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GOALS

BE able to
e Grab Concept of PFD and P&ID
e Extract Information

e Describes the PFD and P&ID system of line,
valve and flow symbols.

e Explains PFD and P&ID symbols used for
instrument and measuring devices.




Outline

e INTRODUCTION
 PFD

e P&ID




INTRODUCTION




TYPES OF FLOW DIAGRAM

* BFD (Block Flow Diagram)

 PFD (Process Flow Diagram)

e UFD (Utility Flow Diagram)

e MFD (Mechanical Flow Diagram)

e P&ID (Piping and Instrumentation Diagram)




PFD

A process flow diagram (PFD) is a diagram commonly
used in chemical and process engineering to indicate
the general flow of plant processes and equipment.

P&ID

A Piping and Instrumentation Diagram - P&ID, is a schematic
illustration of functional relationship of piping, instrumentation
and system equipment components

Instrumentation, Systems, and Automation Society (ISA)
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PFD




Uses

Use to know topolog of Process

Useful for conveying the heat and material
oalances

Useful for conveying major pieces of
equipment

Useful for conveying processing conditions
Useful for conveying utilities



PFD Shows

All major equipment
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PFD Shows

All major process and utility lines
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PFD Shows

All stream numbers, temperatures, pressures, flows
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PFD Shows

All major process controls and valves




FQUIPMENT TYPE CODES ~ thetankfarm area.
2901 - A vendor package
i=FLUIC TRANSPORT (BLOWERS, COMPRESSORS AND ALL

TYPES OF PUMPS in the Train 1 area.

2—50LIDS TRANSPORT (BELT AND SCREW CONVEYORS,
FEEDERS, ETC.)

J3—PYSICAL SEPARATION (PHASE SEPARATION EQUIPMENT,
FILTERS, SCREENS, GRAVITY SEPARATORS, CENTRIFUGES,
MICRO/ULTRAFILTERS, ETC.)

4= MIXERS (AGIATORS, IN-LINE MIXERS, SHREDDERS,
BLENCERS, ETC.) .
5—HEAT TRANSFER (HEAT EXCHANGERS, HEATERS, COOLING HYU-P-001 — The first

TOVERS) BUNERS: BTG pump Hydrogen unit .
B—MASS TRANSFER (AD/ABSORBERS, ION FXCHANGE, .

SCRUBBERS, STRIFPERS, coLuwws, Eveporators, ere) HDS-R-001 — The first
7— CONTAINMENT {TANKS, VESSELS, #ITs, sumes, siLes, e reactor in DHDS Unit.
B—REACTORS (CHEMICAL REACTORS OR PRECIPIATORS,

CRYSTALUZIE:RS. \;;ré.) ISM-PU-001- A vendor
9-VENDOR PACKAGES & WisC. (PREFASRICATED svsTEvs — package isom unit

FROM 3RD PARY SUPPUERS, SPECIALTY EQUIPMENT
UNCLASSIFIED ELSEWHERE)

All equipment names and numbers
EQUIPMENT TAG FORMAT
AN — ET—E(_:_
AREA NUMBER -—]
EQUIPMENT TYPE COOE
UNIQUE SEQUENCE NUMBER
NOTE HYPHENS ARE NOT A PART OF EQUIPMENT
TAG INSTANCES
AREA NUMERS . .
(PROJECT S"’ECIFIC;\ 1101 - The first pump in
;:m;‘ F;*R'-' the tank farm area.
3—S0UDS DEWATERING 1701 — The first tank in the
4 —TRAIN 2
5—VAPOR HANDLING SYSTEM tank farm area.
1405 - The fifth mixer in

EQUIPMENT TAG NUMBERING LEGEND

SWU - ¥—1 A

LUNIT ABB. —|_

EQUIPMENT TAS TYPE

EQUIPMENT SERIAL WG

SUFFI FOR MULTIPLE UNTS

TAG TYPE TAG DESCRIPTION UNIT ABB. DESCRIPTION

A AERATOR /WIXERAAGTATOR Sl SOUR WATER UNIT
B BLOWER AU AMINE UNIT
G COMPRESSOR CwWs COOLING WATER SYSTEM
H) COOLNG TOWER SRU SULFUR RECOVERY UNT
E HEAT EXCHANGER HYU HYDROGEW UNIT
EA AR COALER b=l STEAM GENERATION SYSTEM
F FlLTEHfEELT FILTER FLS FLARE SYSTEM
H FIRED HEATER/BQILER F&8 FUEL GAS SYSTEM
M MEMBRANES Fas FUEL GIL SYSTEM
NS METERING 3KIO CAS COMPRESSED AIR SYSTEM
p PLMF PWS PLANT WATER SYSTEM
FU PACKAGE UNIT HO% DHDS UNIT
R REACTOR Ues UTILITY GAS SYSTEM
5L SCRAFER LALUNCHER 1SH ISOMERIZATION UNIT
SR SORAPER RECEIVER LHT NEW NAPHTHA SPLTTER & NHT UNIT
ST VENT/FLARE STACK HT EXISTING MARHTHA& SPUTTER & NHT UNIT
TK THHK HBU-I HOWE BAKER UNT |
U MISCELLANECLS HBU-I HOWE BAKER UNTT I
Y VESSELS HEU HEAWY CRUDE LNIT




PFD Good Practices

The flowsheet should generally flow from left to right.
The flowsheet should not be cluttered - use multiple sheets.
The flowsheet should be in landscape with the bound edge at top.

The equipment should be drawn in approximately relative size, e.g.
towers larger than drums, exchangers larger than pumps etc.

The major towers and reactors are generally on one, or nearly one,
level.

The reader should be able to follow it with his or her eye.
The streams should have the minimum of direction changes.

The streams that enter across the battery limits should be on the
left.

The streams that leave across the battery limits should be on the
right.

The streams that move to the next sheet should leave on the right.
The streams that recycle to earlier sheets should leave on the left.



P&ID




Uses

e Act as the definition of the process from which all

engineering, fabrication, construction and
operation is based.

e Serve as reference for Process Safety Information
(PSI) in Process Safety Management (PSM).

° BIBLE OF PLANT




Content

e Major and minor equipment

e Valves

* Instrumentation

e Stand-alone controllers

e Buttons used to control motors and devices
e Motors and drives

e Limit and point devices

* Piping

e Virtual devices




Limitation

* Not to Scale

* Not Geometrically Accurate
e Color Blind

* Not Definitive

* Not Drawn Consistently

* Don’t Show Pipe fitting type



Supporting Documents

* Process Flow Drawings (PFDs)

* Piping specifications.

* Equipment and instrumentation specifications.
* Functional/process control documents

* Equipment Tag Numbering Procedure

e Line Numbering Procedure

e Material Specifications




Reading P&ID

e The first step in reading a P&ID is to find the correct
diagram.

e Each P&ID is numbered according to the section of
pipeline that the P&ID displays.

e The P&ID number is located in the bottom right corner of
the diagram, along with a brief description of the pipeline
section it represents.




Template

e Size (AO according to ISA)

e Title Block

1. P&ID Number
Client Name
Unit Name
Section Name
Project Name

o v s WD

Revision

* Note Column
» Reference document list Space.
e Soft File Address
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Legend Sheet or Lead Sheet

Two (2) to three (3) sheets
Most Important Sheets (secret Decoder)

meanings of the various symbols used on P&IDs
About 90% information
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AND SOLDRESSRES GENERAL EQUIPMENT MISCELLANEOUS SYMBOLS NOTES
EQUIPMENT TAG NUMBERING
LEGEND FOR INSTRUMENT NUMBERING
o TAG TYPE TAG DESCRIPTION
. [T VARMELE DRE o AERATOR/MIXER /AGITATOR
HEAT EXCHANGER ; B —
HORESNTAL CENTRFUGA
HORIZONTAL CENTRIFUGAL W TURBINE DRIVEN i "
PUVP NOTOR DRIVEN INLETONS )XORPCEXOUTLET(NS.) SEOUScE Mawen = lechezas,
c SET PRESSURE N Kg/om* o COOLING TOWER
([:D:‘:r' © : e
- y ; ] '@" Pl Soren e |aR coo
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a 1 (PRESSURE) TRANSMITTER e " REACTOR
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et
UNIT ABB. DESCRIPTION
INSTRUMENT PURGE
Hi \( DRAN FUNN (FLUSHING OIL W THIS EXAMPLE) = VORTEX BREAKER SWU SOUR WATER UNIT
(SEE ABBREVATNS] g AINE_UNT
L 2 9 seecmois auo
N —fl—  INSTALL DONUT 1N e oWs COOLNG WATER SYSTEM
i . LY LR ¢ rvaram 2 s oveeron | e o
T i DRECT FIRED HEATER v —l— sl Dk m Lme KX
il i W HYDROGEN UNIT
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EXHAUST HEAD 1sM ISOMERIZATION UNIT
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VoG R O ® 7 —— | e e AT R
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FLOW DIAGRAM

IDENTIFICATION LETTERS

RELAY FUNCTION IDENTIFICATION

LINE NUMBER AND HEAT TRACING
IDENTIFICATION

NOTES

LOCAL FIELD MOUNTED
INSTRUMENT

BOARD MOUNTED
INSTRUMENT

©
=
o

INSTRUMENT MOUNTED
BEMND CONTROL BOARD

LOCAL PANEL MOUNTED

INSTRUMENT

4y ()IENOTES PANEL
NUMBER

>

INSTRUMENT MOUNTED BEHIND.
L CONTROL PANEL
(%) (**)DENOTES PANEL NUMBER

Q PILOT LIGHT

. ()DENOTES PAUEL WNBER
E LOGAL MOUNTED PILOT LIGHT

LOCAL PANEL MOUNTED
PILOT LGHT

()

NON~ NDICATING CONTROLLER,/
COMPUTATION/SIGNAL CONDITIONING
(DISTRIBUTED CONTROL. SYSTEM)

®
e

CONTROLLER /INDICATOR /ALARM
DISPLAYED ON OPERATUR CONSOLE

PROGRAMMABLE LOGIC CONTROLLER
INSIDE PANEL MOUNTED

RUN/STOP INDICATION ON
OPERATOR CONSOLE

0O
O e
&

®
©
)

INSTRUMENT WITH TWO SERVICES
OR FUNCTIONS (VULTIPOINT UNIT)

ILLUMMNATED (IF FITTED)

NON-INDICATING COMTROLLER,
COMPUTATION/SIGNAL CONDITIONING
(CONPUTER SETPOINT)

INDICATOR/CONTROLLER/
RECORDER/ALARM DISPLAYED

x NTROLLE
BSPLATED ON GPERATOR ConsoLE

CONTROL STATION BY ELECTRICAL

CONTROL STATION (SINGLE
FUNCTION) BY ELECTRICAL

SELECTOR SWITCH (MULTI—
CIRCUITS) BY ELECTRICAL

#o

in o g o ¥ fE

LEED OR
BLOWDOWN VALVE PUcE: COMEEoN: 1N

FOOTVALVE WITH,

LEMESR RST LETER SUBSEQUENT:LETER + 7+ # ELECTRC SIGNALS BNARY DIGITS (ON/OFF)
A |muLrsis A ——H———t—  INSTRUMENT PNEUMATIC® LINE
B |BURNER FLAVE Block/eveass | ——
INTERNAL SIGHAL
¢ |conpucTviry (ELECTRICAL) | cONTROLLER —O——0— (T iormwane on GATA Lk
D |oensmy (sp. GR) DIFFERENTIAL ——— — ———  PACKAGED EQUPMENT BOUNDARY
£ |VOLTAGE (EMF/ELECTRICAL) | ELEMENT (PRIMARY) BATTERY LT
F_|now RATIO_ (FRACTION) CONTIUITY ARROW
G |GAGING (DIMENSIONAL) LASS/GAGE
W |Hanp AcTuatED (uANUAL) | HiH
| [currenT (wrs) INDICATER
U |power (watrs) MULTIPOINT (SCAN)
MANUALLY OPERATED VALVES
K |me CONTROL STATION ¢ R
BY ADDING AN ACTUATOR TO THE
L fem UsHT/Low BASIC VALVE STMBOLTHE VALVE
u_|wostuRe (HumoT) MDOLE BECOMES A CONTROL VALVE
NCLASS I 151
IS [fGRG s (EMEHSERE) INSTRUMENT CAPILLARY TUBING
© | (UNCLASSIFIED) (UHCLASSIFIED) HYDRAULIC SIGNAL
P | PrESSURE/vacUUM POINT . SONIC
SIGNAL, OR LIGHT BEAM
o | ousmmi/munaer TOTALZER/INTEGRATER il
R | Run/ReDIOACTIVITY RECORDER
s |sPeen/rrequency SAFETY/SMITCH
T |temperatuRe TRANSMITTER
U [womvaresie MALFURCTION
v__|vieranonmscosi VALV
W | weiGHT/FORCE WELL/PROBE b GATE VAVE {i CHOKE VALVE
X |(unciassien) ‘SHUTOOWN/INTERLOCK 5
g 2 —iwG- GLOBE VALVE P DIAPHRAGM VALVE
¥ | (uncussineo) RELAY S sl
2 |rosmon ORVE/ACTUATE it &
1 ELEMENT PROBE - PLUG vALVE 429_ THREE-WAY VALVE
i SHMPLE HANDUNG SYSTEM I v conrroL
o | LOGAL SANPLE WANDUNG | e, T -@- FOUR-WAY VALVE
SYSTEM ot~ BALL VALVE
© TELEVISION CAVERA 3
rei- BUTTERAY vAVE =D INSULATED VALVE BOOY
OR DAMPER
-tk NEEDLE VAVE
-+ s10 cHECK VAWE
o VALVE WITH BLE
B
e [ A ——
GHECK VALVE
CONTROL_VALVES
PISTON ACTUATED (R SPRING. DIAPHRAGH
VRLVE ACTUATED VALVE
FO WITH RESET

HAND CONTROL
VALVE SPRING DIAPHRAGM
ACTUATED VALVE

FO  (ACTION ASBREVIATED)
RecusTon
o
ROTARY PLUG VALVE
recuLATOR o
r eSS
PRESSURE THP ConTROL VALVE
NOTOR, ACTUATED _;}_ SoMTROL e
VALYE HANDWHEEL
(3 SOLENOID VAVE

SELF~CONTAINED 51 Ll

PRESSURE BALANCED ‘g

DIAPHRAGN ACTUATED

ELECTRO-HYDRAULICALLY
ACTUATED VALVE

ANGLE CONTROL AIR MOTOR OPERATED
VALVE

,~——SEE LIST BELOW. BOX LOCATED NORMALLY
IN UPPER RIGHT HAND CORNER.

* RELAY VARBLE TYPE

6!

ADD OR TOTALZE [T7] soosr
AVERAGE

0] on-or
BlAS L] mreorare
DMDE [Z&] ormoce
CHARACTERIZE

TE rodma o
HIGH SELECTOR
ANALOG/DIGTAL
RAISE TO POWER
DERVATIVE OR RATE
INVERSE DERVATIVE
EXTRACT S

INSTRUMENT DESCRIPTION ABBERVIATIONS

ST~ START VB - VIBRATION
sP - sToP RN — RUNNING
PV — PROCESS VARWBLE RT — RESISTANCE THERMOMETER
oF - oPen RID ~ TEMPERATURE DETECTOR
COF ~ CENTRE OF FLOAT CL - CLOSED

CONTROL_VALVE ACTION

FC  FALS CLOSED

FO  FALS OPENED

FL(0) FALS STATIONARY-TENDS TO OPEN

FL(C) FALS STATIONARY-TENDS TO CLOSE
LOGCIC SYMBOLS
R~ OUIPUT EXSTS IF ONE OR MORE OF THE HPUTS ExisT
<WNE>— AID ~ OUTPUT EXISTS IF, AND ONLY IF, ALL INPUTS EXIST
o ~ OUTPUT EXISTS IF ONE, AND ONLY ONE,
<E>— pwswe or = YRR e
<> T - o OUTRUT BXTS I AN INFUT BXSTS

<> - sumon/mmmoc
ABHREVIATIONS
G~ ABOVE GROUND = — WNSULATION SWFETY
A = AVCSYCRE KP — KILOVETER POST OF
~ BUND FLAn 5

BL  — BATTERY UMIT L BURVEY
= BACKRASH L&~ LOCK CLOSED
€C — CORROSION COUPON Lo - Lotk OPEN
CO  CHAN OP P~ LOW PRESSURE
P~ CORRUSION PROBE LPT — LOW PONT
csc SEAL CLOSED MOV — MOTOR OF[RATED VALVE
50 — CAR SEAL OPEN NG~ NORMALLY CLOS!
DR~ DRAN WDE . NOmiALLY DEENERGZED
DE — DEENERGIZED NE - NORMALLY ENERGZED
DPI — PRESSURE DROF INDICATOR NI  — MO INSULATION
£ - eerozED NNF ~ NORMALLY MO FLOW
© - B O~ NORMALLY OPEN
® - ruRNsED PHC — PARTUAL HEAT

(F & P)— FURNISHED & PIFED P — INSULATON FOR
8 - FULL BORE PERSONAL PROTECTION
FC - FAL CLOSED R — RAISED FACE FLANGE
FCG — FULL COLD CONSERVATION RTY — RING TYPE JOINT FLANGE
FHG — FULL HEAT CONSERVATON o _ sawPLE COMMECTION
B — FAL NDETERMIATE

et
FL = FAIL LOCKED (LAST POSIHON) Lo SRR
FO — FAIL OPEN, OR FIRST OU' SP — SET POINT
F0R — FLAT ON BOTTOM SP.GR- SPEGIFIC GRAVTY
FOT — FLAT ON TOP SR - STRESS RELIEVE
;: = 2‘;;; ;‘;’Z;AW S5 — SOFT SEAT VALVE
HP  — HORSE POWER OR HIGH = 18]
IE STW ~ STORM WATER SEWER

HPT — HiGH POINT TP — TE-iN PONT
loc  ~ INSULATION ACOUSTIC TS0 — TIGHT SHUT=GFF
18 =) NSTRUMANT A SURELY T=F = TANGENT TO FLANGE
165~ ISTRUMENT G&S SUPPLY s
g e T-S — TANGENT T0 SEAM
e Dhqecs T=T — TANGENT TO TANGENT
i~ INSULATON COLD o e
I — INSULATION WOT dosic
U~ INSULATING JOINT v e
- VB — VORTEX BREAKER
CONN ~ CONNECTION w £ poRT
G — FUNGE VIA — VENDOR T0 ADVISE
HC — HOSE CONNECTION WE - WELD END
s Do Wi — TREATED WATER
SDP — SPADING POINT BW — BOILER FEED WATER
05 - OL WATER SEWER WR RAW WATER
M - MONEL TRIM P - PLUGGED
ST - STELLTE TRM TS — TEMPORARY STRANER
UC — UTLTY CoNNECTION ™ - TYPIAL
€D — CLOSED DRAIN OWS — OILY WATER SEWER

17 - PC- AlAZ- SWU

—

size
SERVICE
sPECInCATION
NIt AsB.
LINE OR EQUIPMENT INSULATED
TS For REFRIGERATION
LINE OR EQUIPMENT INSULATED
SFST For HEAT CONSERUATION
S UNE OR EQURMENT INSULATED
FOR PERSONNEL PROTECTION
S STEM TRACED UNE OR EQUPMENT
—_ ELECTRICALLY TRACED LINE OR EQUIPMENT
G
LINE SERVICE SYMBOLS
AIR_SYSTEMS SymBoL
PISTRUMENT AR “
A
SLOP oL s
DRAIN_SYSTEM
CHEMICAL ORAIN e
OLY WATER ow
SANARY WASTE SEWER ws
CLEAN WATER SEWER cs
ICESS D DP
4
SSTEN
VENT FLAMMABL v
CLOSED DRAIN HEADER 23
HLOW DOWN 80
FLAME FRONT [
EL GAS 6
HITROGEN ic
SPECIAL_LIQUIDS
FOAM SOLUTION
AULTIFUNCTION SIHBITOR Aaw
P
SODIUM_HYPOCHLORITE o
CORROSION INHIBTOR, ETC
CHEMICAL FIRE_SOLUTIONS A
CAUSTIC SoLUTION cs
Ol UTILITY SYSTEMS
LUBRICATING OIL Lo
SEAL OIL s0
HEATING OIL 1o
FUEL OIL Fa
PROCESS GAS PG
PROCESS LIOUD PL
SOUR GAS S6
HYDROCARBON HC
EFFLUENT £
GAS O LIGHT sou
GAS OIL HEAVY COH
1APKTHA YA
iSTH Ka
VENT SYSTEMS
ATMOSPHERIC VENTS v
wAIEBlSILAhLS!SILMS
FIRE WA W
RECREULATNG COOLING WATER W
AT sw
INDUSTRIAL WATER w
TABLE WATER oW
WASTE WATER e
TREATED. WATER ™
RAW WATER 0
STEAM CONDENSATE s
1P sTeaM is
HP STEAM st
PROCESS CONDENSATE Pc
BOILER FEED WATER B
J— SPECIFICATION BREAK INSULATION
SPECIFICATION BREAK PRING

|
—‘— aATTERY LT
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Equipment Tag and Label

-

ALL MAJOR EQUIP.

EXAMPLE f COLOR=BLACK

IF REQUIRED, INCLUDE
NOTE ON DRAWING

Air Cooled Heat Exchanpgers:
(1) ItemNo.

2) Service Mame

(3) Duty

4) Design Press. | Temp.

Compressor:

(1) ItemNo.

2) Service Mame
(3) Design Capacity
(4) Dhfferential Press.
(3) Driver Power

Furnaces:

(1) Item No.

2) Service Name

(3) Design Duty

(4) Normal Duty

(3) Destgn Press. Temp.

Pomps:

(1) ItemNo.

2) Service Mame
(3) Design Capacity
(4) Dhfferential Press.
(3) Driver Power

Veszals:

(1) ItemNo.

2) Service Mame

(3) Dhameter = Length

4) Design Press. | Temp.
(3) Operating Press./ Temp.
(6) sulation Thickness

S/T Heat Exchangers:

(1) ItemNo.

2) Service Mame

3) TEMA Type

) Dhameter * Tube Length

(5) Duty

(6) Shell Design Press./ Temp.

(7) Tube DesgnPress./ Temp.

(3) Ihzulation Thickness, Shell / Tube



LINE SYMBOLS

e P&IDs use symbols that represent the various
types of lines in the pipeline system.

e These line symbols assist the operator in tracing
the connections between process and
Instrumentation equipment.

e The direction of liquid flow through the process
lines, is shown by arrows on top of the line.




LINE SYMBOLS

Future Equipment -------------
Major Process

Minor Process

Praumatic o —
Hydraulic L
Capillary Tubing — ————-

Machanical Link ———

Elactromagnatic, Sonic
D ptical, Nuclaar - N -

Elgcttic
Connecting Line |

Mon-Connecting Line |
Mon-Connecting Line "|"

Jacketed or Doubla Containmente—s——=—
Software or Data Link — B —p—a—




Line Number

SIZE

SERVICE

SPECIFICATION
LINMIT ABB.

- PC— AlAZ— WU

LINE SERMICE SYMBOLS
AR SYSTEMS SYMBOL
INSTRUMENT AR I
PLANT AIR A
PUMPOUT SYSTEMS
SLOFP oIl 5L
ORAIN SYSTEM
CHEMICAL DRAIN DC
OILY WATER QW
SANITARY WASTE SEWER WS
CLEAN WATER SEWER CS
PROCESS DRAIN DR
FLARE & BLOWDOWH
SYSTEM
VENT FLAMMABLE vF
CLOSEC DRAIM HEADER co
BLOW OCWH B0
FLAME FROMNT FF
GAS SYSTEMS
FUEL GAS FG
NITROGER G
SPECIAL LIQUIDS
FOAM SOLUTION
MULTIFUNCTION INHIBITOR FLW
BIGCIDE oF
SODIUM  HYPOCHLORITE
CORROSIAN INHIBITOR, ETC
CHEMICAL FIRE SOLUTIONS L
CAUSTIC SOLUTION s

OIL UTILITY SYSTEMS

LUBRICATING QIL
SEAL QIL
HEATING TIL
FUEL BIL

FRGGESS SERVICE

PROCESS GAS
PROCESS LIQUID
SOUR GAS
HYIROCARBLN
EFFLUENT

GAS OIL UGHT
GAS JIL HEAYY
MAPHTHA
CALSTIC

VENT SYSTEMS
ATHMOSPHERIC YENTS

WATER /STEAM SYSTEMS

FIRE WATER
RECIRCLULATIMG COOUNG WATER

SERVICE WATER
INDUSTRIAL WATER
POTABLE WATER
WASTE WATER
TREATED WATER
RAW WATER

STEAM COMDEWSATE
LF STEAM

HR STEAM
PROCESS CONMDENSATE
BOILER FEED WaTER

E0H

Y

Cw
5w
I

R

58L3

B



Valve Symbol

P&IDs also have symbols that represent various types
of valves on the system. These valve symbols indicate
whether the valve is normally open or closed.

* By recognizing the various valve symbols on a P&ID,
the operator can trace liquid flow through a line, and
identify the necessary valves to open or close when
altering the liquid’s route through the pipeline.

e |f the Valve Symbol is filled in, the valve is normally

] e

Open Closed




GATE VALVES Fed HH i
Gate Dh-"lanuald Pneumatic Motor Hydraulic Bleeder
Valve erate Valves
alve
GLOBE VALVES
i E Hr Angle E
Globe Prieumatic Maotor Hydraulic i i Meedle
Valve Prneumatic  Maotor
BALL VALVES e PLUG VALVES e
Ball Ball Motor or Flug Plug Motor or
Hydraulic Hydraulic
BUTTERFLY VALVES - g g
EButterfly Butterfly Butterfly Maotar ar Prneumatic Solencid Valve
Hydraulic Operated CLOSED
DIAPHRAGM VALVES = CHECK VALVES
B _ d M|: . tjm Check Check Stop Check
Diaphragm Valve Valve
SAFETY (Gases) RELIEF (Liquids) Four-Way Three-Way
ﬁF‘ '\.-"alve
_% Relief
Valve
Knife Valve Pinch Valve

] 3 e

—{—

I

Orifice

>

Gauge Rotameter




PRESSURE/VACUUM RELIEF VALVES

* Devices open if line pressure overcomes
valve spring tension.

* Pipelines and storage tanks are equipped
with pressure relief valves to relieve
excess pressure from tanks overfilling,
liquid expansion, or high pump discharge

pressure.




FLOW ELEMENT SYMBOLS

* The flow element (FE) measures flow.

e The measured flow must be converted to a
process signal suitable for use in the control
system.

* The conversion is performed by a flow

transmitter (FT).
@ ®




PRIMARY FLOW ELEMENTS

ORIFICE PLATE WITH ORIFICE PLATE IN

AVERAGING
FLANGE PIPE TAPS QUICK—CHANGE
OR VENA CONTRACTA FITTING PITOT TUBE
TURBINE OR POSITIVE
PROPELLER TYPE PITOT TUBE DISPLACEMENT

= B &

VORTEX SENSOR

- B B

w_

FLOW NOZZLE MAGNETIC

WEIR (V—=NOTCH SHOWN)

FLUME

VENTURI TUBE a)> ROTAMETER

)~ [

ULTRASONIC (DOPPLER) CORIOLIS

-

UL

TRANSIT TIME
RANSTT TIME




Spec Break

To elaborate change in
» Piping class (mainly)
» Material Specification
»Pressure
»Composition
» Temperature
» Battery limit
» Custody Transfer
»Grade Level
» Insulation

T SPECIFICATION BREAK — INSULATION
SPECIFICATION BREAK ___ PIPING

i
BATTERY LIMIT

BL




Some Common Symbols

Piping Symmbols

JE dPJ

o
2] [ |7

a |

Y-type Strainer

Duplex Strainer

Basket Strainer

Detonation Arrestor

Flame Arrestor

In-Line Silencer

Steam Trap

Desuperheater

Ejector / Eductor

Exhaust Head

Removable Spool

Flexible Hose

Expansion Joint

Breather

Vent Cover

In-Line Mixer

Vent Silencer

Diverter Valve

Ratary Valve

Pulsation Dampener

F Flange
————————— Future Equipment Electromagnetic, Sonic
—So—=v—=% Optical, Nuclear

Major Process
Minor Process
Pneumatic
Hydraulic
Capillary Tubing
Mechanical Link

Electric
Connecting Line

MNen-Connecting Line
Man-Connecting Line
Jacketed or Double Containment

Software or Data Link




Some Common Symbols (Cont.

Pumps and Tanks

CENTRIFUGAL PUMPS POSITIVE DISPLACEMENT PUMPS

Paositive Displacement —|_'_I——Lp Positive

Displacement

Vertical Progressive Cavity WJ—W—M;E| F Q _|

Haorizontal D Scraw Pump ﬂ_[}-m Gear [O
i Pump (O
Vertical
Screw Pump @ —
. S P
Vertical ump FUmp Vacuum Pump -EC>:I- Vertical Can T
Pump
Reciprocating Pump m:|l|
T
STORAGE SYMBOLS
L
e v
o n
Dome Reof Open Top
Tank Tank
L ]

Bin Tank Tank Internal Floating Deouble Wall
/,__h ) Roof Tank Tank
7Y

( ] Cone Roof
/ Tank
Drum — T
Sphere Onion Tank External Floating

Roof




Some Common Symbols (Cont.)

Compressors, Steam Turbines, and Motors

CENTRIFUGAL COMPRESSORS

£ @]

Centrifugal Centrifugal Compressor
Compressor (Turbine Driven)

o1 (]

PD COMPRESSORS

Reciprocating A
Compressor AR Rotory
Rotary Compressor

& Silencers

AR

Compressor

Centrifugal _QH Féatary Screw
ompressor
Compressor Liquid Ring P
Centrifugal Vacuum .
Blower — Positive
( |} Displacement
—‘ Blower H O H
- Q
Axial Comprassor Reciprocating Compressor —
STEAM TURBINE MOTORS
Agitator or Mixer
o e -

Turkine Driver Doubleflow Turbine

Motor c:::l:::»
— HI:I Diesal Motor




Some Common Symbols (Cont.)

Heat Exchangers
T Plate and Frame
C D Heat Exchanger
I
sz e, Hairpin Exchanger
T ) |-|- TR
T B
T T
] Air Cooled Exchanger U-Tube
= I {Louvers Opticnal) Heat Exchanger
my T z |
Double-Pipe Single Pass
T Heat Exchanger Heat Exchanger
I I
| | T .
| | L] ]

I T ‘H
C] : paukl TR BN

. - Spiral Heat Exchanger Reboiler
Heater Condenser

Shell and Tube Heat Exchanger




Some Common Symbols (Cont.)

Cooling Towers

el
INDUCED DRAFT | B —#
Crossflow FORCED DRAFT
Counterflow

TAFAFS
i
I
1|
I
I
I
|
h
|
IR

Furnace Bailer

HYPERBOLIC NATURAL DRAFT
Chimneay Tower Counterflow




Some Common Symbols (Cont.)

Distillation Symbols

™y
Single Pass F = e
T VR A0 Demister
KR
—_ -
TEAARD, | Spray Nozzle
Chimney i -
b n 4
L L . .
Two Pass #x“u\
S R T r N Packed Section
' ' - L
e o __ -
| |
—— Lo
Draw Off | [ |

Generic Tray F—---—
y L ]H Manway

S \_LF_': Vortex Breaker
_|




Some Common Symbols (Cont.)

Reactor Symbols
> ! n
i T h :
Hydrocracking Hydrodesulfurization Reformer
\ 4
—
l | L
Fluid Catalytic Fluid Coking Tubular Fluidized

Cracking Reactor Reactor

PN

r (v [Ov
— tihihl D
— _t t 1%

Mixing Reactor Alkylation




Instrumentation

|dentify the following instruments and measurement
symbols used on a P&ID.
e field-mounted instruments

e primary location front-mounted instruments and primary location
rear-mounted instruments

e auxiliary front-mounted instruments and auxiliary rear-mounted
instruments

* instruments in a shared housing
e instruments sharing a single display
* thermowell

* resistance temperature detectors (RTDs) and thermocouples
e gauge glass

e pressure indicator (PI1)
e pressure indicator with transmitter (PT), and
e pressure alarms (PA).




INSTRUMENT SYMBOLS

* Instruments on the P&ID are represented
as circles or balloons.

* A codein the top half of the circle identifies
the type of instrument shown, and the
code in the bottom half of the balloon gives
the instrument number and the specific
measurement taken by the instrument




Instrument Symbol Tag Identification

Second Letter: Optional Third Letter: Optional
Modifier to first letter Defines indication functionality

First Letter: Required

Fourth Letter: Optional
Defines variable being measured

Defines output functionality

/ Note:

A control symbol can use two
ore more letters. When three or
more letters are used, the
reader must determine if the
second letter is used as a

- modifier to the first by looking

T Lower Line: Required

Defines tag number




First-letter Succeeding- Letters
Measured or Initiating Modifier Readout | Output Modifier
variable function function
A Analysis
C Control
D Differential
F Flow Rate Ratio
H Hand High
| Current Indicate
L Level Low
P Pressure, vacuum
Q Quantity Totalizer
S Safety Switch
T Temperature Transmit
V Vibration Valve, Damper
Z Paosition Actuator




The Jaresence or absence of a line determines the location of the physical
evice. For example no line means the instrument is installed in the field

near the process.

XY Z
123
No Line Solid Line No Line
The instrument is The instrument is The instrument is
mounted in the field mounted in the mounted out of sight
near the process, control room (not accessible to the
(close to the operator) (accessible to the operator)

operator)



Some instruments are part of a Distributed Control
System (DCS) where a specific controller or indicator
can be selected from many others but shown in one
location (like a terminal screen)

Shared Display
Shared Control
in Distributed

Control System

-
N/

_
/|

—
/|

/

In the control room

|

In the plant

\

Not accessible



Accesszible Lo the Mounted in | Mot Mommally

Operator; Primary | the Field Accessible to
Location on the Operator, Behind
Main Control P anel the Panel
Distinct
Elements

Shared Display
=hared Control
in Distributed

Contral System

\

y
7

Computer
Logic Function

Programmable
Logic Cantral

DD
8@




Common Primary Device Symbols

Analyzer Level

0
~*
=
)

r Common Exam

Actuated Valve

Hand Switch

Solenoid Valve

Speed Controller

Temperature Pressure What does it mean?

‘—V Indicates only

- Transmits only

=@—— |Indicates and transmits

Indicates and transmits
4 (Includes first letter modifier
D for Differential)

ples

Limit Switch (close)
Limit Switch (open)
Vibration Switch

Pressure Switch




INSTRUMENT /DEVICE TAGS

PX— EQ—SX

DEVICE PREFIXJ |
EQUIPMENT TAG

REDUNDANT/MULTIPLE SUFFIX

NOTE: HYPHENS ARE NOT RQD BETWEEN PX AND
EQ.

REDUNDANT/MULTIPLE SUFFIX RULES:

1. UTILIZE SEQUENTIAL NON—HYPHENATIED ALPHABETIC
SUFFIXES FOR REDUNDANT DEVICES.

2. FOR MULTIPLE ITEMS OF SAME TYPE, EMPLOY A
SEQUENTIAL, HYPHENATED NUMERIC SUFFIX.

PX — device type prefix (as per )
EQ - the associated equipment tag
SX — duplicate or redundant device suffix

If a piece of equipment has redundant
devices associated with it, an alphabetic
suffix may be appended to the loop
number, e.g., FV1101A, FV1101B,
FV1101C, etc. (Note: Redundant means
serving the same purpose as another
device in a backup fashion.)

PI1101 — A pressure indicator on the
discharge of the first pump in the
tank farm area.

LT1701 — A level transmitter on the
first tank in the tank farm area.
IT1405 — A current transmitter (for
the motor) on the fifth agitator in the
tank farm area.



Standalone Instruments

2 © @

LEVEL PRESSURE RUPTURE DISC VACUUM RELIEF VALVE PRESSURE RELIEF VALVE

b w2y @

FLOW PRESSURE REGULATOR  TEMPERATURE INDICATING ~ TEMPERATURE POINT




Loop Instruments

Temperature Controller

and Recorder
y
Temperature
Transmitter
C = o
el 1 Kl;:h f
|

n
Steamr—» -+ )
==t

Pneumatic
Control Valve

Heat Exchanger




Alarm

Alarms are represented
by:
e XAHH (X Alarm High High)
e XAH (X Alarm High)
e XAL (X Alarm Low)
e XALL (X Alarm Low Low)

Where
XisP,LorT
P = Pressure

PAHH = Pressure Alarm High High
L = Level TAH = Temperature Alarm High
T = Temperature LALL = Level Alarm Low Low




Loop Instruments

™~ H
SOFTWARE
——— = TAG Numpgr | COMPONENTE ) cunction s | voType | SISNAL |SIGNALY ) oeamion
07 FUNCTION A FROM | TO
| h
PT-0107 PRESSURE TX Al FELD | Dcs | FIELD
W
PI-0107 DCS INDICATOR H DS
PAH-0107 HIGH ALARM DCs
SOFTWARE
COMPONENT/- 10 | SIGNAL |SIGNAL
H TAG NUMBER FUNCTION / LOCATION
7 BI FUNCTION ALARM. | TYPE| FROM TO
%
PT-0204 PRESSURE TX Al | FELD | DCS FIELD
f_ . FI
02044 Pl-0204 DS INDICATOR H Ew DCs
PT
0204
LOCAL INDICATOR -
PIO204A | oop POWERED FIELD
PAH-0204 HIGH ALARM DCS




CONTROL LOOP

r——I_—

oISg),

(7)o

s
SOFTWARE
TAG NUMBER “‘:ﬂﬁ;‘g’:‘“‘ FUNCTION/ |0 TYPE séﬁg;‘- E'GTE"‘L LOCATION | COMMENTS
ALARM
FLOW ELEMENT
FE-0158 ORIFICE FIELD
FT0158 D/P TX FLOW A | Few | pes | FEWD
FLOW IND
FIC-0158 CONTROLLER H.L W DCS
FAH-0158 HIGH ALARM DCS
FAL-0158 LOW ALARM DGS
GLOBE CONTROL
FV-0158 VALVE AO pcs | FIELD | FIELD




SPLIT RANGE CONTROL

ey
|r_ TNLEL D*Gro % %" s0-1002
| Ry Y Py

2l R

PT I | ¢ Pv

1 i 5§ i J
oy FO FC
1&04

SOFTWARE
TAG IO |SIGNAL| SIGNAL
NUMBER | COMPONENT/-FUNCTION | FUNCTION/ | oo | oo 10 LOCATION | COMMENTS
ALARM
PT-0160 PRESSURE TX Al FIELD DCS FIELD
PRESSURE IND

PIC0160 GONTROLLER H,L Sw DCS SPLIT RANGE
PAH-0160 HIGH ALARM H DCS

PAL-0160 LOW ALARM L DCS

PV-0160A | GLOBE CONTROL VALVE AO DCS FIELD FIELD
PV-0160B | GLOBE CONTROL VALVE AO DCsS FIELD FIELD
PY-0160A|  FUNCTION BLOCK W DCS 050%
PY-0160R FUNCTION BLOCK W DCS 50-100%




CASCADE CONTROL LOOP

@ _._f"'rl_IE:'”'*n_,::I -""Fl-'IE”“H____|
NG
[
|
|

& @
Y

b | 3

SOFTWARE
TAG NUMBER | COMPONENT-FUNCTION | FuNcTion /| MO | SIGNAL | SIGNAL |\ heurion | commenTs
TYPE | FROM | TO
ALARM
FT.0231 | VORTEX FLOW METER s | FELD | Des | RELD
CASCADE
FIC-0231 | FLOW IND GONTROLLER | H W DCS | CONTROLWITH
LIC-0210
FAH-0231 HIGH ALARM DS
FV.0231 | GLOBE CONTROL VALVE a0 | pes | RELD | RELD
LT0210 0P TX LEVEL s | FELD | Dos | RELD
CASCADE
LIC-0210 | LEVEL IND CONTROLLER | L W 0CS | CONTROLWITH
FlC0231
LAL-0210 LOW ALARM DS




TWO-OUT-0OF-THREE VOTING (2003)

=
)
_____ | "l’rO— en
I =
| 7
i [Pan] ~
@ — --—0—0%0—0—0 - %’?@
a : 2oo3 C:>
~ L e
————— P
SOFTWARE
COMPONENT/- O [SIGNAL | siGNAL
TAG NUMBER EUNCTION FUNCTIOMN | TYPE | FROM To LOCATION COMMENTS
ALAEM
PTO2124 PRESSURE TX HH Al FIELD EsD FIELD
FPTO212E FRESSURE TX HH Al FIELD ESD FIELD
FT-0212C FRESSURE TX HH Al FIELD ESD FIELD
PlO2124 DCS INDICATOR H Sl EzsD DCSs DCS
PIO212B DS IMDICATOR H b ESD DCs DCS
Pl-0212C DS IMDICATOR H 3l EsD DS DCs
PAHO2124 HIGH ALARRM DCs
FAHO212B HIGH ALARM DCs
FPAH-0212C HIGH ALARM DCa
YOTED TRIP
PAHH-D212 HIGH HIGH ALARM Sl ESD DCs DCs ALARM




FLOW CONTROL, PRESSURE AND TEMPERATURE COMPENSATED

[0—0—0—0—0—0—0—0—0
£

I—D—G—| =)
] ey A } ’
P Y @ T1 Fic N :
ERE VK] 0eae

|

|

|

Y
& d 5
Fe
=L | YWARE
TAG NUMBER | COMPONENTI-FUNCTION | FUNCTION / T!I{DPE ségg# 5"?‘%’"'— LOCATION COMMENTS
ALARM
FE-0232 | FLOWELEMENT CRIFICE FIELD
FT0232 VP TX FLOW Al FIELD | Decs FIELD
Pl 0232 & TI 0232
FIC-0232 | FLOW IND CONTROLLER H.L SW DCS O DE NS AT o

FAL-0232 LOW ALARM DCS
FAH-0232 HIGH ALARM DCS
FV-0232 | GLOBE CONTROL VALVE AD Dcs | FIELD | FIELD
TE-0232 RTD FIELD
TT0232 | TEMP. TRANSMITTER Al FIELD | Dcs FIELD
TI-0232 DCS INDICATOR H sw DCS
TAH-0232 HIGH ALARM DCS
PT-0232 PRESSURE TX Al FIELD | Dcs FIELD
Pl0Z32 DCS INDICATOR L W DCS
PAL-0232 LOW ALARM DCS




LEVEL CONTROL

e
H
VY
0101 1
YA
Y
7 y
FC
SOFTWARE
COMPOMENT - Vo SIGHAL SIGHAL |LOCATI
TAG HUMBER FUNCTION FUNMCTIOM / TYPE FROM IO ON COMMENTS
ALARM
LT40101 CYP T LEVEL Al FIELD DCs FIELD
LEVEL IMD
L0401 CONTROLLER H.L oW DCcs
LAL0101 LOWY ALARM DCs
LAHO101 HIGH ALARM DCs
GLOBE COMTROL
LY 0101 VALVE A DS FIELD FIELD




FIC

TIC

FIC SP ey ]
123 { 1 123

YIC

TY

FT

TT




Flow indicating controller that
performs a square root flow

calculation (primary location) me::m
controller (field
SP
TIC

- _ ;Dntainh 123

|

Electrical
— signal
y Yic

123

FIC -
Flow Indicating Controller

TIC
Temperature Indicating Cont.

YIC
PLC Indicating Controller

TY
Temperature Computer
Output

FT
Flow Transmitter

TT
Temperature Transmitter




* The P&ID shows the sequence of valves and instruments
on the pipeline

e There are standard to show lines, valves and
instrumentation

e P&ID provides 90% of process information

SUMMARY
e P&ID is primary document for any process industry
e Each P&ID is numbered according to the section of
pipeline the P&ID displays
* The symbols used in P&IDs are standard and established
l by the Instrument Society of America (ISA).
N



Check List

e Instrumentation and designations

*  Mechanical equipment with names and numbers
e Allvalves and their identifications

*  Process piping, sizes and identification

* Miscellaneous - vents, drains, special fittings, sampling lines, reducers, increasers and
swagers

*  Permanent start-up and flush lines

*  Flow directions

* Interconnections references

e Control inputs and outputs, interlocks
* Interfaces for class changes

e Seismic category

* Quality level

* Annunciation inputs
e Computer control system input
e Vendor and contractor interfaces

* Identification of components and subsystems delivered by others
* Intended physical sequence of the equipment
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