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9 Utilities and Auxiliary Facilities 

9.1 Water Supply & Drainage 

9.1.1 Scope and Principle of Study 

9.1.1.1 Scope of Study 

The water supply and drainage facilities are designed to provide the water supply and 
drainage required for the Project, including: 

(1) Water intake pump station 

(2) Fire fighting water pump station 

(3) Industrial water treatment plant 

(4) Recirculating cooling water plant 

(5) Demineralized water treatment plant 

(6) Waste water treatment plant 

(7) Onsite water supply and drainage pipeline system 

(8) Prevent of water environment pollution system (including the clean storm water 
collection system, contaminated storm water collection system and basin, firewater 
deluge collection system and basin) and pumping system. 

9.1.1.2 Study Principles 

(1) Advanced water treatment technologies, new equipment and new materials will be 
used to achieve favorable economic, advanced and reliable technologies for easily 
operation, maintenance and management.  

(2) All drainage systems for clean wastewater and wastewater, wastewater with 
different quality shall be separated, so that different treatment measures shall be 
adopted to satisfy the different reuse requirements so as to minimize the wastewater 
effluent. 

(3) Increase the cycle of concentration of circulation water to minimize the makeup 
water and blowdown from the recirculating cooling water system. Minimize the water 
consumption and the water treatment cost; minimize the drainage of eutrophic 
phosphate to the water body; aim at water conservation and environmental protection 
targets. 

(4) Increase the recycle rate of water and minimize the wastewater drainage for the 



 FSR on Expansion and Modernization of the MOIN Refinery Project 

 9-2

purpose of environmental protection. 

(5) Observe stringently the state, local and industrial engineering codes, standards and 
specifications for occupational health, safety and environmental protection and fire 
control systems. 

9.1.2 Reference Design Standards and Codes  

(1)  “Standard for the Installation of Stationary Pumps for Fire Protection”, 
(NFPA20-2007); 

(2)  “Regulation Approval and Operating Systems Wastewater Treatment” 
(No.31545-S-MINAE); 

(3)  “Regulations for Drinking Water Quality” (No.32327-S); 

(4)  “Regulation of Spills and Wastewater Reuse” (No. 33601-S-MINAE); 

(5)  “Code for Design of Outdoor Water Supply Engineering” (GB50013-2006); 

(6)  “Code for Design of Outdoor Wastewater Engineering” (GB50014-2006); 

(7)  “Code for Design of Building Water Supply and Drainage” (GB50015-2003); 

(8)  “Integrated Wastewater Discharge Standard” (GB8978-1996); 

(9)  “Code for Design of Industrial Recirculating Cooling Water Treatment 
“ (GB50050-2007); 

(10)  “Code for Design of Cooling for Industrial Recirculating Water” (GB/T 
50102-2003) 

(11)  “Code of Design for Circulation Water Plant of Petrochemical Enterprises” 
(SH3016-1990); 

(12)  “Fire Prevention Code of Petrochemical Enterprises Design” (GB50160-2008); 

(13)  “Water Quality Standard of Water Supply and Drainage in Petrochemical 
Industry” (SH 3099-2000); 

(14)  “Code of Design for Water & Wastewater in Petrochemical Engineering” 
(SH3015-2003);  

(15)  “Design Code for Wastewater Treatment in Petrochemical Industry” (SH 
3095-2000) 

(16)  “Code for Design of Building Fire Protection and Prevention” (GB50016-2006); 
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(17) “Technical Requirement for Prevention and Control of Water Pollution in 
Accident” (Q/SY1190-2009). 

9.1.3 Water Intake  

9.1.3.1 Water Sources  

The rivers flowing through the Project battery limit mainly include Moin River and 
Bartolo River. The chemical composition such as salinity and scaling ion of Bartolo River 
water has relatively better than Moin River water. However, Bartolor River is a small local 
river has many oscillations in its flow and during periods of low rainfall reaching minimum 
levels with difficulty meeting the requirement of the existing refinery. Moin River has an 
acceptable flow and is navigable for small boats, its flow is higher than the Bartolo. But its 
chemical compositions changes according to the high and low tides because it is too close 
from the sea. Therefore currently Bartolo river water is primarily used to feed the water 
treatment plant which produces water for cooling pumps(water service) and water for steam 
generation, Moin river water is used for refinery cooling and fire protection system.   

Moin River is located near to the sea and affected by the tide so that the river water has a 
wide fluctuation of contents of salt ions, i.e., calcium, magnesium, chloride and sulfate. 27 
water samples were taken from the river for analysis during the 7 days from June 17, 2010 to 
June 23, 2010. The analytical data of these 27 samples shown that the water quality has a 
wide fluctuation margin, where the salinity of five samples are very high and the maximum 
value is 23,400mg/L. However, the salinity of the river water is lower than 1000mg/L 
whenever the river water is not subject to sea water invasion. 

Moin River as well as Bartolo River is located close the refinery. There are 550 meters 
away in straight line from the process area and 750 meters away by pipeline. It is considered 
as adequate and convenience for water intake. It is reliable as water source for the Project. 
Thus the Project is proposed to select Moin River as the water source. Bartolo River is 
planned as the backup water for the Project. Clean storm water from the site wide shall be 
collected for recycle to industrial water treatment as makeup. 

Table9.1-1 Analytical data of river water from Moin River  

Parameters Unit Min. Max. Average 

Total coliform group UFC/100mL 740 260000 54600 

Faecal coliform group UFC/100 mL 62 15000 2860 

Algae count /mL 130 3500 1210 

Sulphate reducing bacteria 
(SRB) UFC/100 mL 740 2300 1360 

pH  6.22 8.40 7.09 

Turbidity NTU 2.50 198.00 42.81 
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Parameters Unit Min. Max. Average 

 Pt/Co 
Colority (Pt-Co) 

 10.90 108.00 28.47 

Conductivity µs /cm 521.00 48800.00 4788.11 

Total solid mg/L (ppm) 352.00 23400.00 2530.29 

Dissolved solid mg/L (ppm) 320.00 23386.00 2469.68 

Suspended solids mg/L (ppm) 6.00 522.00 58.82 

COD mg/L (ppm) 5.00 52.00 16.11 

BOD5 mg/L (ppm) 3.00 7.00 3.71 

Oil and grease mg/L(ppm) 2.00 2.00 2.00 

Total alkalinity mg/L (ppm) 95.00 132.00 115.75 

Total Hardness (as CaCO3) mg/L (ppm) 114.00 3514.00 535.89 

Total Hardness (as CaCO3) mg/L (ppm) 77.00 828.00 167.32 

Chloride mg/L (ppm) 115.00 4140.00 864.89 

Sulfate mg/L (ppm) 8.00 214.00 43.50 

SiO2 mg/L (ppm) 11.00 23.00 18.64 

Total Fe mg/L (ppm) 0.06 3.80 1.42 

Dissolved Fe mg/L (ppm) 0.01 0.23 0.06 

Zn mg/L (ppm) 0.05 0.05 0.05 

Cu mg/L (ppm) 0.05 0.05 0.05 

Sulfide mg/L (ppm) 0.03 0.10 0.10 

Ammonia nitrogen mg/L (ppm) 0.08 1.50 0.48 

Total N2 mg/L (ppm) 0.10 2.00 0.73 

Phosphate mg/L (ppm) 0.14 2.30 0.58 

Total inorganic residual 
halogen mg/L (ppm) 0.05 0.05 0.05 

Total organic residual halogen mg/L (ppm) 0.10 0.10 0.10 

Chlorine demand mg/L (ppm) 0.05 0.35 0.22 

Chromatographic total 
hydrocarbon mg/L (ppm) 0.10 0.10 0.10 

pHs  6.35 7.81 7.40 

Langelier index  -1.01 1.02 -0.31 

Ryznar stability Index  5.65 5.65 5.65 

9.1.3.2 Water Intake Pumps and Water Delivery  

Moin River is located near the sea and affected by the tide so that the river water has a 
wide fluctuation of salinity, i.e., calcium, magnesium, chloride and sulfate. For reliable 
operation of the water treatment plant, the water suction well is provided with online water 
quality determination analyzers. The water intake pump is shutdown when the salinity of 
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suction well is higher than a setting value due to rising tide from the sea to Moin River. The 
water intake pump can be started up again when the salinity of suction well is lower than the 
setting value due to falling tide and less sea water flowing to Moin River. In addition, a level 
meter with a low level alarm is provided in the suction well. For lack of the specific 
parameters of river water quality variation frequency due to the incoming sea water, it is 
designed to intake water for 20 hours per day in the Project.  

One new water intake pump station will be build in the existing pump station. It is 
designed to have capacity of 650m3/h. Two water intake pumps with a rated capacity of 
650m3/h at 20m are provided, one in operation and one on standby. 

The river water will be delivered to the battery limit of the Project via water delivery 
pipe, which is designed to have two lines of DN300. The water transfer line is provided with a 
flow meter and a pressure gauge. The capacity of each line is 70% of the total design capacity. 
Carbon steel pipe will be used in this system. The outside of pipeline shall be coated with 
polyethylene adhesive tape for corrosion prevention. 

9.1.4 Water Supply System 

9.1.4.1 Potable Water Design Scheme 

The potable water of the existing refinery mainly is used for drinking, restaurants, 
maintenance warehouse, health clinic, laboratory, sport center, car washing and eye wash & 
safty shower etc. The average consumption is about 8.7m3/h. The potable water is provided by 
the National Water Institute AyA. The pipe connection position is 1.5km away from the 
battery limit. Potable water supply for the Project will be connected from the existing refinery 
potable water pipe header. The potable water quality meets the “Regulations for Drinking 
Water Quality ” (Decree No. 32327-S)of Costa Rica.  

Table9.1-2 Water quality parameters-first level control –N1  

Parameters Unit Recommended value Maximum allowable 
value 

Faecal coliform 
group NMP/100 mL or UFC/100 mL absent absent 

Escherichia coli NMP/100 mL or UFC/100 mL absent absent  

Appearance color mg/L (U - Pt-Co) 5 15 

Turbidity NTU <1 5 

smell -- Shuld be acceptable Shuld be acceptable 

Taste  Shuld be acceptable Shuld be acceptable 

PH  6.5 8.5 

Temperature ℃ 18 30 

Conductivity 　µs/cm 400  

Free Chlorine mg/L 0.3 0.6 
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Residue 

Combined Residual 
Chlorine mg/L 1.0 1.8 

 

Table9.1-3 Water quality parameters-second level control –N2  

 

9.1.4.2 Industrial Water Design Scheme 

(1) Industrial water status of existing refinery 

The industrial water consumption for the existing refinery include the water for the pump 
cooling water system, boiler feed water system, cooling water system and fire fighting water 
system. The pump cooling water system and the boiler feed water system is provided with one 
water treatment facility respectively. The water is sourced from Bartolo River. The cooling 
water and fire fighting water are directly sourced from Moin River. 

1) Pump cooling water 

The pump cooling water treatment facility was designed to have a capacity of 45m3/h. 
The coagulation and filtration treatment process were adopted and the output was supplied for 
the pump cooling water. The existing water treatment capacity has got up to the designed 
upper limit and the output capacity only can meet the demand of existing refinery pump 
cooling. Not any tolerance capacity is available. 

Parameters Unit Recommended 
value Maximum allowable value 

Total Hardness mg/LCaCO3 400 500 

Chloride mg/LCl- -- -- 

Fluoride mg/LF- -- 0.7 and 1.5 

Nitrate mg/LNO3
- 25 50 

Sulfate mg/L S04
2- 25 250 

Aluminium mg/LAl3+ 0.2 -- 

Calcium mg/LCa2+ 100 -- 

Magnesium mg/LMg2+ 30 50 

Sodium mg/LNa+ 25 200 

Potassium  mg/LK+ -- 10 

Iron  mg/LFe -- 0.3 

Manganese mg/Mn 0.1 0.5 

Zinc mg/LZn -- 3.0 

Copper mg/LCu 1.0 2.0 

Lead mg/LPb -- 0.01 
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2) Boiler feed water  

The boiler feed water treatment facility was designed to have a capacity of 45m3/h. The 
coagulation , filtration and ion exchange treatment process were adopted and the output water 
was supplied for boiler feed water. The existing water treatment capacity has got up to the 
designed upper limit and the output capacity only can meet the demand of existing refinery 
boiler feed water. Not any tolerance capacity is available. 

3) Cooling water 

The cooling water system was designed to direct cooling system. The cooling water was 
directly soured from Moin River. The maximum cooling water consumption of the existing 
refinery was about 2317m3/h. The hot water from the heat exchangers was sent to the hot 
lagoon for cooling before it was drained to Moin River. The lists of cooling water 
consumptions and the cooling water pumps installed in the existing refinery are detailed in 
tables below. 

Table9.1-4 Cooling water consumptions of existing refinery 

No. Unit Cooling water consumption（m3/h） 

1 CRUDE 1572 

2 VACCUM 249 

3 VISBREAKING 168 

4 REFORMING 170 

5 KERO HDT 10 

6 GASCON 116 

 SUBTOTAL 2285 

 

Table9.1-5 Cooling water pumps of existing refinery 

No. Item No. of cooling water pumps Operation capacity (m3/ h) 

1 ZP-509 1135 

2 ZP-5502A/B 2330 

3 ZP-5560A/B 750 

4 ZP-5561 250 

 Total 4465 

4) Fire fighting water 

The maximum fire fighting water demand of the existing refinery LPG spherical is 
2,270m3/h. The maximum fire fighting water demand of the refinery fire system is 1,360m3/h. 
See details for fire fighting water demand in Table 10.1-6. The fire fighting water systems is 
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fed by three water intakes located in Moin River, another in lagoon #1 and #2 cooling water 
pool respectively. There are nine turbine pumps for fire fighting water. 

Table9.1-6 Fire fighting water demand of existing refinery 

No. Unit  Water demand, m3/h 

1 Current LPG facility fire system 2270 

2 Refinery fire system 1360 

 

Table9.1-7 Fire fighting water pumps of existing refinery 

No. Item No. of fire 
pumps 

Capacity 
GPM 

Motor location Mark 

1 DP-801-A 1000 Electric motor #2Hot cooling 
water pool 

2 DP–801-B 1000 Internal combustion 
engine 

#2Hot cooling 
water pool 

3 DP-801-C 1000 Internal combustion 
engine #1lagoon 

4 DP-801-K 2500 Internal combustion 
engine Moin River 

5 DP-801-G 2000 Electric motor Moin River 

6 DP-801F 1000 Electric motor Moin River 

Refinery fire 
fighting water 

system 

7 DP-810A 3000 Electric motor Moin River 

8 DP-810B 3000 Internal combustion 
engine Moin River 

9 DP-810C 3000 Internal combustion 
engine Moin River 

Cooling water for 
LPG spheric  

 

(2) Industrial water design scheme 

The Project is planed to build a new industrial water treatment plant, where the river 
water is subject to coagulation, ultrafiltration and reverse osmosis processes to meet the water 
quality of industrial water requirement. Then the water is supplied to the Project as the 
makeup water of recirculating cooling water, the makeup water of demineralized water 
treatment plant, industrial water for process unit, fire fighting makeup water, as well as green 
plot sprinkling and floor flushing water and etc. For minimizing the rising tide effect on the 
quality of water in Moin River, a raw water equalization basin and a industrial water basin are 
designed for reliable supply of industrial water. The water demand of the existing refinery 
should be supply by the existing water supply system except cooling water.  

The existing fire pumps have become old and need frequent maintenance. The internal 
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combustion engines are obsolete and it is difficult to find their spare parts. Therefore, one new 
fire fighting pump station is designed to take water from Moin River while the jockey pump is 
designed to take water from the industrial water basin. 

There is serious waste of water resource in existing refinery for the direct cooling system 
is adopted. One new recirculating cooling water system will be designed not only for the new 
project but for the existing refinery. At the same time, the cooling water system in the existing 
refinery will be modified to recirculating cooling water system. The makeup water of 
recirculating cooling water system will be supplied from the new industrial water treatment 
plant. 

A new demineralized water treatment plant is designed to supply demineralized water for 
the new project and the existing boiler. The demineralized water of the existing unit still 
supplied by the existing boiler feed water treatment facility.   

9.1.4.3 Water supply and drainage 

With reference to the water consumptions of the new and revamp process units and 
auxiliary facilities, the total water supply of the Project are listed in the table below. 
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Table9.1-8 Water supply of the Project (Unit: m3/h) 

Potable water Industrial water Recirculating 
cooling water supply Demineralized water Soften 

water 
treated 
Water

Recirculating 
cooling water 

return No. 
Unit 

 
Intermittent Normal Intermittent Normal Max Normal Intermitt

ent Normal Normal Normal Max 

1 Existing refinery* 

1.1 Curde Distillation Unit #1    1572 1572     1572 1572 

1.2 Kerosene Hydrotreating Unit    168 168     168 168 

1.3 Gascon    170 170     170 170 

1.4 Vaccum    10 10     10 10 

1.5 Visbreaking    116 116     116 116 

1.6 Boiler      45      

 Subtotal    2036 2036 45    2036 2036 

2 New Process Units 

2.1 Crude Distillation Unit #2    188.4 513.5    15 186.4 511.5 

2.2 Vacuum Distillation Unit #2    861.8 1257.1     859.7 1255.1 

2.3 Delayed Coking Unit (De-coker) 1   1135 1500     1133 1498 

2.4 Diesel Hydrotreating Unit 1   453 453 6.6    453 453 

2.5 Hydrocracking Unit 1   1002 1002 6    997 997 

2.6 Naphtha Hydrotreating Unit 1   46.6 46.6 2    46.1 46.1 

2.7 Continuous Catalytic Reforming 
Unit 1.5  20 167 167     167 167 

2.8 Dry Gas / LPG Treatment Unit 1   28 28 0.4 5.4   27.5 27.5 

2.9 Integrated Sulfur Recovery Unit 3   710 710 2 20   709 709 

2.10 Hydrogen Production Unit 1.5   276 276 40    274 274 
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Potable water Industrial water Recirculating 
cooling water supply Demineralized water Soften 

water 
treated 
Water

Recirculating 
cooling water 

return No. 
Unit 

 
Intermittent Normal Intermittent Normal Max Normal Intermitt

ent Normal Normal Normal Max 

(including PSA) 

2.11 Isomerization   60 70 70     70 70 

 Subtotal 11 0 80 4937.8 6023.2 57 25.4 0 15 4937.8 6023.2 

3  New Utilities and Auxiliary Facilities: 

3.1 Storage and Transportation System 2  31 3 3     3 3 

3.2 Boiler 0.5  6 20 20 119.1 0   20 20 

3.3 Air Compressor Station 0.5   180 180     180 180 

3.4 Industrial Water Treatment Plant 0.5        24.4   

3.5 Demineralized Water Treatment 
Plant 0.5 122  400 400     400 400 

3.6 ReCirculating Cooling Water Plant 0.5 154          

3.7 Environmental Monitor and 
Central Lab 1.5           

3.8 Floor Washing and Landscaping  2 5         

 Subtotal 6 278 42 603 603 119.1 0  39.4 603 603 

4 Unforeseen  30          

5 Total 17 308 122 7576.8 8662.2 221.1 25.4  39.4 7561.7 8647.2 

Note: 1.the potable water, industrial water, demineralized water, soften water demand of the existing process unit still supplied from the 
existing refinery water supply system. 

     2. according to the information by owner, the average consumption of the existing refinery is 8.7m3/h, 
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9.1.4.4 Water Supply System 

Water supply system could be divided into the following according to water 
consumption and characteristics of each new and revamp process units and auxiliary facilities 
of the Project: potable water supply system, industrial water supply system, high pressure fire 
water supply system, recirculating cooling water supply system, and demineralized water 
system, process condensate recovery system and turbine condensate recovery system.  

(1) Potable water supply system 

The system is designed to mainly supply potable water for the new process units and 
auxiliary facilities and the water for lab service, mainly including the potable water for ISBL 
living room and washing room and safety water needed for safety shower and eye washer. 

B. L. conditions for potable water supply are as following:  

Water supply capacity:  normal: 6.5m3/h, Maximum 17m3/h; 

Water supply specification: meeting the requirements of Decree No. 32327-S 
“Regulations for Drinking Water Quality”.  

Pressure: 0.3MPa(G) (at battery limit of the water user) 

The main pipe will be arranged in branch type, and laid underground. Steel wire 
reinforced polyethylene compound pipe will be used. 

(2) Industrial water supply system 

It is designed to supply industrial water (except the makeup water for recirculating 
cooling water plant) to the new process units and auxiliary facilities via the industrial water 
pump installed in the industrial water treatment plant. 

B. L. conditions of industrial water supply are as following:  

Water supply capacity:  normal: 124m3/h, Maximum 244m3/h; 

Water supply specification: meeting the requirements of SH3099－2000 Water Quality 
Standard of Water Supply and Drainage in Petrochemical Industry 

Pressure: 0.5MPa(G) (at battery limit of the water user) 

The pipe network will be arranged in branch type, and laid underground. Carbon steel 
pipe will be used in this system. 

(3) Recirculating cooling water makeup system 

The system is used for supplying makeup water for recirculating cooling water system. 
The makeup water will be supplied by recirculating cooling water makeup pump installed in 
industrial water treatment plant. 

B. L. conditions of recirculating cooling water makeup supply are as following:  
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Water supply capacity:  normal: 154m3/h, Maximum 169m3/h; 

Water supply specification: meeting the requirements of SH3099－2000 Water Quality 
Standard of Water Supply and Drainage in Petrochemical Industry 

Pressure: 0.3MPa(G) (at battery limit of the water user) 

The pipe network will be arranged in branch type, and laid underground . Carbon steel 
pipe will be used in this system.  

(4) High pressure fire fighting water system 

The system is used for the supplying high pressure (HP) fire fighting water to all process 
units and auxiliary facilities. The Maximum fire fighting water consumption is calculated 
according to the requirement for two simultaneous fires, one at process area with the 
maximum fire fighting water demand is 3300m3/h, and the other at auxiliary facilities area 
with maximum fire water demand is 180m3/h. Therefore, the maximum total fire water 
demand shall be designed as 3480 m3/h, the fire duration is 6h. and the fire water for fire 
scenario shall be designed as 20880 m3 for one time. 

B. L. conditions of HP fire fighting water system are as follows:  

Water supply capacity:   3480 m3/h 

Fire water consumption:  20880 m3 

Water supply specification: pressure during fire fighting 1.0 MPa(G) (at B.L. of water 
users) 

Hold pressure: 0.8 MPa(G) (at battery limit of the water user) 

The pipe network will be arranged in loops, and laid underground. Carbon steel pipe will 
be used in this system. The outside of pipe shall be coated with advanced coal tar epoxy to 
provide corrosion proofing. 

(5) Recirculating cooling water system 

The system is used for the supplying cooling water to the site-wide plant not only new 
process units and auxiliary facilities, but also the existing process units and auxiliary facilities. 
A new recirculating cooling water plant will be build, and makeup water comes from 
industrial water treatment plant. 

B. L. conditions of recirculating cooling water system are as follows: 

Cooling water supply flow: normal 7576.8m3/h, maximum 8662.2 m3/h 

Cooling water return flow: normal 7561.7m3/h, maximum 8642.7 m3/h 

Water supply temperature:  33℃ 

Reflux water temperature:  43℃ 
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Water supply pressure: 0.4 MPa(G) (at battery limit of the water user) 

Reflux water pressure: 0.2 MPa(G) (at battery limit of the water user) 

Fouling resistance:  3.44x10-4m2•K/W 

Cycle of concentration:  5 

Water supply specification: meeting the requirements of GB50050-2007 Code for 
Design of Water Quality for Industrial Recirculating Cooling Water Treatment 

The pipe network will be arranged in branch type, and laid underground. Carbon steel 
pipe will be used in this system. The outside of pipe shall be coated with advanced coal tar 
epoxy to provide corrosion proofing. 

(6) Demineralized (DM) water system 

This system is used for supplying demineralized water to the new process units and 
auxiliary facilities. The makeup water comes from industry water and condensate. 

B. L. conditions of demineralized water supply are as following:  

Water supply capacity:  normal: 221.1m3/h, Maximum 246.5m3/h; 

Water supply specification: 

Conductivity (25℃):  ≤0.2μs/cm 

SiO2:   ≤0.02mg/L 

Pressure: 0.4 MPa(G) (at battery limit of the water user) 

The pipe network will be arranged in branch type, and laid gallery. Stainless steel pipe 
will be used in this system.  

(7) Process condensate recovery system 

This system is used for collect any ISBL process condensate from the new process units 
and auxiliary facilities and delivery the collected condensate to the DM water treatment plant 
for treatment. 

B. L. conditions of process condensate are as following: 

Water capacity: 116.7m3/h 

Water specification: 

Temperature ≤100℃ 

Pressure: ≥ 0.2MPa(G) 

pH   8~9 

Fe: 0.2ppm 
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Oil: Trace 

The pipe network will be arranged in branch type, and laid gallery. Stainless steel pipe 
will be used in this system.  

(8) Turbine Condensate Recovery System 

This system is used for collect any ISBL turbine condensate from the process units and 
auxiliary facilities and delivery the collected condensate to the DM water treatment plant for 
treatment 

B. L. conditions of process condensate are as following: 

Water capacity: 24.3m3/h 

Water specification: 

Temperature ≤60℃ 

Pressure: ≥ 0.2 MPa(G) 

pH   8~9 

Fe: 0.2ppm 

The pipe network will be arranged in branch type, and laid gallery. Stainless steel pipe 
will be used in this system.  

9.1.5 Water Supply Engineering 

9.1.5.1 Industrial Water Treatment Plant and Water Supply Pump Station 

The industrial water treatment plant is designed to supply the industrial water for process 
units, makeup water for DM water treatment plant, makeup water for recirculating cooling 
water, fire fighting makeup water, as well as green plot sprinkling and floor flushing water 
and etc. It consists of the raw water equalization basin, clarifier, ultrafiltration system and the 
reverse osmosis system, industrial water basin and auxiliary facilities. 

(1)  Design basis 

1) Raw water/ outlet quality 

The raw water quality to the proposed industrial water treatment plant of this project is 
detailed in the Moin River water quality analytical data table. 

The outlet water of industrial water treatment plant will meet the requirements of Water 
Quality Standard of Water Supply and Drainage in Petrochemical Industry(SH3099－2000). 
The specification is shown as following: 

pH      6.5~8.5 

Turbidity:  ≤3mg/L 



 FSR on Expansion and Modernization of the MOIN Refinery Project 

 9-16

Ca2+:     ≤175mg/L 

Fe2+:     ≤0.3mg/L 

Design capacity: 400m3/h  

(2) Process description 

 

The raw water shall be sent to the high-efficiency clarifier to remove most suspended 
solids. Because affected by the tide so that the river water has a wide fluctuation of contents 
of salinity. The water intake shall stop when the salinity of river water is higher than a set 
value. Thus a equalization basin shall be provided downstream of the clarifier. One set of 
equalization basin which is divided into two cells is designed to have total effective volume of 
20000m3. The equalization basin is intended to collect the clean storm water from the site 
wide.The suspending substance, colloids, part organics will be removed by ultrafiltration, and 
the permeate water will fully satisfy the requirements for reverse osmosis. Two ultrafiltration 
units are designed in parallel, with the design capacity of 210m3/h for each. Permeate of 
ultrafiltration system will be sent to the reverse osmosis system where most ions are removed, 
and the permeate of the RO system will meet the requirements of the industrial water. Two 
reverse osmosis units are designed in parallel, with the design capacity of 155m3/h for each. 
The water after treatment flows to the industrial/fire water basin for storage. 

One set of industrial/fire water basin which is divided into two cells is designed to have 
total effective volume of 10000 m3. The volume of industrial/fire water basin is designed 
based on the industrial water consumption 9240m3 (considered for the normal consumption 
for 30 hours) and fire system leakage. The industrial water pump shall shutdown for the 
availability of fire water when the level of industrial/fire water basin decreases to the setting 
level. 

The industrial water supply system can be divided into cooling water makeup supply 
system and industrial water supply system. The industrial water supply system mainly 
supplies makeup water for DM water treatment plant, process unit and miscellaneous users; 
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The cooling water makeup supply system mainly supplies makeup water for recirculating 
cooling water system. 

Two industrial pumps with a design capacity of 124m3/h at 55m are designed, one in 
operation and one on standby. 

Two recirculating cooling water makeup pumps with a design capacity of 169m3/h at 
35m are designed, one in operation and one on standby. 

(3) Main equipment 

Equipment list of industrial water treatment plant see details in the list of main 
equipment and structures for the water supply and drainage system in Table 10.1-12. 

9.1.5.2 Fire Fighting Water Pump Station 

The Project is proposed to build a HP fire fighting water pump station, which directly 
intakes water from Moin River and supplies HP fire fighting water for the new process units 
and auxiliary facilities. The HP fire fighting water pump station is designed to have total 
capacity of 3,480m3/h and the fire duration is 6 hours. 

One electric-drive fire pump and three diesel pumps shall be provided, with three for use 
and one for standby, with the design flow of 1160m3/h for each, and the head of 100m. Two 
jockey pumps shall be provided, with one in operation and one for standby, with design flow 
of 50m3/h and the head of 120m. 

Under normal conditions, the jockey pumps to maintain the pressure in HP fire water 
pipe network; when large quantity of water is required in case of fire, the pressure in fire 
water pipe network will drop rapidly, the HP electric pump will start automatically according 
to the setting value of the pressure switch on fire water pipe loop, so that the fire water pump 
can be started timely to supply water in case of fire scenario. When the electric pump fails or 
the fire water consumption increases, the water supply capacity of electric pump cannot meet 
the fire fighting requirements, and the pressure of pipe network will further decrease, the 
pressure switch on discharge pipe of diesel pump will start the diesel pump, and then the 
second and third diesel pump. 

For an emergency case, for avoiding secondary contamination, fire water deluge will be 
collected to the proposed emergency fire water deluge basin instead of directly draining to the 
off-site. The collected wastewater is then lifted to the wastewater treatment plant for 
treatment. 

The Project is proposed to design an emergency fire water deluge collection basin with 
an effective volume of 24,000m3. 

Equipment list of of this system see details in the list of main equipment and structures 
for the water supply and drainage system in Table 10.1-12. 
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9.1.5.3 Recirculating Cooling Water Plant 

Recirculating cooling water system consists of cooling tower, cooling water basin, 
cooling water pump suction basin, cooling water pump, chemical dosing system, biocide 
dosing system, side stream filter, acid injection system, heat monitor and accessories. 

(1) Design basis 

1) Meteorological parameter 

Dry bulb temperature: 33℃ 

Wet bulb temperature: 29℃ 

2) Design parameters 

Cooling water supply flow: normal 7576.8m3/h, maximum 8662.2 m3/h 

Cooling water return flow: normal 7561.7m3/h, maximum 8647.2m3/h 

Drained to the oily water Pipeline: 15m3/h 

Cooling water return temperature : 33℃ 

Cooling water supply temperature : 43℃ 

Cycle of concentration: 5 

Fouling resistance: 3.44x10-4m2·K/W 

Cooling water supply pressure: 0.4MPa(G) (at battery limit of the water user) 

Cooling water return pressure: 0.2MPa(G) (at battery limit of the water user) 

(2) Design capacity  

For the normal demand of the recirculating cooling water demand for the site-wide plants 
is 7576.8m3/h, the maximum water demand is8662.2 m3/h, so the recirculating cooling water 
plant is designed to have capacity of 10500m3/h. 

(3) Process description 
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The cooling water system is provided with three cooling towers, with capacity of 3500 
m3/h for each tower. Counterflow, mechanical draft type cooling tower is designed in the 
Project. Bar screen is fixed in the cooling water basin to prevent the process heat exchangers 
from blocking. The cooling water basin and cooling water pump suction basin is connected 
via pipe. The cooling water system is provided with four cooling water pumps with capacity 
of 3500 m3/h for each, and the head of 50m, three for operating and one for spare.  

To control the suspended solid in the cooling water system, 4% of the cooling water 
should be filtered to eliminate the suspended solid in the cooling water system. The cooling 
water system is provided with three side stream filters with 450m3/h of total design capacity. 
Capacity for each filter is 150m3/h.  

Scaling and corrosion inhibitor are required for the cooling water system to avoid the 
scaling and corrosion of heat exchangers, so as to assure the safe, stable, long term operation 
of the process heat exchangers. The cooling water system is provided with one set of scaling 
and one set of corrosion inhibitor dosing unit, and each unit consists of one chemical storage 
tank, 2 dosing pump and relevant accessories. The scaling and corrosion inhibitor will be 
dosed automatically according to the conductivity of cooling water and cooling water makeup 
flow rate. The type and quantity of scaling inhibitor and corrosion inhibitor shall be 
determined after the chemicals are selected. 

Liquid chlorine will be used as oxidization type biocide to control the growth of 
microorganism in cooling water system; the liquid chlorine will be continuously or 
intermittently dosed. 

The makeup water for the recirculating cooling water is 154~169m3/h, which is supplied 
by the cooling makeup water pump in the water pump station. The blowdown of recirculating 
cooling water system 20m3/h will be sent to the wastewater treatment plant before it is 
drained. 

Two electric pump and two turbine pumps shall be provided, with three for use and one 
for standby, with the design flow of 3500m3/h for each, and the head of 50m. 
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(4) Main equipment 

Equipment list of of this system see details in the List of main equipment and structures 
for the water supply and drainage system in Table 10.1-12. 

9.1.5.4 Demineralized Water Treatment Plant 

(1)  Design basis 

1) Influent specification 

a) Industrial water :outlet water of the industrial water treatment plant 

b) Process condensate 

Temperature: ≤100 ℃; 

Pressure: ≥ 0.2 MPa(G) 

pH：   7~9 

Fe: 0.2ppm 

Oil: Trace 

c) Turbine condensate 

Temperature : ≤60 ℃; 

Pressure: ≥ 0.2Mpa(G) 

pH：   7~9 

Fe: 0.2ppm 

2) Specifications of DM water 

Temperature:    <40℃ 

Pressure:    0.5 MPa(G) 

pH：     6~7 

SiO2     ＜20ppb 

Conductivity:    ＜0.2µs/cm 

(2) Design capacity 

For the Project, the normal consumption of DM water and soften water is221.1m3/h, the 
recovered process condensate is 116.7m3/h, the recovered turbine condensate is 24.3m3/h. 
thus the DM water demand is 80.1m3/h at the normal operation conditions. The industrial 
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water demineralization system is designed with the product capacity of 110m3/h. Process 
condensate treatment system is designed with the treatment capacity of 130m3/h, and the 
designed treatment capacity of turbine condensate in the process area is 30m3/h.  

(3) DM water treatment process flow diagram 

 

1) Industrial water demineralization treatment system 

The industrial water will be sent to the cartridge filter to remove any potential 
mechanical impurities and to protect the reverse osmosis from mechanical damage before the 
industrial water sent to the reverse osmosis system. Two sets of cartridge filter with design 
treatment capacity of 100m3/h for each is provided. Two sets of reverse osmosis system with 
design treatment capacity of 55m3/h for each is provided, which consists of high pressure 
water pump, reverse osmosis membrane module, reductant dosing units, antiscalant dosing 
unit, acid dosing unit and etc. 

Permeate of reverse osmosis system is sent to the intermediate water tank, and then the 
water is pumped to the purification system, whereby the purified water quality can meet the 
specification of demineralised water. Two pumps shall be provided, one in operation and one 
for standby, with design flow of 110m3/h and the head of 35m. 

Two mixed ion exchangers are provided, with a diameter of 1,800mm, one in service and 
one standby. One set of DM water tank is provided, with the effective volume of 2,000m3. 

The operation of the demineralized water treatment system is controlled by 
programmable logic controller. The acid/alkali regeneration waste water shall be discharged 
to the neutralization water pond in which acid/alkali waste water shall be dosed to adjust the 
pH to 6 ~ 9, and then the neutralization water pump shall discharge the water to the 
uncontaminated water system. 

2) Process condensate treatment system 

The quality of process condensate to condensate tank is monitored by the analyzer that is 
installed on the pipeline. Any off-spec condensate shall be drained directly to the 
uncontaminated wastewater system via the bypass valve. 
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One set of process condensate tank is provided with effective volume of 200m3. Two 
pumps are provided, one in operation and one for standby, with design flow of 116.7m3/h and 
the head of 50m. 

The heat exchangers are designed to reduce the temperature of condensate to 50oC, and 
cooling medium is recirculating cooling water. 

For removing any iron and other impurities from the condensate, a prefilter with design 
capacity of 120m3/h is provided before the mixed ion beds. 

Two mixed ion beds with a diameter of 3000mm are provided for the condensate 
treatment system, one in service and the other standby. 

3) Turbine condensate treatment system 

The turbine condensate from the process units treated by a prefilter shall be sent to DM 
water tank. One set of prefilter is design to have treatment capacity of 30m3/h. 

4) Regeneration system and regeneration wastewater treatment system 

The acid and alkali for the regeneration of the ion exchanger shall be sent to the grade 
acid/alkali storage tank from which they flows via metering pumps before being used for the 
ion exchange regeneration. 

The acid/alkali regeneration waste water shall be discharged to the neutralization water 
pond in which acid/alkali waste water shall be dosed to adjust the pH to 6 ~ 9, and then the 
neutralization water pump shall be discharged with other uncontaminated water. 

Two at grade acid/alkali storage tanks are provided, with the effective volume of 10m3 
for each. One neutralization pond is provided with the effective volume of 250m3, the 
regeneration system is provided with two pumps for the regeneration water, with the capacity 
of 50m3/h and the head of 30m for each. 

5) Water supply system 

Two DM water supply pumps with the capacity of 217m3/h at 60m head for each are 
provided, one in operation and one on standby. 

(4) Main equipment 

Equipment list of of this system see details in the list of main equipment and structures 
for the water supply and drainage system in Table 10.1-12. 

9.1.6 Water Drainage System 

9.1.6.1 Existing water drainage situation 

The existing refinery was designed to have process wastewater drainage system and 
storm water drainage system. The cooling water from the tank farm and the oil-free 
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wastewater from the process units were directly drained to Moin River. The oily water was 
sent to the advection oil separarion tank in parallel, with treatment capacity of 10000GPM
（2271m3/h）and 3000GPM（681m3/h）respectively, where the wastewater were treated by oil 
skimmer for meeting the standard specified in the “Regulation of Spills and Wastewater 
Reuse”(No. 33601-MINAE-S) before it was drained to Moin River.  

The cooling water consumption of the process units for the existing refinery is 2317m3/h. 
Thus the existing wastewater treatment facility can basically meet the existing refinery 
wastewater treatment requirements. Not any tolerance capacity is available. 

The average potable water consumption of the existing refinery is 8.7m3/h according to 
the information provided by owner. So the sanitary sewage is assumeed to have the quantity 
of 7.8 m3/h, which is calculated by 90% of the potable water consumption. The discharge 
from pump cooling water of the existing refinery is 45 m3/h. 

9.1.6.2 Drainage Design Scheme 

The Project shall build a new waste water treatment plant. Any process wastewater and 
domestic wastewater streams from the existing refinery and the new units will be collected 
and sent to the wastewater treatment plant, where the wastewater are treated for meeting the 
design standard of discharge before it is drained to Moin River. Uncontaminated waste water 
of the new units is collected and drained to the storm water drainage pipeline at battery limit 
of the Project. 

Some process units are designed to have oily water pretreatment system, sour water 
stripper and alkali wastewater pretreatment system inside battery limit of the process unit for 
the purpose of control the drainage. This will minimize the emission of the pollutant and 
mitigate the impact load to the wastewater treatment plant. 

The ISBL wastewater streams include the oily wastewater, sour wastwater, salty 
wastewater, sanitary sewage, alkali wastewater, oily rainwater and uncontaminated 
wastewater. 

1) Oily wastewater: mainly includes the process wastewater from the process unit area, 
tank farm, loading area and bulk material dock, early rainwater and washing water. 
The oily water is collected and sent to to the wastewater treatment plant for treatment. 

2) Sour wastewater: mainly sourced from the atmospheric distillation and vacuum 
distillation units, the coking unit, diesel/kerosene hydrofining unit, hydrocracking unit 
and naphtha hydrocracking units. The sour water is desulfurized in the sour water 
stripping unit, from which a stream of waste water is sent to atmospheric distillation 
unit 2# as electric desalting water and the others are sent to the wastewater treatment 
plant for further treatment. 
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3) Salty wastewater: mainly includes the salty wastewater from the electric desalting 
unit and the blowdown of recirculating cooling water plant. The salty waste water from 
the electric desalting unit is subject to cooling and oil removal pretreatment inside the 
battery limit before it is sent to the waste water treatment plant for treatment; the 
blowdown the recirculating cooling water plant is directly sent to the waste water 
treatment plant for treatment. 

4) Sanitary sewage: sanitary sewage from washrooms of auxiliary facilities and process 
units, after it is pretreated in the septic tank, will be discharged to the sanitary system, 
and lifted to wastewater treatment plant for further treatment. 

5) Alkali wastewater: alkali wastewater is collected for pretreatment, and the pretreated 
wastewater will be lifted to the wastewater treatment plant for further treatment.  

6) Early rainwater(contaminated rainwater): contaminated rainwater mainly sourced 
from the process unit area, tank farm and loading area. The early contaminated 
rainwater storage pool is provided in these areas. The contaminated rainwater will be 
sent to the waste water treatment plant for treatment.  

7) Uncontaminated wastewater: mainly includes the neutralized acid and alkali 
regeneration wastewater, blowdown of the boiler, overflow of the water tank and pool 
and blowdown water.  

9.1.6.3 wastewater Discharge Statistics 

See details for the wastewater discharge in the table below. 
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Table9.1-9 Wastewater discharge statistics  (Unit: m3/h) 

Salty 
wastewater Oily wastewater 

Sour 
wastewa

ter 

Alkali 
wastewate

r 

Alkaline
dreg 

Nonpollute
dwastewate

r 

Recycle 
water 

Sanitary 
sewage No. Unit  

Normal Normal Intermittent Normal Normal Normal Normal Normal Intermittent 

1 Existing refinery 

1.1 Crude Distillation Unit 1# 6.3 1  3.5      

1.2 Kerosene Hydrotreating Unit   0.45       

1.3 Gascon  0.3        

1.4 Vaccum          

1.5 Visbreaking          

1.6 Pump Cooling Water  45        

1.7 Potable Users         7.8 

 Subtotal 6.3 46.3 0.45 3.5     7.8 

2 New Process Units 

2.1 Crude Distillation Unit 2# 17.9 2  6      

2.2 Vacuum Distillation Unit 2#  2  4      

2.3 Delayed Coking Unit (De-coker)  2  9     1 

2.4 Diesel Hydrotreating Unit   5 10     1 

2.5 Hydrocracking Unit 2.8 6  5     1 

2.6 Naphtha Hydrotreating Unit  1.5  2     1 

2.7 Continuous Catalytic Reforming Unit   20      1.5 

2.8 Dry Gas / LPG Treatment Unit 0.4 0.5   0.016 0.018   1 

2.9 Integrated Sulfur Recovery Unit  28.9 4 4.4 0.0875  3.2 43.9 3 

2.10 Hydrogen Production Unit (including 2.5 2       1.5 
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PSA) 

2.11 Isomerization   10       

 Subtotal 23.6 44.9 39 40.4 0.1035 0.018 3.2  11 

3 Utilities and Auxiliary Facilities 

3.1 Storage and transportation   31      2 

3.2 Boiler    6      0.5 

3.3 Air Compressor Station         0.5 

3.4 Industrial Water Treatment Plant       102.8  0.5 

3.5 Demineralized Water Treatent Plant  1.2     2.2 24.4 0.5 

3.6 Reirculating Cooling Water Plant  20.1       0.5 

3.7 Environmental Monitor and Central 
Lab  1.5        

3.8 Floor Washing and Landscaping  2 5       

 Subtotal 0 24.8 42 0 0 0 108 39.4 4.5 

4 Unforeseen  5.0     25.0   

5 Total 29.9 120.9 81.5 43.9 0.1035 0.0180 133.2 39.4 23.3 

Note： 

1. The average potable water consumption of the existing refinery is 8.7m3/h according to the information provided by owner.  So the 
sanitary sewage is assumeed to have the quantity of 7.8 m3/h, which is calculated by 90% of the potable water consumption. 

2. The treated water from the integrated sulfur recovery unit is sent back to atmospheric distillation unit 2#. The water has not been recycle 
is count as oily water of the integrated sulfur recovery unit. 

3. The wastewater of the utilities and auxiliary facilities in the table is sourced from the new project, not include the wastewater sourced 
from the existing refinery, for it is unavailable.  
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9.1.6.4 Water Drainage Pipeline System 

In view of the plant drainage characteristics, the drainage pipeline system can be divided 
into the oily wastewater drainage system, sour wastewater drainage system, salty wastewater 
drainage system, alkali wastewater drainage system, sanitary sewage system, contaminated 
rainwater water and floor washing water drainage pipeline system, and the uncontaminated 
wastewater drainage pipeline system. 

1) Oily Water Drainage Pipeline System 

Process wastewater from the process unit area and tank farm, early rainwater and wash 
water is drained into this system. The oily wastewater is collected via pipeline and sent to the 
wastewater treatment plant in gravity. 

Cast iron pipe will be used in this system, and laid underground. The outside of pipe 
shall be coated with general coal tar epoxy to provide corrosion proofing. 

2) Sour Wastewater Drainage Pipeline System 

This system is designed to collect and drain any sour water from the process units. 

The sour wastewater from the process units is sent to the sour wastewater stripping unit, 
where most treated sour water is recycle back to the process unit and the others are pumped to 
the waste water treatment plant.  

Carbon steel pipe will be used in this system, and laid underground. The outside of pipe 
shall be coated with advanced coal tar epoxy to provide corrosion proofing. 

3) Salty Waste Water Drainage Pipeline System 

Salty wastewater from the electric desalting unit and the blowdown of recirculating 
cooling water plant is drained into this system. The salty wastewater is collected and pumped 
to the wastewater treatment plant. 

Carbon steel pipe will be used in this system, and laid underground. The outside of pipe 
shall be coated with advanced coal tar epoxy to provide corrosion proofing. 

4) Alkali Wastewater Drainage Pipeline System 

This system is designed to collect and drain any alkali wastewater after heat exchanging, 
cooling and desulfurizing inside battery limit of the plant. 

The alkali wastewater after heat exchanging, cooling and desulfurizing inside battery 
limit of the plant, is collected via pipeline and then sent to the alkali pretreatment station. The 
treated wastewater is sent to the waste water treatment plant for biochemical treatment. 

Carbon steel pipe will be used in this system, and laid underground. The outside of pipe 
shall be coated with advanced coal tar epoxy to provide corrosion proofing. 
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5) Sanitary Sewage Pipeline System 

Sanitary sewage from washrooms of auxiliary facilities and process units , after it is 
pretreated in the septic tank, will be discharged to the sanitary system, and lifted and sent to 
wastewater treatment plant for further treatment. 

Cast iron pipe will be used in this system, and laid underground. The outside of pipe 
shall be coated with general coal tar epoxy to provide corrosion proofing. 

6) Clean Rainwater Drainage Pipeline System 

This system is designed to collect and drain the clean water from the process units and 
the passages and accesses between the plant sites. 

The storm water calculating formula for LIMON shall be as follows: 

Q=C·I·A/360 

Imax = 155.052–25.8865 x Ln(D) + [21.7857 – 3.13747 x Ln(D)] x Ln (T) 

Where,   Q - Designed flow rate of storm water (L/s); 

C - Coefficient of runoff, i.e., 0.65; 

A - Catchment area (m2); 

I - Intensity of rainfall (mm/h); 

D - Designed recurrence frequency (year); i.e., P=5;  

t=t1+mt2 

Where,   t-Rainfall duration, minutes; 

t1-inlet time, minutes, i.e., 10 minutes; 

m-Reduction coefficient: Underground piping: m = 2; Open channel 
m=1.2 

t2-Storm water flow time within pipe duct, minute 

The maximum design flow of clean storm water is 2.65m3/s. The clean storm water shall 
flow through the clean storm water pipes to the equalization basin in the industrial water 
treatment plant. Before the clean storm water from the plant areas are flowing into the basin, 
it has to go through the screen to remove the larger particles. This clean storm water will be 
recycled to the industrial water treatment plant serve as makeup water or excess to river. The 
clean storm water will be collected via gravity and discharged into storm water header,  
finally discharges into Moin river. It is proposed to select the reinforced concrete pipeline 
with maximum diameter DN1500. 

7) Contaminated storm water and Floor Washing Water Drainage Pipeline System 
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This system is designed to collect any contaminated storm water and floor washing water 
from the process units and the auxiliary facilities. The quantity of contaminated storm water 
will be calculated with the 20mm water depth times contaminated area. the contaminated 
storm water from process units and auxiliary facilities will be collected in the ditch in the unit, 
discharged to contaminated storm water basin in gravity, and then pumped to wastewater 
treatment plant by process wastewater pipe. 

The contaminated storm water basin is designed to have effective volume of 3,000m3. 
Two contaminated storm water lift pumps are provided, i.e., one in service and one standby. 
The design flow of each pump is 500m3/h and the lift is 20m. 

8) Emergency Collection and Drainage Pipeline System 

This system is designed to collect the emergency leaking material and the fire 
wastewater from the process plants and units, the equipment cooling water and storm water, 
and so on. The collected emergency water is pumped to the wastewater treatment plant for 
treatment. 

The calculation for the effective volume of emergency water basin is shown below: 

V= V1＋V2＋V3 

Where： 

V1 --- fire water quantity for one time (m3); 

V2 --- storm water quantity in fire scenario (m3); 

V3 --- process streams leakage quantity in fire scenario: 1000m3. 

The emergency water basin is designed to have effective volume of 24,000m3. Two 
emergency water pumps are provided, with capacity of of 150m3/h for each, and the head of 
20m. 

9) Uncontaminated Waste Water Drainage Pipeline System 

This system is designed to mainly collect and drain the uncontaminated wastewater from 
inside battery limit of the project. The uncontaminated wastewater from inside battery limit of 
the process units and auxiliary facilities are collected via the pipelines and drained to the 
uncontaminated wastewater system. The uncontaminated wastewater mainly includes the 
neutralized acid and alkali regeneration waste water. The normal design flow of 
uncontaminated waste water is 133.2m3/h. 

9.1.7 Waste Water Treatment Plant 

(1) Design basis 

1) Source of wastewater 
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Process wastewater:   oily wastewater:    normal 120.9 m3/h   Intermittent 81.5 
m3/h 

                   salty wastewater:    normal 29.9 m3/h   

sanitary sewage:      the existing refinery: normal 7.8 m3/h    

                   the Project:        normal 5 m3/h      Intermittent 15.5 m3/h 

alkaline dreg and alkali wastewater:        normal 0.1215 m3/h 

emergency wastewater:                                   Intermittent 150 m3/h 

contaminated storm water:                                 Intermittent 50 m3/h 

The sour waste water is 43.9m3/h which shall be treated in the stripping unit. Part of the 
treated stream of 15m3/h shall be recycled to atmospheric distillation unit 2#, and the others 
stream of 28.9 m3/h shall be drained as oily wastewater.  

With reference to the “Design code for wastewater treatment in petrochemical industry” 
(SH3095-2000), the designed capacity of wastewater treatment plant shall consider the 
process waste water, sanitary sewage, contaminated storm water and unforeseen wastewater. 
The design capacity of wastewater treatment plant also considered the wastewater quantity 
sourced from the existing utilities and auxiliary facilities. 

2) Design capacity  

The waste water treatment plant is designed to have a total operation capacity of 240m3/h 
according to the above design philosophy and design basis and the reference data for similar 
wastewater treatment plants in china’s refinery. 

3) Designed quality of influent  

With reference to the wastewater quality from the refineries of its size with similar 
operation capacity, the main parameters for the quality of influent water to the wastewater 
treatment plant of this project are detailed in the table below. 

Table9.1-10 Quality of inffluent 

Item Unit Content 

PH  6-9 

CODcr mg/L 800 

BOD5 mg/L 120 

Suspended solid mg/L 200 

Petroleum mg/L 800~1000 

Phenol mg/L 20 

Cyanide mg/L 0.5 

Sulfide mg/L 20 
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Item Unit Content 

Ammonia nitrogen mg/L 60 

4) Designed effluent water quality 

With reference to the comparison of the Grade 1 standard specified in “Integrated 
wastewater drainage standard” (GB8978-1996) in China and the “Regulation of spills and 
wastewater reuse” (No.33601-S-MINAE), the more stringent standard shall govern for the 
water drainage of the Project. The main parameters for designed quality of effluent water are 
detailed in the table below. 

Table9.1-11 Design quality of effluent  

Item Unit Content 

PH  6-9 

CODcr mg/L 60 

BOD5 mg/L 20 

Suspended solid mg/L 50 

Petroleum mg/L 5 

phenol mg/L 0.5 

Cyanide mg/L 0.5 

Sulfide mg/L 1.0 

Ammonia nitrogen mg/L 15 

 

(2) Process description 

 

The process wastewater and sanitary sewage from the inside battery limit are collected 
via pipelines. The collected wastewater flows through the mechanical grill to remove any 
coarse suspended particles before it is lifted to the equalization tank. One set of equalization 
tank is designed to have effective volume of 6000m3 and the design hydraulic retention time 
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of 24hours, for oil removal and homogenization. 

The oily wastewater from the equalization tank flows in gravity to the oil separation unit. 
Two oil separation tanks are provided with the size of each tank is 32m×5m×2.5m. The oil 
separation tanks are also provided with oil skimmer, scraper and oil manifolds. The sump oil 
collected via the oil manifolds flows to the sump oil basin. The sump oil collected by 
equalization tank also flows to the sump oil basin in gravity. The sump oil is lifted by pump to 
the existing sump oil dehydration tank, the dehydrated sump oil finally is pumped to the 
existing sump oil tank. The oil sludge flows in gravity to the oil sludge concentration tank. 

The waste water after oil/water separation flows to the air floating facility in gravity, 
which selects two-stage air floatation parallel operation system to remove any oil and 
suspended solids from the wastewater. The primary air floatation selects the cavitation air 
flotation unit(CAF) and the secondary air floatation selects the dissolved air floatation unit 
(DAF). One set of cavitation air flotation unit and one set of dissolved air floatation unit is 
designed with operation capacity of 240m3/h for each. 

The biochemical treatment section of this project is designed to select the anaerobic (A) 
and aerobic(O) treatment process, briefly A/O process, as the main process to remove any 
ammonia nitrogen, COD, BOD and any other contaminants. The head end process of this 
section is the anaerobic denitrification tank, where the dissolved oxygen concentration is 
controlled at 0.3 to 0.5mg/L. The size of anaerobic denitrification tank is 14.0m×24.0m×5.5m 
and two submerged agitators are provided, each of which the power is 3.0kW.  

The waste water with the ended denitrification reaction in the anaerobic denitrification 
tank (Tank A) flows directly to the activated sludge reaction tank (Tank O), where the 
dissolved oxygen concentration is controlled at 0.5 to 2mg/L. Micro-porosity aerators are 
installed at the bottom of the aerobic reaction tank to supply oxygen for the microbes in the 
tank. Most contaminants in the waste water degrade into harmless H2O and CO2 while the 
microbes undergo the process of metabolism with the organic substances in the wastewater. 
The size of aerobic reaction tank is 65m×24m×5.5 m and two blowers are provided for the 
tank, one in service and one standby. The designed air flow rate for each blower is 
85Nm3/min while the outlet air pressure is 0.06MPa. 

The effluent activated sludge flows through the sedimentation tank for separating sludge 
from water. One set of sedimentation tank is provided with the size of Ф24×5.0m (H). The 
supernatant is pumped to the equalization tank for further treatment. Part of the settled sludge 
is returned to the denitrification tank via the sludge reflux pump and the waste activated 
sludge is sent to the sludge concentration tank for concentration before it is sent to the 
centrifugal dehydrator. Meanwhile, the oil sludge from the pretreatment section is 
concentrated in the oil sludge concentration tank before it is sent to the centrifugal dehydrator. 
The sludge is dehydrated until the water content to 80% to 85%. It is then sent to the off-site 
local cement for treatment.  
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(3) Main equipment 

Equipment list of of this system see details in the List of main equipment and structures 
for the water supply and drainage system in Table 9.1-12. 

 

9.1.8 Site-wide Water Balance Figure 

The site-wide water balance figure see figure as below 
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9.1.9 Main equipment and building/structures for the water supply and drainage system 

List of main equipment and structures for the water supply and drainage system 

See details in the list of main equipment and structures for the water supply and drainage 
system in table below. 

Table9.1-12 List of main equipment and structures for the water supply and drainage system  

No. Equipment Specification Unit Q’ty 

1 Water Intake Pump Station    

1.1 Water intake pump 650m3/h,20m，55kW Set 2 

2 Industrial Water Treatment Plant    

2.1  Raw water equalization basin 20000m3 set 1 

2.2 High efficiency clarifier 450m3/h set 1 

2.3 Primary stage lifting pump 420m3/h,40m,75kW set 2 

2.4 Self-cleaning filter 210m3/h set 2 

2.5 Ultrafiltration system 210m3/h set 2 

2.6 UF backwashing pump 300m3/h,20m,30kW set 2 

2.7 Reverse osmosis system 155m3/h set 1 

2.8 UF cleaning Unit 1 tank, 1 pump, 1 caritridge 
filter, N=22kW set 1 

2.9 RO cleaning Unit 1 tank, 1 pump, 1 aritridge 
filter, N=22kW set 1 

2.10 Industrial water basin 10000m3 set 1 

2.11 Industrial waterpump 124m3/h,55m,30kW set 2 

2.12 Recirculating cooling make-up 
water pump 169m3/h,35m,30kW set 2 

3 Recirculating Cooling Water 
Plant  set 1 

3.1 Cooling Tower Capacity: 3500m3/h, 
N=160kW set 3 

3.2 Cooling water  electric pump 3500m3/h,50m，630kW set 2 

 Cooling water turbine pump 3500m3/h,50m，630kW set 2 

3.3 Cooling water basin L×W ×H: 50m×18m×2.5m set 1 

3.4 Cooling water suction basin L×W ×H: 3m×18m×3.5m set 1 

3.5 Side stream filter Capacity: 150m3/h set 3 

3.6 Bar screen L×H: 2m×2.5m set 2 

4 Fire Fighting Pump Station    

4.1 Electric-drive fire fighting pump 1160m3/h,100m，500kW set 1 

4.2 Diesel fire fighting pump 1160m3/h,100m，500kW set 3 

4.3 Jockey pump 50m3/h,120m，22kW set 2 
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No. Equipment Specification Unit Q’ty 

5 Demineralized Water Treatment 
Plant    

5.1 Reverse osmosis system capacity: 55m3/h set 2 

5.2 Primary DM water tank 400m3 set 1 

5.3 RO cleaning Unit 1 tank, 1 pump, 1 aritridge 
filter, N=22kW set 1 

5.4 Deaerator capacity: 110m3/h set 1 

5.5 Mixed bed  110m3/h,￠1800mm set 2 

5.6 Process condensate treatment 
system 130m3/h set 1 

5.7 Turbine condensate treatment 
plant 30m3/h set 1 

5.8 Secondary DM water tank 2000m3 set 1 

5.9 DM water supply pump 221m3/h,50m,45kW set 2 

5.10 Neutralization basin L×B×H：12.0×6.0×4.0m，
250m3 set 1 

5.11 Neutralization water pump 50m3/h，30m,7.5kW set 2 

6 Waste Water Treatment Plant    

6.1 Collecting Well L×B×H：3.0×3.0×7.0m set 1 

6.2 Collecting well lifting pump 240m3/h,25m,30kW set 2 

6.3 screen B=20mm， grating width 
1000mm,2.2kW set 1 

6.4 Waste water equalization tank 6000m3 set 1 

6.5 Waste water lifting pump 240m3/h,30m,30kW set 2 

6.6 Equalization tank recycle pump 350m3/h,20m,30kW set 2 

6.7 Oil skimmer 240m3/h set 1 

6.8 Cavitation air floatation unit 240m3/h,12.2kW set 1 

6.9 Dissolved air floatation unit 240m3/h set 1 

6.10 Sump oil basin 6×6×4 m set 1 

6.11 Sump oil lifting pump 15m3/h, 40m,5.5kW set 2 

6.12 Slump oil dehydration tank 150m3/h set 1 

6.13 Sump oil transfer pump 15m3/h, 40m,5.5kW 台 Set 2 

6.14 Denitrification basin 14×24×5.5 m set 1 

6.15 Submerged agitator 3.0kW set 2 

6.16 Aerobic treatment basin 65×24×5.5 m set 1 

6.17 Blower 85Nm3/min，132kW set 2 

6.18 Sedimentation tank Ф24×5.0m(H) set 1 

6.19 Sludge scraper Ф24m,1.1kw set 1 
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No. Equipment Specification Unit Q’ty 

6.20 Nitrification liquor reflex pump 560m3/h,20m,45kW set 2 

6.21 Sludge reflux pump 280m3/h,30m,37kW set 2 

6.22 Drainage monitoring basin 15m×20m×4.5m set 1 

6.23 Oily sludge concentration tank Ф5×8.0m(H),150m3 set 1 

6.24 Oily sludge centrifugal 
dehydrator 2～5m3/h，1.5kW set 1 

6.25 Activated sludge concentration 
tank Ф5×8.0m(H),150m3 set 1 

6.26 Activated sludge centrifugal 
dehydrator 2～5m3/h，1.5kW set 1 

6.27 Sludge transfer pump Q=2~5m3/h，P=0.4MPa，
N=5.5kW set 3 

6.28 Alkaline dreg storage tank Diameter 4m, H=5m, effective 
volume 50m3 set 1 

6.29 alkaline dreg pump Q=100L/h，P=0.4MPa，
N=0.55kW set 2 

6.30 WAO Treatment Unit 0.15m3/h set 1 

7 Emergency and Contaminated 
Water Basin    

7.1 Screen W×H=2.0m×3.5m，2.2kW set 1 

7.2 Emergency water basin L×B×H：40.0×100.0×4.5m，
24000m3 set 1 

7.3 Emergency water lifting pump 150m3/h，20m,15kW set 2 

7.4 Contaminated storm water basin L×B×H：25.0×30.0×4.5m，
3000m3 set 1 

7.5 Contaminated storm water lifting 
pump 50m3/h，20m,5.5kW set 2 
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9.2 Power Supply 

9.2.1 Scope and philosophy of study 

9.2.1.1 Scope of study 

The scope of design for this project includes the new main substation, power supply, 
lighting, lightning protection, static protection and earthing facilities for complex-wide 
facilities, and the substation, power supply, lighting, lightning protection and static protection 
for the plants and units. 

9.2.1.2 Philosophy of study 

(1) The safety and reliable power supply system is provided according to the project 
operation capacity and the operation requirements. 

(2) The innovation, economy and practicality of the technologies match with the level 
of whole plant, i.e., providing reliable electric power quality and meeting process 
operation requirements. 

(3) It is required to stringently observe the execution specification, once-through design 
planning and step-by-step execution program.  

(4) It is proposed to select the electrical products with high working efficiency, low 
energy consumption level and advanced performance, which comply with the updated 
applicable standards. 

(5) It is required to integrate the far future and near future plans and focus on the near 
future plan according to the project development planning; correctly handle 
relationship between the near future construction and far future development; and 
consider the possibility of expansion project. 

9.2.2 Main reference design standards and codes 

Table9.2-1 Main reference design standards and codes 

No. Standard No. Standard Description 

1 GB50052-95 Code for design of power supply and distribution system 

2 GB50053-94 Code for design of 10kV substations 

3 GB50054-95 Code for design of LV switchgears 

4 GB50055-93 Code for design of general purpose electrical equipment 

5 GB50056-93 Code for design of power plants for electric heaters 

6 GB50057-94 Code for design of building lightning protection (Edition 2000) 
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No. Standard No. Standard Description 

7 GB50058-92 Code for design of electrical installations for explosion and fire risk 
atmosphere 

8 GB50059-92 Code for design of 35-110kV substations 

9 GB50060-92 Code for design of 3-110kV HV switchgears 

10 GB50062-92 Code for design of relay protection and automatic control devices of 
electrical installations 

11 GBJ63  -90 Code for design of electric meters for electrical installations 

12 GBJ64 Code for design of over-voltage protection of industrial and civil 
electric installations 

13 GBJ65 Code for design of earthing of industrial and civil electrical 
installations 

14 GB50160-92 Code for design of fire control system of petrochemical enterprises 
(edition 1999) 

15 GB50217-2007 Code for design of cables of power works 

16 GB50227-95 Code for design of parallel capacitors 

17 SH3027-2003 Regulation for design of illumination for petrochemical enterprises 

18 SH3097-2000 Code for design of static earthing of petrochemical enterprises 

19 SH/T3116-2000 Calculation method for electricity load design in petroleum refineries 

20 NFPA National Fire Protection Association 

21 UL Underwriters Laboratories 

22 FM Factory Mutual 

23 NEC-2005 National Electrical Code versión 2005 

24 ASTM American Society for Testing and Materials 

25 API American Petroleum Institute 

26 IEEE Institute of Electrical and Electronics Engineers 

27 NEC National Electrical Code 

28 ANSI American National Standards Institute 

29 NEMA National Electrical Manufactures Association 

30 ICEA Insulated Cable Engineers Association 

31 IES Illuminating Engineering Society of North America 

32 OSHA Occupational Safety and Health Act 

 

9.2.3 Power load 

This project is designed to select the hydrocracking process, of which the normal power 
load is 29,910kW and the on-stream duration per annum is 8400h and the annual power 
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consumption is 251,244MW.h. The detailed power loads are listed in the table below. 

Table9.2-2 List of power loads 

4.16/13.8kV Load（kW) 480V Load (kW) 
No. Plant Installation 

load 
Calculated 

load 
Installation 

load 
Calculated 

load 
Remarks 

1 ADU 2#  750  540  

2 VDU 2#  180  161  

3 NHT  521  382  

4 CCR  4,100  1,450  

5 De-coker  900  1,725  

6 Diesel Hydrofining Unit  1320  784  

7 Hydrocracking Unit  5,795  961  

8 H2 Production Unit, including 
PSA  450  1090  

9 SWS    122  

10 Amine Regeneration Unit    231  

11 Sulfur Recovery Unit    420  

12 Dry Gas /LPG Treatment Unit    61  

13 Isonerization    500  

14 Raw water pump station    55  

15 Logistics System  980  1700  

16 Raw Water Treatment Plant 
(Water Supply Pump Station)    650  

17 Circulation Cooling Water 
Plant  1100  15  

18 DM Water Station (including 
Condensate Polishing Station)    200  

19 WWT    500  

20 Fire Fighting Water Pump 
Station 500   22 Operate upon 

emergency 

21 Emergency and Contaminated 
Storm Water System    25  

22 Steam Generation System 230   300 Normal by 
steam 

23 Air Compressor / N2 Station  1080  40  

       

 Transformer Loss  800    

       

 Total  17,976  11,934  

 



 FSR on Expansion and Modernization of the MOIN Refinery Project 

 9-41

9.2.4 Load rating and power supply requirements 

This project is designed to select the advanced process technology with high automatic 
control level and prolonged process operation continuity and reliable long-term continuous 
operation of the whole system. Most operation places are petro-chemically inflammable, 
explosive and hazardous atmospheres. Sudden power off may lead to continuous operation 
process chaos, which needs a long time to restore the operation. This may lead to significant 
economic loss and potential fire, explosion, injury and damage of equipment. Thus the power 
load of this project falls into the first class load on an integrated basis. 

This project shall be energized based on the first class load. The main substation and the 
plant substation feeders should be from two circuits of independent power supply.  

9.2.5 Selection of power supply and reliability  

9.2.5.1 Local power grid status and selection of power supply 

This project is located at outer suburbs of Moin City in Costa Rica. A 138kV substation 
(Moin Substation) is located near this refinery and this substation belongs to the local national 
power corporation (ICE). The national power grid mainly generates hydroelectric power due 
to sufficient local water power resources. 

The feed power supply of Moin substation is loop connection. Totally four circuits of 
feeders are sourced from the national power grid. Two circuits of 230kV power sources are 
connected to a 230kV bus (6A6B) and two circuits of 138kV power sources are connected to 
a 138kV feed bus (5A). 

Two 138kV generator buses (5B and 5C) are connected to three 35MW power generators 
inside the substation. Three generators are gas turbine generators (chassis No. 6B, use of 
diesel or clean fuel gas), one of which is the backup generator for the dry season when the 
power source is not sufficient). 

230kV bus (6A6B) is connected to the generator bus 5B via the transformer; bus 5B is 
connected to bus 5A and 5C via the bus tie. In the substation, each bus is provided with an 
interbus, which is connected to the power supply bus via the isolating switch. This can 
achieve the switchover of connection mode when it is deenergized.  

Moin Substation includes a 5MVA 138/34.5kV-19.9kV transformer on the 138kV feed 
bus (5A) for the existing facilities of Moin Refinery. This feed bus supply power via three 
aluminum cables with 34.5kV, single-core, 2/0 AWG wire size (equivalent to 70mm2). The 
length of circuit is about 2.5km.  

Moin Substation also includes two 20MVA transformers on the 138kV feed bus (5A). 
The 34.5kV feed bus (4A4B) in the substation supplies power for some plants (e.g., glass 
plants) and some communities. 
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The existing 34.5kV feeder transformer installed in the refinery is 6MVA, which has a 
larger capacity than that of the 5MVA feeder transformer installed in Moin Substation. The 
existing 5MVA transformer has a capacity meeting the power demand of the existing refinery 
facilities. ICE expresses to replace the existing 5MVA transformer with a larger capacity 
transformer depending on the power demand of refinery development. 

ICE has another substation (SIQUIRRES), which is about 60km away from this refinery. 
It should not be assumed as the direct power supply for this project. Therefore, this project 
can only source power from Moin Substation. 

9.2.5.2 Reliability of power supply 

The project owner SORESCO confirms with ICE that, in the dry season with power 
shortage, the power generation capacity of Moin Power Generator and that of 138kV and 
230kV circuits for the national power grid can meet the 30MW production power demand for 
this project besides the power supply to existing facilities.  

Moin Substation includes 4 feed power sources, two of which use loop connections. For 
the maximum independence of the two feed power supplies to this project, ICE agrees that 
two feed power supplies can be sourced from the 230kV bus (6A6B) and 138kV feed bus (5A) 
in Moin Substation; and the transformers with appropriate capacities can be installed in Moin 
Substation.  

ICE shall supply the new transformers and the support switchgears installed in Moin 
Substation for this project and the 34.5kV power cables for this project. However, the 
equipment cost, material cost and installation cost shall be borne from the project owner 
SORESCO. 

ICE agrees to select the cogenerating heat and power system for this project. The power 
generator shall meet ANSI requirements and the operation capacity is 5 to 10MVA. However, 
the power generation of this project shall be subject to the integrated control of ICE. ICE can 
buy the power from the power plant of this project at an appropriate price. 

9.2.6 The plant power supply 

9.2.6.1 The plant substation configuration 

The complex-wide power supply system for this project consists of the main feeder 
substation, the plant substation A, the plant substation B, the coking substation, end product 
tank farm substation, feedstock tank farm substation, sulfur recovery unit substation, all of 
which are new substations.  

The main feeder substation is located at the administration area north to the project site. 
This facilitates the feeder connection from the national power grid. The primary plant 
substation and the secondary plant substation are closely adjacent to the power users and the 
load center. 
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The plant substation A is designed to supply power to the Hydrocracking Unit, Naphtha 
hydrotreating Unit and the Utilities at the west block. The plant substation B is designed to 
supply power to the CCR, Diesel Hydrotreating Unit and Hydrogen Plant. The coking 
substation is designed to supply power to the Delayed Coking Unit and Atmospheric and 
Vacuum Distillation Unit. 

The main feeder substation includes two circuits of 34.5kV power supply from Moin 
Substation and their power supply capacity is 35MVA (to be determined). The main feeder 
substation is designed to select the sectionalized single bus wiring system. It supplies four 
circuits of 34.5kV power supply for the plant substation A and supplies two circuits of 
34.5kV power supply for the plant substation B 

Every two circuits of 35.4kV power supply in the plant substations are connected to the 
13.8kV or 4.16kV switchgear via two 34.5/13.8kV transformers. 13.8kV MV switchgear 
supplies power for the 2000kW and higher electric motors. The 4.16kV MV switchgear 
supplies power for the 2000kW and lower MV electric motors and 4.16/0.48kV transformers. 

With reference to the process conditions, the 2000kW and higher electric motors include 
the following: 

- HP water pumps (for Delayed Coking Unit) 3300kW  1 in service and 1 standby 

- Fresh Hydrogen Compressors (for Hydrocracking Unit)  2900kW  2 in service 
and 1 standby 

- Recycle Hydrogen Compressors (for Hydrocracking Unit) 3286kW 1 in service 

- Reforming hydrogen booster (for CCR) 2100kW  2 in service and 1 standby 

The 13.8kV and 4.16kV switchgears and 480V LV MCC in the substations are designed 
to select the sectionalized single bus wiring. 

Any AC loads with special uninterrupted power supply shall be provided with a UPS 
system. The DC loads shall be energized via the DC panel in the substations. 

The configuration of complex-wide power supply system is detailed in the attached 
single diagram for complex-wide power supply system. 

9.2.6.2 Substation power management system 

The control, protection and signal monitoring for the project substation and switchgear 
system of this project are integrated into the automatic control system. The main substation is 
located in the attended control room of the plant substation A. It is designed to communicate 
with higher level substation and to transmit any information. Any other substations are 
designed as unattended ones. 

The control, protection and signal monitoring for the 34.5kV and 4.16kV systems of this 
project are integrated into the automatic control system. The 480V feeder and bustie circuit 
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breaker can be operated in the control room. The automatic control system can communicate 
with DCS. 

9.2.6.3 Selection of complex-wide distribution voltage level 

The allowable voltage level for this project is stated as follows: 

 HV: 138 or 230kV （for national power grid） 

 MV: 34.5, 13.8, 4.16 or 2.4kV（neutral point directly earthing） 

 LV: 3 phases: 480-277, 208-120V; 1 phase: 240-120V （neutral point directly 

earthing） 

 DC: 12, 24, 48, 120V 

Unless otherwise specified, this project shall use the voltage level stated 
as follows: 

 34.5kV feeder power supply voltage 

 13.8kV 2000kW and higher MV electric motor voltage 

 4.16kV MV switchgear and < 2000kW MV electric motor voltage 

 480V 3P LV switchgear and LV electric motor voltage 

 120V lighting voltage 

 DC 120V substation DC panel feeder output voltage, used for MV switchgear 
and substation automatic control system. 

 DC 24V safety operation voltage 

The LV switchgear system uses the earthing system of TN-S. 

9.2.7 Power distribution philosophy 

9.2.7.1 Cable sizing 

The allowable current capacity of the conductor of power supply and distribution circuits 
shall not be less than the maximum working current of the conductor. The cable temperature 
as a result of the maximum working current must not exceed the allowable value determined 
according to the cable service life. 

For the power supply and distribution circuits with a longer supply distance and a larger 
transmission capacity, the voltage deviations of the electrical equipment receiving end shall 
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be calibrated at the normal operation and abnormal operation conditions. The voltage 
deviations after calibration must not exceed the allowable value. 

For the power supply and distribution cable circuits with the maximum load service 
hours Tm≥8000h and 35kV and higher voltage level, their sections shall be selected 
depending on the economic current density; and these circuits shall be calibrated based on the 
allowable voltage drop and peak/short-time withstand level. 

For the MV and HV power supply and distribution cable circuits, the thermal effect 
generated at the maximum short-circuit current function time shall meet the short-time 
withstand conditions. The LV cable section shall be selected to meet the maximum working 
current while the voltage loss at the end of electric equipment shall be less than the allowable 
limit. 

The allowable continuous current capacity for the LV cables routed in the explosive and 
hazardous places shall be 1.25 times the rated motor current and larger. 

9.2.7.2 Transformer sizing 

The main wires of the substations for this project are essentially sectionalized single bus 
connections and the power is distributed based on the power supply of first-class load 
philosophy. Therefore, the capacity of a single transformer is sufficient for the capacity of 
overall load of the sectionalized single bus power distribution unit and for the reserved 
capacity for future expansion.  

9.2.7.3 Cable routing philosophy 

The project power supply and distribution circuits shall be designed to select the cable 
circuits, which are routed in a manner same as those for the existing plants. The OSBL cable 
circuits are mainly routed underground along the cable trenches. The ISBL cables are mainly 
routed along the elevated cable trays. 

9.2.7.4 Design of relay protection and automatic control system 

The electrical equipment and circuits for the power distribution system shall be provided 
with the relay protection and automatic control system to reflect any short-circuit failure and 
abnormal operation conditions. The power supply from the off-site facilities shall be protected 
to meet the off-site power grid requirements. The restart of electric motors shall be designed 
to comply with the process requirements and the operation mode of the complex-wide power 
supply system. 

The 34.5kV and 4.16kV switchgears shall be provided with an integrated MV protector. 
The circuits of 480V process electric motors shall be provided with an integrated LV 
protector. The protection functions shall be achieved as per the applicable specification 
requirements. 
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For LV non-process electric motors, the thermal relay shall be provided for protection 
purpose. The general-purpose LV feed circuits are designed to select the thermo-magnetic trip 
elements for the circuit breaker for protection. 

The MV bustie and LV bustie switches shall be provided with the automatic transfer 
switches. 

The operation signals, function signals, current/voltage/power signals, UPS failure 
signals of the plant substations shall be sent to the control room DCS system and the 
substation integrated automatic control system. 

9.2.8 Prediction and control of non-linear load harmonic wave 

The ISBL power supply and distribution system includes the frequency control and 
energy conservation device, lighting control equipment, fluorescent lamps, thyristor, rectifier 
converter devices, computer and so on. These electrical equipment will produce harmonic 
wave repeatedly and this pose risks to the health of electrical apparatus and adjacent users in 
the power supply and distribution system. The electrical equipment generating harmonic 
waves shall be designed to comply with the standard for “Quality of electric energy 
supply--Harmonics in public power grid” (GB/T14593-93). Any harmonic wave generated via 
the equipment shall be limited to the previous standard. 

The harmonic wave shall be inhibited via the methods stated as follows. 

(1) Select the power transformers of D,Yn11 wiring group. 

(2) Put series reactors in the circuits of bank of capacitors; 

(3) The rectifier cells in the frequency converters and UPS shall be designed to select in 
priority the equipment with 12-pulse wave and any other low harmonic wave or to 
include a feeder wave filter. 

(4) In addition to the previous measures, the active power filter can be added to mitigate 
or eliminate the various order harmonic waves if the power grid harmonic wave 
content could not meet the design requirements. 

9.2.9 Power Saving Measures 

(1) It is proposed to select the practical power supply method and to comply with the 
integrated HV power supply and nearby LV power supply philosophy. This minimizes 
the loss of power of the power circuits and transformers. 

(2) The plant substations and switchgears shall be located to the load center as close as 
possible; meanwhile, the power distribution circuits shall be optimized to minimize the 
power supply and distribution distance and the loss of circuits. 
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(3) The numbers and capacities of transformers shall meet the requirements on the load 
properties, power capacity, operation mode and automatic start of electric motors; and 
the operation efficiencies shall be compared so that the commissioned transformers 
shall have higher efficiency and less loss of power. 

(4) The electrical equipment of energy conservation model shall be selected, i.e., low 
loss power transformers, Y-series electric motors and so on.  

(5) The levels of switchgear shall automatically control the power factor compensators 
to improve the power factor and to mitigate the loss of electric power. The local 
reactive power compensator shall be selected in priority. 

(6) The pumps with major load variations in operation shall use the frequency control 
governor to minimize the power loss. 

(7) The green lighting fixtures shall be selected, i.e., metal halide lights, energy efficient 
fluorescent lights. 

(8) The road lighting and plant outdoor lighting shall be controlled via photoelectric 
control or integrated control system. The stair lighting shall be designed to select the 
energy-conservation acoustic control switches. 

(9) The section of power cables with the maximum load utilization hours > 5000h and 
the length >20m and the 110kV and 10kV and 6kV class power cables, shall be 
selected or calibrated based on economic current density to minimize or mitigate the 
loss of power cable operation energy. 

9.2.10 Earthing and Lightning Protection  

9.2.10.1 Lightning protection 

The project buildings with an explosive and hazardous atmosphere are classified as the 
Category 2 lightning protection buildings and the others are Category 3 lightning protection 
buildings. To protect them from lightning shock, the buildings with an explosive and 
hazardous atmosphere are provided with lightning arrestors on the roof, where the size of 
lightning arrestors shall be 10×10M and smaller. The lightning grid shall be wired to the 
lightning arrestor via the down conductor. For the induced lightning protection, the equipment, 
pipelines and metallic members in the building shall be connected to nearby lightning earthing 
devices. 

The classification and measures for lightning protection of ISBL buildings and structures 
shall be designed to comply with the updated national standard “Code for Design of Lightning 
Protection of Buildings” (GB 50057-92, Edition 2000). The tanks and vessels with the roof 
thickness ≥4mm located outdoor inside battery limit of the process units may not be provided 
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with lightning arrestors; however, they must be provided with lightning earthing devices. 

The lightning earthing system for the combustible gases, liquefied hydrocarbons and 
combustible liquid steel tanks, shall be designed to comply with the “Code for design of fire 
control system of petrochemical enterprises” (GB50160-92, Edition 1999). 

For the auxiliary operation facilities and utilities of the Category 3 lightning protection 
buildings, the lightning strip shall be installed due to the frequent lightning occurrence in this 
region. For the buildings where the computers, electronic elements and any other sensitive 
equipment, the overvoltage protection system shall be provided for lightning protection zones 
and electromagnetic pulse protection. 

Each section of 6kV bus in the 6kV substation and switchgears building shall be 
provided with lightning arrestors. The lightning arrestor and surge protector shall be installed 
at the LV power supply feeder and the power supply with electronic apparatus. 

9.2.10.2 Anti-static earthing system 

For the equipment and pipelines with potential static risk in the explosive and fire 
hazardous places, the anti-static system shall be provided. For the pipelines for transfer 
combustible gases, liquefied hydrocarbons, combustible liquid and combustible solids, the 
antistatic earthing facilities shall be installed at the points listed as follows: 

(1) The plant or facility access/exit; 

(2) The boundary of places with explosive risks; 

(3) The inline pumps and their filters and buffers, and so on. 

The metal enclosures for electrical equipment and the metal tanks and vessels for storage 
of inflammable gas or liquid shall be properly grounded. 

The pipeline and pipeline racks for transfer of inflammable gas or liquid with potential 
static shall be properly grounded for static protection every 20-30m.  

The instrument earthing system can accordingly be set up separately and it shall be 
separately with the electrical earthing system. 

The previous earthing systems, including LV transformer neutral point earthing, 
electrical equipment enclosure earthing, anti-static earthing and lightning protection earthing, 
are tied together to form an integrated earthing system. Its total earthing resistance should not 
be larger than 1 ohm. 

The tanker cars, railway tankers and loading/unloading bays shall be provided with 
special-purpose earthing wires. 

Any place for operation entrance with hazardous atmosphere shall be provided with 
human body static discharge facility. 
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Except the earthing system with separate lightning arrestors, any other purposes of 
earthing systems can be used as antistatic earthing. 

9.2.11 Selection of critical equipment and power cables 

The electrical equipment and materials shall be selected based on the principle of safety 
and reliability, advanced technology, economically energy conservation and environmental 
compliance, specifically, the equipment shall be selected as follows. 

Table9.2-3 List of Critical Electrical Equipment 

No. Name and Specification Unit Q’ty Remarks 

I 
Revamp of national power grid related with two circuits of 

power supply (ICE to design, supply, install and commission; 
and to confirm the cost), mainly includes: 

   

1 138kV feed cell Set 1  

2 34.5kV feed cell Set 1  

3 Power transformer 230/34.5kV, 40MVA Set 1  

4 Power transformer 138/34.5kV, 40MVA Set 1  

5 34.5kV 3P overhead circuit (capacity 40MVA) km 5 Total length of 
two circuits

6 Related primary and secondary equipment material, and the 
construction installation and land acquisition, etc. lot 1  

     

II 34.5kV main feed substation    

1 34.5kV switchgears Set 14  

2 DC panel 120V 65Ah Set 1  

3 Computer protection monitor cabinet Set 1  

4 UPS system, 5kVA Set 1  

5 Power transformer (6/0.4kV), 2000kVA Set 4  

     

III Plant substation A    

1 13.8kV switchgears (with internal vacuum circuit breaker and 
integrated relay) Set 21  

2 4.16kV switchgears (with internal vacuum circuit breaker and 
integrated relay) Set 40  

3 DC panel 120V, 100Ah Set 1  

4 LV switchgears Set 55  

5 Power transformer (34.5/13.8kV), 12.5MVA Set 2  

6 Power transformers (4.16/0.48kV), 2000kVA Set 4  

7 UPS system, 60kVA, 30min Set 1  

8 Microsoft Office System Set 1  
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No. Name and Specification Unit Q’ty Remarks 

9 4.16kV compensation capacitors, 2000kVAR Set 2  

10 480V compensation capacitors, 400kVAR Set 4  

     

IV Plant substation B    

1 4.16kV switchgears (with internal vacuum circuit breaker and 
integrated relay) Set 80  

2 DC panel 120V 100Ah Set 1  

3 LV switchgears Set 90  

4 Power transformer (34.5/4.16kV), 16MVA Set 2  

5 Power transformers (4.16/0.48kV), 2000kVA Set 6  

6 UPS system, 60kVA Set 1  

7 Microsoft Office System Set 1  

8 4.16kV compensation capacitors, 3600kVAR Set 2  

9 480V compensation capacitors, 400kVAR Set 6  

10 LV frequency converter control panels Set 5  

     

V Coking substation    

1 4.16kV switchgears (with internal vacuum circuit breaker and 
integrated relay) Set 45  

2 DC panel 220V 65Ah Set 1  

3 LV switchgears Set 95  

4 Power transformers (4.16/0.48kV), 2000kVA Set 6  

5 UPS system, 60kVA Set 1  

6 Microsoft Office System Set 1  

7 4.16kV compensation capacitors, 2000kVAR Set 2  

8 480V compensation capacitors, 400kVAR Set 6  

9 LV frequency converter control panels Set 5  

     

VI End product tank farm substation    

1 LV switchgears Set 20  

2 Computer protection monitor cabinet Set 1  

3 Power transformer (4.16/0.48kV), 2000kVA Set 2  

4 UPS system, 40kVA Set 1  

5 480V compensation capacitors, 400kVAR Set 2  

     

VII Feedstock tank farm substation    

1 LV switchgears Set 20  
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No. Name and Specification Unit Q’ty Remarks 

2 Computer protection monitor cabinet Set 1  

3 Power transformer (4.16/0.48kV), 2000kVA Set 2  

4 UPS system, 40kVA Set 1  

5 480V compensation capacitors, 400kVAR Set 2  

     

VIII Sulfur recovery substation    

1 LV switchgears Set 20  

2 Computer protection monitor cabinet Set 1  

3 Power transformer (4.16/0.48kV), 2000kVA Set 2  

4 UPS system, 40 kVA Set 1  

5 480V compensation capacitors, 400kVAR Set 2  

     

IX ISBL power supply, lighting, lightning protection and 
anti-static earthing    

1 Power Cables    

 YJV22-6kV/10kV 3x240sqmm km 20  

 YJV22-0.6kV/1kV 3x50sqmm km 30  

2 Control Cables, KVV km 50  

3 Hot dipping galvanized steel cable trays t 150  

4 Road lamps Set 300  

5 Steel material t 40  

6 Earthing copper conduit km 15  

 

9.2.12 Land space, building areas and staffing 

9.2.12.1 Land space and building areas 

For the main substation and support substations of the new power plant for this project, 
their land space and building areas are detailed in the general plan and the civil chapter. 

9.2.12.2 Staffing 

The new plants will depend on the existing refinery. The main substation of the plant 
shall be attended and the support substations shall be checked regularly. Therefore, it needs 
four shifts per day and three shifts in service and one standby. Each shift needs 6 persons and 
a technical director is needed. Totally it needs 25 persons. In addition, about 6 persons are 
required for daily electrical maintenance. The number of total electrical staffs is 31. 
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9.3 Telecommunication 

9.3.1 Scope and philosophy of study 

9.3.1.1 Scope of study 

The scope of feasibility study for telecommunication includes the telecommunications 
for the 2000kta refinery complex and its auxiliary facilities and utilities. The 
telecommunication facilities for this project consist of the administrative telephone system, 
the complex-wide computer LAN system. The scope of feasibility study is the design of 
feasibility study for this telecommunication system. 

9.3.1.2 Philosophy of study 

The telecommunication system shall be designed to meet the philosophy of advanced 
technology, economical practicality and safety operation according to the process operation 
and management requirements.  

9.3.2 Telecommunication demand and operation prediction 

9.3.2.1 Existing telecommunication system 

The telecommunication facilities for Moin Refinery include the LAN, telephone network 
and radios. 

The existing LAN for this project is connected to the Capital San Jose via a 20MB 
optical fiber cable. 

This refinery has an existing administrative telephone exchange for 300 sets of phones 
and this exchange is connected to the local telephone network via two 2M trunk interfaces. 
This includes totally 30 directly dialing telephone circuits. 

The telecommunication for offices inside the building is achieved via the administrative 
telephone and computer network (LAN). The production walk-around is communicated via 
explosion-proof radios. 

9.3.2.2 Telecommunication demand and operation prediction 

This project is designed to depend on the new process plants of the existing refinery. The 
telecommunication system is designed to refer to the existing configuration philosophy for the 
refinery telecommunication. The telecommunication system shall be designed to comply with 
the production management and process operation requirements; and the new process plants 
shall be provided with LAN interfaces, telephone sockets and radios in the appropriate offices 
or working places. 

See details in the telecommunication users listed in table below. 

 



 FSR on Expansion and Modernization of the MOIN Refinery Project 

 9-53

Table9.3-1 List of telecommunication users 

No. Installation location Telephone 
socket 

Information 
socket Radios Remarks 

1 Process Unit   30  

2 Logistics System 6 4   

3 Water Supply / Drainage System 4 2   

4 Substation 29 23   

5 Boiler Package 2 1   

6 Control Room 10 10   

7 Environmental Monitoring 
Station     

8 Administration Building     

9 Staff Living Quarters     

      

 Total 40 27 30  

9.3.3 System technical program 

9.3.3.1 Administrative telephone system 

With reference to the data from the previous table on prediction of the project telephone 
user demands, the tolerances of existing trunk lines and existing 300-set telephone exchange 
can meet the new telephone demands for this project. 

The administrative telephone extensions are mainly provided in the control room, 
operation room, offices and dormitories, where the plants are attended or the places need 
telephone communication. 

The direct dialing telephones needing direct and prompt telephone communications, the 
function of direct dialing telephones shall be achieved via the hot line of the scheduling 
program-controlled exchange. 

9.3.3.2 Computer LAN system 

With reference to the list of telecommunication users for prediction of the project 
computer network interfaces, the tolerance of existing network exit capacity can meet the new 
computer network demand added for this project. 

The new buildings with network demands added for this project will integrate the new 
optical units and network into the exchange and provide network sockets for the new users via 
integrated wiring system. 

Both telephone sockets and network sockets will use integrated wiring system and 
duplex information sockets shall be provided for the appropriate working places. In addition, 
the system shall meet the demand of telephones and network. 
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9.3.3.3 Wireless system; 

The wireless intercom system is provided for the project site. The wireless intercom 
system includes several paging groups independent to each other according to the production 
operation and management requirements. These groups use different frequencies and they do 
not interfere each other. 

9.3.3.4 Others  

The cable and routing for the telephones and computer network system for this project 
are designed to route underground. Some cables are routed along cable trays or steel conduits 
inside the buildings. 

The computer network cables between buildings shall use the multi-core optical cables 
and the cables inside buildings shall use the ultra five series cable for an integrated routing. 

9.3.4 Equipment Selection  

Table9.3-2 List of critical telecommunication equipment  

No. Name and Specification Unit Q’ty Remarks 

1 19" standard cabinet, including 3kVA 
minor UPS Set 5  

2 Network access switches, 24-pore Set 5  

3 Optical fiber module Set 5  

4 12-pore SC optical fiber distribution 
frame Set 5  

5 24-pore six series non-shielded 
distribution frame Set 5  

6 100 vs 110 distribution frame Set 5  

7 Duplex information socket Set 35  

8 Ultra five series twisted pair Lot 1  

9 6-core single mode fiber cable m 6000  

10 Municipal telecommunication telephone 
cable m 4200  

11 Explosion-proof radios Set 30  

12 Radio charger Set 12  

 

9.3.5 Main reference design standards and codes 
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Table9.3-3 Main reference design standards and codes 

1 GBJ42 -81 Code for design of communication of industrial enterprises 

2 GBJ79 -85 Code for design of communication earthing of industrial 
enterprises 

3 GB50174-92 Code for design of electronic computer room 

4 GB/T50311-2000 Code for design of integrated wiring system of buildings and 
building groups 

5 SH3028-1990 Code for design of telecommunication in process units of 
petrochemical enterprises 

6 CECS62:94 Code for design of paging and communication system of 
industrial enterprises 
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9.4 Steam supply 

9.4.1 General 

According to the requirement of the MOIN Refinery (Costa Rica) Expansion and 
Modernization Project and its site steam balance, two new middling pressure oil/gas-fired boilers 
with capacity 35t/h are needed to install. The generated middling pressure superheated steam is 
supply to process units by plant steam pipe network. 

9.4.2 Steam demand 

The steam consumption of newly-built units in this project is shown as follows: 

Table9.4-1 The steam consumption of new installation 

3.5MPaG 1.0MPaG 0.4MPaG 
Unit Generation 

(t/h) 
Consumption 

(t/h) 
Generation

(t/h) 
Consumption 

(t/h) 
Generation 

(t/h) 
Consumption

(t/h) 

2#ADU    2.6   

2#VDU    4.9   

CCR 20.0   5.0  5.0 

CCR 
compressor 

 16.3   16.3  

Delayed 
coking 

 1.0（max 2.0）  1.3（max 5.7）   

Delayed 
coking turbine 

   13.3   

VGO 
hydrocracking 

  26.8 4.8 12.9  

VGO 
hydrocracking 

turbine 

 11.0     

Diesel 
hydrofining 

 16.6 16.6    

H2 plant 21.2   2.3   

SWS    11.4   

Amine 
regeneration 

     25.6 

Sulfur 
recovery 

7.6   0.3 2.4  

Gas/ LPG 
desulfurization 

   （max 2.0）   

Storage and 
transportation 

   20（intermittent）   

Isomerization    8.0  17.0 
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3.5MPaG 1.0MPaG 0.4MPaG 
Unit Generation 

(t/h) 
Consumption 

(t/h) 
Generation

(t/h) 
Consumption 

(t/h) 
Generation 

(t/h) 
Consumption

(t/h) 

Total 48.8 44.9 43.4 73.9 31.6 47.6 

9.4.3 Steam Grade 

According to the steam consumption situation, the general steam pipe network at the battery 
limits of the users is set as the follows, 

3.5MPaG  430℃ 

1.0MPaG  210℃ 

0.4MpaG     155℃ 

The by-product high and middling pressure steam in refinery units will be used within the 
plant first, the deficient part will be made up from boilers. 

9.4.4 Site steam and condensate balance 

Site steam and condensate balance diagram is shown as fig.1.1-1: 

The existing steam network will connected with new steam pipe network (1.0MPaG). It will 
supply 6t/h steam to new installation through letdown valve. 

9.4.5 Site steam supply schemes 

9.4.5.1 Optional schemes 

There are three existing middling pressure boilers with capacity respectively 36t/h, 34t/h 
and 49t/h for the existing process units. As big demands in the newly-built units, the existing 
boilers could not afford the new additional steam supply. The new steam supply unit is necessary. 

(1) Optional steam supply schemes 

For the new steam supply unit there are two schemes: combined heat and power (CHP) and 
simply steam supply. For CHP, the power output is determined by the steam load. The unit 
supplies steam first and also generates power for plant users. For simply steam supply, the steam 
demand in process units is satisfied by the steam supply unit, and the whole power supply 
depends on external power grid. 

Combined heat and power scheme can improve energy efficiency. Through the cascade use 
of energy, ensure the supply of steam, also provide electricity supply. But the fuel for CHP unit 
in the plant is thought as self-produced or purchased oil, gas and LPG, which leads to high cost 
of power generation. After a preliminary estimate the operation cost of per kWh power is about 
0.6$, far higher than the purchase power price 0.0816$/kWh. In the technical and economic view 
the investment for power generation equipments can not be recovered, thus it is not 
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acceptable.Considering the existing reliable power source and the driver turbine in process units 
for energy cascade use, the simply steam supply scheme is feasible and acceptable. 

(2) Optional boiler types 

According the steam demand, the steam boiler is needed for supplying middling pressure 
steam to process units. The optional fuel for boiler is fuel oil, fuel gas and petroleum coke. 

When the petroleum coke is selected as boiler fuel, after the preliminary calculation the 
mount of coke from process units can cover the consumption of boilers, even a big margin. 
Depending on the propriety of petroleum coke, the boilers type have to be considered as 
circulating fluidized bed boiler, which reduce nitrogen oxide emission and achieve interior 
desulfurization. But pure petroleum coke-fired circulating fluidized bed boiler technique is under 
developing. The furnace serious abrasion is a difficult problem, causing low operation reliability. 
On the other hand, pure petroleum coke-fired CFB need a complex system with numerous 
auxiliaries and high power consumption. In addition, the pure petroleum coke-fired CFB boiler 
involves high capital cost and small number of qualified manufactures. 

The oil/gas-fired boiler has well developed technique, simple system and good operation 
reliability. The low NOX burners make the boilers reduce the nitrogen oxide emission. 

9.4.5.2 Referral scheme 

The scheme simply steam supply with oil/gas-fired boilers is recommended. The boilers, 
with the by-product oil or gas as main fuel, supply the middling pressure superheated steam to 
the plant steam pipe network to meet the process units’ demands. 

9.4.6 Boiler fuel 

The boiler fuel is by-product oil or gas from refinery units. The components of fuel gas and 
property of oil are shown as follows: 

Table9.4-2 The components of fuel gas 

Components Mol wt Dry gas，V% 

H2O 18 0.3 

H2 2 12.36 

N2 28 0.58 

O2 32 0.19 

CO2 28 0.23 

CH4 16 42.1 

C2H6 30 18.09 
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Components Mol wt Dry gas，V% 

C2H4 28 2.02 

C3H8 44 4.03 

C3H6 42 2.35 

n-C4H10 58 0.37 

i-C4H10 58 0.23 

n-C4H8 56 0.73 

i-C4H8 56 0.24 

t-C4H8 56  

C5+ 72  

H2S 34 <20mg/Nm3 

Average mol wt  22 

Table9.4-3 The property of oil 

Property  Unit  Value 

Flash point ℃ ≥72 

Water and sediment %(vol) ≤1.0 

kinematic viscosity（50℃） SSF ≤300 

Pour point ℃ ≤15 

Sulfur content %（mass） ≤2.2 

Ash content %（mass） ≤0.2 

Conradson carbon residue %（mass） ≤20 

9.4.7 Boiler type selection 

Two new middling pressure oil/gas-fired boilers with capacity 35t/h are to be installed to 
meet the plant steam demand. In normal operation, one is in service, and the other is standby. 
When the storage and transportation unit needs steam for heating, both the two boilers should be 
put into operation. 

Boiler main parameters: 

Rated capacity：   2 × 35 t/h 

Steam pressure：    3.8MPaG 

Steam temperature：  450℃ 
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Feed water temperature： 104℃ 

Efficiency：    >90% 

9.4.7.1 Thermodynamic system 

(1) Thermodynamic system components 

The fundamental thermodynamic system of the boilers unit is consist of  middling pressure 
oil/gas-fired boilers, a intermittent blow down tank, a continuous blow down tank, a deaerator, 
boiler feed water pumps, desuperheaters. 

Components: main steam system, desuperheaters system, boiler feed water system, cooling 
water system. 

1) Main steam system 

Main steam system connects the boilers and plant steam network. 

2) Desuperheater system 

For the steam pipe network stable and continuous operation, the desuperheater is used to 
connect the adjacent grade steam pipes, and provide downstream stable and acceptable steam in 
abnormal operation and emergency case. 

3) Deaerating and feed water system 

Deaerating and feed water system provides boiler feed water to site new installation. 

A thermal deaerator is provided in deaerating system; a middling-pressure steam turbine 
driving boiler feed water pump as well as four middling and low pressure motor driving boiler 
feed water pumps are used in feed water system. 

Demineralized water from demineralized water station is lifted to various pressure grades 
by the BFW pump after removal of oxygen and other non-condensable gas in deareator and then 
sent to each user respectively through pipework. 

Feed water in deaerator water tank is lifted to certain pressure by the steam turbine driving 
BFW pump, and sent to economizer inlet channel as well as middling pressure waste heat 
recovery boilers of CCR unit, H2 production unit and sulfur recovery unit. At the meantime, 
motor driving BFW pumps provide low pressure boiler feed water to VGO hydrocracking unit, 
sulfur recovery unit, etc. The deaerating and feed water system totally supplies about 49.4t/h 
BFW for boiler unit and 80.6t/h for process units. 

Besides providing feed water to oil/gas boilers and waste heat recovery boilers, feed water 
system also supplies desuperheating water with capacity of 2t/h to desuperheaters in boilers’ 
superheater and in steam pipe network. 

4) Cooling water system 
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Cooling water for auxiliaries is supplied by plant cooling water system, sent to users after 
lifting pressure by cooling water pumps, and then returned to return header.  

5) Demineralized water system 

Demineralized water is supplied by the plant demineralized water station. 

9.4.7.2 Combustion system 

1) Combustion system components 

  The fundamental combustion system of the boilers system are consist of middling 
pressure oil/gas-fired boilers, forced draft fan, induced draft fan, igniter, fuel oil treatment and 
supply system and stack. 

Igniter： 

Igniter gas uses fuel gas. Ignition control system and BMS are equipped. 

Fuel oil treatment and supply system： 

Fuel oil is transported to oil heater by a fuel oil pump before sprayed in the furnace. There 
are two oil pumps, one in run, the other stand-by. And with a view to rebound oil of oil nozzles, 
the rated flux of oil pumps equals with 130% maximum oil consumption. 

Fuel gas supply system： 

Fuel gas piped to boilers, and it is also used as igniter gas. 

Fuel gas supply system contains pressure regulating valve block, flow regulating valve 
block, 3-valve manifold (rapid cut-off and interlocked discharge). 

2) Combustion process 

After dehydrated in heater, fuel oil is lifted to certain pressure to meet the requirements for 
atomization in burner nozzles. Passing through front oil steam heater and burners, the fuel feed 
to furnace, mixing with hot air and combusting. Passing through pressure regulating valve block 
and burners, the gas is combusting in furnace. Through water wall, super heaters, economizers 
and air preheater, the temperature of flue gas is down to approximately 150℃, finally drafted to 
stack by induced draft fan. 

9.4.7.3 Flue gas system 

Fuel blazes up in the furnace with high temperature. After combustion, flue gas pass 
through boiler rear heat-absorbing surface and exchange heat, finally to the stack, vent to 
atmosphere. 

9.4.7.4 Boiler blow down system and chemical dosing system 
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Boiler blow down system comprises a continuous blow down tank and an intermittent blow 
down tank. The steam from the continuous blow down tank is used as deaerating steam, and the 
blow down water is piped to the intermittent blow down tank. After cooled in a cooling tank, the 
partial final blow down water is used for semidry desulphurization and the rest is drained to 
sewer. 

Chemical dosing system includes phosphate injection to the boiler drum, hydrazine 
injection to the deaerator and ammonia injection, to avoid the oxygen corrosion and scale. The 
main equipments contain dosage pumps and chemicals tanks. 

9.4.8 Flue gas treatment system 

According to the quality and property of fuel oil in this project, the flue gas should be 
desulphurized before discharging to atmosphere due to its high sulfur content. When using fuel 
gas, the flue gas can vent to air directly, because the SO2 content of which meet the demand of 
environment protection. 

The flue gas desulphurization adopts semidry desulphurization system and arranges a 
by-pass flue. When using fuel oil, the flue gas should be desulphurized before vent to 
atmosphere, through which SO2 content can meet the requirement of environment protection. 
The flue gas can directly discharge to air through by-pass flue when using fuel gas. 

The semidry desulphurization uses calcium hydroxide as absorbent. By evaporating 
desulphurizer’s fluid and water by high-temperature flue gas in thionizer desulphurizer can react 
with SO2 to some product. After separated in cyclone separator and purified in the bag-house 
dust collector, the flue gas achieve the desulfurization goal. The product of desulphurization in 
dry powder case is conveyed to the bunker. 

The flue gas treatment system is consisting of absorption tower, bag-house dust collector, 
cyclone separator, absorbent storage and transportation system, flue gas humidification and 
activation system, etc.  

9.4.9 Plot plan 

The steam boilers will be arranged in outdoors, behind which there are induced draft fans, 

bag-house dust collector, flue gas desulphurization device and new stack. 

The area is about 40m×100m. 

9.4.10 Noise control 

Noise in boiler unit is mostly produced by rotor equipments, like fans and pumps. Boiler 
steam vent silencers and fan inlet silencers will be used against noise, as well as other noise 
reduction devices, to meet the noise control code. 

9.4.11 Consumption 
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Boiler capacity：  2 × 35 t/h，3.8 MPaG，450 ℃ 

Power：    Approximately 300 kW 

Fuel gas：    Approximately 2775Nm3/h 

Fuel oil：    Approximately 2.4t/h 

Cooling water：   Approximately 20 t/h 

Raw water：   ～6 t/h(intermittent) 

Demineralized water： 119.1 t/h 

9.4.12 Main equipments list 

The main equipments list of this unit is as following: 

Table9.4-4 The main equipments list 

No Name Parameter Quantity 

1 Oil/gas-fired boiler Capacity： 35 t/h 2  

  Pressure：3.8 MPaG  

  Temperature： 450°C  

  Feed water temperature： 104°C  

2 Forced draft fan  2  

 Motor  2  

3 Induced draft fan  2  

 Motor  2  

4 deaerator  1  

5 Turbine-driven BFW pump  1  

6 Motor-driven BFW pump  4  

 Motor  4  

7 Continuous blow down tank  1  

8 Intermittent blow down tank  1  

9 Sample cooler  6  

10 Ammonia dosing package  1  

11 Phosphate dosing package  1  

12 Hydrazine dosing package  1  

13 Stack  1  

14 Fuel oil heater  1  

15 Fuel oil pump  2  



 FSR on Expansion and Modernization of the MOIN Refinery Project 

 9-64

No Name Parameter Quantity 

16 Semidry desulphurization device  1  

17 bag-house dust collector  1  

18 Bunker  1  

19 Desuperheater  2  
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Fig1.1-1 Steam balance of site new installation 
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9.5 Air Compressor Station and Nitrogen Station 

9.5.1 General 

The air compressor station and the nitrogen station (air separation station) are designed 
as the support utilities of the “feasibility study of PetroChina Costa Rica Moin Refinery 
Upgrading Project”. Its main task is to supply compressed air and nitrogen for the 
complex-wide plants and support facilities. The on-stream duration for the air compressor 
station and nitrogen station is 8400 hours. 

The air compressor station consists of the air filtration and compression unit, instrument 
air drying system and instrument air storage tanks. 

The nitrogen station consists of the air filtration and compression unit, air pre-cooling 
and purification unit, expander unit, distillation unit, liquid nitrogen storage and evaporation 
unit. 

9.5.2 Air Compressor Station 

9.5.2.1 Complex-wide compressed air load 

The instrument air / plant air for the existing system of this project is still supplied via 
the existing air compressor station. The instrument air / plant air for the new plants shall be 
supplied via the new air compressor station. The new and existing air compressor stations are 
operated in parallel. The loads of instrument air / plant air for the new plants are listed in table 
below. 

Table9.5-1 Plant air 

Air consumption (Nm3/h) 
No. Unit 

Continuous Intermittent 
Intermittent air service 

description (Nm3) Remarks

I Refinery Unit     

1. Atmospheric Distillation 
Unit 2# (ADU)     

2. Vacuum Distillation Unit 
2# (VDU)     

3. Naphtha Hydrotreating Unit 
(NHT)  500   

4. Continuous Catalytic 
Reforming Unit (CCR)  1000   

5. Delayed Coking Unit 120 500   

6. Diesel hydrotreating Unit  1490   

7. VGO Hydrocracking Unit  900   

8. H2 Production Unit     

9. Sour Water Stripping Unit     
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Air consumption (Nm3/h) 
No. Unit 

Continuous Intermittent 
Intermittent air service 

description (Nm3) Remarks

(SWS) 

10 Amine Regeneration Unit     

11 Sulfur Recovery Unit     

12 Dry Gas / LPG Treatment 
Unit 12    

13 Isomerization  1000   

 Subtotal 132    

II Thermal Power Plant 20    

III Other Air Users  100   

IV Total 152    

Notes: 

1. The plant air for intermittent service of the users refers to the plant air for startup, 
shutdown cases. 

Table9.5-2 Instrument air 

Air consumption (Nm3/h) 
No. Unit 

Continuous Intermittent 
Remarks 

I Refinery Unit    

1. Atmospheric Distillation 
Unit 2# (ADU) 100 —  

2. Vacuum Distillation Unit 
2# (VDU) 80 —  

3. Naphtha Hydrotreating 
Unit (NHT) 80 —  

4. Continuous Catalytic 
Reforming Unit (CCR) 650 —  

5. Delayed Coking Unit 280 500  

6. Diesel hydrotreating Unit 198.6 —  

7. VGO Hydrocracking 
Unit 450 —  

8. H2 Production Unit 300 —  

9. Sour Water Stripping 
Unit (SWS) 45 —  

10 Amine Regeneration 
Unit 60 —  

11 Sulfur Recovery Unit 135 —  

12 Dry Gas / LPG 
Treatment Unit 25 —  

13 Isomerization 150 —  
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Air consumption (Nm3/h) 
No. Unit 

Continuous Intermittent 
Remarks 

 Subtotal 2553.6 —  

II Thermal Power Plant 30 —  

III Other Air Users 80 100  

IV Total 2663.6   

9.5.2.2 Complex-wide compressed air quality 

Table9.5-3 Instrument air 

Pressure @ Battery Limit MPaG 0.7 

Air supply temperature ºC Ambient temperature 

Dust (particle size) mg/m3 1 (≯3μm dust particles) 

Oil ppm（wt） ＜8 

Dew point (under operation pressure) ºC ≤ -20 

 

Table9.5-4 Plant air 

Pressure @ Battery Limit MPaG 0.7 

Air supply temperature ºC Ambient temperature 

 

9.5.2.3 Main reference design standards and codes 

(1) “Code for design of compressed air stations”, GB50029-2003; 

(2) “Code for design of occupational safety and health of petrochemical enterprises”, 
SH3047-1993 

(3) “Code for design of noise control of industry enterprises”, GBJ87-85 

9.5.2.4 Process description 

The air flows through the air compressor for compression. A part of compressed air is 
directly sent to the OSBL users as plant air; and the other part of compressed air flows 
through the air dryer to remove water and generate instrument air. The instrument air is sent 
to the instrument air storage tank before being sent to the OSBL users. 

9.5.2.5 Critical equipment 

(1) Air compressor: 3 sets (2 in service and 1 standby) 

Discharge capacity: 1800Nm3/h per set; discharge pressure: 0.85MPa(G). 
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(2) Micro-thermal regeneration drying system: 3 sets (2 in service and 1 standby) 

Air process capacity: 1800 Nm3/h; Operation pressure: 0.85MPa(G) 

(3) Instrument air booster: 1 set 

Discharge capacity: 300Nm3/h per set; suction/discharge pressure: 0.8/2.5MPa(G). 

(4) Instrument air storage tank: 1 set 

The available volume is 80m3. 

9.5.3 Nitrogen station (air separation station) 

The nitrogen for the existing system of this project is supplied via the existing nitrogen 
station. The nitrogen for the new plants shall be supplied via the new nitrogen station. The 
new / existing nitrogen systems shall be operated in parallel. The nitrogen demand for the new 
plants is listed in table below. 

9.5.3.1 Nitrogen loads for new plants 

Table9.5-5 Nitrogen loads for new plants 

Nitrogen consumption (Nm3/h) 
No. Plant 

Continuous Intermittent 
Intermittent nitrogen 
service description 

I Refinery Unit    

1. Naphtha Hydrotreating 
Unit (NHT) 4 Once-through 

dosage: 8000 Pressure: 4.0MPaG 

2. Continuous Catalytic 
Reforming Unit (CCR) 145 —  

3. Nitrogen for CCR Unit 80 — Pressure: 0.85.0MPaG 

4. Delayed Coking Unit 30 240  

5. Diesel Hydrotreating Unit 149 —  

6. Hydrocracking Unit 180 Once-through 
dosage: 15000 Pressure: 4.0MPaG 

7. Sour Water Stripping Unit 
(SWS) 70 120  

8 Amine Regeneration Unit 30 180  

9 Sulfur Recovery Unit 30 1000  

10 Gas LPG Distillation Unit 15 120  

11 PSA 0 1000  

12 Isomerization  1000  

 Subtotal 733   

II Others 60 180  

III Total 793   
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Notes: 

1. The continuous nitrogen load pressure is 0.6MPa(G). 

2. The nitrogen for intermittent service of the process plant refers to the nitrogen for 
startup, shutdown and emergency cases. 

9.5.3.2 Complex-wide nitrogen specification 

Nitrogen purity: 99.99% (volume fraction) 

Nitrogen supply pressure (continuous): 0.6MPa(G) 

Nitrogen supply pressure (intermittent): 0.6/4.0 MPa(G) 

9.5.3.3 Plant Yield 

Nitrogen product: 1000Nm3/h (equivalent to 0℃,101.325KPa), the pressure at battery 
limit: 0.6MPa(G). 

Liquid nitrogen product: 100Nm3/h (equivalent to 0℃,101.325KPa) 

9.5.3.4 Design Description 

This nitrogen station (the air separation unit) can supply nitrogen at two pressure levels 
of 0.6MPa(G) and 4.0MPa(G) for the main refinery plants. The nitrogen station (air 
separation unit) consists of the air filtration and compression unit, air pre-cooling and 
purification unit, expander unit, distillation unit, liquid nitrogen storage and evaporation unit. 

With reference to the complex-wide nitrogen loads, the normal operation needs nitrogen 
about 800Nm3/h and the nitrogen station is designed to meet the normal demands. 

The intermittent nitrogen services for startup, shutdown and emergency case do not 
consider the repeated addition. This feasibility study includes 4 vacuum liquid nitrogen 
storage tanks, 2 liquid nitrogen pumps and 2 evaporators (evaporation capacity 4,000Nm3/h), 
which can meet the nitrogen demand for startup, shutdown and emergency conditions of the 
plants. 

The liquid nitrogen is mainly sourced from the new air separation unit due to the pending 
of off-site nitrogen source. 

9.5.3.5 Process description 

The feed air is filtered and then pressurized to 1.0MPa(G) in the centrifugal compressor. 
The compressed air is cooled to about 45℃ via the air compressor end air cooler and then 

cooled to 5℃ via the air conditioner before being sent to the molecular sieve to remove any 
H2O, CO2, C2H2 and any other hydrocarbon compounds. Two molecular sieve adsorbers are 
operated alternatively, i.e., one for adsorption service and the other for regeneration service. 
The fractionator vent is used as regeneration gas. 
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The purified air enters the cold box and then flows through the main heat exchanger, 
liquefier for heat exchanging with product nitrogen. The cooled air flows to the bottom of 
distillation column, where it is distilled and separated into product nitrogen and 
oxygen-enriched liquid air. The bottom liquid air is subject to super-cooling and throttling 
before its flows to the condensate evaporator, where it subjects to heat exchange with nitrogen. 
The liquefied nitrogen is sent to the distillation column as reflux.  

The rich oxygen air exitting from the condensate evaporator via the super-cooler to the 
liquefier, is expanded in the turbine expander to supply compensation cooling capacity to the 
process plants. 

The nitrogen exits from the distillation column and the flows to the main heat exchanger, 
where the 0.8MPa(G) nitrogen is sent outside battery limit. 

The liquid nitrogen exits from the condensate evaporator and then flows through the 
gas/liquid separator to the liquid nitrogen storage tank, where the liquid nitrogen is 
pressurized to 4.0MPa(G) pressure via the liquid nitrogen pump. The pressurized nitrogen is 
evaporated before being sent outside battery limit. 

9.5.3.6 List of critical equipment 

Table9.5-6 List of Critical Equipment 

No. Item Type, Specification Q’ty Remarks 

1. Air Filter  1 set  

2. Air Compressor  Pressure: 1.0 MPa 1 set Centrifugal type, 
offshore 

3. Air Pre-cooling System  1 set  

4. Molecular Sieve Purification 
System  1 set Including molecular 

sieve 

5. Fractionator System Type FN-1000 1 set  

6. Turbine Expander   2 sets  

7. 
Liquid Nitrogen Storage 

Evaporation System 
Including: 

 1 set  

 Liquid Nitrogen Storage 
Tank Available volume:100m3 4 sets  

 Liquid Nitrogen Pump Capacity: 12m3/h 2 sets Centrifugal type, 
offshore 

 Gasifier Gasifying capacity: 
4000Nm3/h 2 sets  

 N2 Tank Available volume:100m3 1 set  
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9.5.4 Utility specifications and consumptions for air compressor station and nitrogen station  

Table9.5-7 Utility consumptions 

Consumption 
No. Description Main 

specification Unit 
Normal Max 

Remarks 

1 Circulation 
Water 0.4Mpa（G） m3/h 180   

2 Power 4160V KW 1080   

3 Power 480V KW 40   

 

9.5.5 Control system of air compressor station and nitrogen station 

The air compressor is designed to include a PLC control system, which installed aside 
the compressor. The local instrument and local instrument control are installed. 

The pure nitrogen equipment and liquid nitrogen storage tank are provided with a set of 
PLC for monitoring, control and interlock protection of the equipment. Both distributed 
control system and local control system are provided for reliable operation and maintenance 
of the whole instrument control system. 

The PLC system for the main plant includes the communication interfaces with the PLC 
system for the primary air compressor. This facilitates the monitoring of operation conditions 
and main parameters of the primary air compressor in the operation station of the central 
control room (DCS). 

A local analyzer panel is provided in the analyzer enclosure. 
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9.6 Maintenance 

9.6.1 Mechanical Maintenance 

9.6.1.1 Scope and philosophy of study 

With reference to the refinery inspection and maintenance principle, SORESCO will take 
fully responsibility of the overhaul and intermediate overhaul of the equipment for the plants 
and systems (including electrical and instrument equipment), the planned shutdown overhaul 
of the plants and systems, including the casting, forging, heat treatment, metallic material 
analysis and lab, etc.; the maintenance of large capacity machines and pressure vessels, the 
civil, painting, anti-corrosion and insulation works. 

The maintenance workshop shall take the responsibility of routine maintenance and 
minor repair of the complex-wide equipment, electrical and instrument; take emergency 
response procedures for any emergency cases in the operating plants; develop and manage the 
complex-wide overhaul and intermediate overhaul plans for reliable operation of the 
complex-wide equipment and systems. 

The maintenance workshop shall include some necessary machines and tools for 
maintenance work. The maintenance staffs shall be competent to engage their maintenance 
work. In addition, they shall understand any other related working skills and craftsmanship.  

More floors shall be added to the roof of existing maintenance workshop and the added 
floor area is 354m2. The 3,555m2 roof for existing maintenance workshop shall be upgraded. 

Two more floors shall be added for automobile maintenance and product warehouse, of 
which the size is 54m×30m and the floor area is 2×1620m2. 

9.6.1.2 Main tasks 

To undertake the routine maintenance of complex-wide equipment and process liens and 
the minor maintenance management work; 

To undertake the general-purpose maintenance management work for the rotating 
equipment with spares in the process plants and auxiliary systems. 

To machine and fabricate some simple and emergency minor parts and spares. 

To cooperate with the management of spare parts for complex-wide process plants and 
auxiliary system. 

To take emergency response measure for any emergency events or failures occurred in 
the process operation. 

To assist with the development of overhaul and intermediate overhaul plans for the spare 
parts of complex-wide mechanical equipment and pipeline loops. 

9.6.1.3 Selection of Critical Equipment 
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The maintenance workshop shall be provided with general-purpose minor lathe, milling 
machine, shaping machine and drilling machines. See details in the table below. 

Table9.6-1 List of equipment for maintenance workshop 

No. Description Unit Q’ty Remarks 

1 Lathe Set 6 General-purpose lathe, universal lathe, vertical 
lathe, etc. 

2 Milling Machine Set 1 Workbench width 320mm and length 1250mm 

3 Shaping Machine Set 1 Maximum length of shaping machine: 630mm 

4 Hack-sawing 
Machine Set 1 Maximum diameter of tooth setting: Ф250mm 

5 Drilling Machine Set 2 Maximum diameter of drilling bore: Ф25mm 

6 Welders Set 5  

7 Welding Rod Drier Set 1 Weld capacity: 100kg 

8 Oxy-acetylene 
Cutting Equipment Set 2  

9 Electric Single Beam 
Bridge Crane Set 1 Lifting capacity: 5T (common with metal work) 

10 Hoister Set 2 Maximum lifting capacity: 3T 

11 Mobile Air 
Compressor Set 1 Discharge capacity: 0.9m3/min; discharge 

pressure: 0.7MPa(G). 

12 Hydraulic Test Pump Set 1 HP flow: 30l/h; discharge pressure: 40MPa 

13 Auxiliary Welding 
Equipment Set 1 Plate shearer and lapping machine 

14 Others Set 1 for 
each 

Small lifting tools, grinding machine, vice bench 
and measuring tools 

 

9.6.2 Electrical Maintenance 

The electrical maintenance workshop shall take the responsibility of routine maintenance, 
minor equipment repair of the complex-wide electrical equipment; develop the planning for 
wear parts and spare parts of electrical equipment. 

The project owner has an existing electrical maintenance workshop, which can meet the 
requirements of routine electrical maintenance of existing plants. The owner has planned to 
expand the workshop building.  

New electrical maintenance equipment shall be provided for the owner’s maintenance 
workshop for the on-stream new refinery plants and increased workload of electrical 
maintenance. 

The repair equipment for special maintenance and the repair equipment and tools for 
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routine maintenance are detailed in table below. 

Table9.6-2 List of critical equipment and tools for electrical maintenance 

No. Name and Specification Unit Q’ty Remarks 

I Repair Equipment for Special 
Maintenance Service    

1 SF6 Gas Detector Set 1  

2 Trace Water Analyzer Set 1  

3 Velocity Meter Set 1  

4 SF6 Gas kg 1200  

5 SF6 Gas Recovery Unit Set 1  

6 Maleod Vacuum Gauge Set 1  

7 Computer Protection Tester Set 1  

8 Memory Oscilloscope Set 1  

9 Logic Analyzer Set 1  

10 SCM Simulator Set 3  

11 Electric Single Beam Bridge Crane Set 1  

II Repair Equipment for Routine 
Maintenance Service    

1 Multimeter Set 5  

2 Clip-on Ammeter Set 2  

3 Megger Set 2  

4 Ohmmeter Set 1  

5 HP Tester Set 1  

6 Bench Vice Set 2  

7 Vertical Drilling Machine Set 1  

8 Portable Grinding Machine Set 1  

9 Portable Electric Drill Set 2  

10 Portable Lamp Transformer Set 1  

11 Pressure-vacuum Dust Collector Set 1  

12 Oil Jack Set 1  

13 Oil Plier Set 1  
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The electrical maintenance staffs will depend on the existing enterprise. No new staff is 
added. 

9.7 Central Lab 

9.7.1 Design Philosophy 

Moin Refinery has an existing Central Lab, which undertakes the analysis and quality 
control of the feedstock, product and intermediate materials for existing enterprise. The 
expanded refinery will expand the existing Central Lab and include new equipment. With 
reference to the plant operation capacities and operation characteristics, the expanded Central 
Lab will undertake the quality control analysis of intermediate materials for the refinery 
process plants, i.e., Atmospheric / Vacuum Distillation Unit, CCR Unit, Isomerization 
isomerization, Gasoline / Diesel Hydrotreating Unit, VGO Hydrocracking Unit, Delayed 
Coking Unit, Dry Gas /LPG Treatment Unit, Sour Water Stripping Unit, Sulfur Recovery 
Unit, and H2 Production Unit; and undertake the quality control of the plant products, i.e., 
liquefied LPG, gasoline, diesel, petrol coke, sulfur, fuel oil; and undertake analysis of feed 
crude oil, catalyst chemicals and other feedstock and support materials for the project. 

The Central Lab is provided with a “Lab Information Management System”, which is 
designed to control the central lab samples, analytical data and instrument operation 
conditions and the transfer of analytical data. The analytical data of the central lab 
communicate with the central control room via the “Lab Information Management System” 
and communicate with the enterprise quality control department and any other authorities via 
the enterprise management network. 

In principle, the same analytical items are not subject to repeated analysis and not any 
repeated analyzers are provided between the plants when the product from the upstream plant 
is sent to the downstream plant as feedstock.  

The analyzers for central control analysis and the analytical frequency allowable for 
common service between the plants shall be assumed as the common analyzers. 

For the sake of safety, the chromatographic analyzer room and coulometric analyzer 
room and gas bottles room can be provided with combustible gas alarm systems. 

9.7.2 Building area 

The central lab has an existing floor area of 600m2 and the added floor area is about 
1200m2. 

9.7.3 Analysis Item  

The intermediate quality control analytical items for the plants within the scope of 
Central Lab are detailed in the following tables. 
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Table9.7-1 Control analytical items, methods and frequencies for Atmospheric / Vacuum 
Distillation Units 1#, 2# 

No. Sample Analysis Item Analysis frequency Analysis Method 

Density (20℃), kg/m3 1/tank GB/T1884 

Salt, mg/L 1 / tank GB/T6532 1 Crude before 
desalting 

Water, % 1 / tank GB/T8929 

Distillation range As required True boiling point 
distillation 

Density (20℃), kg/m3 1 / week GB/T1884 

Salt, mg/L 1/8 GB/T6532 

Water, % 1/8 GB/T8929 

Total N2, ppm As required SH/T0171 

Flash point (open cup), ℃ As required GB/T267 

Carbon residue As required GB/T268 

Na As required Atomic absorption 

Ni As required Atomic absorption 

V As required Atomic absorption 

Cl As required Microcoulometry 

As As required Atomic absorption 

Pb As required Atomic absorption 

Fe As required Atomic absorption 

2 Crude after 
desalting 

Cu As required Atomic absorption 

Density (20℃), kg/m3 1/24 GB/T1884 

Distillation range 1/8 GB/T6536 

Sulfur As required GB/T380 

Total N2 As required SH/T0171 

Cl As required Microcoulometry 

As As required Atomic absorption 

3 

Atmospheric 
distillation 
overhead 
gasoline 

Pb As required Atomic absorption 

Density (20℃), kg/m3 2／8 GB/T1884 

Distillation range 2／8 GB/T6536 

Flash point 2／8 GB/T261 

4 Atmospheric 
distillation 1# 

side stream 

Freezing point 2／8 GB/T2430 
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No. Sample Analysis Item Analysis frequency Analysis Method 

Acid Number 2／8 GB/T12574 

S 2／8 GB/T380 

Density (20℃), kg/m3 1／24 GB/T1884 

Distillation range 1／8 GB/T6536 

Flash point 2／8 GB/T261 

Condensation point 2／8 GB/T510 

S 1／8 GB/T380 

5 

Atmospheric 
distillation 2# 

side stream 
 

Atmospheric 
distillation 3# 

side stream 
Cetane number As required GB/T386 

pH method 1／24 GB/T6920 

Oil 1／24 GB/T16488 

H2S As required Iodometric method 
6 

Atmospheric 
distillation 
overhead 
drainage 

Ammonia nitrogen As required GB/T7478 

Oxygen 1／24 Orsat gas analyzer 

CO.CO2.NOx. As required Orsat gas analyzer 7 Atmospheric 
heater flue gas 

Total sulfur As required Colorimetric method 

Note: Do analysis of water (≤1.5%) and density for each switchover of crude tank. 

Table9.7-2 Control analytical items, methods and frequencies for Vacuum distillation unit 

No. Sample Analysis Item Analysis frequency Analysis Method 

Density (20℃), kg/m3 3/24 GB/T1884 

Distillation range 1/24 GB/T6536 

Condensation point 3/24 GB/T510 

Viscosity As required GB/T265 

1 
Vacuum 

distillation 
overhead oil 

Sulfur As required GB/T380 

Density (20℃), kg/m3 3/24 GB/T1884 

Condensation point 3/24 GB/T510 

Distillation range 1/24 GB/T6536 

Sulfur As required GB/T380 

2 
Vacuum 

distillation 1# 
side stream 

Viscosity As required GB/T265 

Density (20℃), kg/m3 1/8 GB/T1884 

Distillation range 1/8 GB/T6536 

3 Vacuum 
distillation 2# 

side stream 
 Viscosity As required GB/T265 
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No. Sample Analysis Item Analysis frequency Analysis Method 

Sulfur As required GB/T380 

Basic nitrogen As required SH/T0162 

Na As required Atomic absorption 

Ni As required Atomic absorption 

V As required Atomic absorption 

Cl As required Microcoulometry 

As As required Atomic absorption 

Pb As required Atomic absorption 

Fe As required Atomic absorption 

Cu As required Atomic absorption 

Carbon residue 1/8 GB/T268 

Vacuum 
distillation 3# 

side stream 
 

Vacuum 
distillation 4# 

side stream 

Condensation point As required GB/T510 

Density (20℃), kg/m3 1/24 GB/T1884 

Engler viscosity As required GB/T265 

Sulfur 1/24 GB/T380 

Flash point 1/24 GB/T3536 

4 Vacuum residue

Distillate at 500℃ Twice per week GB/T0165 

Gas compositions 1/24 Gas Chromatography 

H2S As required Detect Tube 5 
Vacuum 

distillation 
overhead gas 

Density (20℃), kg/m3 1/24 Calculation 

Oil 1 /24 GB/T16488 

pH Value As required GB/T6920 

H2S As required Iodine metric method 
6 

Vacuum 
distillation 
overhead 
effluent 

Ammonia nitrogen As required GB/T7478 

Oxygen 3/24 Orsat gas analyzer 

Gas compositions As required Orsat gas analyzer 7 Vacuum heater 
flue gas 

Sulfur As required Colorimetric method 

Note: Do analysis of water (≤1.5%) and density for each switchover of crude tank. 
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Table9.7-3 Analytical items for the reforming system of CCR Unit 

No. Sample Analysis Item 
Analysis 

Frequency 
Analysis 
Method 

Nitrogen, μg/g 5 / week SH/T0657 

Density, kg/m3 1/48 GB/T1884 

Distillation range, HK, oC 
10% Distillate temperature, ℃ 
50% Distillate temperature, ℃ 
90% Distillate temperature, ℃ 

KK，℃ 

1/24 GB/T6536 

Sulfur, μg/g 5 / week SH/T0253 

Composition (Pona value) 1 / week  

As，μg/Kg 1 / week  

Pb，μg/Kg 1 / week  

Cu，μg/Kg 1 / week  

1 Reforming feed 

Water, μg/g 1/24 SH/T0246 

Compositions 3 / week  

HCL, μg/g 1 / week  2 Recycle hydrogen 

H2S, μg/g 1 / week  

Compositions 3 / week  

HCL, μg/g 1 / week  3 Hydrogen before 
dechlorination 

H2S, μg/g 1 / week  

HCL, μg/g 1 / week  
4 Hydrogen after 

dechlorination H2S, μg/g 1 / week  

Density, kg/m3 1/48 GB/T1884 

Distillation range, HK, oC 1/6 GB/T6536 

Octane number 1 / week GB/T5487 5 Stabilizer bottom 
oil 

Compositions (benzene, toluene, 
xylene , C5) 5 / week  

6 Stabilizer 
overhead effluent Compositions 1/6  

HCL, μg/g 1 / week  

H2S, μg/g 1 / week  7 Stabilizer 
overhead vapor 

Compositions 1 / week  
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Table9.7-4 Analytical items for the regeneration system of CCR Unit 

No. Sample Analysis Item Analysis 
frequency 

Analysis 
Method 

1 Regenerator dry air Humidity, μg/L Irregularly  

Carbon, % 3 / week  

Chloride, % 3 / week  

Specific surface area, m2/g Irregularly  

H2/Pt ratio Irregularly  

Alumina Irregularly  

2 
 

Regeneration catalyst in 
regenerator 

Trace metal impurity Irregularly  

Carbon, % 3 / week  

Chloride, % 3 / week  3 Spent catalyst in 
separation hopper Particle size distribution (diameter 

=1.18mm), ％ 3 / week  

4 Reduced hydrogen Compositions, %(V) 5 / week  

pH Value 1/6  
5 

Recycle caustic in 
regeneration/vent air 

scrubber Total alkalinity 1 / week  

6 Catalyst particles in 
catalyst dust collector 

Particle size distribution (diameter: 
1.4 to 2.0mm), ％ 1 / week  

7 Fresh caustic Caustic concentration, % 1 / week  

 

Table9.7-5 Delayed Coker Unit 

No. Sample Analysis Item Analysis frequency Analysis Method 

Density (20℃), kg/m3 1 / shift GB/T2540 

Kinematic viscosity (40/80℃), 
mm2/s 1 / shift GB/T11137 

Carbon residue 1 / shift GB/T268 

Sulfur 1 / day GB/T387 

Condensation point 1 / day GB/T510 

Flash pint (open cup), ℃ As required GB/T3536（GB/T267）

Distillation range (distillate at 
500oC) 1 / day GB/T9168 

Total salt As required SY/T6536（GB/T6532）

1 Feed to 
Delayed Coker

Cluster Component As required GB/T11132 

Density (20℃), kg/m3 1 / shift GB/T1884 2 Gasoline 

Kinematic viscosity (20/50oC), 
mm2/s 1 / shift GB/T265 
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No. Sample Analysis Item Analysis frequency Analysis Method 

Sulfur 1 / day GB/T380 

Flash point (closed cup), ℃ As required GB/T261 

Distillation range 1 / shift GB/T6536 

Bromine number, gBr/100g 1 / day SH/T0630 

Acidity 1 / day GB/T258 

Total N2 As required Q/SHYS.S01.049 

Alkali Nitrogen As required SH/T0162 

Colloid As required GB/T509 

Octane number As required GB/T503 

Density (20℃), kg/m3 1 / shift GB/T1884 

Kinematic viscosity (20/50oC), 
mm2/s 1 / shift GB/T265 

Sulfur 1 / day GB/T380 

Condensation point 1 / day GB/T510 

Flash point (closed cup), ℃ 1 / day GB/T261 

Distillation range 1 / shift GB/T6536 

Bromine number, gBr/100g 1 / day SH/T0630 

Acidity 1 / day GB/T258 

Total N2 As required Q/SHYS.S01.049 

Alkali Nitrogen As required SH/T0162 

Aniline Point, ℃ As required GB/T262 

3 Diesel 

Cetane number As required GB/T386 

Density (20℃), kg/m3 1 / shift GB/T1884 

Kinematic viscosity (40/80℃), 
mm2/s 3 / day GB/T11137 

Carbon residue 1 / day GB/T268 

Sulfur 1 / day GB/T380 

Condensation point 1 / day GB/T510 

Flash point (closed cup), ℃ 1 / day GB/T261 

Distillation range 1 / shift GB/T6536 

Total N2 As required GB/T17674 

4 Wax Oil 

Cluster Component As required GB/T11132 

Density (20℃), kg/m3 As required GB/T1884 

Kinematic viscosity (20/50oC), 
mm2/s As required GB/T265 

Carbon residue As required GB/T268 

5 Overhead 
recycle oil and 
mid-section oil

Sulfur As required GB/T380 
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No. Sample Analysis Item Analysis frequency Analysis Method 

Condensation point As required GB/T510 

Flash point (closed cup), ℃ As required GB/T261 

Distillation range As required GB/T6536 

Acidity As required GB/T258 

Total N2 As required Q/SHYS.S01.049 

Density (15℃), kg/m3 1 / shift SH/T0221 

Composition analysis 1 / day SH/T0230 

Total sulfur, % 1 / shift SH/T0222 
6 Rich gas, dry 

gas, LPG 

H2S 1 / shift SH/T0231 

Volatiles, % 1 / day SH/T0026 

Water, % 1 / day SH/T0032 

Ash, % 1 / day SH/T0029 

Total sulfur, % 1 / day GB/T387 

7 Coke 

True density, g/cm3 Irregularly SH/T0033 

H2S Irregularly HJ/T60 

NH3 Irregularly GB/T7478 

Phenol Irregularly GB/T7490 

Suspended solids Irregularly GB/T11901 

COD Content Irregularly GB/T11914 

8 

Sour water, 
coke cooling 
water, coke 

draining water 

Oil 1 / shift  

Basicity 1 / day GB/T14419 

Oxygen in water 1 / day GB/T11913 9 Deaerated 
Water 

Salt 1 / day  

Basicity 1 / day GB/T14419 
10 Steam 

PH（25℃） 1 / day GB6904.1-86 

12 Gaseous 
effluents 

Composition analysis (air, minor 
hydrocarbons, trace H2S) Irregularly Gas Chromatography 

 

Table9.7-6 Analytical items for Hydrocracking Unit 

No. Sample Analysis Item Analysis 
frequency Analysis Method 

Sulfur, mass fraction % 1 / week 
GB/T380 or 
GB/T17040 1 Feed oil 

Nitrogen, mass fraction % 1 / week SH/T0657 

2 Gasoline Distillation range, KK, ℃ 1/6 GB/T6536 
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No. Sample Analysis Item Analysis 
frequency Analysis Method 

Density, kg/m3 1,3,5/week GB/T1884 

Total, ug/g 1 / week 
GB/T380 or 
GB/T17040 

95% distillate temperature, ℃ 1/6 GB/T6536 

Copper corrosion, grade 1/6 GB/T5096 

Flash point (closed cup), ℃ 1/6 GB/T261 

Colority, degree 1/6 GB/T6540 

Density, kg/m3 1, 3, 5/week GB/T1884 

Sulfur, mass fraction % 1 / week 
GB/T380 or 
GB/T17040 

Nitrogen, mass fraction % 1 / week SH/T0657 

Mechanical impurity 1/6 Visual check 

3 Diesel 

Freezing Point, ℃ 1/6 GB/T510 

4 Fresh 
hydrogen 

Composition analysis: H2 purity, 
V% 1/24  

Composition analysis: H2 purity, 
V% 1/24  

5 Recycle 
hydrogen 

H2S, (V)% 1 / week  

6 Tail Oil 

Distillation range: 95% distillate 
temperature, oC 

Final boiling point, oC, not 
higher than 
Sulfur, % 

1 / day 
GB/T6536 

 
SH/T0222 

Density (15℃), kg/m3 3 / day SH/T0221 

Composition analysis 1 / day SH/T0230 

otal sulfur, % 3 / day SH/T0222 
7 

Dry gas 
LPG 

H2S 3 / day SH/T0231 

 

Table9.7-7 Analytic items for Gasoline/Diesel Hydrotreating Unit 

No. Sample Analysis Item Analysis 
frequency Analysis Method 

Sulfur, mass fraction % 1 / week GB/T380 或 or 
GB/T17040 1 Feed oil 

Nitrogen, mass fraction % 1 / week SH/T0657 

Distillation range, KK, ℃ 1/6 GB/T6536 

Density, kg/m3 3 / week GB/T1884 2 Gasoline 

Total, ug/g 1 / week GB/T380 or GB/T17040 
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95% distillate temperature, ℃ 1/6 GB/T6536 

Copper corrosion, grade 1/6 GB/T5096 

Flash point (closed cup), ℃ 1/6 GB/T261 

Colority, degree 1/6 GB/T6540 

Density, kg/m3 3 / week GB/T1884 

Sulfur, mass fraction % 1 / week GB/T380 或 or 
GB/T17040 

Nitrogen, mass fraction % 1 / week SH/T0657 

Mechanical impurity 1/6 Visual check 

3 Diesel 

Freezing Point, ℃ 1/6 GB/T510 

4 Fresh 
hydrogen 

Composition analysis: H2 purity, 
V% 1/24  

Composition analysis: H2 purity, 
V% 1/24  

5 Recycle 
hydrogen 

H2S, (V)% 1 / week  

 

Table9.7-8 Analytical items for Isomerization Unit 

No. Sample Analysis Item Analysis 
frequency Analysis Method 

Density 1 次/24h 1/24h GB/T2540 

Hydrocarbon compositions 1 次/24h 1/24h  

Distillation range 1 次/24h 1/24h GB255-77 

Octane number As required GB5487 

H20 1/24h SH/T0246-92 

Sulfur 1/24h SH/T0253-92 

As 1 / batch  

Pb 1 / batch  

1 Reaction 
feed 

N2 1/24h Chemoluminescence 
method 

Density 1/24h GB/T2540 

Hydrocarbon compositions 1/24h  

Distillation range 1/24h GB255-77 
2 Reaction 

product 

Octane number As required GB5487 

Density 1/24h GB/T2540 

Hydrocarbon compositions 1/24h RIPP79-90 

Distillation range 1/24h GB255-77 
3 Stabilized 

product 

Octane number As required GB5487 

4 LPG Density 1/24h GB/T2540 
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No. Sample Analysis Item Analysis 
frequency Analysis Method 

Hydrocarbon compositions 1/24h RIPP79-90 

5 
High 

fractionated 
gas 

Gas compositions 1/24h  

H2O 1/24h SH/T0246-92 

H2S 1/24h SH/T0253-92 

Cl  Coulometric method 6 Recycle 
hydrogen 

Oxygen 
To be 

determined at 
startup 

Elemental analyzer 

Gas compositions 1/24h  

H2O 1/24h SH/T0246-92 

H2S 1/24h SH/T0253-92 
7 Fresh 

hydrogen 

Cl 1/24h Coulometric method 

8 Fuel gas Gas compositions 1/24h  

 

Table9.7-9 Analytical items for Hydrogen Plant 

 

No. Sample Analysis Item Analysis 
frequency Analysis Method 

Compositions (full analysis) 5 / week  

Olefins, (V)% 5 / week  1 Feed gas 

Total sulfur, mg/m3 1/24 SH/T0222 

2 Saturated LPG Compositions (CH4,C2+), 
total sulfur 5 / week  

H2 purity, (V)% 1/6  
3 Methanized gas

CO+CO2，mg/m3 5 / week  

Olefins, (V)% 5 / week  
4 Reactor outlet 

Sulfur, mg/m3 5 / week SH/T0222 

5 Converter outlet CH4, (V)% 5 / week  

6 Flue gas NOx，SO2 5 / week  

7 Shift converter 
outlet CO 5 / week  

8 PSA product H2
Compositions (H2, CH4, CO, 

CO2, etc.) 5 / week  

9 PSA offgas Compositions (H2, CH4, CO, 
CO2, etc.) 5 / week  
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Table9.7-10 Analytical items for Sulfur Recovery Unit 

No. Sample Analysis Item Control data Analysis Method Analysis 
frequency 

I. Sulfur Recovery Unit 

H2S ＞70% Gas Chromatography 1 / week 
1 Clean acidic 

gas CO2  Gas Chromatography 1 / week 

H2S ＞20% Gas Chromatography 1 / week 

H2O  Gas Chromatography 1 / week 2 Acidic gas with 
NH3 

NH3  Gas Chromatography 1 / week 

H2S H2S/SO2=2 Gas Chromatography 1/24h 

CO2  Gas Chromatography 1/24h 

COS  Gas Chromatography 1/24h 
3 Process gas 

SO2  Gas Chromatography 1/24h 

H2S H2S/SO2=2 Gas Chromatography 1/24h 

CO2  Gas Chromatography 1/24h 

COS  Gas Chromatography 1/24h 
3 Off gas 

SO2  Gas Chromatography 1/24h 

H2S 
H2＝2%； 

SO2＝0 
Gas Chromatography 1/24h 

CO2  Gas Chromatography 1/24h 

COS  Gas Chromatography 1/24h 

4 Off gas 

SO2  Gas Chromatography 1/24h 

5 Purified gas Total sulfur ≤300ppm(v) Microcoulometry 1 / 8h 

SO2 ＜960mg/ m3 Flue gas detector As required
6 Flue gas 

NOX  Flue gas detector As required

pH  pH meter method 1/ 2 weeks

COD   COD analyzer 1 / 2 weeks

SS  Chemical method 1 / 2 weeks

S＝  Chemical method 1 / 2 weeks
7 Quench water 

Ammonia-nitrogen  GB/T7478 Chemical 
method 1 / 2 weeks

H2S H2S+CO2＜
1g/L Iodometric method 1/24h 

CO2  Potentiometric 
titration 1/24h 8 MDEA lean 

solution 

Concentration Concentration 
≥30% Chemical method 1/24h 

H2S  Iodometric method 1/24h 9 MDEA rich 
solution 

CO2  Potentiometric 1/24h 
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No. Sample Analysis Item Control data Analysis Method Analysis 
frequency 

titration 

Concentration Concentration 
≥30% Chemical method 1/24h 

Purity First-rate 
product 

GB2449-2006 
Subtraction method 
(total product minus 
organics, ash, water, 

etc) 

As required

Organics First-rate 
product 

GB2449-2006 
Combustion oxidation 

titration method 
As required

Water First-rate 
product 

GB2449-2006 
Heating weight loss 

method 
As required

Ash First-rate 
product 

GB2449-2006 
Thermogravimetry As required

As First-rate 
product 

GB2449-2006 
Spectrophotometry As required

Fe First-rate 
product 

GB2449-2006 
Spectrophotometry As required

Residue on sieve First-rate 
product 

GB2449-2006 Sieving 
method As required

10 Sulfur 

Acidity First-rate 
product 

GB2449-2006 
Acid-base titration As required

Na ≤15μg/kg GB12145-89 
Sodium-ion meter  

16 Steam 
SiO2 ≤20μg/kg GB12145-89 

Spectrophotometry  

PO3- 5～15mg/l 
GB12145-89 

phosphate radical ion 
meter 

1/2h 
17 Boiler water 

pH 9～11 GB12145-89 pH 
meter 1/2h 

Hardness ≤15μmol/l GB12145-89 titration 1/2h 

Dissolved oxygen ≤15μg/l 
GB12145-89 

electrochemical 
process 

1/2h 

Fe ≤50μg/l 
GB12145-89 Atomic 

absorption 
spectrophotometry 

1/2h 

Cu ≤10μg/l 
GB12145-89 Atomic 

absorption 
spectrophotometry 

1/2h 

18 Water supply 

pH 8.5～9.2 GB12145-89 pH 
meter 1/2h 
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No. Sample Analysis Item Control data Analysis Method Analysis 
frequency 

油 Oil ≤1.0mg/l GB12145-89 Infrared 
spectrophotometry 1/2h 

II. Solvent Regeneration Unit 

H2S  Iodometric method 1/24h 

CO2  Potentiometric 
titration 1/24h 1 MDEA rich 

solution 

Concentration Concentration 
≥30% Chemical method 1/24h 

H2S H2S+CO2＜
1g/L Iodometric method 1/24h 

CO2  Potentiometric 
titration 1/24h 2 MDEA lean 

solution 

Concentration Concentration 
≥30% Chemical method 1/24h 

3 Hydrocarbon 
-containing gas H2S  Chemical method 1/24h 

H2S  Chemical method 1/24h 

CO2  Chemical method 1/24h 4 Reflux fluid 

MDEA concentration  Chemical method 1/24h 

H2S H2S＞70% Chemical method 1/24h 
5 Acidic gas 

CO2  Chemical method 1/24h 

III. Acidic Water Stripper 

Sulfide  Chemical method 1/24h 

Ammonia nitrogen  Chemical method 1/24h 

Oil  Infrared spectroscopy 1/24h 
1 Feed acidic 

water 

COD  COD analyzer 1/24h 

Sulfide  Chemical method 1/24h 

Ammonia nitrogen  Chemical method 1/24h 2 Feed acidic 
water 

Oil  Infrared spectroscopy 1/24h 

H2S 20mg/l Q/SH035-346 1/8h 

CO2  Weight process √ 

Ammonia 50mg/l Q/SH035-347 1/8h 

Oil  GB/T16488 √ 

COD  GB/T11914 √ 

Phenol  GB/T7490 √ 

4 Purified Water 

PH  GB/T6920 1/4h 

H2S  Eudiometer 1/24h 

Ammonia  Eudiometer 1/24h 8 
Stripper 

overhead acidic 
gas CO2  Eudiometer √ 
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No. Sample Analysis Item Control data Analysis Method Analysis 
frequency 

H2S  Iodometric method 1/24h 
9 Stripper 

overhead reflux Ammonia   1/4h 

 

9.7.3.2 End product ex-works analysis 

The project product ex-works shall comply with the quality standard for Costa Rica 
gasoline, diesel and LPG products. See details in the products slates in 3.2.  

9.7.4 Critical analytical apparatus required for the Central Lab 

Table9.7-11 List of Central Lab analytical apparatus 

No. Description Unit Q’ty 

一 I Tester packages for petroleum products   

1 Automatic distillation tester (offshore) Set 15 

2 Vacuum distillation tester (offshore) Set 5 

3 True colloid tester Set 5 

4 Closed cup flash point tester Set 5 

5 Water-in-crude tester Set 2 

6 Petroleum product condensing point tester Set 10 

7 Sulfur tester (tubular furnace method) Set 4 

8 Conradson residue tester Set 5 

9 Trace carbon residue tester Set 10 

10 Moist tester Set 4 

11 Open cup flash point tester Set 5 

12 kinematic viscosity tester Set 6 

13 Engler viscosity tester Set 2 

14 Diesel cold filter plugging point tester Set 6 

15 Copper corrosion tester Set 5 

16 Silver corrosion tester Set 2 

17 Petroleum product density tester Set 5 

18 Diesel storage stability tester Set 7 

19 Saturated steam vapor tester Set 5 

20 Mechanical impurity tester (weighing method) Set 2 

21 Sulfur tester (lamp-kindled method) Set 5 
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No. Description Unit Q’ty 

22 Acidity value tester Set 5 

23 JFTOT-230 Dynamic oxidation stability tester (offshore) Set 2 

24 True colloid tester (air jet evaporation method) Set 4 

25 BR-1 type bromine number and bromine index tester Set 2 

26 Automatic heat value tester Set 2 

27 Molecular weight tester (offshore) Set 2 

28 Cetane number tester (offshore) Set 1 

29 Saybolt chromometer (offshore) Set 2 

30 Engine fuel copper corrosion tester Set 5 

31 Liquid petroleum product moist tester Set 5 

32 Engine fuel saturated vapor tester Set 5 

33 Freezing point tester Set 3 

34 Water separation index tester (offshore) Set 2 

35 Gasoline oxidation stability tester Set 4 

36 True crude boiling point distillation tester (offshore) Set 1 

37 Microcoulometric tester (for trace sulfur, nitrogen, cholorine) Set 5 

38 Salt-in-crude tester Set 2 

39 Smart arsenic tester Set 3 

40 Octane number tester (offshore) Set 1 

41 Melt Index tester Set 1 

42 LPG residue tester Set 4 

43 LPG copper corrosion tester Set 4 

44 LPG vapor tester Set 4 

45 Vibrating sieve Set 2 

 Subtotal Set 186 

II Precision instrument   

1 Atomic absorption spectrophotometer (offshore) Set 3 

2 Gas Chromatograph (offshore) Set 10 

3 Refinery gas analyzer (offshore) Set 2 

4 UV Spectrophotometer Set 2 

5 7210 Spectrophotometer Set 4 

6 Potentiometric titration Set 2 

7 PHS-3B digital precision acidity meter Set 3 

8 DDS-11D digital electric conductivity meter Set 4 
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No. Description Unit Q’ty 

9 Portable combustible gas detector (offshore) Set 5 

10 Lighting nitrogen tester Set 3 

11 Microreactor activity tester Set 1 

12 Catalyst wear index tester Set 1 

13 Sieving tester Set 1 

14 Carbon tester Set 1 

15 Portable oxygen analyzer Set 2 

16 Energy dispersion X-ray fluorescence analyzer (offshore) Set 2 

17 Dew point analyzer Set 8 

18 Total hardness tester Set 4 

19 Total solid tester Set 4 

20 Dissolved oxygen tester Set 4 

21 Turbidity meter Set 4 

22 Computer Set 2 

 Subtotal Set 72 

    

III Balance   

1 
MC210S electronic micro-balance (offshore) 

Weighing 210g  accuracy 0.01mg 
Set 4 

2 
GP3100S-G electronic balance (offshore) 

Weighing 3,100g  accuracy 0.01g 
Set 5 

3 
FA2004 Electronic analytical balance 

Weighing 200g  accuracy 0.1mg 
Set 10 

4 
GP6100-G Electronic balance 

Weighing 3,100g  accuracy 0.1g 
Set 3 

5 
TG328B Optical analytical balance 
Weighing 200g  accuracy 0.1mg 

Set 2 

 Subtotal Set 24 

IV Electric heating devices   

1 DGBQ2002 Desktop oven Set 5 

2 CS202-A Electric thermal-constant drying box Set 5 

3 CS101-1 Electric thermal blowing drying box Set 4 

4 
Box-type resistance furnace (with automatic temperature 

controller) 
Maximum Temperature: 1000℃ 

Set 2 

5 Muffle furnace Set 2 
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No. Description Unit Q’ty 

6 Electric heating distiller Set 2 

7 Infrared ray drying oven Set 2 

8 Refrigerator Set 1 

9 Freezer (185L) Set 1 

10 Standard water tank (console) Set 2 

11 Cryostat (console) Set 1 

 Subtotal Set 27 

 




