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INTRODUCTION:



The plant layout establishes the locations of process units; utilities such as Steam Generation, Compressed Air System, Cooling Water System, Inert Gas System, Additive Chemicals System, etc.; storage facilities; Flare System; Waste Disposal System; receipt and dispatch facilities and non-plant buildings. All these are further divided into ‘ON-SITE’ or ‘UNITS’ and ‘OFF-SITE’ for more detailing. The ‘ON SITE’/‘UNITS’ consist of the process units and ‘OFFSITE’ covers all other facilities of the plant. The offsite facilities are inter-connected by fairly large yard piping systems which run on pipe racks or pipe sleepers. The location and routing of the most economical pipe rack/sleeper  system covers major part of offsite layouts. Other major area is Tank farm layout and pump house in offsite which, is controlled by the rules and regulations as discussed in plant layout earlier. The other facilities located in offsite will be generally package units or need based requirements, which have to be met. The units are the heart of the plants. The highest concentration of loads will be in the process units. A good unit layout takes into account the most important features such as economy, appearance and arrangement of equipment from aesthetic point of view, proper operation and maintenance facilities, safety considerations, and ease of construction. Basically, economy means installing a unit in a smallest possible space, consistence with operability, ease of maintenance and safety and using the minimum amount of piping material, structural steel and concrete. By proper layout considerations, further economies can be achieved in the way of pumping and utility costs. The layout shall be made in such a way that reasonable accessibility for operations, maintenance and provision of operation and maintenance facilities in the form of approaches, monorails, davits, platforms, ladders, working space for maintenance, etc. are included. Equipment and structures shall be so arranged as to permit crane access to service equipment such as compressors, exchangers, air coolers, etc. The general accessibility followed in designs is enumerated in Table 1. Generally starting point of the preparation of equipment layout is the arrangement of pipe rack with relation to the equipment. The most common practice is to have the pipe rack in the middle and rows of equipment on either sides of it. This arrangement enable to make an economical piping layout. Various shapes of pipe rack and equipment arrangement such as ‘L’, ‘T’, ‘U’ are practical where a straight pipe rack is not possible. The equipments are arranged in logical process flow sequence for the very reason of reducing piping and pumping costs. This is all the more important when the piping involved is of stainless and alloy steels.



Normally furnaces are located on the outskirts of the unit in the upwind directions. Process equipment such as reactors, primary fractionators and distillation columns connected to furnace outlets are located as close as possible to furnaces so that transfer lines are short and simple. Furnace tube clearing and removal space as well as access to mobile crane shall be provided. To the extent possible, common platform is provided to a group of towers. The manholes in the towers shall be arranged in the direction facing the access way. The required safety distances shall be provided with the equipment as well as for the purpose of maintenance and operation.
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Gas compressors shall be located downwind of the furnaces.  Air fin coolers are generally kept above pipe rack. The control room of the unit shall be located in a safe area and also at a central location so as to minimize the length of lead cables. Eye wash and safety showers shall be located at all strategic points. Provisions for expansions shall be provided The layout shall specially take care of the erection scheme of tall towers and heavy equipments. The heat exchangers shall be located perpendicular to pipe rack with sufficient tube pulling /rod cleaning area at channel end. The required space for tube bundle removal is about one meter plus the length of removable bundles. Pumps are generally arranged under the pipe rack in a row. Pumps handling hydrocarbons and material above 230° C shall not be located below air fin coolers. Location of tall columns and furnaces shall be close to road side for ease of  maintenance and construction. They shall not be l ocated on congested areas. Thermosiphon re-boilers shall be preferably placed close to their associated towers. The re-boilers shall be mounted on the tower, so that piping design is simplified and pipe requirement is minimum. No other tankage except day tank shall be located inside process unit.



Some of the major equipment spacing are given below:



Distillation Column to Furnace Gas Compressor to Furnace Distillation Column to gas Compressor  Between Pumps Between Heat Exchangers Control room to Furnace Between Pressure Vessels  Air fin Cooler to Control room Reactor to fired heater



 20 M 25 M 7.5 M 3M 1M 30 M 1.5 M 15 M 10 M



Table 1
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CLEARANCES:



Overhead Clearances:



Equipment, Structure, Platforms, Piping and its supports shall be arranged to provide the following clearances overhead:



Over Rail roads, top of rail to bottom of obstruction Over Plant roads for major Mobile Equipment Over Secondary roads (bottom of pipe) and access ways for  Mobile Equipments Over grade and bottom of pipe (inside battery limit) at Pump Row access way Over Walk-Ways, Pass-Ways and Platforms to nearest obstruction and inside buildings Over Exchanger at grade, shell cover channel end



7M 7M 5M 3M  2.2 M 1.5 M



Horizontal Clearances:



Between Exchangers (Aisles between piping)  Around pumps (Aisles between piping) Fired heaters to pumps handling flammable stock Fired heaters to other flammable containing equipment not closely associated with heaters  At driver end of pumps, where truck access is required  At driver end of pumps where truck access is not required  At shell cover end of Exchangers at grade, for access way Between shells of adjacent horizontal vessels 3.0



4.0



0.9 M 0.9 M as required as required 3M 1.5M 1.3 M 1.2 M



PIPE BERTHING:



Under Ground



300 mm minimum clear gap between pipes



 Above Ground



a) Normal – Centre Line of Flange OD to Centre Line of  bare Pipe OD (or insulation) + 25 mm (minimum) b) Pipe OD to Structural elements = 100 mm (minimum)



EQUIPMENT SPACING:



Small pumps (3,75 kW & less) Medium pumps (22.5 kW & less)



Mounted on common foundations. Suitable center to center distances. 900 mm Clear Aisle



Large pumps (above 22.5)



900 mm Clear Aisle



Exchangers and other equipment on structures



900 mm minimum Clear Aisle
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PLATFORMS:



Towers, vertical and horizontal vessels: Distance of platform below centerline of manhole flangeside platform Width of manhole platform from manhole cover to outside edge of platform - side platform Platform extension beyond centerline of manhole - side platform Distance of platform below underside of flange - head platform Width of platform from three sides of manhole - head platform



6.0



MM 800-1050 900 900 175 750



HORIZONTAL EXCHANGER:



CLEARANCE IN FRONT OF CHANNEL OR BONNET FLANGE HEAT EXCHANGER TUBE BUNDLE REMOVAL SPACE MINIMUM CLEARANCE FROM EDGE OF FLANGES



7.0



5



1200 BUNDLE LENGTH + 1.25 M 300



VERTICAL EXCHANGER:



DISTANCE OF PLATFORM BELOW TOP FLANGE OF CHANNEL OR BONNET WIDTH OF PLATFORM AT SIDES OF HORIZONTAL AND VERTICAL TUBE FURNACE WIDTH OF PLATFORM AT END OF HORIZONTAL TUBE FURNACES



1500



750 (MIN.)



1000(MIN.)
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ACCESS PROVISION:



VALVES, INSTRUMENT, EQUIPMENT TO BE OPERATED



CENTERLINE OF ITEM TO BE OPERATED, LOCATED LESS THAN 3.6M ABOVE GRADE, 2.75 m ABOVE FLOOR OR PLATFORM OR 1.8M ABOVE WING PLATFORM TO PROVIDE:



EXCHANGER HEADS



NIL



CENTERLINE OF THE ITEM TO BE OPERATED, LOCATED MORE THAN 3.6m ABOVE GRADE, 2.75 ABOVE FLOOR OR PLATFORM OR 1.8m  ABOVE WING PLATFORM TO PROVIDE: PLATFORM



OPER. VALVES 2” & SMALLER OPER. VALVES 3” &  ABOVE MOTOR OPERATED VALVES CONTROL VALVES



FIXED LADDER



FIXED LADDER



PLATFORM



PLATFORM



PLATFORM



PLATFORM



PLATFORM



PLATFORM



FIXED LADDER



FIXED LADDER



PLATFORM



PLATFORM



PORTABLE LADDER



PLATFORM



RELIEF VALVES 2” & SMALLER RELIEF VALVES 3” &  ABOVE BLOCK VALVES 2” & SMALLER BLOCK VALVES 3” &  ABOVE BATTERY LIMIT



PLATFORM



PLATFORM



PLATFORM



PLATFORM



VALVES PRESSURE LIMIT TEMPERATURE INSTRUMENT SAMPLE POINTS



FIXED LADDER IF  ABOVE 2.2M HEIGHT FIXED LADDER IF  ABOVE 2.2M HEIGHT PLATFORM



FIXED LADDER



PLATFORM



GAUGE GLASSES



FIXED LADDER



FIXED LADDER



LEVEL CONTROLLERS



PLATFORM



PLATFORM



PROCESS BLINDS & SPADES 2” & SMALLER PROCESS BLINDS & SPADES 3” & ABOVE MANWAYS/MANHOLES



PLATFORM



PLATFORM



PLATFORM



PLATFORM



PLATFORM



PLATFORM



PLATFORM



PLATFORM



FIXED LADDER



HANDHOLES/INSPECTIO N HOLES NOZZLES VESSELS VENTS



NO ACCESS REQD. PORTABLE LADDER



NO ACCESS REQD. FIXED LADDER



LINE DRAINS & VENTS ORIFICE FLANGES



PORTABLE LADDER PORTABLE LADDER



PORTABLE LADDER PORTABLE LADDER



*



*
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CENTERLINE OF BLOCK VALVES LOCATED ABOVE 2.0 METER FROM THE OPERATING FLOOR WHICH ARE REQUIRED FOR NORMAL OPERATION SHALL BE PROVIDED WITH PORTABLE PLATFORMS. CHAIN FOR OPERATION OF VALVES WILL NOT BE USED. *



TEMPORARY ARRANGEMENT FOR ACCESS SHOULD BE FEASIBLE.



9.0



CHECK LIST FOR PLOT PLANS: Overall Plot Plan: • • • • • • • • • • • •



• • •



• • •



MAGNETIC AND PLANT NORTH REDUCED LEVEL AND SITE TOPOGRAPHY PREVAILING WIND DIRECTION ROAD APPROACH TO SITE RAIL APPROACH TO SITE BARGE OR SHIP DOCKS LOCATION LOCATION OF INCOMING GAS, ELECTRIC POWER SUPPLY, WATER SOURCE ETC. CO-ORDINATES AND DIMENSIONS OF VARIOUS UNITS PLANT ROAD SYSTEM APPROACH ROAD FOR CRANE MOVEMENT TO VARIOUS UNITS PATROLLING ROAD BY THE SIDE OF PLANT BOUNDARY WALL SPACE FOR UNDERGROUND PIPING UNDERGROUND DRAINAGE SYSTEM UNDERGROUND FIRE HYDRANT MAIN PIPE RACK/ELECT./INST CABLE RACK BETWEEN ROAD AND PLANT BATTERY LIMIT RAIL/ROAD APPROACH FOR RAW MATERIALS AND FINISHED PRODUCT STORAGE AREA FOR KEEPING EQPT. & MACHINERY ETC. BEFORE ERECTION STATUTORY REQUIREMENTS LIKE EXPLOSIVE ACT, POLLUTION CONTROL, TAC ETC. PROVISION FOR FUTURE EXPANSION COOLING TOWERS FLARE STACK (TO BE LOCATED SUCH THAT THE FLAME IS CARRIED AWAY TOWARDS BARREN OR UNINHABITED AREA)



Unit Plot Plan: • • • •



 



• •



 



• • • • •



•



PLANT NORTH PLANT BATTERY LIMITS AND CO-ORDINATES APPROACH ROAD TO PLANT COLUMN IDENTIFICATION FOR STRUCTURES, LOCATION AND ORIENTATION OF STAIRCASE. TRENCHES UNDERGROUND PIPING DRAINAGE FIRE HYDRANTS LOCATION OF EQUIPMENTS AS PER FLOW SEQUENCE MAIN PIPE RACK ELECTRICAL & INSTRUMENT CABLE RACK LOCATION (PREFERABLY ALONG THE PIPE RACK. ELECTRICAL & INSTRUMENT RACKS TO BE KEPT ON OPPOSITE SIDES) LOCATION OF CONTROL ROOM
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TALL TOWERS LOCATION OF FIRED HEATERS LOCATION OF PUMPS SPACE IN & AROUND THE PLANT FOR FIELD CONSTRUCTION OF TALL TOWERS SPACE BETWEEN TWO EQUIPMENTS: TO AVOID FOUNDATION FOULING TO AVOID VIBRATION TRANSMISSION IN CASE OF ROTO DYNAMIC M/C TO ACCOMMODATE LADDERS AND CABLES IF ANY MAINTENANCE SPACE AROUND THE EQUIPMENT SPACE FOR CATALYST LOADING, UNLOADING AND OPERATION IN CASE OF PACKED TOW ER SPACE FOR INTERNALS REMOVAL SPACE FOR CRANE OR DERRICK REQUIRED DURING ERECTION AND MAINTENANCE. SPACE FOR TUBE BUNDLE REMOVAL IN CASE OF HEAT EXCHANGER PLATFORM FOR ORIENTATION & MAINTENANCE OF EQUIPMENTS VALVES INSTRUMENTS PROVISION FOR FUTURE EXPANSION LIST OF EQUIPMENTS (CODE NO. & NAME)



Reference:



QA Document: Technical Instructions 09 PIL – F01 09 PIL – F02



Instructions for Equipment Arrangement Preparations for Overall and Unit Plot Plans
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