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right solutions.
right partner.

Freq. Calibrate
Sample Name Parameter Equipment Name ID No. Calibrated Date Next Cal
(Months)
Ambient Nitrogen Dioxide NO, Analyzer RYG_FS0551 5-Jan-23 5-Jul-23 6
Ambient Nitrogen Dioxide NO, Analyzer RYG_FS0459 5-Jan-23 5-Jul-23 6
Ambient Sulfur Dioxide SO, Analyzer RYG_FS0257 4-Jan-23 4-Jul-23 6
Ambient Sulfur Dioxide SO, Analyzer RYG_FS0458 4-Jan-23 4-Jul-23 6
Ambient Wind Speed / Wind Direction Wind Speed / Wind Direction RYG_FS0610 17-Nov-22 17-May-24 18
Ambient Wind Speed / Wind Direction Wind Speed / Wind Direction RYG_FS0530 19-Jan-23 19-Jul-24 18
Ambient Wind Speed / Wind Direction Wind Speed / Wind Direction RYG_FS0544 15-Sep-21 15-Mar-23 18
Ambient Wind Speed / Wind Direction Wind Speed / Wind Direction RYG_FS0329 31-Jan-22 29-Jul-23 18
Ambient Wind Speed / Wind Direction Wind Speed / Wind Direction RYG_FS0531 19-Jan-23 19-Jul-24 18
Ambient Wind Speed / Wind Direction Wind Speed / Wind Direction RYG_FS0545 14-Sep-21 15-Mar-23 18
Ambient Wind Speed / Wind Direction Wind Speed / Wind Direction RYG_FS0089 19-Jan-23 19-Jul-24 18
Ambient Wind Speed / Wind Direction Wind Speed / Wind Direction RYG_FS0087 19-Jan-23 19-Jul-24 18
Ambient Wind Speed / Wind Direction Wind Speed / Wind Direction RYG_FsS0414 10-Feb-23 10-Aug-24 18
Ambient Wind Speed / Wind Direction Wind Speed / Wind Direction BKK_FS0141 5-Jan-23 5-Jul-24 18
Ambient Wind Speed / Wind Direction Wind Speed / Wind Direction RYG_FS0411 10-Feb-23 10-Aug-24 18
Ambient Wind Speed / Wind Direction Wind Speed / Wind Direction NKH_FS0053 11-Jan-23 11-Jul-24 18
Ambient Wind Speed / Wind Direction Wind Speed / Wind Direction RYG_FS0087 19-Jan-23 19-Jul-24 18
Ambient Wind Speed / Wind Direction Wind Speed / Wind Direction RYG_FS0089 19-Jan-23 19-Jul-24 18
Ambient Wind Speed / Wind Direction Wind Speed / Wind Direction BKK_FS0888 30-May-22 28-Nov-23 18
Ambient Wind Speed / Wind Direction Wind Speed / Wind Direction RYG_FS0435 31-Jan-22 27-Jul-23 18
Ambient Wind Speed / Wind Direction Wind Speed / Wind Direction BKK_FS0917 1-Nov-21 2-May-23 18
Ambient Wind Speed / Wind Direction Wind Speed / Wind Direction NKH_FS0053 11-Jan-23 11-Jul-24 18
Ambient Wind Speed / Wind Direction Wind Speed / Wind Direction RYG_FS0608 17-Nov-22 17-May-24 18
Ambient Wind Speed / Wind Direction Wind Speed / Wind Direction RYG_FS0609 18-Nov-22 18-May-24 18
Ambient Volatile Organic Componds GC-MSD RYG_ENO136 7-Jul-22 7-Jan-24 18
Ambient Non-Methane Hydrocarbon Total Hydrocarbon Analyzer RYG_EN0038 25-Jan-23 25-Jan-24 12
Sea Water pH at 25 °c pH meter RYG_ENO183 27-Feb-23 27-Feb-24 12
Sea Water Turbidity Chamber (Cold Room) RYG_ENO184 25-Jan-23 25-Jul-24 18
Sea Water Dissolved Oxygen Chamber (Cold Room) RYG_ENO184 25-Jan-23 25-Jul-24 18
Sea Water BOD DO meter with Sensor RYG_EN0032 14-Feb-22 15-Aug-23 18
Sea Water BOD Incubator RYG_ENO154 22-Apr-22 21-Oct-23 18
Sea Water BOD Burette 243007 21-Sep-18 21-Sep-23 60
Sea Water Total Suspended Solids Electronic Balance RYG_EN0002 1-Mar-23 1-Mar-24 12
Sea Water Total Suspended Solids Hot Air Oven RYG_EN0010 20-Oct-22 20-Apr-24 18
Sea Water Total Dissolved Solids 180°C Electronic Balance RYG_EN0002 1-Mar-23 1-Mar-24 12
Sea Water Total Dissolved Solids 180°C Hot Air Oven RYG_ENO010 20-Oct-22 20-Apr-24 18
Sea Water Conductivity Conductivity meter RYG_EN0029 23-Feb-22 24-Aug-23 18
Sea Water Salinity Conductivity meter RYG_EN0029 23-Feb-22 24-Aug-23 18
Sea Water Oil & Grease Electronic Balance RYG_EN0002 1-Mar-23 1-Mar-24 12
Sea Water Oil & Grease Hot Air Oven RYG_ENO0006 20-Oct-22 20-Apr-24 18
Sea Water Oil & Grease Water Bath RYG_ENO061 20-Oct-22 20-Apr-24 18
Sea Water Temperature pH meter RYG_FS0392 22-Dec-22 22-Dec-23 12
Sea Water Volatile Organic Compound Gas Chromatography (MSD) BKK_EN0059 21-Jun-22 21-Dec-23 18
Sea Water Methanol Gas Chromatography BKK_EN0041 25-Nov-21 25-May-23 18
Sea Water Lead ICP-MS BKK_EL0026 14-Jun-22 14-Dec-23 18
Sea Water Lead Hot Block BKK_EL0054 T-Apr-22 7-Oct-23 18
Sea Water  |Lead Chamber (Cold Room) BKK_EN0167 30-Jun-22 30-Dec-23 18
Sea Water Cadmium ICP-MS BKK_EL0026 14-Jun-22 14-Dec-23 18
Sea Water Cadmium Hot Block BKK_EL0054 T-Apr-22 7-Oct-23 18
Sea Water Cadmium Chamber (Cold Room) BKK_ENO167 30-Jun-22 30-Dec-23 18
Sea Water Mercury DUO-CVAFS / CVAAS BKK_EL0023 6-Jun-22 5-Jun-23 12
Sea Water Total Coliform Autoclave BKK_ML0041 20-May-22 20-Nov-23 18
Sea Water Total Coliform Incubator BKK_MLO0010 21-Jan-22 22-Jul-23 18
Sea Water Total Coliform Hot Air Oven BKK_MLO0013 21-Nov-22 21-May-24 18
Sea Water Fecal Coliform Autoclave BKK_ML0041 20-May-22 20-Nov-23 18
Sea Water Fecal Coliform Incubator BKK_MLO0010 21-Jan-22 22-Jul-23 18
Sea Water Fecal Coliform Hot Air Oven BKK_MLO0013 21-Nov-22 21-May-24 18
Sea Water Fecal Coliform Water Bath BKK_MLO056 20-May-22 20-May-23 12
Sea Water Total Petroleum Hydrocarbon Electronic Top-Loading Balance BKK_EN0002 8-Feb-23 8-Feb-24 12

alsglobal.com
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right solutions.
right partner.

Freq. Calibrate
Sample Name Parameter Equipment Name ID No. Calibrated Date Next Cal
(Months)
Rayong Lab pH at 25 °c pH meter RYG_ENO183 27-Feb-23 27-Feb-24 12
Rayong Lab  |Sulfide Chamber (Cold Room) RYG_ENO184 25-Jan-23 25-Jul-24 18
Rayong Lab  [BOD DO meter with Sensor RYG_EN0032 14-Feb-22 15-Aug-23 18
Rayong Lab  |BOD Incubator RYG_ENO154 22-Apr-22 21-Oct-23 18
Rayong Lab  |BOD Burette 243007 21-Sep-18 21-Sep-23 60
Rayong Lab  |COD Spectrophotometer RYG_EN0037 27-Sep-22 27-Mar-24 18
Rayong Lab  |Total Suspended Solids Electronic Balance RYG_EN0002 1-Mar-23 1-Mar-24 12
Rayong Lab | Total Suspended Solids Hot Air Oven RYG_ENO0010 20-Oct-22 20-Apr-24 18
Rayong Lab  [Total Dissolved Solids 180°C Electronic Balance RYG_EN0002 1-Mar-23 1-Mar-24 12
Rayong Lab  |Total Dissolved Solids 180°C Hot Air Oven RYG_ENO0010 20-Oct-22 20-Apr-24 18
Rayong Lab  [Oil & Grease Electronic Balance RYG_EN0002 1-Mar-23 1-Mar-24 12
Rayong Lab  |Oil & Grease Hot Air Oven RYG_ENO0006 20-Oct-22 20-Apr-24 18
Rayong Lab  [Oil & Grease Water Bath RYG_ENO061 20-Oct-22 20-Apr-24 18
Rayong Lab | Temperature pH meter RYG_FS0574 3-Apr-23 3-Apr-24 12
Rayong Lab  [Total Kjeldahl Nitrogen Block Digestion Unit RYG_ENO188 15-Mar-23 15-Mar-24 12
Rayong Lab  |Total Kjeldahl Nitrogen pH Meter RYG_ENO0152 22-Dec-22 22-Dec-23 12
Rayong Lab  [Total Petroleum Hydrocarbon Electronic Balance RYG_EN0002 1-Mar-23 1-Mar-24 12
Rayong Lab  |Total Petroleum Hydrocarbon Hot Air Oven RYG_ENO0006 20-Oct-22 20-Apr-24 18
Rayong Lab  [Total Petroleum Hydrocarbon Water Bath RYG_ENO061 20-Oct-22 20-Apr-24 18
Water Lab Volatile Organic Compound Gas Chromatography (MSD) BKK_EN0059 21-Jun-22 21-Dec-23 18
Water Lab Methanol Gas Chromatography (MSD) BKK_EN0059 21-Jun-22 21-Dec-23 18
Water Lab Lead ICP-MS BKK_EL0026 14-Jun-22 14-Dec-23 18
Water Lab Lead Hot Block BKK_EL0054 T-Apr-22 7-Oct-23 18
Water Lab Lead Chamber (Cold Room) BKK_ENO167 30-Jun-22 30-Dec-23 18
Water Lab Arsenic ICP-MS BKK_EL0026 14-Jun-22 14-Dec-23 18
Water Lab Arsenic Hot Block BKK_EL0054 T-Apr-22 7-Oct-23 18
Water Lab  [Arsenic Chamber (Cold Room) BKK_EN0167 30-Jun-22 30-Dec-23 18
Water Lab Zinc ICP-MS BKK_EL0026 14-Jun-22 14-Dec-23 18
Water Lab Zinc Hot Block BKK_EL0054 T-Apr-22 7-Oct-23 18
Water Lab Zinc Chamber (Cold Room) BKK_ENO167 30-Jun-22 30-Dec-23 18
Water Lab Mercury DUO-CVAFS / CVAAS BKK_EL0023 24-May-23 24-May-24 12
Water Lab Total Coliform Autoclave BKK_ML0041 20-May-22 20-Nov-23 18
Water Lab Total Coliform Incubator BKK_MLO0010 21-Jan-22 22-Jul-23 18
Water Lab Total Coliform Hot Air Oven BKK_MLO0013 21-Nov-22 21-May-24 18

alsglobal.com
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MULTIPOINT CALIBRATION REPORT

Calibration Date 5-Jan-23 Equipment Name NOx Analyzer
Manufacturer HORIBA Model APNA-370
Serial No. USAOEAGK Equipment ID RYG_FS0551
Calibrator Manufacturer Teledyne API Model 700
Serial No. 947
Std. Gas Concentration (PPM) 55.88 Cylinder No. GNO0027222
Cylinder Pressure (psi) 1800 Certified By Airgas Inc.
Certified Date 9-Feb-22 Expired Date 9-Feb-30
Point CALIBRATION RESULTS
Ideal Actual NO Error NO %Error NO Actual NOx Error NOx %Error NOx
ZERO 0.00 0.10 0.10 0.10 0.10 0.10 0.10
1 100.00 99.00 -1.00 -1.00 101.00 1.00 1.00
2 200.00 198.50 -1.50 -0.75 201.30 1.30 0.65
3 300.00 298.40 -1.60 -0.53 301.50 1.50 0.50
4 400.00 398.20 -1.80 -0.45 402.00 2.00 0.50
AVERAGE (%) -0.53 0.55
400

300

200

100

100

200

300

Ideal

—o— Actual NO

—— Actual NOx

400

Calibrated By

( Mr.Jirawut

Sakarn )

Field Environmental Scientist (3)

Approved By

vy

( Mr.Sarayuth

Jittranont )

Assistant General Manager

FORM NO.: F 06-056 REVISION NO.: -

ALS Laboratory Group
ISSUE DATE: 02/04/12




ALS

MULTIPOINT CALIBRATION REPORT

Calibration Date 5-Jan-23 Equipment Name NOx Analyzer
Manufacturer HORIBA Model APNA-370
Serial No. NVOER3YH Equipment ID RYG_FS0459
Calibrator Manufacturer Teledyne API Model 700
Serial No. 947
Std. Gas Concentration (PPM) 55.88 Cylinder No. GNO0027222
Cylinder Pressure (psi) 1800 Certified By Airgas Inc.
Certified Date 9-Feb-22 Expired Date 9-Feb-30
Point CALIBRATION RESULTS
Ideal Actual NO Error NO %Error NO Actual NOx Error NOx %Error NOx
ZERO 0.00 0.05 0.05 0.05 0.10 0.10 0.10
1 100.00 99.50 -0.50 -0.50 101.80 1.80 1.80
2 200.00 198.70 -1.30 -0.65 199.70 -0.30 -0.15
3 300.00 301.10 1.10 0.37 301.50 1.50 0.50
4 400.00 401.30 1.30 0.33 398.90 -1.10 -0.28
AVERAGE (%) -0.08 0.39
400

300

200

100

100

200

300

Ideal

—o— Actual NO  —8— Actual NOx

400

Calibrated By

( Mr.Jirawut

Sakarn )

Field Environmental Scientist (3)

Approved By

vy

( Mr.Sarayuth

Jittranont )

Assistant General Manager

FORM NO.: F 06-056 REVISION NO.: -

ALS Laboratory Group
ISSUE DATE: 02/04/12




ALS MULTIPOINT CALIBRATION REPORT

Calibration Date 4-Jan-23 Equipment Name S02 Analyzer
Manufacturer HORIBA Model APSA-370
Serial No. 24PHOKNA Equipment ID RYG_FS0257
Calibrator Manufacturer Teledyne API Model 700
Serial No. 947
Std. Gas Concentration (PPM) 56.3 Cylinder No. GNO0027222
Cylinder Pressure (psi) 1800 Certified By Airgas Inc.
Certified Date 9-Feb-22 Expired Date 9-Feb-30

. CALIBRATION RESULTS

Point
Ideal Autual Error %Error
ZERO 0.00 0.10 0.10 0.10

1 100.00 99.40 -0.60 -0.60

2 200.00 197.30 -2.70 -1.35

3 300.00 299.50 -0.50 -0.17

4 400.00 397.00 -3.00 -0.75

AVERAGE (%) -0.55

400 5

300

200

100

0 T T T T T T T
0 100 200 300 400

Ideal —o— Autual

Calibrated By

Approved By

(Mr.Jirawut Sakarn ) ( Mr.Sarayuth

Jittranont )

Field Environmental Scientist (3) Assistant General Manager

FORM NO.: F 06-056 REVISION NO.: -

ALS Laboratory Group
ISSUE DATE: 02/04/12




ALS MULTIPOINT CALIBRATION REPORT

Calibration Date 4-Jan-23 Equipment Name S02 Analyzer
Manufacturer HORIBA Model APSA-370
Serial No. PAUYOT7A Equipment ID RYG_FS0458
Calibrator Manufacturer Teledyne API Model 700
Serial No. 947
Std. Gas Concentration (PPM) 56.3 Cylinder No. GNO0027222
Cylinder Pressure (psi) 1800 Certified By Airgas Inc.
Certified Date 9-Feb-22 Expired Date 9-Feb-30
. CALIBRATION RESULTS
Point
Ideal Autual Error %Error
ZERO 0.00 0.10 0.10 0.10
1 100.00 98.90 -1.10 -1.10
2 200.00 201.10 1.10 0.55
3 300.00 302.30 2.30 0.77
4 400.00 398.60 -1.40 -0.35
AVERAGE (%) -0.01
400 o
300
200
100
0 T T T T T T T
0 100 200 300 400

Ideal —o— Autual

Calibrated By

Approved By

(Mr.Jirawut Sakarn ) ( Mr.Sarayuth

Jittranont )

Field Environmental Scientist (3) Assistant General Manager

FORM NO.: F 06-056 REVISION NO.: -

ALS Laboratory Group
ISSUE DATE: 02/04/12




NAC Accredited calibration laboratory

FIRANALEDL ASSOI A RS oty ] ISO/IEC 17025:2017
NSC-TISI-TIS 17025 ’
Jiranatee Assoniates Co Lid CALIBRATION 0367 )
63/14 15, 6//35 36 ST
Fetchkasem 7, 4/1. Rd Watlhapra, Banghokya Air speed measurement laboratory =
Bargkok 10600 (Thailand) Calibration services department.
Tel +0LORGE0B12 Certificate Number

Mobile: +66BE3III457
E-manl nac-calibration@jiraratee.com
Web site, www jiranatee com CL-003-65

CERTIFICATE OF CALIBRATION

Page 1 of 2 Pages

MEASUREMENT ITEM : Cup anemometer Calibration procedure:
MANUFACTURER : Novalynx The cup anemomeler was colibrated against
MODEL/TYPE ‘Sensor: WS-02F Stondard air velacily transducer model: 8455-12

and pilal tube with precision differentiol pressure

Data logger: 110-WS-2501-D
il meter madel: DPM2500 in an close test-section of

SERIAL NUMBER +Senser; Wi-013 Fiffel type wind tunnel with 200 em’ cross test

Data logger: AS911 section area. The WI-CL 007 based on 1EC 61400
ID NUMBER : RYG_FS0610 12-1, Wind energy generation systems — Purt 12-
CONDITION AS-RECEIVED i New item 1. Power performance  measurements  of
CUSTOMER : ALS laboratory group (Thailand) co., Itd. electricity producing wind turbines, March 2017

104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan LUang, was used as a calibration guideline.

Khet Suan Luang, Bangkok 10250 Thailand.

Traceability:

This certificate provides o traceobility of The

REEINERA S measurement ta recagnized the national

PEASLREMENT BRTE £ 17 Nov 2022 standards, and ta realization of the international

ISSUE DATE $23 oy 2022 system of units (S1) through the NIMT (National
Metrology Institute of Thailand) via Certificate

ENVIRONMENTAL CONDITIONS: number: MW-0052-21 and MW-0066-22

Ambient condition in the laboratory are as follow:

Temperature :23.0£30 i o Uncertainty of Measurement:

Relative Humidity :55.0+£15.0 Y%eRH The reparted uncertainty of measurement is

Atmaospheric Pressure 110104 10 hPa based on the standord uncertainty multiplied by o

coverage factor k=2, Which for a normal
distribution corresponds to a coverage probability

PLACE OF CALIBRATION : Eiffel-type wind tunnel of Jiranatee Associates Co., Ltd. of approximately 95%. The standard uncertointy
haos been determined in accordance with the GUM
‘Fvuluation of measurement

CALIBRATION CONDITIONS : Wind tunnel cross-section area' 300 om’ it el i
; measurement’
Win direction frontal area’ 100 am’
Diameter of mounting pipe’ - mm
Blockage ratio of test object’ 0.111 B
Preconditioning : 24 hours at ambient conditions.
Measurement Condition : The average values during measurement are (24.1) °C, (48.8) %RH and (1015.4) hPa.

TABULATION OF RESULTS:
The table on next page give the measured values,

DJ(/JVU/-
Calibrated by: PR TOVERE SIERBRBING .. oovsrorissearmeosmstrssertorsnisrmispramesmesitsefarstspenmsd storsmis shrk o
V1 Mr. Sorawit Thachalad Mr. Parinya Booncharoen

2 Calibration Department Manager

Remark: JIRANATE ASSOCIATES CO.,LTD.
: Nozzle cross-section area of the wind tunnel
; Projected cross-section area of the tested object include mounting pipe
? Diameter of mounting pipe

“ Ratio “to '

[ Miss Jittraporn Lertsomphol

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED
IN WRITING FROM THE LABORATORY



Certificate Number

CL-003-65

Page 2 of 2 Pages

MEASUREMENT RESULTS

The cup anemometer, Unit Under Calibration (UUC) was exercise at 10 m/s for 5 minutes prior to calibration being performed. The standard air velocity 0.5 m/s
to 5 m/s was calculated by a standard air velocity transducer and above 5 m/s 1o 30 m/s was ralculated by a pitot wbe with precision differential pressure
meter which was installed 40 mm and 300 mm respectively away from wind tunnel nozile, UUC was installed at center of the test section. The calibration was
carried out under both rising and falling air velocity in the range of 1 m/s Lo 16 m/s at calibration interval of 1 m/fs. The results of calibration and associated
measurement uncerlainties are reported in the table below.

v,,,‘ Temp. wind tunnel Temp. room Vi Error U (k=2)
(m/s) (c) (°c) (m/s) (m/s) (m/s)
0.994 24.08 24.05 0.8 -0.2 0.17
2.036 24.10 24,05 1.8 -0.2 0.17
3.044 24,00 24.05 29 0.2 0.17
4217 24,10 24,05 39 -0.4 0.19
5.02 23.92 24.05 4.9 -0.1 0.17
6.00 24.24 24.05 5.9 -0.1 0.18
7.08 23.88 24,05 6.8 0.2 0.20
B.20 24.12 24.05 7.9 -0.3 0.20
9.13 23.74 24.05 8.8 -0.3 0.19
10.11 24.04 24.05 9.8 -0.3 0.19
11.17 23.80 24,05 10.9 -0.3 0.20
12.15 23.98 24.05 11.8 -0.3 0.21
13.20 23.78 24.05 12.9 -0.3 0.26
14.25 23.80 24.05 14.0 -0.2 0.26
15.25 23.80 24.05 14.9 0.3 0.23
16.30 23.80 24.05 16.0 -0.3 0.23

Remark:
" Calibration results only count for the tested circumstances and environmental conditions during which calibration look place

"velocity of standard

" Velocity of Unit Under Calibration

PHOTO OF CALIBRATION SET-UP

Calibration set-up of the cup anemometer calibration in the wind tunnel of Jiranatee Associates Co,, Lid. The cup anemometer shown may differ from the
calibrated one. Remark: The proportion of the set- up is not true to scale due to imaging peometry.

i End of Certificaf) of Calibration***

NAC

JIRANATE ASSOCIATES CO,, LTD.




NAC Accredited calibration laboratory

JTRANALED ASSUICIALLS O 11 h ISO/IEC 17025:2017
NSC-TISI-TIS 17025
Juanates Associates Co Lid CALIBRATION 0367
63/14 15, 61/35 36
Petchkasem 2,7/, Rd Watthap a, Bangkokyai, Air speed measurement laboratory
Bangkok 10600 (Thailand) Calibration services department.
lal* +6G086ENE 12 Certificate Number

Mobale: 1 G6RR 3999454
E-mail: jnac-calibration@jiranate e com
Wb sile: waaw pranatee com CL-003-65

CERTIFICATE OF CALIBRATION

Page 1 of 2 Pages

MEASUREMENT ITEM : Cup anemometer Calibration procedure:
MANUFACTURER : Novalynx The cup anemometer was colibroted ogoinst
MODEL/TYPE - Sensor: W5-02F Standord oir velocily tronsducer model: 8455-12

and pilot tube with precision differential pressure

Data logger: 110-WS-250L-D 4 : E
meter model: DEM2500 in an close test-section of

SERIAL NUMBER  Sensor: WSD-013 Eiffel type wind tunnel with 900 em’ cross test

Data logger: A5911 section area. The WI-CL 007 based on IEC 61400
1D NUMBER : RYG_F50610 12-1, Wind energy generation systems — Port 12-
CONDITION AS-RECEIVED : New item 1 Power performonce  measwrements  of
CUSTOMER ¢ ALS laboratory group (Thailand) co., itd. electricity producing wind turbines, March 2017

104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang,  was used as a calibration quideline,
Khet Suan Luang, Bangkok 10250 Thailand.

Traceability:
RECEIVED DATE . 09 Nov 2022 This rertificate provides n I'mrPabi'ﬁI‘p of The
MEASUREMENT DATE . 17 Nov 2022 measurement to re.-rog[mza_’d the national _
\SSUE DATE : 23 Nov 2022 standards, m.m' ta realization of the i’nrr*rnqrmrln!
system of units (SI) through the NIMT (National
Metrology Institute of Thailand) via Certificate
EN‘"RDNMENTAL CONDITIONS: numhs‘r: MW'ME?'EI ﬂfld Mwmﬁﬁﬁ)
Ambient condition in the laboratory are as follow:
Temperature 123.0%3.0 ¢ Uncertainty of Measurement:
Relative Humidity :55.0415.0 %RH The reported uncertainty of measurement is
Atmospheric Pressure 110104 10 hPa based on the stondard uncertainty multiplied by o

coverage factor k=2, Which for a normal
distribution corresponds to a caverage probability
PLACE OF CALIBRATION : Eiffel-type wind tunnel of liranatee Associates Co., Ltd. of approximately 95%. The standard uncertainty
has been determined in occordonce with the GUM
Fvaluution of measurement
data  Guide to the expression of uncertainty in

CALIBRATION CONDITIONS : Wind tunnel cross-section area’ 900 em’ : ;
) i 2 2 measurement
Win direction frontal area 100 cm
Diameter of mounting pipe‘ . mm
Blockage ratio of test c:;t:ojtﬂ:ct4 0.111 [-]
Preconditioning : 24 hours at ambient conditions.
Measurement Condition : The average values during measurement are (24.1) °C, (48.8) %RH and (1015.4) hPa.

TABULATION OF RESULTS:
The table on next page give the measured values.

DS

Calibrated by: ABRYOVEL STENBYORY. ...coverrrorrreerorsmsmmrenrseemarenssrorsspssrerssrsmsassiossts ssoms e tages
[ Mr. Sorawit Thachalad Mr. Parinya Baoncharoen

[ I Miss Jittraporn Lertsomphaol Calibration Department Manager
Remark: JIRANATE ASSOCIATES CO., LTD.

! Nozzle cross-section area of the wind tunnel
2 Projected cross-section area of the tested object include mounting pipe
? piameter of mounting pipe

*Ratio“to !

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED
IN WRITING FROM THE LABORATORY



Certificate Number

CL-003-85

Page 2 of 2 Pages

MEASUREMENT RESULTS s

The cup anemometer, Unil Under Calibration (UUC) was exercise at 10 m/s for 5 minutes prior Lo calibration being performed. The standard air velocity 0.5 m/s
ta 5 m/s was calculated by a standard alr velacity transducer and above 5 m/s 1o 30 m/s was caleulated by a pitol tube with precision differential pressure
meter which was installed 40 mm and 300 mm respectively away from wind tunnel nozzle, UUC was installed at center of the test section. The calibration was
carried out under both rising and falling air veloaity in the range of 1 m/s to 16 m/s at calibration interval of 1 m/s. The results of calibration and associated
measuremenl uncerlainties are reported in the table below.

Vi Temp. wind tunnel Temp. room Vi Error U (k=2)
(m/s) (°c) (°c) (m/s) {m/s) (m/s)
0.994 24.08 24.05 0.8 -0.2 0.17
2.036 24.10 24.05 1.8 -0.2 0.17
3.044 24,00 24.05 2.9 -0.2 0.17
4,217 24.10 24.05 i9 0.4 0.19
5.02 23.92 24.05 4.9 -0.1 017
6.00 24,24 24,05 5.9 -0.1 0.18
7.08 23.88 24.05 6.8 -0.2 0.20
8.20 24,12 24,05 7.9 0.3 0.20
8.13 23.74 24.05 8.8 -0.3 0.19
10.11 24,04 24,05 9.8 -0.3 0.19
11:1.7 23.80 24,05 10,9 0.3 0.20
12.15 23.88 24.05 11.8 -0.3 0.21
13.20 23.78 24.05 12.9 -0.3 0.26
14,25 23.80 24,05 14.0 -0.2 0.26
15.25 23.80 24.05 14.9 -0.3 0.23
16.30 23.80 24.05 16.0 -0.3 0.23

Remark:

Calibration results only count for the tested circumstances and environmental conditions during which calibration took place
“Velocity of standard

" Velacity of Unit Under Calibration

PHOTO OF CALIBRATION SET-UP

Calibration set up of the cup anemometer calibration in the wind tunnel of Jiranatee Associates Co., Ltd. The cup anemometer shown may differ from the
calibrated one, Remark: The proportion of the set- up is not true to scale due to imaging geometry.

*End of Certificat® of Calibration*j**

NAC

JIRANATE ASSOCIATES CO,, LID.




NAC Accredited calibration laboratory

RN SNATET ASSOCTATESL O )T ISO/IEC 17025:2017 g y
Dranates Assooiates Co. Lid NSC-TISI-TIS 17025 NSC = Tlsl . TIS 17025
631415, 67/35-36 CALIBRATION 0367

CALIBRATION 0367

Petehkasem 7.7/1, Rd Watthapra, Banghokya
Banghkek 1OC0MThatand)

Pr Ire measuremen !
LT ‘(’s?t el easure t laboratory
Mobile 466863999453 Calibration services depariment.
L-manl jnac-calibration @ ranatee com
Weh sile wenw jiranatee com

CERTIFICATE OF CALIBRATION

Certificate No. 1 CL-016-65 Page 1 of 2 Pages

Calibration procedure:

The pressure colibration was done by In-
MANUFACTURER : Novalynx house calibration method as WI-CL-003
according to camparison method with Digital

MEASUREMENT ITEM : Digital barometer

DEL 1 110-WS- ;
MODEL/TYPE BReRt pressure calibrator based on DKO-R 6-1
SERIAL NUMBER : AS911
ID NUMBER :RYG FSDG10 Traceability:

i The measurement results are traceable to
CONDITION AS-RECEIVED :New item the international system af units (51) through

! 7 i ;

CUSTOMER : ALS laboratory group (Thailand) co., ltd. MENSOR which compiies-with the

requirements of ISO/IEC17025:2017,
ANSI/NECSE 2540-1 via Certificate number:
201479

104 Phatthanakan 40, Phatthanakan Rd,
Khwaeng Suan Luang, Khet Suan Luang,
Bangkok 10250 Thailand.

The reported uncertainty is based on a

RECEIVED DATE 109 Nov 2022 3 G
standard uncertainty multiplied by o

MEASUREMENT DATE 122 Naw 212 coverage k=2, providing a level of confidence
ISSUE DATE 123 Nov 2022 of approximately 95%.
CONDITION OF THIS RESULT OF CALIBRATION:
1. Reference Standard Instrument:
Instrument Model Serial No. Certificate No. Due Date
Absolute Pressure Transducer CPG2500 410018L1 201479 13 Sep 2022
1. Calibration effort for calibration sequence A
2. The UUC* was installed in vertical orientation above reference standard instrument and center of UUC* was used as the reference level.
3. Calibration canditions:
4, Condition : [ Normal [J Abnormal

Pressure transmitting medium L Air

Mi(20°C, 1 bar) :1.19 kg/m’

Home 1 (55+15) %

s 1(2343) °C

Pamb 1 (1010£10) mbar

5. The certificate is valid only to the item calibrated on date and place of calibration

Calibrated by: NA( : Approved signatory: W
V1 Mr. Sorawit Thachalad Mr. Parinya Booncharaen

[ | Miss Jittraporn Lertsomphaol JIRANATE ASSOCIATES CO,, LTD, Calibration Department Manager

THIS CERTIFICATE REPORT MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED
IN WRITING FROM THE LABORATORY



N AC Accredited calibration laboratory

ISO/IEC 17025:2017 L]
s o' NSC - TISI - TIS 17025

FTR ANATLLL AMSOYCOAN PS¢ O JF B

Iranatee Associates Gotd
CALIBRATION 0367
63/1415, 64/35-3 CALIBRATION 0367
Potchkasem 7,701, Rd Watthapra, Bangkokyar,
Bangkok 10600 {Thadand| Pressure measurement labaratory
lel IBGANE 12 . ; i
ol: 16A0RARNR 2 Calibration services department,

tobile: 1668639994453
mail: jnac-calibration@pranatee com
Wel site: www.jiranateg com

CERTIFICATE OF CALIBRATION

Certificate No. : CL-016-65 Page 2 of 2 Pages
MEASUREMENT RESULTS s v Without adjustment LI With adjustment
CALIBRATION IN THE RANGE OF 1 950 - 1050 mbar

The results of calibration and associated measurement uncertainties are reported in the table below.

STD uuct Error Uncertainty (k=2)
(mbar) ‘ {mbar) (mbar) {mbar)
950.00 | 950.0 | ' 0.0 . 0.37
970.00 | 9G9.8 ! 0.2 _ 0.49
990.00 ! 989.6 0.4 ! 0.62
1010.00 1009.5 0.4 0.64
1030.00 i 1029.1 0.9 11
1050.00 i 1049.0 1.0 12 |

Note: UUC* Unit Under Calibration
- To convert the result in report unit to Pa should be multiply by 100

“End of certificate*

NAC

JIRANATE ASSOCIATES CO.,, LTD,
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63/14-15,67/35-36, Soi Pelchkasem7,/7/1, Pelchkasem Rd, ﬂﬁi@%
NAC Walthapra, Banghohkyai, Bangkok 10600 Thailand. ;,/’,:‘:\
cl: (66) 02-8680812#13 Fax: (66) 02-8680860 www jiranatee.com R aAnaN o

CERTIFICATE OF CALIBRBATION

Cerlihicate No.: CL-158 65
Page 1 of 2

Equipment Name: Data Logger with Temperature
Sensor

Manufacturer: Novalynx

Model: 110-WS 25DL D

Serial No.: Ab911

ID No.: RYG_F50610

Customer Received date: 09 Nov 2022
Name: ALS laboratory group (Thailand) Co., Ltd. Calibration date: 18 Nov2022
Address: 104 Phatthanakan 40, Phatthanakan Issue date: 23 Nov 2022

Rd..Khwaeng Suan Luang, Khel Suan Luang, Banghkok
10250 Thailand.

Reference Used During Calibration Calibration Condition
1.5tandard Temperature Probe Model; STS-100 AS00, Temperature: (23+3) C
Serial No.: 667682-09, Due date: 23 Mar 2023 Relative Humidity: (55+15)4

2.Digital Temperature Indicator Model: DTI-1000-A MK
I, Serial No.: 671407-00591 Due dale: 22 July 2023

Calibration Procedure Traceability

Ihe temperature calibration was done by In-House The measurement resulls are lraceable (o the
calibration method as WI-CL-Q01 according 1o international system of units (SI) through National
comparison method with slandard digital lemperature Institute of Melrology Thailand (NIMT) Certificate
indicator and slandard temperature  probe.  The number: TT-0034-22, Cerificate number: ER-0092-
temperature scale use was based on ITS-90. 22

-
Calibrated by J Approved Signatory: .. ‘D\km

[“1 Mr. Sorawit Thachalad MI Parinya Hrmlmhdfn( n

[ 1 Miss Jittraporn Lertsomphol N a C Calibration Department Manager

JIRANATE ASSOCIATES CO., LTD,
e

IS CERTCICATE MAY NOT BC BENBOCCHUCELY OXCERD N PULL UNEESS BPERMIGSION O BEPRODUCTIORN . HAS U T4

OB ITAINED I WHITING FROM THE LABCGHATORY,



Wy,

So
S ’3:
63/14-15,67/36-36, Soi Pelchkasem?,7/1, Pelchkasem Rd, ilﬁa/ﬂ'ﬁ
"1//;"/—“_-::\‘“}?
NAC Walthapra, Banghkohyai, Banghkols 10600 Thailand. AN o
NS TiSE TS
Tel: (66) 02-8680812113 Fax: (66) 02-8680860 www.jiranalee.com P A

Certicate Nos CL-LHE 6D
Page 2 of 2

Result of Calibration:- ¥ Without Adjustment L1 With Adjustment
Calibration Range: 20-40 C

Function:
This equipment was connected with temperature sensor Model: HMP60 S/N: U3911245.

Dimension : Diameter 12 mm. Length 80 mm.

Immersion Standard uuc

Depth Reading Reading Error Uncertainty

(mm) ("C) ("C) (") (")
60 20.01 18.9 -041 0.30
(616] 25.02 24.9 0.2 0.30
60 29,99 29.8 0.2 0.30
G0 35.00 34.6 -0.4 0.30
60 A40.00 39.4 -0.6 0.30

UUC*; Unil Under Calibration
The reported expanded uncertainty is based on standard uncertainty multiplied by a coverage factor k=2 providing a level of
confidence of approximately 95%

% End of Certificate ¥

NAC

JIRANATE ASSOCIATES CO., LTD,




63/14-165,67/365-36, Soi Pelchkasem?7,7/1, Pelchkasem Rd,
Watthapra, Banghkokyai,Bangkok 10600 Thailand.

Tel: (66) 02-8680812#13 Fax.: (66) 02-8680860 www.jiranalee.com

CERTIFICATE OFf CALIBRATION

Measurement Item

Calibralion No. : BRH-03112022

Page 1 of 1 Pages

+ Relative bumidily wilth ata logge:

Manufacturer . Novalynx

Model/Type : 110-WS-25DL-D

Serial Number s ALDT

1D No. : RYG FSU610

Customer 1 ALS laboratory group (Thailand) Co., Lld.

1 104 Phalthanakan 40, Phalthanakan Bd, Khwaeny Suan Luang, Bhel Suan Luang, Bangkohk
10260 Thaitand.

Environmenlal Condilion:

The measuremenl was carried oul in an ambienl temperature of (25.3) C, and relalive humidity of (50115)%.

Measuremenl Melhod:
Unil Under Calibration (UUC) was calibraled by comparison method wilth slandard thermo hygromeler in Ihe humidily generalor

chamber to detetmine the erors,

Traceabilily.

This instrument was calibrated using slandard equipment whose acouracy is lraceability through National Inslilute of Standards and
Technology lo the inlernational system of unils (8l) via MCS Calibration. Inc Certificale number: 20314 101, Due dale: Mar
14,2023.

: Moy 18, 2022
'Nov 23, 2022

Measurement Dale

Issued Dale

Measurement Resulls:

This equipment was connecled with Indoor air quality probe and Displayed (UR) on display. Model: HMPOO, Serial number:
u3eliz4as

Calibralion was performed in lhe range ol 20%RH to 80%RH

The resulls of calibralion are reporled in table below.

Performed by

[¥] tr. Sorawit Thachatad
[0 miss Jittraporn | ertsomphaol

NAC

JIRANATE ASSOCIATES CO,, LTD.

THIS CALIBRATION REPORT MAY NOT BE REFROCEDUCED EXCEPT IN FULL

Approved Signalory: ...

Determined Standard ;.a4ig) UUC (reading Error Uncertainty
(%RH) (HRH) (%RH) (%6HH) £(%HH)
20 20.07 18.0 20 0.56
50 50.29 48.2 2.1 0.62
80 80.24 78.4 -1.8 0.556

A

Mr. Parinya Booncharoen.

Calibration Department Manage!

HAS BEEN OBTAINED IN WRITING FROM THE LABORATORY.

UNLESS PERMISSION FOR REPRODUCTION



| 63/14-156,67/35-36, Soi Petchkasem7,7/1, Pelchkasem Rd,
NAC Wallhapra, Danghkohyai,Banghkolk 10600 Thailand.
Tel: (66) 02-8680812113 Max: (66) 02-8680860 www jiranalee.com

CALIBRATION REPORT

Calibration Number, : RG-01 112022

Page 1 ol 2 Pages

Measurement Hem : Bain gauge with data logae:

Manulacturer » Dala logger: Novalyns,

» Rain gauge: Novalynx

Madel/Type s Data logger: 1 10-WS-25000 )
: Rain gauge: 110 WS 260G

Serial Number ¢ Data logpur AG91)

: Rain gauge: AG-007
0 NQ t RYG FS0610
Cuslomer D ALS Iahoratory group (Thailland) co, (d
104 Phallhandban 40, Phatlhanakan Bd, Khwaeng Suan Luang, Khel Suen Luang,

Bangkoh 10250, Thailand,

Covironmental Condilion:

The measuremenl was carred oul in an ambient temperature of (251030 C, and relalve humidity ol (04 15)%

Measurement Melhod:

[he Hain gauge. Unil Under Calibration (WUC) was calibratea by Precision relerence bollle with low adjusler at low rate 0.6 mm
per minute or 1 tipping every 20 seconds The lipping number was determined by proceduras below.
1. Obtain rain gauge intet area:
Hain gauge precise diamaeter in cm = Diameter/@ H {radius)
Rain gauge area= HYM3*3, 14 (UUC digmeler-20.3 cm, UUT radws= 1015 cm)
Hain gauge area= 323.6 cm .
2. Obtan Wheoretical correcl rain gauge answer (number of lippings) using 323.6 em’ inlel area and 0.5 | of rain,
3) 10000 cmy / 373.6 cm’ intet area - 30.90 (rain gauge area - 1/30.90 of square meler)
) 3090 * 05 | volume-1545 mm (mm of rain over 1 m° surface) 500 ml of rain volume on the rain gaudge
area 15485 min of rain.

cl Number of pping- 15645 / 0,256 mm= 62 lippings.
Note: Hain gauge is lully cleaned and leveling prior the calibration performed.

Measuremenl Dale Moy 18, 2022

lssued Dale . Nov 23, 2022

DI

Performed by
[Z] Mr. Sorawit Thachalad

Mr. Parinya Booncharoen.

LI Miss Jittraporn | ertsomphol Calibration Department Manager

NAC

JIRANATE ASSOCIATES CO., LD,

AR DOV S BTN s rretrmi ones s e s G T SO R



63/14-15,67/35-36, Soi Pelchkasem?,7/1, Pelchkasem Rd,
Wallhapra, Banghkohkyai,Bangkol 10600 Thailand.
Tel: (66) D2-8680812#13 Max: (60) 02-8680860 www jiranalee.com

NAC

Continuation of Calibration of Calibralion Number salibralion Number: RG-01112022

Page 2 of 2 Pages

Hesull of Calibration: 1 wvaithow Adjustment L) with Adjustmoent

e resalls of eatibration are reported o lable bielow,

Quantily of 4.0 !
() Delermined Tipping lipping count Acceplable Tipping counl
SIRIN ae ol ol - 04
[ 1815} o o | a0l 64
500 62 ' 60 60 - 64
500 Oy 60 oll - 64
. 500 02 0 60 - 64

Remark: The procedure s made o verify the eonect reading of the Unit under Calibiation rain gauge when a previse volume of
bo )

waler lalls into ig cone. We sugges! thal the aumber of lipping should be within £2% different from the 62 lipping (correct range:

Gr-a4 tipping) it means that the rain gauge meets he manofacturer acceglable limid

“*Ond ol calibration repor*™*

NAC

JIRANATE ASSOCIATES CO,,LTD,




NAC

JIRANATEE ASSOCIATES CO.,LTD.

Jiranatee Associates Co,, Ltd
63/14-15, 67/35-36
Petchkasem 7,7/1, Rd. Watthapra, Bangkokyai,

Accredited calibration laboratory
ISO/IEC 17025:2017
NSC-TISI-TIS 17025
CALIBRATION 0367

Air speed measurement laboratory

Bangkok 10600 (Thailand) Calibration services department.

Tel: +6608680812 Certificate Number

Maobile: +66863999453

E-mail: jnac-calibration@jiranatee.com

Web site: www.jiranatee.com CL-012-66

Page 1 of 2 Pages

MEASUREMENT ITEM : Wind Direction Sensor Calibration procedure: A

MANUFACTURER : Novalynx The wind direction sensor was mhbmﬁi nrgmnst

MODEL/TYPE . Sensor: WS-02F Standard Rotary Encoder mode[. Mdb&s?‘&;
Data logger: 110-W5-25DL-D el dst' s o d"g; W:‘:”Qf ;f gﬁfe'

SERIAL NUMBER : Sensor: WSD-011 Fige wind Dl vitlaQ00 1 Wess SeapREdtion

Data logger: AS660

areg. The WI-CL-008 Bdsed on IEQ62400-12-1,
Wind energy generation !‘.ystem; — Part 12-1:

ID NUMBER : RYG_F50530 Power performance meusurefaﬂ?}l’s of electricity
CONDITION AS-RECEIVED : Used item producing wind turbines, March 2017 was used as
CUSTOMER 1 ALS laboratory group (Thailand) Co., Ltd. a calibration guideline. &,

104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang, T, -

Khet Suan Luang, Bangkok 10250 Thailand. Jpreabﬂ((% b 9

ll.‘.'fhas cemf“ te yr vides a traceabllity of The

RECEIVED DATE + 16 Jan 2023 Ptiqasuremenﬂb ecognized the national
MEASUREMENT DATE 119 Jan 2023 staqgurds, d to reolization of the international
1SSUE DATE 20 Jan 2023 systern’ bﬁuhats (S} through the NIMT (National

ENVIRONMENTAL CONDITIONS:
Ambient condition in the laboratory are as follow:

Temperature :23.0£30
Relative Humidity :55.0+£15.0
Atmospheric Pressure $ 1010+ 10
PLACE OF CALIBRATION

[( __Metrology Institute of Thailand) via Certificate
"ﬁ’:;:‘mber: DA-0043-22
y

Uncertainty of Measurement:

‘}:RH The reported uncertainty of measurement is
hp based an the standard uncertainty multiplied by o
a i3 ]

coverage factor k=2, Which for a normal
distribution corresponds to a coverage probability
of approximuately 85%, The standard uncertainty
has been determined in accordance with the GUM
‘Evaluation of measurement

2 \ ' data - Guide to the expression of uncertainty in
CALIBRATION CONDITION : Wind tunnel cross- sq?t'ibn ﬁEa :J | 900 cm? measurement’
Win direction frontahreg_ N 129 em’
- mm
0.143 [
Preconditioning : 24 hours at meient conditions,
Measurement Condition f’ ’Th&werage @Elues during measurement are (23.7)"C, (44.2) %RH and (1015.2) hPa.
__ X »
-
(@
TABULATION OF RESULTS: -~ 2
The table on next page give the measureavall.les _ o
@ =0 0 1. \
\‘ : l 26
/ .
Calibrated by: & S, \ | Approved signatory:
1 Mr. Sorawit Thael{alad W - i Mr. Parinya Booncharoen
] Miss Jlt‘fékﬂﬁﬁl'l Le?tsﬁmphbl { Calibration Department Manager
E;-'_; LJ £ - ;
& &, 4 4
i A \ s
a 4 N ;
i & L N
Ramafl,
“Noztle cro 'k,gecﬁon area of the wind tunnel
? projected cross-section area of the tested object include mounting pipe
3 dia r of mounting pipe
4 2

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED
IN WRITING FROM THE LABORATORY



Certificate Number

CL-012-66

Page 2 of 2 Pages

MEASUREMENT RESULTS °

The wind direction sensor was calibrated against standard rotary encoder by comparison methed. During calibration, the measurement was carried out at 45"
intervals in clockwise and counterclockwise directions after offset adjustment has been made. The flow speed of wind tunnel {usually 5 m/s) is kept constant
while the sensor is rotated around its vertical axis. The results of calibration and associated measurement uncertainties are reported in the table below.

Air speed D' D’y
mfs Degree (°) Degree (")
0.000 0
45.000 42
90.000 88
5.01 135.000 133
180.000 179
225,000 226
270.000 270
315.000 316
Remark:

* calibration results only count for the tested circumstances and environmental conditions during which calibration

" Direction of standard
" Direction of Unit Under Calibration




NA(: Accredited calibration laboratory

JIRANATEE ASSOCIATES CO.,LTD. ISO/IEC 17025:2017
NSC-TISI-TiS 17025
liranatee Associates Co, Ltd CALIBRATION 0367
63/14-15, 67/35-36
Petchkasem 7,7/1, Rd. Watthapra, Bangkokyai, Air speed measurement laboratory
Bangkok 10600 (Thalland) Calibration services department.
Tel: +6608680812 Certificate Number

Mabile: +66863999453
E-mail: jnac-calibraticn@jiranatee.com
Web site: www. jiranatee.com CL-012-66

CERTIFICATE OF CALIBRATION

Page 1 of 2 Pages

MEASUREMENT ITEM : Cup anemometer Colibration procedure:
MANUFACTURER : Novalynx The cup anemometer was cm’rbrdtkd against
MODEL/TYPE : Sensor: WS-02F Standard air velacity transducer mudeT \,&15542
Data logger: 110-W5-25DL-D and pitot tube with precisiof,. dtﬁer‘k{x(.m pi:éssure
SERIAL NUMBER : Sensor: WSD-011 meter model: DPM2500 in an: dﬂ.se teﬂ-sgcl‘mn of

Eiffel-type wind tunne{ with 900{{:} cross test

Data logger: AS660 section area. The Wi- CL-‘(Q; based on IEC 61400-

ID NUMBER i RYG_I_:50530 12-1, Wind energy generation, s,&'fems — Part 12-
CONDITION AS-RECEIVED s Used item ] 1: Power performance measurements of
CUSTOMER : ALS |aboratory group (Thailand) co., Itd. electricity producing wigd turbines, March 2017

104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang, was usgd g., qm”brgtmﬂ gu[de,';ne
Khet Suan Luang, Bangkok 10250 Thailand.

rﬂaceaba)lhr
RECEIVED DATE .16 Jan 2023 This certrj?c'gfe pr’owdes a traceability of The
MEASUREMENT DATE 18 fan a3 megsurement to recognized the national

. standards; and to realization of the international
[l system of units (SI) through the NIMT (National
U Metrology Institute of Thailand) via Certificate
Alimber: MW-0052-21 and MW-0066-22

ISSUE DATE 120 Jan 2023

ENVIRONMENTAL CONDITIONS:
Ambient condition in the laboratory are as follow:

Temperature :23.0+3.0 ko Uncertainty of Measurement:
Relative Humidity :55.0+15.0 %RH The reparted uncertainty of measurement is
Atmospheric Pressure :1010+£10 hPa @ based an the standard uncertainty multiplied by o
- Y coverage factor k=2, Which for a normal
/"17-"" = distribution corresponds to a coverage probability
PLACE OF CALIBRATION : Eiffel-type wind tunnel ofJir@atth'é_.Assoe!?tE's Co., Ltd. of approximately 95%. The standard uncertainty
p_ W\ Y has been determined in accordonce with the GUM
\ { "Q.\l : ‘Evaluation of measurement
CALIBRATION CONDITIONS : Wind tunnel crass«saqtion areq 900 cm’ f:gsf::f:n? the shpiasn ap dacnetalntn
Win direction frprna! area’ 100 cm?
Diameter of mDUrltln; plpe" - mm
Blackag‘grﬁﬂ 0.111 [-]

Preconditioning 124 hours at atnblent conditions.
Measurement Condition J,Thgaverage values during measurement are (23.7) "C, (50.2) %RH and (1017.1) hPa.

TABULATION OF RESULTS'

ST [ ' M
Calibrated by: _;_.r;' \ - Approved signatory: .........
M Mr. Sarawit Thachﬁl‘gﬂ b Mr. Parinya Booncharoen
I Miss J|ﬁm§arn]§;tso'mphnl Calibration Department Manager
v LN - |
(‘_\- Alk !\I:’;.h -

n: :
1 Nuzzl& ctos@;ectlun area of the wind tunnel

Prcuel:@g cross-secticn area of the tested object include mounting pipe
® Diaméter of mounting pipe
*Ratio *to

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED
IN WRITING FROM THE LABORATORY



Certificate Number

CL-012-66

Page 2 of 2 Pages

MEASUREMENT RESULTS *

The cup anemometer, Unit Under Calibration (UUC) was exercise at 10 m/s for 5 minutes prior to calibration being performed. The standard air velocity 0.5 m/s
to 5 m/s was calculated by a standard air velocity transducer and above 5 m/s to 30 m/s was calculated by a pitot tube with precision differential pressure
meter which was installed 40 mm and 300 mm respectively away from wind tunnel nozzle, UUC was installed at center of the test section. The calibration was
carried out under both rising and falling air velocity in the range of 1 m/s to 16 m/s at calibration interval of 1 m/s. The results of calibration anl:l associated
measurement uncertainties are reported in the table below. ;

v Temp. wind tunnel Temp. room Vil Error o U (k=2) ||_‘. 3
(m/s) (°c) (°c) (m/s) (m/s) _ o(m/siae
0.979 23.56 23.70 0.8 -0.2 *¥ 0116,
2.025 23.80 23.70 1.8 0.2 0.16
3.046 2350 2370 28 -0.2 W020
4.120 23.64 23.70 3.9 0.3 0.20
5.01 23.44 23.70 48 0.2 i 0.18
5.98 23.60 23.70 5.8 - T @ 3 0.18
7.05 23.28 23,70 6.9 ™ A Y 0.19
8.17 23.60 23.70 8.0 [l -0 B 0.19
9,09 23.20 23.70 9.0 0.0 0.22
10.09 23,52 23,70 9.9 C-02 0.20
11.13 23.20 23.70 10.9 & -0.2 0.21
12.13 23.50 23.70 Hne __ W 0.2 0.21
13.19 23.20 23.70 130 f P -0.2 0.22
14.25 23.46 23.70 \ ¥ 0.0 0.24
1522 23.20 23.70 ) = 0.1 034
16.31 23.30 23.70 b 0.2 0.29

Remark: -
" Calibration results only count for the tested circumstances and environmental conditions Huring whii:h"t_:_allbraﬂon took place

' Velocity of standard

" Velocity of Unit Under Calibration . - 1

PHOTO OF CALIBRATION SET-UP |

Calibration set-up of the cup anemometer calibration in the wind tunnel of liranatee Associates Co., Ltd. The cup anemometer shown may differ from the
calibrated one. Remark: The proportion of the set- up is not true to scale due to imaging geometry.

***End of Celjtiﬂc_ate of Calibration***

it |
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63/14-15,67/35-36, Soi Petchkasem7,7/1, Petchkasem Rd,
Watthapra, Bangkohkyai, Bangkok 10600 Thailand. TN
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CERTIFICATE OF CALIBBATION

Equipment Name: Data Logger with Temperature
Sensor

Manufacturer: Novalynx

Model: 110-WS-25DL-D

Serial No.: A5660

ID No.: RYG_FS0530

Certiflcate No.: CL-005-66
Page 1 of 2

Customer

Name: ALS laboratory group (Thailand) Co., Ltd.
Address: 104 Phatthanakan 40, Phatthanakan Rd.,
Khwaeng Suan Luang, Khet Suan Luang, Bangkok
10250 Thailand.

Reference Used During Calibration

1.Standard Temperature Probe Model: STS-100 A500,
Serial No.: 667682-09, Due date: 23 Mar 2023
2.Digital Temperature Indicator Model: DTI-1000-A MK
Il, Serial No.: 671407-00591 Due date: 22 July 2023

Calibration Procedure

The temperature calibration was done by In-House
calibration method as WI-CL-001 according to
comparison method with standard digital temperature
indicator and standard temperature probe. The
temperature scale use was based on ITS-90.

T ——

Received date: 16 Jan 2023
Calibration date: 18 Jan 2023
Issue date: 20 Jan 2023

Calibration Condition
Temperature: (23+3)°C
Relative Humidity: (55+15)%

Traceability

The measurement results are traceable to the
international system of units (Sl) through National
Institute of Metrology Thailand (NIMT) Certificate
number: TT-0034-22, Certificate number: ER-0092-
22

Calibrated by [
J Mr. Sorawit Thachalad [

& Miss Jittraporn Lertsomphol :!

. NAC

\ IRANATE #

z Ve Y
Approved Signatory: B\ﬁ/'j .

Mr. Parinya Booncharoen
Calibration Department Manager

ASSOCIATES Co. JLTD, J

THIS CERTIFICATE MAY NOT BE REPROCEDUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS
BEEN OBTAINED IN WRITING FROM THE LABORATORY.
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Certificate No.: CL-005-66
Page 2 of 2
Result of Calibration:- ¥ Without Adjustment [ With Adjustment
Calibration Range: 20-40 °C
Function:
This equipment was connected with temperature sensor Model: HMPE0 S/N: S4620631.
Dimension : Diameter 12 mm. Length 80 mm.
Immersion Standard uuc
Depth Reading Reading Error Uncertainty
(mm) ('C) ("C) ("C) ("C)
60 20.066 19.8 -0.3 0.099
60 25.058 24.6 -0.5 0.14
60 30.052 29.5 -0.6 0.099
60 35.047 34.5 -0.5 0.099
60 40.038 39.4 -0.86 0.099

UUC*: Unit Under Calibration
The reported expanded uncertainty is based on standard uneertainty multiplied by a coverage factor k=2 providing a level of
confidence of approximately 95%

% End of Certificate %

] ]
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63/14-156,67/36-36, Soi Petchkasem?7,7/1, Petchkasem Rd,
Watthapra, Bangkokyai,Bangkok 10600 Thailand.
NAC Tel: (66) 02-8680812#13 Fax.: (66) 02-8680860 www.jiranatee.com

FIHANATEE ASSOCIATES COLLTIY

CERTIFICATE OF CALIBBATION

Calibration No. : RH-06012023
Page 1 of 1 Pages

Measurement ltem : Relative humidity with data logger
Manufacturer : Novalynx

Model/Type : 110-Ws-26DL-D

Serial Number : ABG6OD

ID No. : BYG_FS05630

Customer : ALS lsboratory group (Theiland) Co., Ltd.

: 104 Phatthanakan 40, Phatthanakan Rd., Khwaeng Suan Luang, Khet Suan Luang, Banghkok
10250 Thailand.

€nvironmental Condition:
The measurement was carried out in an ambient temperature of (28+3)°C, and relative humidity of (50+18)%.

Measurement Method:

Unit Under Calibration (UUC) was calibrated by comparison method with standard thermo hygrometer in the humidity gen-
erator chamber to determine the errors.

Traceability:

This instrument was calibrated using standard equipment whose accuracy is tracesbility through National Institute of
Standards and Technology to the international system of units (Sl) via MCS Calibralion, Inc. Certificate number:
20314-101. Due date: Mar 14, 2028.

Measurement Date : Jan 18, 2023
lssued Date : Jan 20, 2023

Measurement Results:

This equipment was connecled with Indoer air quality probe and Displayed (UR) on display. Model: HMP&O, Serial num-
ber: S4620631.

Calibration was performed in the range of 20%RH to 80%RFH
The results of calibration are reported in table below.

Determined Standard (peqding UUC (faasing Error Uncertainty
(%BRH) (%RH) (%BRH) (%RH) EH%RH)
20 20.03 17.8 2.2 0.68
50 50.28 48.6 ~1.7 0.57
80 80.29 79.8 -0.5 0.58

261

Approved Signatory: ... =
Mr. Parinya Booncharoen.

Performed by ],

[ Mr. sorawit Thachalad
NA
\ hkb/

V] Miss Jittraporn Lertsomphol
\[IKANATE ASSOCIATES CO,, LTD

Calibration Department Manager

THIS CALIBRATION REPORT MAY NOT BE REPROCEDUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUC-
TION HAS BEEN OBTAINED IN WRITING FROM THE LABORATORY.
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Measurement Item

Manufaclurer

Model/Type

Serial Number

10 No

Customer

Test Conditions

Test Condilions

Calibration Procedure

Traceability

Measurement Date

Issued Date

Calibrated by
M Mr. Sorawit Thachelad
L] Miss Orathai Wiwatwitioys

\

63/14-15,67/35-36, Soi Petchkasem7,7/1, Petchkasem Rd,
Watthapra, Bangkokyai,Bangkok 10600 Thailand.

el: (66) 02-86808124#13 Fax.: (66) 02-84680860 www.jiranatee.com

CERTIFICATE OF CALIBRATION

: Cup anemometer with data logger.

: Data logger: Novalynx.

: Cup anemometer: Novalyrix.

110-W8-2500L-D
: Cup anemometer: WS-02F

: Data logger:

: Data logger: ASG62
. Cup snemometer; WSD-015
: Data logger: -. - |

¢ Cup anemometer: -

: ALS laboratory group (Thalland) co., ltd.

1 104 Phastthanaken 40, Phatthanakan Rd,

Thailand.

: Wind tunnel cross test section area
: Anemometer frontal area
+ Diameter of mounting pipe

: Blockage ratio of test object
: Alr temperature
Air pressure

: Relalive air humidity

Dalibration was carried out base on;

Certificate No: Ws-0109202]
Page 1 of 2 pages

w7

REVIEW BY

?74}( xffcshl f ;

100

0

23.0

10128
50.4

e
cm
cm
mm

[

+0.8 "G
+0.4 hPa
+3.5 %AH

Khwaeng Suan Lusng, Khet Suan Luang, Bangkok 10250

of

IBC 61400-12-1 €00 2005-Power Performance Measurements of Electriclty Producing Wind
Turbinges;

MEASNET Anemometer Callbration Procedure — Version 2: 2009;

This calibration documents the tracesble to  national slendarg, Which realize the unit
measurements according {o the intermational system of units (SI) through National Institute

Metralogy Thailand (NIMT),

: Sep 14, 2021.
L 3ep 15, 2021,

NAC

App

JIRANATE ASSOCIATES CO., LTD.,

LE; we
roved Signalory: ,

v, Parinys Booncharoen
Technical Support

and Calibration Mansger

THIS CERTIFICATE MAY NOT BE REPROCEDUCED EXCEPT IN PULL UNLESS PERMISSION FOR REFRODUCTION HAS BEEN
OBTAINED IN WRITING FROM THE LABORATORY.

af
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Continualion of Certificate of Calibration Number

Resull of calibration: M without sdjustment I witn adjustment

Celibration in the range of 1 — 16 m/s at a callaration interval of 1 m/s.

The results of calibration and associated measurement uncertainties are reported in

63/14-16,67/35-36, Soi Pelchkasem7,7/1, Petchkasem Rd,
Walthapra, Bangkokyai,Bangkok 10600 Thailand.
Tel: (66) 02-8680812#13 Fax: (66) 02-86808640 www.jiranatee.com

Certificate No: W3-0109202)

the table below.

Page 2 of 2 Pages

Vs Reading Viue Reading Errar Uncertainty
m/s m/s (m/s) (%)
2038 20 0.0 2.4
4065 4.1 0.0 1.2
.00 &.0 0.0 1.05
7199 8.0 0.0 0.72
10.31 101 0.1 076
12.01 12.2 0.2 081
1399 14.3 0.3 0.58
1698 16.3 0.3 042
1499 18,3 0.3 048
13.00 13.2 0.2 0.81
11.01 11.1 0.1 061
B.99 2.0 0.0 0.76
&.99 7.0 0.0 097
5.092 5.0 -0.1 | %
2.992 3.0 0.0 | 5
1.008 1.0 0.0 4.8

UUC*" Unlt Under Calioration

The reported expanded uncertainty s based on etsndard uncertainty multi

confldence of approximately 95%

Appendix 1: Instrumentations

plled by & coverage factor k=2 providing a level of

Calibration Cerlificate Report
NO Sensor Manufaciurer Model/Type Range
[ate Number
1 Pitot static TESTO INC, 06382148 Aug 07, 2021 MwW-0034-21 5 - 30 m/s
2 Precision Differential Pressure Meter Zoglatb bEM2E00 Aug 07, 2021 MW-0034-21 5 - 30 m/s
3 Air velacity transducer (hot wire) T8l INC. 8455-12 Aug OB, 2021 MW-0035-21 0-5ms
4 Temperature Zoglab DER-THR March 30, 2021 CL-027-84 -30 - 70°C
5 Relative humidity Zoglab DSR-THP March 30, 2021 RH-03032021 0 - 100 %RH
& Atmospheric pressure Zoglab DSR-THF March 30, 2021 BF-01032021 500 - 1100 hPa
T Wind tunnet ESSOM MP3300 N 0 - 80 Hz

***e&nd of cerlificate of calibratjon™*

NAC

JIRANATE ASSOCIATES CO.,LTD,




63/14-16,67/35-36, Soi Petchkasem?7,7/1, Petchkasem Rd,
a7 Watthapra, Bangkokyai,Bangkok 10600 Thailand.
T
AC

IRANATEE ASSOUIATES C08 [ F4) Tel: (66) 02-8680812#13 Fax. (66) 02-8680860 www. jiranatee.cam

CERTIFICATE OF CALIBRATION

Certificate No. WD-01092021

Page 1 of 2 pages
Measurement Item ¢ Wind direction sensor with data logger.

Manufacturer : Data logger: Novalynx.

: Wind direction sensor: Novalynx.

Model/Type : Data logger: 110-WS-250L-D
© Wind direction sensor: WS-02F

Serial Number : Data legger: AS5662
: Wind direction sensor; WSD-015.

ID No : Data logger: -

1 Wind direction sensor:

Customer t ALS laberatory greup (Thailand) Co.lLtd.

104 Phatthanakan 40, Phatthanakan Rd.Khwaeng Suan Luang, Khet Suan Luang, Banghok 10250
Thalland.

Environmental Condition:

The measurement was carried out in an ambient temperature of (2.’31—3}¢C, and relative humidity of (40+10)%,

Measurement Method:
The wind direction sensor calibration according to comparison method with reference angle measdrement electronic thecdolite and
line laser is used for axls control The measurement were faken at 45" intervale in clockwise and counterclockwise

directians.
Note: The UUC was warmed up for 1 heur prior to the callbration being performed
Traceability:

The measurement results are traceanle to the International system of units (81 through Certificate Ne. CC563-07-00485,
Certificate No. KWSeé3/0044.

Measurement Date : Sep 15, 2021.

lssued Date : Sep 18, 2027,

Performed by FJ Y ¢ “Approved Signatory:......... . 000

I Mr. Sorawit Thachalad 5 LN i Bt B

[ Miss Orathai Wiwatwittava IANATE ASSOCIATES CO., LTD. * ¥ RHORETERE,
== a watwlttay =

Technical Support

and Calibration Manager

THIS CERTIFICATE REPORT MAY NOT BE REPROCEDUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BESN
OBTAINED IN WRITING FPROM THE LABORATORY,



63/14-156,67/36-36, Soi Petchkasem?7,7/1, Petchkasem Rd,
Watthapra, Bangkokyai,Bangkok 10600 Thailand.
Tel: (66) 02-8680812#13 Pax. (66) 02-8680860 www.jiranatee.com

J
NAC

MEARATEE ASSOWIANTES €40 ) P

Certificate No: WD-01092021
Pages 2 of 2 pages

Continualion of Certificate of Calibration Number

Resull of calibration: [ without adjustment B with adjustment.
Calibration In the range of O - 360 ° at a calibration Interval of 48",

The resulls of calibration and associated measurement uncertainties are reported in table below.

Nominal Angle Standard Reading UucC* Reading Error Uncertainty

NC Turning Direction . . 5 3 .
() ) ") (") +(")

1 0/360 0 0 D 3.0
2 485 45 42 -3 3.0
3 20 20 88 -2 3.0
4 135 135 134 -1 3.0

Clockwise
8 180 180 181 1 3.0
s} 225 225 226 1 3.0
7 270 270 273 3 3.0
8 315 318 318 3 3.0
Q 0/360 0 0 0 3.0
10 45 48 42 -3 3.0
11 20 o0 88 -2 3.0
12 1386 1886 134 -1 3.0
Counter Clockwise

13 180 180 181 ] 3.0
14 225 225 226 1 3.0
18 270 270 273 3 3.0
16 315 315 318 3 3.0

UUC*: Unit Under Calibration The reported expanded uncertainty is based on standard uncertainty mulliplied by a coverage fac-

lor k=2 providing & level of confidence of approximately 95%

***€nd of Certificate of Calibration***

NAC |
JIRANATE ASSOCIATES CO.,LTD. J
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63/14-16,67/35-36, Soi Petchkasem?7,7/1, Petchkasem Rd,

NAC Watthapra, Banghkokyai,Bangkok 10600 Thailand. _—
/_”\ By
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il CALIBRATION 0367
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CERTIFICATE OF CALIBRATION

Certificate No. : CL-067-64
Page 1 of 2

Equipment Name : Data Logger with Temperature
Sensor

Manufacturer : Novalynx

Model : 110-WS-25 DL-D

Serial No.: A56862

ID No. : -

Customer Received date : 1 SEP 2021
Name : ALS laboratory group (thailand) Co.,Ltd. Calibration date : 13 SEP 2021
Address : 104 Phatthanakan 40, Phatthanakan Issue date : 15 SEP 2021

Rd.,Khwaeng Suan Luang, Khet Suan Luang,Bangkok
10250 Thailand,

Reference Used During Calibration Calibration Condition
1.Standard Temperature Probe Model : STS-100 AS00, Temperature :(2313)'C
Serial No. : 667682-09, Due date : 25 Mar 2022 Relative Humidity : (55+15)%

2.Digjtal Temperature Indicator Model : DTI-L000-A MK
Il, Serial No.: 671407-00591 Due date : 04 June 2022

Calibration Procedure

Traceability
The temperature calibration was done by In-House The measurement results are traceable to the
calibration method as WI-CL-001 according to international system of units (S) through National
comparison method with standard digital temperature Institute of Metrology Thailand (NIMT) Certificate
indicator and standard temperature probe. The number : TT-0036-21, Certificate number : ER-0032-
temperature scale use was based on ITS-90. 21

o

Calibrated by |f J Approvéd Signatory: .......... )g' 'g"b
|

O] Mr. Sorawit Thachalad Mr. Parinya Booncharoen
Miss Qrathai Wiwatwittaya

Technical Support
. FQJAQ And Calibration Manager

Ll L A TE 300 STl IS TSy

THIS CERTIFICATE MAY NOT BE REFROCEDUCED EXCEPT IN PULL UNLESE PEAMISSION FCR REFRODUCTION HAS BECSN

OBTAINED IN WRITING PROM THE LABORATORY.



63/14-16,67/35-36, Soi Petch kasem7,7/1, Petchkasem Rd, ‘::_‘__\‘::/__/\—-/
Watthapra, Banghkokyai,Bangkok 10600 Thailand. z i >
NAC oS NSC-TIsE- Tis 1702
mant st o gl (66) 02-86808124#13 Pax: (66) 02-8680840 www.jiranatee.com “hly N CAUBRATION 0367
Certificate No. : CL-067-84
Page 2 of 2
Result of Calibration :- ¥ Without Adjustment [ With Adjustment
Calibration Range: 20°C-40°C
Function:
This equipment was connected with temperature sensor Model : HMP&0O S/N : T2320591
Dimension : Diameter 12mm. Length 80 mm.
mmersion Standard uuc
Depth Reading Reading Error Uncertainty
(mm}) ("C) ("C) ("C) ("¢
60 20.049 9.8 -0.2 0.080
60 24.879 24.5 0.4 0.16
60 29.864 29.4 0.5 0.080
60 34.847 34.4 -0.5 0.13
60 39,835 39.3 0.5 0.080

UUC* : Unit Under Calibration

The reported expanded uncertainty is based on standard uncertainty multiplied by a coverage factor k=2 providing a level of
confidence of approximately 95%

% End of Certificate %

J
NAC

JIIRANATE ASSOCIATES CO., LTD.




63/14-156,67/35-36, Soi Petchkasem7,7/1, Petchkasem Ad,

NAC Watthapra, Banghkokyai,Bangkok 10600 Thailand.
vt s conn - Tel: (66) 02-8680812#13 Faxe (66) 02-8680860 www.jiranatee.com

CALIBRATION REPORT

Calibration No. : RH-0109202]

Page 1 of 1 Pages

Measurement Item : Relative humidity with dats logger.

Manufacturer i Data logger; Novalynx.

+ Relative humidity sensor: Novalynx.

Model/Type ¢ Data logger: 110-WS-25 DL-D.
: Relative humidity sensar: HMP6D.

Serial Number : Data logger: A5662.
1 Relative humidity senscr T2320591.
ID No : Data logger: -

: Relative humidity sensor: -

Customer : ALS laboratory group (Thailand) co. itd.

104 Phatthanakan 40, Phatthanakan Rd. Khwaeng Suan Luang, Khet Suan Luang, Bangkok 10260
Thaitand.

Environmental Condition:

The measurement was carried out In an ambient temperature of (26+3)°C, and relative humidity of (5041 &)%.
Measurement Method:

The Relative humidity with data logger, Unit Under Calibration (UUC) was callbrated by comparison method with the equilibrium of

standard salt solution CH,COOK: Patassium Acetate, Mg(Noa): Magnesium Nitrate, KCL: Fotassium Chloride to determine the errors.

Measurement Date : Sep 13, 2021
Issued Date 1 Sep 18, 2021

Measurement Results:

The results of calibration are reperted in table below.

Standard sall solution. Standard (%RH) UUC fuaging Error
CH3COOK: Potassium Acetats 22.81 23.5 1.0
Mgi(MNos): Magnesium Nitrate 52.89 53.1 0.2
KCL Potassium Chloride 84,34 83.¢ -0.4

|-
JACR N
Performed by IQA(_AIpproved SIHOMONY s i s osions oo

L] Mr. Sorawit Thachalad JIRANATE ASSOCIATES CO., LTD. Mr. Parinya Booncharcen.

M Miss Orathai Wiwatwittaya Technical Support

And Calibration Manager

THIS CALIBRATION REPQRT MAY NOT Be REFROCEDUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION

HAS BEEN OBTAINED IN WRITING PROM THE LABORATORY.
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63/14-16,67/35-36, Soi Petchkasem7,7/1, Petchkasem Rd,
Watthapra, Banghkokyai,Bangkok 10600 Thailand.

Tel: (66) 02-8680812#13 Fax: (66) D2-8680860 www.jiranalee.com

CERTIFICATE OF CALIBRATION

Measurement Item

Manufacturer

Model/Typa

Serial Number

ID No

Customer

Test Conditions

Tesl Conditions

Calibration Procedure

[raceability

Measurement Dale
Issued Date

Calibrated by

M Mr. Sorawit Thachalad
[ mies Orathal Wiwstwittays

Certificate No: WS-06012022
Page 1 of 2 pages
: Cup anemometer with data logger.

. Data logger: Novalynix

. Cup anemometer: Novalynx

: Data logger: 200-WS-25L8
: Cup anemometar: WE-02F

: Data logger: A6120

» Cup anemometer: -

: Data logger: RYG_FS032¢

: Cup anemometer; -

1 ALS laboratory group (Thailand) co., lid.

: 104 Phatthanskan 40, Phatthanskan Rd, Khwaeng Suan Luang, Khet Suan Luang, Banghok 10250

Thailand.

¢ Wind tunnel cross test section area 900 em’
 Anemometer frontal area 104 cm?

: Diemeter of mounting pipe - m

: Blocksge ratio of test object 0,011 [

: Air temperature 23.6 +0.8 °C

: Alr pressure 10145 +04 hPs
. Relative air humidity 53.4 +3.5 %RH

Calibration was carried out base on:
[BC 61400-12-1 €0.1: 2005-Fower Performance Measurements of Electricity Producing Wind
Turbines;

MBASNET Anemometer Callbration Procedure — Version 2: 2009;

This  calibretion documents the traceable to national siandard, Which realize the unit of
measurements according to the internalional system of units (SN through Mational Institute of
Metrology Thailand (NIMT).

: JAN 28, 2022,
+ JAN 31, 2022,

Approved Signatory: ..o Y
Mr. Farinya Booncharoen

Galibration Department Manager

NAC

JIRANATE ASSOCIATES CO., LTD,

“

THIS CERTIFICATE MAY NOT BE REPROCEDUCED BXCEPT IN FULL UNLESS FERMISSION FOR REPRODUCTION HAS BEEN

OBTAINED IN WRITING FROM THE LABORATORY.



J 63/14-16,67/35-36, Soi Petchkasem?7,7/1, Petchkasem Rd,
Watthapra, Bangkokyai,Bangkok 10600 Thailand.

NAC

PEREANAIEE ASSITCIATES aut ) 1

Continuation of Certificate of Calibralion Number

Resull of calibration:

M without adjustment

L1 with adjustment
Calibration in the range of | - 16 m/s at @ calibration Interval of 1 m/s,

Certificate No: WS-05012022
Page 2 of 2 Pages

The results of calibration and associated measurement Unicertainties are reported in the table below,

Tel: (66) 02-8680812#13 FPax. (66) 02-8680860 www.jiranatee.com

Vs Reading Viuee Reading Errar Uncertainty

m/s m/s {m/s) (%)
20746 20 0.1 2.4
4,101 4.1 00 1.2
599 6.0 0.0 0.98
201 &0 00 0.83
10,01 10.1 Q. 0.7e
1201 12.1 0.1 0.57
13.99 14.1 0.1 0.70
169¢ 6.4 0.4 043
16.00 182 0.2 a.7e
13.01 13.0 0.0 083
11.02 11.0 0.0 0.76
P03 w0 0.0 081
702 7.0 0.0 0.82
5.180 &1 0.0 094
2.991 2.0 0.0 1.6
1.036 0.9 -0 4.5

UuUC* Unit Under Calibration

The reported expanded uncerteinly is based on stan

confidence of approximately 9&%

Appendix 1: Instrumentations

dard uncertainty multiplied by a coversge facter k=2 providing a level of

i Calibration Cerlificate Report
NO Sensor Manufacturer | Model/Type Range
Date Number
1 Pitot static TESTO INC. 04382145 Aug 07, 2021 MW-0034-21 5 - 30 m/s
2 Frecision Differential Pressure Meter Zaglah DPM2800 #ug O7, 2021 MWwW-0034-21 5 - 30 m/s
3 Air velocity ransducer (hot wire) T8I INC, g456-12 Aug 08, 2021 MW-0038-21 a-5mis
4 Temparature Zoglah DSR-THP March 30, 2021 CL-D27-64 -30 - 70°C
5 Relative humidity Zoglab OSA-THP March 20, 2021 RH-0303202] 0 - 100 %RH
6 Atmzspheric pressure Zoglab OSKR-THP March 30, 2027 BP-01032021 500 — 1100 hPa
7 Wind tunnel E£350M MP330D 0~ &0 Hz

***end of cerlificate of calibralion®™*




63/14-16,67/356-36, Soi Petchkasem7,7/1, Petchkasem Rd,

NAC Watthapra, Bangkokyai,Bangkok 10600 Thailand.
SIFH NSSOCTARES ot i Tel: (66) 02-86808124#13 Fax.: (66) 02-8680860 www.jiranatee.com

CERTIFICATE OF CALIBRATION

Certificate No.: WD-05012022

Page 1 of 2 pages
Measurement ltem : Wind direction sensor with data logger,

Manufacturer + Data logger: Novalynx,

¢ Wind direction sensor: Novalynx,

Model/Type : Data logger: 200-WS-25.8
: Wind direction sensor: Ws-02F

Serial Number . Dala logger: AS190

: Wind direction sensor -

D No : Data logger: RYG_FS0229

: Wind direction sensor: -

Customer * ALS laboratory group (Thailand} Ca.Ltd.
104 Phatthanakan 40, Phatthanaskan Ad.Khwaeng Suan Luang, Khet Suan Luang, Banghkok 10250
Thailand.

Environmental Condition:

The measurement was carried out In an ambient temperature of (23+3) nC, and relative humidity of (40£10) %.

Measurement Method:

The wind direction sensor calibration according to comparison msthod with reference angle measurement electronic theodolite and
Une laser is used for axis contrel, The measursment were taker al 45" intervals in clockwise and counterclockwise
directions,

Note: The UUC was warmed up for 1 hour prior to the calibration being performed
Traceability:

The measuramant resulls are fraceable fo the international system of units (8)) through Certificate No.: &21086014, Certificate Nos
KWSa4/0025,

Measurement Dale D JAN 26, 2022,
Issued Date : JAN 37, 2022,
Performed by Approved Signatory:..........

| Mr. Sorawit Thachalad

Mr. Parinya Booncharoen.
Miss Orathal Wi wittay: T ;
L Miss Orathal Wiwatw ttaya N 2&“ Calibration Department Manager

JIRANATE ASSOCIATES CO., !,'t‘l’J..

THIS CERTIFICATE BEFORT MAY NOT BE REPROCEDUCED EXCEPT IN FULL UNLESS FPERMISSION FOR REFRODL ICTION HAS BEEN

OBTAINED IN WRITING FEOM THE LABOBATORY



63/14-15,67/35-36, Soi Petchkasem7,7/1, Petchkasem Rd,

NAC Watthapra, Bangkokyai,Bangkok 10600 Thailand.
HEARATTE ASROCIASES €'E3:) £13 Tel: (66) D2-8680812#13 Fax.: (66) 02-8680860 www. jiranalee.com
Continuation of Certificate of Calibration Number Certificate No: WD-05012022

Pages 2 of 2 pages

Result of catibration: [] without adjustment I With adjustment.
Calibration in the range of 0 — 360 * at a calibration interval of 45°

The results of calibration and associated measurement unceriainties are reported in table below.

Nominal Angle Standard Reading Uuc* Heading Error Uncertainty

NO Turning Direction s " . 3 ,
@) 25, ) ) +(")

[ 0/360 4] 0 8] 3.0

2 45 45 43 2 3.0

3 Q0 90 90D 0 30

4 135 135 138 0 30

Clochkwise

5 180 180 181 I 3.0

é 228 2258 227 2 3.0

7 270 270 273 3 3.0

8 318 315 318 3 3.0

9 0/360 D 0 o 3.0

10 45 45 432 =2 3.0
LR e0 Q0 20 (8] 3.0
12 135 135 135 a 3.0

Counter Clochkwise

13 180 180 181 1 30
14 225 228 227 2 30
16 270 270 273 3 30
16 315 315 318 3 3.0

UUC* Unit Under Callbration The reported expanded uncertainty is based on standard uncertainty mulliplied by a coverage fac-
tor k=2 providing a level of confidence of approximately 956%

alibration***

JIRANATE ASSOCIATES o LTD,




NAC Accredited calibration laboratory

JIRANATEE ASSOCIATES CO,,LTD. IS0/IEC 17025:2017 s
NSC-TISI-TIS 17025 , ‘* / j 4
liranatee Associates Co. Ltd CALIBRATION 0367 VYT CAL. DATE 1q ___________ P 1
63/14-15, 67/35-36 i o Y
Petchkasem 7,7/1, Rd, Watthapra, Bangkokyal, Air speed measurement laboratory N —— iy
Rangkok 10600 (Thalland) Calibration services department.
Tel: +66D8620812 Certificate Number
Mabile: +66863999453
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MEASUREMENT ITEM : Wind Direction Sensor Calibration procedure:
MANUFACTURER : Novalynx The wind direction sensor was cuh r agwﬂst
MODEL/TYPE . Sensor: WS-02F Standard Rotary Encoder mod BTSJ‘
Data logger: 110-WS-250L:D e ) -y ggﬂ—
; ) ype wind tunnel wi € 5 ction
SERIAL NUMBER : Sensor: W5D-014 area. The WI-CL-008 ﬁtzged on Ik @\400 121,
Dadeggeis AR7ad Wind energy generation sy&tems — Part 12-1:
ID NUMBER : RYG_F50531

Power performance measurémeﬁf*s af electricity

CONDITION AS-RECEIVED i Used item producing wind turbines, March 2017 was used as
CUSTOMER : ALS laboratory group (Thailand) Co., Ltd. a calibration gufde!fﬂe'
104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang, 9
Khet Suan Luang, Bangkok 10250 Thailand. abf & ® N
lmertﬁq‘te proﬁrdes a traceability of The
RECEIVED DATE 116 Jan 2023 asurement‘tu*recogn!zed the national
MEASUREMENT DATE +19 Jan 2023 st&f}dqrds ﬂﬂd to realization of the international
ISSUE DATE - 20 Jan 2023 > system of units (S1) through the NIMT (National
. Metrology institute of Thailand) via Certificate
ENVIRONMENTAL CONDITIONS: g, Mlimber: DA-0043-22
Ambient condition in the laboratory are as follow: W r\\ ',7:’/' " Ju;cznaf o ity it
Terperature Ry c AN & e repo:gd uncertai!::ymofr:n'msuremenr is
Relative Humidity :55.0+15.0 %RH o W . : i
= 3 D based on the standard uncertainty multiplied by a
Atmospheric Pressure 11010+ 10 hPa ® - coverage factor k=2, Which for a normal
= distribution corresponds to a coverage probability
{ of approximately 85%. The standard uncertainty
PLACE OF CALIBRATION : Eiffel-type wind tunnel oleranath ASSOC}ates Co I.td has been determined in accordance with the GUM
A —-‘\.‘_t. ‘Evaluation of measurement
. 5 A U data - Guide ta the expression of uncertainty in
CALIBRATION CONDITION : Wind tunnel cross- sqﬂlnn arg,—;_‘ -" i) 900 cm? measurement’
Win direction frontallreﬁz" i 129 em’
Diameter of mél'gntlng plpe ) ' E mm
B!ocka';g 0.143 -1

Preconditioning : 24 hours atimbmnt conditions.
Measurement Condition fﬁ} average values during measurement are (23.6)°C, (46.6) %RH and (1014.9) hPa.

TABLATICNOF RESULTS: g Ny ' i

Calibrated by: ,’.—-‘.:- v . Approved signatory: -

¥ Mr. Sorawit Thaikalad s i f Mr. Parinya Booncharaen

[ Miss J;ttra,mmr&qmph | o : Calibration Department Manager
v N PG

"ﬁgglarﬁ‘

Nnﬁ‘l t%k.secﬁcn area of the wind tunnel

Prn]e%d cross-section area of the tested object include mounting pipe
? Dianéter of mounting pipe

* Ratio “to !

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED
IN WRITING FROM THE LABORATORY



Certificate Number

CL-013-66

Page 2 of 2 Pages

MEASUREMENT RESULTS *

The wind direction sensor was calibrated against standard rotary encoder by comparison method. During calibration, the measurement was carried out at 45°
intervals in clockwise and counterclockwise directions after offset adjustment has been made. The flow speed of wind tunnel (usually 5 m/s) is kept constant
while the sensor is rotated around its vertical axis. The results of calibration and associated measurement uncertainties are reported in the table below.

Air speed D’ D i
m/s Degree (°) Degree (°)
0.000 0
45.000 43
90.000 88
4.99 135.000 133
180.000 179
225,000 227
270.000 272
315.000 317
Remark:

* Calibration results anly count for the tested circumstances and environmental conditions during which calibration

" Direction of standard { '

" Direction of Unit Under Calibration L - J
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Page 1 of 2 Pages

MEASUREMENT ITEM : Cup anemometer Calibration procedure: XA,
MANUFACTURER : Novalynx The cup anemometer was r:ahbrﬁtad against
MODEL/TYPE + Sensor: WE-02E Standard air velocity transducer model* '8455@2
Data logger: 110-WS-250L-D and pitot tube with precfsmn d er&'ht:af pm.ssure
SERIAL NUMBER . Sensor: W5D-014 meter model: DPM2500 in anclese te?tgimon of

Eiffel-type wind runne{ with 500" wem?, cross test

Datalogger: AS789 section area. The Wi-CL-007 based on IEC 61400-

ID NUMBER : RYG__I.=50531 12-1, Wind energy genemt!oﬂ sy:f'ems — Part 12-
CONDITION AS-RECEIVED : Used item 1. Power performance measurements of
CUSTOMER : ALS laboratory group (Thailand) co., Itd. electricity producing wmd turbines, March 2017

104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang, was used /cﬁ:mahbmtmn.gmde!me
Khet Suan Luang, Bangkok 10250 Thailand.

=

raceabi ) ,l
RECEIVED DATE . 16 Jan 2023 }qs cert:f cdfe a'provides a traceability of The
MEASUREMENT DATE .18 Jan 2023 rﬁfu;urem&/nt to recognized the national
stanﬂarcﬁ- and to realization of the international
HEUEDATE s : i system of units (51) through the NIMT (National
— Metm.‘ngy Institute of Thailand) via Certificate
ENVIRONMENTAL CONDITIONS: ( '“:.\, < _ﬂftmber MW-0052-21 and MW-0066-22
Ambient condition in the laboratary are as follow: A\
Temperature 123.0+£3.0 glc Uncertainty of Measurement:
Relative Humidity :55.0+£15.0 %RH The reported uncertainty of measurement is
Atmospheric Pressure 11010+ 10 hPa P based on the standard uncertainty multiplied by a
"'lj coveroge factor k=2, Which for a normal
d B I.\“ = distribution corresponds to a coverage probability
PLACE OF CALIBRATION - Eiffel-type wind tunnel of Jiranatee Associates Co,, Ltd. af dpproximately 35X, The standard uneeciainty
N, .4 has been determined in accordance with the GUM
'I.‘ b 1 ‘Evaluation of measurement
CALIBRATION CONDITIONS L iR fliRnal erosss Ectlun e s 4y 900 b data - Guide tc’.' the expression of uncertainty in
measurement
Win direction frontal ared’“ ] 100 cm?
Dia meter c of mdﬂntlng ipe® - mm
Blockage ratio of test ub ect’ 0.111 8]

Preconditioning 124 ﬂours at a|j1b1ent conditions.
Measurement Condition 'The a\erage values during measurement are (23.7) °C, (44.5) %RH and (1018.3) hPa.

TABULATION OF RESULTS:
The table on next page gwe the measured vaﬁles.

Calibrated by: \_r‘: =3 RN - Approved SIERatony e LT i s
& Mr. SoraWit/Ihachal‘ad @ : Mr. Parinya Booncharoen
O Miss J;ttrapbrn}ertsdﬂphol \ Calibration Department Manager
J b [} .I - |
(_:;. “l{l Ls\\_‘-}h i ANATS v = ol o

:N '.‘,'

id cross-section area of the tested ohject include mounting pipe
ter of mounting pipe

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED
IN WRITING FROM THE LABORATORY
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CL-013-66

Page 2 of 2 Pages

MEASUREMENT RESULTS

The cup anemometer, Unit Under Calibration (UUC) was exercise at 10 m/s for 5 minutes prior to calibration being performed. The standard air velocity 0.5 m/s
to 5 m/s was calculated by a standard air velocity transducer and above 5 m/s to 30 m/s was calculated by a pitot tube with precision differential pressure
meter which was installed 40 mm and 300 mm respectively away from wind tunnel nozzle, UUC was installed at center of the test section. The calibration was
carried out under both rising and falling air velocity in the range of 1 m/s to 16 m/s at calibration interval of 1 m/s. The results of calibration@nd associated
measurement uncertainties are reported in the table belaw. \

Vair Temp. wind tunnel Temp. room Vi Error o M) )
(m/s) (‘0) (°c) (m/s) (m/s) 0
0.983 23.60 23.70 0.7 -0.3 { 0:18
2.024 23.74 23.70 17 0.3 . 016
3.044 23.50 23.70 2.9 -0.2 0.18
4.119 23.82 23.70 3.9 -0.2 019
5.02 2350 23.70 4.9 -0.2 0.18
5.99 23.88 23.70 5.8 7 ¢ 0.18
7.08 2350 23.70 6.9 &7~ Q1 0.20
8.18 2358 23.70 8.0 K 0.2 0.18
9.11 23.50 23.70 9.0 ' 0.1 0.19
10.08 2366 23.70 10.0 i 0.25
11.15 23.32 2370 11.0 & 0.2 0.21
12.14 23.66 23.70 12.0 R 0.2 0.20
13.20 23.32 2370 132 f D 0.0 0.25
14.25 23.50 23.70 W W 4 -0.1 0.27
15.23 23.30 23.70 15, 0.2 0.27

16.29 23.40 23.70 = F=RE.2 % -0.1 0.23

Remark: - B B
* Calibration results only count for the tested circumstances and environmental conditions ﬂl._JrEng whibﬁ_ calibration took place
"Velacity of standard

K Velocity of Unit Under Calibration

PHOTO OF CALIBRATION SET-UP

Calibration set-up of the cup anemometer calibration in the wind tunnel of Jiranatee Associates Co., Ltd. The cup anemometer shown may differ from the
calibrated one. Remark: The proportion of the set- up is not true to scale due to imaging geometry.

**%End of Certificate of Calibration®**



J 63/14-15,67/356-36, Soi Petchkasem7,7/1, Pelchkasem Rd,
Watthapra, Bangkohkyai, Bangkok 10600 Thailand.
TTel: (66) 0D2-8680812#13 Fax.: (06) 02-8680860 www.jiranatee.com

NAC

HANATEF ASSOUIATES ©OCLTTR

NSC - Tisi - TiS 17025
CALIBRATION 0367

CERTIFICATE OF CALIBRATION

Equipment Name: Data Logger with Temperature
Sensor

Manufacturer: Novalynx

Model: 110-WS-25DL-D

Serial No.: A5789

ID No.: RYG_FS0531

Certificate No.: CL-006-66
Page 1 of 2

Customer

Name: ALS laboratory group (Thailand) Co., Ltd.
Address: 104 Phatthanakan 40, Phatthanakan Rd.,
Khwaeng Suan Luang, Khet Suan Luang, Bangkok
10250 Thailand.

Reference Used During Calibration

1.Standard Temperature Probe Model: STS-100 A500,
Serial No.: 667682-09, Due date: 23 Mar 2023
2.Digital Temperature Indicator Model: DTI-1000-A MK
Il, Serial No.: 671407-00591 Due date: 22 July 2023

Calibration Procedure

The temperature calibration was done by In-House
calibration method as WI-CL-001 according to
comparison method with standard digital temperature
indicator and standard temperature probe. The
temperature scale use was based on [TS-90.

Received date: 16 Jan 2023
Calibration date: 18 Jan 2023
Issue date: 20 Jan 2023

Calibration Condition
Temperature: (23+£3)°C
Relative Humidity: (565+15)%

Traceability

The measurement results are traceable to the
international system of units (SI) through National
Institute of Metrology Thailand (NIMT) Certificate
number: TT-0034-22, Certificate number: ER-0092-
22

=

e
——

Calibrated by
[J Mr. Sorawit Thachalad
1 Miss Jittraporn Lertsomphol

EI

\!

Approved Signatory: ..... T
r Mr. Parinya Booncharoen

fjl Calibration Department Manager

THIE CERTIFICATE MAY NOT BE REPROCEDUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS
BEEN OBTAINED IN WRITING FROM THE LABORATORY.



63/14-15,67/35-36, Soi Petchkasem7,7/1, Petchkasem Rd,
Watthapra, Banghkohkyai, Bangkok 10600 Thailand.

S ‘NA(”: e Tel: (66) 02-8680812#13 Fax.: (66) 02-8680860 www.jiranatee.com
Certificate No.: CL-006-66
Page 2 of 2
Result of Calibration:- M Without Adjustment [ With Adjustment
Calibration Range: 20-40 "C
nction:
This equipment was connected with temperature sensor Model: HMP&0 S/N: T0210901.
Dimension : Diameter 12 mm. Length 80 mm.
Immersion darn uuc
Depth Reading Reading Error Uncertainty
(mm) ("C) (‘0 ("C) ("0
60 20.067 19.8 -0.3 0.099
60 25,058 24,6 -0.5 0.099
60 30.052 29.5 -0.6 0.099
60 35.047 34.5 -0.5 0.099
860 40.038 39.3 0.7 0.099

UUC*: Unit Under Calibration
The reported expanded uncertainty is based on standard uncertainty multiplied by a coverage factor k=2 providing a level of
confidence of approximately 85%

% End of Certificate %



63/14-16,67/35-36, Soi Petchkasem7,7/1, Petchkasem Rd,
Watthapra, Bangkokyai,Bangkok 10600 Thailand.
NAC Tel.: (66) 02-8680812#13 Fax.: (66) 02-8680860 www.jiranatee.com

THEANATEE ASSDCIATHES COLTD

CERTIFICATE OF CALIBRBATION

Calibration No. : RH-06012023
Page 1 of 1 Pages

Measurement ltem : Relative humidity with data logger
Manufacturer : Novalynx

Model/Type : 110-WS-25DL-D

Serial Number : A5789

ID No. : RYG_FSDS&31

Customer : ALS laboratory group (Thailand) Co. Ltd.

: 104 Phatthanakan 40, Phatthanakan Rd., Khwaeng Suan Luang, Khet S8uan Luang, Bangkok
10250 Thailand.

Environmental Condition:
The measurement was carried out In an ambient temperature of (25+3)°C, and relative humidity of (50£18)%.

Measurement Method:
Unit Under Celibration (UUC) waes calibrated by comparison method with standard thermo hygrometer in the humidity gen-
erator chamber to delermine the errors.

Traceability:

This instrument was callbrated using standard equipment whose accuracy is traceability through National Institute of
Standards and Technology to the international system of units (SI) via MCS Calibration, Inc. Certificate number:
20314-101. Due date: Mar 14, 2023.

Measuremenl Dale : Jan 18, 20283
Issued Date : Jan 20, 2023

Measurement Results:

This equipment was connected with Indoor air quality probe and Displayed (UR) on display. Model: HMP60O, Serial num-
ber: TO210901.

Calibration was performed in the range of 20%RH to 80%RH

The results of calibratlion are reported in lable below.

Determined Standard (reading) UUC (resding! Error Uncertainty
(9%6RH) (%RH) (%6RH) (%RH) £(%RH)
20 20.03 18.0 -2.0 0.51
50 50.24 47.8 -2.4 0.51
80 80.19 77.8 -2.9 0.51

Performed by mﬁ{

L] Mr. Sorawit Thachalad g R Mr. Parinya Booncharoen.
] Miss Jittraporn Lertsomphol I\\‘ /‘-*,{ Calibration Department Manager
JIRANATE ASSOCIATES €O, LTD

Approved Signatory: ...

THIS CALIBRATION REPORT MAY NOT BE REPROCEDUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUC-
TION HAS BEEN OBTAINED IN WRITING FROM THE LABORATORY.



63/14-16,67/35-36, Soi Petchkasem7,7/1, Petchkasem Rd,

NAC Watthapra, Bangkohkyai,Bangkok 10600 Thailand.
MHAHDTRE, AR AT EE LAY ATy Tel: (66) 02-8680812#13 Fax: (66) 02-8680860 www.jiranatee.com

CERTIFICATE OF CALIBRATION

Certificate No: WS-02092021

Page 1 of 2 pages
Measurement Item : Cup anemometer with date logger.

Manufacturer : Data logger: Novalynx.

¢ Cup anemometer: Novalynx.

| 12 .
Model/Type : Data logger: 110-WS-25D0L-0 REVIEW BY' i i siiniasiniaysisdis
¢ Cup anemometer: WS-02F

Serial Number : Data logger: AS816 i
: Cup anemometer: WSD-016 11:,' /5 /f
U NEXT CAL: DATE wveaniina i
ID No : Data logger: -

: Cup enemometer: -

Customer . ALS laboratory group (Thailand) cao., ltd.
. 104 Phaithanakan 40, Phatthanakan Rd, FBhwaeng Suan Luang, Khet Suan Luang, Bangkok 10250
Thailand.
Tesl Conditions ¢ Wind tunnel cross test section area Q00 em’
. Angmometer frontal area 100 em’
: Diameter of mounting pipe mm
: Blockage ratio of test object Q.11 [
Test Conditions o Alr temperature 23.6 +0.8 ¢
. Alr pressure 10129 04 hPa
i Relative air humidity 57.8 +3.5 WBRH
Calibration Procedure Callbration was carried out base on;

IBC 61400-12-1 €D.1; 2005-Fower Performarice Measurements of Electricity Froducing  Wind
Turbines;

MEASNET Anemometer Calioration Procedure — Version 2: 2009

Traceabilit This calibration documents the tracesble to nationel standard, Which realize the unit of
Y
measurements according to the international system of units (SN through MNational |nstitute of
Metrology Thailand (NIMT).

Measurement Date : Sep 14, 2021,
Issued Date : Sep 1§, 2027, (

sy -
Calibrated by Approved Signatory: .. '/W
@ Mr. Sorawit Thachalad A T Mr. Parinya Booncharoen
O mise Crathal Wiwatwittaya N}L\(_/ Technical Support

JIRANATE ASS0CLATES CO., LT1. and Calibration Manager

\

THIS CERTIFICATE MAY NOT BE REPROCEDUCED EXCEPT IN FULL UNLESS PESRMISSION FOR REPRODUCTION HAS BEEN
OBTAINED IN WRITING FROM THE LABORATORY.



63/14-15,67/35-36, Soi Pelchkasem?7,7/1, Petchkasem Rd,

NAC Watthapra, Bangkohyai,Bangkok 10600 Thailand.
IERARSEHE ARMEINER CrRA Tel: (66) 02-8680812#13 Fax: (66) 02-8680860 www.jiranatee.com
Continuation of Certificale of Calibration Number Certificate No: WS-0209202

Fage 2 of 2 Pages

Resull of calibration: [ \without adjustment O with adjustment
Calibration in the range of 1 - 16 m/s at a calibration interval of 1 m/s.

The results of calibration and assoniated measurement uncertainties are reported in the table below.
p

Vgrn Reading Viyuer Reading Errar Uncertainty

m’s m/s {m/s) (%)
2.048 2.0 0.0 24
4.087 4.0 -0.1 1.8
5.98 6.0 0.0 1.2
8.01 8.0 0.0 0.84
10.02 10.1 0.1 0467
12.02 122 0.2 0.63
14.00 14.2 0.2 042
1599 162 0.2 0.76
14.99 1582 0.2 0.49
13.01 13 0.1 0.81
11.02 11.1 0.1 Q.66
Q.02 Q.0 0.0 0.65
7.00 7.0 0.0 0.20
h.122 5.1 0.0 1.3
2978 3.0 0,0 1.2
1.023 1.0 0.0 4.8

UUC*: Unit Under Calibration
The reported expanded uncertainty is based on standard uncertainty multiplied by a coverage factor k=2 providing & level of
confidgence of approximalaly 95%

Appendix 1: Instrumentations

Calibralion Cerlificate Report
NO Sensor Manufacturer | Model/Type Range
Date Number

| Pitot atatic TESTO INC. 046352148 Aug 07, 2021 MW-0034-21 5 — 830 m/s

2 Frecision Differential Pressure Meter Zoglab OoPM2Z500 Aug 07, 2021 Mw-0034-21 & — 30 mfs

3 Alr velogity transoucer (hot wire) T4l INC B4S55-12 Aug 08, 2021 MwW-0035-21 0-5ms

4 Temperaiure Zoglah OSR-THR March 30, 2021 CL-027-64 -30 - 70'C

a Relative humidity Zoglah DSR-THP March 30, 2021 AH-02032021 0 - 100 %RH
& Atmospherie pressure Zoglab DSA-THP March 30, 2021 BR-O1032021 500 — 1100 hPa
¥ Wind tunnel ESS0M MP3300 - = O - 50 Hz

**Bnd of certificate of calibratjion™**

NAC

JIRANATE ASSOCIATES CO.,, LTD.




J 63/14-156,67/356-36, Soi Pelchkasem7,7/1, Petchkasem Rd,
NAC Watthapra, Bangkokyai,Bangkok 10600 Thailand.
T AR AN TREEE T I Tel: (66) 02-8680812#13 Fax.: (66) 02-8680860 www.jiranatee.com

CERTIFICATE OF CALIBRATION

Certificate No.: WD-02092021
Page 1 of 2 pages
Measurement Item : Wind dirgction sensor with data logger.

Manufacturer : Data logger: Navalynx.

: Wind direction sensor: Novalynx.

Model/Type : Data legger: 110-WS-250L-D
» Wind direction sensor: WS-02F.

Serial Number . Data logger: A58,
» Wind direction sensor: WSD-D16.

ID No : Data logger: -

. Wind direction sensor: -

Customer : ALS laboratory group (Thalland) Co,Ltd,
104 Phatthanakan 40, Phatthanakan Rd.khwaeng Suan Luang, Khet Suan Luang, Bangkok 10280
Thailand.

Environmental Condition:

The measurement was carriad out in an ambient temperature of (2313}°C, and relative humidity of (40+10)%.

Measurement Method:
The wind direction sensor calibration accarding to comparison methed with reference angle measurement electronic theodolite and
line laser s used for axis contrel, The measurement were taken at 48° Iniervals In clockwise and counterclockwise

directions.
Note; The UUC was warmed up for 1 hour prior to the calibration being performed
Traceability:

The measurement resulls are traceable to the International system of units (S1) through Certificate Mo. CC863-07-00485,
Certificate No: KWS63/0044.

Measurement Date :Sep 18, 2021,
lssued Date : Sep 18§, 2021.

94%/)3,7@

JIRANATE ASSOCIATES CO.. LTD. r. Parinya Boencharoen.

Performed by I\l ! CApprove] Signatory....
B Mr. Sorawil Thachalad J
D

[ wmiss Orathai Wiwatwitiaya

Technlcal Suppaort

and Calibration Manager

THIS CERTIFICATE FEPORT MAY NOT BE REPROCEDUCED EXCEPT IN FULL UNLESS PEBMISSION FOR REPRODUCTION HAS BEEN
CBTAINED IN WRITING FRCM THE LABDRATORY
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NAC

MIEARATEE ASSOWTATES LU ) T

Continuation of Certificate of Calibration Number

63/14-15,67/36-36, Soi Petchkasem7,7/1, Petchkasem Rd,
Watlthapra, Bangkokyai,Bangkok 10600 Thailand.
Tel: (66) 02-86808124#13 Fax.: (66) 02-8680860 www.jiranatee.com

Result of calibration: [J Without adjustment ¥ With adjustment.

Callbration in the range of 0 — 360 " at a calibration interval of 45°,

The results of calibration and associated measurement uncertainties are reported in table below.

Certificate No: WD-02092021

Fages 2 of 2 pages

Nominal Angle Slandard Reading UUC* Reading Error Uncertainty

NO Turning Direction s 2 . i H
() ) ) ) £(%)

1 0/360 360 369 -1 3.0

2 45 45 44 -1 30

3 o0 20 87 -8 3.0

4 135 135 133 -2 3.0

Clockwise

5 180 180 180 0 3.0

[} 225 228 225 0 3.0

7 270 270 273 3 3.0

8 315 315 317 2 3.0

9 0/3¢0 360 389 =] 30

10 45 45 44 -1 3.0
11 g0 20 B7 -3 30
12 135 135 133 =2 30

Counter Clockwise

13 180 180 180 0] 3.0
14 2286 225 225 a 3.0
15 270 270 273 3 30
16 316 315 317 2 30

uuc*: Unt Under Calibration The reportad expanded uncertainty is based on standard uncertainty multiplied by & ceverags fac-

tor =2 providing a level of cenfidence of approximately 95%

***2nd of Certificale of Calibration*®

NAC

ANATE ASSOCIATES CO., LTD,




63/14-15,67/35-36, Soi Petchkasem?7,7/1, Petchkasem Rd, RN .
Watthapra, Bangkohkyai,Bangkok 10600 Thailand. ;;IQ,EE-—-.\&? / "B
NAC L NS NS TiS-Tis 17025

70N
v vsoae e Tel: (66) 02-8680812#13 Pax.: (66) 02-8680860 www.jiranatee.com CALIBRATION 0367

CERTIFICATE OF CALIBRATION

Certificate No. : CL-068-64

Page 1 0of 2

Equipment Name : Data Logger with Temperature

Sensor
Manufacturer : Novalynx
Model : 110-WS-25 DL-D
Serial No.: A5816
ID No. : -
Customer Received date : 1 SEP 2021
Name : ALS laboratory group (thailand) Co.,Ltd. Calibration date : 13 SEP 2021
Address : 104 Phatthanakan 40, Phatthanakan Issue date : 15 SEP 2021
Rd.,Khwaeng Suan Luang, Khet Suan Luang,Bangkok
10250 Thailand.
Reference Used During Calibration Calibration Condition
1.Standard Temperature Probe Model : STS-100 A500, Temperature : (23+3)°C
Serial No. : 667682-09, Due date : 25 Mar 2022 Relative Humidity : (55+15)%
2.Digital Temperature Indicator Model : DTI-1000-A MK
I, Serial No.: 671407-00591 Due date ; 04 June 2022
Calibration Procedure Traceability
The temperature calibration was done by In-House The measurement results are traceable to the
calibration method as WI-CL.0Q1 according to international system of units (Sl) through National
comparison method with standard digital temperature Institute of Metrology Thailand (NIMT) Certificate
indicator and standard temperature probe. The number ; TT-0036-21, Certificate number : ER-Q032-
temperature scale use was based on ITS-90. 21

J ,
Calibrated by N A Approved Signatory: D—E ..................................

) Mr. Sorawit Thachalad Mr. Parinya Booncharoen
Miss Orathai Wiwatwittaya JIRANATE ASSOCIATES £0., LTD. Technical Support
And Calibration Manager

THIS CERTIFICATE MAY NOT BE REPROCEDUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN
CBTAINED IN WRITING FROM THEZ LABORATORY.
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J 63/14-15,67/35-36, Soi Petchkasem?7,7/1, Petchkasem Rd, % B
Watthapra, BanghkokyaiBangkok 10600 Thailand. ) 3 ) SN
NAC ig//‘;:\\\\&‘ NSC- TISI- Tis 17025
Dl W CALIBRATION 0367

sowene el (66) 02-8680812#13 Fax: (66) 02-8680860 www.jiranatee.com

Certificate No. : CL-068-64

Page 2 of 2
Result of Calibration :- ™ Without Adjustment [ With Adjustment
Calibration Range: 20°C-40°C
Function:
This equipment was connected with temperature sensor Model : HMP60 S§/N : T2320585
Dimension : Diameter 12mm. Length 80 mm.
Immersion Standard uuc
Depth Reading Reading Error Uncertainty
(mm) ("C) (‘e ("C) (‘¢
60 20.050 19.6 0.4 0.080
60 24.878 245 0.4 0.080
60 29.857 29.4 0.4 0.13
60 34.848 34.3 -0.5 0.080
60 39.842 39,3 -0.5 0.080

UUC* : Unit Under Calibration
The reported expanded uncertainty is based on standard uncertainty multiplied by a coverage factor k=2 providing a level of
confidence of approximately 95%

% End of Certificate ¥

J
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NAC Watthapra, Bangkokyai,Bangkok 10600 Thailand.
vk s conm Tel: (66) 02-8680812#13 Faxs (66) 02-8680860 www.jiranatee.com

CALIBRATION REPORT

Calibration No. : RH-0209202)

Page 1 of 1 Pages

Measurement Item : Relative humidity with data logger.

Manufacturer : Data logger: Novalynx.

: Relative humidity sensor: Novalyrix,

Model/Type : Data logger: 1 10-W3-25 DL-D,
. Relative humidity sensor: HMP&O.

Serial Number : Data logger: AS816.
: Relative humidity sensor: T2320595,

1D Mo : Data logger:

¢ Relative humidity sensor: -.

Customer : ALS laberatory greup (Thailand) co., Itd,

104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang, Khet Suan Luang, Banghkok 10250
Thailand.

Environmental Condition:

The measurement was carried out In an ambient temperature of (25+3)°C, and relative humidity of (80x185)%.

Measurement Method:
The Relative humidity with data legger, Unit Under Callbration (UUC) was calibrated oy comparison method with the equilibrium of

standard salt solution CHLCOOK: Potassium Acetate, Mg(Nog): Magnesium Nitrate, KCL: Potassium Chloride to determine the errcrs.

Measurement Date : Sep 18, 202)
lssued Dale :8ep 18, 2027

Measurement Results:

The results of calibration are reported in table below.

Standard salt solution. Standard (%RH) UUC geading Error
CHaCOOK: Potassium Acetate 22.61 230 1.1
Ma(Nos): Magnesium Nitrate 52,89 53.1 0.2
KCL: Potasslum Chloride 84.34 854 1.0

Performed by I\JZ Q\Cpproved SIGNAYONA i ldmr e o

L] Mr. Sorawit Thachalad JIRANATE ASSOCIATES CO., LTD,

Mr. Parinya Booncharoen,

v Miss Orathal Wiwatwiltaya Technical Support

and Calibration Manager

THIS CALIBRATION REPORT MAY NOT BE REPROCEDUCED EBXCEPT IN FULL UNLESE PERMISSION FOR REPRODUCTION
HAS BEEN OBTAINED IN WRITING FROM THE LABORATORY,



NAC Accredited calibration laboratory

1
PR @
JIRANATEE ASSOCIATES CO,,LTD. ISO/IEC 17025:2017 : E

NSC-TISI-TIS 17025 ' 'q / }! / _‘)Lt \
liranatee Associates Co.,Ltd CALIBRATION 0367 NE<T CAL.T = I
63/14-15, 67/35-36 PR RS S SES SN R O ade
Petchkasem 7,7/1, Rd. Watthapra, Bangkokyal, Air speed measurement laboratory
Barigkok 10600 (Thailand) Calibration services department.
Tel: +660868D812 Certificate Number
Mobile: +66863939453
E-mail: jnac-calibration@jiranatee.com
Web site: www jiranatee.com CL-011-66
Page 1 of 2 Pages
MEASUREMENT ITEM : Wind Direction Sensor Calibration procedure: b
MANUFACTURER : Novalynx The wind direction sensor was cahbmb!d against
MODEL/TYPE : Sensor: WS-02F Standard Rotary Encoder 3rrrgf:i' A)(ﬁbg\STSJ
Data logger: 200-WS-25DL ?MU" P3d5t vai ”; Gf;}tcg?;; hsg'm. ; E;ngf
ki 2 ype win unnel wi € 1355
SERIAL NOWER : ge"s‘:r' —_— area. The WI-CL-008 bised on IFG63400-12-1,
) s Wind energy generation :ystems - Part 12-1;
1D NUMBER : RYG_FS0089 Power performance measuréﬁ?fpfs of electricity
CONDITION AS-RECEIVED t Used item producing wind turbines, March 2017 was used as
CUSTOMER : ALS laboratory group (Thailand) Co., Ltd. a m;,bmmn gu,de;me &
104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang, h
Khet Suan Luang, Bangkok 10250 Thailand. Tl"—u'l‘mbihy “ L T
{Thas cemf‘ebtz pravides a traceability of The
RECEIVED DATE : 16 Jan 2023 'm;asuremept ﬁfrecogmzed the national
MEASUREMENT DATE 119 Jan 2023 sraqdards gpd to realization of the international
ISSUE DATE ;120 Jan 2023 o system of units (i) through the NIMT (Natfonal

¢ ___,_Metro.fogy Institute of Thailand) via Certificate
ENVIRONMENTAL CONDITIONS: ber DA-0043-22

Ambient condition in the laboratory are as follow: v

¥ ) Uncertainty of Measurement:
Temperature 123.0+3.0 C 4
Relative Humidity 15508150 WRH bsesian e stor s g et
Atmospheric Pressure 11010+ 10 hPa D

coverage factor k=2, Which for a normal
distribution corresponds to a coverage probability
of approximately 95%. The standard uncertainty

PLACE OF CALIBRATION has been determined in accordance with the GUM
‘Evaluation of measurement
dota - Guide to the expression of uncertainty in
CALIBRATION CONDITION : Wind tunnel cross-snetfon m’ga 300 em’ measurement’
Win direction fruntalareaj i 129 cm?
Diameter of mbgntirlg\plpe 4 - mm
Blockaga Qatio of test bbject( 0.143 [
\
Preconditioning 24 hours afamb[ent conditions.

Measurement Condition {".’Thgbverage values during measurement are (24.1)°C, (54.3) %RH and (1015.2) hPa.

P! \‘.

[ p-

w s
TABULATION OF RESULTS: @, & .

The table on next page give m&mhasured valuas i

4 “‘:T:«.}: , - - —y m :

i

-l

-]
a
°

]

i

)
o

3

o

(=g

=1
<

Calibratedby: @ @ B 1 U ADPrOVE SIENAIONY: st
¥ Mr. ScramtThaeﬁqlad S | Mr. Parinya Booncharoen
O Miss Jlttra%pml.mm;:hdl : \ Calibration Department Manager

.. @ Z‘\‘\“ \}; 25 €L

ar 3
cr}ﬁ?edion area of the wind tunnel
cross-section area of the tested object include mounting pipe
r of mounting pipe
* Ratio *to *

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED
IN WRITING FROM THE LABORATORY



Certificate Number

CL-011-66

Page 2 of 2 Pages

MEASUREMENT RESULTS

The wind direction sensor was calibrated against standard rotary encoder by comparison method. During calibration, the measurement was carried out at 45°
intervals in clockwise and counterclockwise directions after offset adjustment has been made. The flow speed of wind tunnel {usually 5 m/s) is kept constant
while the sensor is rotated around its vertical axis. The results of calibration and associated measurement uncertainties are reported in the table below.

Air speed D’ B Error

m/fs Degree (°) Degree (°) Degree (?)
0.000 0 0 :
45.000 a1 4 '“';x...___
90.000 88 2 ;

- 135.000 133 2
180.000 180 0 Q
225,000 228 P YR
270.000 273 ff 3 \‘31-}}_ j,l
315.000 316 ) il

Remark: & o

* calibration results only count for the tested circumstances and environmental conditions during which calibration t

e

® pirection of standard

" Direction of Unit Under Calibration

W .
. O )
#*%End of f;’hlﬂ&ate'-'ﬁf'_ﬁlibratlon“ *
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JIRANATEE ASSOCIATES CO.,LTD.

Accredited calibration laboratory
ISO/IEC 17025:2017
NSC-TISI-TIS 17025

Jiranatee Assoriates Co,,Ltd CALIBRATION 0367

63/14-15, 67/35-36

Petchkasem 7,7/1, Rd. Watthapra, Bangkokyai,
Bargkok 10600 (Thailand)

Tel; +6608680812

Mobile: +66863999453

E-mail: jnac-calibration@jiranatee.com

Web site: www jiranatee.com

Air speed measurement laboratory
Calibration services department.

Certificate Number

CL-011-66

CERTIFICATE OF CALIBRATION

Page 1 of 2 Pages

MEASUREMENT ITEM : Cup anemometer

MANUFACTURER : Novalynx

MODEL/TYPE : Sensor; W5-02F
Data logger: 200-WS-25DL

SERIAL NUMBER : Sensor: -
Data logger; A4987

ID NUMBER 1 RYG_FS0089

CONDITION AS-RECEIVED : Used item

CUSTOMER : ALS laboratory group (Thailand) co., Itd.
104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang,
Khet Suan Luang, Bangkok 10250 Thailand.

RECEIVED DATE 116 Jan 2023

MEASUREMENT DATE 118 Jan 2023

ISSUE DATE : 20 Jan 2023

ENVIRONMENTAL CONDITIONS:
Ambient condition in the laboratory are as follow:

Temperature :23.0£3.0 g o
Relative Humidity :55.0£15.0 %RH
Atmospheric Pressure 11010+ 10 hPa ®

PLACE OF CALIBRATION : Eiffel-type wind tunnel of J[rlgcr_l_gtée_-éssoggafé's Co., Ltd.

;' ".

CALIBRATION CONDITIONS : Wind tunnel cross- sétmn ar‘ea"‘ 900 cm®
Win direction frontal area"" 100 cm’
Diameter of maﬂnﬁng:gipé . mm
B!oc&agé I‘Htm uf test qbiect 0.111 [-]

'\

\ P
\\.;

Preconditioning
Measurement Condition

i 24hours at ambient conditions.

-\—f'

TABULATION OF RESULTS: }
The table on next page gwe the meusured \.falues

Calibrated by: 4|
& Mr. Sorawit ThachaT@;i hg . |

cross-section area of the tested object include mounting pipe
of mounting pipe
*Ratlo *to *

Ny, | Approved signatory:

Calibration procedure:
The cup anemometer was ca.'abrcrﬁed against
Standard air velocity transducer 3—_!&.8455::12
and pitot tube with precfs:onidjﬁeréprmi pr?ssu:e
meter model: DPM2500 in a#do.se remsgctmn of
FEiffel-type wind tunn@#qvth 9000 mgﬁ cross test
section area. The WI-CL-007 baseﬁ on [EC 61400-
12-1, Wind energy generaﬂa{l__s ems — Part 12-
1: Power performance measurements af
electricity producing wreru_:f turbines, March 2017
was user.} asa cuhbratron g,u ideline.

f?aceabr’?%y \.]»J

his cerrmcatepfowdes a traceability of The
mwg;\urem t to recognized the national
standards, and to realization of the international

__system of units (SI) through the NIMT (National

Pfﬁetroiogy Institute of Thailand) via Certificate
«iumber: MW-0052-21 and MW-0066-22

Uncertainty of Measurement:

The reported uncertainty of measurement is
based on the standard uncertainty multiplied by a
coverage factor k=2, Which for a nermal
distribution corresponds to a coverage probability
of approximately 95%, The standard uncertainty
has been determined in accordance with the GUM
‘Evaluation of measurement

data - Guide to the expression of uncertainty in
measurement’

txhs;nverage values during measurement are (23.5) °C, (52.8) %RH and (1014.1) hPa.

~

Pl

Mr. Parinya Booncharoen
Calibration Department Manager

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED

IN WRITING FROM THE LABORATORY



Certificate Number

CL-011-66

Page 2 of 2 Pages

MEASUREMENT RESULTS *

The cup anemometer, Unit Under Calibration (UUC) was exercise at 10 m/s for 5 minutes prior to calibration being performed. The standard air velocity 0.5 m/s
to 5 m/s was calculated by a standard air velocity transducer and above 5 m/s to 30 m/s was calculated by a pitot tube with precision differential pressure
meter which was installed 40 mm and 300 mm respectively away from wind tunnel nozzle, UUC was installed at center of the test section. The calibration was
carried out under both rising and falling air velocity in the range of 1 m/s to 16 m/s at calibration interval of 1 m/s. The results of calibration and associated
measurement uncertainties are reported in the table below.

Vied Temp. wind tunnel Temp. room Vise: Error . (klZ}
(m/s) (°c) (°c) (m/s) (m/s) _ [m/s):
0.983 23.50 23.45 0.8 0.2 h 07
2.035 23.44 23.45 1.9 -0.1 A 0.16
3.049 23.50 23.45 29 -0.2 019
4.136 23.50 23.45 3.9 -0.2 ©0.20
5.01 23.40 23.45 4.9 -0.1 Q 0.18
6.00 23.50 23.45 59 R e 4 0.19
7.07 23.40 23.45 7.0 & B N 0.19
8.18 23.50 23.45 8.0 -0 S’ 0.19
9.10 23.26 23.45 9.0 ' 0.1 0.20
10.09 23.44 23.45 9.9 =01 0.21
11.15 23.30 23.45 11.0 . {01 0.21
12.14 23.42 23.45 120 __ wy 0.1 0.25
13.20 23.22 23.45 BILE P < 0.1 0.26
14.25 23.34 23.45 We . 0.1 0.24
15.24 23.24 23.45 150. 0.3 0.26
16.31 23.24 23.45 : P61 -0.2 0.24

Remark: | W

* Calibration results only count for the tested circumstances and environmental conditions dunng whu&h ;allbratinn took place
* Velocity of standard

¥ Velocity of Unit Under Calibration

PHOTO OF CALIBRATION SET-UP 3 =

Calibratian set-up of the cup anemometer calibration in the wind tunnel of Jiranatee Associates Ca., Ltd. The cup anemometer shown may differ from the
calibrated one. Remark: The proportion of the set- up is not true to scale due to imaging geometry,

|
b |

*#4End of Certificate of Calibration®**
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JIRANATEE ASSOCIATES CO.LTD. ISO/IEC 17025:2017
NSC-TISI-TIS 17025
liranatee Associates Co. Ltd CALIBRATION 0367 R
63/14-15, 67/35-36 s i
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Tel: +6608680812 Certificate Number

Mabile: +66B63559453
E-mall: |nac-calibration@]iranatee.com
‘Web site; www.jiranatee.com CL-010-66

CERTIFICATE OF CALIBRATION

Page 1 of 2 Pages

&

L
MEASUREMENT ITEM : Wind Direction Sensor Calibration procedure: h "
MANUFACTURER : Novalynix The wind direction sensor was cohbmﬁﬁ\ugamst
MODEL/TYPE + Sensor: W5-02F Standard Rotary Encoder mod AX@O\STS-'
Data logger: 200-WS-25DL DM0D4-P3-5-U0in an close {tbl‘b-sect!ﬂa of Lﬁﬁ'ai‘-
type wind tunnel with,900 cm’ ﬁ*qgs testsection
SERIAL NUMBER : Sensor: -
S " area, The WI-CL-008 Bﬁsgd on IEGyE2400-12-1,
2l DRRA Wind energy generation Entems-, Part 12-1:
ID NUMBER :RYG—ESOGW Power performonce measuremems of electricity
CONDITION AS-RECEIVED : Used item producing wind turbines, March 2017 was used as
CUSTOMER : ALS laboratory group (Thailand) Co., Ltd. a m;,bmﬁan gu,de;mg -

L
L 1

104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang,

Khet Suan Luang, Bangkok 10250 Thailand, m
[%h:s certifit p}bades a traceability of The

RECEIVED DATE 116 Jan 2023 asureme r“m recogmzed the natfonal
MEASUREMENT DATE 119 Jan 2023 srar(dgds, Ad to realization of the international
ISSUE DATE +20 Jan 2023 system ‘of units (S1) through the NIMT (National

m. etrology Institute of Thailand) via Certificate
" nimber: DA-0043-22

’
=4

ENVIRONMENTAL CONDITIONS:

Ambient condition in the laboratory are as follow: & 8 ) ~;J i » .

Temperature 123.0£3.0 g XK K Uncenainty of Measurement: )

Relative Humidi L 55.0+15.0 %RH W The reported uncertainty of measurement is
Eltive kit e : - based on the standard uncertainty multiplied by a

Atmospheric Pressure 1010+ 10 hPa ) =

coverage factor k=2, Which for @ normal
! distribution corresponds to a coverage probability
¥ =% = of approximately 85%. The standard uncertainty
PLACE OF CALIBRATION : Eiffel-type wind tunnel of Jiranatee Assoc}a\fﬁs Co., Ltd. has been determined in accordance with the GUM
- L J ']

‘Evaluation of measurement

data - Guide to the expression of uncertainty in

CALIBRATION CONDITION : Wind tunnel cross- sggtfon am 900 cm’ measurement”
Win direction fronta area-_ - 129 em’
Diameter of mcgntlj plpe = mm
B[ockfggmﬁo of test o’bject‘ 0143 (4

Preconditioning churs at’ émbient conditions.

Measurement Condition [\ T “e"bverage values during measurement are (23.5)°C, (47.4) %RH and (1015.6) hPa.

TABULATION OF RESULTS: %, &
The table on next page grve thé mEasured:vajues

Calibrated by: (= (“\ | v I APETOVEH BRI S i mr e AR e T
B Mr. Sorawit Thaaﬂalad Qi | J Mr. Parinya Booncharoen
[ Miss J[ttrapam Lerﬁ@:}pha[ | Calibration Department Manager
e % 0
(" < .oj\ \‘.\!?‘-_.I‘,\ 4} N

=1

\hmarl’&;; \

N‘gﬁw cré’;}-,;ectmn area of the wind tunnel

Proj cross-section area of the tested object includa mounting pipe
* bia r of mounting pipe
4 Ratio z to d

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED
IN WRITING FROM THE LABORATORY



Certificate Number

CL-010-66

Page 2 of 2 Pages

MEASUREMENT RESULTS *

The wind direction sensor was calibrated against standard rotary encoder by comparison method. During calibration, the measurement was carried out at 45°
intervals in clockwise and counterclockwise directions after offset adjustment has been made. The flow speed of wind tunnel (usually 5 m/s) is kept constant
while the sensor is rotated around its vertical axis. The results of calibration and associated measurement uncertainties are reported in the table below,

Air speed D' D e Error 7] {\I}igzj_\\

m/s Degree (°) Degree (%) Degree (°) Dggﬁéé {5\}';“;;_\ @
0.000 0 0 LoD
45.000 43 2 | Oy
90.000 88 2 -

5.02 135,000 133 -2
180.000 179 4
225.000 225 o N '
270,000 273 : J

315,000 319 .4 i

Remark: i
* Calibration results only count for the tested circumstances and environmental conditions during which callbratio n,tn_q_k'ﬁi'aci- N

! Direction of standard

" Direction of Unit Under Calibration

C N

S \ -..:‘-1 fj.
w*EEnd of.t;é?ﬂﬁi‘:_asé‘-hf Calibration***

- o
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Air speed measurement laboratory
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Certificate Number

CL-010-66

CERTIFICATE OF CALIBRATION

Page 1 of 2 Pages

MEASUREMENT ITEM : Cup anemometer

MANUFACTURER : Novalynx

MODEL/TYPE : Sensor: W5-02F
Data logger: 200-WS-25DL

SERIAL NUMBER : Sensor; -
Data logger: A4986

1D NUMBER : RYG_F50087

CONDITION AS-RECEIVED ' Used item

CUSTOMER 1 ALS laboratory group (Thailand) co., ltd.
104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang,
Khet Suan Luang, Bangkok 10250 Thailand.

RECEIVED DATE 16 Jan 2023

MEASUREMENT DATE 118 Jan 2023

ISSUE DATE : 20 Jan 2023

ENVIRONMENTAL CONDITIONS:
Ambient condition in the laboratory are as follow:

Temperature :23.0£3.0 i v 4
Relative Humidity :55.0£15.0 %RH r
Atmospheric Pressure 1010+ 10 hPa P ¢

PLACE OF CALIBRATION Eiffel-type wind tunnel of liranatee Associates Co,, Ltd
CALIBRATION CONDITIONS : Wind tunnel cross- sec'ti'c'm are 900 cm?
Win direction fmntal area” 100 cm’
Diameter of moﬂming p{pe = mm
B1uckagaa1a,gf test ohject 0.111 [-]
\-\ V

Preconditioning
Measurement Condition

: 2&hours at émblent conditions.

TABULATION OF RESULTS: " -
The table on next page gwe tbe mmured vaiues

) .’:( & ; f

7 '

Calibrated by: QJ T

& Mr. Sorawit Th chahd h '

a M:sshttraﬂnrn ]g&ttsomphnl I

h‘%._ii"

3 Diaméter of mounting pipe
* Ratio to !

Approved signatory:

o

Calibration procedure: ¥V
The cup anemometer was mhbrﬁfed against
Standard air velocity transducer mfde-" 18455512
and pitot tube with precisiondifferential pfiﬁ ure
meter model: DPMZ2500 in ariclose reﬁqgeﬁon of
Eiffel-type wind tunnel\w:th 90 qm cross test
section area. The WI-CL- 607 based on IEC 61400-
12-1, Wind energy generat.’bh smems - Part 12-
1: Power performance measurements of
electricity producing wnknd turbines, March 2017
was usedfay_aw!rbranomywdeime

?)aceab.'
Tb:s certj[ﬂcafe prowdes a traceability of The
mmureme}tt to recognized the national
srandnm?‘rf‘énd to realization of the international

_system of units (SI) through the NIMT (Natienal

trology Institute of Thailand) via Certificate

humber: MW-0052-21 and MW-0066-22

Uncertainty of Measurement:

The reported uncertainty of measurement fs
based on the standard uncertainty multiplied by o
coverage factor k=2, Which for a normal
distribution corresponds to a coverage probability
of approximately 85%, The standard uncertainty
has been determined in accordance with the GUM
‘Evaluation of measurement

data - Gulde to the expression of uncertainty in
measurement”

‘Eﬂ’hgsverage values during measurement are (23.6) °C, (55.3) %RH and (1013.5) hPa.

Mr Parlm,ra Booncharoen
Calibration Department Manager

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED

IN WRITING FROM THE LABORATORY



Certificate Number

CL-010-66

Page 2 of 2 Pages

MEASUREMENT RESULTS

The cup anemometer, Unit Under Calibration (UUC) was exercise at 10 m/s for 5 minutes prior to calibration being performed. The standard air velocity 0.5 m/s
to 5 my/s was calculated by a standard air velocity transducer and above 5 m/s to 30 m/s was calculated by a pitot tube with precision differential pressure
meter which was installed 40 mm and 300 mm respectively away from wind tunnel nozzle, UUC was installed at center of the test section. The calibration was

carried out under both rising and falling air velocity in the range of 1 m/s to 16 m/s at calibration interval of 1 m/s. The results of calibration and associated
measurement uncertainties are reported in the table below,

o

Vad Temp. wind tunnel Temp. room Vige Error o Ulks2)
(m/s) (°c) (°c) (m/s) (m/s) Imm '
0.985 23.68 23.60 0.8 -0.2 )

2.033 23.54 23.60 1.8 0.2

3.046 23.68 23.60 2.9 0.1

4,136 23,66 23.60 3.9 -0.2

5.03 23.50 23.60 4.9 0.1

5.98 23.50 23.60 5.9 o1

7.05 23.36 23.60 7.0 7~

8.18 23.54 23.50 8.0 , -0

9.10 23.30 23.60 8.9 0.2

10.10 23,50 23.60 10.0 ) =01 0.19
11.14 23.28 23.60 11.1 o 01 0.22
12,12 23.40 23.60 119 iy 0.2 0.21
13,19 23,10 23.60 BOE > -0.2 0.26
14.25 23.46 23.60 440 °F b 0.2 0.32
15.26 23.10 23.60 150, o0 0.2 0.23

16.31 23.26 23.60 F5G86.2 b -0.1 0.29
Remark: - S
* Calibration results only count for the tested circumstances and environmental conditions dLlrIng whk:h calibratlon took place

* Velocity of standard

" Velacity of Unit Under Calibration

PHOTO OF CALIBRATION SET-UP

Calibration set-up of the cup anemometer calibration In the wind tunnel of Jiranatee Associates Co., Ltd. The cup anemameter shown may differ from the

calibrated one, Remark: The proportion of the set- up s not true to scale due to imaging geometry.
§

***End of Certificate of'\f.‘aiibratinn*** [
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MEASUREMENT ITEM
MANUFACTURER
MODEL/TYPE

SERIAL NUMBER

ID NUMBER
CONDITION AS-RECEIVED
CUSTOMER

RECEIVED DATE
MEASUREMENT DATE
ISSUE DATE

ENVIRONMENTAL CONDITIONS:

Accredited calibration laboratory
ISO/IEC 17025:2017
NSC-TISI-TIS 17025
CALIBRATION 0367

Air speed measurement laboratory
Calibration services department.
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‘| #'
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Certificate Number

CL-021-66

CERTIFICATE OF CALIBRATION

: Cup anemometer

: Novalynx

. Sensor: WS-02F
Data logger: 200-WS-25LB

: Sensor: -
Data logger: A5376

: RYG_FS0414

: Used item

: ALS laboratory group (Thailand) Co., Ltd.
104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang,
Khet Suan Luang, Bangkok 10250 Thailand.

: 27 Jan 2023
: 10 Feb 2023
: 10 Feb 2023

Ambient condition in the laboratory are as follow:

Temperature
Relative Humidity
Atmospheric Pressure

PLACE OF CALIBRATION

CALIBRATION CONDITIONS

Preconditioning
Measurement Condition

TABULATION OF RESULTS:

The table on next page give the measured values.

Calibrated by:
Mr. Sorawit Thachalad

[ Miss littraporn Lertsomphol

Remark:

! Nozale ;m'mgciinn area of the wind tunnel

123.0£3.0 C
155.0+£15.0 %RH
11010110 hPa

: Eiffel-type wind tunnel of Jiranatee Associates Co., Ltd.

: Wind tunnel cross-section area’ 900 cm’
Win direction frontal area’ 100 em’
Diameter of mounting pipe’ = mm
Blockage ratio of test object” 0111 [

: 24 hours at ambient conditions.

Calibration procedure:

The cup anemometer was calibrated against
Standard air velocity transducer model: 8455-12
and pitot tube with precision differential pressure
meter madel: DPM2500 in an close test-section of
Eiffel-type wind tunnel with 900 ¢m’ cross test
section area. The WI-CL-007 based on IEC 61400-
12-1, Wind energy generation systems — Part 12-
1: Power performance measurements of
electricity producing wind turbines, March 2017
was used as acolibration guideline.

Traceability;

This certificate provides g traceability of The
measurement to recognized the national
standards, and to realization of the international
system of units (S1) through the NIMT (National
Metrology Institute of Thailand) via Certificate
number: MW-0052-21 and MW-0066-22

Uncertainty of Measurement:

The reported uncertainty of measurement is
based on the standard uncertainty multiplied by a
coverage factor k=2, Which for a nermal
distribution corresponds to a coverage probability
of approximately 35%. The standard uncertainty
has been determined in accordance with the GUM
‘Evaluation of measurement

data - Guide to the expression of uncertainty in
measurement’

: The average values during measurement are (24.1) "C, (47.6) %RH and (1014.7) hPa.

Approved signatory:

NAC

JIRANATE ASSOCIATES CO.,LTD.

2 Projected cross-section area of the tested object include mounting pipe

* Diameter of mounting pipe

* Ratlo *to *

Mr. Parinya Booncharoen
Calibration Department Manager

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED

IN WRITING FROM THE LABORATORY



Certificate Number

CL-021-66

Page 2 of 2 Pages

MEASUREMENT RESULTS ®

The cup anemometer, Unit Under Calibration (UUC) was exercise at 10 m/s for 5 minutes prior to calibration being performed. The standard air velocity 0.5 m/s
to 5 m/s was calculated by a standard air velocity transducer and above 5 m/s to 30 m/s was calculated by a pitot tube with precision differential pressure
meter which was installed 40 mm and 300 mm respectively away from wind tunnel nozzle, UUC was installed at center of the test section. The calibration was
carried out under both rising and falling air velocity in the range of 1 m/s to 16 m/s at calibration interval of 1 m/s. The results of calibration and associated
measurement uncertainties are reported in the table below.

Ve Temp. wind tunnel Temp. room Wiias” Error U (k=2)
(m/s) (°c) °C) (m/s) (m/s) (m/s)
0,885 24.10 24.10 0.8 -0.2 0.36
2.033 24.10 24,10 19 -0.1 0.16
3.040 23.94 24.10 3.0 -0.1 0.23
4,134 24.10 24.10 4.0 -0.1 0.20
4.99 23.92 24.10 49 -0.1 0.44
5.98 24,10 24.10 6.0 0.0 0.18
7.05 23.90 24.10 7.0 01 0.36

8.19 24.06 24.10 8.2 0.0 0.26

9.09 2384 24.10 9.1 0.0 0.24
10.09 23.92 24.10 101 0.0 0.28
11.15 23.80 24.10 131 0.0 0.45
12.14 23.80 24.10 12.2 0.0 0.31
13.19 23.80 24.10 13.2 0.0 0.47
14.26 23.74 24,10 14.2 0.0 0.42
15.25 23.78 24,10 151 -0.1 0.66
16.28 23.70 24.10 16.3 0.0 0.56

Remark:
* Calibration results only count for the tested circumstances and environmental conditions during which calibration took place

“Velocity of standard

i Velocity of Unit Under Calibration

PHOTO OF CALIBRATION SET-UP

Calibration set-up of the cup anemometer calibration in the wind tunnel of Jiranatee Associates Co., Ltd. The cup anemometer shown may differ from the
calibrated one. Remark: The proportion of the set- up is not true £ inagi

**fnd of &Wﬁ@mtion**

JIRANATE ASSOCIATES CO.,LTD.




NAC

JIRANATEE ASSOCIATES CO.,LTD.

Accredited calibration laboratory
ISO/IEC 17025:2017
NSC-TISI-TIS 17025
CALIBRATION 0367

liranatee Associates Co, Lid

63/14-15, 67/35-36

Petchkasem 7,7/1, Rd.Watthapra, Bangkokyal,
Bangkok 10600 {Thailand)

Tel: +6608680812

Mobile: +66R863599453

E-mail: jnac-calibration@jiranatee.com

Web site: www jiranatee.com

Air speed measurement laboratory
Calibration services department.

Certificate Number

CL-018-66

CERTIFICATE OF CALIBRATION

Page 1 of 2 Pages

MEASUREMENT ITEM : Wind Direction Sensor

MANUFACTURER : Novalynx

MODEL/TYPE : Sensor: WS-02F
Data logger: 200-WS-25LB

SERIAL NUMBER : Sensor: -
Data logger: A5376

ID NUMBER : RYG_F50414

CONDITION AS-RECEIVED : Used item

CUSTOMER : ALS laboratory group (Thailand) Co., Ltd.
104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang,
Khet Suan Luang, Bangkok 10250 Thailand.

RECEIVED DATE : 27 Jan 2023

MEASUREMENT DATE : 10 Feb 2023

ISSUE DATE : 10 Feb 2023

ENVIRONMENTAL CONDITIONS:
Ambient condition in the laboratory are as follow:

Temperature :23.0+£3.0 €
Relative Humidity :55.0+£15.0 %RH
Atmospheric Pressure : 1010+ 10 hPa

PLACE OF CALIBRATION : Eiffel-type wind tunnel of liranatee Associates Co., Ltd.

CALIBRATION CONDITION : Wind tunnel cross-section area’ 900 em’
Win direction frontal area® 129 em®
Diameter of mounting pipe’ - mm
Blockage ratio of test object’ 0.143 8

Preconditioning
Measurement Condition

: 24 hours at ambient conditions.

TABULATION OF RESULTS:
The table on next page give the measured values.

NAC

_IIRANATE ASSOCIATES CO,, LTD,

Calibrated by:
[¥] Mr. Sorawit Thachalad
[ Miss littraporn Lertsomphol

‘Remark:

! Nozile cross-section area of the wind tunnel

2 Projected cross-section area of the tested object include mounting pipe
* Diameter of mounting pipe

* Ratio *10 !

Approved signatory:

Calibration procedure:

The wind direction sensor was calibroted against
Standard Rotary Encoder model: AX4009T7S-
DMO04-P3-5-U0 in an close test-section of Eiffel-
type wind tunnel with 900 em’ tross test section
area. The WI-CL-008 based on IEC 61400-12-1,
Wind energy generation systems — Part 12-1:
Power performance measurements of electricity
producing wind turbines, March 2017 was used as
a calibration guideline.

Traceability:

This certificate provides a traceability of The
measurement to recognized the national
standards, and to realization of the international
system of units (Si) through the NIMT (National
Metrology Institute of Thailand) via Certificate
number: DA-0043-22

Uncertainty of Measurement:

The reported uncertainty of measurement Is
based on the standard uncertointy multiplied by a
coverage factor k=2, Which for a normal
distribution corresponds to a coverage probability
of approximately 95%. The standard uncertainty
has been determined in occordance with the GUM
‘Evaluation of measurement

data - Guide to the expression of uncertainty in
measurement’

1 The average values during measurement are (24.0)'C, (49.0) %RH and (1014.1) hPa.

Mr. Parinya Booncharoen
Calibration Department Manager

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED

IN WRITING FROM THE LABORATORY



Certificate Number

CL-015-66

Page 2 of 2 Pages

MEASUREMENT RESULTS *

The wind direction sensor was calibrated against standard rotary encoder by comparison method. During calibration, the measurement was carried out at 45
intervals in clockwise and counterclockwise directions after offset adjustment has been made. The flow speed of wind tunnel (usually 5 m/s) is kept constant
while the sensor is rotated around its vertical axis. The results of calibration and associated measurement uncertainties are reported in the table below.

Air speed D'y D’ e Error u fkazj
m/s Degree (%) Degree (°) Degree (%) Degree (o)
0.000 0 0 P05 )

45.000 2 -4 ' 0i58.
90.000 87 -3 . @58

_ 135.001 132 3 0.68
180.000 179 4 _ \ 0.74
225.000 227 2 2 ) 0.81
270,001 273 { 3 ' 0.58
315.000 318 %3 0.74

Remark:

“ Calibration results only count for the tested circumstances and environmental conditions during which calibration took place

" Direction of standard

" Direction of Unit Under Calibration

NAC A\

JIRANATE ASSQOIATES €O., 17D,

**%End of Certificate of Calibration***



NAC

JIRANATEE ASSOCIATES CO.,LTD.

liranatee Associztes Co., Ltd
63/14-15, 67/35-36

Petchkasem 7,7/1, Rd. Watthapra, Bangkokyal,

Bangkok 10600 (Thailand)
Tel: 46608680812
Mobile: +66863992453

E-mall: jnac-calibration@jiranatee com

Wab sita: www. jiranatee.com

Page 1 of 2 Pages

MEASUREMENT ITEM
MANUFACTURER
MODEL/TYPE

SERIAL NUMBER

1D NUMBER
CONDITION AS-RECEIVED
CUSTOMER

RECEIVED DATE
MEASUREMENT DATE
ISSUE DATE

ENVIRONMENTAL CONDITIONS:

Accredited calibration laboratory
ISO/IEC 17025:2017
NSC-TISI-TIS 17025
CALIBRATION 0367

Air speed measurement laboratory
Calibration services department.

Ot
SEVIEW BY WMWP ’

== L o

Certificate Number

CL-001-66

CERTIFICATE OF CALIBRATION

: Cup anemometer
: Novalynx
: Sensor: WS-02F

Data logger: W5-25DL

: Sensor; -

Data logger: A4481

: BKK_FS0141
: Used item
1 ALS laboratory group (Thailand) Co., Ltd.

104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang,
Khet Suan Luang, Bangkok 10250 Thailand.

: 28 Dec 2022
105 Jan 2023
: 09 Jan 2023

Ambient condition in the laboratory are as follow:

Temperature
Relative Humidity
Atmospheric Pressure

PLACE OF CALIBRATION

CALIBRATION CONDITIONS

Preconditioning
Measurement Condition

TABULATION OF RESULTS:

123.0£30 '€
:55.0+15.0 %RH
+ 1010+ 10 hPa

: Eiffel-type wind tunnel of Jiranatee Associates Co., Ltd,

: Wind tunnel cross-section area’ 900 em’
Win direction frontal area’ 100 em’
Diameter of mounting pipe’ 5 mm
Blockage ratio of test object* 0.111 [

: 24 hours at ambient conditions.
: The average values during measurement are (23.9) °C, {47.3) %RH and (1015.0) hPa.

The table on next page give the measured values. -~ o

Calibrated by:
[ Mr. Sorawit Thachalad

[ Miss littraporn Lertsomphal

; Iie_ma-rli:

Nozzle cross-section area of the wind tunnel

™

Approved signatory:

| NAC |

JIRANATE * SSOCIATES CO.,LTD, }
il o+,

5 Projeéte’d cross-section area of the tested object include mounting pipe

? piameéter of mounting pipe
“ Ratio *ta 3

Calibration procedure:

The cup anemometer was calibroted against
Standard air velocity transducer model: 845512
ond pitot tube with precision differential pressure
meter model: DPM2500 in an clgse test=section of
Eiffel-type wind tunnel with 900 ¢m’ cross test
section area. The WI-CL-007 based on IEC 61400-
12-1, Wind energy generation systems - Part 12-
1:  Power performunce reasurements of
electricity producing wind turbines, March 2017
was used gs a calibration guideline,

Traceability:

This certificate provides a troceability of The
measurement to recognized the national
standards, and to realization of the international
system of units (S1) through the NIMT (National
Metrology Institute of Thailand) via Certificate
number: MW-0052-21 and MW-0066-22

Uncertainty of Measurement:

The reparted uncertainty of measurement is
based on the standard uncertainty multiplied by o
coverage factor k=2, Which for o norrol
distribution corresponds ta o coverage probability
of approximately 95%. The standard uncertainty
has been determined in accordance with the GUM
‘Evaluation of measurement

data - Guide to the expression of uncertainty in
measurement”

Mr. Parinya Booncharoen
Calibration Department Manager

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED

IN WRITING FROM THE LABORATORY



Certificate Number —‘

CL-001-66

Page 2 of 2 Pages

MEASUREMENT RESULTS *

The cup anemometer, Unit Under Calibration (UUC) was exercise at 10 m/s for § minutes prior to calibration being performed. The standard air velocity 0.5 m/s
ta 5 m/s was calculated by a standard air velocity transducer and above 5 m/s to 30 m/s was calculated by a pitot tube with precision differential pressure
meter which was installed 40 mm and 300 mm respectively away from wind tunnel nozzle, UUC was installed at center of the test section. The calibration was
carried out under both rising and falling air velocity in the range of 1 m/s to 16 m/s at calibration interval of 1 m/s. The results of calibration and associated
measurement uncertainties are reported in the table below,

] Temp. wind tunnel Temp. room Hiitt Error U (k=2)
(m/s) (‘o) (°c) (m/s) (m/s) (m/s)
0.989 23.82 23.85 0.7 -03 0.16
2,031 23.90 23.85 1.7 -0.3 0.16
3.051 24.00 23.85 28 -0.2 0.20
4,132 23.84 23.85 39 -0.2 0.20
5.00 23.88 23.85 4.9 -0.1 0.24
5.98 23.94 23.85 5.8 -0.2 0.18
7.06 23.82 23,85 6.9 -0.2 0.19
817 23.90 23.85 8.0 -0.1 0.22
9.08 23.72 23.85 9.0 -0.1 0.21
10.09 23.86 23.85 9.9 -0.2 0.20
11.14 23.60 23.85 11.0 -0.1 0.26
12.14 23.74 23.85 12.1 0.1 0.28
13.21 23.68 23.85 13.0 -0.2 0.21
14.28 23.70 23.85 14.1 -0.2 0.27
15.26 23.64 23.85 15.0 -0.3 0.26
16,30 23.60 23.85 16.1 -0.2 0.28

Remark:

" calibration results only count for the tested circumstances and enviranmental conditians during which calibration took place
"Velacity of standard

"Velocity of Unit Under Calibration

PHOTO OF CALIBRATION SET-UP

il
14
5
]
i
L

Calibration set-up of the cup anemometer calibration in the wind tunnel of Jiranatee Associates Co,, Ltd, The cup anemometer shown may differ from the
calibrated one. Remark: The proportion of the set- up is not true toscaferdueterimaging-geometry:— -,
1 1

TN .'

\1I F '\F\‘.a":'l L ..5..‘-{_."-".'T“_I-J':-'_(‘D: s LTI,

),
***End of CertiTcat'? CIII_C I67aton  ** t



NAC

Accredited calibrotion laboratory
JIRANATEE ASSOCIATES CO,,LTD. ISO/IEC 17025:2017
NSC-TISI-TIS 17025
liranatee Associates Co, Ltd CALIBRATION 0367

63/14-15, 67/35-36

Petchkasem 7,7/1, Rd. Watthapra, Bangkokyal,
Bangkok 10600(Thailand)

Tel: +6608680812

Mabile: +66863359453

E-mail: [nac-calibration@jiranatee.com

Web site; www jiranatee.com

Air speed measurement laboratory
Calibration services department.

Certificate Number

CL-001-66

CERTIFICATE OF CALIBRATION

Page 1 of Z Pages

MEASUREMENT ITEM : Wind Direction Sensor

MANUFACTURER : Novalynx

MODEL/TYPE . Sensor: WS-02F
Data logger: W5-25DL

SERIAL NUMBER . Sensor: -
Data logger: A4481

ID NUMBER . BKK_F50141

CONDITION AS-RECEIVED . Used item

CUSTOMER 1 ALS laboratory group (Thailand) Co., Ltd.
104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang,
Khet Suan Luang, Bangkok 10250 Thailand.

RECEIVED DATE : 28 Dec 2022

MEASUREMENT DATE : 06 Jan 2023

ISSUE DATE : 09 Jan 2023

ENVIRONMENTAL CONDITIONS:
Ambient condition in the laboratary are as follow:

Temperature 123.0+3.0 'C
Relative Humidity :55,0+15.0 %RH
Atmospheric Pressure 1010+ 10 hPa

PLACE OF CALIBRATION : Eiffel-type wind tunnel of liranatee Associates Co., Ltd.

CALIBRATION CONDITION : Wind tunnel cross-section area’ 300 cm’
Win direction frontal area® 129 cm’
Diameter of mounting pipe’ - mm
Blockage ratio of test object’ 0.143 [

Preconditioning
Measurement Condition

: 24 hours at ambient conditions.

= N
TABULATION OF RESULTS: ! |

The table on next page give the measured values. i

Calibrated by:
¥ Mr. Sorawit Thachalad

JIRANATE ASSOCIATES CO., L1T,
[ Miss Jittraporn Lertsomphol

Remark:
 Nozile cross-section area of the wind tunnel
g Projected cross-section area of the tested object include mounting pipe
* Diameter of mounting pipe
e T
Ratio " to

KT '- Vo !
J \IA\&UJ | Approved signatory:

Calibration procedure:

The wind direction sensor was calibrated ogainst
Standard Rotary Encoder model: AX40097S-
DMO4-P3-5-U0 in an close test-section of Eiffel-
type wind tunnel with 900 cm’ cross test section
areq. The WI-CL-008 based on IEC 61400-12-1,
Wind energy generation systems — Part 12-1:
Power performance measurements of electricity
producing wind turbines, March 2017 wos used as
a calibration guideline.

Traceability:

This certificate provides a traceability of The
measurement to recagnized the notional
standards, and to realization of the international
systern of units (SI) through the NIMT (National
Metrology Institute of Thailand) via Certificote
number: DA-0043-22

Uncertainty of Measurement:

The reported uncertainty of measurement is
based on the standord uncertainty multiplied by o
coverage factor k=2, Which for a normal
distribution corresponds to a coverage probability
of approximately 95%. The standard uncertainty
hos been determined in occordonce with the GUM
Evaluotion of measurement

data - Guide to the expression of uncertainty in
measurerment’

: The average values during measurement are (23.5)°C, (48.8) %RH and (1015.8) hPa.

hS
2
Mr. Parinya Booncharoen
Calibration Department Manager

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED

IN WRITING FROM THE LABORATORY



Certificate Number

CL-001-66

Page 2 of 2 Pages

MEASUREMENT RESULTS *

The wind direction sensor was calibrated against standard rotary encoder by comparison method, During calibration, the measurement was carried out at 45°
intervals in clockwise and counterclockwise directions after offset adjustment has been made. The flow speed of wind tunnel {usually 5 m/s) is kept constant
while the sensar is rotated around its vertical axis. The results of calibration and associated measurement uncertainties are reported in the table below.

Air speed D% D Erpes U fk )
| e
m/s Degree (°) Degree (°) Degree (°) . Degree (°) "
0.000 0 0 %, 055%4
45.000 41 -4 Q 0742
90.000 87 3 N, oes
.00 -1 0.74
5.02 135.000 134
180.001 181 1 i 0.74
225.000 228 3 | L O % onm
270.001 273 W 3 0.74
315.000 318 3 0.68
Remark: y
" Calibration results only count for the tested circumstances and environmeaftal conditions duri ich calbbratiurj}f__g_k place

" Direction of standard

" Direction of Unit Under Calibration _# oy : l
1 A ;

NAG N

| JIRANATE ASSOGIATES €O, KD, )

o — g

i
*E2End of_f:_ertfﬂc__até"éf géfihralion"**



NAC

JIRANATEE ASSOCIATES CO.,LTD.

Accredited calibration laboratory
ISO/IEC 17025:2017
NSC-TISI-TIS 17025

Jiranatee Associates Co.,Ltd CALIBRATION 0367

63/14-1%, 67/35-36

Petchkasem 7,7/1, Rd. Watthapra, Bangkokyai,
Bangkok 10600 (Thalland)

Tel: +6608680812

Maobile: +66863999453

E-mail: [nac-calibration @jiranatee.com

Web site: www jiranatee.com

Air speed measurement laboratory
Calibration services department.

—
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Certificate Number

CL-018-66

CERTIFICATE OF CALIBRATION

Page 1 of 2 Pages

MEASUREMENT ITEM : Cup anemometer

MANUFACTURER : Novalynx

MODEL/TYPE : Sensor: WS-02F
Data logger: 200-W5-25LB

SERIAL NUMBER : Sensor: -
Data logger: A5369

ID NUMBER : RYG_FS0411

CONDITION AS-RECEIVED . Used item

CUSTOMER : ALS laboratory group (Thailand) Co., Ltd.
104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang,
Khet Suan Luang, Bangkok 10250 Thailand.

RECEIVED DATE :27 Jan 2023

MEASUREMENT DATE : 10 Feb 2023

ISSUE DATE : 10 Feb 2023

ENVIRONMENTAL CONDITIONS:
Ambient condition in the laboratory are as follow:

Temperature :23.013.0 e
Relative Humidity :55.0+15.0 %RH
Atmospheric Pressure :1010 +10 hPa

PLACE OF CALIBRATION : Eiffel-type wind tunnel of Jiranatee Associates Co., Ltd.

CALIBRATION CONDITIONS : Wind tunnel cross-section area* 900 cm?
Win direction frontal area’ 100 cm’
Diameter of mounting pipe’ - mm
Blockage ratio of test object” 0.111 [

Preconditioning : 24 hours at ambient conditions.

Measurement Condition

TABULATION OF RESULTS:
The table on next page give the measured values,

Calibrated by:
4 Mr, Sorawit Thachalad
[ Miss littraporn Lertsomphol

NAC

JIRANATE ASSOCIATES CO.,LTD.

Remark: -
1 Nozile cross=section area of the wind tunnel
? Projected cross-section area of the tested object include mounting pipe
* Diameter of mounting pipe
& 2 1
Ratio " to

Approved signatory: .....5....

Calibration procedure:

The cup anemometer was colibrated against
Standard air velocity transducer model: 8455-12
and pitot tube with precision differential pressure
meter model: DPM2500 in an close testssection of
Eiffel-type wind tunnel with 900 ¢m’. cross test
section area. The WI-CL-007 based on IEC 61400-
12-1, Wind energy generation.systems — Part 12-
1: Power performance measurements of
electricity producing wind turbines, March 2017
was used as'acolibration guideline.

Traceability:

This certificate provides a traceability of The
measurement to recognized the national
standards, and to realization of the international
system af units (S1) through the NIMT (National

‘Metralogy Institute of Thailand) via Certificate

number: MW-0052-21 and MW-0066-22

Uncertainty of Measurement:

The reported uncertainty of measurement is
based on the standard uncertainty muitiplied by a
coverage factor k=2, Which for a normal
distribution corresponds to o coverage probability
of approximately 95%. The standard uncertainty
has been determined in accordance with the GUM
‘Evaluation of measurement

data - Guide to the expression of uncertainty in
measurement’

1 The average values during measurement are (23.8) °C, (44.8) %RH and (1010.3) hPa.

s

Calibration Department Manager

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED

IN WRITING FROM THE LABORATORY



Certificate Number

CL-018-66

Page 2 of 2 Pages

MEASUREMENT RESULTS

The cup anemometer, Unit Under Calibration (UUC) was exercise at 10 m/s for 5 minutes prior to calibration being perfarmed. The standard air velocity 0.5 m/s
to 5 m/s was calculated by a standard air velocity transducer and above 5 m/s to 30 m/s was calculated by a pitot tube with precision differential pressure
meter which was installed 40 mm and 300 mm respectively away from wind tunnel nozzle, UUC was installed at center of the test section. The calibration was
carried out under both rising and falling air velocity in the range of 1 m/s to 16 m/s at calibration interval of 1 m/s. The results of calibration and associated
measurement uncertainties are reported in the table below.

Vied' Temp. wind tunnel Temp. room o Error U (k=2)
(m/s) () °c) (m/s) {m/s) (m/s)
0.983 23.60 23.55 0.8 -0.2 0:15
2.038 23.50 23.55 1.8 -0.2 0.16
3.044 23.50 23.55 29 -0.2 0.18
4,147 23.58 23.55 39 -0.3 0.19
5.00 23.50 23.55 49 -0.1 0.18
5.98 23.62 23.55 59 -0.1 0.18
7.04 23.28 23.55 7.0 -0.1 0.18
8.16 23.56 23.55 8.0 -0.2 0.19
9.10 23.26 23.55 9.0 -0.1 0.19
10.07 23.50 23.55 10.0 -0.1 0.19
1123 23.10 23.55 11.0 -0.2 0.20
12,13 23.50 23.55 12.1 -0.1 0.30
13.21 23.12 23.55 13.1 -0.1 0.22
14.25 23.36 23.55 14.0 -0.2 0.27
15.24 23.10 23.55 152 -0.2 0.28
16.29 23.20 23.55 16.0 -0.3 0.24

Remark:
* Calibration results only count for the tested circumstances and environmental conditions during which calibration took place

"Velocity of standard

" Velacity of Unit Under Calibration

PHOTO OF CALIBRATION SET-UP

*%*End of Certifi ibfation™®*

JIRANATE ASSOCIATES CO.,LTD.




NAC

JIRANATEE ASSOCIATES CO.,,LTD,

Accredited calibration laboratory
ISO/IEC 17025:2017
NSC-TISI-TIS 17025
CALIBRATION 0367

liranatee Associates Co., Ltd

63/14-15, 657/35-36

Petchkasem 7,7/1, Rd. Watthapra, Bangkokyai,
Bangkok 10600 (Thalland)

Tel: +6608680812

Mobile: +66863993453

E-mail: jnac-calibration@jiranatee.com

Web site: www.jiranatee.com CL-016-66

CERTIFICATE OF CALIBRATION

Air speed measurement laboratory
Calibration services department.

Certificate Number

Page 1 of 2 Pages

MEASUREMENT ITEM : Wind Direction Sensor Calibration procedure:
MANUFACTURER : Novalynx The wind direction sensor was calibrated against
; W Standard Rotary Encoder model: AX4009TS-
MOBEL/TYRE & ;‘;rt‘:c;:g::asr:[;zt;:ﬂ-ws-ZSLB DM04-P3-5-U0 in an close tgs)t'—sectfon of Eiffel-
SERIAL NUMBER Py type wind tunnel with 800 cm” cross test section
) ) area. The WI-CL-008 hased on IEC 61400-12-1,
Data logger: A5369 Wind energy generation systems.— Part 12-1:
ID NUMBER : RYG_Fs0411 Power performance measurements of electricity
CONDITION AS-RECEIVED : Used item producing wind turbines, March 2017 was used as
CUSTOMER : ALS laboratory group (Thailand) Co., Ltd. a calibration guideline.
104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang,
Khet Suan Luang, Bangkok 10250 Thailand. Traceability:
This certificate provides a traceabllity of The
RECEIVED DATE 127 Jan 2023 measurement to recognized the national
MEASUREMENT DATE : 10 Feb 2023 standards, and to realization of the international
ISSUE DATE 10 Feb 2023 systemn of units (51) through the NIMT (National

ENVIRONMENTAL CONDITIONS:

Amblent condition in the laboratory are as follow:

Metrolagy Institute of Thailand) via Certificate
number: DA-0043-22

Uncertainty of Measurement:

Temperature :23.0£3.0 € ’ ;

lative Humidity .55.0415.0 %RH The reported uncertainty of measurement is
R A= based on the standard uncertainty multiplied by a
Atmospheric Pressure : 1010+ 10 hPa

coverage factor k=2, Which for a normal
distribution corresponds to a coverage probability
of approximately 85%, The standard uncertainty

PLACE OF CALIBRATION : Eiffel-type wind tunnel of liranatee Assocjates Co., Ltd. has been determined in accordance with the GUM
‘Evaluation of measurement
data - Guide to the expression of uncertainty in
CALIBRATION CONDITION : Wind tunnel cross-section area’ 900 cm? measurement’
Win direction frontal area’ 129 cm’
Diameter of mounting pipe® = mm
Blockage ratio of test object” 0143 [
Preconditioning : 24 hours at ambient conditions.

Measurement Condition

: The average values during measurement are (23.9)°C, (48.3) %RH and (1011.4) hPa.

TABULATION OF RESULTS:
The table on next page give the measured:values.

Calibrated by:
] Mr. Sorawit Thachalad
[ Miss littraparn Lertsomphol

PRTONEE SIBNBROIYS v it sy s e i ks
Mr. Parinya Booncharoen
Calibration Department Manager

NAC

JIRANATE ASSOCIATES CO., LTD.

Remark;

! Nozzle cr‘é'is_-__seétion area of the wind tunnel

2 Projected cross-section area of the tested object include mounting pipe
* Diameter of mounting pipe

* Ratio *to *

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED
IN WRITING FROM THE LABORATORY



Certificate Number

CL-016-66

Page 2 of 2 Pages

MEASUREMENT RESULTS

The wind direction sensor was calibrated against standard rotary encoder by comparison method. During calibration, the measurement was carried out at 45°
intervals in clockwise and counterclockwise directions after offset adjustment has been made. The flow speed of wind tunnel (usually 5 m/s) is kept constant
while the sensor is rotated around its vertical axis. The results of calibration and associated measurement uncertainties are reported in the table below.

Air speed D' D’uuc Error u {k=2j
m/s Degree (°) Degree (°) Degree (°) Degree (°)
0.000 0 0 ), 0.58 %y,
45.000 41 -4 0,58/
90.000 87 -3 . 058
5.00 135.000 135 0 0.68
180.000 182 2 s 0.74
225.000 230 -5 0.68
270.001 275 5 0.58
315.000 320 5 0.58

Remark:
* calibration results only count for the tested circumstances and environmental conditions during which calibration took place -

* Direction of standard

" Direction of Unit Under Calibration

NAQ

JIRANATE ASSQEIATES €o., LT

**+End of Certificate of Calibration***
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NAC ViR EE R et ol AL ERAON
i
Accredited calibration laboratory

JIRANATEE ASSOCIATES CO.,LTD. ISO/IEC 17025:2017 5 APPROVED BY ommeeston & anenes
NSC-TISI-TIS 17025 f
Jiranatee Associates Co.,Ltd CALIBRATION 0367 !‘ q ’ }’, /
63/14-15, 67/35-36 & NEXT CAL. DATE ...lieien
Petchkasem 7,7/1, Rd. Watthapra, Bangkokyai, Air speed measurement laboratory i B ]
Bangkok 10600 (Thailand) Caolibration services department.
Tel: +6608680812 Certificate Number

Maobile: +66863959453
E-mail: jnac-calibration@jiranatee.com
‘Web site: www jiranatee.com CL-005-66

CERTIFICATE OF CALIBRATION

Page 1 of 2 Pages

MEASUREMENT ITEM : Cup anemometer Calibration procedure: h
MANUFACTURER : Novalynx The cup onemometer was cahbr against
MODEL/TYPE : Sensor; WS-02F St?dc.'trc: ;].'; ve.fo::y transducer { 55802
Data logger: 110-WS-25DL-N R I U I O e : ure
SERIAL NUMBER . Sensor: WSD-007 meter model: DPM2500 In a ion of

Eiffel-type wind tunnebwi ] & cross test

Datalogaer: AZ486 section area. The W.f—CL

ID NUMBER + NKH_FS0053 12-1, Wind energy generati ems — Part 12-
CONDITION AS-RECEIVED : Used item 1: Power performance of
CUSTOMER ! ALS laboratory group (Thailand) co., Itd. electricity producing wind turbines, March 2017
104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang, s used g gﬁbratfg&ufdgﬁne,
Khet Suan Luang, Bangkok 10250 Thailand. h ©

1':;‘ aceabr i

RECEIVED DATE 109 Jan 2023
MEASUREMENT DATE : 11 Jan 2023 73 |
ISSUE DATE + 9 o 3625 5, and to realization of the international

system of units (S1) through the NIMT (National
trology Institute of Thailand) via Certificate

ENVIRONMENTAL CONDITIONS: mber: MW-0052-21 and MW-0066-22

Ambient condition in the laboratory are as follow:

Temperature 123.0£3.0 i Uncertainty of Measurement:
Relative Humidity 155.0+15.0 %RH The reported uncertainty of measurement is
Atmospheric Pressure : 1010+ 10 hPa based on the standard uncertainty multiplied by a

coverage factor k=2, Which for a narmal
distribution corresponds to a coverage probability
PLACE OF CALIBRATION : Eiffel-type wind tunnel of Jirana iates Co., Ltd. of appraximately 95%. The standard uncertalnty

= has been determined in accordance with the GUM
‘Evaluation of measurement

CALIBRATION CONDITIONS il kil crossaillt data - Guide to the expression of uncertainty in

measurement’
Win direction fr i 100 cm
= - mm
0111 [
Preconditioning . ;
Measurement Condition verage values during measurement are (23.6) *C, (48.9) %RH and (1015.0) hPa.

TABULATION OF RESULTS:
The table on next page give the

N

Calibrated by: | Approved signatory: /
[ Mr. Sorawi ch NA( } Mr. Parinya Booncharoen

Miss Jittra Calibration Department Manager
il T i JIRANATE ASSOCIATES CO., I.TD

. i Al 2 e

cross-section area of the tested object include mounting pipe
of mounting pipe
*Ratio*to *

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED
IN WRITING FROM THE LABORATORY



Certificate Number

CL-005-66

Page 2 of 2 Pages

MEASUREMENT RESULTS °

The cup anemometer, Unit Under Calibration (UUC) was exercise at 10 m/s for 5 minutes prior to calibration being performed. The standard air velocity 0.5 m/s
ta 5 m/s was calculated by a standard air velocity transducer and above 5 m/s to 30 m/s was calculated by a pitot tube with precision differential pressure
meter which was installed 40 mm and 300 mm respectively away from wind tunnel nozzle, UUC was installed at center of the test section. The calibration was
carried out under both rising and falling air velocity in the range of 1 m/s to 16 m/s at calibration interval of 1 m/s. The results of calibration@nd associated
measurement uncertainties are reported in the table below.

Vit Temp. wind tunnel Temp. room Ve Error

(m/s) (°c) (’c) (m/s) (m/s)

0.981 23.70 23.60 0.8

2.030 23.56 23.60 1.9

3.049 23.56 23.60 29
4127 23.50 23.60 4.0

4.99 23.52 23.60 4.9 0.20
5.98 23.64 23.60 0.18
7.06 23.50 23.60 0.18
8.18 23.54 23.60 0.21
9.09 23.32 23.60 0.20
10.08 23.60 23.60 0.22
11.16 23.32 23.60 0.22
12,15 23.60 23.60 0.23
13.21 23.40 23.60 023
14,26 23.60 23.60 0.27
15.25 23.50 23.60 0.23
16.23 23,52 23.60 0.1 0.55

Remark:

* Calibration results only count for the tested circumstances and environmental conditions
i Velocity of standard
" Velocity of Unit Under Calibration

PHOTO OF CALIBRATION SET-UP

e ¥
Calibration set-up of the cup anemometer calibration in the wind tunnel of Jiranatge Associates C?., Ltd. The cup anemometer shown may differ from the
calibrated one. Remark: The proportion of the set- up is not true toscale due to imaglhe geometry.

1'
*+end giasifiate o RUBEgTET



NAC Accredited calibration laboratory

JIRANATEE ASSOCIATES CO.,LTD. ISO/IEC 17025:2017
NSC-TISI-TIS 17025
liranatee Associates Co.,Ltd CALIBRATION 0367
63/14-15, 67/35-36
Petchkasem 7,7/1, Rd, Watthapra, Bangkokyai, Air speed measurement laboratory
Bangkok 10600 (Thalland) Calibration services department.

Tel: +6608680812

Maobile: +66863999453

E-mail: jnac-calibration@]iranatee.com
Web site; www Jiranatee.com CL-005-66

CERTIFICATE OF CALIBRATION

Certificate Number

Page 1 of 2 Pages

MEASUREMENT ITEM : Wind Direction Sensor Calibration procedure:
MANUFACTURER : Novalynx The wind direction sensor was calibp £
MODEL/TYPE :Sensor: WS-02F Standard Rotary Encoder
Data logger: 110-WS-25DL-N DMS‘*"{’E‘:EUUG ‘r; G{; close testsectll
SERIAL NUMBER : Sensor: WSD-007 type wind tunnel wi

. The WI-CL-008
Data logger: A5486 e

ID NUMBER :NKH—'FSOOB Power performance measuren .'_'.-"'.' of electricity
CONDITION AS-RECEIVED : Used item producing wind turbines, March 2017 was used as
CUSTOMER : ALS laboratory group (Thailand) Co., Ltd.

a calibration guideline.

®

ides a traceability of The

104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang,
Khet Suan Luang, Bangkok 10250 Thailand.

RECEIVED DATE : 09 Jan 2023 fecognized the national
MEASUREMENT DATE 111 Jan 2023 fid to realization of the international
ISSUE DATE :13 Jan 2023 its (Si) through the NIMT (National

_ Metrology Institute of Thailand) via Certificate
ENVIRONMENTAL CONDITIONS: Wmhber: DA-0043-22

Ambient condition in the laboratory are as follow: -
% Uncertainty of Measurement:

t 123.0+3.0 C A
;e:np;eraHure. di .55.0415.0 %RH The reported uncertainty of measurement s
REAHES HILMIRRY £ A based on the standard uncertainty multiplied by a
Atmospheric Pressure 11010+ 10 hPa

caverage factor k=2, Which for a normal
distribution corresponds to a coverage probability
of approximately 95%. The standard uncertainty
has been determined in accordance with the GUM
‘Evaluation of measurement

data - Guide to the expression of uncertainty in

PLACE OF CALIBRATION

CALIBRATION CONDITION cm? measurement”
em’
mm
[-]

Preconditioning .

Measurement Condition erage values during measurement are (23.3)'C, (53.3) %RH and (1011.2) hPa.

TABULATION OF RESULTS: <«
The table on next page give th

Calibrated by:
& Mr. Sorawit Thai

Approved signatory:

i D/ b
J | N
Mr. Parinya Booncharoen

N AC Calibration Department Manager

. JIRANATE ASSOCIATES CO,, LTD.

a
kecﬁun area of the wind tunnel

1
N
? Praj cross-section area of the tested object include mounting pipe
*pia r of mounting pipe
* Ratio*to *

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED
IN WRITING FROM THE LABORATORY



Certificate Number

CL-005-66

Page 2 of 2 Pages

MEASUREMENT RESULTS °

The wind direction sensor was calibrated against standard rotary encoder by comparison method. During calibration, the measurement was carried out at 45°
intervals in clockwise and counterclockwise directions after offset adjustment has been made. The flow speed of wind tunnel (usually 5 m/s) is kept constant
while the sensor is rotated around its vertical axis. The results of calibration and associated measurement uncertainties are reported in the table below.

Air speed D'  + ST Error
m/s Degree (°) Degree (°) Degree (%)
0.000 0 0
45,000 42 3
90.000 88 -2
5.01 135.000 133 -2
180.000 180 -1

225.000 225

270.000 272 Z

315.000 317 2
Remark:

* calibration results only count for the tested circumstances and environmental conditions during which calibration took
* Direction of standard
" Direction of Unit Under Calibration

ibration®***

JIRANATE ASSQCIATES CO,, LT, /

S
>



63/14-15,67/35-36, Soi Petchkasem7,7/1, Petchkasem Rd,
NAC Watthapra, Banghkokyai,Bangkok 10600 Thailand.
pasani associares coon Jels (66) 02-8680812#13 Fax.: (66) 02-8680860 www.jiranatee.com

CERTIFICATE OF CALIBRATION

Calibration No. : RH-03012023
Page 1 of 1 Pagss

Measurement Item : Relative humidity with data logger
Manufacturer : Navalynx

Model/Type : 110-W8-26DL-N

Serial Number : Ab486

ID No. : NKH_FS0063

Customer : ALS lsboratory group (Thailand) Co. Ltd.

: 104 Phatthanakan 40, Phatthanakan Rd, Whwaeng Suan Luang, Khet Suan Luang, Banghkok
10280 Thailand.

Environmental Condition:

The measurement was carried out in an ambient temperature of (25+3)°C, and relative humidity of (50x15)%.

Measurement Method:

Unit Under Calibration (UUC) was calibrated by comparison method with standard therme hygrometer in the humidily generator
chamber to determine the errors.

Traceability:

This instrument was calibrated using slandard eguipment whose sccuracy is traceability through National Instilute of Standards and
Technology to the international system of units (SI) via MCS Calibration, Inc. Certificate number:

20314-101. Due date: Mar 14, 2023,

Measurement Date : Jan 13, 2023
Issued Dale 1 Jan 13; 2023

Measuremenl Results:

This equipment was connected with Indoor air quality probe and Displayed (UR) on display. Model: HMP60, Serial pnumber:
R3140638.

Calibration was performed in the range of 20%RH to BO%RH

The resulis of calibration are reported in table below.

Determined Standard geading) UUC (asading Error Uncertainty
(%RH) (%RH) (%RH) (%RH) £(%RH)

20 20.04 18.3 =T 7 0.69

50 50.29 48.5 -1.8 0.69

80 80.12 79.5 -D.6 0.71

-_-__—__‘_——__—_'_"\
J WA

Performed by 3 ) Approved SIQRAtOTY: v o vt s 5
[J Mr. Sorawit Thachalad NAC Mr. Parinya Booncharoen.
V1 Miss Jittraporn Lertsomphol \“R—A-Tfn_ls.wr{f' S CO-.LTD,J Calibration Depariment Manager

THIS CALIBRATION REPORT MAY NOT BE REPROCEDUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION
HAS BEEN OBTAINED IN WRITING FROM THE LABORATORY.



PRANATTE ASSOCIATES Cov LTI

63/14-165,67/35-36, Soi Petchkasem7,7/1, Petchkasem Rd,
Watthapra, Bangkokyai, Bangkok 10600 Thailand.
Tel: (66) D2-8680812#13 Fax.: (66) 02-8680860 www.jiranatee.com

NAC

CERTIFICATE OF CALIBRATION

Equipment Name: Data Logger with Temperature
Sensor

Manufacturer: Novalynx

Model: 110-WS-25DL-N

Serial No.: A5486

ID No.: NKH_FS0053

Certificate No.: CL-002-66
Page 1 of 2

Customer

Name: ALS laboratory group (Thailand) Co., Ltd.
Address: 104 Phatthanakan 40, Phatthanakan Rd.,
Khwaeng Suan Luang, Khet Suan Luang, Bangkok
10250 Thailand.

Reference Used During Calibration

1.Standard Temperature Probe Model: STS-100 ABQOQ,
Serial No.: 667682-09, Due date: 23 Mar 2023
2.Digital Temperature Indicator Model: DTI-1000-A MK
I, Serial No.: 671407-00591 Due date: 22 July 2023

Calibration Procedure

The temperature calibration was done by In-House
calibration method as WI-CL-001 according to
comparison method with standard digital temperature
indicator and standard temperature probe. The
temperature scale use was based on ITS-90.

Received date: 09 Jan 2023
Calibration date: 13 Jan 2023
Issue date: 13 Jan 2023

Calibration Condition
Temperature: (23+3)°C
Relative Humidity: (55+15)%

Traceability

The measurement results are traceable to the
international system of units (SI) through National
Institute of Metrology Thailand (NIMT) Certificate
number: TT-0034-22, Certificate number: ER-0092-
22

Calibrated by
1 Mr. Sorawit Thachalad
] Miss Jittraporn Lertsomphol

,.j :
NAC

\JIRANATE ASSOCIATES €O,, LD, |

o

|

Approved Signatory: ..
I Mr. Parinya Booncharoen
! Calibration Department Manager

THIS CERTIFICATE MAY NOT BE REPROCEDUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRCDUCTION HAS BEEN
OBTAINED IN WRITING FROM THE LABORATORY.

—

NSC - TISt - T15 17625
CALIBRATION 0367
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63/14-156,67/35-36, Soi Petchkasem7,7/1, Petchkasem Rd,
NA Watthapra, Bangkokyai, Bangkok 10600 Thailand. KA
meanarer associaes con. Tel: (66) 02-86808124#13 Fax.: (66) 02-8680860 www.jiranatee.corn CAI;BM‘EION&!S?-

Certificate No.: CL-002-86

Page 2 of 2
Result of Calibration:- M Without Adjustment  [J With Adjustment
Calibration Range: 20-40 'C
Function:
This equipment was connected with temperature sensor Model: HMP60 S/N: R3140638.
Dimension : Diameter 12 mm. Length 80 mm.
Immersion Standard uuc
Depth Readin Reading Etror Uncertainty
(mm) ("C) ("C) (°C) ("C)
60 20.067 19.9 -0.2 0.099
60 25.058 24.8 -0.3 0.099
60 30.052 29.7 -0.4 0.099
60 35.047 34.6 -0.4 0.099
60 40.038 395 -0.5 0.099

UUC*: Unit Under Calibration
The reported expanded uncertainty is based on standard uncertainty multiplied by a coverage factor k=2 providing a level of
confidence of approximately 95%

T
NAC |

. =4
\J. ii.»\;i:.'f:l‘ﬁ \S&OC‘IA’I ES co LTD
et e COLIE, ]



63/14-1565,67/356-36, Soi Petchkasem7,7/1, Petchkasem Rd,
Watthapra, Banghkohkyai,Bangkok 10600 Thailand.
NAC Tel: (66) 02-8680812#13 Fax: (66) 02-8680860 www.jiranatee.com

IRANATEE ASSOUTATES OO 1112

CALIBRATION REPORT

Calibration Number. : RG-01012023
Page 1 of 2 Pages

Measurement Item : Rain gauge with data logger.

Manufacturer : Data logger: Novalynx.
: Rain gauge: Novalynx.

Model/Type : Data logger: 110-WS-25DL-N
: Rain gauge: 110-WS-25RG

Serial Number : Data logger: A6486
: Rain gauge: RG-006

ID NO : NKH_F800563

Customer : ALS laboratory group (Thailand) co., ltd.
104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang, Khet Suan Luang,
Bangkok 10280, Thailand.

Environmental Condition:
The measurement was carried out in an ambient temperature of {(26+3)°C, and relative humidily of (501 5)%.

Measurement Method:
The Rain gauge, Unit Under Calibration (UUC) was calibrated by Precision reference bottle with flow adjuster at low rate
0.6 mm per minute or 1 tipping every 20 seconds. The tipping number was determined by procedures below.
1. Obtain rain gauge inlet area:
Rain gauge precise diameler in cm = Diameter/2 = R (radius)
Rain gauge area= R*R*3.14 (UUC dismeter=20.3 cm, UUC radius=10.15 cm)
Rain gauge area= 323.6 cmz.
2. Obtain theoretical correct rain gauge answer (number of tippings) using 323.6 cm® inlet area and 0.5 L of rain.
a) 10,000 cmg / 323.6 cm2 inlet area = 30.90 (rain gauge arsa = 1/30.90 of square meter)
b) 3090 * 0.5 L volume=15.45 mm (mm of rain over 1 m’ surface) 600 ml of rain volume on the rain
gauge area = 15.45 mm of rain.
c)  Number of tipping=16.45 / 0.26 mm= &2 lippings.

Note: Rain gauge is fully cleaned and leveling prior the calibration performed.

Measurement Date : Jan 13, 2023
lssued Date : Jan 13, 2023
%
Performed by J APPTOVEL SIGNALOIYE o sirsisnscmans brisins s moassmsisponsssases ipesssassins
|Z| Mr; Sorawit Thachalsd NAC Mr. Parinya Booncharoen.
O wmiss Jdittraporn Lertsomphol

Calibration Department Manager
JIRANATE ASSOCIATES CO,, LTD.

THIS CALIBRATION REPORT MAY NOT BE REPROCEDUCED EXCEPT IN FULL UNLESS PERMISSIONFOR
REPRODUCTION HAS BEEN OBTAINED IN WRITING FROM THE LABORATORY.



NAC

HHRANATEE ASSOUTATES O LTI

Conlinuation of Calibration of Calibration Number

63/14-16,67/35-36, Soi Petchkasem?7,7/1, Petchkasem Rd,
Watthapra, Bangkokyai,Bangkok 10600 Thailand.
Tel: (66) 02-8680812#13 Fax.: (66) 02-8680860 www.jiranatee.com

Result of Calibration: [ Without Adjustment 1 with Adjustment.
The results of calibration are reported in table below.

Calibration Number: RG-01012023
Page 2 of 2 Pages

Quantity of HO ’ n—— e P
(ml) Determined Tipping Tipping count Acceptable Tipping count
600 62 62 60 - 64
6500 62 61 60 - 64
500 02 62 60 - 64
500 62 62 60 - 64
500 62 61 60 - 64

Remark: The procedure is made to verify the correct reading of the Unit under Calibration rain gauge when a precise vol-
ume of water falls into its cone. We suggest that the number of tipping should be within +2% different from the 62 ftipping
(correct range: 60-64 tipping) it means that the rain gauge meets the manufacturer acceptable limit.

***cnd of calibration report***

]

NAC

JIRANATE ASSOCIATES CO.,LTD.
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NAC Accredited calibration laboratory {f,;///-:\\\bz‘\ s .
JIRANATEE ASSOCIATES CO.,LTD. ISO/IEC 17025:2017 Dol A NN
Jiranatee Associates Co.,Ltd NSC-TISI-TiS 17025 NSC - TISI - TIS 1702
63/14-15, 67/35-36 CALIBRATION 0367 CALIBRATION 0367

Petchkasem 7,7/1, Rd. Watthapra, Banghokyai,

Bangkok 10600 (Thailand)
s nnidd N Pressure measurement laboratory

Mobile: +66863999453 Calibration services department.
E-mall: jnac-calibration@]jiranatee.com
Web site: www jiranatee.com

CERTIFICATE OF CALIBRATION

Certificate No. : CL-003-66 Page 1 of 2 Pages
MEASUREMENT ITEM : Digital barometer Calibration procedure:

The pressure calibration was done bylr ®
MANUFACTURER : Novalynx house calibration method as ' |
MODEL/TYPE . 110-WS-258P according tq comparison meth

pressure calibrator base
SERIAL NUMBER 1 A5486

Traceability:

D NUMBE : FS0053
TANUNER ML The measurement results are tracéable to
CONDITION AS-RECEIVED : Used item the international system of ynits (51) through
s the N (NatlonéhMet r‘% Institute of

CUSTOMER : ALS laboratory group (Thailand) Co., Ltd. f,e;@m,t 4

104 Phatthanakan 40, Phatthanakan Rd,
Khwaeng Suan Luang, Khet Suan Luang,
Bangkok 10250 Thailand.

RECEIVED DATE i09 Jan 2323 i 0N tedf uncertairity is based on a
MEASUREMENT BATE #12 Jan 2023 -E' standord uncertainty multiplied by a
ISSUE DATE 113 Jan 2023

W caberage k=2, providing a level of confidence

CONDITION OF THIS RESULT OF CALIBRATION:
1. Reference Standard Instrument:

Instrument Model Due Date

Absolute Pressure Transducer CPG2500 02 Dec 2023

1. Calibration effort for calibration sequence A
2. The UUC* was installed in vertical orientation above ref@rence sta
3. Calibration conditions:

rd instrument and center of UUC* was used as the reference level.

4, Condition : 4 Normal ormal
Pressure transmitting medium : Air
(20°C, 1 bar) i
Ham.b
Eomb . f
Pomb ‘F D) mbar

5. The certificate is valid only to} t calibfated on date and place of calibration

:
o) N/J’-‘U\C PR .. .

] M, Sorawit Thachalad JIRANATE ASSOCIATES CO. , LTD, Mr. Parinya Booncharoen
1 Mis raparn Lertsomphol - N — Calibration Department Manager

THIS CERTIFICATE REPORT MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED
IN WRITING FROM THE LABORATORY



NAC

Accredited calibration laboratory

JIRANATEE ASSOCIATES CO.,LTD. ’i‘;ﬁiﬁ-’;’;‘:ﬁfgg
: 151 7025
Jiranatee Assaciates Co,,Ltd CALIBRATION 0367

63/14-15, 67/35-36

Petchkasem 7,7/1, Rd. Watthapra, Bangkokya,
Bangkok 10600 (Thailand)

Tel: +6608680812

Mobile: +66863999453

E-mail: jnac-calibration@jiranatee.com

Web site: www.jiranatee.com

CALIBRATION 0367

Pressure measurement laboratory
Calibration services department.

CERTIFICATE OF CALIBRATION

Certificate No. : CL-003-66 Page 2 of 2 Pages

MEASUREMENT RESULTS
CALIBRATION IN THE RANGE OF

: M Without adjustment [ with adjustment
: 950 - 1050 mbar

The results of calibration and associated measurement uncertainties are reported in the table below.

STD uuc* Error Uncertainty (k=2)
{mbar) (mbar) {mbar) .(&ar]
950.08 950.5 0.5 0.67
970.08 970.4 0.3 0.54
990.11 990.2 0.1 0.39
1010.07 1009.9 -0.2 0.42
1030.06 1029.7 0.60
1050.08 1049.4 - 0.88

Note: UUC* Unit Under Calibration

: To convert the result in report unit to Pa should be multiply by 100

HRANATE A

S

SSOCIATES CO.,LTD,

o ———— e o .
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NAC

63/14-15,67/356-36, Soi Pelchkasem7,7/1, Petchkasem Rd,
Watthapra, Bangkokyai, Bangkok 10600 Thailand.
Tel: (66) 02-8680812#13 Fax.: (66) 02-8680860 www.jiranatee.com
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CALIBRATION 0367

CERTIFICATE OF CALIBRBATION

Equipment Name: Data Logger with Temperature
Sensor

Manufacturer: Novalynx

Model: 200-WS-25LB

Serial No.: A5261

ID No.: BKK_FS0OB88

Certificate No.: CL-077-65
Page 1 of 2

Customer

Name: ALS laboratory group (Thailand) Co.,Ltd.
Address: 104 Phatthanakan 40, Phatthanakan
Rd.,Khwaeng Suan Luang, Khet Suan Luang, Bangkok
10250Thailand.

Reference Used During Calibration

1.Standard Temperature Probe Model: STS-100 A500,
Serial No.: 667682-09, Due date: 23 Mar 2023

2 Digital Temperature Indicator Model: DTI-1000-A MK
II, Serial No.: 671407-00591 Due date: 04 June 2022

Calibration Procedure

The temperature calibration was done by In-House
calibration method as WI-CL-001 according to
comparison method with standard digital temperature
indicator and standard temperature probe. The
temperature scale use was based on ITS-90.

Calibrated by
[ Mr. Sorawit Thachalad
L Miss Jittraporn Lertsomphol

Received date: 23 May 2022
Calibration date: 30 May 2022
Issue date: 02 Jun 2022

Calibration Condition
Temperature: (23+3)°C
Relative Humidity: (55+15)%

Traceability

The measurement resulis are traceable to the
international system of units (SI) through National
Institute of Metrology Thailand (NIMT) Certificate
number: TT-0034-22, Certificate number: ER-0032-
21

e

APPROVED BY

NEXT CAL. DATE ‘28/41{ 23

| R il

TR ST e

NAC

Approved Signatory: ...l B2 e Vo
Mr. Parinya Booncharoen
Calibration Department Manager

JIRANATE ASSOCIATES CO,, LTD)

THIS CERTIFICATE MAY NOT BE REPROCEDUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPHCDUCTION HAS BEEN
OBRTAINED IN WRITING FROM THE LABORATORY.
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63/14-156,67/36-36, Soi Petchkasem7,7/1, Petchkasem Rd,

N
NAC Watthapra, Bangkohyai, Bangkok 10600 Thailand. RN
T Tel: (66) 02-8680812#13 Fax: (66) 02-8680860 www,jiranatee.com CRiamer
Certificate No.: CL-077-65
Page 2 of 2
libration:- & Without Adjustment [ With Adjustment
Calibration Range: 20-40 °C
This equipment was connected with temperature sensor Model : HMP8O S/N : NO330783
Dimension : Diameter 12mm. Length 80 mm.
Immersion Standard uuc
Depth Reading Reading Error Uncertainty
(mm) (‘C) (‘0 ) (*C)
60 19.98 20.0 0.1 0.30
60 2498 24.7 0.3 0.30
60 30.02 29.6 0.4 0.30
60 35.01 345 0.5 0.30
60 40.01 39.3 0.7 0.30

UUC*: Unit Under Calibration
The reported expanded uncertainty is based on standard uncertainty multiplied by a coverage factor k=2 providing a level of
confidence of approximately 95%

% End of Certificate %

NAC

JIRANATE ASSOCIATES CO, LT



63/14-1565,67/35-36, Soi Petchkasem7,7/1, Petchkasem Rd,

NAC Watthapra, Bangkokyai,Bangkok 10600 Thailand.
I AsMRY Tel: (66) 02-8680812#13 Fax.: (66) 02-8680860 www.jiranatee.com

CALIBRATION BEPORT

Calibration No. : RH-020462022
Page 1 of | Pages

Measurement Item : Relative humidity with data logger

Manufacturer : Novalynx

Model/Type : 200-WS-25LB

Serial Number 1 AB261

ID No. : BKK_FS0888

Customer : ALS laboratory group (Thailand) Co.Ltd,
: 104 Phatthanakan 40, Phatthanakan Rd.Khwaeng Suan Luang, Khet Suan Luang, Bangkok 10250
Thailand.

environmental Condition:

The measurement was carried out in an ambient temperature of (25+3)°C, and relative humidity of (50+15)%.

Measurement Method:
Unit Under Calibration (UUC) was calibrated by comparison method with standard thermo hygrometer in the humidity generator
chamber to determine the errors.

Traceability:

This instrument was calibrated using standard equipment whose accuracy is traceability through National Institute of Standards and
Technology 1o the international system of units (S) via MCS Calibration, Inc. Certificate number: 20314-101. Due date: Mar
14,2023,

Measurement Dale : Jun Q1, 2022
Issued Date : Jdun 02, 2022

Measurement Results:

This eguipment was connected with Indoor air quality probe and Displayed (UR) on display. Model: HMP®O, Serial number;
NO330783

Calibration was performed in the range of 20%RH to 80%RH

The results of calibration are reporied in table below.

Determined Standard (geading UUC (eading Error Uncertainty
(%RH) (%ARH) (%RH) (%RH) £(%RH)
20 2002 18.8 -1.2 0.61
50 5022 49.4 -0.8 0.57
80 80.56 79.3 -1.8 0.69

Approved Signatory: ﬁm A

Mr. Parinya Booncharoen.

Performed by N 5\ C
M Mr. Sorawit Thachalad

[:| Miss Jittraporn Lertsomahol [IHANATE AS‘SUCIA"I'IE::f..'U,.l,'!'D. Calibration Department Manager

THIS CALIBRATION REPORT MAY NOT BE REPROCEDUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION
HAS BEEN OBTAINED IN WRITING FROM THE LABORATORY.



63/14-16,67/36-36, Soi Petchkasem7,7/1, Petchkasem Rd,
NAC Watthapra, Bangkokyai,Bangkok 10600 Thailand.
IATHY AR TATER LOATD Tel: (66) 02-8680812#13 Fax.. (66) 02-8680860 www.jiranatee.com

CERTIFICATE OF CALIBRATION

Certificate No: WS-02062022
Page 1 of 2 pages
Measurement Item : Cup anemometer with data logger.

Manufacturer : Data logger: Navalynx

: Cup anemometer: Navalynx

Model/Type : Data logger: 200-WS-256LB
: Cup snemometer: WS-02F

Serial Number : Data logger: AS261

: Cup anemometer: -

10 No : Data logger; BKK_FSD883
: Cup anemometer; -

Customer : ALS laboratory group (Thailand) co., ltd.
: 104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang, Khet Suan Luang, Bangkok 10250
Thalland.
Test Conditions : Wind tunnel cross test section area 200 em”
: Anemometer frontsl area 100 em”
: Diameter of mounling pipe = mm
: Blockage ratio of test object 0111 [-]
Test Conditions . Air temperature 24.7 0.8 ‘C
: Air pressure 100582 +0.4 hPa
: Relative air humidity 44.1 +3.5 ®BRH
Calibration Procedure Calibration was carried out base cn;

IEC 61400-12-1 €D.1: 2005-Power Performance Measurements of Electricity Producing Wind
Turbines;
MEASNET Anemometer Calibration Procedure - Version 2: 2009;

Traceability This calibration documents the fraceable to national standard, Which realize the unit of
measurements according to the international system of units (SI) through National Institute of
Metrology Thailand (NIMT).

Measurement Date : Jun 01, 2022,

lssued Date : Jun 02, 2022.

Calibrated by Approved Signatory: ...

[ Mr. Sorawit Thachalad Mr. Parinya Booncharoen

O wmiss Jittraporn Lertsomphol NAG Calibration Department Manager

JIRANATE ASSOCIATES CO., LTD.

THIS CERTIFICATE MAY NOT BE REPROCEDUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN
OBTAINED IN WRITING FROM THE LABORATORY.



63/14-156,67/35-36, Soi Petchkasem7,7/1, Petchkasem Rd,
NAC Watthapra, Bangkokyai,Bangkok 10600 Thailand.
SATIE ASROCIATES Ui LID) Tel: (66) 02-8680812#13 Fax. (66) 02-8680860 www.jiranatee.com

Continuation of Certificate of Calibration Number Cerlificate No: WS-02062022
Page 2 of 2 Pages

Resull of calibration: ] Without adjustment [ with adjustment
Calibration in the range of 1 - 16 m/s at a calibration Interval of 1 m/s,
The results of calibration and associated measurement uncertainties are reported in the table below.

Varn Reading Vyuer Reading Error Uncertainty
m/s m/s (m/s) (%)
2.087 20 -0.1 2.4
4.140 4.2 0.1 1.0
6.02 6.0 0.0 0.88
8.00 8.0 0.0 0.74
10.00 10.0 0.0 0.59
11.9¢ 12.] 0.1 0.85
14.02 14.3 0.3 0.42
16,00 16.4 0.4 0.63
1601 15.4 0.4 0.39
1297 13.1 Q.1 0.59
11.00 11.0 0.0 0.62
2.01 9.0 0.0 0.66
7.01 7.0 0.0 0.88
5.186 5.2 0.0 0.26
3.003 3.1 0.1 1.6
1.083 0.8 -0.3 4.8

Uuc*: Unit Under Calibration A
The reported expanded uncertainty is based on standard uncertainty multiplied by a coverage factor k=2 providing a level of
confidence of approximately 95%

Appendix 1: Instrumentations

Calibration Certificate Report
NO Sensar Manufacturer | Model/Type Hange
Date Number

1 Pitot static TESTO INC. 063521456 Aug 07, 2021 MwW-0034-21 5 - 30 mfs

2 Precision Differential Pressure Meter Zoglab OPM2500 Aug 07, 2D21 MW-0034-21 5 - 30 mfs

3 Air velocity transducer (hot wire) TSI INC, 8455-12 Aug 08, 2021 MW-0035-21 0-6 mfs

4 Temperature Zoglab DSR-THP March 30, 2022 CL-027-65 -30 - 70°C

& Aelative humidity Zoglab DER-THRP March 30, 2022 RH-03032022 0 - 100 %AH
& Atmospheric pressure Zoglab D8R-THP March 30, 2022 BP-D1032022 500 - 1100 hPa
i Wind tunnel ESSOM MP3300 - * 0 - 50 Hz

***&nd of certificate of calibration®***

NAC |

JIRANATE ASSOCIATES CO., LTD, |




63/14-16,67/35-36, Soi Petchkasem7,7/1, Petchkasem Rd,
NAC Watthapra, Bangkokyai,Bangkok 10600 Thailand.
MCINTES COy AT Tel: (66) 02-8680812#13 Fax.: (66) 02-8680860 www jiranatee.com

CERTIFICATE OF CALIBRATION

Cerlificate No: WD-02062022
Page | of 2 pages
Measurement Item ¢ Wind direction sensor with data logger.

Manufacturer : Data logger: Novalynx
: Wind direction sensor: Novalynx

Model/Type : Data logger: 200-WS-25LB
: Wind direction sensor: WS-02F

Serial Number . Data logger: A5261
: Wind direction sensor: -

D No : Dala logger: BKK_Ps0888
: Wind direction sensor: -

Customer : ALS laboratory group (Thailand) co., ld.
: 104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang, Khet Suan Luang, Bangkok 10280
Thailand,

Environmental Condition:

The measurement was carried out in an ambient temperalure of (23+3) n'C. and relative humidity of (40+10Q) %.

Measuremenl Method:;

The wind direction sensor calibration according to comparison method with reference angle measurement electronic theodolite and
line laser Is used for axis control, The measurement wera taken at 45" intervals in clockwise and counterclockwise
directions.

Note: The UUC was warmed up for 1 hour prior to the celibration being performed

Traceability:
The messurement results are traceable to the international system of unfts (S!) through Certificate No: Q21086014, Certificate No.:
KWE64/0025.

Measurement Date ¢ Jun 01, 2022,
Issued Dale 1 Jun 02, 2022.

Calibrated by NAC : Approved Signatory:.......
M Mr. Sorawit Thachalad Mr. Parinya Booncharoen.

leu\.’\.’ATE ASSOCIATES CO., LTD.

O Miss Jittraporn Lertsomphol Calibration Department Manager

THIS CERTIFICATE REPORT MAY NOT BE REPROCEDUCED EXCERT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN
OBTAINED IN WRITING PROM THE LABORATORY.,



Continuation of Certificate of Calibration Number

63/14-156,67/35-36, Soi Petchkasem7,7/1, Petchkasem Rd,
Watthapra, Bangkokyai,Bangkok 10600 Thailand.
Tel: (66) 02-8680812#13 Fax. (66) 02-8680860 www.jiranatee.com

Result of calibration: [J without adjusiment M with adjustment.

Calibration in the range of O = 360 * st a calibration interval of 45°.

The results of calibration and associated measurement uncertainiies are reported in table below.

Certificate No: WD-02062022

Pages 2 of 2 pages

Nominal Angle

Standard Reading

uuc* Reading

Error

Uncertainty

NO Turning Direction - < z s ¢
) & ) ) +(7)

1 0/360 360 369 -1 3.0

2 45 45 41 -4 3.0

3 Q0 Q0 87 -3 3.0

< 136 1386 133 -2 3.0

Clockwise

s} 180 180 181 1 3.0

o] 225 2258 229 4 3.0

7 270 270 274 < 3.0

8 316 316 319 -1 3.0

Q@ 0/360 360 359 -1 30

10 45 45 41 -4 3.0
11 20 o0 87 -3 3.0
12 135 135 133 -2 3.0

Counter Clockwise

13 180 180 181 1 3.0
14 225 225 220 4 3.0
156 270 270 274 4 3.0
16 3186 316 319 4 3.0

UUC* Unit Under Calibration The reported expanded uncertainty is based on standard uncertainty multiplied by a coverage fac-

lor k=2 providing a level of confidence of approximetely 95%

***End of Cerlificate of Calibration***

J

NAC

\JIRANATE ASSOCIATES ‘0., LTD.
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63/14-15,67/35-36, Soi Petchkasem7,7/1, Petchkasem Rd,
Walthapra, Bangkokyai,Bangkok 10600 Thailand.

el (66) 02-8680812#13 Fax.. (66) 02-8680860 www.jiranatee.com

CERTIFICATE OF CALIBRATION

Measurement ltem

Manufacturer

Model/Type

Serial Mumber

1D No

Cusiomer

Test Conditions

Test Conditions

Calibration Procedure

Traceability

Measurement Date
Issued Date

Calibrated by
M pr. Sorawit Thashalad
O wiss Orathal Wiwatwittaye

Certificate No: WS-04012022

Page 1 of 2 pages
: Cup enemometer with dats logger.

: Data logger: Novalynx

: Cup anemometer: Novalynx W }

. Wﬂ?z i 7

REVIEW BY .

. Data logger: 110-WS-250L-0
: Cup anemometer: WS-02F

APPROVED BY .

: Deta logger: AS444

: Cup anemometer;: WSD-003 EXT CAL. DﬁTE ,&6/'4/35

. Data logger: RYG_FPS0435

: Cup anemometer: -

: ALS laboratory group (Thailand) co., ltd.
|04 Phattharaksn 40, Phatthanakan Rd, Khweeng Suan Luang, Khet Suan Luang, Bangkok 10250

Thailand.

: Wind turnel cross test section area Qoo em’

: Anemometer frontal area 100 em’

: Diameter of mounting plpe = mm

: Blockage ratio of test object o [1

: Air temperature 24.4 +08 'C

o Air pressure 1011.2 +0.4 hPa
¢ Relative air humidity 56.6 +3.8 %AH

Calibration was carried oul base on;
18C 61400-12-1 EL.1: 2005-Fower Performance Measurements of Eleciricity Producing Wind
Turbines;

MEASNET Anemometer Calibration Procedure — Version 2 2009,

This calioration documents the ireceable to national standard, Which realize the unit of
measurements according to the international system of units (81) through National Institute of
Metrology Thailand (NIMT).

: JAN 26, 2022,
: JAN 31, 2022,

2

Approved Signatery: .. _...ewe i

Mr. Parinya Booncharoen

Calibration Depertment Manager

}IRJ\NATE ASSOCL\TF.S CO., LTD.

THIS CERTIFICATE MAY NOT BE REPROCEDUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN

OBTAINED IN WRITING FHOM THE LABORATORY.



NAC

JHEANATEF ASSIWTINTES aar 1 0

63/14-16,67/35-36, Soi Petchkasem7,7/1, Petchkasem Rd,

Watthapra, Banghkokyai,Bangkok 104600 Thailand.

Continuation of Certificate of Calibration Number

Fesult of calibration:

[¥] without adjustment

Calloration in the range of | -

O with adjustment

14 m/s at a calibration interval of 1 m/s.

Certifica

The results of calibration and assoclated measurement uncertainties are reported in the table below.

Tel: (66) 02-8680812#13 Fax.: (66) 02-8680860 www.jiranatee.com

te No: WS-04012022
Page 2 of 2 Pages

Vs Reading Vius Reading Error Uncerlainly
mis m/s (m/a) (96)
2.070 20 -1 2.4
4.108 4.1 00 12
a.01 o0 Da 0.99
801 80 0o 071
10.01 101 Q.1 1.1
12.01 12.2 02 0.65
1398 143 03 061
15.04 16,1 0.2 1.4
1498 151 0.1 1.0
13.00 13. 0.1 076
11.02 11.1 0.1 0.63
9.02 2.0 00 o7
703 7.0 0.0 .84
5.166 A -0 1.2
2.0086 3.0 0o 1.6
1.02¢ 09 -0.1 4.8

uuec*: Unit Under Calibration

The reported expanded uncerainty i based on standard uncertainty multiplled by a coverage factor k=2 providing a level of

confidence of approximately 956%

Appendix 1: Instrumentations

Calibration Certificate Report

MO Sensor Manufacturer | Model/Type Range
Date Number

1 Pitot static TESTO INC. 063862145 Aug 07, 2027 MwW-0034-21 5 - 30 mis
2 Precision Differential Pressure Meter Zoglab DPM2500 Aug 07, 2021 Mw-0034-21 5 - 30 mfs
<! Air velacity transducer (hot wire) TSI INC. B455-12 Aug U8, 2021 MW-0035-21 0-8&8mis
4 Temperature Zoglab DSR-THP March 30, 2021 CL-D27-64 -30 - 70°e
& Rslative humidity Zoglab DER-THP Mareh 30, 2027 RH-03032021 0 - 100 %ARH
& Atmospheric pressure Zoglad DSR-THP March 30, 2027 BP-01032021 800 - 110Q hPa
7 Wind tunnel E£380M MP330D - x 0 - 80 Hz

***&nd of cerlificate of calibration***

JIRANATE ASSOCIATES CO., 17D, |




63/14-15,67/36-36, Soi Petchkasem7,7/1, Petchkasem Rd,
NAC Watthapra, Bangkokyai,Bangkok 10600 Thailand.
KANATET NS TATES ¢61 110 Tel: (66) 02-8680812#13 Fax.: (66) 02-8680860 www.jiranatee.com

CERTIFICATE OF CALIBRATION

Certificate No.: WD-04012022
Page 1 of 2 pages
Measurement Item . Wind direction sensor with data logger.

Manufacturer . Data logger: Novalynx.

: Wind direction sensor: Novalynx.

Model/Type : Data logger: 110-W3-250L-D
: Wind direction sensor: WS-02F

Serial Number : Data logger: AS444
: Wind direction sensor: W3D-003

1D No : Data logger: AYG_F30435

: Wind direction sensor: -

Customer : ALS lsboralory group (Thailand} Co.Ltd.
104 Phatthanakan 40, Phatthanakan Rd.Khwaeng Suan Luang, Khet Suan Luang, Bangrok 10250

Thailand.

Environmental Condition:

The measurement was carried oul in an ambient temperature of (28+£3) C, and relative humidity of (40+10) %.

Measuremenl Method:
The wind direction sansor callbration accerding to comparison method with reference angle measuremeant electronic theodoelite and
line laser Is used for axis control. The measursment were taken at 48" iptervals in clockwise and counterclockwise

directions,
Note: The UUC was warmed up for 1 hour prior to the calibration being performed
Traceability:

The measurement results are traceable to the international system of units (5l) through Certificate No: @21084014, Certificate No:
KWe64/0026.

Measurement Dale T JAN 25, 2022
lssued Date « JAN 31, 2022,
Performed by pproved Signatory:...............&mm0

7] wir. sorawit Thachalad

Mr. Parinya Booncharoen.
L] Miss Oratai Wiwatwitiaya NAG Calibration Department Manager

JIRANATE ASSOCIATES CO., LTD,

THIS CERTIFICATE REPORT MAY NOT BE REFROCEDUCED EXCEPT IN FULL UNLEE

S PERMISSION FOR REFPRODUCTION HAS BEEN
QRTAIMNED IN WRITING FROM THE LABOHATORY.



63/14-16,67/36-36, Soi Petchkasem7,7/1, Petchkasem Rd,

NAC Watthapra, Bangkokyai,Bangkok 10600 Thailand.
et weooaes conm Tels (66) 02-8680812#13 Fax.: (66) 02-8680860 www. jiranatee.com
Continuation of Certificate of Calibration Number Certificate No: WD-04012022

Pages 2 of 2 pages

Resull of calibration: L1 without adjustment E With adjustment.
Calibration In the range of O — 340 * at a callbration interval of 45°.

The results of calipration and associated measurement uncertainties are reported in table below.

Nominal Angle Standard Reading UuUC* Reading Error Uncerlainty

NO Turning Direction 5 g i r i
) ") ] ) +(")

I 0/360 0 0 0] 3.0
2 45 45 4] -4 3.0
3 Q0 20 87 -3 3.0
4 136 135 133 z 3.0

Clockwise
& 180 180 180 a 3.0
é 2286 225 227 2 3.0
7 270 270 272 2 3.0
8 315 318 317 2 3.0
Q 0/360 a 0 0 3.0
10 45 45 41 -4 3.0
11 90 Q0 87 -3 3.0
12 135 135 133 2 3.0
Counter Clockwise

13 180 |80 180 0 3.0
14 226 225 227 2 30
15 270 270 272 2 30
16 315 315 317 2 30

UUC* Unit Under Calibration The reported expanded uncertainty is based on standard uncertainty multiplied by a coverage fac-
tor k=2 providing a level of confldence of approximately ©5%

**end of Certificate of Calibration***

NAC

JIRANATE ASSOCIATES CO., LTD,




63/14-16,67/356-36, Soi Pelchkasem7,7/1, Petchkasem Rd,
NAC Watthapra, Bangkokyai,Bangkok 10600 Thailand.
NITE 3o Tt o Tel: (66) 02-86808124#13 Fax.: (66) 02-8680860 www.jiranatee.com

CALIBRATION REPORT

Calibration No. : RH-04012022

Page 1 of 1 Pages

Measurement ltem : Relative humidity with data logger.

Manufacturer : Data logosr: Movalynx.

. Relative humidity sensor: MNovalynx,

Model/Type . Data loggen: 110-WS-250L-D
: Relative humidity sensor: HMP&O

Serial Number : Data logger: AS444

: Relative humidity sensaor: R1131112

1D No : Data logger: RYG_FSD435

: Relative humidity sensor: -

Customer 1 ALS lsboratory group (Thailand) Co.lid,
: 104 Fnatthanakan 40, Phatthanakan Rd Khwaeng Suan Luang, Khet Suan Luang, Bangkok 10280
Thailand.

Enviranmental Condition:
The measurement was carried out in an amblent temperature of (25+3)'C, and relative humidity of (50+15)%.

Meazurement Method:

The Relative humidity with data logger, Unit Under Calibration (UUC) was calibrated oy cemparison method with the equilibrium of

standard salt solution CHzCOOHK: Polassium Acetate, Mg(Nos): Magnesium Nitrate, KCL Potassium Chloride to determine the errors.
Measurement Date 1 JAN 24, 2022
lssued Date 1 JAN 28, 2022

Measurement Resulls:

The results of calibration are reported in table below.

Standard sall solution. Standard (%RH) UUC geaging Error
CHzCOOK: Potassium Acelate 22.81 22.3 -0.2
Mg(Nozk Magnesium Nitrate 52.89 52.5 -04
KCLl: Potassium Chloride 84.34 84.1 -0.2

Performed by NA( : Apfroved Signatory: .........
[ Mr. Sorawit Thachalad

. : JIRANATE ASSOCIATES CO.,LTD) L A
[ Miss Orathai Wiwatwittaya Calioration Departmant Manager

Mr. Parinya Booncharoen.

THIS CALIBRATION REPORT MAY NOT BE REFRCCEDUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION
HAS BEEN OBTAINED IN WHITING FROM THE LABORATORY,



J 63/14-15,67/35-36, Soi Petchkasem7,7/1, Petchkasem Rd,
NAC Watthapra, Bangkokyai, Bangkok 10600 Thailand.
Tel: (66) 02-8680812#13 Fax.: (66) 02-8680860 www.jiranatee.com

CALIBRATION REPORT

Calibration Number. : RG-04012022
Page 1 of 2 Pages

Measurement Item ! Rain gauge with daia logger.

Manufacturer : Data logger: Novalynx.

: Rain gauge: Novalynx.

Model/Type : Data loggern 110-W8-25DL-D

: Raln gauge: 1 10-WS-25RG

Serial Number : Data logger: AS444

: Rain gauge: RG-003
D NO : BYG_F80485

Customer : ALS laboratory group (Thailand) co. ltd.
104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang, Khet Suan Luang,

Bangkos 10250, Thailand.

Environmental Condition:

The measurement was carried out in an amblent temperature of (2513)°C, and relative humidity of (50£18)%.

Measurement Method:

The Raln gauge, Unit Under Calibration (UUC) was calibrated by Precision reference bottle with flow adjuster at low rate 0.6 mm

per minute or 1 tipoing every 20 seconds. The tipping number was determined by procedures below,

1. Obtain rain gauge Inlet area:
Rain gauge precise diameter in cm = Diameter/2 = R (radius)
RAain gauge area= R*R*3.14 (UUC diameter=20.8 cm, UUC radius=10.186 cm)
Rain gauge area= 323.6 :-rn?_
Obtain theoretical carrect rain gauge answer {number of tippings) using 323.6 em’ inlet ares and 0.5 L of raln.
a) 10,000 cmg / 323.6 sz inlet area = 30.90 (rain gauge area = 1/30.90 of square metar)
by 3020 * 0.6 L volume=1845 mm (mm of rain over 1 w surfgce) SO0 ml of rain volume on the rain gauge
area = 15,45 mm of rain.

¢} Number of tipping=15645 / D.25 mm= &2 {ppings.

Note: Rain gauge iz fully cleaned and leveling prior the caltibration performed.

Measurement Date L JAN 28, 2022
Issued Date : JAN 31, 2022

Performed by
7] mr. Serawit Thachalad

Mr, Parinya Booncharoen,
L] Miss Orathal Wiwatwittaya NAQ Calibration Department Managsr

JIRANATE ASSOCIATES CO,, LTD.

pproved Signatory...........&%




63/14-16,67/35-36, Soi Petchkasem7,7/1, Petchkasem Rd,
NAC Watthapra, Bangkolkyai, Bangkok 10600 Thailand.
g " Tel.. (66) 02-8680812#13 Fax.: (66) 02-8680860 www.jiranatee.com

Continuation of Calibration of Calibralion Number Calibration Number: RG-04012022
Page 2 of 2 Pages

Result of Calibration: M Without Adjustment L1 with Adjustment.

The results of calibration are reported in table below.

Quantity of H.O
(0 Determined Tipping Tipping count Acceptable Tipping count
500 62 64 60 - 64
500 52 &3 60 - 64
500 62 62 60 - 64
500 62 63 60 - 64
500 62 62 60 - &4

Remark: The procedure Is made to verfiy the correct reading of the Unft under Callbration rain gauge when a precise volume of
water falls into ifs cone. We suggest that the number of tipping should be within +2% different from the &2 fipping (correct range:

60-a4 tipping) It means that the rain gauge meetls the manufacturer acceptable it

#**End of calibration report***

NAC

JIRANATE ASSOCIATES CO., LTD.
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liranatee Assoclates Co.,Ltd.

63/14-15, 67/35-36

Petchkasem 7,7/1, Rd.

Watthapra, Bangkokyal,

Bangkok 10600{Thailand)

Tel: +6608680812

Mabile: 466863939453

E-mail: jnac-calibration@jiranatee.com
Web site: www.jiranatee.com
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Accredited calibration laboratory

ISO/IEC 17025:2017

Pressure measurement laboratory

NSC-TISI-TIS 17025
CALIBRATION 0367

CERTIFICATE OF CALIBRATION

Certificate No. : CL-005-65

Page 1 of 2 Pages

MEASUREMENT ITEM
MANUFACTURER
MODEL/TYPE

SERIAL NUMBER

ID NUMBER
CUSTOMER

RECEIVED DATE
MEASUREMENT DATE
ISSUE DATE

: Digital barometer

: Novalynx

: 110-WS-25BP

1 AS444

: RYG_F50435

t ALS labaratory group (Thailand) co., Itd.

104 Phatthanakan 40, Phatthanakan Rd,
Khwaeng Suan Luang, Khet Suan Luang,
Bangkok 10250 Thailand.

112 Jan 2022
129 Jan 2022
:31 Jan 2022

CONDITION OF THIS RESULT OF CALIBRATION:

1. Reference Standard Instrument:
Model Serial No.

CPG2500

Instrument

Absolute Pressure Transducer

Certificate No.

Calibration procedure:

The pressure calibration was dene by In-
hause calibration method as WI-CL-003
according to comparison method with
Digital pressure calibrator based on DKD-R
6-1

Traceability:

The measurement results are traceable to
the internationol system of units (SI)
through MENSOR which complies with the
requirements  of  ISO/IEC17025:2017,
ANSI/NCSL 2540-1 via Certificate number:
201479

The reported uncertainty is based on a
standard uncertainty multiplied by a
coverage k=2, providing a level of
confidence of approximately 95%.

Due Date

410018L1 201479

13 Sep 2022

2.The UUC* was installed in vertical orientation above reference standard instrument and center of UUC* was used as the

reference level.

3. Calibration conditions:
Pressure transmitting medium
2(20°C, 1bar)

Ah
Lomp
Pamn

Calibrated by:
1 Mr. Sorawit Thachalad
[J Miss Qratai Wiwatwittaya

: Air

:1.19 kg/m’
+-0.080 m
1(2342)°C

: 1008.5 mbar
4.The certificate is valid only to the item calibrated on date and place of calibration.

NAC

JIRANATE ASSOCIATES CO.,LTD,

Mr. Parinya Boonchdroen
Calibration Department Manager

THIS CERTIFICATE REPORT MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN
OBTAINED IN WRITING FROM THE LABORATORY
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Continuation of Certificate of Calibration Number CL-005-65 Page 2 of 2 Pages
MEASUREMENT RESULTS : ¥ Without adjustment [ With adjustment

CALIBRATION IN THE RANGE OF  : 950 — 1050 mbar

The results of calibration and associated measurement uncertainties are reported in the table below.

STD uuc* Error Uncertainty(k=2)
(mbar) (mbar) (mbar) {mbar)
950.32 951.181 0.856 1.3
970.14 970.682 0.538 0.70
990.05 990.524 0.470 0.58
1009.85 1010.106 0.157 0.34
1029.84 1029.946 0.107 0.25
1049.78 1049.594 -0.190 0.35

Note: UUC* Unit Under Calibration

*End of certificate*®

NAC

JIRANATE ASSOCIATES CO., LTD,
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Watthapra, Banghkohyai, Bangkok 10600 Thailand. MRS
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CERTIFICATE OF CALIBRATION

Equipment Name: Data Logger with Temperature
Sensor

Manufacturer: Novalynx

Model: 110-WS-25DL-D

Serial No.: AB444

ID No.: RYG_FS0435

Customer

Name: ALS laboratory group (Thailand) Co.,Ltd.
Address: 104 Phatthanakan 40, Phatthanakan
Rd.,Khwaeng Suan Luang, Khet Suan Luang, Bangkok
10250Thailand.

Reference Used During Calibration

1.Standard Temperature Probe Model: STS-100 A500,
Serial No.: 667682-09, Due date: 25 Mar 2022
2.Digital Temperature Indicator Model; DTI-1000-A MK
Il, Serial No.: 671407-00591 Due date: 04 June 2022

Calibration Procedure

The temperature calibration was done by In-House
calibration method as WI-CL-O01 according to
comparison method with standard digital temperature
indicator and standard temperature probe. The
temperature scale use was based on ITS-90.

Certificate No.: CL-004-65
Page 1 of 2

Received date: 12 JAN 2022
Calibration date: 24 JAN 2022
Issue date: 25 JAN 2022

Calibration Condition
Temperature: (23+3)°C
Relative Humidity: (55£15)%

Traceability

The measurement results are traceable to the
international system of units (S1) through Mational
Institute of Metrology Thailand (NIMT) Certificate
number: TT-0036-21, Certificate number: ER-0032-
21

Calibrated by
[1 Mr. Sarawit Thachalad
4 Miss Orathai Wiwatwittaya

Mr. Parinya Booncharoen
Calibration Department Manager

THIS CERTIFICATE MAY NOT BE REPROCEDUCED SXCEPT IN FULI

OBTAINED IN WRITING FROM THE LARORATORY.

NSC - TIS1 - IS 17025
CAUBRATION 0367

UNLESS PERMISSION FOR REFPRODUCTION HAS BEEN



63/14-15,67/35-36, Soi Petchkasem7,7/1, Petchkasem Rd,

N_AC Watthapra, Bangkokyai, Bangkok 10600 Thailand. 7] -
NSC - TISt-T0!
i ssoceccoone Tel: (66) 02-8680812#13 Fax.: (66) D2-8680860 www.jiranatee.com cmmna:::;g
Certificate No.: CL-O04-65
Page 2 of 2
Result of Calibration:- Without Adjustment L] With Adjustment
Calibration Range: 20-40 °C
Function:
This equipment was connected with temperature sensor Model : HMP60 S/N : R1131114
Dimension : Diameter 12mm. Length 80 mm.
Immersion Standard uuc
Depth Reading eadin Error Uncertainty
(mm) ("C) ("0 ("C) ('C)
60 20.053 19.8 0.3 0.099
60 25.005 24.5 -0.5 0.099
60 29.995 29.5 -0.5 0.099
60 34.976 34.4 -0.8 0.099
60 39.957 39.3 0.7 0.099

UUC*: Unit Under Calibration
The reported expanded uncertainty is based on standard uncertainty multiplied by a coverage factor k=2 providing a level of
confidence of approximately 95%

JIRANATE ASSOCIATES co LTD,




63/14-16,67/35-36, Soi Petchkasem?7,7/1, Petchkasem Rd, I
NAC Watthapra, Bangkokyai,Bangkok 10600 Thailand. :
I R B Tel: (66) 02-8680812#13 Fax.: (66) 02-8680860 www.jiranatee.com

CERTIFICATE OF CALIBBATION

Certificate No. WD-01112021
Page 1 of 2 pages

Measurement Item : Wind direction sensor with data logger.
Manufacturer : Data logger: Novalynx.
. Wind direction sensor Novalynx. % ﬁom 1’1)
: REVIEW BY ... {147 G iewassyen
Model/Type : Data logger; 200-WS-25LB : ;
P g EmEaion SEReor SRE : APPROVED BY it somaree
Serial Number : Data logger; AS377 - ,? ,6 /423
S X NEXT CAL. DATE ooofvessesemmress
: Wind direction sensor: - v,

ID No : Data logger: BRK_FS0917

: Wind direction sensor; -

Customer 1 ALS lsboratory group (Thailand) Co.Lid.
104 Phatthanakan 40, Phatthanakan Ad.Khwaeng Suan Luang, Khet Suan Luang, Bangkok 10280
Thailand.

Environmental Condition:

The measurement was carried out in an ambient temperature of (23+3) *C. and relative humidity of (40+10) %,

Measurement Method: ('

The wind direction sensor calibration according to comparison method with referance angle measurement electronic theodelité and
lne laser is wused for axis control, The measurement were taken al 48" intervals In clockwise and counlerclockwise

directions,

Note: The UUC was warmed up for 1 hour prior to the calioration being performed

Traceability:

The measuremeant results are traceable to the International system of units (SI) through Certificate No: @21086014, Cerlificate No.:

KWS64/0025.

Measurement Date : Noy 01, 2021,
Issued Date : Nov O, 2021,

Performed by NAC Apprdved Signatoryi.......coew

JIRANATE ASSOCIATES CO.,LTD.

M Mr. Sorawit Thachalad
L] miss Oratha Wiwatwittaya

Mr. Parinya Booncharoan.

Calibratien Department Manager

THIS CERTIFICATE REFPORT MAY NOT BE REPROCEDUCED XCEPT IN FULL UNLESS PERMISSION FOR REPRCDUCTION HAS BEEN
CBTAINED IN WRITING FROM THE LABORATORY.



63/14-15,67/35-36, Soi Petchkasem”7,7/1, Petchkasem Rd,

NAC Watthapra, Bangkohkyai,Bangkok 104600 Thailand.
AT A% M ENTES GO Tel: (66) 02-8680812#13 Fax: (66) 02-8680860 www.jiranatee.com
Continuation of Certificate of Calibration Number Certificate No: WD-01172021

Pages 2 of 2 pages

Result of calibration: L1 Without adjustment M with adjustment.
Calibratien in the range of 0 — 360 " &t a calibration interval of 45"

The results of calibration and associated measurement uncertainties are reported in table below.

Nominal Angle Slandard Reading UUC* Reading Error Uncertainty

NO Turning Oirection 5 - . . g
(" ) ) (") (")

1 0/360 3480 359 <] 3.0

2 45 45 41 -4 3.0

3 e 20 &7 3 3.0

4 135 135 135 0 3.0

Clochwise

& 180 180 183 3 30

o 225 228 229 4 3.0

7 270 270 274 B 3.0

8 316 318 320 5 3.0

Q 0/360 3460 359 -1 30

10 45 48 41 -4 3.0
11 20 20 g7 -3 3.0
i 135 135 1356 a 3.0

Countar Clochwise

13 180 180 183 3 3.0
14 225 228 229 B 3.0
1& 270 270 274 4 3.0
16 316 3186 320 5 3.0

uuc*: Unit Under Calibration The reported expanded uncertainly is based on standard uncertainty multiplied by a coverage fac-

tor k=2 providing a level of confidence of approximately 5%

***EBnd of Certificate of Calibration***

NAC

JIRANATE ASSOCIATES CO., LTD.




63/14-16,67/356-36, Soi Petchkasem7,7/1, Petchkasem Rd,
Watthapra, Bangkokyai,Bangkok 10600 Thailand.

el: (66) 02-8680812#13 Fax. (66) 02-8680860 www.jiranatee.com

CERTIFICATE

OF CALIBRATION

Measurement ltem

Manufacturer

Madel/Type

Serial Number

1D No

Customer

Test Conditions

Test Conditions

Calibration Procedure

Iraceabilily

Measurement Date

lssued Date

Calibrated by
¥ Mr. Sorawit Thachalad
L Miss Orathal Wiwatwittays

Certificate No: WS-01112021

Page | of 2 pages
: Cup anemometar with data logger.

: Data logger: Novalynx.

: Cup anemometar: Navalynx.

: Data logger: 200-WS-25LB
: Cup anemometer: W3-02F

: Data logger: AS377
: Cup anemomater; -

: Data logger: BWK_F30017

: Cup anemometer: -

: ALS laboratory group (Thailland) co., Ud
1 104 Phatthanakan 40, Phetthanskan Rd, Bhwaeng Susn Luang, Mhet Suan Luang, Bangkok 10250

Thailang.

+ Wind funnel crose lest section area Q00 cm’
. Anemometer frontal area 100 cm’
: Diameter of mounting plpe - mim

: Blockage ratio of test cbject (% 1 T8 I

: Alr temperature 2564 +0.6 "C
. Air pressure 10161 +0.4 hPa
. Relative air humidity 47.9 +3.5 %RH

Calipration was carried out base on;
[EC 61400-12-1 ©O0.1: 2005-Fower

Turbines;

Performance  Measurements  of Electricity Producing  Wind

MEASNET Anemometer Calibration Procedure — Version 2: 2009

This. calibration Which
according to  the intermational system of wunits (S1) through National Institute of

Metrelogy Thailand (NIMT).

documents  the tracesble to national standarq, realize the unit of

meagurements

: MNov 01, 2027,
;s Nov 01, 2021.

] 1 Approved Signatory: .. :E

NAC o)

JIRANATE ASSOCIATES CO.,

Mr. Farinya Booncharoen

Calibration Depariment Manager

THIS CERTIFICATE MAY NOT BE REPROCEDUCED BXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN

OBTAINED IN WRITING FROM THE LABORATORY.



63/14-16,67/35-36, Soi Petchkasem7,7/1, Petchkasem Rd,

NAC Watlthapra, Banghokyai,Bangkok 10600 Thailand.
Rl UILRLLL AL Tel: (66) D2-8680812#13 Fax: (66) 02-8680860 www.jiranatee.com
Continuation of Certificale of Calibration Number Certificate No: ‘WS3-01112021

Fage 2 of 2 Pages

Result of calibration: Y] Without adjustment L1 with adjustment
Callgration in the range of 1 - 16 m/s at a calibration interval of 1 m/s.
The resulls of calibration and associated measurement uncertainties are reporled in the table below.

Vagin Reading Viug+ Beading Error Uncerlainty
m/s m/s (m/s) (%)
1.994 L -0.1 2.5
4.002 4.0 0.0 1.2
6.00 6.0 0.0 0.95
8.02 8.0 0.0 0.73
10,01 10.1 01 0.63
12.00 12.1 .1 0.74
13.99 14.1 0.1 076
16.01 163 0.3 0.80
16.01 163 0.3 0.684
13.00 131 0.1 045
11.01 Vil 0.4 Q.57
2.02 2.0 0.0 0.64
7.02 7.0 0.0 0,28
49002 8.0 0.0 1.2
2.980 2.9 -0:1 1.6
0994 0.2 -0.1 4.5

UuUC* Unitt Under Calibration

The reported expended uncertainty is based on standard uncertainty mulliplied by 8 coverage factor k=2 providing & level of
confidence of approximately 95%

Appendix 1: Instrumentations

Calibration Certificate Report
NO Sensor Manufacturer | Model/Type Range
Dale Number

1 Pitot static TESTO INC, 06352145 Aug 07, 2021 MW-0034-21 & - 30 m/s

2 Precision Differential Pressura Meter Zoglab bPM2&00 Aug 07, 2021 MW-0034-21 5 - 30 m/s

3 Air velocity transducer (hot wire) T8I ING, B455-12 Aug DB, 2021 Mw-003&-21 0-8mis

4 Temperature Zoglab DER-THP March 30, 2021 CL-027-44 -30 - 70°C

9 Relative humidity Zoglab DSR-THP March 30, 2021 AH-03032021 0 - 100 %84
o] Atmospheric pressure Zoglab D3R-THP March 30, 2021 BF-01032021 500 - 1100 hPa
7 Wind tunnel E880M MP3300 - - 0 - 80 Hz

**Snd of cerlificate of calibration***

NAC |

JIRANATE ASSOCIATES CO,, LTD.
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Accredited calibration laboratory
ISO/IEC 17025:2017
NSC-TISI-TIS 17025
CALIBRATION 0367

JHIVAN VASEICTANL) S0 0 ] L)

liranatee Associates Co Ll

63/14-15, (17/35-36

Petchkasem 7,7/1, Rd. Watthapra, Bangkokya,
Bangkok 10600 (Thatland)

Tel 16608680817

Mobite: +66863999443

E-mail: jnac-cahbration@pranatee.com

Web site: wiww jiranatee.com

Air speed measurement laboratory
Calibration services department.

Certificate Number

CL-002-65

CERTIFICATE OF CALIBRATION

Page 1 of 2 Poges

MEASUREMENT ITEM : Wind Direction Sensor

MANUFACTURER : Novalynx

MODEL/TYPE : Sensor: WS-02F
Data logger: 110-WS-250L-D

SERIAL NUMBER : Sensor: W50-012
Data logger: A5909

1D NUMBER : RYG_FS0O608

CONDITION AS-RECEIVED : New item

CUSTOMER : ALS laboratory group (Thailand) co., Itd.
104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang,
Khet Suan Luang, Bangkok 10250 Thailand.

RECEIVED DATE : 09 Nov 2022

MEASUREMENT DATE : 17 Nov 2022

ISSUE DATE 123 Nov 2022

ENVIRONMENTAL CONDITIONS:
Ambient condition in the laboratory are as follow:

Temperature 123.0£3.0 'C
Relative Humidity :55.0415.0 %RH
Atmospheric Pressure 11010+ 10 hPa

PLACE OF CALIBRATION : Eiffel-type wind tunnel of Jiranatee Associates Co., Ltd,

CALIBRATION CONDITION : Wind tunnel cross-section area’ 900 em’
Win direction frontal area’ 129 e’
Diameter of mounting pipe’ - mm
Blockage ratio of test object’ 0.143 B

Preconditioning : 24 hours at ambient conditions,

Measurement Condition

TABULATION OF RESULTS:
The table on next page give the measured values.

Calibrated by:
vl Mr. Sorawit Thachalad
[ Miss littraporn Lertsomphaol

NAC

JIRANATE ASSOCIATES CO.,LTD.

Remark:
! Nozale cross-section area of the wind tunnel
‘ Projected cross-section area of the tested abject include mounting pipe
* Diameter of mounting pipe
4 SR
Ratio " to

pproved signatory: ...

Calibration procedure:

The wind direction sensor was calibrated against
Standard Rotary Encoder model:  AX1009T5-
DMO4-P3-5-U0 in an close test-section of Eiffel-
type wind tunnel with 500 em’ cross test seclion
area. The WI-CL-008 based on 1EC 61400-12-1,
Wind energy generatinon systems — Part 12-1.
Power performance measurements of electricity
producing wind turbines, March 2017 was used as
a calibration guideline.

Traceability:

This certificate provides a traceability of The
measurement to recognized the national
standards, ohd to realization of the international
system of units (SI) through the NIMT (National
Metrology Institute of Thailand) via Certificate
numhber: DA-0043-22

Uncertainty of Measurement:

The reported uncertainty of measurement 1s
based on the standard uncertainty multiplied by o
coverage factor k=2, Which for o narmal
distribution corresponds to a coverage probability
of opproximately 95%. The standard uncertointy
huos been determined in occordance with the
GUM "Evaluation of measurement

data - Guide to the expression of uncertainty in
measurement’

: The average values during measurement are (24.0)'C, (50.6) %RH and (1009.4) hPa,

‘)J(M

f

Mr., Parinya Booncharoen
Calibration Department Manager

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED

IN WRITING FROM THE LABORATORY



Certificate Number

CL-002-65

Page 2 of 2 Pages

MEASUREMENT RESULTS ®

The wind direction sensor was calibrated against standard rotary encoder by comparison method. During calibration, the measurement was carried oul at 457
imervals in clockwise and counterclockwise directions after offset adjustment has been made. The flow speed of wind tunnel {usually 5 m/s) is kept constant
while the sensor is rotated around its vertical axis. The results of calibration and associated measurement uncertainties are reported in the table below.

Air speed D'y4 D’ e Error U (k=2)
m/s Degree (°) Degree () Degree (°) Degree (°)
0.000 0 0 0.58
45,000 42 -3 0.74
89,999 88 -2 0.68
500 135.001 133 2 0.68
180,001 179 -1 0.68
225.000 215 0 0.68
270.000 271 1 0.68
315,000 318 3 0.74
Remark:

* Calibration results only count for the tested circumnstances and environmental conditions during which calibration took place
" Direction of standard

' pirection of Unit Under Calibration

***End of Certlficate of Calibration**~

NAC

[IRANATE ASSQCIATES CO., LTD.
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liranatee Associates Co. Lid
63/14-15, 67/35 36

Petehkasem 7,7/1, Rd Watthapra, Bangkokyal

Bangkak 10600 { Thailand)

Tel +LOORGEROAT .}

Mobale: 16863199453

E mail: jnac-calibration@jiranatee.com
Web site: www jiranatee.com

Page 1 of 2 Pages

MEASUREMENT ITEM
MANUFACTURER
MODEL/TYPE

SERIAL NUMBER
ID NUMBER

CONDITION AS-RECEIVED
CUSTOMER

RECEIVED DATE
MEASUREMENT DATE
ISSUE DATE

ENVIRONMENTAL CONDITIONS:

i

Accredited calibration loboratory
ISO/IEC 17025:2017
NSC-TISI-TIS 17025
CALIBRATION 0367

U

Air speed meosurement laboratory
Calibration services department.

Certificate Number

CL-002-65

CERTIFICATE OF CALIBRATION

: Cup anemometer

: Novalynx

1 Sensor: WS-02F

Data logger: 110-WS-25DL-D

: Sensor: WSD-012

Data logger: A5909

: RYG_FS0608

i New item

 ALS laboratory group (Thailand) co., Itd.
104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang,
Khet Suan Luang, Bangkok 10250 Thailand.

: 09 Nov 2022
117 Nov 2022
1 23 Nov 2022

Ambient condition in the laboratory are as follow:

Temperature
Relative Humidity
Atmospheric Pressure

PLACE OF CALIBRATION

CALIBRATION CONDITIONS

Preconditioning
Measurement Conditlon

TABULATION OF RESULTS:

The table on next page give the measured values.

Calibrated by:
¥ Mr, Sorawit Thachalad
{1 Miss Jittraporn Lertsomphol

Remark:

! Nozzle cross-section area of the wind tunnel

:23.0£3.0 C
1 55.0¢ 150 %RH
1 10104 10 hPa

: Eiffel-type wind tunnel of liranatee Associates Co., Ltd.

: Wind tunnel cross-section area’ 900 om’
Win direction frontal area’ 100 o’
Diameter of mounting pipe’ : mm
Blockage ratio of test object” 0111 [

: 24 hours at ambient conditions.

Calibration procedure:

The cup anemometer was calibrated against
Stondard air velocity transducer model: 8455-12
and pitol (ube with precision differential pressure
meter model: DPM2500 in an close test-section of
Eiffel type wind tunnel with 900 cm’ cross test
section area. The WI-CL-007 based on IEC 61400
12-1, Wind energy generation systems — Part 12-
1: Power petformonce  meosurements  of
electricity producing wind turbines, March 2017
was used as a calibration guideline,

Traceability:

This certificate provides o traceability of The
measurement ta recognized the national
standards, and to realization af the internatianol
system of units (SI) through the NIMT (National
Metrology Institute of Thailand) via Certificate
number: MW-0052-21 and MW-0066 22

Uncertainty of Measurement:

The reported uncertainty of measurement is
based on the stondard uncertainty multiplied by o
coveroge factor k=2, Which for a narmal
distribution corresponds to a coverage probability
of approximately 95%. The standard uncertainty
hus been determined in accordance with the GUM
‘Evaluation of measurement

duta - Guide to the expression of uncertainty in
measurement 4

: The average values during measurement are (23.8) °C, (46.3) %RH and (1014.7) hPa.

pproved signatory: ...

NAC

JIRANATE ASSOCIATES CO,, LTD.

% Projected cross-section area of the tested object include mounting pipe

? Diameter of mounting pipe
4 ¢ |
Ratio " to

Mr. Parinya Booncharoen
Calibration Department Manager

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED

IN WRITING FROM THE LABORATORY



Certificate Number

CL-002-65

Page 2 of 2 Pages

MEASUREMENT RESULTS °

The cup anemometer, Unit Under Calibration (UUC) was exercise at 10 m/s for 5 minutes prior to calibration being performed. The standard air velocity 0.5 m/s
ta 5 m/s was caleulated by a standard air velocity transducer and above 5 m/s to 30 m/s was calculated by a pitot tube with precision differential pressure
meter which was installed 40 mm and 300 mm respectively away from wind tunnel nozzle, UUC was installed at center of the test section. The calibration was
carried oul under both rising and falling air velocity in the range of 1 m/s to 16 m/s at calibration interval of 1 m/s. The resulis of calibration and associated
measurement uncertainties are reported in the table below.

Viid Temp. wind tunnel Temp. room Ve Error U (k=2)
(m/s) °0) (°c) (m/s) (m/s) (m/s)
0.988 23.90 23.80 0.8 -0.2 0.15
2.035 23.70 23.80 1.8 -0.2 0.16
3.040 23.90 23.80 2.8 -0.2 0.19
4.194 23.60 23.80 38 -0.4 0.20
5.01 23.70 23.80 4.8 -0.2 0.19
6.00 23.78 23.80 5.8 -0.2 0.17
7.08 23.80 23.80 6.8 -0.2 0.18
8.18 23.60 23.80 8.0 -0.2 0.20
9.10 23.80 23.80 B.9 -0.2 0.20
10,09 23.64 23.80 9.9 -0.2 0.21
1118 23.56 23.80 109 -0.3 0.21
12,16 23.66 23.80 11.9 -0.3 0.21
1320 23.52 23.80 12.9 -0.3 0.22
14.26 23.60 23.80 14.1 -0.2 0.22
15.25 23.58 23.80 15.0 -0.2 0.22
16.30 23.60 23.80 16.2 -0.1 0.24

Remark:
Calibration results only count for the tested circumstances and envirenmental conditions during which calibration took place

" velocity of standard

"Velocity of Unit Under Calibration

PHOTO OF CALIBRATION SET-UP

Calibration set up of the cup anemometer calibration in the wind tunnel of Jiranatee Associates Co., Ltd. The cup anemometer shown may differ from the
calibrated one, Remark: The proportion of the set up is not true to scale due to imaging geometry.

"**End of Certifiggte of Calibration{**

NAC

JIRANATE ASSOCIATES CO., LTD.




63/14-16,67/356-36, Soi Pelchkasem7,7/1, Pelchkasem Rd,
Walthapra, Bangkokyai, Bangkolk 10600 Thailand.
TTel: (66) 02-86808121#13 fax: (66) 02-8080860 www.jiranalee.com
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NAC

NSE - TISE TS 700
CALIBHAYION 034/

CERTIFICATE OF CALIBBATION

Equipment Name: Data Logger with Temperature
Sensol

Manufacturer: Novalynx

Model: 110-WS-25DL D

Serial No.; AbO09

ID No.: RYG_FSO608

Customer

Name: ALS laboratory group (Thailand) Co.,LLd.
Address: 104 Phatthanakan 40, Phatthanakan
Rid..Khwaeng Suan Luang, Khel Suan Luang, Bangkok
10250Thailand.

Reference Used During Calibration

1.Standard Temperature Probe Model: STS- 100 AS00,
Serial No.: 667682 09, Due date: 23 Mar 2023
2.Digital Temperature Indicator Model: DTI-1000 A MK
I, Serial No.: 671407-00591 Due dale: 22 July 2023

Calibration Procedure

The temperature calibration was done by In-House
calibration method as WI-CL-001 according Lo
comparison method with standard digilal lemperalure
indicator and standard temperature probe. The
lemperature scale use was based on [T5-90.

Cenificate No.: CL-157-65
Page 1 of 2

Received date: 09 Nov 2022
Calibration date: 18 Nov2022
Issue date: 23 Nov 2022

Calibration Condition
Temperature: (2343)°C
Relative Humidity: (65+15)%

Traceability

The measurement resulls are traceable to the
international system of units (S1) through National
Institute of Melrology Thailand (NIMT) Cerlificale
number: TT-0034.22, Cettificate number: ER-0092
22

%\

N

Calibrated by
¥ Mr. Sorawit Thachalad
[ 1 Miss Jittrapom Lertsomphol

J

NAC

roved Signatory: ...

Mr. Parinya Booncharoen
Calibration Department Manager

A

JIRANATE ASSOCIATES CO.,LTD.

THIS CERIICICATC MAY NOI DB Hepiocchucen cxoc’l IN Ul

130N

UNLECSS PECHRMISSION 0O REPRODUCGHON HAS

QRITAINGD IN WRITING FROM THE LARGBATORY.
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J 63/14-156,67/356-36, Soi Pelchkasem?,7/1, Pelchkasem Rd, %
Wallhapra, Banghkokyai, Bangkok 10600 Thailand. ’-'//rts“ s

NAC’ Tel: (66) 02-86808121H13 Max. (G6) 02-8680860 www.jiranalee.com

WAL IS s o
CALIMRATION (180 f

Certihicate No.: CL- 1L /7 Gh
Page 2 of 2

Result of Calibration:- 1 Without Adjustment [ I With Adjustiment
Calibration Range: 20-40°C

Function:
This equipment was connected with temperature sensor Model: HMP60 S/N: U3641220.

Dimension : Diameter 12 mm. Length 80 mm.

Immersion Standard uuc

Depth Reading Reading Error Uncertainty

(mm) ("C) ("C) (") ("C)
(610] 19.98 19.9 0.1 0.30
60 25.00 24,8 0.2 0.30
60 30.00 208 0.2 0.30
60 35.01 34./ -0.3 0.30
GO 40.01 395 0.5 0.30

UUC*: Unit Under Calibration
e reported expanded uncertainty is based on standard uncertainty multiplied by a coverage factor k=2 providing, a level of
confidence of approximaltely 95%

¥% End of Certificate %

NAC

JIRANATE ASSOCIATES CO,,LTD,




J 63/14-15,67/35-36, Soi Pelchkasem?7,7/1, Pelchkasem Rd,
Wallhapra, Banghokyai,Bangkok 10600 Thailand.
NAC Tel: (66) 02-8680812#13 Fax.: (66) 02-8680860 www.jiranatee.com

CERTIFICATE OF CALIBRATION

Calibralion No. : RH-02112022
Page 1 of 1 Pages

Measuremenl llem : Relalive humidily wilh dala logger
Manufacturer ¢ Novalynx

Maodel/Type S 110-WSs . 25D1 D

Serial Number : ALOOD

10 No.  RYG FS0608

Cuslomer . ALS laboratory group (Thailand) Co., Lld.

: 104 Phallhanakan 40, Phallhanakan Rd., Khwaeng Suan Luang, Khel Suan Luang, Bangliok
10250 Thailand.

Environmental Condition:

The measurement was carried oul in an ambienl lemperalure ol (25+3)°C, and relalive humidily of (60415)%.

Measuremenl Melhod:
Unil Under Calibration (UUC) was calibrated by comparison melhod with slandard thermo hygrometer in the humidily gen-
eralor chamber to delermine lhe errors.

Traceahilily:

This instrumenl was calibraled using slandard equipmenl whose accuracy is lraceabilily lhrough National Inslilute of
Slandards and Technology lo the internalional system of units (S1) via MCS Calibration, Inc. Cerlificale number:
20314-101. Due dale: Mar 14,2023,

Measurement Date : Nov 18, 2022
Issued Dale : Nov 23, 2022

Measurement Hesulls:

This equipment was connected with Indoor ait quality probe and Displayed (UR) on display. Model: HMP60, Serial num
ber: U364 1220

Calibration was performed in lhe range of 20%RH lo 80%RH

The resulls of calibralion are reporled in lable below.

Determined Standard (euuing UUC geadiog Grror Uncertainty
(%RH) (H%RH) (%RH) (S6RH) (% RH)

20 19.94 17.4 -2.5 057

60 | H0.31 47.1 -3.3 0.656

80 80.30 /7.4 2.9 67

PEZ

Performed by Appipved Signalory: 5
M Mr. Sorawit Thachalad H Mr. Parinya Booncharoen.
[ Miss Jitlraporn Lertsomphol Calibration Department Manager

NAC

JIRANATE ASSOCIATES CO,, LTD.

IHIS CALIBRATION REPORT MAY NOT BE REPROCEDUCED GXCCPT IN FULL UNLESS PERMISSION FOR REPRODUC
TION HAS BEEN OBTAINED IN WRITING FROM THE LABORATORY.



NAC Accredited colibration laboratory

IMICASNANTEL ASSOC IANTESEEr D ISO/IEC 17025:2017
NSC-TISI-TIS 17025
Jranatee Associates Co. Ltd CALIBRATION 0367
63/14-15 67/35 26
Petchkasem 2, 7/1, Rd Watthapa, Bangkokya Air speed measurement laboratory
Bangkek 10600 (Thatland) Colibration services department.
Tel +6LOB680812 Certificate Number

Motile: 166863999453
Eomal nac-calibration@jiraratee com
Web she www iranatee.com CL-006-65

CERTIFICATE OF CALIBRATION

Page 1 of 2 Pages

MEASUREMENT ITEM : Cup anemometer Calibration procedure:
MANUFACTURER : Novalynx The cup anemomeler was colibrated agoinst
MODEL/TYPE - Sensor: WS-02F Stondard air wefr?w'!y trcr‘nfdur.f:'r ﬂ'lﬂdf'r'.' 8455-12
Data logger: 110-WS-25DL-D and pitot tube with precision differential pressure
SERIAL NUMBER . Sensor: WSD-016 meter nmrh'.l:_ DPM2500 in an close ;”} -seclion af
Fiffel type wind tunnel with 900 cm” cross lest
Duta logger A0 section area. The WI-CL-007 based on IEC 61400-
ID NUMBER : RYG_F50603 12-1, Wind energy generation systems — Part 12-
CONDITION AS-RECEIVED : New item 1:  Power petformance meosurements  of
CUSTOMER : ALS laboratory group (Thailand] co., Itd. electricity producing wind turbines, March 2017

104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang, as used as a calibration guideline.
Khet Suan Luang, Bangkok 10250 Thailand.

Traceability:
RECEIVED DATE . 09 Noy 2022 This certificate provides _n !mreuh:’.’ir_y of The
MEASUREMENT DATE . 18 Nov 2022 meusur?merlr to fe.coglmzer’d the na!{onﬂf |
standards, and to realization of the international
ISSUE DATE : 23 Nov 2022 system of units (SI) thraugh the NIMT (National
Metrology Institute of Thailand) via Certificate
ENVIRONMENTAL CONDITIONS: number: MW-0052-21 ond MW-0066 22
Ambient condition in the laboratory are as follow:
Temperature :23.0£3.0 i o Uncertainty of Measurement:
Relative Humidity 15504150 %RH The reported uncertainty of measurement is
Atmospheric Pressure 11010+ 10 hPa based an the standard uncertainty multiplied by o

coverage fuctor k=2, Which for a normal
distribution corresponds to a coverage probability
PLACE OF CALIBRATION : Eiffel-type wind tunnel of liranatee Associates Co., Ltd. of opproximalely 95%, The standard uacertalnty
has been determined in accordance with the GUM
‘Fvaluation of measurement
dota - Guide to the expression of uncertointy in

CALIBRATION CONDITIONS : Wind tunnel cross-section area’ 900 em’ '
i Il 2 " measurement
Win direction frontal area 100 o
Diameter of mounting pipe’ = mm
Blockage ratio of test object* 0,111 []
Preconditioning : 24 hours at ambient conditions.
Measurement Condition : The average values during measurement are (23.7) °C, (49.5) %RH and (1011.2) hPa.
TABULATION OF RESULTS:

The table on next page give the measured values.

S

Calibrated by: AP PTOVEE SIBNAEOIVE i...vvoiitsmissramsiaissssnsiitstsserapstisipsissessss
[¥1 Mr. Sorawit Thachalad Mr. Parinya Booncharoen

-
[1 Miss Jittraporn Lertsomphaol NAG Calibration Departiment Manager

JIRANATE ASSOCIATES CO,, LTD.

Remark:
! Nozzle cross-section area of the wind tunnel
£ Projected cross-section area of the tested object include mounting pipe
* Diameter of mounting pipe
a 2 1
Ratio " to

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED
IN WRITING FROM THE LABORATORY



Certificate Number

CL-006-65

Page 2 of 2 Pages

MEASUREMENT RESULTS >

The cup anemometer, Unit Under Calibration (UUC) was exercise at 10 m/s for S minutes prior to calibration being perfarmed. The standard air velocity 0.5 m/fs
o S m/s was calculated by a standard air velocity transducer and above 5 m/fs to 30 m/s was calculated by a pitot tube with preasion differential pressure
meter which was installed 40 mm and 300 mm respectively away from wind tunnel nozzle, UUC was installed at center of the test section. The calibration was
carried out under both rising and falling air velocity in the range of 1 m/s to 16 m/s at calibration interval of 1 mfs. The results of calibration and associated
measurement uncertainties are reported in the table below.

Vit Temp. wind tunnel Temp. room v Error U (k=2)
(m/s) (°c) (’c) (m/s) (m/s) (m/s)
0.971 23.98 23.70 0.8 -0.2 0.15
2.042 23.46 23.70 1.8 -0.2 0.16
3.069 23.90 23.70 2.8 -0.2 0.21
4.221 23.60 23.70 39 0.4 0.20
5.02 23.80 23.70 4.8 -0.2 0.20
5.99 23.84 23.70 58 -0.2 0.19
7.06 23.66 23.70 6.8 0.2 0.18
i Bk 23.78 23.70 79 -0.2 0.18
9.10 23.60 23.70 8.8 -0.3 0.22
10.089 23.74 23.70 9.9 -0.2 0.19
11.16 23.68 23,70 10.9 -0.2 0.22
12.14 23.94 23.70 11.8 -0.3 0.22
13.19 23.70 23.70 13.0 -0.2 0.22
14,27 23.94 23.70 13.8 -0.4 0.22
15.25 23.78 23.70 15.1 -0.2 0.26
16.30 23.84 23.70 15.9 -0.4 0.25

Remark:

* Calibration results only count for the tested circumstances and environmental conditions during which calibration teok place
“Velocity of standard

"Velocity of Unit Under Calibration

PHOTO OF CALIBRATION SET-UP

Calibration set-up of the cup anemometer calibration in the wind tunnel of liranatee Associates Co., Ltd. The cup anemometer shown may differ from the
calibrated one. Remark: The proportion of the set- up is not true to scale due to imaging grometry.

**+fnd of Certificate gjf Calibration**

NAC

JIRANATE ASSOCIATES CO., LTD,




NAC

JIRANAL Y NSNS TN

Iranatee Associates CoLtd
63/14-15, 67735 36

Petehkasem 7,7/1, Rd Watthapra, Banghobyar,

Hangkok 10600 (Thasland)
Tel: +HOOBGE0812
Mobile: 166863959453

Eomail: nac-cabbration@)iranatee com

Web site: www.iranatee com

Page 1 of 2 Pages

MEASUREMENT ITEM
MANUFACTURER
MODEL/TYPE

SERIAL NUMBER

ID NUMBER
CONDITION AS-RECEIVED
CUSTOMER

RECEIVED DATE
MEASUREMENT DATE
ISSUE DATE

ENVIRONMENTAL CONDITIONS:

vk £ 0 45

Accredited calibration lnboratory
ISO/IEC 17025:2017
NSC-TISI-TIS 17025
CALIBRATION 0367

Air speed measurement laboratory
Calibration services department.

Certificate Number

CL-006-65

CERTIFICATE OF CALIBRATION

: Wind Direction Sensor
: Novalynx
: Sensor: WS-02F

Data logger: 110-WS-250L-D

: Sensor; WSD-016

Data logger: AS910

. RYG_FS0609
. New item
1 ALS laboratory group (Thailand) co., Itd.

104 Phatthanakan 40, Phatthanakan Rd, Khwaeng Suan Luang,
Khet Suan Luang, Bangkak 10250 Thailand.,

09 Nov 2022
18 Nov 2022
1 23 Nov 2022

Ambient condition in the laboratory are as follow:

Temperature
Relative Humidity
Atmospheric Pressure

PLACE OF CALIBRATION

CALIERATION CONDITION

Preconditioning
Measurement Condition

TABULATION OF RESULTS:

:23.0+£3.0 €
:55.0%15.0 YRH
: 10104 10 hPa

. Eiffel-type wind tunnel of Jiranatee Associates Co., Ltd.

: Wind tunnel cross-section area’ 900 m’
Win direction frontal area’ 129 em’
Diameter of mounting pipe! = mm
Blockage ratio of test object” 0143 |

: 24 hours at ambient conditions.
: The average values during measurement are (24.1)°C, (45.1) %RH and (1012.5) hPa.

The table on next page give the measured values.

Calibrated by:
[v]1 Mr. Sorawit Thachalad

[] Miss Jittraporn Lertsomphol

Remark:

"Nozzle cross-section area of the wind tunnel

Calibration procedure:

The wind direction sensor was colibrated agoinst
Standard  Rotary  Encoder  model:  AX4009TS-
DMO4-P3-S Ul in an close lest-section of Eiffel
type wind tunnel with 900 em’ crass test section
area. The WICL-008 bosed on IEC 61400-12-1,
Wind energy generotion systems — Part 12-1:
Pawer performance measurements of electricity
producing wind turbines, March 2017 was used as
a calibration guideling.

Traceability:

This certificate provides a troceability of The
measurement to recagnized the national
standards, and to realization of the internationnl
system af units (SI) thraugh the NIMT (National
Metrology Institute of Thailand) via Certificate
number: DA 0043-22

Uncertainty of Measurement.

The reported uncertointy of measurement is
based on the standard uncertainty multipfied by o
coverage foctor k=2, Which for a normal
distribution corresponds to a coverage probability
of approximately 95%. The standard uncertainty
has been determined in accordonce with the GUM
‘Fvuluation of measurement

dota - Guide to the expression of uncertainty in
measurement’

Pl
Approved signatory: .. ...

NAC

\J[RANATE ASSOCIATES CO., LTD.

% Projected cross-section area of the tested object include mounting pipe

? biameter of mounting pipe
4 1, 1
Ratio " to

Mr. Parinya Booncharoen
Calibration Department Manager

THIS CERTIFICATE OF CALIBRATION MAY NOT BE REPRODUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUCTION HAS BEEN OBTAINED

IN WRITING FROM THE LABORATORY



Certificate Number

CL-006-65

Page 2 of 2 Pages

MEASUREMENT RESULTS °

The wind direction sensor was calibrated against standard rotary encoder by comparison method. During calibration, the measurement was carried out at 45°
intervals In clockwise and counterclockwise directions after offset adjustment has been made. The llow speed of wind tunnel {usually 5 m/s) is kept constant
while the sensor is rotated around its vertical axis. The results of calibration and associated measurement uncertainties are reported in the table below.

Air speed D'y ) g Error U (k=2)
m/s Degree (°) Degree (°) Degree (°) Degree (°)
0.000 0 0 0.58
45.000 44 -2 0.76
90.000 87 -3 0.58
135.000 132 -3 0.68
e 180.000 177 3 0.68
225.000 222 3 0.58
270.001 270 0 0.74
315.000 318 3 0.58

Remark:
" Calibration results only count for the tested circumstances and environmental conditions during which calibration took place

" Direction of standard

" Direction of Unit Under Calibration

***ngd of Certificate of Calibration®**

IRANATE A 1
] E ASSOCIATES €o., LD,



J[ 63/14-15,67/35-36, Soi Pelchkasem?7,7/1, Pelchkasem Rd,
L Watthapra, Bangkokyai,Bangkohk 10600 Thailand.
NA(—' Tel: (66) 02-8680812#13 Fax. (66) 02-8680860 www.jiranalee.com

CERTIFICATE OF CALIBRATION

Calibralion No. : HH-06112022
Page 1 of 1 Pages

Measuremenlt Ilem © Helative humidily with dala logger
Manulacturer - Novalynx

Madel/Type S 110-WE-25DL-0

Serial Number P ADL210

1D No. : RYG r3S0609

Cuslomer © ALS laboratory group (lhailand) Co., Lld.

- 104 Phalthanakan 40, Phallhanakan Bd., Khwaeng Suan Luang, Khel Suan Luang, Banghoh
10250 Thailand.

environmental Condilion:
The measurement was carried oul in an ambienl lemperature of (25+3)°C, and relalive humidily of (50+15)%.

Measurement Melhod:
Unil Under Calibralion (UUC) was calibraled by comparison method wilh slandard (hermo hygrometer in lhe humidity gen-
eralor chamber lo determine lhe errors.

Traceabilily:

This instrument was calibrated using slandard equipmenl whose accuracy is lraceability through Nalional Institule  of
Slandards and lechnology to the inlernalional system of units (81) via MCS Calibration, Inc. Cerlilicale number:
20314-101. Due dale: Mar 14,2023,

Measurement Dale : Nov 18, 2022
Issued Date : Nov 23, 2022

Measurement Resulls:

This equipment was connecled with Indoor ait quality probe and Displaycd (UR) on display. Model: HMP 60, Serial num-
ber: U3641223

Calibralion was performed in lhe range of 20%RH to BU%RH

The resulls of calibration are reporled in lable below.

Determined Standard (easing UUC eading) Crror Uncertainly
(%R H) (%HH) (HRH) (%H1H) 2(%HH)
20 1998 | 17.6 24 R 0.66
i 50 5028 47.3 30 | 061
80 80.30 /7.6 2.7 0.62

7S
Performed by Auprlm Signatory: ’;l
[¥] Mr. Sorawit Thachalad Mr. Parinya Booncharoen.

(] Miss Jiltraporn Lerlsomphol NA@ Calibration Deporlment Manager
L

IRANATE ASSOCIATES CO,, LTD.

THIS CALIBRATION REPORT MAY NOIT BE REPROCEDUCED EXCEPT IN FULL UNLESS PERMISSION FOR REPRODUC-
TION HAS BEEN OBTAINED IN WRITING FROM THE LABORATORY.



63/14-16,67/36-36, Soi Pelchkasem?/,//1, Pelchkasem [1d,
Wallhapra, Bangliohkyai, Bangkolk 10600 Thailand.
TTel: (66) 02-8680812/13 fax: (66) 02-8680860 www.jiranalee.com
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CERTIFICATE OF CALIBRATION

Equipment Name: Dala [ ogger wilth Temperature
Sensor

Manufacturer; Novalynx

Model: 110-WS-25DL-D

Serial No.: AL910

ID No.: RYG_FS0609

Customer

Name: ALS labaratory group (Thailand) Co., Ltd.
Address: 104 Phatthanakan 40, Phatthanakan
Rd..Khwaeng Suan Luang, Khet Suan Luang, Bangkok
10250 Thailand.

Reference Used During Calibration

1.Standard Temperature Probe Model: STS 100 AL00,
Serial No.: 66768209, Due date: 23 Mar 2023
2.Digital Temperature Indicator Model: DTI-LO00 A MK
I, Serial No.: 671407 00591 Due date: 22 July 2023

Calibration Procedure

Ihe temperature calibration was done by In House
calibration method WI CL 001 according to
comparison method wilth slandard digilal lemperalure
indicator and standard temperature probe. The
temperature scale use was based on 115-90.

s

Certificate No.: CL 16165
FPage 1 of 2

Received date: 09 Nov 2022
Calibration date: 18 Nov2022
Issue date: 23 Nov 2022

Calibration Condition
Temperature: (23+3) C
Relative Humidily: (55+15)'4,

Traceability

The measurement resulls are traceable to Lhe
international system of units (SI) through National
Institute of Metrology Thailand (NIMT) Cerlilicale
number: TT-0034 22, Cettificate number: ER-0092
22

—

=W

]

NAC

Calibrated by
V1 Mr. Sorawit Thachalad
[ 1 Miss Jittraporn Lertsomphol

pr

APDYOVEd SIBNAIOTYY «..conisionesssorrosrrssismassonsmnsyssmnsnssins
Mr. Parinya Booncharoen

Calibration Department Manager

[IRANATE ASSOCIATES CO.,LTD.

IS CEHTIPICATS MAY NOT DC Reriocenucel) excocit) IN rull
BCCN

UNLCSS PORMISSION O HCPRODUCTION HAS

OBRTAINED IN WHITING FPROM THE LABORATOQRY.
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63/14-165,67/35-36, Soi Melchkhasem7,7/1, Pelchkasem Rd, iﬁﬁﬁm&
C Wallhapra, Banghokyai, Bangkok 10600 Thailand. ’z,f/r}?;\‘;x“ .
NA Tel: (66) 02-86808121113 (ax. (66) 02-8680860 www.jiranalee.com Wk A TR

CALIBRATION (146

Cemlicate No.: GL 161-Gh
Page 2 of 2

Resull of Calibration:- [l Without Adjustment 1 T With Adjustment
Calibration Range: 20-40 C
Function:

This equipment was connected with temperature sensor Model: HMPGO S/N: U3641223,

Dimension : Diameter 12 mm. Length 80 mm.

Immersion Standard uuc

Depth Reading Reading Error Uncertainty

(mm) (‘c) ("C) ) ("C)
60 20.03 19.8 0.2 0.30
60 25.02 24.8 0.2 0.30
GO 30.00 29.7 0.3 0.30
GO 35.00 34.6 -0.4 0.30
60 40,00 39.5 0.5 0.30

UUC*: Unit Under Calibration
The reported expanded uncertainty is based on standard uncertainty multiplied by a coverage factor k=2 providing a level of
confidence of approximately 957

]IIKAN,-\TI:‘. ASSOCIATES €O, LTD,




© 2021 by Agilent Technologies Agilent CrossLab Compliance Services

Certificate of System Qualification
GC-0Q + GCMS-0Q

System ID: RYG_ENO136

Crganization Narme: ALS Laboratory Group ( Thailand } Co Ltd.

Organization Location: 616/10 Moo 5, Tambol Mae Nam Koo, A.Pluakdaeng, Rayong,21140, Thailand

Date: July 7, 2022 11:27:53 AM REVIEW BY ngw\f
EQP Name: AgilentRecommended , AgilentRecommended API;’ROVED BY ‘Q ...... & ‘—
EQP Revision: GC.02.52, GCMS.02.52

Overall Qualification Status: Pass NEXT CAL. DATE O"]kd’]l%

C CDS Logon Verification - GC

Logon: ;dej.changchon

Overall CDS Logon Verification - GC Test Status

|Pass i

System Inspection and Basic Safety and Operation

Name: §7890

Setpoint Status: iPass

Overall System Inspection and Basic Safety and Operation Test Status

} Pass }

C Inlet Pressure Accuracy

Name: 7890 S
Front SSL
Setpoint Status: |Pass N T
Setpoint Actual
Inlet Pressure: 155-6“_—[ psi 5—5N1 ~~~~~~~~~ ! psi
. (N
Accuracy: i0"1— ______ o ‘ psi
f\?lient Recorfnmended. ii__ '..1_'2“ f—f { 7
Date: July 7, 2022 11:27:53 AM
System ID: RYG_ENQ136

Page1/17



® 2021 by Agilent Technologies

Overall Inlet Pressure Accuracy Test Status

Agilent CrossLab Compliance Services

|Pass o |
GC Oven Temperature Accuracy
Name: !7890 lE
S ]
Setpoint Status: |Pass !
U e R j
Zone: Oven
Setpoint/Actual
Temperature: i230.0—w 2306 1 °C
Accuracy: o _:06 N °c L (
Agilent Recommended: !>f 10 | %setpointin K (|60 T c )
i . R . X “
<= 1.0 1% setpoint in K { Ls.o |°C )
Setpoint Status: B_a;s D |
i . e et et e e o e i ok ]
Zone: iOven
Setpoint/Actual
Temperature: 1000 998 1} °C
Accuracy: FO— 1 —_I e
Agilent Recommended; E;;—_;“J .0 o }% setpoint in K )
L i e e s
= 1.0 | % setpoint in K )

Overall GC Oven Temperature Accuracy Test Status

% Pass

GC Oven Temperature Stability

Name; 17890

o
AN !
Setpoint Status: |Pass {
b e e e e _ |
Setpoint/Average
Ternperature: 1000 fﬁ9é791 6%777 °C
Stability: 01 |ec
o o
Agilent Recommended: . <= .05 !
Overall GC Oven Temperature Stability Test Status
Pass E
Date: July 7, 2022 11:27:53 AM
System ID: RYG_ENO136

Page 2/17



© 2021 by Agilent Technologies

Agltent CrossLah Compliance Services

Overall Tune El Test Status

i Pass

Log Amp

Tested Combination1 Front 8S5L { Extarnal 5Q

Name: 559775 ;

Setpoint Status: EPass ) I

Overall Log Amp Test Status

Pass T B :

RFPA

Tested Combination? Front S5L / External sQ

Name: |se778 - |
. Setpoint Status: IPass o 'r

Amu: 1050 |mz Drift After Five Minutes: RFPA Voltage:

oo r s i ot
i.1 l my I479 i mv

Agilent Recommended: >= 000 U and <= 100 | fe="t100 ]

Overall RFPA Test Status

Pass '

Tune El

Tested Combinationi Front SSL ! External 50

Name: 159778 i

Setpoint Status: .[Fass ________________ ;

Filament: b ‘

Setpoint Status: iPass T

Filament: (2 _,

Signal to Noise El

Date:
System ID:

July 7, 2022 11:27:53 AM
RYG_ENO136

Page 3/

17



© 2021 by Agilent Technologies Agilent CrossLab Compliance Services

Tested Combination Front SsL ! External 3Q

Name: B
Source: [El- Extractor - : Filament: ]T ________ —]
Setpoint Status: {Pass - E

Signal to Noise:

Agilent Recommended: i>= 11200 |
Source: |El - Extractor | Filament: i2 ]
Setpoint Status: |Pass . j
Signal to Nolise: “2097 i
Agilent Recommended: 1>= {1200 '

This test’s 2 comment(s) and 7 deviation(s) are available in the Attachments section.

Overall Signal to Noise El Test Status

EPass
Date: July 7, 2022 11:27:53 AM
System ID: RYG_EMNC136
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Instrument Details

Purpose

This section describes the as found system configuration.

Details

System
System ID
Manufacturer
Name
Flow Data Input
Temperature Data Input

Tested Combination

[njection Technique
Inlet
Detector

LTM Included?

RYG_ENO0136
Agilent Technologies
7890

Manual Data

Manual Data or Other Data Logging

Manual Injection
Front
External

No

Agilent CrossLab Compliance Services

Sampler 1
Manufacturer Agilent Technologies
Type Manual Injection
Usage Sample Injection
Syringe Volume {pL) 10

Mainframe 1
Manufacturer Agilent Technologies
Name 7830
Model Number G3442B
Serial Number CN16463238
Firmware Revision B.02.04.3
Component ID/Asset No. 081117000236
Oven Type Standard

Date: July 7, 2022 11:27:53 AM

System ID: RYG_EN0136
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Inlet 1

Manufacturer
Narme

Type
Location
Carrier Gas
Control Type

Purged Inlet

Detector 1

Manufacturer
Name
Type

Location

Mass Spectrometer 1

Manufacturer

Type

Name

Serial Number
Firmware Revision
High Vacuum System
Scouting Run Standard

Component ID/Asset No.

MS El Source 1

Manufacturer
Source Type

Number of filaments

Agilent Technologies
7890

sSsL

Front

Helium

Electronic Pressure Control {EPC)

Yes

Agilent Technologies
Mass Spectrometer
Mass Spectrometer

External

Agilent Technologies
sQ

8977B

Us1701M008

5977 6.00.34

Turbo Pump

OFN Std

081117000236

Agilent Technologies
E! - Extractor

2

Agilent CrossLab Compliance Services

Date: July 7, 2022 11:27:53 AM
System ID: RYG_EN(136
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Electronic Signature

Purpose

This signature page was created and published because the ACE sign-off action was executed, which is valid for the entire document,
including attachments. The ACE sign-off is an electronic signature that requires two distinct identification components: unique username
and personal password. The Agilent representative who has delivered this service understands the meaning and lega! status of an
electronic signature. As a trained official operator, the Agilent representative has a unique password and logon to access ACE and
electronically sign this document. (Other e-signatures can be applied to this document using a Document Content Management or other
suitable method defined in your data access and control procedures.)

Details

Full Name of Signer: Eaknarin Puangsopa

Logged On User Name: eaknarin_puangscpa@agilent.com

Signature Creation Date: July 7, 2022

Reason for Signature: Executed protocol and published this original version of document

Regulatory Disclaimer

This document provides a protocol to verify and record instrument configuration and evidence of proper operation. It has been prepared from cur
interpretation of applicable regulations as well as industry best practices. The document is designed to provide an important component of a complete
compliance package. Validation depends upon many factors and use of this protocol alone does not assure compliance. Agilent Technelogies makes no
promises or representations as to its sufficiency for any specific regulatory program.

Warranty

Agilent Technologies makes no warranty of any kind to this material, including but not limited to, the implied warranties or merchantability and fitness for
a particular purpose. Agilent Technologies shall not be liable for errors contained herein or for incidental or consequential damages in connection with the
fumishing, performance, or use of this material.

Date: July 7, 2022 11:27:53 AM
System ID: RYG_EN0136
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User Name: eaknarin_puangsopa System ld: RYG_EN0138
Hostname: ASRYGW7002 Print Date: July 7, 2022 11:27:56 AM
ALS_RYG_EN0136 Transaction log :
Time Transaction Activity Type of Transaction Optional Informatlion
State Performed
July &, 2022 1:11:54 PM Audit SessionCreated  Session None
July 6, 2022 1:11:54 PM Start Conlfiguration Session None
July 6, 2022 1:11:54 PM Audit Entitlement Licensing User is Nonpaying and does
not require an unlock code
July 6, 2022 1:17:18 PM Audit Egploaded Session EQP details for primary
technique [Gc] -
File path:
[ProtocolPacks/Ga/Configurat
ions/02.52/G¢.02.52.eqp],
EQP File Name:
[Ge.02.52.eqp], EQP Name:
[AgilentRecommended]
EQP details for hyphenated
technique [GeMs] -
File path:
[ProtocolPacks/GeMs/Conlig
urations/02,52/GcMs,02.52.e
qpl. EQP Fils Name:
[GeMs.02.52.eqp), EQP
Name:
[AgilentRecommended]
July 6, 2022 1:17:25 PM End Configuration Session None
July 8§, 2022 1:17:28 PM Slar Qualiication Session oG
July 6, 2022 1:17:30 PM Slart Execulicn CDS Logon Verification - GC :  None
- Qualitative test
July 6, 2022 1:19:43 PM End Execution CDS Logon Verification - GC :  RunCeunt: 1
- Qualitative test
July 6, 2022 1:19:46 PM Starl Execution System Inspection and Basic None
Safety and Operation - 7890: -
Clualitative Test - No setpoints
assogiated
Page 1/10

Date:
System ID:

July 7, 2022 11:27:53 AM
RYG_END136
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Agilent CrossLab Compliance Services

Print Date: July 7, 2022 11:27:56 AM

System ld: RYG_EN0136

Activity
Performed

Type of Transactlon

Optional Information

Execution

Execution

Execution

Execution

Data

Execution

Execution

Execution

Data

System Inspection and Basic
Safety and Operation - 7830: -
Cualitative Test - Mo setpeints
associated

Inlet Pressure Accuracy - Front
S5L: - Pressure Controlled Inlet
- 5:26.0 psi- L: <= 1.2 psi

Intet Pressure Accuracy - Front
S8L: - Pressure Contralled Inlet
- 8: 25,0 psi-L: <= 1.2 psi

GC Oven Temperature
Accuracy - 7830: - Temperature
:Oven-S:230.0°C-L:>=-1.0
AND <= 1.0 % setpoint In K

GC Qven Temperature
Accuracy - 7890: - Temperalure
: Qven- 8:230.0°C - L: >=-1.0
AND <= 1.0 % setpoint in K

GC Oven Temperature
Accuracy - 7890: - Temperature
:Oven-5:230.0°C-Li»=-1.0
AND <= 1.0 % setpoint in K

GC Oven Temperature
Accuracy - 78590: - Temperature
1 Oven-5:100.0°C-L:>=-10
AND <= 1.0 % setpoint in K

GG Oven Temperature
Accuracy - 7890: - Temperature
1 Qven - S 100.0°C - L2 >=-1.0
AND <= 1.0 % setpoint in K

GC Oven Temperature
Accuracy - 7890; - Tempereture
:Qven - 5:100.0°C - L: >=-1.0
AND <= 1.0 % setpoint in K

Page 2/10

Run Count: 1

None

Run Count: 1

None

Manual Data Entry

Run Count ; 1

Mone

None

Manual Data Entry

User Name: eaknarin_puangsopa
Hostname: ASRYGW7002
ALS_RYG_ENO136 Transaction log:
Time Transaction
State
July €, 2022 1:19:59 PM End
July 6, 2022 1:20:15 FM Start
July 6, 2022 1:21:43 PM End
( ' July B, 2022 1:21:45 PM Start
July 6, 2022 1:25:12 PM Audit
July 6, 2022 1:25:15 PM End
July 8, 2022 1;25:17 PM Start
July 6, 2022 1:25:32 PM Start
July 6, 2022 1:33:42 PM Audit
Date: July 7, 2022 11:27:53 AM

System ID: RYG_ENO136
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Agilent CrossLab Compliance Services

User Name: eaknarin_puangsopa System Id: RYG_ENG136
Hostname: ASRYGW7002 Print Date: July 7, 2022 11:27:56 AM
ALS_RYG_EN0136 Transaction log !
Time Transaction Activity Type of Transaction Optional Information
State Parformed
July 6, 2022 1:33:43 PM End Execution GG Oven Temperature Run Count : 1
Accuracy - 7880: - Temperature
1 Oven-5:100.0°C - L: »>=-1.0
AND <= 1.0 % setpoint in K
July 6, 2022 1:33:45 PM Start Execution GC Oven Temperature Stability None
- 7890: - Temperature : Oven -
5:100.0°C - L: <= 0.5°C
July 6, 2022 1:53:05 PM Audit Data GC Oven Temperaturs Stability Manual Data Entry
- 7890: - Temperature : Oven -
5:100.0°C - L: <= 0.5°C
July 6, 2022 1:53:07 PM End Execution GC Oven Temperature Stability Run Count : 1
- 7890: - Temperature : Oven -
S:1000°C - L: <= 0.5°C
July 6, 2022 1:53:11 PM Stant Executicn Log Amp - 5977B SQ: - Source: None
El - Extractor
July 6, 2022 1:57:10 PM End Execution Log Amp - 5977B SQ: - Source: Run Count: 1
El - Extractor
July 6, 2022 1:57:24 PM Start Execution RFPA - 5977B SQ: - Source: El None
- Extractor
July 6, 2022 2:09:24 FM End Execution RFPA - 59778 SQ: - Source: El Run Count: 1
- Exiraclor
July 6, 2022 2:09:28 PM Start Execution Tune El - 53778 3Q: - Source: - None
El - Extragtor Filament 1
(Qualitative - No setpoints
associated)
July 6, 2022 2:24:46 PM End Qualkfication Session oQ
July 6, 2022 2:24;46 PM Start Reparting Session Nene
July 6, 2022 2:41:39 PM End Reparting Session None
July 6, 2022 2:41:39 PM Start Caonfiguration Session Nene
July §, 2022 2:41:40 PM End Configuration Session Nane
Page 3/10
Date: July 7, 2022 11:27:53 AM

System ID: RYG_EN0136
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Usar Name: eaknarin_puangscpa System Id; RYG_EN0D136
Hestname: ASRYGW7002 Print Date: July 7, 2022 11:27:56 AM

ALS_RYG_ENG136 Transaction log :

Time Transaction Activity Type of Transaction OCptional Information
State Performed

July 6, 2022 2:41:40 PM Stant Cualification Session oQ

July 6, 2022 2:41:40 PM Starl Execution Tune El - 5977B SQ: - Source: - None

El - Extractor Filament 1
{Qualitative - No setpoints
associated}

July 6, 2022 2:41:56 PM End Execution Tune EI - 58778 SQ: - Source: - Run Count: 1
El - Extractor Filament 1
{Clualitative - No setpoints
associated)

July 6, 2022 2:41:58 PM Start Execution Tune E1 - 5977B 5Q: - Scurce: - None
El - Extractor Filament 2
{Qualitative - No setpoinis

associated)
July 6, 2022 2:42:48 PM End Qualification Session oQ
July 6, 2022 2:42:48 PM Star Reperting Session Nane
July 6, 2022 2:50:52 PM End Reporting Sesslon None
July 6, 2022 2:50:52PM  Start Qualfification Session oa
July 6, 2022 2:50:52 PM Start Execution Tune El - 5977B 5Q: - Source: - None

El - Extractor Filament 2
{Qualitative - No setpoints
associated)

July 6, 2022 2:51:12 PM End Qualification Session oQ
July 6, 2022 2:51:12 PM Starl Reporting Session None
July 6, 2022 2:55:29 PM End Reporting Sessicn None
July 8, 2022 2:55:29 PM Start Clualification Session oQ
July 6, 2022 2:55:29 PM Start Execution Tune El - 59778 SQ: - Source: - None

El - Extractor Filament 2
(Qualitative - No setpoints
associated)

Page 4/10

Date: July 7, 2022 11:27:53 AM
Systemn ID: RYG_EN0136
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User Name: eaknarin_puangsopa System Id: RYG_EN0136
Hostname: ASRYGW7002 Print Date: July 7, 2022 11:27:56 AM

ALS_RYG_ENO0136 Transaction log :

Time Transaction Activity Type of Transaction Optional Information
State Performed
July 6, 2022 2:55:40 PM End Execution Tune El - 59778 SQ: - Source: - Run Count : 1

El - Extractor Filament 2
{Qualitative - No setpoints
associated)

July 6, 2022 2:55:45 PM Start Execution Signal to Noise E[ - Liquid None
Injection, Front SSL, SQ: -
Source: El - Extractor using
Filament 1 - L; >= 1200

July 6, 2022 3:21:52 PM End Qualiffcation Session QQ
July 8, 2022 3:21:52 PM Star Reporling Saession None
July 8, 2022 3:25:04 PM End Reporting Session None
July 6, 2022 3:25:04 PM Star Qualification Session Qa
July B, 2022 3:25:04 PM Start Execution Signal tc Neise El - Liquid MNone

Injection, Front 5L, 5C: -
Source: El - Extraclor using
Filament 1 - L: >= 1200

July 6, 2022 4:06:140 PM Audit AceClosed Session None
July 7, 2022 9:13:47 AM Audit AceRestarted Session None
July 7, 2022 9:13:49 AM Audit SessionReloaded Session Nene
July 7, 2022 9:13:54 AM Start Qualification Session oQ

July 7, 2022 9:13:54 AM Start Execution Signal to Noise El - Liquid None

Injection, Front S5L, 5Q: -
Source: El - Extractor using
Filament 1 - L: »= 1200

July 7, 2022 9:58:06 AM Audil Data Signal lo Neise El - Liquid Data files Path :
Injection, Front SSL, S5Q: - DAQQ2022\0FN_SN_F01.D
Source: El - Extractor using
Filament 1 -L: >= 1200

Page 5/10

Date: July 7, 2022 11:27:53 AM
System 1D: RYG_END136
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Agilent CrossLab Compliance Services

User Name: aaknarin_puangsopa
Hostname: ASRYGW7002

ALS_RYG_EN0136 Transaction log ©

System |d: RYG_EN0136

Print Date: July 7, 2022 11:27:56 AM

Type of Transaction

Optlonal Information

Time Transaction Activity
State Performed
July 7, 2022 9:59:53 AM End Execufion
July 7, 2022 10:01:46 AM  Audit TestUnlocked
July 7, 2022 10:01:46 AM  Start Execution
July 7, 2022 10:02:00 AM  Audit Data
July 7,2022 10:04:55 AM  End Execution
July 7, 2022 10:07:30 AM  Audit TestUnlocked
July 7, 2022 10:07:30 AM  Start Execution
July 7, 2022 10:07:44 AM  Audil Data

Signal to Nolse EI - Liquid
Injection, Front SSL, SQ: -
Source; El - Extractor using
Fitament 1 - L: >= 1200

Signal to Noise E| - Liquid
Injeclion, Front S5L, SQ: -
Source: El - Extractor using
Filament 1 - L: >= 1200

Signal to Noise El - Liquid
Injection, Front SSL, SQt: -
Source: El-Extractor using
Filament 1 - L: >=1200

Signal to Noise EI - Liquid
Injection, Front SSL, SC: -
Source: E| - Extractor using
Filament 1 - L: >= 1200

Signal 1o Noise E| - Liquid
Injection, Front SSL, SQ: -
Source: El - Extractor using
Filament 1 -L: »= 1200

Signal to Moise EI - Liquid
Injection, Front S5L, S50 -
Source: El - Extractor using
Filament 1 - L: »= 1200

Signal to Noise EI - Liquid
Injection, Front SSL, SCk -
Source: El - Extractor using
Filament 1 -L: >= 1200

Signal 1o Noise El - Liquid
Injaction, Front S8L, SQ: -
Source: El - Extractor using
Filament 1 - L: »= 1200

Page 6710

Run Count : 1

Deviation filed for Run Count
01

None

Data files Path :
D:AQG2022\0FN_SN_F01.D

Run Count: 2

Dewiation filed for Run Count
12

None

Data files Path :
DAQO2022\0FN_SN_F01.D

Date:
System ID:

July 7, 2022 11:27:53 AM
RYG_ENO136
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Agilent CrossLab Compliance Services

User Name: eaknarin_puangsopa

Hostname: ASRYGW7002

ALS_RYG_EN0136 Transaction log :

System Id: RYG_ENO136

Print Date; July 7, 2022 11:27:56 AM

Time

Transactlon

State

Activity
Performed

Type of Transaction

Optional Information

July 7, 2022 10:08:18 AM

July 7, 2022 10:10:28 AM

July 7, 2022 10:10:28 AM

July 7, 2022 10:10:55 AM

July 7, 2022 10:14:03 AM

July 7, 2022 10:14:54 AM

July 7, 2022 10:14:54 AM

July 7, 2022 10:15:15 AM

End

Audit

Starl

Audit

End

Audit

Start

Audit

Execution

TestUnlocked

Execution

Data

Execution

TestUnlocked

Execution

Data

Signal to Neise EI - Liquid
Injection, Front SSL, S50 -
Source: El -Extractor using
Filament 1 - L: >= 1200

Signal to Moise EI - Liquid
Injection, Front SSL, SQ: -
Source: El - Extractor using
Filament 1 - L: »= 1200

Signal 1o Noise EI - Liquid
Injection, Front SSL, SQ: -
Source: El - Extractor using
Filament 1 - L: >= 1200

Signal to Noise EI - Liquid
Injection, Front SSL, SQk: -
Source: El - Extractor using
Filament 1 - Lz »= 1200

Signal to Noise El - Liquid
Injection, Front 551, 5Q: -
Source: El - Extractor using
Filament 4 - L: »= 1200

Signal to Noise El - Liguid
Injection, Front S5L, 50 -
Source: El- Extragtor using
Filament 1 - L: >= 1200

Signal to Noise El - Liquig
Injection, Front SSL, SQ: -
Source: El - Extractor using
Filament 1 - L: >= 1200

Signal to Noise EI - Liquid
Injection, Front $SL, SQ: -
Source: El-Extractor using
Filament 1 - L: »= 1200

Run Count: 3

Deviation fiiled for Run Count
13

Nane

Data files Path :
GAOO202200FN_SN_F01.0

Run Count: 4

Deviation filed for Run Count
:4

None

Data files Path :
DAQQ2022\0FN_SN_F01.D

Page 7 /10

Date: July 7, 2022 11:27.53 AM
System ID: RYG_ENO0136
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User Name: eaknarin_puangsopa System 1d: RYG_EN0136
Hostname: ASRYGW7002 Print Date: July 7, 2022 11:27:56 AM

ALS_RYG_END136 Transactlon log :

Time Transaction Activity Type of Transaction Optional Information
State Performed
July 7, 2022 10:15:27 AM  End Execution Signal to Noise El - Liquid Run Count: 5

Injection, Front 85L, 5Q: -
Source: El - Extractor using
Filament 1 - L: >= 1200

July 7, 2022 10:16:48 AM  Audit TestUnlocked Signal to Noise El - Liquid Dieviation fled for Run Count
Injection, Front SSL, 8Q: - 5
Source: Ej - Extractor using
Filament 1 - L: >= 1200

July 7, 2022 10:16:48 AM  Start Execulion Signal to Noise El - Liquid Nene
Injection, Front SSL, SC: -
Source: El - Extractor using

k Fitament 1 -L: »= 1200
July 7, 2022 10:17:05 AM  Audit Data Signal to Naise El - Liquid Data files Path ©
Injection, Frant SSL, 5Q; - DAOCIRZOZIOFN_SN_F01.D

Sowrce: El - Exiractor using
Filament 1 - L: »= 1200

July 7, 2022 10:17:14 AM - End Execution Sigral to Noise EI - Liquid Run Count : 6
Injection, Front SSL, 5Q: -
Scurce: El - Extractor using
Filament 1 - L: »= 1200

July 7, 2022 10:18:40 AM  End CQualification Session og
July 7, 2022 10:18:40 AM  Starl Reporling Session Nene
July 7, 2022 10:21:10 AM End Reporting Session Nene
July 7, 2022 10:21:10 AM  Slart Qualification Session o]}
July 7, 2022 10:21:17 AM  Start Execution Signal to Noise El - Liquid None

Injection, Front 85L, 85Q: -
Source: E| - Extractar using

(‘ - Fitarment 2 - L: >= 1200
July 7, 2022 10:56:49 AM End Qualification Session oQ
July 7, 2022 10:56:49 AM  Starl Reporting Session Nene
July 7, 2022 10:57:38 AM  End Reporling Session None
Page 8/10
Date: July 7, 2022 11:27:53 AM
System ID: RYG_END136
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Agilent CrossLab Compliance Services

User Name: eaknarin_puangsapa
Hostname: ASRYGW7002

ALS_RYG_ENO0136 Transaction log :

System id: RYG_EN0136

Print Date: July 7, 2022 11:27:56 AM

Type of Transaction

Optienal Information

Time Transaction Activity
State Performed
July 7, 2022 10:57:38 AM  Start Qualification
July 7, 2022 10:57:38 AM  Start Execution
July 7, 2022 11:06:50 AM  Audit Data
July 7, 2022 11:11:47T AM  Start Execution
July 7, 2022 11:13:13 AM  End Execution
July 7, 2022 11:14:29 AM  Audit TestUnlecked
July 7, 2022 11:14:29 AM  Start Execulion
July 7, 2022 11:14:47 AM Audil Data
July 7, 2022 11:16:34 AM  End Execution

Session

Signal to Noise El - Liquid
Injection, Front SSL, SQ: -
Source: EIl- Extractor using
Filament 2 - L: >= 1200

Signal to Noise EI - Liquid
Infection, Front SSL, 5Q1: -
Source: El - Extractor using
Filament 2 - L: >= 1200

Signal to Naise El - Liquid
Injection, Front 551, 54 -
Source: El - Extractor using
Filament 2 - L: >= 1200

Signal to Noise El - Liquid
Injection, Front 55L, 5Q: -
Source: El- Extractar using
Fitament 2 - L: »>= 1200

Signal to Noise EI - Liquid
Injection, Front SSL, SQ: -
Source: El - Extractor using
Filament 2 - L: >= 1200

Signal to Noise Ei - Liguid
Injection, Front SSL, SQ; -
Source: El - Extractor using
Filament 2 . L; >= 1200

Signal to Noise E| - Liquid
Injection, Front SSL, SQ: -
Source: E] - Extractor using
Fitament 2 - L: »= 1200

Signal to Neisa E| - Liquid
Injection, Front SSL, SQ: -
Source: El- Extractor using
Filameni 2 - L; >= 1200

Page 9/10

oQ

None

Data files Path :
DNOQR0220FN_SN_F021,.D

None

Run Count : 1

Deviation filed for Run Count
1

None

Data files Path :
DAOQZOZZ\OFN_SN_F021.D

Run Count : 2

Date:
System ID:

July 7, 2022 11:27:53 AM
RYG_ENO0136
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Agilent CrossLab Compliance Services

User Name: eaknarin_puangsopa

Hostname: ASRYGW7002

ALS_RYG_EN0136 Transaction log:

System Id: RYG_EN0136

Print Date: July 7, 2022 11:27:56 AM

Time Transaction Activity Type of Transaction Optional Information
State Performed
July 7, 2022 11:19:56 AM  Audit TesiUnlocked Signal to Naise El - Liquid Deviation filed for Run Count
Imjection, Front SSL, 5Q: - 12
Source: El - Extraclor using
Filament 2 - L: »= 1200
July 7, 2022 11:19:56 AM ~ Start Execution Signal to Noise El - Liquid MNone
Injection, Front 85L, 5Q: -
Source: El - Extractor using
Filarment 2 - L: >= 1200
July 7, 2022 11:20:13 AM  Agdit Data Signal to Noise El - Liguid Data files Path :
Imjection, Front SSL, 5Q: - DAOQ202200FN_SN_F021.D
Source: El - Extractor using
Filament 2 - L: >=1200
July 7, 2022 11:21:52 AM  End Execution Signal to Nolse EI - Liquld Run Count: 3
Injection, Front S5SL, SQ: -
Source: Ei - Extractor using
Filament 2 - L: >= 1200
July 7, 2022 11:22:49 AM  End Qualification Session oQ
July 7, 2022 11:22:49 AM  Star Reporting Sesslon Nona
July 7, 2022 11:26:46 AM  Audit Reporting Session Report Generated :
Certificale
Page 10710

Date:
System |D;

July 7, 2022 11:27:53 AM

RYG_EN0136
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TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN)
CORPORATE SERVICES 3: EQUIPMENT CALIBRATION AND TESTING SERVICES 3
534/4 PATTANAKARN ROAD SOI 18. SUANLUANG, SUANLUANG BANGKOK 10250 o N

TEL.0-2717-3000-29  FAX.(-2719-9484
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NSC-TISI-TIS17025
CALIBRATION 0008

Cert.No.: 23CH275
Page.: ' 10of3

Certificate of Calibration

Equipment :
Manufacturer :
Model :

Serial No. :

ID No. :

Condition As-Received:

Received Date :
Calibration Date :
Reference :

Submitted by :

Ambient Temperature :
Relative Humidity :

Calibration Procedure :

Calibrated by :

Approved by :

( ) Malee Butkruea
(v/] Saithip Meangmai

( ) Warakorn Lerngagtrakul

Issue Date :

pH Meter
Mettler Toledo
SevenCompact 8220
C104059460
RYG_ENO0183

Used Item APPROVED BY ‘;ﬁ_

24 February 2023 }
27 February 2023 NEXT CAL. DATE ﬂ? ......

REVIEW BY NBrnif.....

2302-0886DSC-2

ALS Laboratory Group (Thailand) Co.,Ltd.
(Rayong Branch)

616/10 Moo 5, T.Maenam Khu, A Pluakdaeng,
Rayong 21140, Thailand

(256 = 2.5) °C

(50 = 15) %

In - house method :

- CP-CH5 by direct measurement with standard
voltage calibrator and direct measurement with
certified reference material (CRM)

- CP-CH8 by comparison with standard thermometer

Walalak Sirithean

Salhy

Approved Signhatory

28 February 2023

The Uncertainties are for a confidence probability of approximately 95%

This certificate may not be reproduced other than in full, except with the prior written

Approval of the head of Corporate Services 3 ; Equipment Calibration and Testing Services.

A 0051538



Cert.No.: 23CH275
Page.: 20f3
Condition of this calibration result
1. Reference Standard Instrument : -
Instrument Serial No. ID No. Cert. No. Due Date
1) Document Process Calibrator 54030049 130RC116 22E2768 24 Aug 2023
2) Ref. Standard Thermometer 4982054 110RC044 2211306 27 Oct 2023

This certification is traceable to the International System of Unit maintained at:-
- Traceable to National Institute of Metrology (Thailand), NIMT
2. Certified Reference Materials : The measurement results are traceable to S| through CPA chem Ltd.,
ANSI-ASQ National Accreditation Board, Accredited No. AR-1835

Buffer Solution Manufacturer Lot No. Exp. date
pH 4.008 CPA chem 826588 09 July 2024
pH 6.987 CPA chem 826589 08 July 2023
pH 10.010 CPA chem 863835 28 Dec 2023

3. This certificate is valid only to the item calibrated on date and place of calibration.

Calibration Results
Function : mV Measurement
Performing standard curve by Fluke at pH (4,7,10)

Nominal Standard Uncertainty of Coverage
Unit Under Value Voltage Actual Reading Measurement factor
Calibration Input (+mV) i
pH mV mV pH
pH Meter 4.000 177.48 177.4 4.000 0.058 2.00
S/N.; C104059460 7.000 0.00 -0.1 7.000 0.058 2.00
10.000 -177.48 -177.5 10.000 0.058 2.00

Sall
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Cert.No.: 23CH275
Page.: 30of3
Calibration Results
Function : pH Measurement
Performing three buffers standard curve by using buffer nominal pH (4,7,10)
Unit Under Standard pH Actual pH | Actual mV Uncertainty of Coverage
Calibration Buffer Solution Reading Reading |pH measurement| factor
(mV) (%) k
pH Electrode 4.008 4.008 179.1 0.0046 2.00
S/N.: 1453404 6.987 6.988 4.7 0.0084 2.00
10.010 10.013 -172.4 0.0069 2.00
Function : Temperature Measurement
(*) Without adjustment
This equipment was connected with Temperature Probe;
- Model : InLabExpert Pro-ISM
- Serial No. : 1453404
Dimension of probe;
- Length : 120 mm.
- Diameter : 12 mm.
- Immersion Depth : 100 mm.
Cél!bratlon Standard uuc* Error Uncertainty of | Coverage
Point Temperature Reading measurement factor
(°C) (°C) (°Cc) (°C) (£°C) k
25.0 25.001 24.8 -0.201 0.13 2.00

Remark : - UUC* = Unit Under Calibration

The reported uncertainty of measurement was based on a standard uncertainty multiplied by a coverage

factor k, providing a level of confidence of approximately 85 %.

-00o0-
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CORPORATE SERVICES 3: EQUIPMENT CALIBRATION AND TESTING SERVICES
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TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN)
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NSC-TISI-TIS17025
CALIBRATION 0008

TEL. 0-2717-3000-24 FAX. 0-2719-9484 —

Certificate of Calibration Certificate No. : 23E753

Page: 1of 2
Equipment : pH Meter
Manufacturer: Mettler Toledo This certificate may not be reproduced other than in full,
except with the prior written approval of the head of
Model : SevenCompact §220 Corporate Services 3: Equipment Calibration and Testing Services.
Serial No.: C104059460
ID No.: RYG_ENO0183
Condition As-Received: Used Item
Received Date: 24 February 2023
Calibration Date: 28 February 2023
Reference: 2302-0886DSC Submitted by: ALS Laboratory Group (Thailand) Co.,Ltd. (Rayong Branch)
Ambient Temperature: ( 23 * 2 ) °C _ h
Relative Humidity: (50 £ 10) % 616/10 Moo 5, T.Maenam Khu, A.Pluakdaeng,
Rayong 21140, Thailand
Procedure used:  Calibration were conducted using In-house calibration Procedure CP-E17 According to direct measurement
method with Multi-Product Calibrator.
Condition of this result of calibration
1 Reference standards instuments :
Instrument Model Serial No. Certificate No. Due Date
1) Multi-Product Calibrator 5500A 6440007 22E1670 18 May 2023
2.This result of calibration was made on requested at the point specified by customer.
3.The certificate is valid only to the item calibrated on date and place of calibration.
4.This Certification is traceable to the International System of Unit maintained at:-
-National Institute of Metrology Thailand (NIMT)
Calibrated by :  Wutchareeporn Wongchutikrane Approved Signatory : A~

Issue Date : 02 March 2023 [ ]Phalinee Prabpaipal

muntawat Khamchai
[ 1Pornthippa Tameyakul

B 0309672



Result of calibration :- (*) Without adjustment () After adjustment

Function: DC voltage measuremer Range: 2000
Standard Value UUC* Reading
(mV) (mVv)
-200.0000 -200.0
-160.0000 -160.0
-100.0000 -100.0
-50.0000 -50.0
0.0000 0.0
50.0000 50.0
100.0000 99.9
150.0000 149.9
200.0000 199.9

m\V/
Error
(mV)
0.0
0.0
0.0
0.0
0.0
0.0
-0.1
-0.1
-0.1

Cert. No.: 23E753
Page.: 2 of 2

Uncertaintg'
(% uV)
72
69
65
62
58
62
65
69
72

The reported uncertainty of measurement was based on a standard uncertainty multiplied by a coverage

factor k=2, providing a level of confidence of approximately 95 %

UUC* = Unit Under Calibration.

-o0o-
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TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN)

CORPORATE SERVICES 3 : EQUIPMENT CALIBRATION AND TESTING SERVICES
534/4 PATTANAKARN ROAD SOI 18, SUANLUANG, SUANLUANG BANGKOK 10250
TEL. 0-2717-3000 FAX. 0-2719-9484

Cert.No.: 22TW34

Page.: 1 of 2
Certificate of Testing
Equipment : DO Meter .
Manufacturer : YSI REVIEW BY NB[‘M-‘T
Model : 5000-1158V j p _é -
APPROVED BY .5 . . T
Serial No. : 16E102796 '
ID No. : RYG_EN0032 NEXT CAL DATE 1BI819%
Received Date : 11 February 2022
Test Date : 14 February 2022
Reference : 2202-0404DSC-4
Submitted by : ALS Laboratory Group (Thailand) Co.,Ltd.

(Rayong Branch)
616/10 Moo 5 T.Maenam Khu, A.Pluakdaeng,
Rayong 21140, Thailand

Laboratory Condition : Temperature (25+5)°C
Humidity (50 + 20) %
Test Procedure : In - house method : CP-CH9

by Comparison Technique with Azide Modification Method

Tested by : Walalak Sirithean

Approved by : Sdﬂm

Approved Signz—:;tory

() Malee Butkruea
(V] Saithip Meangmai
() Warakorn Lerngagtrakul

Issue Date : 18 February 2022

B 0281285



Cert.No.: 22TW34
Page.: 2 of 2

Result : Dissolved Oxygen Meter Adjustment With Air 100 %
Dissolved Oxygen Prohe No.: 15E100464
Titration Method DO Meter
Standard Deviation
(Azide Modification Method) Reading
(mg/L) (mg/L) (mg/L)
8.02 8.02 0.0084

This report was certified only for the instrument we tested.lIt is allowable to use for study
the system efficiency, The environmental impact control and present to organization it may concerned
Intend to use for advertising and referral purpose is prohibited.This report may not be reproduced
other in full without written approval of the laboratory

-o0o-
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TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN) ﬁﬁ;
CORPORATE SERYICES 3: EQUIPMENT CALIBRATION AND TESTING SERVICES :*'4 e
S534/4 PATTANAKARN ROAD SOI 18, SUANLUANG, SUANLUANG BANGKOK 102350
TEL, 0-2717-3000-27 FAX.(0-2719-9484 CALIBRATION 0008

Cert. No.: 22LM12

Page.: 1 of 2
Certificate of Calibration
L ]
Equipment : DO Meter with Sensor
Manufacturer : YSI
Model : 5000-115V
Serial No. : 15E102796
ID No. : RYG_EN0032
Submitted by : ALS Laboratory Group (Thailand) Co.,Ltd. (Rayong Branc
616/10 Moo 5 T.Maenam Khu, A.Pluakdaeng,
Rayong 21140, Thailand
Location : TPA On Site Calibration Laboratory
Received Order : 11 February 2022
Calibrated Date : 21 February 2022
Ambient Temperature : (26 +10)°C
Relative Humidity : (50+30) %
AC Line Voltage : ( 22022 )V
Calibrated by : Kunchit Promprat

Approved by : M .

Approved Signatory

() Pornthippa Tameyakul
(v ) Malee Butkruea
() Suwit Imjai

Issue Date : 21 February 2022

The Uncertainties are for a confidence probability of approximately 95%

This certificate may not be reproduced other than in full, except with the prior written

Approval of the head of Corporate Services 3 : Equipment Calibration and Testing Services.

A 0038008



Cert. No.: 22L.M12

Equipment : DO Meter with Sensor
Condition As-Received : Used ltem Page.: 2 of 2
Reference : 2202-0404DSC-5

Procedure Used :-
Calibration were conducted using in-house calibration procedure CP-OTO01 according to comparison with
Industrial Platinum Resistance Thermometer ( IPRT ) into Temperature Bath.

The temperature scale used was based on ITS-90.
Condition of this result of calibration

1. Reference standard instrument:-

Instrument Model Serial No. Cert. No. Due Date

1) Digital Thermometer 1523 2188080 2111273 22 Nov 2022

2. This certificate is valid only to the item calibrated on date and place of calibration.

3. This certification is traceable to the International System of Unit.

Result of Calibration :- (*) Without Adjustment

Function : Temperature measurement.

This instrument was connected with temperature sensor, S/N.: 15E100464

Calibration| Immersion Standard uuc* Error UnicsalE Coverage

Point Depth Temperature Reading Cha AR Factor
(°C) (mm) (c) (C) (C) (£°C) k
20.00 45 20.001 19.88 -0.121 0.15 2.00

UUC* : Unit Under Calibration

The reported uncertainty of measurement was based on a standard uncertainty multiplied by a
coverage factor k, providing a level of confidence of approximately 95 %.

-000-
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TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN)
CORPORATE SERVICES 3: EQUIPMENT CALIBRATION AND TESTING SERVICES

534/4 PATTANAKARN ROAD SOI 18, SUANLUANG, SUANLUANG BANGKOK 10250
TEL. 0-2717-3000-27 FAX.0-2719-9434

NSC-TISI-TIS17025
CALIBERATION 0008

Cert. No.: 22TM317
Page.: 1 of 3

Certificate of Calibration

Equipment : Low Temp. Incubator

Manufacturer : Memmert REVIEW BY ..... (Yﬁ%wd .........
Model : IPP750 APPROVED BY ..¥.. % [
Saril Ne. : V818.0084 | NEXT CAL. DATE 91"“’}%
ID No. : RYG_ENO0O154

Submitted by : ALS Laboratery Group (Thailand) Co.,Ltd.
(Rayong Branch)
616/10 Moo 5 T.Maenam Khu,

A.Pluakdaeng, Rayong 21140, Thailand

Location : BOD Room

Received Order : 22 April 2022
Calibration Date : 22 April 2022
Ambient Temperature : (26+10)°C

Relative Humidity :

Calibrated by :

Approved by :

) Pornthippa Tameyakul

(/) Malee Butkruea
() Suwit Imjai

Issue Date :

(50 £30) %

Man Pattanapongpaiboon

Waly, -

Approved Signatory

3 May 2022

The Uncertainties are for a confidence probability of approximately 95%

This certificate may not be reproduced other than in full, except with the prior written

Approvil of the head of Corporate Services 3 : Equipment Calibration and Testing Services.

A 0040735



Equipment : Low Temp. Incubator
Condition As-Received : Used ltem
Reference : 2204-01460C-1

Procedure Used :-

Cert. No.: 22TM317
Page.: 2 of 3

Calibration were conducted using calibration procedure CP-OT02 according to direct measurement

The temperature scale used was based on ITS-90.
Condition of this result of calibration
1. Reference standard instrument:-
Instrument Model
1) Data Acquisition 34970A

Serial No.
MY44031769

Cert. No.
21LM12

Due Date
02 Sep 2022

2. This certificate is valid only to the item calibrated on date and place of calibration.

3. This certification is traceable to the International System of Unit.
Result of Calibration :- (*) Without Adjustment
Function of UUC* : Temperature Source

Fresh air setting : Close Environment during calibration
Beginning Finished
_<’>/:2 § Temp. (°C ) 25 25
REL.Humid. ( % ) 54 58
¢ . S AC Supply ( Volt ) 221 223
cg (ret.)
H .
3 E i 3 Position : reaf. Sid,
T ID No.:
| i 7 g 1 . /" 1 9RTD-2/1
e 2 9RTD-2/2
. W g 3 9RTD-2/3
Probe Installation Details : Dimension of Chamber : 4 SRTD-2/4
a= 10 om D= 060 m 2 il
W= A e i = 6 6 9RTD-2/6
ex 15 _ s e " 7 9RTD-2/7
Capacity= 075 m? L IRTR-A
9 (ref.) 9RTD-2/9

Wals. .

a 1106485



Equipment : Low Temp. Incubator Cert. No.: 22TM317

Condition As-Received : Used Item Page.: 3 of 3

Reference : 2204-01460C-1

Result of Calibration :- (*) Without Adjustment

Function of UUC* : Temperature Source

Fresh air setting : Close

Calibration uuc* uuc* Temperature Temperature Overall Unesriaiiny Coverage
Point Setting | Reading stability uniformity Variation Factor
(°C) (°C) (°C) (£°C) (°C) (°C) (£°C) k
20.0 20.0 20.0 0.022 0.20 0.22 0.30 2

Calibration Measured Temperature ( °C )
Point Position
(°C) 1 2 3 4 5 6 7 8 9 (ref.)
20.0 20.209 20.174 20.199 20.110 20.075 20.062 20.027 20.069 20.030

Average* : The average of 30 values in each position.

Temperature stability : One-half of the greatest maximum difference of measured temperature at any one sensor.
Temperature uniformity : The maximum difference of measured temperatures at any sensors and the measured
temperature at the reference location which are observed at the same time or at as close an observation time as
possible to determine the temperature pattern or homogeneity within the chamber under steady-state conditions.
Overall Variation : The Difference of the maximum and minimum measured temperatures throughout observation.
UUC* : Unit Under Calibration

Note : The reported uncertainty of measurement was included stability and excluded uniformity .

The reported uncertainty of measurement was based on a standard uncertainty multiplied by a coverage
factor k, providing a level of confidence of approximately 95 %.

-olo-
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TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN)
€, CORPORATE SERVICES 3 : EQUIPMENT CALIBRATION AND TESTING SERVICES

334/4 PATTANAKARN ROAD SOT 18, SUANLUANG, SUANLUANG BANGKOK 10250

CALIBRATION 0008

TEL. 0-2717-3000-24  FAX.0-2719-9484

Cert.No.: 18CG4595

Page.: 1 of 2
Certificate of Calibration
Equipment : Burette
Capacity : 50 mL REVIEW BY NBPW‘W—'?
Serial No. : - ]
s APPROVED BY :Dé”’
ID. No. : 243007 al [ o% '
NEXT CAL. DATE Aloalay
Manufacturer : Witeg
Made in : Germany
Submitted by : ALS Laboratory Group (Thailand) Co.,Ltd.

Eastern Seaboard Industrial Estate (Rayong)
64/77 Moo 4, Building No.B1, Highway 331, km 91.5
T.Pluakdaeng, A.Pluakdaeng, Rayong 21140

Ambient Temperature : (22 + 25) C
Relative Humidity : (50 £ 10) %
Barometric Pressure : 757 mmHg
Calibration Procedure : ASTM E 542 - 01
Calibrated by : Natcha Chayyingcheiw

Approved by : WA *

Approved Signatory

() Pornthippa Tameyakul
(¥ ) Malee Butkruea

( ) Ponpan Paipim

( ) Srisuda Khamtha

Issue Date : 27 September 2018

The Uncertainties are for a confidence probability of approximately 95%.

This certilicate may not be reproduced other than in full, except with the prior written

approval of the head of Corporate Services 3 : Cquipment Calibration and Testing Services.,

A 0087224



Equipment : Burette Cert.No.: 18CG4595

Capacity : 50 mL Page.: 2 of 2
Serial No. : -

ID. No. : 243007

Manufacturer : Witeg

Received Date : 10 September 2018

Condition As-Received : Used ltem

Calibration Date : 21 September 2018

Reference : 1809-0411DPC

Condition of this result of calibration

1. Reference Standard Instruments :
Instruments Model Serial No. ID. No. Certificate No. Traceability Due date
1) Balance XP205DR 1126143764 140RC004 18MM1 NIMT 2 Jan 2019
This certification is traceable to Sl Unit

2. This certificate was certified only for the measuring instrument we calibrated.
3. This result of calibration was found accurate as shown on date and place of calibration only.

4. True value is converted to true volume at the standard temperature of 20 c

Calibration result:

Nominal capacity Reading Uncertainty k
(mL) (mL) (£mL) Factor
50 49.9901 0.010 2.00
3
Remark mL = cm

The reported uncertainty of measurement was based on a standard uncertainty multiplied by a coverage
factor k , providing a level of confidence of approximately 95 %.

-00o0-

Wl -

a2 0901034



=
=

v
)

s,
w

Sartorius (Thailand) Co., Ltd.
128 Rama 9 Road, Huaykwang, Huaykwang, Bangkok 10310
Tel: +66 2643 8361-6 , e-mail: service.thailand@sartorius.com

/_\

N\
'

)

%r &
KRR

NSC-TISI-TIS 17025
'CALIBRATION 0426

Model Number: MSE2248-100-DU Certificate No. :
Description : Analytical Balance ] o M= Issued Date :
Serial Number: 0026207038 Reference No. :
ID No. : RYG_EN0002 .

Manufacturer : Sartorius Page No. :

Customer Name : ALS Laboratory Group (Thailand) Co.,Ltd. (Rayong Branch)

\J@ﬁ i%@@ﬁ@ of Calibratian

RYG_ENO0002

S/ARTORILS

REVIEW BY %“"}au

APPROVED BY .

NEXT CAL. DATE 0'\10'5!3"?

23BCI0112

Friday, March 03, 2023
204833

10f2

616/10 Moo 5 T.Maenam Khu, A.Pluak Daeng, Rayong 21140, Thailand.

Calibrated Place : ALS Laboratory Group (Thailand) Co., Ltd.(Balance Room)

616/10 Moo 5 T.Maenam Khu, A.Pluakdaeng, Rayong.21140, Thailand.

Calibrated By : Mr.Chonchai Inthana —
Calibration
Calibration Date : Wednesday, March 01, 2023 . Procedure No. :

This calibration was conducted by

Using in-house calibration procedure number (WI-003)

Based on UKAS LAB 14 : 2019

Metrological data : Ambients Conditions:

Capacity : 220 g Readability : 0.0001 g Temperature : 23.6°C +  50°
Humidity : 60.0 % RH + 10.0%RH

Reasons for calibration Pressure _ - -

[ New Installation  [_] Service / Repaired Re-calibration/ Maintenance Equipment Condition: Good Operate  [_] Fair

Measurement Method UKAS Publication Ref :Lab 14

The measurement uncertainty stated is the expended uncertainty which is obtained from the standard uncertainty multiplied by the
coverage factor (k=2) to provide a level of confidence of approximately 85%. It is determined in accordance with the Guide to
Expression of Uncertainty in Measurement (GUM). The calibration certificate documents the traceability to National Standards, which
realise the unit of measurement according to the International Standard System of Units (Sl). Report of Tolerance came form list of

Sartorius Metrological Specifications.

Traceability:

Model Number Description iTraceability | Cetificate No. Due Date
YCS011-522-00 |Sartorius weight set 1mg - 5000g E2,YCS011-522-00 SPC-RT C02212565 14-Sep-2023
MHB-382SD Humidity/Barometer/Temp Lutron MHB-382SD |DKSH C19220444 5-Sep-2023

This certificate relate and apply this equipment only.

This certificate may not be reproduced other than in full except with '

the prior written approval of the Verification Operation Division ( :
Sartorius (Thailand) Co., Ltd.

4 %
SARTORI l{i

Mr.chonchai Intrhana(Technical Manager)

SOP FM 33 03 February 2022

S
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RYG_EN0002


Sartorius (Thailand) Co., Ltd.

129 Rama 9 Road, Huaykwang, Huaykwang, Bangkok 10310
Tel: +66 2643 8361-8 Fax: +66 2643-8367, e-mail: service.thailand@sartorius.com

et

Model Number :

SARTORILS

@C]ﬂje of Calibration

MSE224S-100-DU

Description : Analytical Balance
Serial Number: 0026207038

ID No. : RYG_ENO0002
Manufacturer : Sartorius

Calibration Results : Wlthout Adjustment

Certificate No. : 23BCI0112

Issued Date : Friday, March 03, 2023
Reference No. : 204833

Page No. : 2 of 2

Repeatability

express reproducibility quantitatively.

The reproducibility is the ability of a weighing instrument to display nearly identical readouts
under constant test conditions when the same load within a measurement series Is placed
repeatedly on the weighing pan in the same manner. The standard deviation is used to

Eccentricity (Off-center loading error)

The off-center loading error is yielded by the difference between the
readout of the Joad, i.e. 1/3 or 1/4 of maximim capacily, placed in the
middle of the weighing pan and between each of four additional
measurement points ( positions defined accordmg fo OIML R76).

Nominal Value : (Low Load) | 20.0000 198.9993  INominal value : 100 9
20 g | #8-80a0 | #R2.0000 Tolerance 0.0004 g
Tolerance 20.0000 199.9999
0.0001 g 20.0000 200.0000 Difference
20.0000 199.9399 1 <
Nominal Value : (High Load) %9 NN i & | =E.000
200 g 19.9999 I 200.0000 3 -0.0001
Tolerance 20.0000 | 200.0000 : 2 4 | 000l
0.0001 g 20.0000 | 199.9999 1/ 5 | 0.0002
20.0000 200.0000 R 2 6| -
Standard Deviation 0.00003 0.00005
Linearity
The linsarity, also called linearity error. Describes the deviation of the characteristic curve of a weighing instrument from the linear slope.
Tolerance 0.0002 g
Nominal Value Conventional Mass Value Displayed Value Deviation Uncertainty
@ (9) (9) (@) (9)
0.01 0.0100 0.0100 0.0000 0.00014
0.05 0.0500 0.0500 0.0000 0.00014
A 0.1000 0.1000 0.0000 0.00014
0.5 ~ 0.5000 0.5000 0.0000 0.00014
1 1.0000 1.0000 0.0000 0.00014
5 5.0000 5.0000 0.0000 0.00014
10 [ 10.0000 10.0001 0.0001 0.00014
20 ' 20.0000 20.0000 0.0000 0.00024
50 50.0000 50.0000 0.0000 0.00015
100 B 100.0000 99.9999 -0.0001 0.00019
200 200.0000 200.0000 0.0000 G.00832
End of Report.

SOP FM 33 03 February 2022
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& \L”_'/Ij";,
o = SO
TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN) s
CORPORATE SERVICES 3: EQUIPMENT CALIBRATION AND TESTING SERVICES /__“\ ':5
534/4 PATTANAKARN ROAD SOI 18, SUANLUANG, SUANLUANG BANGKOK 10250 "'rr’. Ty s
NSC-TISI-TIS17025
TEL. 0-2717-3000-27 FAX.0-2719-9484 CALIERATION 0008

Cert. No.: 22TM1517
Page: 1 of 3

Certificate of Calibration

Equipment : Hot Air Oven

Manufacturer : Memmert REVIEW BY .....J..0 i Aa\ﬁ .......
Model : UFE 500 APPROVED BY MB¥i ..
Serial No. : G511.1572 NEXT CAL DATE . s/ OLPIS‘LP

ID No. : RYG_ENO0010

Submitted by : ALS Laboratory Group (Thailand) Co.,Ltd. (Rayong Branch)

616/10 Moo 5 T. Maenam Khu,
A. Pluakdaeng,
Rayong 21140 Thailand

Location : Oven Room

Received Order : 20 October 2022

Calibration Date : 20 October 2022

Ambient Temperature : (26+10)°C

Relative Humidity : (50+30)%

Calibrated by : Man Pattanapongpaiboon

Approved by : % :

Approved Signatory

) Pornthippa Tameyakul
(/) Malee Butkruea
() Suwit Imjai

Issue Date : 2 November 2022

The Uncertainties are for a confidence probability of approximately 95 %

This certificate may not be reproduced other than in full, except with the prior written

Approval of the head of Corporate Services 3 @ Equipment Calibration and Testing Services,

A 0046908
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Equipment : Hot Air Oven Cert. No.: 22TM1517
Condition As-Received : Used Item Page: 20of 3
Reference : 2210-03760C-2
Procedure Used :-
Calibration were conducted using calibration procedure CP-OTO02 according to direct measurement
method with Data Acquisition which connected with Resistance Temperature Detector ( RTD ) and
Thermocouple Type T.
The temperature scale used was based on ITS-90.
Condition of this result of calibration
1. Reference standard instrument:-
Instrument Model Serial No. Cert. No. Due Date
1 ) Data Acquisition 34972A MY49023932 22LMg7 29 Jul 2023
2. This certificate is valid only to the item calibrated on date and place of calibration.
3. This certification is traceable to the International System of Unit.
Result of Calibration :- (™) Without Adjustment

Function of UUC* : Temperature Source
Fresh air setting : Close Environment during calibration
Beginning Finished
{2 y Temp. (°C) 25 25
REL.Humid. ( % ) 54 59
I\ ° g {MI? AC Supply ( Volt ) 223 225
2
H 8 e 8 Ref. Std. ID No.: @
g j 7 : / Calibration Point
¥ —h = #b Position:| (180)°C (104)°C
- = >

1 21-16TC-01 | 20-16RTD-01

2 21-16TC-02 | 20-16RTD-02

_ _ _ 3 21-16TC-03 | 20-16RTD-03

Probe Installation Details : Dimension of Chamber : 4 21-16TC-04 | 20-16RTD-04

a= 50 cm D " 040 m 5 21-16TC-05 | 22-16RTD-05

b= 50 cm W= 0.56 m 6 21-16TC-06 | 20-16RTD-06

¢c= 50 cm H= 048 m 7 21-16TC-07 | 20-16RTD-07
Capacity = 011 m@ -

8 | 21-16TC-08 | 22-16RTD-08
9 (ref.) | 21-16TC-09 | 22-16RTD-09

ol .
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Equipment : Hot Air Oven Cert. No.: 22TM1517

Condition As-Received : Used Item Page: 3 0of 3

Reference : 2210-03760C-2

Result of Calibration :- (*) Without Adjustment

Function of UUC* : Temperature Source

Fresh air setting : Close

Calibration | UUC* uuc* Temperature Temperature Overall T Coverage
Point Setting Reading stability uniformity Variation Factor
(*C)} | (e} | (*e) (t°C) (°c) (c) | (#c)| k
104.0 104.0 104.0 0.076 0.52 0.60 0.42 2
180.0 180.0 180.0 0.13 0.88 1.2 1.9 2

Calibration Measured Temperature ( °C )
Point Position
("5G:) 1 2 | 4 ) 6 7 8 9 (ref.)
104.0 103.768 | 103.734 | 103.723 | 103.800 | 104.215 | 104.131 | 104.132 | 103.740 | 103.747
180.0 179.723 | 179.359 | 179.439 | 179.489 | 180.361 | 180.114 | 180.131 | 180.243 | 179.605

Average* : The average of 30 values in each pasition.

Temperature stability : One-half of the greatest maximum difference of measured temperature at any one sensot
Temperature uniformity : The maximum difference of measured temperatures at any sensors and the measured
temperature at the reference location which are observed at the same time or at as close an observation time as
possible to determine the temperature pattern or homogeneity within the chamber under steady-state conditions.
Overall Variation : The Difference of the maximum and minimum measured temperatures throughout observation
UUC* : Unit Under Calibration

Note : The reported uncertainty of measurement was included stability and excluded uniformity .

The reported uncertainty of measurement was based on a standard uncertainty multiplied by a coverage
factor k, providing a level of confidence of approximately 95 %.

-00o-
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RYG_EN0029

TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN) %
CORPORATE SERVICES 3: EQUIPMENT CALIBRATION AND TESTING SERVICES ?///.;\\\x:
A A
534/4 PATTANAKARN ROAD SOI 18, SUANLUANG, SUANLUANG BANGKOK 10250 Tl
NSC-TISI-TIS17025
TEL. 0-2717-3000-27 FAX.0-2719-0484 CALIBRATION 0008

Certificate of Calibration

Equipment :
Manufacturer :
Model :

Serial No. :

ID No. :

Condition As-Received:

Received Date :
Calibration Date :
Reference :

Submitted by :

Ambient Temperature :
Relative Humidity :

Calibration Procedure:

Calibrated by :

Approved by :

( /) Malee Butkruea
( ) Saithip Meangmai

() Warakorn Lerngagtrakul

Issue Date :

Cert.No.: 22CH283

Page.: 1 of 2
Conductivity Meter
Mettler Toledo }( u
wasE REVIEW BY ’W,a

B241407147 &5
RYG ENo029 | APPROVED BY Ao

Used Item

22 February 2022

23 February 2022
2202-0732DSC-1

ALS Laboratory Group (Thailand) Co.,Ltd. (Rayong Branch)
616/10 Moo 5 T.Maenam Khu, A.Pluakdaeng,
Rayong 21140, Thailand

(25 +25) °C
(50 + 15) %

In -house method :
- CP-CHS6 : based on direct measurement by
using certified reference material (CRM)

Walalak Sirithean

Walg. -

Approved Signatory

25 February 2022

The Uncertainties are for a confidence probability of approximately 95%

This certificate may not be reproduced other thun in full, except with the prior written

Approval of the head of Corporate Services 3 @ Equipment Calibration and Testing Services.

A 0038145


thanita.kulsuriwong
Typewritten Text
RYG_EN0029


Condition of this result of calibration

1. Reference Standard Instrument :-

Instrument
1) Thermometer

This certification is traceable to the International System of Unit maintained at:-

Cert.No.: 22CH283

Page.: 2 of 2
Serial No. ID No. Certificate No. Due date
9549224 130RC003 211451 15 Apr 2022

- Traceable to National Institute of Metrology (Thailand), NIMT
2. Certified Reference Materials :-

- Conductivity calibration solution, CPA chem Ltd., The measurement results are traceable to S|
through CPA chem Ltd., ANSI-ASQ National Accreditation Board, Accredited No. AR-1835

Conductivity Solution Manufacturer Lot No. Exp. date
84.000 pS/cm CPA Chem 754034 28 June 2022
1413.0 uS/cm CPA Chem 766815 04 Sep 2022
12.880 mS/cm CPA Chem 761022 02 Aug 2022
- Control Conductivity calibration solution temperature by Water bath (25+0.1) e
3. This certificate is valid only to the item calibrated on date and place of calibration.
Calibration results
Function : Conductivity Measurement
(*) After Adjustment at 1413.0 pS/cm
Conductivity Electrode Serial No.: 5821441030
Standard Before Adjustment After Adjustment Uncertainty Coverage
Conductivity Solution UUC* Reading UUC* Reading of Measurement factor
(£) k
84.000 p1S/cm 82.4 uS/cm 84.4 uS/em 0.62 uSicm 2.00
1413.0 uS/cm 1375 puS/cm 1413 pS/em 9.2 uS/cm 2.00
12.880 mS/cm 12.54 mS/cm 12.81 mS/cm 0.086 mS/cm 2.00

Remark

- UUC* = Unit Under Calibration

- Cell constant = 0555236 cm’"

The reported uncertainty of measurement was based on a standard uncertainty multiplied by a coverage

factor k, providing a level of confidence of approximately 95 %.

-00o-
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TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN)  JINE=fRE
CORPORATE SERVICES 3: EQUIPMENT CALIBRATION AND TESTING SERVICES ";//”//r;:‘-“-\\\?\*::

534/4 PATTANAKARN ROAD SOI 18, SUANLUANG, SUANLUANG BANGKOK 10250 il
NSC-TISI-TIS17025
TEL. 0-2717-3000-27 FAX.0-2719-94584 CALIBRATION 0008

Cert. No.: 22TM1492

Page: 10of 3
Certificate of Calibration
Equipment : Hot Air Oven
Manufacturer : Memmert REVIEW BY mm*au
Model : UM 400 APPROVED BY Vﬁé—
Serial No. : b495.0899 NEXT CAL. DATE 39{09,3""
ID No. : RYG_ENO006
Submitted by : ALS Laboratory Group (Thailand) Co.,Ltd. (Rayong Branch)

616/10 Moo 5, T. Maenam Khu,
A. Pluakdaeng,
Rayong 21140, Thailand

Location : Oven Room

Received Order : 20 October 2022
Calibration Date : 20 October 2022
Ambient Temperature : (26 £10) C

Relative Humidity : (50+30)%

Calibrated by : Preecha Hlahib

Approved by : Wh& :

Approved Signatory

( /) Pornthippa Tameyakul
(v ) Malee Butkruea
() Suwit Imjai

Issue Date : 2 November 2022

The Uncertainties are for a confidence probability of approximately 95%

This certificate may not be reproduced other than in full, except with the prior wrilten

Appraval of the head of Corporate Services 3 : Equipment Calibration and Testing Services,

A 0046905


RYG_EN0006


Equipment :

Condition As-Received :
Reference :

Procedure Used :-

Hot Air Oven
Used Item
2210-03760C-1

Cert. No.: 22TM1492
Page: 2 of 3

Calibration were conducted using calibration procedure CP-OT02 according to direct measurement
method with Data Acquisition which connected with Resistance Temperature Detector ( RTD ).

The temperature scale used was based on [TS-90.
Condition of this result of calibration
1. Reference standard instrument:-
Instrument Model
1 ) Data Acquisition 34970A

Serial No.
MY44035217

Cert. No.
21LM30

Due Date
23 Dec 2022

2. This certificate is valid only to the item calibrated on date and place of calibration.

3. This certification is traceable to the International System of Unit.
Result of Calibration :- (*) Without Adjustment
Function of UUC* : Temperature Source

Fresh air setting : Close Environment during calibration
| Beginning Finished
g F Temp. ( °C 28 29
REL.Humid. { % ) 43 a7
1 9 S AC Supply ( Volt ) 220 221
g (ref)
L
H g |HRZ Ref
— $ Position : al, Std,
i 2 ID No.:
______ ,.l D
i W2 bia Jile 2 1 18-10RTD-01
T 2 18-10RTD-02
jsi W N 3 18-10RTD-03
Probe Installation Details : Dimension of Chamber : % _18-10RTD-04
a= 5.0 cm B 0.33 m g 5_ . 18_“1 ORTD-C_}S
c= 50 cm = 040 m 7 _18-10RTD-07
Capacity = 0.053 m?® o 18-10RTD-08
9 (ref.) 18-10RTD-09

Wy -

al132473



Equipment : Hot Air Oven Cert. No.: 22TM1492
Condition As-Received : Used Item Page: 3 0of 3
Reference : 2210-03760C-1
Result of Calibration :- (*) Without Adjustment
Function of UUC*:  Temperature Source
Fresh air setting : Close
Calibration uucr uuc* Temperature Temperature Overall PR—— Coverage
Point Setting | Reading stability uniformity Variation Factor
(°C) (°c) (C) (£°C) (°C) (C) (£°C) k
70.0 70.0 70.0 0.079 0.47 0.77 0.42 2
Calibration Measured Temperature ( °C )
Point Position
(G 1 2 3 4 =] 6 7 8 9 (ref.)
70.0 70.262 69.995 70.079 70177 70.664 70.039 70.688 70.149 70.328

Average* : The average of 30 values in each position.
Temperature stability : One-half of the greatest maximum difference of measured temperature at any one senso
Temperature uniformity : The maximum difference of measured temperatures at any sensors and the measured
temperature at the reference location which are observed at the same time or at as close an observation time as
possible to determine the temperature pattern or homogeneity within the chamber under steady-state conditions.

Overall Variation : The Difference of the maximum and minimum measured temperatures throughout observatior

uuc* :
Note :

Unit Under Calibration
The reported uncertainty of measurement was included stability and excluded uniformity .

The reported uncertainty of measurement was based on a standard uncertainty multiplied by a coverage
factor k, providing a level of confidence of approximately 95 %.

-00o-
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TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN)
CORPORATE SERVICES 3: EQUIPMENT CALIBRATION AND TESTING SERVICES ;7- /;-"\\\‘\:.5

!}l l‘\‘
5344 PATTANAKARN ROAD 501 18, SUANLUANG, SUANLUANG BANGKOK 10250 il
NSC-TISI-TIS17025
TEL. 0-2717-3000-27 FAX.0-2719-9484 CALIBRATION 0008

Cert. No.: 22TM1491
Page: 10of3

Certificate of Calibration

Equipment : Water Bath

Manufacturer : Memmert

Model : WNB22

Serial No.: L513.0648 NEXT CAL. DATE &010‘-?‘&\: .......

ID No. : RYG_EN0061

Submitted by : ALS Laboratory Group (Thailand) Co.,Ltd. (Rayong Branch)

616/10 Moo 5, T. Maenam Khu,
A. Pluakdaeng,
Rayong 21140, Thailand

Location : Wet Chemistry Lab
Received Order : 20 October 2022
Calibration Date : 20 October 2022
Ambient Temperature : (26 £10)°C

Relative Humidity : (50 +30) %

Calibrated by : Preecha Hlahib

Approved by : % ‘

Approved Signatory

() Pornthippa Tameyakul
(/) Malee Butkruea
() Suwit Imjai

Issue Date : 2 November 2022

The Uncertainties are for a confidence probability of approximately 95%

This certificate may not be reproduced other than in full, except with the prior written

Approval of the head of Corporate Services 3 1 Equipment Calibration and Testing Services.

A 0046906
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Equipment : Water Bath Cert. No.: 22TM1481
Condition As-Received : Used ltem Page: 20of 3
Reference : 2210-03760C-4

Procedure Used :-

Calibration were conducted using in-house calibration procedure CP-OT04 according to direct
measurement method with Data Acquisition which connected with Industrial Platinum Resistance
Thermometer ( IPRT ).

The temperature scale used was based on ITS-90.
Condition of this result of calibration
1. Reference standard instrument:-
Instrument Model Serial No. Cert. No. Due Date
1) Data Acquisition 34970A MY44035217 21LM30 23 Dec 2022
2. This certificate is valid only to the item calibrated on date and place of calibration.
3. This certification is traceable to the International System of Unit.

Result of Calibration :- (*) Without Adjustment
Function of UUC* : Temperature Source
Environmental AC Voltage Supply
{"C) ( %R.H.) ( Volt )
Beginning of Calibration 24 53 222
Finished of Calibration 24 50 221
Ref. Std.
Position : SIN.:
1 N37P300726
s g bt 2 N37P300727
5(ref))
" a 3 3 N37P300728
¥4 4 N37P300729
5(ref.) N37P300730

Front

Mk .

al1132471



Equipment :

Condition As-Received :
Reference :

Result of Calibration :-
Function of UUC* :

Water Bath

Used ltem
2210-03760C-4

(*) Without Adjustment
Temperature Source

Cert. No.: 22TM1491
Page: 30of 3

Calibration uuc* uuc* Average* Standard Reading ( °C )

point Setting Reading Position

{95 ) (°C) (°C) 1 2 3 4 5 (ref.)

85.0 85.0 85.0 84.527 84.563 84.628 84.516 84.580
Callblration Uniformity | Stability [Uncertainty Cuyarsge

point Factor

(°c) (°C) (£°C) (£°C) k

85.0 0.12 0.081 0.18 2

Average* : The average of 30 values in each position.

Uniformity : The maximum difference of measured temperatures at any sensors and the measured temperature
at the reference location which are observed at the same time or at as close an observation time as possible
to determine the temperature pattern or homogeneity within the chamber under steady-state conditions.

Stability : One-half of the greatest maximum difference of measured temperature at any one probe.
UUC* : Unit Under Calibration

Note : The reported uncertainty of measurement was included stability and excluded uniformity.

The reported uncertainty of measurement was based on a standard uncertainty multiplied by a
coverage factor k, providing a level of confidence of approximately 95 %.

-00o-
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CORPORATE SERVICES 3: EQUIPMENT CALIBRATION AND TESTING SERVICES %~y
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NSGC-TISI-TIS17025
CALIBRATION D008

Cert.No.: 22CH1734
Page.: 10of 3

Certificate of Calibration

Equipment : pH Meter
Manufacturer : Mettler Toledo m':’-:r“

REVIEW BY ... O, Disos
Model K Sevenzeo FEERETTISSIILIISANG 1er
Sl B B628755984 | ABBROVED BY e i
ID No. : RYG_FS0392 J.29, / /

q
condition As»Received: Used ’tem HEXT GALI DATE tllll!llt%l:i%%lhun
T g 3 ferdiey

Received Date :
Calibration Date :

Reference :

21 December 2022
22 December 2022
2212-0602DSC-3

Submitted by : ALS Laboratory Group (Thailand) Co.,Ltd. Rayong Branch
616/10 Moo 5 T.Maenam Khu,

A.Pluakdaeng, Rayong 21140, Thailand

(25 £ 2.B) °C

(50 £ 15) %

In - house method :

- CP-CHS5 by direct measurement with standard
voltage calibrator and direct measurement with
certified reference material (CRM)

- CP-CH8 by comparison with standard thermometer

Ambient Temperature :
Relative Humidity :
Calibration Procedure :

Calibrated by : Warakorn Lerngagtrakul

Approved by : WJ.U. .

Approved Signatory

(/ ) Malee Butkruea
( ) Saithip Meangmai
( ) Warakorn Lerngagtrakul

Issue Date : 26 December 2022

The Uncertainties are for a confidence probability of approximately 95%

This certificate may nat be reproduced other than in full, execept with the prior written

Approval of the head of Corporate Services 3 ; Equipment Calibration and Testing Services.

A 0048759



Cert.No.: 22CH1734
Page.: 20f3
Condition of this calibration result
1. Reference Standard Instrument -
Instrument Serial No. ID No. Cert. No. Due Date
1) Document Process Calibrator 54030048 130RC116 22E2769 24 Aug 2023
2) Ref. Standard Thermometer 4982054 110RC044 2211306 27 Oct 2023

This certification is traceable to the International System of Unit maintained at:-
- Traceable to National Institute of Metrology (Thailand), NIMT
2. Certified Reference Materials : The measurement results are traceable to Sl through CPA chem Ltd.,
ANSI-ASQ National Accreditation Board, Accredited No. AR-1835

Buffer Solution Manufacturer Lot No. Exp.date
pH 4.008 CPA chem 826588 09 July 2024
pH 6.987 CPA chem 823322 20 June 2023
pH 10.008 CPA chem 826590 09 July 2023

3. This certificate is valid only to the item calibrated on date and place of calibration.

Calibration Results
Function : mV Measurement
Performing standard curve by Fluke at pH (4,7,10)

" Nominal Standard Uncertainty of Coverage
Unit Under Value Voltage Actual Reading Measurement factor
Calibration Input (+mV) K
pH mV mV pH
pH Meter 4.00 177.48 178 4.00 0.58 2.00
S/N.: B628755984 7.00 0.00 0 7.00 0.58 2.00
10.00 -177.48 -177 10.00 0.58 2.00

Ml .

a 1141165



Cert.No.: 22CH1734
Page.: 3of 3
Calibration Results
Function : pH Measurement
Performing three buffers standard curve by using buffer nominal pH (4,7,10)

Unit Under Standard pH Actual pH | Actual mV Uncertainty of Coverage
Calibration Buffer Solution Reading Reading |pH measurement| factor
(mV) (£) k
pH Electrode 4.008 4.01 165 0.0079 2.00
S/N.: 0281238 6.987 6.99 -6 0.011 2.00
10.008 10.01 -180 0.0097 2.00

Function : Temperature Measurement
(*) Without adjustment
This equipment was connected with Temperature Probe;

- Model : InLab Expert Go-ISM

- Serial No. : 0281238

Dimension of probe;

- Length : 120 mm.

- Diameter : 12 mm.

- Immersion Depth : 100 mm.

Calibration Standard uuc* Eivoi Uncertainty of | Coverage

Point Temperature Reading measurement factor
(°C) (°C) (°C) (°C) (£°C) k
25.0 25.002 252 0.198 0.13 2.00
30.0 30.001 30.2 0.199 0.13 2.00
40.0 40.003 40.2 0.197 0.13 2.00

Remark : - UUC* = Unit Under Calibration

The reported uncertainty of measurement was based on a standard uncertainty multiplied by a coverage
factor k, providing a level of confidence of approximately 95 %.

-olo-

Maly, .
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© 2022 by Agilent Technologies

Ovarall Log Amp Test Status

Pass

Agilent CrossLab Compliance Services

RFPA

! External

Tested Combination1 sQ

Name: I5977A l
Setpoint Status: IPass —I
Amu: 1050 miz Drift After Five Minutes: RFPA Voltage:

22 my 568 my

Agilent Recommended: |>= -100 and |<= |1oo | |<= 1100

Overall RFPA Test Status

|Pass l

Tune El

Tested Combination1 Front 551 ! External sSQ

Name: |5977A I
Setpoint Status: ‘Pass l
Filament: D

Setpoint Status: |Pass ]
Filament: D

Overall Tune El Test Status
IPass

Signal to Noise El

Tested Combination Front 3s8L { External SQ

Name: 5977A

Date: June 21, 2022 2:04:12 PM

System ID: GM-7

Page 3/15



© 2022 by Agilent Technologies

Agilent CrosslLab Compliance Services

Source; |EI - Extractor l Filament: EI
Setpoint Status: lPass |
Signal to Noise: 51283

Agilent Recommended: |>= 1200

Source: |EI - Extractor ! Filament:
Setpoint Status: fPass ]
Signal to Noise: 7088

Agilent Recommended: I>= 1200

This test’s 0 comment(s} and 1 deviation(s) are available in the Attachments section.

Overall Signal to Noise El Test Status

ESSS

Date: June 21, 2022 2:04:12 PM
System ID: GM-7

Page 4/15



© 2022 by Agilent Technologies

Instrument Details

Purpose

This section describes the as found system configuration.

Agilent CrossLab Compliance Services

Details

System
System D GM-7
Manufacturer Agilent Technologies
Name 7890

Tested Combination1
Injection Technique Manual Injection
Inlet Front
Detector External
LTM Included? No

Sampler 1
Manufacturer Agllent Technologies
Type Manual Injection
Usage Sample Injection
Syringe Volume (L) 10

Mainframe 1
Manufacturer Agilent Technologies
Name 7890
Model Number G3442B
Serial Number CN14133181
Firmware Revision B.02.03
Oven Type Standard

Date: June 21, 2022 2:04:12 PM

System ID: GM-7

Page 5715



© 2022 by Agllent Technologies

Inlet 1

Manufacturer
Name

Type
Location
Carrier Gas
Control Type
Purged Inlet

Detector 1

Manufacturer
Name
Type

Location

Mass Specirometer 1

Agilent Technologies
7890

55L

Front

Helium

Electranic Pressure Control (EPC)

Yes

Agllent Technologies
Mass Spectrometer
Mass Spectrometer

External

Agilent Crossl.ab Compliance Services

Manufacturer Agilent Technologies
Type sQ
Name 5977A
Serial Number US1415M209
Firmware Revision 5977 6.00.21
High Vacuum System Turbo Pump
Scouting Run Standard OFN Std

MS El Source 1
Manufacturer Agilent Technologies
Source Type . El - Extractor
Number of filaments 2

Date: June 21, 2022 2:04:12 PM

System ID: GM-7

FPage 6/15



© 2022 by Agilent Technologies Agilent Crossl.ab Compliance Services

Electronic Sighature

Purpose

This signature page was created and published because the ACE sign-off action was executed, which is valid for the entire document,
including attachments. The ACE sign-off is an electronic signature that requires two distinct identification components: unique username
and personal password. The Agilent representative who has delivered this service understands the meaning and legal status of an
electronic signature, As a trained official operater, the Agilent representative has a unique password and logon to access ACE and
electronically sign this document. (Other e-signatures can be applied to this document using a Decument Content Management or other
suitable method defined in your data access and control procedures.)

Details

Full Name of Signer: Supasak Nimsongtham

Logged On User Name: supasak.nimsongtham@agilent.com

Signature Creation Date: June 21, 2022

Reason for Signature: Executed protocol and published this original version of document

Regulatory Disclaimer

This document provides a protocol to verify and record instrument configuration and evidence of proper operation. It has been prepared from our
interpretation of applicable regulations as well as industry best practices. The document is designed to provide an important component of a complete
compliance package. Validation depends upon many factors and use of this protocol alone does not assure compliance. Agilent Technologies makes no
pramises or representations as to its sufficiency for any specific regulatery program.

Warranty

Agilent Technelogies makes no warranty of any kind to this material, including but not limited to, the implied warranties or merchantability and filness for
a particular purpose. Agilent Technologies shall not be liable for errors contained herein or for incidental or consequential damages in connection with the
furnishing, performance, or use of this malerial.

Date: June 21, 2022 2:04:12 PM
System ID: GM-7

Page 7 /15



® 2022 by Agilent Technologies

Agilent CrossLab Compliance Services

User Name: supasak.nimsongtham
Hostname: 5CG1115HKC

ALS.GM7.2022 Transactlon log :

System Id: GM-7

Print Date: June 21, 2022 2:04:17 PM

Time Transaction Activity Type of Transaction Optional Information
State Periormed
June 21, 2022 10:25:05 AM Audit SessionCreated  Session None
June 21, 2022 10:25:05 AM Start Configuration Session None
June 21, 2022 10:25:05 AM Audit Entitiement Licensing User Is FleldEnginesr and
does not require an unlock
code
June 21, 2022 10:25:26 AM Audit EqpLoaded Session EQP details for primary
technique [Ge] -
File path:
[ProtocolPacks/Ge/Configurat
lons02.50/G6.02.50.eqp),
EQF Filte Name:
[Ge.02.50.eqp], EQP Name:
[AgileniRecommended]
EQFP details for hyphenated
technique [GoMs] -
Filz path:
[ProtocolPacksiGetds/Config
urations/02 50/GcMs.02.50.e
qp), EQP File Mame:
[GeMs.02 50.eqp], EQP
Mame:
[AgilentRecommended]
June 21, 2022 10:25:39 AM End Configuration Sesslon Mone
June 21, 2022 10:25:43 AM Start Qualification Session [a]a]
June 21, 2022 10:26:43 AN Start Execution System Inspection and Basic Nong
Safety and Operation - 7890 -
Qualitative Test - No setpoints
assoclated
June 21, 2022 10:25:54 AM End Execution System Inspection and Basic  Run Count: 1
Safety and Operation - 7890: -
Qugalilative Tast - Mo setpoinis
assogialed
Page 1/8

Date:
System ID:

June 21, 2022 2:04:12 PM
GM-7

Page 8/15




© 2022 by Agilent Technologies

Agilent CrossLab Compliance Services

User Name: supasak,nimsongtham
Hostname: 5SCGTH15HKG

ALS-GM7-2022 Transaction log +

System ld: GM-7

Print Date: June 21, 2022 2:04:17 PM

Time Transaction
State

Activity
Performed

Type of Transaction

Optional Informaltion

June 21, 2022 10:26:00 AM Start

June 21, 2022 10:26:10 AM End

June 21, 2022 10:26:12 AM Start

June 21, 2022 10:34:09 AM Augil

June 21, 2022 10:34:10 AM End

June 21, 2022 10:34:11 AM Start

June 21, 2022 10:38:42 AM Audit

June 21, 2022 10:38:44 AM End

June 21, 2022 10:38:46 AM Starl

Execulion

Execulion

Execution

Execulion

Execution

Data

Execution

Execulion

Inlet Pressure Accuracy - Front
8SL: - Pressure Contrelled Intel
-8:25.0 psi - L: <= 1.2 psi

Inlet Pressure Accuracy - Fromt
S5L: - Pressure Controlled Inlet
-5:25.0psi-Li<=1.2psi

GG Qven Temperalure
Accuracy - 7T890: - Temperatura
: Qven - S: 230,0°C - L1 >=-1.0
AND <= 1,0 % setpointin K

GC Oven Temperature
Accuracy - 7T890; - Temperature
Qven - 5: 230.0°C - L: == -10
AND <= 1.0 % setpointin K

GC Oven Temperature
Accuracy - 7890; - Temperature
1 Owven - 5: 230.0°C - Lo == -1.0
AND <= 1.0 % setpointin K

GC Oven Temperature
Accuracy - TBI0: - Temperature
:Oven-5:1000°C-L: >=-10
AND <= 1.0 % setpoint in K

GC Oven Temperature
Accuracy - 7880; - Temperature
: Oven - 8; 100.0°C-L: »=-1.0
AND <= 1.0 % selpoint in K

GC Oven Temparalure
Accuracy - 7890: - Temperalura
:Oven-S: 100.0°C - L: >=-1.0
AND <= 1.0 % setpgint in K

GC Oven Temperature Stabflity
- ¥890: - Temperature ; Oven -
§:1000°C- L1 <= 05°C

Page 2/8

None

Run Count : 1

Manual Data Entry

Run Count : 1

Mona

Manual Data Entry

Run Count: 1

Mone

June 21, 2022 2:04:12 PM
GM-7

Page 9/15




© 2022 by Agilent Technologies

Agilent CrossLab Compliance Services

User Name: supasak.nimsongtham

Hostname: 5CG1115HKC

ALS-GM7-2022 Transaction log :

Print Date: June 21, 2022 2:04:17 PM

Systemn Id: GM-7

Time Transaction Activity Type of Transaction Optional Information
Stata Porformed
June 21, 2022 11:01:00 AM Audit AceClosed Session Mong
June 21, 2022 11:01:47 AM Audit AceRestarted Sassion None
June 21, 2022 11:01:48 AM Audit BessionReloaded Session Naone
June 21, 2022 11:01:51 AM Stant Qualification Session oa
June 21, 2022 11:01:51 AM Starl Execulion GC Oven Temperature Stability None
- 7880; - Temperature : Oven -
8:1000°C-L:==0.5°C
June 21, 2022 11:03:14 AM Audit Data DataManager DataManager was in a data
verification state but the user
chose to starl over,
June 21, 2022 11:04:19 AM Audit Data GG Oven Temperalure Stabilily Manual Data Entry
= 7850: - Temperature : Oven -
§:100.0°C - L: <= 0.6°C
June 21, 2022 11:04:22 AM End Execution GG Qven Temperatura Stabllity Run Count ; 1
= 7890: - Temperature : Oven -
5:100.0°C - L: == 0.5°C
Juns 21, 2022 11:04:24 AM Start Execution Log Amp - 5977A SQ: - Source. None
El - Extractor
June 21, 2022 11:04:34 AM End Execution Leg Amp - 5977A 50 - Source: Run Count : 1
El - Extractor
June 21, 2022 11:04:37 AM Start Execution RFPA - 59774 50 - Source: El None
= Extractor
June 21, 2022 11:07:49 AM End Exacution RFPA - 59774 SC: - Source: El Run Count ; 1
- Extractor
June 21, 2022 11:07:52 AM Start Execution Tune El - 59774 SQ: - Source: - Nona

El - Extractor Filament 1
{Qualitative - Mo selpoints
associated)

Page3/8

Date:
System ID:

June 21, 2022 2:04:12 PM
GM-7
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User Name: supasak.nimsongtham System ld: GM-7
Hostname: 5CG1115HKC Print Date: June 21, 2022 2:04:17 PM

ALS-GMT-2022 Transaction log :

Time Transaction Activity Typa of Transaction Qptlonal Information
State Performad
June 21, 2022 11:08:35 AM End Execution Tune El - 58774 5Q: - Source: - Run Count 1 1

El - Extracior Filament 1
{Qualitative - No selpoints
assoclated)

June 21, 2022 11:14:59 AM Start Exgcution Tune El - 5977A S0 - Source: - Nona
El - Extractor Filament 2
{Qualitativa - No setpoinis
assoclated)

C ' June 21, 2022 11:16:48 AM End Execution Tune El - 5977A 8Q: - Sowrse; - Run Count: 1
El - Extractor Filament 2

{Qualilative - No setpoints

associaled}

June 21, 2022 11:16:49 AM Start Execulion Signal to Nolse El - Liquid None
Injection, Front 85L, 8Q: -
Source: El - Extractor using
Flament 1 - L: >= 1200

Jume 21, 2022 11:17:05 AM Slart Execution Signal lo Noise El - Liquid Nona
Injection, Front SSL, SQ: -
Source: El - Extractor using
Filament 2 - L: >= 1200

June 21, 2022 11:17:10 AM Slart Exacution Signal 1o Noise E| - Liguid Nona
Injection, Front S8L, SQ; -
Source: El - Extraslor using
Filarant 1 - L1 >= 1200

June 21, 2022 11:26:09 AM Audit AceClosed Session None
June 21, 2022 12:36:20 PM Audit AceRestarled Session Mane
C June 21, 2022 12:36:22 PM Audit SessionReloaded  Session None
June 21, 2022 12:36:26 PM Start Qualilication Session oG
June 21, 2022 12:36:26 PM Slart Executicn Signal lo Neise El - Liguid Nona
Injection, Front SSL, §Q: -

Source: El-Extractor using
Filament 1 - L: >= 1200

Page 4 /8

Date: June 21, 2022 2:04:12 PM
System ID: GM-7
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Agilent CrossLab Compliance Services

User Name: supasak.nimsongtham
Hostname: SCG1115HKC

ALS-GM7-2022 Transaction log :

System Id: GM-7

Print Date: June 21, 2022 2:04:17 PM

Time Transaction Activity Type of Transactlon Optional Information
State Performed

June 21, 2022 12:37:.07 PM Start Execution Signal to Neise El - Liquid Neone
Injectian, Front $SL, SQ: -
Source: El - Extractor using
Filament 2 - L: >= 1200

Juna 21, 2022 12:37.08 PM Start Execution Slgnal to Noise El - Liquid None

' Infestion, Front SSL, SQ: -

Source; El - Exiractor using
Filament 1 - L: >= 1200

June 21, 2022 12:38:54 PM Audit Data Signal lo Meise E! - Liguid Dala files Path :
Injection, Front 881, 5Q: - HAALSGM?7_2022\SNF1_001
Sowrce: El- Extractor using .o
Filament 1 - L: »>= 1200

June 21, 2022 12:38:24 PM Audit Data Signal to Noise El - Liquid Data files Path :
Injection, Front S5L, 5Q: - HMLSGMY_202\SNF1_D01
Source; El - Extractor using .D
Filament 1 - L: >= 1200

June 241, 2022 12:40:09 PM  Audit Data Signal to Noisa EI - Liquid Data filas Path
Injection, Fronl SSL, S0 - HIALSGMT_2022\SNF1_001
Source: El - Extractor using .D
Filament 1 - L: >= 1200

June 21, 2022 12:42:04 PM Audit Data Signal to Notse El - Liquid Data files Path :
Injaction, Frent S5L, SQ: - HAALEGM7_20225NF1_001
Source: El - Extraclor using .D
Filament 1« L:>= 1200

June 21, 2022 12:42:17 PM Audit AceClosed Session Mone

June 21, 2022 12:33:31 PM Audit AceRestarted Session None

June 21, 2022 12:33:33 PM Audit SessionReloaded Session Mone

June 21, 2022 12:33:37 PM Stant Qualification Session on

June 21, 2022 12:33:37 PM Start Execulion Signal to Meise EI - Liquid None

Injection, Front SSL, SQ: -
Source: El - Extractor using
Fllament 1 - L: >= 1200

Fage 5/8

Date:
Systemn |D:

June 21, 2022 2:04:12 PM
GM-7
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Agilent CrossbLab Compliance Services

User Name: supasak.nimsongtham
Hostname: SCG1115HKC

ALS-GM7-2022 Transaction log :

System Id: GM-7

Print Date; June 21, 2022 2:04:17 PM

Time Transaction Activity Type of Transaction Optlonal Information
State Performed

June 21, 2022 12:34:44 FM Audit Data Signal 1o Noisa El - Liquid Dala files Path :
Injection, Front S8L, SQ: - EMALSGMT_2022\8NF1_001
Source: El - Extractor using D
Filament 1 - L: >= 1200

June 21, 2022 12:36:26 PM End Execution Signal to Moise E1 - Liquid Run Gount ; 1
Injection, Front SEL, SQ: -
Source: El - Extractor using
Filament 1 -L: >= 1200

June 21, 2022 12:37:11 FM Start Exectlion Signai to Moise El - Liquid Nane
tnjection, Front SSL, SQ: -
Source: El - Extractor using
Fitament 2 - L; >= 1200

June 24, 2022 12:38:15 PM  Audit Data Signal lo MNoise El - Liquid Drata files Path @
Injection, Front S5L, 5Q: - EMALSGMY_20225MF2_001
Source: El - Extraclor using .D
Filamant 2 - L: >= 1200

June 21, 2022 12:38:30 PM  Audit DCala Signal to MNoise El - Liquid Data files Path @
Injection, Front S5L, SQ: - EVALSGMT_20220ENF2_001
Source: El - Extractor using .D
Filament 2 - L: »>= 1200

June 21, 2022 12:38:45 PM Audit Dala Signal to Nolse EI - Liquid Data files Path :
Injection, Front S5L, SQ; - ENMALSGMT_2022VSNF2_001
Sourca: E! - Exlractor using D
Filament 2 - L: »= 1200

June 21, 2032 12:39:00 PM Audit Data Signal to Noiss El - Lguid Dalafiles Path ;
Injection, Front SSL, SQ: - EMALSGMT_2022\8NF2_001
Saurce: El - Extractor using D
Filament 2 - L; »= 1200

June 21, 2022 12,3814 PM Audit Data Signal to Moise E| - Liquid Dala files Path :
Injection, Front S8L, SQ: - EMALSGM7_20228NF2_001
Source: El - Extractor using D
Filament 2 - L: >= 1200

Page6 /&

Date:
System ID:

June 21, 2022 2:04:12 FM
GM-7

Page 13/15




@ 2022 by Agilent Technologies

Agilent CrossLab Compllance Services

User Name: supasak.nimsongtham
Hostname: 5CG1115HKC

ALS-GMT-2022 Transaction log :

System ld: GM-7

Print Date: June 21, 2022 2:04:17 PM

Type of Transaction

Optional Information

Time Transaction Activity
State Performod

June 21, 2022 12:39:45 PM Audit Data

June 21, 2022 12:40:16 PM Audit Data

June 21, 2022 12:40:40 PM Audit Data

June 21, 2022 12:41:09 PM Audit Data

June 21, 2022 12:41:29 PM End Execution

June 21, 2022 12:43:30 PM  Audit

TestUnlocked

June 21, 2022 12:42:30 PM Start Execulion

June 21, 2022 12:42:35 PM Audit Data

Signal to Nolse El - Liquid
injection, Front S5L, SQ: -
Source: El - Extractor using
Filament 2 - L: >= 1200

Signal to Noise E| - Liquid
Injection, Front SSL, 84: -
Source: El - Extractor using
Filament 2 - L: >= 1200

Signal to Nolse EI - Liguid
Injection, Front SSL, 5Q: -
Source: El - Exiractor using
Fitament 2 - L: >= 1200

Signal to Noisa El - Liquid
Injection, Front SSL, Q. -
Source: El- Exlractor using
Filament 2 - L: >= 1200

Signal to Noise EI - Liguid
Injection, Front 881, 8Q: -
Source: El - Extraclor using
Filament 2 - L: »>= 1200

Signal to Noise E| - Liguid
Injaction, Front 551, 5Q: -
Source: El - Extractor using
Filament 2 - L; >= 1200

Signal to Nolse EI - Liguid
Injection, Front SSL, 8Q: -
Sourge: El - Extractor using
Filament 2 - L: »>= 1200

Signa! to Noise El - Liquid
Injection, Front 5L, 5Q. -

Source: El - Exlractor using

Filament 2 - L: >= 1200

Page7/8

Data files Path ;
EMNALSGM7T_20228NF2_001
D

Data files Path :
ENALSGM7?_2022\SNF2_001
o

Dala files Path ;
EMLSGM7_2022\8NF2_00H
O

Data files Path :
EMNALSGM7_20228NF2_N01
.D

Run Count : §

Devlatfon filed for Run Count
:1

MNone

Data files Path :
EMNALSGM7_2022\SNF2_D01
.D

Date:
System ID:

June 21, 2022 2:04:12 PM
GM-7
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Agilent CrossLab Compliance Services

User Name: supasak.nimsongtham
Hostname: 56G1115HKC

ALS-GM7-2022 Transactlon log :

System Id: GM-T

Print Date: June 21, 2022 2:04:17 PM

Time Transaction Activity Type of Transaction Qptional Information
State Performed
June 21, 2022 12:42:45 PM End Execution Signal to Neise El - Liquid Run Count: 2
Injection, Fromt 5L, 8Q: -
Source. El - Extractor using
Filament 2 - L: >= 1200
June 21, 2022 12:42;50 PM End Qualification Session (o]e]
June 21, 2022 12:42:50 PM Star Reporting Session None
June 21, 2022 12:45:17 PM Audil AceClosed Session None
June 21, 2022 1:57:47 PM  Audit AceRestarted Session None
June 21, 2022 1:57:50 PM  Audit SessionReloaded Sesslon Mone
June 21, 2022 1:57:56 PM  Starl Qualification Sesslon on
June 21, 2022 2:02:42 PM  Audit Reporting Session Report Generated ©
Cerlificale
Paga 8/8

Date:
System [D:

Juna 21, 2022 2:04:12 PM
GM-7
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Certificate of System Qualifica

REVIEW BY \W?j’}’
APPROVED BY Z,AL—*M—FA

glent Crosslab Compliance Services
27 |07 |13

Hi5ff CAL. DATE ...

GC-0Q + GCMS-0Q

System ID: GM-6
Organization Name:

Organization Location:

ALS Laboratory Group(Thailand) Co., Lid.
104 Patthanakarn 40, Patthanakarn Rd., Kwang Suan Luang< Khet Suan Luang, Bangkok

10250
Date: November 25, 2021 5:20:10 PM
EQP Name: AgilentRecommended , AgilentRecommended
EQP Revision: GC.02.52, GCMS.02.51

Overall Qualification Status: Pass

CDS Logon Verification - GC

Logon: 'Nanthawadee.Somboon

Overall CDS Logon Verification - GC Test Status

|Pass

System Inspection and Basic Safety and Operation

Name: | 7890

Setpoint Status: [Pass

Overall System Inspection and Basic Safety and Operation Test Status

|Pass

Inlet Pressure Accuracy

Name: i?ago_ .
Front SSL
Setpoint Status: ﬁ’ass . N
Setpoint Actual
Inlet Pressure: 125.0 | psi 125.1 o _'| psi
Accuracy: 0.1 | psi
Agilent Recommended: !<= 12 |

Date:
System 1D:

November 25, 2021 5:20:10 PM
GM-6
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Overall Inlet Pressure Accuracy Test Status

|Pass

Agilent CrossLab Compliance Services

Headspace Leak

Name: 1 7697A with Tray
Sampler 1
Setpoint Status: Pass

Overall Headspace Leak Test Status

e
|Pass

Headspace Heated Zones Temperature Accuracy

Name: |7697A with Tray
Sampler 1
Setpoint Status: Pass

:Tr_anéferﬁne-

Iec

| %setpoint ([21 e
: % setpoint ( rB('.} |°C
°C

Zone:

Temperature:

Setpoint 115.0 [*C

Actual 149

Accuracy: -0.1

Agilent Recommended: >= |18
<= |52

Setpoint Status: Pass

Zone: ééa;nalé Loop -

Temperature: =

Setpoint  110.0 °C

Actual 1109.8 j

Accuracy: -0.2

Agilent Recommended: >= 4;0
< |40

Date:
System ID:

November 25, 2021 5:20:10 PM
GM-6
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Agllent CrossLab Compllance Services

Setpoint Status: Pass
Zone; Oven
Temperature:
Setpoint 1000 °C
Actual 99.9
Accuracy: 01 G
Agilent Recommended: »= |-4.0
<= [4.0
Overall Headspace Heated Zones Temperature Accuracy Taest
|Pa33
GC Oven Temperature Accuracy
Name: 7890
Setpoint Status: Pass
Zone: Qven
Selpoint/Actual
Temperature; 230.0 !229.8 *C
Accuracy: 0.2 o)
Agilent Recommended: = 10 % setpointin K { |-5.0 °C
<= 1.0 % setpoint in K { |50 C
Setpoint Status: Pass
Zone; Oven
Setpoint/Actual
Temperature; 100.0 IQQ.B *C
Accuracy: -0.2 o0
Agilent Recommended: = [|-1.0 % setpeoint in K { {-3.7 *C
<= |10 % setpoint in K ( i3.7 °C

Ovaerall GC Oven Temparature Accuracy Test Status

Pass

GC Oven Temperatura Stahility

Name: 7890
Date: November 25, 2021 5:20:10 PM
System ID: GM-8
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Agilent CrossLab Compliance Services

Setpoint Status: | Pass

Setpoint/Average
Temperature: | 100.0 |99.8 [ °C
Stability: 0.2 °C
Agilent Recommended: i<= 0.5

Overall GC Oven Temperature Stability Test Status

Pass

Log Amp

Tested Combination Front SSL / External

sQ

Name: i59750 inert XL with TAD

Setpoint Status: | Pass

Overall Log Amp Test Status

Pass

RFPA

Tested Combination1 Front SSL ! External

3Q

Name: [59750 inert XL with TAD

Setpoint Status: [Pass

Amu: 1050 m/z Drift After Five Minutes:

18 mV

RFPA Voltage:

519 mv

Agilent Recommended: i>= -100 and |<= |100

] |<= 1100

Overall RFPA Test Status

Pass |

Tune EI

Tested Combination1 Front SSL ! External

5Q

Name: |5975c inert XL with TAD

Setpoinf Status: fPass

Filament:

Date: November 235, 2021 5:20:10 PM
System ID: GM-6
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Setpoint Status: | Pass

Filament:

This lest’s 0 commeni{s} and 1 deviation{s) are available in the Attachments section.

Qverall Tune El Test Status

Pass

Scouting Run

Tested Combination1 Front SSL / External 5Q
Headspace

Name: 7697 A with Tray

Source: El - Inert ]

Setpoint Status: |00mpleted

Injection Yolume on Column: [1000 | uL

Overall Scouting Run Status

Completed

Injection Precision

Tested Combination Front 3sL / External sQ

Name: 7697A with Tray

Source: El - Inert

Setpoint Status: |Pass

Injection Yolume on Column: |1000 J uL

Area RSD: 1.61 Y Retention Time RSD: 0.01 %
Agilert Recommended: |-== 5.00 <= 1.00

Ovaerall Injection Pracislon Test Status

Pass

Mass Ratio Preclsion

Date: November 25, 2021 5:20:10 PM
Systam ID: GM-6
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Tested Combination Front SSL / External sQ
Headspace
Name: 7697A with Tray
Source: El - Inert
Setpoint Status: |Pass
Injection Volume on Column: {1 000 uL
Area Mass 1 Mass Ratio
Abundance*s
RSD: 1.61 % 0.25 %
Agilent Recommended: <= {5.00 <= 15.00
Pass Pass

Overall Mass Ratio Precision Test Status

Pass

Injection Carry Over

Tested Combination Front SSL ! External 5Q
Name: 7697A with Tray

Source: El - Inert

Setpoint Status: Pass

Injection Volume on Column: 1000 uL

Area Carry Over: 0.00 %

Agilent Recommended: |<= 1.00

This test’s 0 comment(s) and 2 deviation(s) are available In the Attachments section.

Overall Injection Carry Over Test Status

Pass
Date: November 25, 2021 5:20:10 PM
System ID: GM-6
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Agilent

Y. pmsatsitiee - GHOSSIEAD

.
-

From Insight to Oue

EQUIPMENT QUALIFICATION REPORT (EQR)

Agilent CrossLab Compliance
REVIEW BY .10, G
Qualification Type: ICPMS-0Q
APPROVED BY %W/‘;LN
System ID: JP12091612
NEXT CAL. DATE ..N.1)%).23....
EQP Name: AgilentRecommended
EQP Revision: ICPMS.02.50
EQP Publish Date: March 2020
Date: June 14, 2022 10:32:16 AM
Report Type: Report
Org. Name: ALS Laboratory Group (Thailand) Co.,Ltd.
Org. Location: 104 Phatthanakarn 40, Suan Luang, Bangkok 10250
Thailand.
Date: June 14, 2022 10:32:16 AM
System ID: JP12091612
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Test Summary

Purpose

This section includes a status for each scheduled test and the overall qualification. For each test that is run, {1) the status is
automatically determined based on pre-defined limits, and (2) the total number of times the test was run is displayed. For detailed
results and specifications for a test, refer to the test results in this EQR.

Details

Test Status Runs
Autosampler Check : ASX-520 Pass 1
Integrated Sample Introduction System (ISIS) Check : I1SiS2 Pass 1

Autotune : G3281A Pass 1
Background (No Gas Mode) : G3281A Pass 1
Background (Gas Modes) : G3281A Pass 1
20-Minute Stability (No Gas Mode) : G3281A Pass 1

Overall Qualification Status

‘Pass
Date: June 14, 2022 10:32:16 AM
System ID: JP12091612
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Service Details

Purpose

Agilent CrossLab Compliance Services

This section includes local contact and delivery details for this service.

General Details

Service Order No./Request;
EQP Name:

EQP Revision:

Report Type:

Organization Details
Name:

Location:

Local Contact Details
Name;
Job Title:

Qualification Location:

Operator Details
Narme:

Job Title:

Data Acquisition Details
Acquisition Software Name:

Acquisition Software Revislon:

Customer Data System {CDS}):

6005218484
AgilentRecommended

ICPMS.02.50

Report

ALS Laboratory Group (Thailand} Co.,Ltd.
104 Phatthanakarn 40, Suan Luang, Bangkok 10250 Thailand.

Khan Chatchanai
Lab Manager

Spectro Room

Panthep Kurasathain

Field Service Engineer

MassHunter

D.01.01

lepMs: MassHunter

Date: June 14, 2022 10;32;16 AM

System ID:

JP12091612
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Instrument Details

Purpose

This section describes the as found system configuration.

Details
ICP-MS 1
Manufacturer Agilent Technologies
Name 7700x
Model Number G3281A
Detector Type 8Q
Nebulizer Mira Mist (G3161)
Spray Chamber Quartz
Torch Quartz
Sampling Cone Ni
Skimmer Cone Ni
Serial Number JP12081612
Firmware Revision D.01.01
ISIS 1
Manufacturer Agilent Technologies
Name 18152
Model Number G4911A
installed Options #003: 2 pumps, 1 valve, auto dilution and discrete sampling
Type Peristaltic pump system

Autosampler 1

Manufacturer Agilent Technologies
Name ASX-520
Model Number G3286A
Serial Nurnber 031403A520
Chiller 1
Manufacturer Agilent Technologies
Name Chiller
Model Number G3292A
Serial Number 4N1220700
Date: June 14, 2022 10:32:16 AM
System ID: JP12091612
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Calculation Formulas
Purpose

This section includes calculation formulas for all available tests. Depending upon which tests are scheduled, all or some apply to your
qualification,

For a description of calculations for ICP-MS tests performed by the MassHunter software, refer to the MassHunter application and
documentation.

Date: June 14, 2022 10:32:16 AM
System ID: JP12081612
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Protocol Details

Purpose

This section lists the revisions for all test units used in this report. For complete test-specific and high-level change details, refer to the
Revision History document.

Test Revision Test

ICPMS.02.50 20-Minute Stability (No Gas Mode)

ICPMS.02.50 Autosampler Check

ICPMS.02.50 Autotune

ICPMS,02.50 Background (Gas Modes)

ICPMS3.02.50 Background (No Gas Mode)

ICPMS.02.50 Integrated Sample Introduction System (ISIS) Check
Date: June 14, 2022 10:32:16 AM

System ID: JP12091612
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Autosampler Check

Purpose

This test demonstrates that the autosampler module is correctly installed and connected. It does not test module perfermance.

Setpoint
Results
Observed Result Expected Result Status
Criteria
. . S . . A

After the self test, is probe in the home position? 'Yes IYes ' Pass

T iti i ? 1 Ty T
As commanded, Is the probe positioned at vial 27 'Yes  iYes . ‘Pass
Setpoint Status: ‘Pass 3 Runs: 1

Overalt Autosampler Check Test Status

Pass
Date: June 14, 2022 10:32:16 AM
System ID: JP12091612
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Integrated Sample Introduction System (ISIS) Check

Purpose

This test demonstrates (hat the 1SIS module is correctly installed and connected. It does not test module performance.

Setpoint
R t
esults Observed Result Expected Result  Status
Criteria
Py L P

As commanded, does the pump rotate? Yes : ers . Pass
As commanded, do the valves load and inject? i ST, Lo

iYes - 'Yes © 'Pass
Setpoint Status: ‘Pass - . Runs:: 1

Overall Integrated Sample Intraductien System (ISIS) Check Test Status

Pass
Date: June 14, 2022 10:32:16 AM
System ID: JP12091612

Page 9/30



®© 2021 by Agilent Technologies

Autotune

Purpose

This test uses traceable checkout standards to run a software-executed autotune in all modes

peak width, mass axis, sensitivity, oxide species, and doubly-charged species tests.

Agilent CrossLab Compliance Services

. The tune report provides values for

Setpoint
Results
Peakwidth Mass 7 0735 AMU
Agilent Recommended: ﬁ$= 0.65 '

<= 0.80
Status: ;rPass
Peakwidth Mass 89 0732 | AMU
Agilent Recommended: l>= 065 ;

le= 080
Status: lPass .
Peakwidth Mass 205 0.746 | AMU
Agilent Recommended: > ' 0.65

' 0.80
Status: !Pass
Mass Axis 7 t7’00 " ?AMU
Agilent Recommended: 1= ‘6.9 L

Status: 1,I5ass
‘Mass Axis 89 89.00 AMU
Agilent Recommended: i>= 188.9 ’
le= 1891 :
Status: iPass
Mass Axis 205 120600 IAMU
Agilent Recommended: >= 2049
= 12051 :
Status: !Pass

Date: June 14, 2022 10:32:16 AM
System 1D: JP12091612
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Mass 7 Sensitivity No Gas
Agilent Recomrmended:

Status:

Mass 83 Sensitivity No Gas
Agilent Recommended:

Status:

Mass 205 Sensitivity No Gas
Agilent Recommended:

Status:

Mass 59 Sensitivity He
Agilent Recommended:

Status:

Oxide Ratio 156/140
Agilent Recommended:

Status:

Doubly Charged Species Ratio 70/140

Agilent Recommended:

Status:

Setpoint Status: ‘Pass

Overall Autotune Test Status

Pass

Pass

=

iPass
I

>=

?Pass

81.18  Mcps/ppm
- :255 :
24781 f Meps/ppm
17184.8? Mcps/ppm
54 :
'184.86 Mcps/ppm

>=

EPass

! Pass

<=

Pass

23

204

M1 iy

138 ;

1140 %

Agilent CrossLab Compliance Services

Runs: 1

Date:
System ID:

June 14, 2022 10:32:16 AM
JP12091612
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Background (No Gas Mode)

Purpose

This test examines the background of the ICP-MS in no gas mode by monitoring ions during a blank run.

Setpoint

Conditions

Masses: 7 7 ' LAMU

189 AMU

205 AMU

Measurements and Results

Masses (AMU): 7 N 89 . 205

Measured Value: 34.9-(J0 | §7.100 ' 18.400 | €GPS

Agilent Recommended: <= 10 Dle= 140 k= 30

O S

Status: EPass | iPass

Setpoint Status: Pass 7 o o o : Runs: 1

Overall Background {No Gas Mode) Test Status

Pass
Date: June 14, 2022 10:32:16 AM
System ID: JP12091612
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Background (Gas Mode)

Purpose

This test examines the background of the ICP-MS in the various gas modes by monitoring ions during a blank run.

Setpoint Gas Mode: ﬁHellum -

Conditions

Mass: }78 ';AMU
Integration Time: 1.0 I sec
Cycles: .20

Measurements and Results

Mass (AMU): 78

Measured Value: , 21.1000 . cps

Agilent Recommended: %::: 460 '

Status: ?Pass

Setpoint Status: Z‘Péss- ' o ) Runs: i1

Overall Background (Gas Mode) Test Status

Pass
Date: June 14, 2022 10:32:16 AM
System ID: JP12091612
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20-Minute Stability (No Gas Mode)

Purpose

This test monitars the abundance of ions present in the checkout standard over a 20-minute period to verify that the signal is stable.
The %RSD of the abundance of given ions is calculated internally by the software and compared to the limit.

Setpoint

Conditions

Mode: fSpecffum '

Masses: 7,9,59, 89, 140,205
Integration Time: 9;39 o ééc |
Peak Pattern: 3 N ' points/peak
Repetitions: 20 -
Sweeps/Replicates: 100 o

Measurements and Results

Masses (AMU): 7 | 189 : 205 :
Stability RSD: 02 06 ; 0.6 %
Agilent Recommended: <= 345 <= 345 <= 345 |
Status: IPass iPass iPass

Setpoint Status: fPasé - 7 Runs:i1

Overall 20-Minute Stability (No Gas Mode) Test Status

Pass
Date: June 14, 2022 10:32:16 AM
System ID: JP12091612
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Declaration of Change Control

This dacument is under change control. Revision history is maintained and printed on each document. Access to the master
documents is limited to process owners. Documents receive periodic review and cannot be assigned an evergreen status. The
qualification performed according to this document refers only ta the hardware/saftware configuration in place at the time of the
qualification. Agilent Technologies recommends that instrument configuration change management procedures be in place in order to
maintain the validation process. Any changes to the analytical or computer hardware or software must be clearly specified. A
change management system provides a means for determining the degree of requalification required according to the extent of the
changes made. All details of the changes must be thoroughly recorded and documented, together with details of completed tests and
their results. Note: Hardware/software configuration management is the customer's responsibility.

Date: June 14, 2022 10:32:16 AM
System 1D: JP12091612
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Attachments

Training requirements note: The delivery engineer attaches an ACE technique-specific training certificate to the Equipment
Qualification Report (EQR). Obtaining ACE technique-specific cerification includes pre-requisite trainings for Data Integrity, General
Compliance topics {GMP, GLP, ALCOA, efc.), instrument hardware and software companents, and the ACE technigue itself, The one
certificate encompasses all pre-requisile trainings as documented in the Agilent Leaming Management System called Success
Factors.

Location Category Document Name Page
EQR General Certificate of System Qualification 17
EQR General Operator's training certificate and qualifications 18
EQR General Certificate of Qualification for ACE 19
| EQR General Certificate of Qualification for ACE 20
EQR General Tune reports 21
EQR General Test Report - 24
EQR General Test Report 26
Date: June 14, 2022 10:32:16 AM
System ID: JP12091612
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General
Document Name: iCertificate of System Qualification

Agilent Technologies

Agilent Compliance Engine Self Qualification
Date: September 14, 2021 4:58:15 PM
Driva Serlal #: ACAD25C9 Platform Revision: ACE 3,11

. Individual self-qualification reporis far each specific technique installed are also available upon request. They provide additional details
(‘A on the general report from the eancise summary and are structured by the actual algorithms challenged during the process. There is
not a ona-to-ane relationship between algorithms and OQ program tests because some algorithms are used by several tests and
across multiple similar hardware compenents of the qualified systems.

Technique Type Tests Complated Result
Atomic Absorption 7 Conforms
Capillary Electrophoresis 10 Conforms
Dissolution 6 Conforms
Emission Speciroscopy 3 Confarms
Gas Chromatography - GCMS 7 Conforms
Gas Chromatography 29 Conforms
Gel Permeation Chromalography 9 Conforms
ICP-MS 6 Conforms
Infrared Spectroscopy 7 Conforms
Liquid Chrematography 17 Conforms
Liquid Chromatography - LCMS a Conforms
. Microfuidics 18 Conforms
C-- Sample Preparation - Gas Chromatography 9 Conforms
Sampla Preparation - Ligquid 8 Conforms
Chromatography
Supereritical Fluid Chromatography 15 Conforms
Software 6 Confarms
UV-Vis Spectraphatometer 13 Confarms

QOverall Qualification Status

‘Conforms
Date: Jure 14, 2022 10:32:16 AM
System ID: JP12091612
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General
Document Name: 1Operator's training certificate and qualifications
4% Agltent Technologies
Certificate of Completion
(_\_ Leamer Name: Panihep Kurasathain
Title Of Course: AN-CE-ICPMS-2-017-B:7700x/7700s {CP-MS Iniro, ~Oper.HAW.S/W & OQPV
Complelion Date: November 22, 2012
Certified By Company: Leaming at Agilent
All Service and Suppott tendning certificates have the following specific limitations.
A certificate for Sarvice and Support Iraining is only valid while employed by Agilent Technologies or while warking as an Agilent-nuthorized service
provider, fhrough whieh the service employec has ongoing access 1o Apilent's: Safety Alens, Service Notes, intermal technical updates, update finin g, ewrrend
documentation, technical support, snrent parts, and parts updates. Completion of training alone, withaal being employed by Agilent Techuologies, dacs not
qualily an individual 10 safely install, seevice or maintain Agilen products.,
Data: June 14, 2022 10:32:16 AM
System 1D: JP12091612
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General
Document Name: !Certificate of Qualification for ACE
¥4 fgilant Technalagias
Certificate of Completion
o Leamer Name: Panthep Kurasathain
C..-';
Title Of Course: AN-CE-8S-[1-03(-A; ACE 3.X User Updatc Training
Completion Date: July 7, 2020
Certificd By Company: Leamning at Agilent
Al Service and Suppart training certifieates have the following specilic Timitatinmns,
A centificate for Service and Support trining is only valid while employed by Agilent Technologics or while working as an Agilent-nuthorized serviee
provider, theaugh which the service employee has ongoing aceess L6 Agilent’s: Safety Alers, Service Notes, | I techaical updales, updats waining, cumrent
| i {msical suppor, curvent panis, and pars updates. Completion of fraining alone, withom being emplaycd by Agilent Technologies, does not
qualify an individual te safely install, service or maintain Agilent prodocts.
Date: June 14, 2022 10:32:16 AM
System ID: JP12091612
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General

Document Name: iCéﬂiﬂéél'é of QualiﬁcatlonforACE

Agilent Teehnologies

Certificate of Completion

Leamer Name: Panthep Kurasuthain

Title OF Course: AN-CE-ICPM8S-2-035-B: CrossLab Compliance Hardware Speeific Delivery for Agilent
ICP-M$§ Systems

Completion Date: October 31, 2020

Centificd By Compaony: Learning at Agilent

All Service and Sapport teaining eertificates have the fallowing specific limitations.

A eenificae For Service and Support tmining is only valid while employed by Apilent Techuclogies or while working as an Apilent-anthorized service
provider, thiough which the service employes has ongoing acecss o Agilent's: Safety Alens, Serviee Notes, internal lechnical updates, updalg teaining, current
documentation, 1echnical suppent, current parts, and paris updates. Completion of training alone, withaur being employed by Agilent Technologies, dovs nat
qualify an individual (o safely install, service or malniain Agilent products.

Date: June 14, 2022 10:22:16 AM
System 1D: JP12081812
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General

Pocument Nama: Tune reports

- A . . e mee e

Tune Report
Opemtor Hame Supakwan Mak
AcryDas Bemh CiagilentICPMHUserTune.b
Acry. Dew-Time 614/2022 30315 AM
Report Commert. PMOQ 14 June 2022
Instrumant Kame GI281A JP12091612
[No Goa]
( : Seralbiy
Mess Range Count R30% Backgraund
AN A A, PN A ] 0000 |18 [3.585  |4.800
83 50000 24781 328 7.100
T A VR V) 205 BOCA0 18487 3.804 18,400
e P e P e ]
Sampling Perlod [set] 031
Integratian Time [sec) 01

CxddaDoubly Charpad Rado
Onida 1567140 1.119 %
Doubly Charged 701140 1,140 %

Reachtion'fode
Masa Prasabt Hefgt s WEI% W0%
B 3050.47 [7o0  loes 0.735
T) 2472531 EEIEE 0,732
- 205 | 1858981 [205.00 Joas @326
Integration Tima (sec] 0.1
Acquisition Time [sec] 2274
Y feds Lingar
C Tune Parmetsrs
Plaama Parameans
Flasma Mode — Nabulizer Ges 1.05% Limin Makeup Gas 0.00 Limin
RF Pewer 1550w QOption Gas - Aulliory Gas 0.90 Limin
RF Matching 180V Nebulizer Pump 010 mps Plasma Gas 15.0 L/'min
Sample Dapth 8.0mm S/C Temp 2'c
Lana Pamamolars
Extract 1 0.0V Omega Lens BEV Ceflect 12,0V
Extrect 2 1900V Cejl Entrence 30V Plate Blas 40V
Omeqga Blas 20V Cell Exit 50y
Coll Porarnelars
Usa Gos No Ard Gas Flow - Energy Discrimination 5.0V
He Flow Q.0 mUmin Octf Blas L0y
1¢t3 Bf142022 9:03 AM
Date: June 14, 2022 10:32:16 AM
System 1D: JP12091642

Paga 21/ 30



® 2021 by Agilent Technologies Agilent CrossLab Compliance Services

Document Name: ‘Tune reports
Tune Report
HZ Flow — QP RE 200V
G Pammetpm
Marss Galn 152 Axis Galn +.0032 GP Bias 2a0v
Mass Offsal 123 Axls Ofiset a.12
Hardwam Sattings
Torch
Torch H 0.4 men Tochy 0.0mm
EM
Discriminator A4.5my Analog HY 1708Y Pulse HY 1356 ¥
C : [He]
i Sanskivity
B AAAA e A AAAA [Mass  Rampe  Count  RSD¥%  Background
| 1000 |ssss 2382 15.700
8% 20000 1072 3135 13.800
ot e P e T e
205 50000 20200 3166 22.700

Sampling Period [sec] o

gratlen Tima [sec] a1
OuxkdwDoubly Charged Ratia
Qxida 1561740 1,122 %
Dioubly Charged 701140 1288 %
Tune Paramems
Plaama Paramaisrs
Plasma Made — Mehutizar Gas 1.05 Limin Mekeup Gas 0.00 Limin
RF Power 1550w Option Gas e Puiliary Gas 0.90 Limin
RF Matching 180V Nehullzar Pump 010 ps Pasma Gas 15,0 Limin
Semgphe Dapth 8.9 mm SIC Temp 2'C
Lang Parameton
Ewviract 1 DoV Gmega Lens 74V Deflect 36V
Exracl 2 ~200.0 Y Cell Entrance ~50¥ Plate Blas 115V
C’ Omega Blas a0V Call Exit -Tov
Call Parmeters
Uae Gas Yo 3rd Gas Flaw - Enargy Discrimination 3.0 V
He Flew 4.5 mUmin CQoIP Bias Hov
HZ Flew — CuP RF 180V
QP Parnmewsn
Mass Gein 152 fuds (3oin 1.0032 OF Bl -18.0V
Mass Offset 123 Axls Offset 0.2
Hardware Seftings
Tarch
Torch H 0.4 mm Tarch v 0.0 mm
Zofd 61412022 9:03 AM
Data: June 14, 2022 10:32:16 AM
System 10: JP12091612
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Document Name: ‘Tune reports
Tune Report
EM
Discriminator 4.5mv Anafeg HY 1708V Pulse HVY 1356 V
C
3af3 6142022 9:03 AM
Date: June 14, 2022 10;32:16 AM
System ID: JP12091612
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General
Document Name: iTest Report
Batch Summary Report
Batch Folder, DAAgilent Senvica\PROO 13-6-22486 Hel\
Analysis File: BG He batchkbin
Tune Stap: #1 Ha
Rkt | AcqDae-Tive _Datafile Sample Name Type Level Dﬂmﬁu@
1 §14/2022 100339 AN | OOISMPLE BG He Sample 1
C Page 1/2 §/14/2022 100904 AM
Date: June 14, 2022 10:32:16 AM
System ID: JP12091612
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Document Name: ITest Report
Bateh Summary Report
Analyte Table
78 (Hel
—Sample Name LPS CPSRSQE |
1l BG He 21,1000 384 |
Page2/2 571472022 10:09,04 AM
Date: June 14, 2022 10:32:16 AM
System ID: JP12091612
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General
Document Name: ‘Test Report
Batch Summary Report

Batch Folder: DAAgilent SarvicePMOQ 13-6-224 0 20 Min.bh

Analysis File: 04 20 Min batch.bin

Tune Step: #1 No Gas

Acg, Date-Time ta Fi Sample Name Tygpe Level Dilut
1 671412022 9:79:27 AM DO15MPLd j Sample 1

6/14/2022 9:53:59 AM

C Page1/2

Date: June 14, 2022 10:32:16 AM
System ID: JP12091612
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Document Name: ‘Test Report
Batch Summary Report
Analyte Table
7 INoGas| 9 [MpGasl 59 1Mo Gas]
Sample Name cps CPSRSD CFs CPs RSD CPps CPS RSD ces CPS RSO
1] 20 miln 92477,8975 (¥ 2853875 5 162011,0035 o7l 412110700 06
40 _INoGas] 08 | 1
—2amgle Narpe SES CPSRED
1 min 2524025980 [ ¥)
Page2/2 Bf14/2022 35359 AM
Date: June 14, 2022 10:32:16 AM
System ID: JP12091612
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Electronic Sighature

Purpose

This signature page was created and published because the ACE sign-off action was executed, which is valid for the entire document,
including attachments. The ACE sign-off is an electronic signature that requires two distinct identification components: unique username
and personal password. The Agilent representative who has delivered this service understands the meaning and legal status of an
electronic signature. As a trained official operator, the Agilent representative has a unique password and logen to access ACE and
electronically sign this document. (Other e-signatures can be applied to this document using a Document Content Management or other
suitable method defined in your data access and control procedures.)

Details

Full Name of Signer: Panthep Kurasathain

Logged On User Name: panthep_kurasathain@agilent.com

Signature Creation Date: June 14, 2022

Reason for Signature: Executed protocol and published this original version of documnent

Regulatory Disclaimer

This document provides a protocol to verify and record instrument configuration and evidence of proper operation. It has been prepared from our
inferpretation of applicable regulations as well as industry best practices. The document s designed to provide an important component of a complete
compliance package. Validation depends upon many factors and use of this protocol alone does not assure compliance. Agilent Technologies makes no

promfses or representations as fo its sufficiency for any specific regulatory program.

Warranty

Agilent Technologies makes no warranty of any kind to this material, including but not limited to, the implied warranties or merchantability and fitness for
a particular purpose. Agilent Technalogies shall not be liable for errors contained herein or for incidental or consequential damages in connection with the

furnishing, performance, or use of this material.

Date: June 14, 2022 10:32:16 AM
System ID: JP12091612
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User Name: panthep_kurasathain
Hostname: ASBKKWX313

ALS OQHW 7700 14Jun2022 Transaction log :

System Id: JP12091612

Print Date: Junec 14, 2022 19:32:20 AM

Transaction
State

Time

Optional Information

June 14, 2022 10:14:43 AM Audit
June 14, 2022 10:14:43 AM Starl

June 14, 2022 10:14:43 AM Audit

June 14, 2022 10:19:18 AM Audil

June 14, 2022 10:19:20 AM End
Juna 14, 2022 10:19:24 AM Star

Juna 14, 2022 10:19;24 AM Start

June 14, 2022 10:19:42 AM End

June 14, 2022 10:19:43 AM Stant

June 14, 2022 10:19:47 AM End

June 14, 2022 10:19:50 AM Start

June 14, 2022 10;22:22 AM End

Activity Type of Transaction

Parformed

SessionCreated  Session

Configuration Session

Entitlement Licensing

EgpLoaded Session

Confguration Session

Qualification Sassion

Exacution Autosampler Chack : ASX-520;
Autosampler Check

Execution Autosampler Check : ASX-520:
Autasampler Check

Execution Integrated Sample Introduction
Syslam [ISIS) Chack : 1S152;
Integrated Sample Intreduction
System {ISIS) Check

Execution Integrated Sampla inlreduction
System (1S18) Check : IS182:
Integratad Sample Introduction
System (IS§S} Check

Execution Autotune : G3281A: Auvtotune 1

Execulion Autotune : G3281A; Autotune 1

Page 1/2

None
None

User is FieldEngineer and
does not require an uniock
code

EQP details for primary
technique {lcpMs] -

File path:
[ProtocolPacks!icpMs/Cenfig
urations/02.50/cpMs.02.50.¢
qp]. EQP Fite Name:
[spMs.02.50.eqp], EQP
Nama:
[AgilentRecommended)]

None
oQ

None

Run Count : 1

None

Run Count : 1

None

Run Count : 1

Date:
System ID:

Jung 14, 2022 10:32:16 AM
JP12091612
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User Name: panthep_kurasathain

ALS OQHW 7700 14.Jun2022 Transaction log :

System Id: JP12091612

Hostname: ASBKKWX313 Print Date: June 14, 2022 10:32:20 AM

Time Transaction Activity Type of Transaction Optional Information
State Performed

June 14, 2022 10:22:24 AM Slart Execution Background {No Gas Mode) : None
G3281A: No Gas Mode
Background 1

June 14, 2022 10:22:48 AM End Execution Background (No Gas Mode):  RunCount: 1
G3281A: No Gas Mode
Background 1

June 14, 2022 10:22:49 AM Start Execution Background {Gas Modes) : Neme
G3281A: Gas Mode
Background :Helium

\(_,-j June 14, 2022 10:23:35 AM End Execution Background {Gas Modes}: Run Count : 1

G3281A; Gas Mode
Background :Helium

June 14, 2022 10:23:37 AM Start Execution 20-Minute Stabllity {No Gas Nong
Mode) : G3281A: 20-Minute
Stability {No Gas Mode) 1

June 14, 2022 10:24:06 AM End Execution 20-Minute Stability (No Gas Run Count: 1
Mode) : G3281A: 20-Minute
Stability (No Gas Mode) 1

June 14, 2022 10:24:08 AM End Qualification Sesgion oQ

June 14, 2022 10:24:08 AM Start Reporting Session None

June 14, 2022 10:30:26 AM Audit Reporting Session Report Generated :

Certificate
June 14, 2022 10:30:39 AM Audit Reporing Session Report Generated : Report
Page2/2
Date: June 14, 2022 10:32:16 AM
System ID: JP12091612
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Certificate of System Qualification

ICPMS-0Q

System ID: JP12091612

Organization Name: ALS Laboratory Group (Thailand) Co.,Ltd.

Organization Location: 104 Phatthanakarn 40, Suan Luang, Bangkok 10250 Thailand.
Date: June 14, 2022 10:32:51 AM

EQP Name: AgilentRecommended

EQP Revision: |CPMS.02.50

Overall Qualification Status: Pass

Aufosampler Check

Overall Autosampler Check Test Status

Pass

Integrated Sample Introduction System (ISIS) Check

Overall Integrated Sample Introduction System (ISIS) Check Test Status

Pass

Autotune

Peakwidth Mass 7 R :_i“F'a'ss ‘

Peakwidth Mass 89 ‘pass

Peakwidth Mass 205 T S e e T T
Mass Axis 7 L .
e e . )

Mass Axis 205 " ipass SR R
Mass?Sensntlwty No Gas e J— N
Mass 89 Sensatwlty No Gas Cem I;;s; T e —
Mass 205 Sens|t|v|ty No Gas T -LP;s; S —

Mass 59 ans'.i.q.ty He T —;;s; e ]
Oxide Ratio 156140 7 pass

Doubly Charged Spemes Ratlo 70/140 - I;a_ss )

Overall Autotune Test Status

Pass
Date: —June 14, 2022 10:32:51 AM
System ID: JP12091612
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Background {No Gas Mode)

Setpoint Status: %Paés
Masses (AMU): 1205
Measured Value: 18400 icps
Agilent Recommended: iQ= o §f<=. 430 5
Status: iPass Pass

i

E
Overall Background (No Gas Mode) Test Status
‘Pass - ., "
Background (Gas Mode)
Gas Mode: 1I'-l-e'lium
Setpoint Status: ! Pass
Mass (AMU): . fi?B 7 7
Measured Value: 121.1000 | cps
Agilent Recommended: :{-<; 1460 :
Status: iPass

| i

! i
Overall Background {Gas Mode) Test Status
Pass -
20-Minute Stabitity (No Gas Mode)
Masses (AMU): 7 : 189 ‘ 205 ‘
Stability RSD: 10.2 ' 0.6 ; 0.6 %
Agilent Recommended: <= 1345 Dic= 1345 Lie= 345 |
Status: iPass ; !Pass : iPass

1 ;
t Pl :
a P i

Overall 20-Minute Stability (No Gas Mode) Test Status

Pass
Date: June 14, 2022 10:32:51 AM
System ID: JP12091612
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Instrument Details

Purpose

This section describes the as found system configuration.

Details

ICP-MS 1
Manufacturer Agilent Technologies
Name 7700x
Model Number G3281A
Detector Type sQ
Nebulizer Mira Mist (G3161)

C Spray Chamber Quartz

Torch Quartz
Sampling Cone Ni
Skimmer Cone Ni
Serial Number JP12091612
Firmware Revision D.01.01

1SIS 1
Manutacturer Agilent Technologies
Name 15152
Model Number G4911A
Installed Options #003: 2 pumps, 1 valve, auto dilution and discrete sampling
Type Peristaltic pump system

C

Autosampler 1

Manufacturer Agilent Technologies
Name ASX-520
Model Number G3286A
Serial Number 031403A520
Chiller 1
Manufacturer Agilent Technologies
Name Chiller
Model Number G3292A
Serial Number 4N1220700
Date: June 14, 2022 10:32:51 AM
System ID: JP12091612
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Electronic Signature

Purpose

This signature page was created and published because the ACE sign-off action was executed, which is valid for the entire document,
including attachments. The ACE sign-off is an electronic signature that requires two distinct identification components: unique username
and personal password. The Agilent representative who has delivered this service understands the meaning and legal status of an
electronic signature. As a trained official operator, the Agilent representative has a unique password and logen to access ACE and
electronically sign this document, (Other e-signatures can be applied to this document using a Document Content Management or other
suitable method defined in your data access and control procedures.)

Details

Full Name of Signer: Panthep Kurasathain

Logged On User Name: panthep_kurasathain@agilent.com

Signature Creation Date: June 14, 2022

Reason for Signature: Executed protocol and published this original version of document

Regulatory Disclaimer

This document provides a protocol to verify and record instrument configuration and evidence of proper operation. It has been prepared from our
interpretation of applicable regulations as well as industry best practices. The document is designed to provide an imporiant component of a complete
compliance package. Validation depends upon many factors and use of this protocol alone does not assure compliance. Agilent Technologies makes no
promises or representations as fo its sufficiency for any specific regulatory program,

Warranty
Agilent Technologies makes no warranty of any kind to this material, including but not limited to, the implied warranties or merchantability and fitness for
a parlicular purpose. Agilent Technologies shall not be liable for errors contained herein or for incidental or consequential damages In connection with the

furnishing, performance, or use of this material,

Date: June 14, 2022 10:32:51 AM
Systemn 1D: JP12091612

Page 4 /7



© 2021 by Agilent Technelogies

Agilent CrossLab Compliance Services

User Name: panthep_kurasathain

Hostname: ASBKKWX313

ALS DQHW 7700 14Jun2022 Transaction log :

System Id: JP12091612

Print Date: June 14, 2022 10:32:52 AM

Time Transaction

State

Optionat Information

June 14, 2022 10:14:43 AM Audit
June 14, 2022 10:14:43 AM Start

June 14, 2022 10:14:43 AM Audit

June 14, 2022 10:19:18 AM Audit

June 14, 2022 10:19:20 AM End
June 14, 2022 10:19:24 AM Stan

June 14, 2022 10:19:24 AM Slan

June 14, 2022 10:19%:42 AM End

June 14, 2022 0:19:43 AM Starl

June 14, 2022 10:19:47 AM End

June 14, 2022 10:19:50 AM Starl

June 14, 2022 10:22:22 AM End

Activity Type of Transaction

Performed

SessionGreated  Session

Configuration Session

Entitlement Licensing

EgpLoaded Session

Configuration Session

Qualification Session

Execulion Autesamplar Check : ASX-520:
Autosampler Check

Exacution Autosampler Check : ASX-520:
Autosampler Check

Execution Integrated Sample Introduction
System (ISIS) Check : ISIS2:
Integrated Sample Introduction
System (IS1S8) Check

Execution Integrated Sampla Introduction
System {ISIS) Check : ISIS2:
Integrated Sample Intreduction
Systam (I515) Check

Execution Autotune ; G3281A: Autotune 1

Execulion Autotune : G3281A: Aufolune 1

Page1/3

None
Nene

User is FieldEngineer and
does not require an unlock
code

EQP details for primary
technique [lepds] -

Filg path:
[ProtocolPacks/lcpMs/Config
urations/02,50/tepMs.02.50.e
gp}, EQP File Name:
[lepMs.02.50.eqp), EQP
Name:
AgilentRecommended]

Nane
[e]e]

None

Run Count : 1

None

Run Count: 1

None

Run Count : 1

Date:
System ID:

June 14, 2022 10:32:51 AM

JP12091612
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User Name: panthep_kurasathaln

ALS OQHW 7700 14Jun2022 Transaction log :

System Id: JP12091612

Hostname: ASBKKWX312 Print Date: June 44, 2022 10;32:52 AM

Time Transaction Aclivity Type of Transaction Optlonal Information
State Performed
June 14, 2022 10:22:24 AM Start Execution Background (No Gas Mode):  None
"53281A: No Gas Mode

Background 1

Juna 14, 2022 10:22:48 AM End Execution Background (No Gas Mode) : Run Count : 1
G3281A: No Gas Mode
Background 1

June 14, 2022 10:22:49 AM Start Exscution Background {Gas Modes) : None
G3281A: Gas Mode

C Background :Halfium

June 14, 2022 10:23:35 AM End Execution Background {Gas Modes) : Run Count: 1
G3281A: Gas Mode
Bagkground :Helium

June 14, 2022 10;23:37 AM Start Execution 20-Minute Stability (No Gas None
Mode) : G3281A: 20-Minute
Stability (No Gas Mode) 1

June 14, 2022 10:24:06 AM End Exacution 20-Minute Stability (No Gas Run Count: 1
Mode) : G32814A; 20-Minule
Stabhility (No Gas Mode) 1

June 14, 2022 10:24:08 AM End Qualificalion Session oQ

June 14, 2022 10:24:08 AM Start Reporting Session None

June 14, 2022 10:30:26 AM Audit Reporling Session Report Generatad :

Cortificate
June 14, 2022 10:30:39 AM Audit Reporting Sassion Report Generated : Raport
Page 2/3
Date: June 14, 2022 10:32:51 AM
System ID: JP12091612
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Metrological Center
@ SCI ECO Services Company Limited
)\)‘ SCG 33/2 Moo 3, T.Banpa, A.Kaengkhoi, Saraburi 18110

CEMENT-BUILDING MATERIALS

Telephone : +66 2 586 5792-4 Fax : +66 2 586 5109
Website : www.scieco.co.th E-Mail : calibrate@scg.co.th

Certificate No. T220730 Page 1 of 6

Certificate of Calibration

Equipment : HEATING BLOCK
Manufacturer : Environmental Express

Model : SC 196 REVIEW BY .....T..D..’.(.J.f.ﬁ.\’.ﬂ.‘{ﬁ..g:.-....
Serial No. : 6974CECW3285 APPROVED BY 5Wv/“’"
Customer Code : BKK_EL0054 NEXT CAL. DATE 7}"0(5D?_
ID No. : T5306A3

Customer : ALS Laboratory Group (Thailand) Co.,Ltd.

104 Phatthanakan 40, Phatthanakan Rd., Khwaeng Phatthanakan,
Khet Suan Luang, Bangkok 10250

Customer Location : Acid Digestion Lab

Date of Receipt : 30 March 2022
Calibrated By 3 Wa?harapon Sangtong (Technician )
Approved By : / Sujjar Naknakred ( Site Calibration Manager )

Date of Issue : 12 APR 2022

The uncertainties are for a confidence probability of approximately 95%.

This Certificate is issued in accordance with the conditions of accreditation granted by the Thai Laboratory Accreditation
Scheme which has assessed the measurement capability of the laboratory and its traceability to recognized national
standards and to the units of measurement realized at the corresponding national standard laboratory. This certificate may
not be reproduced other than in full except with the prior written approval of the Metrological Center.

FM-L12 109/30-05-57



Metrological Center
@ S C G SCI ECO Services Company Limited
W | =P S Sl 33/2 Moo 3, T.Banpa, A.Kaengkhoi, Saraburi 18110
Telephone ;: +66 2 586 5792-4 Fax : +66 2 586 5109
Website : www.scieco.co.th E-Mail : calibrate@scg.co.th

Certificate No. T220730 Page 2 of 6

Calibration Report

Equipment : HEATING BLOCK
Date of Calibration ;7 April 2022
Environment : Temperature : 21.8-23.1 °C

Line Voltage : 221.6-2263 V
Relative Humidity : 55-65 %RH

Condition of this results of calibration :

1. This equipment was calibrated by insert nine standard thermocouples type T into its chamber , the other one
standard thermocouples type T use for ambient temperature measurement . The calibration was done in according
to WI-T20.

All data show below were final values and the initial data from customer request . The temperature scale used
was based on ITS - 90,
2. Reference Standard Instrument :

Instrument Maodel Instrument No, Certificate No. Due Date
TC TYPET TN221-TN230 T210008 08 June 2022
TC TYPET TN231-TN240 T210008 08 June 2022
DATA LOGGER  34970A T149 T210008 08 June 2022

3. This certificate is traceable to ;
National Institute of Metrology ( Thailand ) through Metrological Center ( NSC-TISI-TIS 17025 CALIBRATION 0244.)
4. Condition of calibrated item : good
Equipment Description :
Time Constant 2 Hour 25 Minute At 95 C
Fresh Air Damper [__| Open DMin [:, Medium [:] Max
El Close

Not Available

o]

5. Adjustment :
() without adjustment ( X ) after adjustment

Approved By

FM-L13 108/30-05-57



Metrological Center
7 SCI ECO Services Company Limited

33/2 Moo 3, T.Banpa, A.Kaengkhoi, Saraburi 18110
Telephone : +66 2 586 5792-4 Fax : +66 2 586 5109
Website : www.scieco.co.th E-Mail : calibrate@scg.co.th

NG MATERIALS

Certificate No. T220730 Page 3 of 6

Calibration Report

TN225 - TNZ26
" Holeds Holed6 Holed?
TN237 23 TN240 TN221
Hole37 Hole38 Holed( Holed]
TN235

Hole3d |8 Hole3s

N BRI TN228 TN229
)' Hole27 Hole28 Hole29

TN221 TN222
Hole21 ’ Holez2 B
_ Holel7 \ Homa

FRONT CONTROL

Approved By. }/-

FM-L13 108/30-05-57



Metrological Center
@ S C G SCI ECO Services Company Limited
\ ) e W 33/2 Moo 3, T.Banpa, A.Kaengkhoi, Saraburi 18110
Telephone : +66 2 586 5792-4 Fax : +66 2 586 5109
Website : www.scieco.co.th E-Mail : calibrate@scg.co.th

Certificate No.  T220730 Page 4dof 6

Calibration Report

Measurement Results

Calibration Point Average Standard Reading at each position (DC )

R1 Holel-Hole6| TN221 TN222 TN223 TN224 TN225 TN226
CAL POINT Max 93.60 93 82 94.05 94.20 94,36 94.26
95 Min 93.07 93.26 93.51 93.60 93.82 93.71
Average 93.33 93.54 9378 93.93 94,09 93.98

R2 Hole7-Holel12| TN227 TN228 TN229 TN230 TN231 TN232
Max 94.59 94,79 94.63 94.55 94.82 95.00

Min 94.05 94.25 94.08 93.97 94.26 94.44

Average 9432 94.52 94.36 94.26 94.54 94,72

R3 Holel3-Holel8| TN233 TN234 TN235 TN236 TN237 TN238
Max 95.03 94.54 94,78 94.84 95.06 94,73

Min 94.46 93.98 94.20 9428 94.49 94,18

Average 94.74 94.26 94.49 94.56 94,78 94.45

R4 Holel9-Hole24] TN239 TN240 TN221 TN222 TN223 TN224
Max 94.89 94.82 95.73 95.85 95.73 96.10

Min 94,33 94.26 95.51 95.62 95,51 95,85

Average 94.61 94.54 95.62 95.73 95.62 95.97

R5 Hole25-Hole30| TN225 TN226 TN227 TN228 TN229 TN230
Max 96.28 96.39 96.37 96.54 96.19 96.04

Min 96,01 96,10 96.02 96.20 95,89 95.71

Average 96.15 96.24 96.20 96,37 96.04 95.88

R6 Hole31-Hole36| TN231 TN232 TN233 TN234 TN235 TN236
Max 96.84 96.97 97.03 96.48 06.33 95.76

Min 96.53 96.65 96.71 96.08 95.98 95.43

Average 96.68 96.81 96.87 96.28 96.16 95.60

R7 Hole37-Hole42| TN237 TN238 TN239 TN240 TN221 TN222
Max 96.46 96.15 96.19 96.06 96.95 97.09

Min 96.13 95.84 95.85 95.72 96.64 96.78

Average 96.30 95.99 96.02 95.89 96.80 96.93
R8 Hole43-Holed48| TN223 TN224 TN225 TN226 TN227 TN228
Max 96.91 96.58 096.13 96.19 96,34 96.19

Min 96.55 96.21 95.80 95.87 96.03 95.88

Average 96.73 96.40 95.96 96.03 96.18 96‘(_}3

Approved By. ﬁ‘“ '

FM-L13 108/30-05-37



Metrological Center

@ S c G SCI ECO Services Company Limited

W P S &l 33/2 Moo 3, T.Banpa, A Kaengkhoi, Saraburi 18110
Telephone : +66 2 586 5792-4 Fax : +66 2 586 5109
Website : www.scieco.co.th E-Mail : calibrate@scg.co.th

Certificate No.  T220730 Page 50f 6

Calibration Report

Measurement Results

Calibration Point Average Standard Reading at each position (GC )
R1 Holel-Hole6| TN221 TN222 TN223 TN224 TN225 TN226
CAL POINT Max 104.47 104.65 104.79 105,31 105.47 105.46
105 Min 104.15 104.27 104.45 104,98 105.14 105.20
Average 104.31 104.46 104.62 105.15 10531 10533
R2 Hole7-Hole12| TN227 TN228 TN229 TN230 TN231 TN232
Max 105.55 105.73 105.65 105.84 105.97 106.07
Min 105.28 105.43 105.35 105.52 105.68 105.83
Average 105.42 105.58 105.50 105.68 105.82 105.95
I R3 Holel3-Holel8| TN233 TN234 TN235 TN236 TN237 TN238
Max 106.14 106.06 105.81 106.05 105.81 105.87
Min 105.85 105.81 105.55 105.80 105.53 105.64
Average 106.00 105.94 105.68 105.92 105.67 105.75
R4 Holel9-Hole24| TN239 TN240 TN221 TN222 TN223 TN224
Max 105.86 105.60 104.44 104.51 104.28 104.78
Min 105.61 105.37 104.27 104,35 104.12 104.61
Average 105.74 105.48 104.35 104.43 104.20 104.69
RS Hole25-Hole30| TN225 TN226 TN227 TN228 TN229 TN230
Max 104.94 104.93 104,97 105,08 104.68 104.69
Min 104.77 104.75 104.76 104.90 104.51 104.49
Average 104.85 104.84 104.86 104.99 104.60 104.59
RG Hole31-Hole36| TN231 TN232 TN233 TN234 TN235 TN236
Max 105.44 105.45 105.61 104.95 104.84 104,42
Min 105.27 105.27 105.44 104.76 104.66 104.25
Average 105.36 105.36 105.53 104.86 104,75 104,33
R7 Hole37-Holed42| TN237 TN238 TN239 TN240 TN221 TN222
Max 105.17 104.70 104.59 104.51 105.22 105.53
Min 105.00 104.53 104.41 104.35 105,04 105.37
Average 105.08 104.62 104,50 104.43 105.13 105.45
RE Holed3-Holed8| TN223 TN224 TN225 TN226 TN227 TN228
Max 105.61 105.45 105.10 104,77 104.87 105.02
Min 105.44 10528 104.92 104.60 104.70 104.85
Average 105.53 105.37 105.01 104.69 104.79 104.93

Approved By. §( P

FM-L13 108/30-05-57



Metrological Center
SCI ECO Services Company Limited
33/2 Moo 3, T.Banpa, A.Kaengkhoi, Saraburi 18110

Telephone : +66 2 586 5792-4

Website : www.scieco.co.th

Fax : +66 2 586 5109

E-Mail : calibrate@scg.co.th

Certificate No. T220730

Page 5 of 6

Calibration Report

Measurement Results:

HEATING BLOCK Temperature Distribution
Reading (°C)
Setting (C) Stability (+ C) Uncertainty (+ C)
Min , Max Average
100.0 100.0, 100.4 100.1 0.29 0.83
105.0 105.0, 105.4 105.1 0.20 0.79

* The guoted uncertainty exclude " uniformity "

The calibration result apply only the above calibrated item.

The result of test was found accurate as shown on date and place of test only.

The reported expanded uncertainty is based on a standard uncertainty multiplied by a coverage factor £ which for a t-distribution, providing

a level of confidence of approximately 95 % .

Approved By.

FM-L13 108/30-05-57



Metrological Center
@ SCI ECO Services Company Limited
k)‘ SCG 33/2 Moo 3, T.Banpa, A.Kaengkhoi, Saraburi 18110, Thailand.

Saraburi Tel: +66 3627 3096 Fax : +66 3627 3100 NSC-TISI-TIS 17025

Bangkok Tel : +668 9205 6851 , +669 8247 2360 CALIBRATION 0244

Website : www, scieco.co.th E-Mail : calibrate@scg.co.th

Certificate No. T221644 Page 1 of 4

Certificate of Calibration

Equipment : Chamber ( Cold Room )

Manufacturer : KOLDTECH _
Solk #

Model : KM 320 REVIEWBY ! ?

APPROVED BY ‘K‘L‘ A‘L

NEXT CAL. DATE 30/19-1?-?

TBN-1012061/05

Serial No.

Customer Code : BKK _ENO0167
ID No. : T2463A3
Customer : ALS Laboratory Group (Thailand) Co.,Ltd.

104 Phatthanakan 40, Phatthanakan Rd., Khwaeng Phatthanakan,
Khet Suan Luang, Bangkek 10250

Customer Location : Environmental Laboratory

Date of Receipt : 27 June 2022
Calibrated By : Sujjar Naknakred ( Site Calibration Manager )
Approved By : M / Boonchai Suriyawong (Site Calibration Manager)

Date of Issue B4 L

The uncertainties are for a confidence probability of approximately 95%.

This Certificate is issued in accordance with the conditions of accreditation granted by the Thai Laboratory Accreditation
Scheme which has assessed the measurement capability of the laboratory and its traceability to recognized national
standards and to the units of measurement realized at the corresponding national standard laboratory. This certificate may
not be reproduced other than in full except with the prior written approval of the Metrological Center.

FM-L14 117/01-02-64



gAY Metrological Center
©SCG o

SCI ECO Services Company Limited

33/2 Moo 3, T.Banpa, A.Kaengkhoi, Saraburi 18110, Thailand. gﬁfl';}ﬂ:f"’;gﬁ

Certificate No. T221644 Page 2 of 4

Calibration Report

Equipment ¢ Chamber ( Cold Room )
Date of Calibration ¢ 30 June - 1 July 2022
Environment : Temperature : 18.9-23.7 °C

Line Voltage : 222.9-2265 V
Relative Humidity : 55-65 %RH

Condition of this results of calibration :

1. This equipment was calibrated by insert nine standard thermocouples type T into its chamber , the other one
standard thermocouples type T use for ambient temperature measurement ., The calibration was done in according
to WI-T20 ( based on ASTM E145-94 ( Reapproved 2001) and AS2853-1986 ).

All data show below were final values and the initial data from customer request . The temperature scale used
was based on ITS - 90 .
2. Reference Standard Instrument ;

Instrument Meodel Instrument No. Certificate No. Due Date
TC TYPET TN161-TN170 T210009 30 July 2022
TC TYPET TN171-TN180 T210009 30 July 2022
DATA LOGGER  34970A T149 T210009 30 July 2022

3. This certificate is traceable to :

National Institute of Metrology ( Thailand } through Metrological Center ( NSC-TESI-TIS 17025 CALIBRATION 0244.)
4. Condition of calibrated item : good

Equipment Description :
Time Constant 3 Hour - Minute At 3 °C
Fresh Air Damper [ ]Open [ _|Min [] Medium ] Max
Close
Not Available
5. Adjustment :
{ ) without adjustment ( X ) after adjustment

Approved By, M

FM-L15 117/15-05-63



gAY Metrological Center
©/SCG

SCI ECO Services Company Limited

33/2 Moo 3, T.Banpa, A.Kaengkhoi, Saraburi 18110, Thailand. pyopibvelbis oy

Certificate No. T221644 Page 3 of 4

Calibration Report

15F
{
10A | I
| A ! —A3A
1 : :
| 16A
J | # v
8F, i 4F
H + l /.'
L] l‘\ l
130 KL oA 12F
L. /‘\I ““““““““““““
e V4 14A
/ u!'/ I
’ 1IF”; 1IC :
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2A/ | K
i e
16E TR/ 5A

C=Centre, F=Centreof Face, A=Comer, E =CentreofEdge

1C = TNi161 11F = TN171
2A = TNI1e62 12F = TN172
3A = TNI63 13A = TN173
4F = TNI164 14dA = TN174
SA = TNI165 15F = TNI175
6A = TNI166 16E = TN176
7JF = TNI167
8F = TNI1e68
9A = TNI169
10A = TNI170
t
Approved By.

FM-L15 I17/15-05-63



©lscG

33/2 Moo 3, T.Banpa, A.Kaengkhoi, Saraburi 18110, Thailand.

Metrological Center
SCI ECO Services Company Limited

NSC-TISI-TIS 17025
CALIBRATION 0244

Certificate No. T221644 Page 4 of 4
Calibration Report
Measurement Results:
Average Standard Reading at each position cc)
Calibration Point TNI6l | TN162 | TN163 | TN164 { TN165 | TN166 | TN167 | TN168 | TN169| TN170
3 271 2.82 275 2.89 2.95 3.68 3.02 2.96 3.03 2.85
TN171 1 TN172 | TN173 | TN174 | TN175| TN176
297 3.02 2.39 3.04 2.97 3.33
Chamber ( Cold Room) Temperature Distribution
Reading (°C) Coverage

Setting (°C) Average ‘c) Stability @C) Uniformity ‘) Uncertainty EC)

Min , Max Average Factor &

3.0 29,40 3.2 2.99 1.05 1.30 1.66 2,00

* The quoted uncertainty exclude " uniformity "

The calibration result apply only the above calibrated item,

The result of test was found accurate as shown on date and place of test only.

The reported expanded uncertainty is based on a standard wncertainty multiplied by a coverage factor & which for a t-distribution, providing

a level of confidence of approximately 95 % .

#

Approved By. : i

FM-L15 117/15-05-63




analytikjena

REVIEW BY SWTGTN

APPROVED BY . Saareslce V-

NEXT CAL. DATE 5{05!2075

Maintenance Protocol

Atomic Fluorescence Spectrometer

mercur DUO /
mercur DUO plus




analytikjena

An EndresstHauser Company

Serial-No.: EIVOAOIRS Customer-No.: doy ~oo2

Date: 6/@6 /,QO”— X Carried out by: Hy- g}ybém ‘?az.z.—om .

Maintenance with following Operational Qualification (0Q) O
(requires a separate OQ protocol)

( - il ;?& foronjon QWV%\J{’ I}M/ ¢ Nétmn(/zm_) D“?ﬂg)
- a\a'\%mfh A
Department Bak
Street o4 vee n%m M KO vy .-Szwm A28 IO RONVINN :
Zip Code, City VARNL ST TN ) NI Mmavnnngs  J00Be
corty | el o
{ Phone
Fax :
E-mail
Memtenance Protacol mercur DUO) mercur DUO plus | update 27.06.2016 Version 2.1 Koec 215

Analylik Jena AG | Konrad-Zuse-Sir. 1 | 07745 Jena/ Germany



analytikjena

Maintenance works basic unit

tightness visual check inside the Mercur
visual check if gold-traps are broken

visual check if spectrometer is contaminated
visual check of the flucrescence cell

visual check of the absorption cell, incl. window
reactor cleaning

check pump-hose, if necessary change it
check swivel drive (SEV)

check drying-hose, output gas-liquid-separator
test Bubble-Sensor

check gas flows

check volume flows, reagents

recording stray light values

measurement with 30 ng/l

A Endresst Hauser Company

NN SNNSNNN NSNS

Maintenance works Autosampler Serial No.: b2 oy 260

lubricate the dosing-winding (Teflon-grease-spray)

clean the dosing cylinder, if necessary exchange it

lubricate the winding system of the height drive with some drops of oil

check the toothed belt

check the position of the mechanical stopper (height: 13mm )

check the pump rate of mixing pump (<14s AS52, typ.7s/<20s AS52S, typ.10s)
check the pump rate of washing cup

check the electrical hose connections for good contact

check the connectors of the magnetic valves

check the dosing hose for buckling, if necessary exchange it

NNNNANNENE

Maintenance Protecol mercur DUOY mercur DUC plus | update 27.08.2016 Version 2.1 Koec

Analylk Jena AG | Konrad-Zuse-Str. 1| 07745 Jenal Germany



analytikjena

An Endress+Hauser Company

Device parameter c:lr:;nal 3;}3:'
visual check general tightness inside the Mercur o.k.: |2r changed: O
visual check Goldtraps ¢ Gq/oﬂ'(}a\?_g 2 /N@) ok.: IZr changed: L]
visual check spectrometer
Fluorescence cell ok.: a changed: [
Absorption cell, incl. window o.k. E changed: O
lens ok: A changed; [
Swivel drive (SEV) ok: [4 |changed: [I
check pump hoses ok.: ﬂ changed: ]
check hoses and hose connectors ok: [A" |changed: [
( check and clean reactor o.k.: M changed: O
check drying hose output Gas-liquid-seperator ok.: A changed: O
check bubble-sensor ok: [4 |notok: O
Check gasflow
Argon pressure valve 4 1.2-1.5bar -5 Ao\r
10 NI/h or
Valve: 0.166 NUmin | @+ /66
50 Nifh or
Vaved 0833 NUmin | 088/
5 NIth or
Valved 0.083 NLmin | ©@-0%%
10 Nl/h or
Vawe 4 0.166 NUmin | 0-/b7
Check liquidflow
Acid 3'?2:‘;”“” 26w i,
Red.-agent E'?Tr::mm L5 m’/mf«q.
Sample 1f21:1n|1|n {o W‘l\/ Wiy
Adventitious light - values (V) from file
100 V) O
200 0 V)
300 ) O
350 1) |
400 i S
450 In 9
500 9 17
550 19 3L
575 oL 5
600 3L 91 -
Maintenance Protocol mercur DUOY mercur DUO plus | update 27.06.2016 Version 2.1 Koac 4/5

Analytik Jena AG | Konrad-Zuse-Str 1| 07745 Jena/ Germany




analytikjena

An Endress +Hauser Company

Device parameter nominal actual
value value
Analytical parameters Fluorescence cell
Conditions.: max.conc.: 10ug/L  PMT-voltage: JMV
Blank-solution nt gggoﬁ-;’
; ; Int>0.0015 |Int;.. Y X72¢8
without enrichment / FBR 30 ng/L | ooy 5o, RSD. /<07 %,
Conditions.: max.conc.: 1.7ug/L PMT-voltage: 352- ..... V
Blank-solution lmg.gg—gg
, : Int > 0.008 Int,. G VERT
with enrichment / FBR 30 ng/L RSD < 3 % RSD.OSY.. %
Fok.- factor ( Inty / Int;) >3.5 4,206
Analytical parameters Absorption cell
Blank-solution Ext...g.-.@!.@?.
. . Ext. >0.0012 |Ext. 0- 0%
without enrichment / FBR 100 ng/L RSD < 5 % RSD.3-3D o,

Comments

_/7if ‘SZ".GJVU %4‘7031_

Signature Technician

Bawghol | b fovgors.

b

et sasobmimn

Signature Customer

B [0y l"LO‘l‘L

Place, Date (DD/MM/YYYY)

Place, Date (DD/MM/YYYY)

Maintenance Protocol mercur DUCY mercur DUO plus | updete 27.06.2018 Version 2.1 Koec

Analytik Jena AG | Konrad-Zuse-Str. 1| 07745 Jenal Germany
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TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN) w

CORPORATE SERVICES 3: EQUIPMENT CALIBRATION AND TESTING SERVICES :":v/;\'\\;:“
534/4 PATTANAKARN ROAD S0I 18, SUANLUANG, SUANLUANG BANGKOK 10250 Wttt

_ _ NSC-TISI-TIS17025
TEL. 0-2717-3000-27 FAX.0-2719-9484 CALIBRATION 0008

Cert. No.: 22TME76

Certificate of Calibration e e
Equipment : Autoclave
Manufacturer : TOMY REVIEWBY oo SINEIK .. |
Hagial : X100 APPROVED BY rrmpmmrerrreees
AR s i e NEXT CAL. DATE QD;ML&% ......
ID No. : BKK_ML0041 !
Submitted by : ALS Laboratory Group (Thailand) Co.,Ltd.

104 Phatthanakan 40, Phatthanakan Rd.,
Khwaeng Phatthanakan, Khet Suan Luang,
Bangkok 10250 Thailand

Location : Media Preparation Room
Received Order : 20 May 2022
Calibration Date : 20 May 2022
Ambient Temperature : (26+10)°C
Relative Humidity : (50 +£30)%
Calibrated by : Preecha Hlahib

Approved by : (ﬁm

Approved Signatory

() Pornthippa Tameyakul
( ) Malee Butkruea
() Suwit Imjai

Issue Date : 24 May 2022

The Uncertainties are for a confidence probability of approximately 95%

This certificate muy not be reproduced other than in full, except with the prior written

Approval of the head of Corporate Services 3 | Equipment Calibration and Testing Services.

A 0041435



Equipment : Autoclave Cert. No.: 22TM676
Condition As-Received : Used ltem Page.: 2 of 3
Reference : 2205-04040C-2
Procedure Used :-

Calibration were conducted using in-house calibration procedure CP-OT03 according to direct
measurement method with Data Acquisition which connected with Thermocouple Type T

The temperature scale used was based on ITS-90.
Condition of this result of calibration
1. Reference standard instrument:-

Instrument Model Serial No. Cert. No. Due Date

1 ) Data Acquisition 34972A MY57013823 22LM24 26 Feb 2023
2. This certificate is valid only to the item calibrated on date and place of calibration.
3. This certification is traceable to the International System of Unit.
4. This result of calibration covers laboratory autoclaves for the sterilization of goods and material which
could be infected with organisms categorized as Hazard Group 1, 2 and 3**
(** = Categorization of pathogens according to hazard and categories of containment, second edition, 1990 )
It does not cover autoclaves for use with material infect with organisms in Hazard Group 4, for which

complete containment and sterilization of infected condensate is considered to be essential.

This result of calibration does not apply to sterilizers or disinfectors used for medical, dental, pharmaceutical
or veterinary purposes which are directry concerned with patient care, or those used for fabrics subjected to
sterilization which are required to be dry at the end of cycle.

Result of Calibration :- (*) Without Adjustment
Function of UUC* : Temperature Source
Environmental
(°C) | (%R.H.) ( Volt )
24 55 220
Finished of Calibration 26 57 221
s - Ref. Std.
Position Description
T ID No.:
1= Center of chamber 19-17TC-11
2 = |Temperature sensor 19-17TC-12
3= |Exhaust port 19-17TC-13

.

a 1109670



Equipment : Autoclave Cert. No.: 22TM676
Condition As-Received : Used Item Page.: 3 0of 3
Reference : 2205-04040C-2
Result of Calibration :-  ( * ) Without Adjustment
Operating parameter Set : Temperature = 108 °C
Sterilization period = 10 minute
uuc* UU(.Z* 1 Average* . Stability Press.ure Unceitaingy Coverage
Setting | Reading | Position | Standard Reading Reading Factor
(c) | () (°C) (£°C)| (MPa) | (%°C) k
1 107.536
108 108 2 107.542 0.19 0.04 0.91 2
3 107.471
Operating parameter Set : Temperature = 115 G
Sterilization period = 20 minute
UU.C* UU(-I* - Average* - Stability Press.ure Oriatiitiy Coverage
Setting Reading Position | Standard Reading Reading Factor
(°C) (°C) (°C) (£°C)| (MPa) | (+°C) k
114.502
115 115 2 114.582 0.15 0.08 0.89 2
3 114.539
Operating parameter Set : Temperature = 18 e
Sterilization period = 10 minute
UUF:* UUC-?* n Average* . Stability Press-ure Uricertliiti Coverage
Setting | Reading | Position | Standard Reading Reading Factor
[*e) | (%) (°c) (£°C)| (MPa) | (¢°C) k
1 117.517
118 118 2 117.616 0.094 0.09 0.88 2
3 117.530
Result of Calibration :-  ( * ) Without Adjustment
Operating parameter Set : Temperature = 1219 "G
Sterilization period = 30 minute
UUF* UU(?* . Average* ' Stability Press_ure Unicarality Coverage
Setting | Reading | Position | Standard Reading Reading Factor
(*e) | (°C) (°C) (£°C)| (MPa) | (%°C) k
1 120.400
121 121 2 120.511 0.18 14 0.90 2
3 120.465
Average* The average of 30 values in each position.
Stability : One-half of the greatest maximum difference of measured temperature at any one probe.
UUC* : Unit Under Calibration

Note :

The reported uncertainty of measurement was based on a standard uncertainty multiplied by a

coverage factor k, providing a level of confidence of approximately 95 %.

-00o-

The reported uncertainty of measurement was included stability and excluded uniformity .
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TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN) ae—ina
CORPORATE SERVICES 3: EQUIPMENT CALIBRATION AND TESTING SERVICES
534/4 PATTANAKARN ROAD S0I 18, SUANLUANG, SUANLUANG BANGKOK 10250

TEL.0-2717-3000-27 FAX, 0-2719-9484

Certificate of Calibration

Equipment :

Manufacturer :

Model :

Serial No. :

ID No. :

Submitted by :

Location :

Received Order :
Calibration Date :

Ambient Temperature :

Relative Humidity :

Calibrated by :

Approved by :

( yPornthippa Tameyakul

( ¥) Malee Butkruea
() Suwit Imjai

Issue Date :

Vit
W Ut
AN
3: \-\_/ =

N

J)‘g(

/)

"y il u\“\‘\

NSC-TISI-TIS17025
CALIBRATION 0008

Cert. No.: 22TM102
Page.: 1 of 3

Incubator

Q .
e REVIEW BY ... SAThCR!,
ik APPROVED BY
— NEXT CAL. DATE 3*}0?',5"’7
BKK_ML0010

ALS Laboratory Group (Thailand) Co.,Ltd.
104 Phatthanakan 40, Phatthanakan Rd.,
Khwaeng Phatthanakan, Khet Suan Luang,
Bangkok 10250 Thailand

Incubation & Micrological Reading

21 January 2022
21 January 2022
(26 +10)°C
(50£30)%

Krisda Malee

Warly -

Approved Signatory

3 February 2022

The Uncertainties are for a confidence probability of approximately 95 %

This certificate may not be reproduced other than in full, except with the prior written

Approval of the hend of Corporate Services 3 : Equipment Calibration and Testing Services.

A 0037377



Equipment :

Condition As-Received :

Reference :
Procedure Used :-

Incubator
Used Item

2201-06160C-1

Cert. No.: 22TM102
Page.: 2 of 3

Calibration were conducted using calibration procedure CP-OT02 according to direct measurement
method with Data Acquisition which connected with Resistance Temperature Detector ( RTD ).

The temperature scale used was based on ITS-90.

Condition of this result of calibration

1. Reference standard instrument:-

Instrument

1) Data Acquisition

2. This certificate is valid only to the item calibrated on date and place of calibration.

Model
34972A

Serial No. Cert. No.
MY57013711 21LM7

3. This certification is traceable to the International System of Unit.
Result of Calibration :-

(*) Without Adjustment

Function of UUC* : Temperature Source

Fresh air setting :

Close

¢ ;
[]
1 3
g (ref)
o
6 ' H2
3 8
H 7
______ i 5
Wiz L ;L & /
D2 A
-
a
- v B

Probe Installation Details :

a= 10
b= 10
c= 10

cm
cm
cm

Due Date
16 Jun 2022

Dimension of Chamber :

D=

W =

H=
Capacity =

0.90
0.75
1.2
0.81

Environment during calibration
| Beginning Finished
Temp. (°C) 26 25
REL.Humid. ( % ) 53 54
AC Supply ( Volt ) 220 221

Position : Rl 5.
ID No.:

1 18-18RTD-01

2 18-18RTD-02

3 18-18RTD-03

4 18-18RTD-04

m 5 18-‘!_8RTD-—05
m 6 1 8-_‘! 8RTD-06
o 7 18-18RTD-07
i 8 18-18RTD-08
9 (ref.) 18-18RTD-09

Wl -

a 1092309



Equipment : Incubator Cert. No.: 22TM102

Condition As-Received : Used Item Page.: 3 of 3

Reference : 2201-06160C-1

Result of Calibration :- (™) Without Adjustment

Function of UUC* : Temperature Source

Fresh air setting : Close

Calibration uuc* uuc* Temperature Temperature Overall Choetiainky Coverage
Point Setting | Reading stability uniformity Variation Factor
(°C) (°C) (°C) (£°C) (°C) (°Cc) (£°C) k
35.0 35.0 35.0 0.043 0.41 0.42 0.30 2

Calibration Measured Temperature ( °C )
Point Position
(5@ ) 1 2 3 4 8 6 7 8 9 (ref.)
35.0 34.801 34.868 34.862 35.012 35.040 35.010 35.084 35.040 35.178

Average* : The average of 30 values in each position.

Temperature stability : One-half of the greatest maximum difference of measured temperature at any one sensor.
Temperature uniformity : The maximum difference of measured temperatures at any sensors and the measured
temperature at the reference location which are observed at the same time or at as close an observation time as
possible to determine the temperature pattern or homogeneity within the chamber under steady-state conditions.
Qverall Variation : The Difference of the maximum and minimum measured temperatures throughout observation.
UuUC* : Unit Under Calibration

Note : The reported uncertainty of measurement was included stability and excluded uniformity .

The reported uncertainty of measurement was based on a standard uncertainty multiplied by a coverage
factor k, providing a level of confidence of approximately 95 %.

-o0o-

Wals..

a 1092308



TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN) ﬂﬁé
CORPORATE SERVICES 3: EQUIPMENT CALIBRATION AND TESTING SERVICES Z 3
334/4 PATTANAKARN ROAD SOI 18, SUANLUANG, SUANLUANG BANGKOK 10250 NSC—ISI-TJS
TEL. 0-2717-3000-27 FAX. 0-2719-0484 CALIBRATION 0008

Ny
iy

A T
‘”’“rnl i l“‘\“

Cert. No.: 22TM1571
Page: 10of3

Certificate of Calibration

Equipment : Hot Air Oven

Manufacturer : Binder REVIEWBY .......oilhidik........
Model : ED 240/E2 APPROVED BY

Serial No. : 00-15533 NEXT CAL. DATE .?1.,’,9?.[.‘?3..-....
ID No. : BKK_ML0013

Submitted by : - ALS Laboratory Group (Thailand) Co.,Ltd.

104 Phatthanakan 40, Phatthanakan Rd.,
Khwaeng Phatthanakan, Khet Suan Luang,
Bangkok 10250 Thailand

Location : Media Preparatiom Room
Received Order : 21 November 2022
Calibration Date : 21 November 2022
Ambient Temperature : (26+10)°C

Relative Humidity : (50 +30) %

Calibrated by : Krisda Malee

Approved by : deb;‘ ;

Approved Signatory

Malee Butkruea
() Suwit Imjai

( /) Pornthippa Tameyakul
(/)

Issue Date : 29 November 2022

The Uncertainties are for a confidence probability of approximately 95%

This certificate may not be repraduced other than in full, except with the prior written

Approval of the head of Corporate Services 3 : Equipment Calibration and Testing Services.

A 0048150



Equipment :

Condition As-Received :

Reference :
Procedure Used :-

Hot Air Oven
Used Item

2211-06230C-1

Cert. No.: 22TM1571
Page: 20of 3

Calibration were conducted using calibration procedure CP-OT02 according to direct measurement
method with Data Acquisition which connected with Thermocouple Type T.

The temperature scale used was based on ITS-90.

Condition of this result of calibration

1. Reference standard instrument:-

Instrument

1 ) Data Acquisition
2. This certificate is valid only to the item calibrated on date and place of calibration.

Model
34970A

Serial No.

MY44067817

3. This certification is traceable to the International System of Unit.
Result of Calibration :-

Function of UUC* :

Fresh air setting :

(*) After Adjustment
Temperature Source
Not Available

Probe Installation Details :

a= 5.0
b= 5.0
c= 50

cm
cm
cm

Cert. No.
22LM121

Due Date
22 Aug 2023

Dimension of Chamber :

D=

W=

H=
Capacity =

0.50
0.80
0.60
0.24

m
m
m
m?

Environment during calibration
TR Beginning Finished
26 26
REL.Humid. ( % ) 53 55
AC Supply ( Volt ) 219 220
Position : - ik
ID No.:
1 21-15TC-01
2 21-15TC-02
3 21-15TC-03
4 21-15TC-04
5 ' 21-15TC-05
6 21-15TC-06
¥ 21-15TC-07
8 21-15TC-08
9 (ref.) 21-15TC-08

Wl .

a 1138049



Equipment : Hot Air Oven Cert. No.: 22TM1571
Condition As-Received : Used Item Page: 3 of 3
Reference : 2211-06230C-1
Result of Calibration :- (") After Adjustment
Function of UUC* : Temperature Source
Fresh air setting : Not Available
Calibration uuc* uuc* Temperature Temperature Overall I Coverage
Point Setting Reading stability uniformity Variation Factor
(°C) (°c) | (c) (x°C) (°C) (°C) | (#¢) k
180 180 180 0.70 1.5 2.9 1.4 2
Calibration Measured Temperature ( °C )
Point Position
{("E ) 1 2 3 4 5 6 7 8 9 (ref.)
180 179.520 | 180.585 | 178.855 | 179.482 | 178.827 | 179.938 | 179.074 | 180.199 180.068

Average* : The average of 30 values in each position.

Temperature stability : One-half of the greatest maximum difference of measured temperature at any one sensor.
Temperature uniformity : The maximum difference of measured temperatures at any sensors and the measured
temperature at the reference location which are observed at the same time or at as close an observation time as
possible to determine the temperature pattern or homogeneity within the chamber under steady-state conditions.
Overall Variation : The Difference of the maximum and minimum measured temperatures throughout observation.
UUC* : Unit Under Calibration

Note : The reported uncertainty of measurement was included stability and excluded uniformity .

The reported uncertainty of measurement was based on a standard uncertainty multiplied by a coverage
factor k, providing a level of confidence of approximately 95 %.

-000-
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TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN)
CORPORATE SERVICES 3: EQUIPMENT CALIBRATION AND TESTING SERVICES  ~ A

)

N

,,/),/4—'_\\\“\\‘.
534/4 PATTANAKARN ROAD SO1 18, SUANLUANG, SUANLUANG BANGKOK 10250 AT , -
NSC-TISI-TIE17025
TEL.0-2717-3000-27 FAX.0-2719-9484 CALIBRATION 0008
Cert. No.: 22TMB77
Certificate of Calibration Page.: 10f 3
Equipment : Water Bath
€% c],a;
REVIEW BY v‘ﬂ“' ..................
Manufacturer : Memmert
APPROVED BY 2
Model : WNE 45 / )
0
: NEXT CAL. DATE 2 ..... 5 9'9) .......
Serial No. : L712.0429 i
ID No. : BKK_ML0056
Submitted by : ALS Laboratory Group (Thailand) Co. Ltd.

104 Phatthanakan 40, Phatthanakan Rd.,
Khwaeng Phatthanakan, Khet Suan Luang ,
Bangkok 10250 Thailand

Location : Incubator & Microbiological Reading
Received Order : 20 May 2022

Calibration Date : 20 May 2022

Ambient Temperature : (26:£10)%C

Relative Humidity : (50+30)%

Calibrated by : Preecha Hlahib

Approved by : éM

Approved Signatory

( ) Pornthippa Tameyakul
() Malee Butkruea
( /) Suwit Imjai

Issue Date : 24 May 2022

The Uncertainties are for a confidence probability of approximately 95%

This certificate may not be reproduced other than in full, except with the prior written

Approval of the head of Corporate Services 3 : Equipment Calibration and Testing Services,

A 0041433



Equipment ; Water Bath
Condition As-Received :  Used Item
Reference : 2205-04040C-1
Procedure Used :-

Calibration were conducted using in-house calibration procedure CP-OT04 according to direct
measurement method with Data Acquisition which connected with |

Thermometer ( IPRT ).

The temperature scale used was based on ITS-90,
Condition of this result of calibration
1. Reference standard instrument:-

Instrument Model Serial No.
1) Data Acquisition 34972A

MY57013823

ndustrial Platinum Resistance

Cert. No.
22L.M24

2. This certificate is valid only to the item calibrated on date and place of calibration.

3. This certification is traceable to the International System of Unit.

Result of Calibration :-
Function of UUC* :

(*) Without Adjustment
Temperature Source

Environmental AC Voltage Supply
(°C) ( %R.H.) ( Volt )
Beginning of Calibration 24 47 220
Finished of Calibration 24 52 221
Ref. Std.
SIN.:

]
W KN A

4804539-006
4804539-007
4804539-008
4804539-009
4804539-010

/ Position :
5(ref))
: 4
/ : 5(ref.)

Front

Cert. No.: 22TM677
Page.: 2 of 3

Due Date
26 Feb 2023

Soud

a 1109674



Equipment : Water Bath Cert. No.: 22TM677

Condition As-Received : Used Item Page.: 3 of 3
Reference : 2205-04040C-1
Result of Calibration :- (*) Without Adjustment
Function of UUC* : Temperature Source
Calibration uuc* uuc* Average* Standard Reading ( °C )
point Setting Reading Position
(°C) (°C) (g ) 1 2 3 4 5 (ref.)
44 .5 44 .4 44 .4 44.539 44 .497 44,476 44.506 44 507
Callbl:ahon Uniformity | Stability Uncertainty Chuarage
point Factor
(°C) (°C) (£°C) (£°C) k
44 5 0.068 0.030 0.15 2

Average* : The average of 30 values in each position.

Uniformity : The maximum difference of measured temperatures at any sensors and the measured temperature
at the reference location which are observed at the same time or at as close an observation time as possible
to determine the temperature pattern or homogeneity within the chamber under steady-state conditions.
Stability : One-half of the greatest maximum difference of measured temperature at any one probe,

UUC* : Unit Under Calibration

Note : The reported uncertainty of measurement was included stability and excluded uniformity.

The reported uncertainty of measurement was based on a standard uncertainty multiplied by a
coverage factor k, providing a level of confidence of approximately 95 %,

-00o-
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\“\‘“Vp' %,
Sartorius (Thailand) Co., Ltd. SN\ Q /\?T ? I S
129 Rama 9 Road, Huaykwang, Huaykwang, Bangkok 10310 % .
Tel: +66 2643 83616 , e-mail: service thailand@sarterius.com NN . ?
NSCTSITS17028 [ peview RY S’”{Uf

CALIBRATION 0426 .
" f APPROVED BY 'AL
of Calibration

NEXT CAL. DATE 3(&’&? ........
Model Number:  MSE224S5-100-DU Certificate No. : “Z5BET0Ts5
Description ; Analytical Balance Issued Date:  Monday, February 13, 2023
Serial Number : 26207042 Reference No. : 203245
ID No. : BKK_EN0002
Manufacturer ; Sartorius Page No. : 10f2

Customer Name : ALS Laboratory Group (Thailand)Co., Ltd.

104 Phatthanakan 40,Phatthanakan Rd., Khwaeng Phatthanakan, Khet Suan Luang, Bangkok 10250.

Calibrated Place : Balance Room

Calibrated By : Mr. Chonchai Inthana Calibration
Calibration Date : Woednesday, February 08, 2023 Procedure No. : This calibration was conducted by

Using in-house calibration procedure number (W1-003)

Based on UKAS LAB 14 : 2019

Metrological data : Ambients Conditions:;

Capacity : 220 g Readabiiity : 0.0001 a Temperature : 23.2°C + 5.0°C
Humidity : 60.0% RH £t 100%RH

Reasons for calibration Pressure + _

[] New Installation "] Service / Repaired Re-calibration/ Maintenance Equipment Condition: Good Operate [ Fair

Measurement Method UKAS Publication Ref :Lab 14

The measurement uncertainty stated is the expended uncertainty which is obtained from the standard uncertainty multiplied by the
coverage factor (k=2) to provide a level of confidence of approximately 95%. Itis determined in accordance with the Guide to
Expression of Uncertainty in Measurement {GUM). The calibration certificate documents the traceability to National Standards, which
realise the unit of measurement according to the International Standard System of Units (SI). Report of Tolerance came form list of
Sartorius Metrological Specifications.

Traceability:

Model Number Description Traceability Cetificate No. Due Date
YC$011-522-00 Sartorius weight set 1mg - 5000g E2,YCS011-522-00 SPC-RT C02212565 14-Sep-2023
MHB-3825D Humidity/Barometer/Temp Lutron MHB-3828D DKSH 19220444 5-Sep-2023

This certificate relate and apply this equipment only.

This certificate may not be reproduced other than in full except with
the prior written approval of the Verification Operation Division *
Sartorius (Thailand) Co., Ltd. OM

DE>>HW

SOP FM 33 03 February 2022 Mr.Chonchai Inthana(Technical Manager)



Sartorius (Thailand) Co., Ltd.

129 Rama 9 Road, Huaykwang, Huaykwang, Bangkok 10310
Tel: +86 2643 8361-6 Fax: +66 2643-8387, e-mail: service thailand@sartorius.com

SARTORILS

- of Calibration
Model Number:  MSE2248-100-DU Certificate No. : 23BCI0072
Description : Analyfical Balance Issued Date:  Monday, February 13, 2023
Serial Number : 26207042 Reference No. : 203245
ID No. : BKK_ENQ002
Manufacturer ; Sartorius Page No. : 20f2

Calibration Results : Without Adjustment

Repeatability Eccentricity (Off-center loading error)
The reproducibilily is the abiiity of a weighing instrument to display nearly identical readouts | The off-cenler loading emor is yielded by the difference between the
under constant test conditions when the same Joad within a measurement series is placed readoul of the load, i.e. 1/3 or 1/4 of maximim capacily, placed in the
repoatedly on the weighing pan in the same manner. The slandard deviation is usedlo middle of the weighing pan and between each of four additional
express reproducibilily quantilatively. measurement points ( positions defined according to OIML R76).
Nominal Value : {Low Load) 20.0000 200.0000  INominal value : 50 g
20 g 20.0000 199.9999  ITolerance 0.0004 g
Tolerance 20.0000 200.0000
0.0001 g 20.0000 199.9999 Difference
20.0001 200.0000 1 —
Nominal Value : (High Load) 20.0000 200.0000 2 | -0.0001
200 g 20.0000 199.9999 3 0.0000
Tolerance 20.0000 199.59%9 3 ] 4 0.0001
0.0001 ) 20.0000 200.0000 16 5 0.0000
20.0001 199.999% H 6 _
Standard Deviation 0.00004 0.00005
Linearity
The linearily, also caled linearily error. Describes the deviation of the characteristic curve of a weighing instrument from the linear slope.
Tolerance  0.0002 g
Nominal Value Conventional Mass Value Displayed Value Deviation Uncertainty
{9) ) {g) {9 (9@
0.01 0.0100 0.0100 0.0000 0.00014
0.1 0.1000 0.1000 0.0000 0.00014
1 1.0000 1.0000 0.0000 0.00014
2 2.0000 2.0000° 0.0000 0.00014
) 5.0000 5.0000 0.0000 0.00014
10 10.0000 10,0000 0.0000 0.00014
20 20.0000 20,0000 0.0000 0.00014
50 50.0000 50.0000 0.0000 0.00015
100 100.0000 100.0000 0.0000 0.00019
200 200.0000 19%,99%9 ~0,0001 0.00030
End of Report.

SOP FM 33 03 February 2022
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= Certificate of Calibration
N, ek »
par NSC-TISH-TIS 17025
Calibratien 0087
Equipment: SPECTROPHOTOMETER Certificate No.: C06220464
Model: DR6000 Issued Date: 27 September 2022
Serial No. (or ID.): 1627845 (RYG_EN0037) Job No.: KSPR2212224
Manufacturer: HACH Page: 10f 3
Condition: In Condition
Customer: ALS Laboratory Group (Thailand) Co.,Li¢~Rayeng-Branch)
616/10 Moo 5 T.Maenam Khu, rReviewsy ... V2 Barig 1
' R 1140, .
A-Plusicdaeng, Reyong 21140, Thellend.| - coveney 2 22—
Environment Condition: ~ Temperature 231 °C ¢ | nexecaLmne 2713124
Humidity 654 %RH t 32 %RA
Calibration Place: ALS Laboratory Group (Thailand) Co.,Ltd. (Rayong Branch) ( Wet Chemistry )
616/10 Moo 5 T.Maenam Khu,
A.Pluakdaeng, Rayong 21140, Thailand.
Calibration By: Mr. Chattuphon Foithong
Calibration Date: 27 September 2022
The Method used: In house method, CAL-WI-24, base on ASTM E 275-08 and ASTM E 387-04
Traceability: This certificate is traceable to the CRM maintained by National Institute of Standards and
Technology (NIST) through Starna Scientific Limited.
The standard for Wavelength Certificate No. 91418 and 91435
The standard for Photometric Certificate No. 91441 and 101088
The standard for Stray light Certificate No. 101041 and 101040
The standard for Spectral resolution Certificate No. 101037
- A
(Mr. Chattu@ Foithong) (Mr. Thalerngkeat Poungngam)

Person in charge Authorized signatory

This cerlificate is issued the units of measurement according to the Intemational System of Units (SI). It provides traceability of measurement to international or
national standard or other recognized national standard laboralories.

The measurement uncertainty stated is the expanded uncertainty which Is obtained from the standard unceriainty multiplied by the coverage factor (k=2) to
provide a level of confidence of approximately 85%. It is determined in accordance with the Guide 1o Expression of Uncertainty in Measurement (GUM).

These results may be affected by deviations from specified conditions. The results relate only to the items tested, calibrated or sampled. The report shall not be
reproduced except in full without approval of DKSH Technology Limited.
Uihin fiaoimey waTuTal din
DKSH Technology Limited
2533 nundfaafm wesurnean wame e ngaomemuns 10260

Delivering Growth - in Asia and Beyond, CALEM-C08-13: 20 Jul 2022
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Certificate No.: C06220464 Page 2 of 3
Calibration Results:
Without Adjustment
Wavelength Accuracy (nm), The spectral bandwidth of Std at 2 nm and UUC at2 nm
Standard Wavelength Unit Under Calibration Correction Uncertainty
418.61 418.4 0.21 0.14
536.66 536.7 -0.04 0.14
637.98 638.3 -0.32 0.14
748.48 748.8 -0.32 0.14
807.03 807.4 -0.37 0.13
Photometric Accuracy (Absorbance)
Wavelength Standard absorbance Unit Under Calibration Correction Uncertainty
0.0000 0.000 0.0000 0.0045
0.5605 0.563 -0.0025 0.0045
420 nm
0.7334 0.737 -0.0036 0.0045
1.0534 1.057 -0.0036 0.0045
0.0000 0.000 0.0000 0.0045
0.5503 0.553 -0.0027 0.0045
440 nm
0.7179 0.720 -0.0021 0.0045
1.0312 1.034 -0.0028 0.0045
0.0000 0.000 0.0000 0.0045
0.5024 0.506 -0.0036 0.0045
465 nm
0.6693 0.672 -0.0027 0.0045
0.9604 0.964 -0.0036 0.0045
0.0000 0.000 0.0000 0.0045
0.5168 0.519 -0.0022 0.0045
546.1 nm
0.6903 0.691 -0.0007 0.0045
0.9904 0.992 -0.0016 0.0045
0.0000 0.000 0.0000 0.0045
0.5525 0.554 -0.0015 0.0045
590 nm
0.7175 0.718 -0.0005 0.0045
1.0301 1.031 -0.0009 0.0045
0.0000 0.000 0.0000 0.0045
0.5367 0.538 -0.0013 0.0045
635 nm
0.6847 0.685 -0.0003 0.0046
0.9823 0.983 -0.0007 0.0045
1A Aasioy waTuTad e
DKSH Technology Limited

2533 nuudnu ueHuHen wewssTrus nyavmanrtuns 10260
2533 Sukhumvit Roed, Bangchak, Phrakhanong, Bangkok 10260
Phone: +86 2639 7000  Email: info.calibration@dksh.com  Website: www.dksh.com/sclentific-thalland

Delivering Growth - in Asia and Beyond.

CALFM-C06-13: 20 Jul 2022
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Certificate No.: C06220464 Page 3 of 3
Calibration Results:
Without Adjustment .
Photometric Accuracy (Absorbance)
Wavelength Standard absorbance Unit Under Callbration Correction Uncertainty
0.0000 0.000 0.0000 0.0080
235 nm
0.7423 0.744 -0.0017 0.0083
0.0000 0.000 0.0000 0.0080
257 nm
0:8609 0.861 -0.0001 0.0084
0.0000 0.000 0.0000 0.0080
313 nm
0.2895 0.202 -0.0025 0.0080
0.0000 0.000 0.0000 0.0080
350 nm
0.6381 0.638 0.0001 0.0080
Stray light *

Standard: cut-off UUC: Wavelength (nm) UUC: Transmission (%T) Absorbance ( A)
260.67 +/~-0.11 nm 260.7 2.1 1.678
391.94 +/-0.11 nm 391.9 1.7 1.770

Spectral Resolution *
Nominal Concentration 0.02 % viv Trough Ratio SBW

Standard Wavelength (nm ) 268.60 266.63 1.39 2.00

UUC: Wavelength (nm) 266.1

Std Absorbance ( A) 0.4810 0.3176

Absorbance ( A) 0.268

* Calibration Marked " Not TISI Accredited " in this Certificate have been included for completeness.

14 fimodioy inaTulal drin
DKSH Technology Limited

2533 nuudeu wueuren iwawseTan ngavmennuRs 10260

2533 Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
Phone: +66 2638 7000  Email: info.calibration@dksh.com  Websile: www.dksh.com/scientific-thalland

Delivering Growth - in Asia and Beyond.

The End of Certificate

CALFM-C06-13: 20 Jul 2022
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lungr9saudEnINAtasTndInaan

wufilueu: KSPR2212224

vlanlosfio: SPECTROPHOTOMETER qu: DR6000 winuiauinSos: 1627845
n39soy ($u) RIIVAY (59)
27 Sep 2022 swnsnsnida 27 Sep 2022 LU
Und | lund Und | lind
General
@ O 1. mwsuysnueios ") 0
@ O 2. AwAwn ( oolddaoune, mulu-uaniatas) @ 0O
@ O 3. &y Oa - 1 1nfoe (On-Off Swicth) @ 0
@ | O | 4 e (Keypad) B | O
@ 0 5. wuwn (Display, Screen Contrast) @ =
Spectrophotometer
O O 6.  usedulvivih (Battery Backup) >= 2.5 VDC 0O O
0O O 7. dwpudionauurinfiu (Wavelength Control) 0O 0O
") 0 8.  mwumAlu (Wavelength Check) @ O | 656.110656.1nm
m 0O 9.  uvaviuflauss (UV < 3,000 hour) m O
@ 0 10.  umasriuflauss (Visible < 5,000 hour) m| 0
m| 0 11.  sovianawiitauae (Carousel Module) M |
PH Meter and Conductivity Meter
O O 12.  BifinTnse ( Electrode and Connection Cable ) O O
0 0 13.  swiudvsazaulu Electrode (Level KCI ) 0 0
0O O 14.  shilafulatu Electrode (Dust Protection Hood) 0 0
0 0O 15.  1dubifianTvan (Stand) 0O 0
Turbidimeter
0O O 16. A meuidagn (No Sample) 0 O
O O 17.  sufunisssssawasius (>= 2.5 Luhu 3.0) 0O 0O
Automatic titrator
O O 18.  #nm Piston Burettes 0 0
0O 0 19.  Function Rinsing and Dosing O O
O O 20.  samvaspuwuazginsailsenay 0O 0
Wondavaauunls :

1iin fumodioy maTuTall drin

DKSH Technology Limiled

2533 ouuieh uTreUHeIn lwawseTang nomanruRs 10260

2533 Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
Phone: +66 2638 7000  Email: info.calibration@dksh.com  Websile: www.dksh.com/scientific-thailand

Delivering Growth - in Asia and Beyond.

Mr. Chattuphon Foithong

Service Engineer

CAL-FM-R31-03: 20 Jul 2022



TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN)  iBae=pir
CORPORATE SERVICES 3: EQUIPMENT CALIBRATION AND TESTING SERVICES
534/4 PATTANAKARN ROAD SOI 18, SUANLUANG, SUANLUANG BANGKOK 10250

TEL.0-2717-3000-29  FAX. 0-2719-9484
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NSC-TISI-TIS17025
CALIBRATION D008

Cert.No.: 23CH442
Page.: 10f2

Certificate of Calibration

Equipment :
Manufacturer :
Model :

Serial No. :

ID No. :

Condition As-Received:

Received Date :
Calibration Date :
Reference :

Submitted by :

Ambient Temperature :
Relative Humidity :

Calibration Procedure :

Calibrated by :

Approved by :

(/) Malee Butkruea
( ) Saithip Meangmai

( ) Warakorn Lerngagtrakul

Issue Date :

pH Meter
Mettler Toledo
Seven2Go TM pH/mV S2

202355606
s ri l\'—t;E\nEw ay . Piagth .
Used Item I\ 5"‘13

31 March 2023 ‘.| APPROVED BY == l
/] £ { NEXT CAL. DATE 0%\@“’3” ..... |
2303-113308C3

ALS Laboratory Group (Thailand) Co.,Ltd. Rayong Branch
616/10 Moo 5, T.Maenam Khu,
A.Pluakdaeng, Rayong 21140, Thailand

(25 = 2:8) °C

(50 = 15) %

In - house method :

- CP-CHS by direct measurement with standard
voltage calibrator and direct measurement

with certified reference material (CRM)

Warakorn Lerngagtrakul

Wafy, -

Approved Signatory

5 April 2023

The Uncertainties are for a confidence probability of approximately 95%

This eertificate may not be reproduced other than in full, except with the prior written

Approval of the head of Corporate Services 3 : Equipment Calibration and Testing Services.

A 0052954



Cert. No.: 23CH442
Page.: 20f2
Condition of this calibration result
1. Reference Standard Instrument  : -
Instrument Serial No. ID No. Cert. No. Due Date
1) Document Process Calibrator 54030049 130RC116 22E2769 24 Aug 2023
This certification is traceable to the International System of Unit maintained at:-

- Traceable to National Institute of Metrology (Thailand), NIMT

2. Certified Reference Materials : The measurement results are traceable to S| through CPA chem Ltd.,
ANSI-ASQ National Accreditation Board, Accredited No. AR-1835

Buffer Solution Manufacturer Lot No. Exp. date
pH 4.008 CPA chem 863832 28 Dec 2024
pH 6.987 CPA chem 826589 09 July 2023
pH 10.010 CPA chem 863835 28 Dec 2023

3. This certificate is valid only to the item calibrated on date and place of calibration.

Calibration Results
Function : mV Measurement
Performing standard curve by Fluke at pH (4,7,10)

Nominal Standard Uncertainty of Coverage
Unit Under Value Voltage Actual Reading Measurement factor
Calibration Input
pH r:V mV pH (=¥} g
pH Meter 4.00 177.48 177 4.00 0.58 2.00
S/N.: C202355606 7.00 0.00 0 7.00 0.58 2.00
10.00 -177.48 -178 10.00 0.58 2.00

Function : pH Measurement
Performing three buffers standard curve by using buffer nominal pH (4,7,10)

Unit Under Standard pH Actual pH |Actual mV Uncertainty of Coverage
Calibration Buffer Solution Reading | Reading | pH measurement factor
(mV) (%) k
pH Electrode 4.008 4.01 170 0.0071 2.00
S/N.: 2015870 6.987 7.00 -5 0.011 2.00
10.010 10.01 -181 0.0095 2.00

The reported uncertainty of measurement was based on a standard uncertainty multiplied by a coverage
factor k, providing a level of confidence of approximately 95 %.

-00o-

Mgy, .

a 1156432



TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN)
CORPORATE SERVICES 3: EQUIPMENT CALIBRATION AND TESTING SERVICES
534/4 PATTANAKARN ROAD SOI 18, SUANLUANG. SUANLUANG BANGKOK 10250

TEL.0-2717-3000-2¢  FAX.0-2719-9484
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NSC-TISI-TIS17025
CALIBRATION 0008

Cert. No.: 23L.M86
Page.: 1 of 2

Certificate of Calibration

Equipment :
Manufacturer :
Model :

Serial No. :

ID No. :

Submitted by :

Location :

Received Order :
Calibrated Date :

Ambient Temperature :

Relative Humidity :
AC Line Voltage :

Calibrated by :

Approved by :

() Pornthippa Tameyakul
(/)

Malee Butkruea
() Suwit Imjai

Issue Date :

pH Meter with Sensor
Mettler Toledo
Seven2GoTM pH/mV S2
C202355606
RYG_FS0574

ALS Laboratory Group (Thailand) Co.,Ltd.
Rayong Branch

616/10 Moo 5, T.Maenam Khu, A.Pluakdaeng,
Rayong 21140, Thailand

TPA On Site Calibration Laboratory

31 March 2023
05 April 2023
(26+10)°C
(50 +30) %
(220+22)V

Preecha Hlahib

Ml -

Approved Signatory

21 April 2023

The Uncertainties are for a confidence probability of approximately 95 %

This certificate may not be reproduced other than in full, except with the prior written

Approval of the head of Corporate Services 3 : Equipment Calibration and Testing Services,

A 0053338



Equipment :

Condition As-Received :
Reference :

Procedure Used :-

Cert. No.: 23L.M86
Page.: 2 of 2

pH Meter with Sensor
Used Item
2303-1133DSC-4

Calibration were conducted using in-house calibration procedure CP-OTO01 according to comparison with
Industrial Platinum Resistance Thermometer ( IPRT ) into Temperature Bath.

The temperature scale used was based on ITS-90.
Condition of this result of calibration

1. Reference standard instrument;-

Instrument Model Serial No. Cert. No. Due Date

1) Digital Thermometer 15602A AbD2847 2211325 31 Oct 2023

2. This certificate is valid only to the item calibrated on date and place of calibration.

3. This certification is traceable to the International System of Unit.

Result of Calibration :- (™) Without Adjustment

Function : Temperature measurement.

This instrument was connected with temperature sensor, S/N.: 2015870

Calibration| Immersion Standard uuc* Een Uncertairt Coverage

Point Depth Temperature Reading 0 =neendinty Factor
(¢} (mm) (T} (*c) () (£°C) k
250 100 25.002 25.1 0.098 0.16 2.00
40.0 100 40.001 40.2 0.199 0.16 2.00
60.0 100 60.005 60.5 0.495 0.16 2.00

UUC* : Unit Under Calibration

The reported uncertainty of measurement was based on a standard uncertainty multiplied by a

coverage factqr k, providing a level of confidence of approximately 95 %.

-o0o-

oy

a 1157393



RYG_ENO0188 éﬁ DKSH

Certificate of Calibration

Equipment: Block Digestion Unit Certificate No.: C29230010
Model: KT-20s Issued Date: 18 March 2023
Serial No. (orID.):  5720210009/5770200073 Job No.: KSPR2304362
Manufacturer: Gerhardt Page: 10f4
Condition: In Condition Digestion Block: 20 holes.
Customer: ALS Laboratory Group (Thailand) Co.,Ltd. (Rayong Branch)
616/10 Moo 5 T.Maenam Khu, A.Pluakdaeng,
Rayong 21140, Thailand.
REVIEW BY NM!”‘,
Environment Condition:  Temperature: 25 °C + 05°C \
Humidity: 65 %RH + 37%RH | /VTROVEDBY
Voltage: BMVAC & AW NEXT CAL. DATE qgf@)w
Calibration Place: ALS Laboratory Group (Thailand) Co..Lfd. (Rayong Branch)
( Wet Chemistry Lab )
616/10 Moo 5 T.Maenam Khu, A.Pluakdaeng,
Rayong 21140, Thailand.
Calibration By: Mr. Nakarin Ruenros
Calibration Date: 15 March 2023
The Method used: In house method, base on by comparison with standard
Traceability: This certificate is traceable to the S| Units maintained by National Institute of
Metrology (NIMT), Thailand through N.M. Technical Center Laboratory (NTL)
Certificate No.: TC22/0080
(Mr. Nakarin Ruenros) (Mr. Udon Srichana)

Person in charge Authorized signatory

This certificate is issued the units of measurement according to the International System of Units (SI). It provides traceability of measurement to
interational er national standard or other recognized national standard laboratories.

The measurement uncertainty stated is the expanded uncertainty which is obtained from the standard uncertainty multiplied by the coverage factor (k=2)
mm-hvddmnndmofwyns'%.IlisddumimdMaMMWMGthMUthMWM(GUM).

These results may be affected by deviations from specified conditions. The results relate only to the items tested, calibrated or sampled. The report shall
not be reproduced except in full without approval of DKSH Technology Limited.

Y AT T——
DKSH Technology Limited

2533 Sukhumvit

10260

2533 nuuspn wuInneean Luawss T npammIIuAs 10260
. Bangkok

Road, Bangchak,
Phone: +66 2638 7000 Email: mmﬁhm Waebsite: www.dksh.com/scientific-thailand

Delivering Growth - in Asia and Beyond.

CAL-FM-C28-07: 20 Jul 2022
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Certificate No.: C29230010 Page: 2 of 4

u:ﬂlji‘i
i
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Fig. 1.: Front view

P (Sand)

Z
A/B C D
P99 O - -

o

N W A O

-2

Location of standard

Fig. 2.: Digestion block
Definitions

Indicating Temperature: The average reading of indicating device which forms the integral part of the Digestion block.

Measured Temperalure: The average reading of working standard at any pasitions or location.

wiin Aitesey maTual dda

DKSH Technology Limited

2533 ouusyun urHuHen wawseTrue nfplwamMIuAs 10260

2533 Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260

Phone: +86 2638 7000 Email: info.calibration@dksh.com Website: www.dksh.com/scientific-thailand

Delivering Growth - in Asia and Beyond. CAL-FM-C29-07: 20 Jul 2022



&= DKSH

Certificate No.: C29230010 Page: 3 of 4
Calibration Results:
Before adjustment
Measured Correction
PR Desired Setting Indicating Uncertainty
(<] {*C) (°C) Temperature of UUC. (£ °C)
(*C) ("C) ;
Al 375.1 -4.9 15
A2 3743 -5.7 1.5
A3 374.6 5.4 1.5
Ad 376.3 -3.7 1.5
A5 373.2 -6.8 1.5
B1 3744 -5.6 1.5
B2 3743 5.7 1.5
B3 374.6 5.4 15
B4 375.2 4.8 15
BS 375.1 49 16
C1 o e " 373.5 6.5 15
c2 372.8 -7.2 > 15
C3 3721 -7.9 15
C4 3722 -7.8 1.5
c5 3745 5.5 15
D1 374.7 5.3 15
D2 375.3 4.7 15
D3 375.5 -4.5 15
D4 375.8 4.2 15
D5 375.1 -4.9 1.5
uiEn fisedmet maTuTad d9fia
DKSH Technology Limited
2633 ouufyin wwareen teewssTuus ngemrnues 10260
2533 Sukhumvit Road, Bangchak Bangkok 10260

, Phrakhanong,
Phone: +66 2630 7000 Email: info.calibration@dksh.com  Website: www.dksh.com/scientific-thailand

Delivering Growth - in Asia and Beyond. CAL-FM-C29-07: 20 Jul 2022



&= DKSH

Certificate No.: C29230010 Page: 4 of 4
Calibration Results:
After adjustment
Measured Correction
Lschtone Desired Setting Indicating Uncertainty
‘c) e (°C) Temperature of UUC. (£°C)
(%) (%) ;
Al 379.0 -1.0 1.5
A2 378.7 -1.3 1.5
A3 379.4 -0.6 15
Ad 379.2 -0.8 1.5
A5 379.2 0.8 15
B1 379.8 -0.2 1.5
B2 379.2 -0.8 15
B3 379.5 -0.5 1.5
B4 378.9 -1.1 1.5
BS 379.1 -0.9 1.5
C1 oy g e 379.1 -0.9 1.5
Cc2 371.7 2.3 e 1.5
C3 378.4 1.6 15
C4 378.2 -1.8 1.5
C5 378.0 -2.0 1.5
D1 379.5 0.5 1.5
D2 _ 378.7 -1.3 1.5
D3 379.7 0.3 1.5
D4 379.5 0.5 15
D5 379.4 -0.6 15
The End of Certificate
vin Muasiey waTulal duin
DKSH Technology Limited

2533 nuuftu L NuTeIn e Taue npimwmiuns 10260
2533 Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10260
Phone: +66 2638 7000 Email: info.callbration@dksh.com Website: www.dksh.com/scientific-thailand

Delivering Growth - in Asia and Beyond. CAL-FM-C29-07: 20 Jul 2022
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wafllus: KSPR2304362
wflaindasila: Block Digestion Unit qu: KT-20s
BRI 5720210009/5770200073

a29say (51) n52980Y ()

15 Mar 2023 s1un1snsnda 15 Mar 2023 VUILUR
Und | lnnd Und | lninh

General

= O 1. d@wld = O

& O 2. Mm% u Main Switch = O

= O 3. maviu Selector Key [ O

& O 4,  nsudaewa Display & d

= 0 5.  dn Hole M| O

O O 6. anmeia 0 0 il
@ O 7. dnwdadas M O

) O 8. & O

AnzuInaeN oL dnuinuaias

armlualn ;
Mr. Nakarin Ruenros
Service Engineer
1in Rmadey maTuial daffa
DKSH Technology Limited

2533 muusyIn uwHLen rewmesTaue nqsomannues 10260
2533 Sukhumvit Road, Bangchak, Phrakhanong, Bangkok 10280

Delivering Growth - in Asia and Beyond.
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TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN) K
CORPORATE SERVICES 3: EQUIPMENT CALIBRATION AND TESTING SERVICES
534/4 PATTANAKARN ROAD SOI 18, SUANLUANG. SUANLUANG BANGKOK 10250

TEL.0-2717-3000-27 FAX. (-2719-9484
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NSC-TISI-TIS17025
CALIBRATION 0008

Cert.No.: 22CH1733
Page.: 10f3

Certificate of Calibration

Equipment :
Manufacturer :
Model :

Serial No. :

ID No. :

Condition As-Received:

Received Date :
Calibration Date :
Reference :

Submitted by :

Ambient Temperature :

Relative Humidity :

Calibration Procedure :

Calibrated by :

Approved by :

(/) Malee Butkruea
() Saithip Meangmai

( ) Warakorn Lerngagtrakul

Issue Date :

pH Meter

Mettler Toledo
rReview sy .. [V Bavyifi

APPROVED BY ....... :D%_

SevenkExcellence

B834291445 | APPROVED BY .....m %
01/12 /23

RYG_EN0152

i o NEXT CAL DATE Z£.59TZ ATA Y

21 December 2022
22 December 2022
2212-0602DSC-1

ALS Laboratory Group (Thailand) Co.,Ltd.
Rayong Branch

616/10 Moo 5 T.Maenam Khu,
A.Pluakdaeng, Rayong 21140, Thailand

(25.%: 2.5) *C

(50 + 15) %

In - house method :

- CP-CH5 by direct measurement with standard
voltage calibrator and direct measurement with
certified reference material (CRM)

- CP-CH8 by comparison with standard thermometer

Warakorn Lerngagtrakul

Maly, .

Approved Signatory

26 December 2022

The Uncertainties are for a confidence probability of approximately 95 %

This certificate may not be reproduced other than in full, except with the prior writlen

Approval of the head of Corporate Services 3 ¢ Equipment Calibration and Testing Services.

A 0048758



Cert.No.: 22CH1733

Page.: 2 of 3
Condition of this calibration result
1. Reference Standard Instrument : -
Instrument Serial No. ID No. Cert. No. Due Date

1) Document Process Calibrator 54030049 130RC116 22E2769 24 Aug 2023

2) Ref. Standard Thermometer 4982054 110RC044 2211306 27 Oct 2023

This certification is traceable to the International System of Unit maintained at:-

- Traceable to National Institute of Metrology (Thailand), NIMT

2. Certified Reference Materials : The measurement results are traceable to S| through CPA chem Ltd.,

ANSI-ASQ National Accreditation Board, Accredited No. AR-1835

Buffer Solution Manufacturer Lot No. Exp. date
pH 4.008 CPA chem 826588 09 July 2024
pH 6.987 CPA chem 823322 20 June 2023
pH 10.008 CPA chem 826590 09 July 2023

3. This certificate is valid only to the item calibrated on date and place of calibration.

Calibration Results

Function : mV Measurement
Performing standard curve by Fluke at pH (4,7,10)

‘ Nominal Standard Uncertainty of Coverage
Unit Under Value Voltage Actual Reading Measurement factor
Calibration Input (£mV) K
pH mY mV pH
pH Meter 4.000 177.48 177.3 4.000 0.058 2.00
S/N.: B834291445 7.000 0.00 -0.1 7.000 0.058 2.00
10.000 -177.48 -177.5 10.000 0.058 2.00

Ml .

a 1141167



Cert.No.: 22CH1733
Page.: 30of 3
Calibration Results
Function : pH Measurement
Performing three buffers standard curve by using buffer nominal pH (4,7,10)
Unit Under Standard pH Actual pH | Actual mV Uncertainty of | Coverage
Calibration Buffer Solution Reading Reading pH measurement factor
(mV) (%) k
pH Electrode 4.008 4.011 185.2 0.0052 2.06
S/N.: 1475518 6.987 6.990 10.4 0.0088 2.00
10.008 10.014 -166.5 0.0072 2.00
Function : Temperature Measurement
(*) Without adjustment
This equipment was connected with Temperature Probe;
- Model : InLab Expert Pro-ISM
- Serial No. : 1475518
Dimension of probe;
- Length : 120 mim.
- Diameter : 12 mm.
- Immersion Depth : 100 mm.
Calibration Standard uuc* Error Uncertainty of | Coverage
Point Temperature Reading measurement factor
(°C) (°C) (°C) (°C) (£°C) k
25.0 25.001 24.9 -0.101 0.13 2.00

Remark : - UUC* = Unit Under Calibration

The reported uncertainty of measurement was based on a standard uncertainty multiplied by a coverage

factor k, providing a level of confidence of approximately 95 %.

-000-

Waly .

a 1141166
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TECHNOLOGY PROMOTION ASSOCIATION (THAILAND-JAPAN) "\“\\-L\;/'-';//,/é
CORPORATE SERVICES 3: EQUIPMENT CALIBRATION AND TESTING SERVICES ibef.—zm_ﬁ
534/4 PATTANAKARN ROAD SOI 18, SUANLUANG, SUANLUANG, BANGKOK 10250 ?«4‘;//-__-\\:;:3 =
TEL, 0-2717-3000-24 FAX. 0-2719-9484 AR NSC-TISI-TIS17025
CALIBRATION 0008
Certificate of Calibration  CeriteateNo.: 22E¢oss

Equipment : pH Meter
Riarufactrer: Mettler Toledo This certificate may not be reproduced other than in full,
except with the prior written approval of the head of
Model : SevenExcellence Corporate Services 3: Equipment Calibration and Testing Services.
Serial No.: B834291445
ID No.: RYG_ENO0152

Condition As-Received: Used ltem

Received Date: 21 December 2022
Calibration Date: 23 December 2022
Reference: 2212-0602DSC Submitted by: ALS Laboratory Group (Thailand) Co.,Ltd. Rayong Branch

Ambient Temperature: (23 * 2 ) °C
10) % 618/10 Moo 5, T.Maenam Khu, A.Pluakdaeng,

Rayong 21140, Thailand

Relative Humidity: (50 %

Procedure used: Calibration were conducted using In-house calibration Procedure CP-E17 According to direct measurement
method with Multi-Product Calibrater.

Condition of this result of calibration

1.Reference standards instuments :

Instrument Model Serial No. Certificate No. Due Date
1) Multi-Product Calibrator 5500A 6315011 22E1431 05 May 2023

2.This result of calibration was made on requested at the point specified by customer.
3.The certificate is valid only to the item calibrated on date and place of callbration.
4,This Certification is traceable to the International System of Unit maintained at:-

-National Institute of Metrology Thailand (NIMT)

Calibrated by :  Wutchareeporn Wongchutikrane Approved Signatory : (' L—
Issue Date : 26 December 2022 [-/]/F'halinee Prabpaipal

[ ] Nuntawat Khamchai

[ ]Pornthippa Tameyakul

B 0304803



Result of calibration :- (*) Without adjustment () After adjustment
Range:
UUC* Reading

(mV)

Function: DC voltage measuremer
Standard Value
(mV)

-200.0000
-150.0000
-100.0000
-50.0000
0.0000
50.0000
100.0000
150.0000
200.0000

-200.0

-150.0

-100.0
-50.0
0.0
50.0

100.0

150.0
199.9

mV
Error
(mV)

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
-0.1

Cert. No.: 22E4098
Page.: 2 of 2

Uncertainty
(V)

72
69
65
62
58
62
65
69
72

The reported uncertainty of measurement was based on a standard uncertainty multiplied by a coverage

factor k=2, providing a level of confidence of approximately 95 %

*UUC= Unit Under Calibration.

-00o-

6'7(_/

a 1140616
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analytikjena

APPROVID BY ... 20 s

NEYT CAL. DATE 24./09/24.....

Maintenance Protocol

Atomic Fluorescence Spectrometer

mercur DUO /
mercur DUO plus




analytikjena

An Endress sHauser Company

Serial-No.: K170A0143 ~ Customer-No.: -
Date: 24 May 2023 Carried out by: Srichai Fak-on
Maintenance with following Operational Qualification (0Q) O

(requires a separate OQ protocol)

o pany U5 auaatad wauasmas ndl (Usanelne) S

User

Dapartmant wosnaulfiianag

sl 104 #28 40 OUUNAININIT UWANFIUNAN LEAFIUNA

Zlp Code, Clty | poqivmwamuas 10250

Gty Usznelne

Phone

Fax |
E-mail

Maintenance Protocol mercur DUC/ mercur DUO plus | update 27.06.2016 Version 2.1 Koec

B3
on

Analytik Jena AG | Konrad-Zuse-str. 1 | 07745 Jena/ Germany



analytikjena

An Endress +Hauser Company

Maintenance works basic unit

tightness visual check inside the Mercur
visual check if gold-traps are broken

visual check if spectrometer is contaminated
visual check of the fluorescence cell

visual check of the absorption cell, incl. window
reactor cleaning

check pump-hose, if necessary change it
check swivel drive (SEV)

check drying-hose, output gas-liquid-separator
test Bubble-Sensor

check gas flows

check volume flows, reagents

recording stray light values

NNNSNNNNENNNEN

measurement with 30 ng/l

Maintenance works Autosampler Serial No.: 701 739

lubricate the dosing-winding (Teflon-grease-spray)

clean the dosing cylinder, if necessary exchange it

lubricate the winding system of the height drive with some drops of il

check the toothed belt

check the position of the mechanical stopper (height: 13mm )

check the pump rate of mixing pump (<14s AS52, typ.7s/<20s AS52S, typ.10s)
check the pump rate of washing cup

check the electrical hose connections for good contact

check the connectors of the magnetic valves

KA RN RS

check the dosing hose for buckling, if necessary exchange it

Maintenance Protocal mercur DUO/ mercur DUO plus | update 27.08.2016 Version 2.1 Koec 35
Analyiik Jena AG | Konrad-Zuse-Str. 1 | 07745 Jenal Germany



analytikjena

An Endress +Hauser Company

Device parameter eminst agptual
P value value
visual check general tightness inside the Mercur 0.k.: Izr changed: O
visual check Goldtraps 0.k.: IZf changed: B
visual check spectrometer
Fluorescence cell 0.k.: |z|’ changed: O
Absorption cell, incl. window ok: o |changea: O
lens o.k.: Ef changed: [
Swivel drive (SEV) ok: [ |changea: [
check pump hoses o.k.: EI changed: O
check hoses and hose connectors 0.k.: Ef changed: O
check and clean reactor o.k.: IZf changed: O
check drying hose output Gas-liquid-seperator ok.: IZ[ changed: O
check bubble-sensor 0.k.: Ef notok.: [J
Check gasflow
Argon pressure valve 4 1.2-15bar | 1.5 bar
10 NI/h or :
Valve 1 0.166 NUmin | 0:163 NL/min
50 Nlih or .
Valve 2 8.853 NUmin 0.403 NL/min
5 NI/h or f
Valve 3 0085 NLhiin 0.140 NL/min
10 NIfh or i
Valve 4 8468 NLdfain 0.108 NL/min
Check liquidflow
: 2.5ml/min ]
Acid +1ml 2.5 ml/min
2.5ml/min .
Red.-agent £1ml 2.5 ml/min
10ml/min ’
Sample +2 mi 10 ml/min
Adventitious light - values V) from file
100 0 0
200 0 0
300 0 0
350 0 0
400 0 0
450 2 2
500 5 5
550 10 10
575 15 14
600 | 20 20
Maintenance Protocol mercur DUQY mercur DUO plus | update 27.06.2016 Verslon 2.1 Koec 45

Analytlk Jena AG | Konrad-Zuse-Sir. 1| 07745 Jenal Germany




analytikjena

An Endress+Hauser Company

Device parameter naning] Actual
value value
Analytical parameters Fluorescence cell
Conditions.: max.conc.: 10ug/l.  PMT-voltage: ..360.... ...... v
Blank-solution Int ..0.00024

Int>0.0015 |Int;..0.00172.

without enrichment / FBR 30 ng/L RSD < 3 % RSD 0.45 o

Conditions.: max.conc.: 1.7ug/L PMT-voltage: ...352........V

Blank-solution Int...0.00370

Int > 0.008 Int,.0.01060
RSD<3% |RSD238...%

Fok.- factor ( Inty / Inty) >3.5 6.16

with enrichment / FBR 30 ng/L

Analytical parameters Absorption cell

Blank-solution Ext.0.00093

Ext. >0.0012 |Ext.0.00449

without enrichment / FBR 100 ng/L RSD < 5 % RSD 258 o

Comments

ggnature Technician Signature Customer
e SNBPEHES 24 May 2023
Place, Date (DD/MM/YYYY) Place, Date (DD/MM/YYYY)
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w
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after the return of the service engineer. va\ : O No
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Mercur

Report file:
Program version:

Operator:
Laboratory:
Code:

Remarks:
Food,water

Method parameters

Method
Created on

Program

5/24/2023 12:46 Page

C:A\WInAAS\TMP\2023\May\Pro_032

4.710.0

Printed on:

Recording started on

PSU,OTA
ALS-BKK
Il_Hg095_2023

5/24/2023 12:46
5/24/2023

Without enrichment / FBR 30ng/L_PM24052023

5/24/2023 Time

12:27

Parameters Mercur Technique: Hg fluorescence

Line

Lamp type
Integr. mode
PMT

AZ time
Delay

Working mode
FBR technique
Pump speed
Sample load time
Reaction time
Waiting time AZ
Delay

Purge time1
Purge time2
Autosampler

Autosampler
Working mode

Dilution

253.7 nm
Hg-LP
Peak height
360V
Sl
O0s
w/o enrich.
on
3
10s
10s
5s
0s
28 s
15s

AS51S/F
continuous

Mercur

Integr. time

Peak smoothing

System cleaning
Wash time acid
Soaking time
Gas load time

Gas wash time2

Tray type

30s

8/5

Acid
10 s
20 s
5 NL/h

10 NL/h

87/139

12:35 GMT+7.0



5/24/2023 12:46 Page
QC parameters
QC type Conc. check
QC check samp. 1 - QC check samp. 2 ---
Conc. - Conc. ---
Error limit --- Error limit -
Rep. measurement off Reaction flag + continue
QC std.1 no. 1(30.000 ng/L) QC std.2 no. 1(30.000 ng/L)
QC std.1 limit + 50.00% QC std.2 limit + 50.00%
QC std. act. flag + continue
Expect. blank abs. 0.0100+ 0.0100 Reaction flag + continue
QC precision off
Reaction off
QC Recal.factor Off
Calibration settings
Calib. meth Standard calib. Calibr. unit ng/L
No. standards 1 Conversion fac. 1000000
Type of standards - Standard prep. Premixed
Blank correct. -
Recalib. std. no. s
Qutput unit ug/L Conversion fac. 1000
Calib. stat. Mean Meas. cycles 3
Blind cycles 1
Stock sol. 1 --- Stock sol. 2 .
Stock sol. 3 - Stock sol. 4 -
Type of cal. curve linear Intercept calculated
Weighted cal. off Grubbs stat. off
Check of cal. curve no outlier test
Sample statistics
Stat. mode Mean Meas. cycles 2
Confid. level 95.4 % Blind cycles 1
Grubbs stat. ==
Calibration standards
No Name Sate Pos C?E;?Ij Ints SD RSD/%
1 Cal-Zero (-) 79 0.000 H:0.000249 0.000132 53.13
A:0.004274 0.001698 39.72
2 Cal-Std1 (--) 80 30.000 H:0.001720 0.000007 0.459
A:0.02172 0.000023 0.107

Mercur

2/4



5/24/2023 12:46 Page 3/4
Calibration function 1 5/24/2023 12:44 Calibration (Peak height)
Ints=k1+k2*conc
k1=0.000249 k2=0.000049 Recal. factor: ---
Slope 0.00005 Ints/(ng/L) R2-adjusted 1.0000
sc0 1.00000 ng/L
Lower limit 0 ng/L Upper limit 33.0 ng/L
Detection limit - Deter. limit -
0.0020 pr—————— -
Hg 7
253.7 nm /
0.0015 Vo] e
Peak height] /
|
|
2 00010 / )
c |
3 I /
£ |
|
00005 | | // |
3 |
0.0000 ‘ _f
0 5 15 20 25 30 35
Conc. [ng/L ]
Measurements and events (sorted by time)
Hg Without enrichment / FBR 30ng/L_PM 24052023 5/24/2023 12:35
ID Conc. Ints BG sD RSD/%  Int. type Time
Cal-Zero 0.000143 PkH 12137
0.000397 12:38
0.000207 12:40
Ong/L 0.000249 0.0001324 5313 12:40
Cal-Std1 0.001720 PkH 12:42
0.001712 12:43
0.001728 12:44
30.00ng/L 0.001720 0.000007897 0.459 12:44
Calibration Calibration function: 01 12:44

Mercur



512412023 12:46 Page 4/4

Peak plots Hg
Cal-Zero 5/24/2023 12:37 Cal-Std1 5/24/2023 12:42
0.001 0.001
2 4
£ £
6Hls) b eSS 0.000
0 20 0 20
Time [s] Time [s]

Mercur



Mercur

Report file:
Program version:

Operator:
Laboratory:
Code:

Remarks:

Food,water

Method parameters

Method
Created on

Program

5/24/2023

C:AWiInAAS\TMP\2023\May\Pro_033

14:01 Page 1/4

Recording started on 5/24/2023 13:37 GMT+7.0

47100  Printed on: 5/24/2023 14:01
PSU,OTA

ALS-BKK

Il_Hg095_2023

Enrichment / FER 30ng/L PM_24052023
5/24/2023 Time 13:36

Parameters Mercur Technique: Hg fluorescence

Line

Lamp type
Integr. mode
PMT

AZ time
Delay

Working mode
FBR technique
Pump speed
Sample load time
Reaction time
Wiaiting time AZ
Purge time1
Purge time2
Purge time3
Heat.time coll.1

253.7 nm
Hg-LP
Peak height Integr. time
352V
58 Peak smoothing
Os
Enr. w/o reload. System cleaning
off Wash time acid
3 | Soaking time
10s Gas load time
10s
10s Gas AZ wait
30s 1
158 | Gas wash time2
20s
20s | Cool. time coll.1

Mercur

Hg

40 s

12111

Off
10s
20s
10 NL/h
10 NL/h
5 NL/h

30s



5/24/2023 14:01 Page 2/4
QC parameters
QC type Conc. check
QC check samp. 1 - QC check samp. 2 ---
Conc. - Conc. -
Error limit -- Error limit —
Rep. measurement off Reaction flag + continue
QC std.1 no. 1(30.000 ng/L) QC std.2 no. 1(30.000 ng/L)
QC std.1 limit + 50.00% QC std.2 limit + 50.00%
QC std. act. flag + continue
Expect. blank abs. 0.0100+ 0.0100 Reaction flag + continue
QC precision off
Reaction off
QC Recal.factor Off
Calibration settings
Calib. meth Standard calib. Calibr. unit ng/L
No. standards 1 Conversion fac. 1000000
Type of standards - Standard prep. Premixed
Blank correct. -
Recalib. std. no. s
Output unit ipg)'L Conversion fac. 1000
Calib. stat. iMean Meas. cycles 3
Blind cycles 1
Stock sol. 1 - Stock sol. 2 -
Stock sol. 3 - Stock sol. 4 -
Type of cal. curve linear Intercept calculated
Weighted cal. off Grubbs stat. off
Check of cal. curve no outlier test
Sample statistics
Stat. mode off Meas. cycles 1
Confid. level 95.4 % Blind cycles 1
Grubbs stat. ---
Calibration standards
No Name Wt Pos CTQ,?E' Ints sD RSD/%
1 Cal-Zero (--) ##  0.000 H:0.003700 0.000081 2.192
A:0.02531 0.000153 0.607
2 Cal-Std1 (=) # 30.000 H:0.01060 0.000253 2.386
A:0.06689 0.002766 4.136

Mercur

Hg



5/24/2023 14:01 Page 3/4
Calibration function 1 5/24/2023 14:00 Calibration (Peak height)
Ints=k1+k2*conc
k1=0.003700 k2=0.000230 Recal. factor:
Slope 0.00023 Ints/(ng/L) R2-adjusted 1.0000
sc0 1.00000 ng/L
Lower limit 0 ng/L Upper limit 33.0 ng/L
Detection limit --- Deter. limit -—-
l I |
|
Hg' )
o 253.7 nm = ‘ 1L
1} | I/
Peak height | // ‘
00075 | | N __/_ L ‘
z |
[7)] )
= |
g 0.0050 /
= A T
e |
0.0025 |
0.0000 ‘
| |
0 5 10 15 20 25 30 35
Conc. [ng/L ]
Measurements and events (sorted by time)
Hg Enrichment / FER 30ng/L PM_24052023 5/24/2023 13:37
ID Conc. Ints BG SD RSD/% Int. type Time
Cal-Zero 0.003792 PkH 13:41
0.003666 13:43
0.003640 13:44
Ong/L 0.003700 0.000081090 2.192 13:44
Cal-Std1 0.009498 PkH 13:49
0.008333 13:50
0.008961 13:52
30.00ng/L 0.008931 0.0005830 6.528 13:52
Cal-Std1 0.01031 PkH 13:57
0.01074 13:58
0.01076 14:00
30.00ng/L 0.01060 0.0002530 2.386 14:00
Calibration Calibration function: 01 14:00

Mercur



Peak plots

Cal-Zero 5/24/2023 13:41
0.070

0.005 |

0 20 40
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Ints

5/24/2023

Cal-Std1 5/24/2023 13:49
0.015;
|

0.005
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0 20 40
Time [s]

Mercur

Ints

14:01 Page 4/4

Hg

Cal-Std1 _5/24/2023 13:57
0.07% :

= — == |
0 20 40
Time [s]



Mercur

Report file:
Program version:

Operator:
Laboratory:
Code:

Remarks:

Food,water

Method parameters

Method
Created on

Program

5/24/2023

CAWINAAS\TMP\2023\May\Pro_034

4.7.10.0

Printed on:

Recording started on

PSU,OTA
ALS-BKK
Il_Hg095_2023

14:33

5/24/2023
5/24/2023

Page 1/4

14:33
14:19 GMT+7.0

Hg

Without enrichment / Abs / FBR 100ng/L_PM 24052023

5/24/2023

Time

14:18

Parameters Mercur Technique: Hg absorption

Line

Lamp type
Integr. mode
PMT

AZ time
Delay

Working mode
FBR technique
Pump speed
Sample load time
Reaction time
Waiting time AZ
Delay

Purge time1
Purge time2

253.7 nm
Hg-LP
Peak height
225V
5s
8s
w/o enrich.
on
4
8s
12s
15s
10s
50 s
10s

Mercur

Integr. time

Peak smoothing
System cleaning
Wash time acid

Soaking time
Gas load time

Gas wash time2

2/5

55s

Acid

15 s
20s
5 NL/h

10 NL/h



QC parameters

5/24/2023

14.33

Page 2/4

QC type Conc. check |
QC check samp. 1 - QC check samp. 2
Conc. -— : Conc. —
Error limit - | Error limit -
Rep. measurement off | Reaction flag + continue
QC std.1 no. 1(100.00 ng/L) | QC std.2 no. 1(100.00 ng/L)
QC std.1 limit + 50.00% QC std.2 limit + 0.00%
QC std. act. flag + continue
Expect. blank abs. 0.0100+ 0.0100 || Reaction flag + continue
QC precision off
Reaction off
| QC Recal.factor Off
Calibration settings
Calib. meth Standard calib. Calibr. unit ng/L
No. standards 1 Conversion fac. 1000000
Type of standards - Standard prep. Premixed
Blank correct. -
Recalib. std. no. =
Qutput unit Hg/L Conversion fac. 1000
Calib. stat. Mean Meas. cycles 3
Blind cycles 1
Stock sol. 1 - Stock sol. 2 .
Stock sol. 3 - Stock sol. 4 -
Type of cal. curve linear Intercept calculated
Weighted cal. off Grubbs stat. off
Check of cal. curve no outlier test
Sample statistics
Stat. mode Mean Meas. cycles 2
Confid. level 95.4 % Blind cycles 1
Grubbs stat. -
Calibration standards
No Name e Pos Cc:;f,'_’ Abs sD RSD/%
1 Cal-Zero () ## 0.00 H:0.000932  0.000138 14.88
A:0.035926 0.006208 17.28
2 Cal-Std1 () ## 100.00 H:0.004494 0.000116 2.586
A:0.061286 0.001275 2.082

Mercur



5/24/2023 14.33 Page 3/4
Calibration function 1 5/24/2023 14:33 Calibration (Peak height)
Abs=k1+k2*conc
k1=0.000932 k2=0.000036 Recal. factor: -
Slope 0.00004 Abs/(ng/L) R2-adjusted 1.0000
sc0 1.00000 ng/L Charact. conc. 122.411 (ng/L)1%]
Lower limit 0 ng/L Upper limit 110. ng/L
Detection limit - Deter. limit -
0.005 . |
0.004 2553.7 nm
Peak height
1
0.003 | i =
oy
‘n
S /
£ 0002 | ol B
/ |
0.001 -
]
0.000
0 25 50 75 100
Conc. [ng/L ]
Measurements and events (sorted by time)
Hg Without enrichment / Abs / FBR 100ng/L_PM 24052023 5/24/2023 14:19
ID Conc. Abs BG SD RSD/% Int. type Time
Cal-Zero 0.001039 PkH 14:22
0.000775 14:23
0.000981 14:25
Ong/L 0.000932 0.00013872 14.88 14:25
Cal-Std1 0.004528 PkH 14:29
0.004364 14:31
0.004589 14:33
100.ng/L 0.004494 0.00011623 2.586 14:33
Calibration Calibration function: 01 14.33

Mercur



512412023
Peak plots
Cal-Zero 5/24/2023 14:22 Cal-Std1_5/24/2023 14:29
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