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Project : Horizon Demo Model

Diagram

Diagram 1 - Plant Overview

Diagram Version: 230

This is the top level of
the physical heirachy

u36

Boiler overview graphic

U36 Cause and
Effect matrix

This is the top of the
Procedural heirachy

Boiler Startup
Sequence

High Combustibles
/ Explosions

Event Tree

Boiler Equipment
Damage

Event Tree

ESD1 Fault Tree

Class: Process Cell

Note

Cause and Effect objects

this symbol

At the top a simplified P&ID showing

All physical object data is rooted from

Note
These objects are linked to diagrams in the model, for reference. They also

prevent the pages being shown as orphaned in Model Review.
They are class None and do nothing in the database.

Child Page Number
Contains the number of the page
linked to a symbol.

Click the number, or double click a
symbol to open the page.

Alarm Enabling

Original Cause and

Effect
Original P&ID

Note

Procedural Model Root Object
All procedural object data is rooted
from this symbol

Hardware Concept

Note

Event Trees, with links to the ESD
Functions

10 List connected to

model

SIL Results

Note

This diagram is scripted to generate
the probabilities from the tree.

Original ESD1 Fault

Tree

Note

This model is under development.
Please look at each diagram and especially the notes.
(Use Ctrl_G to find all Note objects in the model)

ESD

=]

Effect Tags | causes

[7]

Key to Cause and Effect objects

ESD Cause with link to detection
logic that generates the boolean
000 flags for each possible cause

ESD Effect with link to logic that
drives the outputs in response to

Note

This model covers a Safety Shutdown system only. It would be
possible to also include the DCS, with some development of
classes to distinguish the ESD and DCS functions and hardware.

Model: safetyLogic3.cnd
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Project : Horizon Demo Model

Diagram

Diagram 2 - Boiler Overview
Diagram Version: 224 Class: Unit

Note

This diagram could be simplified by sub division into equipment modules, however as the process is fairly simple this has not been done.

Overall Cause and
Effect Matrix
T 3
|
I
Boiler Field startup panel @ Control Room BSD Button {28}
{28}
@ [ esp |

@@ g
L

@

Alarms to DCS @\ | |

@ .
o o o o \
N.6035_/ 6357 6358 6359 N
i SRS ¥ IS

Steam Drum W %
@ @

XY6370

.

XY6367
XY6369

L B
9 | i

. |
! i | @
|

XV6370
| XV6367 © XV6369

10 ‘
o
N =S @ 5@“
Refinery
C}GE‘S PT PSL
@ G
@

[ v

| Top Burner
| ® @8 ‘
— |
o] |
I T
Rl @
: L - ESD Mud Drum Fan @
: XY6365 | 06 ] @
| 18
a FV0159 - ‘
) | = )XXG375 - 3xxe373
: XY6375 . |
7 XV6365 L. '
XV6364 XV6366 M ‘
|

XY6373 |

. Fan Lube Oil Pressure
Tansmitter
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Project : Horizon Demo Model

Diagram

Diagram 3 - Overall Cause and Effect Matrix
Diagram Version: 228

Class: Logic Function

Overall Cause and Effect Matrix

XY6369

XY6367

XY6364
XY6366

FC0159 XY6365 XY6370

XY6375 | XY6373 Notes

- Cause is combined into one memory discrete value

This is then used in all related effects

The memory discrete is named ESD# Active

Cause Description See page

ESDO1 Low Low Steam Drum Level 13

ESD02 High High Steam Drum Pressure 14

ESDO3 Loss of Flame 15

ESDO04 Low Low Fuel Header Gas Pressure 16

ESDO5 Low Low Fuel Burner Gas Pressure 17

ESDO06 High High Fuel Burner Gas Pressure 18

ESDO7 Low Low Combustion Air Flow 19

ESDO08 Low Low Pilot Gas Header Pressure 20

ESDO09 High High Furnace Pressure 21

ESD10 BSD Button 22

ESD11 Control Room BSD Button 23

ESD12 Low Lube Oil Pressure 24

ESD13 Low Low Lube Oil Pressure 25

Tagname Output Effect Logic page

FC0159 Main Fuel Gas Control Valve X 6
Main Fuel Gas Control Valve 5% 6

XY6364 XY6366 Pilot Gas Shutdown Valves Closed 7

XY6365 Pilot GasVentValve Open 8

XY6367 XY6369 Main Fuel Gas Shutdown Valves Closed 9

XY6370 Oxygen Analyzer DeEnergized De-Energise 10

XY6373 Fan Interposing Relay Stop 11

XY6375 Lube Oil Aux. Pump Interposing Relay Start 12

Tagname Description Tag Connects to

FCO0159 Main Fuel Gas Control Valve FV0159 Main Fuel Gas Control Valve

XY6365 Pilot GasVentValve XV6365 Pilot Gas Vent Valve

XY6367 XY6369 Main Fuel Gas Shutdown Valves XV6367 Main Fuel Gas Shutdown Valve
Main Fuel Gas Shutdown Valves XV6369 Main Fuel Gas Shutdown Valve

XY6370 Oxygen Analyzer DeEnergized XV6370 Oxygen Analyzer

XY6373 Fan Interposing Relay XX6373 FD Fan Interposing Relay

XY6375 Lube Oil Aux. Pump Interposing Relay XX6375 Lube Oil Aux. Pump Interposing RE

Model: safetyLogic3.cnd
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Project : Horizon Demo Model Diagram
Diagram 4 - Boiler Field startup panel
Diagram Version: 220 Class: Equipment Module
Emergency shutdown
ESD10/bininl 4
Page 2 W
@
% Fuel Gas Hdr Press Bypass Stm Drum Pressure Bypass
m ﬁ Combustion Air Flow Bypass
Start Purge ‘
6380 ‘
ﬁ Boiler Lev Bypass
% Fuel Gas Burner Press Bypass P
ﬁ Flame Scanner Bypass

% Start Burner »
ﬁ @ Pilot Gas Header Pressure Bypass
w Fumace Pressure Bypass W Switch

Purging Lamp Burner Permissives Met Lamp Pilot Flame Lamp

Purge Permissives Met Lamp Ignitor Lamp Main Flame Lamp

Model: safetyLogic3.cnd Page: 8 of 38



Project : Horizon Demo Model

Diagram

Diagram 5 - Boiler Startup Sequence

Diagram Version: 194

Class: Phase

This diagram is under development. The Flowchart is not complete, but at present shows how the model can represent the flowchart using Special
'_SetSymbols' objects. These link the text in the steps to the obects in the model. This ensures that object references are correct, and that tagname changes

propagate.

The Elowchart has been

d to a Sequential Eunction Chart.

Note

Review Status:
Under Development

Note

details.

ReviewStatus special object -
shows the development status
of the diagram as set in page

T 1 Start

S 1 Start FD Fan| Operator Prompt

L

T2 F.D. Fan Running

Operator Confirm

Operator to open Air Dal

S 2 Verify Purge| pyrge position

L

T 3 Verify Purge
FT0156.Al = Off]

S 3 Permissives

L

T 4 Permissives

Startup Sequence.pdf

(Source files reference object)

The flowchart is an image from the Horizon Visio-Boiler Startup
Sequence.pdf file. It will be deleted, leaving just this document
reference when the sequence in the model is appproved.

Note

_SetSymbols special objects -
show a list of settings for
objects in the model

XV6366.ZSC = True

XV6369.2SC

T5

PT6360.AHH = Off
PT6045.ALL = Off
PT0130.AHH = Off
ESDO1 Active = False

T6

T7

XV6364.ZSC = True 'Pilot Gas Block Valves Closed

XV6367.ZSC = True 'Fuel Gas Block Valves Closed

e
BS0137.binVal = True 'Flame Not present

@

e
)

Boiler Lightoff 5.

Is F.D. Fan Running

Start F.0 Fan

Verify Purge

Operator to Open Air Dampers to Purge Position

Air Flow Verified

Filot Gas Block Valves Closed

Fuel Gas Block Valves Closed
Fuel Gas Control Valve at Low Fire Position

Flame Not Present

The Following Shutdown Conditions Not Present

Local Panel Manual S/ Not Active
Controd Room Manual S/D Mot Active
Fuel Gas Bumer Pressure Not High High
Fuel Gas Header Pressure Not Low Low
Steam Drum Pressure Mot High High
Boiler Level Mot Low Low (2003 Voting}
Pilot Gas Header Pressure Mot Low Low
Furnace Pressure Not High High

Lube Ol Pressure Mot Low Low

CiR Operator to Cycle S/D Button to Reset Logic

Field Operator Press "Start Purge” Pushbutton |

Start-Up Permissives Met, Ready To Purge

Model: safetyLogic3.cnd
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Project : Horizon Demo Model

Diagram

Diagram 6 - Effect FC-0159
Diagram Version: 230

ESDO1
ESDO1 Active
Low Low Steam Drum Level
ESD02
ESDO02 Active
High High Steam Drum Pressure
ESDO03
ESDO3 Active
Loss of Flame
ESD04
ESDO04 Active
Low Low Fuel Header Gas
Pressure ESDO5
ESDO5 Active
Low Low Fuel Gas Pressure
ESD06

ESDO06 Active
High High Fuel Gas Pressure
ESDO7
ESDO7 Active
Low Low Fuel Gas Pressure
ESDO08
ESDO08 Active

Low Low Fuel Gas Pressure
ESD09
ESDO9 Active

High High Fuel Gas Pressure
ESD10
ESD10 Active
BSD Button
ESD11
ESD11 Active

Control Room BSD Button

ESD13
ESD13 Active

High High Fuel Gas Pressure

Class: Control Module

5% @ @FVOlSQInterlock Value

Boiler Overview

- > FV0159.Interlock Condition

Model: safetyLogic3.cnd
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Project : Horizon Demo Model Diagram

Diagram 9 - Effect XY-6367 XY-6369

Diagram Version: 212 Class: Control Module
ESDO1
ESDO1 Active ™ _
Low Low Steam Drum Level ‘
|
ESDO02 |
ESDO2 Active ™~ |
High High Steam Drum Pressure ‘\
i
ESDO3 i
ESDO3 Active ™ i
Loss of Flame “\
o
il
ESD04 i‘!
ESDO4 Active AN i
Low Low Fuel Header Gas H‘
Pressure ‘HL ]
\“
ESDO5 T
ESDO5 Active ™~ =
Low Low Fuel Gas Pressure \‘,7 -]
[—
Espoe ] Boiler O .
ESDO6 Active N, ] - b orer Dverview »
High High Fuel Gas Pressure ‘f >1 r XV6367.Interlock Condition
“,, !
- — - I
ESDO7 il |
ESDO7 Active #~_ JU" — ‘ Boiler Overview
Low Low Fuel Gas Pressure ‘\‘7 . L ‘D XV6369.Interlock Condition
\M
I ‘ —
ESDO8 il
ESDO8 Active % I
Low Low Fuel Gas Pressure \“\
i
i
ESD09 i
ESDO9 Active ,,,,,,,,,,J}H
High High Fuel Gas Pressure \“
il
i
ESD10 Mi
ESD10 Active o~ _ _ _ _ _ Hi
BSD Button “
i
ESD11 I
ESD11 Active , ,,,,,,,,,,, \i
Control Room BSD Button ‘
|
ESD13 |
ESD13 Active , ,,,,,,,,,,, ]
High High Fuel Gas Pressure
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Project : Horizon Demo Model

Diagram

Diagram 12 - Effect XY-6375
Diagram Version: 181 Class: Control Module

ESD12

ESD12 Active ™~ . , @
High High Fuel Gas

Pressure

Diagram 13 - ESDO1
Diagram Version: 201 Class: Interlock Control Module

Boiler Overview
LT0106.AHH

A y

Boiler Overview ‘

Boiler Overview

LTO134.AHH —

a

2003

I
Boiler Overview \
LSHO0131.binVal

, ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, |

XV6367.Interlock Condition

{11,14}
ESDO1 Active
Low Low Steam Drum Level

Cross Reference

Tagname Page
ESDO1 Active 11
14

Model: safetyLogic3.cnd
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Project : Horizon Demo Model

Diagram
Diagram 14 - ESD02
Diagram Version: 179

Class: Interlock Control Module

{6,9}
ESDO02 Active
Boiler Overview

High High Steam Drum
PT0130.AHH Pressure

A

Cross Reference

Tagname Page
ESDO02 Active

[(e}e}

Diagram 15 - ESD03
Diagram Version: 179 Class: Interlock Control Module

Boiler Overview

{6,9}
BS0137.binVal ‘— 77777777 i ESDO3 Active

: Loss of Flame

Boiler Overview -
BS0138.binVal 7 ,,,,,,,,,

CagizaReference Page
ESDO03 Active 6
9

Model: safetyLogic3.cnd
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Project : Horizon Demo Model Diagram

Diagram 16 - ESD04
Diagram Version: 179 Class: Interlock Control Module

{6.9}
ESDO4 Active

Low Low Fuel Header
Gas Pressure

Boiler Overview
PT6045.ALL

a

Cross Reference

Tagname Page
ESDO04 Active 6
9

Diagram 17 - ESD05
Diagram Version: 179 Class: Interlock Control Module

{6,9}
ESDO5 Active

Boiler Overview Low Low Fuel Gas
PT6360.AHH Pressure

A

CagnaReference
ESDO05 Active

&
© o5
[v]

Model: safetyLogic3.cnd Page: 14 of 38



Project : Horizon Demo Model

Diagram

Diagram 18 - ESD06

Diagram Version: 179 Class: Interlock Control Module

Boiler Overview
PT6360.ALL

{6.9}
ESDO06 Active

High High Fuel Gas
Pressure

a

CagizaReerence Page
ESDO06 Active 6
9
Diagram 19 - ESD07
Diagram Version: 179 Class: Interlock Control Module

Boiler Overview
FTO0156.ALL

{6.9}

ESDOQ7 Active

Low Low Fuel Gas
Pressure

A

Cross Reference
Tagname
ESDO07 Active

Page
6
9

Model: safetyLogic3.cnd
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Project : Horizon Demo Model Diagram

Diagram 20 - ESD08
Diagram Version: 179 Class: Interlock Control Module

{6.9}
ESDO08 Active

Boiler Overview Low Low Fuel Gas
PTO139.ALL Pressure

a

Cross Reference

Tagname Page
ESDO08 Active 6
9
Diagram 21 - ESD09
Diagram Version: 179 Class: Interlock Control Module

{6,9}
ESDO09 Active

Boiler Overview High High Fuel Gas
PTO135.ALL Pressure

A

Cross Reference
Tagname Page
ESDO09 Active

[(e}e}

Model: safetyLogic3.cnd Page: 16 of 38



Project : Horizon Demo Model

Diagram

Diagram 22 - ESD10
Diagram Version: 96 Class: Interlock Control Module

{7.10}
ESD10 Active
BSD Button
Cross Reference
Tagname Page
ESD10 Active 7
10
Diagram 23 - ESD11
Diagram Version: 179 Class: Interlock Control Module
{6,9}

ESD11 Active

Boiler Overview Control Room BSD
HS.bInVal Button

fffffffffffffffffffffffffffffff

Cross Reference

Tagname Page
ESD11 Active 6
9

Model: safetyLogic3.cnd

Page: 17 of 38



Project : Horizon Demo Model

Diagram

Diagram 24 - ESD12
Diagram Version: 189

Cross Reference

Class: Interlock Control Module

Boiler Overview
PT0135.AL

a

Tagname
ESD12 Active

Page
13

{13}
ESD12 Active

High High Fuel Gas
Pressure

Model: safetyLogic3.cnd
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Project : Horizon Demo Model Diagram

Diagram 25 - ESD13
Diagram Version: 179 Class: Interlock Control Module

{6.9}
ESD13 Active

Boiler Overview High High Fuel Gas
PT0211.ALL Pressure

a

Cross Reference
Tagname
ESD13 Active

o
© o5
o]
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Project : Horizon Demo Model

Diagram

Diagram 26 - Alarm State Matrix.
Class: Logic Function

Diagram Version: 230

be considered.

Alarm State Matrix

Using a state model provides a highly efficient way to define the enabling of alarms. The safety system, as a
complete entity is defined in terms of possible states, a method that vastly reduces the number of states that have to

Then each possible alarm can be considered for it relevance in each state, producing an Alarm State Matrix.
In this case the states correspond with operating sequence steps
This is not yet correct, But shows how it can be done!

Alarm Enabling

S 1 Start FD S 2 Verify S3
Fan Purge Permissives
FT0156.AH
FT0156.AHH | Disable Disable
FT0156.AL Disable Disable
FT0156.ALL Disable Disable
LT0106.AH Disable Disable
LT0106.AHH | Disable Disable
LT0106.AL Disable Disable
LT0106.ALL Disable Disable
LT0134.AH Disable Disable
LT0134.AHH [ Disable Disable
LT0134.AL Disable Disable
LTO134.ALL Disable Disable
PT0130.AH Disable
PT0130.AHH | Disable
PT0130.AL Disable
PT0130.ALL Disable
PT0135.AH Disable
PT0135.AHH | Disable
PTO135.AL | Disable Disable
PT0135.ALL Disable Disable
PT0139.AH Disable Disable
PT0139.AHH | Disable Disable
PT0139.AL Disable Disable
PT0139.ALL Disable Disable
PT0211.AH Disable Disable
PT0211.AHH [ Disable Disable
PT0211.AL Disable Disable
PT0211.ALL Disable Disable
PT6360.AH Disable Disable
PT6360.AHH [ Disable Disable
PT6360.AL Disable Disable
PT6360.ALL Disable Disable
PT6045.AH Disable Disable
PT6045.AHH [ Disable Disable
PT6045.AL Disable Disable
PT6045.ALL Disable Disable

Model: safetyLogic3.cnd
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Project : Horizon Demo Model

Diagram

Diagram 27 - ESD1 Fault Tree
Diagram Version: 219 Class: Entity

Note F9
F9 - Putinto Run mode to
evaluate the logic

| Low Steam Drum Water Level

Formula

TheValue =snginl + sngIn2 + sngin3 + sngin4 + sngin5 + sngIn6é
sngOutl = TheValue

Formula

TheValue = snginl * sngin2
sngOutl = TheValue

Fuel Gas Valves

Fuel Gas Valves 2

Fuel Gas Valves 1

XV6367 XY6367 XV6369

Copy of Safire
ESD1 Fault Tree

Bl

XY6369

Level measurents

LT0106

LT0134

LSLL6046

functions)

This is programmed into the object dynamics.

Note F9 to Run Calculations!

This diagram is scripted to generate the probabilities from the tree. It does not use the recursive logic that
systems such as Safire deploys (although this is a possible development - ControlDraw is full of recursive

Instead simple formulae are used for each 'gate’. And's produce the product of the inputs, Or's Add them.

Note Safire Links!

Developments could link this Model to the Safire model, if Safire is to be retained.

0RO

XV-CC LT-CC SOv-CC TMR
Event Probability
Low Steam Drum Water Level 1.01E-03
Fuel Gas Valves 6.60E-04
Fuel Gas Valves 1 2.20E-02
Fuel Gas Valves 2 3.00E-02
Level measurents 3.75E-08
XV6367 1.20E-02
XY6367 1.00E-02
XY6369 1.50E-02
XV6369 1.50E-02
LT0106 3.10E-03
LT0134 3.10E-03
LSLL6046 3.90E-03
XV-CC 9.40E-05
LT-CC 1.50E-04
Sov-cC 7.50E-05
TMR 2.70E-05

Event

Low Steam Drum Water Level
Fuel Gas Valves

Fuel Gas Valves 1

Fuel Gas Valves 2

Level measurents

Formula

TheValue

XV6367 sngOutl = TheValue
XY6367 sngOutl = TheValue
XY6369 sngOutl = TheValue
XV6369 sngOutl = TheValue
LT0106 sngOutl = TheValue
LT0134 sngOutl = TheValue
LSLL6046 sngOutl = TheValue
XV-CC sngOutl = TheValue
LT-CcC sngout

SOov-CC sngOutl = TheValue
TMR sngOutl = TheValue

TheValue =snginl + sngIn2 + sngin3 + sngIn4 + sngin5 + sngin6 :
TheValue = snginl *sngin2 : sngOutl = TheValue

TheValue =snginl + sngin2 : sngOutl = TheValue

TheValue =snginl + sngin2 : sngOutl = TheValue

TheValue = sngInl * sngIn2 * sngIn3 : sngOutl = TheValue

sngOutl = TheValue

Model: safetyLogic3.cnd
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Project : Horizon Demo Model

Diagram

Diagram 28 - Boiler Equipment Damage
Diagram Version: 217 Class: Entity

| Equipment Damage |

—

Boiler Overview

ESD [ High Steam
02 Pressure

[14]

]

Boiler Overview

]

Tube
Rupture
Low Steam Eng
Drum Level
L3 ]

Low Low Steam Drum Level

Boiler Overview

ESD
13

[25]

Low Low Lube Oil Pressure

s Boiler Overview
Loss of . .
Boiler Feed Boiler Feed Water ESD )
Downstream pumps Failure Flow Ctrl Fail 12 Low Lube Oil Pressure
Users L

(2]

way.

Note

This diagram is shows how an Event Tree can be drawn and linked to the relevant
diagrams. The links are jumps because the diagram is informative rather than being
data generating. An alternative structure could be used where this type of diagram is
actually a data generating parent however at present this model is not structured that

Model: safetyLogic3.cnd
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Project : Horizon Demo Model

Diagram

Diagram 29 - Original Cause and Effect
Class: None

Diagram Version: 172

i
3
ol
CAUSE & EFFECT MATRIX i
¥
UNIT/EQUIPMENT NO. el lzlel8]s]e
i | 8|5 |8 E(2|2
Boiler #1 BlSs|T|sle|lg|e|®
&
o
SAFE PROCESS SAFE 2 =
A HO. Tvee | Sa suTPUT Eregcr | PROOSS A 2 2
RY-B357 2. H
wrgmg |09 FC  |Main Fuel Gas Shutdown Valves Closed : 3|8 gz
a|ls |2 E|=
FC-0158 (DS | NA |Main Fuel Gas Control Valve 5% s|E|E|2| e S
- El2|l&al2|s|-|E|2
el oY Fo [Pilot Gas Shutdown Valves Closed F A - I I o
X¥-5308 sla|Z|E|2|.]8&
Sl |52
xv-8%5 [|po Fo  |Pilot Gas Vent Valve Open slzl2z15|2|2
S|l23|lal|lam|le]|5
Ll jloflo|ls|Q
Note x¥-8570 (DO off  [Oxygen Analyzer De-Energzed sls|z|3|2|2
(3|22 g
» xre75 |00, | off |Lube Ol Aux. Pump Interposing Ry Stan == latlololg
Here the original Cause and Effect chart PEl o |x|olo|s
has been pasted in as a picture. - = = | g EI|E
Comro\Dr;’w dce; Causg and Effect charts X837 oo off |FD Fan Interposing Relay Stop EHI N I sl1o]s
via a collection of objects and links and a
matrix, as shown on the Cause and Effect i' = alolala ~ ,
diagram AR AE AR
@ wlw|e|e|o
¢ B3| B @B 8|8 2|82
R il I il I B e
2|0 |RE|E (R ||
PROCESS DEVIATION TYPE LOGIC TaGNO mw TRIP SETPOINT MAINT BYPRSS OPERATING RANGE/LINMIT 2 3 4 5 L[] 7 Hotes
Dl LSLL-6048 58 20% o-1
Low Low Steam Drum Level A 2003 LT-0108 x s HS-G381 0-30"we 1 X|Cc| x| x| X
A LT-0124 xsec 0-30"we
2 [High High Steam Drum Pressurs & oo PT-D130 xsec HS-1130 700 psi 2 X|Cc|X|X|x®
3 |Loss of Flame Dl Jeol 53'0:35 xsec - HS-6032 - i x || x| x|x
BS-0137
4 |Low Low Fuel Header Gas Pressure 2 1o PT-6045 X sec 0-75 psig HE-6045 10 psig 4 X |c X
5 [Low Low Fuel Bumer Gas Pressure A 1o PT-6360 58 10 psig HS-5380 0 - 20 psig 8 X|c X
& [High High Fuel Bumer Gas Pressurs A 1o PT-6360 xsec 28 psig HS-§380 0-20psig [ X|c X
7 |Low Low Combustion Air Flow A oo FT-0156 = sec HE-0158 TlX (o x| x| x®
& [Low Low Pilot Gas Header Pressurs A 1o PT-0138 xsec 0-10psig HE-5041 & psig 8 X|Cc|Xx|Xx|=x
@ [High High Furmace Pressure A 1o PT-D135 58 15 "w.e. HS-0135 8 X|c|Xx|x|x
10 |ESD Button Dl ool UX-0216 - - 0| X ClX | X | X
11 |Control Room ESD Button Dl Zoo? | H5-0216 (Mot 1) - - X|c| x| x| x
12 |Low Lube Oil Pressure 2 Too PT-0211 xsec 0-25 psig 2 psig 2 X
13 |Low Low Lube Oil Pressure A 1o PT-D211 58 0-25 psig 2 psig VK| XX | X | KX |X

Model: safetyLogic3.cnd
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Project : Horizon Demo Model

Diagram

Diagram 30 - SIL Results

Diagram Version: 209

Class: None

| Imported from Horizon data

esdstuff
PFD HRF [ Safety PFD HRF Calc SIL Req SIL
ESD1 Function 1.49-E-03 | 670 2 0
ESD2 Low Low 1.76-E-02 |60 1 1
ESD3-1 Steam Drum | 3 58F 03 635| 635 2 2
ESD3-2 Level 1.58E-03 635| 635 2 1
ESD3-3 High High 11 5gF.03 635|635 2 2
ESD3-4 Steam Drum | j ggE 03 532| 532 2 2
ESD3-5 Pressure 1.58E-03 635|635 2 2
Pressure

RealTag ESD Usertext

U36.ESDO1 True Low Low Steam Drum Level

U36.ESD02 True High High Steam Drum Pressure

U36.ESDO03 True Loss of Flame

U36.ESD04 True Low Low Fuel Header Gas Pressure

U36.ESDO05 True Low Low Fuel Burner Gas Pressure

U36.ESDO6 True High High Fuel Burner Gas Pressure

U36.ESDO07 True Low Low Combustion Air Flow

U36.ESDO08 True Low Low Pilot Gas Header Pressure

U36.ESD09 True High High Furnace Pressure

U36.ESD10 True BSD Button

U36.ESD11 True Control Room BSD Button

U36.ESD12 True Low Lube Oil Pressure

U36.ESD13 True Low Low Lube Oil Pressure

Model: safetyLogic3.cnd

Page: 24 of 38



Project : Horizon Demo Model Diagram

Diagram 31 - Original P&ID
Diagram Version: 219 Class: None y
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Project : Horizon Demo Model

Diagram

Diagram 32 - On Off Valve

Diagram Version: 201 RefVers: 1631 Class: Valve

ESD
Inst: Boolean

MAN
Manual Command
0 =close, 1 = Open
Operator set
A/M

Auto/Manual
0 = manual, 1 = Auto
Set by Unit Manual

PCSNode
Inst: Text
Default: !Inherit

AutoCmd
Auto Command
From control logic

&

T

W

Valve Driver

Standard Auto/Manual.

FTO
Fail to Open Alarm

FTC
Fail to Close Alarm

rrrrrrrrr Stroke Count

TMRO Travel is timed in each
Inst: Single TMRO @ o direction, depending on
Default: 5 ; ; o Limits switches. Timeout _
Maximum Open Travel Time causes Fail to Open or —- Valve status (1J z glosﬁd
Fail to Close Alarm. -—- - opel
- . 2 = Moving
TMRC Individual times for each 3 = Failed
Inst: Single TMRC @ ,,,,, SRR direction must be
Default: 2 Maximum Close Travel Time provided.
= strBatchNo
OVRO @ ] Set by parent EM
Override Open = If setto 1 the Associated with cm recorded
—gge. . n limit switch is ignored I events so as to make batch log
HEestobicctal ‘ include cm events.
Obj: Text \
! : T
{ P |
OVRC o | ! i
Override Closed - If set to 1 the | \ .
Open limit switch is ignored ‘ | ‘
. . I
I
DiOpen | ! |
zso [l = oy |
Open limit switch : i
DIClosed \ o DOSov
zscEEN [ ] . ~[Do}
Closed Limit Switch L— |
| )
FailOpen {10.13} \ ;‘
Inst: Boolean R _
Interlock Condition Sov
List of Variants
Type
Inst: Text
1-Open LS 2-Closed LS 3-2 Limit Switches 4-No limit switches
DIClosed {Excluded} {Excluded}
DIOpen {Excluded} {Excluded}
- FTC {Excluded} {Excluded}
Signed FTO {Excluded} {Excluded}
Test Sheet Table OVRC {Excluded]} OVR {Excluded}
OVRO OVR {Excluded} {Excluded}
TMRC {Excluded} TMR {Excluded}
TMRO TMR {Excluded} {Excluded}
Tested ZSC {Excluded} {Excluded}
Test Sheet Table ZSO {Excluded} {Excluded}

Model: safetyLogic3.cnd
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Project : Horizon Demo Model

Diagram 32 - On Off Valve
Diagram Version: 201 RefVers: 1631 Class: Valve

Variant 2 - Closed LS

ESD

Inst: Boolean

PCSNode
Inst: Text
Default: !Inherit

MAN

Manual Command

0 =close, 1 = Open
Operator set
AIM —
Auto/Manual

0 = manual, 1 = Auto
Set by Unit Manual

W

AutoCmd

Auto Command
From control logic

Valve Driver

Standard Auto/Manual.

FTC
Fail to Close Alarm

''''''''' Stroke Count

TMRO Travel is timed in each
Inst: Single direction, depending on
Default: 5 Limits switches. Timeout _
causes Fail to Open or —- Valve status (1) - gloesr?d
Fail to Close Alarm. - 5= M'(J)vin
TMRC Individual times for each 3= Failedg
Inst: Single TMR @ ,,,,, coT direction must be
Default: 2 Maximum Close Travel Time provided.
strBatchNo
Set by parent EM
o Associated with cm recorded
Test bt et |
Obj: Text \ .
' T
i .
OVR <> o \ |
Override Closed - If set to 1 the I |
Open limit switch is ignored ‘ .
: I
‘ '
' I
‘ '
. |
‘ '
: I
| i
DiClosed \ o DOSov
zscEl — - [or | - —[Dof
Closed Limit Switch R |
\ :
FailOpen {10,13} | ﬁ
Inst: Boolean Interlock Condition £piy— — ———-—"—-—- - Sov
List of Variants
Type
Inst: Text
1-Open LS 2-Closed LS 3-2 Limit Switches 4-No limit switches
DIClosed {Excluded} {Excluded}
DIOpen {Excluded} {Excluded}
FTC {Excluded} {Excluded}
FTO {Excluded} {Excluded}
Test Sheet Table OVRC {Excluded} OVR {Excluded}
OVRO OVR {Excluded} {Excluded}
TMRC {Excluded} TMR {Excluded}
TMRO TMR {Excluded} {Excluded}
Tested ZSC {Excluded} {Excluded}
Test Sheet Table ZSO {Excluded} {Excluded}

Model: safetyLogic3.cnd Page: 27 of 38



Project : Horizon Demo Model

Diagram

Diagram 32 - On Off Valve
Diagram Version: 201 RefVers: 1631 Class: Valve
Variant 4 - No limit switches

ESD
Inst: Boolean
MAN @ o
Manual Command Lo Valve Driver
0 = close, 1 = Open
Operator set
A/M e
PCSNode Auto/Manual

0 = manual, 1 = Auto L
Set by Unit Manual

AutoCmd @ .
Auto Command [E———

From control logic

Inst: Text
Default: !Inherit

Standard Auto/Manual.

TMRO Travel is timed in each

Inst: Single direction, depending on

Default: 5 Limits switches. Timeout
causes Fail to Open or

Fail to Close Alarm.
TMRC Individual times for each
Inst: Single direction must be

Default: 2 provided.

''''''''' Stroke Count
—-- Valve status |0 = Closed
1=0pen

]
2 = Moving
3 = Failed

Set by parent EM
Associated with cm recorded
events so as to make batch log

Test object Field ;
Obj: Text include cm events.
T
!
i
|
!
i
|
I
- DOSov
~[Do}
— |
FailOpen {10,13} | ﬁ
Inst: Boolean Interlock Condition £piy— — ———-—"—-—- - Sov
List of Variants
Type
Inst: Text
1-Open LS 2-Closed LS 3-2 Limit Switches 4-No limit switches
DIClosed {Excluded} {Excluded}
DIOpen {Excluded} {Excluded}
FTC {Excluded} {Excluded}
FTO {Excluded} {Excluded}
Test Sheet Table OVRC {Excluded} OVR {Excluded}
OVRO OVR {Excluded} {Excluded}
TMRC {Excluded} TMR {Excluded}
TMRO TMR {Excluded} {Excluded}
Tested ZSC {Excluded} {Excluded}
Test Sheet Table ZSO {Excluded} {Excluded}
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Project : Horizon Demo Model Diagram
Diagram 33 - Analog Input from Transmitter
Diagram Version: 179 RefVers: 1622 Class: Measurement Analog
Note
. . Alarms have Enabled and
1 Ll(;hcpaft;cregzslf?’ Disabled state{13}
each indicator ’R"
AH
txFail
Real Time Values ‘ria AlarmLSP H | -
From Transmitter i —ogle——— -m
I T - ALL
Soft signal ‘ AlarmLLSP | I
| L B
rrrrrrrrrrrr |
i R R @ Indicate
___|AlIScale and Check

Auto/Man —
nt 0 Scale and Range
ntervention T el L Val The normalised real
From operator units value of the
i measurement.
l\<|/arl1ua| """"" | Test ok
alue i Test Sheet
Override [~-—{—-—-—-— s
SigType = -
Obj: Text SigMax ScaleMin ScaleMax EngUnits
Default: mA Obj: Single Inst: Single Inst: Single Tree T TrendNo
Default: 4 Default: 0 Default: 100 Default: Inst: Integer
| .
SigMin !Sc_EngUnits
Obj: Single
Refalit20 IType PCSNode Scan rate Secs TrendGroup
Inst: Text Inst: Text Inst: Single Inst: Text
Default: !Left Default: !Inherit Default: 1 Default: !Inherit
= PTag 2
Signal
Obj: Text
Default: 4-20mA
ESD
Inst: Boolean
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Project : Horizon Demo Model Diagram

Diagram 34 - Alarm Switch Input
Diagram Version: 178 RefVers: 1621 Class: Measurement Switch

Switch Sense
Inst: Boolean

{14,16,24}

3 D _ N binval
77777 7 77777 E ‘ @ TonCc?ntroI Logic

=
Alarm State ’fﬁ,,, o
Q% ol

Open = True or

Close = True L_
Alarm enable ::::
. - ’
e
. -
-
. -
//
- .
. e TimeOut
Disabled P Inst: Single
e Default: 2
e
N -
Enabled
Signed PCSNode Type TrendNo TrendGroup
Test Sheet Table| |Inst: Text Obj: Text Inst: Integer Inst: Text )
Default: !Inherit Default: !Inherit

Tested ESD
Test Sheet Table Inst: Boolean
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Project : Horizon Demo Model Diagram

Diagram 35 - On/Off Effector
Diagram Version: 186 RefVers: 1627 Class: EffectorDiscrete

Signed Tested
Test Sheet Table| |Test Sheet Table

FailState ESD PCSNode
Inst: Integer Inst: Boolean Inst: Text

Default: !Inherit

DO

W

|
\
Device
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Project : Horizon Demo Model

Data Report: Control System IO

Diagram 36 - Control Valve
Diagram Version: 226 RefVers: 1641 Class: Effector Analog

Note

All Control Valves, regardless of whether they fail open or closed, are treated as 0% = Closed and 100%

Auto Value @ """""" '

Manual Value
0 to 100%

B

|
Auto / Manual @ ''''''''' —

Hi /Lo Clamp

Min <ﬂ>

Max %2 {6}"

Interlock Condition

Default: !Inherit

ESD
Inst: Boolean

Signal Signed
Obj: Text Test Sheet Table
Default: 4-20mA
- {6}
Type Tested
Obj: Text Test Sheet Table
note
Fail Open
Inst: Boolean Status always logged at specified time intervals
Operator can also force to log now
PCSNode
Inst: Text

Interlock Value @

Effector
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Project : Horizon Demo Model

Data Reports:

Data Report: Control System 10

RealTag
U36.UX6035.D0
U36.UY6056.D0
U36.UX6357.DO
U36.UX6358.D0
U36.UX6359.D0O
U36.XL0216-R.DO
U36.XL0216-S.DO
U36.LSLL6046.DI
U36.LT0106.Al
U36.LT0134.Al
U36.PT0130.Al
U36.BS0138.DI
U36.BS0137.DI
U36.HS6116.DI
U36.PT6045.Al
U36.PT6360.Al
U36.FT0156.Al
U36.PT0139.Al
U36.PT0135.Al
U36.PT0211.Al
U36.XV6367.DOSov
U36.XV6367.DIClosed
U36.XV6369.DOSov
U36.XV6369.DIClosed
U36.FV0159.A0
U36.XV6366.DOSov
U36.XV6366.DIClosed
U36.XV6364.DOSov
U36.XV6364.DIClosed
U36.XV6365.DOSov
U36.XV6365.DIClosed
U36.XV6365.DIOpen
U36.XV6370.DOSov
U36.XX6375.D0
U36.XX6373.DO
U36.PSL0178.DI
U36.XL0002.DO
U36.XL0137.DO
U36.HS0130.DI
U36.XL0138.DO
U36.HS0135.DI
U36.XL6056.DO
U36.HS0156.DI
U36.XL6362.DO
U36.XL6363.DO
U36.HS6039.DI
U36.HS6041.DI
U36.HS6045.DI
U36.HS6056.DI
U36.HS6360.DI
U36.HS6361.DI
U36.HS0216.DI

External Tag
36-UX-6035
36-UY-6056
36-UX-6357
36-UX-6358
36-UX-6359
36-XL-0216-R
36-XL-0216-S
36-LSLL-6046
36-LT-0106
36-LT-0134
36-PT-0130
36-BS-0138
36-BS-0137
36-HS-6116
36-PT-6045
36-PT-6360
36-FT-0156
36-PT-0139
36-PT-0135
36-PT-0211
36-XY-6367
36-ZSC-6367
36-XY-6369
36-ZSC-6369
36-FV-0159
36-XY-6366
36-ZSC-6366
36-XY-6364
36-ZSC-6364
36-XY-6365
36-ZSC-6365
36-ZS0-6365
36-XY-6370
36-XX-6375
36-XX-6373
36-PSL-0178
36-XL-0002
36-XL-0137
36-HS-0130
36-XL-0138
36-HS-0135
36-XL-6056
36-HS-0156
36-XL-6362
36-XL-6363
36-HS-6039
36-HS-6041
36-HS-6045
36-HS-6056
36-HS-6360
36-HS-6361
36-HS-0216

PCSNode

10 Type | Card | Channel

DO
DO
DO
DO
DO
DO
DO
DI
Al
Al
Al
DI
DI
DI
Al
Al
Al
Al
Al
Al
DO
DI
DO
DI
AO
DO
DI
DO
DI
DO
DI
DI
DO
DO
DO
DI
DO
DO
DI
DO
DI
DO
DI
DO
DO
DI
DI
DI
DI
DI
DI
DI

4

A M bW

N NN PFP P PN

N W N W RFE PP

W NN WDNDWDNW

N NMNDNDMNDNDMNDNDMDMDNDNDDDNMNDMDNDBDMBSAD

25
1

26
27
28

16

15
14

g © 0

20

18

19
23

© 00 b~ N O
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Project : Horizon Demo Model Data Report: Interlock Control Module

RealTag External Tag PCSNode | IO Type | Card | Channel
U36.HS6380.DI 36-HS-6380 DI 2 5
U36.LSL0131.DI 36-LSL-0131 DI

U36.LSH0131.DI 36-LSH-0131 DI

U36.HS.DI 36-HS-- DI
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Project : Horizon Demo Model

Data Report: Measurement Analog

Data Report: Interlock Control Module

ObjectTag | Page Tag RealTag DataVersion | External
uc UC102 R101.UC102 12

Hazard
Low

SIL Level
1

Alarmed

d

Error in report !
Too few parameters. Expected 2.
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Project : Horizon Demo Model

Data Report: Measurement Switch

Data Report: Measurement Analoa

RealTag

U36.LT0106
U36.LT0134
U36.PT0130
U36.PT6045
U36.PT6360
U36.FT0156
U36.PT0139
U36.PT0135
U36.PT0211

Scan
rate
Secs

P R R R R R R BR R

IType

LT
LT
PT
PT
PT
FT
PT
PT
PT

O O O O O o o o o

ScaleMin| ScaleMax

100
100
100
100
100
100
100
100
100

EngUnits

%

%
Bar
Bar
Bar
m3/hr
Bar
Bar
Bar

AlarmLLSP| AlarmLSP | AlarmHHSP | AlarmHSP | PCSNode

O O O OO o o o o

O O O OO o o o o

9999999
9999999
9999999
9999999
9999999
9999999
9999999
9999999
9999999

9999999
9999999
9999999
9999999
9999999
9999999
9999999
9999999
9999999

TrendGroup | TrendNo

Model: safetyLogic3.cnd

Page: 36 of 38



Project : Horizon Demo Model Data Report: Measurement Switch

Data Report: Measurement Switch
RealTag CM Tag TimeOut| Switch PCSNode | TrendGr | TrendNo
R101.LSHH203 | LSHH-20 2 O Controller 1

Error in report !
Too few parameters. Expected 1.
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