Realistic instrumentation diagrams

This worksheet and all related files are licensed under the Creative Commons Attribution License,
version 1.0. To view a copy of this license, visit http://creativecommons.org/licenses/by/1.0/, or send a
letter to Creative Commons, 559 Nathan Abbott Way, Stanford, California 94305, USA. The terms and
conditions of this license allow for free copying, distribution, and/or modification of all licensed works by
the general public.

The purpose of this particular worksheet is to provide examples of realistic instrumentation diagrams
(mostly P&IDs) useful as the foundation of specific worksheet questions. The graphic files included in

collection.



Questions

Question 1

A generic distillation process




A generic distillation process (using displacer rather than radar LT-38b)
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Question 2
Flare knockout drum and water seal
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Dwg. 13241 Je
30 PSI steam
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Dwg. 13249
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Question 3

Gas compressor inlet separator

V-65 P8
COMPRESSOR INLET SEPARATOR COMPRESSOR

Size 3'5" ID x 12 0" length 50 MSCFH @ 315 deg F disch

DP 450 PSIG

and 175 PSID boost pressure

DT 100 deg F

7o)

[ANDj

°

&L

3

From natural gas
source A-3
Dwg. 38422

Vent stacks 20’ above grade

V4
From natural gas 12'%8" VAN To gas cooling
source A-2 Dwg. 10921
Dwg. 38422 o

From natural gas
source A-1
Dwg. 38422

TSH

Vibration monitor

Bently-Nevada 3300 series

(See dwg. 58209 for wiring details)

file 10003r



Question 4

Toxic gas incinerator

[Waste stream #1
Dwg. 12022
Waste stream #2
Dwg. 12022
|Waste stream #3
Dwg. 12022

Vent
(Note 1)

[From natural
lgas header
Dwg. 32015

[From fuel
lgas header
Dwg. 32015

NOTES:
1. Gas safety vent pipes to extend 10 feet above grade,
situated at least 30 feet from any source of ignition.

2. Burner management system supplied by vendor, located
in NEMA4X enclosure at base of incinerator tower. See
drawing 17003 for wiring details.

3. Gas chromatograph supplied by vendor, located in
analyzer shack at base of incinerator tower. Set

drawing 17059 for wiring and tubing details.

F1
INCINERATOR

DP Atmosphere

DT 1650 °F

Res Time 1.5 sec minimum

(3) - 3" nozzles
90° apart at
elev. 50'6"

67' above
grade

12"

Rain shield
from 24 to 67"

Slaie
hse Rz R3]

34'6"
above grade|

2" thick
from grade
to24'0"

I I
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Question 5

Oily water sump

P-405 v-15 P-407
OILY WATER VENT EDUCTOR OILY WATER SUMP OILY WATER SUMP PUMP #1
CFM @ -2" H20 Cap: 35,000 gal 200 GPM @ 40' head
MOC: Concrete w S lining
Depth: 8 feet 11 inches

p-408 S-401
OILY WATER SUMP PUMP 2 OILY WATER FILTER
200 GPM @ 40' head Basket strainer with 100 mesh basket
Capacity 450 GPM @ 1.5 PSID
PSIG
MOC: S5

To incinerator

’V’,V

Duwg. 47221

To olly water

=
_
ww oo 1

From it T
Oy water sewer <
Do 7111

From wits
oy water sewer <
Boa 75113

o

treatment
Duwg. 72000

M
Notes.
ey 1. Level controller alternates pumps at
ach siart-up. Tums both pumps on
ifhigh level persists longer than 1 minute
2. Nirogen gas purge for bubbler, supplied
rom compressed nitrogen botle
uL=1o
e t— P-407 P-408
V15
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Question 6
Solvent storage tank

Dwg. 45231 ‘

|
Dwg. 11032 N

press. vac.
“
’ ’ 4"
Solvent unloading \

l"
6
30 PSI steam

Set @ Set @
10 oz. 8 0z.

o

S-403
Solvent storage tank

F--------ecoaecd-mn

1-1/2"
thick

LAH

234

305

(B

24"
MwW

TIO\H
304 |,

8 WirelessHART

<

T PIR \ "
304 271

Condensate header |
Dwg. 11032
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Question 7
Sour water stripping process

ool
.0°0ia 120" Scwall B ACFM @ I HZ0 206P @ 50°F 5GP @ 60°F 8GRI @ 150°F Rated duy: 00 MBTUIHR
0P Amosphere e head: 80 P51 Rate head: 75 P51 et head 60 P51 0P 55PSIG Shelldesgr: 70PS1 3 3607,
oT 1S o1350°% Tube design: 125 251 @ 360°F
Eachbod 1001 1 pal s

P20

Siope—

o> =T X
Y

<

To fars header
owg. 13320

L7 coolng vater
owg 31585

7 cooing vater
Dug. 31085
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Question 8

Ammonium nitrate fertilizer production unit

vs v p101 P12 p103 P
104 e 150 Sdewe 20GP1 @ 80°F 5Gov @ 80°F

Rated head: 75 Ps1

owg 10537

emmaria e por
ong 10585
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Question 9

Anaerobic digester controls

v2 P R-1 P2
MAIN FEED SUMP MAIN FEED PUMP ANAEROBIC DIGESTER REACTOR EFFLUENT PUMP
000 gal 50 GPM @ 10 head 0,000 gal 50 GPM @ 10' head
MOC: Concrete wi fiberglass lining MOC: cast iron MOC: concrete wi fiberglass lining MOC: cast iron

Depth: 10 feet

compression

Biogas from
Dwg. &

Natural gas suppl
Dwg. 4

—=0e
<2
<)

@ PGt CooTant from
engine:
Dwg. 1
@ Coolant rewm
1 engine:
Dwg. 1

]
-

u iRy
s [Nt
From main parior
raw manura
Dug. 2
PreconsUmer
food waste input
Dug. 5 e
e =
5 1
i i i
1 2 3
T Grade l Grade l | N/ | N/ | N/ Hu-10F
H 1 vy | vy | vy —
| ! (Zone 1) 5 ! (Zone2) 5 ¢ ! (Zone3) ¢ 7 w-os
: - i e i e i e e
So s ' e 1 e 1 e
1 a1 N ! a1 N ! a1 N
' N ' [ ' )
1 > A 1 > A 1 JA
| 2 | 2 | 2
i i S
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Question 10

Isomerization feed flow control loop

Loop: Isom unit feed flow
Tag: FT-733
Wire Pair Redundant Al
Isomerization unit instrument shelter Node 7
- ) FTAHLA Module 29
! ! Slot 12
Note 1 ISOM-FTB-18 1 1SOM-M-3 Amw Te2
—Red SRed Tag: FT-733 ! Red r—Red Tag: ISOM-M-51
Red 23 + g fis} T L g 10] +24vDC . F|\
[ Black ] Black _ Cable:ISOM-18 | FBlack [ ] —Black | Cable: AM14
Black L4t 2 T 11/ —O
-} [ Black =—_1 Pair: 4 T FBlue |  Triad:8 733
Under C-5 I s 1) - /
- | — 2
| L
L] ' —
Range: 0 to 125 "WC | |
Note 2 | ! o
1 Tag: FT-733 |
Tag: FI-733 | Wire Pair 1 Notes:
Wire Pair H | PV
! | 1. Field junction box circuit as per refinery
| standard Equ. S-49; R =10 Q / \
! 1 Cont. on loop # sP FC Node 7
| | 2 All square-root characterization in o Reg Cl
! | transmitter, not DCS. somra 733 )| sora
H I 3. Field indicators located at ground level,
Note 3 Tag: FV-733 ] Tag: FV-733 ! near manual bypass valve. out
Wire Pair 1 Wire Pair : Redundant AO
1
1 ! Module 12 o
Fail closed ! H — FTAAO Slot 10
ISOM-FTB-18 | 1SOM-M-3 AM9 1 B2
FVv —Red —Red Tag: FV-733 ! [ Red r—Red ! Tag: ISOM-M-78 FO
+ 25 + T 5 19)
Black ] e —Black__ Cable: ISoM-13 —{Black [ ] |5—|B\ack| Cable: AM9 —o
733 A4 — Pair: 5 1 = A4 = ! Pair12 = 733
Under C-5 H |
Under C-8 ! !
1 1

file 10009r

11




Question 11

Reactor temperature control

9BSUBPUOD o |

|
|
FTA-AI :
d

/TIC\NZ_ _
N

Loop Diagram: Reactor 15-A temperature control Revised by: Tony Kuphaldt Date: nNov 20, 2012
i Field Field i
Field process area panel P5 panel P30 DCS cabinet
Steam
_ FTA-AO
Feed in Red

P 1 | Node 9 I- -
! 5 Module 31 |
T Slot 1 |
P! l ': |
Reactor A8 zoPs E ! Redundant AVAO | !

1 u
15-A 37 TB12 Cblf1 TB27 cpilog  TB40 i ! :

i

2
5 | |
3 | |
G !
2 :
3 — 7 | +24vDC
Q.
(C, ﬂ 8 Node 9 :
g Module 3;
8 E oot —— wo-- ST 9 Slot 4 2._ -
- G- -{221- -8 ~ L
Tag number Description Manufacturer Model Calibration Notes
TE-37 4-wire platinum RTD Chromalox 100 Q, a = 0.00392
TT-37 Smart temp. transmitter Rosemount 3244 [100-250° F, 4-20 mA Direct action
TIC-37 DCS controller Honeywell PM Reverse action
TY-37 I/P transducer Fisher 546 4-20 mA , 3-15 PSI Direct action
TV-37 Steam control valve Fisher Easy-E 3-15 PSI Air-to-open
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Question 12

Retort temperature monitoring

Loop Diagram: #3 retort temperature

Revised by: Lawrence T. Smith

Date:

Jan 23, 1998

Field process area

Field
panel PS5

Field
panel

P30

Control room

ES DC Gnd
ES 120VAC
60 Hz

Tag number Description Manufacturer Model Calibration Notes

TE-14 Type K thermocouple Gordon Ungrounded tip

TT-14 Temperature transmitter Rosemount 444 ey Downscale burnout

TI-14 Local indicator 50-1000°F

TY-14a,b 250 Q resistor n/a +/- 0.1 %

TIR-14 Paperless chart recorder Eurotherm 1-5VDC
file i0011r
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Question 13

PH neutralization system with split-ranged control valves

Loop Diagram: pH neutralization system

Revised by: P.H. Nernst

Date: April 1, 2007

Process area Field E)anel Control panel
JB-1
TB-1 TB-2
Ik d d [~ Wht ht/BI
E 7Y [ Red [ vmele____ wheld 22/
---— Blk Cable AT-1 — Cable 3, Pr 1 1
P 2 NS [l 12 Tan T G 2N1 /]
Ll j---mmmmm oo - | Bk - k 19
g I TR T lEs120vAac L 13|
Breaker 5 P Redi—gy
AR Ll e
TB-2 b N
9 ___WwogrTRed bl T
Cable 3, Pr 2 Cable AY-1 1 i
""" o rggla““"“ ES 120 VAC
Breaker 11
< Acid supply
Tag number Description Manufacturer Model Calibration Notes
AE-1 pH probe Mettler-Toledo n/a
AIT-1 pH transmitter ABB 5000 0-14PH 4 50 ma Direct-acting
AlC-1 Controller Siemens PAC 353 |oiapH  420ma|  Reverse-acting control
AY-la I/P transducer Fisher 546 12:20mA 5 45ps1|  Direct-acting, 176 Q coil
AY-1b I/P transducer Fisher 546 12-4mA 3 15psi| Reverse-acting, 176 Q coil
AV-la Caustic control valve Fisher Easy-E 3-15 PSI Air-to-open
AV-1b Acid control valve Fisher Easy-E 3-15 PSI Air-to-open
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Question 14

Temperature control system with split-ranged control valves

Loop diagram: Bio-reactor temperature control Revised by: Leroy Jenkins Date: Oct 12, 2001
Processing room F'e‘lj%f)fnd Control panel
4 TB-1 TB-2 Y
®\ ] 3 Red | Red Whgly  WhiBuroRed Red ]
o Cable TT-1 —] Cable 3, Pr1 —— Cable TT-1 Blk
""" Red I I iy e et 2 AL
—AN—A 1
TB-1 TB-2 Red 21\ /
ah Red | Red [2T]WhUQfg_ __ WWOrg_Red 7o 19|
@ Cable TY-1a | gk Cable 3, Pr2 —— Cable TY-1 :---Pl-k- 18
""""""" 4 -1 ~--=-=-14 fz--""----- | Blk
—H K l—[ Hot water B Red P! i om Bk L2l o
supply ' Bk — : N
S 6 o — i
) i A |
Tube TV-1b _l?e_d__, ! ES 120 VAC
Cable TY-!lb
+{> Cold water Blk
supply
Tag number Description Manufacturer Model Calibration Notes
TE-1 Thermocouple Omega Type T Ungrounded tip
TT-1 Temperature transmitter Rosemount 3144 | 80120°F 400 ma
TIC-1 Controller Siemens PAC 353 | 5V go120%F Reverse-acting control
TY-1a I/P transducer Fisher 546 4-20mA - 345psi|  Direct-acting calibration
TY-1b I/P transducer Fisher 546 20-4mA - 315psi| Reverse-acting calibration
TV-la Control valve Fisher Easy-E 3-15 PSI Air-to-open
TV-1b Control valve Fisher Easy-E 3-15 PSI Air-to-open
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Question 15

Fuel gas receiver pressure control loop

Loop: fuel gas receiver pressure control

Under C-11

Tag: PT-528
Wire Pair Redundant Al
MolSiev unit instrument shelter Node 7
R T ' Module 29
' I FTAHLAL Slot 12
Note 1 MOLSV-FTB-3 | MOLSV-M-1 AM14 52
—Red ——Red Tag: PT-528 | r—Red r—Red | Tag:MOLSV-23 \
Red 23 + 3 1 10| +24vDC
ok [ Black ] 74 —]Black__Cable: MOLSV-10 H |T|Black ] —Black!  cCable: AM14 m Al °
Jac} —
-] [—{ Black A4 Pair: 4 1 = —Blue | Triad:8 528
I Under C-5 | l43} T 12| /
' |
. L ' |
Range: 0 to 125 "WC .
Note 2 ! ! Notes:
Tag: PI-528 | Tag:PT-528 | 1 Field junction box circuit as per refinery
Wire Pair ! Wire Pair | standard BP 1.5.22-f pvl
I 2. Configured for linear
! ! PC
\ I 3. Field indicator located at ground level. Cont. on loop # SP
H ! Isom-747 o
| I 4. Control valves are excusively split-ranged, 528
H : both fully shut at 50% controller output.
Note 3 Tag: PV-528a H Tag: PV-528a
[ wire Pair | [ Wire Pair | Redundanta0  OUt
1 1 [o)
Nat. gas make-up valve ' ' Module 12
Sieiosed | | FTA-AQ Slot 10
MOLSV-FTB-3 | MoLsv-m-1 Amg ! B2
TR Tag:PV-528a | rlicd 5 1Red ! Tag:MOLSV-24 m AO
] —lBlack __Cable: MOLSV-10 | lzialack ] |5—|Black| Cable: AM9 :l 528 —o
A4 el Pair: 5 H = A4 = 1 Par12 = ' y
nder C-
' |
Under C-8 ! ' 0
! 1
Tag: PV-528b Tag: PV-528b
[ wire Pair H [ wire Pair H :eg""_,dﬂ"‘ AO
ode
! 1
Flare vent valve 1 Module 12
Fail open 1 H FTA-AQ Slot 10
MOLSV-FTB-3 ! MOLSV-M-1 AMO 1 B2
gL Tag:Pvs28b ! r71Red TjRed | TagMOLSv-24 AO
] —|Black ___Cable: MOLSV-10 1 !Elalack ] |8—|BIack| Cable: AM9 5280
A4 TGS Pair: 6 i = T pari13 ' /
nder C-

Node 7
Reg Ctl
Slot 41
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Question 16

Reactor temperature control loop

Loop: Reformer reactor #2 temperature
Reformer unit shelter Reformer unit control room
1 100-250 °F AS 20 PSIG ﬂ
\135b/
m ll AS 20 PSIG
TI - TIC
3
135a &2 e 5\.135
et
Y
) -y,
Trips @ (-2t Wg-------22]- ~[ns]/ | Y \Joc}------- ~|- ES 120 VAC
1 13.5PsI e =N 2 - Breaker#4
1
P i
1
AS 100 PSIG :
2 —, '
[ i
P IS | 1
[} [e]
ATO NE
{2}

N
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Question 17

Generic loop diagram for Perry Center salmon hatchery wet lab field panels

Loop Diagram: Salmon Hatchery wet room generic loop |Date: December 9, 2013
Process area Field Panel FP-x
Red,\__’\ z Blu Blu Blu E‘ - PS-l
B =] S rinlc
INO- Ik ht m
2 so= L=
E F IN1-
21 || A
= =
E IN3- 1762-IF4 o | ﬁ
— g ot Ay @
& ZZZZZJenN
12 Blu o QOX n
| Blu EI —
13 %E o =
| Blu Ethernet < 1
14 ] o L
E Blu F IN1- J m”:h 1 3|4
— B IN2+
16} S (=] A30x/
Blu Blk Wht | G
17 IN3+
= o S D ES 120 VAC
18 anallgga izr;‘p:‘:card From field
crpandon doi panel disconnect
Tag number Description Manufacturer Model Calibration Notes
NE-30x Sensing element
NT-30x Transmitter Rosemount 27U 4 20 ma output
NY-30x PLC Allen-Bradley | ML1100 |752Fmu o0 in | vasecssassooo oo oo
NIR-30x HMI touch-panel AutomationDirect | C-More
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Answers

Answer 1

Answer 2

Answer 3

Answer 4

Answer 5

Answer 6

Answer 7

Answer 8

Answer 9

Answer 10

Answer 11

Answer 12

Answer 13

Answer 14

Answer 15

Answer 16
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Answer 17
AT-310 loop diagram for Perry Center salmon hatchery wet lab pH measurement

Loop Diagram: AT-310 pH measurement of Bank C egg trough water |Date: December 9, 2013
Bank C water trough Field Panel FP-1
| Red,\__’\ Red [_ ] Blu ,Tl Blu Blu _
s Pl | Y Hoe P82
7 N310 s 4 | [22 o [ v
; z =] - gM@
3_ Z |> INO- D BIkL wht LGmL
1 1 IN1+
4 25 F INL-
5 26 %:' ] —o—‘
IN2-
= =
28
1£©] IN3- 1762-IF4 o | 5
— e it A=
& ZZZZZJenN
12 Blu o Qlo
Blk E Blu EI E
| Blu %E‘ Ethernet 1
14 ] o L
15 Blu F IN1- J KA”:“ 1 3|4
ol [CS L] (210
I _ | Blu Blk Wht | Gm
17 IN3+
— o N D ES 120 VAC
18 st From field
> panel disconnect
Tag number Description Manufacturer Model Calibration Notes
AE-310 Combination pH electrode
AT-310 pH transmitter Rosemount 3081 | *1OPHIPY po ma ougpur | OMP OMPOnSion setformanual =45 deg P
AY-310 PLC Allen-Bradley |ML1100 |72 o0 | ek ssagsoon o oo
AIR-310 HMI touch-panel AutomationDirect | C-More
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