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This operation manual contains the information and instruction on the design, operation and

= maintenance of this plant.
Be sure to read this operation manual carefully before use in order to ensure that you will
J operate the plant safely and correctly. Operating the plant incorrectly in disregard of these
instructions may lead to death, injury and/or cause property damage.
Be sure to keep this operation manual in a place where it will be easily available for

reference.

1. FOR SAFETY OPERATION

A DANGER

Turn off the power supply before starting maintenance or inspection.

Check whether the concentration of oxygen is enough before inspecting

the inside of tank, or any other enclosed space.

Use a safety belt and other lifelines and protective helmet, when working in

high places.

Do NOT touch any electrical wiring and electrically connected parts.

Do NOT attempt to disassemble any parts such as piping, housing and

ZRYAONOMS

manhole during operation.

J Qev. 0
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2. GENERAL

This plant is to treat Municipal Sewage by using MBR (Membrane BioReacor) system.
Influent sewage is transported by tanker trucks and dumped out at Dumping Area in this
plant.

- Plant Location Nairyah City — 250km north of Dammam City

2.1 Plant Capacity and Water Quality

- Plant Capacity 1,000 CMD (m*/day) as daily maximum
- Design Water Quahty | L'? W)
Temperature
pH
BOD mg/L .
TSS mg/L 350 <3
NH4-N Mg-N/L 40 <5
COoD mg/L 750 <40
Oil & Grease mg/L 50 -
ote;

1) Assumed maximum total heavy metals is less than 3mg/L.

2) Assumed maximum aromatic compounds and halogenated solvents are less than 1 mg/L

2.2 Process Flow

General process flow with mass balance is shown in “Process Flow Diagram” (DWG No.:
ME13001-M01-001), and the detail of process flow and component in “Piping & Instrument
Flow Diagram” (DWG No.: ME13001-M02-002).

APPENDIX —1 *“Process Flow Diagram” (DWG No.: ME13001-M01-001)
APPENDIX — 2 “Piping & Instrument Flow Diagram” (DWG No.: ME13001-M02-001)
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2.3 Equipment Specification
Equipment specification is mentioned on “Equipment List". Equipment has its own unique
tag number to be specified in short word, and it is also mentioned on “Equipment List".

APPENDIX -3 “Equipment List”

Rev. 0
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sl S . 3. PROCESS DESCRIPTION

L1- Process flow and component of this plant are described herein.

r _ 3.1 Pretreatment

Raw sewage is dumped out at Dumping Area and passes through the pretreatment system
& (Coarse Screen (S101), Grease Removal Tank (T101), and Grit Removal Tank (T102)), and
flows into Lifting Tank (T103). Air Diffusers (AD101) are installed in Grease Removal Tank to

help oily matters to float.

GRaY:

Then, sewage is transferred to Equalization Tank (T201) by Lift Pump (P103). Two (2) Lift
Pumps are installed in Lifting Tank. The quality and quantity of sewage are equalized in
Equaliiation Tank. Air Diffusers (AD201) are installed in Equalization Tank just for mixing. It
i serves somewhat to reduce odor. Three (3) Equalization Pumps (P201, 2 duties & 1
standby) are installed and transfers sewage to the following treatment system. One (1) Flow

Meter (FIT201) is installed at the line of sewage from Equalization Pump to the following

treatment system, in order to monitor and adjust its flow rate.

&=

3.2 Biological Treatment
Three (3) steel tanks (1 tank consists of Anoxic Tank (T301) & Aeration Tank (T302), the
other 2 tanks consist of Aeration Tank (T303) & MBR Tank (T304)) are installed as a

—
-~

[ iz s ooy |

biological reactor of this plant,,
i ~

Sewage from Equalization Tank goes into Anoxic Tank though Fine Drum Screen (S301)to

protect MBR Membrane Module from damage or trouble,

i Air Diffusers (AD301) which diffuse air in coarse bubble are installed in Anoxic Tank (T301)
just for mixing. Air Diffusers (AD302 & 303) which diffuse air in fine bubble are installed in
Aeration Tank (T302 & 303) for aeration, in order to keep a certain amount of DO in
Aeration/MBR Tank.

One (1) Circulation Pump (P301) is installed in each MBR Tank (T304) in order to transfer
sludge from MBR Tank to Anoxic tank for the purpose of return sludge and de-nitrification. It

can prevent sludge from concentrating in MBR Tank and prevent pH from decreasing to

Qev. 0
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some extent. The circulation ratio is four (4); 4 times amount of influent sewage is returned
.= === from MBR Tank to Anoxic Tank.

L T In-anoxic.condition, nitrite nitrogen (NO2-N) and nitrate nitrogen (NO3-N) in re-circulated
sludge is removed as nitrogen gas (N2) by denitrifying bacteria. In aerobic condition,
ammonia nitrogen (NH4-N) is oxidized to nitrite nitrogen (NO2-N) and nitrate nitrogen
(NO3-N) by nitrifying bacteria. Organic substances (indicated by such as BOD or COD) are

oxidized and decomposed.

Three (3) MBR Membrane Modules (MB301) are installed in each MBR Tank. Sludge is
S filtered through membranes by Suction Pump (P302). Solid matters are separated from
treated water and remain in MBR Tank. Clear treated water is transferred to Product Water
Tank (T401) by Suction Pump. One (1) Flow Meter (FI301) is installed at the each line of
r treated water from Suction Pump, in order to monitor and adjust its flow rate. One (1)
R Pressure Transmitter (PIT301) is installed at the each line of treated water between MBR
Membrane Module and Suction Pump, in order to monitor the filtration pressure.

B Excess sludge is stored in Sludge Holding Tank (T501). Itis necessary to discharge sludge

periodically from the biological reactor to maintain the concentration of sludge (MLSS; Mixed

Liquor Suspended Solid, mg/L) for stable operation. Circulation Pump is also used to

T transfer sludge from MBR Tank to Sludge Holding Tank. Open manual valve (BL303)

r. i installed in the sludge circulation line. Air Diffusers (AD501) are installed in Sludge Holding
Tank just for mixing. It serves somewhat to reduce odor. Excess Sludge in Sludge Holding

Tank needs to be discharged periodically to the outside of this plant. Sludge Discharge

!._; 1 Pump and any other treatment system for sludge such as dewatering machine are out of

scope.

I Four (4) Blowers (2 Aeration Blowers (B301), 1 MBR Blower (B302) and 1 Common
r j Standby Blower (B303)) are installed. Aeration blowers are to supply air for Aeration Tank,

Anoxic Tank, Grease Removal Tank, Equalization Tank and Sludge Holding Tank. MBR
Blower is for MBR scouring air. One (1) Flow Meter (FI601) is installed at the each line of air
to MBR Membrane Module, in order to monitor and adjust its flow rate.

itev. 0
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~== 3.3 Product Water Facility
Product water is stored in Product Water Tank (T401).

Sodium hypachlorite (NaOCI) is dosed to the line-of treated water between Suction Pump
and Product Water Tank for disinfection. One (1) Disinfection Pump (P601) and one (1)
Chlorine Tank (T601) are supplied.

One (1) Utility Pump (P401) is installed for the cleaning of Fine Drum Screen. Two Product
Water Pumps (P402, 1 duty & 1 standby) are installed to transfer treated water from Product
Water Tank to Discharge Area.

3.4 CIP Facility (MBR Membrane Module Cleaning)
CIP facility consists of one (1) CIP Pump (P602) and one (1) CIP Tank (T602) and is used
for periodical and on demand cleaning of MBR Membrane Module.

-
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-4. CONTROL SYSTEM

Control Philosophy is described on “Control Philosophy”. Set value of instrument is shown

on “Instrument Setting List".

APPENDIX —4 “Control Philosophy”
APPENDIX -5 “Instrument Setting List”

Rev. 0
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5. OPERATION PROCEDURE

/N cauTioN T T T

Do NOT operate Suction Pump without MBR scouring air. It may result in fouling of

membrane.

/\ CAUTION

Do NOT leave MBR Membrane Module aerated more than 10 minutes without filtration

(Suction Pump operation). It may result in damage on MBR Membrane Module.

/\ CcAuTION

Do NOT transfer any sewage including seed sludge into MBR system without the screening

by the fine screen or equivalent. It may result in damage on MBR Membrane Module.

/\ CAUTION

Do NOT dry out MBR Membrane Module. Dried membrane would become hydrophobic and

decline in permeability.

Rev. 0
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. 5.1 Daily Operation
This plant is operated automatically in daily operation.

£ Normal selection of select switch in daily operation is as follows;

) il Coni s
i 1 | Lift Pump P103A On/ Off / Auto Auto
% ~ P103B On/ Off / Auto Auto
r 2 | Equalization Pump common 2 pump/ 1 pump 2 pump
) P201A On / Off / Auto Auto
P201B On/ Off / Auto Auto
lh ~ p201C On / Off / Auto Auto
3 | Fine Drum Screen S301 On | Off On
I Circulation Pump P301A On/ Off | Auto Auto
|4 P301B On / Off | Auto Auto
[ 5 | Suction Pump P302A On / Off / Auto Auto
P302B On/Off/ Au > Auto
P302C On/ Off / Auto Auto
P302D On / Off / Auto Auto
Utility Pump P401 On/ Off / Auto Auto
Product Water Pump P402A On/ Off / Auto Auto
& P402B On/Off / Auto Auto
8 | Aeration Blower B301A On/ Off On
- B301B On / Off On
“ 9 | MBR Blower B302 On / Off / Auto Auto
& 10 | Common Standby Blower B303 Aeration / MBR (not specified)
On/ Off / Auto Off
11 | Disinfection Pump P601 On/ Off / Auto Auto
12 | CIP Pump P602 On/ Off Off

/\ cAuTION

Do NOT use @ switch in daily operation for the equipment which has switch.

Automatic operation sequence does not work at the operation by @ switch.

Rev. 0




5.2Temporary Shutdown of One (1) MBR Train (within a few hours)

/\ cauTioN

Control the amount of influent (tanker truck) to avoid flooding. Plant capacity of one (1) MBR
train is 500CMD only. Lift Pump (P103) does not run in case the water level of Equalization
Tank (T201) is high.

5.2.1 Shutdown

Set Equalization Pump (P201) |1 gumg

-

)
2) Check the flow rate of sewage (FIT201) and adjust if necessary.
3) Set Suction Pump (P302) of relevant train @
4) Set one of Aeration Blower (B301) (or Common Standby Blower (B303) in case used

instead of Aeration Blower) [Off. Keep the other [On]

5) Open partly manual valves (BF352 and/or BF353, depends on the operation of
Common Standby Blower (B303)) to make the line from MBR blower to Aeration Tank.

6) Close manual valve (BF360A or BF360B, one of these valve at the relevant train) to
stop MBR scouring air for the relevant train.

7) Adjust the air flow rate (FI601) for the other MBR train.

8) Check the flow rate of MBR treated water (FI301) and adjust if necessary.




5.2.2 Restart

1)

2)
3)

4)

Check whether all lines to be used is ready, such as open/close or direction of manual
valve, and whether there is anything wrong in each component and system.

Open manual valve (BF360A or BF360B).

Close manual valve (BF352 and/or BF353, depends on the operation of Common
Standby Blower (B303)).

Adjust the air flow rate (FI601) for the other MBR train.

Set Suction Pump (P302) of relevant train @l Fill clear water from manual valve
(BL304 & BL305) into the line between MBR Membrane Module and Suction Pump
before Suction Pump starts, if filtration does not start.

Adjust the flow rate of MBR treated water (FI1301).

Set Equalization Pump (P201) 2 pump.

Check the flow rate of sewage (FIT201) and adjust if necessary.

Check and record operation parameters as per “O&M Check Sheet”.

BL304&305
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5.3 Temporary Shutdown of both MBR train (within a few hours)

/\ cauTion

Control the amount of influent (tanker truck) to avoid flooding. Lift Pump (P103) does not run

—— cv o m—— PR

in case the water level of Equalization Tank (T201) is high.

5.3.1 Shutdown

1) Set Suction Pump (P302) [Off.

2) Set MBR Blower (B302) (or Common Standby Blower (B303) in case used instead of
MBR Blower) @

5.3.2 Restart

1) Check whether all lines to be used is ready, such as open/close or direction of manual
valve, and whether there is anything wrong in each component and system.

2) Set MBR Blower (B302) (or Common Standby Blower (B303) in case used instead of
MBR Blower) @

3) Adjust the air flow rate (FI601) for the other MBR train.

4) Set Suction Pump (P302) of relevant train @ Fill clear water from manual valve
(BL304 & BL305) into the line between MBR Membrane Module and Suction Pump

_ befoye _Spc;_tion Pump starts, if filtration does not start.

5) Adjust the flow rate of MBR treated water (FI301).

6) Check and record operation parameters as per “O&M Check Sheet”.

5.4 Short-term Shutdown of Plant (within a few days)

5.4.1 Shutdown

1) Stop receiving sewage.

2) Transfer sewage from Lifting Tank (T103) to Equalization Tank (T201), and then set Lift
Pump (P103) [Off.

3) Transfer sewage from Equalization Tank (T201) to Anoxic Tank (T301), and then set
Equalization Pump (P201) @

4) Confirm that Fine Drum Screen (S301) is stopped, and then set Utility Pump (P401)@.

5) Wait for a while so that Suction Pump (P302) is automatically stopped, and then set
Suction Pump (P302) and Disinfection Pump (P601) [Off,

6) Discharge sludge in Sludge Holding Tank (T501), and set Aeration Blower (B301) (or

Rev. )
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Common Standby Blower (B303) in case used instead of Aeration Blower) @

Note: i

1)

?)

3

Keep Utility Pump (P401) during Fine Drum Screen is running, in order to supply
cleaning water.

Keep Circulation Pump (P301) and MBR Blower (B302) (or Common Standby Blower
(B303) in case used instead of MBR Blower) @ for mixing during shutdown, unless it
is really necessary to stop their operation. MBR Blower is intermittently run
automatically at Auto mode.

Operate Aeration Blower periodically for mixing during shutdown.

5.4.2 Restart

1)

2)

3)

4)

5)

6)

7)

8)
9)

Check whether all lines to be used is ready, such as open/close or direction of manual
valve, and whether there is anything wrong in each component and system.

Check the condition of sludge, and aerate for one (1) hour if sludge has putrefactive
odor.

Start to receive sewage and operate Lift Pump (P103), Utility Pump (P401), Fine Drum
Screen (S301), and Aeration Blower (B301) at@.

Set Equalization Pump (P201) Auto, and Check the flow rate of sewage (FIT201) and
adjust if necessary.

Set MBR Blower (B302) (or Common Standby Blower (B303) in case used instead of
MBR Blower) [On.

Adjust the air flow rate (FI601) for the other MBR ftrain.

Set Suction Pump (P302) of relevant train @ Fill clear water from manual valve
(BL304 & BL305) into the line between MBR Membrane Module and Suction Pump
before Suction Pump starts, if filtration does not start.

Adjust the flow rate of MBR treated water (FI301).

Check and record operation parameters as per “O&M Check Sheet”.

5.5 Long-term Shutdown of Plant (10days or more)

Please make inquiry if necessary.

Nev. 0)
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6. OPERATION AND MAINTENANCE

This section gives general guidance on daily operation & maintenance work. Be sure to also

-read manufacture's-operation manuals carefully for the handling of individual equipment,

and follow instructions not only in this operation manual but also in manufacture’s.

/\ CAUTION

Do NOT operate Suction Pump without MBR scouring air. It may result in fouling of

membrane.

/\ CAUTION

Do NOT leave MBR Membrane Module aerated more than 10 minutes without filtration

(Suction Pump operation). It may result in damage on MBR Membrane Module.

/\ CAUTION

Do NOT transfer any sewage including seed sludge into MBR system without the screening

by the fine screen or equivalent. It may result in damage on MBR Membrane Module.

/\ cAUTION

Do NOT dry out MBR Membrane Module. Dried membrane would become hydrophobic and
decline in permeability.

I\?_I_‘\'_ N
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ce = 6.1 -Work Summary-
i Be sure to conduct daily operation & maintenance work. These works include, but are not

@ limited to, the items shown in the following table. =

Table 6.1 General Operation & Maintena

£l = NPT O P T
""'._-“_‘f‘ : ‘;.:":' ‘Fr'u‘.aél:{? ¥ ol 2y B —-.“}. 47 "
(Reference); = [t & G TH
[ Check the position of select switch.
A 1 Status Review Daily Review alarm logs and any other issues in
‘ previous work shift.
= Operation Parameter " Check operation parameters and adjust as
2 ai
¢ Check & Adjustment ki necessary.
Excess Sludge )
3 Daily Discharge excess sludge.
Discharge
I 4 | Screen Cleaning Daily Remove the screen residues and clean up
Check whether conditions is usual such as
Preventive .
5 ) Daily current value, pres. ure, noise, vibration,
I Maintenance .
ted heat, leak and oil level, etc.
- 6 | Chemical Refill Weekly Refill chemicals as necessary.
) Calibrate instrument as per manufacture’s
o 7 | Instrument Calibration Monthly ) )
. instruction.
i1 Water Analysis by Take water samples and analyze its
8 Monthly
Third Party quality.
o Replace andfor refill lubricants as per
2 9 | Lubrication Monthly _
manufacture’s instruction.
3 10 | MBR Cleaning Every 6 month | Conduct chemical cleaning every 6 month,
or as necessary | or filtration pressure increases by 10kPa
from the initial value, whichever comes
et earlier.

lov. O




6.2 Work Description

6.2.1 Status Review

Understand the status of operation at the beginning of daily routine work, such as the
position of select switch (On / Off / Auto), alarm logs and any findings, problems or remarks
in previous work shift. The things in previous work shift should be handed over whether
orally or in written according to End User’s policy.

6.2.2 Operation Parameter Check & Adjustment
Check operation parameters and adjust as necessary in compliance with ““O&M Check
<2 Sheet™

APPENDIX -6 “*O&M Check Sheet™

6.2.3 Excess Sludge Discharge

Open manual valve (BL303) to transfer sludge from MBR Tank to Sludge Holding Tank. The
duration of discharge will be determined according to the measuring result of MLSS in MBR
Tank. Manage the amount of discharge to keep the MLSS at 8000 — 12000mg/L.
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6.2.4. Screen Cleaning
Remove the screen residues and clean up screening bar, mesh and perforated drum as

necessary. - T

6.2.5 Preventive Maintenance

Check for the following items, in order to detect incipient failures either before they occur or
before they develop into major defects. This section gives general guidance on maintenance
work. Be sure to also read manufacture's operation manuals carefully for the handling of
individual equipment, and follow instructions not only in this operation manual but also in

manufacture’s.

Current Value:
Measure the current value of each motor periodically and compare with its initial value. In
case a rotating device has any damages, or runs out of the design condition, current value

increases.
Pressure Value:
Monitor the discharge pressure of each pump and blower. It can provide a sign of any

leakage of fluids, plugging of piping, or wearing of impeller, etc.

Sensory Check:

Check rotating devices whether there is anything unusual in vibration, noise, heat, and leak,
etc. It can provide a sign of incipient failures as follows;

» Vibration: loosened blot, shaft alignment failure

> Noise: foreign matter contamination, lubrication failure, shaft alignment failure

> Heat: excess current, lubrication failure, shaft alignment failure
>

Leak: loosened blot, mechanical seal failure

QOil & Grease Check:

Check for the level of oil, and refill if necessary. In case water, other liquid, or any other

foreign matter was found, drain from oil drain plug and add new oil. In addition, oil should be

replaced and grease should be refilled periodically as per manufacture’s instruction.

irev. )
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Others:
Check piping whether there are a loosened bolt or a leakage at connection points such as

flanges.

6.2.6 Chemical Refill

/\ WARNING

When working with chemical, be sure to follow safety regulations indicated in material safety
data sheets of chemical. Wear suitable protection, such as protective glasses, protective

gloves, and so on.

Check the level of each chemical solution and refill chemicals as necessary. Daily use

chemicals are designed as follows;
Table 6.2 Daily Use Chemical List

i ; : Pt 22 o Blesiqr
ENo® ehenical e Procurermentlan e
B | 'ﬂ_‘-'f.fit?'ﬁi': !

3

10mL/min | 12% Liquid

(2mglL)

12% Liquid
100L / week

Sodium Hypochlorite
(NaClO)

(no dilution)

6.2.7 Instrument Calibration
Make calibration for instrument in compliance with manufacture’s instruction manuals.

(D INSTRUCTION

Be sure to wash sensors with pure water after each use.

6.2.8 Water Analysis by Third Party
Take a sample of water and make analysis by third party periodically for the following items;

1) Influent Sewage (at Equalization Tank)
-BOD
- S-BOD
-COD
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- NH4-N

- TKN

TN - T e sy s s

-TSS

- pH (measure not only by third party but also on site)

- Temperature (measure not only by third party but also on site)

2) Sludge (at MBR Tank)
- MLSS
- pH (measure not only by third party but also on site)
- Temperature (measure not only by third party but also on site)

3) Treated Water (at the outlet of Suction Pump)
-BOD
-COD
- NH4-N
- TKN
-T-N
-TSS
- pH (measure not only by third party but also on site)
- Temperature (measure not only by third party but also on site)

6.2.9 Lubrication
Refill and/or replace oil and/or grease in compliance with manufacture’s instruction manual.

6.2.10 MBR Cleaning

/\ WARNING

When working with chemical, be sure to follow safety regulations indicated in material safety
data sheets of chemical. Wear suitable protection, such as protective glasses, protective

gloves, and so on.

/N\ WARNING

Do NOT mix Sodium Hypochlorite (NaClO) and acid. It will produce toxic chlorine gas.
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Conduct chemical cleaning every 6 month, or in case the filtration pressure increases by
10kPa (decreases by 10kPa at the indication of Pressure Transmitter (PIT301)) from the

initial value, whichever comes earlier.

1)

2)

Prepare the chemical solution in CIP Tank (P602). Mix the solution well, so that particle

matters does not remain in the tank.

Note:

a) Organic fouling can be cleaned with Sodium Hypochlorite (NaCIQ). On the other
hand, inorganic fouling can be cleaned by acid such as Citric Acid, Oxalic Acid or
Hydrochloric Acid.

b) If calcium carbonate precipitates in the tank, do NOT use Oxalic Acid.

Sodium Hypochlorite (NaClO):

Concentration for use: 0.5 — 0.6 % when MLSS is more than 10000mg/L
0.25 — 0.3 % when MLSS is 10000mg/L or less
Volume: 3600L (for 3 modules in one (1) train, 1200L/module)

Prepare 3420L of clean water in CIP Tank, and then pour 180L of 12% NaClO solution;
diluted by 20 times in case MLSS is more than 10000mg/L (or prepare 3510L of clean
water and 90L of 12% NaClO; diluted by 40 times in case MLSS is less than
10000mg/L).

Citric Acid:
Concentration for use: 05-10%
Volume: 3600L (for 3 modules in one (1) train, 1200L/module)

Prepare 3600L of clean water in CIP Tank, and then pour 36kg of Citric Acid powder
(nearly 100%).

Oxalic Acid:

Concentration for use: ' 05-10%

Volume: 3600L (for 3 modules in one (1) train, 1200L/module)
Hydrochloric Acid:

Concentration for use: 2%

Volume: 3600L (for 3 modules in one (1) train, 1200L/module)

Stop the operation of relevant MBR train (see another section for detail).
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Note; do not aerate during the MBR cleaning.

_3).. Close manual valve (BF314 & BF315, at the suction line between MBR Membrane

-~ Module and Suction Pump). .

4)-.-Open manual valves for air vent (BL304 & BL305, total 12 valves in one (1) train).

5) - Open manual valves (BL613, BL614 & BL311). Open fully the return valve (BL614),
open slightly the feed valve (BL613) at the beginning.

6) Check whether all lines to be used is ready, such as open/close or direction of manual
valve, and whether there is anything wrong in each component and system.

7) Feed the chemical solution; set CIP Pump (P602) @ Pay aftentions so that the
chemical solution does not overflow from the air vent valves (BL304 & 305).

8) Open gradually and keep adjusting the feed valve (BL613) while CIP Pump is running.
Pay attentions so that the chemical solution does not overflow from the air vent valves
(BL304 & 305).

9) Stop the operation of CIP Pump, before CIP Tank empties.

10) Keep the air vent valves (BL304 & BL305) open, and wait for 2 hours. Do NOT aerate

during the cleaning.

/\ CcAuUTION

Do NOT close the air vent valves during cleaning, and NOT approach or look inside its
piping carelessly. The gas would be generated by chemical reaction and it may cause a

pressure increase.

11) Close manual valves for air vent.

12) Restart the system (see another section). Before restart, check whether all lines to be
used is ready, such as open/close or direction of manual valve, and whether there is
anything wrong in each component and system.

13) Neutralize the waste chemical solution as necessary.

/\ cauTion

Do NOT lift MBR Membrane Module immediately after the cleaning. It may cause chemical
trickle and/or damage in MBR Membrane Module. Operate the MBR system for at least 30
minutes.
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- 7.-Trouble Shooting-- - -

7.1 Equipment... @ - S

-When any abnormality or damage is found in the equipment, stop the operation of that

equipment and use the standby one. Please proceed with its trouble shooting in compliance

with manufacture’s operation manual.

7.2 Biological Treatment

7.2.1  Abnormal MLSS at MBR Tank

Recommended: 8000 — 12000 mg/L

In case of High: Transfer sludge from MBR Tank to Sludge Holding Tank (open manual valve
(BL303)) for a longer time.

In case of Low: Transfer sludge from MBR Tank to Sludge Holding Tank (open manual valve
(BL303)) for a shorter time.

7.2.2 LowDO at MBR Tank

Recommended: 1.0 mg/L or more

1) Check the operating condition of Aeration Blower.

2) Regulate manual valve at the line to Anoxic Tank, Grease Removal Tank, Equalization
Tank and Sludge Holding Tank.

3) Decrease MLSS by transferring sludge from MBR Tank to Sludge Holding Tank,
keeping MLSS at 5000mg/L or more.

7.2.3 Abnormal pH at MBR Tank

Recommended: 6.0 — 8.0

1) Check the operating condition of Circulation Pump.
2) Check the water quality of influent.

3) Dose acid or alkaline chemicals as necessary into Equalization Tank.

/\ WARNING

When working with chemical, be sure to follow safety regulations indicated in material safety
data sheets of chemical. Wear suitable protection, such as protective glasses, protective

gloves, and so on.

Rev. U
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7.2.4 - Abnormal Treated Water Quality

If the BOD (COD) is high at treated water, measure the DO in MBR Tank. The DO value
needs to be kept 1mg/L or more in MBR Tank. (see another section “DO low at MBR Tank”).
Also, measure the MLSS in MBR Tank. If the MLSS is low, the F/M (Food to Biomass) ratio
is high, and the BOD (COD) cannot be treated well (see another section “MBR abnormal at

MBR Tank”). Also, check the water quality of influent sewage.

If the NH4 (or TKN) is high at treated water, measure the DO in MBR Tank. The DO value
needs to be kept at 1mg/L or more in MBR Tank. (see another section “DO low at MBR

Tank"). Also, check the SRT (Solids Retention Time). In case excess sludge is discharged
too much, the SRT becomes low and nitrification bacteria cannot grow up. Also, check the

water quality of influent sewage.

If the TSS is high at treated water, check the line of treated water and MBR Membrane
Module itself. Stop the operation of relevant MBR train (see another section for detail).
Decrease the water level of MBR Tank and/or pull out MBR Membrane Module from ' IBR
Tank to inspect and research the membrane surface in compliance with manufacture's

instruction manual.

7.2.5 High Filtration Pressure

1) Check the flow rate of MBR treated water (FI301), and adjust as necessary.
Designed: 23.1m3/hr (386L/min)

2) Conduct "MBR Cleaning”. (see another section for detail)

3) Stop the operation of relevant MBR train (see another section for detail). Decrease the
water level of MBR Tank and/or pull out MBR Membrane Module from MBR Tank to
inspect and research the membrane surface and to wash them with clear water in

compliance with manufacture’s instruction manual.

7.2.6 Low Filtration Flow

1) Check the operating condition of Suction Pump.

2) Conduct “MBR Cleaning". (see another section for detail)

3) Stop the operation of relevant MBR train (see another section for detail). Decrease the
water level of MBR Tank and/or pull out MBR Membrane Module from MBR Tank to
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inspect and research the membrane surface and to wash them with clear water in

s oxza compliance with manufacture’s instruction manual.

m - A

7.2.7 - Abnormal Foaming - i .
1) Discharge sludge slightly more than usual and see how it works for a while, keeping

MLSS at 5000mg/L or more.
2) Use alcohol based anti-foaming agent to control abnormal foaming with required
minimum quantity. Excess use of anti-foaming agent would cause adverse effects on

oy sludge properties.
/\ WARNING

When working with chemical, be sure to follow safety regulations indicated in material safety
data sheets of chemical. Wear suitable protection, such as protective glasses, protective

|
[ gloves, and so on.
\

/\ CAUTION

Do NOT use silicone based agent. It may cause a membrane fouling.

Hev. 0




SUIDO KIKO MIDDLE EAST

! Operation Manual

o W . vy wat e e e s

=== .- 8. AFTER SURVICE

L ' 8.1 Warrantee Period
Fora period of twelve (12) months from the completion date of commissioning, or a period
of eighteen (18) months from the completion date of on-site installation inspection,

whichever comes earlier

8.2 Request for inspection
r— In case anything unfavorable happens and/or any inspections are required, please confirm
i the following and contact us.
- What happen?
- When happen?
- Are there any wamings before something happens?
| - Operation record in recent 6 month

- Something else concemed

8.3 Contactus
Please contact the following for service, inspection, spare parts supply and so on.

SUIDO KIKO MIDDLE EAST

Web site: www.suikime.com

| - Head office (Jeddah, Saudi Arabia)

| Postal address: P.O.Box 11286, Jeddah 21453, Saudi Arabia
?' Tel: +066 (2) 6608427 / +966 (2) 6607986

T Fax: +966 (2) 2832593

Rev. 0
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SUIDO KIKO MIDDLE EAST

Float Type, § point, PP

Lis
F
el L il —— e L
. PROJECT ‘NAIRYAH STP 1000CMD EQUIPMENT LIST (1/2)
H
o T R AR e & T AT P Y PSR PSRN C e 10
I Tag No
% | o 1
= l s101 Coarse Scresn ( Dumping Area ) 0|1 l Flow Rate: 83, 3maf, Spacing: 20mm, 55304 |
i i | | 1
l AD10Y | Al Dituser(T101) 5 | 0! § | FineDiscType, va" NPT, EPDMABS L | Theead i EDl | FecrDise |
i FOUCLIN e i T | " | N -
£ | Submersible Non-Ciog Type, Cast lron i | |
i OO | 2 | 13emyminx1.0narx s Skwx 380V xBoHzapn | '0%A ) Flange | EDAR) s il o -
Lis103 | i - |
\

]

Level Switch ( T103 )

Equalization Pump  T201)

Submersible Typa, Cast lron,

0.38m3min x 1.1bar x 1,5KW x 380V x 80Kz x 3ph bl

AD201 A Diftuser ( 7201) 2% 0 |
i i i I § il Ml

LIS201 | Level Swich (T201) 11 0

FiT2o1 Flow Meter ( P201) 1,0

AT
Water Qualif
—

I | g T
25 | Coarse Disc Type, V4 NPT, EPOM/ABS | we | Theas | EOI | PemaCep
il Sl S - e —
1| Flost Type, 5 poine, PP - | . l !
. ] - B
Electromagnetc Type, | i MOdMAG
1| a17mam s20mA SSIAPTFE { 0o | oo | Badgee | - o

$301 | Fine Drum Sereen 1 oo | tRaors |
P —— R 6 | €0l ‘l PermaCep | '
fg:gi- U e Divuser (T302,303) ~ el @ |4l Fine Tube Typs, EPDMWARS : . 'sw:mxanl EDI | Magrum ap o

Us301 | LeveiSwien (T30} 1| 0| 1| FomtType2pim PP ! . - l - 1 :
Wil Moo oo SO 1

Rkl Buitusisduisodisad. L& Mambrana Area: 30012, Pore Sizn: ave 0.2um, o] ST iz -
P | CotmenPump(ot) | 2 | O] 3 | Vemeramareanwsssovasonayn | YA | Faree | € | oz -
P02 | Sucton Pump(MBIN ) 2|24 n:mmerg‘:mwumwwﬂum by Fnge |  EBARA | Fs:g::m
F0r | Fowsew (e | 2 ~|_o | oo T A | Dwes | Socket | GF ; 35 |

us:uza_a_ -L-HTS;;(TJA;] o 2 6—.- 2 —[ Fioat Type, 4 point, PP | - i ] - | o
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EQUIPMENT LIST

|
[301A,B; Pressure Transmitter ( P302)

Pressure Transmitier,
-1.0bar ~ 1.0bar, 4-20mA, Stainless Steel

SUIDO KIKO MIDDLE EAST

ATM

Utility Pump (T401)

0.05m3'min x 4.8bar x 1.3kW x 380V x 60Hz x 3ph

40248 | Product Water Pump ( T401)

Centritugal Type, Cast lron,
0.70m3/min x 0.7bar x 2 2kW x 380V x B0Hz x Iph

Level Switch ( T401)

1 Float Type, 5 point, PP

HOLDING TANK {'

Coarse Disc Type, 3/4™ NPT, EPDMWABS

I]msm | Air Diffuser (T501)

18501 Level Switch ( T501 )

Float Typa. 2 point, PP

Al e

o Postive Displacement Biawer, Cast Iron

[ Be0iae | Aerauon Biower 179 3rmin x 0.35bar x 2ZKW x 380V x B0Hz x 3ph SEMILTTR -
o T o Positive m‘m!‘“‘ Blowe s Cast lron
B30 | MOR Sk 1| 15.8mmin x 0.35bar x 18.5KW x J8OV x 60Hz x Iph SEMALTTR
T Positive Displacement Blower, Cast Iron |
| B30y | CommonStandbyBlowsr 11 17.9mmin x 0.35bar x 22kW x 380V x B0Hz x 3ph [ SERLIIN o
2 | Orifice Type, 477mdm x 55304 B0deqC ~ 120degC | O-181.WC-150-2F

Fiso1 Flow Meter ( MBR Air) -

=4 e o Chlorine — 1 | PEI00L (Fluom Rubber ) Chem.Tank 100L
T;O-Z CiP Tank o 1 PE 4000 L o BV 300 o ]
B B S —— BE ¥ Al R T iy sl
v2y B2 | GPRumedtene). ! g&%‘fﬁﬁ SKW x 380V x DA
P 0 Lseor | Level Switen (Te01) 1 mm;’;m S35
i
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ME-13001-G54-001 rev 2 ( 26-11-2013 )

0. GENERAL

This sewage treatment plant receives sewage from Nairyah Governorate.
This sewage treatment plant is consist of following.

- Dumping Area

- Grit & Grease Removal

-Lift Station

- Equalization Tank

- Bio Logical Treatment Tank

- MBR System

- Chemical System

- Sludge Holding System

All equipment is controlled by the main PLC.
The operating condition of each equipment is described hereinafter

(3/27)
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i ; .. Dumping Area & Lifting Tank

1-1. Fault List

Ff«‘ a) LIFTING TANK ( T103 ) HH Alamm =  Waterlevel HH 1 ("LS103")
£ b) LIFTING TANK ( T103 ) LL Alarm = Water level LL | ("LS103%)
¢) LIFT PUMP LS-24 ( P103A,B) Fault = Overcurrent or Earth leakage
| 1-2. System Configuration
(1) Coarse Screen
! ; a) TagNo: S101
i
l b) Description
L This coarse screen is manual screen of the inclined bars. Debris is removed to a trash bin by hand.
kd Bar spacing is 20mm.
M c) Control : by Manual
] d) Monitorring Parameters and interlocks
- Tag Parameter Field PLC
= 5101 Coarse Screen X X
I
| (2) LEVEL SWITCH FOR T103
] a) TagNo: LIS103
M b) Description
? Level Switch for T103 Is Installed at the top of the Lifting Tank.
(5
This level switch (L15103) monitors the water level of the Lifting Tank and send the signal to main PLC
Fl c) Contol :  byMAINPLC
d) Monitoring parameters and interlocks
Tag Parameter Field PLC
& US103 Lifting Tank Water Level X )
& [ Interiock - Lis103 |
w i :
bOHH A HH1 . ALARM: "HH" Level (Liffing Tank) '
' )
8! ! i
s 1
! H ] HI-Ml :  P103 2 pumps "RUN" (AUTO mode) :
’ )
! i
PM | Mi-Ll :  P103 1 pump "RUN' (AUTO mode) E
(i i :
: ;
E 2 :
i] ' 1
= E
L PoLL Ll : ALARM : "LL" Level (Lifting Tank) :
3 ¥ P103 STOP (MANUAL mode)
b SR, ST ————————— el
2 |
|
b

i (4/27)
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(3) LIFT PUMP
TagNo: P103AB

a)

b)

c)

d)

e)

Description

ME-13001-G54-001 rev 2 ( 26-11-2013 )

Two (2) submersible pumps are Installed. They are 1 duty and 1 standby.
Each pump has the capacity of 1.39m3/min (capacity of Plant Peak Flow).
Normally, only 1 pump works to deliver raw water to the Equalization Tank.

2 Pump Operation is done for emergency (when the water level of Lifting tank is over "H").

Control i by MAIN PLC

Monitorring Parameters

Tag Parameter

Field PLC

P103A CONDITION ( ON-OFF-FALUT )

P103B CONDITION ( ON-OFF-FALUT )

Select Switch for each equipment
1. "ON": Manual ON

2. "OFF": Manual OFF

3. "AUTO": Automatic Operation

Interfocks (*RUN" Condition / "STOP* Condition)
[[Manual ON]

*RUN" Condition

*STOP* Condition

1. Water level (LIS103) LL 1
AND |Water level ( LIS201) HH |

Water Level (LIST03)LL |
OR |Water Level ( LIS201 )HH 1

-M 1 - L | =1 pump operation start
Water level ( LIS201)H |

Auto
"RUN" Condition *"STOP" Condition
1 Water level (LIS103) OR Water Level ( LIST03) L}
Ht-M|=2 on start
AND 1 - M | =2 pump operati

Water Level (LIS201 )H 1

*1 = Change over duty pump each cycle.

*2 = If duty pump go for fault, change to the standby automatically.

5427
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1-3. Cause and Effect Chart

ME-13001-G54-001 rev 2 ( 26-11-2013 )

o o 0 —~
c 2 2= =4
S E 3 23 §
Cause and Effect Chart § 8 E g £ E 3
28 | > G
Process Component
i Tag,No
Identification Service
LIFTING LL LIS-103 x X °
TANK
(T103)
L X
M| x
H|
HH |
EQUALIZATION| L | LIS-201 o
TANK
(T201)
Ll
M
Hl 0 )
HH | .
! T201 "H'
NOTE . Pre-alarm
*1 = Change over duty pump each cycle.
*2 = If duty pump go for fault, change to the standby automatically.

(6/27)
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1
5';: i
8
k
o
/ ..EQUALIZATION TANK
bt
I 2-1. Fault List
[ a) Equalization Tank ( T201 ) HH Alam = Waterlevel HH 1 ("LIS201%)
'| } b) Equalization Tank ( T201 ) LL Alarm = Water level LL | ("LIS201%)
c) Equalization Pump(P-201A,B,C) Fault = Overcurrent or Earth leakage
[_’ d) Fine Drum Screen (S301) Fault = Fault Signal from Local Panel
{
I 2-2. System Configuration
[ (1) LEVEL SWITCH FOR T201
B a) TagNo: LIS201
lJ b) Description
t i Level switch for T201 is installed at the top of the equalization tank.
[ This level switch (LIS201) monitors the water level in the equalization tank and sends the signal to main PLC
"
| c) Control by MAIN PLC
I
| d) Monitorring parameters and interlocks
l ! Tag Parameter Field PLC
LIS201 EQUALIZATION TANK WATER LEVEL x o

: ;
( :
[ : HH A HH 1 :  ALARM:"HH" Level (Equalization Tank) i
| , P103A,B STOP (MANUAL mode) :
‘ i H 9 H1 . ALARM:'H" Level (Equalization Tank) |
1 ] : P103A,B STOP (AUTO mode) '
P oM [ ] i
| : Mi-Li  :  P201AB,C*RUN (2 Pumpsor 1 Pump) |
[ b | (AUTO mode) :
£ : H
: :
L - 1 LL} : ALARM : "LL" Level (Equalization Tank) H
(1 : ‘1, P201A,B,C STOP (MANUAL mode) ;
e : :
! e —————— a
P (2) EQUALIZATION PUMP
‘ a) TagNo: P201AB,C
[
| 1 b) Description
-3 Three (3) submersible pumps are installed. They are 2 duty and 1 standby.
Each pump has the capacity of 0.35m¥min (500m3/day).
! Normally, 2 pumps work to deliver raw water to Fine Drum Screen.
- " In case of 1 MBR Train Operation, when the CIP or other maintenance, select "1 Pump® operation
‘ff“ ¢ Conol @  byMAINPLC
EE (7/21)
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: d) Monitorring Parameters

Tag Parameter Field PLC
A P201A CONDITION ({ ON-OFF-FAULT ) X o
P201B CONDITION ( ON-OFF-FAULT ) x o
P201C CONDITION ( ON-OFF-FAULT) X o

e) Select Switch for each equipment
1, "ON": Manual ON
2. *OFF*: Manual OFF

td 3. "AUTO": Automatic Operation

f) Intedocks ("RUN" Condition / "STOP* Condition)

[ Manual ON]
*RUN" Condition *STOP* Condition
i 1 Water level ( LIS201) LL 1 1 Water Level (LIS201 )LL)
AND |Water level ( LIS301 ) HH | OR |water Level (LIS301 ) HH 1
Water level (LIS302 AorB) H Water level ( LIS302AorB)H 1
, Auto
i *RUN" Condition *STOP* Condition
1 1 Water level (LIS201) MT -L 1 1 Water Level (LIS201) L |
i Water level ( LIS301 ) HH | Water Level ( LIS301 ) HH 1
- | AND\ ater level (LIS302 AorB)M 1 -H OR | water level (LIS302 A 0r B) H 1
$301 Not "FAULT" S301 "FAULT®
f ! *1 = Change over duty pump each cycle.

*2 = If duty pump go for falut, change to the standby automatically.

E—-.;;i [ Select the Pump Operation Number ]

Select Switch [ 2Pump | or [ 1 Pump |
2 Select Switch P201 Description Treatment Flow
s 2 Pump 2 duty 1standby Normal Condition 1000CMD
1 Pump 1duty 2 standby In case of Chemical Cleaning or Emergency Stop of 1 MBR train 500CMD
!
[ Flow control ]

The flow is set manually.
Adjust the manual valve and check the the flow meter ( FIT201).




ME-13001-G54-001 rev 2 ( 26-11-2013 )

{" i (3) Fine Drum Screen
e |
a) TagNo: S301

e

b) Description
One (1) fine drum screen Is installed. There is one store standby.
The treatment capacity is 41.7m3/hr (1,000m3/day).

F The Dia of perforation is 2mm.

c) Control s by Local Panel

ey

|
| d) Monitorring Parameters

; Tag Parameter Field PLC

o | 5301 CONDITION ( ON-OFF-FAULT ) o o
1 i e) Select Switch for each equipment

1. "ON": Manual ON
: 2, "OFF™: Manual OFF
B
e f) Interlocks ("RUN® Condition / "STOP" Condition)
‘ [ Manual ON]
‘ : *RUN" Condition *STOP* Condition
I 1 Controled by Local Panel 1 Controled by Local Panel

‘ i8] Signals from Local Panel to Main PLC

- 1 Fine Drum Screen (S301) "ON*

2 Fine Drum Screen (S301) "FAULT"
&
=
[
| B
\
|
' ]
i |
} 7
|
| P
i P
|

\

" 1

LA |

Foy

5|

£

(9/27)




2-3. Cause and Effect Chart

ME-13001-G54-001 rev 2 ( 26-11-2013 )

Cause and Effect Chart

Function
Performed

Process Component
Tag,No
Identification Service
EQUALIZATION LL} us201
TANK
(T201)
Ll
M}
HJ
HH |
oL Not Fault $301
Screen
Condition
Anoxic Tank LL} LIS301
Water Level
HH |
MBR Tank LL} LIS302
Water Level g
L1
M
Hi
NOTE

Equalization
Pump
(AUTO)

=
‘3

Equalization
Pump
(MANUAL)

Alarm

2
"2

n

*3 = Pump operation number is due to the select switch ( 2pump or 1pump )

Change over duty pump each cycle.
If duty pump go for falut, change to the standby automatically.

(107 27)



;. Biological System & MBR

a)
b)
<)
d)
e)

f

3-1. Fault List

Anoxic Tank ( T301 ) HH Alarm

Anoxic Tank ( T301 ) LL Alarm

MBR Tank ( T304A,B ) LL Alam
Circulation Pump ( P301A,B ) Fault
Suction Pump ( P302A,B,C,D ) Fault
Suction Pressure ( PIT301A,B ) LL Alarm

3-2. System Configuration

a)

b)

<

d)

(1) LEVEL SWITCH FOR T301

TagNo: LIS301

Description

Level svitch for T301 is installed at the top of the Anoxic tank.

ME-13001-G54-001 rev 2 ( 26-11-2013 )

Water level HH [ ("LIS301")

Water level LL | ("LIS301%)

Water level LL | ("LIS302A,B")
Overcurrent or Earth leakage
Overcurrent or Earth leakage

Suction Pressure LL | (*PIT301A,B")

This level switch (LIS301) monitors the water level in the Anoxic tank and sends the signal to main PLC

Control : by MAIN PLC’

Monitorring Parameters and interlocks

Tag Parameter

Field

PLC

LIS301 AERATION TANK WATER LEVEL

ALARM : "HH" Level (Anoxic Tank)

P201A,B STOP (AUTO mode / MANUAL
P301A,B STOP (AUTO mode / MANUAL m

ALARM : "LL" Level (Anoxic Tank)

(1/21)
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(2) LEVEL SWITCH FOR T304A B

a)

b)

c)

d)

TagNo: LIS302AB

Description

ME-13001-G54-001 rev 2 ( 26-11-2013 )

Level switches for T304A,B are installed at the top of the MBR Tank A,B
This level switches (LIS302A,B) monitor the water levels in the MBR tanks and send the signal to main PLC

Contol  :  byMAINPLC

Monitorring Parameters and interiocks
Tag Parameter Field PLC
LIS302A,B MBR Tank A,B X o

[ Interock - LIS302A |

Ll -M1

LL L1 -l

¥ Ll

Ll -M1

HR Ll

LL LT-LLl

‘L Ll

NOTE P201A,B,C STOP (MANUAL mode)
P201A,B,C "RUN" P201A,B,C START
P201A,B,C STOP
B302 “RUN" B302 START
B302 STOP
B302 *Intermittent Operation® B302 START
B302 STOP

(12/727)

P201A,B,C STOP (MANUAL mode)
P201A,B,C *AUN* (2 Pumps or 1 Pump) !
(AUTO mode) '
P302A,8 1 Pump "RUN® (AUTO mode) |
B302 *RUN" (AUTO mode) ;
8302 “Intermittent Operation” (AUTO mode)}
( ON: 5min OFF: 55min ) :
P302A,B STOP (MANUAL mode)
P301A "RUN" (AUTO mode)
ALARM : *LL"* Level MBR Tank A
P301A STOP (MANUAL mode)

...................................

P201A,B,C STOP (MANUAL mode) E
P201A,B,C "RUN* (2 Pumps or 1 Pump) i
(AUTO mods) i
P302C,D 1Pump"RUN® (AUTO mode) |
B302 *RUN" (AUTO mode) i
B302 Intermitient operation (AUTO mode) |
( ON: 5min OFF: 55min ) E
P302C,D STOP (MANUAL mode) '
P301B "RUN" (AUTO mode)
ALARM : "LL" Level MBR Tank B ‘:
P301B STOP (MANUAL mode) ;

-

LIS302AH1 ORLIS302B H 1

LIS302AM! ORLIS302B M |
LIS302AH1 ORLIS302B H 1

LIS302AM1 ORLIS3028 M 1
LIS302A L | AND LIS302B L |
LIS302A L} ANDLIS302B L |
LIS302AM1 ORLIS302B M |
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[ (3) Suction Pressure Transmitter { PIT301A.B )

a)

b)

c)

| d)

TagNo: PIT301AB

Description

ME-13001-G54-001 rev 2 ( 26-11-2013 )

Suction Pressure Transmitters (PIT301A,B) are installed on the suction pipe lines of suction pumps.
These pressure transmitters monitor the MBR suction pressure and send the signal to main PLC.
If the suction pressure goes down below the setting value, output the alarm

Control by MAIN PLC

Monitorring Parameters and interlocks

Tag Parameter Field PLC
PIT301A MBR-A Suction Pressure (o] (o]
PIT301B MBR-B Suction Pressure o] (o]

PIT301A,B Alam System Operation Default

LLl Suction Pressure "LL" ** bar

(4) Circulation Pump

[i a)

b)

f
l._J c)

{F )

e)

TagNo: P301AB

Description

One (1) submersible pump is installed in each MBR tank. Total 2 pumps are installed. There is one(1) store standby.

Each pump has the capacity of 1.39m3/min (2000m3/day).
This pump circulates the aclivated sludge from MBR tank to Anoxic tank to equalize the sludge concentration

Control by MAIN PLC

Monitorring Parameters

Tag Parameter

Field

PLC

P301A CONDITION ( ON-OFF-FALUT )

P301B CONDITION ( ON-OFF-FALUT )

Select Switch for each equipment
1. "ON": Manual ON

2. *OFF": Manual OFF

3. "AUTO": Automatic Operation.

Interlocks ("RUN" Condition / *STOP* Condition)
[ Manual ON]

"RUN" Condition

*STOP* Condition

1 Water level (LIS302) LL 1
Water level (LIS301 ) HH |

1 Water Level (LIS302) LL |
Water Level ( LIS301 ) HH 1

OR

*RUN" Condition

*STOP* Condition

1 |AND |Water level (LIS302) LT -LL I

Water level (LIS301 ) HH |

1 |OR |water Level (LIS302)LL |

Water Level (LIS301 ) HH 1

(13727)
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(5) Suction Pump
a) TagNo: P302AB,C.D

b)

<)

d)

e)

Description

Two (2) centrifugal pumps per MBR tank, totally 4 pumps, are installed. They are 1 duty and 1 standby for each tank.
Each pump has the capacity of 0.39m3/min (500m3/day)

ME-13001-G54-001 rev 2 ( 26-11-2013 )

These pumps transfer the permeate water to product water tank.
The permeate flow is set manually by adjusting the manual valve. The permeate flow is shown on FI301A,B.

Control by MAIN PLC

Monitorring Parameters

Tag Parameter

Field PLC

P302A CONDITION ( ON-OFF-FAULT )

P302B CONDITION ( ON-OFF-FAULT )

P302C CONDITION ( ON-OFF-FAULT )

P302D CONDITION ( ON-OFF-FAULT )

>
(e} NelRelNeo)

Select Switch for each equipment
1. "ON": Manual ON

2. "OFF": Manual OFF

3, "AUTO": Automatic Operation

Interlocks ("RUN" Condition / "STOP* Condition)
[ Manual ON]

*RUN" Condition

*STOP* Condition

1 Water level (LIS302) L 1
AND [Water level ( LI1S401 ) HH |
MBR Blower (B302 or B303-MBR) "ON*

1 Water level (LIS302) L |

OR |Water level ( LIS401 )HH 1
MBR Blower (B302 or B303-MBR) "OFF"

MBR Blower (B302 or B303-MBR) "ON"

[Auto]
*RUN Condition *STOP" Condition
1 Water level ( LIS302) MT -L! 1 Water Level { LIS302) L1
AND |Water level ( LIS401)H | OR |Water level H

MBR Blower (B302 or B303-MBR) "OFF"

"1
‘3

]

Change over duty pump each cycle. "2 = If duty pump go for falut, change to the siambyamomaflically.
*RUN* at AUTO mode means intermittent operation. 9 min ON and 1 min OFF.

(14 /7271)




(6) Aeration Blower

a) TagNo: B301AB

b)

<)

e)

Description

ME-13001-G54-001 rev 2 ( 26-11-2013)

Two(2) Blowers are installed. They are 2 duty. One (1) common standby (B303) is installed.
Each blower has the capacity of 17.9m3/min.
These blowers are started manually, and run continuously until switched off.

Control by MAIN PLC
Monitorring Parameters
Tag Parameter Field *  SCADA
B301A CONDITION ( ON-OFF-FALUT ) X o]
B301B CONDITION ( ON-OFF-FALUT ) X 0
Select Switch for each equipment
1. "ON": Manual ON
2. "OFF": Manual OFF
Interlocks (*RUN® Condition / "STOP* Condition)
[ Manual ON]
*RUN" Condition *STOP* Condition
1 No condition 1 No condition

{15 /27)
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(7) MBR Blower

a)

b)

c)

e)

TagNo: B302

Description

One (1) Blower is installed. One (1) common standby (B303) is installed.

This blower has the capacity of 15.9m3/min.

Control - by MAIN PLC

Monitorring Parameters

ME-13001-G54-001 rev 2 ( 26-11-2013 )

Tag Parameter Field SCADA
B302 CONDITION ( ON-OFF-FALUT ) x (o]
Select Switch for each equipment
1. "ON": Manual ON
2. "OFF": Manual OFF
3. "AUTO": Automatic Operation
Interlocks (*RUN" Condition / "STOP* Condition)
[ Manual ON]
"RUN" Condition *STOP* Condition
1 No condition 1 No condition
Auto
"RUN" Condition *Intemittent Operaion® Condition
s | on Water level (LIS302A) M1 -L1 . mDWalarlevel(us:l}?A) Ll-M1
Water level (LIS302B) M1 -L1I Water level (LIS302B) L -M1

— Intermittent operation (5min ON, 55 min OFF)

— Continuous operation
*1 B302°RUN* B302 START LIS302AM1 ORLIS302B M 1
B302 STOP LIS302A L} ANDLIS302B L |
B302 *Intermittent Operation® B302 START LIS302AL | ANDLIS302B L |
B302 STOP LIS302AM1T ORLIS302B M 1

(16 /27)
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ME-13001-G54-001 rev 2 { 25-

© (8) Common Standby Blower
a) TagNo: B303

b) Description
One(1) Blower will be installed. There is one (1) common standby for Aeration Bolower and MBR Blower.

c) Control : by MAIN PLC

d) Monitorring Parameters

Tag Parameter . Field PLC
B303 CONDITION ( ON-OFF-FALUT ) X o
I Select the operation tarset 1
Select Switch | Aeration | or LMBH |
Select Switch Description
Aeration Will control the same as B301A,B
" MBR Will control the same as B302

e) Select Switch for each equipment
1. "ON": Manual ON
2. "OFF": Manual OFF
3.*AUTO": Automatic Operation

11-2013)



3-3. Cause and Effect Chart

ME-13001-G54-001 rev " © 26-11-2013 )

Cause and Effect Chart

Ak
Blower
Common
Standby
Blower

c 8 8 e
g5 | 118
Z s

Suction Pump
(MANUAL)
i MBR Blower
(AUTO)

Perform

Alarmm

Process Component

. Suction Pump
(AUTO)

Identification Service

(T301)

(T302A)

(T302B)

Tank
(T401)

ANOXIC TANK

MBR TANK A

wi [ usson —--—--_I-
--m-——-—-_—--

l
_—__——_-_———

l“

&=

Intermittent operation Intermittent
Salact thi
(8 min ON, 1 min OFF) countinuous | * Operation o 82“0:
NOTE Backup & Change over cperation | (Smin ON, 65 ‘:algel
B302 or B303-MBR *RUN" min.OFF)

it
bt

(18 /27)




ME-13001-Q54-001 rev 2 ( 25-11-2013 )

'+ . PRODUCT WATER TANK

4-1. Fault List

(1 a) PRODUCT WATER TANK (T401) HH Alarm = Water level HH T (1LIS4017)
- b) PRODUCT WATER TANK (T401) H Alarm =  Waterlevel H [ (115401
M ¢) PRODUCT WATER TANK (T401) LL Alarm = Waterlevel LL 1 {uiS401")
| d) UTILITY PUMP ( P401) Alarm = Overcurent or Eathieakage
7 e) PRODUCT WATER PUMP ( P402A B ) Alarm = Overcurrent or Earthleakage
b 4-2. System Configuration
(1) LEVEL SWITCH FOR T401
a) TagNo: LIS401
Ed
b) Description
1 Level switch for T401 is installed at the top of the Treated water tank. .
This level switch (LIS401) monitors the water level in the Product Water tank and sends e signal to main PLC
» c) Control  : by MAIN PLC
d) Monitorring Parameters and interlocks
Tag Parameter Field PLC
t £ LIS401 " Product Water Tank Water Level X : [}
[
L | interock - LIT-401 |
T s -
1
= b HH 1 :  ALARM:'HfLevel (Product Water Tank) |
1
\ ' P302A,B,CDSTOP (MANUAL mode) |
1 .
' H A Ht :  ALARM: *Hievel (Product Water Tank) |
1
l ! P302A,B,CDSTOP (AUTO mode) i
H 1
s i 5 M | - E
E MT—=Ll : P402A,B 1 pamp "RUN" (AUTO mode) :
o ]
{ 1 i L , H
3 1)
LLy : ALARM : "L1"Leve! (Product Water Tank) |
1
bW _ P401 STOP(AUTO mode / MANUAL mode) |
[ 4 i ¥ P402 STOP @MANUAL mode) |
| ! ]
U 1 1
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(2) UTILITY PUMP
TagNo: P401

a)

b)

<)

d)

e)

Description

One (1) Centrifugal type pump is installed. There is no standby. This pump is for washing the fine screen.
This pump has the capacity of 0.05m3/min.

Control

by MAIN PLC

Monitorring Parameters

Tag Parameter Field PLC
P402 CONDITION ( ON-OFF-FALUT ) x (o]
Select Switch for each equipment
1. "ON*™: Manual ON
2. "OFF": Manual OFF
3. "AUTO": Automatic Operation
Interlocks ("RUN" Condition / "STOP* Condition)
[ Manual ON]
‘ "RUN" Condition *STOP*" Condition
1 Water level ( LIS401) LL 1 WalerLeve[(USlM)LLl
[Auto ] ,
"RUN" Condition "STOP*"-Condition
1 Water level (LIS401) LL 1 Water Level ( LIS401) LL |
AND |Fine Drum Screen (S301) "ON" OR |Fine Drum Screen (S301) "OFF"
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(3) PRODUCT WATER PUMP

a)

b)

c)

e)

Tag No: P402A.B

Description

ME—-13001-C54-0C7

Two (2) Centrifugal type pumps are installed. They are 1 duty and 1 standbj(.

This pump is for discharging product water to outside the plant. Each pump has the capacity of 0.7m3/min (1000m3/day).

Control 3 by MAIN PLC

Monitorring Parameters

Tag Parameter Field SCADA
P402A CONDITION ( ON-OFF-FALUT ) X 0
P402B CONDITION ( ON-OFF-FALUT ) X (o]

Select Switch for each equipment
1. "ON*: Manual ON
2. *OFF™: Manual OFF
3. "AUTO": Automatic Operation
Interlocks (*RUN" Condition / "STOP*" Condition)
[ Manual ON]
*RUN" Condition *STOP"* Condition
1 Water level ( LIS401) LL T Water Level ( LIS401 ) LL 1
-Auto L
"RUN" Condition *STOP" Condition
1 Water level (LIS401) M1 -L1 Water Level (LIS401) L1
* 1 = Change over duty pump each cycle.

"2

If duty pump go for falut, change to the standby automatically.
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Process Component
Tag,No
e Identification Service
: PRODUCT LLy us4o1 | x x| x X X, o o
o WATER TANK
(T401)
Ll x X
Ml
H|
Y RS A ~
"RUN" at the
condition of “1
NOTE Fine Drum 2
Screen "ON*

Change over duty pump each cycle.
If duty pump go for falut, change to the standby automatically.
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. SLUDGE HOLDING TANK

5-1. Fault List
a) SLUDGE HOLDING TANK HH Alarm

b) SLUDGE HOLDING TANK LL Alarm

5-2. System Configuration
(1) LEVEL SWITCH FOR T501
a) TagNo: LIS501

b)  Description

ME-i3001-054-001 rev 2 {2

Water level HH T ("LIS501%)
Water level LL | ("LIS5017)

Level Switch for T501 is installed at the top of the Sludge Holding Tank. This level switch (LIS501) is monitors

water level of Sludge Holding Tank and send the signal to main PLC.

c) Control : by MAIN PLC

d) Monitorring Parameters and interiocks

Tag Parameter

Field PLC

LIS501 DRAIN WATER LEVEL

[ |medod(-LrT-a114|

ALARM : "HH" Level (Siudge Holding Tank)

ALARM : "LL" Level (Sludge Holding Tank)
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. CHEMICAL SYSTEM

6-1. Fault List

a)
b)
c)
d)

Chiorine Tank ( T601 ) LL Alarm
Chiorine Tank ( T601 ) L Alarm
Disinfection Pump (P601) Fault

CIP Pump (P602) Fault

6-2. System Configuration

(1) LEVEL SWITCH FOR T601

a)

b)

c)

Tag No :

Description

LS601 LL |
Lssoi L |

P601 * Earth leakage *

ME-13001-CG54-007 rev 2

Overcurrent or Earth leakage

"

Level Switch for T601 is installed at the top of the Chlorine Tank. This level switch (LS601) monitors

water level of Chlorine Tank and send the signal to main PLC.

Control

by MAIN PLC

Monitorring Parameters and interlocks
Tag Parameter Field PLC
LS601 T601 WATER LEVEL X (o]

[ Interiock - LS-601 |

]
- - ALARM: "L" Level (Chlorine Tank) :
M601 STOP (MANUAL mode) :
ALARM : "LL" Level (Chlorine Tank) :

]

( 26-11-2013)
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~ (2) DISINFECTION PUMP
a) TagNo: P&01

b) Description
One (1) dosing pump will be installed. There is one(1) store standby.
This pump dose NaOCI for the disinfection of permeate water. The capacity is 0.9 L/hr.

c) Control 4 by MAIN PLC
d) Monitorring Parameters

Tag Parameter Field SCADA
P601 CONDITION ( ON-OFF-FALUT ) X o}

e) Select Switch for each equipment
1. "ON": Manual ON
2. *OFF*: Manual OFF
3. "AUTO": Automatic Operation

f)  Interocks ("RUN*" Condition / *STOP" Condition)

[ Manual ON]
' “RUN" Condition *STOP" Condition
1 Water level ( LS601) LL 1 1 |Water Level (LS601 ) LL |
Auto
*RUN" Condition *STOP* Condition
1 P302A,B,C.D * Any Operation * 1 P302A,8,C,D ( All Pump Stop )
Water level ( LS601) LL T ' Water Level (LS601 ) LL |
(3) CIP Pump

a) TagNo: P802

b) Description
One (1) dosing pump will be installed. There is no standby. This pump is used only for CIP
The capacity is 0.23m3/min

c) Control 2 by MAIN PLC

d) Monitorring Parameters
Tag Parameter Field PLC
P602 CONDITION ( ON-OFF-FALUT ) X 0]

e) Select Switch for each equipment
1. "ON"; Manual ON
2. "OFF": Manual OFF

f)  Interlocks

No interlock
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(4) Disinfection Tank Mixer

a)

b)

c)

e)

TagNo: M601

Description
One (1) mixer will be installed. There is no standby.

Control 3 by MAIN PLC

Monitorring Parameters

ME-13001-G5

7L P g |
=

Tag Parameter Field PLC

M601 CONDITION ( ON-OFF-FALUT ) X 0
Select Switch for each equipment
1. "ON": Manual ON
2. "OFF*: Manual OFF
Intertocks
[ Manual ON]

"RUN" Condition "STOP*" Condition
1 LSe01L ! Lseo1L T

Continuou operation until switched off.

01

1-2013)

rev 2 { 26-11
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1.

2.

instrument Setting List

MOWE General Directorate

Client: of Water in Eastern Region Project No. ME13001
Supply & Installation Compact Sewage Treatment

Project: ;j\n:airyah Govenorate Date : 20-Nov-13

Checked By: T. Handa Checked By:

Dumping Area & Lifting Tank ( Grease / Grit Removal )
Tag No. [ltem Name Setting Discription [Comment & Actual Setting
Setting Date
LIS101 |Lifting Tank * Tank height : 5m
Level Switch * Level setting
HH 42 m
H 30 m
M 20 m
L 0.6 m
LL 0.3 m
Equalization Tank
Tag No. |ltem Name Setting Discription mment & Actual Setting
tting Date
LIS201 |Equalization Tank * Tank height : 4.116m
Level Switch * Level setting
HH 37 m
H 34 m
M 1.2 m
L 0.7 m
LL 04 m
FIT201 |Equalization Pump * Setting
Flow Meter H 0.84 m3/min

L 0.28 m3/min




Biciogical Sysiem & M35
Tag No. |ltem Name Setting Discription Comment & Actual Setting
Setting Date
LIS301 |Anoxic Tank * Tank height : 3.5m
:;d _ |Level Switch * Level setting_ ...
HH 33 m
LL 26 m
LIS302 |MBR Tank * Tank height : 3.5m
JRB 7 |Level Switch T T Level setting o
. H 31T m
ST M 295 m
L 28 m
LL 26 m
PIT301 |MBR Suction Pressure * Setting Pressure (at P302 "OFF")
A,B (Pressure Transmitter) LL 1 Kpa Kpa
Initial Pressure
* 1 The setting pressure is 10kPa Kpa
lower than the Initial Pressure. Setting Pressure
Kpa

Product Water Flow
(Indicator, Float Type)

* Setting Flow
0.39 m3/min
Adjust Product Water Flow
by BF401 (Manua! Butterfly Valve)

Intermittent Operation

MBR Aeration Flow * Setting Flow
(Indicator, Orifice Type) 7.95 m3/min
Adjust MBR Aeration Flow
by BF360 (Manual Butterfiy Valve)
Suction Pump Timer Setting
Intermittent Operation 9 min ON, and 1 min OFF
This inttemittent operation will be done,
when the Suction Pump is required to
"RUN" at the AUTO Mode.
MBR Blower Timer Setting

5 min ON and 55 min OFF
This inttemittent operation will be done,
when the MBR Blower is required to "OFF
at the AUTO Mode.
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5.

6.

Tag No. {item Name

|Setting Discription

Comment & Actual Setting
Setting Date

Product Water Tank
Level Switch

LIS401

* Tank height : 4.116m
* Level setting

HH 37 m
H 34 m
M 1.0 m™
L - 07Tm"
LL 0.4 m

*1 The product water is discharged automatically by Product Water Pump until the water level goes down

Basically Water is stored in this Product Water Tank between "L" level and "M" level.
If the client wants to keep more water in this product water tank, change the setting level.

Much water
Less water

Sludge Holding Tank

M: 2.5m, L: 2.2m
M: 1.0m, L: 0.7m

Midium water

M: 2.0m, L: 1.7m

Tag No. |ltem Name

Setting Discription

Comment & Actual Setting
Setting Date

LIS501 |Sludge Holding Tank

Level Switch

* Tank height : 2.72m

* Level setting
HH 24 m
LL 0.3 m

Chemical System

Tag No. (ltem Name~ ~~ ~ -

- |Setting Discription

Comment & Actual Setting
Setting Date

LS601 |Chlorine Tank

Level Switch

* Tank height : 1100mm
* Level setting
L 400" mm
LL 2007 mm
*1 Confirm the level of Mixer.
Prevent dry running
*2 50mm above the Outlet Nozzle Level.
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Ca&M Check ohs

Filed Note for Daily Check

For the Operation at 1000CMD

Set the select switch of Equalitation Pump (P201)

| g P .
tiate

(2 pump ],

Preliminary for Review, 19-Feb, 2014

Gperate 2 Aeration Blower (8301) (or 1 Aeration Blower & 1 Common Standby Blower (B303)).

PIT301A

. MBR Suction Pressure -A

kPa

‘ * Equalization Pump Flow Rate e e T [T :
FIT201 (Sewage) m3/hr 42 (- 50) for 2 pump operation
Suction Pump Flow Rate -A
FI301A (Treated Water) m3/hr 23.2
Suction Pump Flow Rate -B
FI301B (Treated Water) m3/hr 23.2
Fisota | MBR Blower Flow Rate -A Nm3/hr > & 360 check the homogeneity of aeration
(Scouring Air) —
MBR Blower Flow Rate -B . .
Bl > %
Fi601B (Scouring Air) Nm3/hr >eo 3 check the homogeneity of aeration

(23.2m3/hr)

{Gnitiat>10 ) kPa or more
if less, conduct MBR cleaning

PIT301B

MBR Suction Pressure -B

MBR Tank -A

| 23 2m3my

@ 10 ) kPa or more

if 188s, conduct MBR cleaning

note the duration of discharge
( Volume target: 12m3/day )

MBR Tank -B

note the duration of discharge
( Volume target: 12m3/day )

20-40

- Water Temperature | deg.C

- pH - 6.0-8.0

- DO - 1.0 or more
- MLSS - 12000

4 Turbidity NTU -
Remarks;
Approved by; Checked by Recorded by;
Date: Date Date:

Sinnatiira:
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Filed Note for Daily Check
Preliminary for Review. 19-Feb, 2014
For the Operation at 500CMD

Set the select switch of Equalitation Pump (P201) [ 1 pump |
Operatz 1 Aeration Blower (B301) (or 1 Common Standby Blower (B303)).

Switch over the operating blower periodically

Equalization Pump Flow al :
FIT201 (Sewage) m3/hr 21(-27) for 2 pump operation
Suction Pump Flow Rate -A
FI301A (Treated Water) m3/hr 11.6
Suction Pump Flow Rate -B
F1301B (Treated Water) m3/hr 11.6
FI601A MOR Blower Flowt Rate A Nm3/hr > g0 360 check the homogeneity of aeration
(Scouring Air) =
MBR Blower Flow Rate -B
>— - -
Fi601B (Scouring Air) Nm3/hr = 6.0 3¢ check the homogeneity of aeration
B i s
PRE3OSA: | AR ctian Posaure: ) " (11.6m3/hr) | if less, conduct MBR cleaning
PIT301B B . R ( initial - 10') kPa or more
L NS St Prissure.-0 | ke (11.6m3/r) |  if less, conduct MBR cleaning

R : Ny . } : nte the duration of discharge
s min L ( Volume target: 8.0m3/day )

note the duration of discharge

( olum t 8.0m

MBR Tank -B min -

20 -40

6.0-8.0

1.0 or more

8000

- Turbidity NTU -
Remarks;
Approved by; Checked by; Recorded by;
Date: Date: Date:

[ QiAnatiirar



08N Check Sheet (EQUIPMENT)

Filed Note for Daily Check
*) mark O in usual/appropriate condition, X in unusual/inappropriate condition
**) note "On Duty", "Standby" or "Fault" ‘

€4

Date: |

Tag Mo -% ﬁrrks'
P103A | - Lift Pump A et -
P1038 | LiftPump -8 ;:i&i’ggx&ﬁ"‘" o -
P201A | Equalzation Pump A ?;22{,"\,3{;“;’,':;;)"" FIT201 -
_P?(_M_E? _Equatlzallon Pump -B ?:g:{’nva{én;r;x;;)bar | FIT201 B

S$301 Fine Drum Screen 0.25kW (TORO)
PJDWA Clrculation Pump -A ;3:&?;;’:::;’" )

i fiSO_‘tB_ Circulation Pump -B ;g:&s{gﬂl':g:)bar -

| P302A | Suction Pump -A [1’:2:;‘;3(’;‘;%"‘" FI301A PG301A I
P302B | Suction Pump -B ?j:i\r:,:i{gair:&\?)bar .FlSU‘iA PG301B 7

_Pao_zc _ St_.Jclion Pu‘nfnp s ?jiﬁ{,"\,a{é“é?i‘é’ﬁ” FI301B PG301C ] N

3020 "~ suclion Pump -D ‘j:::&’:é“;’:‘:ﬁ" FI3018 PG301D
830_1:5 -_Aeration Blower -A ;;kwfmﬁéﬂb" PG351A o _ ) -
83018 7Aeral:‘on Blower -8 ;Zii,i,“?i,’,?l’.l’éi’g%““" PG351B - _

5002 | MBR Blower 1o 5oV APRO) Fiots Pa3s2A ]

] 787303 Common S1and5y Blower ;;i‘m\?mgﬁ)gfbar ';::g:g PG352B

P401 UILii;;Lamp ?:g:&a(’é"gx‘;gb" PG401
_940;;\__ Product Water Pump -A |37/ '(‘,‘E"E‘;fé';:’f' PG402A B __
P402B | Product Waler Pump B8 g;;"ﬁ;";g’fél"f’ PG402B
P01 | Disinfection Pump 0.025kW (TACMINA) RPN 0. ke e,
EIERE e Pas02 7

Approved by; Checked by; Recorded by;

Date: Date: Date:
Signature: Signature: Signature:
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D&M Check Shest (EQUIPHM
General Schedule Preliminary for Review, 8-Mar, 2014
REFERENCE
EQUIPMENT ITE
N CYCLE
Common Items for all equipment
Sensory check (appearance, noise, vibration, :
(G for H} heat, odor, leak, damage, oil, grease...efc.) dally
Parameter check (flow, pressure, current... .
daily
etc.)
Cleaning monthly
Insulation resistance check monthly ;
Tightness check for bolt, nut, screw and other ﬁ'
yearly

connections

Overhaul including the replacement of wearing
or deteriorating parts

every 3-5 years

Individual Items in addition to the above for each equipment

P103 Lift Pump Oil replacement yearly
P201  Equalization Pump

P301 Circulation Pump

P302 Suction Pump Oil check & refill daily
P402 Product Water Pump Qil replacement yearly

S301 Fine Drum Screen

every 3 months

B301  Aeration Blower
B302 MBR Blower

B303 Commeon Standby Blower

Grease refill
Oil check & refill daily
Suction filter cleaning weekly |

Oil replacement

every 3 months

V-belt tension/alignment check & adjustment

every 3 months ]

Grease refill

every 6 months

Note;

—2

This list shows the summery of maintenance work for individual equipment. Please refer to manufacture’s operation

manuals for details.



