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2.3 Strategic HSE Objectives 
 

(1) Purpose 
 

i. NGP HSE Objectives provides standard framework on the intent and 

objectives of NGP HSE Policy and its implementation throughout the 

Company. 

 
(2) Expectations 

 
i. NGP shall establish and maintain documented Strategic HSE Objectives 

within the Company, in line with its HSE Policy. 

 
ii. In setting objectives and developing HSE Plan, management shall 

consider the overall risk levels of its business activities taking into 

consideration the legal requirements, technological change, emerging 

issues, result of consultation with employees and key stakeholders’ 

expectations. 

 
iii. The objectives shall provide a framework for setting and reviewing HSE 

Plan and targets to ensure continual improvement. 

 
iv. NGP HSE Objectives shall be subjected to annual review as part of the 

Company business planning process. 

 
v. The objectives shall be communicated throughout NGP operations and 

monitored and updated as appropriate. 

 
(3) Demonstration of Compliance 

 
i. Compliance to the above expectations may be demonstrated by the 

following: 

a. Availability of HSE Objectives, including records of annual 
review; and 

 
b. Records of dissemination on HSE Objectives. 
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2.4 HSE Plan 

 
(1) Purpose 

 
i. This Sub-Element defines NGP requirements for the development of 

HSE Plan in line with the Company’s Strategic HSE Objectives. 

 
(2) Expectations 

 
i. NGP shall develop the Annual HSE Plan. The Annual HSE Plan shall 

incorporate HSE MS requirements and action items required to address 

gaps identified in HSE assurances as well as Strategic HSE Objectives. 

 
ii. The Annual HSE Plan shall cover activities during asset lifecycle phase(s). 

 
iii. The Annual HSE Plan shall be monitored, tracked, analyzed and reported 

to NGP HSE Committee, to ensure effective and timely implementation. 

 
iv. The Annual HSE Plan shall take into account present and anticipated 

future legislative and regulatory requirements, intolerable risks, 

technological options, financial, operational and business requirements 

and expectations of stakeholders. 

 
v. The Annual HSE Plan shall include but not limited to: 

 

a. HSE programmes and activities. 

b. Mitigation measures arising from risk assessments. 

c. Clear milestone and schedule with assigned 
accountabilities; and 

d. Performance Indicators (PI). 

 
vi. The Annual HSE Plan shall be cascaded to relevant departments, 

communicated, and promoted through various platforms to engage all 

staff and contractors in enhancing HSE culture. 

 

(3) Demonstration of Compliance 
 

i. Compliance to the above expectations may be demonstrated by the 
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following documentations: 

a. Approved Annual HSE Plans; 
 

b. Relevant records e.g., HSE Plan implementation tracking, status 

of implementation, etc.; and 

c. Records of dissemination and/or communication e.g., minutes 

of meeting, distribution list, etc. 

 

2.5 HSE Programmes and Activities 

 
(1) Purpose 

 
i. This Sub-Element defines NGP requirements for the development of 

HSE programmes and activities to support the Annual HSE Plan. 

(2) Expectations 
 

i. NGP shall develop detailed HSE programmes and activities that include 

clear milestone, schedule and Performance Indicators (PI) with 

respective accountable parties assigned. 

 
ii. PI for HSE programmes shall be monitored, tracked, analysed and 

reported to NGP HSE Committee, to ensure effective and timely 

implementation. 

 
iii. The HSE programmes and activities shall be cascaded to relevant 

departments, communicated and promoted through various platforms to 

engage all staff and contractors in enhancing HSE culture. 

 
(3) Demonstration of Compliance 

 
i. Compliance to the above expectations may be demonstrated by the 

following documentations: 

 
a. Approved HSE plan with HSE programmes and activities; 

 
b. Relevant records e.g. HSE programmes implementation 

tracking, status of implementation, etc.; and 

c. Records of dissemination and/or communication e.g. minutes of 

meeting, distribution list, etc. 
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3.0 ORGANISATION, RESPONSIBILITIES, RESOURCES, STANDARDS AND DOCUMENTS 
 

 3.1 Roles and Responsibilities (Organization Structure and Responsibilities) 
 

(1) Purpose 
 

i. This Sub-Element defines the governance and guiding principles with 

respect to delineation of HSE roles, responsibilities, and accountabilities 

of NGP, including Contractors. 

 
(2) Expectations 

 
i. The HSE roles, responsibilities, and accountabilities of all personnel, 

both Company and Contractors, shall be clearly defined in Position 

Description/Job Description.  

ii. Employee’s (NGP staffs and contractors) competencies for HSE critical 

activities shall be defined. Responsibilities and requirements associated 

with the control of the activities must be understood by the employee. 

iii. For the effective implementation of NGP HSE MS, the HSE roles, 

responsibilities and accountabilities of employees and Contractors are 

as outlined below: 

 
a. Chief Executive Officer (CEO) 

 
A. NGP CEO has the overall responsibility and 

accountability for HSE and implementation of HSE MS 

throughout NGP operations. 

 
B. He/she may delegate the responsibility for advice on HSE 

matters to the Manager HSE. 

 
C. He/she is responsible and accountable for the provision 

of adequate resources, including competent personnel to 

implement the arrangements specified in HSE MS. 

 
D. In the execution of HSE critical activities, he/she is 

responsible and accountable for the conduct of the 

required HSE risk assessment including the identification 
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and implementation of HSE controls for NGP operations. 

 
E. He/she is responsible and accountable for ensuring the 

technical and operational integrity of facilities and 

equipment that NGP design, procure, fabricate, install, 

acquire, operate, and maintain including facilities and 

equipment used by Contractors engaged in work for the 

Company. 

 

F. He/she shall lead Management Review session for HSE 

continual improvement. 

G. In addition, NGP CEO shall meet the HSE roles, 

responsibilities and accountabilities as specified in 

his/her respective Position Description/Job Description. 

 
b. Manager, Individual Department 

 
A. Manager of Department shall have the responsibility and 

accountability for the implementation of HSE MS in their 

respective departments. 

 
B. They are responsible and accountable for the provision 

of adequate resources including competent personnel to 

implement the arrangements specified in the HSE MS 

within their respective departments and the organization. 

 
C. In the execution of HSE critical activities, they are 

responsible and accountable for the conduct of the 

required HSE risk assessment, including the 

identification and implementation of HSE controls, such 

that harm to people, environment, asset and reputation 

are eliminated and/or minimized within their respective 

departments. 

 
D. They are responsible and accountable for ensuring the 

technical and operational integrity of facilities and 
Internal
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equipment within the respective operational areas 

through reliability analysis and execution of required 

maintenance activities. 

 
E. In addition, they shall meet the HSE roles, responsibilities 

and accountabilities as specified in their respective 

Position Description/Job Description. 

c. Offshore Superintendents (OS), and Company Site 

Representatives (CSR) 

 
A. OS and CSR shall have the responsibility and 

accountability for the implementation of HSE MS, 

including the associated governance document within 

their respective facilities/ worksites. 

 
B. They are responsible for ensuring that employees and 

Contractor personnel under their supervision are fully 

competent to carry out tasks allocated to them, including 

emergency response preparedness capabilities. 

 
C. In the execution of HSE critical activities, they are 

responsible and accountable for the conduct of the 

required HSE risk assessment, including the 

identification and implementation of HSE controls, such 

that harm to people, environment, asset and reputation 

are eliminated and/or minimized within their respective 

facilities/worksites. 

 
D. They are responsible and accountable for ensuring the 

technical and operational integrity of facilities and 

equipment within their respective facilities/worksites, 

through execution of required maintenance activities. 

 
E. In addition, the OS and CSR shall meet the HSE roles, 

responsibilities and accountabilities as specified in their 

respective Position Description/Job Description. 
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d. Manager HSE 
 

A. Manager of HSE shall have the responsibility and 

accountability in driving the implementation of HSE MS 

in his/her operations. 

 
B. He/she is the custodian of NGP HSE MS and 

“Management Representative” for all HSE matters. 

 
C. He/she is the Management Representative for 

engagement/contact with host government and industry 

associations on all HSE matters. 

 
D. He/she is the “HSE Advisor” responsible and 

accountable for providing the required “advice” on HSE 

to management. 

 
E. He/she is responsible for maintaining HSE assurance 

programme, including for Contractors, to support the 

effective implementation of HSE MS within the 

operations. 

 
F. He/she is responsible for maintaining an effective crisis 

management and emergency response capabilities 

within the operations. 

 
G. He/she is responsible for HSE performance associated 

with activities within the operations, including 

Contractors. 

 
H. He/she is responsible in maintaining HSE performance 

data and report for internal use and external reporting to 

local authorities. 

I. He/she shall provide inputs for Management Review; and 

 
J. He/she shall meet the HSE roles, responsibilities and 

accountabilities as specified in his/her respective 
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Position Description/Job Description. 

 
e. HSE Focal Person 

 
A. HSE Focal Person is an employee in line department 

appointed to coordinate HSE matters for their respective 

department. The appointment of HSE Liaison/Focal 

Person shall be made in writing by the respective 

manager. 

 
B. HSE Focal Person shall be responsible for the followings: 

 
1) Disseminating HSE information within the 

respective department. 

 
2) Channeling HSE advice to department. 

 
3) Tracking to closure, the implementation of HSE 

action items for the department. 

 
4) Tracking the implementation of HSE trainings for 

the department. 

 
5) Compiling and submitting HSE performance 

reports (e.g., incident report, manhours); and 

 
6) Coordinating and/or conducting HSE briefing to 

new staff and transferees within the department. 

f. Technical Authorities (TAs)/ Subject Matter Experts (SMEs) 

 
A. They are the “HSE Advisors” responsible and 

accountable for providing the required advice on HSE, 

towards attaining full compliance to the requirement of 

HSE MS within NGP operations; and 

 
B. They shall monitor and communicate information on HSE 

issues and best practices from internal and external 

sources. 
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g. Employees and Contractors 

 
A. Employees and Contractors shall work towards creating 

and sustaining a culture that supports the effective 

implementation of HSE MS. 

 
B. Employees and Contractors shall be responsible for the 

safety, security, and health of themselves and of other 

persons who may be affected by their acts or omissions 

at work. 

 3.2 Demonstration of Compliance 
 

i. Compliance to the above expectations may be demonstrated by the 

following: 

 
a. Organization charts and Position Description/Job 

Description, or equivalent. 

b. Appointment of HSE Liaison/Focal Person; and 

c. Records on communication of roles and responsibilities, 

e.g., delegation of responsibilities, liaison with relevant 

government regulatory authorities, provide advice on legal 

matters relating to HSE MS. 

 
 

 3.3 HSE Advisors/Management Representative (MR) 

 
(1) Purpose 

 
i. This Sub-Element defines the responsibilities of HSE 

Advisors/MR for NGP operations. 

 
(2) Expectations 

 
i. TP/SME is the HSE Advisor and Manager of HSE is the MR. 

 
ii. HSE Advisor shall: 

 
A.  Monitor and communicate information on HSE issues   and best 

practices from internal and external sources. 
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iii. MR shall: 

 
A. Ensure HSE MS requirements are established, implemented and 

maintained throughout NGP operations. 

 
B. Monitor and communicate information on HSE issues and best 

practices from internal and external sources. 

 
C. Collate HSE performance reports and maintain HSE 

performance data for internal use & external reporting to local 

authorities. 

 
D. Regularly report on the performance of the HSE MS to Top 

Management for review, as a basis for improvement. 
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E. Maintain a schedule of HSE assurance/inspections and 

participate in the review of findings from all 

assurance/inspections/incident investigations. 

 
F. Has direct access to Top Management of the Organization. 

 
(3) Demonstration of Compliance 

 
i. Compliance to the above expectations may be demonstrated by the 

following: 

 
a. Appointment of HSE Advisor/MR; 

 
b. Documents and records associated with HSE communication on 

best practices and participation/ leading HSE trainings; and 

c. Compilation, analysis, and solution options are provided based 

on incident investigation reports, assurance activities, lessons 

learnt, HSE PIs, benchmarking, etc. 

 

 3.4 Resources 

 
(1) Purpose 

 
i. This Sub-Element defines the requirement on human resources, aimed 

at ensuring the safe execution of business activities, such that harm to 

people, environment, asset, and reputation are eliminated and/or 

minimized. 

 
(2) Expectations 

 

i. NGP CEO shall provide sufficient and competent resources to ensure 

effective operationalization of HSE MS and effective management of 

risks. This shall include provision of resources for: 

a. prompt rectification of HSE related deficiencies identified by the 

Company or regulators. 

b. on-going verification that HSE critical systems function in 

accordance with the design intent and objectives; and 
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c. on-going training to maintain and enhance competencies. 

 
ii. In manpower planning, the recruitment, selection, and placement 

processes shall include HSE related considerations, amongst others, the 

followings: 

 
a. Complexity of facilities and equipment including the associated 

safeguarding systems. 

 
b. Adequacy of personnel for normal plant operations and 

maintenance as well as to cater for roster/shift work, formal 

training, leave, plant emergencies, etc. 

 
c. The level of competency both trades and HSE competencies of 

personnel. 

 
d. Availability of personnel for HSE risk management activities 

including monitoring and implementation of identified risk 

controls and mitigations; and 

 
e. Physically and mentally fit for their assigned tasks. 

 

iii. Current resource levels shall be sufficient to meet the requirements for 

staffing all HSE critical roles and shall be regularly reviewed. Procedures 

shall ensure that any changes in resource level do not increase HSE risk 

e.g. leave rotations shall ensure resource does not drop to a level that 

will compromise HSE Critical Activities  

(3) Demonstration of Compliance 
 

i. Compliance to the above expectations may be demonstrated by the 

following: 

 
a. Organization chart; and 

 
b. Documents and records associated with both skill group and 

HSE trainings, resource assessment and succession planning, 

e.g., Training plan, training budget, training matrix, training 

records, etc. 
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 3.5 Competence 

 
(1) Purpose 

 
i. This Sub-Element defines the requirement of the required competencies 

for personnel involved in NGP operations. 

 
(2) Expectations 

 
i. All HSE Critical Activities shall have defined competency levels recorded 

in HSE studies. 

 
ii. All personnel who perform HSE Critical Activities are defined as HSE 

Critical Position and require appropriate experience, qualifications and 

training to ensure they are competent to undertake these important risk 

control measures. 

iii. The competency requirements of all HSE Critical Activities shall be 

documented and periodically reviewed. The competence of employees 

shall be reassessed, shortfalls addressed, and records maintained. 

 
iv. For Contractor employees, the competency requirements shall be 

defined in their respective Contractors HSE MS, and the requirements 

shall conform to the relevant country requirements and/or Industry 

Standards. 

 
v. All employees, including Contractors, within NGP operations, shall 

attend the required HSE trainings. 

 
vi. The HSE trainings categorized as Mandatory, or Compulsory are 

intended to provide the required HSE competencies to enable safe 

execution of work activities. 

 
vii. In cases where there are legislative/regulatory competency 

requirements for any specific job function, these requirements shall be 

fully complied with including the requirement to demonstrate 

competencies through formal assessment. The legislative/regulatory 

competency requirements, if any, shall be clearly specified as part of the 
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competence assurance system. 

 
(3) Demonstration of Compliance 

 
i. Compliance to the above expectations may be demonstrated by the 

following: 

a. Availability of competence assurance system; and 

b. Documents and records associated with Mandatory and 

Compulsory HSE trainings such as training plan (HR), training 

budget (concerned departments), training gap analysis for HSE 

critical positions (HSE and concerned departments), training 

matrix and training records as well as certificates (HR) shall be 

recorded and tracked for each specific job junction that required 

for operation safety. 

 
 3.6 Contractor HSE Management 
 

(1) Purpose 
 

i. This Sub-element defines NGP HSE requirements in respect to 

Contractors engaged in works for NGP. 

 
(2) Expectations 

 
i. All Contractors working for NGP shall implement, as a minimum, a HSE 

MS that conforms to International and/or Industry Standards. 

 
ii. The HSE requirements and/or deliverables at the various phases of the 

contracted activities (i.e., Planning, Pre- Qualification, Bidding and 

Selection, Pre-Mobilization, Mobilization, Work Execution, De-

Mobilization and Final Evaluation and Close Out) shall conform to NGP 

Contractor HSE Management requirement. 

 
iii. A person within the Company shall be identified as the Contract Owner for 

the said contract, responsible for all activities in the contracting process 

and the execution of that particular contract. 

 
iv. Planning 
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a. Contract Owner shall perform Pre-Tendering Risk Assessment 

(“Pre-TRA”) based on contracted scope and risk & value of the 

contract. 

v. Pre-Qualification 
 

a. Bidders with an effective HSE MS may be given priority in 

bidding for works with NGP. 

 
vi. Bidding and Selection 

 
a. During the bidding process, as a minimum standard, bidders 

shall satisfy the following HSE criterion: 

 
A. Demonstration of an effective HSE MS; and 

 
B. Demonstration of ability to execute the required 

contracted Scope of Work, including carrying out the 

work safely, conforming to NGP HSE requirements. 

 
b. Additionally, in the Invitation to Bid (ITB) documentation, the key 

HSE requirements and/or deliverables throughout the duration 

of the contract shall be clearly specified. 

 
c. Contractor HSE competence shall be assessed against the HSE 

risk in every contract prior to contract award. 

 
vii. Pre-Mobilization 

 
a. The key HSE requirements and/or deliverables during the pre-

mobilization phase shall include, amongst others, the followings: 

 
A. Completion of HSE risk assessment for activities covered 

in the contracted Scope of Work. 

 
B. Completion of standard Work Procedures/Work 

Instructions, incorporating the identified HSE controls. 

C. Conduct Pre-Mobilization Assurance Exercise when all 

contractor’s resources (manpower and equipment) are 
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almost ready and available; and 

 
D. All high-risk contracts shall have a documented 

demonstration as to how the risks are reduced to ALARP. 

This can be in the form of HSE Plan. 

 
b. Additionally, all other HSE requirements and/or deliverables 

during this phase, e.g., HSE Plan, HSE Training, Emergency 

Response Plan, bridging document, etc. shall be implemented 

accordingly, as specified in the contract. 

 
viii. Mobilization 

 
a. The key HSE requirements and/or deliverables during the 

mobilization phase shall include, amongst others, the followings: 

 
A. Communication of HSE Plan, including HSE PIs and 

target. 

 
B. Verification of personnel competencies, including HSE 

training. 

 
C. Conduct Pre-Execution Assurance prior to job execution; 

and 

 
D. Personnel screening for drug and alcohol, in accordance 

with NGP Substance Misuse Policy. 
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b. As part of the mobilization, an assurance shall be carried out to 

verify conformance to HSE requirements as specified in the 

contract. 

 
ix. Work Execution 

 
a. The key HSE requirements and/or deliverables during the work 

execution phase shall include, amongst others, the followings: 

 
A. Execution of work in accordance with approved Work 

Procedures/Work Instructions; and 

 
B. Conduct Assurance during Execution phase to assess 

compliance against contract HSE requirements including 

verification of personnel competencies, including HSE 

training for new or additional personnel. 

 
b. During the duration of the work, assurance shall be carried out 

to verify and ensure conformance to HSE requirements as 

specified in the contract. 

 
c. Companies can demonstrate that the HSE MS of Contractors are 

subject to continual improvement during project execution. 

 
x. Demobilization 

 
a. The key HSE requirements and/or deliverables during the 

demobilization phase shall include, amongst others, the 

followings: 

 
A. The demobilization of key personnel and equipment shall 

be in accordance with the approved demobilization plan. 
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B. Conduct Demobilization Assurance after job completion 

where all resources and equipment are ready to be 

demobilized; and 

 
C. Site restoration work shall be carried out to the 

satisfaction of NGP. 

 
b. Additionally, prior to demobilization, waste generated during the 

work execution phase shall be properly managed as specified in 

the contract. 

 
xi. Final Evaluation and Close-Out 

 
a. The required Close-Out Report, which includes an assessment 

of the Contractor’s HSE performance, shall be finalized prior to 

the issuance of the work completion certificate. 

 
(3) Demonstration of Compliance 

 
i. Compliance to the above expectations may be demonstrated by the 

following: 

 
a. Invitation to Bid (ITB)/HSE Exhibit documentation incorporates 

the required HSE requirements and/or expectations for 

Contractor HSE Management. 

 
b. Availability of key HSE documents and records, e.g., risk 

assessment report, work procedures/work instructions, HSE MS,  

HSE Plan, bridging document, demobilization plan, project, and 

contract close-out reports, etc.; and 

c. Records demonstrating compliance to Contractor HSE 

Management throughout the contract duration, e.g., HSE training 

records, minutes of meeting, contractor assurance records, 

incident investigation reports, etc. 
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 3.7 Communication 
 

(1) Purpose 
 

i. This Sub-Element defines the requirements on HSE communication 

process throughout NGP operations, including Contractors. 

 
(2) Expectations 

 
i. The NGP HSE committee is established to steer and make decision on 

the implementation of the HSE MS throughout NGP operations. 

 
ii. Permanent members of NGP HSE Committee are as follows: 

 

No. Position 

1. Chief Executive Officer (CEO) 

2. Manager, HSE (Secretary) 

3. HSE Executive (Secretariat) 

4. Manager of Departments (Management Representative) 

Table 3.7.1: NGP HSE Committee Permanent Members 
 

iii. The NGP HSE Committee convenes at least once in every three months. 

 
iv. The main roles and functions of the Committee include, amongst others, 

the followings: 

a. Reviews the effectiveness of implementation of the HSE MS 

within NGP operations. 

b. Reviews, deliberates, recommends and endorses HSE trainings, 

activities and initiatives for NGP. 

 
c. Reviews HSE Performance. 

 
d. Reviews and approves annual HSE Plan, including HSE 

Performance objectives and targets. 

e. Reviews assurance findings and analysis and set directives for 

development of intervention plan. 
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f. Reviews incident findings and recommendations arising from 

incident investigation. 

 
g. Reviews and endorses new, changes and deviation to the legal, 

standards and other requirements. 

 
h. Discuss and make decision on relevant HSE issues that are 

within the limit of authority of NGP HSE Committee; and 

 
i. Promotes best practices and/or lesson learnt through sharing of 

HSE information within the organization. 

 

v. Other Communication Process 
 

a. HSE Meeting 
 

A. The Person-in-Charge of facility/worksite shall conduct a 

HSE Meeting to provide avenues for management 

personnel and employees, including Contractors, to 

discuss on HSE matters, as well as sharing of HSE related 

information, e.g., HSE performance, incidents, lessons 

learnt, etc. 

 
B. For departments, the meeting may be conducted in 

conjunction with the departmental meeting. 

 
b. Contractors Management HSE Meeting 

 
 

A. The Contract Owners and NGP HSE shall ensure that 

Contractors Management HSE Meeting is held to provide 

avenues for NGP and Contractors management 

personnel to discuss on HSE matters including HSE 

performance related to the contracted works. 

 
c. Daily Site Operations Meeting 

 
A. The Person-in-Charge of facility/worksite shall conduct 
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daily site operations meeting to discuss daily planned 

activities, as well as sharing of HSE related information, 

e.g., incidents, unsafe acts and unsafe conditions, 

lessons learnt, etc. 

 
B. Emphasis shall be given to potential impact of hazardous 

activities including concurrent activities, such that harm to 

people, environment, asset, and reputation are eliminated 

and/or minimized. 

 
d. Pre-Job Meetings 

A. Supervisors shall conduct pre-job meetings for all non-

routine works, including those carried out by Contractors. 

 
B. The meeting shall address, amongst others, the 

procedure and work permit conditions for the work. 

 
e. Toolbox Meetings 

 
A. Supervisors shall conduct daily toolbox meeting involving 

all personnel, both Company and Contractors, covering 

planned topics, amongst others, the followings: 

 
1) Daily work programme including changes in work 

activities. 

 
2) Reminders on hazard as well as control measures 

associated with the work activities; and 

 
3) Incident reports and lessons learnt. 

 
f. HSE Induction 

 
A. All new employees and transferees including 

Contractors, shall be given a formal induction of the 

facility/worksite, including familiarization on emergency 

procedures. 
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g. HSE Alert, Bulletin, Newsletter, etc. 
 

A. HSE Alert, bulletin, newsletter, etc., shall be issued for 

communication of lessons learnt arising from incident, as 

well as other HSE information on as and when required 

basis. 

h. External Communications 
 

A. Procedures shall be in place for the management of 

external communications. At minimum the procedure 

shall include identification of the relevant stakeholder, 

effectiveness of engagement conducted and proactive 

mitigation to address potential risk. 

 
B. Stakeholder feedback shall be established through the 

Contractor’s and the Company’s Grievance Mechanism. 

 
C. Engagement with local communities which may be 

impacted by NGP business activities shall be conducted 

to create awareness on the Company’s operations, 

including the associated HSE controls and recovery 

measures. 

 
D. Where there are legislative requirements to conduct such 

engagements, these requirements shall be fully complied 

with. 

 
i. All employees shall also be made aware of their contribution to 

the effectiveness of the HSE MS, including the benefits of 

improved HSE performance. Employees shall also be informed of 

the implications and potential consequences of not conforming 

to HSE requirements. 

 
(3) Demonstration of Compliance 

 
i. Compliance to the above expectations may be demonstrated by the 

following: 
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a. TOR and minutes of meeting of NGP HSE Committee; and 

 
b. Documentations and records related to other communication 

processes including briefing/meeting with public, authorities and 

contractors, internal and external communication, etc. 

 

 3.8 Legal and Other Governing Bodies’ Requirements 
 

(1) Purpose 
i. This Sub-Element defines NGP compliance to HSE Legislations of 

Myanmar, as well as compliance to International Conventions and 

Protocols ratified by the country. 

 
(2) Expectations 

 
i. NGP shall comply with the HSE Regulatory requirement 

ii. All relevant HSE Legislations and applicable International Conventions 

and Protocols shall be fully complied with throughout NGP operations, 

including Contractors. 

iii. Evaluation of Compliance shall be conducted on an annual basis. 

iv. All action plans identified to meet new, changes and deviation to the 

legal, standards and other requirements shall be endorsed by the NGP 

HSE Committee. 

v. For Contractors’ facilities, full compliance to legislative requirements 

shall be demonstrated, either through HSE Legal Register or equivalent. 

vi. In cases where the HSE Legislations are more stringent than the 

Company standards, the requirement of these HSE Legislations shall 

prevail. However, where NGP HSE standards are more stringent, the 

requirement of the Company HSE standards shall apply. 

 
(3) Demonstration of Compliance 

 
i. Compliance to the above expectations may be demonstrated by the 

following: 

a. Availability and comprehensiveness of HSE Legal Register, or 

equivalent; 

b. Records of evaluation of compliance conducted. 
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c. Records of relevant HSE monitoring reports, e.g., records on 

noise monitoring reports, equipment certificate, environmental 

monitoring reports, etc.; and 

d. Records of minutes of HSE Committee Meetings. 

 
3.9 Documentation and Control 

 
(1) Purpose 

i. This Sub-element defines NGP requirements on documentation 

associated with the HSE MS and external certification, including the 

management and control of such documentation. 

 
(2) Expectations 

 
i. HSE MS Manual 

 
a. NGP HSE MS Manual shall apply throughout NGP operations and 

shall be made available and/or accessible for all employees, 

including Contractors. 

 
b. A tracking and monitoring system shall be developed to ensure 

effective implementation of HSE MS including demonstration of 

full compliance to legislative requirements. 

 
ii. HSE Governance Documents 

 
a. NGP HSE governance documents shall apply throughout NGP 

operations and shall be made available and/or accessible for all 

employees and Contractors. 

 
 

iii. Document Management and Control System 
 

a. Document management and control system shall be developed 

to ensure the integrity and accuracy of the documents. This shall 

include formal administration, custodianship, and technical 

accuracy. 

 
b. A document custodian shall be assigned for each HSE 
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governance document. The custodian may be selected amongst 

the process owner who has direct responsibility for the processes 

or requirements being prescribed in the respective document 

within NGP. 

 
c. Each document shall be approved by the appropriate approval 

authority as stipulated in the applicable HSE Guidelines and 

Procedures. 

d. All NGP governance documents shall be reviewed as and when 

required or at least once in every five (5) years. It may be 

reviewed and revised earlier if significant amendments from the 

original latest revision are required. 

 
(3) Demonstration of Compliance 

 
i. Compliance to the above expectations may be demonstrated by the 

following: 

 
a. Availability of HSE MS Manual. 

 
b. Availability of HSE governance documents for NGP. 

 
c. Availability of HSE Case or equivalent, including the associated 

documents, e.g., records of recommendations tracking, etc. 

 
d. Document control system; and 

 
e. Records associated with tracking of HSE MS implementations. 
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4.0 HAZARDS AND EFFECTS MANAGEMENT PROCESS  
 

(1) Purpose 
 

i. This element defines NGP requirements in managing HSE risks to 

ensure that HSE risks associated with the Company’s activities including 

Contractors are as low as reasonably practicable (ALARP). 

 
(2) Expectations 

 
i. The hazard and effects management process for NGP shall be carried 

out. 

 
ii. NGP hazard and effects management process is based on four (4) steps: 

identify, assess, control, and recover. 

 
iii. An overview of the risk management process is illustrated in the table 

below: 
 

Basic Principle Main Step/Process Brief Description 

IDENTIFY 1. Identify hazards and 
effects 

What is the hazard? 
What could go wrong? 

2. Establish screening 
criteria 

Define the screening 
criteria 
Define the level of 
acceptable and 
unacceptable risk 

ASSESS 3. Assess (evaluate) 
hazards and effects 

How serious can it be? 
How probable is it? 

4. Document significant 
hazards and effects and 
applicable statutory 
requirements 

HER 
Legal Register 
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Basic Principle Main Step/Process Brief Description 

 5. Define detailed objectives 
and Performance Criteria 

Refer to international 
standards/local regulatory 
requirements 

CONTROL 6. Identify, evaluate, and 
implement control 
measures 

Prevent/eliminate the 
hazard 

- Is there a better way? 

- How to prevent it? 

RECOVERY 7. Identify, evaluate, and 
implement recovery 
measures 

Mitigate consequence 

- How to limit the 
consequences? 

- How to recover? 

- How to restore? 

Table 4.0: Hazards and Effects Management Process 
 

iv. HSE risk assessment shall be conducted for all activities within the 

control and influence of NGP which include: 

 
a. acquisition, divestment, abandonment or merger of business 

entities. 

 
b. design and development, commissioning, operation and 

decommissioning of facilities and services; and 

 
c. manufacturing, storage, transport, use and disposal of new and 

existing product. 

 
(3) Demonstration of Compliance 

 
i. Compliance to the above expectations may be demonstrated by the 

following: 

 

a. HSE risk management documents/records, e.g. for 

Environmental Impact Assessment (EIA), Environmental 

Management Plan (EMP), Social Impact Assessment (SIA),  
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b. Hazardous Area Classification Layout. 
 

c. Operating procedures and work instructions; and 
 

d. Emergency Response/Management Plan 

 

 4.1 Identification of Hazards and Effects 

 
(1) Purpose 

 
i. This sub-element defines NGP requirements in identification of HSE 

hazards, effects and aspects that may either affect or raise from NGP 

activities. 

 
(2) Expectations 

 
i. Identification of HSE hazards shall take into account the hazards 

identified through assessments. The identification of hazards shall 

include potential human failures on situation influencing human 

performance. 

 
ii. The scope of the identification step shall include those activities that the 

Organization can have control of and over which it can be expected to 

have an influence. It shall cover the whole lifecycle of an activity. 

iii. A comprehensive inventory or register of HSE hazards shall be 

maintained in the Organization. 

 
 

(3) Demonstration of Compliance 
 

i. Compliance to the above expectations may be demonstrated by the 

following: 

 
a. HSE risk management documents/records, e.g., for 

Environmental Impact Assessment (EIA), Environmental 

Management Plan (EMP) 

 
b. Hazardous Area Classification Layout. 

 
c. Operating procedures and work instructions; and 
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d. Emergency Response/Management Plan 

 

 4.2 Assessment 
 

(1) Purpose 
 

i. This sub-element defines NGP requirements in assessing the HSE risks 

and significance of the identified ‘hazard, effects and aspects’ for NGP 

operations. 

 
(2) Expectations 

 
i. All hazards, effects and aspects/impacts identified in the HEMP process 

shall be ranked based on the risk matrix. 

ii. Risks posed by hazard associated with the activities conducted 

throughout NGP operations, including Contractors, shall be managed to 

a level that is ALARP. 

 
iii. Risk assessment and significance evaluation methodology shall consider 

the severity of the consequence, frequency of the activities and 

probability of the incident occurrence as per NGP HSE Risk Matrix 

(HSERM). 

 
iv. Risk assessment shall be conducted for all activities spanning the entire 

asset lifecycle of NGP: 

 
a. Acquisition Phase 

 
A. For block bidding and acquisition, the Function Manager 

shall ensure that as part of the Country Risk Assessment, 

an assessment of HSE risk is carried out. 

 
B. For acquisition of asset from other Operators and/or 

takeover of relinquished asset, the CEO shall ensure that 

the due diligence process includes an assessment of 

HSE risk. 

 
b. Exploration and Appraisal Phase 
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A. Prior to commencement of survey and seismic activities, 

the CEO shall ensure that the appropriate HSE risk 

assessments are carried out. As part of the risk 

assessment, HSE controls shall be identified for 

implementation   such   that   harm   to   people, 

environment, asset, and reputation are eliminated and/or 

minimized. 

 
B. For survey and seismic activities, the following HSE risk 

assessments, amongst others, shall be carried out: 

 
1) EIA, including SIA; 

 
2) Where legal requirements in the host country is 

more stringent than NGP requirements, such 

requirements shall take precedence. 

 
3) Activity HSE Risk Assessment, either quantitative, 

semi-quantitative and/or qualitative assessment of 

specific HSE risk, as necessary, e.g., HRA; and 

 
4) Job Hazard Analysis (JHA). 

 
C. For exploration drilling activities, the following HSE risk 

assessments, amongst others, shall be carried out: 

 
1) EIA. 

 
2) Where legal requirements in the host country is 

more stringent than NGP requirements, such 

requirements shall take precedence. 

 
D. Prior to commencement of appraisal activities, the 

Manager of Subsurface shall ensure that the appropriate 

HSE risk assessments are carried out. As part of the risk 

assessment, HSE controls shall be identified for 

implementation such that harm to people, environment, 
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asset and reputation are eliminated and/or minimized. 

 
E. In cases where Project Risk Assessment (PRA) is 

required, the scope of the assessment shall cover a 

thorough evaluation of the HSE risks associated with 

exploration activities. 

 
F. Where required by legislation, the risk assessment 

reports (e.g., EIA Report) shall be submitted for approval 

to the relevant regulatory authorities. 

 
c. Conceptual Design 

 
A. As a minimum, the following HSE risk assessments, 

amongst others, shall be carried out: 

 
1) Conceptual Hazard and Operability Studies 

(HAZOP) or Hazard Identification (HAZID). 

d. Development Phase 
 

A. Prior to commencement of the various stages of 

development phase, the Manager of Project shall ensure 

that the appropriate HSE risk assessments are carried 

out. As part of the risk assessment, HSE controls shall be 

identified for implementation such that harm to people, 

environment, asset and reputation are eliminated and/or 

minimized. 

 
B. During the various stages of development phase, the 

required HSE risk assessments are as specified in 

Detailed Design, Fabrication/ Construction, Installation, 

Hook-up and Commissioning and Development Drilling 

sections below. 

 
e. Detailed Design 

 
A. As a minimum, the following HSE risk assessments, 
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amongst others, shall be carried out: 

 
1) EIA, including SIA. 

 
2) Where legal requirements are more stringent than 

NGP requirements, such requirements shall take 

precedence. 

 
B. The EIA, including SIA should be developed as early as 

possible during the design stage, and it should cater for 

all on-site activities associated with the field 

development, including for drilling activities. 

 
C. Where required by legislation, the risk assessment 

reports (e.g., EIA Report) shall be submitted for approval 

to the relevant regulatory authorities. 

 
f. Fabrication/Construction, Installation, Hook-up, and 

Commissioning 

 
A. As a minimum, the following HSE risk assessments, 

amongst others, shall be carried out: 

1) Activity HSE Risk Assessment, either quantitative, 

semi-quantitative and/or qualitative assessment of 

specific HSE risk, as necessary, 

 
2) JHA; and 

 
3) Pre-Start Up Review/Audit (Pre-Activity Safety 

Review). 

 
g. Development Drilling 

 
A. As a minimum, the following HSE risk assessments, 

amongst others, shall be carried out: 

 
1) EIA, including SIA. 

 
2) Where legal requirements are more stringent than 
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NGP requirements, such requirements shall take 

precedence. 

 
3) Activity HSE Risk Assessment, either quantitative, 

semi-quantitative and/or qualitative assessment of 

specific HSE risk, as necessary, and 

 

B. Where required by legislation, the risk assessment 

reports (e.g.  EIA Report) shall be submitted for approval 

to the relevant regulatory authorities. 

 
C. In cases where PRA is required, the scope of the 

assessment shall cover a thorough evaluation of the HSE 

risks associated with development activities. 

 
h. Production and Maintenance Phase 

 
A. During production and maintenance phase, the CEO 

shall ensure that the appropriate HSE risk assessments 

are carried out. As part of the risk assessment, HSE 

controls shall be identified for implementation such that 

harm to people, environment, asset, and reputation are 

eliminated and/or minimized. 

 
B. During production and maintenance phase, the following 

HSE risk assessments, amongst others, shall be carried 

out: 

 
1) Facility HSE Risk Assessment 

 

i) Where required by legislation, the risk 

assessment reports shall be submitted to 

approval by the relevant regulatory 

authorities. 

 
2) Activity HSE Risk Assessment 
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i) Activities HSE Risk Assessment, either 

quantitative, semi- quantitative and/or 

qualitative assessment of specific HSE risk, as 

necessary, e.g. HRA. 

 
ii) JHA. 

 
iii) HSE risk assessment associated with 

simultaneous activities. 

 
iv) Where required by legislation, the risk 

assessment reports shall be submitted for 

approval to the relevant regulatory authorities. 

 
C. Prior to commencement of any process-related activities 

(e.g., plant shutdown, start-up, major maintenance 

activities) and simultaneous operations (e.g., 

simultaneous production and drilling, simultaneous 

production, and construction/commissioning, 

simultaneous production and major maintenance), the 

required Pre-Activity Safety Review shall be carried out. 

i. Decommissioning and Abandonment Phase 
 

A. Prior to decommissioning and/or abandoning any facility, 

the Manager of Project shall ensure that the appropriate 

HSE risk assessments are carried out. As part of the risk 

assessment, HSE controls shall be identified for 

implementation such that harm to people, environment, 

asset, and reputation are eliminated and/or minimized. 

 
B. As a minimum requirement, the following HSE risk 

assessments shall be carried out: 

 
1) EIA, including SIA. 

 
2) Where legal requirements are more stringent than 

NGP requirements, such requirements shall take 
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precedence. 

 
3) Major hazard assessments e.g., QRA covering the 

major hazard associated with the decommissioning 

and abandonment of facility. 

 
4) Activities HSE Risk Assessment, either quantitative, 

semi-quantitative and/or qualitative assessment of 

specific HSE risk, as necessary, e.g., HRA; and 

 
5) JHA. 

 

C. In cases where PRA is required, the scope of the 

assessment shall cover a thorough evaluation of  the HSE 

risks associated with decommissioning and abandonment 

activities. 

 
D. Where required by legislation, the risk assessment 

reports (e.g., EIA Report) shall be submitted for approval 

to the relevant regulatory authorities. 

 
v. The risk management requirements in asset (E&P) lifecycle can be 

summarized as follows: 

 

E&P PHASE E&P STAGE HSE RISK ASSESSMENT 

Acquisition Business Development HSE Due Diligence for asset 
acquisition and/or asset takeover 

Exploration & 
Appraisal 

Survey and seismic EIA, including SIA 

Activities HSE Risk Assessment 

JHA 

Exploration Drilling EIA 

Activities HSE Risk Assessment 
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Development Conceptual Design Conceptual HAZOP/HAZID 

Detailed Design EIA, including SIA 

PHA 

Major HSE hazard assessment 

Fabrication/ 
Construction, 
Installation, Hook-up 
and Commissioning 

Activities HSE Risk Assessment 

JHA 

 

E&P PHASE E&P STAGE HSE RISK ASSESSMENT 

 Development Drilling EIA 

Activities HSE Risk Assessment  

JHA 

Production and 
Maintenance 

For normal and 
simultaneous 
operations 

Facility Risk Assessment: 

Major Hazard assessment 

Activities Risk Assessment: 

Activities HSE Risk Assessment 

JHA 

HSE risk assessment related to 
simultaneous operations 

Decommissioning 
and Abandonment 

- EIA, including SIA 

Major Hazard assessment 

Activities HSE Risk Assessment 

JHA 

Table 4.2.1: HSE Risk Management Requirements in Asset Lifecycle 
 

vi. A complete review of the assessments (hazard register and aspect 

tables/registers) shall be conducted at minimum once in every five (5) 

years. The Organization shall acknowledge that risk is dynamic and shall 

be monitored continuously with proactive actions taken when risk level 

has changed. This is to prevent escalation of risk to cause incidents. 

 
vii. Assessments shall be conducted by a team comprising competent 

personnel and the personnel directly involved with the risk. 
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(3) Demonstration of Compliance 
 

i. Compliance to the above expectations may be demonstrated by the 

following: 

 
a. HSE risk management documents/records, e.g., Project Risk 

Assessment (PRA), Environmental Impact Assessment (EIA), 

Environmental Management Plan (EMP) & Social Impact 

Assessment (SIA). 

b. Hazardous Area Classification Layout. 
 

c. Operating procedures and work instructions; and 
 

d. Emergency Response/Management Plan 

 

 4.3  Control Measures 

 
(1) Purpose 

 
i. This sub-element defines NGP requirements in establishing control 

measures based on the risk assessment. Hierarchy of controls 

(elimination, substitution, isolation, engineering, administrative & 

Personal Protective Equipment) shall be applied to reduce the risk. 

 
(2) Expectations 

 

i. Control measures identified through risk assessment shall be 

implemented to bring the risk level to ALARP. This shall be maintained 

to ensure its integrity and continual improvement to further lower the risk. 

 
ii. The control measures established shall be commensurate with the risks 

where the responsibilities and accountabilities for their implementation 

are clearly defined. 

 
iii. Performance against each control’s indicator shall be monitored and 

measured routinely. The results shall be trended and reviewed. 

 
iv. Control measures shall be reviewed and updated and included in HSE 

Plans whenever there are changes in the situation, considering incidents 
Internal

NGP – HSE MS

Open

Page 56 of 85

and/or based on industry best practice. 

 
(3) Demonstration of Compliance 

 
i. Compliance to the above expectations may be demonstrated by the 

following: 

 
a. HSE risk management documents/records, e.g. for 

Environmental Impact Assessment (EIA), Environmental 

Management Plan (EMP), Social Impact Assessment (SIA),  

 
b. Availability of systems to ensure integrity of HSE controls, e.g., 

maintenance management system, procurement management 

system, etc. 

c. Safety Critical Equipment (SCE) performance and testing 

records include, amongst others, emergency shutdown (ESD) 

function test, alarm   management, emergency drill, testing and 

maintenance of lifeboats, lifesaving equipment, shutdown 

systems, firewater pumps, oil spill equipment, firewater pump’s 

flow rate at defined pressure, shutdown valves’ closing time and 

leak/passing rate, blowdown valves’ opening time, etc. 

 
d. Operating procedures and work instructions; and 

 
e. Set of performance criteria. 

 
 
 4.4  Recovery Measures 

 
(1) Purpose 

 
i. This sub-element defines NGP requirements in establishing recovery 

measures based on the risk assessment. Recovery measures such as 

early warning system, medical response, emergency response, oil spill 

response, fire-fighting equipment shall be evaluated and applied to 

minimize the consequence of the event. 
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(2) Expectations 
 

i. The recovery measures established must be maintained to ensure its 

integrity and continual improvement to further reduce the impact. 

 
ii. The recovery measures established shall be commensurate with the 

risks, and responsibilities and accountabilities for their implementation 

are clearly defined. 

 
iii. Performance against each recovery measures indicator shall be 

monitored and measured routinely. The results shall be trended and 

reviewed. 

iv. Recovery measures shall be reviewed and updated whenever there are 

changes or in light of incidents, postmortem of drills/exercises and 

industry best practice and included in HSE Plans. 

 
(3) Demonstration of Compliance 

 
i. Compliance to the above expectations may be demonstrated by the 

following: 

 
a. HSE risk management documents/records, e.g. for 

Environmental Impact Assessment (EIA), Environmental 

Management Plan (EMP), Social Impact Assessment (SIA),  

 
b. Hazardous Area Classification Layout; 

 
c. Operating procedures and work instructions; and 

 
d. Emergency Response/Management Plan, and relevant records. 

 

 4.5 Statutory HSE Risk Assessment Requirement 

 
(1) Purpose 

 
i. This sub-element defines NGP requirements in identifying Statutory Risk 

Assessment Document for critical operations and installations in 

demonstrating that risks have been reduced to ALARP. 
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(2) Expectations 
 

i. The Statutory Risk Assessment Document should accurately reflect 

current practice at the location or site and be reviewed as per regulatory 

requirements. 

 
ii. The Statutory Risk Assessment Document should demonstrate that 

controls are in place reduce risks to ALARP. 

 
iii. The Statutory Risk Assessment Document shall provide detail activities 

that must be discontinued or restricted in given circumstances. These 

circumstances might be when HSE critical equipment is not available, 

during adverse weather or when particular non-routine hazardous 

activities are being carried out. 

 
iv. The Statutory Risk Assessment Document shall be endorsed by the Asset 

or Process Owner and by those managing the asset or operation. 

 
v. Retention period of documents shall be defined according to 

requirement stated specifically by the relevant authority. 

 
 

(3) Demonstration of Compliance 
 

i. Compliance to the above expectations may be demonstrated by the 

following: 

 
a. HSE risk management documents/records, e.g. for 

Environmental Impact Assessment (EIA), Environmental 

Management Plan (EMP), Social Impact Assessment (SIA), 
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5.0 PLANNING AND PROCEDURES  

 
 5.1 Asset Integrity and Reliability 
 

(1) Purpose 
 

i. This sub-element defines NGP requirements in ensuring the technical 

and operational integrity of asset (facilities and equipment) that are 

designed, procured, fabricated, installed, acquired, operated, and 

maintained including the requirement of testing, inspection and 

monitoring of these facilities and equipment. 

 
(2) Expectations 

 
i. NGP shall have in place the required reliability and integrity 

management system to ensure the technical and operational integrity of 

assets (facilities and equipment). 

 
ii. The requirement for technical and operational integrity of facilities and 

equipment shall span from design, procurement, fabrication, installation, 

operations, and maintenance to eventual abandonment. 

 
iii. All personnel who perform activities related to asset integrity are 

required to have the appropriate competency in undertaking these 

activities. 

 
iv. Human factors consideration shall be taken into account during the 

design, construction, operations, maintenance and decommissioning of 

any facilities and plants including modification works. 

 
v. Human factors implementation at different sites shall be driven by the 

needs of each site and shall be tailored made for each site. 

vi. Human factor performance data shall be analyzed to identify the human 

factors issues with appropriate intervention plans developed. 

 
vii. New Asset 

 
a. During the asset/field development phase, NGP CEO shall 
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ensure that all facilities and equipment that are designed, 

fabricated, and installed shall conform to international HSE 

standards and industrial best practices. Additionally, the 

respective country’s legislative requirements shall also be 

complied with. 

 
b. During the asset/field design stage, NGP CEO shall assign 

representative as part of the asset/field development team. The 

representative is responsible in providing input during the design 

stage in ensuring operability and maintainability of the new 

asset/facility. 

 
viii. Acquired Asset 

 

a. As part of asset acquisition/take over, NGP CEO shall ensure that 

all facilities and equipment that NGP acquires shall be suitable for 

the required purpose and shall conform to international 

standards. Additionally, the respective country’s legislative 

requirements shall also be complied with. 

 
b. The rationale for acceptance of non-conformance shall be 

documented accordingly including the plan for upgrading to 

conform to international standards. 

 
c. The due diligence/pre-acquisition assessment of acquired 

facilities and equipment shall include an assessment of 

conformance to NGP HSE requirements. 

 
ix. Operations and Maintenance of Asset 

 
a. During the operations and maintenance phase, NGP CEO shall 

ensure that all required technical and operational integrity 

requirements comply and conform to international standards. 

 
b. The reliability and integrity management system including 

maintenance management system shall be in place and fully 

functional in ensuring the continued technical and operational 
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integrity of asset (facilities and equipment). 

 
(3) Demonstration of Compliance 

 
i. Compliance to the above expectations may be demonstrated by the 

following: 

 
a. Availability of reliability and integrity management system 

including maintenance management system. 

 
b. Documentations associated with asset development, 

e.g., Design Basis Memorandum (DBM), records of deviation 

from respective international standards and/or local legislation, 

etc. 

c. Documentations associated with asset acquisition, e.g., due-

diligence reports, records of deviation from International 

Standards, etc. 

 
d. Maintenance and inspection records. 

 
e. Training records of personnel; and 

 
f. Records of human factor consideration and implementation. 

 

 5.2 Procedures and Work Instructions 
 

(1) Purpose 
 

i. This sub-element defines NGP requirements for written procedures and 

work instructions for all HSE Critical Activities carried out throughout 

NGP. 

 
(2) Expectations 

 
i. Procedures and Work Instructions 

 
a. NGP CEO shall ensure that written procedures and work 

instructions are available for all HSE Critical Activities within NGP 

operations. 
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b. Contract Owner shall ensure that relevant HSE procedures and 

requirements are communicated to suppliers and contractors. 

 
c. Written procedures and work instructions shall conform to HSE 

governance documents. In addition, the relevant country’s 

legislative requirements, if any, shall be fully complied with. 

d. The requirements for written procedures and work instructions 

are applicable for all HSE Critical Activities, spanning the entire 

NGP’s asset lifecycle, including the associated support activities 

such as Procurement and Logistics, Human Resources, Financial 

Services, Information Management, etc. 

 
e. Written procedures and work instructions shall contain, as 

minimum, the followings: 

 
A. Description of normal steps required in executing the 

task as well as actions to be taken to cater for any 

abnormal and emergency situations that may arise during 

the execution of the task. 

 
B. Tasks to be completed, methods and/or tools to be used, 

data to be recorded, operating conditions to be 

maintained, samples to be collected; and 

 
C. HSE control and recovery measures (identified in the 

activity/task risk assessment) required to ensure safe 

execution of task, such that harm to people, environment, 

asset, and reputation are eliminated and/or minimized. 

 
f. Training shall be conducted to ensure personnel are aware of 

the procedures and work instructions, understand their 

applicability and are competent to apply their requirements. 

 
g. Procedures and work instructions shall be maintained as 

controlled documents. 

Internal

NGP – HSE MS

Open

Page 63 of 85

h. Any changes to procedures and work instructions which have an 

adverse HSE impact, shall be managed in accordance with the 

management of change process. 

 
i. Procedures and work instructions shall be reviewed and revised 

as and when required, e.g., to incorporate lessons learnt from 

incident investigation, reviews, studies, audits, etc. or at least 

once in every five (5) years. 

 
ii. Operating Manual 

 
a. NGP CEO shall ensure that plant operating manuals are available 

for all facilities/worksites within NGP operations. 

 
b. The information contained in the Operating Manual shall include, 

amongst others, the followings: 

 
A. Description of the facility; 

 
B. Plant and equipment layout; 

 
C. Start-up, normal operation and shutdown 

procedures; 

 
D. Description of utilities system, including design 

information; 

 
E. Description of process facilities, including design 

information; 

 
F. Description of control and instrumentation, 

including trip and interlocks; and 

G. Description of safety systems e.g. fire and gas detection 

system, fire protection system, hazardous area 

classification, etc. 

 
c. All operations and maintenance personnel identified to work at 

the facility, including Contractors, shall be trained and competent 
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to operate the facility in accordance with the Operating Manual. 

 
iii. Operating Manual – New Facilities 

 
a. Manager, Project shall be responsible for providing the facility-

specific Operating Manual to NGP CEO during the handover of 

the facility. 

 
b. The Operating Manual shall be prepared during the facility’s 

development phase, based on, amongst others, the followings: 

 
A. Vendors information. 

 
B. Design information and operating procedures. 

 
C. Inputs from production operations representatives; and 

 
D. Experiences and lessons learnt from past incidents 

and/or projects. 

 
c. As part of PASR of any facility, verification of training on 

Operating Manual for operations and maintenance personnel 

identified to work on the facility shall be conducted to ensure 

readiness of the personnel. 

iv. Operating Manual – Acquired Facilities 
 

a. NGP CEO shall ensure that the respective facility’s Operating 

Manual is up-to-date and reflect current operating procedures 

prior to the handover of any acquired facility to NGP. 

 
v. Operating Manual – Existing Facilities 

 
a. NGP Manager of Facilities shall ensure that all respective facility-

specific Operating Manuals are in place, maintained up-to-date 

and accessible to all personnel. 

 
b. Any proposed change to the Operating Manual shall be 

approved by the appropriate authority. 
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(3) Demonstration of Compliance 
 

i. Compliance to the above expectations may be demonstrated by the 

following: 

 
a. Availability of approved written procedures and work instructions 

for all HSE Critical Activities. 

 
b. Records related to communication and/or training to relevant 

personnel e.g., training records, minutes of meeting, etc. 

 
c. Records related to procedures and work instructions revision. 

 
d. Records for OP development; and 

 
e. List of operation and maintenance procedures and instructions. 
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 5.3  Management of Change 
 

(1) Purpose 
 

i. This sub-element defines NGP requirements for the effective 

management and control of changes associated with NGP operations to 

assess HSE impact and prevent adverse HSE consequences. 

 
(2) Expectations 

 
i. NGP CEO shall ensure that an effective management of change system 

is implemented to manage and control changes within NGP operations. 

 
ii. The Management of Change shall comply with Management of Change 

(MOC) Guideline. 

 
(3) Demonstration of Compliance 

 
i. Compliance to the above expectations may be demonstrated by the 

following: 

 
a. Availability of MOC guideline; types, nature and duration of 

changes clearly defined; and 

 
b. Documentation associated with MOC, e.g., MOC forms, MOC 

register, risk assessment, tracking of MOC, tracking of 

recommended action items, minutes of meeting, compliance 

audit, training records, etc. 

 5.4 Emergency Preparedness and Response / Crisis Management Requirements 
 

(1) Purpose 
 

i. This sub-element defines NGP requirements for an effective emergency 

preparedness and response, as well as crisis management, including the 

associated plans and procedures to manage incidents that may arise out 

of or in the course of NGP’s activities. 

 
(2) Expectations 

 
i. NGP Emergency Preparedness Management 
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a. NGP CEO shall establish the Emergency Preparedness 

Management for NGP operations. 

 
b. NGP Emergency Management Plan (EMP) shall conform to 

relevant legislative requirements. 

 
c. The EMP shall include credible emergency scenarios including 

medical (e.g. mass casualty, haze, pandemics (including Avian 

Flu, SARS, etc.) operational (e.g. toxic release, LOPC, fire), 

environmental emergencies (e.g. oil spill), and natural disaster 

(e.g. flood, landslide, tsunami, hurricane, haze, drought) that can 

have impact on People, Environment, Asset and Reputation 

(PEAR). The identification of credible scenarios may be based on 

a risk management process. 

 
d. The EMT supports the management of crisis and emergency 

throughout NGP operations. 

e. The EMT shall comprise an Incident Commander as well as the 

required numbers of team members from amongst the relevant 

business functions. 

 
f. The EMT shall be provided with adequate resources, information, 

procedures, and guidelines, including contingency plans, to 

support the effective management of crisis and emergency 

throughout NGP operations. 

 
g. To complement the effective functioning of the EMT, the Incident 

Commander may mobilize additional personnel and/or team e.g., 

Technical Support Team, HR Support Team, Business Continuity 

Team, etc. 

 
h. To ensure and maintain crisis and emergency management 

preparedness, the EMT shall be provided with the required 

trainings and exercises. 

ii. Facility Emergency Response Management 
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a. Manager of Facilities shall establish the Facility Emergency 

Response Plan (ERP) to respond to emergency that may occur at 

the facility. 

 
b. The Facility Emergency Response Team (ERT) responds to all 

emergencies occurring on the facility. In cases where additional 

resources and technical support are required, these shall be 

mobilized by the EMT. 

 
c. The ERT shall comprise an On Scene Commander as well as the 

required numbers of team members from amongst the personnel 

on the facility. 

d. The ERT shall be provided with adequate resources, information, 

procedures   and   guidelines, including contingency plans, to 

ensure the effective response to all emergencies on the facility. 

 
e. To ensure and maintain emergency response preparedness, the 

ERT shall be provided with the required trainings and exercises. 

 
iii. Other Contingency Plans 

 
a. NGP CEO shall develop the required Contingency Plans, as 

applicable, to cater for major emergencies that may occur within 

their respective operations. This may include, amongst others, 

the following contingency plans: 

 
A. Medical Emergency Response Plan; 

 
B. Inclement (Severe) Weather Contingency Plan; 

 
C. Search and Rescue Plan; 

 
D. Oil Spill Response Plan; 

 
E. Pandemic Preparedness Plan; and 

 
iv. All emergency/crisis plans shall be periodically reviewed at least once in 

three (3) years or as and when necessary and tested as per NGP 

requirements. 
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(3) Demonstration of Compliance 

 
i. Compliance to the above expectations may be demonstrated by the 

following: 

a. NGP Emergency Management Guideline, Facility Emergency 

Response Plan, and the required contingency plans; and 

 
b. Relevant documents associated with emergency management 

and/or response, e.g., emergencies logbook, records of 

emergency exercise/drill, closure of action items, duty roster, 

appointment of respective emergency management and/or 

response team, training records, list of relevant external parties’ 

directory, etc. 
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6.0 IMPLEMENTATION AND MONITORING  

 
 6.1 Performance Monitoring 

 
(1) Purpose 

 
i. This sub-element defines NGP requirements on the establishment of 

HSE PIs, aimed at ensuring full conformance to the requirement of the 

Company’s HSE MS, and the associated HSE governance documents. 

 
(2) Expectations 

 
i. NGP CEO shall ensure compliance to target and/or limits for identified 

HSE related PIs. 

ii. Additionally, the appropriate leading HSE related PIs and agreed target 

shall be identified and assigned to individuals. 

iii. The PI of HSE Critical Activities for site specific shall be defined in the 

HSE Critical Activity Catalogue, including accountable party. 

iv. Where monitoring equipment is required for performance measurement 

and monitoring, NGP shall establish and maintain procedures and retain 

records for the calibration and maintenance of such equipment; this also 

includes monitoring done by third party. 

v. NGP shall also develop and implement an effective tracking system to 

monitor compliance to the established HSE related PIs and targets, 

including reporting to NGP HSE Committee, and host authority. 

(3) Demonstration of Compliance 
 

i. Compliance to the above expectations may be demonstrated by the 

following: 

 
a. Approved HSE PI and performance targets. 

 
b. Relevant progress reports, e.g., HSE plan implementation, action 

items status, training plan implementation, HSE performance 

reports, etc. 

c. Monitoring reports, e.g. Environmental Monitoring 

Report, Health Surveillance Report, etc. 
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d. Minutes of meetings of respective HSE Committee. 
 

e. Inspection/assurance reports, e.g., Hygiene Inspection, HSE 

Assurance, etc. 

 
f. HSE Critical Activities with the PI (HSE Critical Activity 

Catalogue). 

 
g. EPM records. 

 
h. Register of public complaints; and 

 
i. Maintenance and calibration records of equipment, e.g., 

portable gas detectors, pH meter, calibration logs, etc. 

 

 6.2 Records 

 
(1) Purpose 

 
i. This sub-element defines NGP requirements for safe keeping, 

maintenance, and retention of records to demonstrate compliance to the 

requirements of the HSE MS and the associated HSE governance 

documents. 

(2) Expectations 
 

i. NGP CEO shall maintain the required records for NGP operations. 

 
ii. HSE records shall be legible, identifiable, and traceable to the activities 

involved. 

 
iii. HSE records shall be stored and maintained to prevent loss and 

unintended use. Where there are contractual, legislative, and regulatory 

requirements for record keeping, such requirements, including records 

retention period, shall be complied with. 

 
iv. Records that are required to be maintained shall include, but not limited 

to, the followings: 

 
a. HSE Policy and HSE related policies. 
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b. Job Description/Position Description. 
 

c. Employees training records, including HSE competency 

requirements. 

 
d. Employees medical records. 

 
e. Contract, including Invitation to Bid documents. 

 
f. List of Contractor information. 

 
g. Minutes of meeting of HSE committees. 

 
h. HSE risk assessment records. 

 
i. Health surveillance and monitoring records. 

 
j. Permit to Work documentations, including the 

associated certificates. 

k. Records relating to asset integrity, including 

maintenance and inspection records. 

 
l. MOC documentation. 

 
m. Records on non-compliance. 

 
n. Incident investigation reports. 

 
o. Evidence of HSE action items closure. 

 
p. HSE assurance reports. 

 
q. Management Review records. 

 
r. HSE Legal Register. 

 
s. Product identification and composition data, i.e., Safety Data 

Sheets, etc. 

t. HSE communication records. 
 

u. Emergency drills exercises documentation; and 
 

v. Operation logs documentation. 
 

v. The required records shall be kept and maintained, including archiving, 
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by NGP based on NGP Record Management Standards and Guidelines. 

 
(3) Demonstration of Compliance 

 
i. Compliance to the above expectations may be demonstrated by the 

following: 

 
a. Records management system, including completeness of 

inventory of records; and 

b. Availability, traceability, and accessibility of records. 

 
 6.3 Non-Compliance, Corrective and Preventive Action 

 
(1) Purpose 

 
i. This sub-element defines NGP requirements relating to the 

management of non-compliance to the requirements of NGP HSE MS, 

including the associated HSE governance documents. 

 
(2) Expectations 

 
i. NGP CEO shall ensure, in the conduct of NGP business activities, the 

requirements of all applicable HSE related legislations and HSE MS are 

fully complied with. 

 
ii. In the event of non-compliance to legislative requirements, the NGP CEO 

shall, in consultation with Legal, notify the relevant regulatory authorities. 

 
iii. As part of managing non-compliance to legislative requirements, NGP 

CEO shall: 

 
a. Determine the nature and causes giving rise to the non-

compliance. 

 
b. Assess the HSE risk posed by the non-compliance. 

 
c. Identify the required mitigations. 

 
d. Develop action plan, including incorporation of conditions, if any, 

set by the relevant regulatory authorities. 
Internal
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e. Implement action plan, including communication of 

requirements to relevant personnel; and 

f. Track and monitor action item closure including review of 

effectiveness. 

iv. In the event of significant non-compliance (non-legislative) to NGP 

HSE MS, including the associated governance documents, NGP 

CEO shall: 

 

a. Determine the nature and causes giving rise to the non- 

compliance. 

 

b. Assess the HSE risk posed by the non-compliance. 

 
c. Identify the required mitigations. 

 
d. Develop action plan. 

 
e. Implement action plan, including communication of 

requirements to relevant personnel; and 

 

f. Track and monitor action item closure including review of 

effectiveness. 

 
Note: Significant non-compliance: Those non-compliances that posed 

high risk to people, environment, asset and reputation, and/or 

have the potential to cause/result in major incidents, i.e., 

SERIOUS and HIGH findings. 

 

v. NGP CEO shall maintain an inventory of non- compliances for NGP 

operations. 

 

vi. All non-compliances to legislative requirements shall be reported. 

Additionally, significant non-compliances to NGP HSE MS shall be 

reported to NGP HSE Committee. 

(3) Demonstration of Compliance 
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i. Compliance to the above expectations may be demonstrated by 

the following: 

 

a. HSE Legal Register, including non-compliance records; 

 
b. Inventory of significant non-compliance to HSE MS, 

including action plan to attain compliance; 

 

c. Records of communication with relevant regulatory 

authorities, including approval for non-conformance. 

 

d. Records of tracking of the implementation of action plan; and 

 

e. Minutes of meeting of NGP HSE Committee. 

 
 6.4 Incident Reporting and Follow Up 

 
(1) Purpose 

 
i. This sub-element defines NGP requirements for the incident’s 

notification, investigation and reporting that arise out of NGP activities, 

including activities carried out by Contractors engaged in work for the 

Company. 

 
(2) Expectations 

 
i. NGP CEO shall be accountable for the following: 

 
a. Compliance to the Company’s requirements in the 

implementation of the incident notification, investigation, 

reporting, tracking and closure of recommended action items; 
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b. Timely update the incident notification, investigation, tracking 

and closure of recommended action items in; and 

 
c. Training in incident investigation for appropriate NGP 

employees. 

 
ii. All incidents shall be investigated to identify the root causes such that 

preventive measures can be implemented to prevent recurrence. 

 
iii. All HSE Alerts for major and high potential incidents shall be prepared 

by Incident Owner and submitted for endorsement and dissemination. 

Manager HSE shall disseminate the HSE Alerts throughout the 

Company. 

 
iv. All lessons learnt from minor incidents, in particular those that have 

lateral applications, shall be disseminated by NGP CEO throughout NGP 

operations, such that the required HSE controls can be implemented to 

prevent occurrence of similar incident. 

 
v. For major and high potential incidents, Incident Owner in consultation 

with the investigation team leader shall prepare the lessons learnt from 

the incident. The lessons learnt shall be reviewed by the Manager HSE 

and submitted to CEO subsequently, for endorsement and 

dissemination.  Manager HSE shall disseminate the lessons learnt within 

the operations. 

 
vi. HSE Hazard and Effect Register shall be reviewed following the incident 

findings and recommendations. 

(3) Demonstration of Compliance 
 

i. Compliance to the above expectations may be demonstrated by the 

following: 

 
a. Incident investigation reports. 

 
b. Records associated with the status of implementation of action 

items arising from incident investigation reports .  e.g., closure 
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of action items, performance reporting, incident analysis, 

updated HER, etc. 

 
c. Evidence of dissemination and/or communication of HSE Alerts 

and Lessons Learnt. 

 
d. Training records related to incident management; and 

 
e. List of appointed incident investigation team members.
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7.0 ASSURANCE  

 
 7.1 Assurance Plan 
 

(1) Purpose 
 

i. This sub-element defines NGP requirements in respect of HSE assurance 

to ensure that HSE controls are in place and that the HSE MS is effectively 

implemented and maintained. 

 
(2) Expectations 

 
i. NGP shall develop the HSE Assurance Programme in accordance with 

NGP Assurance Standard, international standards, regulatory and 

contractual requirements. 

 
ii. The assurance plan shall cater for both short term and long-term 

assurance activities and shall identify all required HSE assurance 

activities with associated risks, including Contractors. 

 
iii. For JVs, HSE MS assurance should be carried out to verify the effective 

implementation of HSE MS. 

 
iv. NGP shall provide adequate number of competent and appointed 

personnel to implement the required HSE assurance programmes. 

 
v. An effective tracking system shall be in place and maintained to ensure 

that assurance findings are recorded, prioritized, corrective actions 

identified, action parties are assigned, and targeted completion dates 

are identified, and findings tracked to final close-out and communicated 

to relevant employees and other interested parties. 

vi. Best practices and key lessons learned shall be captured and shared 

across the Company as appropriate. 

 
vii. A periodic management review shall be conducted covering assurance 

findings/trends and tracking of action plans. 
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(3) Demonstration of Compliance 
 

i. Compliance to the above expectations may be demonstrated by the 

following: 

a. HSE Assurance Plan. 
 

b. Availability of effective tracking system; and 
 

c. Records associated with HSE assurance, e.g. Terms of 

Reference, assurance report, status of implementation of HSE 

assurance recommendations, evidence of communication of 

findings, etc. 

 

 7.2 Assessor Competency 

 
(1) Purpose 

 
i. This sub-element defines NGP requirements in respect of the 

requirements of audit teams in terms of competency and experience in 

subject or area of the audit. 

 
(2) Expectations 

i. NGP assurance coordinator is responsible for the HSE MS assurance 

process shall co-ordinate the appointment of competent HSE assessors. 

ii. A competency assurance system shall be in place to include the specific 

requirement on assessor competency and relevant HSE assessor 

training and development. 

 
iii. Employees from different functions and departments of NGP shall form 

part of the HSE Assurance team. 

 
(3) Demonstration of Compliance 

 
i. Compliance to the above expectations may be demonstrated by the 

following: 

a. HSE training matrix and training records of personnel involved in 

HSE assurance. 
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 7.3 Contractor Assurance 

 
(1) Purpose 

 
i. This sub-element describes NGP requirements on Contractor 

Assurance. 

 
(2) Expectations 

 
i. NGP HSE shall carry out assurance on the adequacy and effectiveness 

of Contractor HSE MS implementation for all high-risk contracts. 

 
ii. The primary standard for Contractors HSE MS Assurance shall be the 

respective Contractors’ HSE MS. 

 
iii. The scope for Contractors’ HSE MS Assurance shall cover the whole 

Contractors’ business activities associated with NGP. 

 
a. Gaps identified during the compliance assurance on Contractors 

HSE MS, if any, shall form the basis for the development   of   

appropriate   intervention   plan   to enhance compliance to the 

respective Contractors HSE MS. 

 
b. The implementation of recommendations arising from 

compliance assurance on Contractors HSE MS should be 

monitored by NGP HSE Committee until completion. 

 
c. NGP shall ensure Contractors develop their respective HSE 

Assurance Plan and carry out the required HSE assurance as 

per contract requirements. 

 
d. NGP Contract Owner shall ensure that the senior management 

personnel of Contractors participate in NGP-led HSE assurance. 

 
(3) Demonstration of Compliance 

 
i. Compliance to the above expectations may be demonstrated by the 

following documentations: 
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a. NGP HSE Assurance Plan. 
 

b. HSE assurance reports. 
 

c. HSE Plan incorporating gaps identified from HSE Assurance; and 

 
d. Records associated with HSE assurance, e.g., assurance 

analysis, status of HSE assurance recommendations evidence of 

close out, minutes of meeting, etc. 
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8.0 MANAGEMENT REVIEW  

 
 8.1 Management Review 
 

(1) Purpose 
 

i. This element defines NGP requirements for review of the suitability, 

adequacy and effectiveness of the Management System in managing 

HSE risks, particularly to: 

 
a. Assess the adequacy of the HSE MS, including benchmarking to 

industry best practices. 

 
b. Review the effectiveness of implementation of NGP HSE MS. 

 
c. Review the adequacy of HSE Policy and its associated policies, 

organization, arrangements, HSE governance documents; and 

 
d. Identify gaps and develop appropriate intervention plan. 

 
ii. This is to ensure continual improvement in NGP HSE performance. 

 
(2) Expectations 

 
i. NGP Management Review 

 
a. The NGP Management Review shall be carried out at least once 

a year, by NGP HSE Committee preferably within the Business 

Plan cycle. 

 
b. The review should address but not limited to: 

 
A. The findings of previous reviews. 

 
B. HSE performance. 

 

C. The need to change HSE policies and strategic 

objectives. 

 
D. The impact of significant organizational, location or 

activity changes. 
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E. The HSE concerns of employees, contractors and 

external stakeholders. 

 
F. The provision of adequate resources and competent 

personnel to achieve HSE targets objectives and 

strategies. 

 
G. Assurance findings and intervention plans. 

 
H. Verification of closure of corrective actions resulting from 

HSE reviews, assurances and incident investigations. 

 
I. Review of legal compliance. 

 
J. Relevant communications from external parties including 

complaints; and 

 
K. Significant social impacts including human rights issues 

on operations. 

 
c. HSE performance shall be trended and analyzed to facilitate 

decision making. 

 
d. The outcome from Management Reviews shall be consistent with 

the organization’s commitment to continual improvement and 

shall include any decisions and actions related to possible 

changes to: 

 
A. HSE performance. 

B. HSE Policy and objectives. 
 

C. Resources. 
 

D. Other elements of the HSE management review; and 

 
E. The strategic direction of the organization. 

 
e. The Management Review shall be the basis for setting proactive 

HSE Objectives, Plan, Programmes and Targets. 
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f. Results of Management Reviews and identified remedial actions 

shall be documented, communicated, and monitored until 

completion. 

 
(3) Demonstration of Compliance 

 
i. Compliance to the above expectations may be demonstrated by the 

following: 

 
a. Record on annual review of HSE MS e.g., minutes of meeting, 

intervention plan, etc.
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PART III: APPENDICES  
 
 Appendix 1: NGP HSE Policy  

 Appendix 2: NGP Stop Work Authority Policy 

 Appendix 3: NGP Drug, Alcohol, and Substance Abuse Policy 

 Appendix 4: Environmental Protection Policy Statement 
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Simultaneous Operations Guidelines  
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Proprietary Information 

This document contains proprietary information which belongs to 

NGP and must not be wholly or partially reproduced nor 
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DOCUMENT AUTHORIZATION 

Approved By PUI THAI CHONG 

Signature  

Position CEO 

Date   

 

Endorsed By LINN THURA HTUN THU REIN PHOO 

Signature   

Position MANAGER, HSE Project/ Construction Engineer and 
Facilities/ Process Engineer 

Date    

 

Reviewed By KAJORNYOD KATCHAPONG THANG QUACH 

Signature   

Position HSE ADVISOR DRILLING ENGINEER 

Date    

 

Prepared By SULAIMAN 

Signature  

Position EXECUTIVE (OCCUPATIONAL SAFETY) 

Date  3-Oct-23 

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box

Waratchaya Chaturaprasert
Text Box



 

 

 

 
 
 
 
 
 
 
 

Note : A Document Holder is responsible  to communicate  and ensure  compliance with the  
requirements of this document. 

 

 

 

 

 

 

 
 

DISTRIBUTION LIST 

No. Title  

Master HSE Department  

1. NGP Office  

2. Supply Chain Management Department 

3. Drilling Department 

4.  Project Department 

 

AMENDMENT SUMMARY 

The table  be low must be  completed in detail for each revision. To indicate  amendments from the  

previous version, vertical lines in the  left-hand margin shall be  added at the  amended section. 

Re v Page  De scrip tion 
Approve d  

By 

Approval 

Date  

0 All First issue  NGP Project 
Director 

 

1     

0     

 

 

Notes: 
1. Document Holders to update Amendment Record as and when amendments/new 

revisions are received. 
 

2. For description of amendment the Document Holder should indicate correction, 
modification, update, or deletion issue. 

 
3. Document Holder to enter their company reference number, sign, and date the record 

of entry. 
 

4. Where part amendments are issued, the relevant page(s) will be identified with a lower-

case letter in the revision status line in the header. 

 

 

 

 

 



 

ABBREVIATIONS AND ACRONYMS 

 

ALARP As Low As Reasonably Practicable 

AGT Authorized Gas Tester 

BOP Blow-Out Preventer 
 

CSR Company Site Representative 
 

CSO Contractor Safety Officer 
 

CS Construction Supervisor 
 

DPIC Designated Person In Charge 
 

DS Drilling Supervisor 
 

OE Operation Engineer 
 

FW Fire Watcher 
 

SOG Simultaneous Operations Guideline  

HEMP Hazard and Effects Management Process 

HUC Hook Up and Commissioning 

JHA Job Hazard Analysis 
 

OSC On Scene Commander 
 

PS Production Supervisor 
 

MS Maintenance Supervisor 
 

OFS Offshore Field Superintendent 
 

PTW Permit To Work 
 

PIC Person In Charge 
 

POB Personnel on Board 
 

PASR Pre-Activity Safety Review 
 

PMT Project Management Team 
 

ROV Remote Operated Vehicle 
 

SCSSV Surface-Controlled Subsurface Safety Valve 
 

SIPCON Simultaneous Production and Construction 

SIPCOM Simultaneous Production and Commissioning 

SIPROD Simultaneous Production and Drilling 

 

SIMOPS Simultaneous Operations 

SSV Surface Safety Valve 
 

SISO Specific Instructions for Simultaneous Operation 

TS Terminal Superintendent 

UIM Underwater Inspection & Maintenance 

WOS Work Over Supervisor 
 

WIE Well Intervention Engineer 
 

WIS Well Intervention Supervisor 
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ตัวอย่างแบบฟอร์มรายงานการเกิดอุบัติเหต ุ  



AMPL-HSE-PR-005
Rev: 0

Initial Incident Notification Form 

Complete the form and send with photos to the following Managers within six (06) hours after 
incident.: PD, HSE Manager, Facilities/ Engineering, Production Manager, Drilling Manager.

Location 

Date/ Time of Report  

Classification of Incident 
(Tick more than one if 
appropriate)

Event Potential Category Injury level

Fire/ Explosion X Near Miss First Aid Case

Hazard Production Loss Medical Treatment Case

Oil Spill Property Damage Restricted Work Case

Chemical Spill Lost Time Injury

Occupational Illness Fatality

Name of the company/
contractor

Aurora
Date/ Time of Incident:

21/07/2024-16:30hrs 

Site/ Location/ Area/ Plant:

Rossukon Field, personnel transfer
with Billy Pugh with port side crane, 
from A G Azzam (standby vessel) to 
AP1 (MOPU)

Brief Description of Incident & Immediate Action Taken:

While lifting the Billy Pugh with 4 personnel, there was a breakdown in communication between the 
banksman on A G Azzam with the AP1 crane operator when proceeding to lift, the Billy Pugh started to 
swing across the deck and nearly made contact with a container on the deck of the A G Azzam, whilst 
the A G Azzam to slowly move of position, the crane operator stopped all boom movements and slowly 
lifted on the whip line wire, in doing this he gained control of the Billy Pugh.

Name of Injured Person/Victim: Sex:

M/F
Age Years of 

Experience
Designation

Medivac:    Transport: Hospital name:

What to do next:  

The BM had a meeting with the crane operator and the agreement has been made that with future lifts 
he is to ensure that he has full communication with the A G Azzam banksman and all instructions are 
repeated so the crane operator and banksman are fully aware of the instructions, the crane operator will 
not move a lift unless he is given instruction it is safe to do so. 

AMPL-HSE-PR-005
Rev: 0

Name of Reporter: M Powlesland Position Barge Master

Name of Supervisor: M Powlesland Position: Barge Master

Name of Line Manager: Lars Mølborg Position: Operations Manager
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บันทึกสถิติการเกิดอุบัติเหตุการเจ็บปว่ย 

หรือได้รับบาดเจ็บของพนักงาน  



 1)HSE Sta s cs

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Accummulate 
Manhours

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

NON-LOST TIME INJURY
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

NON- INJURY
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 4 0 0 1 0 0 5
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 2 0 0 0 2
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 4 0 2 1 0 0 7
0 5 5 2 1 6 6 2 1 1 29

25968 23892 25210 28278 27652 23148 24584 26238 25665 26174 0 0 256809

0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

31 29 31 30 31 30 31 31 31 31 306
0 0 0 0 0 0 0 0 0 0
6 10 14 9 9 10 10 10 9 7 94

16 21 30 20 20 32 28 26 19 23 235
71 82 128 236 155 123 168 174 178 222 1537
4 1 1 1 1 12 13 17 18 12 80
4 2 3 3 9 17 8 19 12 23 100

93 87 93 90 92 90 93 93 60 93 884
6 2 2 2 3 7 5 5 4 4 40

24 22 16 17 17 5 6 7 12 15 141
1970 1410 511 1722 2000 800 290 700 300 100 9803

9389.9 1396.6 2511.91 2233.95 4813.95 2450 9600 1695.84 1398.8 1631.12 37122.07

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

0 4 2 3 3 1 3 0 2 3 21
2 6 12 13 5 4 5 10 10 3 70
1 3 2 3 1 5 4 2 4 2 27
4 3 2 3 4 5 3 3 3 5 35
0 2 1 1 1 2 1 2 1 8 19
1 2 1 2 4 2 3 0 0 0 15
1 8 2 2 6 6 3 10 3 17 58

LOST TIME INJURY RATE (LTIR)

TOTAL RECORDABLE INJURY RATE (TRIR)

Lost Workday Case (LWDC)

           2024  Rossukon Field HSE Statistics

Item

Type of Accidents
LOST TIME INJURY (LTI)
Fatality (FAT)
Permanent Total Disability (PTD)
Permanent Partial Disability (PPD)

TOTAL NO. OF INCIDENT / ACCIDENTS

Restricted Workday Case (RWDC)
Medical Treatment Case (MTC)
First Aid Case (FAC)

Fire / explosion
Property Damage / Loss
Security
Oil Spill < 1 bbls
Oil Spill > 1 bbls
Near Miss

Occupational Health
Environment Case 

HiPo Incident

Toolbox Meeting

Safety walkabout / Inspection

Total Manhour

No. of LTI
No. of Lost Works Days
No. of Works Day without LTI
TOTAL RECORDABLE CASE FREQUENCY (TRCF)
HSE Meeting
Emergency Drill & Exercise
Total PTW issued
PTW Audits 
HSE audit & Inspection

No. of PTW training (HSE Training)
No of safety inductions
Waste generated {Hazardous}  (Unit=kg)
Waste generated {Non-hazardous} (Unit=kg)

Suggestion

 2)UAUC Analysis

Description

Body position
Housekeeping

PPE
Procedures

Tools & equipment Incorrect Use
Tools & Equipment Unsafe Condition

12 12 19 12 8 13 2 10 6 6 100
21 40 41 39 32 38 24 37 29 44 345

1. AP1 MOPU - GC 15 : On 21 May 2024 at 08:30 hrs. welding joint crack at the PSV 3020 inlet pipe spool
2. FSO PRIDE1 Engine Room -: On 24 May 2024 at 11:36 hrs.Atmospheric condersor tube material failure.
3. AP1 MOPU - GC 14 : On 26 May 2024 at 08: 25 hrs. Welding joint crack at 3rd stage suction line of inlet pipe spool.
4. AP1 MOPU - GC 14 : On 29 May 2024 at 09:50 hrs., Weldment crack at socket for T-Joint of PSV 3010 for 2nd Stage Discharged Line Throw#4. 
5. AP1 MOPU : On 21 Jul 2024 at 16:30 hrs. Crane boom angle incorrect position before start lifting (Personnel Transfer)
6. FSO PRIDE1 : On 28 Jul 2024 at 15:30 hrs. Crane wire rope slipped out of sheave of the block during cargo lifting
7. AP1 MOPU : (Property Damage Case) P-200 C at AP1 MOPU abnormal condition and manual stop on  21 Aug 2024 at 9:05 hrs.

4)         Highlight Activities in Oct 2024

1 Gathering EIA compliance requirement
2 Support 2024 DMF HSE Audit 
3 Develop NGP HSE Handbook, Safet Passport and Offshore Travelling Procedure.
4 Follow up workplace monitoring report progress
5 Appointment Safety Officer Professional Level with Thai Labor Department.
6 Promote UAUC (Stay Safe) Program

             Look Ahead on Nov 2024
1 Follow up status of 2024 DMF HSE audit issue.
2 Swop OSR Equipment 
3 Follow up workplace monitoring report progress
4 Conduct Typhoon Table top Exercise
5 Review NGP HSE requirement 

 3)         2024 Accident / Incident

Positive
TOTAL UAUC CARDS
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Well Control Guideline  



NGPP Welll Controll Guidelines 
Highh Anglee orr Horizontall Wells 

NGP Well Control Guidelines

Kick Prevention and Detection

All techniques used in vertical wells for avoiding and detecting kicks can be 
applied to high angle or horizontal wells.

Kick intensity is potentially high when drilling a horizontal well due to the longer 
exposed hole section to the producing formation.

The swab/surge pressure is relatively higher in a high angle or horizontal well. To 
prevent swabbed kicks, it is important to ensure that:

o The mud rheology is conditioned prior to tripping out.
o The tripping speed is controlled below the maximum allowable speed.

o The correct tripping procedures are followed.

The equivalent circulating density (ECD) is relatively higher when drilling a high 
angle well. This means a greater bottom-hole pressure reduction when circulation 
stops. Therefore it is important to flow-check the well prior to making a connection 
or tripping to ensure that the well is stable without the ECD effect.

Well Shut in and Gas Kick Migration

Use hard (fast) shut-in method to shut in the well upon detecting a kick to minimise 
the kick volume. Studies showed that the potential water-hammer effect associated 
with the hard shut-in is negligible.

When a kick occurs in a high angle or horizontal hole section, the shut-in drillpipe 
pressure (SIDPP) will be close or equal to the shut-in casing pressure (SICP). This is 
because the kick only causes a small or no hydrostatic pressure reduction in the 
annulus.

Zero shut-in pressures (SIDPP & SICP) does not mean there is no kick. Together 
with a positive pit gain, this may indicate that the kick is still in the horizontal hole 
section which may be caused by swabbing or improper hole fill up on trips.

The conventional method, which determines the influx density/type (gas/water/oil) 
based on pit gain, SIDPP and SICP, can not be applied in a high angle or horizontal 
well. There is no simple alternative method for field applications. However, a gas 
influx can be recognised by the continuous increase in the casing pressure due to 
gas expansion above the horizontal hole section, which may be caused by gas 
migration during shut-in or by mud circulation.

During the well shut-in period, the free gas usually migrates up the annulus if the 
angle is below 90°. Experiments showed that, for a mud with PV=10 cP and YP=6 
Ibf/100sqft, the gas migrates at 10,000, 9,500 and 7,500 ft/hr at vertical, 50° and 
80°,respectively. The migration rate will be lower if the mud has a higher yield stress 
or gel/

Do not calculate the migration rate based on the increase in SICP, as it often 
seriously under-predicts the migration rate.

1

NGPP Welll Controll Guidelines 
Highh Anglee orr Horizontall Wells 

Gas does not migrate if:

o The hole angle is 90° or higher
o The gas is dissolved in the OBM, or

o The gas is trapped as small bubbles in the mud by its high gel strength.

Well Killing Operations

The advantages of the wait-and-weight method over the driller’s method are less 
important in a high angle or horizontal well. This is because the weighted mud will 
not reduce the surface and casing shoe pressures until it has passed the high angle 
or horizontal hole section. By then the gas influx may have entered into the casing 
or been out of the well.

Do not wait for the mud being weighted up. Start to circulate using the driller’s 
method once detecting a kick; change over to the wait-and-weight method once the 
kill weight mud is ready (circulate & weight method). This will minimise the time 
dealing with the kick and reduce the risks of stuck pipe and other hole problems.

When pumping down the kill mud, use the kick sheet designed for high angle wells 
to work out the standpipe pressure schedule. Do not use the kill sheet designed for 
vertical wells, as it will result in excessive high well pressures and the possible 
consequence of fracturing the formation.

During circulating out a gas kick, the free gas will slip through and travel faster than 
the mud, even in a horizontal hole section. Studies showed that the slip velocity is 
in the range of 60~180 ft/min, depending upon the mud rheology and hole angle, etc. 
Therefore the gas kick may arrive at surface much earlier then the mud.

Free Gas Kicks in Inverted (>90°) Hole Section

If a gas kick occurs when drilling an inverted hole section, the free gas will be 
trapped at the bottom of the hole when circulation stops. Similar scenario may also 
occur in washouts or undulations of a horizontal hole section. Studies showed that, 
the free gas will remain being trapped unless the annular velocity exceeds about 
100 ft/min, which is higher than that at a commonly used SCR during well killing 
operations. Therefore special well killing techniques may have to be considered.

The trapped gas may be flushed out by gradually increasing the SCR to a 
corresponding annular velocity of about 100~150 ft/min for a short period of time 
(say 1/4 of bottom-up maximum). Then reduce to a normal SCR and proceed using a 
conventional well killing technique (driller’s or wait-and-weight). Depending on the 
kick volume and the length of the hole section, the procedures may have to be 
repeated in order to remove the trapped gas completely. So prior to drilling the hole 
section, the pump pressure at a SCR corresponding to 100~150 ft/min should be 
recorded.

If the above technique fails to remove the trapped gas, consider bullheading the gas 
back into the formation. As the trapped gas should be near the kicking formation, 
bullheading is more likely to succeed in an inverted hole section.



ภาคผนวก NGP-22 

ผลการติดตามตรวจสอบคุณภาพสิ่งแวดล้อม 

o ภาคผนวก NGP-22.1 รายงานผลการติดตามตรวจสอบคุณภาพสิง่แวดล้อม 
ทางทะเล ของโครงการผลิตปิโตรเลียม แปลงส ารวจในทะเล
อ่าวไทยหมายเลข G6/48 

o ภาคผนวก NGP-22.2 รายงานผลการวิเคราะห์คุณภาพน ้าจากกระบวนการผลิต
o ภาคผนวก NGP-22.3 รายงานผลการวิเคราะห์เศษหินจากการเจาะ



ภาคผนวก NGP-22.1 

ผลการติดตามตรวจสอบคุณภาพสิ่งแวดล้อมทางทะเล 

ของโครงการผลิตปิโตรเลียม แปลงส ารวจในทะเลอ่าวไทย 

หมายเลข G6/48 



คุณภาพนํ้าทะเล



คุณภาพนํ้าทะเล 

ปโตรเลียมไฮโดรคารบอน (DDPH)  





คุณภาพนํ้าทะเล 

สารแขวนลอย (TSS) และโลหะ  
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Summary Samples
Sample Location ALS Sample ID Sample Description Sampling Date / Time Received Date / Time

2442763-3FSO-3CP2-SW-1 Seawater Apr 07, 2024   08:54 AM Apr 19, 2024   01:00 PM
2442763-4FSO-3CP2-SW-20 Seawater Apr 07, 2024   09:19 AM Apr 19, 2024   01:00 PM
2442763-5FSO-3CP2-SW-40 Seawater Apr 07, 2024   09:28 AM Apr 19, 2024   01:00 PM
2442763-6FSO-3CP2-SW-B Seawater Apr 07, 2024   09:38 AM Apr 19, 2024   01:00 PM
2442763-7RSK-A-1CP2-SW-1 Seawater Apr 07, 2024   03:36 PM Apr 19, 2024   01:00 PM
2442763-8RSK-A-1CP2-SW-20 Seawater Apr 07, 2024   03:43 PM Apr 19, 2024   01:00 PM
2442763-10RSK-A-1CP2-SW-20-FD Seawater Apr 07, 2024   03:54 PM Apr 19, 2024   01:00 PM
2442763-9RSK-A-1CP2-SW-20-LD Seawater Apr 07, 2024   03:43 PM Apr 19, 2024   01:00 PM
2442763-11RSK-A-1CP2-SW-40 Seawater Apr 07, 2024   04:02 PM Apr 19, 2024   01:00 PM
2442763-12RSK-A-1CP2-SW-B Seawater Apr 07, 2024   04:15 PM Apr 19, 2024   01:00 PM
2442763-2RSK-A-EQ Seawater Apr 07, 2024   07:40 AM Apr 19, 2024   01:00 PM
2442763-1RSK-A-WB Seawater Apr 07, 2024   07:35 AM Apr 19, 2024   01:00 PM

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 
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General Comments
Analysis Test Report contains Summary samples, General Comments and Analytical Results. Quality Control Report will be found in the following separate
attachments. The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as 
those published by the USEPA, APHA. In house developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.
Where the LOD and LOQ of a reported result differs from standard, this may be due to high moisture content or matrix interference.
When sampling time information is not provided by the client, sampling dates are shown without a time component. In these instances, the time component
has been assumed by the laboratory for processing purposes.

LOD
LOQ
ND
U
J

Sample Preparation and Analysis

Metals testing : digestion for total recoverable metals and run by ICP MS

The samples were digested with nitric and hydrochloric acid and analyzed by ICP MS. This technique utilizes a highly efficient argon plasma to ionize selected 
elements. Ions are then passed into a high vacuum mass spectrometer, which seperates the analytes based on their distinct mass to charge ratios prior to 
measurement by detector.

Mercury

The samples were prepared and analyzed Mercury by Cold vapor atomic fluorescence spectrometry (CVAFS)

Total suspended solids

A well-mixed sample is filtered through a weighed 1.2 m pore size glass fibre filter paper and the residue retained on the filter is dried at 103-105 degree C. The 
increase in the weight of the filter paper represents the total suspended solids.

Limit of detection.
Limit of Quantitation.
The result is not detected.
Indicates the result is less than LOD.
Indicates an estimated value, The reported value was obtained from a reading that was less than the LOQ but greater than or equal to the LOD.

:
:
:
:
:

The samples received on Apr 19, 2024 were intact, on-ice within 1 sealed cooler at 

Cooler 1 : Temperature 1.9 degree C

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 
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Reference Number 2442763-1
Sampling Date Apr 07, 2024  7:35 AM
Sample Description Seawater
Location RSK-A-WB
Condition of Sample Contained in two glass vials and three plastic bottles, sample containers comply to pretreatment - preservation standards (APHA, USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic ug/L EL24/072321 Apr 22, 2024 APHA (2017), 3125Apr 22, 20240.50.21.37

Barium ug/L EL24/072321 Apr 22, 2024 APHA (2017), 3125 UApr 22, 202410.4ND

Cadmium ug/L EL24/072321 Apr 22, 2024 APHA (2017), 3125 UApr 22, 20240.50.2ND

Chromium ug/L EL24/072321 Apr 22, 2024 APHA (2017), 3125 JApr 22, 202410.40.79

Copper ug/L EL24/072321 Apr 22, 2024 APHA (2017), 3125 UApr 22, 202410.4ND

Iron ug/L EL24/072321 Apr 22, 2024 APHA (2017), 3125 UApr 22, 202410.4ND

Lead ug/L EL24/072321 Apr 22, 2024 APHA (2017), 3125 UApr 22, 20240.50.2ND

Manganese ug/L EL24/072321 Apr 22, 2024 APHA (2017), 3125 UApr 22, 202410.4ND

Mercury ug/L EL24/072331 Apr 22, 2024 EPA 1631 Revision E UApr 24, 20240.010.005ND

Nickel ug/L EL24/072321 Apr 22, 2024 APHA (2017), 3125 UApr 22, 202410.4ND

Zinc ug/L EL24/072321 Apr 22, 2024 APHA (2017), 3125Apr 22, 202410.43.92

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 
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Reference Number 2442763-2
Sampling Date Apr 07, 2024  7:40 AM
Sample Description Seawater
Location RSK-A-EQ
Condition of Sample Contained in two glass vials and three plastic bottles, sample containers comply to pretreatment - preservation standards (APHA, USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic ug/L EL24/072321 Apr 22, 2024 APHA (2017), 3125Apr 22, 20240.50.20.81

Barium ug/L EL24/072321 Apr 22, 2024 APHA (2017), 3125 UApr 22, 202410.4ND

Cadmium ug/L EL24/072321 Apr 22, 2024 APHA (2017), 3125 UApr 22, 20240.50.2ND

Chromium ug/L EL24/072321 Apr 22, 2024 APHA (2017), 3125 JApr 22, 202410.40.64

Copper ug/L EL24/072321 Apr 22, 2024 APHA (2017), 3125 UApr 22, 202410.4ND

Iron ug/L EL24/072321 Apr 22, 2024 APHA (2017), 3125 UApr 22, 202410.4ND

Lead ug/L EL24/072321 Apr 22, 2024 APHA (2017), 3125 UApr 22, 20240.50.2ND

Manganese ug/L EL24/072321 Apr 22, 2024 APHA (2017), 3125 UApr 22, 202410.4ND

Mercury ug/L EL24/072331 Apr 22, 2024 EPA 1631 Revision E UApr 24, 20240.010.005ND

Nickel ug/L EL24/072321 Apr 22, 2024 APHA (2017), 3125 UApr 22, 202410.4ND

Zinc ug/L EL24/072321 Apr 22, 2024 APHA (2017), 3125Apr 22, 202410.48.18

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 
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Reference Number 2442763-3
Sampling Date Apr 07, 2024  8:54 AM
Sample Description Seawater
Location FSO-3CP2-SW-1
Condition of Sample Contained in two glass vials and three plastic bottles, sample containers comply to pretreatment - preservation standards (APHA, USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 20240.50.22.24

Barium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.48.81

Cadmium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Chromium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Copper ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Iron ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Lead ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Manganese ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 JApr 23, 202410.40.47

Mercury ug/L EL24/072331 Apr 22, 2024 EPA 1631 Revision E UApr 24, 20240.010.005ND

Nickel ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Zinc ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.43.59

Water Testing

Total Suspended Solids mg/L WL24/101031 Apr 20, 2024 APHA (2017), 2540 D UApr 20, 202410.3ND

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 
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Reference Number 2442763-4
Sampling Date Apr 07, 2024  9:19 AM
Sample Description Seawater
Location FSO-3CP2-SW-20
Condition of Sample Contained in two glass vials and three plastic bottles, sample containers comply to pretreatment - preservation standards (APHA, USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 20240.50.21.9

Barium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.48.11

Cadmium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Chromium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Copper ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Iron ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Lead ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Manganese ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Mercury ug/L EL24/072331 Apr 22, 2024 EPA 1631 Revision E UApr 24, 20240.010.005ND

Nickel ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Zinc ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.448.3

Water Testing

Total Suspended Solids mg/L WL24/101031 Apr 20, 2024 APHA (2017), 2540 D UApr 20, 202410.3ND

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 
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Reference Number 2442763-5
Sampling Date Apr 07, 2024  9:28 AM
Sample Description Seawater
Location FSO-3CP2-SW-40
Condition of Sample Contained in two glass vials and three plastic bottles, sample containers comply to pretreatment - preservation standards (APHA, USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 20240.50.21.94

Barium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.47.96

Cadmium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Chromium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Copper ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Iron ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Lead ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Manganese ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Mercury ug/L EL24/072331 Apr 22, 2024 EPA 1631 Revision E UApr 24, 20240.010.005ND

Nickel ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Zinc ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.42.69

Water Testing

Total Suspended Solids mg/L WL24/101031 Apr 20, 2024 APHA (2017), 2540 D UApr 20, 202410.3ND

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 
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Reference Number 2442763-6
Sampling Date Apr 07, 2024  9:38 AM
Sample Description Seawater
Location FSO-3CP2-SW-B
Condition of Sample Contained in two glass vials and three plastic bottles, sample containers comply to pretreatment - preservation standards (APHA, USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 20240.50.22.26

Barium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.48.59

Cadmium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Chromium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 JApr 23, 202410.40.41

Copper ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Iron ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.414.8

Lead ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Manganese ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.41.26

Mercury ug/L EL24/072331 Apr 22, 2024 EPA 1631 Revision E UApr 24, 20240.010.005ND

Nickel ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Zinc ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.43.76

Water Testing

Total Suspended Solids mg/L WL24/101031 Apr 20, 2024 APHA (2017), 2540 D JApr 20, 202410.30.3

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 
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Reference Number 2442763-7
Sampling Date Apr 07, 2024  3:36 PM
Sample Description Seawater
Location RSK-A-1CP2-SW-1
Condition of Sample Contained in two glass vials and three plastic bottles, sample containers comply to pretreatment - preservation standards (APHA, USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 20240.50.22.06

Barium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.47.58

Cadmium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Chromium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Copper ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Iron ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Lead ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Manganese ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Mercury ug/L EL24/072331 Apr 22, 2024 EPA 1631 Revision E UApr 24, 20240.010.005ND

Nickel ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Zinc ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Water Testing

Total Suspended Solids mg/L WL24/101031 Apr 20, 2024 APHA (2017), 2540 D UApr 20, 202410.3ND

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 
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Reference Number 2442763-8
Sampling Date Apr 07, 2024  3:43 PM
Sample Description Seawater
Location RSK-A-1CP2-SW-20
Condition of Sample Contained in two glass vials and three plastic bottles, sample containers comply to pretreatment - preservation standards (APHA, USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 20240.50.22.28

Barium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.47.71

Cadmium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Chromium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Copper ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Iron ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Lead ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Manganese ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Mercury ug/L EL24/072331 Apr 22, 2024 EPA 1631 Revision E UApr 24, 20240.010.005ND

Nickel ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Zinc ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Water Testing

Total Suspended Solids mg/L WL24/101031 Apr 20, 2024 APHA (2017), 2540 D UApr 20, 202410.3ND

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442763
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 26, 2024:P/O :
Report Number : 2967877-1RSK-AProject Name : 

Project Location :
Page 11 of 14

Reference Number 2442763-9
Sampling Date Apr 07, 2024  3:43 PM
Sample Description Seawater
Location RSK-A-1CP2-SW-20-LD
Condition of Sample Contained in two plastic bottles, sample containers comply to pretreatment - preservation standards (APHA, USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Water Testing

Total Suspended Solids mg/L WL24/101031 Apr 20, 2024 APHA (2017), 2540 D UApr 20, 202410.3ND

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442763
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 26, 2024:P/O :
Report Number : 2967877-1RSK-AProject Name : 

Project Location :
Page 12 of 14

Reference Number 2442763-10
Sampling Date Apr 07, 2024  3:54 PM
Sample Description Seawater
Location RSK-A-1CP2-SW-20-FD
Condition of Sample Contained in two glass vials and three plastic bottles, sample containers comply to pretreatment - preservation standards (APHA, USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 20240.50.22.27

Barium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.47.84

Cadmium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Chromium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Copper ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Iron ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Lead ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Manganese ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Mercury ug/L EL24/072331 Apr 22, 2024 EPA 1631 Revision E UApr 24, 20240.010.005ND

Nickel ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Zinc ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Water Testing

Total Suspended Solids mg/L WL24/101031 Apr 20, 2024 APHA (2017), 2540 D UApr 20, 202410.3ND

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 



Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442763
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 26, 2024:P/O :
Report Number : 2967877-1RSK-AProject Name : 

Project Location :
Page 13 of 14

Reference Number 2442763-11
Sampling Date Apr 07, 2024  4:02 PM
Sample Description Seawater
Location RSK-A-1CP2-SW-40
Condition of Sample Contained in two glass vials and three plastic bottles, sample containers comply to pretreatment - preservation standards (APHA, USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 20240.50.22.57

Barium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.47.98

Cadmium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Chromium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Copper ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Iron ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Lead ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Manganese ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Mercury ug/L EL24/072331 Apr 22, 2024 EPA 1631 Revision E UApr 24, 20240.010.005ND

Nickel ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Zinc ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Water Testing

Total Suspended Solids mg/L WL24/101041 Apr 20, 2024 APHA (2017), 2540 D UApr 20, 202410.3ND

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442763
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 26, 2024:P/O :
Report Number : 2967877-1RSK-AProject Name : 

Project Location :
Page 14 of 14

Reference Number 2442763-12
Sampling Date Apr 07, 2024  4:15 PM
Sample Description Seawater
Location RSK-A-1CP2-SW-B
Condition of Sample Contained in two glass vials and three plastic bottles, sample containers comply to pretreatment - preservation standards (APHA, USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 20240.50.22.69

Barium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.47.82

Cadmium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Chromium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Copper ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Iron ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Lead ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Manganese ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Mercury ug/L EL24/072341 Apr 22, 2024 EPA 1631 Revision E UApr 24, 20240.010.005ND

Nickel ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Zinc ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Water Testing

Total Suspended Solids mg/L WL24/101041 Apr 20, 2024 APHA (2017), 2540 D UApr 20, 202410.3ND

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442763
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 25, 2024:P/O : 
Report Number : 2967877-1Project Name : RSK-A

Project Location :
Page 1 of 6

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Metals Testing : EL24/07214 : Arsenic

Blank ug/L UND 0.50.2

2442763-3LCS ug/L 75 - 12558.8 0.50.2 117.650

2442822-4Duplicate ug/L 2.8 8.873.06 0.50.2 10

2442822-4Matrix Spike ug/L 2.8 75 - 125120 0.50.2 117.2100

2442822-4Matrix Spike Dup ug/L 2.8 75 - 125 3124 0.50.2 10121.2100

Metals Testing : EL24/07214 : Barium

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12557.7 10.4 115.450

2442822-4Duplicate ug/L 9.23 2.259.44 10.4 10

2442822-4Matrix Spike ug/L 9.23 75 - 125120 10.4 110.8100

2442822-4Matrix Spike Dup ug/L 9.23 75 - 125 3.17116 10.4 10106.8100

Metals Testing : EL24/07214 : Cadmium

Blank ug/L UND 0.50.2

2442763-3LCS ug/L 75 - 12559.2 0.50.2 118.450

2442822-4Duplicate ug/L ND Un/aND 0.50.2 10

2442822-4Matrix Spike ug/L ND 75 - 125113 0.50.2 113.0100

2442822-4Matrix Spike Dup ug/L ND 75 - 125 2.57110 0.50.2 10110.0100

Metals Testing : EL24/07214 : Chromium

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12561 10.4 122.050

2442822-4Duplicate ug/L ND Un/aND 10.4 10

2442822-4Matrix Spike ug/L ND 75 - 125121 10.4 121.0100

2442822-4Matrix Spike Dup ug/L ND 75 - 125 0.92122 10.4 10122.0100

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442763
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 25, 2024:P/O : 
Report Number : 2967877-1Project Name : RSK-A

Project Location :
Page 2 of 6

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Metals Testing : EL24/07214 : Copper

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12553.4 10.4 106.850

2442822-4Duplicate ug/L ND Un/aND 10.4 10

2442822-4Matrix Spike ug/L ND 75 - 125102 10.4 102.0100

2442822-4Matrix Spike Dup ug/L ND 75 - 125 0.72103 10.4 10103.0100

Metals Testing : EL24/07214 : Iron

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12561.6 10.4 123.250

2442822-4Duplicate ug/L 31.1 2.9730.2 10.4 10

2442822-4Matrix Spike ug/L 31.1 75 - 125150 10.4 118.9100

2442822-4Matrix Spike Dup ug/L 31.1 75 - 125 2.62154 10.4 10122.9100

Metals Testing : EL24/07214 : Lead

Blank ug/L UND 0.50.2

2442763-3LCS ug/L 75 - 12557.4 0.50.2 114.850

2442822-4Duplicate ug/L ND Un/aND 0.50.2 10

2442822-4Matrix Spike ug/L ND 75 - 125105 0.50.2 105.0100

2442822-4Matrix Spike Dup ug/L ND 75 - 125 1.89103 0.50.2 10103.0100

2442763-3 ug/L57.4 0.50.2

Metals Testing : EL24/07214 : Manganese

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12559.6 10.4 119.250

2442822-4Duplicate ug/L 2.1 0.952.12 10.4 10

2442822-4Matrix Spike ug/L 2.1 75 - 125120 10.4 117.9100

2442822-4Matrix Spike Dup ug/L 2.1 75 - 125 0.31120 10.4 10117.9100

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 



Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442763
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 25, 2024:P/O : 
Report Number : 2967877-1Project Name : RSK-A

Project Location :
Page 3 of 6

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Metals Testing : EL24/07214 : Nickel

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12560.3 10.4 120.650

2442822-4Duplicate ug/L ND Un/aND 10.4 10

2442822-4Matrix Spike ug/L ND 75 - 125118 10.4 118.0100

2442822-4Matrix Spike Dup ug/L ND 75 - 125 2.01116 10.4 10116.0100

Metals Testing : EL24/07214 : Zinc

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12560.2 10.4 120.450

2442822-4Duplicate ug/L ND Jn/a0.42 10.4 10

2442822-4Matrix Spike ug/L ND 75 - 125118 10.4 118.0100

2442822-4Matrix Spike Dup ug/L ND 75 - 125 1.94116 10.4 10116.0100

Metals Testing : EL24/07232 : Arsenic

Blank ug/L UND 0.50.2

2442763-1LCS ug/L 75 - 12552.9 0.50.2 105.850

2442763-2Duplicate ug/L 0.81 4.820.85 0.50.2 10

2442763-2Matrix Spike ug/L 0.81 75 - 12599 0.50.2 98.2100

2442763-2Matrix Spike Dup ug/L 0.81 75 - 125 3.37102 0.50.2 10101.2100

Metals Testing : EL24/07232 : Barium

Blank ug/L UND 10.4

2442763-1LCS ug/L 75 - 12550.1 10.4 100.250

2442763-2Duplicate ug/L ND Un/aND 10.4 10

2442763-2Matrix Spike ug/L ND 75 - 125114 10.4 114.0100

2442763-2Matrix Spike Dup ug/L ND 75 - 125 8.02105 10.4 10105.0100

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442763
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 25, 2024:P/O : 
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Project Location :
Page 4 of 6

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Metals Testing : EL24/07232 : Cadmium

Blank ug/L UND 0.50.2

2442763-1LCS ug/L 75 - 12551 0.50.2 102.050

2442763-2Duplicate ug/L ND Un/aND 0.50.2 10

2442763-2Matrix Spike ug/L ND 75 - 12596.5 0.50.2 96.5100

2442763-2Matrix Spike Dup ug/L ND 75 - 125 4.66101 0.50.2 10101.0100

Metals Testing : EL24/07232 : Chromium

Blank ug/L UND 10.4

2442763-1LCS ug/L 75 - 12557.3 10.4 114.650

2442763-2Duplicate ug/L 0.64 Jn/a0.69 10.4 10

2442763-2Matrix Spike ug/L 0.64 75 - 125105 10.4 104.4100

2442763-2Matrix Spike Dup ug/L 0.64 75 - 125 3.04108 10.4 10107.4100

Metals Testing : EL24/07232 : Copper

Blank ug/L UND 10.4

2442763-1LCS ug/L 75 - 12555.7 10.4 111.450

2442763-2Duplicate ug/L ND Un/aND 10.4 10

2442763-2Matrix Spike ug/L ND 75 - 125102 10.4 102.0100

2442763-2Matrix Spike Dup ug/L ND 75 - 125 5.26108 10.4 10108.0100

Metals Testing : EL24/07232 : Iron

Blank ug/L UND 10.4

2442763-1LCS ug/L 75 - 12551.2 10.4 102.450

2442763-2Duplicate ug/L ND Jn/a0.68 10.4 10

2442763-2Matrix Spike ug/L ND 75 - 12598.5 10.4 98.5100

2442763-2Matrix Spike Dup ug/L ND 75 - 125 1.73100 10.4 10100.0100

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 

Analysis / Test Report
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Date Reported Apr 25, 2024:P/O : 
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Project Location :
Page 5 of 6

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Metals Testing : EL24/07232 : Lead

Blank ug/L UND 0.50.2

2442763-1LCS ug/L 75 - 12542.4 0.50.2 84.850

2442763-2Duplicate ug/L ND Un/aND 0.50.2 10

2442763-2Matrix Spike ug/L ND 75 - 125104 0.50.2 104.0100

2442763-2Matrix Spike Dup ug/L ND 75 - 125 7.26112 0.50.2 10112.0100

2442763-1 ug/L42.4 0.50.2

Metals Testing : EL24/07232 : Manganese

Blank ug/L UND 10.4

2442763-1LCS ug/L 75 - 12550.5 10.4 101.050

2442763-2Duplicate ug/L ND Un/aND 10.4 10

2442763-2Matrix Spike ug/L ND 75 - 125118 10.4 118.0100

2442763-2Matrix Spike Dup ug/L ND 75 - 125 3.4114 10.4 10114.0100

Metals Testing : EL24/07232 : Nickel

Blank ug/L UND 10.4

2442763-1LCS ug/L 75 - 12549 10.4 98.050

2442763-2Duplicate ug/L ND Un/aND 10.4 10

2442763-2Matrix Spike ug/L ND 75 - 12599.8 10.4 99.8100

2442763-2Matrix Spike Dup ug/L ND 75 - 125 8.17108 10.4 10108.0100

Metals Testing : EL24/07232 : Zinc

Blank ug/L UND 10.4

2442763-1LCS ug/L 75 - 12556.7 10.4 113.450

2442763-2Duplicate ug/L 8.18 6.967.63 10.4 10

2442763-2Matrix Spike ug/L 8.18 75 - 125104 10.4 95.8100

2442763-2Matrix Spike Dup ug/L 8.18 75 - 125 6.1110 10.4 10101.8100

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442763
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 25, 2024:P/O : 
Report Number : 2967877-1Project Name : RSK-A

Project Location :
Page 6 of 6

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Metals Testing : EL24/07233 : Mercury

Blank ug/L UND 0.010.005

2442763-1LCS ug/L 71 - 1250.011 0.010.005 110.00.01

2442763-11Duplicate ug/L ND Un/aND 0.010.005 10

2442763-11Matrix Spike ug/L ND 71 - 1250.012 0.010.005 120.00.01

2442763-11Matrix Spike Dup ug/L ND 71 - 125 2.530.012 0.010.005 10120.00.01

Metals Testing : EL24/07234 : Mercury

Blank ug/L UND 0.010.005

2442763-12LCS ug/L 71 - 1250.011 0.010.005 110.00.01

2442822-4Duplicate ug/L ND Un/aND 0.010.005 10

2442822-4Matrix Spike ug/L ND 71 - 1250.011 0.010.005 110.00.01

2442822-4Matrix Spike Dup ug/L ND 71 - 125 6.960.012 0.010.005 10120.00.01

Water Testing : WL24/10103 : Total Suspended Solids

Blank mg/L Jn/a0.4 10.3

LCS mg/L 90 - 11099.6 10.3 99.6100

2442763-10Duplicate mg/L ND Un/aND 10.3 5

Water Testing : WL24/10104 : Total Suspended Solids

Blank mg/L UND 10.3

LCS mg/L 90 - 11099.2 10.3 99.2100

2442822-4Duplicate mg/L ND Un/aND 10.3 5

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 



Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442808
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 25, 2024:P/O :
Report Number : 2967930-1REF1Project Name : 

Project Location :
Page 1 of 6

Summary Samples
Sample Location ALS Sample ID Sample Description Sampling Date / Time Received Date / Time

2442808-1REF1-SW-1 Seawater Apr 10, 2024   06:10 AM Apr 19, 2024   01:00 PM
2442808-2REF1-SW-20 Seawater Apr 10, 2024   06:32 AM Apr 19, 2024   01:00 PM
2442808-3REF1-SW-40 Seawater Apr 10, 2024   06:18 AM Apr 19, 2024   01:00 PM
2442808-4REF1-SW-B Seawater Apr 10, 2024   06:46 AM Apr 19, 2024   01:00 PM

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442808
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 25, 2024:P/O :
Report Number : 2967930-1REF1Project Name : 

Project Location :
Page 2 of 6

General Comments
Analysis Test Report contains Summary samples, General Comments and Analytical Results. Quality Control Report will be found in the following separate
attachments. The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as 
those published by the USEPA, APHA. In house developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.
Where the LOD and LOQ of a reported result differs from standard, this may be due to high moisture content or matrix interference.
When sampling time information is not provided by the client, sampling dates are shown without a time component. In these instances, the time component
has been assumed by the laboratory for processing purposes.

LOD
LOQ
ND
U
J

Sample Preparation and Analysis

Metals testing : digestion for total recoverable metals and run by ICP MS

The samples were digested with nitric and hydrochloric acid and analyzed by ICP MS. This technique utilizes a highly efficient argon plasma to ionize selected 
elements. Ions are then passed into a high vacuum mass spectrometer, which seperates the analytes based on their distinct mass to charge ratios prior to 
measurement by detector.

Mercury

The samples were prepared and analyzed Mercury by Cold vapor atomic fluorescence spectrometry (CVAFS)

Total suspended solids

A well-mixed sample is filtered through a weighed 1.2 m pore size glass fibre filter paper and the residue retained on the filter is dried at 103-105 degree C. The 
increase in the weight of the filter paper represents the total suspended solids.

Limit of detection.
Limit of Quantitation.
The result is not detected.
Indicates the result is less than LOD.
Indicates an estimated value, The reported value was obtained from a reading that was less than the LOQ but greater than or equal to the LOD.

:
:
:
:
:

The samples received on Apr 19, 2024 were intact, on-ice within 1 sealed cooler at 

Cooler 1 : Temperature 1.9 degree C

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 

Analysis / Test Report
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Date Reported Apr 25, 2024:P/O :
Report Number : 2967930-1REF1Project Name : 

Project Location :
Page 3 of 6

Reference Number 2442808-1
Sampling Date Apr 10, 2024  6:10 AM
Sample Description Seawater
Location REF1-SW-1
Condition of Sample Contained in two glass vials and three plastic bottles, sample containers comply to pretreatment - preservation standards (APHA, USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 20240.50.22.54

Barium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.47.53

Cadmium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Chromium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Copper ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Iron ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.48.46

Lead ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 20240.50.21.75

Manganese ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 JApr 23, 202410.40.45

Mercury ug/L EL24/072341 Apr 22, 2024 EPA 1631 Revision E UApr 24, 20240.010.005ND

Nickel ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Zinc ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Water Testing

Total Suspended Solids mg/L WL24/101041 Apr 20, 2024 APHA (2017), 2540 D UApr 20, 202410.3ND

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442808
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 25, 2024:P/O :
Report Number : 2967930-1REF1Project Name : 

Project Location :
Page 4 of 6

Reference Number 2442808-2
Sampling Date Apr 10, 2024  6:32 AM
Sample Description Seawater
Location REF1-SW-20
Condition of Sample Contained in two glass vials and three plastic bottles, sample containers comply to pretreatment - preservation standards (APHA, USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 20240.50.22.41

Barium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.47.37

Cadmium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Chromium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Copper ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Iron ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Lead ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Manganese ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Mercury ug/L EL24/072341 Apr 22, 2024 EPA 1631 Revision E UApr 24, 20240.010.005ND

Nickel ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Zinc ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Water Testing

Total Suspended Solids mg/L WL24/101041 Apr 20, 2024 APHA (2017), 2540 D UApr 20, 202410.3ND

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 
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77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :
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Reference Number 2442808-3
Sampling Date Apr 10, 2024  6:18 AM
Sample Description Seawater
Location REF1-SW-40
Condition of Sample Contained in two glass vials and three plastic bottles, sample containers comply to pretreatment - preservation standards (APHA, USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 20240.50.22.35

Barium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.47.42

Cadmium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Chromium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 JApr 23, 202410.40.46

Copper ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Iron ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Lead ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Manganese ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Mercury ug/L EL24/072341 Apr 22, 2024 EPA 1631 Revision E UApr 24, 20240.010.005ND

Nickel ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Zinc ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Water Testing

Total Suspended Solids mg/L WL24/101041 Apr 20, 2024 APHA (2017), 2540 D UApr 20, 202410.3ND

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 
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Tetra Tech Inc.Report to : Lot ID: 2442808
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 25, 2024:P/O :
Report Number : 2967930-1REF1Project Name : 

Project Location :
Page 6 of 6

Reference Number 2442808-4
Sampling Date Apr 10, 2024  6:46 AM
Sample Description Seawater
Location REF1-SW-B
Condition of Sample Contained in two glass vials and three plastic bottles, sample containers comply to pretreatment - preservation standards (APHA, USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 20240.50.22.83

Barium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.410.2

Cadmium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Chromium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Copper ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Iron ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.444.4

Lead ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Manganese ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.41.17

Mercury ug/L EL24/072341 Apr 22, 2024 EPA 1631 Revision E UApr 24, 20240.010.005ND

Nickel ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Zinc ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Water Testing

Total Suspended Solids mg/L WL24/101041 Apr 20, 2024 APHA (2017), 2540 D UApr 20, 202410.3ND

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442808
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 25, 2023:P/O : 
Report Number : 2967930-1Project Name : REF1

Project Location :
Page 1 of 3

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Metals Testing : EL24/07214 : Arsenic

Blank ug/L UND 0.50.2

2442763-3LCS ug/L 75 - 12558.8 0.50.2 117.650

2442822-4Duplicate ug/L 2.8 8.873.06 0.50.2 10

2442822-4Matrix Spike ug/L 2.8 75 - 125120 0.50.2 117.2100

2442822-4Matrix Spike Dup ug/L 2.8 75 - 125 3124 0.50.2 10121.2100

Metals Testing : EL24/07214 : Barium

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12557.7 10.4 115.450

2442822-4Duplicate ug/L 9.23 2.259.44 10.4 10

2442822-4Matrix Spike ug/L 9.23 75 - 125120 10.4 110.8100

2442822-4Matrix Spike Dup ug/L 9.23 75 - 125 3.17116 10.4 10106.8100

Metals Testing : EL24/07214 : Cadmium

Blank ug/L UND 0.50.2

2442763-3LCS ug/L 75 - 12559.2 0.50.2 118.450

2442822-4Duplicate ug/L ND Un/aND 0.50.2 10

2442822-4Matrix Spike ug/L ND 75 - 125113 0.50.2 113.0100

2442822-4Matrix Spike Dup ug/L ND 75 - 125 2.57110 0.50.2 10110.0100

Metals Testing : EL24/07214 : Chromium

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12561 10.4 122.050

2442822-4Duplicate ug/L ND Un/aND 10.4 10

2442822-4Matrix Spike ug/L ND 75 - 125121 10.4 121.0100

2442822-4Matrix Spike Dup ug/L ND 75 - 125 0.92122 10.4 10122.0100

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442808
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 25, 2023:P/O : 
Report Number : 2967930-1Project Name : REF1

Project Location :
Page 2 of 3

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Metals Testing : EL24/07214 : Copper

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12553.4 10.4 106.850

2442822-4Duplicate ug/L ND Un/aND 10.4 10

2442822-4Matrix Spike ug/L ND 75 - 125102 10.4 102.0100

2442822-4Matrix Spike Dup ug/L ND 75 - 125 0.72103 10.4 10103.0100

Metals Testing : EL24/07214 : Iron

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12561.6 10.4 123.250

2442822-4Duplicate ug/L 31.1 2.9730.2 10.4 10

2442822-4Matrix Spike ug/L 31.1 75 - 125150 10.4 118.9100

2442822-4Matrix Spike Dup ug/L 31.1 75 - 125 2.62154 10.4 10122.9100

Metals Testing : EL24/07214 : Lead

Blank ug/L UND 0.50.2

2442763-3LCS ug/L 75 - 12557.4 0.50.2 114.850

2442822-4Duplicate ug/L ND Un/aND 0.50.2 10

2442822-4Matrix Spike ug/L ND 75 - 125105 0.50.2 105.0100

2442822-4Matrix Spike Dup ug/L ND 75 - 125 1.89103 0.50.2 10103.0100

2442763-3 ug/L57.4 0.50.2

Metals Testing : EL24/07214 : Manganese

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12559.6 10.4 119.250

2442822-4Duplicate ug/L 2.1 0.952.12 10.4 10

2442822-4Matrix Spike ug/L 2.1 75 - 125120 10.4 117.9100

2442822-4Matrix Spike Dup ug/L 2.1 75 - 125 0.31120 10.4 10117.9100

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 
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Tetra Tech Inc.Report to : Lot ID: 2442808
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 25, 2023:P/O : 
Report Number : 2967930-1Project Name : REF1

Project Location :
Page 3 of 3

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Metals Testing : EL24/07214 : Nickel

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12560.3 10.4 120.650

2442822-4Duplicate ug/L ND Un/aND 10.4 10

2442822-4Matrix Spike ug/L ND 75 - 125118 10.4 118.0100

2442822-4Matrix Spike Dup ug/L ND 75 - 125 2.01116 10.4 10116.0100

Metals Testing : EL24/07214 : Zinc

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12560.2 10.4 120.450

2442822-4Duplicate ug/L ND Jn/a0.42 10.4 10

2442822-4Matrix Spike ug/L ND 75 - 125118 10.4 118.0100

2442822-4Matrix Spike Dup ug/L ND 75 - 125 1.94116 10.4 10116.0100

Metals Testing : EL24/07234 : Mercury

Blank ug/L UND 0.010.005

2442763-12LCS ug/L 71 - 1250.011 0.010.005 110.00.01

2442822-4Duplicate ug/L ND Un/aND 0.010.005 10

2442822-4Matrix Spike ug/L ND 71 - 1250.011 0.010.005 110.00.01

2442822-4Matrix Spike Dup ug/L ND 71 - 125 6.960.012 0.010.005 10120.00.01

Water Testing : WL24/10104 : Total Suspended Solids

Blank mg/L UND 10.3

LCS mg/L 90 - 11099.2 10.3 99.2100

2442822-4Duplicate mg/L ND Un/aND 10.3 5

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 
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Project Location :
Page 1 of 6

Summary Samples
Sample Location ALS Sample ID Sample Description Sampling Date / Time Received Date / Time

2442822-1REF2-SW-1 Seawater Apr 11, 2024   06:39 AM Apr 19, 2024   01:00 PM
2442822-2REF2-SW-20 Seawater Apr 11, 2024   06:50 AM Apr 19, 2024   01:00 PM
2442822-3REF2-SW-40 Seawater Apr 11, 2024   07:01 AM Apr 19, 2024   01:00 PM
2442822-4REF2-SW-B Seawater Apr 11, 2024   07:17 AM Apr 19, 2024   01:00 PM

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442822
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 25, 2024:P/O :
Report Number : 2967995-1REF2Project Name : 

Project Location :
Page 2 of 6

General Comments
Analysis Test Report contains Summary samples, General Comments and Analytical Results. Quality Control Report will be found in the following separate
attachments. The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as 
those published by the USEPA, APHA. In house developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.
Where the LOD and LOQ of a reported result differs from standard, this may be due to high moisture content or matrix interference.
When sampling time information is not provided by the client, sampling dates are shown without a time component. In these instances, the time component
has been assumed by the laboratory for processing purposes.

LOD
LOQ
ND
U
J

Sample Preparation and Analysis

Metals testing : digestion for total recoverable metals and run by ICP MS

The samples were digested with nitric and hydrochloric acid and analyzed by ICP MS. This technique utilizes a highly efficient argon plasma to ionize selected 
elements. Ions are then passed into a high vacuum mass spectrometer, which seperates the analytes based on their distinct mass to charge ratios prior to 
measurement by detector.

Mercury

The samples were prepared and analyzed Mercury by Cold vapor atomic fluorescence spectrometry (CVAFS)

Total suspended solids

A well-mixed sample is filtered through a weighed 1.2 m pore size glass fibre filter paper and the residue retained on the filter is dried at 103-105 degree C. The 
increase in the weight of the filter paper represents the total suspended solids.

Limit of detection.
Limit of Quantitation.
The result is not detected.
Indicates the result is less than LOD.
Indicates an estimated value, The reported value was obtained from a reading that was less than the LOQ but greater than or equal to the LOD.

:
:
:
:
:

The samples received on Apr 19, 2024 were intact, on-ice within 1 sealed cooler at 

Cooler 1 : Temperature 1.9 degree C

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 
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Reference Number 2442822-1
Sampling Date Apr 11, 2024  6:39 AM
Sample Description Seawater
Location REF2-SW-1
Condition of Sample Contained in two glass vials and three plastic bottles, sample containers comply to pretreatment - preservation standards (APHA, USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 20240.50.22.67

Barium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.48.26

Cadmium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Chromium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Copper ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Iron ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Lead ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Manganese ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Mercury mg/L EL24/072341 Apr 22, 2024 EPA 1631 Revision E UApr 24, 20240.010.005ND

Nickel ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Zinc ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 JApr 23, 202410.40.53

Water Testing

Total Suspended Solids mg/L WL24/101041 Apr 20, 2024 APHA (2017), 2540 D UApr 20, 202410.3ND

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 
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Reference Number 2442822-2
Sampling Date Apr 11, 2024  6:50 AM
Sample Description Seawater
Location REF2-SW-20
Condition of Sample Contained in two glass vials and three plastic bottles, sample containers comply to pretreatment - preservation standards (APHA, USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 20240.50.22.75

Barium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.48.14

Cadmium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Chromium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Copper ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Iron ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Lead ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Manganese ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Mercury mg/L EL24/072341 Apr 22, 2024 EPA 1631 Revision E UApr 24, 20240.010.005ND

Nickel ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Zinc ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 JApr 23, 202410.40.86

Water Testing

Total Suspended Solids mg/L WL24/101041 Apr 20, 2024 APHA (2017), 2540 D UApr 20, 202410.3ND

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager
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Reference Number 2442822-3
Sampling Date Apr 11, 2024  7:01 AM
Sample Description Seawater
Location REF2-SW-40
Condition of Sample Contained in two glass vials and three plastic bottles, sample containers comply to pretreatment - preservation standards (APHA, USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 20240.50.22.39

Barium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.48.24

Cadmium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Chromium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Copper ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Iron ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Lead ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Manganese ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 JApr 23, 202410.40.4

Mercury mg/L EL24/072341 Apr 22, 2024 EPA 1631 Revision E UApr 24, 20240.010.005ND

Nickel ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Zinc ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Water Testing

Total Suspended Solids mg/L WL24/101041 Apr 20, 2024 APHA (2017), 2540 D UApr 20, 202410.3ND

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442822
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 25, 2024:P/O :
Report Number : 2967995-1REF2Project Name : 

Project Location :
Page 6 of 6

Reference Number 2442822-4
Sampling Date Apr 11, 2024  7:17 AM
Sample Description Seawater
Location REF2-SW-B
Condition of Sample Contained in two glass vials and three plastic bottles, sample containers comply to pretreatment - preservation standards (APHA, USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 20240.50.22.8

Barium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.49.23

Cadmium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Chromium ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Copper ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Iron ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.431.1

Lead ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 20240.50.2ND

Manganese ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125Apr 23, 202410.42.1

Mercury mg/L EL24/072341 Apr 22, 2024 EPA 1631 Revision E UApr 24, 20240.010.005ND

Nickel ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Zinc ug/L EL24/072141 Apr 22, 2024 APHA (2017), 3125 UApr 23, 202410.4ND

Water Testing

Total Suspended Solids mg/L WL24/101041 Apr 20, 2024 APHA (2017), 2540 D UApr 20, 202410.3ND

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 



Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442822
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 25, 2023:P/O : 
Report Number : 2967995-1Project Name : REF2

Project Location :
Page 1 of 3

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Metals Testing : EL24/07214 : Arsenic

Blank ug/L UND 0.50.2

2442763-3LCS ug/L 75 - 12558.8 0.50.2 117.650

2442822-4Duplicate ug/L 2.8 8.873.06 0.50.2 10

2442822-4Matrix Spike ug/L 2.8 75 - 125120 0.50.2 117.2100

2442822-4Matrix Spike Dup ug/L 2.8 75 - 125 3124 0.50.2 10121.2100

Metals Testing : EL24/07214 : Barium

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12557.7 10.4 115.450

2442822-4Duplicate ug/L 9.23 2.259.44 10.4 10

2442822-4Matrix Spike ug/L 9.23 75 - 125120 10.4 110.8100

2442822-4Matrix Spike Dup ug/L 9.23 75 - 125 3.17116 10.4 10106.8100

Metals Testing : EL24/07214 : Cadmium

Blank ug/L UND 0.50.2

2442763-3LCS ug/L 75 - 12559.2 0.50.2 118.450

2442822-4Duplicate ug/L ND Un/aND 0.50.2 10

2442822-4Matrix Spike ug/L ND 75 - 125113 0.50.2 113.0100

2442822-4Matrix Spike Dup ug/L ND 75 - 125 2.57110 0.50.2 10110.0100

Metals Testing : EL24/07214 : Chromium

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12561 10.4 122.050

2442822-4Duplicate ug/L ND Un/aND 10.4 10

2442822-4Matrix Spike ug/L ND 75 - 125121 10.4 121.0100

2442822-4Matrix Spike Dup ug/L ND 75 - 125 0.92122 10.4 10122.0100

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442822
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 25, 2023:P/O : 
Report Number : 2967995-1Project Name : REF2

Project Location :
Page 2 of 3

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Metals Testing : EL24/07214 : Copper

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12553.4 10.4 106.850

2442822-4Duplicate ug/L ND Un/aND 10.4 10

2442822-4Matrix Spike ug/L ND 75 - 125102 10.4 102.0100

2442822-4Matrix Spike Dup ug/L ND 75 - 125 0.72103 10.4 10103.0100

Metals Testing : EL24/07214 : Iron

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12561.6 10.4 123.250

2442822-4Duplicate ug/L 31.1 2.9730.2 10.4 10

2442822-4Matrix Spike ug/L 31.1 75 - 125150 10.4 118.9100

2442822-4Matrix Spike Dup ug/L 31.1 75 - 125 2.62154 10.4 10122.9100

Metals Testing : EL24/07214 : Lead

Blank ug/L UND 0.50.2

2442763-3LCS ug/L 75 - 12557.4 0.50.2 114.850

2442822-4Duplicate ug/L ND Un/aND 0.50.2 10

2442822-4Matrix Spike ug/L ND 75 - 125105 0.50.2 105.0100

2442822-4Matrix Spike Dup ug/L ND 75 - 125 1.89103 0.50.2 10103.0100

2442763-3 ug/L57.4 0.50.2

Metals Testing : EL24/07214 : Manganese

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12559.6 10.4 119.250

2442822-4Duplicate ug/L 2.1 0.952.12 10.4 10

2442822-4Matrix Spike ug/L 2.1 75 - 125120 10.4 117.9100

2442822-4Matrix Spike Dup ug/L 2.1 75 - 125 0.31120 10.4 10117.9100

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442822
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 25, 2023:P/O : 
Report Number : 2967995-1Project Name : REF2

Project Location :
Page 3 of 3

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Metals Testing : EL24/07214 : Nickel

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12560.3 10.4 120.650

2442822-4Duplicate ug/L ND Un/aND 10.4 10

2442822-4Matrix Spike ug/L ND 75 - 125118 10.4 118.0100

2442822-4Matrix Spike Dup ug/L ND 75 - 125 2.01116 10.4 10116.0100

Metals Testing : EL24/07214 : Zinc

Blank ug/L UND 10.4

2442763-3LCS ug/L 75 - 12560.2 10.4 120.450

2442822-4Duplicate ug/L ND Jn/a0.42 10.4 10

2442822-4Matrix Spike ug/L ND 75 - 125118 10.4 118.0100

2442822-4Matrix Spike Dup ug/L ND 75 - 125 1.94116 10.4 10116.0100

Metals Testing : EL24/07234 : Mercury

Blank ug/L UND 0.010.005

2442763-12LCS ug/L 71 - 1250.011 0.010.005 110.00.01

2442822-4Duplicate ug/L ND Un/aND 0.010.005 10

2442822-4Matrix Spike ug/L ND 71 - 1250.011 0.010.005 110.00.01

2442822-4Matrix Spike Dup ug/L ND 71 - 125 6.960.012 0.010.005 10120.00.01

Water Testing : WL24/10104 : Total Suspended Solids

Blank mg/L UND 10.3

LCS mg/L 90 - 11099.2 10.3 99.2100

2442822-4Duplicate mg/L ND Un/aND 10.3 5

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Sawitree Noisangiam
Manager

Approved by 
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Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442788
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967916-1RSK-AProject Name : 

Project Location :
Page 1 of 15

Summary Samples
Sample Location ALS Sample ID Sample Description Sampling Date / Time Received Date / Time

2442788-2FSO-2CP2 Sediment Apr 08, 2024   08:33 AM Apr 19, 2024   01:00 PM
2442788-1FSO-3CP2 Sediment Apr 08, 2024   07:46 AM Apr 19, 2024   01:00 PM
2442788-13FSO-4CP2 Sediment Apr 09, 2024   01:37 PM Apr 19, 2024   01:00 PM
2442788-5RSK-A-1C2 Sediment Apr 08, 2024   02:50 PM Apr 19, 2024   01:00 PM
2442788-6RSK-A-1C2-FD Sediment Apr 08, 2024   03:41 PM Apr 19, 2024   01:00 PM
2442788-10RSK-A-1CP1 Sediment Apr 09, 2024   08:06 AM Apr 19, 2024   01:00 PM
2442788-9RSK-A-1CP2 Sediment Apr 09, 2024   07:00 AM Apr 19, 2024   01:00 PM
2442788-7RSK-A-1CP3 Sediment Apr 08, 2024   04:40 PM Apr 19, 2024   01:00 PM
2442788-8RSK-A-1D2 Sediment Apr 08, 2024   05:41 PM Apr 19, 2024   01:00 PM
2442788-4RSK-A-2C2 Sediment Apr 08, 2024   11:52 AM Apr 19, 2024   01:00 PM
2442788-3RSK-A-2CP2 Sediment Apr 08, 2024   10:38 AM Apr 19, 2024   01:00 PM
2442788-11RSK-A-4C2 Sediment Apr 09, 2024   09:48 AM Apr 19, 2024   01:00 PM
2442788-12RSK-A-4CP2 Sediment Apr 09, 2024   10:47 AM Apr 19, 2024   01:00 PM

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442788
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967916-1RSK-AProject Name : 

Project Location :
Page 2 of 15

General Comments
Analysis Test Report contains Summary samples, General Comments and Analytical Results. Quality Control Report will be found in the following separate 
attachments. The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as 
those published by the USEPA, APHA. In house developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.
Where the LOD and LOQ of a reported result differs from standard, this may be due to high moisture content or matrix interference.
When sampling time information is not provided by the client, sampling dates are shown without a time component. In these instances, the time component
has been assumed by the laboratory for processing purposes.

LOD
LOQ
ND
U
J

Sample Preparation and Analysis

Metals testing : digestion for total recoverable metals and run by ICP MS
The samples were digested with nitric/ hydrochloric acid/ hydrogen peroxide and analyzed by ICP MS. This technique utilizes a highly efficient argon plasma to
ionize selected elements. Ions are then passed into a high vacuum mass spectrometer, which seperates the analytes based on their distinct mass to charge ratios
prior to measurement by detector.

Mercury
The samples were digested with nitric/ hydrochloric acid and analyzed Mercury by Cold vapor atomic fluorescence spectrometry (CVAFS)

Petroleum Hydrocarbon (C6-C9)
A portion of the sample is dispersed in methanol to dissolve the volatile organic constituents. A portion of the methanolic solution is combined with water and then 
analysed by Purge and Trap GC/MS.

Petroleum Hydrocarbon (C10-C36)
Sample extracts are prepared by tumbler extraction. The tumbler process ensures intimate contact of the sample matrix with the extraction solvent. Samples may
be exchanged into appropriate solvents for subsequent clean up by, for example, disposable solid-phase cartridges or gel-permeation chromatography.
The extract is then separated into aliphatic and aromatic fractions before being analysed by GC/FID.

Moisture 
Moisture content is a gravimetric method based on the weight loss after a 12 hour drying period at 105 - 110°C. The moisture content can be used for correction 
of other analysis results to a dry weight basis where the same sample was also used for the direct analysis

Limit of detection.
Limit of Quantitation.
The result is not detected.
Indicates the result is less than LOD.
Indicates an estimated value, The reported value was obtained from a reading that was less than the LOQ but greater than or equal to the LOD.

:
:
:
:
:

The samples received on Apr 19, 2024 were intact, on-ice within 4 sealed cooler at 

Cooler 1
Cooler 2
Cooler 3
Cooler 4

:
:
:
:

Temperature
Temperature
Temperature
Temperature

4.5
3.7
4.2
4.4

degree C
degree C
degree C
degree C

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442788
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967916-1RSK-AProject Name : 

Project Location :
Page 3 of 15

Reference Number 2442788-1
Sampling Date Apr 08, 2024  7:46 AM
Sample Description Sediment
Location FSO-3CP2
Condition of Sample Packed in one glass bottle, sample containers comply to pretreatment - preservation standards (APHA,  USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.490.23.11

Barium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.490.2752

Cadmium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010D UApr 24, 20240.490.2ND

Chromium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.490.228.9

Copper mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.490.29.21

Iron mg/kg EL24/071971000 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.490.221087

Lead mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.490.217.1

Manganese mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.490.2631

Mercury mg/kg EL24/072391 Apr 22, 2024 EPA 7474Apr 25, 20240.0050.0020.018

Nickel mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.490.223.4

Zinc mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.490.246

Petroleum Hydrocarbons

TPH C10-C14 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015C JApr 23, 202412.24.8911.9

TPH C15-C28 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015CApr 23, 202424.512.227.9

TPH C29-C36 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202424.512.2ND

TPH C6-C9 mg/kg WL24/102391 Apr 22, 2024 EPA 5035 & 8260D UApr 22, 202412.24.89ND

Physical Parameters

Moisture % WL24/100911 Apr 20, 2024 APHA (2017), 2540 GApr 20, 20240.10.0559.1

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442788
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967916-1RSK-AProject Name : 

Project Location :
Page 4 of 15

Reference Number 2442788-2
Sampling Date Apr 08, 2024  8:33 AM
Sample Description Sediment
Location FSO-2CP2
Condition of Sample Packed in one glass bottle, sample containers comply to pretreatment - preservation standards (APHA,  USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.191.95

Barium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.1964.1

Cadmium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010D UApr 24, 20240.460.19ND

Chromium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.1927.2

Copper mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.198.08

Iron mg/kg EL24/071971000 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.1919515

Lead mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.1915.5

Manganese mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.19477

Mercury mg/kg EL24/072391 Apr 22, 2024 EPA 7474Apr 25, 20240.0050.0020.018

Nickel mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.1921.6

Zinc mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.1939.3

Petroleum Hydrocarbons

TPH C10-C14 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202411.64.63ND

TPH C15-C28 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202423.111.6ND

TPH C29-C36 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202423.111.6ND

TPH C6-C9 mg/kg WL24/102391 Apr 22, 2024 EPA 5035 & 8260D UApr 22, 202411.64.63ND

Physical Parameters

Moisture % WL24/100911 Apr 20, 2024 APHA (2017), 2540 GApr 20, 20240.10.0556.8

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 



Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442788
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967916-1RSK-AProject Name : 

Project Location :
Page 5 of 15

Reference Number 2442788-3
Sampling Date Apr 08, 2024 10:38 AM
Sample Description Sediment
Location RSK-A-2CP2
Condition of Sample Packed in one glass bottle, sample containers comply to pretreatment - preservation standards (APHA,  USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.224.18

Barium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.22358

Cadmium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010D UApr 24, 20240.540.22ND

Chromium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.2226.1

Copper mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.227.98

Iron mg/kg EL24/071971000 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.2220174

Lead mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.2216.2

Manganese mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.22696

Mercury mg/kg EL24/072391 Apr 22, 2024 EPA 7474Apr 25, 20240.0050.0030.018

Nickel mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.2220.8

Zinc mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.2245.1

Petroleum Hydrocarbons

TPH C10-C14 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202413.55.42ND

TPH C15-C28 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202427.113.5ND

TPH C29-C36 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202427.113.5ND

TPH C6-C9 mg/kg WL24/102391 Apr 22, 2024 EPA 5035 & 8260D UApr 22, 202413.55.42ND

Physical Parameters

Moisture % WL24/100911 Apr 20, 2024 APHA (2017), 2540 GApr 20, 20240.10.0563.1

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 
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Reference Number 2442788-4
Sampling Date Apr 08, 2024 11:52 AM
Sample Description Sediment
Location RSK-A-2C2
Condition of Sample Packed in one glass bottle, sample containers comply to pretreatment - preservation standards (APHA,  USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.192.91

Barium mg/kg EL24/071971000 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.191419

Cadmium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010D UApr 24, 20240.480.19ND

Chromium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.1923.9

Copper mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.197.62

Iron mg/kg EL24/071971000 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.1917663

Lead mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.1915

Manganese mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.19547

Mercury mg/kg EL24/072391 Apr 22, 2024 EPA 7474Apr 25, 20240.0050.0020.019

Nickel mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.1919.3

Zinc mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.1939.9

Petroleum Hydrocarbons

TPH C10-C14 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015CApr 23, 202411.94.75145

TPH C15-C28 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015CApr 23, 202423.811.9270

TPH C29-C36 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202423.811.9ND

TPH C6-C9 mg/kg WL24/102391 Apr 22, 2024 EPA 5035 & 8260D UApr 22, 202411.94.75ND

Physical Parameters

Moisture % WL24/100911 Apr 20, 2024 APHA (2017), 2540 GApr 20, 20240.10.0557.9

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442788
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967916-1RSK-AProject Name : 

Project Location :
Page 7 of 15

Reference Number 2442788-5
Sampling Date Apr 08, 2024  2:50 PM
Sample Description Sediment
Location RSK-A-1C2
Condition of Sample Packed in one glass bottle, sample containers comply to pretreatment - preservation standards (APHA,  USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.192

Barium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.19275

Cadmium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010D UApr 24, 20240.470.19ND

Chromium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1927.9

Copper mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.198.46

Iron mg/kg EL24/071971000 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1919390

Lead mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1915.5

Manganese mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.19504

Mercury mg/kg EL24/072391 Apr 22, 2024 EPA 7474Apr 25, 20240.0050.0020.019

Nickel mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1922

Zinc mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1941.3

Petroleum Hydrocarbons

TPH C10-C14 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015CApr 23, 202411.74.6827.4

TPH C15-C28 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015CApr 23, 202423.411.763.2

TPH C29-C36 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202423.411.7ND

TPH C6-C9 mg/kg WL24/102391 Apr 22, 2024 EPA 5035 & 8260D UApr 22, 202411.74.68ND

Physical Parameters

Moisture % WL24/100911 Apr 20, 2024 APHA (2017), 2540 GApr 20, 20240.10.0557.3

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442788
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967916-1RSK-AProject Name : 

Project Location :
Page 8 of 15

Reference Number 2442788-6
Sampling Date Apr 08, 2024  3:41 PM
Sample Description Sediment
Location RSK-A-1C2-FD
Condition of Sample Packed in one glass bottle, sample containers comply to pretreatment - preservation standards (APHA,  USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.192.81

Barium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.19362

Cadmium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010D UApr 24, 20240.480.19ND

Chromium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.1926.8

Copper mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.198.05

Iron mg/kg EL24/071971000 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.1919015

Lead mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.1916

Manganese mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.19530

Mercury mg/kg EL24/072391 Apr 22, 2024 EPA 7474Apr 25, 20240.0050.0020.021

Nickel mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.1921.2

Zinc mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.1941.5

Petroleum Hydrocarbons

TPH C10-C14 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015CApr 23, 202412.14.8521.2

TPH C15-C28 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015CApr 23, 202424.212.140.6

TPH C29-C36 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202424.212.1ND

TPH C6-C9 mg/kg WL24/102391 Apr 22, 2024 EPA 5035 & 8260D UApr 22, 202412.14.85ND

Physical Parameters

Moisture % WL24/100911 Apr 20, 2024 APHA (2017), 2540 GApr 20, 20240.10.0558.7

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 



Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442788
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967916-1RSK-AProject Name : 

Project Location :
Page 9 of 15

Reference Number 2442788-7
Sampling Date Apr 08, 2024  4:40 PM
Sample Description Sediment
Location RSK-A-1CP3
Condition of Sample Packed in one glass bottle, sample containers comply to pretreatment - preservation standards (APHA,  USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.193.27

Barium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.19659

Cadmium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010D UApr 24, 20240.480.19ND

Chromium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.1925.3

Copper mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.198.55

Iron mg/kg EL24/071971000 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.1921223

Lead mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.1915.7

Manganese mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.19631

Mercury mg/kg EL24/072391 Apr 22, 2024 EPA 7474Apr 25, 20240.0050.0020.023

Nickel mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.1923

Zinc mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.480.1939.4

Petroleum Hydrocarbons

TPH C10-C14 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015C JApr 23, 2024124.798.83

TPH C15-C28 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015C JApr 23, 2024241215.2

TPH C29-C36 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 20242412ND

TPH C6-C9 mg/kg WL24/102391 Apr 22, 2024 EPA 5035 & 8260D UApr 22, 2024124.79ND

Physical Parameters

Moisture % WL24/100921 Apr 20, 2024 APHA (2017), 2540 GApr 20, 20240.10.0558.3

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442788
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967916-1RSK-AProject Name : 

Project Location :
Page 10 of 15

Reference Number 2442788-8
Sampling Date Apr 08, 2024  5:41 PM
Sample Description Sediment
Location RSK-A-1D2
Condition of Sample Packed in one glass bottle, sample containers comply to pretreatment - preservation standards (APHA,  USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.450.183.13

Barium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.450.18261

Cadmium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010D UApr 24, 20240.450.18ND

Chromium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.450.1824.4

Copper mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.450.187.17

Iron mg/kg EL24/071971000 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.450.1817928

Lead mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.450.1814.9

Manganese mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.450.18644

Mercury mg/kg EL24/072391 Apr 22, 2024 EPA 7474Apr 25, 20240.0050.0020.016

Nickel mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.450.1819.3

Zinc mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.450.1838.1

Petroleum Hydrocarbons

TPH C10-C14 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015CApr 23, 202411.34.5121.6

TPH C15-C28 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015CApr 23, 202422.611.333

TPH C29-C36 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202422.611.3ND

TPH C6-C9 mg/kg WL24/102391 Apr 22, 2024 EPA 5035 & 8260D UApr 22, 202411.34.51ND

Physical Parameters

Moisture % WL24/100921 Apr 20, 2024 APHA (2017), 2540 GApr 20, 20240.10.0555.7

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442788
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967916-1RSK-AProject Name : 

Project Location :
Page 11 of 15

Reference Number 2442788-9
Sampling Date Apr 09, 2024  7:00 AM
Sample Description Sediment
Location RSK-A-1CP2
Condition of Sample Packed in one glass bottle, sample containers comply to pretreatment - preservation standards (APHA,  USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.192.3

Barium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.19241

Cadmium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010D UApr 24, 20240.460.19ND

Chromium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.1925.8

Copper mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.197.08

Iron mg/kg EL24/071971000 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.1916458

Lead mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.1913.9

Manganese mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.19467

Mercury mg/kg EL24/072391 Apr 22, 2024 EPA 7474Apr 25, 20240.0050.0020.014

Nickel mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.1918.7

Zinc mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.1935.6

Petroleum Hydrocarbons

TPH C10-C14 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015CApr 23, 202411.64.6416

TPH C15-C28 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015CApr 23, 202423.211.637.2

TPH C29-C36 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202423.211.6ND

TPH C6-C9 mg/kg WL24/102391 Apr 22, 2024 EPA 5035 & 8260D UApr 22, 202411.64.64ND

Physical Parameters

Moisture % WL24/100921 Apr 20, 2024 APHA (2017), 2540 GApr 20, 20240.10.0556.9

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442788
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967916-1RSK-AProject Name : 

Project Location :
Page 12 of 15

Reference Number 2442788-10
Sampling Date Apr 09, 2024  8:06 AM
Sample Description Sediment
Location RSK-A-1CP1
Condition of Sample Packed in one glass bottle, sample containers comply to pretreatment - preservation standards (APHA,  USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.193.63

Barium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.19270

Cadmium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010D UApr 24, 20240.470.19ND

Chromium mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1924.8

Copper mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.197.36

Iron mg/kg EL24/071971000 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1918930

Lead mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1915.3

Manganese mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.19635

Mercury mg/kg EL24/072391 Apr 22, 2024 EPA 7474Apr 25, 20240.0050.0020.02

Nickel mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1919.2

Zinc mg/kg EL24/0719710 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1937.1

Petroleum Hydrocarbons

TPH C10-C14 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202411.74.68ND

TPH C15-C28 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202423.411.7ND

TPH C29-C36 mg/kg WL24/101511 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202423.411.7ND

TPH C6-C9 mg/kg WL24/102391 Apr 22, 2024 EPA 5035 & 8260D UApr 22, 202411.74.68ND

Physical Parameters

Moisture % WL24/100911 Apr 20, 2024 APHA (2017), 2540 GApr 20, 20240.10.0557.3

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 



Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442788
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967916-1RSK-AProject Name : 

Project Location :
Page 13 of 15

Reference Number 2442788-11
Sampling Date Apr 09, 2024  9:48 AM
Sample Description Sediment
Location RSK-A-4C2
Condition of Sample Packed in one glass bottle, sample containers comply to pretreatment - preservation standards (APHA,  USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.182.04

Barium mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.18450

Cadmium mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010D UApr 24, 20240.460.18ND

Chromium mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.1826.6

Copper mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.186.33

Iron mg/kg EL24/071981000 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.1819062

Lead mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.1814.4

Manganese mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.18591

Mercury mg/kg EL24/072101 Apr 22, 2024 EPA 7474Apr 25, 20240.0050.0020.014

Nickel mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.1817

Zinc mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.460.1837.8

Petroleum Hydrocarbons

TPH C10-C14 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015CApr 23, 202411.44.5539.2

TPH C15-C28 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015CApr 23, 202422.811.4108

TPH C29-C36 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202422.811.4ND

TPH C6-C9 mg/kg WL24/102401 Apr 22, 2024 EPA 5035 & 8260D UApr 22, 202411.44.55ND

Physical Parameters

Moisture % WL24/100911 Apr 20, 2024 APHA (2017), 2540 GApr 20, 20240.10.0556.1

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442788
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967916-1RSK-AProject Name : 

Project Location :
Page 14 of 15

Reference Number 2442788-12
Sampling Date Apr 09, 2024 10:47 AM
Sample Description Sediment
Location RSK-A-4CP2
Condition of Sample Packed in one glass bottle, sample containers comply to pretreatment - preservation standards (APHA,  USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.50.22.93

Barium mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.50.2239

Cadmium mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010D UApr 24, 20240.50.2ND

Chromium mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.50.221.5

Copper mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.50.26.52

Iron mg/kg EL24/071981000 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.50.222497

Lead mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.50.215.1

Manganese mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.50.2653

Mercury mg/kg EL24/072101 Apr 22, 2024 EPA 7474Apr 25, 20240.0050.0020.016

Nickel mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.50.217.8

Zinc mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.50.227.3

Petroleum Hydrocarbons

TPH C10-C14 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202412.54.98ND

TPH C15-C28 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202424.912.5ND

TPH C29-C36 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202424.912.5ND

TPH C6-C9 mg/kg WL24/102401 Apr 22, 2024 EPA 5035 & 8260D UApr 22, 202412.54.98ND

Physical Parameters

Moisture % WL24/100911 Apr 20, 2024 APHA (2017), 2540 GApr 20, 20240.10.0559.9

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442788
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967916-1RSK-AProject Name : 

Project Location :
Page 15 of 15

Reference Number 2442788-13
Sampling Date Apr 09, 2024  1:37 PM
Sample Description Sediment
Location FSO-4CP2
Condition of Sample Packed in one glass bottle, sample containers comply to pretreatment - preservation standards (APHA,  USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.193.16

Barium mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.19387

Cadmium mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010D UApr 24, 20240.470.19ND

Chromium mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1923.4

Copper mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.197.27

Iron mg/kg EL24/071981000 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1919601

Lead mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1916.2

Manganese mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.19651

Mercury mg/kg EL24/072101 Apr 22, 2024 EPA 7474Apr 25, 20240.0050.0020.012

Nickel mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1918.7

Zinc mg/kg EL24/0719810 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1934.3

Petroleum Hydrocarbons

TPH C10-C14 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202411.74.66ND

TPH C15-C28 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202423.311.7ND

TPH C29-C36 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202423.311.7ND

TPH C6-C9 mg/kg WL24/102401 Apr 22, 2024 EPA 5035 & 8260D UApr 22, 202411.74.66ND

Physical Parameters

Moisture % WL24/100911 Apr 20, 2024 APHA (2017), 2540 GApr 20, 20240.10.0557.1

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442788
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 30, 2023:P/O : 
Report Number : 2967916-1Project Name : RSK-A

Project Location :
Page 1 of 5

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Metals Testing : EL24/07197 : Arsenic

Blank mg/L UND 0.20.08

2442788-5Duplicate mg/kg dry basis 2 1.632.03 0.470.19 10

2442788-10Matrix Spike mg/kg dry basis 3.63 80 - 11043.2 0.470.19 84.520.00

Metals Testing : EL24/07197 : Barium

Blank mg/L UND 0.20.08

2442788-5Duplicate mg/kg dry basis 275 4.85288 0.470.19 10

2442788-10Matrix Spike mg/kg dry basis 270 80 - 110308 0.470.19 81.220.00

Metals Testing : EL24/07197 : Cadmium

Blank mg/L UND 0.20.08

2442788-5Duplicate mg/kg dry basis ND Un/aND 0.470.19 10

2442788-10Matrix Spike mg/kg dry basis 0.21 80 - 11039.4 0.470.19 83.720.00

Metals Testing : EL24/07197 : Chromium

Blank mg/L UND 0.20.08

2442788-5Duplicate mg/kg dry basis 27.9 0.1927.9 0.470.19 10

2442788-10Matrix Spike mg/kg dry basis 24.8 80 - 11065.9 0.470.19 87.820.00

Metals Testing : EL24/07197 : Copper

Blank mg/L UND 0.20.08

2442788-5Duplicate mg/kg dry basis 8.46 2.858.22 0.470.19 10

2442788-10Matrix Spike mg/kg dry basis 7.36 80 - 110237 0.470.19 81.7120

Metals Testing : EL24/07197 : Iron

Blank mg/L UND 0.20.08

2442788-5Duplicate mg/kg dry basis 19390 0.3919465 0.470.19 10

2442788-10Matrix Spike mg/kg dry basis 18930 80 - 11018978 0.470.19 n/a

Metals Testing : EL24/07197 : Lead

Blank mg/L UND 0.20.08

2442788-5Duplicate mg/kg dry basis 15.5 2.4715.8 0.470.19 10

2442788-10Matrix Spike mg/kg dry basis 15.3 80 - 11054.7 0.470.19 84.120.00

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 



Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442788
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Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Metals Testing : EL24/07197 : Manganese

Blank mg/L UND 0.20.08

2442788-5Duplicate mg/kg dry basis 504 0.2503 0.470.19 10

2442788-10Matrix Spike mg/kg dry basis 635 80 - 110862 0.470.19 80.8120

Metals Testing : EL24/07197 : Nickel

Blank mg/L UND 0.20.08

2442788-5Duplicate mg/kg dry basis 22 0.4621.9 0.470.19 10

2442788-10Matrix Spike mg/kg dry basis 19.2 80 - 11058.7 0.470.19 84.420.00

Metals Testing : EL24/07197 : Zinc

Blank mg/L UND 0.20.08

2442788-5Duplicate mg/kg dry basis 41.3 5.8338.9 0.470.19 10

2442788-10Matrix Spike mg/kg dry basis 37.1 80 - 110267 0.470.19 81.8120

Metals Testing : EL24/07198 : Arsenic

Blank mg/L UND 0.20.08

2442788-11Duplicate mg/kg dry basis 2.04 8.871.87 0.460.18 10

2442788-13Matrix Spike mg/kg dry basis 3.16 80 - 11043.2 0.470.19 85.920.00

Metals Testing : EL24/07198 : Barium

Blank mg/L UND 0.20.08

2442788-11Duplicate mg/kg dry basis 450 6.6421 0.460.18 10

2442788-13Matrix Spike mg/kg dry basis 387 80 - 110425 0.470.19 81.520.00

Metals Testing : EL24/07198 : Cadmium

Blank mg/L UND 0.20.08

2442788-11Duplicate mg/kg dry basis ND Un/aND 0.460.18 10

2442788-13Matrix Spike mg/kg dry basis ND 80 - 11040.6 0.470.19 87.120.00

Metals Testing : EL24/07198 : Chromium

Blank mg/L UND 0.20.08

2442788-11Duplicate mg/kg dry basis 26.6 9.9524.1 0.460.18 10

2442788-13Matrix Spike mg/kg dry basis 23.4 80 - 11066.1 0.470.19 91.620.00

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 
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Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Metals Testing : EL24/07198 : Copper

Blank mg/L UND 0.20.08

2442788-11Duplicate mg/kg dry basis 6.33 2.86.51 0.460.18 10

2442788-13Matrix Spike mg/kg dry basis 7.27 80 - 110239 0.470.19 82.8120

Metals Testing : EL24/07198 : Iron

Blank mg/L UND 0.20.08

2442788-11Duplicate mg/kg dry basis 19062 7.8517622 0.460.18 10

2442788-13Matrix Spike mg/kg dry basis 19601 80 - 11020195 0.470.19 n/a

Metals Testing : EL24/07198 : Lead

Blank mg/L UND 0.20.08

2442788-11Duplicate mg/kg dry basis 14.4 1.6914.2 0.460.18 10

2442788-13Matrix Spike mg/kg dry basis 16.2 80 - 11058.6 0.470.19 90.920.00

Metals Testing : EL24/07198 : Manganese

Blank mg/L UND 0.20.08

2442788-11Duplicate mg/kg dry basis 591 7.19550 0.460.18 10

2442788-13Matrix Spike mg/kg dry basis 651 80 - 110912 0.470.19 93.3120

Metals Testing : EL24/07198 : Nickel

Blank mg/L UND 0.20.08

2442788-11Duplicate mg/kg dry basis 17 1.5317.2 0.460.18 10

2442788-13Matrix Spike mg/kg dry basis 18.7 80 - 11059 0.470.19 86.420.00

Metals Testing : EL24/07198 : Zinc

Blank mg/L UND 0.20.08

2442788-11Duplicate mg/kg dry basis 37.8 7.4335.1 0.460.18 10

2442788-13Matrix Spike mg/kg dry basis 34.3 80 - 110269 0.470.19 83.9120

Metals Testing : EL24/07210 : Mercury

Blank mg/L UND 0.0020.001

2442788-11Duplicate mg/kg dry basis 0.014 0.930.015 0.0050.002 10

2442788-13Matrix Spike mg/kg dry basis 0.012 80 - 1100.297 0.0050.002 81.50.15

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442788
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 30, 2023:P/O : 
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Page 4 of 5

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Metals Testing : EL24/07239 : Mercury

Blank mg/L UND 0.0020.001

2442788-5Duplicate mg/kg dry basis 0.019 0.410.019 0.0050.002 10

2442788-10Matrix Spike mg/kg dry basis 0.02 80 - 1100.302 0.0050.002 80.30.15

Petroleum Hydrocarbons : WL24/10151 : TPH C10-C14

Blank mg/L UND 52

LCS mg/L 70 - 140337 52 112.3300

2442788-1Duplicate mg/kg dry basis 11.9 Jn/a11.9 12.24.89 25

2442788-10Matrix Spike mg/kg dry basis ND 70 - 14038.4 11.74.68 109.415.00

Petroleum Hydrocarbons : WL24/10151 : TPH C15-C28

Blank mg/L UND 105

LCS mg/L 70 - 140741 105 105.9700

2442788-1Duplicate mg/kg dry basis 27.9 0.2827.8 24.512.2 25

2442788-10Matrix Spike mg/kg dry basis ND 70 - 14065.4 23.411.7 93.130.00

Petroleum Hydrocarbons : WL24/10151 : TPH C29-C36

Blank mg/L UND 105

LCS mg/L 70 - 140426 105 106.5400

2442788-1Duplicate mg/kg dry basis ND Un/aND 24.512.2 25

2442788-10Matrix Spike mg/kg dry basis ND 70 - 14042.1 23.411.7 119.915.00

Petroleum Hydrocarbons : WL24/10152 : TPH C10-C14

Blank mg/L UND 52

LCS mg/L 70 - 140344 52 114.7300

2442788-11Duplicate mg/kg dry basis 39.2 2.4438.3 11.44.55 25

2442819-3Matrix Spike mg/kg dry basis ND 70 - 14052.2 13.55.41 128.615.00

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442788
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 30, 2023:P/O : 
Report Number : 2967916-1Project Name : RSK-A

Project Location :
Page 5 of 5

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Petroleum Hydrocarbons : WL24/10152 : TPH C15-C28

Blank mg/L UND 105

LCS mg/L 70 - 140751 105 107.3700

2442788-11Duplicate mg/kg dry basis 108 4.49103 22.811.4 25

2442819-3Matrix Spike mg/kg dry basis ND 70 - 140112 27.113.5 138.030.00

Petroleum Hydrocarbons : WL24/10152 : TPH C29-C36

Blank mg/L UND 105

LCS mg/L 70 - 140393 105 98.2400

2442788-11Duplicate mg/kg dry basis ND Un/aND 22.811.4 25

2442819-3Matrix Spike mg/kg dry basis ND 70 - 14051.7 27.113.5 127.415.00

Petroleum Hydrocarbons : WL24/10239 : TPH C6-C9

Blank ug/L UND 52

LCS ug/L 70 - 1407.61 52 76.110.00

2442788-1Duplicate mg/kg dry basis ND Un/aND 12.24.89 25

2442788-10Matrix Spike mg/kg dry basis ND 70 - 140 Jn/a7.62 11.74.68 81.44.00

Petroleum Hydrocarbons : WL24/10240 : TPH C6-C9

Blank ug/L UND 52

LCS ug/L 70 - 1408.88 52 88.810.00

2442788-11Duplicate mg/kg dry basis ND Un/aND 11.44.55 25

2442819-3Matrix Spike mg/kg dry basis ND 70 - 140 Jn/a8 13.55.41 73.94.00

PHYSICAL PARAMETERS : WL24/10091 : Moisture

2442788-6Duplicate % 58.7 0.0958.8 0.10.05 5

PHYSICAL PARAMETERS : WL24/10092 : Moisture

2442819-3Duplicate % 63 0.0963.1 0.10.05 5

Remark: 
1. n/a: Recovery not determined, background level more than 4 time of spike level.
2. n/a: %RPD is not determined for results less than Limit of Quantitative.

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 



Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442813
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967961-1REF1Project Name : 

Project Location :
Page 1 of 5

Summary Samples
Sample Location ALS Sample ID Sample Description Sampling Date / Time Received Date / Time

2442813-1REF1-C1 Sediment Apr 09, 2024   04:20 PM Apr 19, 2024   01:00 PM
2442813-2REF1-C2 Sediment Apr 09, 2024   04:47 PM Apr 19, 2024   01:00 PM
2442813-3REF1-C3 Sediment Apr 10, 2024   10:05 AM Apr 19, 2024   01:00 PM

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442813
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967961-1REF1Project Name : 

Project Location :
Page 2 of 5

General Comments
Analysis Test Report contains Summary samples, General Comments and Analytical Results. Quality Control Report will be found in the following separate 
attachments. The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as 
those published by the USEPA, APHA. In house developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.
Where the LOD and LOQ of a reported result differs from standard, this may be due to high moisture content or matrix interference.
When sampling time information is not provided by the client, sampling dates are shown without a time component. In these instances, the time component
has been assumed by the laboratory for processing purposes.

LOD
LOQ
ND
U
J

Sample Preparation and Analysis

Metals testing : digestion for total recoverable metals and run by ICP MS
The samples were digested with nitric/ hydrochloric acid/ hydrogen peroxide and analyzed by ICP MS. This technique utilizes a highly efficient argon plasma to
ionize selected elements. Ions are then passed into a high vacuum mass spectrometer, which seperates the analytes based on their distinct mass to charge ratios
prior to measurement by detector.

Mercury
The samples were digested with nitric/ hydrochloric acid and analyzed Mercury by Cold vapor atomic fluorescence spectrometry (CVAFS)

Petroleum Hydrocarbon (C6-C9)
A portion of the sample is dispersed in methanol to dissolve the volatile organic constituents. A portion of the methanolic solution is combined with water and then 
analysed by Purge and Trap GC/MS.

Petroleum Hydrocarbon (C10-C36)
Sample extracts are prepared by tumbler extraction. The tumbler process ensures intimate contact of the sample matrix with the extraction solvent. Samples may
be exchanged into appropriate solvents for subsequent clean up by, for example, disposable solid-phase cartridges or gel-permeation chromatography.
The extract is then separated into aliphatic and aromatic fractions before being analysed by GC/FID.

Moisture 
Moisture content is a gravimetric method based on the weight loss after a 12 hour drying period at 105 - 110°C. The moisture content can be used for correction 
of other analysis results to a dry weight basis where the same sample was also used for the direct analysis

Limit of detection.
Limit of Quantitation.
The result is not detected.
Indicates the result is less than LOD.
Indicates an estimated value, The reported value was obtained from a reading that was less than the LOQ but greater than or equal to the LOD.

:
:
:
:
:

The samples received on Apr 19, 2024 were intact, on-ice within 1 sealed cooler at 

Cooler 1 : Temperature 4.6 degree C

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
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Reference Number 2442813-1
Sampling Date Apr 09, 2024  4:20 PM
Sample Description Sediment
Location REF1-C1
Condition of Sample Packed in one glass bottle, sample containers comply to pretreatment - preservation standards (APHA,  USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.192.48

Barium mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1951.9

Cadmium mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010D UApr 24, 20240.470.19ND

Chromium mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1927.1

Copper mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.197.8

Iron mg/kg EL24/071991000 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1919742

Lead mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1916.1

Manganese mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.19549

Mercury mg/kg EL24/072401 Apr 22, 2024 EPA 7474Apr 25, 20240.0050.0020.01

Nickel mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1921.6

Zinc mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.470.1938.2

Petroleum Hydrocarbons

TPH C10-C14 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202411.64.65ND

TPH C15-C28 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202423.311.6ND

TPH C29-C36 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202423.311.6ND

TPH C6-C9 mg/kg WL24/102401 Apr 22, 2024 EPA 5035 & 8260D UApr 22, 202411.64.65ND

Physical Parameters

Moisture % WL24/100921 Apr 20, 2024 APHA (2017), 2540 GApr 20, 20240.10.0557

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442813
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
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Reference Number 2442813-2
Sampling Date Apr 09, 2024  4:47 PM
Sample Description Sediment
Location REF1-C2
Condition of Sample Packed in one glass bottle, sample containers comply to pretreatment - preservation standards (APHA,  USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.450.181.94

Barium mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.450.1843.9

Cadmium mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010D UApr 24, 20240.450.18ND

Chromium mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.450.1823.6

Copper mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.450.187.11

Iron mg/kg EL24/071991000 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.450.1817610

Lead mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.450.1813.8

Manganese mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.450.18449

Mercury mg/kg EL24/072401 Apr 22, 2024 EPA 7474Apr 25, 20240.0050.0020.01

Nickel mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.450.1818.6

Zinc mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.450.1834

Petroleum Hydrocarbons

TPH C10-C14 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202411.44.55ND

TPH C15-C28 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202422.711.4ND

TPH C29-C36 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202422.711.4ND

TPH C6-C9 mg/kg WL24/102401 Apr 22, 2024 EPA 5035 & 8260D UApr 22, 202411.44.55ND

Physical Parameters

Moisture % WL24/100921 Apr 20, 2024 APHA (2017), 2540 GApr 20, 20240.10.0556

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 
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Reference Number 2442813-3
Sampling Date Apr 10, 2024 10:05 AM
Sample Description Sediment
Location REF1-C3
Condition of Sample Packed in one glass bottle, sample containers comply to pretreatment - preservation standards (APHA,  USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.430.172.23

Barium mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.430.1746.9

Cadmium mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010D UApr 24, 20240.430.17ND

Chromium mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.430.1722.4

Copper mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.430.176.14

Iron mg/kg EL24/071991000 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.430.1717442

Lead mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.430.1712.9

Manganese mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.430.17470

Mercury mg/kg EL24/072401 Apr 22, 2024 EPA 7474Apr 25, 20240.0040.0020.009

Nickel mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.430.1717.6

Zinc mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.430.1734.1

Petroleum Hydrocarbons

TPH C10-C14 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202410.84.33ND

TPH C15-C28 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202421.710.8ND

TPH C29-C36 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202421.710.8ND

TPH C6-C9 mg/kg WL24/102401 Apr 22, 2024 EPA 5035 & 8260D UApr 22, 202410.84.33ND

Physical Parameters

Moisture % WL24/100921 Apr 20, 2024 APHA (2017), 2540 GApr 20, 20240.10.0553.9

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442813
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 30, 2023:P/O : 
Report Number : 2967961-1Project Name : REF1

Project Location :
Page 1 of 3

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Metals Testing : EL24/07199 : Arsenic

Blank mg/L UND 0.20.08

2442819-2Duplicate mg/kg dry basis 1.61 3.651.56 0.510.2 10

2442819-3Matrix Spike mg/kg dry basis 1.83 80 - 11047.9 0.540.22 85.220.00

Metals Testing : EL24/07199 : Barium

Blank mg/L UND 0.20.08

2442819-2Duplicate mg/kg dry basis 34.7 0.2434.7 0.510.2 10

2442819-3Matrix Spike mg/kg dry basis 38.3 80 - 11089.6 0.540.22 94.820.00

Metals Testing : EL24/07199 : Cadmium

Blank mg/L UND 0.20.08

2442819-2Duplicate mg/kg dry basis ND Un/aND 0.510.2 10

2442819-3Matrix Spike mg/kg dry basis ND 80 - 11044.7 0.540.22 82.620.00

Metals Testing : EL24/07199 : Chromium

Blank mg/L UND 0.20.08

2442819-2Duplicate mg/kg dry basis 31.3 7.1433.6 0.510.2 10

2442819-3Matrix Spike mg/kg dry basis 32 80 - 11079.4 0.540.22 87.620.00

Metals Testing : EL24/07199 : Copper

Blank mg/L UND 0.20.08

2442819-2Duplicate mg/kg dry basis 8.62 4.769.04 0.510.2 10

2442819-3Matrix Spike mg/kg dry basis 8.75 80 - 110280 0.540.22 83.6120

Metals Testing : EL24/07199 : Iron

Blank mg/L UND 0.20.08

2442819-2Duplicate mg/kg dry basis 23612 2.324163 0.510.2 10

2442819-3Matrix Spike mg/kg dry basis 23201 80 - 11024589 0.540.22 n/a

Metals Testing : EL24/07199 : Lead

Blank mg/L UND 0.20.08

2442819-2Duplicate mg/kg dry basis 15.9 3.416.4 0.510.2 10

2442819-3Matrix Spike mg/kg dry basis 15.9 80 - 11060.1 0.540.22 81.720.00

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442813
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 30, 2023:P/O : 
Report Number : 2967961-1Project Name : REF1

Project Location :
Page 2 of 3

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Metals Testing : EL24/07199 : Manganese

Blank mg/L UND 0.20.08

2442819-2Duplicate mg/kg dry basis 446 5.89473 0.510.2 10

2442819-3Matrix Spike mg/kg dry basis 502 80 - 110785 0.540.22 87.2120

Metals Testing : EL24/07199 : Nickel

Blank mg/L UND 0.20.08

2442819-2Duplicate mg/kg dry basis 23.5 7.1225.3 0.510.2 10

2442819-3Matrix Spike mg/kg dry basis 24.5 80 - 11070.3 0.540.22 84.720.00

Metals Testing : EL24/07199 : Zinc

Blank mg/L UND 0.20.08

2442819-2Duplicate mg/kg dry basis 44.1 2.9845.4 0.510.2 10

2442819-3Matrix Spike mg/kg dry basis 45.4 80 - 110319 0.540.22 84.3120

Metals Testing : EL24/07240 : Mercury

Blank mg/L UND 0.0020.001

2442819-2Duplicate mg/kg dry basis 0.017 2.660.017 0.0050.003 10

2442819-3Matrix Spike mg/kg dry basis 0.018 80 - 1100.388 0.0050.003 91.20.15

Petroleum Hydrocarbons : WL24/10152 : TPH C10-C14

Blank mg/L UND 52

LCS mg/L 70 - 140344 52 114.7300

2442788-11Duplicate mg/kg dry basis 39.2 2.4438.3 11.44.55 25

2442819-3Matrix Spike mg/kg dry basis ND 70 - 14052.2 13.55.41 128.615.00

Petroleum Hydrocarbons : WL24/10152 : TPH C15-C28

Blank mg/L UND 105

LCS mg/L 70 - 140751 105 107.3700

2442788-11Duplicate mg/kg dry basis 108 4.49103 22.811.4 25

2442819-3Matrix Spike mg/kg dry basis ND 70 - 140112 27.113.5 138.030.00

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442813
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 30, 2023:P/O : 
Report Number : 2967961-1Project Name : REF1

Project Location :
Page 3 of 3

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Petroleum Hydrocarbons : WL24/10152 : TPH C29-C36

Blank mg/L UND 105

LCS mg/L 70 - 140393 105 98.2400

2442788-11Duplicate mg/kg dry basis ND Un/aND 22.811.4 25

2442819-3Matrix Spike mg/kg dry basis ND 70 - 14051.7 27.113.5 127.415.00

Petroleum Hydrocarbons : WL24/10240 : TPH C6-C9

Blank ug/L UND 52

LCS ug/L 70 - 1408.88 52 88.810.00

2442788-11Duplicate mg/kg dry basis ND Un/aND 11.44.55 25

2442819-3Matrix Spike mg/kg dry basis ND 70 - 140 Jn/a8 13.55.41 73.94.00

PHYSICAL PARAMETERS : WL24/10092 : Moisture

2442819-3Duplicate % 63 0.0963.1 0.10.05 5

Remark: 
1. n/a: Recovery not determined, background level more than 4 time of spike level.
2. n/a: %RPD is not determined for results less than Limit of Quantitative.

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 



Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442819
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967972-1REF2Project Name : 

Project Location :
Page 1 of 5

Summary Samples
Sample Location ALS Sample ID Sample Description Sampling Date / Time Received Date / Time

2442819-1REF2-C1 Sediment Apr 10, 2024   03:53 PM Apr 19, 2024   01:00 PM
2442819-2REF2-C2 Sediment Apr 10, 2024   04:13 PM Apr 19, 2024   01:00 PM
2442819-3REF2-C3 Sediment Apr 10, 2024   04:33 PM Apr 19, 2024   01:00 PM

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442819
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967972-1REF2Project Name : 

Project Location :
Page 2 of 5

General Comments
Analysis Test Report contains Summary samples, General Comments and Analytical Results. Quality Control Report will be found in the following separate 
attachments. The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as 
those published by the USEPA, APHA. In house developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.
Where the LOD and LOQ of a reported result differs from standard, this may be due to high moisture content or matrix interference.
When sampling time information is not provided by the client, sampling dates are shown without a time component. In these instances, the time component
has been assumed by the laboratory for processing purposes.

LOD
LOQ
ND
U
J

Sample Preparation and Analysis

Metals testing : digestion for total recoverable metals and run by ICP MS
The samples were digested with nitric/ hydrochloric acid/ hydrogen peroxide and analyzed by ICP MS. This technique utilizes a highly efficient argon plasma to
ionize selected elements. Ions are then passed into a high vacuum mass spectrometer, which seperates the analytes based on their distinct mass to charge ratios
prior to measurement by detector.

Mercury
The samples were digested with nitric/ hydrochloric acid and analyzed Mercury by Cold vapor atomic fluorescence spectrometry (CVAFS)

Petroleum Hydrocarbon (C6-C9)
A portion of the sample is dispersed in methanol to dissolve the volatile organic constituents. A portion of the methanolic solution is combined with water and then 
analysed by Purge and Trap GC/MS.

Petroleum Hydrocarbon (C10-C36)
Sample extracts are prepared by tumbler extraction. The tumbler process ensures intimate contact of the sample matrix with the extraction solvent. Samples may
be exchanged into appropriate solvents for subsequent clean up by, for example, disposable solid-phase cartridges or gel-permeation chromatography.
The extract is then separated into aliphatic and aromatic fractions before being analysed by GC/FID.

Moisture 
Moisture content is a gravimetric method based on the weight loss after a 12 hour drying period at 105 - 110°C. The moisture content can be used for correction 
of other analysis results to a dry weight basis where the same sample was also used for the direct analysis

Limit of detection.
Limit of Quantitation.
The result is not detected.
Indicates the result is less than LOD.
Indicates an estimated value, The reported value was obtained from a reading that was less than the LOQ but greater than or equal to the LOD.

:
:
:
:
:

The samples received on Apr 19, 2024 were intact, on-ice within 1 sealed cooler at 

Cooler 1 : Temperature 4.6 degree C

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442819
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967972-1REF2Project Name : 

Project Location :
Page 3 of 5

Reference Number 2442819-1
Sampling Date Apr 10, 2024  3:53 PM
Sample Description Sediment
Location REF2-C1
Condition of Sample Packed in one glass bottle, sample containers comply to pretreatment - preservation standards (APHA,  USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.221.85

Barium mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.2241.7

Cadmium mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010D UApr 24, 20240.540.22ND

Chromium mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.2233.5

Copper mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.229.33

Iron mg/kg EL24/071991000 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.2224360

Lead mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.2216.4

Manganese mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.22495

Mercury mg/kg EL24/072401 Apr 22, 2024 EPA 7474Apr 25, 20240.0050.0030.018

Nickel mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.2225.8

Zinc mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.2247.4

Petroleum Hydrocarbons

TPH C10-C14 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202413.65.43ND

TPH C15-C28 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202427.113.6ND

TPH C29-C36 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202427.113.6ND

TPH C6-C9 mg/kg WL24/102401 Apr 22, 2024 EPA 5035 & 8260D UApr 22, 202413.65.43ND

Physical Parameters

Moisture % WL24/100921 Apr 20, 2024 APHA (2017), 2540 GApr 20, 20240.10.0563.2

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442819
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967972-1REF2Project Name : 

Project Location :
Page 4 of 5

Reference Number 2442819-2
Sampling Date Apr 10, 2024  4:13 PM
Sample Description Sediment
Location REF2-C2
Condition of Sample Packed in one glass bottle, sample containers comply to pretreatment - preservation standards (APHA,  USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.510.21.61

Barium mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.510.234.7

Cadmium mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010D UApr 24, 20240.510.2ND

Chromium mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.510.231.3

Copper mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.510.28.62

Iron mg/kg EL24/071991000 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.510.223612

Lead mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.510.215.9

Manganese mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.510.2446

Mercury mg/kg EL24/072401 Apr 22, 2024 EPA 7474Apr 25, 20240.0050.0030.017

Nickel mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.510.223.5

Zinc mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.510.244.1

Petroleum Hydrocarbons

TPH C10-C14 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202412.85.11ND

TPH C15-C28 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202425.512.8ND

TPH C29-C36 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202425.512.8ND

TPH C6-C9 mg/kg WL24/102401 Apr 22, 2024 EPA 5035 & 8260D UApr 22, 202412.85.11ND

Physical Parameters

Moisture % WL24/100921 Apr 20, 2024 APHA (2017), 2540 GApr 20, 20240.10.0560.9

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 



Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442819
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported May 07, 2024:P/O :
Report Number : 2967972-1REF2Project Name : 

Project Location :
Page 5 of 5

Reference Number 2442819-3
Sampling Date Apr 10, 2024  4:33 PM
Sample Description Sediment
Location REF2-C3
Condition of Sample Packed in one glass bottle, sample containers comply to pretreatment - preservation standards (APHA,  USEPA)

Analyte Result LOD LOQ Unit Dilution Batch No. Prepared 
Date

Analyzed 
Date

Method Note

Metals Testing

Arsenic mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.221.83

Barium mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.2238.3

Cadmium mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010D UApr 24, 20240.540.22ND

Chromium mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.2232

Copper mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.228.75

Iron mg/kg EL24/071991000 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.2223201

Lead mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.2215.9

Manganese mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.22502

Mercury mg/kg EL24/072401 Apr 22, 2024 EPA 7474Apr 25, 20240.0050.0030.018

Nickel mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.2224.5

Zinc mg/kg EL24/0719910 Apr 22, 2024 EPA 3050B & 6010DApr 24, 20240.540.2245.4

Petroleum Hydrocarbons

TPH C10-C14 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202413.55.41ND

TPH C15-C28 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202427.113.5ND

TPH C29-C36 mg/kg WL24/101521 Apr 20, 2024 EPA 3570 & 8015C UApr 23, 202427.113.5ND

TPH C6-C9 mg/kg WL24/102401 Apr 22, 2024 EPA 5035 & 8260D UApr 22, 202413.55.41ND

Physical Parameters

Moisture % WL24/100921 Apr 20, 2024 APHA (2017), 2540 GApr 20, 20240.10.0563

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442819
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 30, 2023:P/O : 
Report Number : 2967972-1Project Name : REF2

Project Location :
Page 1 of 3

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Metals Testing : EL24/07199 : Arsenic

Blank mg/L UND 0.20.08

2442819-2Duplicate mg/kg dry basis 1.61 3.651.56 0.510.2 10

2442819-3Matrix Spike mg/kg dry basis 1.83 80 - 11047.9 0.540.22 85.220.00

Metals Testing : EL24/07199 : Barium

Blank mg/L UND 0.20.08

2442819-2Duplicate mg/kg dry basis 34.7 0.2434.7 0.510.2 10

2442819-3Matrix Spike mg/kg dry basis 38.3 80 - 11089.6 0.540.22 94.820.00

Metals Testing : EL24/07199 : Cadmium

Blank mg/L UND 0.20.08

2442819-2Duplicate mg/kg dry basis ND Un/aND 0.510.2 10

2442819-3Matrix Spike mg/kg dry basis ND 80 - 11044.7 0.540.22 82.620.00

Metals Testing : EL24/07199 : Chromium

Blank mg/L UND 0.20.08

2442819-2Duplicate mg/kg dry basis 31.3 7.1433.6 0.510.2 10

2442819-3Matrix Spike mg/kg dry basis 32 80 - 11079.4 0.540.22 87.620.00

Metals Testing : EL24/07199 : Copper

Blank mg/L UND 0.20.08

2442819-2Duplicate mg/kg dry basis 8.62 4.769.04 0.510.2 10

2442819-3Matrix Spike mg/kg dry basis 8.75 80 - 110280 0.540.22 83.6120

Metals Testing : EL24/07199 : Iron

Blank mg/L UND 0.20.08

2442819-2Duplicate mg/kg dry basis 23612 2.324163 0.510.2 10

2442819-3Matrix Spike mg/kg dry basis 23201 80 - 11024589 0.540.22 n/a

Metals Testing : EL24/07199 : Lead

Blank mg/L UND 0.20.08

2442819-2Duplicate mg/kg dry basis 15.9 3.416.4 0.510.2 10

2442819-3Matrix Spike mg/kg dry basis 15.9 80 - 11060.1 0.540.22 81.720.00

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442819
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 30, 2023:P/O : 
Report Number : 2967972-1Project Name : REF2

Project Location :
Page 2 of 3

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Metals Testing : EL24/07199 : Manganese

Blank mg/L UND 0.20.08

2442819-2Duplicate mg/kg dry basis 446 5.89473 0.510.2 10

2442819-3Matrix Spike mg/kg dry basis 502 80 - 110785 0.540.22 87.2120

Metals Testing : EL24/07199 : Nickel

Blank mg/L UND 0.20.08

2442819-2Duplicate mg/kg dry basis 23.5 7.1225.3 0.510.2 10

2442819-3Matrix Spike mg/kg dry basis 24.5 80 - 11070.3 0.540.22 84.720.00

Metals Testing : EL24/07199 : Zinc

Blank mg/L UND 0.20.08

2442819-2Duplicate mg/kg dry basis 44.1 2.9845.4 0.510.2 10

2442819-3Matrix Spike mg/kg dry basis 45.4 80 - 110319 0.540.22 84.3120

Metals Testing : EL24/07240 : Mercury

Blank mg/L UND 0.0020.001

2442819-2Duplicate mg/kg dry basis 0.017 2.660.017 0.0050.003 10

2442819-3Matrix Spike mg/kg dry basis 0.018 80 - 1100.388 0.0050.003 91.20.15

Petroleum Hydrocarbons : WL24/10152 : TPH C10-C14

Blank mg/L UND 52

LCS mg/L 70 - 140344 52 114.7300

2442788-11Duplicate mg/kg dry basis 39.2 2.4438.3 11.44.55 25

2442819-3Matrix Spike mg/kg dry basis ND 70 - 14052.2 13.55.41 128.615.00

Petroleum Hydrocarbons : WL24/10152 : TPH C15-C28

Blank mg/L UND 105

LCS mg/L 70 - 140751 105 107.3700

2442788-11Duplicate mg/kg dry basis 108 4.49103 22.811.4 25

2442819-3Matrix Spike mg/kg dry basis ND 70 - 140112 27.113.5 138.030.00

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 

Analysis / Test Report
Tetra Tech Inc.Report to : Lot ID: 2442819
77 Soi Udomsuk 39/1, Sukhumvit 103, Bangchak, Prakhanong, Bangkok Thailand 10260 Apr 19, 2024Date Received :

Date Reported Apr 30, 2023:P/O : 
Report Number : 2967972-1Project Name : REF2

Project Location :
Page 3 of 3

Quality Control Data
QC Type Parent Result LOD LOQ Unit Parent 

Result
Spike
Level

%Rec %RPD %RPD 
Limit

Note%Rec
Limit

Petroleum Hydrocarbons : WL24/10152 : TPH C29-C36

Blank mg/L UND 105

LCS mg/L 70 - 140393 105 98.2400

2442788-11Duplicate mg/kg dry basis ND Un/aND 22.811.4 25

2442819-3Matrix Spike mg/kg dry basis ND 70 - 14051.7 27.113.5 127.415.00

Petroleum Hydrocarbons : WL24/10240 : TPH C6-C9

Blank ug/L UND 52

LCS ug/L 70 - 1408.88 52 88.810.00

2442788-11Duplicate mg/kg dry basis ND Un/aND 11.44.55 25

2442819-3Matrix Spike mg/kg dry basis ND 70 - 140 Jn/a8 13.55.41 73.94.00

PHYSICAL PARAMETERS : WL24/10092 : Moisture

2442819-3Duplicate % 63 0.0963.1 0.10.05 5

Remark: 
1. n/a: Recovery not determined, background level more than 4 time of spike level.
2. n/a: %RPD is not determined for results less than Limit of Quantitative.

The above results are valid only for the analyzed/tested sample(s) as 
indicated in this report. No part of this report or certificate may be 
reproduced in any from without written consent from the Laboratory. 
ALS Laboratory Group (Thailand) strongly recommends that this 
report is not reproduced except in full.

Nanthawadee Somboon
Specialist 2

Approved by 
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National Metal and Materials Technology Center

National Science and Technology Development Agency

114 Thailand Science Park, Phahonyothin Road, Khlong Nueng, Khlong Luang, 

Pathum Thani 12120 Thailand Tel. +66 2564 6500 Fax. +66 2564 6501-5  https://www.mtec.or.th

MTEC1298/67_1
Report of Samples Analysis

Issued Date : 6 November 2024
Customer : Tetra Tech Inc.

77 Soi Udomsuk 39/1, Sukhumvit 103 Road, Bangchak, 
Phrakhanong, Bangkok 10260
Tel : 0 2361 3767 Fax : 0 2361 3768

Serviced by : Physical Analysis Section, 
Technical Support for Material Analysis Division, MTEC

Date received : 18 July 2024
Date analyzed : 10-11 October 2024
Samples : Seabed Sediment Samples
Identification no. : See sample detail.
Objective : Particle size and size distribution analysis.
Instrument : Mastersizer 2000, Malvern Instruments.
Test method : Laser diffraction technique.
Conditions : Red light source : He-Ne laser source, : 633 nm.

Blue light source : Solid state light source 
Beam length : 2.35 mm.
Particle size range analysis : 0.02 – 2,000 m.
Dispersion unit : Hydro 2000S (A)
Dispersing medium : De-ionized water
Treatment : Ultrasound 10 minutes with ultrasonic bath.

     : Stir at 2000 rpm during measuring. 
Sample refractive index : 1.5300 (as default standard wet)
Number of experiments : 3
Laser power : 84.5

Sample preparation : 1. Prepare the instrument for wet analysis. Stirrer should be 
                                                    set at 2000 rpm on Hydro 2000S (A).                             

2. 10 – 50 ml. of sample was dispersed and ultrasound 
    10 minutes with ultrasonic bath.  
3. Add the dispersed sample into Hydro 2000S (A) unit and   
    measure the dispersed sample with Mastersizer 2000.

                 4. All measurements are made three times.
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Samples detail :

Sample No. Sample Name Sample No. Sample Name
1 FSO-3CP2 6 RSK-A-1C2-FD
2 FSO-2CP2 7 RSK-A-1CP3
3 RSK-A-2CP2 8 RSK-A-1D2
4 RSK-A-2C2 9 RSK-A-1CP2
5 RSK-A-1C2 10 RSK-A-1CP1

Technical Terms        : Obscuration : value at particle come cover to laser beam
(percent), ranging from 10 – 30%.
Residual : on error value of analysis. This value should be
less than 5%.
D [4, 3] : mean diameter value by volume.
D [3, 2] : mean diameter value by surface area.
D (v, 0.1) : 10 volume percent less than or equal to a given
diameter.
D (v, 0.5) : 50 volume percent less than or equal to a given
diameter, median diameter.
D (v, 0.9) : 90 volume percent less than or equal to a given
diameter.
Span : the width of the distribution, which is independent 
of median size (D (v, 0.5)).
Uniformity : a measure of the absolute deviations from the
median (D (v, 0.5)).
Specific S.A. : specific surface area, calculated from 
density and D [3, 2] of a sample.

Results :

MTEC received samples from Tetra Tech Inc. Laser diffraction technique is used in order 
to analyze the particle size and size distribution by wet analysis.

The results of the particle size and size distribution of samples are shown in tables 1 – 20
and the attachments No.1 – 30.
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Table 1 Mastersizer 2000 results of FSO-3CP2

No.of
measurement Sub-run D [4,3]

( m)
D (v,0.1)

( m)
D (v,0.5)

( m)
D (v,0.9)

( m) Span

1 1 23.13 1.37 8.47 55.67 6.41
2 23.44 1.37 8.47 55.84 6.43
3 23.88 1.37 8.51 55.84 6.40

2 1 23.15 1.37 8.55 55.64 6.35
2 23.75 1.37 8.56 56.06 6.39
3 23.62 1.38 8.60 57.21 6.50

3 1 23.30 1.37 8.67 56.84 6.40
2 23.08 1.38 8.71 56.25 6.30
3 23.31 1.39 8.72 55.97 6.26

Mean 23.41 1.38 8.58 56.14 6.38
STD 0.29 0.01 0.10 0.54 0.07

RSD% 1.24 0.72 1.17 0.96 1.10
        
Table 2 Mastersizer 2000 results of FSO-3CP2 (Volume in%) (By customer request)

No.of
measurement

Sub-
run

0.02 - 3.9
(micron)

3.9 – 62.5
(micron)

62.5 - 2000
(micron)

Mode
(micron)

1 1 30.01 61.99 8.00 4.74
2 30.02 61.92 8.07 4.74
3 29.94 61.96 8.10 4.74

2 1 29.93 62.05 8.03 4.71
2 29.89 61.94 8.17 4.72
3 29.77 61.74 8.49 4.77

3 1 30.30 61.37 8.33 4.40
2 29.70 62.12 8.18 4.70
3 29.94 62.03 8.04 4.54

Mean 29.94 61.90 8.16 4.67
STD 0.17 0.22 0.16 0.12
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Table 3 Mastersizer 2000 results of FSO-2CP2

No.of
measurement Sub-run D [4,3]

( m)
D (v,0.1)

( m)
D (v,0.5)

( m)
D (v,0.9)

( m) Span

1 1 28.22 1.47 11.00 64.95 5.77
2 28.59 1.48 11.12 65.12 5.72
3 28.31 1.48 11.14 64.82 5.69

2 1 28.00 1.48 11.15 64.61 5.66
2 28.69 1.48 11.23 64.86 5.64
3 28.73 1.49 11.26 65.83 5.71

3 1 28.51 1.49 11.33 65.68 5.67
2 28.15 1.49 11.37 65.48 5.63
3 28.14 1.50 11.54 65.69 5.56

Mean 28.37 1.48 11.24 65.23 5.67
STD 0.27 0.01 0.16 0.45 0.06

RSD% 0.95 0.68 1.42 0.69 1.06
        
Table 4 Mastersizer 2000 results of FSO-2CP2 (Volume in%) (By customer request)

No.of
measurement

Sub-
run

0.02 - 3.9
(micron)

3.9 – 62.5
(micron)

62.5 - 2000
(micron)

Mode
(micron)

1 1 27.94 61.30 10.76 37.14
2 27.28 61.91 10.81 37.31
3 27.27 62.01 10.72 36.88

2 1 27.34 62.01 10.66 36.72
2 27.45 61.81 10.74 37.04
3 27.29 61.71 11.00 36.47

3 1 27.04 61.99 10.98 37.11
2 27.24 61.84 10.92 36.76
3 27.07 61.94 10.99 37.25

Mean 27.32 61.83 10.84 36.96
STD 0.26 0.22 0.13 0.27
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Table 5 Mastersizer 2000 results of RSK-A-2CP2

No.of
measurement Sub-run D [4,3]

( m)
D (v,0.1)

( m)
D (v,0.5)

( m)
D (v,0.9)

( m) Span

1 1 21.98 1.83 8.68 49.39 5.48
2 22.33 1.83 8.71 47.90 5.29
3 22.57 1.84 8.73 48.68 5.37

2 1 22.60 1.84 8.74 49.94 5.50
2 22.55 1.84 8.76 48.90 5.37
3 23.03 1.84 8.80 49.03 5.37

3 1 22.30 1.84 8.80 48.81 5.34
2 22.36 1.85 8.80 48.83 5.34
3 22.00 1.85 8.82 48.69 5.31

Mean 22.41 1.84 8.76 48.91 5.37
STD 0.32 0.01 0.05 0.55 0.07

RSD% 1.43 0.54 0.57 1.12 1.30
        
Table 6 Mastersizer 2000 results of RSK-A-2CP2 (Volume in%) (By customer request)

No.of
measurement

Sub-
run

0.02 - 3.9
(micron)

3.9 – 62.5
(micron)

62.5 - 2000
(micron)

Mode
(micron)

1 1 25.50 67.79 6.71 6.00
2 25.12 68.69 6.19 6.15
3 25.06 68.40 6.55 6.16

2 1 25.34 67.89 6.77 6.02
2 24.98 68.48 6.54 6.18
3 25.07 68.33 6.60 6.11

3 1 25.05 68.40 6.56 6.12
2 25.00 68.50 6.50 6.12
3 25.00 68.56 6.44 6.13

Mean 25.12 68.34 6.54 6.11
STD 0.18 0.30 0.17 0.06
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Table 7 Mastersizer 2000 results of RSK-A-2C2

No.of
measurement Sub-run D [4,3]

( m)
D (v,0.1)

( m)
D (v,0.5)

( m)
D (v,0.9)

( m) Span

1 1 24.09 1.62 9.13 55.89 5.94
2 24.12 1.59 8.71 55.68 6.21
3 24.13 1.60 8.93 56.34 6.13

2 1 24.20 1.60 8.89 56.22 6.14
2 24.25 1.60 8.73 54.81 6.10
3 24.27 1.59 8.69 55.36 6.19

3 1 24.32 1.61 8.92 55.44 6.04
2 24.79 1.58 8.65 56.12 6.31
3 24.89 1.60 8.98 56.67 6.13

Mean 24.34 1.60 8.85 55.84 6.13
STD 0.29 0.01 0.16 0.57 0.10

RSD% 1.19 0.63 1.81 1.02 1.63
        
Table 8 Mastersizer 2000 results of RSK-A-2C2 (Volume in%) (By customer request)

No.of
measurement

Sub-
run

0.02 - 3.9
(micron)

3.9 – 62.5
(micron)

62.5 - 2000
(micron)

Mode
(micron)

1 1 27.50 64.34 8.17 4.90
2 27.84 63.90 8.26 5.08
3 27.98 63.67 8.35 4.79

2 1 27.59 64.12 8.30 5.10
2 27.76 64.27 7.97 5.10
3 27.85 64.01 8.13 5.10

3 1 27.51 64.37 8.12 5.09
2 27.94 63.63 8.43 5.09
3 27.88 63.68 8.44 4.81

Mean 27.76 64.00 8.24 5.01
STD 0.18 0.30 0.16 0.13
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Table 9 Mastersizer 2000 results of RSK-A-1C2

No.of
measurement Sub-run D [4,3]

( m)
D (v,0.1)

( m)
D (v,0.5)

( m)
D (v,0.9)

( m) Span

1 1 27.08 1.35 9.41 62.68 6.52
2 26.23 1.35 9.58 63.01 6.44
3 26.64 1.35 9.61 64.14 6.53

2 1 27.98 1.35 9.66 65.59 6.65
2 27.20 1.35 9.70 63.16 6.37
3 26.35 1.34 9.74 63.27 6.36

3 1 28.32 1.37 9.86 67.24 6.68
2 27.15 1.34 9.87 65.66 6.52
3 27.86 1.36 10.01 66.54 6.51

Mean 27.20 1.35 9.71 64.59 6.51
STD 0.73 0.01 0.18 1.70 0.11

RSD% 2.68 0.74 1.85 2.63 1.69
        
Table 10 Mastersizer 2000 results of RSK-A-1C2 (Volume in%) (By customer request)

No.of
measurement

Sub-
run

0.02 - 3.9
(micron)

3.9 – 62.5
(micron)

62.5 - 2000
(micron)

Mode
(micron)

1 1 29.78 60.17 10.05 35.40
2 29.64 60.21 10.15 35.30
3 29.58 59.96 10.46 35.64

2 1 29.51 59.67 10.82 35.08
2 29.53 60.28 10.19 35.68
3 29.81 59.97 10.23 35.85

3 1 29.27 59.48 11.26 35.19
2 29.74 59.38 10.88 35.45
3 29.43 59.45 11.12 35.66

Mean 29.59 59.84 10.57 35.47
STD 0.18 0.35 0.46 0.26
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Table 11 Mastersizer 2000 results of RSK-A-1C2-FD

No.of
measurement Sub-run D [4,3]

( m)
D (v,0.1)

( m)
D (v,0.5)

( m)
D (v,0.9)

( m) Span

1 1 16.25 1.23 7.13 44.03 6.00
2 16.28 1.23 7.14 44.11 6.01
3 16.41 1.23 7.15 44.45 6.05

2 1 16.29 1.23 7.15 44.18 6.01
2 16.51 1.23 7.16 44.70 6.07
3 16.37 1.23 7.17 44.04 5.97

3 1 16.48 1.23 7.18 44.58 6.04
2 16.35 1.23 7.19 44.12 5.97
3 16.51 1.23 7.19 44.79 6.06

Mean 16.38 1.23 7.16 44.33 6.02
STD 0.10 0.00 0.02 0.30 0.04

RSD% 0.61 0.00 0.28 0.68 0.66
        
Table 12 Mastersizer 2000 results of RSK-A-1C2-FD (Volume in%) (By customer request)

No.of
measurement

Sub-
run

0.02 - 3.9
(micron)

3.9 – 62.5
(micron)

62.5 - 2000
(micron)

Mode
(micron)

1 1 33.60 62.30 4.10 4.22
2 33.61 62.26 4.13 4.21
3 33.73 62.08 4.19 4.14

2 1 33.57 62.30 4.13 4.21
2 33.67 62.04 4.29 4.14
3 33.62 62.26 4.12 4.16

3 1 33.52 62.20 4.28 4.22
2 33.57 62.35 4.08 4.18
3 33.60 62.10 4.30 4.15

Mean 33.61 62.21 4.18 4.18
STD 0.06 0.11 0.09 0.03
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Table 13 Mastersizer 2000 results of RSK-A-1CP3

No.of
measurement Sub-run D [4,3]

( m)
D (v,0.1)

( m)
D (v,0.5)

( m)
D (v,0.9)

( m) Span

1 1 46.47 1.53 12.09 106.40 8.68
2 46.54 1.53 12.20 106.33 8.59
3 46.50 1.53 12.21 105.84 8.54

2 1 46.15 1.53 12.22 103.50 8.34
2 47.17 1.52 12.23 107.98 8.71
3 47.75 1.52 12.23 109.14 8.80

3 1 45.99 1.54 12.23 102.00 8.21
2 46.94 1.54 12.28 104.34 8.37
3 45.96 1.54 12.31 108.23 8.67

Mean 46.61 1.53 12.22 105.97 8.55
STD 0.59 0.01 0.06 2.35 0.20

RSD% 1.27 0.65 0.49 2.22 2.34
        
Table 14 Mastersizer 2000 results of RSK-A-1CP3 (Volume in%) (By customer request)

No.of
measurement

Sub-
run

0.02 - 3.9
(micron)

3.9 – 62.5
(micron)

62.5 - 2000
(micron)

Mode
(micron)

1 1 26.50 57.07 16.43 33.94
2 26.46 56.72 16.82 33.90
3 26.47 57.02 16.51 34.02

2 1 26.59 56.91 16.51 34.31
2 26.45 56.70 16.86 34.26
3 26.47 56.72 16.82 34.41

3 1 26.48 57.28 16.25 34.55
2 26.44 57.09 16.47 34.13
3 26.38 56.73 16.89 34.32

Mean 26.47 56.91 16.62 34.21
STD 0.06 0.21 0.23 0.22
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Table 15 Mastersizer 2000 results of RSK-A-1D2

No.of
measurement Sub-run D [4,3]

( m)
D (v,0.1)

( m)
D (v,0.5)

( m)
D (v,0.9)

( m) Span

1 1 33.58 1.33 10.32 78.58 7.49
2 33.67 1.32 10.38 79.36 7.52
3 33.46 1.33 10.45 80.10 7.54

2 1 33.45 1.35 10.64 81.31 7.51
2 33.35 1.34 10.66 79.72 7.36
3 34.37 1.36 10.88 80.98 7.32

3 1 33.15 1.36 10.89 81.49 7.36
2 33.35 1.36 10.95 80.88 7.26
3 33.97 1.36 11.05 82.89 7.38

Mean 33.59 1.35 10.69 80.59 7.41
STD 0.37 0.02 0.27 1.29 0.10

RSD% 1.10 1.48 2.53 1.60 1.35
        
Table 16 Mastersizer 2000 results of RSK-A-1D2 (Volume in%) (By customer request)

No.of
measurement

Sub-
run

0.02 - 3.9
(micron)

3.9 – 62.5
(micron)

62.5 - 2000
(micron)

Mode
(micron)

1 1 29.38 57.20 13.42 34.41
2 29.79 56.52 13.69 34.69
3 29.29 56.83 13.87 34.78

2 1 29.07 56.88 14.05 34.87
2 29.12 57.07 13.81 35.37
3 28.93 57.22 13.85 34.74

3 1 28.97 56.93 14.10 34.86
2 28.82 57.13 14.05 35.14
3 28.76 56.95 14.29 34.42

Mean 29.13 56.97 13.90 34.81
STD 0.32 0.22 0.26 0.31
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Table 17 Mastersizer 2000 results of RSK-A-1CP2

No.of
measurement Sub-run D [4,3]

( m)
D (v,0.1)

( m)
D (v,0.5)

( m)
D (v,0.9)

( m) Span

1 1 27.57 1.54 9.09 66.51 7.14
2 27.77 1.53 9.11 66.03 7.08
3 27.60 1.54 9.17 66.24 7.06

2 1 27.96 1.55 9.23 67.67 7.16
2 27.33 1.54 9.24 66.77 7.06
3 27.83 1.54 9.24 66.06 6.98

3 1 27.57 1.55 9.26 66.68 7.04
2 27.91 1.54 9.28 68.14 7.18
3 27.41 1.55 9.33 68.49 7.17

Mean 27.66 1.54 9.22 66.95 7.10
STD 0.22 0.01 0.08 0.92 0.07

RSD% 0.80 0.65 0.87 1.37 0.99
        
Table 18 Mastersizer 2000 results of RSK-A-1CP2 (Volume in%) (By customer request)

No.of
measurement

Sub-
run

0.02 - 3.9
(micron)

3.9 – 62.5
(micron)

62.5 - 2000
(micron)

Mode
(micron)

1 1 27.90 61.13 10.97 4.92
2 27.88 61.27 10.85 4.94
3 27.83 61.26 10.92 4.91

2 1 27.71 61.04 11.25 4.93
2 27.89 61.05 11.05 4.82
3 27.85 61.26 10.89 4.84

3 1 27.88 61.09 11.03 4.79
2 27.97 60.68 11.35 4.76
3 27.56 60.99 11.45 4.94

Mean 27.83 61.09 11.08 4.87
STD 0.12 0.18 0.21 0.07
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Table 19 Mastersizer 2000 results of RSK-A-1CP1

No.of
measurement Sub-run D [4,3]

( m)
D (v,0.1)

( m)
D (v,0.5)

( m)
D (v,0.9)

( m) Span

1 1 34.01 1.92 11.11 79.21 6.96
2 34.41 1.94 11.22 80.06 6.96
3 34.11 1.96 11.32 80.76 6.96

2 1 34.26 1.97 11.41 81.19 6.94
2 34.03 1.97 11.42 80.50 6.88
3 34.36 1.97 11.42 83.24 7.11

3 1 35.06 1.97 11.44 81.70 6.97
2 34.75 1.97 11.47 82.26 7.00
3 34.29 1.98 11.54 83.58 7.07

Mean 34.36 1.96 11.37 81.39 6.98
STD 0.34 0.02 0.13 1.45 0.07

RSD% 0.99 1.02 1.14 1.78 1.00
        
Table 20 Mastersizer 2000 results of RSK-A-1CP1 (Volume in%) (By customer request)

No.of
measurement

Sub-
run

0.02 - 3.9
(micron)

3.9 – 62.5
(micron)

62.5 - 2000
(micron)

Mode
(micron)

1 1 22.89 63.76 13.36 6.17
2 22.57 64.00 13.43 6.32
3 22.11 64.37 13.52 6.49

2 1 22.03 64.39 13.58 6.51
2 22.04 64.44 13.53 6.48
3 22.00 64.13 13.88 6.51

3 1 21.99 64.35 13.66 6.50
2 21.97 64.20 13.83 6.52
3 22.12 63.88 14.00 6.35

Mean 22.19 64.17 13.64 6.43
STD 0.32 0.24 0.22 0.12

Note : 1. The specific surface area is inapplicable unless the density of a sample is known.
2. The results of particle size distribution are dispersion particle only.
3. Some particle of sample are vary size and size over range of instrument.
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Interpretation/Opinion : None      

Attached pages :   
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1 – 3  Mastersizer 2000 results of FSO-3CP2
4 – 6  Mastersizer 2000 results of FSO-2CP2
7 – 9  Mastersizer 2000 results of RSK-A-2CP2

10 – 12  Mastersizer 2000 results of RSK-A-2C2
13 – 15  Mastersizer 2000 results of RSK-A-1C2
16 – 18  Mastersizer 2000 results of RSK-A-1C2-FD
19 – 21  Mastersizer 2000 results of RSK-A-1CP3
22 – 24  Mastersizer 2000 results of RSK-A-1D2
25 – 27  Mastersizer 2000 results of RSK-A-1CP2
28 – 30  Mastersizer 2000 results of RSK-A-1CP1

Work performed by :

(Mr.Sarmart Nutsai)

Approved by :

(Ms.Suphakan Kijamnajsuk)

Remarks
1. MTEC does not allow any alteration or modification of this report, or any part of 

this report, without prior formal written permission from MTEC.
2. MTEC will not accept liability for any damage whatsoever, resulting directly or 

indirectly, from using the data, results, conclusions or recommendations in this 
report for the purposes of designing, manufacturing or for other purposes.

3. Experimental results are only valid for the specimens tested.

h k ij j

Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

10 2567 10:31:12FSO-3CP2_1

10 2567 10:31:13Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 20.90

Particle RI : 1.530

Residual (%) : 0.570

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0132Concentration : %Vol Specific Surface Area : 1.64 m²/g

Span : 6.263 Uniformity : 2.26

  Particle Size Distribution
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0.020
0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.09
0.41
0.69
0.95
1.15
1.28
1.38
1.45

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.56
1.74
2.02
2.38
2.80
3.21
3.57
3.85
4.02
4.06
3.99
3.81
3.58

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.34
3.12
2.97
2.91
2.95
3.09
3.30
3.53
3.71
3.79
3.70
3.43
3.01

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.50
1.95
1.43
0.99
0.63
0.38
0.22
0.13
0.10
0.10
0.12
0.14
0.16

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.15
0.11
0.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1.39 8.72 55.97

23.31 3.66
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 10:36:42FSO-3CP2_2

 10  2567 10:36:44Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 19.99

Particle RI : 1.530

Residual (%) : 0.596

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0124Concentration : %Vol Specific Surface Area : 1.65 m²/g

Span : 6.431 Uniformity : 2.35

  Particle Size Distribution
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0.023
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0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.09
0.41
0.69
0.96
1.16
1.31
1.40
1.48

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.58
1.76
2.02
2.37
2.77
3.18
3.56
3.86
4.06
4.14
4.09
3.94
3.73

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.48
3.24
3.07
2.97
2.97
3.06
3.22
3.41
3.56
3.62
3.53
3.28
2.89

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.41
1.90
1.41
0.98
0.64
0.39
0.23
0.15
0.11
0.11
0.12
0.15
0.16

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.16
0.13
0.07
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.37  8.47  55.84

 23.44  3.63
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 10:38:17FSO-3CP2_3

 10  2567 10:38:18Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 19.87

Particle RI : 1.530

Residual (%) : 0.594

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0124Concentration : %Vol Specific Surface Area : 1.64 m²/g

Span : 6.495 Uniformity : 2.33

  Particle Size Distribution
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0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.09
0.41
0.69
0.95
1.15
1.29
1.39
1.47

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.57
1.74
2.00
2.35
2.75
3.15
3.53
3.83
4.03
4.12
4.08
3.93
3.71

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.46
3.23
3.05
2.95
2.95
3.04
3.21
3.40
3.55
3.61
3.53
3.29
2.91

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.44
1.95
1.47
1.06
0.72
0.47
0.30
0.20
0.15
0.13
0.13
0.14
0.14

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.14
0.11
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.38  8.59  57.21

 23.62  3.66
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 10:46:26FSO-2CP2_1

 10  2567 10:46:27Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 21.14

Particle RI : 1.530

Residual (%) : 0.552

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0143Concentration : %Vol Specific Surface Area : 1.53 m²/g

Span : 5.768 Uniformity : 2.2

  Particle Size Distribution
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0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.09
0.39
0.65
0.90
1.08
1.20
1.28
1.35

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.45
1.62
1.89
2.24
2.63
3.01
3.33
3.56
3.67
3.67
3.56
3.37
3.14

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

2.91
2.73
2.63
2.63
2.76
3.00
3.33
3.70
4.02
4.22
4.23
4.02
3.61

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

3.07
2.47
1.88
1.35
0.91
0.57
0.34
0.20
0.14
0.13
0.15
0.18
0.21

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.22
0.19
0.10
0.01
0.00
0.00
0.00
0.00
0.00
0.00

 1.47  11  64.95

 28.22  3.92
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 10:53:09FSO-2CP2_2

 10  2567 10:53:10Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 19.67

Particle RI : 1.530

Residual (%) : 0.569

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0134Concentration : %Vol Specific Surface Area : 1.51 m²/g

Span : 5.687 Uniformity : 2.17

  Particle Size Distribution
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0.023
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0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.09
0.39
0.65
0.89
1.07
1.20
1.27
1.34

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.43
1.58
1.83
2.15
2.52
2.90
3.23
3.48
3.64
3.68
3.61
3.46
3.24

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.02
2.83
2.71
2.70
2.81
3.04
3.36
3.72
4.04
4.23
4.22
4.01
3.59

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

3.05
2.45
1.86
1.33
0.90
0.57
0.34
0.21
0.15
0.14
0.16
0.19
0.21

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.22
0.19
0.11
0.01
0.00
0.00
0.00
0.00
0.00
0.00

 1.48  11.14  64.82

 28.31  3.96
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 10:55:15FSO-2CP2_3

 10  2567 10:55:17Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 19.54

Particle RI : 1.530

Residual (%) : 0.571

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0133Concentration : %Vol Specific Surface Area : 1.51 m²/g

Span : 5.665 Uniformity : 2.15

  Particle Size Distribution
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0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.09
0.39
0.64
0.89
1.07
1.19
1.27
1.33

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.42
1.57
1.81
2.12
2.49
2.86
3.19
3.45
3.61
3.66
3.60
3.45
3.24

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.01
2.81
2.69
2.67
2.77
3.01
3.35
3.72
4.06
4.26
4.27
4.05
3.62

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

3.06
2.45
1.86
1.34
0.93
0.62
0.41
0.28
0.21
0.18
0.17
0.19
0.20

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.19
0.16
0.09
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.49  11.33  65.68

 28.51  3.98
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 11:07:16RSK-A-2CP2_1

 10  2567 11:07:18Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 20.49

Particle RI : 1.530

Residual (%) : 0.950

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0145Concentration : %Vol Specific Surface Area : 1.4 m²/g

Span : 5.340 Uniformity : 2.08

  Particle Size Distribution
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0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.03
0.24
0.48
0.66
0.81
0.92
0.99
1.05

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.14
1.29
1.55
1.91
2.35
2.86
3.38
3.89
4.32
4.64
4.83
4.87
4.78

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

4.59
4.34
4.09
3.86
3.69
3.58
3.52
3.48
3.41
3.26
3.01
2.65
2.23

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

1.79
1.37
1.01
0.72
0.50
0.34
0.23
0.17
0.14
0.13
0.15
0.17
0.19

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.19
0.16
0.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.85  8.8  48.83

 22.35  4.3
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 11:09:23RSK-A-2CP2_2

 10  2567 11:09:25Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 20.30

Particle RI : 1.530

Residual (%) : 0.953

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0143Concentration : %Vol Specific Surface Area : 1.4 m²/g

Span : 5.288 Uniformity : 2.1

  Particle Size Distribution
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Size ( m)
0.020
0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.01
0.26
0.47
0.67
0.82
0.93
1.00
1.06

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.15
1.30
1.55
1.91
2.36
2.86
3.39
3.90
4.34
4.67
4.87
4.91
4.83

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

4.63
4.37
4.10
3.87
3.69
3.57
3.51
3.47
3.40
3.25
3.00
2.65
2.23

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

1.77
1.34
0.96
0.65
0.42
0.26
0.17
0.12
0.12
0.13
0.16
0.20
0.22

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.21
0.18
0.09
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.83  8.71  47.9

 22.33  4.27
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 11:10:58RSK-A-2CP2_3

 10  2567 11:11:00Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 20.21

Particle RI : 1.530

Residual (%) : 0.951

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0143Concentration : %Vol Specific Surface Area : 1.4 m²/g

Span : 5.374 Uniformity : 2.11

  Particle Size Distribution
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0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.03
0.24
0.48
0.66
0.82
0.92
0.99
1.05

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.14
1.29
1.54
1.90
2.34
2.84
3.37
3.88
4.32
4.66
4.86
4.91
4.83

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

4.64
4.38
4.11
3.87
3.68
3.55
3.49
3.44
3.36
3.22
2.97
2.63
2.22

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

1.79
1.37
1.00
0.71
0.48
0.32
0.22
0.16
0.14
0.15
0.17
0.19
0.21

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.20
0.16
0.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.84  8.76  48.9

 22.55  4.29
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 11:26:30RSK-A-2C2_1

 10  2567 11:26:32Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 19.09

Particle RI : 1.530

Residual (%) : 0.917

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0127Concentration : %Vol Specific Surface Area : 1.5 m²/g

Span : 6.038 Uniformity : 2.3

  Particle Size Distribution
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0.043
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0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.06
0.32
0.56
0.78
0.95
1.07
1.16
1.23

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.34
1.51
1.79
2.17
2.61
3.08
3.53
3.91
4.18
4.33
4.34
4.23
4.03

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.78
3.54
3.34
3.22
3.20
3.27
3.40
3.54
3.63
3.60
3.42
3.10
2.66

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.18
1.70
1.28
0.93
0.67
0.47
0.34
0.25
0.20
0.17
0.16
0.17
0.18

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.18
0.15
0.07
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.61  8.92  55.44

 24.32  4
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 11:30:10RSK-A-2C2_2

 10  2567 11:30:12Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 18.88

Particle RI : 1.530

Residual (%) : 0.904

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0124Concentration : %Vol Specific Surface Area : 1.52 m²/g

Span : 6.190 Uniformity : 2.36

  Particle Size Distribution
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0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.06
0.33
0.57
0.80
0.97
1.09
1.18
1.25

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.35
1.53
1.81
2.19
2.63
3.11
3.56
3.95
4.24
4.39
4.40
4.29
4.08

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.83
3.57
3.36
3.22
3.18
3.22
3.33
3.45
3.52
3.49
3.32
3.02
2.60

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.14
1.68
1.27
0.93
0.66
0.46
0.32
0.24
0.20
0.19
0.19
0.20
0.20

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.19
0.14
0.06
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.59  8.69  55.36

 24.27  3.95
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 11:30:57RSK-A-2C2_3

 10  2567 11:30:59Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 18.84

Particle RI : 1.530

Residual (%) : 0.896

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0124Concentration : %Vol Specific Surface Area : 1.52 m²/g

Span : 6.307 Uniformity : 2.43

  Particle Size Distribution
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0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.07
0.34
0.57
0.80
0.97
1.10
1.18
1.25

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.36
1.54
1.81
2.19
2.64
3.12
3.57
3.96
4.25
4.40
4.41
4.29
4.09

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.83
3.57
3.36
3.22
3.18
3.23
3.33
3.44
3.49
3.44
3.24
2.91
2.49

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.04
1.60
1.23
0.93
0.71
0.54
0.42
0.33
0.28
0.25
0.23
0.22
0.20

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.18
0.13
0.06
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.58  8.65  56.12

 24.79  3.94

Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789
Malvern, UK
Malvern Instruments Ltd.

Serial Number : MAL1021434
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 11:37:44RSK-A-1C2_1

 10  2567 11:37:46Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 22.21

Particle RI : 1.530

Residual (%) : 0.559

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0143Concentration : %Vol Specific Surface Area : 1.65 m²/g

Span : 6.520 Uniformity : 2.38

  Particle Size Distribution
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Size ( m)
0.020
0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.14
0.48
0.76
1.02
1.21
1.33
1.40
1.46

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.55
1.72
1.99
2.35
2.75
3.14
3.46
3.67
3.76
3.73
3.59
3.38
3.13

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

2.89
2.71
2.60
2.61
2.73
2.95
3.25
3.56
3.81
3.94
3.89
3.65
3.26

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.78
2.27
1.79
1.37
1.02
0.74
0.53
0.38
0.27
0.20
0.16
0.14
0.14

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.13
0.12
0.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.34  9.86  65.66

 27.14  3.64
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 11:38:16RSK-A-1C2_2

 10  2567 11:38:17Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 21.86

Particle RI : 1.530

Residual (%) : 0.562

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0142Concentration : %Vol Specific Surface Area : 1.63 m²/g

Span : 6.513 Uniformity : 2.41

  Particle Size Distribution

 0.01  0.1  1  10  100  1000  3000 
Particle Size ( m)

0 

 0.5 

 1 

 1.5 

 2 

 2.5 

 3 

 3.5 

 4 

V
ol

um
e 

(%
)

 0 

 10 

 20 

 30 

 40 

 50 

 60 

 70 

 80 

 90 

 100 

 110 

Size ( m)
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0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.13
0.47
0.75
1.00
1.19
1.31
1.38
1.44

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.53
1.70
1.97
2.33
2.72
3.11
3.43
3.65
3.75
3.73
3.60
3.39
3.15

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

2.91
2.73
2.62
2.62
2.74
2.95
3.24
3.55
3.80
3.92
3.88
3.66
3.28

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.80
2.30
1.81
1.38
1.01
0.73
0.52
0.38
0.29
0.23
0.20
0.19
0.18

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.17
0.12
0.06
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.36  10.01  66.54

 27.86  3.68
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 11:40:38RSK-A-1C2_3

 10  2567 11:40:39Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 21.16

Particle RI : 1.530

Residual (%) : 0.570

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0136Concentration : %Vol Specific Surface Area : 1.64 m²/g

Span : 6.373 Uniformity : 2.42

  Particle Size Distribution
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Size ( m)
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0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.12
0.46
0.74
1.00
1.19
1.32
1.39
1.45

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.55
1.71
1.98
2.33
2.72
3.11
3.44
3.67
3.79
3.79
3.67
3.48
3.24

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.01
2.81
2.70
2.68
2.78
2.98
3.26
3.57
3.82
3.95
3.91
3.67
3.27

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.75
2.20
1.67
1.21
0.83
0.56
0.38
0.28
0.24
0.22
0.22
0.22
0.22

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.19
0.14
0.07
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.35  9.7  63.15

 27.2  3.66
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 11:57:36RSK-A-1C2-FD_1

 10  2567 11:57:37Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 22.51

Particle RI : 1.530

Residual (%) : 0.615

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0129Concentration : %Vol Specific Surface Area : 1.84 m²/g

Span : 6.049 Uniformity : 1.87

  Particle Size Distribution
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0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.14
0.52
0.83
1.12
1.33
1.47
1.55
1.63

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.74
1.95
2.27
2.68
3.15
3.60
3.98
4.23
4.34
4.31
4.15
3.90
3.61

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.33
3.11
2.98
2.96
3.06
3.24
3.47
3.67
3.78
3.73
3.49
3.07
2.52

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

1.92
1.35
0.87
0.51
0.26
0.11
0.05
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.23  7.15  44.45

 16.41  3.26
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 11:58:54RSK-A-1C2-FD_2

 10  2567 11:58:56Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 22.35

Particle RI : 1.530

Residual (%) : 0.619

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0129Concentration : %Vol Specific Surface Area : 1.83 m²/g

Span : 5.970 Uniformity : 1.85

  Particle Size Distribution
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0.023
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0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.14
0.51
0.82
1.11
1.32
1.46
1.55
1.62

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.74
1.94
2.26
2.68
3.14
3.60
3.97
4.23
4.34
4.31
4.16
3.91
3.62

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.34
3.12
3.00
2.99
3.09
3.28
3.52
3.72
3.82
3.74
3.47
3.02
2.46

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

1.86
1.31
0.85
0.50
0.27
0.12
0.06
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.23  7.17  44.04

 16.37  3.28
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 11:59:26RSK-A-1C2-FD_3

 10  2567 11:59:28Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 22.30

Particle RI : 1.530

Residual (%) : 0.607

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0128Concentration : %Vol Specific Surface Area : 1.83 m²/g

Span : 5.969 Uniformity : 1.85

  Particle Size Distribution
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0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.14
0.51
0.82
1.11
1.32
1.46
1.55
1.62

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.74
1.94
2.26
2.67
3.14
3.59
3.96
4.22
4.34
4.31
4.16
3.91
3.62

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.35
3.13
3.00
2.99
3.08
3.27
3.50
3.71
3.82
3.76
3.50
3.06
2.49

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

1.89
1.32
0.85
0.49
0.26
0.11
0.05
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.23  7.19  44.12

 16.35  3.28
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 14:33:54RSK-A-1CP3_1

 10  2567 14:33:56Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 23.91

Particle RI : 1.530

Residual (%) : 0.937

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0173Concentration : %Vol Specific Surface Area : 1.46 m²/g

Span : 8.374 Uniformity : 3.47

  Particle Size Distribution
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0.020
0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.11
0.38
0.62
0.84
1.01
1.13
1.21
1.28

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.38
1.54
1.79
2.11
2.47
2.83
3.14
3.37
3.51
3.53
3.46
3.31
3.11

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

2.92
2.76
2.66
2.66
2.75
2.92
3.15
3.39
3.57
3.64
3.56
3.32
2.97

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.56
2.14
1.77
1.45
1.20
1.01
0.87
0.78
0.73
0.71
0.72
0.75
0.76

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.74
0.65
0.48
0.27
0.01
0.00
0.00
0.00
0.00
0.00

 1.54  12.28  104.34

 46.93  4.11
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 14:43:05RSK-A-1CP3_2

 10  2567 14:43:06Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 23.36

Particle RI : 1.530

Residual (%) : 0.934

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0168Concentration : %Vol Specific Surface Area : 1.47 m²/g

Span : 8.707 Uniformity : 3.5

  Particle Size Distribution
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0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.11
0.39
0.63
0.85
1.02
1.14
1.23
1.30

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.39
1.55
1.78
2.10
2.45
2.81
3.12
3.36
3.50
3.53
3.47
3.32
3.13

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

2.93
2.76
2.66
2.64
2.71
2.88
3.10
3.33
3.51
3.58
3.51
3.28
2.94

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.54
2.15
1.80
1.51
1.28
1.09
0.94
0.83
0.76
0.73
0.72
0.74
0.76

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.74
0.65
0.47
0.26
0.01
0.00
0.00
0.00
0.00
0.00

 1.52  12.23  107.97

 47.17  4.09
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 14:43:20RSK-A-1CP3_3

 10  2567 14:43:22Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 23.35

Particle RI : 1.530

Residual (%) : 0.934

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0168Concentration : %Vol Specific Surface Area : 1.47 m²/g

Span : 8.592 Uniformity : 3.46

  Particle Size Distribution
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Particle Size ( m)
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Size ( m)
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0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.11
0.39
0.62
0.85
1.02
1.14
1.22
1.29

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.39
1.55
1.79
2.10
2.46
2.81
3.13
3.36
3.50
3.53
3.47
3.32
3.13

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

2.94
2.77
2.67
2.66
2.73
2.90
3.11
3.34
3.51
3.57
3.48
3.26
2.93

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.55
2.17
1.84
1.55
1.31
1.11
0.94
0.82
0.73
0.70
0.70
0.73
0.75

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.73
0.63
0.45
0.23
0.00
0.00
0.00
0.00
0.00
0.00

 1.53  12.2  106.32

 46.54  4.09
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 14:54:37RSK-A-1D2_1

 10  2567 14:54:38Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 21.58

Particle RI : 1.530

Residual (%) : 0.578

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0139Concentration : %Vol Specific Surface Area : 1.65 m²/g

Span : 7.520 Uniformity : 2.88

  Particle Size Distribution
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Particle Size ( m)
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0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.14
0.48
0.76
1.03
1.22
1.35
1.43
1.50

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.59
1.76
2.03
2.37
2.75
3.11
3.40
3.58
3.64
3.59
3.43
3.21
2.97

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

2.75
2.58
2.50
2.52
2.64
2.85
3.12
3.40
3.61
3.70
3.63
3.41
3.06

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.66
2.25
1.88
1.55
1.27
1.03
0.82
0.66
0.53
0.43
0.38
0.35
0.34

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.31
0.25
0.14
0.01
0.00
0.00
0.00
0.00
0.00
0.00

 1.32  10.38  79.36

 33.67  3.65
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 15:08:15RSK-A-1D2_2

 10  2567 15:08:16Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 20.00

Particle RI : 1.530

Residual (%) : 0.595

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0128Concentration : %Vol Specific Surface Area : 1.63 m²/g

Span : 7.485 Uniformity : 2.89

  Particle Size Distribution
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Size ( m)
0.020
0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.13
0.46
0.75
1.01
1.20
1.34
1.42
1.49

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.59
1.75
2.00
2.33
2.69
3.04
3.34
3.55
3.64
3.62
3.51
3.31
3.08

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

2.86
2.68
2.58
2.58
2.69
2.89
3.15
3.41
3.62
3.70
3.62
3.38
3.01

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.58
2.15
1.76
1.43
1.17
0.96
0.81
0.70
0.62
0.54
0.48
0.42
0.35

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.28
0.20
0.10
0.01
0.00
0.00
0.00
0.00
0.00
0.00

 1.33  10.32  78.58

 33.58  3.68
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 15:09:18RSK-A-1D2_3

 10  2567 15:09:20Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 19.98

Particle RI : 1.530

Residual (%) : 0.580

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0129Concentration : %Vol Specific Surface Area : 1.63 m²/g

Span : 7.539 Uniformity : 2.84

  Particle Size Distribution

 0.01  0.1  1  10  100  1000  3000 
Particle Size ( m)
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0.032
0.037
0.043
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0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.13
0.47
0.75
1.01
1.20
1.34
1.42
1.49

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.58
1.74
1.99
2.32
2.68
3.03
3.33
3.53
3.62
3.60
3.48
3.29
3.06

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

2.84
2.67
2.57
2.57
2.67
2.86
3.11
3.36
3.55
3.64
3.58
3.37
3.06

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.68
2.29
1.92
1.59
1.30
1.04
0.84
0.67
0.55
0.47
0.41
0.37
0.33

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.28
0.21
0.10
0.01
0.00
0.00
0.00
0.00
0.00
0.00

 1.33  10.45  80.1

 33.46  3.69
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 15:19:57RSK-A-1CP2_1

 10  2567 15:19:59Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 20.15

Particle RI : 1.530

Residual (%) : 0.617

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0135Concentration : %Vol Specific Surface Area : 1.52 m²/g

Span : 7.037 Uniformity : 2.56

  Particle Size Distribution
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0.023
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0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.07
0.37
0.62
0.85
1.03
1.14
1.21
1.26

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.36
1.53
1.80
2.18
2.62
3.08
3.50
3.85
4.08
4.18
4.14
3.98
3.75

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.48
3.22
3.02
2.90
2.89
2.97
3.12
3.29
3.43
3.48
3.41
3.20
2.88

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.50
2.11
1.73
1.38
1.07
0.80
0.59
0.42
0.31
0.24
0.21
0.20
0.20

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.19
0.14
0.07
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.55  9.25  66.68

 27.57  3.93
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 15:22:51RSK-A-1CP2_2

 10  2567 15:22:52Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 19.47

Particle RI : 1.530

Residual (%) : 0.638

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0129Concentration : %Vol Specific Surface Area : 1.53 m²/g

Span : 7.144 Uniformity : 2.61

  Particle Size Distribution
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0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.07
0.37
0.63
0.86
1.04
1.15
1.22
1.28

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.37
1.53
1.80
2.17
2.60
3.06
3.49
3.85
4.10
4.21
4.20
4.06
3.84

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.57
3.31
3.10
2.96
2.92
2.98
3.09
3.24
3.35
3.38
3.29
3.09
2.79

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.43
2.05
1.69
1.35
1.05
0.80
0.59
0.44
0.33
0.26
0.23
0.21
0.20

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.19
0.14
0.07
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.54  9.09  66.51

 27.57  3.91
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 15:23:22RSK-A-1CP2_3

 10  2567 15:23:24Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 19.41

Particle RI : 1.530

Residual (%) : 0.641

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0128Concentration : %Vol Specific Surface Area : 1.53 m²/g

Span : 7.078 Uniformity : 2.63

  Particle Size Distribution
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Volume In %

0.00
0.00
0.00
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0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.07
0.37
0.63
0.87
1.04
1.16
1.22
1.28

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.37
1.53
1.80
2.16
2.60
3.05
3.48
3.84
4.09
4.21
4.19
4.06
3.84

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.57
3.31
3.10
2.97
2.94
2.99
3.11
3.26
3.37
3.40
3.31
3.10
2.79

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.41
2.03
1.65
1.31
1.02
0.76
0.56
0.42
0.33
0.27
0.25
0.24
0.23

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.20
0.16
0.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.53  9.11  66.03

 27.77  3.91
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 15:42:27RSK-A-1CP1_1

 10  2567 15:42:28Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 19.61

Particle RI : 1.530

Residual (%) : 0.960

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0152Concentration : %Vol Specific Surface Area : 1.28 m²/g

Span : 6.961 Uniformity : 2.64

  Particle Size Distribution
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Volume In %

0.00
0.00
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0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.02
0.26
0.45
0.64
0.78
0.88
0.94
0.99

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.07
1.20
1.42
1.73
2.11
2.53
2.95
3.35
3.69
3.94
4.10
4.15
4.11

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.99
3.83
3.65
3.50
3.40
3.35
3.36
3.39
3.41
3.36
3.24
3.02
2.72

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.38
2.03
1.71
1.42
1.18
0.98
0.83
0.72
0.63
0.57
0.51
0.45
0.40

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.32
0.23
0.11
0.01
0.00
0.00
0.00
0.00
0.00
0.00

 1.94  11.22  80.06

 34.41  4.69
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 15:43:14RSK-A-1CP1_2

 10  2567 15:43:16Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 19.37

Particle RI : 1.530

Residual (%) : 0.965

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0153Concentration : %Vol Specific Surface Area : 1.26 m²/g

Span : 7.074 Uniformity : 2.55

  Particle Size Distribution
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0.147
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0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.03
0.23
0.45
0.62
0.76
0.86
0.92
0.97

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.05
1.18
1.39
1.69
2.06
2.48
2.90
3.30
3.64
3.91
4.07
4.12
4.08

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.96
3.80
3.63
3.49
3.40
3.37
3.39
3.42
3.44
3.38
3.24
3.00
2.71

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.38
2.07
1.78
1.53
1.31
1.12
0.95
0.81
0.70
0.60
0.52
0.44
0.36

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.27
0.16
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.98  11.54  83.58

 34.29  4.77
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 15:47:42RSK-A-1CP1_3

 10  2567 15:47:44Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 18.82

Particle RI : 1.530

Residual (%) : 0.972

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0148Concentration : %Vol Specific Surface Area : 1.26 m²/g

Span : 7.114 Uniformity : 2.58

  Particle Size Distribution
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0.037
0.043
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0.059
0.068
0.080
0.093
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0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.03
0.23
0.45
0.62
0.77
0.87
0.93
0.98

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.05
1.18
1.38
1.67
2.03
2.44
2.86
3.27
3.63
3.92
4.11
4.19
4.16

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

4.04
3.87
3.69
3.53
3.41
3.36
3.36
3.39
3.40
3.36
3.22
3.00
2.70

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.36
2.03
1.72
1.46
1.25
1.07
0.93
0.82
0.74
0.65
0.57
0.48
0.38

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.28
0.15
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.97  11.42  83.24

 34.36  4.76
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          -

National Metal and Materials Technology Center

National Science and Technology Development Agency

114 Thailand Science Park, Phahonyothin Road, Khlong Nueng, Khlong Luang, 

Pathum Thani 12120 Thailand Tel. +66 2564 6500 Fax. +66 2564 6501-5  https://www.mtec.or.th

MTEC1298/67_2
Report of Samples Analysis

Issued Date : 6 November 2024
Customer : Tetra Tech Inc.

77 Soi Udomsuk 39/1, Sukhumvit 103 Road, Bangchak, 
Phrakhanong, Bangkok 10260
Tel : 0 2361 3767 Fax : 0 2361 3768

Serviced by : Physical Analysis Section, 
Technical Support for Material Analysis Division, MTEC

Date received : 18 July 2024
Date analyzed : 10-11 October 2024
Samples : Seabed Sediment Samples
Identification no. : See sample detail.
Objective : Particle size and size distribution analysis.
Instrument : Mastersizer 2000, Malvern Instruments.
Test method : Laser diffraction technique.
Conditions : Red light source : He-Ne laser source, : 633 nm.

Blue light source : Solid state light source 
Beam length : 2.35 mm.
Particle size range analysis : 0.02 – 2,000 m.
Dispersion unit : Hydro 2000S (A)
Dispersing medium : De-ionized water
Treatment : Ultrasound 10 minutes with ultrasonic bath.

     : Stir at 2000 rpm during measuring. 
Sample refractive index : 1.5300 (as default standard wet)
Number of experiments : 3
Laser power : 84.5

Sample preparation : 1. Prepare the instrument for wet analysis. Stirrer should be 
                                                    set at 2000 rpm on Hydro 2000S (A).                             

2. 10 – 50 ml. of sample was dispersed and ultrasound 
    10 minutes with ultrasonic bath.  
3. Add the dispersed sample into Hydro 2000S (A) unit and   
    measure the dispersed sample with Mastersizer 2000.

                 4. All measurements are made three times.

MTEC1298/67_2 2/12

Samples detail :

Sample No. Sample Name Sample No. Sample Name
1 RSK-A-4C2 6 REF1-C3
2 RSK-A-4CP2 7 REF2-C1
3 FSO-4CP2 8 REF2-C2
4 REF1-C1 9 REF2-C3
5 REF1-C2

Technical Terms        : Obscuration : value at particle come cover to laser beam
(percent), ranging from 10 – 30%.
Residual : on error value of analysis. This value should be
less than 5%.
D [4, 3] : mean diameter value by volume.
D [3, 2] : mean diameter value by surface area.
D (v, 0.1) : 10 volume percent less than or equal to a given
diameter.
D (v, 0.5) : 50 volume percent less than or equal to a given
diameter, median diameter.
D (v, 0.9) : 90 volume percent less than or equal to a given
diameter.
Span : the width of the distribution, which is independent 
of median size (D (v, 0.5)).
Uniformity : a measure of the absolute deviations from the
median (D (v, 0.5)).
Specific S.A. : specific surface area, calculated from 
density and D [3, 2] of a sample.

Results :

MTEC received samples from Tetra Tech Inc. Laser diffraction technique is used in order 
to analyze the particle size and size distribution by wet analysis.

The results of the particle size and size distribution of samples are shown in tables 1 – 18
and the attachments No.1 – 27.
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Table 1 Mastersizer 2000 results of RSK-A-4C2

No.of
measurement Sub-run D [4,3]

( m)
D (v,0.1)

( m)
D (v,0.5)

( m)
D (v,0.9)

( m) Span

1 1 34.45 1.82 10.41 88.59 8.33
2 35.75 1.82 10.48 94.52 8.85
3 35.65 1.83 10.57 92.19 8.55

2 1 34.23 1.84 10.79 90.05 8.17
2 35.87 1.85 10.80 95.68 8.69
3 37.32 1.85 10.84 94.38 8.54

3 1 35.37 1.84 10.86 94.32 8.52
2 35.98 1.86 11.00 97.06 8.65
3 36.48 1.86 11.02 95.87 8.53

Mean 35.68 1.84 10.75 93.63 8.54
STD 0.95 0.01 0.22 2.81 0.20

RSD% 2.66 0.54 2.05 3.00 2.34
        
Table 2 Mastersizer 2000 results of RSK-A-4C2 (Volume in%) (By customer request)

No.of
measurement

Sub-
run

0.02 - 3.9
(micron)

3.9 – 62.5
(micron)

62.5 - 2000
(micron)

Mode
(micron)

1 1 24.22 61.11 14.68 5.62
2 24.13 60.28 15.60 5.64
3 24.02 60.65 15.33 5.62

2 1 23.89 60.88 15.23 5.59
2 23.82 60.34 15.84 5.62
3 23.80 60.36 15.84 5.61

3 1 24.07 60.15 15.78 5.44
2 23.79 60.04 16.18 5.53
3 23.71 60.22 16.07 5.57

Mean 23.94 60.45 15.62 5.58
STD 0.18 0.36 0.47 0.06
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Table 3 Mastersizer 2000 results of RSK-A-4CP2

No.of
measurement Sub-run D [4,3]

( m)
D (v,0.1)

( m)
D (v,0.5)

( m)
D (v,0.9)

( m) Span

1 1 24.46 1.37 8.09 52.84 6.37
2 24.23 1.39 8.21 52.74 6.26
3 24.37 1.38 8.22 54.17 6.42

2 1 24.25 1.39 8.25 53.00 6.26
2 24.53 1.40 8.37 54.18 6.31
3 24.49 1.40 8.38 54.21 6.31

3 1 24.01 1.40 8.38 52.87 6.14
2 24.26 1.40 8.44 53.03 6.12
3 24.16 1.41 8.54 54.67 6.24

Mean 24.30 1.39 8.32 53.52 6.27
STD 0.17 0.01 0.14 0.76 0.10

RSD% 0.70 0.72 1.68 1.42 1.59
        
Table 4 Mastersizer 2000 results of RSK-A-4CP2 (Volume in%) (By customer request)

No.of
measurement

Sub-
run

0.02 - 3.9
(micron)

3.9 – 62.5
(micron)

62.5 - 2000
(micron)

Mode
(micron)

1 1 31.10 61.36 7.54 4.35
2 30.81 61.69 7.50 4.36
3 30.83 61.23 7.94 4.36

2 1 30.80 61.61 7.59 4.34
2 30.57 61.50 7.93 4.35
3 30.57 61.53 7.90 4.35

3 1 30.56 61.90 7.54 4.34
2 30.52 61.98 7.50 4.32
3 30.33 61.65 8.02 4.33

Mean 30.68 61.61 7.72 4.34
STD 0.23 0.24 0.22 0.01
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Table 5 Mastersizer 2000 results of FSO-4CP2

No.of
measurement Sub-run D [4,3]

( m)
D (v,0.1)

( m)
D (v,0.5)

( m)
D (v,0.9)

( m) Span

1 1 35.24 1.38 12.02 82.82 6.78
2 35.55 1.40 12.24 84.40 6.78
3 35.39 1.40 12.27 83.14 6.66

2 1 35.16 1.39 12.33 85.95 6.86
2 35.58 1.39 12.34 85.05 6.78
3 35.04 1.40 12.35 87.42 6.97

3 1 35.41 1.40 12.48 84.92 6.70
2 35.57 1.40 12.50 86.79 6.83
3 35.36 1.40 12.56 85.84 6.72

Mean 35.36 1.40 12.34 85.15 6.79
STD 0.19 0.01 0.16 1.54 0.09

RSD% 0.54 0.71 1.30 1.81 1.33
        
Table 6 Mastersizer 2000 results of FSO-4CP2 (Volume in%) (By customer request)

No.of
measurement

Sub-
run

0.02 - 3.9
(micron)

3.9 – 62.5
(micron)

62.5 - 2000
(micron)

Mode
(micron)

1 1 27.30 58.29 14.42 34.96
2 27.11 58.18 14.72 35.08
3 27.16 58.38 14.46 34.93

2 1 27.07 58.00 14.93 34.95
2 27.07 58.03 14.90 35.25
3 27.05 57.82 15.13 34.79

3 1 26.97 58.19 14.84 34.97
2 26.96 57.91 15.13 34.93
3 27.02 58.08 14.90 35.04

Mean 27.08 58.10 14.83 34.99
STD 0.10 0.18 0.26 0.13
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Table 7 Mastersizer 2000 results of REF1-C1

No.of
measurement Sub-run D [4,3]

( m)
D (v,0.1)

( m)
D (v,0.5)

( m)
D (v,0.9)

( m) Span

1 1 17.09 1.32 8.51 44.48 5.07
2 17.14 1.32 8.52 44.65 5.08
3 17.10 1.32 8.53 44.46 5.06

2 1 17.00 1.32 8.53 44.42 5.05
2 17.05 1.32 8.53 44.29 5.04
3 17.12 1.32 8.54 44.41 5.05

3 1 17.01 1.32 8.55 44.42 5.04
2 17.09 1.32 8.57 44.57 5.05
3 17.11 1.32 8.61 44.59 5.03

Mean 17.08 1.32 8.54 44.48 5.05
STD 0.05 0.00 0.03 0.11 0.02

RSD% 0.29 0.00 0.35 0.25 0.40
        
Table 8 Mastersizer 2000 results of REF1-C1 (Volume in%) (By customer request)

No.of
measurement

Sub-
run

0.02 - 3.9
(micron)

3.9 – 62.5
(micron)

62.5 - 2000
(micron)

Mode
(micron)

1 1 29.96 66.06 3.98 29.42
2 30.19 65.78 4.04 29.28
3 30.04 65.97 3.99 29.24

2 1 30.15 66.00 3.85 29.57
2 30.07 66.01 3.93 29.08
3 29.99 66.01 4.00 29.11

3 1 29.91 66.18 3.91 29.28
2 29.98 66.06 3.96 29.44
3 29.97 66.09 3.94 29.38

Mean 30.03 66.02 3.96 29.31
STD 0.09 0.11 0.05 0.16
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Table 9 Mastersizer 2000 results of REF1-C2

No.of
measurement Sub-run D [4,3]

( m)
D (v,0.1)

( m)
D (v,0.5)

( m)
D (v,0.9)

( m) Span

1 1 24.19 1.38 11.16 55.59 4.86
2 24.23 1.38 11.25 55.48 4.81
3 24.28 1.38 11.25 56.15 4.87

2 1 24.63 1.38 11.31 56.26 4.85
2 24.01 1.38 11.33 56.06 4.83
3 24.79 1.38 11.37 56.44 4.84

3 1 24.53 1.38 11.38 57.05 4.89
2 24.35 1.38 11.39 56.81 4.87
3 24.43 1.38 11.47 57.08 4.85

Mean 24.38 1.38 11.32 56.32 4.85
STD 0.24 0.00 0.09 0.58 0.02

RSD% 0.98 0.00 0.80 1.03 0.41
        
Table 10 Mastersizer 2000 results of REF1-C2 (Volume in%) (By customer request)

No.of
measurement

Sub-
run

0.02 - 3.9
(micron)

3.9 – 62.5
(micron)

62.5 - 2000
(micron)

Mode
(micron)

1 1 28.26 64.04 7.70 33.23
2 28.04 64.30 7.66 33.09
3 28.19 63.95 7.87 33.59

2 1 27.99 64.08 7.93 33.23
2 27.93 64.23 7.84 33.40
3 28.00 64.01 7.99 33.46

3 1 27.95 63.84 8.21 33.44
2 27.99 63.90 8.11 33.48
3 27.74 64.06 8.20 33.54

Mean 28.01 64.05 7.94 33.38
STD 0.15 0.15 0.20 0.17
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Table 11 Mastersizer 2000 results of REF1-C3

No.of
measurement Sub-run D [4,3]

( m)
D (v,0.1)

( m)
D (v,0.5)

( m)
D (v,0.9)

( m) Span

1 1 30.71 1.54 12.47 67.30 5.27
2 30.40 1.55 12.59 66.80 5.18
3 30.91 1.55 12.62 68.12 5.27

2 1 30.52 1.56 12.67 68.83 5.31
2 30.36 1.55 12.72 69.28 5.33
3 30.78 1.56 12.74 68.64 5.27

3 1 30.37 1.55 12.79 68.35 5.22
2 31.02 1.55 12.79 69.90 5.34
3 30.20 1.56 12.81 69.36 5.29

Mean 30.59 1.55 12.69 68.51 5.28
STD 0.28 0.01 0.11 1.00 0.05

RSD% 0.92 0.65 0.87 1.46 0.95
        
Table 12 Mastersizer 2000 results of REF1-C3 (Volume in%) (By customer request)

No.of
measurement

Sub-
run

0.02 - 3.9
(micron)

3.9 – 62.5
(micron)

62.5 - 2000
(micron)

Mode
(micron)

1 1 25.80 62.84 11.36 34.79
2 25.77 63.00 11.23 34.76
3 25.76 62.73 11.51 34.34

2 1 25.83 62.44 11.73 34.64
2 25.69 62.44 11.88 34.71
3 25.66 62.68 11.66 34.68

3 1 25.58 62.74 11.68 35.17
2 25.67 62.31 12.03 34.82
3 25.70 62.41 11.90 34.93

Mean 25.72 62.62 11.66 34.76
STD 0.08 0.23 0.26 0.22
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Table 13 Mastersizer 2000 results of REF2-C1

No.of
measurement Sub-run D [4,3]

( m)
D (v,0.1)

( m)
D (v,0.5)

( m)
D (v,0.9)

( m) Span

1 1 13.26 1.18 6.06 35.70 5.70
2 13.28 1.18 6.12 35.75 5.65
3 13.31 1.18 6.15 35.86 5.64

2 1 13.25 1.18 6.19 35.51 5.55
2 13.22 1.18 6.19 35.42 5.53
3 13.27 1.18 6.20 35.60 5.55

3 1 13.24 1.18 6.20 35.60 5.55
2 13.21 1.18 6.21 35.34 5.50
3 13.29 1.18 6.22 35.69 5.55

Mean 13.26 1.18 6.17 35.61 5.58
STD 0.03 0.00 0.05 0.16 0.07

RSD% 0.23 0.00 0.81 0.45 1.25
        
Table 14 Mastersizer 2000 results of REF2-C1 (Volume in%) (By customer request)

No.of
measurement

Sub-
run

0.02 - 3.9
(micron)

3.9 – 62.5
(micron)

62.5 - 2000
(micron)

Mode
(micron)

1 1 36.84 60.90 2.26 4.00
2 36.57 61.20 2.23 4.04
3 36.45 61.33 2.23 4.08

2 1 36.23 61.56 2.21 4.19
2 36.22 61.62 2.16 4.17
3 36.23 61.58 2.19 4.14

3 1 36.21 61.67 2.13 4.17
2 36.12 61.70 2.18 4.23
3 36.11 61.69 2.20 4.21

Mean 36.33 61.47 2.20 4.14
STD 0.24 0.27 0.04 0.08
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Table 15 Mastersizer 2000 results of REF2-C2

No.of
measurement Sub-run D [4,3]

( m)
D (v,0.1)

( m)
D (v,0.5)

( m)
D (v,0.9)

( m) Span

1 1 12.53 1.13 6.04 33.46 5.35
2 12.59 1.13 6.05 33.61 5.37
3 12.68 1.13 6.05 33.86 5.41

2 1 12.83 1.13 6.07 34.09 5.43
2 12.69 1.13 6.07 33.88 5.39
3 12.64 1.13 6.08 33.77 5.37

3 1 12.86 1.13 6.08 34.24 5.44
2 12.87 1.13 6.09 34.12 5.42
3 12.77 1.13 6.10 34.07 5.40

Mean 12.72 1.13 6.07 33.90 5.40
STD 0.12 0.00 0.02 0.26 0.03

RSD% 0.94 0.00 0.33 0.77 0.56
        
Table 16 Mastersizer 2000 results of REF2-C2 (Volume in%) (By customer request)

No.of
measurement

Sub-
run

0.02 - 3.9
(micron)

3.9 – 62.5
(micron)

62.5 - 2000
(micron)

Mode
(micron)

1 1 36.57 61.60 1.83 4.46
2 36.57 61.54 1.89 4.45
3 36.55 61.46 2.00 4.46

2 1 36.47 61.40 2.13 4.45
2 36.50 61.54 1.96 4.44
3 36.49 61.65 1.86 4.43

3 1 36.48 61.40 2.12 4.43
2 36.44 61.41 2.15 4.43
3 36.40 61.59 2.01 4.44

Mean 36.49 61.51 1.99 4.44
STD 0.06 0.10 0.12 0.01
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Table 17 Mastersizer 2000 results of REF2-C3

No.of
measurement Sub-run D [4,3]

( m)
D (v,0.1)

( m)
D (v,0.5)

( m)
D (v,0.9)

( m) Span

1 1 13.57 1.12 6.65 35.81 5.22
2 13.55 1.12 6.65 35.79 5.21
3 13.44 1.12 6.66 35.41 5.15

2 1 13.56 1.12 6.67 35.70 5.19
2 13.59 1.12 6.67 35.68 5.18
3 13.55 1.12 6.67 35.80 5.20

3 1 13.52 1.12 6.67 35.56 5.16
2 13.59 1.12 6.68 35.86 5.20
3 13.64 1.12 6.68 35.72 5.18

Mean 13.56 1.12 6.67 35.70 5.19
STD 0.06 0.00 0.01 0.14 0.02

RSD% 0.44 0.00 0.15 0.39 0.39
        
Table 18 Mastersizer 2000 results of REF2-C3 (Volume in%) (By customer request)

No.of
measurement

Sub-
run

0.02 - 3.9
(micron)

3.9 – 62.5
(micron)

62.5 - 2000
(micron)

Mode
(micron)

1 1 35.72 62.35 1.93 4.00
2 35.75 62.31 1.93 3.95
3 35.54 62.59 1.87 4.16

2 1 35.63 62.41 1.96 4.02
2 35.47 62.50 2.03 4.19
3 35.50 62.54 1.96 4.17

3 1 35.48 62.57 1.96 4.16
2 35.43 62.55 2.03 4.18
3 35.60 62.36 2.04 4.03

Mean 35.57 62.46 1.97 4.10
STD 0.12 0.11 0.06 0.09

   Note : 1. The specific surface area is inapplicable unless the density of a sample is known.
2. The results of particle size distribution are dispersion particle only.
3. Some particle of sample are vary size and size over range of instrument.
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 16:04:50RSK-A-4C2_1

 10  2567 16:04:52Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 21.38

Particle RI : 1.530

Residual (%) : 0.636

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0162Concentration : %Vol Specific Surface Area : 1.33 m²/g

Span : 8.517 Uniformity : 2.84

  Particle Size Distribution
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Size ( m)
0.020
0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.02
0.29
0.50
0.70
0.84
0.94
0.99
1.04

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.11
1.26
1.50
1.85
2.26
2.71
3.16
3.56
3.87
4.07
4.13
4.08
3.92

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.69
3.44
3.20
3.03
2.92
2.91
2.96
3.05
3.14
3.17
3.12
2.96
2.74

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.48
2.21
1.98
1.77
1.58
1.41
1.23
1.05
0.87
0.70
0.54
0.41
0.30

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.21
0.12
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.84  10.86  94.32

 35.37  4.5

Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789
Malvern, UK
Malvern Instruments Ltd.

Serial Number : MAL1021434
Mastersizer 2000 Ver. 6.01

6/11/2567 14:52:06
Record Number: 948
File name: MTEC1298_67_21sam_tetractech.mea

Attached page 1
Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 16:10:27RSK-A-4C2_2

 10  2567 16:10:28Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 20.33

Particle RI : 1.530

Residual (%) : 0.672

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0152Concentration : %Vol Specific Surface Area : 1.34 m²/g

Span : 8.545 Uniformity : 2.95

  Particle Size Distribution
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Size ( m)
0.020
0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.02
0.29
0.50
0.70
0.85
0.95
1.00
1.05

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.12
1.26
1.50
1.83
2.23
2.68
3.14
3.55
3.89
4.12
4.22
4.19
4.04

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.82
3.56
3.31
3.11
2.99
2.94
2.97
3.04
3.09
3.10
3.03
2.87
2.65

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.40
2.15
1.91
1.69
1.49
1.30
1.13
0.97
0.82
0.68
0.55
0.44
0.35

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.26
0.18
0.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.83  10.57  92.19

 35.64  4.48

Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789
Malvern, UK
Malvern Instruments Ltd.

Serial Number : MAL1021434
Mastersizer 2000 Ver. 6.01

6/11/2567 14:52:06
Record Number: 949
File name: MTEC1298_67_21sam_tetractech.mea

Attached page 2

Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 16:12:34RSK-A-4C2_3

 10  2567 16:12:35Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 20.20

Particle RI : 1.530

Residual (%) : 0.664

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0151Concentration : %Vol Specific Surface Area : 1.35 m²/g

Span : 8.848 Uniformity : 2.99

  Particle Size Distribution
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Particle Size ( m)
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Size ( m)
0.020
0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.02
0.29
0.50
0.71
0.86
0.96
1.01
1.06

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.13
1.27
1.50
1.83
2.24
2.69
3.14
3.56
3.90
4.13
4.24
4.21
4.06

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.83
3.57
3.32
3.11
2.97
2.92
2.93
2.98
3.02
3.03
2.95
2.81
2.60

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.37
2.13
1.91
1.71
1.53
1.35
1.18
1.02
0.86
0.71
0.58
0.46
0.36

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.26
0.15
0.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.82  10.48  94.52

 35.75  4.46

Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789
Malvern, UK
Malvern Instruments Ltd.

Serial Number : MAL1021434
Mastersizer 2000 Ver. 6.01
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 16:24:41RSK-A-4CP2_1

 10  2567 16:24:42Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 21.91

Particle RI : 1.530

Residual (%) : 0.907

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0137Concentration : %Vol Specific Surface Area : 1.65 m²/g

Span : 6.120 Uniformity : 2.46

  Particle Size Distribution
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0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.11
0.41
0.68
0.92
1.11
1.25
1.35
1.44

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.56
1.76
2.06
2.46
2.91
3.34
3.72
3.99
4.13
4.14
4.02
3.81
3.55

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.31
3.12
3.02
3.03
3.13
3.32
3.54
3.73
3.81
3.74
3.48
3.07
2.55

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.00
1.50
1.08
0.77
0.54
0.39
0.29
0.24
0.23
0.23
0.24
0.25
0.25

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.22
0.14
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.4  8.44  53.02

 24.26  3.64
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Malvern, UK
Malvern Instruments Ltd.

Serial Number : MAL1021434
Mastersizer 2000 Ver. 6.01

6/11/2567 14:52:06
Record Number: 951
File name: MTEC1298_67_21sam_tetractech.mea

Attached page 4



Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 16:27:30RSK-A-4CP2_2

 10  2567 16:27:32Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 21.62

Particle RI : 1.530

Residual (%) : 0.894

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0134Concentration : %Vol Specific Surface Area : 1.66 m²/g

Span : 6.257 Uniformity : 2.52

  Particle Size Distribution
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Particle Size ( m)
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0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.11
0.42
0.68
0.93
1.13
1.27
1.37
1.45

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.58
1.78
2.08
2.48
2.92
3.37
3.75
4.02
4.17
4.18
4.06
3.85
3.60

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.35
3.15
3.03
3.02
3.11
3.28
3.49
3.67
3.74
3.66
3.40
2.97
2.46

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

1.92
1.43
1.04
0.76
0.56
0.44
0.36
0.31
0.28
0.26
0.25
0.24
0.23

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.20
0.14
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.39  8.25  53

 24.25  3.6
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 16:31:11RSK-A-4CP2_3

 10  2567 16:31:12Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 21.43

Particle RI : 1.530

Residual (%) : 0.885

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0133Concentration : %Vol Specific Surface Area : 1.67 m²/g

Span : 6.421 Uniformity : 2.54

  Particle Size Distribution

 0.01  0.1  1  10  100  1000  3000 
Particle Size ( m)
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Size ( m)
0.020
0.023
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0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.11
0.42
0.68
0.93
1.13
1.27
1.37
1.46

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.58
1.78
2.08
2.48
2.93
3.37
3.75
4.03
4.18
4.19
4.07
3.86
3.61

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.35
3.14
3.02
3.00
3.07
3.23
3.43
3.60
3.68
3.61
3.36
2.95
2.45

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

1.93
1.47
1.10
0.83
0.65
0.52
0.43
0.36
0.30
0.25
0.21
0.20
0.19

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.18
0.14
0.07
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.38  8.22  54.17

 24.36  3.6
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 18:44:40FSO-4CP2_1

 10  2567 18:44:41Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 20.54

Particle RI : 1.530

Residual (%) : 0.580

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0141Concentration : %Vol Specific Surface Area : 1.54 m²/g

Span : 6.723 Uniformity : 2.47

  Particle Size Distribution

 0.01  0.1  1  10  100  1000  3000 
Particle Size ( m)
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0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.13
0.45
0.72
0.97
1.15
1.27
1.34
1.40

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.47
1.61
1.82
2.11
2.43
2.75
3.02
3.22
3.33
3.34
3.28
3.15
2.98

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

2.82
2.70
2.64
2.66
2.79
3.01
3.29
3.58
3.81
3.92
3.85
3.62
3.24

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.80
2.35
1.94
1.60
1.33
1.13
0.98
0.86
0.76
0.65
0.55
0.45
0.35

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.25
0.13
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.4  12.56  85.84

 35.36  3.91

Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 18:45:42FSO-4CP2_2

 10  2567 18:45:44Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 20.34

Particle RI : 1.530

Residual (%) : 0.590

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0139Concentration : %Vol Specific Surface Area : 1.55 m²/g

Span : 6.664 Uniformity : 2.53

  Particle Size Distribution
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0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.13
0.45
0.72
0.97
1.16
1.28
1.35
1.41

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.48
1.62
1.83
2.12
2.44
2.76
3.03
3.23
3.35
3.37
3.31
3.18
3.02

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

2.86
2.73
2.67
2.69
2.81
3.03
3.30
3.58
3.81
3.91
3.84
3.61
3.23

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.78
2.33
1.91
1.56
1.28
1.06
0.89
0.76
0.66
0.57
0.50
0.43
0.37

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.29
0.20
0.09
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.39  12.27  83.14

 35.39  3.88

Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789
Malvern, UK
Malvern Instruments Ltd.

Serial Number : MAL1021434
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 10  2567 18:49:58FSO-4CP2_3

 10  2567 18:49:59Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 19.97

Particle RI : 1.530

Residual (%) : 0.600

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0135Concentration : %Vol Specific Surface Area : 1.56 m²/g

Span : 6.778 Uniformity : 2.58

  Particle Size Distribution
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Size ( m)
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0.023
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0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.13
0.46
0.73
0.98
1.17
1.29
1.37
1.42

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.49
1.63
1.84
2.12
2.44
2.76
3.04
3.25
3.37
3.40
3.34
3.22
3.06

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

2.89
2.76
2.68
2.70
2.81
3.01
3.27
3.54
3.76
3.86
3.79
3.57
3.21

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.77
2.34
1.93
1.59
1.32
1.10
0.92
0.77
0.63
0.51
0.42
0.35
0.30

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.27
0.22
0.15
0.05
0.00
0.00
0.00
0.00
0.00
0.00

 1.38  12.01  82.82

 35.23  3.86

Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789
Malvern, UK
Malvern Instruments Ltd.

Serial Number : MAL1021434
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 11  2567 9:37:10REF1-C1_1

 11  2567 9:37:11Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 21.53

Particle RI : 1.530

Residual (%) : 0.622

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0133Concentration : %Vol Specific Surface Area : 1.7 m²/g

Span : 5.046 Uniformity : 1.58

  Particle Size Distribution
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1.082

Volume In %
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0.00
0.00
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0.01
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0.47
0.76
1.03
1.23
1.36
1.44
1.50

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.58
1.74
1.99
2.32
2.71
3.11
3.47
3.76
3.95
4.04
4.02
3.91
3.74

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.56
3.42
3.34
3.36
3.48
3.68
3.92
4.12
4.20
4.10
3.78
3.27
2.63

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

1.96
1.33
0.82
0.45
0.22
0.08
0.01
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.32  8.57  44.57

 17.09  3.53
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 11  2567 9:37:26REF1-C1_2

 11  2567 9:37:27Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 21.48

Particle RI : 1.530

Residual (%) : 0.623

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0133Concentration : %Vol Specific Surface Area : 1.7 m²/g

Span : 5.061 Uniformity : 1.59

  Particle Size Distribution
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0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.12
0.47
0.76
1.03
1.23
1.37
1.44
1.50

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.59
1.74
1.99
2.33
2.72
3.11
3.47
3.77
3.96
4.05
4.03
3.92
3.75

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.57
3.42
3.34
3.36
3.48
3.68
3.92
4.11
4.19
4.08
3.75
3.23
2.59

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

1.92
1.31
0.82
0.46
0.23
0.09
0.04
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.32  8.53  44.46

 17.1  3.53
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 11  2567 9:39:32REF1-C1_3

 11  2567 9:39:33Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 21.27

Particle RI : 1.530

Residual (%) : 0.625

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0131Concentration : %Vol Specific Surface Area : 1.7 m²/g

Span : 5.070 Uniformity : 1.59

  Particle Size Distribution
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0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.12
0.47
0.76
1.03
1.23
1.37
1.45
1.51

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.59
1.74
1.98
2.32
2.70
3.10
3.46
3.76
3.97
4.07
4.05
3.95
3.78

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.60
3.44
3.35
3.36
3.47
3.66
3.90
4.09
4.18
4.07
3.75
3.24
2.60

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

1.93
1.31
0.81
0.45
0.23
0.09
0.05
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.32  8.51  44.48

 17.09  3.53
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 11  2567 9:54:40REF1-C2_1

 11  2567 9:54:41Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 20.06

Particle RI : 1.530

Residual (%) : 0.585

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0132Concentration : %Vol Specific Surface Area : 1.59 m²/g

Span : 4.869 Uniformity : 1.8

  Particle Size Distribution
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0.093
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0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.12
0.45
0.72
0.98
1.17
1.29
1.37
1.43

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.52
1.67
1.91
2.23
2.58
2.92
3.20
3.40
3.50
3.49
3.39
3.23
3.05

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

2.89
2.79
2.79
2.91
3.14
3.48
3.88
4.26
4.54
4.62
4.46
4.05
3.45

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.75
2.05
1.43
0.93
0.56
0.32
0.17
0.10
0.08
0.08
0.10
0.12
0.13

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.14
0.11
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.38  11.25  56.15

 24.27  3.78
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 11  2567 9:56:29REF1-C2_2

 11  2567 9:56:30Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 19.81

Particle RI : 1.530

Residual (%) : 0.589

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0131Concentration : %Vol Specific Surface Area : 1.58 m²/g

Span : 4.868 Uniformity : 1.78

  Particle Size Distribution
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0.043
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0.068
0.080
0.093
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0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.12
0.45
0.72
0.98
1.17
1.30
1.37
1.43

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.51
1.66
1.89
2.20
2.55
2.88
3.17
3.37
3.47
3.47
3.38
3.23
3.05

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

2.89
2.80
2.79
2.91
3.14
3.48
3.88
4.26
4.53
4.61
4.45
4.04
3.45

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.76
2.08
1.47
0.98
0.62
0.37
0.21
0.13
0.09
0.08
0.09
0.11
0.12

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.13
0.10
0.04
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.38  11.39  56.81

 24.35  3.79
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 11  2567 10:01:01REF1-C2_3

 11  2567 10:01:02Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 19.47

Particle RI : 1.530

Residual (%) : 0.592

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0129Concentration : %Vol Specific Surface Area : 1.58 m²/g

Span : 4.854 Uniformity : 1.77

  Particle Size Distribution
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0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.01
0.12
0.44
0.72
0.98
1.17
1.29
1.37
1.43

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.51
1.65
1.87
2.17
2.51
2.84
3.13
3.34
3.46
3.47
3.40
3.26
3.08

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

2.92
2.82
2.80
2.91
3.14
3.48
3.88
4.26
4.53
4.61
4.45
4.05
3.47

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.79
2.11
1.50
1.00
0.63
0.37
0.20
0.12
0.08
0.07
0.09
0.11
0.12

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.12
0.10
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.38  11.47  57.08

 24.43  3.81

Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789
Malvern, UK
Malvern Instruments Ltd.

Serial Number : MAL1021434
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 11  2567 10:16:54REF1-C3_1

 11  2567 10:16:56Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 19.62

Particle RI : 1.530

Residual (%) : 0.604

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0139Concentration : %Vol Specific Surface Area : 1.45 m²/g

Span : 5.309 Uniformity : 2.05

  Particle Size Distribution
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Size ( m)
0.020
0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.09
0.38
0.62
0.85
1.02
1.14
1.21
1.26

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.35
1.49
1.72
2.03
2.38
2.74
3.05
3.30
3.44
3.49
3.43
3.29
3.12

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

2.94
2.81
2.76
2.82
3.00
3.28
3.63
3.98
4.25
4.37
4.27
3.96
3.48

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.90
2.30
1.77
1.32
0.99
0.74
0.58
0.47
0.40
0.35
0.31
0.28
0.24

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.20
0.13
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.55  12.67  68.83

 30.52  4.14
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 11  2567 10:20:46REF1-C3_2

 11  2567 10:20:48Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 19.27

Particle RI : 1.530

Residual (%) : 0.611

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0136Concentration : %Vol Specific Surface Area : 1.45 m²/g

Span : 5.184 Uniformity : 2.06

  Particle Size Distribution
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0.020
0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.09
0.38
0.62
0.86
1.03
1.15
1.22
1.28

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.36
1.49
1.72
2.01
2.36
2.71
3.03
3.28
3.44
3.50
3.45
3.33
3.15

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

2.97
2.84
2.78
2.84
3.01
3.30
3.65
4.02
4.30
4.42
4.33
4.02
3.52

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.93
2.31
1.74
1.26
0.88
0.62
0.45
0.36
0.32
0.31
0.31
0.30
0.28

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.24
0.17
0.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.55  12.59  66.8

 30.4  4.13

Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 11  2567 10:23:25REF1-C3_3

 11  2567 10:23:26Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 19.12

Particle RI : 1.530

Residual (%) : 0.613

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0135Concentration : %Vol Specific Surface Area : 1.46 m²/g

Span : 5.272 Uniformity : 2.1

  Particle Size Distribution

 0.01  0.1  1  10  100  1000  3000 
Particle Size ( m)
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Size ( m)
0.020
0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.00
0.09
0.38
0.63
0.86
1.04
1.15
1.23
1.28

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.36
1.50
1.72
2.01
2.35
2.70
3.02
3.28
3.44
3.51
3.47
3.35
3.18

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.00
2.86
2.81
2.85
3.02
3.29
3.63
3.97
4.24
4.36
4.28
3.98
3.50

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

2.92
2.32
1.76
1.28
0.91
0.64
0.47
0.36
0.31
0.29
0.28
0.29
0.28

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.26
0.20
0.10
0.01
0.00
0.00
0.00
0.00
0.00
0.00

 1.54  12.47  67.3

 30.71  4.11
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 11  2567 10:43:28REF2-C1_1

 11  2567 10:43:29Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 23.57

Particle RI : 1.530

Residual (%) : 0.931

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0127Concentration : %Vol Specific Surface Area : 1.97 m²/g

Span : 5.700 Uniformity : 1.73

  Particle Size Distribution
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Size ( m)
0.020
0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.02
0.17
0.53
0.84
1.14
1.36
1.53
1.64
1.75

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.91
2.16
2.53
3.00
3.52
4.01
4.41
4.65
4.74
4.67
4.47
4.20
3.91

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.64
3.44
3.32
3.28
3.31
3.36
3.41
3.40
3.28
3.04
2.66
2.19
1.68

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

1.18
0.77
0.45
0.25
0.11
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.18  6.06  35.7

 13.26  3.05
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 11  2567 10:46:52REF2-C1_2

 11  2567 10:46:53Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 22.64

Particle RI : 1.530

Residual (%) : 0.966

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0122Concentration : %Vol Specific Surface Area : 1.95 m²/g

Span : 5.550 Uniformity : 1.68

  Particle Size Distribution
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Size ( m)
0.020
0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.02
0.16
0.53
0.84
1.14
1.37
1.53
1.65
1.75

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.90
2.13
2.48
2.93
3.42
3.90
4.29
4.56
4.67
4.64
4.49
4.26
3.98

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.73
3.52
3.40
3.35
3.37
3.42
3.46
3.45
3.33
3.08
2.69
2.21
1.69

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

1.19
0.76
0.43
0.22
0.08
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.18  6.2  35.6

 13.24  3.08
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 11  2567 10:47:24REF2-C1_3

 11  2567 10:47:25Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 22.55

Particle RI : 1.530

Residual (%) : 0.961

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0121Concentration : %Vol Specific Surface Area : 1.95 m²/g

Span : 5.550 Uniformity : 1.69

  Particle Size Distribution
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Size ( m)
0.020
0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.02
0.16
0.53
0.84
1.14
1.36
1.53
1.65
1.75

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.90
2.13
2.48
2.93
3.42
3.90
4.29
4.56
4.69
4.66
4.51
4.27
4.00

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.74
3.54
3.41
3.35
3.37
3.41
3.45
3.43
3.30
3.04
2.65
2.17
1.66

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

1.17
0.76
0.45
0.25
0.11
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.18  6.19  35.51

 13.25  3.07
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 11  2567 11:16:07REF2-C2_1

 11  2567 11:16:09Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 21.63

Particle RI : 1.530

Residual (%) : 0.981

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0114Concentration : %Vol Specific Surface Area : 2 m²/g

Span : 5.393 Uniformity : 1.63

  Particle Size Distribution
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Size ( m)
0.020
0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.02
0.18
0.57
0.90
1.21
1.45
1.61
1.72
1.81

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.94
2.14
2.46
2.88
3.36
3.83
4.23
4.54
4.71
4.73
4.63
4.44
4.19

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.94
3.72
3.55
3.45
3.40
3.38
3.35
3.27
3.11
2.84
2.46
2.00
1.52

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

1.06
0.68
0.40
0.21
0.09
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.13  6.07  33.88

 12.69  2.99

Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789
Malvern, UK
Malvern Instruments Ltd.
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 11  2567 11:16:23REF2-C2_2

 11  2567 11:16:24Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 21.63

Particle RI : 1.530

Residual (%) : 0.982

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0114Concentration : %Vol Specific Surface Area : 2 m²/g

Span : 5.400 Uniformity : 1.64

  Particle Size Distribution
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0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.02
0.18
0.57
0.89
1.20
1.44
1.61
1.72
1.81

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.93
2.14
2.45
2.87
3.35
3.82
4.23
4.53
4.70
4.73
4.63
4.43
4.18

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.93
3.71
3.55
3.45
3.40
3.38
3.36
3.29
3.12
2.85
2.47
2.01
1.53

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

1.08
0.70
0.41
0.22
0.10
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.13  6.1  34.07

 12.77  3
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 11  2567 11:17:51REF2-C2_3

 11  2567 11:17:53Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 21.54

Particle RI : 1.530

Residual (%) : 0.981

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0113Concentration : %Vol Specific Surface Area : 2.01 m²/g

Span : 5.408 Uniformity : 1.64

  Particle Size Distribution
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Size ( m)
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0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.02
0.19
0.57
0.90
1.21
1.45
1.62
1.73
1.82

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.94
2.15
2.46
2.88
3.35
3.82
4.24
4.54
4.72
4.75
4.65
4.46
4.21

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.95
3.72
3.55
3.44
3.39
3.36
3.32
3.24
3.08
2.81
2.43
1.99
1.51

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

1.07
0.69
0.41
0.22
0.09
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.13  6.05  33.86

 12.68  2.99
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 11  2567 11:29:32REF2-C3_1

 11  2567 11:29:34Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 22.38

Particle RI : 1.530

Residual (%) : 1.038

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0121Concentration : %Vol Specific Surface Area : 1.98 m²/g

Span : 5.212 Uniformity : 1.61

  Particle Size Distribution
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Particle Size ( m)
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0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.02
0.20
0.58
0.91
1.21
1.45
1.62
1.73
1.83

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.96
2.17
2.48
2.88
3.31
3.71
4.01
4.20
4.25
4.20
4.06
3.88
3.71

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.58
3.51
3.51
3.58
3.68
3.79
3.85
3.82
3.65
3.33
2.86
2.30
1.70

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

1.16
0.70
0.39
0.17
0.07
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.12  6.65  35.79

 13.55  3.04
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 11  2567 11:30:03REF2-C3_2

 11  2567 11:30:05Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 22.21

Particle RI : 1.530

Residual (%) : 1.040

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0120Concentration : %Vol Specific Surface Area : 1.98 m²/g

Span : 5.220 Uniformity : 1.61

  Particle Size Distribution

 0.01  0.1  1  10  100  1000  3000 
Particle Size ( m)
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Size ( m)
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0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.02
0.20
0.58
0.91
1.22
1.45
1.62
1.74
1.83

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.96
2.16
2.47
2.87
3.30
3.70
4.01
4.20
4.26
4.21
4.08
3.90
3.73

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.59
3.51
3.50
3.56
3.66
3.77
3.84
3.82
3.66
3.34
2.87
2.30
1.70

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

1.14
0.69
0.38
0.17
0.08
0.01
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.12  6.65  35.81

 13.57  3.04
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Sample Details

E:\TSMA-PHA\MS2000\Modified 
File\TS 67\MTEC1298 67 21sam tetractech mea

Dispersing medium : De-ionized water.
Treatment : Ultrasound 10 minutes with ultrasonic bath before 
measurement and stirring at 2,000 rpm during measuring.

Sample Notes :

 11  2567 11:30:35REF2-C3_3

 11  2567 11:30:36Sample File :

Measured :

Result : Analysis Report

Analysed :

Sample ID :

System Details

Accessory Name : Hydro 2000S (A) Beam Length (mm) : 2.35 Obscuration (%) : 22.08

Particle RI : 1.530

Residual (%) : 1.068

Absorption : 0.1 Dispersant Name : Water Dispersant RI : 1.330

Result Statistics

Mean Diameters : um D (0.5) : umD (0.1) :

D [4,3] : um D [3,2] : um

D (0.9) : um

Distribution Type : Volume 0.0119Concentration : %Vol Specific Surface Area : 1.97 m²/g

Span : 5.187 Uniformity : 1.6

  Particle Size Distribution
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Particle Size ( m)
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Size ( m)
0.020
0.023
0.027
0.032
0.037
0.043
0.050
0.059
0.068
0.080
0.093
0.108
0.126
0.147

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
0.147
0.172
0.200
0.233
0.272
0.317
0.370
0.431
0.502
0.586
0.683
0.796
0.928
1.082

Volume In %

0.00
0.00
0.00
0.00
0.02
0.20
0.58
0.90
1.21
1.45
1.62
1.73
1.83

Size ( m)
1.082
1.262
1.471
1.715
2.000
2.332
2.719
3.170
3.696
4.309
5.024
5.857
6.829
7.962

Volume In %

1.95
2.16
2.47
2.86
3.29
3.69
4.00
4.19
4.26
4.21
4.08
3.91
3.74

Size ( m)
7.962
9.283

10.823
12.619
14.713
17.154
20.000
23.318
27.187
31.698
36.957
43.089
50.238
58.573

Volume In %

3.60
3.53
3.52
3.59
3.69
3.80
3.86
3.82
3.65
3.31
2.84
2.27
1.68

Size ( m)
58.573
68.291
79.621
92.832

108.234
126.191
147.128
171.539
200.000
233.183
271.871
316.979
369.570
430.887

Volume In %

1.14
0.70
0.39
0.18
0.08
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Size ( m)
430.887
502.377
585.729
682.910
796.214
928.318

1082.339
1261.915
1471.285
1715.392
2000.000

Volume In %

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

 1.12  6.67  35.7

 13.56  3.04
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Marine Ecosearch Management Co., Ltd.
4/31 Moo 1, Tambon Namnoi, Hat Yai, Songkla 90110
Tel / Fax  -66-74- 213 421
email: marine_ecosearch@hotmail.com

Principal Taxonomist

September 10th, 2024
Ted Donn,
Tetra Tech, Inc. Lafayette
3746 Mt. Diablo Blvd., Suite 300 Lafayette, CA 94549

RE: Environmental Studies for North Gulf Petroleum, April 2024

Enclosed are the analytical results for samples received by MEM from Tetra Tech Inc. The 
identification result was submitted by the Coral Reef and Benthos Research Unit, Division of 
Biological Science, Faculty of Science, Prince of Songkla University, which are enclosed with
this letter.

Should you have any questions concerning this report, please feel free to contact me. 

Yours sincerely,

Jintana Plathong
General Manager 
Marine Ecosearch Management Co., Ltd.

The results in this report apply to the samples analyzed in accordance with the chain of custody 
document. This analytical report must be reproduced in its entirety.

Marine Ecosearch Management Co., Ltd.
4/31 Moo 1, Tambon Namnoi, Hat Yai, Songkla 90110   
Tel / Fax  -66-74- 213 421
email: marine_ecosearch@hotmail.com

Principal Taxonomist

List of Samples received.
North Gulf Petroleum, April 2024 

Benthos

No. Date Sample ID Location Time
No. of Bottles

100 ml. 500 ml. 1,000 ml.
1 4/8/2024 RSK-A-1C2-C1 Rossukon A 15.21 0 1(A+B) 0
2 4/8/2024 RSK-A-1C2-C2 Rossukon A 15.29 0 1(A+B) 0
3 4/8/2024 RSK-A-1C2-C3 Rossukon A 15.37 0 1B 1A
4 4/9/2024 RSK-A-1CP1-C1 Rossukon A 8.34 0 1B 4A
5 4/9/2024 RSK-A-1CP1-C2 Rossukon A 8.42 0 1B 1A
6 4/9/2024 RSK-A-1CP1-C3 Rossukon A 8.50 0 1B,1 Poly 2A
7 4/9/2024 RSK-A-1CP2-C1 Rossukon A 7.25 0 1(A+B) 0
8 4/9/2024 RSK-A-1CP2-C2 Rossukon A 7.33 0 1(A+B) 0
9 4/9/2024 RSK-A-1CP2-C3 Rossukon A 7.41 0 1B 1A
10 4/8/2024 RSK-A-1CP3-C1 Rossukon A 17.05 0 1B 3A
11 4/8/2024 RSK-A-1CP3-C2 Rossukon A 17.13 0 1B 3A
12 4/8/2024 RSK-A-1CP3-C3 Rossukon A 17.21 0 1B 2A
13 4/9/2024 RSK-A-1D2-C1 Rossukon A 6.18 0 1B 3A
14 4/9/2024 RSK-A-1D2-C2 Rossukon A 6.25 0 1B 2A
15 4/9/2024 RSK-A-1D2-C3 Rossukon A 6.38 0 1B 3A
16 4/8/2024 RSK-A-2C2-C1 Rossukon A 14.10 1S 1B 3A
17 4/8/2024 RSK-A-2C2-C2 Rossukon A 14.18 1S 1B 3A
18 4/8/2024 RSK-A-2C2-C3 Rossukon A 14.26 1S 1B 3A
19 4/8/2024 RSK-A-2CP2-C1 Rossukon A 11.08 1S 1B 2A
20 4/8/2024 RSK-A-2CP2-C2 Rossukon A 11.16 1S 1B 2A
21 4/8/2024 RSK-A-2CP2-C3 Rossukon A 11.24 1S 1(A+B) 0
22 4/9/2024 RSK-A-4C2-C1 Rossukon A 10.11 0 1B 3A
23 4/9/2024 RSK-A-4C2-C2 Rossukon A 10.19 0 1B 2A
24 4/9/2024 RSK-A-4C2-C3 Rossukon A 10.27 0 1B 4A
25 4/9/2024 RSK-A-4CP2-C1 Rossukon A 11.32 0 1B 2A
26 4/9/2024 RSK-A-4CP2-C2 Rossukon A 11.40 0 1B 3A
27 4/9/2024 RSK-A-4CP2-C3 Rossukon A 11.48 0 1B 2A
28 4/8/2024 FSO-2CP2-C1 Rossukon tanker 9.06 1S 1(A+B) 0
29 4/8/2024 FSO-2CP2-C2 Rossukon tanker 9.14 1S 1B 1A
30 4/8/2024 FSO-2CP2-C3 Rossukon tanker 9.02 1S 1(A+B) 0
31 4/8/2024 FSO-3CP2-C1 Rossukon tanker 7.24 1S 1B 3A
32 4/8/2024 FSO-3CP2-C2 Rossukon tanker 7.32 1S 1(A+B) 0
33 4/8/2024 FSO-3CP2-C3 Rossukon tanker 7.4 1S 1B 3A
34 4/9/2024 FSO-4CP2-C1 Rossukon tanker 14.22 0 1B 1A
35 4/9/2024 FSO-4CP2-C2 Rossukon tanker 14.30 0 1B 2A
36 4/9/2024 FSO-4CP2-C3 Rossukon tanker 14.38 0 1B 2A

Marine Ecosearch Management Co., Ltd.
4/31 Moo 1, Tambon Namnoi, Hat Yai, Songkla 90110   
Tel / Fax  -66-74- 213 421
email: marine_ecosearch@hotmail.com

Principal Taxonomist

No. Date Sample ID Location Time
No. of Bottles

100 ml. 500 ml. 1,000 ml.
37 4/9/2024 REF1-C1 Rossukon Refence 1 16.43 0 1B 3A
38 4/10/2024 REF1-C2 Rossukon Refence 1 9.53 0 1(A+B) 0
39 4/10/2024 REF1-C3 Rossukon Refence 1 10.01 0 1B 1A
40 4/10/2024 REF2-C1 Rossukon Refence 2 15.34 0 1B 1A
41 4/10/2024 REF2-C2 Rossukon Refence 2 15.42 0 1(A+B) 0
42 4/10/2024 REF2-C3 Rossukon Refence 2 15.50 0 1(A+B) 0

Phytoplankton

No. Date Sample ID Location Time
100 ml.

1 4/7/2024 RSK-A-1CP2-PS-1 Rossukon A 13.58-14.02 1
2 4/7/2024 RSK-A-1CP2-PS-2 Rossukon A 14.02-14.08 1
3 4/7/2024 RSK-A-1CP2-PB-1 Rossukon A 14.13-14.30 1
4 4/7/2024 RSK-A-1CP2-PB-2 Rossukon A 14.30-15.01 1
5 4/7/2024 FSO-3CP2-PS-1 Rossukon tanker 10.48-10.59 1
6 4/7/2024 FSO-3CP2-PS-2 Rossukon tanker 10.59-11.05 1
7 4/7/2024 FSO-3CP2-PB-1 Rossukon tanker 11.09-11.29 1
8 4/7/2024 FSO-3CP2-PB-2 Rossukon tanker 11.29-11.49 1
9 4/10/2024 REF1-PS-1 Rossukon Refence 1 7.20-7.24 1
10 4/10/2024 REF1-PS-2 Rossukon Refence 1 7.24-7.32 1
11 4/10/2024 REF1-PB-1 Rossukon Refence 1 7.36-7.57 1
12 4/10/2024 REF1-PB-2 Rossukon Refence 1 7.57-8.20 1
13 4/11/2024 REF2-PS-1 Rossukon Refence 2 8.02-8.08 1
14 4/11/2024 REF2-PS-2 Rossukon Refence 2 8.08-8.13 1
15 4/11/2024 REF2-PB-1 Rossukon Refence 2 8.21-8.48 1
16 4/11/2024 REF2-PB-2 Rossukon Refence 2 8.48-9.24 1

Zooplankton 

No. Date Sample ID Location Time
1,000 ml.

1 4/7/2024 RSK-A-1CP2-ZP Rossukon A 17.18-17.48 1
2 4/8/2024 FSO-3CP2-ZP Rossukon tanker 6.30-7.00 1
3 4/10/2024 REF1-ZP Rossukon Refence 1 8.36-9.06 1
4 4/11/2024 REF2-ZP Rossukon Refence 2 9.50-10.20 1
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Ichthyoplankton

No. Date Sample ID Location Time
1,000 ml.

1 4/7/2024 RSK-A-1CP2-ICH Rossukon A 17.18-17.48 1
2 4/8/2024 FSO-3CP2-ICH Rossukon tanker 6.30-7.00 1
3 4/10/2024 REF1-ICH Rossukon Refence 1 8.36-9.06 1
4 4/11/2024 REF2-ICH Rossukon Refence 2 9.50-10.20 1
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CASE NARRATIVE 
Environmental Studies for North Gulf Petroleum, 2024 April 

  
 
 

SAMPLE RECEIPTT 
Forty-two (42) 0.1 m2 benthic community samples, sixteen (16) phytoplankton samples, four (4) 
zooplankton, and four (4) ichthyoplankton samples were received in April 2024, for the 
Environmental Studies for North Gulf Petroleum project. 

BENTHOS 

All sediments and benthos were stored with 10% formalin in sealed plastic containers. All samples 
were submitted for sorting and identification and biomass measurement. 

Sediment samples were sorted to separate benthos from sediment by researchers from the Coral 
Reef and Benthos Research Unit, Division of Biological Science, Faculty of Science, Prince of 
Songkla University.  

After the benthic invertebrates have been sorted, the wet weight biomass of Polychaetes, 
Crustaceans, Molluscs, Echinoderms, and Other Phyla in each sample was measured to the nearest 
0.001 gram. 

Biomass of benthos at NGP project 

No. Sample ID Biomass (g) 
Polychaete Crustacea Mollusc Echinoderm Other 

1 RSK-A-1C2-C1 0.0128 0.0038 0.0065 - 0.0035 
2 RSK-A-1C2-C2 0.0863 0.0230 0.0097 - 0.0168 
3 RSK-A-1C2-C3 0.1912 0.1188 0.0009 - 0.0131 
4 RSK-A-1CP1-C1 0.0288 0.0824 0.0224 0.0001 0.1169 
5 RSK-A-1CP1-C2 0.0380 0.0962 0.0046 - 0.0077 
6 RSK-A-1CP1-C3 10.1225 0.0443 0.0002 - 0.0112 
7 RSK-A-1CP2-C1 0.1027 0.0029 0.0207 0.0423 0.0001 
8 RSK-A-1CP2-C2 0.0365 0.0929 0.0103 - 0.0041 
9 RSK-A-1CP2-C3 0.0484 0.0310 0.0078 0.0009 0.0021 
10 RSK-A-1CP3-C1 0.8690 0.0362 0.0008 0.0001 0.0008 
11 RSK-A-1CP3-C2 0.0901 0.0405 0.0001 - 0.0047 
12 RSK-A-1CP3-C3 0.0764 0.0431 0.0032 0.0001 0.0001 
13 RSK-A-1D2-C1 0.1116 0.5449 0.0129 0.1136 0.0086 
14 RSK-A-1D2-C2 0.0924 0.5427 0.0398 0.0009 0.0201 
15 RSK-A-1D2-C3 0.3113 0.0393 - - 0.0045 
16 RSK-A-2C2-C1 0.0807 0.1969 0.0044 - 0.0054 
17 RSK-A-2C2-C2 0.1371 0.0673 0.1288 - 0.0466 
18 RSK-A-2C2-C3 0.1142 0.1516 0.0064 - 0.0440 
19 RSK-A-2CP2-C1 0.2204 0.0475 - 0.0338 0.0022 
20 RSK-A-2CP2-C2 0.0678 0.1812 - 0.0171 0.0168 
21 RSK-A-2CP2-C3 0.0762 0.0359 0.0618 - 0.0469 
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No. Sample ID Biomass (g) 
Polychaete Crustacea Mollusc Echinoderm Other 

22 RSK-A-4C2-C1 0.0277 0.0200 0.0003 0.0076 0.0015 
23 RSK-A-4C2-C2 0.0267 0.0418 0.0001 0.0033 0.0029 
24 RSK-A-4C2-C3 0.2530 0.0621 0.3886 0.0021 0.0845 
25 RSK-A-4CP2-C1 0.0716 0.0085 0.0006 0.0572 0.0050 
26 RSK-A-4CP2-C2 0.5096 0.2050 0.7528 0.0337 0.0049 
27 RSK-A-4CP2-C3 2.3514 0.0294 0.0025 0.0174 - 
28 FSO-2CP2-C1 0.3795 0.0445 0.0009 - 0.0098 
29 FSO-2CP2-C2 0.0707 0.1005 0.0010 - 0.0064 
30 FSO-2CP2-C3 0.1315 0.1038 0.0001 0.0894 0.0001 
31 FSO-3CP2-C1 0.0538 0.0432 0.0001 0.0081 0.0004 
32 FSO-3CP2-C2 0.0848 0.0431 0.0137 - 0.0016 
33 FSO-3CP2-C3 0.2431 0.6487 0.0081 0.0019 0.0054 
34 FSO-4CP2-C1 1.8757 0.0252 - 0.0378 0.0022 
35 FSO-4CP2-C2 0.0356 0.0789 0.0028 0.0204 0.0172 
36 FSO-4CP2-C3 0.0917 0.0230 0.0022 - 0.0046 
37 REF1-C1 0.2716 0.0241 0.0001 0.0062 0.0257 
38 REF1-C2 0.0720 0.0447 0.0001 0.0844 0.0158 
39 REF1-C3 0.0750 0.0325 0.0001 - 0.0028 
40 REF2-C1 0.0990 0.2574 0.0417 - 0.0029 
41 REF2-C2 0.0316 0.0055 - 0.0001 - 
42 REF2-C3 0.0145 0.0695 - - 0.0021 
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Result 
Environmental Studies for North Gulf Petroleum 

 
  
 Benthic fauna was identified at the lowest practical taxa and differentiated between species. 
Three hundred and seventy (370) species of benthos were identified from this project. There were 1 
species of Cnidaria, 2 species of Nematode, 2 species of Nemertean, 1 species of flatworm, 9 species 
of Sipunculid worms, 181 species of Annelid worms, 127 species of Crustacean, 10 species of 
Echinoderms, and 37 species of Mollusk. 

 Ninety-four (94) species of benthos were identified to species level. Two hundred and thirty-
one (231) benthos species were identified to genus level. Seven (39) benthos species were identified 
to family level. One species was identified to Order level. Three species were identified to Class 
level. One species was identified to Phylum level. 

 
Composition of benthos taxa in the project area 
 

Phylum No. species Species Genus Family Order Class Phylum 
Cnidaria 1 0 0 0 1 0 0 
Nematoda 2 0 0 0 0 0 2 
Nemertea 2 0 2 0 0 0 0 
Platyhelminthes 1 0 0 0 0 1 0 
Sipuncula 9 2 7 0 0 0 0 
Annelida 181 48 130 3 0 0 0 
Arthropoda 127 34 66 27 0 0 0 
Echinodermata 10 1 3 6 0 0 0 
Mollusca 37 9 23 3 0 2 0 

Total 370 94 231 39 1 3 2 
 
 

 Unidentified species were named at higher taxa and assigned code to sp.01, sp.02, etc.  The 
benthic fauna was compared with previous benthos samples at the Coral Reef and Benthos Research 
Unit where data bases of benthos in the Gulf of Thailand were established for long term monitoring. 
In addition, the specimens were compared with the voucher collection documentation sheets report 
prepared by Battelle Ocean Science for UNOCAL Thailand Ltd (Battelle 1994), which provides 
descriptions of a large number of the taxa identified in the earlier surveys in the Gulf of Thailand. 

 A QA/QC procedure was performed on each of the sorted samples to ensure a minimum of 
95% sorting efficiency. A 10% aliquot of each sample was re-sorted by senior researcher trained in 
invertebrate sorting and the QA/QC procedure. If the sorting efficiency of the sample is below 95%, 
the remainder of the sample (90%) is to be re-sorted.  
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PHYTOPLANKTON 
Phytoplankton samples were preserved with 4 % formalin. The densities of phytoplankton 

were examined and counted with a Sedgewick Rafter chamber under a light microscope.  Where 
possible, identification was made to the genus level. The identification of phytoplankton and their 
taxonomic categories were given according to various taxonomic papers listed in the references. 
Unidentified phytoplankton are assigned species numbers for future reference. Data are reported as 
number of individuals in the bottle.  

 

ZOOPLANKTON 
The zooplankton from each tow was preserved with 4% formalin. The samples were 

identified according to various taxonomic papers listed in the references. The total amount of 
zooplankton of each tow was count and calculated to the number of zooplankton in the bottle. 

ICHTHYOPLANKTON 
The ichthyoplankton from each tow was preserved with 4% formalin. The samples were 

identified according to various taxonomic papers listed in the references. The total amount of 
ichthyoplankton of each tow was count and calculated to the number of ichthyoplankton in the 
bottle. 
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Phytoplankton density (Individuals in the bottle)

STATION/SPECIES

FSO-3CP2-

PS-1

FSO-3CP2-

PS-2

FSO-3CP2-

PB-1

FSO-3CP2-

PB-2

RSK-A-1CP2-

PS-1

Charophyta

Conjugophyceae

Desmidiales

Desmidiaceae

Spondylosium

Spondylosium sp .1 120 120 240

Staurastrum

Staurastrum sp .1 60 60 120 60 90

Staurastrum sp .3 120 60

Chlorophyta

Trebouxiophyceae

Oocystales

Oocystaceae

Ankistrodesmus

Ankistrodesmus sp .1

Chrysophyta

Chrysophyceae

Dictyochales

Dictyochaceae

Dictyocha

Dictyocha fibula 120 120 60

Dictyocha speculum
Cyanobacteria

Cyanophyceae

Chroococcales

Chroococcaceae

Gloeocapsa

Gloeocapsa sp .1

Nostocales

Oscillatoriaceae

Oscillatoria

Oscillatoria erythraea 9720 12300 12720 10020 3720

Oscillatoria sp .1 4500 5100 6060 5280 2220

Rivulariaceae

Calothrix

Calothrix crustacea 420 720 420 840

Euglenophycota

Euglenophyceae

Euglenales

Euglenaceae

Phacus

Phacus sp .1

Ochrophyta

Bacillariophyceae

Asterolamprales

Asterolampraceae

Asterolampra

Asterolampra marylandica 120 120 180 60

Asteromphalus

Asteromphalus cleveanus 180 60

Asteromphalus elegans
Asteromphalus sp .1

Bacillariales

Bacillariaceae

Bacillaria

Bacillaria paxillifer 1680 1680

---
1/24 Principal Taxonomist

STATION/SPECIES

FSO-3CP2-

PS-1

FSO-3CP2-

PS-2

FSO-3CP2-

PB-1

FSO-3CP2-

PB-2

RSK-A-1CP2-

PS-1

Cylindrotheca

Cylindrotheca closterium
Cylindrotheca sp .1 120 300 300

Nitzschia

Nitzschia longissima 300 180

Nitzschia lorenziana 60 60 240 120

Nitzschia sp .10 180

Nitzschia sp .11 300 300 180

Nitzschia sp .3 120 60 240 180

Nitzschia sp .4 120 240 120

Nitzschia sp .5

Pseudo-nitzschia

Pseudo-nitzschia sp .1 360 480

Centrales

Eupodiscaceae

Odontella

Odontella mobiliensis
Odontella sinensis

Chaetocerotales

Chaetocerotaceae

Bacteriastrum

Bacteriastrum comosum 660 960 780

Bacteriastrum hyalinum
Chaetoceros

Chaetoceros aequatorialis 240 180 180

Chaetoceros affinis
Chaetoceros coarctatus 1080

Chaetoceros compressus
Chaetoceros costatus
Chaetoceros didymus 480 720 840

Chaetoceros diversus 840

Chaetoceros lorenzianus 780 1080

Chaetoceros peruvianus 120 180

Chaetoceros pseudocurvisetus 120

Corethrales

Corethraceae

Corethron

Corethron criophilum
Coscinodiscales

Coscinodiscaceae

Coscinodiscus

Coscinodiscus sp .10 120

Coscinodiscus sp .11

Coscinodiscus sp .13

Coscinodiscus sp .2 120 180 300 360 240

Coscinodiscus sp .3

Coscinodiscus sp .4

Coscinodiscus sp .5

Coscinodiscus sp .6 180

Coscinodiscus sp .7 120

Coscinodiscus sp .8 180 180

Gossleriella

Gossleriella tropica
Heliopeltaceae

Actinoptychus

Actinoptychus sp .1 180 120 180 180 60

Hemidiscaceae

---
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STATION/SPECIES

FSO-3CP2-

PS-1

FSO-3CP2-

PS-2

FSO-3CP2-

PB-1

FSO-3CP2-

PB-2

RSK-A-1CP2-

PS-1

Pseudoguinardia

Pseudoguinardia recta 240 480 120 300

Hemiaulales

Hemiaulaceae

Climacodium

Climacodium biconcavum
Climacodium frauenfeldianum 840

Hemiaulus

Hemiaulus hauckii
Hemiaulus indicus
Hemiaulus membranaceus 660 420 420 480

Hemiaulus sinensis 540 420

Hemiaulaceae 

Eucampia

Eucampia cornuta 240

Eucampia zodiacus 120

Leptocylindrales

Leptocylindraceae

Leptocylindrus

Leptocylindrus danicus
Lithodesmiales

Lithodesmaceae

Ditylum

Ditylum sol
Naviculales

Diploneidaceae

Diploneis

Diploneis sp .1 60 120 180

Diploneis sp .2 60

Diploneis sp .3 60

Naviculaceae

Anomoeneis

Anomoeneis sp .1 60

Haslea

Haslea sp .1 300 180 180 300 180

Haslea wawrikae 180

Meuniera

Meuniera sp .1 240 300 240 240

Navicula

Navicula sp .1 180

Navicula sp .2 720 480 480

Navicula sp .3

Navicula sp .4 60 180 180

Navicula sp .5

Navicula sp .6

Navicula sp .7

Navicula sp .8 180 180 180

Trachyneis

Trachyneis sp .1 240 240 180 120 60

Pinnulariaceae

Pinnularia

Pinnularia sp .2 180

Pleurosigmataceae

Gyrosigma

Gyrosigma sp .1 240 180 120 300

Gyrosigma sp .2 180 120 180 180 180

Gyrosigma sp .3 60 120 180

---
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STATION/SPECIES

FSO-3CP2-

PS-1

FSO-3CP2-

PS-2

FSO-3CP2-

PB-1

FSO-3CP2-

PB-2

RSK-A-1CP2-

PS-1

Pleurosigma

Pleurosigma sp .1 180 300

Pleurosigma sp .2 240 240 240 240

Pleurosigma sp .3

Pleurosigma sp .4 180 120 240 240

Pleurosigma sp .5

Pleurosigma sp .6 180

Rhizosoleniales

Rhizosoleniaceae

Guinardia

Guinardia cylindrus 300 180 240

Guinardia flaccida 480 780

Guinardia striata 420 420 600 300 300

Proboscia

Proboscia alata 300 300 240 180 300

Pseudosolenia

Pseudosolenia calcar avis 240 300 180 180 180

Rhizosolenia

Rhizosolenia bergonii
Rhizosolenia calcar-avis
Rhizosolenia hyalina 240 240 240

Rhizosolenia imbricata 60

Rhizosolenia pungens 360 360

Rhizosolenia robusta 120 60

Rhizosolenia sp .1 60

Rhizosolenia sp .3 60

Rhizosolenia striata
Surirellales

Entomoneidaceae

Entomoneis

Entomoneis sp .1 60 120 120 180 120

Surirellaceae

Campylodiscus

Campylodiscus sp .1

Thalassionematales

Thalassionemataceae

Thalassionema

Thalassionema nitzschioides 540 900 900 960

Thalassionema sp .1 540 660 540 600 660

Thalassionema sp .2

Thalassiothrix

Thalassiothrix sp .1 660 420

Thalassiothrix sp .2 180

Thalassiophysales

Catenulaceae

Amphora

Amphora sp .1 120

Amphora sp .2 120 120

Amphora sp .3 60

Thalassiosirales

Stephanodiscaceae

Cyclotella

Cyclotella sp .1 360 420 300 420 300

Thalassiosiraceae

Planktoniella

Planktoniella blanda 240 240 180

Planktoniella sol
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STATION/SPECIES

FSO-3CP2-

PS-1

FSO-3CP2-

PS-2

FSO-3CP2-

PB-1

FSO-3CP2-

PB-2

RSK-A-1CP2-

PS-1

Thalassiosira

Thalassiosira sp .6

Pyrrophycophyta

Dinophyceae

Dinophysiales

Amphisoleniaceae

Amphisolenia

Amphisolenia bidentata 180 240 120

Dinophysiaceae

Ornithocercus

Ornithocercus sp .1 60

Phalacroma

Phalacroma argus
Gonyaulacales

Ceratiaceae

Ceratium

Ceratium furca 180 240 120

Ceratium fusus 180 120 180

Ceratium horridum
Ceratium kofoidii
Ceratium porrectum 120

Ceratium trichoceros 180

Ceratium tripos
Gonyaulacaceae

Lingulodinium

Lingulodinium sp .1 60 60

Oxytoxaceae

Oxytoxum

Oxytoxum sp .1

Oxytoxum sp .3

Pyrocystaceae

Pyrocystis

Pyrocystis lunula
Gymnodiniales

Gymnodiniaceae

Gymnodinium

Gymnodinium sp .1

Gymnodinium sp .2 60 180 180 180

Gymnodinium sp .5 180

Gymnodinium sp .6 60

Gyrodinium

Gyrodinium falcatum 60

Peridiniales

Podolampadaceae

Podolampas

Podolampas palmipes 60

Podolampas spinifera 120

Protoperidiniaceae

Protoperidinium

Protoperidinium asymmetricum
Protoperidinium depressum 60

Protoperidinium divergens
Protoperidinium globulum
Protoperidinium latispinum 120

Protoperidinium oceanicum
Protoperidinium sp .1

Protoperidinium sp .10
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STATION/SPECIES

FSO-3CP2-

PS-1

FSO-3CP2-

PS-2

FSO-3CP2-

PB-1

FSO-3CP2-

PB-2

RSK-A-1CP2-

PS-1

Protoperidinium sp .17

Protoperidinium sp .22

Prorocentrales

Prorocentraceae

Prorocentrum

Prorocentrum sp .1

TOTAL       26,880       30,840       33,120      32,220          11,910 

Count as number of fiaments

(average cells/unit of filamentous species) n=30

Filamentous phytoplankton species
Average 

(cells)
SD

Minimum 

(cells)

Maximum 

(cells)

Average 

(cells)

Spondylosium sp.1 45.5 23.06 17 96 45.5

Oscillatoria erythraea 153.87 38.21 86 225 153.87

Oscillatoria sp.1 78.5 20.27 44 113 78.5

Oscillatoria sp.2 40.87 21.51 87 14 40.87
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Phytoplankton density (Individuals in the bot

STATION/SPECIES

Charophyta

Conjugophyceae

Desmidiales

Desmidiaceae

Spondylosium

Spondylosium sp .1

Staurastrum

Staurastrum sp .1

Staurastrum sp .3

Chlorophyta

Trebouxiophyceae

Oocystales

Oocystaceae

Ankistrodesmus

Ankistrodesmus sp .1

Chrysophyta

Chrysophyceae

Dictyochales

Dictyochaceae

Dictyocha

Dictyocha fibula
Dictyocha speculum

Cyanobacteria

Cyanophyceae

Chroococcales

Chroococcaceae

Gloeocapsa

Gloeocapsa sp .1

Nostocales

Oscillatoriaceae

Oscillatoria

Oscillatoria erythraea
Oscillatoria sp .1

Rivulariaceae

Calothrix

Calothrix crustacea
Euglenophycota

Euglenophyceae

Euglenales

Euglenaceae

Phacus

Phacus sp .1

Ochrophyta

Bacillariophyceae

Asterolamprales

Asterolampraceae

Asterolampra

Asterolampra marylandica
Asteromphalus

Asteromphalus cleveanus
Asteromphalus elegans
Asteromphalus sp .1

Bacillariales

Bacillariaceae

Bacillaria

Bacillaria paxillifer

RSK-A-1CP2-

PS-2

RSK-A-1CP2-

PB-1

RSK-A-1CP2-

PB-2 REF1-PS-1

120

60 60 120 120

60

60

180 180 60

60 60 180

5880 11940 12660 5880

3180 6720 4440 2640

420 420 600

180 240

180 180

120

1800 1140
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STATION/SPECIES

Cylindrotheca

Cylindrotheca closterium
Cylindrotheca sp .1

Nitzschia

Nitzschia longissima
Nitzschia lorenziana
Nitzschia sp .10

Nitzschia sp .11

Nitzschia sp .3

Nitzschia sp .4

Nitzschia sp .5

Pseudo-nitzschia

Pseudo-nitzschia sp .1

Centrales

Eupodiscaceae

Odontella

Odontella mobiliensis
Odontella sinensis

Chaetocerotales

Chaetocerotaceae

Bacteriastrum

Bacteriastrum comosum
Bacteriastrum hyalinum

Chaetoceros

Chaetoceros aequatorialis
Chaetoceros affinis
Chaetoceros coarctatus
Chaetoceros compressus
Chaetoceros costatus
Chaetoceros didymus
Chaetoceros diversus
Chaetoceros lorenzianus
Chaetoceros peruvianus
Chaetoceros pseudocurvisetus

Corethrales

Corethraceae

Corethron

Corethron criophilum
Coscinodiscales

Coscinodiscaceae

Coscinodiscus

Coscinodiscus sp .10

Coscinodiscus sp .11

Coscinodiscus sp .13

Coscinodiscus sp .2

Coscinodiscus sp .3

Coscinodiscus sp .4

Coscinodiscus sp .5

Coscinodiscus sp .6

Coscinodiscus sp .7

Coscinodiscus sp .8

Gossleriella

Gossleriella tropica
Heliopeltaceae

Actinoptychus

Actinoptychus sp .1

Hemidiscaceae

RSK-A-1CP2-

PS-2

RSK-A-1CP2-

PB-1

RSK-A-1CP2-

PB-2 REF1-PS-1

540 360 240

180

180 180

480 180

180 660 180

240 180

840 480

180 180

180

420 600

1140

240

300

1080

720

480 600 840 960

360 540 1020 1200

300 420

60

180

300

240

60

60 360 240 180

120 240

240

180 180

180

240 180 180
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STATION/SPECIES

Pseudoguinardia

Pseudoguinardia recta
Hemiaulales

Hemiaulaceae

Climacodium

Climacodium biconcavum
Climacodium frauenfeldianum

Hemiaulus

Hemiaulus hauckii
Hemiaulus indicus
Hemiaulus membranaceus
Hemiaulus sinensis

Hemiaulaceae 

Eucampia

Eucampia cornuta
Eucampia zodiacus

Leptocylindrales

Leptocylindraceae

Leptocylindrus

Leptocylindrus danicus
Lithodesmiales

Lithodesmaceae

Ditylum

Ditylum sol
Naviculales

Diploneidaceae

Diploneis

Diploneis sp .1

Diploneis sp .2

Diploneis sp .3

Naviculaceae

Anomoeneis

Anomoeneis sp .1

Haslea

Haslea sp .1

Haslea wawrikae
Meuniera

Meuniera sp .1

Navicula

Navicula sp .1

Navicula sp .2

Navicula sp .3

Navicula sp .4

Navicula sp .5

Navicula sp .6

Navicula sp .7

Navicula sp .8

Trachyneis

Trachyneis sp .1

Pinnulariaceae

Pinnularia

Pinnularia sp .2

Pleurosigmataceae

Gyrosigma

Gyrosigma sp .1

Gyrosigma sp .2

Gyrosigma sp .3

RSK-A-1CP2-

PS-2

RSK-A-1CP2-

PB-1

RSK-A-1CP2-

PB-2 REF1-PS-1

180 360 480

300 360

240

120

240 360 360

300 300 360

420 420 720

120 420 420

180

240 180 180

120

120 180

120 60 60

240 840 540 300

360 360 360

540 300 240

360 180 180

420 720 720 60

180

420 180

180

600

300

240

60 180 180 180

180 180 120

180 720 600 300

240 960 540 300

480 300 180

---
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STATION/SPECIES

Pleurosigma

Pleurosigma sp .1

Pleurosigma sp .2

Pleurosigma sp .3

Pleurosigma sp .4

Pleurosigma sp .5

Pleurosigma sp .6

Rhizosoleniales

Rhizosoleniaceae

Guinardia

Guinardia cylindrus
Guinardia flaccida
Guinardia striata

Proboscia

Proboscia alata
Pseudosolenia

Pseudosolenia calcar avis
Rhizosolenia

Rhizosolenia bergonii
Rhizosolenia calcar-avis
Rhizosolenia hyalina
Rhizosolenia imbricata
Rhizosolenia pungens
Rhizosolenia robusta
Rhizosolenia sp .1

Rhizosolenia sp .3

Rhizosolenia striata
Surirellales

Entomoneidaceae

Entomoneis

Entomoneis sp .1

Surirellaceae

Campylodiscus

Campylodiscus sp .1

Thalassionematales

Thalassionemataceae

Thalassionema

Thalassionema nitzschioides
Thalassionema sp .1

Thalassionema sp .2

Thalassiothrix

Thalassiothrix sp .1

Thalassiothrix sp .2

Thalassiophysales

Catenulaceae

Amphora

Amphora sp .1

Amphora sp .2

Amphora sp .3

Thalassiosirales

Stephanodiscaceae

Cyclotella

Cyclotella sp .1

Thalassiosiraceae

Planktoniella

Planktoniella blanda
Planktoniella sol

RSK-A-1CP2-

PS-2

RSK-A-1CP2-

PB-1

RSK-A-1CP2-

PB-2 REF1-PS-1

540 480 120

180 420 360 120

360 240

420 180

360

180 300 180

300 360 360

240 360 420 240

240 180 240

180 180 180 240

180

120 240 120 240

180

180 300

180

180

120 60 180

180 180 60

120 180

660 960 1020 1140

780 540 900 660

480

240

180

180 180

180 180

360 420 420 240

600 240

240 180

---
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STATION/SPECIES

Thalassiosira

Thalassiosira sp .6

Pyrrophycophyta

Dinophyceae

Dinophysiales

Amphisoleniaceae

Amphisolenia

Amphisolenia bidentata
Dinophysiaceae

Ornithocercus

Ornithocercus sp .1

Phalacroma

Phalacroma argus
Gonyaulacales

Ceratiaceae

Ceratium

Ceratium furca
Ceratium fusus
Ceratium horridum
Ceratium kofoidii
Ceratium porrectum
Ceratium trichoceros
Ceratium tripos

Gonyaulacaceae

Lingulodinium

Lingulodinium sp .1

Oxytoxaceae

Oxytoxum

Oxytoxum sp .1

Oxytoxum sp .3

Pyrocystaceae

Pyrocystis

Pyrocystis lunula
Gymnodiniales

Gymnodiniaceae

Gymnodinium

Gymnodinium sp .1

Gymnodinium sp .2

Gymnodinium sp .5

Gymnodinium sp .6

Gyrodinium

Gyrodinium falcatum
Peridiniales

Podolampadaceae

Podolampas

Podolampas palmipes
Podolampas spinifera

Protoperidiniaceae

Protoperidinium

Protoperidinium asymmetricum
Protoperidinium depressum
Protoperidinium divergens
Protoperidinium globulum
Protoperidinium latispinum
Protoperidinium oceanicum
Protoperidinium sp .1

Protoperidinium sp .10

RSK-A-1CP2-

PS-2

RSK-A-1CP2-

PB-1

RSK-A-1CP2-

PB-2 REF1-PS-1

360

300 180

60

120 180 180 120

180 180 180 60

120

120

180 180

120

120 180

60 180 120

120

180

180 120

120

180

120 180

120 60 180 120

60

60 60

120

60

60
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STATION/SPECIES

Protoperidinium sp .17

Protoperidinium sp .22

Prorocentrales

Prorocentraceae

Prorocentrum

Prorocentrum sp .1

TOTAL

Count as number of fiaments

(average cells/unit of filamentous species

Filamentous phytoplankton species

Spondylosium sp.1

Oscillatoria erythraea
Oscillatoria sp.1

Oscillatoria sp.2 

RSK-A-1CP2-

PS-2

RSK-A-1CP2-

PB-1

RSK-A-1CP2-

PB-2 REF1-PS-1

60 120

60

         19,380          45,960          39,960          25,500 

SD
Minimum 

(cells)

Maximum 

(cells)

Average 

(cells)

23.06 17 96 45.5

38.21 86 225 153.87

20.27 44 113 78.5

21.51 87 14 40.87

---
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Phytoplankton density (Individuals in the bot

STATION/SPECIES

Charophyta

Conjugophyceae

Desmidiales

Desmidiaceae

Spondylosium

Spondylosium sp .1

Staurastrum

Staurastrum sp .1

Staurastrum sp .3

Chlorophyta

Trebouxiophyceae

Oocystales

Oocystaceae

Ankistrodesmus

Ankistrodesmus sp .1

Chrysophyta

Chrysophyceae

Dictyochales

Dictyochaceae

Dictyocha

Dictyocha fibula
Dictyocha speculum

Cyanobacteria

Cyanophyceae

Chroococcales

Chroococcaceae

Gloeocapsa

Gloeocapsa sp .1

Nostocales

Oscillatoriaceae

Oscillatoria

Oscillatoria erythraea
Oscillatoria sp .1

Rivulariaceae

Calothrix

Calothrix crustacea
Euglenophycota

Euglenophyceae

Euglenales

Euglenaceae

Phacus

Phacus sp .1

Ochrophyta

Bacillariophyceae

Asterolamprales

Asterolampraceae

Asterolampra

Asterolampra marylandica
Asteromphalus

Asteromphalus cleveanus
Asteromphalus elegans
Asteromphalus sp .1

Bacillariales

Bacillariaceae

Bacillaria

Bacillaria paxillifer

REF1-PS-2 REF1-PB-1 REF1-PB-2 REF2-PS-1

180 180

180 120 60 180

180 120

180 120

180 180 60

420

14100 3960 6000 7020

6960 1800 2640 2760

480 420 960

60

60 240

180

180

2700 2160 960
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STATION/SPECIES

Cylindrotheca

Cylindrotheca closterium
Cylindrotheca sp .1

Nitzschia

Nitzschia longissima
Nitzschia lorenziana
Nitzschia sp .10

Nitzschia sp .11

Nitzschia sp .3

Nitzschia sp .4

Nitzschia sp .5

Pseudo-nitzschia

Pseudo-nitzschia sp .1

Centrales

Eupodiscaceae

Odontella

Odontella mobiliensis
Odontella sinensis

Chaetocerotales

Chaetocerotaceae

Bacteriastrum

Bacteriastrum comosum
Bacteriastrum hyalinum

Chaetoceros

Chaetoceros aequatorialis
Chaetoceros affinis
Chaetoceros coarctatus
Chaetoceros compressus
Chaetoceros costatus
Chaetoceros didymus
Chaetoceros diversus
Chaetoceros lorenzianus
Chaetoceros peruvianus
Chaetoceros pseudocurvisetus

Corethrales

Corethraceae

Corethron

Corethron criophilum
Coscinodiscales

Coscinodiscaceae

Coscinodiscus

Coscinodiscus sp .10

Coscinodiscus sp .11

Coscinodiscus sp .13

Coscinodiscus sp .2

Coscinodiscus sp .3

Coscinodiscus sp .4

Coscinodiscus sp .5

Coscinodiscus sp .6

Coscinodiscus sp .7

Coscinodiscus sp .8

Gossleriella

Gossleriella tropica
Heliopeltaceae

Actinoptychus

Actinoptychus sp .1

Hemidiscaceae

REF1-PS-2 REF1-PB-1 REF1-PB-2 REF2-PS-1

180 180

240 180 180 180

120 180 60 180

180 180

180 180 180

180 180 60 180

120 180 120

120

360 480

120

120

1740 1140 1620 840

1140

660 1620 900

1320

180

240

180

180

180 180 180

180 120 180

180

180

120 120

120

180 180 180 180
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STATION/SPECIES

Pseudoguinardia

Pseudoguinardia recta
Hemiaulales

Hemiaulaceae

Climacodium

Climacodium biconcavum
Climacodium frauenfeldianum

Hemiaulus

Hemiaulus hauckii
Hemiaulus indicus
Hemiaulus membranaceus
Hemiaulus sinensis

Hemiaulaceae 

Eucampia

Eucampia cornuta
Eucampia zodiacus

Leptocylindrales

Leptocylindraceae

Leptocylindrus

Leptocylindrus danicus
Lithodesmiales

Lithodesmaceae

Ditylum

Ditylum sol
Naviculales

Diploneidaceae

Diploneis

Diploneis sp .1

Diploneis sp .2

Diploneis sp .3

Naviculaceae

Anomoeneis

Anomoeneis sp .1

Haslea

Haslea sp .1

Haslea wawrikae
Meuniera

Meuniera sp .1

Navicula

Navicula sp .1

Navicula sp .2

Navicula sp .3

Navicula sp .4

Navicula sp .5

Navicula sp .6

Navicula sp .7

Navicula sp .8

Trachyneis

Trachyneis sp .1

Pinnulariaceae

Pinnularia

Pinnularia sp .2

Pleurosigmataceae

Gyrosigma

Gyrosigma sp .1

Gyrosigma sp .2

Gyrosigma sp .3

REF1-PS-2 REF1-PB-1 REF1-PB-2 REF2-PS-1

420 240 600 300

180

360 300 420 360

240 540

60 180 120 120

60 60

180 120 120

300 360 180 240

180

240 300 240 300

60

180 420 360

180 240 300

180 180 180

180 180 180 180

180 120

180 180 120 180

240 180 120 180

300 180 120
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STATION/SPECIES

Pleurosigma

Pleurosigma sp .1

Pleurosigma sp .2

Pleurosigma sp .3

Pleurosigma sp .4

Pleurosigma sp .5

Pleurosigma sp .6

Rhizosoleniales

Rhizosoleniaceae

Guinardia

Guinardia cylindrus
Guinardia flaccida
Guinardia striata

Proboscia

Proboscia alata
Pseudosolenia

Pseudosolenia calcar avis
Rhizosolenia

Rhizosolenia bergonii
Rhizosolenia calcar-avis
Rhizosolenia hyalina
Rhizosolenia imbricata
Rhizosolenia pungens
Rhizosolenia robusta
Rhizosolenia sp .1

Rhizosolenia sp .3

Rhizosolenia striata
Surirellales

Entomoneidaceae

Entomoneis

Entomoneis sp .1

Surirellaceae

Campylodiscus

Campylodiscus sp .1

Thalassionematales

Thalassionemataceae

Thalassionema

Thalassionema nitzschioides
Thalassionema sp .1

Thalassionema sp .2

Thalassiothrix

Thalassiothrix sp .1

Thalassiothrix sp .2

Thalassiophysales

Catenulaceae

Amphora

Amphora sp .1

Amphora sp .2

Amphora sp .3

Thalassiosirales

Stephanodiscaceae

Cyclotella

Cyclotella sp .1

Thalassiosiraceae

Planktoniella

Planktoniella blanda
Planktoniella sol

REF1-PS-2 REF1-PB-1 REF1-PB-2 REF2-PS-1

60 180

300 360 120 180

180

360 180 240 180

180 180

300 60 180 180

360 600 480

540 540 300

240 180 180 180

120 135 180 180

180

180

180

180 180 180

60

180 180 60 180

1380 540 720 720

2160 780 840 960

960

960 1920 780 420

180

120 180

60 180 120

360 360 240 240

180 120 180
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STATION/SPECIES

Thalassiosira

Thalassiosira sp .6

Pyrrophycophyta

Dinophyceae

Dinophysiales

Amphisoleniaceae

Amphisolenia

Amphisolenia bidentata
Dinophysiaceae

Ornithocercus

Ornithocercus sp .1

Phalacroma

Phalacroma argus
Gonyaulacales

Ceratiaceae

Ceratium

Ceratium furca
Ceratium fusus
Ceratium horridum
Ceratium kofoidii
Ceratium porrectum
Ceratium trichoceros
Ceratium tripos

Gonyaulacaceae

Lingulodinium

Lingulodinium sp .1

Oxytoxaceae

Oxytoxum

Oxytoxum sp .1

Oxytoxum sp .3

Pyrocystaceae

Pyrocystis

Pyrocystis lunula
Gymnodiniales

Gymnodiniaceae

Gymnodinium

Gymnodinium sp .1

Gymnodinium sp .2

Gymnodinium sp .5

Gymnodinium sp .6

Gyrodinium

Gyrodinium falcatum
Peridiniales

Podolampadaceae

Podolampas

Podolampas palmipes
Podolampas spinifera

Protoperidiniaceae

Protoperidinium

Protoperidinium asymmetricum
Protoperidinium depressum
Protoperidinium divergens
Protoperidinium globulum
Protoperidinium latispinum
Protoperidinium oceanicum
Protoperidinium sp .1

Protoperidinium sp .10

REF1-PS-2 REF1-PB-1 REF1-PB-2 REF2-PS-1

180

180

180 60 120

120 60

120

60

60

60 60 60

60

180 120

60

180 60 120

120 60 60 180

120

60 60

120 60

60

60

60

60

---
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STATION/SPECIES

Protoperidinium sp .17

Protoperidinium sp .22

Prorocentrales

Prorocentraceae

Prorocentrum

Prorocentrum sp .1

TOTAL

Count as number of fiaments

(average cells/unit of filamentous species

Filamentous phytoplankton species

Spondylosium sp.1

Oscillatoria erythraea
Oscillatoria sp.1

Oscillatoria sp.2 

REF1-PS-2 REF1-PB-1 REF1-PB-2 REF2-PS-1

         41,820          23,595          26,340          24,060 

SD
Minimum 

(cells)

Maximum 

(cells)

Average 

(cells)

23.06 17 96 45.5

38.21 86 225 153.87

20.27 44 113 78.5

21.51 87 14 40.87

---
18/24 Principal Taxonomist

Phytoplankton density (Individuals in the bot

STATION/SPECIES

Charophyta

Conjugophyceae

Desmidiales

Desmidiaceae

Spondylosium

Spondylosium sp .1

Staurastrum

Staurastrum sp .1

Staurastrum sp .3

Chlorophyta

Trebouxiophyceae

Oocystales

Oocystaceae

Ankistrodesmus

Ankistrodesmus sp .1

Chrysophyta

Chrysophyceae

Dictyochales

Dictyochaceae

Dictyocha

Dictyocha fibula
Dictyocha speculum

Cyanobacteria

Cyanophyceae

Chroococcales

Chroococcaceae

Gloeocapsa

Gloeocapsa sp .1

Nostocales

Oscillatoriaceae

Oscillatoria

Oscillatoria erythraea
Oscillatoria sp .1

Rivulariaceae

Calothrix

Calothrix crustacea
Euglenophycota

Euglenophyceae

Euglenales

Euglenaceae

Phacus

Phacus sp .1

Ochrophyta

Bacillariophyceae

Asterolamprales

Asterolampraceae

Asterolampra

Asterolampra marylandica
Asteromphalus

Asteromphalus cleveanus
Asteromphalus elegans
Asteromphalus sp .1

Bacillariales

Bacillariaceae

Bacillaria

Bacillaria paxillifer

REF2-PS-2 REF2-PB-1 REF2-PB-2

120 180 180

180 60 180

60 60 180

180 180 180

120

7920 4680 10140

2880 2460 3720

480 540 480

180

180 180

120

1800 2400

---
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STATION/SPECIES

Cylindrotheca

Cylindrotheca closterium
Cylindrotheca sp .1

Nitzschia

Nitzschia longissima
Nitzschia lorenziana
Nitzschia sp .10

Nitzschia sp .11

Nitzschia sp .3

Nitzschia sp .4

Nitzschia sp .5

Pseudo-nitzschia

Pseudo-nitzschia sp .1

Centrales

Eupodiscaceae

Odontella

Odontella mobiliensis
Odontella sinensis

Chaetocerotales

Chaetocerotaceae

Bacteriastrum

Bacteriastrum comosum
Bacteriastrum hyalinum

Chaetoceros

Chaetoceros aequatorialis
Chaetoceros affinis
Chaetoceros coarctatus
Chaetoceros compressus
Chaetoceros costatus
Chaetoceros didymus
Chaetoceros diversus
Chaetoceros lorenzianus
Chaetoceros peruvianus
Chaetoceros pseudocurvisetus

Corethrales

Corethraceae

Corethron

Corethron criophilum
Coscinodiscales

Coscinodiscaceae

Coscinodiscus

Coscinodiscus sp .10

Coscinodiscus sp .11

Coscinodiscus sp .13

Coscinodiscus sp .2

Coscinodiscus sp .3

Coscinodiscus sp .4

Coscinodiscus sp .5

Coscinodiscus sp .6

Coscinodiscus sp .7

Coscinodiscus sp .8

Gossleriella

Gossleriella tropica
Heliopeltaceae

Actinoptychus

Actinoptychus sp .1

Hemidiscaceae

REF2-PS-2 REF2-PB-1 REF2-PB-2

180 300

180 360 240

180 180

180 240 180

360 180

180 180

300 240 240

240 180

300 180 480

720 1740 2280

2040 1620

480 240

1200 1200

780 1800 1620

2040 1800

180 180

180

180 180 180

180 180

120

240 180

180 240 180

120 180 180
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STATION/SPECIES

Pseudoguinardia

Pseudoguinardia recta
Hemiaulales

Hemiaulaceae

Climacodium

Climacodium biconcavum
Climacodium frauenfeldianum

Hemiaulus

Hemiaulus hauckii
Hemiaulus indicus
Hemiaulus membranaceus
Hemiaulus sinensis

Hemiaulaceae 

Eucampia

Eucampia cornuta
Eucampia zodiacus

Leptocylindrales

Leptocylindraceae

Leptocylindrus

Leptocylindrus danicus
Lithodesmiales

Lithodesmaceae

Ditylum

Ditylum sol
Naviculales

Diploneidaceae

Diploneis

Diploneis sp .1

Diploneis sp .2

Diploneis sp .3

Naviculaceae

Anomoeneis

Anomoeneis sp .1

Haslea

Haslea sp .1

Haslea wawrikae
Meuniera

Meuniera sp .1

Navicula

Navicula sp .1

Navicula sp .2

Navicula sp .3

Navicula sp .4

Navicula sp .5

Navicula sp .6

Navicula sp .7

Navicula sp .8

Trachyneis

Trachyneis sp .1

Pinnulariaceae

Pinnularia

Pinnularia sp .2

Pleurosigmataceae

Gyrosigma

Gyrosigma sp .1

Gyrosigma sp .2

Gyrosigma sp .3

REF2-PS-2 REF2-PB-1 REF2-PB-2

360 420 360

600 840

480 480 660

360

480

60

120 180 180

120

180 180

240 300 300

180 300 420

180 180

300 300

180 180 180

180 300

120 180

180 180 120

180 180 180

180 180 120

300 180 240

240 180 180

180 180
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STATION/SPECIES

Pleurosigma

Pleurosigma sp .1

Pleurosigma sp .2

Pleurosigma sp .3

Pleurosigma sp .4

Pleurosigma sp .5

Pleurosigma sp .6

Rhizosoleniales

Rhizosoleniaceae

Guinardia

Guinardia cylindrus
Guinardia flaccida
Guinardia striata

Proboscia

Proboscia alata
Pseudosolenia

Pseudosolenia calcar avis
Rhizosolenia

Rhizosolenia bergonii
Rhizosolenia calcar-avis
Rhizosolenia hyalina
Rhizosolenia imbricata
Rhizosolenia pungens
Rhizosolenia robusta
Rhizosolenia sp .1

Rhizosolenia sp .3

Rhizosolenia striata
Surirellales

Entomoneidaceae

Entomoneis

Entomoneis sp .1

Surirellaceae

Campylodiscus

Campylodiscus sp .1

Thalassionematales

Thalassionemataceae

Thalassionema

Thalassionema nitzschioides
Thalassionema sp .1

Thalassionema sp .2

Thalassiothrix

Thalassiothrix sp .1

Thalassiothrix sp .2

Thalassiophysales

Catenulaceae

Amphora

Amphora sp .1

Amphora sp .2

Amphora sp .3

Thalassiosirales

Stephanodiscaceae

Cyclotella

Cyclotella sp .1

Thalassiosiraceae

Planktoniella

Planktoniella blanda
Planktoniella sol

REF2-PS-2 REF2-PB-1 REF2-PB-2

180 300 240

180 180 240

240 240

240 300 240

120 180

180 180 240

180 240 360

840 300 600

300 330 480

360 180 180

240 420 600

360 300

60

180 180 240

180

120 180 240

60

960 900 1140

540 435 780

660 660 720

120 180 180

300 360 360

180 300 180

300 180
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STATION/SPECIES

Thalassiosira

Thalassiosira sp .6

Pyrrophycophyta

Dinophyceae

Dinophysiales

Amphisoleniaceae

Amphisolenia

Amphisolenia bidentata
Dinophysiaceae

Ornithocercus

Ornithocercus sp .1

Phalacroma

Phalacroma argus
Gonyaulacales

Ceratiaceae

Ceratium

Ceratium furca
Ceratium fusus
Ceratium horridum
Ceratium kofoidii
Ceratium porrectum
Ceratium trichoceros
Ceratium tripos

Gonyaulacaceae

Lingulodinium

Lingulodinium sp .1

Oxytoxaceae

Oxytoxum

Oxytoxum sp .1

Oxytoxum sp .3

Pyrocystaceae

Pyrocystis

Pyrocystis lunula
Gymnodiniales

Gymnodiniaceae

Gymnodinium

Gymnodinium sp .1

Gymnodinium sp .2

Gymnodinium sp .5

Gymnodinium sp .6

Gyrodinium

Gyrodinium falcatum
Peridiniales

Podolampadaceae

Podolampas

Podolampas palmipes
Podolampas spinifera

Protoperidiniaceae

Protoperidinium

Protoperidinium asymmetricum
Protoperidinium depressum
Protoperidinium divergens
Protoperidinium globulum
Protoperidinium latispinum
Protoperidinium oceanicum
Protoperidinium sp .1

Protoperidinium sp .10

REF2-PS-2 REF2-PB-1 REF2-PB-2

180 180

120 60

180 180 300

180 180 240

120 120

60 60

180 120

180 180 180

180 120 120

120 60

120 180

120 60 60

180 120 180

---
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STATION/SPECIES

Protoperidinium sp .17

Protoperidinium sp .22

Prorocentrales

Prorocentraceae

Prorocentrum

Prorocentrum sp .1

TOTAL

Count as number of fiaments

(average cells/unit of filamentous species

Filamentous phytoplankton species

Spondylosium sp.1

Oscillatoria erythraea
Oscillatoria sp.1

Oscillatoria sp.2 

REF2-PS-2 REF2-PB-1 REF2-PB-2

120 60

         25,080          36,285          45,240 

SD
Minimum 

(cells)

Maximum 

(cells)

23.06 17 96

38.21 86 225

20.27 44 113

21.51 87 14

---
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แพลงกตอนสัตว 

  



Zooplankton density (Individuals in the bottle)

STATION/SPECIES
RSK-A-1CP2-

ZOO

FSO-3CP2-

ZOO
REF1-ZOO REF2-ZOO

Ctenophora

Tenlaculata

Cydippida

Pleurobrachiidae

Pleurobrachiidae spp. 6 16 12 16

Platyhelminthes

Turbellaria

Turbellaria spp. 4 3 4

Cnidaria

Anthozoa

Anthozoa spp. 4 11

Hydrozoa

Anthoathecata

Proboscidactylidae

Proboscidactylidae spp. 4 4 5

Anthoathecatae

Tubulariidae

Tubulariidae sp.1 4 6

Leptothecata

Eutimidae

Eutima

Eutima sp .1 4 7 8 10

Leptothecatae

Eirenidae

Eirene

Eirene sp .1 4 6 6 4

Eirene sp .2 4 6

Mitrocomidae

Mitrocomidae spp. 4 10 10 13

Siphonophora

Abylidae

Abylidae spp. 12 21 54

Siphonophorae

Diphyidae

Diphyidae spp. 66 58 40 68

Trachymedusae

Geryoniidae

Liriope

Liriope sp .1 6 6 12 8

Annelida

Polychaeta.unid

Polychaete larvae 40 32 26 52

Arthropoda

Malacostraca

Amphipoda

Caprellidae

Caprellidae spp. 10 6 8 16

Dexaminidae

Dexaminidae spp. 2 10 3 14

Hyperiidae

Hyperiidae sp.1 154 136 78 160

Hyperiidae sp.2 232 146 123 276

Hyperiidae sp.3 68 120 50 126

Hyperiidae sp.4 192 125 88 172

Hyperiidae sp.5 56 36 84

Oxycephalidae

---
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Zooplankton density (Individuals in the bottle)

STATION/SPECIES
RSK-A-1CP2-

ZOO

FSO-3CP2-

ZOO
REF1-ZOO REF2-ZOO

Rhabdosoma

Rhabdosoma spp. 20 16 14 20

Tullbergella 6 8 10 6

Tullbergella sp .1 6 8 4

Tullbergella spp. 6 6

Decapoda

Alpheidae

Alpheidae spp. 12 10 10 10

Crangonidae

Crangonidae spp. 4

Decapoda.unid

Crab larvae 6

Crab zoea 8 7

Dendrobranchiata.unid

Shrimp larvae sp.C 4 6 10

Shrimp larvae sp.J 4 6 8 8

Shrimp larvae sp.R 6 4 6 9

Diogenidae

Diogenidae sp.1 6

Luciferidae

Lucifer

Lucifer spp. 88 60 38 60

Paguridae

Paguridae spp. 6 24 4 10

Palaemonidae

Palaemonidae sp.1 4 3 4

Pandalidae

Pandalidae spp. 2

Parapaguridae

Parapaguridae spp. 8

Pasiphaeidae

Leptochela

Leptochela sp .1 8 8

Pleocyemata.unid

Brachyura Larvae 176 240 152 143

Porcellanidae

Porcellanidae spp. 5 12 8 20

Scyllaridae

Phyllosoma larvae 5 8 16 8

Sergestidae

Sergestidae spp. 3 4 6

Solenoceridae

Solenoceridae spp. 8 14 10 13

Upogebiidae

Upogebiidae spp. 12 13 16 16

Malacostraca.unid

Mysid sp. 4

Stomatopoda

Squillidae

Squilla

Alima larvae 12 23 11 16

Stomatopoda.unid

Erichthus larvae 6 8 4 7

Maxillopoda

Calanoida

Acartiidae

---
2/4 Principal taxonomist

Zooplankton density (Individuals in the bottle)

STATION/SPECIES
RSK-A-1CP2-

ZOO

FSO-3CP2-

ZOO
REF1-ZOO REF2-ZOO

Acartiidae spp. 382 300 260 382

Calanidae

Calanidae spp. 6722 4036 5836 8216

Centropagidae

Centropagidae spp. 344 220 94 318

Eucalanidae

Eucalanidae spp. 1310 1488 3100 4200

Euchaetidae

Euchaetidae spp. 20 10

Paracalanidae

Paracalanidae spp. 282 182 320 164

Pontellidae

Pontellidae spp. 128 126 120 232

Temoridae

Temoridae spp. 88

Tortanidae

Tortanidae spp. 76 78 46

Tortanus

Tortanus spp. 56 14 10 104

Harpacticoida

Ectinosomatidae

Microsetella

Microsetella spp. 176

Poecilostomatoida

Sapphirinidae

Copilia

Copilia spp. 6 8 5 12

Sappharina

Sapphirina spp. 8 10 10 16

Ostracoda

Halocyprida

Halocyprididae

Euconchoecia

Euconchoecia sp .1 176 176 106 134

Myodocopida

Cypridinidae

Cypridinidae sp.1 30 164 148 2175

Cypridinidae sp.2 108 89 1080

Thecostraca

Scalpellomorpha

Lepadidae

Lepas

Lepas anatifera 2 6

Mollusca

Bivalvia

Bivalve larvae 26 26 56 180

Cephalopoda

Squid larvae 8 6

Gastropoda

Gastropoda sp. 30 12 10 89

Neotaenioglossa

Atlantidae

Atlanta

Atlanta sp. 14 6 12 20

Thecosomata

Cavoliniidae

---
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Zooplankton density (Individuals in the bottle)

STATION/SPECIES
RSK-A-1CP2-

ZOO

FSO-3CP2-

ZOO
REF1-ZOO REF2-ZOO

Cavoliniidae sp.1 6 6

Echinodermata

Echinoderm Larvae 40 30 40 66

Chaetognatha

Sagittoidea

Aphragmophora

Sagittidae

Sagitta

Sagitta sp .1 3196 1176 1422 475

Sagitta sp .2 2510 2276 2518 2075

Chordata

Actinopterygii

Fish Egg 110 102 160 136

Fish larvae 332 158 360 150

Appendicularia

Copelata

Oikopleuridae

Oikopleura

Oikopleura spp. 44 48 60 38

Thaliacea

Doliolida

Doliolidae

Dolioletta

Dolioletta sp .1 8 82 50 31

Dolioletta sp .2 34 22 12

Salpida

Salpidae

Salpa

Salpa sp .1 12 43 214 104

Salpa sp .2 12 30 136 34

TOTAL 16891 12027 16014 22071

Number of Taxa 62 60 66 73

---
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ลูกปลาวัยออน 

  



Ichthyoplankton density (Individuals in the bottle)

Taxa/Sample ID
RSK-A-1CP2-

ICH

RSK-A-3CP2-

ICH

REF1-ICH REF2-ICH

Phylum Chordata

Subphylum Vertebrata

Superclass Osteichthyes

Class Actinopterygii

Order Anguilliformes

Family Nettastomatidae

Nettastomatidae 1 2

Family Ophichthidae

Ophichthidae 1

Order Aulopiformes

Family Synodontidae

Synodontidae 1 1 2

Order Beryciformes

Family Holocentridae

Holocentridae 2

Order Clupeiformes

Family Clupeidae

Dussumieriinae 24 5

Clupeidae 1 1

Family Engraulidae

Engraulidae 72 46 242 266

Order Gadiformes

Family Bregmacerotidae

Bregmaceros  sp. 46 6 3 43

Order Lophiiformes

Family Antennariidae

Antennariidae 2 1

Order Ophidiiformes

Family Carapidae

Carapidae 1

Order Perciformes

Family Apogonidae

Apogonidae 5 2 3 7

Family Callionymidae

Callionymidae 1

Family Carangidae

Alepes  sp. 2 2 6

Selaroides leptolepis 24 14 32 27

Family Champsodontidae

Champsodon  sp. 2 4 1

Family Gobiidae

Gobiidae 24 9 13 55

Family Leiognathidae

Leiognathidae 1 2 2

Family Lethrinidae

Lethrinus  sp. 2 4 5

Family Lutjanidae

----
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Ichthyoplankton density (Individuals in the bottle)

Taxa/Sample ID
RSK-A-1CP2-

ICH

RSK-A-3CP2-

ICH

REF1-ICH REF2-ICH

Lutjanus  sp. 4 5 14

Family Mullidae

Mullidae 2 10

Family Nemipteridae

Nemipteridae 2 5 5

Family Pomacentridae

Pomacentridae 1

Family Priacanthidae

Priacanthus  sp. 5 5 12 11

Family Scombridae

Scomberomorus  sp. 1 6

Family Serranidae

Epinephelus  sp. 1 4

Family Sphyraenidae

Sphyraena  sp. 6 4

Family Trichiuridae

Trichiurus  sp. 1 1

Order Pleuronectiformes

Family Bothidae

Arnoglossus  sp. 1 2

Psettina  sp. 2 3

Family Citharidae

Brachypleura  sp. 1 1 1

Family Paralichthyidae

Paralichthyidae 1

Order Scorpaeniformes

Family Platycephalidae

Platycephalidae 2 1

Family Scorpaenidae

Scorpaenidae 1 3 2

Order Syngnathiformes

Family Fistulariidae

Fistularia  sp. 2

Family Syngnathidae

Syngnathus  sp. 1 1

Egg (fish) 8 7 154 18

Larva (unspecified fish) 5 2

Total 220 110 516 496

No. of taxa 17 20 22 31

----
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Diversity of Benthos (individuals per 0.1 square meter)

TAXA

FSO-

2CP2-C1

FSO-

2CP2-C2

FSO-

2CP2-C3

FSO-

3CP2-C1

FSO-

3CP2-C2

FSO-

3CP2-C3

Annelida

Polychaeta

Aciculata

Acoetidae

Eupanthalis sp.1

Polyodontes  sp.1

Amphinomidae

Chloeia violacea 2 1

Linopherus  sp.

Linopherus sp.1

Linopherus sp.3

Linopherus sp.4 1

Linopherus sp.5

Dorvilleidae

Dorvilleidae 1

Pettiboneia sp.2

Schistomeringos  sp.

Schistomeringos sp.1 1

Schistomeringos  sp.3

Eunicidae

Eunice sp.

Eunice sp.3 1

Euniphysa sp.1 2 2 1

Euniphysa  sp.2

Marphysa sp.2

Glyceridae

Glycera alba
Glycera cinnamomea
Glycera sp. 1

Goniadidae

Glycinde cf. oligodon
Glycinde sp.

Goniada maculata
Hartmaniellidae

Hartmaniella  sp.1 1 1

Hesionidae

Hesione  sp.1

Hesiospina sp.1

Oxydromus sp.1

Podarkeopsis sp.1

Lumbrineridae

Gallardoneris thailandensis 1

Gesaneris sp.1 1

Hilbigneris  sp.1 1

Loboneris sp.1

Lumbrinerides sp.1

Lumbrineriopsis paradoxa
Lumbrineris latreilli
Lumbrineris sp.2

Ninoe nr. bruuni
Ninoe sp.2 1

Nephtyidae

Aglaophamus cf. dicirroides 1 1 5 1 2

Aglaophamus orientalis 1

Aglaophamus tepens 1 2

Micronephthys oligobranchia 1

----
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Diversity of Benthos (individuals per 0.1 square meter)

TAXA

FSO-

2CP2-C1

FSO-

2CP2-C2

FSO-

2CP2-C3

FSO-

3CP2-C1

FSO-

3CP2-C2

FSO-

3CP2-C3

Micronephthys sp.2

Nereididae

Leonnates persicus
Neanthes arenaceodentata
Tambalagamia fauveli

Oenonidae

Drilonereis sp.2

Onuphidae

Diopatra sp.

Onuphis  sp.

Onuphis sp.1 2 1

Onuphis sp.6

Paralacydoniidae

Paralacydonia sp.1 1 2

Phyllodocidae

Phyllodoce sp.1

Pilargidae

Cabira thailandica 1

Hermundura sp.1 1

Litocorsa nr. antennata
Pilargis sp.1

Sigambra sp.1

Sigambra sp.6

Sigambra sp.8

Synelmis albini 1 2

Synelmis rigida 2 1

Polynoidae

Harmothoe sp.

Harmothoe sp.1

Perolepis  sp. 1

Perolepis  sp.1

Sigalionidae

Leanira  sp.1 1

Sthenelais  sp.2

Sthenelanella ehlersi
Sthenolepis japonica 1

Syllidae

Exogone (Exogone) sp.1

Exogone (Exogone) sp.2
Perkinsyllis sp.1 1

Perkinsyllis sp.2 1

Pionosyllis sp.6

Sphaerosyllis sp.1

Syllis sp.1 2

Trypanosyllis zebra 1

Canalipalpata

Ampharetidae

Ampharete sp.1

Ampharetidae 1

Amphicteis cf. gunneri
Anobothrus  sp.1 2

Auchenoplax crinita
Lysippe labiata 1

Sosane  sp.2

Chaetopteridae

Chaetopterus  sp.1

----
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Diversity of Benthos (individuals per 0.1 square meter)

TAXA

FSO-

2CP2-C1

FSO-

2CP2-C2

FSO-

2CP2-C3

FSO-

3CP2-C1

FSO-

3CP2-C2

FSO-

3CP2-C3

Spiochaetopterus sp.1 3 1 2 2 3 5

Cirratulidae

Aphelochaeta monilaris 1

Aphelochaeta sp.1

Caulleriella sp.1 1

Chaetozone sp.1

Chaetozone sp.7

Kirkegaardia sp.1 1 1

Kirkegaardia sp.5 1

Kirkegaardia  sp.6 1

Kirkegaardia  sp.7

Fabriciidae

Fabricinuda sp.1

Pseudofabriciola sp.1 1

Pseudofabriciola sp.2

Flabelligeridae

Diplocirrus sp.1 1 1

Diplocirrus sp.2

Diplocirrus sp.3

Diplocirrus sp.4

Longosomatidae

Heterospio sp.4 1

Magelonidae

Magelona  sp.13 1

Oweniidae

Galathowenia sp.1

Galathowenia sp.2

Myriochele sp.2 1

Poecilochaetidae

Poecilochaetus sp.

Poecilochaetus sp.3

Poecilochaetus sp.4

Poecilochaetus tricirratus
Sabellidae

Chone  sp.1

Euchone sp.1

Euchonoides sp.1

Sabella sp.1

Sabellidae 1

Serpulidae

Vermiliopsis  sp.1 1

Spionidae

Laonice sp.1

Laonice sp.3 1

Paraprionospio sp. 1 1 1 1

Prionospio ehlersi 2 1 1 5

Prionospio elegantula 1 1 2

Prionospio elongata
Prionospio malayensis 1

Prionospio nr. dubia
Prionospio  sp.

Prionospio sp.13 1 1 1 2

Prionospio sp.6

Pseudopolydora sp.2

Scolelepis sp.2

Scolelepis sp.3

----
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Diversity of Benthos (individuals per 0.1 square meter)

TAXA

FSO-

2CP2-C1

FSO-

2CP2-C2

FSO-

2CP2-C3

FSO-

3CP2-C1

FSO-

3CP2-C2

FSO-

3CP2-C3

Scolelepis  sp.5

Spio sp.2

Spiophanes kroeyeri
Spiophanes malayensis
Spiophanes sp.3 1

Spiophanes sp.4

Spiophanes  sp.5

Sternaspidae

Caulleryaspis sp.1 1

Petersenaspis apinyae
Sternaspis cf. spinosa 1

Sternaspis sp. 1

Terebellidae

Loimia medusa
Pista  sp.4

Trichobranchidae

Terebellides sp.1 1 1

Terebellides sp.2 2 2 2

Trichobranchus roseus 1 1

Capitellidae

Barantolla sp.1

Capitella capitata
Capitella capitata oculata
Capitella minima 1

Capitella sp.1

Capitellethus sp.1 1 1

Capitellethus sp.2

Capitomastus sp.1

Mediomastus sp.1

Neomediomastus sp.1 1

Neomediomastus sp.2

Notomastus latericeus
Notomastus sp.4

Rashgua lobatus
Scyphoproctus  sp.1 1 2

Cossuridae

Cossura sp.2

Maldanidae

Axiothella  sp.1

Clymenella sp.1 1

Euclymene  sp.1 1

Euclymene sp.3

Praxillella nr. gracilis 1

Praxillella  sp.4 1

Opheliidae

Armandia leptocirris
Ophelina cf. cordiformis 1

Orbiniidae

Scoloplos  sp.1

Paraonidae

Aricidea (Acmira) anusakdii
Aricidea (Aricidea) sp.7

Levinsenia sp. 1

Levinsenia sp.2 1 1 2

Levinsenia  sp.4 1
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Diversity of Benthos (individuals per 0.1 square meter)

TAXA

FSO-

2CP2-C1

FSO-

2CP2-C2

FSO-

2CP2-C3

FSO-

3CP2-C1

FSO-

3CP2-C2

FSO-

3CP2-C3

Levinsenia sp.5

Levinsenia sp.9

Arthropoda

Crustacea

Amphipoda

Ampeliscidae

Ampelisca bocki 1

Ampelisca cyclops 1

Ampelisca maia 1

Ampelisca  sp.

Byblis calisto
Byblis febris 2 3 1 2

Byblis sp. 1

Aoridae

Aoridae sp.5

Caprellidae

Caprella sp.1

Cyproideidae

Cyproidea sp.2

Eriopisidae

Eriopisella sechellensis
Eriopisidae
Victoriopisa sp.1 1 1

Ischyroceridae

Cerapus sp.5

Leucothoidae

Leucothoe hyhelia 1

Liljeborgiidae

Liljeborgia sp.2 1

Liljeborgiidae

Oedicerotidae

Eochelidium nonmiraculum
Oedicerotidae

Perioculodes sp.1

Photidae

Gammaropsis sp.4

Photidae
Photis longicaudata

Podoceridae

Podocerus sp.1

Synopiidae

Synopia sp.2 1

Tryphosidae

Orchomenella  sp.1

Tryphosella sp.1 1

Tryphosidae sp.1

Cumacea

Bodotriidae

Bodotriidae
Eocuma cf. agrion
Eocuma cf. latum 1

Iphinoe sp.1

Sympodomma sp.1

Diastylidae

Diastylidae

Diastylis sp.1

----
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Diversity of Benthos (individuals per 0.1 square meter)

TAXA

FSO-

2CP2-C1

FSO-

2CP2-C2

FSO-

2CP2-C3

FSO-

3CP2-C1

FSO-

3CP2-C2

FSO-

3CP2-C3

Leuconidae

Eudorella sp.1 1

Leucon sp.1 1 1

Leuconidae

Nannastacidae

Campylaspis  sp.1

Campylaspis sp.2 1

Campylaspis  sp.4

Campylaspis sp.5 2

Campylaspis sp.7

Decapoda

Alpheidae

Alpheidae

Alpheidae  sp.4

Alpheus acutocarinatus
Alpheus euphrosyne
Alpheus malabaricus songkla 1

Alpheus rapacida 1 1

Alpheus  sp. 2 1

Alpheus  sp.5

Alpheus sp.6

Athanas sp.

Bermudacaris sp. 1 1

Bermudacaris  sp.1

Bermudacaris sp.2 1

Salmoneus sp.1

Axiidae

Calocaris sp.1

Callianassidae

Callianassidae

Jocullianassa matzi 2 1

Lipkecallianassa sp.1 1 4 1 1 1 4

Michaelcallianassa indica
Ctenochelidae

Ctenochelidae sp.1

Euryplacidae

Euryplacidae sp.1

Platyozius laevis
Iphiculidae

Iphiculus spongiosus
Ogyrididae

Ogyrides  sp.5

Palaemonidae

Palaemon sp.

Palaemon sp.1

Palaemon sp.2

Palaemonidae

Palaemonidae sp.5 1

Periclimenes sp.2

Pandalidae

Thalassocaris sp.1

Parthenopidae

Rhinolambrus sp.1

Pasiphaeidae

Leptochela pugnax 1 1

Penaeidae

----
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Diversity of Benthos (individuals per 0.1 square meter)

TAXA

FSO-

2CP2-C1

FSO-

2CP2-C2

FSO-

2CP2-C3

FSO-

3CP2-C1

FSO-

3CP2-C2

FSO-

3CP2-C3

Metapenaeopsis sp. 1

Pilumnidae

Camatopsis sp.1

Ceratoplax fulgida 1 2

Pilumnus ransoni
Rhizopa sp.

Typhlocarcinops canaliculata
Typhlocarcinops transversus

Portunidae

Alionectes pulchricristatus
Libystes edwardsi 1

Thalamita admete
Processidae

Processa sp.1

Processidae

Upogebiidae

Gebiacantha sp.1

Upogebia  sp.

Upogebiidae

Isopoda

Anthuridae

Amakusanthura sp.1 1

Haliophasma sp.1

Cirolanidae

Cirolana  sp.1

Cirolanidae sp.1 1

Cirolanidae sp.2

Gnathiidae

Caecognathia andamanensis 2 3 1

Caecognathia sp.

Caecognathia sp.4

Elaphognathia sp.7

Gnathiidae

Gnathiidae sp.2

Hyssuridae

Hyssuridae sp.1 1

Leptanthuridae

Leptanthuridae sp.1 1

Leptanthuridae sp.2 1

Leptostraca

Paranebaliidae

Paranebalia longipes
Malacostraca

Porcellanidae

Polyonyx obesulus
Mysidacea

Mysidae

Anchialina sp.

Anchialina sp.1 1

Haplostylus bengalensis 1

Haplostylus sp.

Neomysis  sp.1

Siriella sp.

Siriella sp.2 1

Siriella sp.3

Siriella sp.4 1

----
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Diversity of Benthos (individuals per 0.1 square meter)

TAXA

FSO-

2CP2-C1

FSO-

2CP2-C2

FSO-

2CP2-C3

FSO-

3CP2-C1

FSO-

3CP2-C2

FSO-

3CP2-C3

Stomatopoda

Squillidae

Anchisquilla fasciata
Clorida decorata
Cloridina verrucosa
Squillidae sp.2 2 1

Tanaidacea

Apseudidae

Apseudidae sp.4 1

Leptocheliidae

Leptochelia sp.1 1

Leptochelia sp.2 1

Leptocheliidae sp.3

Pagurapseudidae

Pagurapseudidae sp.2

Pycnogonida

Pantopoda

Ascorhynchidae

Ascorhynchidae sp.2

Thecostraca

Pedunculata

Pedunculata sp.1

Cnidaria

Anthozoa

Actiniaria

Actiniaria 1

Echinodermata

Echinoidea

Diadematoida

Diadematidae

Diadematidae sp.1

Echinolampadacea

Fibulariidae

Fibulariidae sp.1

Spatangoida

Brissidae

Brissidae sp.1

Ophiuroidea

Ophiurida

Amphiuridae

Amphioplus (Lymanella) andreae
Amphioplus  sp. 1

Amphiura sp.1

Amphiura sp.2

Amphiuridae

Amphiuridae sp.1 1 1

Amphiuridae sp.2

Mollusca

Aplacophora

Cavibelonia

Simrothiellidae

Helicoradomenia sp.1 1 1

Helicoradomenia sp.2

Chaetodermatida

Chaetodermatidae

Chaetoderma sp.2 1 1 2 4
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Diversity of Benthos (individuals per 0.1 square meter)

TAXA

FSO-

2CP2-C1

FSO-

2CP2-C2

FSO-

2CP2-C3

FSO-

3CP2-C1

FSO-

3CP2-C2

FSO-

3CP2-C3

Bivalvia

Cardiida

Cardiidae

Fulvia sp.1

Fulvia sp.2

Psammobiidae

Gari sp. 1

Gari sp.1

Gari sp.2

Semelidae

Abra  sp.1 1 1

Abra sp.3

Tellinidae

Macoma sp.2

Limoida

Limidae

Limaria orientalis 1 1 1

Lucinida

Lucinidae

Lucina dentifera
Myoida

Corbulidae

Corbula sp.3

Potamocorbula sp.1

Mytiloida

Mytilidae

Adula schmidti
Mytilidae

Nuculoida

Nuculidae

Ennucula niponica
Ostreoida

Pectinidae

Annachlamys sp.

Annachlamys sp.1

Pectinidae
Pholadomyoida

Lyonsiidae

Lyonsia sp.2

Thraciidae

Eximiothracia sp.1 2

Pterioida

Pinnidae

Pinna  sp.

Venerida

Ungulinidae

Diplodonta sp.1

Felaniella sp.1

Veneridae

Pitar sp.1

Veneroida

Pharidae

Siliqua minima
Siliqua sp.1

Solenidae

Solen curtus

----
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Diversity of Benthos (individuals per 0.1 square meter)

TAXA

FSO-

2CP2-C1

FSO-

2CP2-C2

FSO-

2CP2-C3

FSO-

3CP2-C1

FSO-

3CP2-C2

FSO-

3CP2-C3

Bivalvia 1

Gastropoda

Archaeogastropoda

Orbitestellidae

Microdiscula  sp.1

Cephalaspidea

Cylichnidae

Cylichnidae

Philinidae

Philine sp.2

Neotaenioglossa

Eulimidae

Vitreolina sp.1

Naticidae

Sinum incisum

Gastropoda

Nematoda

Nematoda sp.1 1

Nematoda sp.2

Nemertea

Anopla

Heteronemertea

Lineidae

Micrura  sp.1

Palaeonemertea

Tubulanidae

Callinera sp.1 1

Platyhelminthes

Turbellaria

Turbellaria

Sipuncula

Phascolosomatidea

Aspidosiphoniformes

Aspidosiphonidae

Aspidosiphon sp.2 1

Aspidosiphon sp.3

Phascolosomatiformes

Phascolosomatidae

Apionsoma sp.2 3 3 1 5 8

Phascolosoma sp.1 1

Sipunculidea

Golfingiformes

Golfingiidae

Golfingia sp.1

Onchnesoma steenstrupi
Phascolionidae

Phascolion sp.1 1

Phascolion sp.2

Phascolion strombus

Total 42 38 33 27 43 89

Number of Taxa 34 30 23 24 30 56

----
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Diversity of Benthos (individuals per 

TAXA

Annelida

Polychaeta

Aciculata

Acoetidae

Eupanthalis sp.1

Polyodontes  sp.1

Amphinomidae

Chloeia violacea
Linopherus  sp.

Linopherus sp.1

Linopherus sp.3

Linopherus sp.4

Linopherus sp.5

Dorvilleidae

Dorvilleidae

Pettiboneia sp.2

Schistomeringos  sp.

Schistomeringos sp.1

Schistomeringos  sp.3

Eunicidae

Eunice sp.

Eunice sp.3

Euniphysa sp.1

Euniphysa  sp.2

Marphysa sp.2

Glyceridae

Glycera alba
Glycera cinnamomea
Glycera sp.

Goniadidae

Glycinde cf. oligodon
Glycinde sp.

Goniada maculata
Hartmaniellidae

Hartmaniella  sp.1

Hesionidae

Hesione  sp.1

Hesiospina sp.1

Oxydromus sp.1

Podarkeopsis sp.1

Lumbrineridae

Gallardoneris thailandensis
Gesaneris sp.1

Hilbigneris  sp.1

Loboneris sp.1

Lumbrinerides sp.1

Lumbrineriopsis paradoxa
Lumbrineris latreilli
Lumbrineris sp.2

Ninoe nr. bruuni
Ninoe sp.2

Nephtyidae

Aglaophamus cf. dicirroides
Aglaophamus orientalis
Aglaophamus tepens
Micronephthys oligobranchia

FSO-

4CP2-C1

FSO-

4CP2-C2

FSO-

4CP2-C3

RSK-A-

1C2-C1

RSK-A-

1C2-C2

RSK-A-

1C2-C3

6 1

1 1

1

1

1

1

2 1

1

1 1

3 1 2 1 1 1

2 1

1

----
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Diversity of Benthos (individuals per 

TAXA

Micronephthys sp.2

Nereididae

Leonnates persicus
Neanthes arenaceodentata
Tambalagamia fauveli

Oenonidae

Drilonereis sp.2

Onuphidae

Diopatra sp.

Onuphis  sp.

Onuphis sp.1

Onuphis sp.6

Paralacydoniidae

Paralacydonia sp.1

Phyllodocidae

Phyllodoce sp.1

Pilargidae

Cabira thailandica
Hermundura sp.1

Litocorsa nr. antennata
Pilargis sp.1

Sigambra sp.1

Sigambra sp.6

Sigambra sp.8

Synelmis albini
Synelmis rigida

Polynoidae

Harmothoe sp.

Harmothoe sp.1

Perolepis  sp.

Perolepis  sp.1

Sigalionidae

Leanira  sp.1

Sthenelais  sp.2

Sthenelanella ehlersi
Sthenolepis japonica

Syllidae

Exogone (Exogone) sp.1

Exogone (Exogone) sp.2
Perkinsyllis sp.1

Perkinsyllis sp.2

Pionosyllis sp.6

Sphaerosyllis sp.1

Syllis sp.1

Trypanosyllis zebra
Canalipalpata

Ampharetidae

Ampharete sp.1

Ampharetidae
Amphicteis cf. gunneri
Anobothrus  sp.1

Auchenoplax crinita
Lysippe labiata
Sosane  sp.2

Chaetopteridae

Chaetopterus  sp.1

FSO-

4CP2-C1

FSO-

4CP2-C2

FSO-

4CP2-C3

RSK-A-

1C2-C1

RSK-A-

1C2-C2

RSK-A-

1C2-C3

1

1 2

1 1

2 2 1

1

1 1

1

1

1

1 1 1

1

1

1

----
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Diversity of Benthos (individuals per 

TAXA

Spiochaetopterus sp.1

Cirratulidae

Aphelochaeta monilaris
Aphelochaeta sp.1

Caulleriella sp.1

Chaetozone sp.1

Chaetozone sp.7

Kirkegaardia sp.1

Kirkegaardia sp.5

Kirkegaardia  sp.6

Kirkegaardia  sp.7

Fabriciidae

Fabricinuda sp.1

Pseudofabriciola sp.1

Pseudofabriciola sp.2

Flabelligeridae

Diplocirrus sp.1

Diplocirrus sp.2

Diplocirrus sp.3

Diplocirrus sp.4

Longosomatidae

Heterospio sp.4

Magelonidae

Magelona  sp.13

Oweniidae

Galathowenia sp.1

Galathowenia sp.2

Myriochele sp.2

Poecilochaetidae

Poecilochaetus sp.

Poecilochaetus sp.3

Poecilochaetus sp.4

Poecilochaetus tricirratus
Sabellidae

Chone  sp.1

Euchone sp.1

Euchonoides sp.1

Sabella sp.1

Sabellidae

Serpulidae

Vermiliopsis  sp.1

Spionidae

Laonice sp.1

Laonice sp.3

Paraprionospio sp.

Prionospio ehlersi
Prionospio elegantula
Prionospio elongata
Prionospio malayensis
Prionospio nr. dubia
Prionospio  sp.

Prionospio sp.13

Prionospio sp.6

Pseudopolydora sp.2

Scolelepis sp.2

Scolelepis sp.3

FSO-

4CP2-C1

FSO-

4CP2-C2

FSO-

4CP2-C3

RSK-A-

1C2-C1

RSK-A-

1C2-C2

RSK-A-

1C2-C3

2 1 1

1

2

1 1

1 1

1 1 1

1

1

1 1 1

1

1

1

1 1

----
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Diversity of Benthos (individuals per 

TAXA

Scolelepis  sp.5

Spio sp.2

Spiophanes kroeyeri
Spiophanes malayensis
Spiophanes sp.3

Spiophanes sp.4

Spiophanes  sp.5

Sternaspidae

Caulleryaspis sp.1

Petersenaspis apinyae
Sternaspis cf. spinosa
Sternaspis sp.

Terebellidae

Loimia medusa
Pista  sp.4

Trichobranchidae

Terebellides sp.1

Terebellides sp.2

Trichobranchus roseus

Capitellidae

Barantolla sp.1

Capitella capitata
Capitella capitata oculata
Capitella minima
Capitella sp.1

Capitellethus sp.1

Capitellethus sp.2

Capitomastus sp.1

Mediomastus sp.1

Neomediomastus sp.1

Neomediomastus sp.2

Notomastus latericeus
Notomastus sp.4

Rashgua lobatus
Scyphoproctus  sp.1

Cossuridae

Cossura sp.2

Maldanidae

Axiothella  sp.1

Clymenella sp.1

Euclymene  sp.1

Euclymene sp.3

Praxillella nr. gracilis
Praxillella  sp.4

Opheliidae

Armandia leptocirris
Ophelina cf. cordiformis

Orbiniidae

Scoloplos  sp.1

Paraonidae

Aricidea (Acmira) anusakdii
Aricidea (Aricidea) sp.7

Levinsenia sp.

Levinsenia sp.2

Levinsenia  sp.4

FSO-

4CP2-C1

FSO-

4CP2-C2

FSO-

4CP2-C3

RSK-A-

1C2-C1

RSK-A-

1C2-C2

RSK-A-

1C2-C3

1

1

1

1

1

1

1 1 3 1

1

1

1

1

1 1

1

1 1

1

2

----
14/70 Principal Taxonomist

Diversity of Benthos (individuals per 

TAXA

Levinsenia sp.5

Levinsenia sp.9

Arthropoda

Crustacea

Amphipoda

Ampeliscidae

Ampelisca bocki
Ampelisca cyclops
Ampelisca maia
Ampelisca  sp.

Byblis calisto
Byblis febris
Byblis sp.

Aoridae

Aoridae sp.5

Caprellidae

Caprella sp.1

Cyproideidae

Cyproidea sp.2

Eriopisidae

Eriopisella sechellensis
Eriopisidae
Victoriopisa sp.1

Ischyroceridae

Cerapus sp.5

Leucothoidae

Leucothoe hyhelia
Liljeborgiidae

Liljeborgia sp.2

Liljeborgiidae

Oedicerotidae

Eochelidium nonmiraculum
Oedicerotidae

Perioculodes sp.1

Photidae

Gammaropsis sp.4

Photidae
Photis longicaudata

Podoceridae

Podocerus sp.1

Synopiidae

Synopia sp.2

Tryphosidae

Orchomenella  sp.1

Tryphosella sp.1

Tryphosidae sp.1

Cumacea

Bodotriidae

Bodotriidae
Eocuma cf. agrion
Eocuma cf. latum
Iphinoe sp.1

Sympodomma sp.1

Diastylidae

Diastylidae

Diastylis sp.1

FSO-

4CP2-C1

FSO-

4CP2-C2

FSO-

4CP2-C3

RSK-A-

1C2-C1

RSK-A-

1C2-C2

RSK-A-

1C2-C3

1

1 2

1

1

1 1

1

1

1

1

1

1

1

1

1 1

1

1

----
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Diversity of Benthos (individuals per 

TAXA

Leuconidae

Eudorella sp.1

Leucon sp.1

Leuconidae

Nannastacidae

Campylaspis  sp.1

Campylaspis sp.2

Campylaspis  sp.4

Campylaspis sp.5

Campylaspis sp.7

Decapoda

Alpheidae

Alpheidae

Alpheidae  sp.4

Alpheus acutocarinatus
Alpheus euphrosyne
Alpheus malabaricus songkla
Alpheus rapacida
Alpheus  sp.

Alpheus  sp.5

Alpheus sp.6

Athanas sp.

Bermudacaris sp.

Bermudacaris  sp.1

Bermudacaris sp.2

Salmoneus sp.1

Axiidae

Calocaris sp.1

Callianassidae

Callianassidae

Jocullianassa matzi
Lipkecallianassa sp.1

Michaelcallianassa indica
Ctenochelidae

Ctenochelidae sp.1

Euryplacidae

Euryplacidae sp.1

Platyozius laevis
Iphiculidae

Iphiculus spongiosus
Ogyrididae

Ogyrides  sp.5

Palaemonidae

Palaemon sp.

Palaemon sp.1

Palaemon sp.2

Palaemonidae

Palaemonidae sp.5

Periclimenes sp.2

Pandalidae

Thalassocaris sp.1

Parthenopidae

Rhinolambrus sp.1

Pasiphaeidae

Leptochela pugnax
Penaeidae

FSO-

4CP2-C1

FSO-

4CP2-C2

FSO-

4CP2-C3

RSK-A-

1C2-C1

RSK-A-

1C2-C2

RSK-A-

1C2-C3

1

1

1

1

1 1 1 1

1

1

1

1

1 1

3 1

1 1 1 1

1

1

----
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Diversity of Benthos (individuals per 

TAXA

Metapenaeopsis sp.

Pilumnidae

Camatopsis sp.1

Ceratoplax fulgida
Pilumnus ransoni
Rhizopa sp.

Typhlocarcinops canaliculata
Typhlocarcinops transversus

Portunidae

Alionectes pulchricristatus
Libystes edwardsi
Thalamita admete

Processidae

Processa sp.1

Processidae

Upogebiidae

Gebiacantha sp.1

Upogebia  sp.

Upogebiidae

Isopoda

Anthuridae

Amakusanthura sp.1

Haliophasma sp.1

Cirolanidae

Cirolana  sp.1

Cirolanidae sp.1

Cirolanidae sp.2

Gnathiidae

Caecognathia andamanensis
Caecognathia sp.

Caecognathia sp.4

Elaphognathia sp.7

Gnathiidae

Gnathiidae sp.2

Hyssuridae

Hyssuridae sp.1

Leptanthuridae

Leptanthuridae sp.1

Leptanthuridae sp.2

Leptostraca

Paranebaliidae

Paranebalia longipes
Malacostraca

Porcellanidae

Polyonyx obesulus
Mysidacea

Mysidae

Anchialina sp.

Anchialina sp.1

Haplostylus bengalensis
Haplostylus sp.

Neomysis  sp.1

Siriella sp.

Siriella sp.2

Siriella sp.3

Siriella sp.4

FSO-

4CP2-C1

FSO-

4CP2-C2

FSO-

4CP2-C3

RSK-A-

1C2-C1

RSK-A-

1C2-C2

RSK-A-

1C2-C3

1 1

1

1

1

2 1

1

1

1

1

1

1

----
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Diversity of Benthos (individuals per 

TAXA

Stomatopoda

Squillidae

Anchisquilla fasciata
Clorida decorata
Cloridina verrucosa
Squillidae sp.2

Tanaidacea

Apseudidae

Apseudidae sp.4

Leptocheliidae

Leptochelia sp.1

Leptochelia sp.2

Leptocheliidae sp.3

Pagurapseudidae

Pagurapseudidae sp.2

Pycnogonida

Pantopoda

Ascorhynchidae

Ascorhynchidae sp.2

Thecostraca

Pedunculata

Pedunculata sp.1

Cnidaria

Anthozoa

Actiniaria

Actiniaria

Echinodermata

Echinoidea

Diadematoida

Diadematidae

Diadematidae sp.1

Echinolampadacea

Fibulariidae

Fibulariidae sp.1

Spatangoida

Brissidae

Brissidae sp.1

Ophiuroidea

Ophiurida

Amphiuridae

Amphioplus (Lymanella) andre
Amphioplus  sp.

Amphiura sp.1

Amphiura sp.2

Amphiuridae

Amphiuridae sp.1

Amphiuridae sp.2

Mollusca

Aplacophora

Cavibelonia

Simrothiellidae

Helicoradomenia sp.1

Helicoradomenia sp.2

Chaetodermatida

Chaetodermatidae

Chaetoderma sp.2

FSO-

4CP2-C1

FSO-

4CP2-C2

FSO-

4CP2-C3

RSK-A-

1C2-C1

RSK-A-

1C2-C2

RSK-A-

1C2-C3

1

1

2 1

1

1

2

1 2

1 1 3 1 1

----
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Diversity of Benthos (individuals per 

TAXA

Bivalvia

Cardiida

Cardiidae

Fulvia sp.1

Fulvia sp.2

Psammobiidae

Gari sp.

Gari sp.1

Gari sp.2

Semelidae

Abra  sp.1

Abra sp.3

Tellinidae

Macoma sp.2

Limoida

Limidae

Limaria orientalis
Lucinida

Lucinidae

Lucina dentifera
Myoida

Corbulidae

Corbula sp.3

Potamocorbula sp.1

Mytiloida

Mytilidae

Adula schmidti
Mytilidae

Nuculoida

Nuculidae

Ennucula niponica
Ostreoida

Pectinidae

Annachlamys sp.

Annachlamys sp.1

Pectinidae
Pholadomyoida

Lyonsiidae

Lyonsia sp.2

Thraciidae

Eximiothracia sp.1

Pterioida

Pinnidae

Pinna  sp.

Venerida

Ungulinidae

Diplodonta sp.1

Felaniella sp.1

Veneridae

Pitar sp.1

Veneroida

Pharidae

Siliqua minima
Siliqua sp.1

Solenidae

Solen curtus

FSO-

4CP2-C1

FSO-

4CP2-C2

FSO-

4CP2-C3

RSK-A-

1C2-C1

RSK-A-

1C2-C2

RSK-A-

1C2-C3

1 1

1 1

1

1

1

1

----
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Diversity of Benthos (individuals per 

TAXA

Bivalvia

Gastropoda

Archaeogastropoda

Orbitestellidae

Microdiscula  sp.1

Cephalaspidea

Cylichnidae

Cylichnidae

Philinidae

Philine sp.2

Neotaenioglossa

Eulimidae

Vitreolina sp.1

Naticidae

Sinum incisum

Gastropoda

Nematoda

Nematoda sp.1

Nematoda sp.2

Nemertea

Anopla

Heteronemertea

Lineidae

Micrura  sp.1

Palaeonemertea

Tubulanidae

Callinera sp.1

Platyhelminthes

Turbellaria

Turbellaria

Sipuncula

Phascolosomatidea

Aspidosiphoniformes

Aspidosiphonidae

Aspidosiphon sp.2

Aspidosiphon sp.3

Phascolosomatiformes

Phascolosomatidae

Apionsoma sp.2

Phascolosoma sp.1

Sipunculidea

Golfingiformes

Golfingiidae

Golfingia sp.1

Onchnesoma steenstrupi
Phascolionidae

Phascolion sp.1
Phascolion sp.2

Phascolion strombus

Total

Number of Taxa

FSO-

4CP2-C1

FSO-

4CP2-C2

FSO-

4CP2-C3

RSK-A-

1C2-C1

RSK-A-

1C2-C2

RSK-A-

1C2-C3

1

1 1

2

1 1 1

2

8 5 3 5 5

1

1 4

1

26 53 38 30 42 42

20 40 29 20 35 34

----
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Diversity of Benthos (individuals per 

TAXA

Annelida

Polychaeta

Aciculata

Acoetidae

Eupanthalis sp.1

Polyodontes  sp.1

Amphinomidae

Chloeia violacea
Linopherus  sp.

Linopherus sp.1

Linopherus sp.3

Linopherus sp.4

Linopherus sp.5

Dorvilleidae

Dorvilleidae

Pettiboneia sp.2

Schistomeringos  sp.

Schistomeringos sp.1

Schistomeringos  sp.3

Eunicidae

Eunice sp.

Eunice sp.3

Euniphysa sp.1

Euniphysa  sp.2

Marphysa sp.2

Glyceridae

Glycera alba
Glycera cinnamomea
Glycera sp.

Goniadidae

Glycinde cf. oligodon
Glycinde sp.

Goniada maculata
Hartmaniellidae

Hartmaniella  sp.1

Hesionidae

Hesione  sp.1

Hesiospina sp.1

Oxydromus sp.1

Podarkeopsis sp.1

Lumbrineridae

Gallardoneris thailandensis
Gesaneris sp.1

Hilbigneris  sp.1

Loboneris sp.1

Lumbrinerides sp.1

Lumbrineriopsis paradoxa
Lumbrineris latreilli
Lumbrineris sp.2

Ninoe nr. bruuni
Ninoe sp.2

Nephtyidae

Aglaophamus cf. dicirroides
Aglaophamus orientalis
Aglaophamus tepens
Micronephthys oligobranchia

RSK-A-

1CP1-C1

RSK-A-

1CP1-C2

RSK-A-

1CP1-C3

RSK-A-

1CP2-C1

RSK-A-

1CP2-C2

RSK-A-

1CP2-C3

3 1 3 2

1

1

1

1

1

1

1

1

1

1

1

1 1

1

1 2 3 1 1 3

2

1

----
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Diversity of Benthos (individuals per 

TAXA

Micronephthys sp.2

Nereididae

Leonnates persicus
Neanthes arenaceodentata
Tambalagamia fauveli

Oenonidae

Drilonereis sp.2

Onuphidae

Diopatra sp.

Onuphis  sp.

Onuphis sp.1

Onuphis sp.6

Paralacydoniidae

Paralacydonia sp.1

Phyllodocidae

Phyllodoce sp.1

Pilargidae

Cabira thailandica
Hermundura sp.1

Litocorsa nr. antennata
Pilargis sp.1

Sigambra sp.1

Sigambra sp.6

Sigambra sp.8

Synelmis albini
Synelmis rigida

Polynoidae

Harmothoe sp.

Harmothoe sp.1

Perolepis  sp.

Perolepis  sp.1

Sigalionidae

Leanira  sp.1

Sthenelais  sp.2

Sthenelanella ehlersi
Sthenolepis japonica

Syllidae

Exogone (Exogone) sp.1

Exogone (Exogone) sp.2
Perkinsyllis sp.1

Perkinsyllis sp.2

Pionosyllis sp.6

Sphaerosyllis sp.1

Syllis sp.1

Trypanosyllis zebra
Canalipalpata

Ampharetidae

Ampharete sp.1

Ampharetidae
Amphicteis cf. gunneri
Anobothrus  sp.1

Auchenoplax crinita
Lysippe labiata
Sosane  sp.2

Chaetopteridae

Chaetopterus  sp.1

RSK-A-

1CP1-C1

RSK-A-

1CP1-C2

RSK-A-

1CP1-C3

RSK-A-

1CP2-C1

RSK-A-

1CP2-C2

RSK-A-

1CP2-C3

1

1

1

1 2 2

3

1

1

1

1

1

1 1

1 1

1

1 1

1

2

1

1 1

1

1

1 2

1

3

----
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Diversity of Benthos (individuals per 

TAXA

Spiochaetopterus sp.1

Cirratulidae

Aphelochaeta monilaris
Aphelochaeta sp.1

Caulleriella sp.1

Chaetozone sp.1

Chaetozone sp.7

Kirkegaardia sp.1

Kirkegaardia sp.5

Kirkegaardia  sp.6

Kirkegaardia  sp.7

Fabriciidae

Fabricinuda sp.1

Pseudofabriciola sp.1

Pseudofabriciola sp.2

Flabelligeridae

Diplocirrus sp.1

Diplocirrus sp.2

Diplocirrus sp.3

Diplocirrus sp.4

Longosomatidae

Heterospio sp.4

Magelonidae

Magelona  sp.13

Oweniidae

Galathowenia sp.1

Galathowenia sp.2

Myriochele sp.2

Poecilochaetidae

Poecilochaetus sp.

Poecilochaetus sp.3

Poecilochaetus sp.4

Poecilochaetus tricirratus
Sabellidae

Chone  sp.1

Euchone sp.1

Euchonoides sp.1

Sabella sp.1

Sabellidae

Serpulidae

Vermiliopsis  sp.1

Spionidae

Laonice sp.1

Laonice sp.3

Paraprionospio sp.

Prionospio ehlersi
Prionospio elegantula
Prionospio elongata
Prionospio malayensis
Prionospio nr. dubia
Prionospio  sp.

Prionospio sp.13

Prionospio sp.6

Pseudopolydora sp.2

Scolelepis sp.2

Scolelepis sp.3

RSK-A-

1CP1-C1

RSK-A-

1CP1-C2

RSK-A-

1CP1-C3

RSK-A-

1CP2-C1

RSK-A-

1CP2-C2

RSK-A-

1CP2-C3

2 2 1 3 1 2

1

1

1

1

1

1

1

1

1 1

2

1

1

1

1

2

1

2 1 2

1 2

1

1 3

1

1

----
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TAXA

Scolelepis  sp.5

Spio sp.2

Spiophanes kroeyeri
Spiophanes malayensis
Spiophanes sp.3

Spiophanes sp.4

Spiophanes  sp.5

Sternaspidae

Caulleryaspis sp.1

Petersenaspis apinyae
Sternaspis cf. spinosa
Sternaspis sp.

Terebellidae

Loimia medusa
Pista  sp.4

Trichobranchidae

Terebellides sp.1

Terebellides sp.2

Trichobranchus roseus

Capitellidae

Barantolla sp.1

Capitella capitata
Capitella capitata oculata
Capitella minima
Capitella sp.1

Capitellethus sp.1

Capitellethus sp.2

Capitomastus sp.1

Mediomastus sp.1

Neomediomastus sp.1

Neomediomastus sp.2

Notomastus latericeus
Notomastus sp.4

Rashgua lobatus
Scyphoproctus  sp.1

Cossuridae

Cossura sp.2

Maldanidae

Axiothella  sp.1

Clymenella sp.1

Euclymene  sp.1

Euclymene sp.3

Praxillella nr. gracilis
Praxillella  sp.4

Opheliidae

Armandia leptocirris
Ophelina cf. cordiformis

Orbiniidae

Scoloplos  sp.1

Paraonidae

Aricidea (Acmira) anusakdii
Aricidea (Aricidea) sp.7

Levinsenia sp.

Levinsenia sp.2

Levinsenia  sp.4

RSK-A-

1CP1-C1

RSK-A-

1CP1-C2

RSK-A-

1CP1-C3

RSK-A-

1CP2-C1

RSK-A-

1CP2-C2

RSK-A-

1CP2-C3

1 1

1

1

1 2

1

1 1 2

2 3 1

1 1

1

1

1

1 1

----
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Diversity of Benthos (individuals per 

TAXA

Levinsenia sp.5

Levinsenia sp.9

Arthropoda

Crustacea

Amphipoda

Ampeliscidae

Ampelisca bocki
Ampelisca cyclops
Ampelisca maia
Ampelisca  sp.

Byblis calisto
Byblis febris
Byblis sp.

Aoridae

Aoridae sp.5

Caprellidae

Caprella sp.1

Cyproideidae

Cyproidea sp.2

Eriopisidae

Eriopisella sechellensis
Eriopisidae
Victoriopisa sp.1

Ischyroceridae

Cerapus sp.5

Leucothoidae

Leucothoe hyhelia
Liljeborgiidae

Liljeborgia sp.2

Liljeborgiidae

Oedicerotidae

Eochelidium nonmiraculum
Oedicerotidae

Perioculodes sp.1

Photidae

Gammaropsis sp.4

Photidae
Photis longicaudata

Podoceridae

Podocerus sp.1

Synopiidae

Synopia sp.2

Tryphosidae

Orchomenella  sp.1

Tryphosella sp.1

Tryphosidae sp.1

Cumacea

Bodotriidae

Bodotriidae
Eocuma cf. agrion
Eocuma cf. latum
Iphinoe sp.1

Sympodomma sp.1

Diastylidae

Diastylidae

Diastylis sp.1

RSK-A-

1CP1-C1

RSK-A-

1CP1-C2

RSK-A-

1CP1-C3

RSK-A-

1CP2-C1

RSK-A-

1CP2-C2

RSK-A-

1CP2-C3

1

1

1 2

1 2

1

1 1

1 1

1

----
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Diversity of Benthos (individuals per 

TAXA

Leuconidae

Eudorella sp.1

Leucon sp.1

Leuconidae

Nannastacidae

Campylaspis  sp.1

Campylaspis sp.2

Campylaspis  sp.4

Campylaspis sp.5

Campylaspis sp.7

Decapoda

Alpheidae

Alpheidae

Alpheidae  sp.4

Alpheus acutocarinatus
Alpheus euphrosyne
Alpheus malabaricus songkla
Alpheus rapacida
Alpheus  sp.

Alpheus  sp.5

Alpheus sp.6

Athanas sp.

Bermudacaris sp.

Bermudacaris  sp.1

Bermudacaris sp.2

Salmoneus sp.1

Axiidae

Calocaris sp.1

Callianassidae

Callianassidae

Jocullianassa matzi
Lipkecallianassa sp.1

Michaelcallianassa indica
Ctenochelidae

Ctenochelidae sp.1

Euryplacidae

Euryplacidae sp.1

Platyozius laevis
Iphiculidae

Iphiculus spongiosus
Ogyrididae

Ogyrides  sp.5

Palaemonidae

Palaemon sp.

Palaemon sp.1

Palaemon sp.2

Palaemonidae

Palaemonidae sp.5

Periclimenes sp.2

Pandalidae

Thalassocaris sp.1

Parthenopidae

Rhinolambrus sp.1

Pasiphaeidae

Leptochela pugnax
Penaeidae

RSK-A-

1CP1-C1

RSK-A-

1CP1-C2

RSK-A-

1CP1-C3

RSK-A-

1CP2-C1

RSK-A-

1CP2-C2

RSK-A-

1CP2-C3

1

1 1

1 1

1

2

1 1

1

1 1

4 3

2 4 1

1 1 1

----
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Diversity of Benthos (individuals per 

TAXA

Metapenaeopsis sp.

Pilumnidae

Camatopsis sp.1

Ceratoplax fulgida
Pilumnus ransoni
Rhizopa sp.

Typhlocarcinops canaliculata
Typhlocarcinops transversus

Portunidae

Alionectes pulchricristatus
Libystes edwardsi
Thalamita admete

Processidae

Processa sp.1

Processidae

Upogebiidae

Gebiacantha sp.1

Upogebia  sp.

Upogebiidae

Isopoda

Anthuridae

Amakusanthura sp.1

Haliophasma sp.1

Cirolanidae

Cirolana  sp.1

Cirolanidae sp.1

Cirolanidae sp.2

Gnathiidae

Caecognathia andamanensis
Caecognathia sp.

Caecognathia sp.4

Elaphognathia sp.7

Gnathiidae

Gnathiidae sp.2

Hyssuridae

Hyssuridae sp.1

Leptanthuridae

Leptanthuridae sp.1

Leptanthuridae sp.2

Leptostraca

Paranebaliidae

Paranebalia longipes
Malacostraca

Porcellanidae

Polyonyx obesulus
Mysidacea

Mysidae

Anchialina sp.

Anchialina sp.1

Haplostylus bengalensis
Haplostylus sp.

Neomysis  sp.1

Siriella sp.

Siriella sp.2

Siriella sp.3

Siriella sp.4

RSK-A-

1CP1-C1

RSK-A-

1CP1-C2

RSK-A-

1CP1-C3

RSK-A-

1CP2-C1

RSK-A-

1CP2-C2

RSK-A-

1CP2-C3

1

1 1

1

1

1

2 1 2 1

2

1

1

1

----
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Diversity of Benthos (individuals per 

TAXA

Stomatopoda

Squillidae

Anchisquilla fasciata
Clorida decorata
Cloridina verrucosa
Squillidae sp.2

Tanaidacea

Apseudidae

Apseudidae sp.4

Leptocheliidae

Leptochelia sp.1

Leptochelia sp.2

Leptocheliidae sp.3

Pagurapseudidae

Pagurapseudidae sp.2

Pycnogonida

Pantopoda

Ascorhynchidae

Ascorhynchidae sp.2

Thecostraca

Pedunculata

Pedunculata sp.1

Cnidaria

Anthozoa

Actiniaria

Actiniaria

Echinodermata

Echinoidea

Diadematoida

Diadematidae

Diadematidae sp.1

Echinolampadacea

Fibulariidae

Fibulariidae sp.1

Spatangoida

Brissidae

Brissidae sp.1

Ophiuroidea

Ophiurida

Amphiuridae

Amphioplus (Lymanella) andre
Amphioplus  sp.

Amphiura sp.1

Amphiura sp.2

Amphiuridae

Amphiuridae sp.1

Amphiuridae sp.2

Mollusca

Aplacophora

Cavibelonia

Simrothiellidae

Helicoradomenia sp.1

Helicoradomenia sp.2

Chaetodermatida

Chaetodermatidae

Chaetoderma sp.2

RSK-A-

1CP1-C1

RSK-A-

1CP1-C2

RSK-A-

1CP1-C3

RSK-A-

1CP2-C1

RSK-A-

1CP2-C2

RSK-A-

1CP2-C3

1

1

3

1

1

1

8 1 5 1 2

----
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Diversity of Benthos (individuals per 

TAXA

Bivalvia

Cardiida

Cardiidae

Fulvia sp.1

Fulvia sp.2

Psammobiidae

Gari sp.

Gari sp.1

Gari sp.2

Semelidae

Abra  sp.1

Abra sp.3

Tellinidae

Macoma sp.2

Limoida

Limidae

Limaria orientalis
Lucinida

Lucinidae

Lucina dentifera
Myoida

Corbulidae

Corbula sp.3

Potamocorbula sp.1

Mytiloida

Mytilidae

Adula schmidti
Mytilidae

Nuculoida

Nuculidae

Ennucula niponica
Ostreoida

Pectinidae

Annachlamys sp.

Annachlamys sp.1

Pectinidae
Pholadomyoida

Lyonsiidae

Lyonsia sp.2

Thraciidae

Eximiothracia sp.1

Pterioida

Pinnidae

Pinna  sp.

Venerida

Ungulinidae

Diplodonta sp.1

Felaniella sp.1

Veneridae

Pitar sp.1

Veneroida

Pharidae

Siliqua minima
Siliqua sp.1

Solenidae

Solen curtus

RSK-A-

1CP1-C1

RSK-A-

1CP1-C2

RSK-A-

1CP1-C3

RSK-A-

1CP2-C1

RSK-A-

1CP2-C2

RSK-A-

1CP2-C3

1

1

1 1 3

1

2 1 1

1

1

1 1

----
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Diversity of Benthos (individuals per 

TAXA

Bivalvia

Gastropoda

Archaeogastropoda

Orbitestellidae

Microdiscula  sp.1

Cephalaspidea

Cylichnidae

Cylichnidae

Philinidae

Philine sp.2

Neotaenioglossa

Eulimidae

Vitreolina sp.1

Naticidae

Sinum incisum

Gastropoda

Nematoda

Nematoda sp.1

Nematoda sp.2

Nemertea

Anopla

Heteronemertea

Lineidae

Micrura  sp.1

Palaeonemertea

Tubulanidae

Callinera sp.1

Platyhelminthes

Turbellaria

Turbellaria

Sipuncula

Phascolosomatidea

Aspidosiphoniformes

Aspidosiphonidae

Aspidosiphon sp.2

Aspidosiphon sp.3

Phascolosomatiformes

Phascolosomatidae

Apionsoma sp.2

Phascolosoma sp.1

Sipunculidea

Golfingiformes

Golfingiidae

Golfingia sp.1

Onchnesoma steenstrupi
Phascolionidae

Phascolion sp.1
Phascolion sp.2

Phascolion strombus

Total

Number of Taxa

RSK-A-

1CP1-C1

RSK-A-

1CP1-C2

RSK-A-

1CP1-C3

RSK-A-

1CP2-C1

RSK-A-

1CP2-C2

RSK-A-

1CP2-C3

1 2

1

1

1

1 1 1 1 1

1

2 5 3 5 1

1

1 1

1

1

55 44 64 43 33 41

34 31 48 31 25 31

----
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Diversity of Benthos (individuals per 

TAXA

Annelida

Polychaeta

Aciculata

Acoetidae

Eupanthalis sp.1

Polyodontes  sp.1

Amphinomidae

Chloeia violacea
Linopherus  sp.

Linopherus sp.1

Linopherus sp.3

Linopherus sp.4

Linopherus sp.5

Dorvilleidae

Dorvilleidae

Pettiboneia sp.2

Schistomeringos  sp.

Schistomeringos sp.1

Schistomeringos  sp.3

Eunicidae

Eunice sp.

Eunice sp.3

Euniphysa sp.1

Euniphysa  sp.2

Marphysa sp.2

Glyceridae

Glycera alba
Glycera cinnamomea
Glycera sp.

Goniadidae

Glycinde cf. oligodon
Glycinde sp.

Goniada maculata
Hartmaniellidae

Hartmaniella  sp.1

Hesionidae

Hesione  sp.1

Hesiospina sp.1

Oxydromus sp.1

Podarkeopsis sp.1

Lumbrineridae

Gallardoneris thailandensis
Gesaneris sp.1

Hilbigneris  sp.1

Loboneris sp.1

Lumbrinerides sp.1

Lumbrineriopsis paradoxa
Lumbrineris latreilli
Lumbrineris sp.2

Ninoe nr. bruuni
Ninoe sp.2

Nephtyidae

Aglaophamus cf. dicirroides
Aglaophamus orientalis
Aglaophamus tepens
Micronephthys oligobranchia

RSK-A-

1CP3-C1

RSK-A-

1CP3-C2

RSK-A-

1CP3-C3

RSK-A-

1D2-C1

RSK-A-

1D2-C2

RSK-A-

1D2-C3

1

7 1 4 2

1 1

1

1

2

7 1 1

1 1

1

1

1

1 4

2

1

1

1

1

1

1

1

1

1 2 4 4

2 1 1

----
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Diversity of Benthos (individuals per 

TAXA

Micronephthys sp.2

Nereididae

Leonnates persicus
Neanthes arenaceodentata
Tambalagamia fauveli

Oenonidae

Drilonereis sp.2

Onuphidae

Diopatra sp.

Onuphis  sp.

Onuphis sp.1

Onuphis sp.6

Paralacydoniidae

Paralacydonia sp.1

Phyllodocidae

Phyllodoce sp.1

Pilargidae

Cabira thailandica
Hermundura sp.1

Litocorsa nr. antennata
Pilargis sp.1

Sigambra sp.1

Sigambra sp.6

Sigambra sp.8

Synelmis albini
Synelmis rigida

Polynoidae

Harmothoe sp.

Harmothoe sp.1

Perolepis  sp.

Perolepis  sp.1

Sigalionidae

Leanira  sp.1

Sthenelais  sp.2

Sthenelanella ehlersi
Sthenolepis japonica

Syllidae

Exogone (Exogone) sp.1

Exogone (Exogone) sp.2
Perkinsyllis sp.1

Perkinsyllis sp.2

Pionosyllis sp.6

Sphaerosyllis sp.1

Syllis sp.1

Trypanosyllis zebra
Canalipalpata

Ampharetidae

Ampharete sp.1

Ampharetidae
Amphicteis cf. gunneri
Anobothrus  sp.1

Auchenoplax crinita
Lysippe labiata
Sosane  sp.2

Chaetopteridae

Chaetopterus  sp.1

RSK-A-

1CP3-C1

RSK-A-

1CP3-C2

RSK-A-

1CP3-C3

RSK-A-

1D2-C1

RSK-A-

1D2-C2

RSK-A-

1D2-C3

2

1

1

1

1

1

1

1

1

1

1

1 4

2

1

1

1 1 1

1

1

1 2

1

1

1

1 2

1

----
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Diversity of Benthos (individuals per 

TAXA

Spiochaetopterus sp.1

Cirratulidae

Aphelochaeta monilaris
Aphelochaeta sp.1

Caulleriella sp.1

Chaetozone sp.1

Chaetozone sp.7

Kirkegaardia sp.1

Kirkegaardia sp.5

Kirkegaardia  sp.6

Kirkegaardia  sp.7

Fabriciidae

Fabricinuda sp.1

Pseudofabriciola sp.1

Pseudofabriciola sp.2

Flabelligeridae

Diplocirrus sp.1

Diplocirrus sp.2

Diplocirrus sp.3

Diplocirrus sp.4

Longosomatidae

Heterospio sp.4

Magelonidae

Magelona  sp.13

Oweniidae

Galathowenia sp.1

Galathowenia sp.2

Myriochele sp.2

Poecilochaetidae

Poecilochaetus sp.

Poecilochaetus sp.3

Poecilochaetus sp.4

Poecilochaetus tricirratus
Sabellidae

Chone  sp.1

Euchone sp.1

Euchonoides sp.1

Sabella sp.1

Sabellidae

Serpulidae

Vermiliopsis  sp.1

Spionidae

Laonice sp.1

Laonice sp.3

Paraprionospio sp.

Prionospio ehlersi
Prionospio elegantula
Prionospio elongata
Prionospio malayensis
Prionospio nr. dubia
Prionospio  sp.

Prionospio sp.13

Prionospio sp.6

Pseudopolydora sp.2

Scolelepis sp.2

Scolelepis sp.3

RSK-A-

1CP3-C1

RSK-A-

1CP3-C2

RSK-A-

1CP3-C3

RSK-A-

1D2-C1

RSK-A-

1D2-C2

RSK-A-

1D2-C3

1 5 7 3

1

1

1

1

1

1

1 1

2

1

1

2 1

1

1

3 1

1

1

1

----
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Scolelepis  sp.5

Spio sp.2

Spiophanes kroeyeri
Spiophanes malayensis
Spiophanes sp.3

Spiophanes sp.4

Spiophanes  sp.5

Sternaspidae

Caulleryaspis sp.1

Petersenaspis apinyae
Sternaspis cf. spinosa
Sternaspis sp.

Terebellidae

Loimia medusa
Pista  sp.4

Trichobranchidae

Terebellides sp.1

Terebellides sp.2

Trichobranchus roseus

Capitellidae

Barantolla sp.1

Capitella capitata
Capitella capitata oculata
Capitella minima
Capitella sp.1

Capitellethus sp.1

Capitellethus sp.2

Capitomastus sp.1

Mediomastus sp.1

Neomediomastus sp.1

Neomediomastus sp.2

Notomastus latericeus
Notomastus sp.4

Rashgua lobatus
Scyphoproctus  sp.1

Cossuridae

Cossura sp.2

Maldanidae

Axiothella  sp.1

Clymenella sp.1

Euclymene  sp.1

Euclymene sp.3

Praxillella nr. gracilis
Praxillella  sp.4

Opheliidae

Armandia leptocirris
Ophelina cf. cordiformis

Orbiniidae

Scoloplos  sp.1

Paraonidae

Aricidea (Acmira) anusakdii
Aricidea (Aricidea) sp.7

Levinsenia sp.

Levinsenia sp.2

Levinsenia  sp.4

RSK-A-

1CP3-C1

RSK-A-

1CP3-C2

RSK-A-

1CP3-C3

RSK-A-

1D2-C1

RSK-A-

1D2-C2

RSK-A-

1D2-C3

1 2 1

1 1

1

1

1

1 1

1 2

1 1

1 1

1

1 1

1

1 2

1

2 2

2

1

1

1

----
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Levinsenia sp.5

Levinsenia sp.9

Arthropoda

Crustacea

Amphipoda

Ampeliscidae

Ampelisca bocki
Ampelisca cyclops
Ampelisca maia
Ampelisca  sp.

Byblis calisto
Byblis febris
Byblis sp.

Aoridae

Aoridae sp.5

Caprellidae

Caprella sp.1

Cyproideidae

Cyproidea sp.2

Eriopisidae

Eriopisella sechellensis
Eriopisidae
Victoriopisa sp.1

Ischyroceridae

Cerapus sp.5

Leucothoidae

Leucothoe hyhelia
Liljeborgiidae

Liljeborgia sp.2

Liljeborgiidae

Oedicerotidae

Eochelidium nonmiraculum
Oedicerotidae

Perioculodes sp.1

Photidae

Gammaropsis sp.4

Photidae
Photis longicaudata

Podoceridae

Podocerus sp.1

Synopiidae

Synopia sp.2

Tryphosidae

Orchomenella  sp.1

Tryphosella sp.1

Tryphosidae sp.1

Cumacea

Bodotriidae

Bodotriidae
Eocuma cf. agrion
Eocuma cf. latum
Iphinoe sp.1

Sympodomma sp.1

Diastylidae

Diastylidae

Diastylis sp.1

RSK-A-

1CP3-C1

RSK-A-

1CP3-C2

RSK-A-

1CP3-C3

RSK-A-

1D2-C1

RSK-A-

1D2-C2

RSK-A-

1D2-C3

1 1 1

16

1 1

1

1 1

2

----
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TAXA

Leuconidae

Eudorella sp.1

Leucon sp.1

Leuconidae

Nannastacidae

Campylaspis  sp.1

Campylaspis sp.2

Campylaspis  sp.4

Campylaspis sp.5

Campylaspis sp.7

Decapoda

Alpheidae

Alpheidae

Alpheidae  sp.4

Alpheus acutocarinatus
Alpheus euphrosyne
Alpheus malabaricus songkla
Alpheus rapacida
Alpheus  sp.

Alpheus  sp.5

Alpheus sp.6

Athanas sp.

Bermudacaris sp.

Bermudacaris  sp.1

Bermudacaris sp.2

Salmoneus sp.1

Axiidae

Calocaris sp.1

Callianassidae

Callianassidae

Jocullianassa matzi
Lipkecallianassa sp.1

Michaelcallianassa indica
Ctenochelidae

Ctenochelidae sp.1

Euryplacidae

Euryplacidae sp.1

Platyozius laevis
Iphiculidae

Iphiculus spongiosus
Ogyrididae

Ogyrides  sp.5

Palaemonidae

Palaemon sp.

Palaemon sp.1

Palaemon sp.2

Palaemonidae

Palaemonidae sp.5

Periclimenes sp.2

Pandalidae

Thalassocaris sp.1

Parthenopidae

Rhinolambrus sp.1

Pasiphaeidae

Leptochela pugnax
Penaeidae

RSK-A-

1CP3-C1

RSK-A-

1CP3-C2

RSK-A-

1CP3-C3

RSK-A-

1D2-C1

RSK-A-

1D2-C2

RSK-A-

1D2-C3

2

1

2

1

1

2

1 4

1 2

1 3 2

1

2

1 6 8

1

1 2

1 1 1

1

1

----
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Diversity of Benthos (individuals per 

TAXA

Metapenaeopsis sp.

Pilumnidae

Camatopsis sp.1

Ceratoplax fulgida
Pilumnus ransoni
Rhizopa sp.

Typhlocarcinops canaliculata
Typhlocarcinops transversus

Portunidae

Alionectes pulchricristatus
Libystes edwardsi
Thalamita admete

Processidae

Processa sp.1

Processidae

Upogebiidae

Gebiacantha sp.1

Upogebia  sp.

Upogebiidae

Isopoda

Anthuridae

Amakusanthura sp.1

Haliophasma sp.1

Cirolanidae

Cirolana  sp.1

Cirolanidae sp.1

Cirolanidae sp.2

Gnathiidae

Caecognathia andamanensis
Caecognathia sp.

Caecognathia sp.4

Elaphognathia sp.7

Gnathiidae

Gnathiidae sp.2

Hyssuridae

Hyssuridae sp.1

Leptanthuridae

Leptanthuridae sp.1

Leptanthuridae sp.2

Leptostraca

Paranebaliidae

Paranebalia longipes
Malacostraca

Porcellanidae

Polyonyx obesulus
Mysidacea

Mysidae

Anchialina sp.

Anchialina sp.1

Haplostylus bengalensis
Haplostylus sp.

Neomysis  sp.1

Siriella sp.

Siriella sp.2

Siriella sp.3

Siriella sp.4

RSK-A-

1CP3-C1

RSK-A-

1CP3-C2

RSK-A-

1CP3-C3

RSK-A-

1D2-C1

RSK-A-

1D2-C2

RSK-A-

1D2-C3

1

1 1

1

1

1

1 9 1 1

1

3

1

1

1

1

1

----
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Diversity of Benthos (individuals per 

TAXA

Stomatopoda

Squillidae

Anchisquilla fasciata
Clorida decorata
Cloridina verrucosa
Squillidae sp.2

Tanaidacea

Apseudidae

Apseudidae sp.4

Leptocheliidae

Leptochelia sp.1

Leptochelia sp.2

Leptocheliidae sp.3

Pagurapseudidae

Pagurapseudidae sp.2

Pycnogonida

Pantopoda

Ascorhynchidae

Ascorhynchidae sp.2

Thecostraca

Pedunculata

Pedunculata sp.1

Cnidaria

Anthozoa

Actiniaria

Actiniaria

Echinodermata

Echinoidea

Diadematoida

Diadematidae

Diadematidae sp.1

Echinolampadacea

Fibulariidae

Fibulariidae sp.1

Spatangoida

Brissidae

Brissidae sp.1

Ophiuroidea

Ophiurida

Amphiuridae

Amphioplus (Lymanella) andre
Amphioplus  sp.

Amphiura sp.1

Amphiura sp.2

Amphiuridae

Amphiuridae sp.1

Amphiuridae sp.2

Mollusca

Aplacophora

Cavibelonia

Simrothiellidae

Helicoradomenia sp.1

Helicoradomenia sp.2

Chaetodermatida

Chaetodermatidae

Chaetoderma sp.2

RSK-A-

1CP3-C1

RSK-A-

1CP3-C2

RSK-A-

1CP3-C3

RSK-A-

1D2-C1

RSK-A-

1D2-C2

RSK-A-

1D2-C3

1

1

1

1 1

1

1

1 2

1 1

1

3

1 2 3 1

----
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Diversity of Benthos (individuals per 

TAXA

Bivalvia

Cardiida

Cardiidae

Fulvia sp.1

Fulvia sp.2

Psammobiidae

Gari sp.

Gari sp.1

Gari sp.2

Semelidae

Abra  sp.1

Abra sp.3

Tellinidae

Macoma sp.2

Limoida

Limidae

Limaria orientalis
Lucinida

Lucinidae

Lucina dentifera
Myoida

Corbulidae

Corbula sp.3

Potamocorbula sp.1

Mytiloida

Mytilidae

Adula schmidti
Mytilidae

Nuculoida

Nuculidae

Ennucula niponica
Ostreoida

Pectinidae

Annachlamys sp.

Annachlamys sp.1

Pectinidae
Pholadomyoida

Lyonsiidae

Lyonsia sp.2

Thraciidae

Eximiothracia sp.1

Pterioida

Pinnidae

Pinna  sp.

Venerida

Ungulinidae

Diplodonta sp.1

Felaniella sp.1

Veneridae

Pitar sp.1

Veneroida

Pharidae

Siliqua minima
Siliqua sp.1

Solenidae

Solen curtus

RSK-A-

1CP3-C1

RSK-A-

1CP3-C2

RSK-A-

1CP3-C3

RSK-A-

1D2-C1

RSK-A-

1D2-C2

RSK-A-

1D2-C3

1 4

1

2 2

1 5

1

1 3

1

2

1

1

1

----
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Diversity of Benthos (individuals per 

TAXA

Bivalvia

Gastropoda

Archaeogastropoda

Orbitestellidae

Microdiscula  sp.1

Cephalaspidea

Cylichnidae

Cylichnidae

Philinidae

Philine sp.2

Neotaenioglossa

Eulimidae

Vitreolina sp.1

Naticidae

Sinum incisum

Gastropoda

Nematoda

Nematoda sp.1

Nematoda sp.2

Nemertea

Anopla

Heteronemertea

Lineidae

Micrura  sp.1

Palaeonemertea

Tubulanidae

Callinera sp.1

Platyhelminthes

Turbellaria

Turbellaria

Sipuncula

Phascolosomatidea

Aspidosiphoniformes

Aspidosiphonidae

Aspidosiphon sp.2

Aspidosiphon sp.3

Phascolosomatiformes

Phascolosomatidae

Apionsoma sp.2

Phascolosoma sp.1

Sipunculidea

Golfingiformes

Golfingiidae

Golfingia sp.1

Onchnesoma steenstrupi
Phascolionidae

Phascolion sp.1
Phascolion sp.2

Phascolion strombus

Total

Number of Taxa

RSK-A-

1CP3-C1

RSK-A-

1CP3-C2

RSK-A-

1CP3-C3

RSK-A-

1D2-C1

RSK-A-

1D2-C2

RSK-A-

1D2-C3

2

1

1

1 2 1 1

1 1

1 1 1

2 3 1 11 6 4

1

1

2 3

2

37 21 18 109 151 43

23 16 17 64 80 26

----
40/70 Principal Taxonomist



Diversity of Benthos (individuals per 

TAXA

Annelida

Polychaeta

Aciculata

Acoetidae

Eupanthalis sp.1

Polyodontes  sp.1

Amphinomidae

Chloeia violacea
Linopherus  sp.

Linopherus sp.1

Linopherus sp.3

Linopherus sp.4

Linopherus sp.5

Dorvilleidae

Dorvilleidae

Pettiboneia sp.2

Schistomeringos  sp.

Schistomeringos sp.1

Schistomeringos  sp.3

Eunicidae

Eunice sp.

Eunice sp.3

Euniphysa sp.1

Euniphysa  sp.2

Marphysa sp.2

Glyceridae

Glycera alba
Glycera cinnamomea
Glycera sp.

Goniadidae

Glycinde cf. oligodon
Glycinde sp.

Goniada maculata
Hartmaniellidae

Hartmaniella  sp.1

Hesionidae

Hesione  sp.1

Hesiospina sp.1

Oxydromus sp.1

Podarkeopsis sp.1

Lumbrineridae

Gallardoneris thailandensis
Gesaneris sp.1

Hilbigneris  sp.1

Loboneris sp.1

Lumbrinerides sp.1

Lumbrineriopsis paradoxa
Lumbrineris latreilli
Lumbrineris sp.2

Ninoe nr. bruuni
Ninoe sp.2

Nephtyidae

Aglaophamus cf. dicirroides
Aglaophamus orientalis
Aglaophamus tepens
Micronephthys oligobranchia

RSK-A-

2C2-C1

RSK-A-

2C2-C2

RSK-A-

2C2-C3

RSK-A-

2CP2-C1

RSK-A-

2CP2-C2

RSK-A-

2CP2-C3

1

1 2 1

2

13 1

4

1 1

1

2

1

1

1 2

1 1

1

1

1 2

1

1 1 3 2 2

2 1

----
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Diversity of Benthos (individuals per 

TAXA

Micronephthys sp.2

Nereididae

Leonnates persicus
Neanthes arenaceodentata
Tambalagamia fauveli

Oenonidae

Drilonereis sp.2

Onuphidae

Diopatra sp.

Onuphis  sp.

Onuphis sp.1

Onuphis sp.6

Paralacydoniidae

Paralacydonia sp.1

Phyllodocidae

Phyllodoce sp.1

Pilargidae

Cabira thailandica
Hermundura sp.1

Litocorsa nr. antennata
Pilargis sp.1

Sigambra sp.1

Sigambra sp.6

Sigambra sp.8

Synelmis albini
Synelmis rigida

Polynoidae

Harmothoe sp.

Harmothoe sp.1

Perolepis  sp.

Perolepis  sp.1

Sigalionidae

Leanira  sp.1

Sthenelais  sp.2

Sthenelanella ehlersi
Sthenolepis japonica

Syllidae

Exogone (Exogone) sp.1

Exogone (Exogone) sp.2
Perkinsyllis sp.1

Perkinsyllis sp.2

Pionosyllis sp.6

Sphaerosyllis sp.1

Syllis sp.1

Trypanosyllis zebra
Canalipalpata

Ampharetidae

Ampharete sp.1

Ampharetidae
Amphicteis cf. gunneri
Anobothrus  sp.1

Auchenoplax crinita
Lysippe labiata
Sosane  sp.2

Chaetopteridae

Chaetopterus  sp.1

RSK-A-

2C2-C1

RSK-A-

2C2-C2

RSK-A-

2C2-C3

RSK-A-

2CP2-C1

RSK-A-

2CP2-C2

RSK-A-

2CP2-C3

2

1 1

1 2

1

2 1

1

2

1

1

1

1 3

1

1

2

1

----
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Diversity of Benthos (individuals per 

TAXA

Spiochaetopterus sp.1

Cirratulidae

Aphelochaeta monilaris
Aphelochaeta sp.1

Caulleriella sp.1

Chaetozone sp.1

Chaetozone sp.7

Kirkegaardia sp.1

Kirkegaardia sp.5

Kirkegaardia  sp.6

Kirkegaardia  sp.7

Fabriciidae

Fabricinuda sp.1

Pseudofabriciola sp.1

Pseudofabriciola sp.2

Flabelligeridae

Diplocirrus sp.1

Diplocirrus sp.2

Diplocirrus sp.3

Diplocirrus sp.4

Longosomatidae

Heterospio sp.4

Magelonidae

Magelona  sp.13

Oweniidae

Galathowenia sp.1

Galathowenia sp.2

Myriochele sp.2

Poecilochaetidae

Poecilochaetus sp.

Poecilochaetus sp.3

Poecilochaetus sp.4

Poecilochaetus tricirratus
Sabellidae

Chone  sp.1

Euchone sp.1

Euchonoides sp.1

Sabella sp.1

Sabellidae

Serpulidae

Vermiliopsis  sp.1

Spionidae

Laonice sp.1

Laonice sp.3

Paraprionospio sp.

Prionospio ehlersi
Prionospio elegantula
Prionospio elongata
Prionospio malayensis
Prionospio nr. dubia
Prionospio  sp.

Prionospio sp.13

Prionospio sp.6

Pseudopolydora sp.2

Scolelepis sp.2

Scolelepis sp.3

RSK-A-

2C2-C1

RSK-A-

2C2-C2

RSK-A-

2C2-C3

RSK-A-

2CP2-C1

RSK-A-

2CP2-C2

RSK-A-

2CP2-C3

2 1 2 1 3 2

1

1

1

1

2

1

1 1

1

1 1

3 2

1

1

3

1

----
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Diversity of Benthos (individuals per 

TAXA

Scolelepis  sp.5

Spio sp.2

Spiophanes kroeyeri
Spiophanes malayensis
Spiophanes sp.3

Spiophanes sp.4

Spiophanes  sp.5

Sternaspidae

Caulleryaspis sp.1

Petersenaspis apinyae
Sternaspis cf. spinosa
Sternaspis sp.

Terebellidae

Loimia medusa
Pista  sp.4

Trichobranchidae

Terebellides sp.1

Terebellides sp.2

Trichobranchus roseus

Capitellidae

Barantolla sp.1

Capitella capitata
Capitella capitata oculata
Capitella minima
Capitella sp.1

Capitellethus sp.1

Capitellethus sp.2

Capitomastus sp.1

Mediomastus sp.1

Neomediomastus sp.1

Neomediomastus sp.2

Notomastus latericeus
Notomastus sp.4

Rashgua lobatus
Scyphoproctus  sp.1

Cossuridae

Cossura sp.2

Maldanidae

Axiothella  sp.1

Clymenella sp.1

Euclymene  sp.1

Euclymene sp.3

Praxillella nr. gracilis
Praxillella  sp.4

Opheliidae

Armandia leptocirris
Ophelina cf. cordiformis

Orbiniidae

Scoloplos  sp.1

Paraonidae

Aricidea (Acmira) anusakdii
Aricidea (Aricidea) sp.7

Levinsenia sp.

Levinsenia sp.2

Levinsenia  sp.4

RSK-A-

2C2-C1

RSK-A-

2C2-C2

RSK-A-

2C2-C3

RSK-A-

2CP2-C1

RSK-A-

2CP2-C2

RSK-A-

2CP2-C3

1

1

1

1

1 2 1 1

1 2 1 2

2 1

1

11 1

4

2

1 1

4

1

1

1 1

1

1 1

1

13 2

1 1

----
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Diversity of Benthos (individuals per 

TAXA

Levinsenia sp.5

Levinsenia sp.9

Arthropoda

Crustacea

Amphipoda

Ampeliscidae

Ampelisca bocki
Ampelisca cyclops
Ampelisca maia
Ampelisca  sp.

Byblis calisto
Byblis febris
Byblis sp.

Aoridae

Aoridae sp.5

Caprellidae

Caprella sp.1

Cyproideidae

Cyproidea sp.2

Eriopisidae

Eriopisella sechellensis
Eriopisidae
Victoriopisa sp.1

Ischyroceridae

Cerapus sp.5

Leucothoidae

Leucothoe hyhelia
Liljeborgiidae

Liljeborgia sp.2

Liljeborgiidae

Oedicerotidae

Eochelidium nonmiraculum
Oedicerotidae

Perioculodes sp.1

Photidae

Gammaropsis sp.4

Photidae
Photis longicaudata

Podoceridae

Podocerus sp.1

Synopiidae

Synopia sp.2

Tryphosidae

Orchomenella  sp.1

Tryphosella sp.1

Tryphosidae sp.1

Cumacea

Bodotriidae

Bodotriidae
Eocuma cf. agrion
Eocuma cf. latum
Iphinoe sp.1

Sympodomma sp.1

Diastylidae

Diastylidae

Diastylis sp.1

RSK-A-

2C2-C1

RSK-A-

2C2-C2

RSK-A-

2C2-C3

RSK-A-

2CP2-C1

RSK-A-

2CP2-C2

RSK-A-

2CP2-C3

1

1 1

1 1 1

1 1

3 5 1 3

2

1

1

3 1

1

1

1 1

1

----
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Diversity of Benthos (individuals per 

TAXA

Leuconidae

Eudorella sp.1

Leucon sp.1

Leuconidae

Nannastacidae

Campylaspis  sp.1

Campylaspis sp.2

Campylaspis  sp.4

Campylaspis sp.5

Campylaspis sp.7

Decapoda

Alpheidae

Alpheidae

Alpheidae  sp.4

Alpheus acutocarinatus
Alpheus euphrosyne
Alpheus malabaricus songkla
Alpheus rapacida
Alpheus  sp.

Alpheus  sp.5

Alpheus sp.6

Athanas sp.

Bermudacaris sp.

Bermudacaris  sp.1

Bermudacaris sp.2

Salmoneus sp.1

Axiidae

Calocaris sp.1

Callianassidae

Callianassidae

Jocullianassa matzi
Lipkecallianassa sp.1

Michaelcallianassa indica
Ctenochelidae

Ctenochelidae sp.1

Euryplacidae

Euryplacidae sp.1

Platyozius laevis
Iphiculidae

Iphiculus spongiosus
Ogyrididae

Ogyrides  sp.5

Palaemonidae

Palaemon sp.

Palaemon sp.1

Palaemon sp.2

Palaemonidae

Palaemonidae sp.5

Periclimenes sp.2

Pandalidae

Thalassocaris sp.1

Parthenopidae

Rhinolambrus sp.1

Pasiphaeidae

Leptochela pugnax
Penaeidae

RSK-A-

2C2-C1

RSK-A-

2C2-C2

RSK-A-

2C2-C3

RSK-A-

2CP2-C1

RSK-A-

2CP2-C2

RSK-A-

2CP2-C3

1 1

2 1

1

1 2

1 2

1

1

2 2

1

1

1

1 5 2 1

2

1

1

1

2 1

1

1

1

4 1 1 1

----
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Diversity of Benthos (individuals per 

TAXA

Metapenaeopsis sp.

Pilumnidae

Camatopsis sp.1

Ceratoplax fulgida
Pilumnus ransoni
Rhizopa sp.

Typhlocarcinops canaliculata
Typhlocarcinops transversus

Portunidae

Alionectes pulchricristatus
Libystes edwardsi
Thalamita admete

Processidae

Processa sp.1

Processidae

Upogebiidae

Gebiacantha sp.1

Upogebia  sp.

Upogebiidae

Isopoda

Anthuridae

Amakusanthura sp.1

Haliophasma sp.1

Cirolanidae

Cirolana  sp.1

Cirolanidae sp.1

Cirolanidae sp.2

Gnathiidae

Caecognathia andamanensis
Caecognathia sp.

Caecognathia sp.4

Elaphognathia sp.7

Gnathiidae

Gnathiidae sp.2

Hyssuridae

Hyssuridae sp.1

Leptanthuridae

Leptanthuridae sp.1

Leptanthuridae sp.2

Leptostraca

Paranebaliidae

Paranebalia longipes
Malacostraca

Porcellanidae

Polyonyx obesulus
Mysidacea

Mysidae

Anchialina sp.

Anchialina sp.1

Haplostylus bengalensis
Haplostylus sp.

Neomysis  sp.1

Siriella sp.

Siriella sp.2

Siriella sp.3

Siriella sp.4

RSK-A-

2C2-C1

RSK-A-

2C2-C2

RSK-A-

2C2-C3

RSK-A-

2CP2-C1

RSK-A-

2CP2-C2

RSK-A-

2CP2-C3

2 1

1 1 1

1

1

1

1

1

1

7 1 2 1 2

1

1

1 2 1

1

1

----
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Diversity of Benthos (individuals per 

TAXA

Stomatopoda

Squillidae

Anchisquilla fasciata
Clorida decorata
Cloridina verrucosa
Squillidae sp.2

Tanaidacea

Apseudidae

Apseudidae sp.4

Leptocheliidae

Leptochelia sp.1

Leptochelia sp.2

Leptocheliidae sp.3

Pagurapseudidae

Pagurapseudidae sp.2

Pycnogonida

Pantopoda

Ascorhynchidae

Ascorhynchidae sp.2

Thecostraca

Pedunculata

Pedunculata sp.1

Cnidaria

Anthozoa

Actiniaria

Actiniaria

Echinodermata

Echinoidea

Diadematoida

Diadematidae

Diadematidae sp.1

Echinolampadacea

Fibulariidae

Fibulariidae sp.1

Spatangoida

Brissidae

Brissidae sp.1

Ophiuroidea

Ophiurida

Amphiuridae

Amphioplus (Lymanella) andre
Amphioplus  sp.

Amphiura sp.1

Amphiura sp.2

Amphiuridae

Amphiuridae sp.1

Amphiuridae sp.2

Mollusca

Aplacophora

Cavibelonia

Simrothiellidae

Helicoradomenia sp.1

Helicoradomenia sp.2

Chaetodermatida

Chaetodermatidae

Chaetoderma sp.2

RSK-A-

2C2-C1

RSK-A-

2C2-C2

RSK-A-

2C2-C3

RSK-A-

2CP2-C1

RSK-A-

2CP2-C2

RSK-A-

2CP2-C3

1

1

2 1

1

1

1

1

1 5 1

----
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Diversity of Benthos (individuals per 

TAXA

Bivalvia

Cardiida

Cardiidae

Fulvia sp.1

Fulvia sp.2

Psammobiidae

Gari sp.

Gari sp.1

Gari sp.2

Semelidae

Abra  sp.1

Abra sp.3

Tellinidae

Macoma sp.2

Limoida

Limidae

Limaria orientalis
Lucinida

Lucinidae

Lucina dentifera
Myoida

Corbulidae

Corbula sp.3

Potamocorbula sp.1

Mytiloida

Mytilidae

Adula schmidti
Mytilidae

Nuculoida

Nuculidae

Ennucula niponica
Ostreoida

Pectinidae

Annachlamys sp.

Annachlamys sp.1

Pectinidae
Pholadomyoida

Lyonsiidae

Lyonsia sp.2

Thraciidae

Eximiothracia sp.1

Pterioida

Pinnidae

Pinna  sp.

Venerida

Ungulinidae

Diplodonta sp.1

Felaniella sp.1

Veneridae

Pitar sp.1

Veneroida

Pharidae

Siliqua minima
Siliqua sp.1

Solenidae

Solen curtus

RSK-A-

2C2-C1

RSK-A-

2C2-C2

RSK-A-

2C2-C3

RSK-A-

2CP2-C1

RSK-A-

2CP2-C2

RSK-A-

2CP2-C3

1 1

2

3 2

14

1

1

1

1

21 3

1

----
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Diversity of Benthos (individuals per 

TAXA

Bivalvia

Gastropoda

Archaeogastropoda

Orbitestellidae

Microdiscula  sp.1

Cephalaspidea

Cylichnidae

Cylichnidae

Philinidae

Philine sp.2

Neotaenioglossa

Eulimidae

Vitreolina sp.1

Naticidae

Sinum incisum

Gastropoda

Nematoda

Nematoda sp.1

Nematoda sp.2

Nemertea

Anopla

Heteronemertea

Lineidae

Micrura  sp.1

Palaeonemertea

Tubulanidae

Callinera sp.1

Platyhelminthes

Turbellaria

Turbellaria

Sipuncula

Phascolosomatidea

Aspidosiphoniformes

Aspidosiphonidae

Aspidosiphon sp.2

Aspidosiphon sp.3

Phascolosomatiformes

Phascolosomatidae

Apionsoma sp.2

Phascolosoma sp.1

Sipunculidea

Golfingiformes

Golfingiidae

Golfingia sp.1

Onchnesoma steenstrupi
Phascolionidae

Phascolion sp.1
Phascolion sp.2

Phascolion strombus

Total

Number of Taxa

RSK-A-

2C2-C1

RSK-A-

2C2-C2

RSK-A-

2C2-C3

RSK-A-

2CP2-C1

RSK-A-

2CP2-C2

RSK-A-

2CP2-C3

1

1

1

2

1

1

1 1

1 1 2

2

6 2 5 1 3

1

1

60 147 52 49 41 50

39 54 33 33 29 39

----
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Diversity of Benthos (individuals per 

TAXA

Annelida

Polychaeta

Aciculata

Acoetidae

Eupanthalis sp.1

Polyodontes  sp.1

Amphinomidae

Chloeia violacea
Linopherus  sp.

Linopherus sp.1

Linopherus sp.3

Linopherus sp.4

Linopherus sp.5

Dorvilleidae

Dorvilleidae

Pettiboneia sp.2

Schistomeringos  sp.

Schistomeringos sp.1

Schistomeringos  sp.3

Eunicidae

Eunice sp.

Eunice sp.3

Euniphysa sp.1

Euniphysa  sp.2

Marphysa sp.2

Glyceridae

Glycera alba
Glycera cinnamomea
Glycera sp.

Goniadidae

Glycinde cf. oligodon
Glycinde sp.

Goniada maculata
Hartmaniellidae

Hartmaniella  sp.1

Hesionidae

Hesione  sp.1

Hesiospina sp.1

Oxydromus sp.1

Podarkeopsis sp.1

Lumbrineridae

Gallardoneris thailandensis
Gesaneris sp.1

Hilbigneris  sp.1

Loboneris sp.1

Lumbrinerides sp.1

Lumbrineriopsis paradoxa
Lumbrineris latreilli
Lumbrineris sp.2

Ninoe nr. bruuni
Ninoe sp.2

Nephtyidae

Aglaophamus cf. dicirroides
Aglaophamus orientalis
Aglaophamus tepens
Micronephthys oligobranchia

RSK-A-

4C2-C1

RSK-A-

4C2-C2

RSK-A-

4C2-C3

RSK-A-

4CP2-C1

RSK-A-

4CP2-C2

RSK-A-

4CP2-C3

3 2 1

1

1

2

1

3 1

1

1

1

1 1 1

1

1 2

1 1

1

1

1 1 1

1

2 3 1 2 2

2 1 1 1

2

----
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Diversity of Benthos (individuals per 

TAXA

Micronephthys sp.2

Nereididae

Leonnates persicus
Neanthes arenaceodentata
Tambalagamia fauveli

Oenonidae

Drilonereis sp.2

Onuphidae

Diopatra sp.

Onuphis  sp.

Onuphis sp.1

Onuphis sp.6

Paralacydoniidae

Paralacydonia sp.1

Phyllodocidae

Phyllodoce sp.1

Pilargidae

Cabira thailandica
Hermundura sp.1

Litocorsa nr. antennata
Pilargis sp.1

Sigambra sp.1

Sigambra sp.6

Sigambra sp.8

Synelmis albini
Synelmis rigida

Polynoidae

Harmothoe sp.

Harmothoe sp.1

Perolepis  sp.

Perolepis  sp.1

Sigalionidae

Leanira  sp.1

Sthenelais  sp.2

Sthenelanella ehlersi
Sthenolepis japonica

Syllidae

Exogone (Exogone) sp.1

Exogone (Exogone) sp.2
Perkinsyllis sp.1

Perkinsyllis sp.2

Pionosyllis sp.6

Sphaerosyllis sp.1

Syllis sp.1

Trypanosyllis zebra
Canalipalpata

Ampharetidae

Ampharete sp.1

Ampharetidae
Amphicteis cf. gunneri
Anobothrus  sp.1

Auchenoplax crinita
Lysippe labiata
Sosane  sp.2

Chaetopteridae

Chaetopterus  sp.1

RSK-A-

4C2-C1

RSK-A-

4C2-C2

RSK-A-

4C2-C3

RSK-A-

4CP2-C1

RSK-A-

4CP2-C2

RSK-A-

4CP2-C3

1 3

1 2

1 1 2 1 1 5

1

1 1 1

1

2

1

2

1

1

1 2

1 12 5 1

1

1

1

1

1

1

1 1

1

1

1

----
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Diversity of Benthos (individuals per 

TAXA

Spiochaetopterus sp.1

Cirratulidae

Aphelochaeta monilaris
Aphelochaeta sp.1

Caulleriella sp.1

Chaetozone sp.1

Chaetozone sp.7

Kirkegaardia sp.1

Kirkegaardia sp.5

Kirkegaardia  sp.6

Kirkegaardia  sp.7

Fabriciidae

Fabricinuda sp.1

Pseudofabriciola sp.1

Pseudofabriciola sp.2

Flabelligeridae

Diplocirrus sp.1

Diplocirrus sp.2

Diplocirrus sp.3

Diplocirrus sp.4

Longosomatidae

Heterospio sp.4

Magelonidae

Magelona  sp.13

Oweniidae

Galathowenia sp.1

Galathowenia sp.2

Myriochele sp.2

Poecilochaetidae

Poecilochaetus sp.

Poecilochaetus sp.3

Poecilochaetus sp.4

Poecilochaetus tricirratus
Sabellidae

Chone  sp.1

Euchone sp.1

Euchonoides sp.1

Sabella sp.1

Sabellidae

Serpulidae

Vermiliopsis  sp.1

Spionidae

Laonice sp.1

Laonice sp.3

Paraprionospio sp.

Prionospio ehlersi
Prionospio elegantula
Prionospio elongata
Prionospio malayensis
Prionospio nr. dubia
Prionospio  sp.

Prionospio sp.13

Prionospio sp.6

Pseudopolydora sp.2

Scolelepis sp.2

Scolelepis sp.3

RSK-A-

4C2-C1

RSK-A-

4C2-C2

RSK-A-

4C2-C3

RSK-A-

4CP2-C1

RSK-A-

4CP2-C2

RSK-A-

4CP2-C3

3 3 3

2

1

1

2

1 1

1

1

1 1 1

1

1

1

1

1

2

3 3

1

1

2

----
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Diversity of Benthos (individuals per 

TAXA

Scolelepis  sp.5

Spio sp.2

Spiophanes kroeyeri
Spiophanes malayensis
Spiophanes sp.3

Spiophanes sp.4

Spiophanes  sp.5

Sternaspidae

Caulleryaspis sp.1

Petersenaspis apinyae
Sternaspis cf. spinosa
Sternaspis sp.

Terebellidae

Loimia medusa
Pista  sp.4

Trichobranchidae

Terebellides sp.1

Terebellides sp.2

Trichobranchus roseus

Capitellidae

Barantolla sp.1

Capitella capitata
Capitella capitata oculata
Capitella minima
Capitella sp.1

Capitellethus sp.1

Capitellethus sp.2

Capitomastus sp.1

Mediomastus sp.1

Neomediomastus sp.1

Neomediomastus sp.2

Notomastus latericeus
Notomastus sp.4

Rashgua lobatus
Scyphoproctus  sp.1

Cossuridae

Cossura sp.2

Maldanidae

Axiothella  sp.1

Clymenella sp.1

Euclymene  sp.1

Euclymene sp.3

Praxillella nr. gracilis
Praxillella  sp.4

Opheliidae

Armandia leptocirris
Ophelina cf. cordiformis

Orbiniidae

Scoloplos  sp.1

Paraonidae

Aricidea (Acmira) anusakdii
Aricidea (Aricidea) sp.7

Levinsenia sp.

Levinsenia sp.2

Levinsenia  sp.4

RSK-A-

4C2-C1

RSK-A-

4C2-C2

RSK-A-

4C2-C3

RSK-A-

4CP2-C1

RSK-A-

4CP2-C2

RSK-A-

4CP2-C3

1

1

1

1

1 1

1

1 1

1 1 1

1

1 4 2 1 2

1

1

1

1

1 1

1 3

2

1

1 1 1

1

2 2

2

----
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Diversity of Benthos (individuals per 

TAXA

Levinsenia sp.5

Levinsenia sp.9

Arthropoda

Crustacea

Amphipoda

Ampeliscidae

Ampelisca bocki
Ampelisca cyclops
Ampelisca maia
Ampelisca  sp.

Byblis calisto
Byblis febris
Byblis sp.

Aoridae

Aoridae sp.5

Caprellidae

Caprella sp.1

Cyproideidae

Cyproidea sp.2

Eriopisidae

Eriopisella sechellensis
Eriopisidae
Victoriopisa sp.1

Ischyroceridae

Cerapus sp.5

Leucothoidae

Leucothoe hyhelia
Liljeborgiidae

Liljeborgia sp.2

Liljeborgiidae

Oedicerotidae

Eochelidium nonmiraculum
Oedicerotidae

Perioculodes sp.1

Photidae

Gammaropsis sp.4

Photidae
Photis longicaudata

Podoceridae

Podocerus sp.1

Synopiidae

Synopia sp.2

Tryphosidae

Orchomenella  sp.1

Tryphosella sp.1

Tryphosidae sp.1

Cumacea

Bodotriidae

Bodotriidae
Eocuma cf. agrion
Eocuma cf. latum
Iphinoe sp.1

Sympodomma sp.1

Diastylidae

Diastylidae

Diastylis sp.1

RSK-A-

4C2-C1

RSK-A-

4C2-C2

RSK-A-

4C2-C3

RSK-A-

4CP2-C1

RSK-A-

4CP2-C2

RSK-A-

4CP2-C3

1

1

1 4

1

1

1 1

1

1

1

1

1

1

1

----
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Diversity of Benthos (individuals per 

TAXA

Leuconidae

Eudorella sp.1

Leucon sp.1

Leuconidae

Nannastacidae

Campylaspis  sp.1

Campylaspis sp.2

Campylaspis  sp.4

Campylaspis sp.5

Campylaspis sp.7

Decapoda

Alpheidae

Alpheidae

Alpheidae  sp.4

Alpheus acutocarinatus
Alpheus euphrosyne
Alpheus malabaricus songkla
Alpheus rapacida
Alpheus  sp.

Alpheus  sp.5

Alpheus sp.6

Athanas sp.

Bermudacaris sp.

Bermudacaris  sp.1

Bermudacaris sp.2

Salmoneus sp.1

Axiidae

Calocaris sp.1

Callianassidae

Callianassidae

Jocullianassa matzi
Lipkecallianassa sp.1

Michaelcallianassa indica
Ctenochelidae

Ctenochelidae sp.1

Euryplacidae

Euryplacidae sp.1

Platyozius laevis
Iphiculidae

Iphiculus spongiosus
Ogyrididae

Ogyrides  sp.5

Palaemonidae

Palaemon sp.

Palaemon sp.1

Palaemon sp.2

Palaemonidae

Palaemonidae sp.5

Periclimenes sp.2

Pandalidae

Thalassocaris sp.1

Parthenopidae

Rhinolambrus sp.1

Pasiphaeidae

Leptochela pugnax
Penaeidae

RSK-A-

4C2-C1

RSK-A-

4C2-C2

RSK-A-

4C2-C3

RSK-A-

4CP2-C1

RSK-A-

4CP2-C2

RSK-A-

4CP2-C3

1 1

1

1

1

1

1

1 1

1

1

1

3

1

1 5 3 1 3 2

1

1

1

1 2 1

----
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Diversity of Benthos (individuals per 

TAXA

Metapenaeopsis sp.

Pilumnidae

Camatopsis sp.1

Ceratoplax fulgida
Pilumnus ransoni
Rhizopa sp.

Typhlocarcinops canaliculata
Typhlocarcinops transversus

Portunidae

Alionectes pulchricristatus
Libystes edwardsi
Thalamita admete

Processidae

Processa sp.1

Processidae

Upogebiidae

Gebiacantha sp.1

Upogebia  sp.

Upogebiidae

Isopoda

Anthuridae

Amakusanthura sp.1

Haliophasma sp.1

Cirolanidae

Cirolana  sp.1

Cirolanidae sp.1

Cirolanidae sp.2

Gnathiidae

Caecognathia andamanensis
Caecognathia sp.

Caecognathia sp.4

Elaphognathia sp.7

Gnathiidae

Gnathiidae sp.2

Hyssuridae

Hyssuridae sp.1

Leptanthuridae

Leptanthuridae sp.1

Leptanthuridae sp.2

Leptostraca

Paranebaliidae

Paranebalia longipes
Malacostraca

Porcellanidae

Polyonyx obesulus
Mysidacea

Mysidae

Anchialina sp.

Anchialina sp.1

Haplostylus bengalensis
Haplostylus sp.

Neomysis  sp.1

Siriella sp.

Siriella sp.2

Siriella sp.3

Siriella sp.4

RSK-A-

4C2-C1

RSK-A-

4C2-C2

RSK-A-

4C2-C3

RSK-A-

4CP2-C1

RSK-A-

4CP2-C2

RSK-A-

4CP2-C3

1

1

1

1

1

2 3 3 2

1

1

4

1

2

1 1

1

----
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Diversity of Benthos (individuals per 

TAXA

Stomatopoda

Squillidae

Anchisquilla fasciata
Clorida decorata
Cloridina verrucosa
Squillidae sp.2

Tanaidacea

Apseudidae

Apseudidae sp.4

Leptocheliidae

Leptochelia sp.1

Leptochelia sp.2

Leptocheliidae sp.3

Pagurapseudidae

Pagurapseudidae sp.2

Pycnogonida

Pantopoda

Ascorhynchidae

Ascorhynchidae sp.2

Thecostraca

Pedunculata

Pedunculata sp.1

Cnidaria

Anthozoa

Actiniaria

Actiniaria

Echinodermata

Echinoidea

Diadematoida

Diadematidae

Diadematidae sp.1

Echinolampadacea

Fibulariidae

Fibulariidae sp.1

Spatangoida

Brissidae

Brissidae sp.1

Ophiuroidea

Ophiurida

Amphiuridae

Amphioplus (Lymanella) andre
Amphioplus  sp.

Amphiura sp.1

Amphiura sp.2

Amphiuridae

Amphiuridae sp.1

Amphiuridae sp.2

Mollusca

Aplacophora

Cavibelonia

Simrothiellidae

Helicoradomenia sp.1

Helicoradomenia sp.2

Chaetodermatida

Chaetodermatidae

Chaetoderma sp.2

RSK-A-

4C2-C1

RSK-A-

4C2-C2

RSK-A-

4C2-C3

RSK-A-

4CP2-C1

RSK-A-

4CP2-C2

RSK-A-

4CP2-C3

1

1

1

2

1 1 4

1

1

1 1

1 2

2 1

1 6 1 1 1

----
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Diversity of Benthos (individuals per 

TAXA

Bivalvia

Cardiida

Cardiidae

Fulvia sp.1

Fulvia sp.2

Psammobiidae

Gari sp.

Gari sp.1

Gari sp.2

Semelidae

Abra  sp.1

Abra sp.3

Tellinidae

Macoma sp.2

Limoida

Limidae

Limaria orientalis
Lucinida

Lucinidae

Lucina dentifera
Myoida

Corbulidae

Corbula sp.3

Potamocorbula sp.1

Mytiloida

Mytilidae

Adula schmidti
Mytilidae

Nuculoida

Nuculidae

Ennucula niponica
Ostreoida

Pectinidae

Annachlamys sp.

Annachlamys sp.1

Pectinidae
Pholadomyoida

Lyonsiidae

Lyonsia sp.2

Thraciidae

Eximiothracia sp.1

Pterioida

Pinnidae

Pinna  sp.

Venerida

Ungulinidae

Diplodonta sp.1

Felaniella sp.1

Veneridae

Pitar sp.1

Veneroida

Pharidae

Siliqua minima
Siliqua sp.1

Solenidae

Solen curtus

RSK-A-

4C2-C1

RSK-A-

4C2-C2

RSK-A-

4C2-C3

RSK-A-

4CP2-C1

RSK-A-

4CP2-C2

RSK-A-

4CP2-C3

1

3 1 1

1 9

6

1

1

2

1

1

----
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Diversity of Benthos (individuals per 

TAXA

Bivalvia

Gastropoda

Archaeogastropoda

Orbitestellidae

Microdiscula  sp.1

Cephalaspidea

Cylichnidae

Cylichnidae

Philinidae

Philine sp.2

Neotaenioglossa

Eulimidae

Vitreolina sp.1

Naticidae

Sinum incisum

Gastropoda

Nematoda

Nematoda sp.1

Nematoda sp.2

Nemertea

Anopla

Heteronemertea

Lineidae

Micrura  sp.1

Palaeonemertea

Tubulanidae

Callinera sp.1

Platyhelminthes

Turbellaria

Turbellaria

Sipuncula

Phascolosomatidea

Aspidosiphoniformes

Aspidosiphonidae

Aspidosiphon sp.2

Aspidosiphon sp.3

Phascolosomatiformes

Phascolosomatidae

Apionsoma sp.2

Phascolosoma sp.1

Sipunculidea

Golfingiformes

Golfingiidae

Golfingia sp.1

Onchnesoma steenstrupi
Phascolionidae

Phascolion sp.1
Phascolion sp.2

Phascolion strombus

Total

Number of Taxa

RSK-A-

4C2-C1

RSK-A-

4C2-C2

RSK-A-

4C2-C3

RSK-A-

4CP2-C1

RSK-A-

4CP2-C2

RSK-A-

4CP2-C3

1

1

1

1 1 1

1 2

2 6 9 1 3

2

2 1

25 45 102 30 109 64

21 24 55 26 64 49

----
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Diversity of Benthos (individuals per 

TAXA

Annelida

Polychaeta

Aciculata

Acoetidae

Eupanthalis sp.1

Polyodontes  sp.1

Amphinomidae

Chloeia violacea
Linopherus  sp.

Linopherus sp.1

Linopherus sp.3

Linopherus sp.4

Linopherus sp.5

Dorvilleidae

Dorvilleidae

Pettiboneia sp.2

Schistomeringos  sp.

Schistomeringos sp.1

Schistomeringos  sp.3

Eunicidae

Eunice sp.

Eunice sp.3

Euniphysa sp.1

Euniphysa  sp.2

Marphysa sp.2

Glyceridae

Glycera alba
Glycera cinnamomea
Glycera sp.

Goniadidae

Glycinde cf. oligodon
Glycinde sp.

Goniada maculata
Hartmaniellidae

Hartmaniella  sp.1

Hesionidae

Hesione  sp.1

Hesiospina sp.1

Oxydromus sp.1

Podarkeopsis sp.1

Lumbrineridae

Gallardoneris thailandensis
Gesaneris sp.1

Hilbigneris  sp.1

Loboneris sp.1

Lumbrinerides sp.1

Lumbrineriopsis paradoxa
Lumbrineris latreilli
Lumbrineris sp.2

Ninoe nr. bruuni
Ninoe sp.2

Nephtyidae

Aglaophamus cf. dicirroides
Aglaophamus orientalis
Aglaophamus tepens
Micronephthys oligobranchia

REF1-C1 REF1-C2 REF1-C3 REF2-C1 REF2-C2 REF2-C3

1 1

1

1

1

1

1 1 1

1

1

1

1

1

2

1 1 9

1

----
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Diversity of Benthos (individuals per 

TAXA

Micronephthys sp.2

Nereididae

Leonnates persicus
Neanthes arenaceodentata
Tambalagamia fauveli

Oenonidae

Drilonereis sp.2

Onuphidae

Diopatra sp.

Onuphis  sp.

Onuphis sp.1

Onuphis sp.6

Paralacydoniidae

Paralacydonia sp.1

Phyllodocidae

Phyllodoce sp.1

Pilargidae

Cabira thailandica
Hermundura sp.1

Litocorsa nr. antennata
Pilargis sp.1

Sigambra sp.1

Sigambra sp.6

Sigambra sp.8

Synelmis albini
Synelmis rigida

Polynoidae

Harmothoe sp.

Harmothoe sp.1

Perolepis  sp.

Perolepis  sp.1

Sigalionidae

Leanira  sp.1

Sthenelais  sp.2

Sthenelanella ehlersi
Sthenolepis japonica

Syllidae

Exogone (Exogone) sp.1

Exogone (Exogone) sp.2
Perkinsyllis sp.1

Perkinsyllis sp.2

Pionosyllis sp.6

Sphaerosyllis sp.1

Syllis sp.1

Trypanosyllis zebra
Canalipalpata

Ampharetidae

Ampharete sp.1

Ampharetidae
Amphicteis cf. gunneri
Anobothrus  sp.1

Auchenoplax crinita
Lysippe labiata
Sosane  sp.2

Chaetopteridae

Chaetopterus  sp.1
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Spiochaetopterus sp.1

Cirratulidae

Aphelochaeta monilaris
Aphelochaeta sp.1

Caulleriella sp.1

Chaetozone sp.1

Chaetozone sp.7

Kirkegaardia sp.1

Kirkegaardia sp.5

Kirkegaardia  sp.6

Kirkegaardia  sp.7

Fabriciidae

Fabricinuda sp.1

Pseudofabriciola sp.1

Pseudofabriciola sp.2

Flabelligeridae

Diplocirrus sp.1

Diplocirrus sp.2

Diplocirrus sp.3

Diplocirrus sp.4

Longosomatidae

Heterospio sp.4

Magelonidae

Magelona  sp.13

Oweniidae

Galathowenia sp.1

Galathowenia sp.2

Myriochele sp.2

Poecilochaetidae

Poecilochaetus sp.

Poecilochaetus sp.3

Poecilochaetus sp.4

Poecilochaetus tricirratus
Sabellidae

Chone  sp.1

Euchone sp.1

Euchonoides sp.1

Sabella sp.1

Sabellidae

Serpulidae

Vermiliopsis  sp.1

Spionidae

Laonice sp.1

Laonice sp.3

Paraprionospio sp.

Prionospio ehlersi
Prionospio elegantula
Prionospio elongata
Prionospio malayensis
Prionospio nr. dubia
Prionospio  sp.

Prionospio sp.13

Prionospio sp.6

Pseudopolydora sp.2

Scolelepis sp.2

Scolelepis sp.3
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Scolelepis  sp.5

Spio sp.2

Spiophanes kroeyeri
Spiophanes malayensis
Spiophanes sp.3

Spiophanes sp.4

Spiophanes  sp.5

Sternaspidae

Caulleryaspis sp.1

Petersenaspis apinyae
Sternaspis cf. spinosa
Sternaspis sp.

Terebellidae

Loimia medusa
Pista  sp.4

Trichobranchidae

Terebellides sp.1

Terebellides sp.2

Trichobranchus roseus

Capitellidae

Barantolla sp.1

Capitella capitata
Capitella capitata oculata
Capitella minima
Capitella sp.1

Capitellethus sp.1

Capitellethus sp.2

Capitomastus sp.1

Mediomastus sp.1

Neomediomastus sp.1

Neomediomastus sp.2

Notomastus latericeus
Notomastus sp.4

Rashgua lobatus
Scyphoproctus  sp.1

Cossuridae

Cossura sp.2

Maldanidae

Axiothella  sp.1

Clymenella sp.1

Euclymene  sp.1

Euclymene sp.3

Praxillella nr. gracilis
Praxillella  sp.4

Opheliidae

Armandia leptocirris
Ophelina cf. cordiformis

Orbiniidae

Scoloplos  sp.1

Paraonidae

Aricidea (Acmira) anusakdii
Aricidea (Aricidea) sp.7

Levinsenia sp.

Levinsenia sp.2

Levinsenia  sp.4
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Levinsenia sp.5

Levinsenia sp.9

Arthropoda

Crustacea

Amphipoda

Ampeliscidae

Ampelisca bocki
Ampelisca cyclops
Ampelisca maia
Ampelisca  sp.

Byblis calisto
Byblis febris
Byblis sp.

Aoridae

Aoridae sp.5

Caprellidae

Caprella sp.1

Cyproideidae

Cyproidea sp.2

Eriopisidae

Eriopisella sechellensis
Eriopisidae
Victoriopisa sp.1

Ischyroceridae

Cerapus sp.5

Leucothoidae

Leucothoe hyhelia
Liljeborgiidae

Liljeborgia sp.2

Liljeborgiidae

Oedicerotidae

Eochelidium nonmiraculum
Oedicerotidae

Perioculodes sp.1

Photidae

Gammaropsis sp.4

Photidae
Photis longicaudata

Podoceridae

Podocerus sp.1

Synopiidae

Synopia sp.2

Tryphosidae

Orchomenella  sp.1

Tryphosella sp.1

Tryphosidae sp.1

Cumacea

Bodotriidae

Bodotriidae
Eocuma cf. agrion
Eocuma cf. latum
Iphinoe sp.1

Sympodomma sp.1

Diastylidae

Diastylidae

Diastylis sp.1
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Leuconidae

Eudorella sp.1

Leucon sp.1

Leuconidae

Nannastacidae

Campylaspis  sp.1

Campylaspis sp.2

Campylaspis  sp.4

Campylaspis sp.5

Campylaspis sp.7

Decapoda

Alpheidae

Alpheidae

Alpheidae  sp.4

Alpheus acutocarinatus
Alpheus euphrosyne
Alpheus malabaricus songkla
Alpheus rapacida
Alpheus  sp.

Alpheus  sp.5

Alpheus sp.6

Athanas sp.

Bermudacaris sp.

Bermudacaris  sp.1

Bermudacaris sp.2

Salmoneus sp.1

Axiidae

Calocaris sp.1

Callianassidae

Callianassidae

Jocullianassa matzi
Lipkecallianassa sp.1

Michaelcallianassa indica
Ctenochelidae

Ctenochelidae sp.1

Euryplacidae

Euryplacidae sp.1

Platyozius laevis
Iphiculidae

Iphiculus spongiosus
Ogyrididae

Ogyrides  sp.5

Palaemonidae

Palaemon sp.

Palaemon sp.1

Palaemon sp.2

Palaemonidae

Palaemonidae sp.5

Periclimenes sp.2

Pandalidae

Thalassocaris sp.1

Parthenopidae

Rhinolambrus sp.1

Pasiphaeidae

Leptochela pugnax
Penaeidae
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Metapenaeopsis sp.

Pilumnidae

Camatopsis sp.1

Ceratoplax fulgida
Pilumnus ransoni
Rhizopa sp.

Typhlocarcinops canaliculata
Typhlocarcinops transversus

Portunidae

Alionectes pulchricristatus
Libystes edwardsi
Thalamita admete

Processidae

Processa sp.1

Processidae

Upogebiidae

Gebiacantha sp.1

Upogebia  sp.

Upogebiidae

Isopoda

Anthuridae

Amakusanthura sp.1

Haliophasma sp.1

Cirolanidae

Cirolana  sp.1

Cirolanidae sp.1

Cirolanidae sp.2

Gnathiidae

Caecognathia andamanensis
Caecognathia sp.

Caecognathia sp.4

Elaphognathia sp.7

Gnathiidae

Gnathiidae sp.2

Hyssuridae

Hyssuridae sp.1

Leptanthuridae

Leptanthuridae sp.1

Leptanthuridae sp.2

Leptostraca

Paranebaliidae

Paranebalia longipes
Malacostraca

Porcellanidae

Polyonyx obesulus
Mysidacea

Mysidae

Anchialina sp.

Anchialina sp.1

Haplostylus bengalensis
Haplostylus sp.

Neomysis  sp.1

Siriella sp.

Siriella sp.2

Siriella sp.3

Siriella sp.4
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Stomatopoda

Squillidae

Anchisquilla fasciata
Clorida decorata
Cloridina verrucosa
Squillidae sp.2

Tanaidacea

Apseudidae

Apseudidae sp.4

Leptocheliidae

Leptochelia sp.1

Leptochelia sp.2

Leptocheliidae sp.3

Pagurapseudidae

Pagurapseudidae sp.2

Pycnogonida

Pantopoda

Ascorhynchidae

Ascorhynchidae sp.2

Thecostraca

Pedunculata

Pedunculata sp.1

Cnidaria

Anthozoa

Actiniaria

Actiniaria

Echinodermata

Echinoidea

Diadematoida

Diadematidae

Diadematidae sp.1

Echinolampadacea

Fibulariidae

Fibulariidae sp.1

Spatangoida

Brissidae

Brissidae sp.1

Ophiuroidea

Ophiurida

Amphiuridae

Amphioplus (Lymanella) andre
Amphioplus  sp.

Amphiura sp.1

Amphiura sp.2

Amphiuridae

Amphiuridae sp.1

Amphiuridae sp.2

Mollusca

Aplacophora

Cavibelonia

Simrothiellidae

Helicoradomenia sp.1

Helicoradomenia sp.2

Chaetodermatida

Chaetodermatidae

Chaetoderma sp.2
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Bivalvia

Cardiida

Cardiidae

Fulvia sp.1

Fulvia sp.2

Psammobiidae

Gari sp.

Gari sp.1

Gari sp.2

Semelidae

Abra  sp.1

Abra sp.3

Tellinidae

Macoma sp.2

Limoida

Limidae

Limaria orientalis
Lucinida

Lucinidae

Lucina dentifera
Myoida

Corbulidae

Corbula sp.3

Potamocorbula sp.1

Mytiloida

Mytilidae

Adula schmidti
Mytilidae

Nuculoida

Nuculidae

Ennucula niponica
Ostreoida

Pectinidae

Annachlamys sp.

Annachlamys sp.1

Pectinidae
Pholadomyoida

Lyonsiidae

Lyonsia sp.2

Thraciidae

Eximiothracia sp.1

Pterioida

Pinnidae

Pinna  sp.

Venerida

Ungulinidae

Diplodonta sp.1

Felaniella sp.1

Veneridae

Pitar sp.1

Veneroida

Pharidae

Siliqua minima
Siliqua sp.1

Solenidae

Solen curtus
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Bivalvia

Gastropoda

Archaeogastropoda

Orbitestellidae

Microdiscula  sp.1

Cephalaspidea

Cylichnidae

Cylichnidae

Philinidae

Philine sp.2

Neotaenioglossa

Eulimidae

Vitreolina sp.1

Naticidae

Sinum incisum

Gastropoda

Nematoda

Nematoda sp.1

Nematoda sp.2

Nemertea

Anopla

Heteronemertea

Lineidae

Micrura  sp.1

Palaeonemertea

Tubulanidae

Callinera sp.1

Platyhelminthes

Turbellaria

Turbellaria

Sipuncula

Phascolosomatidea

Aspidosiphoniformes

Aspidosiphonidae

Aspidosiphon sp.2

Aspidosiphon sp.3

Phascolosomatiformes

Phascolosomatidae

Apionsoma sp.2

Phascolosoma sp.1

Sipunculidea

Golfingiformes

Golfingiidae

Golfingia sp.1

Onchnesoma steenstrupi
Phascolionidae

Phascolion sp.1
Phascolion sp.2

Phascolion strombus

Total
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