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1 EXECUTIVE SUMMARY

PPTC Company Limited or a small power producer gas-fired co-generation power plant facility with
net capacity 120 MW in Lat Krabang Industrial Estate in Thailand, is planning to develop the bottoming
of gas turbine unit by upgrade with necessary components and engineering which makes it possible to
increase the firing temperature.

The objective of upgrading gas turbine components is to fulfil electrical power output during short-fall
period and increasing demand from customers. The power generation from gas turbine and steam
turbine of exiting units are expected to increase to provide all of requirement.

JERA-PET implements a thermal engineering software name (“THERMOFLOW?”) to simulate the
power plant configuration for various site ambience condition integrate with investment and revenues
in appropriation condition. The bottoming cycle analysis will reveal possibility of operation after
upgraded units in term of technical, financial prospect and regulation. At the initial of project interval,
heat balance diagram as upgraded condition are conducted with expectation output from SIEMENS gas
turbine proposal to generate the commercial section, compared with the existing load pattern to estimate
earning income.

In upgrading gas turbine model 50.5 MW to 54 MW program, the expectation net electrical output from
power plant should be increased from 136 MW to 142.6MW at ISO condition. However, the limitation
of equipment such as the capability of HRSG were designed to operate in steam flow rate at 127,280
kag/h. Therefore, the maximum net electrical generating load that operate without an effect on the
bottoming cycle on site ambient temperature 34°C is increased from 120.06 MW to 127.03 MW at new
and clean condition, and gas turbine will be operated increasing from the 43.35 MW to 46.49 MW load
capacity. Otherwise, the gas turbine 54 MW model will generate electrical power 47.27 MW in site
ambient temperature 34 °C without considering the limitation of HRSG.

In considering the degradation of power plant according to the aforementioned assumptions, the value
of degradation from present to 25" years of operation were estimated around 2.5% of power output and
1.75% for heat rate, by the current power plant condition and estimated value from the manufacturer.
Each gas turbine electrical generation load will decreased 1.7 MW approximately on average, from the
maximum output.Furthermore, to reduce the chance of EGAT electrical supply shortfall event, JERA-
PET would like to recommend that PPTC could increase the electrical supply capacity to the industrial
users in Lat-Krabang Industrial Estate in 2.13 MW from the present 31.51 MW to 33.64 MW
(information on April 2019). In another way, power plant could increase power the electrical supply
capacity to the industrial users as 5.53 MW in year 2023 and decrease as degradation percentage in each
year.

However, if we considering on the highest yield model form the power plant upgrading, it will require
some equipment to exceed the design and specification such as HRSG that will be generated steam
around 131,500 kg/h from 127,280 kg/h design value. Steam turbine will be fed as the amount of
generated steam 131,500 kg/h but steam turbine have margin for additional 4% of steam flow, the
limitation will be 132,000 kg/h, as informed by manufacturer. Anyway, the permit of each equipment
shall be granted by the authorizer or manufacturer such as HRSG and steam turbine.

After we studied the feasibility for the bottoming cycle analysis for GT power upgrade, JERA-PET
would like to recommend the option for best solution without any conflict with bottoming cycle. The
optimization load for operation which were calculated by simulate upgrading model (54MW) on site
ambience temperature 34 °C, 65% relative humidity, including of degradation and limitation of each
equipment 95% capacity. The based assumption is to operate the power plant under the limitation from

mechanical equipment such as HRSG for minimize the investment and operating cost. The result were
summarized and show in Section 7-Summary for JERA-PET’s recommendation operating load table.
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According to the information, the bottle neck for upgrading program will be described as follows.

54MW model Gas turbine optimum output

53,000
52,000
51,000 e :

50,000 .

49,000

48,000
47,000 o...
46,000

45,000

44,000

43,000

54MW model (kwh)

15 20 25 30 35 40 45
Ambient temperature (°C)

1. The HRSG system were specified the generate steam output 127,280 kg/h, so the upgrading program
will be control the exhaust gas turbine for generate steam around 127,000 kg/h. In order to determine
maximum exhaust energy to generate steam production as 131,500 kg/h and increase electrical output
around 2.36 MW, the equipment must be verified by the manufacturer (“BHI”) with a calculation and
report cost approximately 6.5 MTHB, the price is not included any additional or replacement cost, and
duration for study is 1 month as informed by BHI.

2. 1Us load expectation for export to customer is 33.64 MW which more than the capacity of
Distribution transformer. Therefore, we would like to recommend Owner that the distribution
transformer will be replaced from 115/24kV ONAN/ONAF 29/36 MVA to 115/24kV ONAN/ONAF
40/45 MV A which affects other equipment as follows.

- Pile and foundation calculation for new distribution transformer

- Modification work foundation of distribution transformer 2 units

- Change 24kV cable from distribution transformer to 24kV switchgear incoming feeder 2x240
sg.mm. due to length of cable is changed.

- Change parameter and test relay protection 24kV Incoming panel 4 units and 115kV feeder 2
units.

- The engineering consultant cost and cost for study and revise for EIA document.

The total investment cost around 40.00 MTHB.

The estimated schedule for each distribution transformer replacement work were within 26 days without
interrupted plant operations. As per ATTACHMENTS, the work schedule were detailed as follows.

- Calculation pile and foundation for distribution transformer without shutdown 7 days
- Shutdown each transformer separately for replacement 19 days

While distribution transformer was shutting down, we recommend to operate the remaining but not
more than 95% of equipment capacity, 30.7MW at power factor 0.907. The operating unit load shall be
monitored carefully by PPTC because the capacity will vary, depend on actual power factor for example
power factor 0.85 the distribution transformer capacity will be 28.77 MW.
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In consideration with the financial perspective, JERA-PET have compared several alternatives of plant
configuration, HRSG capability, the future electrical exportation plan and reliability of the power plant.
The payback of investment with base on assumptions as clarified on the report are summarized as
follows.

Case 1 Case 2 Case 3 Case 4
Description 50 5MW 5EAMW C1. EAMW C2 50.5MW Unit
Evap
Short fall -50,416,012 - -10,450,384 - THB
Investment - -40,000,000 -40,000,000 -34,000,000 THB
LTSA Diff/Year - -4,915,722 -4,915,722 - THB
Maintenance/Year - - - -200,000 THB
Add electricity sell
to 1Us 2.13 MW/Year - 16,574,008 16,574,008 - THB
H H th
562':‘ aiEel T Lz Ll 50,416,012 | 154,609,417 | 75,091,900 | -37,600,000 | THB

According to the study, the power plant will lost revenue from shortfall event in the summer every
year, and the losses continue to increase from the power plant degradation, in total 50.42 MTHB over
18.17 years period. The gas turbine upgrading program will not only compensate the electrical
shortfall event, but also increase the power supply capacity in 2.13 MW. Therefore, in 50.42 years net
profit from this program will be approximately 154.61 MTHB, payback period in 4 years.

By the way, the upgrading program also contains some risk and clarifies as follows.

» Loss of reliability during the distribution transformer replacement work around 19 days per
each transformer, power plant shall be supplied electricity to customers by one transformer
without standby transformer in case transformer breakdown. This means that there is a risk that
the all customers will be lost in case transformer fail during replacement.

» The limitation in regulating load on the gas turbine, which is impossible to control the exhaust
gas at a certain value before it enters to the HRSG system. The exhaust gas energy were
designed in the normal condition as 78,120 kJ/s, which is related to such variables as ambient
temperature and electrical power output. Hence, the limitations of the electrical power supply
were made to avoid this situation and the gas turbine will operate as specific power output, even
in the base load performance test. Moreover, the exhaust energy shall be confirmed to control
with firing temperature for gas turbine base load by the control loop of SIEMENS which the
logic already provided exhaust temperature protection high high trip.

» Another is the limitation on the reducing gear unit of gas turbine and steam turbine when
operating in the low temperature site’s ambient condition. The reducing gear limitation were
kept on 95% of equipment capacity, 50.90MW for gas turbines and 38.73MW for steam turbine,
respectively.

Otherwise, the others option will be shown for consideration. First, remaining operate model 50.5 MW
on C1 to C2 period, and upgrade to model 54 MW program on C2 period as “Case3”. The net profit in
18.17 years is 75.09 MTHB and payback period in 5 years. Second, evaporator installation for

compensate the shortfall and degradation as “Case4” which will happen in the future. However, the
installation and maintenance will be the additional cost in total 37.6 MTHB.

In conclusion, based on the financial standpoint, the power plant revenues were compared after gas
turbine upgrading and non-upgrading program from multiple perspectives. JERA-PET would like to
recommend that the upgrading program to 54 MW on C1 “Case 2” is the best opportunity to increase
the electrical power marketing supply to meet with customer demand.
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2 PROJECT DESCRIPTION

2.1 OVERVIEW

PPTC Company Limited or a small power producer gas-fired co-generation power plant facility with
total capacity 120 Megawatts “MW?” in Lat Krabang Industrial Estate in Thailand, is planning to
develop the bottoming of gas turbine unit by upgrade with necessary components and engineering which
makes it possible to increase the firing temperature.

The objective of upgrading gas turbine components is to fulfil electrical power output during short-fall
period and increasing demand from customers. The power generation from gas turbines are expected to
increase to provide all of requirement. However, heat recovery steam generator and steam turbine will
be maintained the equipment capacity by estimate the exhaust gas turbine energy with operating load
percentage to accordance with PPTC requirements.

The bottoming cycle analysis will reveal possibility of operation after upgraded units in term of
technical, financial prospect and regulation. At the initial of project interval, heat balance diagram as
upgraded condition are conducted with expectation output from SIEMENS gas turbine proposal to
generate the commercial section, compared with the existing load pattern to estimate earning income.

2.2 SCOPE OF FEASIBILITY REPORT

The scope of feasibility report will including of following item.

2.2.1 JERA-PET SCOPE OF WORK

» Analysis HRSG life time and remaining for upgrade.

» HRSG efficiency, Cogen efficiency, and deviate in the heat balance diagram.

» HRSG Limitation and concerning of equipment which impact. (DSH CV, Economizer
boiling, high temp point, Evap zone and other auxiliary system)

» STG limitation, Margin load, concerning of equipment (Condenser, cooling system, and
other auxiliary system)

» Optimum point for operation GTs load, STG export MW and Steam 1Us.

2.2.2 CONDITION OF SERVICE

» HRSG life assessment will analyze base on PPTC inspection record.

» Heat balance program “Thermoflow” to be use for create Heat balance Diagram. Case of
HBD to be discussed.

» The analysis report will not include gas turbine generator package.
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3 DESIGN BASIS
Temp. Ambient for
3.1 SITE CONDITION < |assumpti0n=34C |

The project was located at 99/9 Soi Chalong Krung 31, Lam Platiew Subdistrict, Lat Krabang District,
Bangkok 10520.

The site ambience temperature and humidity ratio will be divided to the monthly period which two
consideration are on-peak and off-peak operation time. Data for design basis are provided by PPTC
which is collected on 1 hour period for 2 years historical of site condition.

On Peak Off Peak
No. Month Temp Humidity Temp Humidity
© (%) © (%)
1 | January 31.16 50.06 27.81 67.94
2 | February 31.67 54.72 28.47 71.51
3 | March 32.24 57.82 29.30 75.48
4 | April 33.23 55.68 30.50 71.07
5 | May 33.23 58.02 30.60 72.73
6 | June 31.63 65.19 29.59 76.99
7 | July 31.68 62.08 29.56 72.52
8 | August 31.43 62.40 29.44 71.97
9 | September 31.38 64.47 28.74 78.34
10 | October 32.05 59.49 29.16 75.58
11 | November 31.72 51.79 28.58 66.02
12 | December 30.73 49.42 27.29 65.71

*Remark: The based information above were collected by PPTC with duration 2 years, since September
2018 to August 2020.

32 FUEL COMPOSITION
The fuel gas composition that used for base design were collected on 1% December 2020, during the

power plant test at base load on PPTC power plant. The information was recorded from the “PTT online
gas quality” web site with time interval 5 minute and average value as table below.

Composition Gas Composition (Mole %)
CO2 4.145
C1l 90.265
C2 2.522
C3 0.612
iC4 0.144
nC4 0.127
iC5 0.069
nC5 0.037
C6+ 0.027
N2 2.053
Total 100

*Remark: The wobby index during the test period was 1249.18 BTU/SCF
The fuel High Heating Value “HHV” were calculated and specified on the assumption at section 6.
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3.3 OPERATING

3.3.1 STEAM TURBINE LOAD REJECTION (FULL-DUMP)

Steam turbine load rejection will be performed as full dump condition when steam turbine is on load
rejection mode with two gas turbines at 100% load, process steam is not export, steam turbine high
pressure and low pressure stop valve are closed and turbine by-pass valve open according to HP/LP
flow to keep HRSG pressure with temperature control by spray water. BOP is operation on normal
condition as air compressor and air dryer, CCCW pump, Aux CW pump, MCW pump, cooling tower
are all available with back up of spare. Referring to the document “Plant load reject and Capability test
procedure section STG individual load rejection and by-pass valve capability test”.

3.3.2 AUTOMATIC PLANT RUNBACK

The automatic plant runback condition will be performed back up sequence and logic when high
pressure boiler feed water pump or low pressure boiler feed water pump are tripped. BOP is operation
on normal condition as air compressor and air dryer, CCCW pump, Aux CW pump, MCW pump,
cooling tower are all available with back up of spare. Referring to the document “Plant load reject and
Capability test procedure section automatic plant runback test”.

Activity of run back condition

1.0Only one HP-boiler feed water pump run (HP-BFW flow rate less than 90 cubic meter per hour
“m®h”)

1.1 GTG-1 quickly opened each generator circuit breaker by sequence and switch over Full speed no
load operation.

1.2 GTG-2 load reduces to 13.75 MW at 3 MW/min by sequence.

1.3 STG load reduce and become Full speed no load with generator circuit breaker open.

1.4 Process steam of Turbine extraction is switch over to letdown steam which is controlled at 30,000
kg/h, on pressure 16 barg and temperature 205 Degree Celsius “°C”.

2.0nly one LP-boiler feed water pump run (LP-BFW flow rate less than 40 m*/h)

2.1 GTG-1 load reduces to 28.72 MW at 3 MW/min by sequence.

2.2 GTG-2 load reduces to 28.72 MW at 3 MW/min by sequence.

2.3 Process steam of Turbine extraction is controlled at 30,000 kg/h, on pressure 16 bary and
temperature 205 Degree Celsius by ST extraction and Letdown.

To summarize, the actual worst-case condition will be hold on the Steam turbine load rejection (Full
dump) with has forced the high work load to the main condenser (the system has provided information
on the “Main condenser limitation section”. And, in case by-pass valve outlet to condenser level or
pressure increase to HH status. The by-pass valve will be closed for protect condenser damage. Any
GT/HRSG will be tripped by interlock at the same time.
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34 ENVIRONMENT

The information from the power plant after upgrading program such fuel consumption for full load,
partial load, emission, stack information and water consumption were provided in this section for
Environmental Impact assortment “EIA” and others relevant document report.

3.4.1 FUEL CONSUMPTION

The fuel consumption and power output were simulated on site ambient temperature 32 °C with 75%

relative humidity to accordance with existing EIA.

Description Power output | Fyel consumption Unit
Gas turbine 54MW model 23,280.08 MMBTU/day
) 48.17 MW
(Full load 100%) 23.28 MMSCF/day
Gas turbine 54MW model 17,506.69 MMBTU/day
. 31.20 MW
(Partial load 65%) 17.51 MMSCF/day

Note* The consumption rate are based on fuel high heating value at 1,000 BTU/SCF, HHV

3.4.2 EMISSION

1. Ambient temperature at 25 °C

. A Current design | Upgrade design .
Emission EIA Limit (50.5MW) (54MW) Unit
60 60 60 ppm
NOx
10.33 5.57 5.9 als
* *
SO2 5 5 5 ppm
1.2 0.65 0.69 als
TSP 10 10 10 mg/Nm3
0.92 0.45 0.48 gls
2. Ambient temperature at 32 °C
. A Current design | Upgrade design .
Emission EIA Limit (50.5MW) (54MW) Unit
NOX 60 60 60 ppm
10.33 4.4 5.67 als
5 * *
S0, 5 5 ppm
1.2 0.51 0.66 als
3
TSP 10 10 10 mg/Nm
0.92 0.36 0.46 g/s

Note:

air.

3) Cubic meter at 0 °C and 101.325 KPa

1) The emission were based on excess O, 7%, at normal condition temperature 25°C
2) SO, were based on the maximum H.S content in the fuel is 5 ppm and no H.S content in the combustion
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3.4.3 STACK INFORMATION

Stack information for gas turbine 54MW model upgrading unit are descripted as follows

Description Value Unit
Temperature 99.21 °C
Velocity 14.28 m/s
Flow 325,069.75 Nm*/hr.
Oz 12.36 %
Moisture 10.39 %

3.4.4 WATER BALANCE DIAGRAM

Water balance diagram for EIA were provided in the ATTACHMENT14.

Description LS cgnsumptlon Water source
(m°/day)
1) General water usage 15.84 In_dgg,trlal water
utilities
2) Boiler makeup and process Industrial water
966.48 S
steam makeup utilities
3) Cooling water makeup 6,295.20 Industrial treated
water
Total 7,277.52 -

3.5 CODE & STANDARD

Heat recovery steam generator tube thickness will be calculated in accordance with the following codes
and standards

- ASME BPVC.I: ASME Boiler and Pressure Vessel Code SECTION I
The power cable capacity calculation is based on recognized standard and specification as listed below.

- E.LT. Standard: The Engineering Institute of Thailand Under H.M. The King’s Patronage

- |IEC 60502-2: Power Cable with Extruded Insulation and their Accessories for Rated Voltages
from 1 kV up to 30 kV

- IEC 60840: Power Cable with Extruded Insulation and their Accessories for Rated Voltages
from 30 kV up to 150 kV
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4 CONFIGURATION

The feasibility for the bottoming cycle analysis report is conducted to study the possibility of this
program. The information are based on output of gas turbine upgrading unit provided by manufacturer.
And JERA-PET perform Heat balance diagram to estimate the overall output of power plant. The base
case of heat balance will be depended on the PPTC load pattern with customer and EGAT, which divide
in to peak and off peak period in each month.

4.1 ASSUMPTIONS

The assumptions for study are based on the agreement with the client which refer to information from
power plant base load test on 1% Dec 2020.

The information are including of the following items;

» Site ambience temperature 31 Degree Celsius with 47% relative humidity

Gross electrical power output 127 MWh

Net electrical power output 124 MWh

Two units gas turbine total electrical power output 90 MW

Steam turbine electrical power output 37.5 MWh

Total HP steam flow 125,000 kg/h with temperature 517 °C, pressure 64.5 bar(g)

Total LP steam flow 23,500 kg/h with temperature 243 °C, pressure 6 bar(g)

Process steam extraction from steam turbine 13,000 kg/h with temperature 203 °C, pressure
15.5 bar(g)

Fuel gas compressor were included on the upgrading model configuration

VVVYVYYYVYVYVY

Y

4.1.1 CALCULATION METHOD

This report will be revealed 2 main patterns by the following.

- Calculation peak and off peak on every month (Present load)

- Calculation peak and off peak from the gas turbine upgrading model, on site ambient
temperature 34 °C, 65% relative humidity and including of the expected degradation of
gas turbine.

Note

¢ As per information from PPTC, during the summer time site ambient temperature usually
increase to 34 °C, 65% relative humidity as average. Therefore, site ambient condition as
temperature 34 °C, 65% relative humidity were considered in the configuration.

+ The degradation of gas turbine were evaluated from LTSA contract. The degradation values are
including of power output and heat rate, which will be estimated from the guarantee value in
LTSA agreement comparing with the present conditions. And the result of estimation of
degradation power output is 2.5% and 1.75% for heat rate.
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The information which generated by program will be provided as expectation parameters in “Technical
section” as following list below.

- Gas turbine output (Power generate, exhaust temperature, exhaust flow, heat rate)
- Overall Plant (Plant heat rate, Gross output, Net power output)

- High pressure and Low pressure steam condition (temperature, flow, pressure)

- Steam exportation (flow)

Heat balance diagram will be provided in 3 patterns of 50.5MW and 54MW maodel, on concerned site
ambience condition as lowest site temperature, normal condition and highest site temperature condition,
in different load condition which will be totally 18 conditions. (See ATTACHMENT?Y, 10 for more

details)

- The lowest condition: Ambience site temperature 19 °C, 47.67% relative humidity
- Normal condition: Ambience site temperature 32 °C, 65% relative humidity
- The highest condition: Ambience site temperature 40 °C, 55% relative humidity

4.1.2 PRESENT LOAD PATTERN IMPORTATION TO CUSTOMERS

The average customer electrical export per month form the power plant were provided by PPTC are
gathering in the table as following below.

Exiting IU load pattern On-Peak period

Customer | Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep | Oct | Nov | Dec
Ansell 5.00 | 500 | 5.00 | 5.00 | 500 | 5.00 | 5.00 | 5.00 | 5.00 | 5.00 | 5.00 | 5.00
KK 224 | 143 | 152 | 134 | 128 | 112 | 093 | 098 | 1.13 | 1.03 | 1.01 | 1.20
TLM 065 | 064 | 0.74 | 0.76 | 0.74 | 063 | 0.73 | 063 | 0.71 | 0.66 | 0.77 | 0.76
Unilever | 8.40 | 888 | 9.50 | 1040 | 9.79 | 851 | 9.02 | 826 | 952 | 9.31 | 8.69 | 8.42
KCE 992 | 9.84 |10.12 | 9.86 | 10.14 | 896 | 9.81 | 9.12 | 1059 | 9.99 | 9.64 | 7.98
Mondelez | 357 | 3.72 | 3.80 | 4.15 | 3.97 | 3.47 | 346 | 343 | 396 | 364 | 3.33 | 3.01
Sum 29.78 | 29.51 | 30.69 | 31.51 | 30.92 | 27.69 | 28.96 | 27.43 | 30.90 | 29.63 | 28.44 | 26.37

Exiting 1U load pattern Off-Peak period

Customer | Jan Feb Mar | Apr | May | Jun Jul Aug | Sep Oct | Nov | Dec
Ansell 470 | 470 | 470 | 470 | 470 | 470 | 470 | 470 | 470 | 470 | 470 | 4.70
KK 157 | 1.09 | 1.09 | 0.86 | 0.88 | 0.88 | 0.79 | 0.89 | 0.81 | 0.82 | 0.82 | 0.73
TLM 060 | 0.63 | 0.67 | 057 | 0.66 | 0.68 | 0.71 | 0.74 | 0.64 | 0.64 | 0.77 | 0.64
Unilever | 6.95 | 798 | 808 | 7.18 | 763 | 7.76 | 7.73 | 799 | 6.68 | 7.33 | 7.44 | 6.00
KCE 933 | 1042 | 9.64 | 742 | 879 | 9.65 | 9.73 | 9.80 | 9.00 | 9.50 | 9.82 | 7.33
Mondelez | 3.04 | 345 | 3.36 | 283 | 3.07 | 340 | 297 | 3.15 | 291 | 284 | 272 | 210
Sum 26.19 | 28.28 | 27.53 | 23.56 | 25.73 | 27.08 | 26.62 | 27.26 | 24.74 | 25.83 | 26.26 | 21.49

10
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5 POWER SYSTEM STUDY

5.1 MECHANICAL

5.1.1 GAS TURBINE UNITS

5.1.1.1 GAS TURBINE

Gas turbine upgrading parameter will refer to the manufacturer provided information. And information
will be used as initial information to create heat balance diagram and other in this report.

SGT-800 54MW Upgrade parameter on site temperature range

INPUT DATA

Ambient temp. °C 15 20 25 30 35 40 45
Relative humidity | % 80 80 80 80 80 80 80
Load % 100 100 100 100 100 100 100
Rotor speed rpm 6600 6600 6600 6600 6600 6600 6600
OUTPUT DATA

Power output kw 53307 52204 50728 48860 46746 43911 40185
Efficiency % 38.78 38.64 38.38 37.99 37.47 36.79 35.77
Heat rate kJ/kWh | 9283 9316 9381 9476 9607 9786 10065
Fuel flow kg/s 3.345 3.287 3.217 3.13 3.036 2.905 2.734
Exhaust flow kg/s 135.6 133.6 131 127.4 123.3 117 109.9
Exhaust temp. °C 563.8 566.2 569.9 575.1 581.4 591.5 600
Exhaust heat cont. | kJ/s 69795 69354 68785 67992 67141 65624 63354

The comparison heat rate at 100% gas turbine load operation of 50.5MW and 54MW, the after
upgrading units

Heat rate at 100% load
11000
10500

10000

kl/kWh

9500 =

9000

8500
15 20 25 30 35 40 45

Degree Celcius

e Heat rate (50MW) e Heat rate (54MW)
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The comparison heat rate with different gas turbine percent load operating 25 t0100%, between
50.5MW and 54MW model, after upgrading units

Heat rate at 35 °C

20000
18000
16000

14000

kJ/kWh

12000

10000

I

8000

25 50 75 100
Load percent

e Heat rate (50MW) e Heat rate (54MW)

The both graph show that the gas turbine upgrading unit or 54MW will have the better heat rate in the
same percent load operation.

Schedule of program

The upgrading program will be extended planned outage time approximately 5-10 days depending on
whether it is performed during a B- or a C-inspection. (See ATTACHMENT1 for more details)

12
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5.1.1.2 FUEL GAS COMPRESSOR

Regrading to the current information by PPTC, Natural gas fuel pressure inlet to the fuel metering is
27.5 barg, which could provide adequate minimum pressure required of gas turbine without operating
fuel gas compressor. The flow requirement of gas turbine after upgrading program was estimated by
heat balance on the program, the program shows 23,000 kg/h at the lowest site condition. The existing
fuel gas compressors have flow capacity 25,000 kg/h which is sufficient for operation.

The natural gas supply pressure tends to decrease in the future, but not less than 300 psi or 20.7 bar as
per PTT contract agreement. So, the configuration for upgrading model have included the fuel gas
compressor as normal operating for consideration. However, information from the equipment data sheet
and simulation value show that the fuel gas compressor has sufficient capability to supply fuel gas the
gas turbine upgrading unit.

The fuel gas compressor has limitation in regards of differential pressure as “The screw compressor
being a volumetric machine requires a certain minimum pressure between the inlet and the outlet
pressure that is limited to minimum 1.25 pressure ratio”, so the pressure and the flow requirement shall
be clarified and confirmed with the manufacturer. (See ATTACHMENT?2 for more details)

Nominal performance curves
Motor power and gas flow =f(Load)
Project :Lat Krabang (DESIGN) ; Gas Inlet Temperature: 49 °C; Inlet pressure: 21,2 bara; Discharge pressure: 30 bara

Compressor type: EGS-S-150/500 W
600 30000

— = Motor Power [kw]

——=—— Gas Flow [kgM]

500 25000

400 - 20000

300 - 15000

Motor Power [kw]

BY-PASS

Gias Flow [ka/hl

200 - 10000

100 + 5000

% load
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5.1.2 STEAM TURBINE UNIT

Referring to the steam turbine performance curve, the graph shows that the maximum HP steam flow
has value around 127,000 kg/h to generate electrical power output 37.99MW. However, we have
received the information from the steam turbine manufacturer that steam turbine has 4 percentage
allowable from the maximum HP steam flow inlet, which means the limitation of steam turbine unit
will be 132,000 kg/h over than the specified on the name plate.

150 . 100 S0 in 20 30 40
HP stcam flow  (t/h) Oubput at generator terminal (M)

The steam turbine generator has capacity 44,930kVA with power factor 0.99 as tested steam turbine
generator on 1% Dec 2020, and generator efficiency is approximately 98.23 percent as specified on data
sheet of steam turbine generator, see figure below for information.
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The steam turbine generator will generate capacity power output as following calculation.

Apparent power (MVA) x Power factor x Efficiency = Power output (MW)
44.93 x 0.99 x 0.9823 43.69 (MW)

Reducing gear of the steam turbine has power rating capacity 42 .05 MW with efficiency is
approximately 98.7 percent and generator efficiency 98.23 percent, so estimated generator output power
will be calculated as following.

Gear power rating (MW) x Gear efficiency x Generator efficiency = Generator output (MW)
42.05 x 0.987 x 0.9823 =40.77 (MW)

The manufacturer and PPTC are concerned that the power output shall not exceed 40.1MW as 24 hours
capacity test on 22" June 2016. Therefore, the limitation of power generate of steam turbine system
will be reduced in accordance with reducing gear unit limitation. In case of PPTC would like to generate
maximum capacity of generator with power factor 0.99, the reducing gear unit will require power rating
around 45.06 kW which is over limited from specification 42.05 MW on data sheet.

In conclusion, the limitation of steam turbine package shall be maintained within the limitation 127,000
kg/h as specified by manufacturer, and the power generation shall not exceed 40.1 MW to maintain the
steam turbine condition for life time operation. (Please see ATTACHMENT3 for more details)

5.1.3 STEAM CONDENSER

The limitation of the condenser system will be considered as the maximum heat load operation which
will be based on steam turbine load reject case, steam full- dump into the condenser through by-pass
valve.

5.1.3.1 TURBINE BY-PASS VALVE

In the specification of the by-pass valve HP/LP steam system shows that the calculation of by-pass
valve process steam inlet has 10 percent margin from the normal operation. The maximum HP/LP steam
flow of by-pass valve specification and HP/LP steam flow by Gas turbine upgrading unit calculation
will be shown and decried the information which comparison on the table below.

HP Bypass valve

No. Parameter Maximum case 54MW case Unit
1 | HP steam inlet 70,840.0 <65,000.0 kg/h
2 | Pressure 56.5 73.5 bara
3 | Temperature 519 520 °C
4 | Enthalpy 3,470.6 3,455.8 kJ/kg
5 | Total heat duty (1) x (4) 245,857,304 224,627,000 kJ/h

15
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LP By-pass valve

No. Parameter Maximum case 54MW case Unit
1 LP steam inlet 11,595.0 <11,000.0 kg/h
2 Pressure 4.7 6.61 bara
3 Temperature 238 310 °C

4 Enthalpy 2,937.3 3,081.4 kJ/kg
5 Total heat duty (1)x(4) 34,057,993.5 33,895,400 kJ/h

In addition, the commissioning of turbine by-pass valve capacity test report shows that on 34 Degree
Celsius of site ambience temperature could provide enough water consumption required from by-pass
valve to pre conditioning before entering condenser with no significant of objection. (see
for more details)

5.1.3.2 MAIN COOLING CONDENSER

The heat that transfer to the condenser will be removed by cooling water from the cooling tower, the
higher heat in condenser required the higher cooling water flow or lower temperature inlet. Otherwise,
the water outlet temperature will be increased, cooling water temperature increase at outlet state will
affect to the pressure in main condenser and cooling tower work load, from reject heat energy from
condenser.

The main cooling condenser has specified information as provided figure from below, the capability of
equipment or heat duty is 64,503,768 kcal/hour (207,064,376 kd/hour) which limited by heating surface
area and thermal conductivity of tube material. Since, the normal operating condition in the upgrading
program were limited to operate in design value or 127,570 kg/hr, the condenser load will be in the
design value, and it will not affect to equipment efficiency. However, the partial operating by any cause
such as steam turbine trip, heat load will increased, if steam generating are increase.

DESIGN CONDITION {THERMAL)

6 |SHELL SIDE TUBE SIDE

7 {Heat Duty 164,503,768 |(kcal/ht) Source of Water :+ OPEN CYCLE COQLING WATER
8 |Steam Iniet Flowrate 127,570 1(ka/hr} Cooling Water Flowrate : 7,180 [(m3/hr)

.9 [Heat Transfer Rate i 3,055.82 |(kcal/'C.m2.hr)  |Water Inlet Temp., i 32.0 {{c)

10{Steam Sat. Temp. . 44.81 |(¢) Water Outlet Temp. ' 41.0 ('¢)

11|LMTD ! 7.42 |{%¢) No. of Pass : 2

12|Steam Inlet Pressure : 9.50 |(kPa.A) Water Velocity : 2.3 |(m/s)
13}Surface Area 2,858 |(m2) Pressure Drop {Allowable) i 53.00 |{kPa)
14|Cleaning Factor B85% Pressure Drop {Calculated) ! 52.97 |(kPa)
15|Fouling Factor : - (m2.K/wW) Fouling Factor : — Hm2.KMW)

16
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The heat load from steam turbine load reject case, steam full- dump into the condenser through by-pass
valve are descript as heat load calculation on the table below.

No Description Value Unit
1 | HP Steam flow 65,000 kg/h
2 | Cooling water flow 22,423 kg/h
3 | HP Conditioned flow (1)+(2) 87,423 kg/h
4 | LP Steam flow 11,000 kg/h
5 | Cooling water flow 1,044 kg/h
6 | LP Conditioned flow (4)+(5) 12,044 kg/h
7| Total flow (3)+(6)*2 unit 198,934 kg/h
8 | Temperature condenser 90 °C

9 | Pressure 0.095 bar.a
10 | Heat energy inlet (conditioned steam) 2,668 kJ/kg
11 | Heat energy outlet (condensate) 203 kJ/kg
12 | Ah (10)-(11) 2,465 kJ/kg
Heat load to condenser (7)*(12) 491,366,980 kd/h

The Maximum heat output which will carry out from condenser by cooling water from cooling tower
unit are descripted as heat load calculation on the table below.

No Description Value Unit
1 | Cooling water flow (max.) 7,180,000 kg/h
2 | Pressure 3.2 bar.a
3 | Specific heat 4.18 kJ/kg
4 | Temperature inlet 32 °C

5 | Temperature outlet 49 °C

6 | AT (5)-(4) 17 °C
Heat reject by cooling water (1)*(3)*(6) 510,210,800 kJ/h

*Note: Referring to the Cooling Tower operation and maintenance manual “V-D173-10PAD 10-20-30
AHO010-92-002_1", the temperature of the hot water feeding the cooling tower can not be higher than
55 °C with the fans in operation except in specific case after the agreement of the manufacturer. If one
of the fans is stopped, the temperature limit is 45 °C.

However, the information and calculation above was prepared to estimate the capacity of equipment in
momentary operation, and it not suitable for long-term operation as on the normal operating condition.
JERA-PET not recommend to operate on maximum capacity as normal operation, and PPTC shall
operation as specify on power plant Operation and Manual procedure of manufacturer.

17
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5.1.3.3 COOLING-FAN TRIPPED AND AUTOMATIC RUNBACK

The cooling tower for PPTC have three cells, two operation and one for stand-by. In each cell has
mechanical drive fan to remove heat from cooling water by evaporation process. The base design
calculation were two cell operation, in case of only one cell remain for operation will be considered as
follows.

The calculation amount of heat removed to decrease the cooling water temperature 41.1 to 32 °C with
flow capacity 7,500 m*h.

Heat lost = Mass x Specific heat x Change in temperature
Q (kW) = m (kg/s) x C x AT

= 2,066.25x 4.18 x 9.1

= 78,569.69 kW

And, calculation for amount of heat removed from the cooling tower by evaporation per cell is
calculated as follows.

1 Cell

Inlet:

Dry air temp = 32C
Wet air temp = 282¢C
Relative humidity = 75 %
Enthalpy hi = 890.23 kjifky
Woisture content Wi = 0.02268 kofkg
Density P = 1.1161 kg/m3
Outlet:

Total outlet flow F T = 634.75 ma/s
Dry air temp = 383 C
Wet air temp = 383 C
Relative humidity = 100 %
Enthalpy hio = 1587 Kjfkg
Woisture content Yo = 0.04873 kofkg
Density p = 1.0508 Kgy/m3
Total weight  Flow x p m = 667.058775 kofs
M (AN - (wo-wilxT 2xC) E = 44 19541 kKW

According from the calculation above, in case of the cooling fan tripped and the stand-by unit could not
be operated, or only one cooling fan working has occurred during operation. The cooling tower as one
cell operation will not coverage the heat energy from the condenser which transfer by the cooling water
cycle. Therefore, if the cooling tower has capacity for one cell operation, the power plant shall be run
logically as specified on the power plant Operation & Maintenance procedure to reduce power plant
load accordingly.

18
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In order to consider the bottoming cycle during operation on automatic runback mode of GT model
54MW, we have studies the exhaust heat content from GT which will be the main cause of this scenario.

As mentioned in section 3.3.2, the automatic plat run back mode will be operated on GT load as
13.75MW and 28.72MW, so the exhaust gas output of 28.72MW were summarized as the figure below.

Exhaust heat at 28.72MW
H54MW 50MW
53500
53000

52500

52000
51500
51000 I
50500
20 25 30 35 40

Celsius

kd/s

Referring to The study shows in similarity specific megawatts output of GT model 50.5MW and 54MW,
the GT model 54MW was run at lower load percentage(%) than the GT model 50.5MW. Furthermore,
the exhaust energy differential of GT 54MW and 50.5MW were around 400 kJ/s and GT model
50.5MWis the higher which is not sufficient to create any different.

5.1.4 HEAT RECOVERY STEAM GENERATOR

The Heat Recovery Steam Generator (“HRSG”) system has specified the maximum designed steaming
capacity for high pressure and low pressure are 63,640 kg/h and 10,540 kg/h respectively. (see
ATTACHMENTS for more details)

In consideration of highest output from normal operation we have divide the possible case in to two
cases.

The first case”Casel” is the HRSG could not generate steam over the HRSG specification capability,
and the remaining energy from exhaust gas turbine will be rejected through the stack.

The second”Case2” is in assumption of highest output from gas turbine normal operation, the HRSG
will generate steam over the specification capability.

To prove the possibility of steam generation as mention before, we have provide the velocity calculation
table of superheated steam at last stage, comparison with the others project form our experiences. In
our experiences, we are recommended the velocity for superheated steam in inner pipe diameter 51
millimeter “mm.” and smaller will not exceed 35.6 meter per second “m/s”.
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Since, the relative between volume flow rate and the velocity are calculated as follows.

Q =AXV
Where; Q = Quantity of flow (m3/s)
A = Cross sectional area of pipe  (m2)
Vv = Average velocity (m/s)
The calculation were summarized in the table below.
No DescHiption PPTC | PPTC | PPTC | SSP1 | SSP1 | SSP2 | SSP2 Unit
Norm. Max Test Norm. Max Norm. Max
1 | Tube outsidg diameter 445 445 445 N/A N/A 445 445 mm
2 | Nominal thigkness 4.20 4.20 4.20 2.6 2.6 4.40 4.40 mm
3 | Inside diameter 0.0361 | 0.0361 | 0.0361 | 0.0329 | 0.0329 | 0.0329 | 0.0329 | m
4 | Area 0.0010 | 0.0010 | 0.0010 | 0.0009 | 0.0009 | 0.0009 | 0.0009 | m2
5 | Tube quantity 38 38 38 32 32 34 34 EA.
6 | Total section hrea 0.039 0.039 0.039 0.027 0.027 0.029 0.029 | m2
7 | Density v 0.0450 | 0.0609 | 0.0529 | 0.0450 | 0.0783 | 0.0448 | 0.0601 | m%kg
8 | Mass flow - 64.31 62.8 46.418 | 47.117 | 61.875 | 62.52 | TPH
9 | Mass flow 17.679 | 17.864 | 17.444 | 12.894 | 13.088 | 17.188 | 17.367 | kg/s
10 | Volume 0.80 1.09 0.92 0.58 1.03 0.77 1.04 m3/s
11 | Velocity by Mass flow 20.46 27.99 23.72 21.33 37.69 26.66 36.09 | m/s

Note * Norm. is the normal operation
Max is the maximum velocity from investigation
Test is the value from the plant base load test on 1% Dec 2020

From previous paragraph, we have been assumed that HRSG will generate steam as the second case for
further studies. Then the highest output from normal operation HRSG will be considering on the
operation at lowest site ambience temperature condition. Following the information provided by PPTC,
the lowest temperature is 19 Degree Celsius with 47.67% of Humidity ratio. After we simulated with
mentioned condition, we found the HRSG generate high pressure steam capacity around 65,000 kg/h
with the velocity was 24.8 m/s. The low pressure steam generate capacity around 11,000 kg/h which
are all over specification on the equipment name plate.

In the other way, if the HRSG have reach the capability to generate steam and we increase heat load as
exhaust flow and temperature to the system, the energy form exhaust will not make use of the addition
energy, and increase flue gas temperature at the stack outlet. In this case, law and regulation shall be
concerned for this scenario as Environmental Impact Assessment.

By the way, PPTC required to maintain the steam generation capacity as designing value due to
concerning about lifespan and reliability of equipment, and steam turbine are also not recommended to
feed steam flow more than 127,000 kg/h.
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For summarized, HRSG specification were not specified about steaming capability margin on the data
sheet or the calculation method of the HRSG system, so we could not guarantee that the system has
reached to the limitation of the equipment capacity or it has remaining capability for an upgrading
operation. However, gas turbine shall be operated in specific output to maintain the exhaust gas in the
limit as energy rate 78,120 kJ/s for generate steam 127,000 kg/h, to accordance with the PPTC
requirement. And if gas turbine upgrading program was confirmed, JERA-PET are recommended to
contact to HRSG manufacturer to verify the heat recovery profile and limitation of HRSG.

5.1.4.1 TUBE THICKNESS REMAINING

According to the Inspection report ultrasonic thickness measure on 2019, we found some tube thickness
have decrease than lower normal thickness value. So, we will provide the calculation of concerning
portion by following basis.

The calculation are based on ASME standard BPVC section | as A-137.2.1 Equations (Based on the
Strength of the weakest course) minimum thickness of pipe wall require by the calculated below.

t=ﬂ[1—c[‘f’*"5ﬁ']f2—c—f

—

= minimum required thickness

D = outside diameter of cylinder

E = the base of natural logarithms

P = maximum allowable working pressure

S = maximum allowable stress value at design temperature of metal
E = efficiency (1.0 for seamless cylinders without opening)

C = minimum allowance for threading and structural

f = thickness factor for expanded tube ends

The calculation of tube thickness in HRSG are considered on the HP section due to the report shows
tube thickness have been decreasing dramatically from the nominal thickness. The calculation of tube
thickness will be descripted in the next section.

5.1.4.1.1 THE SYSTEM DESIGN PARAMETER

The HRSG tube were calculated in designing phase as follows.

o o [ 0 | Ut |t | v
[ e e | w | w |
e | | w | w |
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5.1.4.1.2 HIGH PRESSURE SUPERHEATER 4

No. Description value Unit
1 | Component part HP SH4
2 | Material SA213-T22
3 | Design Temperature (T) 553 °C
4 | Maximum allowable working pressure (P) 8.6 Mpa
5 | Maximum allowable stress (S) 46.12 Mpa
6 | Tube end type Welded
7 | Tube outside diameter (D) 44.5 mm
8 | Corrosion allowance 0.4 mm
9 | Efficiency 1
10 | Calculated min required thickness 3.79 mm
11 | Min. thickness (8)+(10) 4.19 mm
12 | Nominal thickness 4.20 mm
13 | Lowest inspection thickness 441 mm
Thickness loss (12)-(13) -0.21 mm
Remaining thickness (13)-(10) 0.62 mm

The thickness loss shows minus value, because the inspection report shows inspection tube thickness
higher than the nominal thickness. Therefore, the high pressure super heater at stage 4 tube thickness

have remaining thickness to operation as 0.62 mm with no significant.

5.1.4.1.3 HIGH PRESSURE SUPERHEATER 3

No. Description value Unit
1 | Component part HP SH3
2 | Material SA213-T22
3 | Design Temperature (T) 544 °C
4 | Maximum allowable working pressure (P) 8.6 Mpa
5 | Maximum allowable stress (S) 51.61 Mpa
6 | Tube end type Welded
7 | Tube outside diameter (D) 44.5 mm
8 | Corrosion allowance 0.4 mm
9 | Efficiency 1
10 | Calculated min required thickness 3.42 mm
11 | Min. thickness (8)+(10) 3.82 mm
12 | Nominal thickness 3.90 mm
13 | Lowest inspection thickness 3.65 mm
Thickness loss (12)-(13) 0.25 mm
Remaining thickness (13)-(10) 0.23 mm

The thickness loss in the high pressure superheater stage 3 is 0.25 from the nominal thickness value, in
3 years operation approximately by plant operation since 2016 and inspection test on 2019. However,
the tube thickness have remaining thickness to operation as 0.23 mm without corrosion allowance
but this stage shall be concerned and keep monitoring frequently.
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5.1.4.1.4 HIGH PRESSURE SUPERHEATER 2

No. Description value Unit
1 | Component part HP SH2
2 | Material SA213-T22
3 | Design Temperature (T) 497 °C
4 | Maximum allowable working pressure (P) 8.6 Mpa
5 | Maximum allowable stress (S) 83.19 Mpa
6 | Tube end type Welded
7 | Tube outside diameter (D) 44.5 mm
8 | Corrosion allowance 0.4 mm
9 | Efficiency 1
10 | Calculated min required thickness 2.19 mm
11 | Min. thickness (8)+(10) 2.59 mm
12 | Nominal thickness 2.60 mm
13 | Lowest inspection thickness 2.40 mm
Thickness loss (12)-(13) 0.20 mm
Remaining thickness (13)-(10) 0.21 mm

The thickness loss in the high pressure superheater stage 2 is 0.20 from the nominal thickness value, in
5 years operation approximately by plant operation since 2016 and inspection test on 2019. However,
the tube thickness have remaining thickness to operation as 0.21 mm without corrosion allowance

but this stage shall be concerned and keep monitoring frequently.

5.1.4.1.5 HIGH PRESSURE EVAPORATOR

No. Description value Unit
1 | Component part HP EV
2 | Material SA178-A
3 | Design Temperature (T) 339 °C
4 | Maximum allowable working pressure (P) 8.8 Mpa
5 | Maximum allowable stress (S) 89.08 Mpa
6 | Tube end type Welded
7 | Tube outside diameter (D) 38.1 mm
8 | Corrosion allowance 0 mm
9 | Efficiency 1
10 | Calculated min required thickness 1.79 mm
11 | Min. thickness (8)+(10) 1.79 mm
12 | Nominal thickness 2.40 mm
13 | Lowest inspection thickness 2.29 mm
Thickness loss (12)-(13) 0.11 mm
Remaining thickness (13)-(10) 0.50 mm

The thickness loss in the high pressure evaporator is 0.11 from the nominal thickness value, in 5 years
operation approximately by plant operation since 2016 and inspection test on 2019. However, the tube
thickness of evaporator have high margin and remaining thickness to operation as 0.50 mm with no
significant.
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5.1.4.1.6 HIGH PRESSURE ECONOMIZER

No. Description value Unit
1 | Component part HP EC
2 | Material SA178-A
3 | Design Temperature (T) 323 °C
4 | Maximum allowable working pressure (P) 115 Mpa
5 | Maximum allowable stress (S) 90.80 Mpa
6 | Tube end type Welded
7 | Tube outside diameter (D) 31.8 mm
8 | Corrosion allowance 0 mm
9 | Efficiency 1
10 | Calculated min required thickness 1.89 mm
11 | Min. thickness (8)+(10) 1.89 mm
12 | Nominal thickness 2.40 mm
13 | Lowest inspection thickness 2.36 mm
Thickness loss (12)-(13) 0.04 mm
Remaining thickness (13)-(10) 0.47 mm

The thickness loss in the high pressure evaporator is 0.04 from the nominal thickness value, in 5 years
operation approximately by plant operation since 2016 and inspection test on 2019. However, the tube
thickness of evaporator have high margin and remaining thickness to operation as 0.47 mm with no

significant.

5.1.4.1.7 THE SUMMARY OF THE CALCULATION RESULT AND THE REPORT.

No. | Pressure part | Nominal t | Inspection t | Required tm | Unit | Recommend
HRSG UNIT 11
1 HP SH4 4.20 4.43 3.79 mm | No significant
2 HP SH3 3.90 3.65 3.42 mm | Continue monitor
3 HP SH2 2.60 2.42 2.19 mm | Continue monitor
4 HP EV4 2.40 2.44 1.79 mm | No significant
5 HP EV3 2.40 2.40 1.79 mm | No significant
6 HP EV2 2.40 2.36 1.79 mm | No significant
7 HP EV1 2.40 2.38 1.79 mm | No significant
8 HP EC5 2.40 2.47 1.89 mm | No significant
9 HP EC3 2.40 2.40 1.89 mm | No significant
10 HP EC1 2.40 2.40 1.89 mm | No significant
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No. | Pressure part | Nominal t | Inspectiont | Required tm | Unit | Recommend

HRSG UNIT 12
1 HP SH4 4.20 4.41 3.79 mm | No significant
2 HP SH3 3.90 4.08 3.42 mm | No significant
3 HP SH2 2.60 2.40 2.19 mm | Continue monitor
4 HP EV4 2.40 2.46 1.79 mm | No significant
5 HP EV3 2.40 2.31 1.79 mm | No significant
6 HP EV2 2.40 2.39 1.79 mm | No significant
7 HP EV1 2.40 2.29 1.79 mm | No significant
8 HP EC5 2.40 2.36 1.89 mm | No significant
9 HP EC3 2.40 2.40 1.89 mm | No significant
10 HP EC1 2.40 2.41 1.89 mm | No significant

As above information, the nominal thickness from the table were calculated to follow the piping spec
standard for estimate all tube thickness remaining lifespan. By the way, the highlight parameter is
closing to the design value which are including of HP SH3 and HP SH2 of HRSG11, and HP SH2 of
HRSG12.

Since, we have only one inspection report for tube thickness in HRSG, we will use the most thickness
loss during 3 years operation in the high pressure superheater stage 3 unit 11 as based information,
which the thickness lose 0.25 mm and remaining 0.23 mm. As per information which we have on hand,
the remaining lifespan of HRSG could be around 3 years from the last inspection 2019.

However, after upgrading program the steam flow were expected to increase, and steam velocity could
be increased as consequences. By following, the tube thickness will be decreased by erosion of steam
in consequently, then the tube thickness lifespan might be shorten. (See ATTACHMENT®6 for Tube
thickness inspection reports)

However, JERA-PET are highly recommend to continue monitor and have an inspection test. The
monitoring shall be done by annual inspection or as available with minimum on concentrated item, but
not over 3 years period as procedure. The report result will show the trend repeated over several years,
PPTC can reasonably make a prediction from a graph of HRSG tube life time.
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5.1.4.2 DE-SUPERHEATER

In consideration of the limitation of de-superheater valve capacity, the highest flow requirement were
expected to occur during the partial load operation. The site conditions as specified on the plant
configuration such Lowest, Normal and highest in section 4 were used. By the program simulation, we
found the capacity of cooling water fed to the de-superheater valve were around 1,000 — 2,500 kg/h

The calculation of de-superheater water consumption of model 54 MW are summarized as follows.

Operating Data Units Peak Off-Peak
< Flow Rate kg/h 66,880 50,890
g Pressure Barg 67.13 58.14

% Temperature C 498 510

= Flow Rate kg/h 1,080 2,060

;; Pressure Barg 94.7 96.75

g Temperature © 61.93 57.38

g Flow Rate kg/h 67,960 52,950
é Pressure Barg 67.03 58.04

% Temperature C 474 450

5.1.5 BALANCE OF PLANT

5.1.5.1 HIGH PRESSURE BOILER FEED WATER PUMP

High pressure boiler feed water pump (“HP BFWP”) system is 3x50% operation, and in each pump has
guaranteed discharge capacity 68 m*/hour at pump head 922.7 meters. The HRSG system required water
flow around 65,000 kg/h or 65 m3/hour approximately which is in capability of the HP BFWP.

AS per data sheet control valve 11/12HAC10AA020 - High pressure feed water level 100%, shows the
flow characteristic curve of control valve is equal percentage type. The information from PPTC power
plant reveal that actual operation opening around 40 percent, which mean valve has capability margin
for upcoming flow rate in 90 percent. (See ATTACHMENT?7 for more details)
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5.1.5.2 LOW PRESSURE BOILER FEED WATER PUMP

Low pressure boiler feed water pump (“LP BFWP”) system is 3x50% operation, and in each pump has
guaranteed discharge capacity 28 m*hour at pump head 159.93 meters. The HRSG system required
water flow around 11,000 kg/h or 11m®hour approximately which is in capability of the LP BFWP.

AS per data sheet control valve 11/12HAC50AA020 High pressure feed water level 100%, shows the
flow characteristic curve of control valve is equal percentage type. The information from PPTC power
plant reveal that actual operation opening around 55 percent, which mean valve has capability margin
for upcoming flow rate in 65 percent. (See ATTACHMENT?7 for more details)

5.1.5.3 CONDENSATE EXTRACTION PUMP

Condensate extraction pump (“CEP”) system is 2x100% operation, and in each pump has guaranteed
discharge capacity 210 m®hour at pump head 40 meter. Two unit of HRSG system produced water total
steam flow around 152,000 kg/h or 152 m®hour at normal operation and the steam turbine load rejection
case is around 198,934 kg/h or 199 m®hour, which is in capability of the CEP.

5.1.54 DEMINERALIZATION SYSTEM

The demineralization system will make-up the demin water to the HRSG system from the loss of
blowdown and steam extraction to customer. The total system has capacity to generate demin water 35
m*/hour. The HRSG continues blow down (“CBD”) is required 1% of steam flow, the upgrading has
steam flow 65,000 and 11,000 kg/h for and HP and LP respectively. The HP CBD flow would be
estimated as 650 kg/h and 110 kg/h for LP section per unit. The extraction steam is expected to export
to customer after upgrading program is 20,000 kg/h, and the total make-up water will be calculated as
follows.

The total demin make-up water to HRSG = 2x(CBD HP) + 2x(CBD LP) + Steam extraction
= 2x(650) + 2x(110) + 20,000
= 21,520 kg/h or 21.52 m*/h

In summary, the system would require generated demin water to make-up the HRSG system as 21.52
m?*/hour, which capacity of demineralized plant could provide sufficient make-up water for the HRSG
with upgrading condition.
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5.1.55 CLOSE COOLING CYCLE WATER SYSTEM

Close cooling cycle water system or “CCCW?”, could be increase due to heat load or heat residue after
upgrade gas turbine in cooling system and control system might be higher. There are no information
from the manufacturer in this system, so we are estimated the capability of CCCW system by design
margin. During the plant test on 1% December 2020, the temperature of CCCW before distribution was
33.53°C (10PGA30CT201) and return with 38.88 °C (10PGB30CT201).

The following information in the table below shows design calculation for CCCW system.

Closed cycle cooling loop Heat AT C M
(kW) (°C) (kJ/kh/°C) (m®h)

No.1 GTG lube oil cooler 1,555.00 10.00 4.18 135

No.2 GTG lube oil cooler 1,555.00 10.00 4.18 135
No.1 GT generator cooler 679.00 10.00 4.18 58.91
No.2 GT generator cooler 679.00 10.00 4.18 58.91
ST lube oil cooler 1,728.89 10.00 4.18 150.00
Steam Turbine Generator 1,728.89 10.00 4.18 150.00
Chiller for sample cooler 230.52 10.00 4.18 20.00
No.1 Fuel gas comp. 305.44 10.00 4.18 26.50
No.2 Fuel gas comp. 305.44 10.00 4.18 26.50
No.1 Air comp. 176.78 10.00 4.18 15.40
No.2 Air comp. 176.78 10.00 4.18 15.40
Total 9,120.74 791.62

The calculation from vendor used different temperature as 10 °C with 747.2 m®/h flow capacity, so they
selected pump flow capacity as 935 m*/h. However, GT manufacturer require to increase GTG lube oil
cooler to 135 m*h flow capacity. Therefore, the total CCCW flow will be 791.62 m*h which is in
capability of the CCCW system.

As per investigation and calculation, the BOP system with including of HP boiler feed pump, LP boiler
feed pump, condensate extraction pump, Demineralization system and close cooling cycle water system
have capability or design margin for the GT upgrading program without any modification need.
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5.2 ELECTRICAL

5.2.1 TRANSFORMER UNITS

Transformer capability calculation will be based on maximum output of each generator.
Maximum output of gas turbine is 52.7 MW and 39 MW for steam turbine respectively, at site ambience
temperature 19 °C and Power factor 0.957 for gas turbine and 0.99 for steam turbine generator.

5.2.1.1 GAS TURBINE TRANSFORMER

According to the data sheet of gas turbine transformer, the gas turbine transformer capacity is 56 MVA
and we select efficiency of transformer at 99 percent. Power factor of gas turbine transformer tested on
1% December 2020 is 0.957. The maximum output capacity of gas turbine transformer as following
calculation.

Maximum Output Capacity of GT transformer (MW)
= Capacity of GT transformer (MVA) x Power factor x Efficiency
=56 x 0.957 x 0.99
=53.06 (MW)

The maximum output capacity of GT transformer is 53.06 MW which more than maximum output
reducing gear of gas turbine generator minus in house load (53.58-1.89 MW) is 51.69 MW. So the
capacity of gas turbine transformer is enough after upgrade gas turbine. (Fuel gas compressor excluded)

5.2.1.2 STEAM TURBINE TRANSFORMER

According to the data sheet of steam turbine transformer, the steam turbine transformer capacity is 46
MVA and we select efficiency of transformer at 99 percent. Power factor steam turbine transformer
tested on 1% December 2020 is (0.99). The maximum output capacity of steam turbine transformer as
following calculation.

Maximum Output Capacity of ST transformer (MW)
= Capacity of ST transformer (MVA) x Power factor x Efficiency
=46 x 0.99 x 0.99
= 45.085 (MW)

The maximum output capacity of ST transformer is 45.085 MW which more than maximum output
reducing gear of steam turbine generator at 40.75 MW. So the capacity of steam turbine transformer is
enough after upgrade gas turbine.
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5.2.1.3 DISTRIBUTION TRANSFORMER (24KV IUs TRANSFORMER)

According to the data sheet of Distribution transformer, the Distribution transformer capacity is 36
MVA and we select efficiency of transformer at 99 percent. Maximum load of industrial user on 12"
March 2020 is 32.11 MW and power factor is 0.907. The maximum output capacity of distribution
transformer based on current maximum load as following calculation.

Maximum Output Capacity of Distribution transformer (MW)
= Capacity of Distribution transformer (MVA) x Power factor x Efficiency
=36 x 0.907 x 0.99
= 32.32 (MW) or 35.63 (MVA)

The maximum output capacity of Distribution transformer is 32.32 MW which more than output of
current maximum load 32.11 MW but if load industrial user after upgrade gas turbine is more than
32.32 MW (included pump house), one Distribution transformer cannot supply for customer. Therefore,
JERA-PET recommend to replace Distribution transformer.

In case replace Distribution transformer from 115/24kV ONAN/ONAF 29/36 MVA to 115/24kV
ONAN/ONAF 40/45 MVA. The maximum output capacity of new Distribution transformer based on
current maximum load as following calculation.

Maximum Output Capacity of new Distribution transformer (MW)
= Capacity of new Distribution transformer (MVA) x Power factor x Efficiency
=45 x 0.907 x 0.99
= 40.41 (MW) or 44.55 (MVA)
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5.2.2 GENERATOR

5.2.2.1 GAS TURBINE GENERATOR

In considering to estimate gas turbine generator maximum capability, we define the reducing gear
efficiency of gas turbine to 98.7 percent as steam turbine reducing gear unit.

Generator type code: AMS 1250ALK 4L BS

Efficiency curves
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Reducing gear of gas turbine will generate capacity power output as following calculation.
Gear Power Rating (MW) x Power factor x Efficiency = Power output  (MW)
55 x 0.987 x 0.987 = 53.58 (MW)

Gas turbine will generate capacity power output as following calculation.
Apparent power (MVA) x Power factor x Efficiency = Power output  (MW)

58.824 x 0.957 x 0.987

55.56 (MW)

Note: Power Factor is 0.957 from test best load gas turbine generator on 1% Dec 2020.
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5.2.2.2 STEAM TURBINE GENERATOR

The steam turbine generator has capacity 44,930kVA with power factor 0.99 as required from PPTC,
and generator efficiency is approximately 98.23 percent as specified on data sheet of steam turbine
generator, see figure below for information.

SSBLR-4P-44930kVA-1500min-1-CHCW-11000V-2359A-50Hz-0.85PF
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The steam turbine generator will generate capacity power output as following calculation.

Apparent power (MVA) x Power factor x Efficiency = Power output (MW)
44.93 x 0.99 x 0.9823 43.69 (MW)

Reducing gear of the steam turbine has power rating capacity 42.05 MW with efficiency is
approximately 98.7 percent and generator efficiency 98.23 percent, so estimated generator output power
will be calculated as following.

Gear power rating (MW) x Gear efficiency x Generator efficiency = Generator output (MW)
42.05x 0.987 x 0.9823 = 40.77 (MW)
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5.2.3 24KV SWITCH GEAR INCOMING AND OUTGOING FEEDER

Note: PF 0.907 from Maximum load of industrial user on 12 March 2020 is 32.11 MW

5.2.3.1 24KV SWITCHGEAR INCOMING FEEDER SIMOPRIME A4 AND NX PLUS C

24kV Switchgear Incoming Feeder rated vacuum circuit breaker (VCB) is 1,250 A at 40 °C. The
maximum capacity of incoming feeder as following calculation.

1.732 x VCB rated capacity (A) x Operating Voltage (kV)

= Apparent power (MVA)
1.732 x 1250 x 24 = 51.96 (MVA)
At PF 0.907 = 47.13 (MW)

Relay protection setting Phase/Earth Overcurrent (51/51N) at 39.65 (MVA)

5.2.3.2 24KV SWITCHGEAR OUTGOING FEEDER

5.2.3.2.1 24KV SWITCHGEAR OUTGOING FEEDER SIMOPRIME A4

24kV Switchgear Outgoing Feeder rated vacuum circuit breaker (VCB) is 1,250 A at 40 °C. The
maximum capacity of incoming feeder as following calculation.

1.732 x VCB rated capacity (A) x Operating Voltage (kV)

= Apparent power (MVA)
1.732 x 1250 x 24 = 51.96 (MVA)
At PF 0.907 = 47.13 (MW)

Relay protection setting Phase/Earth Overcurrent (51/51N) at 22.78 (MVA)

5.2.3.2.2 24KV SWITCHGEAR OUTGOING FEEDER NX PLUS C

24kV Switchgear Outgoing Feeder rated vacuum circuit breaker (VCB) is 630 A at 40 °C. The
maximum capacity of incoming feeder as following calculation.

1.732 x VCB rated capacity (A) x Operating Voltage (kV)

= Apparent power (MVA)
1.732 x 630 x 24 = 26.19 (MVA)
At PF 0.907 = 23.75 (MW)

Relay protection setting Phase/Earth Overcurrent (51/51N) at 22.78 (MVA)

See current carrying capacity VCB of Simoprime A4 and NX Plus C at temperature 40 °C as
Attachment8.

33



Feasibility for the bottoming cycle analysis for GT power upgrade

5.2.4 CABLE AND TRANSMISSION LINE

5.2.4.1 115KV CABLE FROM 115KV GIS TO DISTRIBUTION TRANSFORMER

Specification of cable is 240 sq.mm. 115 kV Cu/XLPE/PVC 1 Core current rated 539.8 A included
derating factor as drawing no. D173-EE-050E_5_Cable Sizing and Ampacity Calculation. The
maximum capacity of cable as following calculation.

1.732 x Capacity of cable included derating factor (A) x Operating Voltage (kV)

= Apparent power (MVA)
1.732 x539.8 x 115 = 107.51 (MVA)
At PF 0.907 = 97.52 (MW)

5.24.2 24KV CABLE FROM DISTRIBUTION TRANSFORMER TO 24KV
SWITCHGEAR INCOMING FEEDER

Specification of cable is 2x240 sq.mm. 18/30(36) kV Cu/XLPE/PVC 1 Core current rated 641 A in free
air at 30 °C per one cable. The maximum capacity of cable at 40 °C as following calculation.

1.732 x Number of cable x Capacity of cable(A) x Correction factor for ambient air temperature x
Correction factor for installation x Operating Voltage (kV)

= Apparent power (MVA)
1.732 x 2 x 641 x 0.91 x 0.94 x 24 = 45.58 (MVA)
At PF 0.907 = 41.35 (MW)

Current rated is 641 A, Correction factor for ambient air temperature at 40 °C is 0.91, and Correction
factor for installation is 0.94 as drawing no. D173-EE-050E_5_Cable Sizing and Ampacity Calculation
page 28, 127 and 141 respectively.

5.2.4.3 24KV CABLE FROM 24KV SWITCHGEAR OUTGOING FEEDER TO RISER
POLE

Specification of cable is 300 sg.mm. 12/20(24) kV Cu/CV 1 Core current rated 775 A at 40 °C followed
specification of manufacturer (Bangkok cable). The maximum cable from 24kV Switchgear Outgoing
Feeder to Riser Pole as following calculation.

1.732 x Cable capacity (A) x Operating Voltage (kV) x Correction factor for installation

= Apparent power (MVA)
1.732 x 775 x 24 x 0.93 = 29.96 (MVA)
At PF 0.907 = 27.17 (MW)
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5.2.4.4 24KV CABLE FROM RISER POLE TO CUSTOMER

Specification of cable is 240 sg.mm. 25 kV SAC rated 520 A followed specification of manufacturer
(Bangkok cable). The maximum capacity of cable from riser pole to customer as following calculation.

1.732 x Cable capacity (A) x Operating Voltage (kV)

1.732 x 497 x 24

At PF 0.907

Apparent power (MVA)
20.66 (MVA)
18.74 (MW)

According above mention in item 5.2, Conclusion of each equipment capacity show as table below.

Equipment Capacity (MW) 95% Capacity (MW)
Generator and Reducing Gear
Gas Turbine Generator 55.56 at PF 0.957 52.78
Reducing Gear Gas Turbine Generator 53.58 50.90
Steam Turbine Generator 43.69 at PF 0.99 39.32
Reducing Gear Steam Turbine Generator 40.77 38.73
Transformers
Gas turbine transformer 56 MVA 53.06 at PF 0.957 50.41
Steam turbine transformer 46 MVA 45.08 at PF 0.99 42.82
Distribution transformer 36 MVA 32.32 at PF 0.907 30.70
New Distribution transformer 45 MVA 40.41 at PF 0.907 38.39
24kV Switchgear (PF 0.907)
24kV Switchgear Incoming Feeder Simoprime
A4 and NX Plus C 47.13 ad.rt
24kV Switchgear Outgoing Feeder Simoprime 4713 44.77
A4
24kV Switchgear Outgoing Feeder NX Plus C 23.75 22.56
Cable and Transmission Line (PF 0.907)
115kV Cable from 115kV GIS to Distribution 975 9264
transformer 240 sg.mm.
24kV Cable from Distribution transformer to
24kV Switchgear Incoming Feeder 2x240 41.35 39.28
sg.mm.
24kV Cable from 24kV Switchgear Outgoing
Feeder to Riser Pole 2x240 sg.mm. 21.17 25.81
24kV Cable from Riser Pole to Customer 18.74 17.80

Note:
manufacturer.

Capacity of gas turbine generator and steam turbine generator shall be recommend by

All MW capacity will increase or decrease depend on actual power factor.
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Gas turbine system is limited capacity at reducing gear of gas turbine generator and steam turbine
system is limited capacity at reducing gear of steam turbine generator.

The maximum capacity of gross of power plant as following calculation.

2 x Capacity of Reducing Gear Gas Turbine Generator (MW) + Capacity of Reducing Gear Steam
Turbine Generator (MW)

Gross Load of Power Plant (MW)

2 x53.58 +40.77 147.93 (MW)

Estimate in house load is 3.78 MW

The net output of power plant as following calculation.

Gross Load of Power Plant (MW) — In house load Net Load of Power plant

14793 -3.78

144.15 (MW)

The remaining load for sell to Customer as following calculation.

Net Output of Power plant — Sell to EGAT
144,15 -90

Remaining Load for sell to Customer
54.15 (MW)

According conclusion of each equipment capacity, JERA-PET recommend operate electrical equipment
at 95% capacity for safety factor and degradation. If PPTC would like increase sell electricity to
industrial users more than 30.7 MW, the distribution transformer shall be replaced. After replace
distribution transformer, the capacity of 24kV cable from Distribution transformer to 24kV Switchgear
incoming feeder shall be suitable with new Distribution transformer. However, the effects after changed
distribution transformer as following.

- Foundation of transformer should be checked and modified

- Relay protection setting of 115kV and 24kV switchgear will be changed and tested

- Outgoing feeder for 24kV customer capacity limit at 24kV cable from riser pole to Customer
is 17.8 MW at PF 0.907 and 95% capacity.
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5.3 CONTROL AND INSTRUMENT

5.3.1 CONTROL AND SETTING

JERA-PET would recommend to keep the control and setting value in the original design because the
almost main equipment are remaining. However, if the signal alarm detects unusual condition, the
parameter would be re-checked and approved by the individual manufacturer.

5.3.1.1 CONDENSER

The condenser systems was protected by hot-well level, which the trip signal will directly to stop
condensate extraction pump in case of hot-well level reach high-high set parameter. In addition, the
turbine bypass control valve has permissive for protection condenser systems to checkup condenser is
on the ready state, before service turbine bypass control valve. If system found bad process condition
such as temperature high (165 °C) or pressure high (4.5 barg), the turbine bypass control valve will be
interlock closed suddenly for protection condenser systems.

6 COMMERCIAL

JERA-PET simulates Owner’ s financial model based on both received information from Owner and
our reasonable assumptions.

6.1 ASSUMPTIONS

6.1.1 ELECTRICITY TAFIFF

Electrical tariff of this report will be divided into Peak and off Peak period and supplied for
Industrial user “IU” customer around power plant and power purchase agreement “PPA” from EGAT.

The electricity will be calculated to accordance with PPA supply to the 115kV transmission grid as
90,000 kW for on peak period and 58.500 kW for off peak respectively.

Peak: 9.00 a.m. — 10.00 p.m. every working day
Off-Peak: 10.00 p.m. — 9.00 a.m. every working day and 0.00 a.m. — 0.00 pm for holiday.

Electricity tariff

Description Cost Unit
Electricity cost on peak 4.1839 THB/kWh
Electricity cost on off-peak 2.6037 THB/kWh
Community rate 0.007 THB/KWh
Ft -0.1532 THB/KWh
*Note Electricity rate as January 2021
Capacity payment “CP” = CP: x BC;
Where; BC; = Billing capacity (kW/month)
CP¢ = Capacity payment each month (THB/kW)
Description Cost Unit
Capacity payment “CP;” 420 THB/KW
Energy payment “EP”* 1.85 THB/KkWh
Fuel saving “FS” 0.36 THB/KWh

*Note EP cost have included of community rate(0.01 THB/kWh)
At NG price 232.6116 THB/MMBTU and exchange rate 34 THB/USD
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6.1.2 STEAM SALE

The power plant will be extracted low pressure steam from steam turbine for supply the customer around

the area, a price per ton steam with steam price escalation 0.00% are descripted as follows.
Steam sale

Description

U

Unit

Low pressure steam (16 barg)

650

THB/Ton

6.1.3 FUEL

The natural gas were used as fuel for this power plant will be based on follows.

Natural gas fuel price

Description

Cost

Unit

Natural gas fuel

232.6116

THB/MMBTU

6.1.4 LTSA, OPERATION

Long Term Service Agreement (LTSA), operation and maintenance cost will be calculated as the
differential portion of present and upgrading. The cost are based on the Owner’s information as follows.

LTSA, Operation and Maintenance cost

Description

Cost

Unit

LTSA different cost per 18.17 years

89,318,659.78 | MTHB

- LTSA escalation rate

2.0

%

Operation cost
- Water/ Chemical consumed rate,
excluded natural gas.

0.02

THB/KWh

6.1.5 INVESTMENT COST

The investment cost will be divided into portion as follows.

Ok wdE

EIA study and revise cost 5,650,000 THB
Calculation pile and foundation of distribution transformer 30,000 THB
Modify foundation of distribution transformer 2 units 200,000 THB
New distribution transformer 115/24kV ONAN/ONAF 40/45 MVA 2 Units 33,000,000 THB
New 24kV Cable from Distribution transformer to 24kV Switchgear Incoming Feeder
Simoprime A4 2x240 sg.mm. 500,000 THB

6. Change parameter and test relay protection 24kV Incoming panel 4 units and 115kV feeder 2
units 120,000 THB

7. Engineering work consultant 500,000 THB

Total for investment cost is 40,000,000 THB.
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6.1.6

SUMMERY OF ASSUMPPTION

The assumptions for commercial section will be specified as follows.

© 0 N o g A~ w0 Ddh -
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23.
24.
25.

Remar

Capacity payment “CP;”
Energy payment “EP”*
Fuel saving “FS”
Electric sell price for on-peak 1U supply
Electric sell price for off-peak 1U supply
Demand charge
Ft
Fx
IU - On Peak
. 1U - Off peak
. Average U Discount
. Community rate, EGAT
. Community rate, 1U
. Steam sell price for customer
. Fuel NG price
. PPA for On peak
. PPA for off peak
. Availability
. EGAT - On peak
. EGAT - Off peak
. Fuel High heating value(dry)
. Operation cost
(Water/Chemical excluded natural gas)
Investment cost
Differential of LTSA cost (18.17 years)

LTSA escalation rate

k*

1) EP cost have included of community rate (0.01 THB/kWh)

420
1.85

0.36

4.18

2.60
132.93
(-0.1532)
34

35

61

2.5

0.01
0.007
650.00
232.612
90,000.00
58,500.00
96

45

51

990.4
0.02

40
89

THB/KW
THB/KWh
THB/KWh
THB/KWh
THB/KWh
THB/kWh
THB/kWh
THB/$

%

%

%
THB/kWh
THB/kWh
THB/ton
THB/MMBTU
kWh

kWh

%

%

%
BTU/SCF
THB/KWh

MTHB
MTHB
%
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6.2 LOAD PATTERN TO CUSTOMERS AFTER UPGRADING

The load pattern were calculated with based on the degradation (2.5% of power output and 1.75% of
heat rate) of the gas turbine upgrading units on site ambient temperature 34 °C. And gas turbine
operating in the range of exhaust energy sufficient for generate steam 127,000 kg/h.

Description Non-degradation Degradation Unit

Expectation electric power output 127,031 123,643 kw

After, the net power minus the electrical export to grid line the remaining will be as calculation follows.

Net Load of Power Plant - Grid supply Remaining for sell

123.64 - 90

3364 (MW)

Expect for addition supply

Remaining for sell — Maximum IU existing load (Apr)

33.64 -31.51 213  (MW)

Since, the additional load supply is 2.13 MW combination with load pattern from PPTC in section 4,
IUs load expectation for export to customer were shown as “50.5MW+Add = Sum” in the table.

Expectation after upgrading 1U load pattern On-Peak period

Customer | Jan Feb | Mar | Apr | May | Jun Jul Aug | Sep Oct | Nov | Dec
50.5MW | 29.78 | 29.51 | 30.69 | 31.51 | 30.92 | 27.69 | 28.96 | 27.43 | 30.90 | 29.63 | 28.44 | 26.37
Add 213 | 213 | 213 | 213 | 213 | 213 | 213 | 213 | 213 | 213 | 213 | 213

Sum 31.92 | 31.65 | 32.82 | 33.64 | 33.06 | 29.83 | 31.09 | 29.56 | 33.04 | 31.77 | 30.57 | 28.50

The expectation of electricity supply after upgrading in off-peak period will be considered as 88 percent
from the peak, based on the existing demand.

Expect for addition supply (Peak) x 88% Expect for addition supply (off peak)
2.13x0.88 = 1.87 (MW)

Expectation after upgrading 1U load pattern Off-Peak period

Customer | Jan Feb Mar | Apr | May | Jun Jul Aug | Sep Oct Nov | Dec
50.5MW | 26.19 | 28.28 | 27.53 | 23.56 | 25.73 | 27.08 | 26.62 | 27.26 | 24.74 | 25.83 | 26.26 | 21.49
Add 187 | 187 | 187 | 187 | 187 | 187 | 1.87 | 1.87 | 187 | 1.87 | 1.87 | 1.87

Sum 28.07 | 30.17 | 29.41 | 25.44 | 27.61 | 28.96 | 28.50 | 29.14 | 26.62 | 27.71 | 28.14 | 23.37
*Note: The assumption ratio during the off-peak condition 88 percent were based on information on 2019.
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6.3 ESTIMATED PROFIT

The commercial section were calculate based on assumption as mention on section 6. The detail for
calculation will be clarified on the ATTACHMENT13. And, the summery of the results will show in
the table below.

GT Model GT Model Upcoming

505MW |  54MW | revenue unit

January 90.70 9241 1.71 MTHB
February 86.88 88.39 1.51 MTHB
March 92.23 93.56 1.33 MTHB
April 89.15 90.14 0.98 MTHB
May 91.60 92.71 1.11 MTHB
June 88.29 89.63 1.34 MTHB
July 90.50 91.79 1.30 MTHB
August 89.76 91.20 1.44 MTHB
September 89.15 90.45 1.30 MTHB
October 90.54 91.83 1.29 MTHB
November 88.35 89.82 1.48 MTHB
December 85.71 87.49 1.78 MTHB

16.57

The total loss revenue and the degradation of the 50.5 MW power plant operating, entire remaining
operation period were calculated as 50.42 MTHB. The detail were break in each year as follows.

Per year 1,072.85 1,089.42

Duration | 2023 | 2024 | 2025 2026 2027 | 2028 | 2029 | 2030 2031 2032
Revenue | -0.85 | -1.01 | -1.18 -1.35 -152 | -169 | -1.85 | -2.02 | -220 | -2.45
Duration | 2033 | 2034 | 2035 2036 2037 | 2038 | 2039 | 2040 2041 | Total
Revenue | -2.99 | -3.27 | -3.54 -3.82 -410 | -4.37 | 465 | -492 | -0.94 | -50.42

In the high ambience site temperature as April, In 2019 PPTC has loss revenues to the EGAT around
41.47 MWh or 0.08 MTHB. In considered of upcoming profit in yearly, the expectation earning will
increase 16.57 MTHB per year.

64 PAYBACK PERIOD

The payback period will be estimated for year by year, minus with investment cost and LTSA as
follows.

> Total investment cost 40,000,000 THB
» LTSA increasing cost for 18.17 years duration 89,318,659.78 THB or 4,915,721.51 THB per
year.

Escalation rate were included in the calculation as 2.0%, and not considered in the 1% year of the
calculation.

Duration 1 2 3 4 Year
Revenue 14,863,639 16,574,008 16,574,008 16,574,008 THB
LTSA cost 4,498,222 5,014,036 5,114,317 5,216,603 THB
Modify cost 40,000,000 THB
Cash flow 10,365,417 11,559,972 11,459,691 11,357,405 THB
Cumulative -29,634,583 -18,074,611 -6,614,920 4,742,484 THB
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The expectation earning for upgrading program is 16.57 MTHB in each year, except in the first year
due to the program is expected to complete on the February. In summary from the financial perspective,
the investment will be payback within 4" year.

7 CONCLUSION

According the gas turbine information, the result were generated by the program as the assumption from
the configuration in Section 4 and tuning according to actual plant conditions.

Casel: The HRSG were assumed to generate steam as per manufacturer’s specification. The results
show that the exhaust temperature at stack exiting are increase and HRSG efficiency decrease
consequently, due to HRSG reach the limitation of capability.

Case2: The HRSG were assumed to generate steam over limitation from manufacturer’s specification.
In the 100% load gas turbine of upgrading model, the information show HRSG unit generate steam
131,500 kg/h that were reached the limitation of equipment which is 127,280 kg/h for capability defied
on name plate. And, steam turbine will also reach the limitation as 127,000 kg/h from specified HP
steam inlet by consequences.

In order to determine the increase in steam production, the equipment must be verified by the
manufacturer (“BHI”) with a calculation and report cost approximately 6.5 MTHB, the price is not
included any additional or replacement cost, and duration for study is 1 month as informed by BHI.

Furthermore, as per information which we have on hand, the remaining lifespan of HRSG could be
around 3 years from the last inspection 2019. And, after upgrading program the steam flow and velocity
were expected to increase, the tube thickness lifespan might be shorter than expectation. Therefore,
JERA-PET would recommend the optimum gas turbine load condition which operate in range of steam
generation capacity 127,000 kg/h as design value to accordance with PPTC requirements.

The overall plant output from gas turbine model 50.5MW and the upgrading model to 54MW were
summarized as follows.

7.1 GAS TURBINE WITH OPTIMUM LOAD COMPARISON

Gas turbine model SGT-800 50.5 MW SGT-800 54 MW (Upgrade) Unit
Site temperature 19 32 40 19 32 40

Net Heat Rate
(HHV) 7,806 7,850 7,987 7,786 7,816 7,890 WA
Net Heat Rate
(LHV) 7,045 7,085 7,209 7,028 7,054 7,121 WA
HRSG Efficiency 84 82 82 81 82 83 B4
CHP Efficiency 55.58 55.68 55.26 55.61 55.70 55.50 )
Gross output 137,531 | 125,850 113,410 | 141,499 | 132,385 | 124,217 WAl
Net output 134,076 | 122,710 110,378 | 137,565 | 128,735 | 120,424 @AW
Gas turbine 49,720 44,454 39,245 51,637 47,315 43,492 WAW
Steam turbine 38,092 36,943 34,920 38,226 37,755 37,233 WAl
Fuel consumption 991.98 913.01 835.59 | 1,015.22 953.66 SR MMBTU/h
HP Steam flow 127,500 | 125,700 120,600 | 127,000 | 127,000 | 127,000 WX/l
LP Steam flow 26,840 22,900 20,510 25,780 22,730 19,420 WCIAl
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72 GAS TURBINE WITH 100% LOAD COMPARISON

Unit

kJ/kWh

kJ/kWh

%

%

kWh

kWh

kWh

kWh

MMBTU/h

kg/h

Gas turbine model SGT-800 50MW SGT-800 54MW (Upgrade)
Site temperature 19 32 40 19 32 40
Net Heat Rate
(HHV) 7,806 7,850 7,987 7,769 7,802 7,904
Net Heat Rate
(LHV) 7,045 7,085 7,209 7,012 7,041 7,134
HRSG Efficiency 84 82 82 82 82 83
CHP Efficiency 55.58 55.68 55.26 55.64 55.72 55.37
Gross output 137,531 | 125,850 | 113,410 144,483 | 134,778 | 124,701
Net output 134,076 | 122,710 | 110,378 140,454 | 131,058 | 121,074
Gas turbine 49,720 44,454 39,245 52,679 48,156 43,852
Steam turbine 38,092 36,943 34,920 39,125 38,467 36,998
Fuel consumption 991.98 913.01 835.59 | 1,034.25 969.16 907.03
HP Steam flow 127,500 | 125,700 | 120,600 131,500 | 130,300 | 128,100
LP Steam flow 26,840 22,900 20,510 24,600 22,070 19,530

kg/h

73 GAS TURBINE WITH 75% LOAD COMPARISON

Unit

Gas turbine model SGT-800 50.5 MW SGT-800 54 MW (Upgrade)
Site temperature 19 32 40 19 32 40
Net Heat Rate
(HHV) 8,210 8,282 8,456 8,120 8,171 8,316
Net Heat Rate
(LHV) 7,410 7,475 7,632 7,329 7,375 7,506
HRSG Efficiency 83 84 84 83 84 84
CHP Efficiency 53.95 53.97 53.51 54.45 54.48 53.97
Gross output 109,469 | 100,191 90,326 111,731 | 104,308 97,043
Net output 106,485 97,482 87,567 108,423 | 101,248 93,878
Gas turbine 37,291 33,340 29,431 39,297 35,876 32,714
Steam turbine 34,886 33,510 31,464 33,138 32,556 31,616
Fuel consumption 828.62 765.26 701.81 834.43 784.16 739.99
HP Steam flow 121,100 | 118,200 111,650 115,300 | 114,330 | 111,480
LP Steam flow 18,720 16,120 15,210 18,420 16,330 15,610

74 GAS TURBINE WITH 50% LOAD COMPARISON

kJ/kWh

kJ/KWh

%

%

kWh

kWh

kWh

kWh
MMBTU/h

kg/h
kg/h

Unit

Gas turbine model SGT-800 50.5 MW SGT-800 54 MW (Upgrade)
Site temperature 19 32 40 19 32 40
Net Heat Rate
(HHV) 8,979 9,082 9,312 8,893 9,127 9,163
Net Heat Rate
(LHV) 8,104 8,197 8,405 8,027 8,238 8,270
HRSG Efficiency 84 84 84 84 83 84
CHP Efficiency 51.28 51.32 50.81 51.66 50.69 51.14
Gross output 78,566 71,947 65,366 80,087 76,124 | 69,861
Net output 76,189 69,801 63,146 77,444 73,602 | 67,317
Gas turbine 24,859 22,228 19,622 26,097 23,781 | 21,731
Steam turbine 28,848 27,490 26,122 27,893 28,563 | 26,399
Fuel consumption 648.38 600.82 557.32 652.80 636.72 | 584.63
HP Steam flow 104,150 99,780 95,370 | 100,650 | 102,590 | 95,860
LP Steam flow 13,060 12,480 11,910 12,480 13,180 | 11,850

kJ/kWh

kJ/KWh
%

%

KWh

KWh

KWh

KWh
MMBTU/h
kg/h

kg/h
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JERA-PET would like to summarize the optimization load, operation in maximum condition which
were calculated by simulate upgrading model (54MW) on site ambience temperature 32 °C, 65%
relative humidity. The based assumption is to operate the power plant under the limitation from
mechanical equipment such as HRSG and steam turbine for minimize the investment and operating
cost. The result were summarized and show in the table as follows. (See ATTACHMENT11 HBD

optimization case for details)

Summary for JERA-PET recommendation operating load table

System Recommend optimum Limitation
operation for 54MW
Gas turbine units
- Gas turbine 44.8 MW 54 MW
- Gas Turbine Generator 44.8 MW 52.78 MW
- Reducing Gear Gas Turbine | 44.8 MW 50.90 MW
Generator
- Fuel gas compressor ~ 21,000 kg/h 25,000 kg/h
Steam turbine unit
- Steam turbine ~ 127,000 kg/h 127,000 kg/h
- Steam Turbine Generator ~37.6 MW 39.32 MW
- Reducing Gear Steam Turbine | =37.6 MW 38.73 MW

Generator

HRSG units

- HRSG ~ HP 127,000 kg/h HP steam 127,280 kg/h
LP 22,000 kg/h LP 21,080 kg/h

- Extraction steam ~ 15,000 kg/h -

- De-superheater ~ 1,300 kg/h < 3,000 kg/h

BOP

- HP boiler feed pump ~ 64.5 m3/h 68 m3/h

- LP boiler feed pump ~ 26.45 m3/h 28 m3h

- Condensate extraction pump ~ 151 m3/h 210 m3/h

Demineralization system ~ 21.52 m3/h 35m3/h

- CCCW system ~ 792 m3/h 935 m3/h

Transformer

Gas turbine transformer 56 MVA | 43.01 MW 50.41 MW

Steam turbine transformer 46

MVA 37.6 MW 42.82 MW

Distribution transformer 36 MVA | 33.64 MW 30.70 MW

New Distribution transformer 45

MVA 33.64 MW 38.39 MW

24kV Switchgear (PF 0.907)

24kV Switchgear Incoming Feeder

Simoprime A4 and NX Plus C 33.64 MW 44.77 MW

Cable and Transmission Line (PF 0.907)

24kV Cable from Distribution

transformer to 24kV Switchgear 33.64 MW 39.28 MW

Incoming Feeder Simoprime A4
2x240 sg.mm.
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According table above, we recommend limitation of each equipment at 95% capacity and optimum
operation including margin and degradation which simulate at ambient temperature 34 °C and power
output degradation 2.5%. We found that the almost value in recommendation is in limitation exclude
the Distribution transformer is 33.64 MW which exceed the limitation. We would like to recommend
Owner that the electrical equipment will be replaced as follows.

1. Replace Distribution transformer from 115/24kV  ONAN/ONAF 29/36 MVA to 115/24kV
ONAN/ONAF 40/45 MVA and the cost of replacement are clarify as follows.

» Calculation pile and foundation of distribution transformer 30,000 THB

» Modify foundation of distribution transformer 2 units 200,000 THB

> New distribution transformer 115/24kVV ONAN/ONAF 40/45 MVA 2 Units 33,000,000 THB
» Engineering work consultant 500,000 THB

2. Change 24kV cable from new Distribution transformer to 24kV switchgear incoming feeder
Simoprime A4 2x240 sq.mm because the length of existing 24kV cable change due to location terminal
box of new Distribution transformer is not same existing Distribution transformer.

> New 24kV Cable from Distribution transformer to 24kV Switchgear Incoming Feeder
Simoprime A4 2x240 sg.mm. 500,000 THB

3. Protection relay of 24kV switchgear and 115kV switchgear shall be changed and test the parameter
of setting value as follows.

» Change parameter and test relay protection 24kV Incoming panel 4 units and 115kV feeder 2
units 120,000 THB

The estimated schedule for each distribution transformer replacement work were within 26 days without
interrupted plant operations. As per ATTACHMENTS, the work schedule were detailed as follows.

- Calculation pile and foundation for distribution transformer without shutdown 7 days
- Shutdown each transformer separately for replacement 19 days

In consideration with the financial perspective, JERA-PET have compared several alternatives of plant
configuration, HRSG capability, the future electrical exportation plan and reliability of the power plant.
The results of investment with base on assumptions as clarified on the report are follows.

Description Value Unit
Total revenue increment per year 16.57 MTHB
Investment cost 40.00 MTHB
LTSA additional cost (per year) +2% escalation 4,92 MTHB
Payback period 4 Year
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By the way, the upgrading program also contains some risk and clarifies as follows.

» Loss of reliability during the distribution transformer replacement work around 19 days per
each transformer, power plant shall be supplied electricity to customers by one transformer
without standby transformer in case transformer breakdown. This means that there is a risk that
the all customers will be lost in case transformer fail during replacement.

» The limitation in regulating load on the gas turbine, which is impossible to control the exhaust
gas at a certain value before it enters to the HRSG system. The exhaust gas energy is related to
such variables as ambient temperature and electrical power output. Hence, the limitations of
the electrical power supply were made to avoid this situation and the gas turbine will operate
as specific power output, even in the base load performance test.

» Another is the limitation on the reducing gear unit of gas turbine and steam turbine when
operating in the low temperature site’s ambient condition. The reducing gear limitation were
kept on 95% of equipment capacity, 50.90MW for gas turbines and 38.73MW for steam turbine,
respectively.

7.5 ADDITIONAL OPTIONS

As an option for consideration, JERA-PET would like to suggest other several alternatives of
investment perspective. The additional options will be summarized and descripted as 4 cases as follows.

Case 1 Case 2 Case 3 Case 4
Description Unit
g 50.5MW 54MW C1 54MW C2 R
Evap
Short fall -50,416,012 - -10,450,384 - THB
Investment - -40,000,000 -40,000,000 -34,000,000 | THB
LTSA Diff/Year - -4,915,722 -4,915,722 - THB
Maintenance/Year - - - -200,000 THB
Add electricity sell
to 1Us 2.13 MW/Year - 16,574,008 16,574,008 - THB
;561': totalin18.17th | 5 416,012 | 154,609,417 | 75,091,900 | -37,600,000 |THB

Casel 50.5 MW loss revenue from EGAT’s shortfall

- The power plant is in current condition without any upgrade or additional installation. Power
plant will loss revenue totally 50.41 MTHB over 18.17 years from EGAT’s short fall and degradation
of power plant.

Case2 Upgrade gas turbine model 50.5MW to model 54MW on C1

- The power plant is upgrade gas turbine model 50.5MW to model 54MW. The gas turbine
upgrading program will not only compensate the electrical shortfall event, but also increase the power
supply capacity in 2.13 MW. Therefore, in 18.17 years net profit from this program will be
approximately 154.61 MTHB, payback period in 4 years.

Case3 Upgrade gas turbine model 50.5MW to model 54MW on C2

- The power plant remaining operate gas turbine model 50.5 MW for C1 to C2 period, and
upgrade to model 54 MW on C2 period. The net profit in 18.17 years is 75.09 MTHB and payback
period in 5 years, if loss revenue were included in configuration.
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Feasibility for the bottoming cycle analysis for GT power upgrade

Case4 Evaporator installation for 50.5MW model

- The power plant will be installed evaporator for compensate the shortfall and degradation of
the power plant. However, the installation and maintenance will be the additional cost in total 37.6
MTHB.

In conclusion, based on the financial standpoint, the power plant revenues were compared after gas
turbine upgrading and non-upgrading program from multiple perspectives. JERA-PET would like to
recommend that upgrading gas turbine model 50.5MW to 54MW on C1 as “Case 2” is the best
opportunity to increase the electrical power marketing supply to meet with customer demand.

However, it is important to know that feasibility analysis has its limitations as well. Different analysts
may get different results from the same information. Hence, we must conclude that feasibility analysis
is only one of the tools while taking an investment decision.
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JERA Power (Thailand) Co., Ltd.

33/4 The " Towers Grand Rama 9, Tower B, 161" Floor, Rama 9 Read, Kwang Huay fwang,
Khet Heay Fwang, Banghok 10210 Tel +£6-2168-1200 Fax. +568-2168-1291

Erargy for a Mew Bra

PPTC

PPTC Co., Ltd. Latkrabang SPP Power Plant Project
9th Floor, I-Tower Building 888Vibhavadi OUR REF. : LKBP-CHUB/PPTC-G-0162-L
Rangsit Road, Chatuchak,Bangkok 10900 - DATE t 13-JUL-16

Thailand

Attn

CcC

Subject : Improvement of STG Load Limiter and Important Point in Operation
Dear Sir.

From 24 Hours Capacity Test of PPTC Power Plant with 120MW net power output and 0 t/h
process steam output, which was performed on 21-22 June 2016, we JERA found that the STG gross
power output was around 38.2MW and reached STG Load Limiter (set point: 38.19MW). The
percentage of opening of HP Governor Valve was reduced in order to restrain STG load over Load
Limiter set point. It means that instead of supplying a little bit amount of HP steam generated by
both HRSGs to STG, the remaining HP sieam was dumped into Condenser through Turbine Bypass
Valve (around 10% opening). During the test, the Power Plant surely achieved 120MW net power
output with the conditions above and the test result would be passed (final confirmation of the test
result should be based on MGTT’s test report but we have not yet received it).

However, the efficiency of the Power Plant from MGTT would be lower than the expected one.

To avoid any doubts, this is NOT a defect of MGTT/MES in design or construction. This is
because it is usual practice as we can see in Attachment-1 that STG gross power ontput increases
when extraction steam from STG decreases and the process steam output in the actual test was Ot/h
but the Turnkey Contract specifies the range of process steam output as 20-30t/h, If the Power Plant
generates 120MW net power ontput with 20t/h process steam, the expected STG gross power output
in Heat Balance Diagram will be 37.38MW as shown in Attachent-2. Thus, STG load is less than
STG Load Limiter set point.

At present, the amount Capacity of PPTC’s electrical customers, is almost 30MW, but less
steam customers. We estimate that PPTC would socon encounter similar operation scheme (TBV
opens) to the test and it would not be beneficial for PPTC.

In order to solve it, we asked MGTT/MES to study the possibility to increase STG Load Limiter
set point. MGTT/MES answered that they could apply 5% design margin of steam turbine
mechanical capacity and they agreed to increase STG Load Limiter set point to 40.10MW,
MGTT/MES tested it on 22™ June 2016 after 24 Hours Capacity Test, and we confirmed that the
Power Plant can generate 120MW net power output with Ot/h process steam and without opening any
Turbine Bypass Valve. STG gross power output was around 39.4MW.
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Comparison of the plant conditions before and after the improvement

STG Load Net power Process steam Gross power output TBV
Limiter output output GTGI GTG2 STG opening%
Original 38.19MW 120MW Ot/h 42 4MW 42 4AMW 38.2MW 10%
Triproved 40.10MW 120MW Oth 4].5MW 41.5MW 39.4MW 0%

However, we would like to notice PPTC of an important point of operation with STG gross power
cutput more than 38.19MW. The Turnkey Contract requires the rated power factor of each generator
as 0.851ag, and MGTT/MES designed STG to bear the power factor 0.85lag in 38.19MW gross
power output as shown in Attachment-3 (generator electrical capacity 44,930kVA x 0.85pf =
38,190k W). It means that the power factor of STG shall be limited more than 0.85lag (i.e. near to 1)
in case STG gross power output is more than 38.19MW due to the maximum elcctrical capacity of
the generator. For example, the generator power factor should be 0.88lag or closer to 1 in case STG
gross power output is 39.4MW. Therefore, we would like PPTC’s operator to closely monitor and
adjust STG power factor if STG gross power output is more than 38.19MW so that the operation
does not exceed the maximnm electrical capacity of the generator.

Your kindly nnderstanding will be highly appreciated.

Truly Yours,

Project Manager
JERA Power (Thailand) Co., Ltd.

Enclosed;
Aftachment-1: Steam Turbine Performance Curve

Attachment-2: Heat Balance Diagram (normal at on-peak, 20t/h process steam)
Attachment-3: Steam Turbine Generator Capacity Curve
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Project: PPTC POWER PLANT

 Giw

Variant: PPTC POWER PLANT JAsolar 590 W +INV Huawei 100 kW

PVsyst V7.2.14
VC2, Simulation date:
26/05/22 19:52

with v7.2.14

Project summary

ITL Engineering & Solution (Thailand)

Geographical Site Situation Project settings
Ban Khlong Bueng Bua Latitude 13.76 °N Albedo 0.20
Thailand Longitude 100.78 °E
Altitude 9m
Time zone UTC+7
Meteo data
Ban Khlong Bueng Bua
Meteonorm 8.0 (1996-2015) - Synthetic
System summary
Grid-Connected System Tables on a building
Simulation for year no 1
PV Field Orientation Near Shadings User's needs
Fixed planes 7 orientations Linear shadings Unlimited load (grid)
Tilts/azimuths 3/-180°
3/-80°
3/980°
3/0°
15/90 °
15/-180 °
15/0°
System information
PV Array Inverters
Nb. of modules 693 units Nb. of units 4 units
Pnom total 409 kWp Pnom total 400 kWac
Pnom ratio 1.022
Results summary
Produced Energy 555.6 MWhl/year Specific production 1359 kWh/kWp/year Perf. Ratio PR 81.45 %

Table of contents

Project and results summary 2
General parameters, PV Array Characteristics, System losses 3
Near shading definition - Iso-shadings diagram 8
Main results 10
Loss diagram 11
Special graphs 12
Aging Tool 13
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PVsyst V7.2.14
VC2, Simulation date:
26/05/22 19:52

with v7.2.14

Project: PPTC POWER PLANT

ITL Engineering & Solution (Thailand)

Variant: PPTC POWER PLANT JAsolar 590 W +INV Huawei 100 kW

Grid-Connected System

PV Field Orientation
Qrientation
Fixed planes
Tilts/azimuths

7 orientations

3/-180 °
3/-90°
3/90°

3/0°
15/90 °
15/-180 °
15/0°

Horizon
Free Horizon

General parameters

Tables on a building

Sheds configuration
Nb. of sheds
Seversl orientations

693 units

Near Shadings
Linear shadings

Models used

Transposition Perez
Diffuse Perez, Meteonorm
Circumsolar separate

User's needs
Unlimited load (grid)

PV module
Manufacturer
Model
(Custom parameters definition)
Unit Nom. Power
Number of PV modules
Nominal (STC)

Array #1 - PV Array
Orientation

Tilt/Azimuth

Number of PV modules
Nominal (STC)

Modules

At operating cond. (50°C)
Pmpp

U mpp

I mpp

Array #2 - Sub-array #2
Orientation

Tilt/Azimuth

Number of PV modules
Nominal (8TC)

Modules

At operating cond. (50°C)
Pmpp

U mpp

| mpp

Array #3 - Sub-array #3
Orientation

TiltAzimuth

Number of PV maodules
Nominal (STC)

Maodules

PV Array Characteristics

Inverter
JA Solar Manufacturer
JAM78S30-590/MR Model

(Original PVsyst data

590 Wp Unit Nom. Power
693 units Number of inverters
409 kWp Total power
#1
3/-180 °
72 units Number of inverters
42.5 kWp Total power
4 Strings x 18 In series
Operating voltage
38.8 kWp Max. power (=>33°C)
727V Pnom ratio (DC:AC)
53 A
#2
3/-90 ©
54 units Number of inverters
31.9 kWp Total power
3 Strings x 18 In series
Operating voltage
29.08 kWp Max. power (=>33°C)
727 V Pnom ratio (DC:AC)
40 A
#2
3/-90 °
96 units Number of inverters
56.6 kWp Total power

6 Strings x 16 In series

Huawei Technologies
SUN2000-100KTL-M1-400Vac

base)
100 kWac
4 units
400 kWac

4* MPPT 10% 0.4 unit
40.0 kWac

200-1000 V
110 kWac
1.06

3*MPPT 10% 0.3 unit
30.0 kWac

200-1000 V
110 kWac
1.08

6 * MPPT 10% 0.6 unit
60.0 kWac

26/05/22
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PVsyst V7.2.14
VC2, Simulation date:
26/05/22 19:52

with v7.2.14

Project: PPTC POWER PLANT

ITL Engineering & Solution (Thailand)

At operating cond. (50°C)
Pmpp
U mpp

| mpp

Array #4 - Sub-array #4
Orientation

Tilt/Azimuth

Number of PV modules
Nominal (STC)

Modules

At operating cond. (50°C)
Pmpp

U mpp

| mpp

Array #5 - Sub-array #5
Orientation

Tilt/Azimuth

Number of PV modules
Nominal (STC)

Modules

At operating cond. (50°C)
Pmpp

U mpp

| mpp

Array #6 - Sub-array #6
Crientation

Tilt/Azimuth

Number of PV modules
Nominal (STC)

Modules

At operating cond. (50°C)
Pmpp

U mpp

I mpp

Array #7 - Sub-array #7
Orientation

Tilt/Azimuth

Number of PV modules
Nominal (STC)

Modules

At operating cond. (50°C)
Pmpp

U mpp

I mpp

Array #8 - Sub-array #8
Orientation

TiltYAzimuth

Number of PV modules
Nominal (STC)

Modules

51.7 kWp
646 V
80 A

#3
3/90 °
36 units
21.24 kWp
2 Strings x 18 In series

19.38 KWp
727 V
27 A

#3
3/90 °
64 units
37.8 kWp
4 Strings x 16 In series

34.5 kWp
646 V
53 A

4
3/0 °
72 units
42.5 kWp
4 Strings x 18 In series

38.8 KWp
727V
53 A

#4
3/0 °
96 units
56.6 kWp
6 Strings x 16 In series

51.7 kWp
646 V
80 A

#5
15/90 °
28 units
16.52 kWp
2 Strings x 14 In series

PV Array Characteristics

] Variant: PPTC POWER PLANT JAsolar 590 W +INV Huawei 100 kW

Operating voltage
Max. power (=>33°C)
Pnom ratio (DC:AC)

Number of inverters
Total power

Operating voltage
Max. power (=>33°C)
Pnom ratio (DC:AC)

Number of inverters
Total power

Operating voltage
Max. power (=>33°C)
Pnom ratio (DC:AC)

Number of inverters
Total power

Operating voltage
Max. power (=>33°C)
Pnom ratio (DC:AC)

Number of inverters
Total power

Operating voltage
Max. power (=>33°C)
Pnom ratio (DC:AC)

Number of inverters
Total power

200-1000 V

110 kWac

0.94

2* MPPT 10% 0.2 unit

20.0 kWac

200-1000 V

110 kWac

1.06

4* MPPT 10% 0.4 unit

40.0 kWac

200-1000 V

110 kWac

0.94

4* MPPT 10% 0.4 unit

40.0 kWac

200-1000 V

110 kWac

1.06

5* MPPT 10% 0.5 unit

50.0 kWac

200-1000 V

110 kWac

1.13

2*MPPT 10% 0.2 unit

20.0 kWac
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PVsyst V7.2.14
VC2, Simulation date:
26/05/22 19:52

with v7.2.14

Project: PPTC POWER PLANT

ITL Engineering & Solution (Thailand)

At operating cond. (50°C)
Pmpp
U mpp

I mpp

Array #9 - Sub-array #9
Orientation

Tilt’Azimuth

Number of PV modules
Nominal (STC)

Modules

At operating cond. (50°C)
Pmpp

U mpp

| mpp

Array #10 - Sub-array #10
Orientation

Tilt/Azimuth

Number of PV modules
Nominal (STC)

Modules

At operating cond. (50°C)
Pmpp

U mpp

I mpp

Array #11 - Sub-array #11
Orientation

Tilt/Azimuth

Number of PV modules
Nominal (STC)

Modules

At operating cond. (50°C)
Pmpp

U mpp

| mpp

Array #12 - Sub-array #12
Orientation

Tilt’/Azimuth

Number of PV modules
Nominal (STC)

Modules

At operating cond. (50°C)
Pmpp

U mpp

| mpp

Array #13 - Sub-array #13
Orientation

Tilt/Azimuth

Number of PV modules
Nominal (STC)

Modules

16.08 kWp
566 V
27 A

#5
15/90 °
13 units
7.67 kWp
1 String x 13 In series

7.00 KWp
525 V
13A

#6
15/-180 °
15 units
8.85 kWp
1 String x 15 In series

8.08 kwWp
606 V
13A

#6
15/-180 °
42 units
24.78 kWp
3 Strings x 14 In series

22.61 kWp
566 V
40 A

#7
15/0 °
42 units
24.78 kWp
3 Strings x 14 In series

22.61 kWp
566 V
40 A

#7
15/0 °
15 units
8.85 kWp
1 String x 15 In series

PV Array Characteristics

Variant: PPTC POWER PLANT JAsolar 590 W +INV Huawei 100 kW

Operating voltage
Max. power (=>33°C)
Pnom ratio (DC:AC)

Number of inverters
Total power

Operating voltage
Max. power (=>33°C)
Pnom ratio (DC:AC)

Number of inverters
Total power

Operating voltage
Max. power (=>33°C)
Pnom ratio (DC:AC)

Number of inverters
Total power

Operating voltage
Max. power (=>33°C)
Pnom ratio (DC:AC)

Number of inverters
Total power

Operating voltage
Max. power (=>33°C)
Pnom ratio (DC:AC)

Number of inverters
Total power

200-1000 V
110 kWac
0.83

1*MPPT 10% 0.1 unit
10.0 kWac

200-1000 V
110 kWac
0.77

1*MPPT 10% 0.1 unit
10.0 kWac

200-1000 V
110 kWac
0.89

2* MPPT 10% 0.2 unit
20.0 kWac

200-1000 v
110 kWac
1.24

2* MPPT 10% 0.2 unit
20.0 kWac

200-1000 V
110 kWac
1.24

1*MPPT 10% 0.1 unit
10.0 kWac
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Project: PPTC POWER PLANT

phkibs
REE
' l==| Variant: PPTC POWER PLANT JAsolar 590 W +INV Huawei 100 kW
PVsyst V7.2.14 ITL Engineering & Solution (Thailand)

VC2, Simulation date:
26/05/22 19:52

with v7.2.14
PV Array Characteristics
At operating cond. (50°C) Operating voltage 200-1000 V
Pmpp 8.08 kWp Max. power (=>33°C) 110 kWac
U mpp 606 V Pnom ratio (DC:AC) 0.89
| mpp 13 A
Array #14 - Sub-array #14
Orientation #1
Tilt/Azimuth 3/-180 °
Number of PV modules 48 units Number of inverters 3*MPPT 10% 0.3 unit
Nominal (STC) 28.32 kWp Total power 30.0 kWac
Modules 3 Strings x 16 In series
At operating cond. (50°C) Operating voltage 200-1000 V
Pmpp 25.85 kWp Max. power (=>33°C) 110 kWac
U mpp 646 V Pnom ratio (DC:AC) 0.94
| mpp 40 A
Total PV power Total inverter power
Nominal (STC) 409 kWp Total power 400 kWac
Total 693 modules Number of inverters 4 units
Module area 1937 m? Pnom ratio 1.02
Caell area 1786 m?
Array losses
Array Soiling Losses Thermal Loss factor LID - Light Induced Degradation
Loss Fraction 3.0% Module temperature according to irradiance Loss Fraction 20 %
Uc (const) 22.0 Wim2K
Uv (wind) 2.0 Wim?K/m/s
Module Quality Loss Module mismatch losses Strings Mismatch loss
Loss Fraction 0.3 % Loss Fraction 2.0 % at MPP Loss Fraction 0.1%

Module average degradation

Year no 1

Loss factor 0.55 %/year
Mismatch due to degradation

Imp RMS dispersion 0.55 %/year
Vmp RMS dispersion 0.55 %/year

1AM [oss factor
Incidence effect (IAM): User defined profile

0° 30° 50° | 60° 70° 75° 80° 85° 90°
1.000 1.000 1000  1.000 1000 | 0985 0.043 0.840  0.000

DC wiring losses

Global wiring resistance 10 mQ

Loss Fraction 1.2 % at STC

Array #1 - PV Array Array #2 - Sub-array #2

Global array res. 78 mQ Global array res. 301 mQ

Loss Fraction 0.5 % at STC Loss Fraction 1.6 % at STC
Array #3 - Sub-array #3 Array #4 - Sub-array #4

Global array res. 134 mQ Global array res. 452 mQ

Loss Fraction 1.5 % at STC Loss Fraction 1.5 % at STC

26/05/22 PVsyst Licansed to ITL Engineering & Solution (Thailand) Page 6/14



PVsyst V7.2.14
VC2, Simulation date:
26/05/22 19:52

with v7.2.14

Project: PPTC POWER PLANT

Variant: PPTC POWER PLANT JAsolar 590 W +INV Huawei 100 kW

ITL Engineering & Solution (Thailand)

Array #5 - Sub-array #5
Global array res.

Loss Fraction

Array #7 - Sub-array #7
Global array res.

Loss Fraction

Array #9 - Sub-array #9
Global array res.

Loss Fraction

Array #11 - Sub-array #11
Global array res.

Loss Fraction

Array #13 - Sub-array #13
Global array res.

Loss Fraction

201 mQ
1.5 % at STC

134 mQ
1.5 % at STC

653 mQ
1.5 % at STC

234 mQ
1.5 % at STC

753 mQ
1.5 % at STC

DC wiring losses

Array #6 - Sub-array #6
Global array res.

Lass Fraction

Array #8 - Sub-array #8
Global array res.

Lass Fraction

Array #10 - Sub-array #10
Glabal array res.

Loss Fraction

Array #12 - Sub-array #12
Global array res.

Loss Fraction

Array #14 - Sub-array #14
Global array res.

Lass Fraction

226 mQ
1.5 % at STC

351 mQ
1.5 % at STC

753 mQ
1.5 % at STC

234 mQ
1.5 % at STC

104 mQ
0.6 % at STC

System losses

Auxiliaries loss
Night aux. cons. 40w

AC wiring losses

Inv. output line up to injection point

Inverter voltage 400 Vac tri
Loss Fraction 0.03 % at STC
Inverter: SUN2000-100KTL-M1-400Vac

Wire section (2 Inv.) Copper 2 x 3 x 70 mm?
Average wires length 4m
Inverter: SUN2000-100KTL-M1-400Vac

Wire section (1 Inv.) Copper 1 x 3 x 35 mm?
Wires length Om

Inverter: SUN2000-100KTL-M1-400Vac
Wire section (2 Inv.) Copper 2 x 3 x 50 mm?
Average wires length om
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Project: PPTC POWER PLANT

il
T
==== Variant: PPTC POWER PLANT JAsolar 590 W +INV Huawei 100 kW
PVsyst V7.2.14 ITL Engineering & Solution (Thailand)

VC2, Simulation date:
26/05/22 19:52

with v7.2.14
Near shadings parameter
Perspective of the PV-field and surrounding shading scene
North Zenith
(@
| i
West

E,asf""

South
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PVsyst V7.2.14
VC2, Simulation date:

26/05/22 19:52
with v7.2.14

Project: PPTC POWER PLANT
Variant: PPTC POWER PLANT JAsolar 590 W +INV Huawei 100 kW

ITL Engineering & Solution {Thailand)

Sun height [°]

Sun height [°]

Iso-shadings diagram
Orientation #1
Fixed plane, Tilts/azimuths: 3°/ -180°

20

aemeeeew  Shading lo

. 40, -
4’ TG foss: 5% ]

[

75

60

45

1: 22 June
2: 22 May and 23 July
3: 20 Apr and 23 Aug
4: 20 Mar and 23 Sep
5: 21 Feb and 23 Oct
6: 19 Jan and 22 Nov
7: 22 December

30} N

- ———— ety o

157" camemaas
7

ol o/t o . ; T :
180 150 -120  -90 -60 -30 0 30
Azimuth []

Orientation #2

Fixed plane, Tilts/azimuths: 3°/ -90°

90

s=eeeee  Shading lo

e ~AHE fffuse: 00
4"9 oss: 5% e

2: 22 May and 23 July
3: 20 Apr and 23 Aug
4: 20 Mar and 23 Sep
5:21 Feb and 23 Oc¢

Azimuth []
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Project: PPTC POWER PLANT
Variant: PPTC POWER PLANT JAsolar 590 W +INV Huawei 100 kW

PVsyst V7.2.14 ITL Engineering & Solution (Thailand)
VC2, Simulation date:

26/05/22 19:52

with v7.2.14

Main results

System Production

Produced Energy 555.6 MWh/year Specific production 1359 KWh/kWplyear
Performance ‘Ratio PR 8145 %
Normalized productions (per installed kWp) Performance Ratio PR
7 T T T T T T T T T T T T T T T T T T — T

T
Le: Collection Loss (PV-amray losses) 0.78 kWh/kWp/day 1 Ak - PR: Performance Ratio (Yf/ Yr): 0.814
Ls: System Loss (inverter, ...) 0.07 kwh/kWp/day =
Yf: Produc| ful energy (inverter output) 3.72 kWh/kWp/day

Normalized Energy [kWh/kWp/day)
Performance Ratio PR

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec " Jan  Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec

Balances and main results

GlobHor DiffHor T_Amb Globlinc GlobEff EArray E_Grid PR
_ ~ kWh/m? kWh/m* | °C - kWh/m? kWh/m? MWh | MWh ratio
January 135.7 63.41 27.14 135.5 129.7 46.55 45.73 0.825
February 134.1 7757 28.48 133.7 127.6 45.69 44.90 0.822
March 159.2 85.85 29.83 158.7 150.9 53.36 52.41 0.808
April 166.0 89.63 30.36 165.3 157.1 55.31 54.33 0.804
May 156.9 84.04 30.28 156.0 148.1 52.27 51.34 0.805
June 141.0 79.66 29.36 140.1 133.1 47.30 46.46 0.811
July 139.3 77.23 29.35 138.4 131.5 46.84 45.99 0.813
August 135.0 80.88 29.08 134.1 127.4 4533 44.51 0.812
September 123.7 66.14 28.26 123.0 116.7 41.36 40.61 0.808
October 126.5 81.16 28.58 125.9 119.9 4291 42.15 0.819
November 125.1 67.59 28.00 124.8 119.2 42.87 42.11 0.826
December m| 133.3 | 67.05 | 27.34 | 133.0 127.5 . 4587 45.07 | 0.829
Year 1675.8 920.20 28.84 1668.3 1588.7 565.66 555.60 0.814
Legends
GlobHor  Global horizontal irradiation EArray Effective energy at the output of the array
DiffHor Horizontal diffuse irradiation E_Grid Energy injected into grid
T_Amb Ambient Temperature PR Performance Ratio

Globinc Global incident in coll. plane
GlobEft Effective Global, corr. for IAM and shadings
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; Project: PPTC POWER PLANT

[l
. ol
EE:: Variant: PPTC POWER PLANT JAsolar 590 W +INV Huawei 100 kW

PVsyst V7.2.14 ITL Engineering & Solution (Thailand)
VC2, Simulation date:

26/05/22 19:52

with v7.2.14

Loss diagram

1676 kWh/m? Global horizontal irradiation
-0.45% Global incident in coll. plane
-1.58% Near Shadings: iradiance loss
-0.25% IAM factor on global
-3.00% Soiling loss factor
1589 kWh/m? * 1937 m? coll. Effective irradiation on collectors
efficiency at STC = 21.12% PV conversion
650 MWh Array nominal energy (at STC effic.)
N -0.27% Module Degradation Loss ( for year #1)
N -0.42% PV loss due to irradiance level
-7.87% PV loss due to temperature
+0.30% Module quality loss
-2.00% LID - Light induced degradation
-2.11% Mismatch loss, modules and strings
(including 0% for degradation dispersion
-0.81% Ohmic wiring loss
567 MWh Array virtual energy at MPP
-1.72% Inverter Loss during operation (efficiency)
~-0.32% Inverter Loss over nominal inv. power
~ 0.00% Inverter Loss due to max. input current
™ 0.00% Inverter Loss over nominal inv. voltage
™ 0.00% Inverter Loss due to power threshold
™ 0.00% Inverter Loss due to voltage threshold
™ -0.01% Night consumption
556 MWh Available Energy at Inverter Output
~-0.03% Aucxiliaries (fans, other)
™ -0.01% AC ohmic loss
556 MWh Energy injected into grid

s e
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Project: PPTC POWER PLANT

Al

E{:l Variant: PPTC POWER PLANT JAsolar 590 W +INV Huawei 100 kW
PVsyst V7.2.14 ITL Engineering & Solution (Thailand)

VC2, Simulation date:
26/05/22 19:52
with v7.2.14

Special graphs
Daily Input/Output diagram
3000 r T T T ' T !
o Values from 01/01 to 31/12

2500

2000

O R e e i

1500

PR I NS W AN AN T WY S AN W N

1000

Energy injected into grid [kWh/day]

500

rrr gyttt lrrroe
U U W A YO S NN R Y

0 L l L | . ] " | L
0 2 4 6 8
Global incident in coll. plane [kWh/m?/day]

—_
o

System Output Power Distribution
12000 T L} T L] | L} 1] 1 1 I T T T L] | 1 T T 1 I L} T T L} ] T T L] L} } L L T 13 L3
Values from 01/01 to 31/12

10000 |~ -]

8000 |— o

6000 |— il

4000 o

Energy injected into grid [kWh / Bin]

0 50 100 150 200 250 300 350
Power injected into grid [kW]
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Project: PPTC POWER PLANT

- :El Variant: PPTC POWER PLANT JAsolar 590 W +INV Huawei 100 kW
PVsyst V7.2.14 ITL Engineering & Solution (Thailand)

VC2, Simulation date:
26/05/22 19:52

with v7.2.14
Aging Tool
Aging Parameters
Time span of simulation 25 years
Module average degradation Mismatch due to degradaiion
Loss factor 0.55 %lyear Imp RMS dispersion 0.55 %l/year
Vmp RMS dispersion 0.55 %lyear

Meteo used in the simulation

#1 Ban Khlong Bueng Bua MN80 SYN

Years 1990 (reference year)
Years simulated 1,6,11,16,21,25

Energy injected into grid

We—_—r-rT T T 7T T T T T T
Ban Khlong Bueng Bua MNB0O SYN - 1990 |

Lighter color for interpolated data

E Grid MWh

01 02 03 04 05 06 07 08 09 10 11 12 13 14 156 16 17 18 19 20 21 22 23 24 25
Year of operation

5

Performance Ratio

bM——r—TTT T T T T T T T T T T T T T T T T
Ban Khiong Bueng Bua MN80 SYN - 1990 |
Lighter color for interpolated data

PR
© o o © o @
~ ~ ~ ~ -~ [+
o »N » = [+ (=]

o
-}
3]

@
)
&

01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
Year of operation

o
R
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Project: PPTC POWER PLANT

T
i{:‘ Variant: PPTC POWER PLANT JAsolar 590 W +INV Huawei 100 kW
PVsyst V7.2.14 ITL Engineering & Solution (Thailand)

VC2, Simulation date:
26/05/22 19:52

with v7.2.14
Aging Tool
Aging Parameters
Time span of simulation 25 years
Module average degradation Mismatch due to degradation
Loss factor . 0.55 %lyear Imp RMS dispersion

Vmp RMS dispersion
Meteo used in the simulation
#1 Ban Khlong Bueng Bua MN80 SYN
Years 1990 (reference year)
Years simulated 1,6,11,16,21,25

Ban Khlong Bueng Bua MN80 SYN

Year E Grid _ | PR
' MWh _

1 555.6 0.814 -
2 551.9 0.809
3 548.2 0.804
4 544.5 0.798
5 540.8 0.793
6 537.1 0.787
7 532.8 0.781
8 528.5 0.775
9 524.2 0.768
10 519.9 0.762
11 515.5 0.756
12 512.2 0.751
13 508.8 0.746
14 505.4 0.741
15 502.0 0.736
16 498.6 0.731
17 491.6 0.721
18 484.6 0.71
19 477.8 0.7
20 470.5 0.69
21 4635 0.68
22 458.9 0.673
23 4542 0.666
24 449.5 0.659
25 4448 0.652

0.55 %l/year
0.55 %lyear

PR loss

%
0%
-0.7%
-1.3%
-2%
-2.7%
-3.3%
-4.1%
-4.9%
-5.7%
-6.4%
-7.2%
-7.8%
-8.4%
-9%
-9.6%
-10.3%
-11.5%
-12.8%
-14%
-15.3%
-16.6%
-17.4%
-18.3%
-19.1%
-19.9%
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Sodium Hydroxide
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1. MILINTRTIALINTRAITHAN WASHNAALAL/MTALAAINUNE (Identification of the substance and of the supplier)

AL TR
RNELRUNRAAUN : S-PF-LQ-004(023)
SewARsT0uT : SODIUM HYDROXIDE 50%
MeUedFaedBaus . CASH: 1310-73-2 EC/ EINECS : 215-185-5 RTECS#: 011-002-00-6
UN#: 1824 EC Annex 1 Index # : 011-002-00-6
YALULUIUNITITRITLANLASTRINHNANN 9 Tung b : Fndudarurih panady
SILALIBUALNAR :
131 nelaadl Tilsand anfin
77/113 enAnsRuansImanes du 27 AUUNGIBUT uBa9Aaafiulng
LUAARBIATL NPININ
3dnyl : (02)440-0809

nueaYINIANIgNLEL : (034)403-111

2. N1519TANLTIUAURSE (Hazards Identification)

N5 UNUTLLANRITLALINTRRANTHANAINTEUL GHS

[ a a o a o 1
AN UAHALUNAY (N19RIU) Uszinneiat 4
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(sruunasiumngla) gzinngiag 1

ANLAURaIRsUNA AR A AAaN 11N tszinneias 3
4

adAlsznauuadaann:
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3. mﬁ‘ﬂszna‘uLm:iﬂgmﬁmﬁ'udqumu (Composition/ Information on Ingredients)

VANANEMUDIFITLAN

TFan19uAi : SODIUM HYDROXIDE

Fa4"3ity : SODIUM HYDROXIDE
4 9

TaNaY : Caustic soda ; Lewis-red devil lye; Soda lye ; Sodium hydrate; Sodium hydroxide (ACGIH:OSHA) ;

White caustic

gmsluiana : NaOH Waluiana : 39.947 nfu/lua
uueLa CAS : 1310-73-2 nu1eLa EC : 215-185-5
dqulsznaudiAny
Name CAS No. % by Weight
Sodium Hydroxide 1310-73-2 50
Water 7732-18-5 50

fduRaduuazansdgauasliianas : -
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4, mmsmiﬂguwmma (First Aid Measures)

nsmglatnly : WigiadihaliduiBnamianimisgns wnualaldazaanlifldalnsaldaauiela vdhds
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5. HIATNITHARYLNAY (Fire Fighting Measures)
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6. NIMTNIFAANITINBNN15UNS lUauRIdng (Accidental Release Measures)
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7. nMsauang tAfautng ldnuunaziAusnen (Handiing and Storage)
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8. NMMsAIANNITANNALAENsLlasiudIULAAR (Exposure Controls/ Personal Protection)

AAe gnldAIuANnIsTUANTE:

IDLH: 10 mg/m3 (NIOSH 2005)
REL-Ceilling : 2 mg/m3  (NIOSH 2005)
PEL-TWA: 2 mg/m3 (OSHA 2006 )
TLV- Ceilling : 2 mg/m3  (ACGIH 2010)
ﬂﬁiﬂ’]ﬂf’!&lﬂ'ﬁ%Fl')ﬂ'a"a‘&lﬁll,ﬁ&l'lzﬂll :
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. ANUANIMENTNUAENI9LAN (Physical and Chemical Properties)

©

_Aneuenabl: 199ma0

—_

a iy
. nau : Litdeya
ATinRNATRINAunlasy : liideys

1 [ 1
- AANNuNgARNg 1 13 - 14

=l [3 1y

. apnaaNIuad/AaEanwds : Wideya
. AALADAENAULAETNRINITIADA : 1,388 °C
cannulw : iifeya

. ansIMssziue ;- Wideya

a 19 [ 2% 1y
. AnugnsalumsgnaalWlsrasasuiduazing : biddeya
10. ANlIASANAFIRALAzFNgn1aIAN W WiaATindNngegaLazAgALRINTTELN (%, VIV):
S ' 1y S 1y
Tnang : lalidaya Ao : lalidaya
11. Anwaula : ideya
12. annuuwnuula (@ma = 1) : Lifdayas
13. ANUBILUUANANE (11 = 1) : 1.52
14. pnngNsa lunisazanals : uin: Tuin: naudludemaniu
15. AMANLszANENI9azANE U298 bUTULRI n-octanol AR (Log Kow): lxiidaya
16. guuunanananlwleias : liddeya
1y

17. QUURUBINTRANLAT : i aia

18. annutln: luiidaya

10. ANNLENETWATNISIAAL 52N (Stability and Reactivity)

nsialJAzen: indAseniunsaun (Hydrochloric , Sulfuric, Nitric) Hwazaa nay i liifinANTaw 11
Ufjfsaniulans (Aluminum, Lead, Tin, Zinc ) vinliifinafinglalasiaunlalnuazszidale vindfiseniu Ammonium

salts N 1ALAA Ammonia T 1N AsURT A NIAS I

a
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Chlorinated Solvents

Qs

a o S o = = s
NRANUNANNNITAALAINLL WA UM :IﬁﬁLﬁﬂN/IeﬁLﬂﬂNﬂﬂﬂvLﬁﬁﬁ

11. ﬁ'ﬂgﬂﬁﬂuﬁﬂawm (Toxicological Information)

nsmglaitnly : szanepesayn ae waziden nlifle uwauae walad walaaiuan
WU : Aandauiomie Routlafluiuues Rowlalud
A1 : TANFAUANAT AL ANNY A vl wavanuen @

= a £ % % 1 dl v a 1 a [~3 = a =1 a aa
NIFNAUNY : LaUABLATUINEN UdaTied 789399 AARlE @11Rs1 deunAY FanviseuundR 1ieaidadan
ansidsng: @nuavteu la walalides vaenauneuuudniay walad Uasioaauld wazeniaeu
NANSENULRLUNAY: TANFAURIUNT Arapnaznamuieala Aandawianauiu v lflesuan unelaaiuin

NANTENULTAST : NN IRMmIenay M linaenanendy Nanalenatnaning

] @) a = (v
ATz UNITANNLL UNELALUNAY :

ANEluAT A LNAUN9RNTaTRInsE e | LD50 (Dermal, Rabbit): 1350 {aania/ Alaniu

12. ﬁ'ﬂgaﬁﬁuﬁmﬁﬁﬂﬂ’l (Ecological Information)

ANMNLTIuARARsTULTaAT:

ATlunesialan: Oncorhynchus mykiss (Rainbow trout) LC50 - 45.4 Ra@niu/ dns/ 96 dalus
AuduNEsa Crustacea (Ceriodaphnia) EC50 - 40.38 fin@n3a/ ans / 48 dalu
NNSANAINENIUIY LAZAMNAINITO LUNITHRERAIENINTINN © ogdarenisdannlietnesinia
AnaAWlUNFELANNTININ ; Tlazdaun19Tann

nsiaaaudneludu : liifeya

uanssnulunadeweau o : Liddeys

13. 4aNa1sUI b UNISANAR (Disposal Considerations)

T
=

nsinanans : WidfuRnunguanauazdanivuavesiiedtiu Anseiim Suindprendenlifueynim
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' £
a

[ L4 v o o = a ] A 6 ¥ o ! a o o =
UTTANUN : Windaamuseidausantg uventuilewasalliaaniadunaqiusia1 A

14. ﬁ'ﬂgﬂtﬁﬂ')ﬁ/unﬁ‘nudﬂ (Transport Information)

e 1dulsEE1 1R (UN number) : 1824
%ﬁgnﬁ'aq’l,un’]smudwmﬂuﬂsmfmflE: SODIUM HYDROXIDE ,LIQUID
UszinNAN N WA UATIBRINSTLNITUUAS : 8

1'%

NANNITUSTY (0nd) : ||
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N15AUKIALNEULAUNA LA IBCOS

Tana95zIaNAL : liidaya

15. ﬁ'ﬂgmﬁﬂ')ﬁﬁﬂg%ﬂﬂ'ﬂﬁ’u (Regulatory Information)

ngdaiisAurasiszinalne

o o
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s45 TunstliiagliRwavsasan aunaldinuunndiui (uassaainansiaduniunnding)

q q

NFPA Code : H3;FO;R1

16. 2| a%uq (Other Information)

o

¥
1.
unann

anansfieyanandaansie: 15 wgAAINEU 2555

meéﬁmﬂ@muﬂﬂmaﬁ‘l&”ﬂﬁﬁLﬂﬂma‘*ﬁmﬂ@mwﬂmmﬁﬂ

1. European chemical Substances Information System (ECB): ESIS, Annex VI
http://ecb.jrc.ec.europa.eu/esis/
http://ecb.jrc.ec.europa.eu/classification-labelling/clp/ghs/search.php

2. The National Institute for Occupational Safety and Health(NIOSH):NIOSH Pocket Guide to Chemical Hazards
http://www.cdc.gov/niosh/npg/npgdcas.html

3. International Programme on Chemical Safety (IPCS): Chemical Safety Information from Intergovernmental

Organizations (INCHEM)

http://www.inchem.org/

4. United Stated National Library of Medicine: ChemIDplus Lite (ID PLUS)
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http://toxnet.nim.nih.gov/cgi-bin/sis/htmlgen?CHEM

5. Occupational Safety & Health Administration (OSHA)
http://www.osha.gov/dts/chemicalsampling/toc/chmcas.html

6. United Nations Environmental Programme (UNEP)
http://webnet3.oecd.org/eChemPortal/Results2.aspx?Substanceld=64116&ParticipantName=SIDS %20

UNEP

7. New Jersey Department of Health (DOH)
http://web.doh.state.nj.us/rtkhsfs/grsearch.aspx.

8. Environmental Risk Management Authority: HSNO Chemical Classification Information Database (CCID)
http://www.ermanz.govt.nz/Chemicals/ChemicalSearch.aspx

9. International Uniform Chemical Information Database (IUCLID)
http://ecb.jrc.ec.europa.eu/esis/index.php?PGM=dat

10. United Nations Recommendations on the Transport of Dangerous Goods (UNRTDG)
http://www.unece.org/trans/danger/publi/unrec/rev14/English/05E_Index.pdf

11. Threshold Limit Values for Chemical Substances and Physical Agents & Biological Exposure Indices 2010

(American Conference of Governmental Industrial Hygienists; ACGIH)

12. CRC Handbook of Chemistry and Physics 91st edition 2010-2011




Hydrochloric Acid




Health

Science Lab

Chemicals & Laboratory Equipment

Fire

Reactivity 1

Personal
Protection

Material Safety Data Sheet
Hydrochloric acid MSDS

Section 1: Chemical Product and Company Identification

Product Name: Hydrochloric acid Contact Information:
Catalog Codes: SLH1462, SLH3154 Sciencelab.com, Inc.

. 14025 Smith Rd.
CAS#: Mixture. Houston, Texas 77396
RTECS: MW4025000 US Sales: 1-800-901-7247

International Sales: 1-281-441-4400

TSCA: TSCA 8(b) inventory: Hydrochloric acid ) i
Order Online: SciencelLab.com

Cl#: Not applicable.
CHEMTREC (24HR Emergency Telephone), call:

Synonym: Hydrochloric Acid; Muriatic Acid 1-800-424-9300
Chemical Name: Not applicable. International CHEMTREC, call: 1-703-527-3887
Chemical Formula: Not applicable. For non-emergency assistance, call: 1-281-441-4400

Section 2: Composition and Information on Ingredients

Composition:

Name CAS # % by Weight
Hydrogen chloride 7647-01-0 20-38
Water 7732-18-5 62-80

Toxicological Data on Ingredients: Hydrogen chloride: GAS (LC50): Acute: 4701 ppm 0.5 hours [Rat].

Section 3: Hazards Identification

Potential Acute Health Effects:

Very hazardous in case of skin contact (corrosive, irritant, permeator), of eye contact (irritant, corrosive), of ingestion, . Slightly
hazardous in case of inhalation (lung sensitizer). Non-corrosive for lungs. Liquid or spray mist may produce tissue damage
particularly on mucous membranes of eyes, mouth and respiratory tract. Skin contact may produce burns. Inhalation of the
spray mist may produce severe irritation of respiratory tract, characterized by coughing, choking, or shortness of breath.
Severe over-exposure can result in death. Inflammation of the eye is characterized by redness, watering, and itching. Skin
inflammation is characterized by itching, scaling, reddening, or, occasionally, blistering.

Potential Chronic Health Effects:

Slightly hazardous in case of skin contact (sensitizer). CARCINOGENIC EFFECTS: Classified 3 (Not classifiable for
human.) by IARC [Hydrochloric acid]. MUTAGENIC EFFECTS: Not available. TERATOGENIC EFFECTS: Not available.
DEVELOPMENTAL TOXICITY: Not available. The substance may be toxic to kidneys, liver, mucous membranes, upper
respiratory tract, skin, eyes, Circulatory System, teeth. Repeated or prolonged exposure to the substance can produce target
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organs damage. Repeated or prolonged contact with spray mist may produce chronic eye irritation and severe skin irritation.
Repeated or prolonged exposure to spray mist may produce respiratory tract irritation leading to frequent attacks of bronchial
infection. Repeated exposure to a highly toxic material may produce general deterioration of health by an accumulation in one
or many human organs.

Section 4: First Aid Measures

Eye Contact:
Check for and remove any contact lenses. In case of contact, immediately flush eyes with plenty of water for at least 15
minutes. Cold water may be used. Get medical attention immediately.

Skin Contact:

In case of contact, immediately flush skin with plenty of water for at least 15 minutes while removing contaminated clothing
and shoes. Cover the irritated skin with an emollient. Cold water may be used.Wash clothing before reuse. Thoroughly clean
shoes before reuse. Get medical attention immediately.

Serious Skin Contact:
Wash with a disinfectant soap and cover the contaminated skin with an anti-bacterial cream. Seek immediate medical
attention.

Inhalation:
If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult, give oxygen. Get medical
attention immediately.

Serious Inhalation:

Evacuate the victim to a safe area as soon as possible. Loosen tight clothing such as a collar, tie, belt or waistband. If
breathing is difficult, administer oxygen. If the victim is not breathing, perform mouth-to-mouth resuscitation. WARNING: It may
be hazardous to the person providing aid to give mouth-to-mouth resuscitation when the inhaled material is toxic, infectious or
corrosive. Seek immediate medical attention.

Ingestion:
If swallowed, do not induce vomiting unless directed to do so by medical personnel. Never give anything by mouth to an
unconscious person. Loosen tight clothing such as a collar, tie, belt or waistband. Get medical attention immediately.

Serious Ingestion: Not available.

Section 5: Fire and Explosion Data

Flammability of the Product: Non-flammable.

Auto-Ignition Temperature: Not applicable.

Flash Points: Not applicable.

Flammable Limits: Not applicable.

Products of Combustion: Not available.

Fire Hazards in Presence of Various Substances: of metals

Explosion Hazards in Presence of Various Substances: Non-explosive in presence of open flames and sparks, of shocks.
Fire Fighting Media and Instructions: Not applicable.

Special Remarks on Fire Hazards:

Non combustible. Calcium carbide reacts with hydrogen chloride gas with incandescence. Uranium phosphide reacts with
hydrochloric acid to release spontaneously flammable phosphine. Rubidium acetylene carbides burns with slightly warm
hydrochloric acid. Lithium silicide in contact with hydrogen chloride becomes incandescent. When dilute hydrochloric acid is
used, gas spontaneously flammable in air is evolved. Magnesium boride treated with concentrated hydrochloric acid produces
spontaneously flammble gas. Cesium acetylene carbide burns hydrogen chloride gas. Cesium carbide ignites in contact with
hydrochloric acid unless acid is dilute. Reacts with most metals to produce flammable Hydrodgen gas.

Special Remarks on Explosion Hazards:
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Hydrogen chloride in contact with the following can cause an explosion, ignition on contact, or other violent/vigorous reaction:
Acetic anhydride AgCIO + CCI4 Alcohols + hydrogen cyanide, Aluminum Aluminum-titanium alloys (with HCI vapor), 2-Amino
ethanol, Ammonium hydroxide, Calcium carbide Ca3P2 Chlorine + dinitroanilines (evolves gas), Chlorosulfonic acid Cesium
carbide Cesium acetylene carbide, 1,1-Difluoroethylene Ethylene diamine Ethylene imine, Fluorine, HCIO4 Hexalithium
disilicide H2S0O4 Metal acetylides or carbides, Magnesium boride, Mercuric sulfate, Oleum, Potassium permanganate,
beta-Propiolactone Propylene oxide Rubidium carbide, Rubidium, acetylene carbide Sodium (with aqueous HCI), Sodium
hydroxide Sodium tetraselenium, Sulfonic acid, Tetraselenium tetranitride, U3P4 , Vinyl acetate. Silver perchlorate with carbon
tetrachloride in the presence of hydrochloric acid produces trichloromethyl perchlorate which detonates at 40 deg. C.

Section 6: Accidental Release Measures

Small Spill:
Dilute with water and mop up, or absorb with an inert dry material and place in an appropriate waste disposal container. If
necessary: Neutralize the residue with a dilute solution of sodium carbonate.

Large Spill:

Corrosive liquid. Poisonous liquid. Stop leak if without risk. Absorb with DRY earth, sand or other non-combustible material.
Do not get water inside container. Do not touch spilled material. Use water spray curtain to divert vapor drift. Use water spray
to reduce vapors. Prevent entry into sewers, basements or confined areas; dike if needed. Call for assistance on disposal.
Neutralize the residue with a dilute solution of sodium carbonate. Be careful that the product is not present at a concentration
level above TLV. Check TLV on the MSDS and with local authorities.

Section 7: Handling and Storage

Precautions:

Keep locked up.. Keep container dry. Do not ingest. Do not breathe gas/fumes/ vapor/spray. Never add water to this product.
In case of insufficient ventilation, wear suitable respiratory equipment. If ingested, seek medical advice immediately and show
the container or the label. Avoid contact with skin and eyes. Keep away from incompatibles such as oxidizing agents, organic
materials, metals, alkalis, moisture. May corrode metallic surfaces. Store in a metallic or coated fiberboard drum using a strong
polyethylene inner package.

Storage: Keep container tightly closed. Keep container in a cool, well-ventilated area.

Section 8: Exposure Controls/Personal Protection

Engineering Controls:
Provide exhaust ventilation or other engineering controls to keep the airborne concentrations of vapors below their respective
threshold limit value. Ensure that eyewash stations and safety showers are proximal to the work-station location.

Personal Protection:
Face shield. Full suit. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Gloves. Boots.

Personal Protection in Case of a Large Spill:

Splash goggles. Full suit. Vapor respirator. Boots. Gloves. A self contained breathing apparatus should be used to avoid
inhalation of the product. Suggested protective clothing might not be sufficient; consult a specialist BEFORE handling this
product.

Exposure Limits:

CEIL: 5 (ppm) from OSHA (PEL) [United States] CEIL: 7 (mg/m3) from OSHA (PEL) [United States] CEIL: 5 from NIOSH
CEIL: 7 (mg/m3) from NIOSH TWA: 1 STEL: 5 (ppm) [United Kingdom (UK)] TWA: 2 STEL: 8 (mg/m3) [United Kingdom
(UK)]Consult local authorities for acceptable exposure limits.

Section 9: Physical and Chemical Properties

Physical state and appearance: Liquid.
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Odor: Pungent. Irritating (Strong.)
Taste: Not available.

Molecular Weight: Not applicable.
Color: Colorless to light yellow.
pH (1% soln/water): Acidic.

Boiling Point:
108.58 C @ 760 mm Hg (for 20.22% HCI in water) 83 C @ 760 mm Hg (for 31% HCI in water) 50.5 C (for 37% HCI in water)

Melting Point:
-62.25°C (-80°F) (20.69% HCI in water) -46.2 C (31.24% HCI in water) -25.4 C (39.17% HCI in water)

Critical Temperature: Not available.

Specific Gravity:
1.1- 1.19 (Water = 1) 1.10 (20%and 22% HCI solutions) 1.12 (24% HCI solution) 1.15 (29.57% HCI solution) 1.16 (32% HCI
solution) 1.19 (37% and 38%HCI solutions)

Vapor Pressure: 16 kPa (@ 20°C) average

Vapor Density: 1.267 (Air = 1)

Volatility: Not available.

Odor Threshold: 0.25 to 10 ppm

Water/Oil Dist. Coeff.: Not available.

lonicity (in Water): Not available.

Dispersion Properties: See solubility in water, diethyl ether.

Solubility: Soluble in cold water, hot water, diethyl ether.

Section 10: Stability and Reactivity Data

Stability: The product is stable.
Instability Temperature: Not available.
Conditions of Instability: Incompatible materials, water

Incompatibility with various substances:
Highly reactive with metals. Reactive with oxidizing agents, organic materials, alkalis, water.

Corrosivity:
Extremely corrosive in presence of aluminum, of copper, of stainless steel(304), of stainless steel(316). Non-corrosive in
presence of glass.

Special Remarks on Reactivity:

Reacts with water especially when water is added to the product. Absorption of gaseous hydrogen chloride on mercuric
sulfate becomes violent @ 125 deg. C. Sodium reacts very violently with gaseous hydrogen chloride. Calcium phosphide
and hydrochloric acid undergo very energetic reaction. It reacts with oxidizers releasing chlorine gas. Incompatible with,
alkali metals, carbides, borides, metal oxides, vinyl acetate, acetylides, sulphides, phosphides, cyanides, carbonates. Reacts
with most metals to produce flammable Hydrogen gas. Reacts violently (moderate reaction with heat of evolution) with

water especially when water is added to the product. Isolate hydrogen chloride from heat, direct sunlight, alkalies (reacts
vigorously), organic materials, and oxidizers (especially nitric acid and chlorates), amines, metals, copper and alloys (e.g.
brass), hydroxides, zinc (galvanized materials), lithium silicide (incandescence), sulfuric acid(increase in temperature and
pressure) Hydrogen chloride gas is emitted when this product is in contact with sulfuric acid. Adsorption of Hydrochloric Acid
onto silicon dioxide results in exothmeric reaction. Hydrogen chloride causes aldehydes and epoxides to violently polymerize.
Hydrogen chloride or Hydrochloric Acid in contact with the folloiwng can cause explosion or ignition on contact or

Special Remarks on Corrosivity:
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Highly corrosive. Incompatible with copper and copper alloys. It attacks nearly all metals (mercury, gold, platinium, tantalum,
silver, and certain alloys are exceptions). It is one of the most corrosive of the nonoxidizing acids in contact with copper alloys.
No corrosivity data on zinc, steel. Severe Corrosive effect on brass and bronze

Polymerization: Will not occur.

Section 11: Toxicological Information

Routes of Entry: Absorbed through skin. Dermal contact. Eye contact. Inhalation.

Toxicity to Animals:
Acute oral toxicity (LD50): 900 mg/kg [Rabbit]. Acute toxicity of the vapor (LC50): 1108 ppm, 1 hours [Mouse]. Acute toxicity of
the vapor (LC50): 3124 ppm, 1 hours [Rat].

Chronic Effects on Humans:
CARCINOGENIC EFFECTS: Classified 3 (Not classifiable for human.) by IARC [Hydrochloric acid]. May cause damage to the
following organs: kidneys, liver, mucous membranes, upper respiratory tract, skin, eyes, Circulatory System, teeth.

Other Toxic Effects on Humans:
Very hazardous in case of skin contact (corrosive, irritant, permeator), of ingestion, . Hazardous in case of eye contact
(corrosive), of inhalation (lung corrosive).

Special Remarks on Toxicity to Animals:
Lowest Published Lethal Doses (LDL/LCL) LDL [Man] -Route: Oral; 2857 ug/kg LCL [Human] - Route: Inhalation; Dose: 1300
ppm/30M LCL [Rabbit] - Route: Inhalation; Dose: 4413 ppm/30M

Special Remarks on Chronic Effects on Humans:
May cause adverse reproductive effects (fetoxicity). May affect genetic material.

Special Remarks on other Toxic Effects on Humans:

Acute Potential Health Effects: Skin: Corrosive. Causes severe skin irritation and burns. Eyes: Corrosive. Causes severe

eye irritation/conjuntivitis, burns, corneal necrosis. Inhalation: May be fatal if inhaled. Material is extremely destructive to
tissue of the mucous membranes and upper respiratory tract. Inhalation of hydrochloric acid fumes produces nose, throat,
and larryngeal burning, and irritation, pain and inflammation, coughing, sneezing, choking sensation, hoarseness, laryngeal
spasms, upper respiratory tract edema, chest pains, as well has headache, and palpitations. Inhalation of high concentrations
can result in corrosive burns, necrosis of bronchial epithelium, constriction of the larynx and bronchi, nasospetal perforation,
glottal closure, occur, particularly if exposure is prolonged. May affect the liver. Ingestion: May be fatal if swallowed. Causes
irritation and burning, ulceration, or perforation of the gastrointestinal tract and resultant peritonitis, gastric hemorrhage and
infection. Can also cause nausea, vomitting (with "coffee ground" emesis), diarrhea, thirst, difficulty swallowing, salivation,
chills, fever, uneasiness, shock, strictures and stenosis (esophogeal, gastric, pyloric). May affect behavior (excitement), the
cardiovascular system (weak rapid pulse, tachycardia), respiration (shallow respiration), and urinary system (kidneys- renal
failure, nephritis). Acute exposure via inhalation or ingestion can also cause erosion of tooth enamel. Chronic Potential Health
Effects: dyspnea, bronchitis. Chemical pneumonitis and pulmonary edema can also

Section 12: Ecological Information

Ecotoxicity: Not available.
BOD5 and COD: Not available.

Products of Biodegradation:
Possibly hazardous short term degradation products are not likely. However, long term degradation products may arise.

Toxicity of the Products of Biodegradation: The products of degradation are less toxic than the product itself.

Special Remarks on the Products of Biodegradation: Not available.

Section 13: Disposal Considerations

Waste Disposal:
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Waste must be disposed of in accordance with federal, state and local environmental control regulations.

Section 14: Transport Information

DOT Classification: Class 8: Corrosive material
Identification: : Hydrochloric acid, solution UNNA: 1789 PG: I

Special Provisions for Transport: Not available.

Section 15: Other Regulatory Information

Federal and State Regulations:

Connecticut hazardous material survey.: Hydrochloric acid lllinois toxic substances disclosure to employee act: Hydrochloric
acid lllinois chemical safety act: Hydrochloric acid New York release reporting list: Hydrochloric acid Rhode Island RTK
hazardous substances: Hydrochloric acid Pennsylvania RTK: Hydrochloric acid Minnesota: Hydrochloric acid Massachusetts
RTK: Hydrochloric acid Massachusetts spill list: Hydrochloric acid New Jersey: Hydrochloric acid New Jersey spill list:
Hydrochloric acid Louisiana RTK reporting list: Hydrochloric acid Louisiana spill reporting: Hydrochloric acid California
Director's List of Hazardous Substances: Hydrochloric acid TSCA 8(b) inventory: Hydrochloric acid TSCA 4(a) proposed test
rules: Hydrochloric acid SARA 302/304/311/312 extremely hazardous substances: Hydrochloric acid SARA 313 toxic chemical
notification and release reporting: Hydrochloric acid CERCLA: Hazardous substances.: Hydrochloric acid: 5000 Ibs. (2268 kg)

Other Regulations:
OSHA: Hazardous by definition of Hazard Communication Standard (29 CFR 1910.1200). EINECS: This product is on the
European Inventory of Existing Commercial Chemical Substances.

Other Classifications:

WHMIS (Canada):
CLASS D-2A: Material causing other toxic effects (VERY TOXIC). CLASS E: Corrosive liquid.

DSCL (EEC):

R34- Causes burns. R37- Irritating to respiratory system. S26- In case of contact with eyes, rinse immediately with plenty of
water and seek medical advice. S45- In case of accident or if you feel unwell, seek medical advice immediately (show the label
where possible).

HMIS (U.S.A.):
Health Hazard: 3
Fire Hazard: O
Reactivity: 1
Personal Protection:
National Fire Protection Association (U.S.A.):
Health: 3
Flammability: O
Reactivity: 1
Specific hazard:

Protective Equipment:
Gloves. Full suit. Vapor respirator. Be sure to use an approved/certified respirator or equivalent. Wear appropriate respirator
when ventilation is inadequate. Face shield.

Section 16: Other Information
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-Hawley, G.G.. The Condensed Chemical Dictionary, 11e ed., New York N.Y., Van Nostrand Reinold, 1987. -SAX, N.I.
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Centre de conformité internatinal Ltée. 1986.
Other Special Considerations: Not available.
Created: 10/09/2005 05:45 PM

Last Updated: 05/21/2013 12:00 PM

The information above is believed to be accurate and represents the best information currently available to us. However, we
make no warranty of merchantability or any other warranty, express or implied, with respect to such information, and we assume
no liability resulting from its use. Users should make their own investigations to determine the suitability of the information for
their particular purposes. In no event shall ScienceLab.com be liable for any claims, losses, or damages of any third party or for
lost profits or any special, indirect, incidental, consequential or exemplary damages, howsoever arising, even if ScienceLab.com

has been advised of the possibility of such damages.
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Safety Data Sheet

1. IDENTIFICATION OF THE MATERIAL AND SUPPLIER

Product Name:

Other name(s):

Recommended Use of the Chemical
and Restrictions on Use

Supplier:
ABN:
Street Address:

Telephone Number:
Emergency Telephone:

SODIUM METABISULPHITE (ALL GRADES)

Sodium metabisulfite; Sodium pyrosulphite; Disodium pyrosulphite; SMB powder; Grape
guards; Sodium disulphite; AASOD33500; Birlasulf; Disodium disulfite.

Preservative for foods; antioxidant.

Ixom Operations Pty Ltd

51 600 546 512

Level 8, 1 Nicholson Street
East Melbourne Victoria 3002
Australia

+61 3 9906 3000
1 800 033 111 (ALL HOURS)

Please ensure you refer to the limitations of this Safety Data Sheet as set out in the "Other Information" section at the end of this Data Sheet.

2. HAZARDS IDENTIFICATION

Not classified as Dangerous Goods by the criteria of the Australian Dangerous Goods Code (ADG Code) for transport
by Road and Rail;, NON-DANGEROUS GOODS.

This material is hazardous according to Safe Work Australia; HAZARDOUS CHEMICAL.

Classification of the chemical:
Acute Oral Toxicity - Category 4
Eye Damage - Category 1

SIGNAL WORD: DANGER

Hazard Statement(s):
H302 Harmful if swallowed.
H318 Causes serious eye damage.

Precautionary Statement(s):

Prevention:
P102 Keep out of reach of children.

P264 Wash hands thoroughly after handling.
P270 Do not eat, drink or smoke when using this product.
P280 Wear protective gloves / protective clothing / eye protection / face protection.

Response:

P301+P312 IF SWALLOWED: Call a POISON CENTER or doctor/physician if you feel unwell.

P330 Rinse mouth.

P305+P351+P338 IF IN EYES: Rinse cautiously with water for several minutes. Remove contact lenses, if present and easy to do.

Continue rinsing.

P310 Immediately call a POISON CENTER or doctor/physician.

Product Name: SODIUM METABISULPHITE (ALL GRADES) Issued: 21/06/2017

Substance No: 000031030201

Version: 5
Page 1 of 6



Safety Data Sheet

Storage:
No storage statements.

Disposal:
P501 Dispose of contents and container in accordance with local, regional, national, international regulations.

Other Hazards:
AUHO031 Contact with acids liberates toxic gas.

Poisons Schedule (SUSMP): S5 Caution.

3. COMPOSITION AND INFORMATION ON INGREDIENTS

Components CAS Number Proportion Hazard Codes
Sodium metabisulfite 7681-57-4 100% H302 H318

4. FIRST AID MEASURES

For advice, contact a Poisons Information Centre (e.g. phone Australia 131 126; New Zealand 0800 764 766) or a
doctor.

Inhalation:

Remove victim from area of exposure - avoid becoming a casualty. Remove contaminated clothing and loosen
remaining clothing. Allow patient to assume most comfortable position and keep warm. Keep at rest until fully
recovered. Seek medical advice if effects persist.

Skin Contact:
If skin contact occurs, remove contaminated clothing and wash skin with running water. If irritation occurs seek
medical advice.

Eye Contact:

Immediately wash in and around the eye area with large amounts of water for at least 15 minutes. Eyelids to be held
apart. Remove clothing if contaminated and wash skin. Urgently seek medical assistance. Transport promptly to
hospital or medical centre.

Ingestion:
Rinse mouth with water. If swallowed, do NOT induce vomiting. Give a glass of water. Seek immediate medical
assistance.

Indication of immediate medical attention and special treatment needed:
Treat symptomatically. Can cause corneal burns.

5. FIRE FIGHTING MEASURES

Suitable Extinguishing Media:
Not combustible, however, if material is involved in a fire use: Fine water spray, normal foam, dry agent (carbon
dioxide, dry chemical powder).

Specific hazards arising from the chemical:
Non-combustible material.

Special protective equipment and precautions for fire-fighters:
Decomposes on heating emitting toxic fumes, including those of sulfur dioxide . Fire fighters to wear self-contained
breathing apparatus and suitable protective clothing if risk of exposure to products of decomposition.

Product Name: SODIUM METABISULPHITE (ALL GRADES) Issued: 21/06/2017
Substance No: 000031030201 Version: 5
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Safety Data Sheet

6. ACCIDENTAL RELEASE MEASURES

Emergency procedures/Environmental precautions:
Clear area of all unprotected personnel. If contamination of sewers or waterways has occurred advise local
emergency services.

Personal precautions/Protective equipment/Methods and materials for containment and cleaning up:
Wear protective equipment to prevent skin and eye contact and breathing in dust. Work up wind or increase
ventilation. Cover with damp absorbent (inert material, sand or soil). Sweep or vacuum up, but avoid generating
dust. Collect and seal in properly labelled containers or drums for disposal. Wash area down with excess water.

7. HANDLING AND STORAGE

This material is a Scheduled Poison S5 and must be stored, maintained and used in accordance with the relevant
regulations.

Precautions for safe handling:

Avoid skin and eye contact and breathing in dust. Avoid handling which leads to dust formation. Keep out of reach of
children.

Conditions for safe storage, including any incompatibilities:

Store in a cool, dry, well ventilated place. Store away from foodstuffs. Store away from incompatible materials
described in Section 10. Keep containers closed when not in use - check regularly for spills.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

Sodium metabisulfite: 8hr TWA =5 mg/m3

As published by Safe Work Australia Workplace Exposure Standards for Airborne Contaminants.

TWA - The time-weighted average airborne concentration of a particular substance when calculated over an
eight-hour working day, for a five-day working week.

These Workplace Exposure Standards are guides to be used in the control of occupational health hazards. All
atmospheric contamination should be kept to as low a level as is workable. These workplace exposure standards
should not be used as fine dividing lines between safe and dangerous concentrations of chemicals. They are not a
measure of relative toxicity.

Appropriate engineering controls:
Ensure ventilation is adequate to maintain air concentrations below Workplace Exposure Standards. Keep containers
closed when not in use.

If in the handling and application of this material, safe exposure levels could be exceeded, the use of engineering
controls such as local exhaust ventilation must be considered and the results documented. If achieving safe exposure
levels does not require engineering controls, then a detailed and documented risk assessment using the relevant
Personal Protective Equipment (PPE) (refer to PPE section below) as a basis must be carried out to determine the
minimum PPE requirements.

Product Name: SODIUM METABISULPHITE (ALL GRADES) Issued: 21/06/2017
Substance No: 000031030201 Version: 5
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Safety Data Sheet

Individual protection measures, such as Personal Protective Equipment (PPE):
The selection of PPE is dependent on a detailed risk assessment. The risk assessment should consider the work
situation, the physical form of the chemical, the handling methods, and environmental factors.

OVERALLS, SAFETY SHOES, CHEMICAL GOGGLES, GLOVES, DUST MASK.

Wear overalls, chemical goggles and impervious gloves. Avoid generating and inhaling dusts. If determined by a risk
assessment an inhalation risk exists, wear a dust mask/respirator meeting the requirements of AS/NZS 1715 and
AS/NZS 1716. Always wash hands before smoking, eating, drinking or using the toilet. Wash contaminated clothing
and other protective equipment before storage or re-use.

9. PHYSICAL AND CHEMICAL PROPERTIES

Physical state: Solid

Colour: White

Odour: Characteristic
Molecular Formula: Na2 05 S2
Solubility: Soluble in water.
Specific Gravity: 1.48

Relative Vapour Density (air=1): Not available
Vapour Pressure (20 °C): Not available
Flash Point (°C): Not available
Flammability Limits (%): Not available
Autoignition Temperature (°C): Not available
Solubility in water (g/L): 640 @20°C
Melting Point/Range (°C): ca. 150
Decomposition Point (°C): >150

pH: 4.0-5.0 (50g/water, 20°C)

10. STABILITY AND REACTIVITY

Reactivity: Contact with acids liberates toxic gas.

Chemical stability: Slowly oxidized on exposure to air and moisture.
Possibility of hazardous None known.

reactions:

Conditions to avoid: Avoid exposure to heat.

Incompatible materials: Incompatible with acids , oxidising agents .
Hazardous decomposition Sulfur dioxide.

products:

11. TOXICOLOGICAL INFORMATION

Product Name: SODIUM METABISULPHITE (ALL GRADES) Issued: 21/06/2017
Substance No: 000031030201 Version: 5
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Safety Data Sheet

No adverse health effects expected if the product is handled in accordance with this Safety Data Sheet and the
product label. Symptoms or effects that may arise if the product is mishandled and overexposure occurs are:

Ingestion: Swallowing can result in nausea, vomiting, diarrhoea, and abdominal pain.

Eye contact: A severe eye irritant. Contamination of eyes can result in permanent injury.

Skin contact: Contact with skin may result in irritation. May cause skin sensitisation in sensitive
individuals. Repeated or prolonged skin contact may lead to allergic contact
dermatitis.

Inhalation: Breathing in dust may result in respiratory irritation. May cause respiratory

sensitisation in sensitive individuals, producing asthma-like symptoms.

Acute toxicity:
Oral LD50 (rat): 1131 mg/kg

Chronic effects: Sodium metabisulfite can sensitise the respiratory tract of allergic persons.

12. ECOLOGICAL INFORMATION

Ecotoxicity Avoid contaminating waterways.

96hr LC50 (fish): 150-220 mg/L (S. gairdnerii)

13. DISPOSAL CONSIDERATIONS

Disposal methods:
Refer to Waste Management Authority. Dispose of contents and container in accordance with local, regional, national,
international regulations.

14. TRANSPORT INFORMATION

Road and Rail Transport
Not classified as Dangerous Goods by the criteria of the Australian Dangerous Goods Code (ADG Code) for transport
by Road and Rail;, NON-DANGEROUS GOODS.

Marine Transport
Not classified as Dangerous Goods by the criteria of the International Maritime Dangerous Goods Code (IMDG Code)
for transport by sea; NON-DANGEROUS GOODS.

Air Transport
Not classified as Dangerous Goods by the criteria of the International Air Transport Association (IATA) Dangerous

Goods Regulations for transport by air; NON-DANGEROUS GOODS.

15. REGULATORY INFORMATION

Classification:
This material is hazardous according to Safe Work Australia; HAZARDOUS CHEMICAL.

Classification of the chemical:
Acute Oral Toxicity - Category 4
Eye Damage - Category 1

Product Name: SODIUM METABISULPHITE (ALL GRADES) Issued: 21/06/2017
Substance No: 000031030201 Version: 5
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Safety Data Sheet

Hazard Statement(s):

H302 Harmful if swallowed.

H318 Causes serious eye damage.

Poisons Schedule (SUSMP): S5 Caution.

This material is listed on the Australian Inventory of Chemical Substances (AICS).

16. OTHER INFORMATION

This safety data sheet has been prepared by Ixom Operations Pty Ltd Toxicology & SDS Services.

Reason(s) for Issue:
5 Yearly Revised Primary SDS

This SDS summarises to our best knowledge at the date of issue, the chemical health and safety hazards of the
material and general guidance on how to safely handle the material in the workplace. Since Ixom Operations Pty Ltd
cannot anticipate or control the conditions under which the product may be used, each user must, prior to usage,
assess and control the risks arising from its use of the material.

If clarification or further information is needed, the user should contact their Ixom representative or Ixom Operations
Pty Ltd at the contact details on page 1.

Ixom Operations Pty Ltd's responsibility for the material as sold is subject to the terms and conditions of sale, a copy
of which is available upon request.

Product Name: SODIUM METABISULPHITE (ALL GRADES) Issued: 21/06/2017
Substance No: 000031030201 Version: 5
Page 6 of 6
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Version No: 1, Revision: 3 March 2015

SAFETY DATA SHEET
Section 1. Identification of the substance/mixture and of the company/undertaking

1.1 Product Identifier
Trade Name: ROGuard EB5600
Chemical Description: RO Antiscalant
Product Division: Pre treatment chemicals
Product Class: Water Treatment
Document Code: EBC-05-600-WT

1.2 Relevant Identified uses of the substance or mixture and uses advised against:
N/A

1.3 Details of the supplier of the safety data sheet
Eastboard Chemicals Sdn Bhd
5, Lorong Perusahaan Sungai Lokan 3/3
13800 Butterworth, Penang

1.4 Emergency telephone number:
Tel: 04-356 4632

Section 2. Hazards Identification
2.1 Classification of the substance of mixture classification according to Regulation
(EC)

Warning

H302 Harmful if swallowed

Classification according to Directive 67/548/EEC

x Harmful
R28 Harmful if Swallowed

Hazard description: Harmful
Information concerning particular hazards for human and environment: N/A

Classification System: N/A

2.2 Label Elements
Hazard pictograms
Signal word: Harmful
Hazard-determining components of labelling:
Sodium Polyacrylate
Hazard Statements:
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H302 Harmful if swallowed

H315 Causes skin Irritation

Precautionary Statements:

P270 Do not eat, drink or smoke when using this product

P403 +P235 Store in a well ventilated place. Keep cool.
2.3 Other Hazards

PBT: Not Applicable

vPvB: Not Applicable

Section 3. Composition/Information on Ingredients

3.1 Chemical Composition

Chemical Name CAS Number % by weight
Poly(acrylate sodium) 9003-04-7 5-10 5-10
Sodium Oxyethylidene 2809-21-4 5-10
diphosphonate

Poly(butadiene/maleic acid 2826-53-52 10-20
2-hydroxypropane 67-63-0 0-5

3.2 Chemical Characterization: MIXTURES
Dangerous Components:
Chemical Name CAS Number % by weight

Section 4: First Aid Measures
4.1 Description of first aid measures:

Eye Contact: In case of contact, immediately flush eyes with plenty of water for at least 15
minutes. Seek medical aid immediately.

Skin Contact: In case of contact, immediately flush skin with plenty of water for at least 15
minutes while removing contaminated clothing and shoes. Seek medical aid immediately.
Wash clothing before reuse.

Ingestion: If swallowed, do not induce vomiting. Give large quantities of water. Seek
medical aid immediately. Never give anything by mouth to an unconscious person.

Note to physician: Not applicable

Inhalation: If inhaled, remove to fresh air.

4.2 Most important symptoms and effect, both acute and delayed:

Eye Contact: Eye contact with this product can cause eye damage if not treated
immediately.

Skin Contact: Skin contact with this product is can cause skin irritation.

Ingestion: This product would be regarded as non-toxic if swallowed.

Inhalation: Inhalation of vapor or mist can cause headache, nausea, irritation of nose, throat
and lungs.

4.3 Indication of any immediate medical attention and special treatment needed:

Not applicable information was found concerning any potential health effects resulting from
sub-chronic or chronic exposure to the product.
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Section 5: Fire-Fighting Measures
5.1 Extinguishing Media: Use extinguishing media appropriate for the surrounding fire.
5.2 Special Hazards arising from the substance or mixture:
Unusual Fire & Explosion Hazard: This product is noncombustible
5.3 Advice for firefighters:
Special Fire-fighting Procedures: Exercise caution when fighting any chemical fire. A self-
contained breathing apparatus and protective clothing must be worn in case of fire. Keep

run-off water out of sewers and water sources, Dike for water control.

Protective Equipment for fire-fighters: Face mask, protective gloves and safety helmet.

Section 6. Accidental Release Measures

6.1 Personal Precautions, protective equipment and emergency procedures
For personal protection, see section 8.

6.2 Environmental precautions
Avoid discharge product as neat into drains, water courses or onto the ground.

6.3 Methods and material for containment and cleaning up

Steps to be taken if material is released or spilled: Avoid contact with skin and eyes. Wear
appropriate protective clothing. Isolate leaking containers and stop leak if safe to do so.
Whenever practical, transfer spilt material to suitable containers Flush to sewer with copious
quantities of water.

6.4 Reference to other sections
For personal protection, see section 8. For waste disposal, see section 13

Section 7. Handling and storage

7.1 Precautions for safe handling
Provide good ventilation, Avoid spilling, skin and eye contact. Avoid inhalation of vapors.

Information about fire — and explosion protection:
No special measures required.

7.2 Conditions for safe storage, including any incompatibilities

Store in tightly closed original container in a dry, cool and well ventilated place.

Storage requirement to be met by storerooms and receptacles: No special requirement
Information about storage in one common storage facility: Not required.

Further information about storage conditions: Keep container tightly sealed.

7.3 Specific end use(s)
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No further relevant information available.

Section 8. Exposure Controls/ Personal Protection
Additional information about design of technical facilities: No further data; see item 7

8.1 Control parameters

Chemical Name % by weight OSHAPEL ACGIHTLV
Poly(acrylate sodium) 5-10 N/A N/A
Sodium Oxyethylidene 5-10 N/A N/A
diphosphonate

Poly(butadiene/maleic acid 10-20 N/A N/A
2-hydroxypropane 0-5 N/A N/A

*Note: WEL = Workplace Exposure Limit = Value x (% by weight)
WEL limits are supplier's recommendations

8.2 Exposure controls

Protective equipment

Process conditions

Eye wash station and safety shower should be accessible in the immediate area of use.
Engineering measures

Provide sufficient ventilation at workplace.

Respiratory equipment

If airborne concentration exceeds published exposure limits, use a NIOSH approved
respirator in accordance with OSHA respiratory protection requirements (29 CFR 1910.134)
Hand protection

Chemical resistant glove is required for prolonged or repeated contact.

Eye protection

Chemical splash goggles and face shield

Other protection

Not Necessary

Hygiene measures

Wash hand at the end of each work shift and before eating, smoking and use the toilet,
Wash promptly if skin becomes wet or contaminated. DO NOT SMOKE IN WORK AREA.

Section 9. Physical and chemical Properties

9.1 Information on basic physical and chemical properties
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General information

Appearance and odor: Free-flow liquid

Color: slightly pale yellow liquid
Odor: Characteristic odor

pH as solution ~2.3

Density/ Specific Gravity: 1.210-1.275

Bulk Density Not applicable
Solubility/Miscibility in water: Complete

Vapor Pressure: Not applicable

Vapor Density (air =1) Similar to water
Viscosity: Not applicable

% volatile by weight (VOC): Nil

Solvent content:

Water: 55%

Organic Solvent Nil

Solid Content: 45%

Change in condition

Flash point: Not applicable
Flammability (solid, gaseous) Non flammable
Lower Flammable Limit: Not applicable
Upper Flammable Limit: Not applicable
Auto-ignition Temperature: Product is not self-igniting
Ignition Temperature: Not applicable
Decomposition Temperature: Not determined
Danger of Explosion This product does not present an explosion hazard
Boiling Point: 105C
Freezing point: -10C

9.2 Other information
No further relevant information available
Section 10. Stability and reactivity

10.1 Reactivity: No further relevant information available

10.2 Chemical Stability: This material is considered stable. However, avoid temperatures
above 177 C, the onset of polymer decomposition.

Thermal decomposition/conditions to be avoided: Heat, flame and other source of

ignition

10.3 Possibility of hazardous reactions: No dangerous reactions known

10.4 Conditions to avoid: Heat, flame and other source of ignition

10.5 Incompatible materials: Strong oxidizers

10.6 Hazardous decomposition products: Thermal decomposition or combustion may
produce acrylic monomers, potassium oxide and phosphorous oxide.

Section 11. Toxicological Information
On Product & Ingredient:
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Additional toxicological information:

A 13 weeks inhalation study in rats of a compositionally similar polycarboxylate material
showed inflammatory effects in the lung at concentration of 5 mg/m3 for 6 hours per day, 5
days per week. The noobserved-effect level for this response was judged to be 1 mg/m3.
Maintaining airborne concentrations within the recommended exposure limit is not expected

to produce adverse effect within the lungs.

Section 12. Ecological Information

12.3 Bio-accumulative potential
Product is not bio-accumulating

12.4 Mobility in soil
No further relevant information available

12.5 Results of PBT and vPvB assessment
PBT: Not applicable
vPvB: Not applicable

12.6 Other adverse effects

No further relevant information available.

Section 13. Disposal Consideration

13.1 Waste treatment methods:
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Disposal of in accordance with local, state and federal regulations.
Recommendation:
Must not be disposed together with household garbage.

Uncleaned packaging:

Recommendation:

Disposal of in accordance with local, state and federal regulations.
Recommended cleansing agent: Water

Section 14. Transport Information

14.1 UN number Not applicable
14.2 UN proper shipping name Polymeric Organic Antiscalent
14.3 Transport hazard class(es) Not applicable

Transport Labels

Class: Harmiul

14.4 Packing group Not applicable
14.5 Environmental Hazard

Marine pollutant: No
14.6 Special precautions for user

WARNING: None

EMS Number: Unknown

14.7 Transport in bulk according to Annex Il of MARPOL 73/78 and the IBC code
Not applicable]

Section 15. Regulatory Information
15.1 Safety, health and environmental regulations/legislation specific for the
substance or mixture
OSHA:

OSHA Hazard Communication Status: Hazardous
TSCA:

TSCA: The ingredient of this product are listed on the Toxic Substances Control Act
(TSCA) Chemical Substances Inventory

CERCLA:
CERCLA reportable quantity of EPA hazardous substances in product

Chemical Name RQ
Sodium hydroxide 1000 Ib
Product RQ: 1000001b (Notify EPA of product spills exceeding this amount)
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15.2 Chemical safety assessment:
A Chemical Safety Assessment has not been carried out.

Section 16. Other Information
HMIS:

HMIS ratings: Health =1* Flammability =0 Reactivity =0

HMIS scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe
Personal Protective Equipment =X (to be specified by user depending on use conditions)

Carcinogenicity:
NTP: No ingredients listed in this section
IARC: No ingredients listed in this section
OSHA: No ingredients listed in this section
NFPA:
NFPA Ratings Health =1 Flammability =0 Reactivity =0 Special Hazard =None
*Hazard rating scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe
Relevant Phrases
Risk Phrase:
R21 Harmful in contact with skin
R22 Harmful if swallowed
R36 Irritating to eyes
R38 Irritating to skin
Safety Phrase:
S3/9/49 Keep only in the original container in a cool, well-ventilated place
Revision Date: 3 March 2015
Revision: 1
SDS No: 05-600-WT
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2. Specification

ITEM UNIT Specification

Soecifications of Citric Acid Monohvdrate BP93

Characteristics Color Crystals
Identification Conforming To BP93 Standard
Solubility Conforming To BP93 Standard
Clarity of Solution Conforming To BP93 Standard
Barium Conforming To BP93 Standard
Calcium <200
Iron ppm <50
Heavy Matal Pb ppm <10
Chloride ppm <50
Oxalate ppm < 350
Sulphate ppm <150

Readily Carbonisable Subsrance Conforming To BP93 Standard

Water % wiw 75-9.0
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SAFETY DATA SHEET

Version No: 1, Revision: 28 February 2015

Page 1

Section 1. Identification of the substance/mixture and of the company/undertaking

1.1 Product Identifier

Trade Name: ROBactKil (EB 05360)

Chemical Description: RO Membrane Antifouling Biocide
Product Division: Biocide

Product Class: Water Treatment

Document Code: 0632-01-360-09

1.2 Relevant Identified uses of the substance or mixture and uses advised against:
N/A

1.3 Details of the supplier of the safety data sheet
Eastboard Chemicals Sdn Bhd
5, Lorong Perusahaan Sungai Lokan 3/3
13800 Butterworth, Penang

1.4 Emergency telephone number:
Fax: 04-3564632

Section 2. Hazards Identification

2.1 Classification of the substance of mixture classification according to Regulation (EC)

Acute Toxicity

H301 Toxic if swallowed

Skin Corrosion

H314 Causes severe skin burns and eye damage

Classification according to Directive 67/548/EEC

x Harmful
R28 Harmful if Swallowed

Hazard description: Harmful

Information concerning particular hazards for human and environment: N/A

Classification System: N/A
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2.2 Label Elements

Hazard pictograms

Signal word: Harmful Corrosive

Hazard-determining components of

labelling:

5-Chloro-2-methyl-4-isothiazolin-3-one

Hazard Statements:
H301 Toxic if swallowed

H314 Causes severe skin burns and eye damage

Precautionary Statements:

P270 Do not eat, drink or smoke when using this product
P403 +P235 Store in a well ventilated place. Keep cool.

2.3 Other Hazards

PBT: Not Applicable
vPvB: Not Applicable

Section 3. Composition/Information on Ingredients

3.1 Chemical Composition

Chemical Name CAS Number % by weight
Water 7732-18-5 >90
5-Chloro-2-methyl-4-isothiazolin-3- | 26172-55-4 ~2.32

one

2-Methyl-4-isothiazolin-3-one 2682-20-4 ~0.70

3.2 Chemical Characterization: MIXTURES

Dangerous Components:

Chemical Name CAS Number % by weight
5-Chloro-2-methyl-4-isothiazolin- | 26172-55-4 ~2.32

3-one

2-Methyl-4-isothiazolin-3-one 2682-20-4 ~0.70




SAFETY DATA SHEET

Page 3
Version No: 1, Revision: 28 February 2015

Section 4: First Aid Measures

4.1 Description of first aid measures:

Eye Contact: In case of contact, immediately flush eyes with plenty of water for at least 15 minutes. Seek
medical aid immediately.

Skin Contact: In case of contact, immediately flush skin with plenty of water for at least 15 minutes while
removing contaminated clothing and shoes. Seek medical aid immediately. Wash clothing before reuse.
Do not take clothing home to be laundered. Discard contaminated shoes, belts and other articles made
of leather.

Ingestion: If swallowed, do not induce vomiting. Give large quantities of water. Seek medical aid
immediately. Never give anything by mouth to an unconscious person.

Note to physician: Probable mucosal damage may contraindicate the use of gastric lavage. Measures
against circulatory shock, respiratory depression and convulsions may be needed.

Inhalation: If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult,
give oxygen. Seek medical aid.

4.2 Most important symptoms and effect, both acute and delayed:
Eye Contact: Eye contact with this product can cause eye damage if not treated immediately.
Skin Contact: Skin contact with this product is can cause severe skin burn.

Ingestion: If swallowed, this product may corrode the mucous membranes of the mouth, throat, esophagus
and stomach. There may be perforation of the esophagus, stomach or intestine.

Inhalation: Not a route of entry.

4.3 Indication of any immediate medical attention and special treatment needed:
Not applicable information was found concerning any potential health effects resulting from sub-chronic or
chronic exposure to the product. The chronic local effect may consist of multiple areas of superficial

destruction of the skin or of primary irritant dermatitis. Similarly, chronic inhalation of dust may result in
varying degrees of irritant or damage to the respiratory tract tissues.

Section 5: Fire-Fighting Measures

5.1 Extinguishing Media: Use extinguishing media appropriate for the surrounding fire.

5.2 Special Hazards arising from the substance or mixture:
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Unusual Fire & Explosion Hazard: This product is noncombustible
5.3 Advice for firefighters:
Special Fire-fighting Procedures: Exercise caution when fighting any chemical fire. A self-contained
breathing apparatus and protective clothing must be worn in case of fire. Keep run-off

water out of sewers and water sources, Dike for water control.

Protective Equipment for fire-fighters: Face mask, protective gloves and safety helmet.

Section 6. Accidental Release Measures

6.1 Personal Precautions, protective equipment and emergency procedures
For personal protection, see section 8.

6.2 Environmental precautions
Avoid discharge into drains, water courses or onto the ground.

6.3 Methods and material for containment and cleaning up
Steps to be taken if material is released or spilled: Avoid contact with skin and eyes. Wear appropriate
protective clothing. Isolate leaking containers and stop leak if safe to do so. Whenever practical, transfer
spilt material to suitable containers Flush to sewer with copious quantities of water.

6.4 Reference to other sections
For personal protection, see section 8. For waste disposal, see section 13

Section 7. Handling and storage

7.1 Precautions for safe handling
Provide good ventilation, Avoid spilling, skin and eye contact. Avoid inhalation of vapors.

Information about fire — and explosion protection:
No special measures required.

7.2 Conditions for safe storage, including any incompatibilities
Store in tightly closed original container in a dry, cool and well ventilated place.

Storage requirement to be met by storerooms and receptacles: No special requirement
Information about storage in one common storage facility: Not required.
Further information about storage conditions: Keep container tightly sealed.

7.3 Specific end use(s)
No further relevant information available.

Section 8. Exposure Controls/ Personal Protection

Additional information about design of technical facilities: No further data; see item 7

8.1 Control parameters
| Chemical Name | % by | OSHA PEL | ACGIH TLV
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weight
5-Chloro-2-methyl-4-isothiazolin-3-one | ~2.32 None Established* None Established*
2-Methyl-4-isothiazolin-3-one ~0.70 None Established* None Established*

*Note: WEL = Workplace Exposure Limit = Value x (% by weight)
WEL limits are supplier's recommendations

8.2 Exposure controls

Protective equipment

Process conditions
Eye wash station and safety shower should be accessible in the immediate area of use.

Engineering measures
Provide sufficient ventilation at workplace.

Respiratory equipment
If airborne concentration exceeds published exposure limits, use a NIOSH approved respirator in
accordance with OSHA respiratory protection requirements (29 CFR 1910.134)

Hand protection
Chemical resistant glove is required for prolonged or repeated contact.

Eye protection
Chemical splash goggles and face shield

Other protection
Not Necessary

Hygiene measures
Wash hand at the end of each work shift and before eating, smoking and use the toilet, Wash promptly if
skin becomes wet or contaminated. DO NOT SMOKE IN WORK AREA.

Section 9. Physical and chemical Properties

9.1 Information on basic physical and chemical properties

General information
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Appearance and odor:

Free-flow liquid

Color: Colorless
Odor: Characteristic odor
pH (1% solution) ~6.5
Density/ Specific Gravity: 1.02
Bulk Density Not applicable
Solubility/Miscibility in water: ~ Complete
Vapor Pressure: 6610mmHg (@ 20°C)
Vapor Density (air =1) 0.62
Viscosity: 0.9cp
% volatile by weight (VOC): Nil
Solvent content:
Water: >90%
Organic Solvent Nil
Solid Content: <5%

Change in condition

Flash point:
Flammability (solid, gaseous)

Lower Flammable Limit:
Upper Flammable Limit:
Auto-ignition Temperature:
Ignition Temperature:
Decomposition Temperature:
Danger of Explosion

Not applicable
Non flammable

Not applicable

Not applicable

Product is not self-igniting

Not applicable

Not determined

This product does not present an explosion hazard

Boiling Point: 100°C
Freezing point: -3°C

9.2 Other information
No further relevant information available

Section 10. Stability and reactivity

10.1 Reactivity: No further relevant information available
10.2 Chemical Stability: Stable
Thermal decomposition/conditions to be avoided: Avoid contact with amphoteric metals.
10.3 Possibility of hazardous reactions: No dangerous reactions known
10.4 Conditions to avoid: No specific information
10.5 Incompatible materials: Oxidizing agents, reducing agents, amines, mercaptans & aluminum alloys

10.6 Hazardous decomposition products: Thermal decomposition or combustion may produce carbon
monoxide, carbon dioxide, hydrogen chloride gas and oxides of nitrogen and sulfur.
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Section 11. Toxicological Information

11.1 Information on toxicological effects:

On Product & Ingredient:

Test material Oral LDso (rat) | Dermal LDso(rabbit) Inhalation LDso (rat)

On Product 3810mg/kg >5g/kg >13.7mg/l/4AH (nominal vapor concentration).
Inhalation toxicity tests were conducted with a
solution containing 1,0% active.

Primary irritant effect:

Area Effect

Eye A 0.3% active solution is an eye irritant and a 0.06% active solution is a non-
irritant.

Skin A 0.6% active solution is a severe irritant to skin, a 0.3% active product is a
moderate skin irritant, and a 0.06% active product is a non-irritant.

Sensitization Human patch test had demonstrated that the active material is a skin
sensitizer even at low concentration.

Additional toxicological information:
Swallowing will lead to a sensitizing effect on mouth and throat.

Section 12. Ecological Information

12.1 Toxicity
Test Material Aquatic Toxicity/Data
Active ingredient 96hr LCso (Bluegill sunfish): 0.54ppm

96hr LCso (Rainbow trout): 0.14ppm
96hr LCs (Sheepshead minnow): 0.3ppm
48hr LCso (Daphnia magna): 0.13ppm

12.2 Persistence and degradability
Product is fully biodegradable when release to the environment

12.3 Bio-accumulative potential
Product is not bio-accumulating

12.4 Mobility in soil
No further relevant information available

12.5 Results of PBT and vPvB assessment

PBT: Not applicable
vPvB: Not applicable

12.6 Other adverse effects
No further relevant information available.
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Section 13. Disposal Consideration

13.1 Waste treatment methods:
Disposal of in accordance with local, state and federal regulations.

Recommendation:
Must not be disposed together with household garbage.

Uncleaned packaging:

Recommendation:
Disposal of in accordance with local, state and federal regulations.

Recommended cleansing agent: Water

Section 14. Transport Information

14.1 UN number UN 3265
14.2 UN proper shipping name Biocide Solution
14.3 Transport hazard class(es) Not applicable

Transport Labels

Class: Harmful
14.4 Packing group Il
14.5 Environmental Hazard

Marine pollutant: No

14.6 Special precautions for user
WARNING: Corrosive substances if product is concentrated
EMS Number: F-A, S-B
14.7 Transport in bulk according to Annex Il of MARPOL 73/78 and the IBC code

Not applicable
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Section 15. Regulatory Information

15.1 Safety, health and environmental regulations/legislation specific for the substance or mixture

OSHA:
OSHA Hazard Communication Status: Hazardous

TSCA:
TSCA: The ingredient of this product are listed on the Toxic Substances Control Act (TSCA) Chemical
Substances Inventory

CERCLA:
CERCLA reportable quantity of EPA hazardous substances in product
Chemical Name RQ
Cupric nitrate 100lb
Product RQ: 625001b (Notify EPA of product spills exceeding this amount)
SARA title IlI:

Section 302: Extremely hazardous Substances
Chemical Name CAS # RQ IPC

*There are no SARA 302 Extremely Hazardous Substances in this product

Section 311 & 312: Health and Physical Hazards:

Immediate Delayed Fire Pressure Reactivity
[Yes] [Yes] [No] [No] [No]
Section 313: Toxic Chemicals:
Chemical Name Cas # % by weight
5-Chloro-2-methyl-4-isothiazolin-3- | 26172-55-4 ~2.32
one
2-Methyl-4-isothiazolin-3-one 2682-20-4 ~0.70

15.2 Chemical safety assessment:
A Chemical Safety Assessment has not been carried out.

Section 16. Other Information

HMIS:
HMIS ratings: Health =1* Flammability =0 Reactivity =0

HMIS scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe
Personal Protective Equipment =X (to be specified by user depending on use conditions)

Carcinogenicity:
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NTP: No ingredients listed in this section
IARC: No ingredients listed in this section
OSHA: No ingredients listed in this section

NFPA:

| NFPA Ratings | Health =1 [ Flammability =0 | Reactivity =0 | Special Hazard =None
*Hazard rating scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe

Relevant Phrases

Risk Phrase:
R21 | Harmful in contact with skin

R22 | Harmful if swallowed

Safety Phrase:
S3/9/49 | Keep only in the original container in a cool, well-ventilated place

Revision Date: 28 February 2015
Revision: 1

SDS No: 360-09
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Version No: 1, Revision: 3 March 2015

SAFETY DATA SHEET

Section 1. Identification of the substance/mixture and of the company/undertaking

1.1 Product Identifier
Trade Name: VRB TriPhos (EB 84039)
Chemical Description: High Pressure Boiler Phosphate Treatment
Product Division: Alkali Booster
Product Class: Water Treatment
Document Code: EBC-84-039-WT

1.2 Relevant Identified uses of the substance or mixture and uses advised against:
N/A

1.3 Details of the supplier of the safety data sheet
Eastboard Chemicals Sdn Bhd
5, Lorong Perusahaan Sungai Lokan 3/3
13800 Butterworth, Penang

1.4 Emergency telephone number:
Tel: 03-3564632

Section 2. Hazards Identification

2.1 Classification of the substance of mixture classification according to Regulation (EC)

Warning
H302 Harmful if swallowed

Classification according to Directive 67/548/EEC

x Harmful
R28 Harmful if Swallowed

Hazard description: Harmful

Information concerning particular hazards for human and environment: N/A
Classification System: N/A
2.2 Label Elements

Hazard pictograms
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Signal word: Harmful

Hazard-determining components of labelling:
Tri Sodium Phosphate

Hazard Statements:
H302 Harmful if swallowed
H315 Causes skin Irritation

Precautionary Statements:
P270 Do not eat, drink or smoke when using this product
P403 +P235 Store in a well ventilated place. Keep cool.

2.3 Other Hazards
PBT: Not Applicable
vPvB: Not Applicable

Section 3. Composition/Information on Ingredients

3.1 Chemical Composition

Chemical Name CAS Number 9 by weight
Tri Sodium Phosphate 10101-89-0 10%

3.2 Chemical Characterization: MIXTURES

Dangerous Components:

Chemical Name GCAS Number % by weight

*No Components listed above

Section 4: First Aid Measures

4.1 Description of first aid measures:

Eye Contact: In case of contact, immediately flush eyes with plenty of water for at least 15 minutes.
Seek medical aid immediately.

Skin Contact: In case of contact, immediately flush skin with plenty of water for at least 15 minutes
while removing contaminated clothing and shoes. Seek medical aid immediately. Wash clothing
before reuse. Do not take clothing home to be laundered. Discard contaminated shoes, belts
and other articles made of leather.

Ingestion: If swallowed, do not induce vomiting. Give large quantities of water. Seek medical aid
immediately. Never give anything by mouth to an unconscious person.
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Note to physician: Probable mucosal damage may contraindicate the use of gastric lavage.
Measures against circulatory shock, respiratory depression and convulsions may be needed.

Inhalation: If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is
difficult, give oxygen. Seek medical aid.

4.2 Most important symptoms and effect, both acute and delayed:
Eye Contact: Eye contact with this product can cause eye irritation if not treated immediately.
Skin Contact: Skin contact with this product is can cause skin irritation.

Ingestion: If swallowed, this product may irritate the mucous membranes of the mouth, throat,
esophagus and stomach.

Inhalation: Inhalation overexposure to mist or vapor may result in chest and bronchial irritation and
nausea, vomiting, restlessness, drowsiness and anxiety.

4.3 Indication of any immediate medical attention and special treatment needed:
Not applicable information was found concerning any potential health effects resulting from sub-

chronic or chronic exposure to the product. The chronic local effect may consist of multiple areas
of superficial destruction of the skin or of primary irritant dermatitis.

Section 5: Fire-Fighting Measures

5.1 Extinguishing Media: Use dry chemical, “Alcohol” Foam, carbon dioxide or water spray
5.2 Special Hazards arising from the substance or mixture:
Unusual Fire & Explosion Hazard: This product combustible
5.3 Advice for firefighters:
Special Fire-fighting Procedures: Exercise caution when fighting any chemical fire. A self-contained
breathing apparatus and protective clothing are essential. Fires should
be approached from upwind. Use water to keep fire exposed

containers cool.

Protective Equipment for fire-fighters: Face mask, protective gloves and safety helmet.

Section 6. Accidental Release Measures

6.1 Personal Precautions, protective equipment and emergency procedures
For personal protection, see section 8.

6.2 Environmental precautions
Avoid discharge into drains, water courses or onto the ground.

6.3 Methods and material for containment and cleaning up
Steps to be taken if material is released or spilled: Avoid contact with skin and eyes. Wear
appropriate protective clothing. Isolate leaking containers and stop leak if safe to do so. Whenever
practical, transfer spilt material to suitable containers Flush to sewer with copious quantities of
water.
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6.4 Reference to other sections
For personal protection, see section 8. For waste disposal, see section 13

Section 7. Handling and storage

7.1 Precautions for safe handling
Provide good ventilation, Avoid spilling, skin and eye contact. Avoid inhalation of vapors.

Information about fire — and explosion protection:
No special measures required.

7.2 Conditions for safe storage, including any incompatibilities
Store in tightly closed original container in a dry, cool and well ventilated place.

Storage requirement to be met by storerooms and receptacles: No special requirement
Information about storage in one common storage facility: Not required.
Further information about storage conditions: Keep container tightly sealed.

7.3 Specific end use(s)
No further relevant information available.

Section 8. Exposure Controls/ Personal Protection

8.2 Exposure controls

Protective equipment

Process conditions
Eye wash station and safety shower should be accessible in the immediate area of use.

Engineering measures
Local exhaust ventilation mat be required in addition to general room ventilation to maintain airborne

concentrations below exposure limits.

Respiratory equipment
If airborne concentration exceeds published exposure limits, use a NIOSH approved respirator in
accordance with OSHA respiratory protection requirements (29 CFR 1910.134)
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Hand protection
Chemical resistant glove is required for prolonged or repeated contact.

Eye protection
Chemical splash goggles and face shield

Other protection
Not Necessary

Hygiene measures
Wash hand at the end of each work shift and before eating, smoking and use the toilet, Wash
promptly if skin becomes wet or contaminated. DO NOT SMOKE IN WORK AREA.

Section 9. Physical and chemical Properties

9.1 Information on basic physical and chemical properties

General information

Appearance and odor: Free-flow liquid
Color: Colorless
Odor: Odorless

pH (1% solution) 10.5

Density/ Specific Gravity: 1.05 @ 25°C
Bulk Density Not applicable
Solubility/Miscibility in water: Complete
Vapor Pressure: Not applicable
Vapor Density (air =1) Not applicable
Viscosity: Not applicable

% volatile by weight (VOC): Nil
Solvent content:

Water: 90%
Organic Solvent Nil
Solid Content: 10%

Change in condition

Flash point: Not applicable

Flammability (solid, gaseous)  Not Flammable

Lower Flammable Limit: Not applicable

Upper Flammable Limit: Not applicable

Auto-ignition Temperature: This product is not self-ignition

Ignition Temperature: Not applicable

Decomposition Temperature:  Not determined

Danger of Explosion This product is not resent explosion hazard
Boiling Point: 105 °C

Freezing point: -5°C

9.2 Other information
No further relevant information available

Section 10. Stability and reactivity

10.1 Reactivity: No further relevant information available
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10.2 Chemical Stability: Stable

Thermal decomposition/conditions to be avoided: Avoid high temperature
10.3 Possibility of hazardous reactions: No further relevant information available
10.4 Conditions to avoid: Heat, flame and other source of ignition
10.5 Incompatible materials: No specific information

10.6 Hazardous decomposition products: No further relevant information available

Section 11. Toxicological Information

11.1 Information on toxicological effects:

On Product & Ingredient:

Test material Oral LDso (rat) | Dermal LDso(rabbit) Inhalation LDso (rat)

Product Not available Not available Not available

Primary irritant effect:

Area Effect

Eye Causes serious eye irritation
Skin Causes skin irritation
Sensitization No information available

Additional toxicological information:
No information available

Section 12. Ecological Information

12.1 Toxicity

12.2 Persistence and degradability
Product is fully biodegradable when release to the environment.

12.3 Bio-accumulative potential
Product is bio-accumulating

12.4 Mobility in soil
No further relevant information available

12.5 Results of PBT and vPvB assessment

PBT: Not applicable
vPvB: Not applicable
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12.6 Other adverse effects
No further relevant information available.

Section 13. Disposal Consideration

13.1 Waste treatment methods:
Disposal of in accordance with local, state and federal regulations.

Recommendation:
Must not be disposed together with household garbage.

Uncleaned packaging:

Recommendation:
Disposal of in accordance with local, state and federal regulations.

Recommended cleansing agent: Water

Section 14. Transport Information

14.1 UN number Not applicable
14.2 UN proper shipping name Liquid Phosphate
14.3 Transport hazard class(es) Not applicable

Transport Labels

Class: Harmful
14.4 Packing group Not applicable
14.5 Environmental Hazard
Marine pollutant: No
14.6 Special precautions for user
WARNING: None
EMS Number: Unknown
14.7 Transport in bulk according to Annex Il of MARPOL 73/78 and the IBC code

Not applicable



bt
Version No: 1, Revision: 3 March 2015

Section 15. Regulatory Information

15.1 Safety, health and environmental regulations/legislation specific for the substance or
mixture

OSHA:
OSHA Hazard Communication Status: Hazardous

TSCA:
TSCA: The ingredient of this product are listed on the Toxic Substances Control Act (TSCA)
Chemical Substances Inventory

CERCLA:
No CERCLA reportable quantity of EPA hazardous substances in product
Chemical Name RQ

Product RQ: Olb (Notify EPA of product spills exceeding this amount)
SARA title IlI:

Section 302: Extremely hazardous Substances
Chemical Name CAS # RQ IPC

*There are no SARA 302 Extremely Hazardous Substances in this product

Section 311 & 312: Health and Physical Hazards:
Immediate Delayed Fire Pressure Reactivity

[No] [No] [No] [Noj [Noj

Section 313: Toxic Chemicals:
Chemical Name Cas# % by weight

*There are no SARA 313 Toxic Chemicals in this product

15.2 Chemical safety assessment:
A Chemical Safety Assessment has not been carried out.

Section 16. Other Information

HMIS:
HMIS ratings: Health =2* Flammability =2 Reactivity =0

HMIS scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe

Personal Protective Equipment =X (to be specified by user depending on use conditions)
Carcinogenicity:

NTP: No ingredients listed in this section

IARC: No ingredients listed in this section
OSHA: No ingredients listed in this section
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NFPA:

| NFPA Ratings | Health =2 | Flammability =2 | Reactivity =0 | Special Hazard =None |
*Hazard rating scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe

Relevant Phrases

Risk Phrase:
R36 | Irritating to eyes

R38 | Irritating to skin

Safety Phrase:
S3/9/49 | Keep only in the original container in a cool, well-ventilated place

Revision Date: 3 March 2015
Revision: 1

SDS No: 84-039-WT
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GHS Signal Word Danger
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SAFETY DATA SHEET

Page 1
Version No: 2, Revision: 3 March 2017

Section 1. Identification of the substance/mixture and of the company/undertaking

1.1 Product Identifier

Trade Name: VRB ASCOBI (EB 86027 CIT )
Chemical Description:  Stabilized L Ascorbic Acid
Product Division: Corrosion Inhibitor

Product Class: Water Treatment

Document Code: EBC-86027-WT

1.2 Relevant Identified uses of the substance or mixture and uses advised against:
N/A

1.3 Details of the supplier of the safety data sheet
Eastboard Chemicals Sdn Bhd
5, Lorong Perusahaan Sungai Lokan 3/3
13800 Butterworth, Penang

1.4 Emergency telephone number:
Tel: 04-356 4632

Section 2. Hazards Identification

2.1 Classification of the substance of mixture classification according to Regulation (EC)

Warning

H302 Harmful if swallowed

Classification according to Directive 67/548/EEC

x Harmful
R28 Harmful if Swallowed

Hazard description: Harmful

Information concerning particular hazards for human and environment: N/A
Classification System: N/A
2.2 Label Elements

Hazard pictograms
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Signal word: Harmful

Hazard-determining components of labelling:

L Ascorbic Acid

Hazard Statements:

H302 Harmful if swallowed
H315 Causes skin Irritation

Precautionary Statements:
P270 Do not eat, drink or smoke when using this product
P403 +P235 Store in a well ventilated place. Keep cool.

2.3 Other Hazards

PBT: Not Applicable
vPvB: Not Applicable

Section 3. Composition/Information on Ingredients

3.1 Chemical Composition

Chemical Name CAS Number % by weight
L Ascorbic Acid 50-81-7 >10%

3.2 Chemical Characterization: MIXTURES

Dangerous Components:

Chemical Name CAS Number % by weight

*No Components listed above

Section 4: First Aid Measures

4.1 Description of first aid measures:

Eye Contact: In case of contact, immediately flush eyes with plenty of water for at least 15 minutes. Seek
medical aid immediately.

Skin Contact: In case of contact, immediately flush skin with plenty of water for at least 15 minutes while
removing contaminated clothing and shoes.

Ingestion: If swallowed, do not induce vomiting. Give large quantities of water. Seek medical aid
immediately. Never give anything by mouth to an unconscious person.

Note to physician: Not applicable
Inhalation: If inhaled, remove to fresh air.

4.2 Most important symptoms and effect, both acute and delayed:
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Eye Contact: Eye contact with this product can cause eye irritation.
Skin Contact: Skin contact with this product is can cause skin irritation.
Ingestion: This product would be regarded as non-toxic if swallowed.
Inhalation: Not a route of entry.
4.3 Indication of any immediate medical attention and special treatment needed:

Not applicable information was found concerning any potential health effects resulting from sub-chronic or
chronic exposure to the product.

Section 5: Fire-Fighting Measures

5.1 Extinguishing Media: Use extinguishing media appropriate for the surrounding fire.
5.2 Special Hazards arising from the substance or mixture:

Unusual Fire & Explosion Hazard: This product is noncombustible
5.3 Advice for firefighters:

Special Fire-fighting Procedures: Exercise caution when fighting any chemical fire. A self-contained
breathing apparatus and protective clothing must be worn in case of fire.

Protective Equipment for fire-fighters: Face mask, protective gloves and safety helmet.

Section 6. Accidental Release Measures

6.1 Personal Precautions, protective equipment and emergency procedures
For personal protection, see section 8.

6.2 Environmental precautions
Not required.

6.3 Methods and material for containment and cleaning up
Steps to be taken if material is released or spilled: Wear appropriate protective clothing. Isolate leaking
containers and stop leak if safe to do so. Whenever practical, transfer spilt material to suitable containers
Flush to sewer with copious quantities of water.

6.4 Reference to other sections
For personal protection, see section 8. For waste disposal, see section 13

Section 7. Handling and storage

7.1 Precautions for safe handling
Provide good ventilation, Avoid spilling, skin and eye contact.

Information about fire — and explosion protection:
No special measures required.
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7.2 Conditions for safe storage, including any incompatibilities
Store in tightly closed original container in a dry, cool and well ventilated place.

Storage requirement to be met by storerooms and receptacles: No special requirement

Information about storage in one common storage facility: Not required.
Further information about storage conditions: Keep container tightly sealed.

7.3 Specific end use(s)
No further relevant information available.

Page 4

Section 8. Exposure Controls/ Personal Protection

Additional information about design of technical facilities: No further data; see item 7

8.1 Control parameters

Chemical Name % by OSHA PEL ACGIH TLV
weight
L Ascorbic Acid >10% Not available Not available

*Note: WEL = Workplace Exposure Limit = Value x (% by weight)
WEL limits are supplier's recommendations

8.2 Exposure controls

Protective equipment

Process conditions
Eye wash station and safety shower should be accessible in the immediate area of use.

Engineering measures
Provide sufficient ventilation at workplace.

Respiratory equipment
Not required

Hand protection
Chemical resistant glove is required for prolonged or repeated contact.

Eye protection
Not Necessary

Other protection
Not Necessary
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Hygiene measures
Wash hand at the end of each work shift and before eating, smoking and use the toilet, Wash promptly if
skin becomes wet or contaminated. DO NOT SMOKE IN WORK AREA.

Section 9. Physical and chemical Properties

9.1 Information on basic physical and chemical properties

General information

Appearance and odor: Free-flow Liquid
Color: Colorless

Odor: Characteristic odor
pH (1% solution) 2.6

Density/ Specific Gravity: 1.09

Bulk Density Not applicable
Solubility/Miscibility in water: Complete

Vapor Pressure: Not applicable
Vapor Density (air =1) Not applicable
Viscosity: Not applicable

% volatile by weight (VOC): Nil
Solvent content:

Water: <90%
Organic Solvent Nil
Solid Content: >10%

Change in condition

Flash point: Not applicable

Flammability (solid, gaseous)  Non flammable

Lower Flammable Limit: Not applicable

Upper Flammable Limit: Not applicable

Auto-ignition Temperature: Product is not self-igniting

Ignition Temperature: Not applicable

Decomposition Temperature:  Not determined

Danger of Explosion This product does not present an explosion hazard
Boiling Point: 105°C

Freezing point: -5°C

9.2 Other information
No further relevant information available

Section 10. Stability and reactivity

10.1 Reactivity: No further relevant information available

10.2 Chemical Stability: Stable.
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Thermal decomposition/conditions to be avoided: Avoid high temperature

10.3 Possibility of hazardous reactions: No further relevant information available

10.4 Conditions to avoid: Heat, flame and other source of ignition

10.5 Incompatible materials: No specific information

10.6 Hazardous decomposition products: No further relevant information available

Section 11. Toxicological Information

11.1 Information on toxicological effects:

On Product & Ingredient:

Test material Oral LDso (rat) Dermal LDso(rabbit) Inhalation LDso (rat)
Product LD50 = 11900 mg/kg | Not available Not available
Primary irritant effect:

Area Effect

Eye No information available

Skin No information available

Sensitization No information available

Additional toxicological information:
No information available

Section 12. Ecological Information

12.1 Toxicity
Test Material Aquatic Toxicity/Data
On product No data available
Environmental Data No data available

12.2 Persistence and degradability
Product is fully biodegradable when release to the environment

12.3 Bio-accumulative potential
Product is not bio-accumulating

12.4 Mobility in soil
No further relevant information available

12.5 Results of PBT and vPvB assessment

PBT: Not applicable
vPvB: Not applicable

12.6 Other adverse effects
No further relevant information available.
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Section 13. Disposal Consideration

13.1 Waste treatment methods:
Disposal of in accordance with local, state and federal regulations.

Recommendation:
Must not be disposed together with household garbage.

Uncleaned packaging:

Recommendation:
Disposal of in accordance with local, state and federal regulations.

Recommended cleansing agent: Water

Section 14. Transport Information

14.1 UN number Not Regulated
14.2 UN proper shipping name Liquid Corrosion Inhibitor
14.3 Transport hazard class(es) Not Regulated

Transport Labels

Class: Harmful
14.4 Packing group Not Regulated
14.5 Environmental Hazard

Marine pollutant: No
14.6 Special precautions for user

WARNING: None

EMS Number: Unknown

14.7 Transport in bulk according to Annex Il of MARPOL 73/78 and the IBC code

Not applicable

Section 15. Regulatory Information

15.1 Safety, health and environmental regulations/legislation specific for the substance or mixture
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OSHA:
OSHA Hazard Communication Status: Non Hazardous

TSCA:
TSCA: The ingredient of this product are not listed on the Toxic Substances Control Act (TSCA) Chemical
Substances Inventory

CERCLA:
CERCLA reportable quantity of EPA hazardous substances in product
Chemical Name RQ
Product RQ: N/A (Notify EPA of product spills exceeding this amount)
SARA title IlI:

Section 302: Extremely hazardous Substances
Chemical Name CAS # RQ IPC

*There are no SARA 302 Extremely Hazardous Substances in this product

Section 311 & 312: Health and Physical Hazards:
Immediate Delayed Fire Pressure Reactivity
[No] [No] [No] [No] [No]

Section 313: Toxic Chemicals:
Chemical Name Cas # % by weight

*There are no SARA 313 Toxic Chemicals in this product

15.2 Chemical safety assessment:
A Chemical Safety Assessment has not been carried out.

Section 16. Other Information

HMIS:
HMIS ratings: Health =1* Flammability =0 Reactivity =0

HMIS scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe

Personal Protective Equipment =X (to be specified by user depending on use conditions)
Carcinogenicity:

NTP: No ingredients listed in this section

IARC: No ingredients listed in this section

OSHA: No ingredients listed in this section

NFPA:

| NFPA Ratings | Health =0 [ Flammability =0 | Reactivity =0 | Special Hazard =None
*Hazard rating scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe
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Relevant Phrases

Risk Phrase:

R36

Irritating to eyes

R38

Irritating to skin

Safety Phrase:

S3/9/49 | Keep only in the original container in a cool, well-ventilated place

Page 9

Revision Date: 3 March 2017

Revision:

SDS No:
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Sodium Hypochlorite
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Slam PVS Cramicals Co Lad

1. Identification of the substance or mixer and of the supplier
Product Name : Sodium Hypochlorite 10%
Use(s) :
Type of industry - Pulp and Paper, Starch, synthetic, chemical cleaning, and water treatment.
Type of application - Disinfectants, bleach, fabric, chemicals for detergents general.
Manufacturer Name : Siam PVS Chemicals Co.,Ltd.
Address : 403 Bangpoo Industrial Estate, Preaksa, Muang, Samutprakarn 10280, Thailand
Telephone : (66) 2323 9980-1 Fax : (66) 2323 9188

Web Site : www.siampvs.com

2. Hazard identification

Classification of Substance

] Skin Corrosion/irritation (Category 1)

] Serious eye damage/eye irritation (Category 1)

] Specific Target Organ Toxicity — Single exposure (Category 3)
[] Hazardous to Aquatic Environment (Category : Acute 1)

] Hazardous to Aquatic Environment (Category : Chronic 1)

Pictograms GHS

Signal Word  Danger

Hazard Statements
] Causes severe skin burns and eye damage
] Causes serious eye damage
] May cause drowsiness and dizziness
O

Very toxic to aquatic life

Sodium Hypochlorite SAFETY DATA SHEET


http://www.siampvs.com/

L] Very toxic to aquatic life with long lasting effects

Precautionary Statements
] Avoid skin contact or eyes.
Use only outdoors or in well-ventilated area.
Avoid breathing dust/fume/gas/mist/vapors/spray.
Wash hands thoroughly after handling
Wear protective gloves/clothing and eye/face protection

Clean up spilled substances immediately.

N O B A B

Neutralize spilled substances. With sodium sulfite. To prevent chlorine gas.The residual

washing liquid with water in large quantities.

[] Avoid release to the environment

3. Composition/information on ingredients
Product Name : Sodium Hyporite Molecular Formular: NaOCI

U.N. Number : 1791 E.C.Number : 231-668-3

Substance CAS No. Content
Sodium Hyporite 7681-52-9 10.5%
NaCl 7647-14-5 12%
NaOH 1310-73-2 1.5%
H.,O 7732-18-5 76%

4. First-aid measures
L] IF IN EYES: Rinse cautiously with water for 15 minutes. Remove contact lenses, if present and easy to
do.Continue rinsing. If eye irritation persists, get medical advice/attention.
[] IF INHALED: Remove to fresh air and keep at rest in a position comfortable for breathing.
O IF ON SKIN (or hair): Remove/Take off immediately all contaminated clothing.
Rinse skin with water/shower for 15 minutes. Wash contaminated clothing before reuse.

] IF SWALLOWED: Rinse mouth. Do NOT induce vomiting

5. Fire-fighting measures
Suitable extinguishing media: water, dry chemical

Hazards caused by the chemicals



] Flammability: This product not flammable. But when the heat caused
decomposition to chlorine gas.

Special protective equipment for fire fighting: Resparatory Protection Wearing half mask respirator or Full Face

Mask-Canister Respirator or SCBA.

6. Accidental release measures

Personal precautions. Personal protective equipment. And emergency procedures

l Isolate the hazard area and that are involved in the area.
] Water spray covered to dilute the smell.
] Absorb with sand lime leaks and keep the container sealed for disposal.
] Wear respiratory protection.

] Provide adequate ventilation.

Environmental precautions.
] Be careful not to spill chemicals into the sewers. And pump the
substance contained in polyethylene container avoid heat and contamination with an acidic.
O Wastewater contaminated
with sodium hypochlorite before disposal a neutral treatment using Bisulphites or Ferrous Salt
Solutions, which is an exothermic reaction. Then diluted with water. Disposal must be in

accordance with the law in order to have a minimal impact on the environment.

7. Handling and storage

Precautions for handling and storage
L] Avoid exposure when using. Must wear appropriate personal protective equipment

Storage conditions

H Store in corrosive resistant.

O] Store container tightly closed in well-ventilated place

[] Do not store with acids, metals, chemicals or substances can cause a reaction

O] Containers are clearly labeled. Transport and storage containers must be strong. Do

not store near a chemical reaction can occur

O] Do not take This product mixed or contaminated

with acid, ether, ammonia, alcohol, or do Hydrocarbons Contaminated containerscontaining che

micals to other chemicals.



8. Exposure controls/personal protection

Exposure Standards (TLVs)

] TLVs-TWA : 1 ppm or 3 mg./m®

Engineering Controls

[] Use in well ventilated areas

Personal Protective Equipment

Hand protection Respiratory Protection  Protective clothing

Eye Protection Safety Shoes

©

Physical and chemical properties

1. Appearance: Clear liquid light yellow or yellow-green
. Odour : Pungent smell like chlorine

. Odour threshold: N/A

. pH : 12 @100 gm/I

. melting point/freezing point : -257C

. initial boiling point and boiling range: >100°C

. flash point : N/A

o N o o A W N

. evaporation rate: N/A



9. flammability : N/A

10. upper/lower flammability or explosive limits (%, v/v):
Lower Explosion Limit : N/A Upper Explosion Limit: N/A

11. vapour pressure : 17.5 mm Hg @ 20?C

12. vapour density (Air = 1) : N/A

13. relative density (water = 1) : N/A

14. solubility(ies) : 100%

15. partition coefficient: noctanol/water (Log Kow): N/A

16. auto-ignition temperature: N/A
17. decomposition temperature: > 110? C (230? F) @ 760 mmHg
18. Viscosity: N/A

10. Stability and reactivity

Chemical Stability Stable under recommended storage conditions

Conditions to Avoid Stability of the material is reduced when exposed to heat, light

Material to Avoid Strong acids, strong oxidizing agents, heavy
metals, reducing agents, ammonia, ether, the organic and inorganic substancessuch
as paint thinner, kerosene and lacquer.

Decomposition Decomposes chlorine gas

11. Toxicological information
Acute Toxicity (Ingestion) LD, (Ingestion): 5800 mg/kg (mouse)
TDLo (Ingestion): 1 gm/kg (woman)
TDLo (Intravenous): 45 mg/kg (man)
Decomposes chlorine gas
Toxicological Information
Inhalation : Cause irritation to the mucous membranes of the respiratory tract. If you can get plenty
of burns in the airways. Causedyspnea.
Skin : Irritation. The red rash on the skin

eye : Cause severe irritation. May lead to blindness



Systemic effects : Effects of Overexposure Short-term. Have corrosive effects cause irritation to eyes,
skin and respiratory tract severely. Ifswallowed or inhaled. Be dangerous to the lungs. May cause
lung inflammation. And can cause burns to the mouth and gastrointestinal tract. Aburning pain in the stomach.
Carcinogenicity : There are no reports that this substance causes cancer
12. Ecological information
Atmosphere Decomposes to chlorine gas, which is toxic
Soil If released to soil, it is absorbed quickly into the soil. And may absorbed into groundwater, affecting an
organism
Potential for bioaccumulation No potential for bioaccumulation
Toxicity to fish Severely toxic to aquatic life. Experiments on the effects of the 0.5% to more than 96

hours in the dead fish

13. Disposal considerations

Dispose of in accordance with relevant local legislation.

14. Transport information

Transport with large container N/A

International Air Transport Association (IATA)
Shipping Name : Sodium Hypochlorite Solution U.N. No. 1791
DG Class 8

PG Il

Agreement on Dangerous Goods by Road / Regulations concerning the Intl Transport of Dangerous Goods by Rail

(ADR/RID)
Shipping Name : Sodium Hypochlorite Solution U.N. No. 1791
DG Class 8

PG Il

The International Maritime Dangerous Goods (IMDG)



Shipping Name : Sodium Hypochlorite Solution U.N. No. 1791
DG Class 8
PG Il

15. Regulatory information
Thailand

1. Ministry of Industry, Thailand: Hazardous Substances Act. And announcements related.
L] Assigned as a hazardous materials Category 1 of the list A. The responsibility of the Department
of Industrial Works (Hazardous materials to manufacture, import, export or possession must comply
with the rules and procedures prescribed)
] Assigned as a hazardous materials of the list A. The responsibility of the Food and Drug
Administration. Products used fordisinfection purposes or eliminate the smell in the pool.
[ ] Assigned as a hazardous materials of the list A. The responsibility of the Department of Fisheries.
For fishery products andaquaculture. For the purpose of controlling insect parasitic microorganisms,
plants or animals.

2. Ministry of Labour : Notification of Department Labour Protection and

Welfare. Determination of chemical types B.E.2535 N0.1395

16. Other information
Revised 19 September 2012
Reference

http://www.chemtrack.org

Globally Harmonized system of classification and labelling of chemicals (GHS) third revised

Cogee Chemicals, Merck Chemicals

Chemical Data Bank of Pollution Control Department, Bangkok, Thailand

GHS Classification of NITE


http://www.chemtrack.org/

Scale and Corrosion Inhibitor
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Version No: 1, Revision: 3 March 2015

SAFETY DATA SHEET

Section 1. Identification of the substance/mixture and of the company/undertaking

1.1 Product Identifier
Trade Name: CoolPerse (EB 80206)
Chemical Description: Aqueous solution of corrosion and deposit control
Product Division: Cooling Tower Dispersant
Product Class: Water Treatment
Document Code: 3625-02-206-01
1.2 Relevant Identified uses of the substance or mixture and uses advised against:
N/A

1.3 Details of the supplier of the safety data sheet
Eastboard Chemicals Sdn Bhd
5, Lorong Perusahaan Sungai Lokan 3/3
13800 Butterworth, Penang

1.4 Emergency telephone number:
Tel: 04-356 4632

Section 2. Hazards Identification
2.1 Classification of the substance of mixture classification according to Regulation
(EC)

Warning

H302 Harmful if swallowed

Classification according to Directive 67/548/EEC

x Harmful
R28 Harmful if Swallowed

Hazard description: Harmful

Information concerning particular hazards for human and environment: N/A

Classification System: N/A

2.2 Label Elements
Hazard-determining components of labelling:
Sodium Polyacrylate
Hazard Statements:
H302 Harmful if swallowed
H315 Causes skin Irritation
Precautionary Statements:
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P270 Do not eat, drink or smoke when using this product
P403 +P235 Store in a well ventilated place. Keep cool.

2.3 Other Hazards
PBT: Not Applicable
vPvB: Not Applicable

Section 3. Composition/Information on Ingredients

Section 4: First Aid Measures
4.1 Description of first aid measures:

Eye Contact: In case of contact, immediately flush eyes with plenty of water for at least 15
minutes. Seek medical aid immediately.

Skin Contact: In case of contact, immediately flush skin with plenty of water for at least 15
minutes while removing contaminated clothing and shoes. Seek medical aid immediately.
Wash clothing before reuse.

Ingestion: If swallowed, do not induce vomiting. Give large quantities of water. Seek
medical aid immediately. Never give anything by mouth to an unconscious person.

Note to physician: Not applicable

Inhalation: If inhaled, remove to fresh air.

4.2 Most important symptoms and effect, both acute and delayed:

Eye Contact: Eye contact with this product can cause eye damage if not treated
immediately.

Skin Contact: Skin contact with this product is can cause skin irritation.

Ingestion: This product would be regarded as non-toxic if swallowed.

Inhalation: Inhalation of vapor or mist can cause headache, nausea, irritation of nose, throat
and lungs.

4.3 Indication of any immediate medical attention and special treatment needed:

Not applicable information was found concerning any potential health effects resulting from
sub-chronic or chronic exposure to the product.
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Section 5: Fire-Fighting Measures
5.1 Extinguishing Media: Use extinguishing media appropriate for the surrounding fire.
5.2 Special Hazards arising from the substance or mixture:
Unusual Fire & Explosion Hazard: This product is noncombustible
5.3 Advice for firefighters:
Special Fire-fighting Procedures: Exercise caution when fighting any chemical fire. A self-
contained breathing apparatus and protective clothing must be worn in case of fire. Keep

run-off water out of sewers and water sources, Dike for water control.

Protective Equipment for fire-fighters: Face mask, protective gloves and safety helmet.

Section 6. Accidental Release Measures

6.1 Personal Precautions, protective equipment and emergency procedures
For personal protection, see section 8.

6.2 Environmental precautions
Avoid discharge product as neat into drains, water courses or onto the ground.

6.3 Methods and material for containment and cleaning up

Steps to be taken if material is released or spilled: Avoid contact with skin and eyes. Wear
appropriate protective clothing. Isolate leaking containers and stop leak if safe to do so.
Whenever practical, transfer spilt material to suitable containers Flush to sewer with copious
quantities of water.

6.4 Reference to other sections
For personal protection, see section 8. For waste disposal, see section 13

Section 7. Handling and storage

7.1 Precautions for safe handling
Provide good ventilation, Avoid spilling, skin and eye contact. Avoid inhalation of vapors.

Information about fire — and explosion protection:
No special measures required.

7.2 Conditions for safe storage, including any incompatibilities

Store in tightly closed original container in a dry, cool and well ventilated place.

Storage requirement to be met by storerooms and receptacles: No special requirement
Information about storage in one common storage facility: Not required.

Further information about storage conditions: Keep container tightly sealed.

7.3 Specific end use(s)
No further relevant information available.



y

Version No: 1, Revision: 3 March 2015

Section 8. Exposure Controls/ Personal Protection
Additional information about design of technical facilities: No further data; see item 7

8.1 Control parameters

8.2 Exposure controls

Protective equipment

Process conditions

Eye wash station and safety shower should be accessible in the immediate area of use.
Engineering measures

Provide sufficient ventilation at workplace.

Respiratory equipment

If airborne concentration exceeds published exposure limits, use a NIOSH approved
respirator in accordance with OSHA respiratory protection requirements (29 CFR 1910.134)
Hand protection

Chemical resistant glove is required for prolonged or repeated contact.

Eye protection

Chemical splash goggles and face shield

Other protection

Not Necessary

Hygiene measures

Wash hand at the end of each work shift and before eating, smoking and use the toilet,
Wash promptly if skin becomes wet or contaminated. DO NOT SMOKE IN WORK AREA.

Section 9. Physical and chemical Properties

9.1 Information on basic physical and chemical properties
General information

Appearance and odor: Free-flow liquid
Color: Yellow to Amber
Odor: Characteristic odor
pH as solution 8.0t09.0

Density/ Specific Gravity: 1.10
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Bulk Density Not applicable
Solubility/Miscibility in water: Complete
Vapor Pressure: Not applicable
Vapor Density (air =1) 0.62
Viscosity: Not applicable

% volatile by weight (VOC): Nil
Solvent content:

Water: Nil

Organic Solvent Nil

Solid Content: 20%

Change in condition

Flash point: Not applicable
Flammability (solid, gaseous) Non flammable
Lower Flammable Limit: Not applicable
Upper Flammable Limit: Not applicable
Auto-ignition Temperature: Product is not self-igniting
Ignition Temperature: Not applicable
Decomposition Temperature: Not determined
Danger of Explosion This product does not present an explosion hazard
Boiling Point: 100 C
Freezing point: 0cC

9.2 Other information
No further relevant information available
Section 10. Stability and reactivity

10.1 Reactivity: No further relevant information available

10.2 Chemical Stability: This material is considered stable. However, avoid temperatures
above 177 C, the onset of polymer decomposition.

Thermal decomposition/conditions to be avoided: Heat, flame and other source of
ignition

10.3 Possibility of hazardous reactions: No dangerous reactions known

10.4 Conditions to avoid: Heat, flame and other source of ignition

10.5 Incompatible materials: Strong oxidizers

10.6 Hazardous decomposition products: Thermal decomposition or combustion may
produce acrylic monomers, potassium oxide and phosphorous oxide.
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Section 11. Toxicological Information

11.1 Information on toxicological effects:
On Product & Ingredient:

Additional toxicological information:

A 13 weeks inhalation study in rats of a compositionally similar polycarboxylate material
showed inflammatory effects in the lung at concentration of 5 mg/m3 for 6 hours per day, 5
days per week. The no observed-effect level for this response was judged to be 1 mg/m3.
Maintaining airborne concentrations within the recommended exposure limit is not expected
to produce adverse effect within the lungs.

Section 12. Ecological Information
12.1 Toxicity

12.2 Persistence and degradability
Product is fully biodegradable when release to the environment

12.3 Bio-accumulative potential
Product is not bio-accumulating

12.4 Mobility in soil
No further relevant information available

12.5 Results of PBT and vPvB assessment
PBT: Not applicable
vPvB: Not applicable

12.6 Other adverse effects

No further relevant information available.
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Section 13. Disposal Consideration

13.1 Waste treatment methods:

Disposal of in accordance with local, state and federal regulations.
Recommendation:

Must not be disposed together with household garbage.

Uncleaned packaging:

Recommendation:

Disposal of in accordance with local, state and federal regulations.
Recommended cleansing agent: Water

Section 14. Transport Information

14.1 UN number Not applicable
14.2 UN proper shipping name Dispersing Polymer
14.3 Transport hazard class(es) Not applicable

Transport Labels

Class: Harmful

14.4 Packing group Not applicable
14.5 Environmental Hazard

Marine pollutant: No
14.6 Special precautions for user

WARNING: None

EMS Number: Unknown

14.7 Transport in bulk according to Annex Il of MARPOL 73/78 and the IBC code
Not applicable

Section 15. Regulatory Information
15.1 Safety, health and environmental regulations/legislation specific for the
substance or mixture
OSHA:
OSHA Hazard Communication Status: Hazardous
TSCA:
TSCA: The ingredient of this product are listed on the Toxic Substances Control Act
(TSCA) Chemical Substances Inventory
CERCLA:
CERCLA reportable quantity of EPA hazardous substances in product

Chemical Name RQ
Product RQ: Olb (Notify EPA of product spills exceeding this amount)
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SARA title llI:

Section 302: Extremely hazardous Substances
Chemical Name CAS # RQ IPC

*There are no SARA 302 Extremely Hazardous Substances in this product

Section 311 & 312: Health and Physical Hazards:
Immediate Delayed Fire Pressure Reactivity
[No] [No] [No] [No] [No]

Section 313: Toxic Chemicals:
Chemical Name Cas # % by weight

*There are no SARA 313 Toxic Chemicals in this product

15.2 Chemical safety assessment:
A Chemical Safety Assessment has not been carried out.

Section 16. Other Information
HMIS:

HMIS ratings: Health =1* Flammability =0 Reactivity =0

HMIS scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe
Personal Protective Equipment =X (to be specified by user depending on use conditions)

Carcinogenicity:
NTP: No ingredients listed in this section
IARC: No ingredients listed in this section
OSHA: No ingredients listed in this section
NFPA:
NFPA Ratings Health =1 Flammability =0 Reactivity =0 Special Hazard =None
*Hazard rating scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe
Relevant Phrases
Risk Phrase:
R21 Harmful in contact with skin
R22 Harmful if swallowed
R36 Irritating to eyes
R38 Irritating to skin
Safety Phrase:
S3/9/49 Keep only in the original container in a cool, well-ventilated place
Revision Date: 3 March 2015
Revision: 1
SDS No: 206-01
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1. Identification of the substance/preparation and of the company/undertaking

1.1 Information of the products

Products name: Sulfuric Acid 98%
CAS Number: 7664 — 93 -9
Formula: H,SO, (98.07948)

Chemical structures:

H (2) =1.00794 (2), S=32.066, O (4) = 15.9994(4)

Office: 9/9 Moo 10 Rajchapruek Rd., Chimplee, Bangkok
10170 Tel. (662)8862000 Fax. (662) 8862919

Factory: 151 Moo 10 Nongsaesao Rd., Hinkong, Muang

Ratchaburi 7000 Tel.(6632)373560-2 Fax.(6632)373563

2. Hazards Identification

- Causes severe burns

v
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3. Composition / Information on Ingredients

3.1 Chemical Name and Concentration

- Sulfuric acid 98% (W/W)

3.2 Common Name and Synonym

Common Name:

Synonym:

3.2 Essence

Sulfuric acid
Dihydrogen sulfate, Oil of vitriol, Vitriol brown oil,
Vitriolic acid, Diothionic acid, Spirit of alum, Dripping

acid

Ingredient CAS Number % (W/W)
Sulfuric acid (H,S0,) 766493 -9 =98% (W/W)
Water (H,0) 7732-18-5 < 2% (W/W)

4. First — Aid Measures

General:

In halation:

In gestion:

In all cases of doubt or when symptoms persist, always seek
medical attention

Move affected person to fresh air. If recovery not rapid, seek
medical attention. If breathing stops, provide artificial
respiration.

Do not induce vomiting. In case of spontaneous vomiting, be
sure that vomit can freely drain because of danger of

suffocation. Only when conscious, rinse mouth with plenty of

SAKSRI INDUSTRY CO., LTD
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Skin :

Eyes:

5. Fire — Fighting Measures

Extinguishing media:

Special fire fighting:
Hazardous combustion
products:

Protective measures in fire:

6. Accidental Release Measures

Personal precaution in s pill:

Precautions to protect
environment Prevent:

Spill cleanup methods:

water and give plenty of water to drink - (approx 500ml). Keep
patient at rest and obtain medical attention.

Remove contaminated clothing. Wash affected area with plenty
of soap and water. Obtain medical attention. Launder clothing
before re-use.

Rinse immediately with plenty of water for at least 5 minutes
while lifting the eye lids. Seek medical attention. Continue to

rinse.

Use extinguishing media suitable against surrounding fire or the
cause of fire.

Unsuitable extinguishing media - do not use water.

Toxic or corrosive vapours may be released in fire situation.

Fire fighters should wear self-contained breathing apparatus.

Avoid direct contact with skin, eyes and clothing. Wear

appropriate protective clothing.

Contamination of soil drains and surface water.
Take-up spillage with absorbent, inert material and place in a
suitable and closable labelled container for recovery or

disposal. Do not use combustible materials (such as sawdust) to

SAKSRI INDUSTRY CO., LTD
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SAFETY DATA SHEET

7. Handling and Storage

Usage precautions:

Storage precaution:

Storage criteria:

soak-up spillages. Cautiously neutralise residue with soda ash
and wash area clean with water and detergent, observing
environmental requirements. Cautiously neutralise small

spillages with soda ash and greatly dilute with plenty of water

before disposal.

Handling - Product should be used in accordance with good
industrial principles for handling and storing of hazardous
chemicals. Avoid contact with skin or eyes. Never add water to
this product, reacts violently with evolution of heat.

Store in a cool, dry, well ventilated place, in securely closed
original container.

Corrosive storage.

8. Exposure Controls/Personal Protection

INGREDIENT CAS NO. STD LT EXP 8 Hrs ST EXP 15 min
NAME
SULFURIC ACID 7664-93-9 OES 1 mg/m3 -

Ventilation: Work in a fume cupboard or use local exhaust ventilation.
Respiratory protection required in insufficiently ventilated
woking areas.

Respirators: For short periods of work, a suitable RPE fitted with a

combination E1 filter cartridge is recommended.

SAKSRI INDUSTRY CO., LTD
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Protective gloves: Use impervious gloves.
Eye protection: Where the potential for eye contact exists, splash-proof goggles

or face shield must be worn.

Other protection: Wear protective clothing and closed footwear. Apron.Wear
personal protective equipment appropriate to the quantity of

material handled.

9. Physical and Chemical properties

Appearance: colorless or pale yellow liquid.
Density/specific gravity (g/ml): 1.84 at Temperature re 27 °C
pH-Value, diluted solution: <1

Concentration % M : -

Solubility description: Miscible with water in all proportions.

10. Stability and Reactivity

Stability: Stable under normal conditions of use.
Conditions to avoid: Store away from reactive materials.
Materials to avoid: Alkalis, bases and oxidising agents. Most common metals,

halogen compounds, nitrates, permanganates, combustible
materials.

Hazardous de comp. products: Thermal decomposition may release noxious, toxic or corrosive

v
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11. Toxicological Information

Toxicolog ical data

Toxic Dose-LD,,:

Toxicological information:

Inhalation:

Ingestion:

Skin:
Eyes:

Medical symptoms:

gases or vapours. Care - will react with many metals to liberate

highly flammable hydrogen gas.

LC,,. Inhalation. Rat. 0.51 mg/l (aerosol or mist)

900 mg/kg (oral-rbt)

The European Sulfuric Acid Association suggest exposure
levels should be reduced as far as possible and certainly below
0.3 mg/m3, based on epidemiological evidence of irritant
effects of sulfuric acid mist.

Inhalation of mist or vapour will cause irritation of the upper
respiratory tract, high concentrations may cause damage to
mucous membranes and lungs.

May cause burns to mucous membranes, throat and stomach.
May cause severe internal injury.

Liquid causes severe irritation and burns on prolonged contact.
Liquid causes severe burns. Risk of serious damage to eye.
Irritation of eyes and mucous membranes. Burning sensation in
mouth. Severe skin irritation. Liquid irritates mucous

membranes and may cause abdominal pain if swallowed.

SAKSRI INDUSTRY CO., LTD
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12. Ecological Information

Eco toxicological data

Ecological information:

Bioaccumulation:

Degradability:

Acute fish toxicity:

13. Disposal Considerations

Disposal methods:

Waste class:

14. Transport Considerations
UK Road pack GR.:
ADR Class N o.:
ADR Class:
ADR Item No.:
Hazard No. (ADR):

ADR Marginal:

LC,, 24 hours fish 6.3 mg/l
Avoid release to the environment. Prevent contamination of
soil, drains or surface water, use appropriate containment

method to avoid environmental contamination.

Not expected to bio-accumulate.

Neutralised slowly by natural alkalinity.

Fatal to aquatic life due to pH shift.

This material and/or its container must be disposed of as
hazardous waste according to Special Waste Regulations 1996
or according to local regulations, in compliance with duty of
Care Regulations and Special Waste Regulations.

WASTE CODE: 0705** HAZARDOUS PROPERTY: H8

11

8

Class 8: Corrosive substances.

1°(b)

80 Corrosive or slightly corrosive substance.

2801

SAKSRI INDUSTRY CO., LTD
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ADR Label N o.:
Hazchem code:

Proper shipping name I:
UN No. SEA:

IM DG Class:

IMDG Page N o.:
IM DG Pack GR.:
UN No., AIR:
ICAO Class:

AIR Pack GR.:

8

2P

SULPHURIC ACID, with more than 51% acid
UN 1830

8

8230

II

UN-ID 1830
8

II

15. Regulatory Informations

Label for supply:

Risk phrases:

Safety phrases:

UK Regulatory references:

CORROSIVE

R-35 Causes severe burns.

S-26 In case of contact with eyes, rinse immediately with plenty
of water and seek medical advice. S-30 Never add water to this
product. S-45 In case of accident or if you feel unwell, seek
medical advice immediately (show the label where possible).

Classification, Packaging and Labelling Regulations 1984.

SAKSRI INDUSTRY CO., LTD
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16. Other Information

Information sources:
regulations.

Revision comments:

Date:

Disclaimer:

Chemicals (Hazard Information & Packaging) Regulations

1993.

This product has been classified in accordance with CHIP3

Edition 01; Revised item(s):

The foregoing data has been compiled for safety information
only and does not form part of any selling specification.
Information contained in this Data Sheet is to the best of
Saksri’s knowledge correct at the time of publication.
Customers should always satisfy themselves, that the product
which they have selected is entirely suitable for their purpose
under their conditions of use and in compliance with current
regulations. For any further information, please contact the

supplier.

SAKSRI INDUSTRY CO., LTD
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SHANDONG YUYUAN GROUP CO.,LTD

Yuyuan Technology Building, Coast Economic Development Area, Weifang City,Shandong province
P.R.China Tel:+86-536-8650881 Fax:+86-536-8650931

Chemical Safety Data Sheet

Section 1 Product and Company Identification

Product Name Potassium Monopersulfate Compound

Manufacturer name SHANDONG YUYUAN GROUP CO.,LTD.
Manufacturer address Yuyuan Building,Weifang City,Shandong Province,China
Manufacturer post code 261061

Manufacturer fax +86-536-8650881

Manufacturer email sales@yuyuangroup.cc

Emergency number +86-536-8650881

Effective date April 28, 2019

Section 2 Hazards ldentification
Hazard class and label elements of the substance according to GHS(the fifth revised edition):

GHS hazard class

Physical hazard(s) Acute toxicity-oral Category5
Health hazard(s) Skin corrosion/irritation categorylb
Serious eye damage/eye irritation categoryl

Specific target organ toxicity, single exposure;

Respiratory tract irritation category3

Pictogram
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SHANDONG YUYUAN GROUP CO.,LTD

Yuyuan Technology Building, Coast Economic Development Area, Weifang City,Shandong province
P.R.China Tel:+86-536-8650881 Fax:+86-536-8650931

Signal
Hazard statement(s) Danger
Precautionary statements H303 May be harmful if swallowed
Prevention H314 Causes severe skin burns and eye damage

H318 Causes serious eye damage
Response H335 May cause respiratory irritation

Storage P260 Do not breathe dust/fume/gas/mist/vapours/spray.
P261 Avoid breathing dust/fume/gas/mist/vapours/spray.
P264 Wash hands thoroughly after handling.

Disposal P271 Use only outdoors or in a well-ventilated area.
P280 Wear protective gloves/protective clothing/eye protection/face
protection.

P301+P330+P331 IF SWALLOWED: Rinse mouth. Do NOT induce
vomiting.

P303+P361+P353 IF ON SKIN (or hair): Take off immediately all
contaminated clothing. Rinse skin with water [or shower]. P304+P340
IF INHALED: Remove person to fresh air and keep comfortable for
breathing.

P305+P351+P338 IF IN EYES: Rinse cautiously with water for several
minutes. Remove contact lenses, if present and easy to do. Continue
rinsing.

P310 Immediately call a POISON CENTER/doctor.

P312 Call a POISON CENTER/doctor/if you feel unwell.

P363 Wash contaminated clothing before reuse.

P403+P233 Store in a well-ventilated place. Keep container tightly
closed.

P405 Store locked up.

P501 Dispose of contents/container in accordance with local/
regional/national/international regulations.



SHANDONG YUYUAN GROUP CO.,LTD

Yuyuan Technology Bu
p

ilding, Coast Economic Development Area, Weifang City,Shandong province
.R.China Tel:+86-536-8650881 Fax:+86-536-8650931

Section 3 Composition/Information on Ingredients

Concentration
Component (%WIW) CAS No. EC No.
Potassium =50 5 5
Monopersulfate 10058-23-8 33-187-4
Potassium Sulfate 13 7778-80-5 231-915-5
Sodium Sulfate 35 7757-82-6 231-820-9
Magnesium Sulfate Approx.2 7487-88-9 231-298-2

After skin contact

After eye contact

After ingestion

After inhalation

Hazardous products of combustion

anhydride, etc.

Extinguishing method

Special protective equipment

Section 4 First Aid Measures
Immediate flush skin with plenty of water. Remove and isolate contaminated
clothing and shoes. If irritation persist, get medical attention immediately. for
minor skin contact, avoid spreading material on unaffected skin. Wash clothing
separately before reuse.
Immediately flush eyes with plenty of water for at least 15 minutes. Assure
adequate flushing of the eyes by separating the eyelids with fingers. Get medical
advice.
If vomiting occurs naturally, have victim lean forward to reduce risk of aspiration.
Loosen tight clothing such as a collar, tie, belt or waistband the substance. Seek
immediate medical attention. Never give anything by mouth to an unconscious
person. Rinse mouth with water. Consult a physician.

Move to fresh air. Oxygen or artificial respiration if needed, Get immediately
medical attention.

Section 5 Fire Fighting Measures

Can be released in case of fire: oxygen, sulfur dioxide, sulfur

Water
Wear full protective clothing, including helmet, self-

contained positive pressure or pressure demand breathing

apparatus, protective clothing and face mask.



SHANDONG YUYUAN GROUP CO.,LTD

Yuyuan Technology Building, Coast Economic Development Area, Weifang City,Shandong province
P.R.China Tel:+86-536-8650881 Fax:+86-536-8650931

Section 6 Accidental Release Measure
Personal protective measures Ensure adequate ventilation. Remove all sources of ignition.
Do not touch damaged containers or spilled material unless
Environmental protective measures wearing appropriate protective clothing. Ventilate closed
spaces before entering. Keep unnecessary personnel away.
Methods for taking in and cleaning up Prevent further leakage or spillage if safe to do so. Do not
allow material to be released to the environment without
proper governmental permits.
Sweep up, then place into a suitable container for disposal.
Avoid generating dusty conditions. Provide ventilation.

Clean contaminated surface thoroughly.

Section 7 Handling and Storage

Handling
Avoid contact with skin, eyes, mucous membranes and clothing. In case of insufficient

ventilation, wear Suitable respiratory equipment if ingested. Avoid formation of dust

Storage and aerosols. Keep away from heat, sources of ignition, sparks or open flame. Keep in
a cool, dry, well-ventilated place. Keep tightly closed until used. Keep away from fire
and heat source. Sealed packaging. Store away from reducing agents, strong bases,
heavy metallic salt, etc.

Section 8 Exposure Controls/Personal Protection

Engineering Controls Facilities storing or utilizing this material should be equipped with an

eyewash and a safety shower facility. Use adequate ventilation to keep
Respiratory protection airborne concentrations low.

When workers are facing concentrations above the exposure limit they
Eye protection must use appropriate certified respirators.

Use safety glasses with side shields or safety goggles as mechanical
Hand Protection barrier for prolonged exposure.
Body protection Wear appropriate chenlical resistant gloves.

Use clean protective body-covering as needed to minimize contact with
clothing and skin.
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Yuyuan Technology Building, Coast Economic Development Area, Weifang City,Shandong province

P.R.China Tel:+86-536-8650881 Fax:+86-536-8650931

Section 9 Physical and Chemical Properties

Appearance
Odour

Odour Threshold

pH

Melting point/freezing point

Initial boiling point and boiling range
Flash point

Evaporation rate

Flammability (solid, gas)
Upper/lower flammability or explosive limits
Vapour pressure

Vapour density

Relative density(g/L)

Water solubility(g/L,20°C)
Partition coefficient: noctanol/water
Autoignition temperature

Decomposition temperature

White solid
No data available

No data available
2~3
No data available
No data available
No data available
No data available
No data available
No data available
No data available
No data available
800~1200
256
No data available
No data available

No data available

Viscosity No data available
Section 10 Stability and Reactivity

Reactive No data available.

Chemical stability This is a stable chemical under the recommended storage
condition.

Possibility of hazardous reactions No data available.

Avoid conditions Heat, flames and sparks. Incompatibles. The extreme
temperatures and direct sunlight.

Incompatible materials Reducing agents, strong bases, heavy metallic salt.

Hazardous decomposition products Oxygen, sulfur dioxide, sulfur anhydride.

Section 11 Toxicological Information

Acute toxicity: Potassium bisulfate : LDy (rat, Oral) 2340mg/Kg.
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Potassium sulfate : LD, (rat, Oral) 6600mg/Kg.
Skin corrosion/irritation: Cause serious skin burns and eye damage.
Serious eye damage/eye irritation: Cause serious eye damage.
Respiratory or skin sensitization: No data available.
Germ cell mutagenicity: No data available.
Carcinogenicity: No data available.
Reproductive toxicity: No data available.
Specific target organ toxicity — single exposure: May cause respiratory irritation.
Specific target organ toxicity — repeated exposure: No data available.
Aspiration hazard: No data available.

Section 12 Ecological Information

Toxicity: potassium bisulfate
Test & Species
96Hr LC50 fish: 3500mg/I
48Hr EC50 Daphnia: 1310mg/I
72Hr EC50 Algae: N/A
Potassium sulfate
Test & Species
96Hr LC50 fish: 680mg/I
48Hr EC50 Daphnia: N/A
72Hr EC50Algae:N/A Persistence
and degradability: No data available.
Bioaccumulative potential: No data available.
Mobility in soil: No data available.
Other adverse effects: No data available.

Section 13 Disposal Considerations

Property of waste: Hazardous Waste.

Methods of disposal: Contact a licensed professional waste disposal service to disposal of this material.
Dispose of in accordance with local Environment regulations or local authority
Requirement.

Precautions of disposal: Professional processing together.
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Section 14 Transport Information

UN number: 3260

UN proper shipping name: CORROSIVE SOLID, ACIDIC, INORGANIC, N, o. S.
(contains Potassium peroxymonosulfate and Potassium bisulfate)

Transportation primary hazard class: 8

Transportation secondary hazard class: ——

Packing group: Il

Section 15 Regulatory Information

Component CHINA TSCA ENCS EINECS
Potassium
Monopersulfate v v v v
Potassium Sulfate + N N N
Potassium Bisulfate A N N N
Magnesium Sulfate A N N N
Note 1:

CHINA - China Inventory of Existing Chemical Substances (IECSC)
TSCA - United States Inventory of Toxic Substances Control Act Chemical Substances (TSCA)
ENCS - Japan Existing and New Chemical Substances (ENCS)

EINECS - European Inventory of Existing Commercial Chemical Substances (EINECS)
Note 2:

"\" Indicates that the substance included in the regulations

"-"" That no data or included in the regulations

Section 16 Additional Information

This Safety Data Sheet (SDS) was prepared according to UN GHS (the fifth revised edition), is only
for users reference. Users should make their independent judgment of suitability of these information for
their particular purposes.
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Section 1. Identification of the substance/mixture and of the company/undertaking

1.1 Product Identifier

Trade Name: BioPerse (EB 80218)
Chemical Description:  Biodispersant
Product Division: Water Treatment
Product Class: Dispersant
Document Code: 218-25

1.2 Relevant Identified uses of the substance or mixture and uses advised against:
N/A

1.3 Details of the supplier of the safety data sheet
Eastboard Products Sdn Bhd
5, Lorong Perusahaan Sungai Lokan 3/3
13800 Butterworth, Penang

1.4 Emergency telephone number:
Tel: 04-3564632

Section 2. Hazards Identification

2.1 Classification of the substance of mixture classification according to Regulation (EC)

Warning

H302 Harmful if swallowed

Classification according to Directive 67/548/EEC

x Harmful
R28 Harmful if Swallowed

Hazard description: Harmful

Information concerning particular hazards for human and environment: N/A
Classification System: N/A
2.2 Label Elements

Hazard pictograms
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Signal word: Harmful

Hazard-determining components of labelling:
Not Applicable

Hazard Statements:
H302 Harmful if swallowed
H315 Causes skin Irritation

Precautionary Statements:
P270 Do not eat, drink or smoke when using this product
P403 +P235 Store in a well ventilated place. Keep cool.

2.3 Other Hazards

PBT: Not Applicable
vPvB: Not Applicable

Section 3. Composition/Information on Ingredients

3.1 Chemical Composition

Chemical Name CAS Number % by weight
Sodium hydroxide 1310-73-2 1-2
Polycarboxylic acid, sodium salt 9003-1-04 10 - 12%
Nonylphenol Ethoxylate 9016-45-9 10 — 20%

3.2 Chemical Characterization: MIXTURES

Dangerous Components:

Chemical Name CAS Number

% by weight

Sodium hydroxide 1310-73-2

1-2

Section 4: First Aid Measures

4.1 Description of first aid measures:

Eye Contact: In case of contact, immediately flush eyes with plenty of water for at least 15 minutes. Seek
medical aid immediately.

Skin Contact: In case of contact, immediately flush skin with plenty of water for at least 15 minutes while
removing contaminated clothing and shoes. Seek medical aid immediately. Wash clothing before reuse.
Do not take clothing home to be laundered. Discard contaminated shoes, belts and other articles made
of leather.

Ingestion: If swallowed, do not induce vomiting. Give large quantities of water. Seek medical aid
immediately. Never give anything by mouth to an unconscious person.

Note to physician: Not Applicable

Inhalation: If inhaled, remove to fresh air. If not breathing, give artificial respiration. If breathing is difficult,
give oxygen. Seek medical aid.
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4.2 Most important symptoms and effect, both acute and delayed:
Eye Contact: Eye contact with this product can cause eye irritation if not treated immediately.
Skin Contact: Skin contact with this product is can cause skin irritation.

Ingestion: If swallowed, this product may irritate the mucous membranes of the mouth, throat, esophagus
and stomach. There may be perforation of the esophagus, stomach or intestine.

Inhalation: Not a route of entry.

4.3 Indication of any immediate medical attention and special treatment needed:
Not applicable information was found concerning any potential health effects resulting from sub-chronic or
chronic exposure to the product. The chronic local effect may consist of multiple areas of superficial

destruction of the skin or of primary irritant dermatitis. Similarly, chronic inhalation of dust may result in
varying degrees of irritant or damage to the respiratory tract tissues.

Section 5: Fire-Fighting Measures

5.1 Extinguishing Media: Use extinguishing media appropriate for the surrounding fire.
5.2 Special Hazards arising from the substance or mixture:
Unusual Fire & Explosion Hazard: This product is noncombustible
5.3 Advice for firefighters:
Special Fire-fighting Procedures: Exercise caution when fighting any chemical fire. A self-contained
breathing apparatus and protective clothing must be worn in case of fire. Keep run-off

water out of sewers and water sources, Dike for water control.

Protective Equipment for fire-fighters: Face mask, protective gloves and safety helmet.

Section 6. Accidental Release Measures

6.1 Personal Precautions, protective equipment and emergency procedures
For personal protection, see section 8.

6.2 Environmental precautions
Avoid discharge into drains, water courses or onto the ground.

6.3 Methods and material for containment and cleaning up
Steps to be taken if material is released or spilled: Avoid contact with skin and eyes. Wear appropriate
protective clothing. Isolate leaking containers and stop leak if safe to do so. Whenever practical, transfer
spilt material to suitable containers. Flush to sewer with copious quantities of water.

6.4 Reference to other sections
For personal protection, see section 8. For waste disposal, see section 13
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Section 7. Handling and storage

7.1 Precautions for safe handling
Provide good ventilation, Avoid spilling, skin and eye contact. Avoid inhalation of vapor

Information about fire — and explosion protection:
No special measures required.

7.2 Conditions for safe storage, including any incompatibilities
Store in tightly closed original container in a dry, cool and well ventilated place.

Storage requirement to be met by storerooms and receptacles: No special requirement
Information about storage in one common storage facility: Not required.
Further information about storage conditions: Keep container tightly sealed.

7.3 Specific end use(s)
No further relevant information available.

Section 8. Exposure Controls/ Personal Protection

Additional information about design of technical facilities: No further data; see item 7

8.1 Control parameters

Chemical Name % by weight | OSHA PEL ACGIH TLV
Sodium hydroxide 1-2 Ceiling 2 mg/m?3 Ceiling 2 mg/m?
Polycarboxylic acid, sodium salt 10-12% Not established Not established
Nonylphenol Ethoxylate 10 - 20% None Established None Established

*Note: WEL = Workplace Exposure Limit = Value x (% by weight)
WEL limits are supplier's recommendations

8.2 Exposure controls

Protective equipment

Process conditions
Not Necessary

Engineering measures
Provide sufficient ventilation at workplace.

Respiratory equipment
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If airborne concentration exceeds published exposure limits, use a NIOSH approved respirator in
accordance with OSHA respiratory protection requirements (29 CFR 1910.134)

Hand protection
Chemical resistant glove is required for prolonged or repeated contact.

Eye protection
Chemical splash goggles and face shield

Other protection
Not Necessary

Hygiene measures
Wash hand at the end of each work shift and before eating, smoking and use the toilet, Wash promptly if
skin becomes wet or contaminated. DO NOT SMOKE IN WORK AREA.

Section 9. Physical and chemical Properties

9.1 Information on basic physical and chemical properties

General information

Appearance: Free flow liquid
Color: Slight yellowish
Odor: Chrarcteristic
pH (1% solution) 10.5

Density/ Specific Gravity: 1.15

Bulk Density Not applicable
Solubility/Miscibility in water: Complete
Vapor Pressure: Not applicable
Vapor Density (air =1) Not applicable
Viscosity: Not applicable

% volatile by weight (VOC): 0
Solvent content:

Water: ~70
Organic Solvent 0
Solid Content: >15

Change in condition

Flash point: Not applicable

Flammability (solid, gaseous)  Non flammable

Lower Flammable Limit: Not applicable

Upper Flammable Limit: Not applicable

Auto-ignition Temperature: Product is not self-igniting

Ignition Temperature: Not applicable

Decomposition Temperature:  Not determined

Danger of Explosion This product does not present an explosion hazard
Boiling Point: 108°C

Freezing point: -5°C

9.2 Other information
No further relevant information available
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Section 10. Stability and reactivity

10.1 Reactivity: No further relevant information available
10.2 Chemical Stability: Stable
Thermal decomposition/conditions to be avoided: Heat, flame and other source of ignition
10.3 Possibility of hazardous reactions: No dangerous reactions known
10.4 Conditions to avoid: Heat, flame and other source of ignition
10.5 Incompatible materials: Strong acids or oxidizers.

10.6 Hazardous decomposition products: Thermal decomposition or combustion may produce carbon
dioxide and disodium oxide.

Section 11. Toxicological Information

11.1 Information on toxicological effects:

On Product & Ingredient:
Test material Oral LDso (rat) | Dermal LDso(rabbit) Inhalation LDso (rat)
Product Not available Not available Not available

Primary irritant effect:

Area Effect

Eye No information available
Skin No information available
Sensitization No information available

Additional toxicological information:
Swallowing will lead to a sensitizing effect on mouth and throat.

Section 12. Ecological Information

12.1 Toxicity
Test Material Aquatic Toxicity/Data
On Product

No data available above

12.2 Persistence and degradability
Product is fully biodegradable when release to the environment

12.3 Bio-accumulative potential
Product is not bio-accumulating
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12.4 Mobility in soil
No further relevant information available

12.5 Results of PBT and vPvB assessment
PBT: Not applicable
vPvB: Not applicable

12.6 Other adverse effects
No further relevant information available.

Section 13. Disposal Consideration

13.1 Waste treatment methods:
Disposal of in accordance with local, state and federal regulations.

Recommendation:
Must not be disposed together with household garbage.

Uncleaned packaging:

Recommendation:
Disposal of in accordance with local, state and federal regulations.

Recommended cleansing agent: Water

Section 14. Transport Information

14.1 UN number Not applicable
14.2 UN proper shipping name Bio Dispersant
14.3 Transport hazard class(es) Not applicable

Transport Labels

Class: Harmful
14.4 Packing group Not applicable
14.5 Environmental Hazard

Marine pollutant: No
14.6 Special precautions for user

WARNING: None
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EMS Number: Unknown
14.7 Transport in bulk according to Annex Il of MARPOL 73/78 and the IBC code

Not applicable

Section 15. Regulatory Information

15.1 Safety, health and environmental regulations/legislation specific for the substance or mixture

OSHA:
OSHA Hazard Communication Status: Non Hazardous

TSCA:
TSCA: The ingredient of this product are listed on the Toxic Substances Control Act (TSCA) Chemical
Substances Inventory

CERCLA:
CERCLA reportable quantity of EPA hazardous substances in product
Chemical Name RQ
Product RQ: Olb (Notify EPA of product spills exceeding this amount)
SARA title IlI:

Section 302: Extremely hazardous Substances
Chemical Name CAS # RQ IPC

*There are no SARA 302 Extremely Hazardous Substances in this product

Section 311 & 312: Health and Physical Hazards:
Immediate Delayed Fire Pressure Reactivity
[No] [No] [No] [No] [No]

Section 313: Toxic Chemicals:
Chemical Name Cas# % by weight

*There are no SARA 313 Toxic Chemicals in this product

15.2 Chemical safety assessment:
A Chemical Safety Assessment has not been carried out.

Section 16. Other Information

HMIS:
HMIS ratings: Health =1* Flammability =0 Reactivity =0

HMIS scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe
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Personal Protective Equipment =X (to be specified by user depending on use conditions)

Carcinogenicity:

NTP: No ingredients listed in this section
IARC: No ingredients listed in this section
OSHA: No ingredients listed in this section

NFPA:

| NFPA Ratings | Health =1 | Flammability =0 [ Reactivity =0 | Special Hazard =None

*Hazard rating scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe
Relevant Phrases

Risk Phrase:
R21 | Harmful in contact with skin

R22 | Harmful if swallowed

R36 | Irritating to eyes
R38 | Irritating to skin

Safety Phrase:
S3/9/49 | Keep only in the original container in a cool, well-ventilated place

Revision Date: 8 March 2015
Revision: 1

SDS No: 218-25
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SAFETY DATA SHEET

Section 1. Identification of the substance/mixture and of the company/undertaking

1.1 Product Identifier
Trade Name: ChilGuard (EB 80205)
Chemical Description: Nitrite Based Corrosion Treatment for Closed Circuit System
Product Division: Water Treatment
Product Class: Chiller Treatment
Document Code: D2-W018-0205

1.2 Relevant Identified uses of the substance or mixture and uses advised against:
N/A

1.3 Details of the supplier of the safety data sheet
Eastboard Chemicals Sdn Bhd
5, Lorong Perusahaan Sungai Lokan 3/3
13800 Butterworth, Penang

1.4 Emergency telephone number:
Tel: 04-356 4632

Section 2. Hazards Identification
2.1 Classification of the substance of mixture classification according to Regulation
(EC)

Warning

H302 Harmful if swallowed

Classification according to Directive 67/548/EEC

x Harmful
R28 Harmful if Swallowed

Hazard description: Harmful
Information concerning particular hazards for human and environment: N/A

Classification System: N/A
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2.2 Label Elements

Hazard pictograms

Signal word: Harmful

Hazard-determining components of labelling:

Not Applicable

Hazard Statements:

H302 Harmful if swallowed

H315 Causes skin Irritation

Precautionary Statements:

P270 Do not eat, drink or smoke when using this product
P403 +P235 Store in a well ventilated place. Keep cool.

2.3 Other Hazards
PBT: Not Applicable
vPvB: Not Applicable

Section 3. Composition/Information on Ingredients

Section 4: First Aid Measures
4.1 Description of first aid measures:

General Information: If exposed or if you feel unwell: Call a Poison Center or
doctor/physician. Show this safety data sheet to the doctor in attendance.

Eye Contact: In case of contact, immediately flush eyes with plenty of water for at least 15
minutes. Seek medical aid immediately.



Version No: 1, Revision: 28 February 2015

Skin Contact: In case of contact, immediately flush skin with plenty of water for at least 15
minutes while removing contaminated clothing and shoes. Seek medical aid immediately.
Wash clothing before reuse.

Ingestion: If swallowed, do not induce vomiting. Give large quantities of water. Seek
medical aid immediately. Never give anything by mouth to an unconscious person.
Inhalation: If inhaled, remove to fresh air. If not breathing, give artificial respiration. If
breathing is difficult, give oxygen. Seek medical aid.

4.2 Most important symptoms and effect, both acute and delayed:
Eye Contact: Eye contact with this product can cause eye irritation.
Skin Contact: Prolonged skin exposure may cause irritation.
Ingestion: Ingestion may cause stomach upset.

Inhalation: Not a source of contact.

4.3 Indication of any immediate medical attention and special treatment needed:

Not applicable information was found concerning any potential health effects resulting from
sub-chronic or chronic exposure to the product.

Section 5: Fire-Fighting Measures

5.1 Extinguishing Media: Dry chemical, foam or carbon dioxide and water spray.
5.2 Special Hazards arising from the substance or mixture:

Unusual Fire & Explosion Hazard: Product emits toxic gasses under fire conditions.
5.3 Advice for firefighters:

Special Fire-fighting Procedures: A self-contained breathing apparatus and protective
clothing must be worn in case of fire.

Protective Equipment for fire-fighters: Firefighters should be equipment with protective
equipment and self-contained breathing apparatus to protect against potentially toxic and
irritating fumes.

Other information: Use cold water spray to cool fire-exposed containers to minimize the
risk of rupture.

Section 6. Accidental Release Measures

6.1 Personal Precautions, protective equipment and emergency procedures

For non-emergency personnel: Keep unnecessary and unprotected personnel away from
entering. Avoid contact with skin, eyes, and clothing — wear suitable protective equipment
(see section 8). Do not touch or walk through spilt material. Shut off all ignition sources.

For emergency responders: Ventilate area of leak or spill. Persons performing clean-up
work should wear
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adequate personal protective equipment and a self-contained breathing apparatus with full
face piece operated in the pressure demand or other positive pressure mode. Remove all
sources of ignition.

6.2 Environmental precautions

Prevent from contamination the ground and the surface water by isolating the hazard area.
Contain and recover liquid when possible. Keep closed containers and dispose according to
all applicable federal, state or local environment regulations.

6.3 Methods and material for containment and cleaning up

Remove all ignition sources. Notify fire and environmental authorities. Absorb spills with dry
sand, earth or similar non-combustible absorbent material then collect into drums for later
disposal. Incinerate or bury in a licensed facility if permitted. For large, dike and pump into
suitable containers for disposal. Flush area with

plenty of water. Waste water will be treated in biological treatment plant.

Special precautions: Do not use combustible materials, such as saw dust. Do not flush to
sewer! Slippery walking! Spread granular cover!

6.4 Reference to other sections
For personal protection, see section 8. For waste disposal, see section 13

Section 7. Handling and storage
7.1 Precautions for safe handling

No special measures required. It is not considered a hazardous material in most industrial
operations.Protect containers from physical damage.

Advice on general occupational hygiene: Avoid ingestion and contact with skin and eyes.
General occupational hygiene measures are required to ensure safe handling of the
substance. These measures involve good personal and housekeeping practices (i.e. regular
cleaning with suitable cleaning devices), no drinking, eating and smoking at the workplace.
Shower and change clothes at end of work shift. Do not wear contaminated clothing at
home.

Information about fire — and explosion protection:

Not applicable

7.2 Conditions for safe storage, including any incompatibilities

Store in a tightly closed containers in a cool, dry, well ventilated area away from sources of
heat, moisture and incompatible substances.

Storage requirement to be met by storerooms and receptacles: No special requirement
Information about storage in one common storage facility: Not required.

Further information about storage conditions: Keep container tightly sealed.

7.3 Specific end use(s)

No further relevant information available.
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Section 8. Exposure Controls/ Personal Protection
Additional information about design of technical facilities: No further data; see item 7

8.1 Control parameters

8.2 Exposure controls

Protective equipment

Process conditions

General good housekeeping is essential

Engineering measures

No special ventilation is recommended under anticipated conditions of normal use beyond
that needed for normal comfort control. A system of local and/or general exhaust is
recommended to keep employee exposure as low as possible.

Respiratory equipment

No special respirator protection is recommended under anticipated conditions of normal use
with adequate ventilation. Where excessive vapor or aerosol may result from use, use
respiratory protection equipment for organic substances.

Hand protection

Chemical resistant glove is required for prolonged or repeated contact.

Eye protection

Use chemical safety goggles and/or full face shield where splashing is possible. Maintain
eye wash and quick-drench facilities in work area.

Skin protection

Not normally considered a skin hazard. Wear impervious protective clothing including boots,
lab coat, apron or coveralls as appropriate to prevent skin contact. Wash hands and other
exposed area with soap and water before eating, drinking, smoking and leaving work.
Other protection

Maintain shower, eye wash fountain and quick-drench facilities in work area.

Hygiene measures

Wash hand at the end of each work shift and before eating, smoking and use the toilet,
Wash promptly if skin becomes wet or contaminated. DO NOT SMOKE IN WORK AREA.



Version No: 1, Revision: 28 February 2015

Section 9. Physical and chemical Properties

9.1 Information on basic physical and chemical properties

Solubility/Miscibility in water:
Vapor Pressure:
Vapor Density (air =1)
Viscosity:
% volatile by weight (VOC):
Solvent content:

Water:

Organic Solvent
Solid Content:

Change in condition

Flash point:

Flammability (solid, gaseous)
Lower Flammable Limit:
Upper Flammable Limit:
Auto-ignition Temperature:
Ignition Temperature:

Complete

0.2 hPa

Not applicable
Not applicable
~0%

>70%
0%
<30%

Not applicable
non flammable
Not applicable
Not applicable
Not applicable
Not applicable

Not determined
This product does not present an explosion hazard

Decomposition Temperature:
Danger of Explosion

110°C
-5°C

Boiling Point:
Freezing point:

9.2 Other information

No further relevant information available

Section 10. Stability and reactivity

10.1 Reactivity: Stable under ordinary conditions of use and storage.

10.2 Chemical Stability: Stable under ordinary conditions of use and storage.
Thermal decomposition/conditions to be avoided: None.

10.3 Possibility of hazardous reactions: No dangerous reactions known
10.4 Conditions to avoid: Heat, flame, light, sources of ignition and incompatibles.

10.5 Incompatible materials: Strong oxidizers, strong acids, isocyanates.
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10.6 Hazardous decomposition products: Carbon monoxide, dioxide and nitrogen oxides
may form when heated to decomposition.

Section 11. Toxicological Information

11.1 Information on toxicological effects:

Section 12. Ecological Information
12.1 Toxicity

12.2 Persistence and degradability
Readily biodegradable.

12.3 Bio-accumulative potential
This material is not expected to bioaccumulate.

12.4 Mobility in soil
No further relevant information available

12.5 Results of PBT and vPvB assessment
PBT: Not applicable
vPvB: Not applicable
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12.6 Other adverse effects
This material is expected to be non-hazardous to aquatic species.

Section 13. Disposal Consideration
13.1 Waste treatment methods:
The generation of waste should be avoided or minimized wherever possible.

Recommendation:

Disposal of this product, solutions and any by-products should at all times comply with the
requirements of environmental protection and waste disposal legislation and any regional
local authority requirements. Avoid dispersal of spill material and runoff and contact with sail,
waterways, drains and sewers.

Uncleaned packaging:

Empty containers some product residues. Dispose of surplus and non-recyclable products
via a licensed waste disposal contractor. Waste packaging should be recycled. Incineration
or landfill should only be considered when recycling is not feasible.

Recommendation:
Disposal of in accordance with local, state and federal regulations.

Recommended cleansing agent: Water
Section 14. Transport Information

14.1 UN number 3287
14.2 UN proper shipping name Close circuit treatment
14.3 Transport hazard class(es) Not applicable

Transport Labels

Class: Harmful

14.4 Packing group 1]
14.5 Environmental Hazard
Marine pollutant: No
14.6 Special precautions for user
WARNING: None
EMS Number: Not Applicable

14.7 Transport in bulk according to Annex Il of MARPOL 73/78 and the IBC code
Not applicable
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Section 15. Regulatory Information

15.1 Safety, health and environmental regulations/legislation specific for the
substance or mixture
OSHA:

OSHA Hazard Communication Status: Non Hazardous
TSCA:

TSCA: The ingredient of this product are listed on the Toxic Substances Control Act
(TSCA) Chemical Substances Inventory
CERCLA:

CERCLA reportable quantity of EPA hazardous substances in product

Chemical Name RQ

Sodium Nitrite 100Ib
Product RQ: 67Ib (Notify EPA of product spills exceeding this amount)

SARA title llI:

Section 302: Extremely hazardous Substances

Chemical Name CAS # RQ IPC

*There are no SARA 302 Extremely Hazardous Substances in this product

Section 311 & 312: Health and Physical Hazards:

Immediate Delayed Fire Pressure Reactivity

[No] [No] [No] [No] [Yes]

Section 313: Toxic Chemicals:
Chemical Name Cas # % by weight

*There are no SARA 313 Toxic Chemicals in this product

15.2 Chemical safety assessment:
A Chemical Safety Assessment has not been carried out.

Section 16. Other Information
HMIS:

HMIS ratings: Health =1* Flammability =0 Reactivity =0

HMIS scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe
Personal Protective Equipment =X (to be specified by user depending on use conditions)

Carcinogenicity:

NTP: No ingredients listed in this section

IARC: No ingredients listed in this section

OSHA: No ingredients listed in this section

NFPA:

NFPA Ratings Health =0 Flammability =0 Reactivity =0 Special Hazard =None
*Hazard rating scale 0=Minimal; 1=Slight; 2=Moderate; 3=Serious; 4=Severe
Relevant Phrases

Risk Phrase:
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R21 Harmful in contact with skin
R22 Harmful if swallowed
R36 Irritating to eyes
R38 Irritating to skin
Safety Phrase:
S3/9/49 Keep only in the original container in a cool, well-ventilated place
Revision Date: 28 February 2015
Revision: 1
SDS No: W205-01
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