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1. INTRODUCTION

1.1. PURPOSE

This document describes how the will be controlled and protected. It
sets out every control loop, sequence, interlock, trip and reset in enough detail for the systems
integrator to program the station controller (the basic process control system, BPCS), the safety
programmable logic controller (safety PLC), the flow computer interfaces and the burner management
system (BMS) interface. The Owner will also use it to write the station operating procedures.

1.2. SCOPE

The narrative covers the station between the inlet insulating joint 1J-101 and the outlet insulating joint
1J-102. It includes flow and pressure control, custody meter operation, line heater temperature control
and the burner management interface, liquid handling at the filter separator, the fuel gas system, gas
quality shut-in, the overpressure shutdown system (OPSS), station emergency shutdown (ESD),
process trips, fire and gas logic, alarm handling, bypass management, and behavior on loss of power or
communications.

The following are excluded:

+ The internal logic of vendor packages (gas chromatograph, analyzers, flow computer custody
configuration and burner management sequence timers). This document states only the
functions and interfaces they must provide.

* The receiving pipeline operator’s remote terminal unit (RTU) and tap valve at the trunkline.
, as the receiving pipeline operator, designs and operates these; only the interface is
described.

+ The Owner’s supervisory control and data acquisition (SCADA) host configuration, which follows
INS-RPT-002, SCADA, Communications and Cybersecurity.

1.3. HOW TO USE THIS DOCUMENT

Setpoint values are controlled by INS-LST-003, Alarm and Trip Setpoint Schedule. The effects
of each cause are tabulated in INS-LST-004, Cause and Effect Matrix. Where either of those
documents and this narrative disagree, the integrator shall raise the conflict with TORUS before
programming.

Logic in this document is written as structured pseudo-code in text blocks. It defines the required
behavior, not the integrator’s code structure. Values described as adjustable are parameters in the
controller with the default value shown, clamped to the stated limits and changed only under the
Owner’s management of change procedure.

This document contains information that is confidential to the client and to TORUS. It shall not be copied or TORUS
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2. REFERENCES

The documents in Table 2-1 are referred to in this narrative.

Table 2-1: Reference Documents

Document Title

GEN-DB-001 Basis of Design

INS-LST-001 Instrument Index

INS-LST-002 I/0 List

INS-LST-003 Alarm and Trip Setpoint Schedule

INS-LST-004 Cause and Effect Matrix

INS-RPT-002 SCADA, Communications and Cybersecurity
INS-DWG-001 Control System and Network Architecture
INS-DWG-002 Typical Loop Diagrams

SAF-RPT-002 Layer of Protection Analysis (LOPA)

SAF-CAL-001 SIL Verification Calculation

SAF-SRS-001 Safety Requirements Specification

SAF-RPT-003 Fire and Gas Detection Philosophy and Layout
SAF-RPT-005 Emergency Response Plan (Site Specific)
PRO-CAL-003 Joule-Thomson, Water Content, Hydrate and Hydrocarbon Dewpoint Calculation
PRO-CAL-009 Overpressure Protection System Hydraulic Analysis
PRO-CAL-010 Fuel Gas System and Utility Consumption Summary
PRO-DWG-101to 113 Piping and Instrumentation Diagrams

The following codes and standards apply: IEC 61511-1:2016 (safety instrumented systems), ANSI/
ISA-18.2 (alarm management), APl RP 556 and API 12K (fired heater controls and indirect heaters), API
MPMS Chapter 21.1 (electronic gas measurement), AGA Report No. 9 (ultrasonic meters), 49 CFR
192.195, 192.199 and 192.201 (overpressure protection) and APl 1164 (pipeline SCADA security).

N
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3. CONTROL SYSTEM ARCHITECTURE

3.1. SYSTEMS AND RESPONSIBILITIES

The station is controlled by four independent logic solvers housed in the control building B-102 and at
the line heater, supervised remotely from the Owner’s gas control center. Table 3-1 states what each
system does.

Table 3-1: Control Systems and Their Functions

Level System Location Function
4 Owner SCADA host Owner gas control Remote supervision, nominations, setpoints, alarm
center response, historian
4 Receiving pipeline tap Receives station data; issues remote shutdown HS-215
operator RTU and flow permissive
3 BPCS station Panel CP-102A, Regulatory control, sequences, gas quality shut-in,
controller B-102 BPCS interlocks, data concentration, local operator
interface
3 Safety PLC Panel CP-102B, OPSS (SIF-01), process trips SIF-02 to SIF-04, station
B-102 ESD, fire and gas, first-out, bypass management
3 Flow computer Panel CP-102C, Custody volume and energy, API 21.1 audit trail,
FQI-110 B-102 (sealable) sampler pacing, series verification comparison
3 Burner management Panel CP-150 at Burner sequencing and flame safeguard (SIF-05 to
BMS-150 H-101 SIF-07)
1,2 Field devices and Station Transmitters, switches, actuators, local stations, self-
local controls operated regulators

Figure 3-1 shows the architecture: the panels in B-102, the field junction boxes by system, the security
zones and the communication paths to the Owner and to the receiving pipeline operator.

o
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3.2 INDEPENDENCE OF THE SAFETY SYSTEM

The safety PLC is independent of the BPCS in every element: controller, input and output cards, field
junction boxes (JB-101S, JB-130S and JB-140S), sensors and final elements. Independence is required by
IEC 61511-1 so that a single BPCS failure, which is itself the initiating cause in most of the LOPA
scenarios, cannot also disable the protection. The two systems are fed from the common
uninterruptible power supply (UPS) bus through separately fused circuits.

The BPCS reads safety PLC status over a read-only Modbus TCP link and cannot write to it. The only
signal the safety PLC accepts from the BPCS is a hardwired request to close SDV-103 at the end of a
gas quality shut-in (Section 11). That signal can only move a valve toward its safe state, so it cannot
defeat a safety function. Appendix A reproduces the typical loop diagrams ( INS-DWG-002),
which show how each class of signal is wired between the field and the panels.

The OPSS transmitters PT-133A, PT-133B and PT-133C are not used for control; PT-134 is the control
transmitter. The flow computer is the custody device of record. The BPCS uses flow computer flow as
its flow controller input but never writes to the custody configuration.

All shutdown valves (SDVs) are de-energize-to-trip, so a loss of safety PLC power or signal closes
them. Motor-operated valves (MOVs), the flow control valves, LCV-104 and TCV-152 fail as-is, because
an electric actuator cannot move without power; none of them is credited as a safety final element.

3.3. SCAN AND RESPONSE TIMES

Table 3-2 sets the minimum execution speeds. The safety PLC response is set by the OPSS, whose
total response (detection, logic and a 4 s valve stroke) must fit inside the 8.9 s process safety time
derived in Section 12.

Table 3-2: Scan and Response Requirements

System Requirement

Safety PLC Application scan 100 ms or faster; OPSS input-to-output 500 ms or less, excluding valve
stroke; sequence-of-events time stamping at 10 ms resolution

BPCS Control task 250 ms or faster; sequences 1s

Flow Flow sampling 1 s or faster, per APl 21.1

computer

BPCS to DNP3 Secure Authentication: event poll every 60 s, integrity poll every 15 min, unsolicited

SCADA reporting of emergency and high-priority events

3.4. INTERLOCK REGISTER

The P&IDs number the station interlocks 1-01 to I-16. The safety PLC functions are shown on
PRO-DWG-111 and the BPCS interlocks on PRO-DWG-113. Table 3-3 lists them with the section
of this narrative that defines each.

This document contains information that is confidential to the client and to TORUS. It shall not be copied or TORUS 5
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Table 3-3: Interlock Register

No. Function System Section
1-01 Station ESD Safety PLC 13
1-02 OPSS, SIF-01 (voting function PY-133) Safety PLC 12
1-03 V-101 high-high level closes SDV-101, SIF-02 Safety PLC 14
I-04 | V-101 low-low level closes SDV-106 and LCV-104, SIF-03 Safety PLC 14
1-05 T-101 high-high level closes SDV-106 and LCV-104, SIF-04 Safety PLC 14
1-06 Burner trip, SIF-05 to SIF-07 BMS and safety PLC 8
1-07 Gas quality shut-in BPCS 1
1-08 PR-101 closure mechanical interlock Mechanical 14
1-09 Fire and gas actions Safety PLC 15
I-10 Flow control low select and control valve switchover BPCS 5
-1 PT-134 high-high interlock BPCS 5
I-12 Level controller overrides BPCS ]
113 Run switching, crossover lock and series verification BPCS 6
1-14 Heater mode permissives BPCS 7
I-15 Station startup permissives BPCS 16
1-16 BPCS actions following safety trips BPCS 5

This document contains information that is confidential to the client and to TORUS. It shall not be copied or @
released to others without the written consent of TORUS. TORUS
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4. OPERATING MODES AND CONTROL AUTHORITY

4.1. CONTROL LOCATION

A single software selector in the BPCS sets where operating commands are accepted. In REMOTE, the
normal position, the Owner’'s SCADA host issues setpoints, control valve duty selection, run switching
and sequence commands, and the local operator interface in CP-102A only displays. In LOCAL, the
local operator interface has command authority and SCADA is read-only. Selecting LOCAL requires a
technician log-in at the local interface; returning to REMOTE is initiated locally and acknowledged at
SCADA. Every change is recorded in the event log.

Safety resets are never available remotely. ESD, OPSS and trip resets require the key switches and
local stations described in Sections 12 to 14, whatever the control location. This is deliberate: the
person resetting a shutdown must be at the equipment to confirm that the cause has cleared.

Each actuator’s own local/remote selector overrides both control locations. An actuator not in remote
cannot be commanded by the BPCS and raises a medium-priority alarm. For a control valve this is also
a switchover trigger (Section 5).

4.2. OPERATING STATES

The station will be in one of the states in Table 4-1. The state is displayed at SCADA and determines
which alarms are active (Section 16).

Table 4-1: Station Operating States

State Description

Shut down ESD latched or station isolated; SDVs closed

Ready ESD reset, SDVs open, control valves at 0 %, no flow
Delivering Flow controller in automatic, one meter run in service
Verification Series meter verification sequence active

Quality shut-in Gas quality shut-in latched

Maintenance Local control, technician on site, bypasses as permitted in Section 17
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5. FLOW AND PRESSURE CONTROL

5.1. FUNCTION

FIC-131 controls station flow to the rate nominated by the Owner’s gas control. PIC-134 limits the
pressure downstream of the control valves. The lower of the two controller outputs drives the duty
control valve through the low-select function FY-131. A low select was chosen over a cascade because
the two objectives never apply together: the station either delivers the nomination or is limited by
pressure, and the low select hands over between them without operator action. Table 5-1 gives the loop
data.

Table 5-1: Flow and Pressure Control Loop Data

Item Value

FIC-131 process Station flow, sum of in-service run flows from FQI-110 over Modbus TCP at 1 s, MMSCFD

variable at 14.73 psia and 60 °F

FIC-131 setpoint Nomination from SCADA, clamped 0 to 120 MMSCFD; ramped at 10 MMSCFD/min
(adjustable 1 to 20)

PIC-134 process PT-134, hardwired

variable

PIC-134 setpoint 1,150 psig default; operator range 900 to 1,180 psig; hard clamp 1,180 psig in code; ramp
10 psi/min

Action Both reverse acting (process variable above setpoint closes the valve)

Initial tuning (field FIC-131 gain 0.3, integral 20 s; PIC-134 gain 1.0, integral 30 s

tune)

The PIC-134 setpoint is clamped at 1,180 psig in code so that no operator entry can bring the control
layer within 45 psi of the 1,225 psig OPSS trip. The control valve actuators stroke fully in about 60 s
(vendor to confirm, HOLD H-15), which is too slow to hold pressure against a fast transient. PIC-134 is
therefore not credited as a protection layer for control valve failure; the OPSS is.

5.2. LOW SELECT WITH EXTERNAL RESET FEEDBACK

Both controllers compute their integral action from the selected output, so the controller that is not in
control cannot wind up and the transfer between them is bumpless.

OP_FIC := PID(FIC-131, PV = station flow, SP = ramped nomination,
reset feedback = OP_SEL)
OP_PIC := PID(PIC-134, PV = PT-134, SP = min(PIC_SP, 1,180 psig),
reset feedback = OP_SEL)
OP_SEL := min(OP_FIC, OP_PIC) // FY-131 low select
OVERRIDE_ACTIVE := OP_PIC < OP_FIC // low alarm after 10 min

IF flow computer link fails OR station flow quality bad THEN

T~
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FIC-131 to MANUAL, output held at last OP_SEL

PIC-134 stays active through the low select

high alarm "FIC-131 input bad"
IF PT-134 quality bad (below 3.8 mA or above 20.5 mA) THEN

PIC-134 to MANUAL at 100 % (override removed)

FIC-131 setpoint frozen (no upward ramp)

high alarm "PIC-134 input bad, OPSS is the only overpressure protection”
IF PT-134 >= 1,200 psig for 3 s THEN // I-11

both control valve demands forced to 0 %; FIC-131 to MANUAL at 0 %

latch; high alarm

reset: PT-134 below 1,150 psig AND operator reset

The 1,200 psig interlock sits 50 psi above the normal pressure controller setpoint and 25 psi below the
OPSS trip, so that the three layers are separated by more than ten times the transmitter reference
accuracy of 1.5 psi and cannot overlap on instrument error. Changing FIC-131 from manual to automatic
is bumpless because its setpoint tracks the process variable in manual. The PIC-134 setpoint does not
track, because a tracking pressure setpoint could follow an abnormal pressure upward. On a cold
restart both controllers start in manual with their output initialized to the duty valve position.

5.3. DUTY AND STANDBY CONTROL VALVES

The duty valve is selected from SCADA. The standby valve is held at 0 % demand with its manual
isolation valves open, so that it can take over without a site visit. The BPCS monitors the duty valve and
transfers control automatically when it fails, as required by the Basis of Design.

AVAILABLE (FCV-13x) := ZS0-13xA AND ZS0-13xB // isolation valves open
AND actuator in remote AND no actuator fault
AND ZT-13x quality good
AND NOT FAILED LATCH(FCV-13x)
TRIGGER := (|ZT(duty) - DEMAND(duty)| > 5 % for 30 s)
OR actuator fault OR actuator in local OR ZT(duty) quality bad
(deviation test inhibited for 60 s after a setpoint step > 10 %)
IF TRIGGER THEN
FAILED LATCH(duty) := 1; high alarm "FCV-13x failed, switchover"
IF AVAILABLE (standby) THEN

DEMAND (standby) := OP_SEL // controllers re-initialized, bumpless
DEMAND(failed) :=0 % // if stuck open, PIC-134 closes standby
duty := standby

ELSE

high alarm "No control valve available"; controllers hold
MANUAL SWITCHOVER (SCADA, both valves available):
demand ramped from the old to the new valve over 120 s (adjustable),
controllers in automatic
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A failed valve latches until an operator clears it after inspection. Automatic switchover only runs from
the duty valve to an available standby, never back. This prevents the two valves from alternating if both
develop the same fault. The 5 % deviation for 30 s was chosen to be larger than the actuator deadband
and travel lag in normal modulation, which the inhibit after setpoint steps also allows for.

54. RESPONSE TO SAFETY TRIPS

When the safety PLC reports an OPSS trip, a station ESD, or SDV-101 or SDV-103 not open, the BPCS
drives both control valve demands to 0 %, places FIC-131 in manual at O % and sets the ramped
setpoint to zero (I-16). This prevents the control valves from opening wide against a closed SDV, which
would otherwise produce a pressure surge when the SDV reopens. Restart follows Section 16.
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6. CUSTODY METER OPERATION

6.1. NORMAL OPERATION

One meter run is in service and one is on standby. The standby run is kept with its inlet MOV closed and
its outlet MOV open, so that it stays pressurized from the outlet header. A run is never blocked in at
both ends while in service or on standby, because a run isolated in summer sun would reach about
1,570 psig, above the station design pressure. Operating the standby run this way removes the need
for thermal relief valves on the meter runs, which would otherwise vent gas to atmosphere.

PT-111 and PT-121 are absolute-pressure transmitters, because the flow computer’s equation of state
works in absolute pressure and an absolute transmitter removes the error of an assumed atmospheric
pressure. Any comparison with the gauge transmitters in the BPCS converts using the 14.10 psia local
atmosphere. The crossover MOV-115 is closed and locked in software except during verification. Each
run is rated for 100 % of design flow, so there is no automatic two-run operation.

Block-in protection: the BPCS rejects any MOV command that would leave a run with both its inlet and
outlet MOVs closed, except in the Maintenance state with the run depressured, when the technician
confirms the gauge reading and the open vent at the local interface. A run found with both closed-
position switches made raises a high-priority alarm.

The BPCS derives the in-service status of each run from the MOV limit switches and passes it to
FQI-110 as run-status flags, so that the flow computer accumulates flow only for runs that are carrying
gas.

6.2. RUN SWITCHING

Run switching is initiated by the operator. An automatic switch on a failed meter is available as a
configurable option, disabled by default, because a change of custody meter may need the receiving
pipeline operator’s witness under the interconnect agreement (HOLD H-01). The sequence is make-
before-break so that a flow path is always open.

PERMISSIVES: MOV-115 closed; all MOVs in remote and healthy;
incoming meter healthy (FQI-110); no sequence active;
no ESD or OPSS trip
START STATE: run 1 in service (MOV-111 and MOV-112 open)
run 2 on standby (MOV-121 closed, MOV-122 open, pressurized)
S1 open MOV-121 (incoming run inlet); wait ZS0-121, timeout 90 s
// both runs now flowing
S2 hold 300 s (adjustable); FIC-131 input is the sum of both runs
S3 close MOV-111 (outgoing run inlet); wait ZSC-111, timeout 90 s
S4 complete: run 1 on standby with MOV-112 left open;
event recorded in the FQI-110 audit log
ON any MOV timeout or fault: stop, leave valves as they are, medium alarm
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The outlet MOVs MOV-112 and MOV-122 are closed only during series verification, where the run stays
connected through MOV-115, or in the Maintenance state.

6.3. SERIES METER VERIFICATION

The crossover MOV-115 joins the run 1 outlet (downstream of FE-111, upstream of MOV-112) to the run 2
inlet (downstream of MOV-121, upstream of the run 2 flow conditioner). Gas therefore always passes
FE-111 first and then FE-121. The test is performed at least quarterly and whenever meter diagnostics
drift, with the receiving pipeline operator witnessing (HOLD H-01). It is run at the normal operating rate
of 90 MMSCFD or less, because at 120 MMSCFD the series path adds about 3.8 psi of pressure drop
and would limit delivery.

MOV-115 is locked in software: the BPCS rejects an open command unless the verification sequence is
active, and the sequence requires a supervisor permit and a “witness present” confirmation. Its
handwheel is padlocked closed outside tests.

PRECONDITIONS
flow stable: |station flow - setpoint| < 5 % for 30 min
30 MMSCFD (adjustable) <= station flow <= 90 MMSCFD
both meters healthy (no path failure, speed-of-sound alarms clear)
gas chromatograph healthy
no ESD, OPSS trip or quality shut-in; all MOVs in remote
witness confirmed
V1 1line up run 1 in service; confirm MOV-122 open
V2 open MOV-115; wait ZS5S0-115 // run 2 flows in parallel via crossover
V3 close MOV-112; wait ZSC-112 // all flow in series, FE-111 -> FE-121
V4 confirm MOV-121 closed; technician checks the body bleeds of MOV-112
and MOV-121 and PI-115A, then confirms "seals verified" locally
V5 stabilize 10 min (adjustable 5 to 30)
V6 flow computer compares three consecutive 20 min averages of standard
volume flow, each meter corrected with its own pressure and temperature:
DEV = (Q1 - Q2) / ((Ql + Q2) / 2) x 100 %
V7 PASS if |DEV| <= 0.3 % for all three averages AND speed-of-sound
deviation within 1imit on both meters
ELSE high alarm "series deviation"; result held; both meters checked
V8 restore: open MOV-112, wait ZS0-112; close MOV-115, wait ZSC-115
// run 2 back to standby with MOV-122 open
V9 flow computer report (both meters, pressure, temperature,
composition, diagnostics) logged per API 21.1
ABORT (any step) -> V8:
flow change > 10 % or flow > 90 MMSCFD; any meter or MOV alarm;
PT-111 and PT-121 differ by more than 10 psi;
ESD, OPSS trip or quality shut-in; operator abort
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The 0.3 % acceptance comes from the Basis of Design. The pressure-difference abort at 10 psi detects
a partly closed valve in the series path before it can bias the comparison. If the interconnect

agreement requires agreement tests at more than one rate, steps V5 to V7 are repeated at each rate,
all at or below 90 MMSCFD.
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7. HEATER TEMPERATURE CONTROL

7.1. PURPOSE AND SETPOINT

The line heater keeps the temperature downstream of the control valves (TT-135) above the hydrate
and hydrocarbon dewpoint limits. The requirement changes with pressure, so the TIC-135 setpoint is
compensated on the control valve outlet pressure PT-134. At each pressure it is the largest of 40 °F,
the hydrate temperature plus 10 °F and the hydrocarbon dewpoint plus 10 °F. PRO-CAL-003
calculated these values; Table 7-1 gives the characterizer the BPCS will use, with linear interpolation
between points and the end values held outside the table range.

Table 7-1: TIC-135 Setpoint Characterizer

PT-134 (psig)  Setpoint, design gas (°F)  Setpoint, rich gas (°F)

700 42.3 52.2
750 43.5 52.5
800 447 52.4
850 45.8 52.1
900 46.8 514
950 478 50.5
1,000 48.7 49.2
1,050 49.5 49.8
1,100 50.4 50.6
1,150 51.1 514
1,180 51.6 51.9
Note 1: Source PRO-CAL-003. The design-gas column applies in normal operation; the rich-gas column applies while

the gross heating value alarm from AT-141 is active, because rich gas has a higher hydrocarbon dewpoint.

A straight line between the 750 and 1,150 psig values was considered and rejected. The hydrate curve
is concave, and a straight line would set the target up to 0.5 °F too low at 950 psig, which is inside the
10 °F margin the setpoint is meant to guarantee.

With the heater off, gas leaves the control valves at about 19 °F in the winter maximum-pressure-cut
case, so the heater is needed in winter. In the normal and minimum-pressure cases the control valve
outlet stays above the setpoint without heat, which is why summer bypass is the normal heater mode.
To hold 43.5 °F at 750 psig in the winter case, the heater gas outlet must be about 67 °F.

7.2. HEATER MODE

Heater mode ON or OFF is selected from SCADA. The BPCS enables the burner only when the heater
bypass is confirmed closed, because firing with the bypass open heats the bath without heating the
gas and eventually trips the burner on high bath temperature.
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HEATER _ON_PERMIT := ZSC-158C (bypass closed) AND NOT ZS0-158C
AND no ESD AND safety PLC burner permit
HS-150P (BPCS enable to BMS) := HEATER _MODE_ON AND HEATER_ON_PERMIT
advisory "Heater required":
HEATER_MODE_OFF AND TT-135 below its setpoint for 5 min
advisory "Bypass open with heater on":
HEATER_MODE _ON AND ZS0-158C

With heater mode OFF, the enable signal is removed, the BMS stops the burner normally, TCV-152 is
driven to O % and TIC-135 and TIC-152 track in manual. HV-158A and HV-158B carry no position
switches; their positions are verified by procedure.

7.3. CASCADE CONTROL

TIC-135 is the master controller and sets the heater gas outlet temperature target for TIC-152, which
trims the burner through TCV-152. A cascade was chosen because the water bath responds over tens
of minutes, and controlling the heater outlet directly lets TIC-152 correct firing before the slow bath
disturbance reaches the control valve outlet. A bath high limit (TIC-151 at 190 °F) is low-selected with
TIC-152 so that the burner can never overheat the bath while chasing a gas temperature.

IF HEATER_MODE_ON AND XL-150 (BMS release to modulate) THEN
P F :=60 s filter(PT-134); IF PT-134 bad THEN P_F := 1,150 psig
SP_TAB := interpolate(characterizer, P_F) // design or rich column
TIC-135 SP := max(40 °F, SP_TAB) + operator bias (0 to +10 °F),
rate limit 1 °F/min
TIC-135: PV = TT-135; output = TIC-152 SP, clamped 50 to 130 °F
TIC-152: PV TT-156; output OP_152
TIC-151: PV = TT-151; SP 190 °F; output OP_151
TCV-152 demand min(OP_152, OP_151) // external reset feedback
ELSE
TCV-152 demand := low-fire position (vendor, HOLD H-15)
TIC-135 and TIC-152 track in manual
IF TT-135 bad THEN TIC-152 alone at last good SP (default 70 °F)
IF TT-156 bad THEN TCV-152 holds; high alarm
IF TT-151 bad THEN TCV-152 1imited to low fire; high alarm

The upper clamp of 130 °F keeps the heater outlet below the 140 °F high-high trip and well below the
120 °F delivery temperature limit once the gas has cooled across the control valves; the lower clamp of
50 °F is below the 67 °F the winter case needs, so it never limits the required duty. Initial tuning, to be
refined at commissioning, is TIC-135 gain 1.0 with integral 600 s and TIC-152 gain 2.0 with integral 900
s.
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74. HEATER OUTLET HIGH-HIGH TRIP

A high-high temperature at the heater gas outlet trips the burner. It protects the coating on
downstream piping and the delivery temperature limit if TCV-152 fails open. The trip is detected by the
BPCS on TT-156 and passed to the BMS as a hardwired, de-energize-to-trip contact, so that loss of
BPCS power also trips the burner.

IF heater mode ON AND
(TT-156 >= 140 °F for 5 s OR TT-156 quality bad for 30 s) THEN
TY-156 := 0 // BPCS output, normally energized
// BMS input TS-156 opens -> burner trip (I-06)
latch; emergency alarm "TT-156 high-high, burner trip"
RESET: TT-156 below 130 °F AND operator reset -> TY-156 :=1
BMS restart is local at CP-150

This trip is a BPCS function; the SIL assessment in SAF-SRS-001 did not require it to be a safety
instrumented function. The high alarm at 130 °F gives the operator time to act before the trip.
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8. BURNER MANAGEMENT SYSTEM INTERFACE

8.1. HARDWARE REQUIREMENTS

BMS-150 is supplied with the line heater by the heater vendor. Table 8-1 states the minimum
requirements, based on APl RP 556 guidance and API 12K practice, which the vendor shall confirm and
certify (HOLD H-15). The LOPA set SIF-05 (flame failure) at SIL 2. A single flame detector did not meet
that target in the SIL verification, so two diverse detectors voting one-out-of-two are required, and the
BMS logic solver shall be certified to IEC 61508 for SIL 2.

Table 8-1: BMS-150 Hardware Requirements

Item Requirement

Logic solver Dedicated burner management controller in CP-150, separate from the BPCS, IEC 61508
certified SIL 2 capable

Flame detection BE-153A (flame rod) and BE-153B (self-checking ultraviolet scanner); loss of flame at
either detector trips; both prove pilot and main flame

Fuel isolation Main safety shutoff valves XV-150A and XV-150B in series with proof-of-closure switches
ZSC-150A and ZSC-150B; pilot valve XV-150C downstream of XV-150A

Ignition Spark igniter BY-153; pilot ignited first, main flame lit from a proven pilot

Trips wired direct TS-156, LSL-154, LSH-154B, TSHH-155, PSL-164A, PSH-164B, safety PLC permit

to the BMS HS-150T, BPCS enable HS-150P

Low-fire start TCV-152 at low fire before main flame trial, proven by ZSL-152

Outputs To BPCS: common trip XA-150, release to modulate XL-150, Modbus status and first-out.

To safety PLC: trip relay XS-150, which closes SDV-165

No vent valve is fitted between the main block valves. The station is designed for zero routine methane
emission, so valve tightness is proven by the proof-of-closure switches and a pre-light valve leak test
where the vendor offers one. The pilot is taken downstream of XV-150A so that XV-150A and XV-150C
together double-block the pilot supply.

8.2. SEQUENCE

START PERMISSIVES:
HS-150P AND HS-150T AND SDV-165 open
AND LSL-154, LSH-154B, TSHH-155, PSL-164A, PSH-164B healthy
AND ZSC-150A AND ZSC-150B made AND no flame signal
AND low fire proven (ZSL-152) AND no latched trip
PURGE: natural-draft purge, fuel valves closed, 5 min minimum
(vendor to confirm at least four firebox volume changes)
PILOT TRIAL: open XV-150C, energize BY-153; 10 s maximum;
flame proven by BE-153A and BE-153B;
else close XV-150C, lock out, re-purge before any retry

T~
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MAIN TRIAL: open XV-150A and XV-150B with TCV-152 at low fire;
10 s maximum

RUN: after 60 s of stable flame set XL-150 (release to modulate);
the BPCS cascade takes TCV-152

NORMAL STOP: HS-150P removed -> XL-150 := 0, TCV-152 to low fire,
close XV-150A, B and C, post-purge by draft

8.3. TRIPS

Every BMS trip closes XV-150A, XV-150B and XV-150C, locks out, and de-energizes the trip relay
XS-150. The safety PLC then closes SDV-165, which isolates the heater fuel branch. SDV-165 sits on the
heater branch only, so the standby generator’s fuel supply stays live and standby power remains
available after a burner trip. Table 8-2 lists the trip causes.

Table 8-2: BMS Trip Causes

Cause Detail Function

Flame failure BE-153A or BE-153B; flame failure response time 4 s SIF-05
maximum; detector self-check fault also trips

Low bath level LSL-154, 5 sdelay SIF-06

High-high bath TSHH-155 at 200 °F, manual-reset switch SIF-07

temperature

High bath level (coil leak) LSH-154B, 5 s delay; BPCS also raises an emergency alarm HAZOP HZ-05
to isolate the coil at HV-158A and HV-158B

High-high heater gas TT-156 at 140 °F through TY-156 and TS-156 BPCS trip

outlet temperature

Fuel pressure low or high PSL-164A at 5 psig, PSH-164B at 20 psig (HOLD H-15),2 s Burner

protection

Station ESD HS-150T de-energized 1-01

Proof of closure lost ZSC-150A or ZSC-150B not made when de-energized Start inhibit

BMS internal fault or Watchdog All outputs de-

power loss energize

All BMS trips latch and are reset only at CP-150. The first-out cause is shown locally and sent to the
BPCS. SDV-165 is then reopened at its local station HS-165 once the BMS is reset. A normal stop from
the BPCS does not open XS-150, so SDV-165 stays open and the burner can relight without a site visit.
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9. LIQUID HANDLING

9.1. FILTER SEPARATOR LEVEL CONTROL

LIC-104 holds the V-101 liquid sump level by modulating the dump valve LCV-104 to T-101. The controller
and its overrides are set out below.

LIC-104: PV = LT-104 (0 to 30 in), SP 12 in, direct acting
(level up opens LCV-104), gain 2.0, integral 120 s

IF LT-104 <= 6 in THEN // 1-12
LCV-104 := 0 %; hold until LT-104 >= 10 in, then back to automatic

IF LT-191 >= 76.8 in (T-101 at 80 %) THEN // 1-12
LCV-104 := 0 %; latch; medium alarm

reset when LT-191 < 70 in AND operator reset
IF ZT-104 > 50 % for 120 s AND LT-104 fell less than 0.5 in THEN
medium alarm "possible gas blow-by"
IF SDV-106 not open THEN LIC-104 to manual at 0 % // no wind-up
IF LT-104 quality bad THEN
LIC-104 to manual at 0 %; high alarm; safety trips remain active

The low-level override at 6 in holds a liquid seal above the dump valve so that gas cannot pass to the
atmospheric tank, and it acts well before the 3 in safety trip. The T-101 override at 80 % of the 96 in
shell stops liquid transfer 9.6 in before the 90 % safety trip, which gives the operator time to arrange a
truck.

9.2. SAFETY OVERRIDES

The low-low level switch LSLL-106 (SIF-03, 1-04) and the T-101 high-high switch LSHH-192 (SIF-04,
I-05) close SDV-106 and energize the force-close input of LCV-104. SDV-106 was added upstream of
LCV-104 because LCV-104 fails as-is and is itself the likely cause of gas blow-by; the LOPA needed a
fail-closed final element independent of the control valve. SDV-106 has an electric spring-return
actuator. The LCV-104 force-close is an energize-to-close action on a fail-as-is actuator and is not
credited. A restriction orifice RO-104 downstream of LCV-104 limits any blow-by to the capacity of the
T-101 emergency vent, which together with SDV-106 sets SIF-03 at SIL 1.

If SDV-106 closes while liquid continues to arrive, the V-101 level rises until LSHH-105 closes SDV-101
(SIF-02). T-101 must then be unloaded before restart.
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10. FUEL GAS SYSTEM

Fuel is taken downstream of V-101 and upstream of the custody meters, so fuel gas is never measured
by FE-111 or FE-121 and is not delivered to the receiving pipeline operator. Two self-operated regulators
reduce pressure: PCV-161 to 150 psig and PCV-162 to 25 psig.

Without preheat, the pressure cut across PCV-161 would chill the gas to about -32 °F in the winter case,
below the minimum design metal temperature and cold enough to freeze the regulator. The electric
preheater E-161 (5 kW rated, explosion-proof, about 4.0 kW duty per PRO-CAL-010) therefore
heats the fuel upstream of PCV-161. Its integral controller TIC-161A is set at 105 °F, the outlet
temperature needed to keep the PCV-161 outlet at 40 °F or above with the rich gas case (102.7 °F) plus
a small margin. E-161 is a self-contained package; the BPCS only monitors it. The high element
temperature cutout TSH-161B de-energizes the element and gives a medium-priority alarm with
manual reset at E-161, and the common alarm XA-161 covers low outlet temperature, heater fault and
loss of power. A frozen PCV-161 shows first as PT-164 low (15 psig) and ends in a burner trip on
PSL-164A, so the operator response to XA-161 is to check TI-161C and PT-164 before the burner trips.
E-161 is fed from generator-backed power.

PSV-161 protects the section between PCV-161 and PCV-162 and is set at 250 psig, below the 285 psig
rating of the Class 150 piping. The BPCS monitors PT-164 downstream of PCV-162 (high alarm 35 psig,
low alarm 15 psig) and totalizes FT-163 hourly and daily for the Owner’s fuel allocation. The FT-163 high
alarm at 6.0 Mscf/h sits just above the calculated maximum demand of 5.6 Mscf/h on lean gas.

SDV-165 closes on station ESD (I-01) and on a burner trip through XS-150 (I-06). Its reset is local at
HS-165.
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11.  GAS QUALITY SHUT-IN

Gas outside the receipt specification is alarmed to the Owner and the receiving pipeline operator. If it
stays out of specification for an adjustable delay, 15 min by default, the BPCS starts a controlled shut-
in (I-07). The shut-in is a BPCS function, not a safety instrumented function, because off-specification
gas is a commercial and integrity concern for the receiving system rather than an immediate hazard at
the station. The limits in Table 11-1 are those of the Basis of Design pending the interconnect
agreement (HOLD H-13).

Table 11-1: Gas Quality Shut-In Limits

Parameter Analyzer Alarm Shut-in condition
Gross heating value AT-141 1,140 / 980 Btu/scf Above 1,150 or below 970 Btu/scf
Carbon dioxide AT-141 1.8 mol % Above 2.0 mol %
Total inerts AT-141 3.6 mol % Above 4.0 mol %
Water vapor AT-142 5.0 lb/MMscf Above 7.0 lb/MMscf
Hydrogen sulfide AT-143 3.2 ppmv Above 4.0 ppmv (0.25 gr/100 scf)
Oxygen AT-144 8 ppmv Above 10 ppmv
Delivery temperature | TT-173 42 /118 °F Below 40 °F or above 120 °F

A faulted analyzer does not start the shut-in timer, because shutting in the station on an instrument
fault would interrupt deliveries without a quality problem. Instead the fault raises a high-priority alarm
and the Owner takes a spot sample under the agreement.

FOR each parameter:
timer runs while the value is beyond its shut-in limit with good
quality; timer resets when the value is back inside by 2 % hysteresis
START := any timer >= delay (default 900 s, adjustable 0 to 3,600 s)
OR receiving operator permissive lost for 600 s (HOLD H-01, H-14)
ON START:
latch; signal to receiving operator; high alarm
flow setpoint ramps to © at 10 MMSCFD/min (adjustable 2 to 20)
WHEN flow < 1.0 MMSCFD AND duty valve < 2 % for 60 s:
both control valves to 0 %
XY-103Q := 1 // hardwired close request to the safety PLC
safety PLC closes SDV-103; confirm ZSC-103
SDV-103 closed signal to receiving operator
RESTART:
all parameters 1in specification for 30 min
AND receiving operator permissive present
AND supervisor reset at SCADA
-> XY-103Q := 0

This document contains information that is confidential to the client and to TORUS. It shall not be copied or @
released to others without the written consent of TORUS. ~—— TORUS 21



Owner INS-RPT-001
Project No.: Rev. A

Control Philosophy and Functional Narrative September 29, 2026

-> safety PLC reopens SDV-103 only if no ESD is latched
AND |PT-172 - PT-134] < 50 psi
-> FIC-131 to automatic with setpoint ramp from 0

The flow is ramped down before SDV-103 closes so that the station does not slam shut against the
receiving system and so that the outlet check valve is not cycled. The 50 psi differential condition
prevents SDV-103 from reopening against a large pressure difference.

This document contains information that is confidential to the client and to TORUS. It shall not be copied or .@<
released to others without the written consent of TORUS. —— TORUS 22



Owner INS-RPT-001
Project No.: Rev. A
Control Philosophy and Functional Narrative September 29, 2026

12. OVERPRESSURE SHUTDOWN SYSTEM

12.1.  FUNCTION AND BASIS

The OPSS protects the receiving trunkline from overpressure if the station controls fail and the
upstream supply can exceed the trunkline’s rating. Three transmitters, PT-133A, PT-133B and PT-133C,
on independent taps downstream of the control valves, vote two-out-of-three in the safety PLC and
close SDV-102 at 1,225 psig. The trip also closes SDV-103, as a second isolation of the receiving side
recommended by the LOPA,; it is not credited in the SIL calculation, so that SIF-01 rests on SDV-102
alone.

Under 49 CFR 192.201 the pressure in the receiving trunkline may not exceed the lower of its
maximum allowable operating pressure plus 10 % (1,320 psig) and the pressure that produces 75 % of
specified minimum vyield strength. For the assumed NPS 24 x 0.344 in X60 trunkline the second
governs at 1,290 psig (HOLD H-04). The 1,225 psig trip leaves 65 psi to that limit and sits 45 psi above
the 1,180 psig maximum PIC-134 setting, which covers transmitter error and controller overshoot.

PRO-CAL-009 calculated that with both control valves failed wide open, a 1,440 psig source and
1 mile of blocked-in trunkline, pressure rises at 7.30 psi/s at the 1,225 psig trip point. TORUS re-derived
the timing independently from that rate, as set out below.

Plimit = Prrip 1,290 — 1,225
(dPldt),;, 730

=89s

IpsT =

stroke, max = IPST — tder = 89—-15=74s

SDV-102 is specified to close fully in 4 s or less. The total SIF response of 5.5 s (1.5 s detection and
logic, including the 0.5 s trip delay, plus the 4 s stroke) fits inside the 8.9 s process safety time, and

PRO-CAL-009 gives a peak of about 1,264 psig, 26 psi below the 1,290 psig limit. The trip
setting of 1,250 psig in the Basis of Design was considered and rejected: at that setting the process
safety time is only 5.8 s, shorter than a 6.5 s response with a 5 s stroke. Lowering the trip to 1,225 psig
and shortening the stroke to 4 s restores a ratio of process safety time to response time of 1.6. The
result still depends on the 1 mile blocked-segment assumption, which must be confirmed with the
receiving pipeline operator (HOLD H-04). The LOPA set SIF-01 at SIL 2, which requires the three
transmitters on separate safety PLC input cards and a mandatory quarterly partial stroke test of
SDV-102.

FOR x IN {A, B, C}:

FAULT x := PT-133x < 3.6 mA OR PT-133x > 21.0 mA
OR channel diagnostic fault
TRIP x = PT-133x >= 1,225 psig OR FAULT x // fault votes to trip

VOTE := 2003 of non-bypassed channels
(loo2 of the remaining two with one bypass; second bypass rejected)
IF VOTE for 0.5 s THEN // PY-133, I-02
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latch OPSS trip

SY-102 := 0 (SDV-102 closes); SY-103 := 0 (SDV-103 closes)

trip signal to receiving operator; first-out; emergency alarm

BPCS (from status): control valves to 0 %, FIC-131 manual at 0 %
PRE-ALARM: median(PT-133A/B/C) >= 1,210 psig -> high alarm
DEVIATION: any channel > 25 psi from the median for 10 s -> high alarm
TRAVEL : ZSC-102 not made within 5 s of the trip -> high alarm

A faulted transmitter is voted as tripped so that the function fails toward safety: one faulted channel
leaves a one-out-of-two vote on the healthy pair, and two faulted channels trip the station. The 0.5 s
delay is kept, and is included in the 1.5 s detection time above. Two-out-of-three voting already covers
a single bad transmitter; the delay filters genuine short pressure excursions caused by control valve or
SDV movement, which would otherwise trip the station for no reason.

12.2.  RESET AND REOPENING

Reset is local only, by key at HS-102 beside SDV-102, after the cause has been identified and recorded.

RESET PERMISSIVES:

PT-133A, B and C each below 1,150 psig, healthy, deviation clear

AND no bypass on SDV-102 outputs

AND both control valves at 0 % (ZT-131 and ZT-132 < 2 %)

AND no ESD latched
ON HS-102R: OPSS trip cleared; SY-102 := 1 (hydraulic pump opens SDV-102)
THEN: SDV-103 reopened locally at HS-103 after equalizing via HV-103H

The equalizing bypasses were added so that the SDVs are never reopened against full differential
pressure, which damages ball valve seats and would reduce the tightness the OPSS relies on. If the
trip was caused by high pressure on the receiving side, PT-133 stays above the reset value and SDV-102
stays closed until the receiving pipeline operator reduces pressure. This is the intended behavior.

12.3.  PARTIAL STROKE TEST

A partial stroke test of SDV-102 is mandatory at least every 92 days. The SIL verification showed that
without it SIF-01 falls short of its required risk reduction, because the undetected failure rate of the
valve and actuator dominates between proof tests. No separate test solenoid is fitted: the safety PLC
briefly de-energizes the trip solenoid SY-102 and re-energizes it as soon as the open limit switch clears,
limiting travel to about 10 to 15 % (vendor to confirm, HOLD H-15). Using the trip solenoid tests the
component that actually closes the valve, which a separate test solenoid would not.

PERMISSIVES: technician log-in at the safety PLC interface;
flow stable; median PT-133 below 1,150 psig;
no OPSS channel bypassed; no trip latched

TEST: SY-102 := 0
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IF 7ZS0-102 opens within 3 s (vendor) THEN SY-102 :=1
ELSE SY-102 := 1; high alarm "SDV-102 partial stroke failed"
IF 7ZS0-102 not re-made within 30 s THEN
high alarm "SDV-102 not returned open"
record date, result and time to leave the open position
OVERDUE: 92 days since the last pass -> medium alarm

A genuine OPSS demand during a test is never delayed: the trip logic de-energizes SY-102 and does
not re-energize it.
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13. STATION EMERGENCY SHUTDOWN

13.1.  CAUSES AND EFFECTS

The station ESD (I-01) isolates the station and stops the heater. Its causes are the four ESD
pushbuttons HS-201 to HS-204, the receiving pipeline operator’s remote shutdown HS-215, confirmed
gas in the analyzer shelter B-101, high-high gas at the B-102 air intake, fire at the line heater (BE-213),
and loss of 24 VDC power to the safety PLC.

ESD := any of HS-201 to HS-204 or HS-215 open
OR B-101 confirmed gas
OR GD-207 >= 40 % LEL for 5 s
OR BE-213 fire for 3 s
ON ESD (latched):
SY-101, SY-102, SY-103, SY-106, SY-165, SY-141 := 0 // SDVs close
HS-150T := 0 (burner trip)
B-102 beacon and horn on; ESD signal to receiving operator
BPCS (from status): control valves to 0 %; FIC-131 and LIC-104
manual at @ %; heater enable removed; sequences aborted;
MOVs as they are; consequential alarms suppressed
no automatic blowdown (manual, per SAF-RPT-005)

SDV-106 and SDV-141 are included in the ESD effects, beyond the list in the Basis of Design, because
an emergency is no time to keep sending liquid to the atmospheric tank or sample gas into the
analyzer shelter. SDV-141 works with a restriction orifice so that even before it closes, a tubing failure
in B-101 is limited to a release the shelter ventilation can dilute. Automatic blowdown was not provided:
the station is small, unmanned and designed for zero routine emissions, and SAF-RPT-005
assigns blowdown to the responding technician, one section at a time.

13.2. ESD RESET AND RESTART

STEP 1 all ESD causes clear: pushbuttons pulled out, HS-215 restored,
gas below 20 % LEL, BE-213 clear
STEP 2 technician turns key HS-200R at CP-102B: ESD latch reset;
SDVs stay closed
STEP 3 reopen each SDV at its local station after equalization, in order:
SDV-103 (HS-103R) outlet; CKV-171 blocks backflow
SDV-102 (HS-102R) OPSS reset permissives apply
SDV-101 (HS-101R) inlet; control valves at @ %, so the
station fills but does not flow
SDV-106 (HS-106R)
SDV-165 (HS-165R) requires XS-150 made
SDV-141 on reset when B-101 is clear
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STEP 4 restart BMS locally at CP-150 if heater mode is ON
STEP 5 startup permissives (Section 16), then FIC-131 to automatic
with setpoint ramp from 0

Reset does not open any valve by itself. The outlet valve is opened first because CKV-171 blocks
backflow from the trunkline, so opening it admits no gas. The inlet is opened last so that the station
cannot fill and begin to flow before every downstream valve is proven open.
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14. PROCESS TRIPS

Table 14-1 summarizes the process trips in the safety PLC. All latch and reset only locally. The required
safety integrity level of each is set in SAF-SRS-001.

Table 14-1: Process Trips

Function Cause Safety PLC action BPCS action Reset
SIF-02 LSHH-105, V-101 level Close SDV-101 Control valves to 0 %; Level normal,
(1-03) at26in,2s LIC-104 stays in automatic to HS-101R

drain V-101
SIF-03 LSLL-106, V-101 level Close SDV-106; LIC-104 manual at 0 % Level above 10
(1-04) at3in,2s force-close in, HS-106R
LCV-104
SIF-04 LSHH-192, T-101 level Close SDV-106; LIC-104 manual at 0 % Level below
(1-05) at 86.4in (90 %),2 s force-close 76.8in,
LCV-104 HS-106R

LIC-104 stays in automatic after SIF-02 so that the separator drains while the inlet is closed; the fault
that raised the level is then investigated before SDV-101 is reset.

The pig receiver closure interlock 1-08 is mechanical and has no input or output. The quick-opening
closure carries a pressure warning and locking device that prevents it being released while the barrel
is pressurized; the locking sequence requires the barrel vent BDV-102 open, and the technician
confirms 0 psig on PI-102 before opening. PT-102A gives SCADA an indication of barrel pressure with a
5 psig alarm but is not part of the interlock.
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15. FIRE AND GAS LOGIC

The fire and gas philosophy is set out in SAF-RPT-003. The safety PLC implements it as follows
(1-09).

B-101 (GD-205, GD-206)
HIGH either >= 20 % LEL for 5 s -> high alarm, B-101 beacon
HH UNCONF one >= 40 % LEL for 5 s, the other < 20 % ->
close SDV-141, isolate B-101 non-rated power, high alarm
CONFIRMED one >= 40 % LEL AND the other >= 20 % LEL ->
SDV-141, power isolation, station ESD
FAULT below 3.0 mA: not a trip vote; high alarm; with one detector
faulted, the healthy one at 40 % LEL gives the confirmed action
FSL-208 airflow low: high alarm at 30 s;
B-101 non-rated power isolated after 5 min
B-102 (GD-207 at the air intake)

HIGH 20 % LEL, 5 s -> HVAC off, damper closed, beacon and horn
HIGH-HIGH 40 % LEL, 5 s -> station ESD
XS-212 smoke 1in B-102 -> emergency alarm, HVAC off, beacon; no ESD
BE-213 fire at the heater (20 mA) for 3 s -> station ESD

Confirmation by a second detector was chosen for B-101 so that a single detector fault or a small
calibration gas release does not shut in the station, while the unconfirmed high-high still removes the
gas source and ignition sources from the shelter. Smoke in B-102 does not cause an ESD because the
control building contains no process gas; a fire there is more likely electrical, and shutting in the
station would not help. Fire and gas actions latch; beacons clear on acknowledgement once the cause
has cleared.
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16.

STARTUP, FIRST-OUT AND ALARM MANAGEMENT

16.1.

The BPCS displays the permissives in Table 16-1 as a checklist (I-15). When all are true the operator

STARTUP PERMISSIVES

places FIC-131 in automatic, and the setpoint ramps from zero to the nomination at 10 MMSCFD/min.

Table 16-1: Station Startup Permissives

[\[o} Permissive Signal
1 ESD reset, no safety trip latched Safety PLC status
2 | SDV-101, SDV-102 and SDV-103 open ZS0-101, ZS0-102, ZS0-103
3 SDV-106 open; SDV-165 open if heater mode ON ZSC-106, ZSC-165 not made
4 V-101 bypass closed ZS0-103C not made
5 OPSS healthy: three transmitters healthy, no deviation, no bypass Safety PLC status
6 One meter run lined up, standby run outlet MOV open, MOV-115 closed MOV limit switches
7 Flow computer healthy XA-110
8 Duty control valve available Section 5 logic
9 Receiving pipeline operator flow permissive Permissive input
10 No quality shut-in; gas chromatograph healthy or agreed fallback Shut-in latch, XA-141, PSL-141L
1 V-101 level normal, LIC-104 in automatic LT-104 between 6 and 20 in
12 24 VDC bus healthy EI-210A above 22.8 VDC
13 Heater mode correct (advisory; an override is logged) TT-101, PT-101, PT-134

The V-101 bypass is a permissive because unfiltered gas at the meters degrades custody accuracy, and

the Basis of Design allows bypass operation only with the receiving pipeline operator’s approval.

16.2.

The safety PLC captures the first cause in each group (ESD, OPSS, SIF-02, SIF-03 and SIF-04, fire and

FIRST-OUT

gas) within one scan, holds it until reset, and time-stamps all later causes to 10 ms. The BMS keeps its
own first-out. The BPCS displays both and forwards them to SCADA and the Owner’s historian.

16.3.

ALARM MANAGEMENT

Alarms follow ANSI/ISA-18.2 with the four priorities in Table 16-2. Every alarm has a rationalized

setpoint, priority and response in

the Owner’s gas control center and a field technician on call.
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Table 16-2: Alarm Priorities

Priority Meaning Target response
Emergency Safety trip, ESD, fire or confirmed gas Immediate; call-out and emergency response
plan
High Imminent loss of protection, custody or 15 min
delivery
Medium Equipment problem, degraded operation 1h
Low Maintenance and advisory Next site visit

Analog alarms carry a deadband of 1 % of span. Shelving is done at SCADA with supervisor
authorization for at most 24 h. After an ESD or OPSS trip, consequential alarms (low flow, valve
position, low downstream pressure) are suppressed for 10 min by state-based suppression, so that the
operator sees the cause rather than a flood of effects. Alarms that chatter more than three times in 60
s are reported for rationalization.
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17. SAFETY SYSTEM BYPASS MANAGEMENT

Bypasses of safety inputs are needed for testing and repair, but each one reduces protection. The
safety PLC therefore enforces the following rules.

* The bypass permit requires the maintenance key HS-200B at CP-102B and a technician log-in at
the safety PLC interface. Removing the key removes all bypasses.

- Bypasses are per input channel. SDV solenoid outputs cannot be bypassed while the stationisin
service; SDVs are tested with their section isolated.

- Only one bypass at a time is allowed per safety function. An OPSS channel bypass degrades the
vote to one-out-of-two.

- A bypass lasts at most 8 h (adjustable to 12 h) and is removed automatically at expiry.

+ ESD pushbuttons, HS-215 and BE-213 cannot be bypassed. A gas detector may be bypassed only
with a portable monitor in place.

- Each bypass raises a medium-priority alarm while active, is logged with user and time, and is
reported to the receiving pipeline operator when it affects SIF-01.
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18. POWER AND COMMUNICATIONS FAILURE

18.1. POWER FAILURE

The response to each power failure is set out in Table 18-1. The UPS carries the control systems and
SDV solenoids for at least 8 h without the generator, as the Basis of Design requires.

Table 18-1: Behavior on Power Failure

Event Behavior

Utility loss Automatic transfer to G-101 in about 10 s. 480 V actuators stop and hold position; SDV
solenoids, controllers and telecom stay on the 24 VDC UPS. Control resumes on power
return. Medium-priority alarm

Generator fails UPS carries control; high-priority alarm. SDVs stay open but cannot be reopened after a trip

to start until 480 V returns, because the hydraulic pumps need it

24 VDC bus Alarms at 22.8 VDC (medium) and 21.6 VDC (high). On loss of 24 VDC the safety PLC outputs
low de-energize and all SDVs close

BPCS restart Controllers start in manual with outputs initialized to valve position; setpoints restored from

retentive memory; no automatic valve moves

Safety PLC All functions come up tripped and require local reset
restart

Flow computer Custody archives retained; power-fail event logged per API 21.1
restart

18.2.  COMMUNICATIONS FAILURE

Path supervision, failover timing and polling are defined in INS-RPT-002. The station continues
to run safely on loss of any communication path, because every protective function is local. Table 18-2
gives the station response.

Table 18-2: Behavior on Communications Failure

Failure Behavior

Primary SCADA path Automatic failover to the secondary path (licensed radio or satellite); medium-priority
lost alarm

Both SCADA paths Station continues with last setpoints; PIC-134, OPSS and ESD remain active; gas

lost for 5 min control calls the technician and informs the receiving pipeline operator by phone. An

optional communication-loss shut-in timer, disabled by default, can start the quality
shut-in ramp (HOLD H-01)

Receiving operator Medium-priority alarm; delivery continues; data back-filled from flow computer
serial link lost archives
Remote shutdown Station ESD. The loop is normally closed, so a damaged cable fails safe; this was
HS-215 circuit open accepted because a false shutdown is preferable to a lost shutdown path
N
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Failure Behavior

Receiving operator High-priority alarm; quality shut-in ramp after 600 s (HOLD H-14)

permissive lost

Flow computer to FIC-131 to manual hold; high-priority alarm; custody measurement continues

BPCS lost

Chromatograph to Flow computer uses last good or fixed composition per the agreement; high-priority

flow computer lost alarm

BMS serial link lost Medium-priority alarm; hardwired XA-150 and XL-150 keep control functions

Safety PLC status High-priority alarm; BPCS holds control valves and inhibits upward ramping;

link lost protection unaffected
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19. TIME SYNCHRONIZATION AND DATA

A GPS time server in the telecom rack provides network time to the BPCS, safety PLC, flow computer,
chromatograph and operator interfaces. The safety PLC takes time only from this local source over its
read-only network segment, so that no external connection can reach it. Flow computer clock changes
are logged in the API 21.1 event log, and daily correction is kept within the limit set by the interconnect
agreement (HOLD H-01).

The flow computer keeps hourly and daily quantity transaction records, the audit trail and the alarm
and event logs per API 21.1, with at least 35 days of hourly records held locally. The BPCS buffers
SCADA data for at least 7 days during a communication loss and back-fills. Safety PLC sequence-of-
events records and the BMS first-out are forwarded to the Owner’s historian.
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20. SUMMARY AND NEXT STEPS

The station will run unattended under the Owner’s remote supervision. The BPCS controls flow to the
nomination with a pressure override, switches control valves automatically on failure, runs meter
changes and verification as make-before-break sequences, and holds the control valve outlet above
the hydrate and dewpoint limits with a pressure-compensated heater cascade. An independent safety
PLC provides the OPSS, the process trips, the station ESD and fire and gas logic, all de-energize-to-
trip and reset only at the equipment. The burner management system is a SIL 2 package with two
diverse flame detectors.

The tightest design margin is the OPSS: with the trip at 1,225 psig and a 4 s stroke, its 5.5 s response
fits an 8.9 s process safety time, and that result depends on the extent of the blocked-in trunkline. The
next steps are:

1. Confirm the trunkline segment length and valve spacing with the receiving pipeline operator,
which sets the OPSS process safety time (HOLD H-04).

2. Obtain vendor data for the actuators, BMS timings and switch settings, and update this narrative
and INS-LST-003 (HOLD H-15).

3. Agree the witness, verification, data and point-list requirements with the receiving pipeline
operator (HOLD H-01, H-13, H-14).

4. The integrator will prepare the functional design specification and test procedures from this
narrative and INS-LST-004 for Owner review before factory acceptance testing.
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21. ASSUMPTIONS AND OPEN ITEMS

The assumptions below apply. [tems marked for verification must be confirmed before the next issue.

1. Actuator stroke times, BMS timings, the low-fire position and the fuel pressure switch settings
are typical values. Verification required (HOLD H-15).

2. The receiving trunkline is NPS 24 x 0.344 in X60 with a maximum allowable operating pressure
of 1,200 psig, and 1 mile of it can be blocked in downstream of the tap. Verification required (HOLD
H-04).

3. Meter verification frequency, witness requirements, communication-loss rules and data retention
follow the Basis of Design. Verification required (HOLD H-01).

4. Gas quality limits are those of the Basis of Design. Verification required (HOLD H-13).

5. The receiving pipeline operator’s permissive and point list are as assumed in INS-
RPT-002. Verification required (HOLD H-14).

6. The 30 MMSCFD minimum rate for series verification is to be confirmed by the measurement
design ( MEA-CAL-002, Measurement Uncertainty Analysis).

7. Initial controller tuning values are starting points to be refined at commissioning.
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| &)

| &}

FIELD FIELD JUNCTION BOX HOMERUN CONTROL BUILDING B-102 (PANEL) POINT DATA
LOOP (a) PT-101 STATION INLET PRESSURE, 2-WIRE 4-20 mA HART TO RTU Al (S2 Al-1 CHO01) I I I
c-101-001 ! ' C-101-Ho1 ' '
PT-101 ic-1P1e | JB-101 I MP-24P16 PR 1 I CP-102A I
: BK N\ | — | A\ PR1BK | — F 63 mA :l 2 A1 / \ | POINT: PT-101 (AI_)
+ T 1 T T 1 — CHO1+ 16 CH Al HART PI | RANGE 0-2000 psig = 4-20 mA
WH — PR1 WH — ' :
**************** - f 2 } } 2 CHO1- 24 VDC LOOP PWR voy | ALARMS: PA_H 1180, PAL 880
DRAIN | | PR1 SH | 250 ohm INTERNAL | PALL 600 psig, ROC 50 psi/min
\_sH I 3 I I [ 3 | P& PRO-DWG-101
2-WIRE, 4-20 mA HART — IEBAR DS INS-DS-001
0-2000 psig, Ex d I TB1 ANALOG (BPCS) I I TB-Al1 | LOOP R MAX (24 V): 600 ohm
HOOK-UP HU-P1 I I I I
| | | |
I I I I
LOOP (g) FCV-131 POSITION DEMAND (S4 AO-1 CH03) AND ZT-131 FEEDBACK (S2 Al-1 CH15), ELECTRIC ACTUATOR | |
C-130-001 | | C-130-Ho1 | |
ACTTB IC-1P16x2 | B30 | MP-12P16 PR 5, 6 | CP-102A |
I =1 I PR5 BK | F 63 mA | POINTS: FCV-131 (AO), ZT-131 (Al)
Al+ B l/\ | 21 | PR | 7 = AO03+ f\g’;%:"/ if 1A5|-2:H | AO0-100 % = 4-20 mA
WH — PR5 WH — -100 % = 4-
,,,,,, (v |- [ A | > : : A /00| ZT. PASSIVE IN | ZT0-100 % = 4-20 mA
ORAIN L= PR5 SH L= / \ DEVIATION IZT-AOI > 5 % 30 s
\_ sH ' 23 ' ' {9 FIC Y| AUTO SWITCHOVER TO FCV-132
FCV-131 N | | | — IEBAR Qay | FAIL AS-IS ON LOSS OF SIGNAL
BK | — | PRG BK | — | (ACTUATOR SET TO HOLD)
AO+ | [ 24 | | | L 43 | CH15+ | | P&ID PRO-DWG-107, DS-008
,,,,,,,,,,,,,,,, 20- WH \ } | 25 | | \ } PR6 WH | [ aa | :CH15_ | FIELD CABLE: 1 PAIR PER SIGNAL
\{E DRAIN v, | o6 | | v, PR6 SH | E__I_ |
FY: 4-20 mA IN (PASSIVE) | | | ) = IEBAR |
2T 4.20 mA OUT (ACTIVE) | TB1 ANALOG (BPCS) | | TB-AO1 / TB-AI1 |
480 V PWR BY ELE | | | |
| | | |
LEGEND
/o) an / ra\
FIELD INSTRUMENT k BPCS RTU SIS FUNCTION FLOW COMPUTER TERMINAL SIS TERMINAL (YELLOW) —@— CABLE E=J Fuse = INSTR. EARTH (IE) BAR \ SHIELD CUT + TAPED
1oy 133 w
CP-102A RTU CARD MAP (ALL POINTS; SPARE CHANNELS NOT LISTED; DI-3 (S7) AND DO-2 (S9) INSTALLED SPARE)
SLOT |[CARD |CH POINT SLOT |[CARD |CH POINT SLOT |[CARD |CH POINT SLOT |CARD |CH POINT SLOT |CARD |CH POINT
S2 Al 01 PT-101 S4 AO-1 03 FCV-131 S5 DI-1 22 HS-122R S6 DI-2 15 ZSO-131A S8 DO-1 07 HY-1220
S2 Al 02 TT-101 S4 AO-1 04 FCV-132 S5 DI-1 23 ZS0-115 S6 DI-2 16 ZSO-131B S8 DO-1 08 HY-122C
S2 Al 03 PT-102A S4 AO-1 05 PT-172R S5 DI-1 24 ZSC-115 S6 DI-2 17 ZSO-132A S8 DO-1 09 HY-1150
S2 Al 04 PDIT-103 S4 AO-1 06 FQ-110R S5 DI-1 25 XA-115 S6 DI-2 18 7S0-132B S8 DO-1 10 HY-115C
S2 Al 05 LT-104 S5 DI-1 01 XA-101 S5 DI-1 26 HS-115R S6 DI-2 19 XA-102 S8 DO-1 11 HS-150P
S2 Al 06 ZT-104 S5 DI-1 02 XS-102 S5 DI-1 27 XA-110 S6 DI-2 20 XA-103 S8 DO-1 12 TY-156
S2 Al 07 AT-142 S5 DI-1 03 XA-104 S5 DI-1 28 XA-141 S6 DI-2 21 XS-209A S8 DO-1 13 XY-103Q
S2 Al 08 AT-143 S5 DI-1 04 HS-104R S5 DI-1 29 XA-142 S6 DI-2 22 XS-209B S8 DO-1 14 XS-WIL3
S2 Al 09 AT-144 S5 DI-1 05 XA-106 S5 DI-1 30 XA-143 S6 DI-2 23 XA-209C S8 DO-1 15 XS-WIL4
S2 Al 10 TT-151 S5 DI-1 06 Z50-103C S5 DI-1 31 XA-144 S6 DI-2 24 XS-209D S10 [P 01 FQ-163
S2 Al 11 ZT-152 S5 DI-1 07 ZS0-111 S5 DI-1 32 XA-146 S6 DI-2 25 XA-210 S11 |SER1 |01 BMS-150S
S2 Al 12 TT-156 S5 DI-1 08 ZSC-111 S6 DI-2 01 PSL-141L S6 DI-2 26 XA-210B S11 |SER1 |02 RTU-WIL
S2 Al 13 FT-163 S5 DI-1 09 XA-111 S6 DI-2 02 XA-152 S6 DI-2 27 ZS-211A
S2 Al 14 PT-164 S5 DI-1 10 HS-111R S6 DI-2 03 HS-152R S6 DI-2 28 Z5-211B
S2 Al 15 ZT-131 S5 DI-1 11 Z50-112 S6 DI-2 04 XA-150 S6 DI-2 29 75-211C
S2 Al 16 ZT-132 S5 DI-1 12 Z5C-112 S6 DI-2 05 XL-150 S6 DI-2 30 75-211D
S3 Al-2 01 PT-134 S5 DI-1 13 XA-112 S6 DI-2 06 ZS0-158C S6 DI-2 31 ZS-211E
S3 Al-2 02 TT-135 S5 DI-1 14 HS-112R S6 DI-2 07 ZSC-158C S6 DI-2 32 ZS5-211F
S3 Al-2 03 PT-172 S5 DI-1 15 Z50-121 S6 DI-2 08 XA-165 s7 DI-3 01 XS-WIL5
S3 Al-2 04 TT-173 S5 DI-1 16 ZSC-121 S6 DI-2 09 TSH-161B S8 DO-1 01 HY-1110
S3 Al-2 05 LT-191 S5 DI-1 17 XA-121 S6 DI-2 10 XA-161 S8 DO-1 02 HY-111C
S3 Al-2 06 TT-208A S5 DI-1 18 HS-121R S6 DI-2 11 XA-131 S8 DO-1 03 HY-1120
S3 Al-2 07 El-210A S5 DI-1 19 750-122 S6 DI-2 12 HS-131R S8 DO-1 04 HY-112C
S4 AO-1 01 LCV-104 S5 DI-1 20 75C-122 S6 DI-2 13 XA-132 S8 DO-1 05 HY-1210
S4 AO-1 02 TCV-152 S5 DI-1 21 XA-122 S6 DI-2 14 HS-132R S8 DO-1 06 HY-121C
NOTES / REFERENCES REVISIONS ENGINEER OF RECORD SEAL PROJECT TYPICAL LOOP DIAGRAMS
1. CABLE NOS: C-<JB>-NNN FIELD, C-<JB>-HNN HOMERUN, C-200-NNN DIRECT. FINAL NOS PER LST-002. REV DATE  DESCRIPTION BY CHK APP ! Al 2-WIRE (PT-101), AO + FEEDBACK (FGV-131)
2. SHIELD GROUNDED AT PANEL |IE BAR ONLY; FIELD END CUT AND TAPED (/); OWN TERMINAL IN JB. | 120 MMSCFED RECEIPT INTO
3. SIS TERMINALS AND CABLES YELLOW, SEGREGATED FROM BPCS (IEC 61511-1 CL. 11.2). A 2026-09-29 ISSUED FOR REVIEW (IFR) i DRAWN:  CHECKED:  APPROVED:
4. CARD/CH PER CARD MAP ON SHEETS 1 AND 2. HOMERUN = USED PAIRS + 20 %, NEXT STD SIZE. NOT SEALED :
5. WIRE COLOURS: PAIR BK(+)/WH(-); TRIAD BK/WH/RD; MULTICORES NUMBERED; DRAIN SLEEVED. PRELIMINARY ! COUNTY, DWG NO.
6. TYPICALS: OTHER LOOPS OF THE SAME TYPE FOLLOW THESE SHEETS WITH TAGS PER LST-002. I .
e NS ST.000 10 LIST ! DISCIP?_INE. INSTRUMENTATION INS-DWG-002
REF. INS.DWG.005 PANEL LAYOUT PRELIMINARY - ISSUED FOR REVIEW - NOT FOR CONSTRUCTION v, o] SCALE: NTS SHEET 1 OF 5 REV A




| &)

| &}

FIELD FIELD JUNCTION BOX HOMERUN CONTROL BUILDING B-102 (PANEL) POINT DATA
LOOP (b1) PT-133A OPSS PRESSURE A, 2003, SIS Al CARD Al-1 (S2) CHO1 I I I
c-1308-001 | ' C-130S-Ho1 ' '
IC-1P16 (YELLOW) I MP-06P16 PR 1 I I
PT-133A JB-130S CP-102B
: BK N\ | — | A\ PR1BK | — F 63 mA 2 A1 | POINT: PT-133A (SIS Al)
+ T L1 T T L1 — CHo1+ SIL3 A8 CH p | RANGE 0-2000 psig = 4-20 mA
7 WH — PR1 WH — oot~ | i -
””””””””””” - } 2 } } 2 CHO1- LOOP PWR, NE43 V | PAH 1210 pSIQ_(PRE ALARM)
DRAIN | — | PR1 SH | | PAHH 1225 psig, VOTE 2003
st 1 | L 3 | | | El__l_ | DEVIATION 25 psi vs MEDIAN
SIL 2 CAPABLE (IEC 61508) ] ] — IEBAR <3.6/>21.0 mA = FAULT,
0-2000 psig, HU-P2 [ TB-S1(SIS) [ [ TB-SAN | FAULT VOTED AS TRIP
OWN ROOT VALVE + TAP | | | | SIF-01 -> SY-102 (SHEET 3)
| | | |
: : : :
LOOP (b2) PT-133B OPSS PRESSURE B, 2003, SIS Al CARD Al-2 (S3) CHO1 | | |
c-130s-002 | I C-130S-Ho1 I I
IC-1P16 (YELLOW) | MP-06P16 PR 2 | |
PT-133B JB-130S CP-102B
F 63 mA POINT: PT-133B (SIS Al)
BK N\ | —— | PR2 BK | — 83 m ) I
L+ 1 \ T L4 T T & T L1 ¥ = CHO1+ :ﬁ_g‘ :I 8 CH p | RANGE 0-2000 psig = 4-20 mA
WH X — X PR2 WH X — i :
**************** - T 5 t t 2 CHO1- LOOP PWR, NE43 V | PAH 1210 p3|g_(PRE ALARM)
DRAIN } | L— I PR2 SH I L= | PAHH 1225 psig, VOTE 2003
\_sH v, 6 {3 M DEVIATION 25 psi vs MEDIAN
SIL 2 CAPABLE (IEC 61508) ' TB-S1 (SIS) ' ' TB.SAR IE BAR | <3.6/>21.0mA = FAULT,
0-2000 psig, HU-P2 | | | | FAULT VOTED AS TRIP
OWN ROOT VALVE + TAP | I | | SIF-01->SY-102 (SHEET 3)
| | | |
I I I I
LOOP (b3) PT-133C OPSS PRESSURE C, 2003, SIS Al CARD AI-3 (S4) CHO1 | | |
C-130S8-003 | | C-130S-Ho1 | |
IC-1P16 (YELLOW) | MP-06P16 PR 3 | |
PT-133C JB-130S CP-102B
BK_N\ I — I N\ PR3 BK I — F63mA 4 AL3 | POINT: PT-133C (SIS Al)
I \\ | L7 | | | L1 — CHo1+ SIL3 A8 CH p | RANGE 0-2000 psig = 4-20 mA
WH — PR3 WH — i :
**************** - T 8 T T 2 CHO1- LOOP PWR, NE43 V | PAH 1210 p3|g_(PRE ALARM)
ORAIN } I L= I PRS SH | L= PAHH 1225 psig, VOTE 2003
\_sH v, 9 [ 3 | DEVIATION 25 psi vs MEDIAN
SIL 2 CAPABLE (IEC 61508) I ] I | ] — IEBAR | <3.6/>21.0mA=FAULT,
0-2000 psig, HU-P2 | TB-S1(SIS) | | TB-SAI3 | FAULT VOTED AS TRIP
OWN ROOT VALVE + TAP | | | | SIF-01->SY-102 (SHEET 3)
| | | |
SIF-01 VOTING (SAFETY PLC APPLICATION, SEE SAF-SRS-001)
| PT-133A >= 1225
CARD SEPARATION: PT-133A, B, C ON THREE SEPARATE SIS Al CARDS (S2, S3, S4) AND
| PT-133B >= 1225 2003 DE-ENERGIZE SY-102 SEPARATE FIELD CABLES; A HOMERUN FAULT (OPEN) DRIVES < 3.6 mA = FAULT = VOTED TRIP (FAIL-SAFE).
SDV-102 CLOSES (<= 4s) JB-130S AND CP-102B TERMINALS SEPARATED BY BARRIER FROM ANY BPCS WIRING.
I PT433C>=1205 i
CP-102B SIS CARD MAP (ALL POINTS; SPARE CHANNELS NOT LISTED)
SLOT |CARD |CH POINT SLOT |CARD |CH POINT SLOT |CARD |CH POINT SLOT |CARD |CH POINT
S2 Al-1 01 PT-133A S5 DI-1 09 XS-150 S6 DI-2 08 HS-203 S9 DO-2 01 XY-214A
S2 Al-1 02 GD-205 S5 DI-1 10 ZSC-165 S6 DI-2 09 HS-204 S9 DO-2 02 XY-214B
S2 Al-1 03 BE-213 S5 DI-1 11 HS-165R S6 DI-2 10 HS-200R S9 DO-2 03 XY-214C
S3 Al-2 01 PT-133B S5 DI-1 12 ZS0-102 S6 DI-2 11 HS-200B S9 DO-2 04 XY-214D
S3 Al-2 02 GD-206 S5 DI-1 13 ZSC-102 S6 DI-2 12 FSL-208 S9 DO-2 05 XS-WIL1
S4 Al-3 01 PT-133C S5 DI-1 14 HS-102C S6 DI-2 13 XS-212 S9 DO-2 06 XS-WIL2
S4 Al-3 02 GD-207 S5 DI-1 15 HS-102R S6 DI-2 14 HS-215
S5 DI-1 01 ZS0-101 S5 DI-1 16 XS-103Q S8 DO-1 01 SY-101
S5 DI-1 02 ZSC-101 S6 DI-2 01 ZS0-103 S8 DO-1 02 HS-104T
S5 DI-1 03 HS-101C S6 DI-2 02 ZSC-103 S8 DO-1 03 SY-106
S5 DI-1 04 HS-101R S6 DI-2 03 HS-103C S8 DO-1 04 SY-141
S5 DI-1 05 LSHH-105 S6 DI-2 04 HS-103R S8 DO-1 05 HS-150T
S5 DI-1 06 LSLL-106 S6 DI-2 05 LSHH-192 S8 DO-1 06 SY-165
S5 DI-1 07 ZSC-106 S6 DI-2 06 HS-201 S8 DO-1 07 SY-102
S5 DI-1 08 HS-106R S6 DI-2 07 HS-202 S8 DO-1 08 SY-103
NOTES / REFERENCES REVISIONS ENGINEER OF RECORD SEAL PROJECT TYPICAL LOOP DIAGRAMS
1. CABLE NOS: G-<JB>-NNN FIELD, G-<JB>-HNN HOMERUN, C-200-NNN DIRECT. FINAL NOS PER LST-002. REV DATE  DESCRIPTION BY CHK APP e ' )
2. SHIELD GROUNDED AT PANEL |IE BAR ONLY; FIELD END CUT AND TAPED (/); OWN TERMINAL IN JB. ! : 120 MMSCED RECEIPT INTO SIS 2003 INPUT, OPSS PT-133A/B/C
3. SIS TERMINALS AND CABLES YELLOW, SEGREGATED FROM BPCS (IEC 61511-1 CL. 11.2). A 2026-09-29 ISSUED FOR REVIEW (IFR) ! i DRAWN:  CHECKED: _ APPROVED:
4. CARD/CH PER CARD MAP ON SHEETS 1 AND 2. HOMERUN = USED PAIRS + 20 %, NEXT STD SIZE. ] NOT SEALED :
5. WIRE COLOURS: PAIR BK(+)/WH(-); TRIAD BK/WH/RD; MULTICORES NUMBERED; DRAIN SLEEVED. ' PRELIMINARY ! COUNTY, DWG NO.
6. TYPICALS: OTHER LOOPS OF THE SAME TYPE FOLLOW THESE SHEETS WITH TAGS PER LST-002. ! | .
REF: INS-LST-002 /O LIST PRELIMINARY - ISSUED FOR REVIEW - NOT FOR CONSTRUCTION : . ZICS/-S_IELII\INTES STRUMENTATION INS-DWG-OOZ
REF: INS-DWG-005 PANEL LAYOUT pENG,  Mmmmmmmmmmmmmm o : SHEET 2 OF 5 REV A




8 7 6 5 4 3 2 1
FIELD FIELD JUNCTION BOX HOMERUN CONTROL BUILDING B-102 (PANEL) POINT DATA
LOOP (c1) SDV-102 DUMP SOLENOID SY-102, DE-ENERGIZE TO TRIP (S8 DO-1 CH07); PARTIAL STROKE BY TIMED SY-102 PULSE I
c-1308-004 | ' C-130S-Ho2 ' '
EHTB CC-4C14 (YELLOW) JB130S | MC-37C14 CORES 1-4 I CP-1028 I
1N | ' | N 1 | - F1A | SY-102: ENERGIZED = SDV-102 HELD OPEN
— S8 DO-1
1 T 1 T T 1 — CHO7+ SIL 3 DO 8 CH A | DE-ENERGIZED = SPRING CLOSES
2 I ] 2 ] STROKE <=4 s
Ic 2 } 2 } } 2 CHO7- V I
,,,,,, [en |---- [ 2 R | — | s | L= [ crior- | ffN\éDﬁgNﬁ%g:D | PST (QUARTERLY, MANDATORY): SIS DROPS SY-102
SP | 3 | | 3 | UNTIL Z80-102 CLEARS (ABOUT 10-15 %)
4 — 4 OR 3 s TIMEOUT, THEN RE-ENERGIZES
SDV-102 N [ s 1 \Vj T L4 1 I \Vj I {4 ] | VOLT DROP: #14 (2.53 ohmikit),
24 VDC, 8 W MAX I TB-S2 (SIS) | | TB-SDO1 | 300 ft RUN, 0.33 A =05V (2 %)
CORES 3-4 SPARE | | | | SOLENOID ON UPS (BASIS 9.8)
(TERMINATED BOTH ENDS) | | | |
| | | |
! | | |
LOOP (c2) SDV-102 LIMIT SWITCHES ZS0O-102 (S5 DI-1 CH12), ZSC-102 (S5 DI-1 CH13) | | |
C-130S-005 | C-130S-H02 | |
LS TB CC-4C14 (YELLOV) 1308 | MC-37C14 CORES 58 | CP-102B |
1A | — | N 4 | — F0.5A o5 DI ZS0-102 = 1 WHEN OPEN
7777777777777777 EEEE | LS5 I | | LS5 I — +24V SIL 3 DI 16 CH : ZSC-102 = 1 WHEN CLOSED
2 1 2 1 TRAVEL ALARM: NOT CLOSED
2 6 6 CH12
I — I I — LINE MONITORED A | 5sAFTER TRIP (P2)
| | | FO05A | BOTH/NEITHER>25s:
3 3 , 7 , 3 , 7 — 04V | DISCREPANCY ALARM
4 SV ! 8 ! Vi 4 ! 8 CH13 [
c | | | |
INDUCTIVE PROX. 2-WIRE | TB-83 (SIS) | | TB-SDI1 |
24 VDC, EOL R FOR | | | I
LINE MONITORING | | | |
| | | |
LOOP (c3) HS-102 LOCAL STATION: CLOSE PB HS-102C (NC, S5 DI-1 CH14), KEY RESET HS-102R (S5 DI-1 CH15) I I
C-1308-006 | ' C-130S-Ho2 ' '
HS-102 CC-4C14 (YELLOW) JB130S | MC-37C14 CORES 9-12 I CP-1028 I
_ 1N I _ I N 1 I - FO5A | HS-102C: NC, OPEN = CLOSE SDV-102
— S5 DI-1
,,,,,,,,,,,,,,,, [ 4 T L9 | T T L9 | — +24V | HS-102R: OPSS RESET PERMISSIVE
2 ] 2 , o1 , 2 | o1 ohia | SIL3DI16 CH | RESET ONLY IF 2003 CLEAR AND
| L= | | L= A | PT-134 <1150 psig (RPT-001)
3 ' 71 | 3 | — FO5A v |
13 | 11 | | 11 — +24V |
14 4 \Vj T 12 T \Vj 4 T 12 CH15 |
LOCAL STATION AT SDV-102 ! TB-S3 (SIS) ' ' TB-SDI1 I
Ex d, KEY SWITCH RESET ' ' ' '
| | | |
1 1 1 1
Is T T T T
LOOP (c4) XA-102 EH POWER UNIT FAULT / LOW HYDRAULIC PRESSURE TO RTU (S6 DI-2 CH19) | | |
c-130-010 | | C-130-H02 | |
EHTB cc-2c14 | JB130 |  MC-19C14 CORES 21-22 | CP-102A |
1A I — I A 1 I — F0.5A o D12 / \ | BPCS ALARM ONLY (P3)
7777777777777777 [2r 4 ( ) | L 31| | ( ) | L 37 | — 2 | 32 o 24 VDG XA Y| NOT PART OF SIF-01
2= 3 2 \/ i 32 | i \/ 2 i s | =~ Crio | Qoy | EHPUMP MOTOR POWER BY ELE
| | | |
VOLT-FREE NG CONTAGT | TB2 DISCRETE (BPCS) | | TB-DI2 |
OPENS ON FAULT | | I |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
A
NOTES / REFERENCES REVISIONS ENGINEER OF RECORD SEAL PROJECT TYPICAL LOOP DIAGRAMS
1. CABLE NOS: G-<JB>NNN FIELD, C-<JB>-HNN HOMERUN, G-200-NNN DIRECT. FINAL NOS PER LST-002. REV DATE  DESCRIFTION BY GHK APP FTTTTTTT T i SDV OUTPUT WITH LIMIT SWITGHES (SDV-102)
2. SHIELD GROUNDED AT PANEL |IE BAR ONLY; FIELD END CUT AND TAPED (/); OWN TERMINAL IN JB. ! : 120 MMSCFED RECEIPT INTO
3. SIS TERMINALS AND CABLES YELLOW, SEGREGATED FROM BPCS (IEC 61511-1 CL. 11.2). A 2026-09-29 ISSUED FOR REVIEW (IFR) ' ! DRAWN: CHECKED: APPROVED:
4. CARD/CH PER CARD MAP ON SHEETS 1 AND 2. HOMERUN = USED PAIRS + 20 %, NEXT STD SIZE. ] NOT SEALED :
5. WIRE COLOURS: PAIR BK(+)/WH(-); TRIAD BK/WH/RD; MULTICORES NUMBERED; DRAIN SLEEVED. ' PRELIMINARY ! COUNTY, DWG NO.
6. TYPICALS: OTHER LOOPS OF THE SAME TYPE FOLLOW THESE SHEETS WITH TAGS PER LST-002. ! I .
e NG 5T-002 1O LIST : ! DISCIP?_INE. INSTRUMENTATION INS-DWG-002
REF- INS_DWG-005 PANEL LAYOUT PRELIMINARY - ISSUED FOR REVIEW - NOT FOR CONSTRUCTION ng Mmoo SCALE: NTS SHEET 3 OF 5 REV A




8 7 6 5 4 3 2 1
FIELD FIELD JUNCTION BOX HOMERUN CONTROL BUILDING B-102 (PANEL) POINT DATA
LOOP (d1) MOV-111 OPEN / CLOSE COMMANDS VIA INTERPOSING RELAYS (S8 DO-1 CHO1, CHO02) I I [
c-110-001 ! ' C-110-Ho2 ' '
cc-4cia | | MC-19C14 CORES 1-4 I !
. . KR-1110
ACTTB n | JB11e I A 1 I cpi02a 7 ~ | OPEN/CLOSE: 15 PULSE, ACTUATOR
OPEN | 1 | | 1 - z CHOT g‘é‘:g'(‘m 24D | SEALS IN; TRAVEL TIMEOUT 90 s
2 | — | 2 | — - T FAIL AS-IS (BASIS 9.7)
I° COM + 2 + + 2 ov I
| L= | | L= 11 22 — ov_] cos2svoe m"(x | KR RELAYS: DIN RAIL, 24 VDC COIL,
””” ’ o | | | KR-111C A SPDT 5 A, LED, SUPPRESSION DIODE
CLOSE 3 | 3 | & | 3 1“0 Al CHO2 \ / | INTERLOCK: MOV-115 LOCKED OUT
mov-111[><] . 4 - {ZI IN REMOTE (RPT-001)
com v} 1 L4 | 1 v} 1 L4 | v e - ov | [
ACTUATOR 24 VDC REMOTE | | | _ |
INPUTS (ACTUATOR SOURGED) | TB2 DISCRETE (BPCS) | | TB-KR (RELAY) |
MAINTAINED OR 1 s PULSE
480 V 3 PH POWER BY ELE I [ I [
| | | |
I I I I
LOOP (d2) MOV-111 STATUS: ZSO, ZSC, FAULT, REMOTE TO RTU (S5 DI-1 CH07 TO CH10) | | |
c-110-002 | [ C-110-H03 [ I
CC-7C14 + CC-2C14 JBA10 | MC-37C14 CORES 1-8 | CP102A |
- - FO5A ZS0/ZSC: 1 = AT POSITION
1N | 1 | N 1 | 21 — - I
7777777777777777 1 i | 5 | i | 13 = +24V gf;‘éH 4G | XA-111:NC MONITOR RELAY,
[ =2 4 2 T L6 | T 2 T { 14 | = Ccho7_| | OPEN = FAULT (P3)
HS-111R: 1 = REMOTE
| | | FO05A | +24 v DISTRIBUTION FUSED
3 3 } 7 } 3 } 15 = 24V | PER JB GROUP (F 0.5 A)
C 4 4 : 8 : 4 : 16 CHo8 / \ :
— — 2l
| | | F05A |
: 111
,,,,,,,,,,,,,,,, - st <] . 2 . 7] = o] N
5 6 ! 10 ! 5 ! 18 CH09 I
| | | |
| | | FO5A |
7 7 i 1 i z i 19 — 24V |
~~~~~~~~~~~~~~~~ I — E——— ==
8 Vi t 12 t v t 20 CH10 |
| | | |
VOLT-FREE ACTUATOR CONTACTS I TB2 DISCRETE (BPCS) I I TB-DI1 I
| | | |
LOOP (f) GD-205 B-101 COMBUSTIBLE GAS DETECTOR, 3-WIRE 4-20 mA (SOURCE) TO SIS Al (S2 Al-1 CH02) ' !
C-1408-001 : C-140S-Ho1 ' '
D205 IC-1T16 (YELLOW 1405 ' IC-1T16 ' cP102B '
- | - | | - | 1y
a0 A i A RD s F1A o2 At 20 % LEL HIGH (P2)
+24V f 1 f f 5 — +24V SIL3 A8 CH | 40 % LEL HIGH-HIGH
BK — BK — m . %
7777777777777777 Cov : 2 | : : (e | [ ov_] SINKINPUT, 250 ohm e | e T 40 T AND
| & SIG WH ] 3 ] WH ] 7 CHO2+ | VOLT DROP: #16 (4.02 ohmykit),
DRAIN X — , SH X 300, 025A=06V( )
IR POINT DETECTOR, Ex d \_sH 1 V) . L4 | f V) f E__l__ £ BAR I bs INS-DS-009
0-100 % LEL = 4-20 mA ' TB-S1 (SIS) ' ' TB-SAH '
<3.0 mA FAULT, 2 mA BEAM BLOCK | | | |
24 VDC, 5 W MAX | | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
| | | |
A
NOTES / REFERENCES REVISIONS ENGINEER OF RECO_R_D_S_E_A} _________ PROJECT TYPICAL LOOP DIAGRAMS
1. CABLE NOS: C-<JB>-NNN FIELD, C-<JB>-HNN HOMERUN, C-200-NNN DIRECT. FINAL NOS PER LST-002. REV DATE  DESCRIPTION BY CHK APP v ' _ i !
2. SHIELD GROUNDED AT PANEL |IE BAR ONLY; FIELD END CUT AND TAPED (/); OWN TERMINAL IN JB. ! : 120 MMSCFED RECEIPT INTO MOV CONTROL (MOV 111)’ 3-WIRE GAS DETECTOR (GD 205)
3. SIS TERMINALS AND CABLES YELLOW, SEGREGATED FROM BPCS (IEC 61511-1 CL. 11.2). A 2026-09-29 ISSUED FOR REVIEW (IFR) ' ! DRAWN: CHECKED: APPROVED:
4. CARD/CH PER CARD MAP ON SHEETS 1 AND 2. HOMERUN = USED PAIRS + 20 %, NEXT STD SIZE. I NOT SEALED :
5. WIRE COLOURS: PAIR BK(+)/WH(-); TRIAD BK/WH/RD; MULTICORES NUMBERED; DRAIN SLEEVED. ' PRELIMINARY I COUNTY, DWG NO.
6. TYPICALS: OTHER LOOPS OF THE SAME TYPE FOLLOW THESE SHEETS WITH TAGS PER LST-002. : : DISCIPLINE: INSTRUMENTATION INS'DWG'002
REF: INS-LST-002 I/O LIST | ! . .
REF: INS-DWG-005 PANEL LAYOUT PRELIMINARY - ISSUED FOR REVIEW - NOT FOR CONSTRUCTION oE MO, ] SCALE: NTS SHEET 4 OF 5 REV A




8 7 6 4 3 2 1
FIELD FIELD JUNCTION BOX HOMERUN CONTROL BUILDING B-102 (PANEL) POINT DATA
LOOP (e1) FT-111S USM-1 MODBUS RTU RS-485 TO FQI-110 COM{1 (FT-121S SIMILAR ON COM2) I I I
c-110M-005 | ' C-110M-Ho2 ' '
USM TB po-2pz2 | JB-110M I bC-2P22 I CP-102C I
| - | | ' | DIAGNOSTICS: PATH VOS, SNR
PR1BK N\ — \_PR1BK — X » SNR,
[ As) 1 T I T T I - A | 22'4"0 fnghon;s S | GAIN, SOS, PROFILE, SWIRL
L PR1 WH . — | PR1 WH . —1 485, v FQI_\ | FLOW (ACTUAL) FOR COMPARISON
BO) - { 2 | - - { 2 | ~ B | MASTER o/ WITH PULSE (AGAS)
SG PR2 BK : 3 : PR2 BK : 3 SG \_/ : DS: MEA (VOL 2)
DRAIN 1 SH
USM ELECTRONICS, Ex d st 1 \Vj I L4 ] I V ! z'_—‘_— IE BAR I
RS-485 2-WIRE, 19200 8N1 | TB2 SERIAL (SEALABLE) | | TB-COM |
120 ohm TERM. BOTH ENDS | | | |
| | | |
LOOP (e2) FT-111A/FT-111B USM-1 DUAL PULSE (QUADRATURE) TO FQI-110 PI1 / PI2 (FT-121A/B ON PI3/ Pl4) : :
C-110M-006 ; ; C-110M-Ho1 | |
IC-1P16 x 2 | JB-110M | MP-12P16 PR 5, 6 | CP102C |
- - K-FACTOR PER CALIBRATION CERT.
BK N I [\ PR5BK | ——— R
7777777777777777 a1 i L 5 | i i L 5 | - Pit+ | PR | PULSE FIDELITY: A/B COMPARE,
[~ 1 WH | 5 | | PR5 WH | 51 =P ] PULLUP 1 Kohm | ALARM ON MISSING / EXTRA
| — | | — A | PULSES (API MPMS 5.5)
| | oRe BK | w | SHIELD: ONE OVERALL PER PAIR
B+ BK | 7 | 6 | 7 Pl2+ |
,,,,,,,,,,,,,,,, B WH | P | PR6 WH | P P2 |
Co——mny L[ : e : Gt |
c — IEBAR
OPEN COLLECTOR, 0-5 kHz ] =
90 deg PHASE (API 5.5 LEVEL A) | TB1PULSE (SEALABLE) I I TB-PI I
| | | |
t t t t
LOOP (e3) PT-111/TT-111 RUN 1 CUSTODY P AND T, 4-20 mA HART TO FQI-110 Al1 / AI2 (RUN 2 ON AI3 / Al4) | |
C-110M-001/002 | I C-110M-Ho1 I I
IC-1P16 | JB-110M I MP-12P16 PR 1, 2 I CP102C I
- - F 63 mA RANGES PER MEA DATASHEET
BK N\ | — | N\ _PR1BK | — — N |
[+ 1 { \ | L 10 | | { \ | L1 | = - Al :?\H"’ng{:‘“&WERED | CAL.TO API21.1 AUDIT TRAIL
- 1 WH 1 PR1 WH 1 = A ' SEALS ON JB-110M AND CP-102C
”””””””” - f 11 f f 2 All- |
| | | — IEBAR w |
| | | F 63 mA |
3 ol || (] | Pr2 oK | ] = ] |
7777777777777777 3 WH X 1 X PR2 WH X —
- \ l T 14 T \ l T 5 Al2- |
Co——ml [ ; oo ; Coto |
PT 0-1500 psig, TT -20/150 F i — IEBAR
HART READ FOR DIAGNOSTICS | TB1ANALOG (SEALABLE) I I TB-Al I
|- | | | |
LOOP (e4) COMMUNICATIONS: GC AT-141 MODBUS TCP OVER FIBRE; FQI-110 TO RTU (MODBUS TCP) AND TO DEMARCATION (RS-485)
AT-141 GC CAT6A MC-141 FO-06MM C-200-020 MC-102 CAT6A SW-102M ETH1 FQl-110 ETH2 SW-102A RTU CPU
CONTROLLER (B-101) MEDIA CONV. (B-101) MEDIA CONV. (TR-102) MEAS. SWITCH ETH1/ETH2/COM3 CONTROL LAN (CP-102A) CP-102A
FC MEASUREMENT LAN IS A SEPARATE SUBNET; RTU READS FQI-110 AS MODBUS TCP CLIENT THROUGH ETH2 ONLY. COM3 RS-485 T T et !
NO ROUTE FROM RS-485 PORT TO ANY ETHERNET NETWORK (SERIAL SLAVE, READ-ONLY MAP). . JB-W01 DEMARCATION L RECEIVING PIPELINE '
DC-2P22 G-Wo1-Ho I (NORTH FENCE) I i\ OPERATOR RTU (BY OTHERS) 1
FQI-110 PORT/CHANNEL MAP (CP-102C) s BGeek22C-wot-HO [y R '
PORT POINT PORT POINT POINT LIST HOLD H-14 ( INS-RPT-002)
Al PT-111 Pl4 FT-121B
Al2 TT-111 DO1 SY-146
Al3 PT-121 COM1 FT-111S
Al4 TT-121 COM2 FT-121S
PI1 FT-111A COM3 FQI-110S1 (JB-WOT)
PI2 FT-111B ETH1 AT-141E (MEAS. LAN)
A PI3 FT-121A ETH2 FQI-110E1 (RTU LAN)
NOTES / REFERENCES REVISIONS ENGINEER OF RECORD SEAL PROJECT TYPICAL LOOP DIAGRAMS
1. CABLE NOS: C-<JB>-NNN FIELD, C-<JB>-HNN HOMERUN, C-200-NNN DIRECT. FINAL NOS PER LST-002. REV DATE  DESCRIPTION BY CHK APP FTTTTTTTTTTTTTTA i FLOW COMPUTER FQI-110 SERIAL. PULSE. Al. ETHERNET
2. SHIELD GROUNDED AT PANEL |IE BAR ONLY; FIELD END CUT AND TAPED (/); OWN TERMINAL IN JB. : : 120 MMSCFED RECEIPT INTO ’ T
3. SIS TERMINALS AND CABLES YELLOW, SEGREGATED FROM BPCS (IEC 61511-1 CL. 11.2). A 2026-09-29 ISSUED FOR REVIEW (IFR) ' i DRAWN:  CHECKED:  APPROVED:
4. CARD/CH PER CARD MAP ON SHEETS 1 AND 2. HOMERUN = USED PAIRS + 20 %, NEXT STD SIZE. ] NOT SEALED :
5. WIRE COLOURS: PAIR BK(+)/WH(-); TRIAD BK/WH/RD; MULTICORES NUMBERED; DRAIN SLEEVED. ' PRELIMINARY ! COUNTY, DWG NO.
6. TYPICALS: OTHER LOOPS OF THE SAME TYPE FOLLOW THESE SHEETS WITH TAGS PER LST-002. ! I .
e NG 5T-002 1O LIST : ! DISCIPLINE: INSTRUMENTATION INS-DWG-002
REF: INS-DWG-005 PANEL LAYOUT PRELIMINARY - ISSUED FOR REVIEW - NOT FOR CONSTRUCTION oENO ] SCALE: NTS SHEET 5 OF 5 REV A




