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Executive Summary

This project Hazard and Risk Analysis Report contains the results of several hazard analyses and
risk assessments. An initial assessment was conducted in 2012, which included a multi-step
approach ranging from design reviews to a formal What-If hazard analysis. A second What-If
hazard analysis was completed during February 2013 to evaluate the operation of the
hydrotreater/distillation column processes to be installed in a process enclosure within the Process
Development Laboratory West (PDL-West) facility located on the PNNL campus. The
qualitative analysis included participation of project and operations personnel and applicable
subject matter experts. The analysis identified potential hazardous scenarios, each based on an
initiating event coupled with a postulated upset condition. The unmitigated consequences of each
hazardous scenario were generally characterized as a process upset; the exposure of personnel to
steam, vapors or hazardous material; a spray or spill of hazardous material; the creation of a
flammable atmosphere; or an energetic release from a pressure boundary.

In response to independent review comments received by PNNL from PNSO, two supplemental
hazard analyses were conducted and quantitative risk assessments performed for the Distillation
Column and Hydrotreater units in June 2014 and April 2015, respectively (see Appendices D and
E). As described below, selected hazardous scenarios received increased attention:

e For scenarios involving a release of hazardous material or energy, controls were identified
in the What-If analysis table that either prevent the occurrence or mitigate the effects of
the release.

e For scenarios with significant consequences that could impact personnel outside the
enclosure, “critical controls” were identified in the What-If analysis table that either
prevent the occurrence or mitigate the effects of the release.

e For events requiring critical controls (highly energetic releases and potential
deflagrations), quantitative analyses were performed to determine the potential magnitude
of the scenario, including the potential to affect the environment outside of the PDL-West
facility.

Only for the conservative unmitigated analysis involving a Boiling Liquid Expanding Vapor
Explosion (BLEVE) of the reactor vessel (R-130) could a significant overpressure (greater than
21 kPa) challenging PDL-West facility structure occur. Calculations determined that there were
no cases in which overpressures were sufficient to result in greater than minor damage (7 kPa) at
any of the normally occupied facilities outside of the PDL-West facility.

The following critical controls prevent these high-energy scenarios from occurring:
e Vessel and piping design, including pressure relief valves
e Hydrogen utility (supply) design
e Reactor and distillation column temperature and pressure controls
e Enclosure design and ventilation system
e Hydrogen and flammable vapor monitors and selected interlocks

e Safe Operating Procedures
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The analysis concludes that with the identified hazard controls in place, the risks posed from
operation of the hydrotreater and distillation columns are adequately mitigated, and these systems
can be operated safely, consistent with PNNL control of other laboratory operations.
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1.0 Introduction

The hydrotreater/distillation column project consists of catalytic hydrotreatment (hydrotreater)
and distillation processes to produce a range of desired petroleum products from fast pyrolysis
bio-oil feedstock. The hydrotreater and distillation processes are being installed in a portion of
the Process Development Laboratory West (PDL-West) facility located on the PNNL Campus.

1.1 Purpose

As part of the PNNL Integrated Safety Management process, the hazards associated with
performing work within PNNL-managed facilities are identified and appropriate controls applied.
The hazards associated with the hydrotreater/distillation column processes have been reviewed
during design review meetings as part of the overall design process. In addition, facilitated
hazard analysis sessions and quantitative risk assessments were performed. The purpose of this
report is to document the hazards and controls associated with the process-related system
components forming the hydrotreater/distillation column processes contained within the PDL-
West facility and the potential interactions of these hazards with respect to supporting systems
and the facility as evaluated during What-If hazard analysis sessions held in February 2013 and
supplemental hazard analyses and risk assessments performed in 2014 and 2015 (Appendices D
and E).

1.2 Scope

The What-If hazard analysis used for the hydrotreater/distillation column project is consistent
with the methodology found in the American Institute of Chemical Engineers (AIChE) Guidelines
for Hazard Evaluation Procedures — With Worked Examples, 2" Edition [AIChE, 1992], and in
Chemical Process Hazards Analysis [DOE-HDBK-1100-2004].

The scope of this assessment did not include evaluating those hazards that were considered
normal and incidental to the operation of the PDL-West facility unless those hazards were judged
to have the potential to challenge the safe operation of the hydrotreater/distillation column
processes. These incidental hazards are adequately addressed through the Integrated Operations
System (IOPS) and existing PNNL work controls.

Examination of the spectrum of potential upset conditions that could expose members of the
public, onsite workers, facility workers, and the environment to hazardous materials and
conditions is incorporated into this report. The hazard evaluation postulated scenarios involving
both single-point/event failures and common-cause initiators. The upset conditions with the
potential to result in highly energetic releases or potential deflagrations were evaluated using
quantitative analysis to determine the potential magnitude of the scenario, including the potential
to affect the environment outside of the PDL-West facility.

Section 2, Facility and Process Description, provides a brief description of the design and
information to enable an understanding of the hazards associated with the hydrotreater/distillation
column processes.

Section 3, Hazard Assessment, provides a summary of the What-If methodology used, description
of the hazardous scenarios considered, and the results of the analysis.
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Section 4, Hazard Controls, describes the “critical controls” for the high consequence hazards and
PNNL Safety Management Programs which support performing work safely. The critical
controls are those required to prevent or mitigate significant consequences associated with the
hydrotreater and distillation column process hazards. Other non-critical controls were included to
further reduce hazardous event frequencies.

Appendices A and B contain the meeting participant information and design information
reviewed during the hazards analysis meetings. The design documents in Appendix B are
historical and subject to change. See the Hydrotreater/Distillation Column SharePoint site for
current design documents.

Appendix C contains the November 2012 Hydrotreater / Distillation Column Project Hazard and
Risk Analysis Report which described a number of appropriate controls that were, or are being,
put in place to ensure the safe operation of the hydrotreater and distillation processes. The 2012
report will be retained as a static part of this hazard analysis; it will not be revised.

Appendices D and E contains the July 2014 and April 2015 Supplemental Hazard Analysis and
Risk Assessment for the Distillation Column and Hydrotreater units. These reports were
generated in response to independent review comments received by PNNL from the U.S.
Department of Energy Pacific Northwest Site Office (PNSO) with regard to the
Hydrotreater/Distillation Column Hazard Analysis Report issued in April 2013.
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2.0 Facility and Process Description

2.1 Site and Facility Layout

The hydrotreater/distillation column processes will be conducted in the PDL-West high bay work
area in a dedicated process enclosure. The PDL-West building is located on the PNNL site in
north Richland as shown in Figure 2-1.

Approximate distances from the hydrotreater/distillation column process enclosure to key
landmarks are shown in Table 2-1.

Table 2-1. Distance from PDL-West to Surrounding Landmarks

Landmark Direction Distan(f:e from Process Enclosure
eet meters
Process Development Laboratory East* East 116 35
5™ Street South 120 37
Innovation Boulevard West 140 43
Chemical Engineering Laboratory East 175 53
Technical Support Warehouse North 290 88
4" Street South 420 128
Research Technology Laboratory South East 730 222
George Washington Way East 790 241
Atmospheric Measurement Laboratory Northwest 825 251
Inhalation Laboratory Northeast 880 268
KinderCare West-Southwest 1120 341

*Nearest normally occupied Facility outside PDL-West, endpoint for the evaluation of impacts in
Section 3.4.
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Figure 2-1. Location of PDL-West (PDLW)
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2.2 Hydrotreater/Distillation Column Processes

The hydrotreater/distillation column project consists of catalytic hydrotreatment (hydrotreater)
and distillation processes to produce a range of desired petroleum products derived from fast
pyrolysis bio-oil feedstock. Figure 2-2 depicts the process flow diagram for the hydrotreater and
distillation processes. The planned operation duration and frequency are 1 week (five, 24-hour
continuous operation days per month). The hydrotreater/distillation systems are located in a
dedicated enclosure as shown in Figure 2-3. Figure 2-4 shows the major hydrotreater process
equipment; Figure 2-5 shows the major distillation process equipment.

Hydrogen is supplied to the hydrotreater by a high pressure compressor, storage bottles (or tube
trailer), and a distribution system. This system will also supply hydrogen to other research
projects located near PDL-West. High and low pressure nitrogen will be supplied via a
distribution system that is dedicated to the hydrotreater/distillation processes.

During hydrotreatment, deoxygenation of bio-oil takes place to produce hydrocarbon products
that are similar to gasoline, diesel and jet fuel blendstock. Hydrotreatment is accomplished by
adding hydrogen as feed along with the bio-oil in the presence of a catalyst. The process is
typically operated at temperatures up to approximately 400°C and pressures up to approximately
135 atm. Distillation is then used to obtain the specific gasoline, diesel and jet fuel cuts from the
hydrotreated product.

The hydrotreater consists of a down-flow trickle, fixed bed reactor with gas and liquid feed
systems, liquid/gas product separation and recovery, and an instrumentation/control system. The
system is designed for a 2.5 liter per hour bio-oil feed capacity at 400°C and 135 atm with
hydrogen feed at 5 m*h. In addition, the distillation column will be used to fractionate the
hydrocarbon product into gasoline, diesel, jet fuel, and cycle oil products. The distillation column
can be, but is not planned to be, operated concurrent with the hydrotreater and is designed with a
throughput of 7.5-15 liters of feed per hour. Both the hydrotreater and the distillation column are
skid mounted with power distribution systems, transformers, outlets, wiring, panels, cooling,
heating, control, and other ancillary process systems.

To support the hazards analysis, the key process steps for the hydrotreater/distillation operations
were outlined and reviewed for in Section 2.2.1 and 2.2.2.

Page 5 of 98



Hydrotreater/Distillation Column Hazard Analysis Report

Hydrotreater

2.51/hfor
120 h
(~80 gal/wk)

5m3/h
(3 SCF/min)

Catalytic
Tubular
Reactor

~5 gal

3.6 m3/h

Byproduct gas
90-95% H2
Balance light HC

Aqueous
byproduct
1.51/h

(~48 gal/wk)

I B e

Distillation Column

Hydrocarbon
product

~32 gal/wk
(but distill
in a day)

17-21 gal

Flammable Light distillate
(naphtha, gasoline, jet)

Distilllation
Column
~5 gal

Combustible Heavy distillate

| (diesel, cycle oil)

11-14 gal

Figure 2-2. Hydrotreater/Distillation Process Flow Diagram
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2.2.1 Hydrotreater Operations Outline

Prestart Operations
1) Install reactor
2) Chain out inter-skid area prior to working on upper head.
3) Load catalyst
4) Seal reactor
5) Pre-op valve position check for entire system
6) Connect bio-oil tank
7) Pressure check system
8) Put valves to flow positions
9) Transfer bio-oil to feed tank

Startup/Sulfiding
1) Clear area of all maintenance work and equipment not compatible with Class 1 Div 2
environment
2) Initiate purge of electrical cabinets and furnace.
3) Put sulfiding tank in place
4) Direct product valves to slop tank
5) Fill pumps with sulfiding solution
6) Pressurize reactor to operating pressure
7) Flow hydrogen at sulfiding flowrate and verify offgas handling system flow
8) Bring reactor to sulfiding temperature
9) Begin sulfiding flow
10) Ramp temperature through sulfiding procedure
11) Block out and remove sulfiding tank

Bio-oil feeding
1) Adjust hydrogen flow and temperature to operating conditions
2) Fill pumps with bio-oil from feed tank
3) Start bio-oil supply drum recirculation/take-up loop
4) Direct product valves to L/L separator and A or B product tanks
5) Start bio-oil feed at ~30% of target flowrate
6) Allow system to equilibrate
7) Gradually bring reactor to target flowrate

Operation
1) Monitor feed and product levels
2) When product drums are at 85 to 90% full, switch to other product tanks
3) Download water vessel to product container
4) Download oil vessel to product container or transfer to still skid feed tank

Page 10 of 98



Hydrotreater/Distillation Column Hazard Analysis Report

Transfer to still feed tank
1) Pad oil product container
2) Depad still feed tank
3) Connect transfer line
4) Open transfer valves
5) When empty, close transfer valves
6) Pad still tank
7) Depad product container
8) Remove transfer line

Shutdown
1) Stop oil feed and turn off reactor heaters.
2) Continue product vessel monitoring per “operation” section
3) Empty pumps back to bio-oil feed tank
4) Reduce gas flow once product collection has diminished
5) Allow reactor to cool

Flush
1) Reactor should be around 150C or lower for this procedure
2) Load acetone into pumps via transfer tank
3) Direct product valves to slop tank
4) Inject acetone into reactor
5) Shut down feed system and allow reactor to cool below 100C
6) Halt gas flow and depressurize reactor
7) Flush with N,
8) Verify that all systems are off

Refit
1) Depressurize and verify zero energy state on all hydrotreater subsystems
2) Chain out inter-skid area prior to working on upper head
3) Open upper reactor head.
4) Remove catalyst

2.2.2 Distillation Operations Outline

Prestart Operations
1) Seal process tanks
2) Pre-op valve position check for entire system
3) Pressure check system (purge and pad all subsystems)
4) Transfer feed to tank via hydrotreater skid or transfer tank using tank pads
5) Alternately, feed can be loaded into one of the bottoms product tanks and padded over
6) Put valves to flow positions, including bottoms and distillate product tanks
7) Prime feed pump and turn to auto control
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Startup

1)

2)
3)
4)
5)
6)
7)
8)

Reflux

1)
2)
3)
4)
5)
6)

Clear area of all maintenance work and equipment not compatible with Class 1 Div 2
environment

Initiate purge of electrical cabinets and furnace

Turn on coolant to HX and to bottoms pump

Turn on nitrogen purge to heatup setpoint and set system backpressure

Engage feed pump and set backpressure loop

Fill still bottom to submerge heater elements via feed control badger and/or bypass.
Turn on still heater and external jacket heater

As liquid level drops in still, set feed badger to maintain liquid height in still

Observe reflux in sight glass via level sensor

Once distillate reaches 8 inches, engage reflux pump (P-183) and set backpressure loop
Prime reflux pump

Set reflux badger to target kg/hr

Set product badger to target liquid level in sight glass

Reduce nitrogen flow to target setpoint and adjust system backpressure

Full operation

1)
2)
3)
4)

Set feed rate badger to target feed rate

Turn on and prime bottoms level control pump to target setpoint

Monitor liquid level on bottoms and distillate tanks, and switch to alternate tank when full
Monitor feed tank level

Shutdown

1)
2)
3)
4)
5)
6)
7)
8)

Turn off still heater and jacket.

Halt feed pump and set feed badger to zero

Close reflux badger.

Set reflux level control to zero to drain reflux glass into distillate product
Turn off reflux pump after low level indicator

Set bottoms level control to zero

Turn off bottoms level pump after low level indictor

Turn on nitrogen sweep to low level
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3.0 HAZARD ASSESSMENT

A series of facilitated hazards analysis sessions were conducted in February 2013. These hazard
analysis sessions built upon the previous hazards analysis documented in the November 2012
Hydrotreater / Distillation Column Project Hazard and Risk Analysis Report. The scope of the
February assessment was focused on the operations and hazards associated with the process-
related system components forming the hydrotreater/distillation column processes located within
the PDL-West facility and the potential interactions of these hazards with respect to supporting
systems and the facility. The PNNL team assembled for the hazards analysis sessions included
Engineering (F&O and Project); R&D operations and engineering; Fire Protection; Pressure
Systems; Environmental, Safety and Health; and hazard and safety analysts. PNSO observers
also attended. Appendix A lists the attendees at the hazards analysis sessions. (Note: not all
attendees listed were present for the entire duration; however, a core team representing design,
operations, fire protection, pressure systems, and hazard and safety analysis was always present.)

The following sections provide a brief description of hazard evaluations performed and results of
the evaluations.

3.1 Hazard ldentification

The first step of the hazard analysis process was to identify the form, quantities, and
characteristics of hazards, including chemicals associated with the major process components
(Hazard Identification). This allowed the screening of hazards considered as normal laboratory
practices or activities incidental to the operation of the facility to be addressed through IOPS and
existing PNNL work controls. For the hydrotreater/distillation column processes, significant
hazards requiring further evaluation via the hazards analysis process included high pressure
processes and the presence of flammable and combustible liquids and gases. Table 3-1 identifies
the product of the hazard identification process.

Regulatory provisions of 40 CFR 355, 29 CFR 1910.119, and 40 CFR 68 provide guidance
relative to screening chemical hazards based on quantities and the potential consequences they
represent to workers and the public. As shown in Table 3-2, these threshold values are many
times greater in magnitude than those of the process chemicals and products common to the
hydrotreater/distillation column processes.
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Table 3-1. Hydrotreater Hazard Identification Checklist

Nitrogen

Component Inventory Vessel | Operating
Volume | Pressure
Liter @ psig
Supply Drum | Bio-Oil 55 gal Atm
V-120 Bio-Oil (filtered) 72 10
V-125 Di-tert-butyl disulfide / 20 10
Acetone
R-130 Treated Bio-Qil 26 2100
Hydrogen
V-140/LG-142 | Treated Bio-Oil 6 2100
Hydrogen
LG-147 Treated Bio-Oil 4@ Atm
V-160A/B Treated Bio-Oil 20 10
V-161A/B Process Water 20 10
V-162 Slop Bio-oil 389 10
V-163 Process Water 38 10
V-180 Treated Bio-Oil 1409 10
Light Product (recycle)
Bottoms Product (recycle)
V-184 Treated Bio-Oil 16Y 15
Light Product (recycle)
Bottoms Product (recycle)
V-191 Light Distillates (e.g. 72 10
(V-193) naphtha, gasoline, jet)
V-192 Bottoms Product (e.g., 72 10
(V-194) diesel, cycle oil)
1/4"-T035-316 | High Pressure (3000 psi) - 2500
Hydrogen
1/4"-T035-316 | Low Pressure (100 psi) - 100
1/2”-T035-316 | Nitrogen
1/4"-T035-316 | High Pressure (3000 psi) - 2500

(1) From CTI 12-631, unless otherwise noted.

(2) Project Drawing-782-4-140
(3) Project Drawing-782-4-160
(4) Project Drawing-782-4-180
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Table 3-2. Comparison of Chemicals to Screening Thresholds

Material 40 CFR 355 |29 CFR 1910.119 |40 CFR 68
Bio-Qil Not Listed Not Listed Not Listed
Treated Bio-Oil® Not Listed Not Listed Not Listed
Light Distillate Not Listed 10,000 Ibs Not Listed
-naphtha (flammable
-gasoline liquids)
-jet fuel
Bottoms Product Not Listed Not Listed Not Listed
-diesel (combustible
-cycle oil liquids)
Nitrogen Not Listed Not Listed Not Listed
(Compressed Gas)
Hydrogen (Gas) Not Listed 10,000 lbs 10,000 lbs
(flammable gas) (flammable
gas)
Acetone Not Listed Not Listed Not Listed
Di-tert-butyl Not Listed Not Listed Not Listed
disulfide
Hydrogen 100/500 Ibs © 1500 Ibs 10,000 Ibs
Sulfide™

(@) Assumed to be bio-diesel, http://www.apexoil.com/msdsbio.pdf
(b) Byproduct of hydrotreatment and sulfiding process
(c) Reportable quantity/planning threshold quantity
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3.2  What-If Analysis

The What-If analysis technique is a structured brainstorming method of determining potential
undesired events (what things can go wrong). The answers to these what-if questions form the
basis for making judgments regarding the acceptability of the controls that prevent or mitigate
hazardous conditions and determining a recommended course of action for events requiring
further consideration. The What-If concept encourages the team to think of potential upsets or
deviations based on initiating questions generally beginning with “What if...”.

As noted in Section 3.0, facilitated hazards analysis sessions were held in February 2013
following incorporation of design changes resulting from review comments and actions from the
hazards analysis documented in the November 2012 Hydrotreater / Distillation Column Project
Hazard and Risk Analysis Report. The What-If sessions were held in two blocks of time; a four-
day session covering the hydrotreater process and supporting systems followed by a two-day
session to cover the distillation column process and interface with PDL-West facility systems.
Involvement by the participants was outstanding, particularly the operations team which had
recently returned from the Factory Acceptance Testing held at the vendor’s facilities.

The What-If analysis was structured around the process steps of hydrotreater and distillation
operations as outlined in Sections 2.1.1 and 2.1.2. The scope of the hazards analysis focused on
the process systems and potential for adverse interactions to the process from upsets in the
supporting utilities. For the hydrotreater and distillation column processes, a selected operator
presented the key process steps in his/her area of expertise followed by a series of What-If
questions posed for each step. The What-If team leveraged the operators’ recent test experience
to gain insight on the operation of the systems under postulated off-normal or upset conditions.
The process and utility drawings reviewed included redline drawings from the factory acceptance
test, as appropriate, to reflect the most current state of the design and are identified in Appendix
B, “Key Design Information Reviewed.”*

As part of the What-If analysis, a qualitative likelihood was assigned to all unmitigated hazardous
scenarios. This reflected the team’s estimation regarding the likelihood of an initiating event
coupled with a postulated upset condition, absent of the preventive or mitigative effects of hazard
controls (i.e., unmitigated). The basis for the likelihood of a given hazardous scenario was the
number and types of operational failures needed to result in the identified potential upset
condition (Table 3-3).

Each hazardous scenario was further defined by qualitative evaluations of the potential
unmitigated consequences such as: process upset; exposure of personnel to steam, vapors or
asphyxiant; spray or spill of flammable material; creation of a flammable atmosphere; or
energetic release events from a vessel pressure boundary (boiling liquid expanding vapor
explosion [BLEVE] or pressure vessel burst [PVB]). It was clarified that the unmitigated
consequences identified during the analysis were not sure to occur even under the failures
postulated; rather the consequences identified represent the bounding case outcomes in most
instances, rather than a less significant expected outcome.

! These design documents are historical and subject to change. See the Hydrotreater/Distillation Column SharePoint
site for current design documents.
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Table 3-3. Likelihoods Used for the Hydrotreater/Distillation Column What-If Analysis

Likelihood Quialitative Evaluation Criteria

Likely Failure of a single process control, failure of active
components or support systems (e.g., power), or
administrative steps

Unlikely Conditions involving failure of two or more of the above,
mechanical failures of active systems (e.g., pump/motor
failures)

Very Multiple failures (more than 2), failures of robust passive

Unlikely systems

Extremely Many concurrent, independent failures

Unlikely

3.3  Analysis Results

The results of the What-If analysis are provided in Table 3-4. For all releases of hazardous
material or energy, controls were identified to prevent the occurrence or mitigate the effects of the
release (Table 3-4). Footnotes have been added to Table 3-4 to provide addendum information
pertinent to the analysis.

Approximately 66 highly energetic releases (33) BLEVE and PVB and (33) potential
deflagrations were identified. For these events, additional analysis was performed (Section 3.3)
to determine the potential magnitude of the impacts from the event to receptor locations within
and outside of the PDL-West building for bounding scenarios of each type. The critical controls
credited to mitigate the likelihood or consequences of these events are identified in the hazard
analysis tables and summarized in Chapter 4.0.

One action affecting control selection was identified during the What-If analysis for scenarios
H.2-17 and H.6-1. This action replaces the “T”” upstream of HV-2009/2006 with HV-2018, a

3 way valve (e.g., Swagelock© SS-H83PS8) to provide positive isolation from potential reactor
backpressure during pump flushing operations.

No other control-affecting actions were identified or required to assure adequate protection
against the release of hazardous material or energy during the What-If analysis sessions. In some
cases, the What-If team identified suggestions to improve the design and operational processes.
These suggestions were captured for consideration by project management.
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Table 3-4. What-If Hazards Analysis Results

Hydrotreater Process Step 1. Prestart Operations
1) Install reactor. 2) Chain out inter-skid area prior to working on upper head. 3) Load catalyst. 4) Seal reactor. 5) Pre-op valve position check for entire system. 6) Connect bio-oil tank.
7) Pressure check system. 8) Put valves to flow positions. 9) Transfer bio-oil to feed tank.

Hazard
1D/ -
Process What if: Hazardous Scenario :;'kel" Consequences Ha_zarq Qontrols Comments
Step ood C = Critical Control
H.1- | 1| What if we drop or impact | Damage reactor Likely Process upset. During Lift Procedure and engineered lift
1 the reactor? thermocouple from sulfiding or operating steps. points on vessel.
dropping reactor or running Pressure Test Procedure on
it into object results in loss (also see heater/thermocouple | startup.
of thermocouple events in subsequent process Instrument test Procedure
functionality steps) Interlocks on thermocouple.
H.1- What if we impact another | Damage to furnace or Likely Short circuit of heater leads to | Lift Procedure and engineered lift
2 1| piece of equipment or furnace door due to impact high temperature in reactor points on vessel.
piping? (for instance reactor vessel) during sulfiding operations Heater circuits are fused
results in short circuit of and potential energetic event (protection against short circuit)
heater or damage to furnace due to pressure boundary Pressure indication (alarm) on
door and it might not shut failure. (see subsequent events | furnace Z purge.
properly. e.g., H.2-3, H.2-20)
Loss of purge operations,
during sulfiding or operating
steps, leads to potential
ignitions of flammable gases
in reactor furnace- requires
concurrent failure in pressure
boundary. (see subsequent
events e.g., H.2-3)
H.1- | 3| What if you improperly Failure to properly prepare Likely Process upset during sulfiding | Pressure Test Procedure.
3 load the column? the column before adding or operating steps. High Pressure Nitrogen Supply
catalyst. (Forgetting the set @ 3000 psi.
screen would result in the Plugging the reactor flow path | High Pressure Nitrogen System
catalyst running down exit and/or plug filter (F-4019) set @ 2500 psi.
hole and plugging up the 90 downstream of separator with
degree bend.) pressurization of the reactor.
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Table 3-4. What-If Hazards Analysis Results

Hydrotreater Process Step 1. Prestart Operations

1) Install reactor. 2) Chain out inter-skid area prior to working on upper head. 3) Load catalyst. 4) Seal reactor. 5) Pre-op valve position check for entire system. 6) Connect bio-oil tank.
7) Pressure check system. 8) Put valves to flow positions. 9) Transfer bio-oil to feed tank.

Hazard
1D/ -
Process What if: Hazardous Scenario :;'kel" Consequences Ha_zarq Qontrols Comments
Step ood C = Critical Control
H.1- | 3| What if you use the wrong | Failure to select the right Likely Process upset during sulfiding | Startup operating procedure — Pyrophoric catalysts are not
4 catalyst? catalyst (matched to or operating steps. gradual start up. currently proposed.
sulfiding agent and bio-oil, Pre-testing/qualification
operating conditions). Potential plugging of the (benchtop) of new catalyst-
reactor flowpath (due to heavy | sulfiding combinations for use
oils) with pressurization of the | with bio-oils.
reactor. If left for long period
potential complete blockage
See H.4-6
H.1- | 3| What if you introduce Introduction of wrong Unlikely | Process upset during sulfiding | Startup operating procedure —
5 wrong material? catalyst results in failure to or operating steps. gradual start up.
produce quality product. Pressure monitoring.
Potential plugging of the
reactor flowpath (due to heavy
oils) with pressurization of the
reactor. If left for long period
potential complete blockage
See H.4-6
H.1- | 3| What if you don’t put Failure to add sufficient Likely Process upset during sulfiding | Startup operating procedure — Cannot overfill with catalyst
6 enough catalyst into catalyst results in failure to or operating steps. gradual start up. and still close reactor head.
reactor? produce quality product. Procedural- Keep track of volume
Potential plugging of the of catalyst added.
reactor flowpath (due to heavy | Pressure monitoring.
oils) with pressurization of the
reactor. If left for long period
potential complete blockage
See H.4-6
H.1- | 4 | What if there is failure to Failure to properly re- Likely Exposure of personnel. Assembly Procedures.
7 properly reassemble assemble reactor Pressure Test Procedure.
reactor components (e.g., forget to Release of nitrogen into Low pressure alarms.
seals/flanges/piping install VCR nickel gaskets). enclosure during pressure
connections? testing.
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Table 3-4. What-If Hazards Analysis Results

Hydrotreater Process Step 1. Prestart Operations
1) Install reactor. 2) Chain out inter-skid area prior to working on upper head. 3) Load catalyst. 4) Seal reactor. 5) Pre-op valve position check for entire system. 6) Connect bio-oil tank.
7) Pressure check system. 8) Put valves to flow positions. 9) Transfer bio-oil to feed tank.

Hazard
1D/ -
Process What if: Hazardous Scenario :;'kel" Consequences Ha_zarq Qontrols Comments
Step ood C = Critical Control
H.1- | 4 | What if there is failure to Failure to properly re- Unlikely | Flammable atmosphere, Pressure Test Procedure. High pressure spray of (jet
8 properly reassemble assemble reactor during subsequent operations. (detection of no pressure on flame) of combustible liquid
reactor seals, flanges, components (e.g., forget to system components) and potential creation of
piping connections? install VCR nickel gaskets) Leak of hydrogen/bio-oil or Hydrogen monitors on skid and flammable atmosphere may
results in subsequent leak at sulfiding agent /steam into in enclosure. be mitigated by steam.
operating temperature and enclosure. Enclosure Design — Class 1
pressure. Division 2.
Enclosure Ventilation System.
Flammable vapor monitor on
skid.
Low pressure alarm - R-130.
H1- | 5| What if valve is left open? | Failure to close valve (vent | Likely Process Upset. Fail pressure Valve lineup procedure.
9 valve) results in inability to test (vent valve) release of
pressurize system nitrogen into vent system. Pressure Test Procedure.
H.1- | 5| What if valve is left open? | Failure to close valve (drain | Very Exposure of personnel. Valve lineup procedure.
10 valve) resulting in nitrogen Unlikely | Creation of oxygen deficient Pressure Test Procedure.
released into enclosure atmosphere with personnel Enclosure Ventilation System -
present. operable when system is
pressurized.
H.1- | 5| What if valve is left open? | Failure to close process Likely Energetic event - over Valve lineup procedure. Relief valves have been
11 valve results in pressurization of low pressure | Pressure Relief valves on low sized for this scenario.
pressurization portions of system (LG-147/Vent line). pressure system components.
system not designed for This would require two
high pressure. valves to be misaligned.
H.1- | 5| What if fail to pressure Inadequate pressure check, Unlikely | Flammable atmosphere, Pressure Test Procedure. High pressure spray of (jet
12 check part of system due combined with pre-existing during subsequent operations (detection of no pressure on flame) of combustible liquid
to valve misalignment? leak or failure to re- Release of hydrogen/bio-oil or | system components) and potential creation of
assemble properly results in sulfiding agent/steam into Hydrogen monitors on skid and flammable atmosphere may
leak at operating enclosure. in enclosure. be mitigated by steam.
temperature and pressure. Enclosure Design — Class 1
Division 2.
Enclosure Ventilation System.
Flammable vapor monitor on
skid.
Low pressure alarm - R-130.
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Table 3-4. What-If Hazards Analysis Results

Hydrotreater Process Step 1. Prestart Operations
1) Install reactor. 2) Chain out inter-skid area prior to working on upper head. 3) Load catalyst. 4) Seal reactor. 5) Pre-op valve position check for entire system. 6) Connect bio-oil tank.
7) Pressure check system. 8) Put valves to flow positions. 9) Transfer bio-oil to feed tank.

Hazard
1D/ -
Process What if: Hazardous Scenario :;'kel" Consequences Ha_zarq Qontrols Comments
Step ood C = Critical Control
H.1- | 6 | What if failed to connect Failure to connect return Likely Spray/Spill. Procedural check.
13 return line to drum? line to feed drum results in Spill of Bio-Qil into Secondary containment on the
release of Bio-oil. enclosure. Cleanup. drum.
H.1- | 7 | What if fail to do the Failure to perform pressure | Likely Flammable atmosphere, Hydrogen monitors on skid and
14 pressure test? check, combined with pre- during subsequent operations. | in enclosure.
existing leak or failure to re- Leak of hydrogen/bio-oil or Enclosure Design — Class 1
assemble properly results in sulfiding agent /steam into Division 2.
leak at operating enclosure. Enclosure Ventilation System.
temperature and pressure. Flammable vapor monitor on
High pressure spray of (jet skid.
flame) of combustible liquid Low pressure alarm - R-130.
and potential creation of
flammable atmosphere
mitigated by steam.
H.1- | 7| What if too high pressure | Over pressurization of low Unlikely | Energetic event - over- Pressure regulation of the low
15 for low pressure system? pressure system pressurization of low pressure | pressure nitrogen supply to 100
components due to system (>100 psi) psi.
excessive nitrogen pressure Pressure regulation of the low
pressure nitrogen system pressure
to 10 psi.
Low pressure component PRVs
set at < 100 psi.
Pressure Test Procedure.
H.1- | 7 | What if too high pressure | Over pressurization of high | Unlikely | Energetic event - over- Pressure regulation of the high
16 for high pressure system? | pressure system pressurization of high pressure | pressure nitrogen supply to 3000
components due to system (>3000 psi) psi.
excessive nitrogen pressure. Pressure regulation of high
pressure nitrogen system pressure
set at 2500 psi.
High pressure component PRVs
set at 3000 psi.
High pressure vessel and
component design pressure >
3000 psi.
High pressure alarms.
High pressure interlocks.
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Table 3-4. What-If Hazards Analysis Results

Hydrotreater Process Step 1. Prestart Operations
1) Install reactor. 2) Chain out inter-skid area prior to working on upper head. 3) Load catalyst. 4) Seal reactor. 5) Pre-op valve position check for entire system. 6) Connect bio-oil tank.
7) Pressure check system. 8) Put valves to flow positions. 9) Transfer bio-oil to feed tank.

Hazard
1D/ -
Process What if: Hazardous Scenario :;'kel" Consequences Ha_zarq Qontrols Comments
Step ood C = Critical Control
H.1- | 7 | What if you inadvertently | Failure to use correct gas Unlikely | Flammable atmosphere. Pressure Test Procedure.
17 use Hydrogen instead of for pressure check Hydrogen buildup and Valve and line labeling.
nitrogen for leak check? (combined with pre-gxisting deflagration in Enclosure Hydrogen monitor on skid and in
leak or failure to re- enclosure.
assemble properly) results Enclosure Ventilation System
in potential flammable operable prior to pressurizing the
atmosphere in the enclosure system
with a piece of equipment
not qualified for the
hydrogen atmosphere.
H.1- What if you inadvertently | Failure to use correct gas Likely Energetic event - Deflagration | Pressure Test Procedure. Lack of ignition source
18 7 | use Hydrogen instead of for pressure check results in in reactor column. Valves and Line labeling. unless we are reusing the
nitrogen for leak check? Hydrogen/Air atmosphere catalyst. If we are reusing
in the reactor system, column, it is kept at
potential ignition of pressure. There is no
flammable atmosphere in oxygen.
the system at a transition
point .
H.1- | 8 | What if there is failure to Failure to correctly align Likely Energetic event during Design of R-130/V-140 and
19 line up properly for system for operations after subsequent operations. component pressure > 3000 psi
operations? pressure test results in Deadhead within system with | MAWP.
blocked flow within the potential failure of pressure R-130/V-140 PRV:s set at 3000
system up to liquid boundary due to high pressure | psi.
separator. in V-140 and reactor. Pressure regulation of the
hydrogen supply to 3000 psi.
Pressure regulation of hydrogen
system pressure set at 2500 psi.
High pressure alarm in R-130.
High-high pressure interlock in
R-130
H.1- | 8| What if an already closed | Inadvertent opening of Unlikely | Exposure to personnel. Procedural Step.
20 valve is inadvertently (drain/manual transfer) Potential for nitrogen release Drains are double valved, valved
opened? valve results in venting to into enclosure or vent. and capped, or valve and quick
enclosure or header disconnect.
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Table 3-4. What-If Hazards Analysis Results

Hydrotreater Process Step 1. Prestart Operations
1) Install reactor. 2) Chain out inter-skid area prior to working on upper head. 3) Load catalyst. 4) Seal reactor. 5) Pre-op valve position check for entire system. 6) Connect bio-oil tank.
7) Pressure check system. 8) Put valves to flow positions. 9) Transfer bio-oil to feed tank.

Hazard
1D/ -
Process What if: Hazardous Scenario :;'kel" Consequences Ha_zarq Qontrols Comments
Step ood C = Critical Control
H.1- | 8 | What if failure to reopen a | Failure to open vent Likely Energetic event. Deadhead Procedural Step.
21 valve on the low pressure | isolation valve in low within system, during PRVs on low pressure vessels.
tanks? pressure system results in subsequent operations. High
blocked flow within the pressure in vessels.
system during sulfiding or
operations.
H.1- | 9| What if we transfer bio-oil | Transfer of bio-oil to V-120 | Likely Spray or spill. Release of bio- | Pump can only achieve maximum System designed for
22 too fast or at too high of at greater than expected oil into enclosure (also see supplied air pressure. maximum flow from pump
pressure? pressure or flow results in | H.1.24). Air system pressure set at at maximum air supply
system breach nominally 100 psi (normal pressure.
Filter breakthrough. (See operating pressure is 80 psi).
H.1.27). Filters are rated at 250psi.
V-120 rated at 135psi. PRV set
at 70. 3/4 inch stainless steel
transfer line is rated at >3000psi.
H.1- | 9| What if there is transfer Failure to stop transfer Likely Spray or spill. Overfill V-120 | V-120 level indicator.
23 too much bio-oil (over results in over fill of V-120. resulting in release of bio-oil V-120 high-high level interlocks.
fill)? into the vent system. - Interlock to pump (automatic
mode).
- Procedure, manual transfer
mode.
H.1- | 9| What if there is a leak in Leak in transfer line results | Likely Spray or spill. Release of bio- | Filtered oil (feed line) % SS This portion is not pressure
24 the bio-oil line? in spill /spray to enclosure. oil into enclosure. tubing. checked every time.
Secondary containment provided
by enclosure.
H.1- | 9| Whatifthe filters Plug? | Potential plug leading to Likely Spray or spill. Release of bio- | Round sanitary clamp. Filter is
25 high pressure in transfer oil into enclosure (also see open at both ends. Use second
line from drum to V-120. H.1.24). filter. The bypass allows you to
go to second filter. These will be
Filter breakthrough (See changed every week.
H.1.27).
H.1- | 9| What if air gets in the Air in reactor Likely Process Upset. Unable to Low level control in V-120 and Filters would most likely
26 system? Is bio-oil foam a pump. interlocks associated with it. break up foam.
hazard? ISCO pump shutoff due to
insufficient liquid refill.
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Table 3-4. What-If Hazards Analysis Results

Hydrotreater Process Step 1. Prestart Operations
1) Install reactor. 2) Chain out inter-skid area prior to working on upper head. 3) Load catalyst. 4) Seal reactor. 5) Pre-op valve position check for entire system. 6) Connect bio-oil tank.
7) Pressure check system. 8) Put valves to flow positions. 9) Transfer bio-oil to feed tank.

Hazard
1D/ -
Process What if: Hazardous Scenario :;'kel" Consequences Ha_zarq Qontrols Comments
Step ood C = Critical Control
H.1- | 9| What if you don't filter? Filter by-passed or breeched | Likely Process Upset. R-130 is Procedural control on use of
27 results in unfiltered bio-oil designed to handle solids so bypass.
to V-120, results in the no direct hazard to process.
potential plugging of the
plugging the ISCO injector
or slow plugging of catalyst ISCO ejector plugging would ISCO Pump high pressure set
bed during subsequent lead to loss feed (Process point (process controlled).
operations. upset) a pump is design for ISCO Pump firmware maximum
full pressure. pressure of 3750psi.
ISCO Pump shear pin at 4500 psi.
For potential plug in R-130
See H.4-6
H.1- | 9| What if there is a failure Failure of V-120 results in Very Spray or spill/Exposure of Design V-120 135 psi MAWP.
28 in the pressure boundary leak of bio-oil to the Unlikely | personnel.

(V-120)?

enclosure.

Bio-Oil on Floor also release
of nitrogen to enclosure
nitrogen.

Hydrotreater Process Step 2. Startup/Sulfiding
1) Clear area of all maintenance work and equipment not compatible with Class 1 Div 2 environment. 2) Initiate purge of electrical cabinets and furnace. 3) Put sulfiding tank in place. 4)
Direct product valves to slop tank. 5) Fill pumps with sulfiding solution. 6) Pressurize reactor to operating pressure. 7) Flow hydrogen at sulfiding flowrate and verify offgas handling
system flow. 8) Bring reactor to sulfiding temperature. 9) Begin sulfiding flow. 10) Ramp temperature through sulfiding procedure. 11) Block out and remove sulfiding tank.

v 1o Likeli- Hazard Controls
Process Step What if: Hazardous Scenario hood Consequences C = Critical Control Comments
H.2-1 1 | What if you leave non- | Presence of non-Class 1 Likely Flammable atmosphere. Pressure Test Procedure.

Class 1 Div 2
equipment in
environment

Division 2 equipment
presents a potential for a
subsequent ignition
source, given a like in the

process boundary

Potential ignition of a
flammable vapor given leak
sufficient to resultin a
flammable atmosphere.

Enclosure Ventilation System.
Hydrogen monitors on skid and
in enclosure.

Flammable vapor monitor on
skid.
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Table 3-4. What-If Hazards Analysis Results

Hydrotreater Process Step 2. Startup/Sulfiding
1) Clear area of all maintenance work and equipment not compatible with Class 1 Div 2 environment. 2) Initiate purge of electrical cabinets and furnace. 3) Put sulfiding tank in place. 4)
Direct product valves to slop tank. 5) Fill pumps with sulfiding solution. 6) Pressurize reactor to operating pressure. 7) Flow hydrogen at sulfiding flowrate and verify offgas handling
system flow. 8) Bring reactor to sulfiding temperature. 9) Begin sulfiding flow. 10) Ramp temperature through sulfiding procedure. 11) Block out and remove sulfiding tank.

Hazard 1D/ . . Likeli- Hazard Controls

Process Step What if: Hazardous Scenario hood Consequences C = Critical Control Comments

H.2-2 1 | What if non Class 1 Introduction of non-Class | Likely Flammable atmosphere. Pressure Test Procedure.

Div 2 equipment is 1 Division 2 equipment Potential ignition of a Enclosure Ventilation System

brought into the presents a potential for a flammable vapor given leak Hydrogen monitors on skid and

enclosure during subsequent ignition sufficient to result in a in enclosure.

operations. source, given a like in the flammable atmosphere. Limit access to trained operators.

process boundary Procedural steps in place during

operations. Limit what you can
take into the enclosure during the
operation [use of anti-sparking
tools].

H.2-3 2 | What if there is failure | Failure to initiate purge Likely Flammable atmosphere. Procedural step — initiate purge
to initiate purge of results in the potential for Potential ignition of a Pressure monitoring and alarms
electrical cabinets and | a flammable atmosphere, flammable vapor given leak on cabinets and furnace
furnace? given a leak in the process sufficient to result in a enclosure.

boundary, to reach flammable atmosphere. Enclosure Ventilation System
ignition sources within the Hydrogen monitors on skid and
cabinets. in enclosure.

Flammable vapor monitors on

skids.

Pressure Test Procedure.

H.2-4 3 | What if the sulfiding Failure to connect VV-125 Likely Process upset. Failure to Procedural step
tank is not put in to process results in not activate catalyst.
place? adding sulfiding agent to

the catalyst.
H.2-5 3 | What if it is other than Failure to correctly put Likely Process upset. Failure to Procedural step
sulfiding agent? sulfiding agent in VV-125 activate catalyst.
results in the failure to
activate the catalyst.
H.2-6 4 | What if the product Failure to align valves Likely Process upset. Sulfiding Procedural step

valves are not aligned
to slop tank?

properly results in
misdirection of sulfiding
solutions.

solution directed into the
product tank instead of slop
tank.

Page 25 of 98




Hydrotreater/Distillation Column Hazard Analysis Report
Table 3-4. What-If Hazards Analysis Results

Hydrotreater Process Step 2. Startup/Sulfiding
1) Clear area of all maintenance work and equipment not compatible with Class 1 Div 2 environment. 2) Initiate purge of electrical cabinets and furnace. 3) Put sulfiding tank in place. 4)
Direct product valves to slop tank. 5) Fill pumps with sulfiding solution. 6) Pressurize reactor to operating pressure. 7) Flow hydrogen at sulfiding flowrate and verify offgas handling
system flow. 8) Bring reactor to sulfiding temperature. 9) Begin sulfiding flow. 10) Ramp temperature through sulfiding procedure. 11) Block out and remove sulfiding tank.

Hazard 1D/

. . Likeli- Hazard Controls
Process Step What if: Hazardous Scenario hood Consequences C = Critical Control Comments
H.2-7 5 | What if there is too Failure to set low pressure | Likely Energetic event - failure of V- Pressure regulation of the low
much pressure to V- nitrogen pad pressure 125 vessel pressure boundary. pressure nitrogen supply to 100
125 from nitrogen correctly results in psi.
pad? overpressurizing V-125 Flammable atmosphere. Pressure regulation of the low
with up to 100 psi of Spill of combustible liquid and | pressure nitrogen system pressure
nitrogen. potential creation of flammable | to 10 psi.
atmosphere. Design V-125 155 psi MAWP
V-125 PRV set at < 100 psi.
Pressure Test Procedure.
H.2-8 5 | What if there is failure | Failure to connect vent Likely Spill of sulfiding solution to Procedural step. Connect the
to connect vent line V- | line to header results in the enclosure. vent line prior to the nitrogen and
125 to rupture disk? venting of VV-125 contents outlet.
to enclosure on system
overpressure/failure of
rupture disk and release of
sulfiding solution
Initrogen to enclosure
atmosphere.
H.2-9 6 | What if there is failure | Failure to pressurize the Unlikely | See other pressure boundary Low pressure alarms, procedural
to verify pressure and reactor with nitrogen prior scenarios. steps.
there is low pressure? to starting flow of
hydrogen results in In no leak, the hydrogen would
undetected leak or pressurize the reactor on
unintended flow path. system startup.
H.2- 6 | What if there is over Failure to set hydrogen Unlikely | Energetic event - over- Design of R-130/V-140 and
10 pressurize the system? | pressure correctly results pressurization of R-130/V-140 | component pressure > 3000 psi
in filling reactor with piping pressure boundary MAWP.
3000 psi hydrogen. R-130/V-140 PRVs set at 3000
psi.
Pressure regulation of the
hydrogen supply to 3000 psi.
Pressure regulation of hydrogen
system pressure set at 2500 psi.
High pressure alarm in R-130.
High-high pressure interlock in
R-130
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Hydrotreater Process Step 2. Startup/Sulfiding
1) Clear area of all maintenance work and equipment not compatible with Class 1 Div 2 environment. 2) Initiate purge of electrical cabinets and furnace. 3) Put sulfiding tank in place. 4)
Direct product valves to slop tank. 5) Fill pumps with sulfiding solution. 6) Pressurize reactor to operating pressure. 7) Flow hydrogen at sulfiding flowrate and verify offgas handling
system flow. 8) Bring reactor to sulfiding temperature. 9) Begin sulfiding flow. 10) Ramp temperature through sulfiding procedure. 11) Block out and remove sulfiding tank.

Hazard 1D/

. " Likeli- Hazard Controls
Process Step What if: Hazardous Scenario hood Consequences C = Critical Control Comments
Procedural step for pressure set
point.
Procedural step to verify the off
gas flow
H.2- 8 | What if the furnace Furnace controller fails Likely None identified. Limited by design of heater such The heatup rate is less than
11 controller fails high high resulting in too fast that the worst case is that you 5 degrees C per minute.
resulting in too fast heatup with potential heat up in allowable range.
heatup? impact to catalyst.
H.2- 8 | What if the catalyst is Failure to stop heating the | Likely Process upset to the catalyst. Procedural step to monitor
12 heated above desired reactor at desired temperature.
sulfiding temperature? | temperature results in start
of sulfiding with catalyst
at higher than desired
temperature.
H.2- 8 | What if there is failure | Failure to heat the reactor | Likely Process upset to the catalyst. Procedural step to monitor
13 to heat system up to to desired sulfiding temperature.
desired sulfiding temperature results in start
temperature? of sulfiding too early with
reactor at lower than
desired temperature.
H.2- 9 | What if flow rate of Failure to properly Likely Process upset to the catalyst. Process monitoring. Flow rate is limited by the
14 sulfide is wrong? transfer (flowrate) of the pump to 400 ml / min. which
sulfiding solutions results would only last 2.5 minutes
in incomplete activation of
catalyst.
H.2- 9 | What if valve HV - Failure to open HV-2006 Likely Spray or Spill. High pressure Transfer Line (tubing) is rated at
15 2006 is closed? results in deadheading the spray of sulfiding solution. 4800 psi.
flow with over- Pressure Indicator P1-2011
pressurization of the ISCO Pump high pressure set
transfer line (pump point (process controlled).
pressure 4500 psi) ISCO Pump firmware maximum
resulting in leak. pressure of 3750psi.
ISCO Pump shear pin at 4500 psi
H.2- 9 | What if there is a Failure in the pressure Very Spray or leak of sulfiding Pressure Test Procedure.
16 failure in the pressure boundary results in spray Unlikely | solution to the enclosure Design of VV-125 and transfer line
boundary? or leak of sulfiding components.
solution to the enclosure.
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Table 3-4. What-If Hazards Analysis Results

Hydrotreater Process Step 2. Startup/Sulfiding
1) Clear area of all maintenance work and equipment not compatible with Class 1 Div 2 environment. 2) Initiate purge of electrical cabinets and furnace. 3) Put sulfiding tank in place. 4)
Direct product valves to slop tank. 5) Fill pumps with sulfiding solution. 6) Pressurize reactor to operating pressure. 7) Flow hydrogen at sulfiding flowrate and verify offgas handling
system flow. 8) Bring reactor to sulfiding temperature. 9) Begin sulfiding flow. 10) Ramp temperature through sulfiding procedure. 11) Block out and remove sulfiding tank.

Hazard 1D/

Process Step What if: Hazardous Scenario :;(')I;Z“' Consequences gfgﬂ tﬁ:c;:‘gg:?trol Comments
H.2- 9 | What if the drain valve | Failure to Close HV-2009 | Unlikely | Spray or leak of sulfiding HV-2018 Action: Replace T
17 HV-2009 is open? results in spray or leak of solution to the enclosure upstream HV-2009 with 3-way
sulfiding solution to the Valve.
enclosure
Procedural check that drain valve
is closed and plugged.
H.2- 10 | What if the furnace Failure of the furnace Likely Process upset. H,S evolution Limited by design of heater such
18 controller fails high controller (high) resulting at higher than expected rate. that the worst case is that you
resulting in too fast in too fast heatup to heat up in allowable range.
heatup. reactor during sulfiding.
H,S monitor on vent stack.
H.2- 10 | What if the catalyst is Failure of the furnace Likely Process upset to the catalyst. Procedural step to monitor
19 heated above 400°C controller (high) resulting temperature.
in sulfiding with reactor at
higher than desired
temperature (400°C).
H.2- 10 | What if the reactor is Failure of the furnace Likely Energetic event- failure of Software prevents operator from
20 heated over 450°C? controller (high) resulting reactor pressure boundary changing settings above
in failure of reactor maximum set point of 425C.
pressure boundary There is an internal thermocouple
(>450°C). interlocked to furnace control.
Cascade furnace control
R-130 High High temperature.
Design of R-130, 3000 psi
MAWP at 537°C (shell).
H.2- 10 | What if operator fails Start sulfiding too early Likely Process upset to the catalyst. Procedural step to monitor
21 to heat system up to with reactor not at desired temperature.
400°C? temperature.
H.2- 11 | What if there is failure | Failure to isolate the Likely Spray or Spill. Pressurized Procedural step. Disconnect vent
22 to isolate the sulfiding | sulfide tank (V-125) spray of sulfiding solution. last. Quick disconnects are

tank before you
disconnect it?

results in opening
disconnects on tank while
pressurized results in
release of sulfiidng
solution via venting back
into enclosure.

Potential for oxygen deficient
atmosphere.

closed on both sides except for
vessel vent. Pressure boundary
controls between V-125 and
reactor.
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Table 3-4. What-If Hazards Analysis Results

Hydrotreater Process Step 2. Startup/Sulfiding
1) Clear area of all maintenance work and equipment not compatible with Class 1 Div 2 environment. 2) Initiate purge of electrical cabinets and furnace. 3) Put sulfiding tank in place. 4)
Direct product valves to slop tank. 5) Fill pumps with sulfiding solution. 6) Pressurize reactor to operating pressure. 7) Flow hydrogen at sulfiding flowrate and verify offgas handling
system flow. 8) Bring reactor to sulfiding temperature. 9) Begin sulfiding flow. 10) Ramp temperature through sulfiding procedure. 11) Block out and remove sulfiding tank.

Hazard 1D/

Process Step What if: Hazardous Scenario :;(')ISZI" Consequences gazza(\:rﬂ tﬁ:c;:‘gg:?trol Comments
H.2- What if there is a Failure in pressure Spray or Spill. Spray or leak of | Design of V-125.
23 failure in the pressure boundary (V-125) results sulfiding solution to the
boundary (V-125)? in release of sulfiding enclosure
solution (or acetone-
cleanout) and nitrogen to Potential for oxygen deficient
the enclosure atmosphere.
H.2- What if there is a Failure in the Low Exposure of Personnel. ~10-15 | Design of Low Pressure Nitrogen
24 failure in the pressure Pressure Nitrogen psi release of nitrogen to Piping.
boundary (nitrogen)? Pressure boundary. enclosure, potential for oxygen
deficient atmosphere. Loss of
ability to transfer.
H.2- What if there is too Failure to set Low Exposure of Personnel Piping System design pressure is
25 much pressure Pressure Nitrogen Supply Potential for oxygen deficient 2500 psi.
(nitrogen)? regulator results in over atmosphere PCV-2001 sets pressure to ~10
pressurization of system psi.
and release of nitrogen to Overpressure relief on Supply
the enclosure. system provided by PCV-2030
(15 psi) vented to offgas vent
header.
Overpressure vented (V-120, V-
125) through LP relief header.
H.2- What if there is too Failure to correctly set Very Spray or Spill. Spray or leak of | Vessel Design V-120, 135 psi.
26 much pressure low pressure nitrogen Unlikely | sulfiding solution to the Vessel Design V-125, 155 psi.
(nitrogen)? (PCV-2001) results in enclosure Pressure regulation of the low
over-pressurization of V- pressure nitrogen supply to 100
120 /125 Potential for oxygen deficient psi.
atmosphere. Pressure regulation of the low
pressure nitrogen system pressure
to 10 psi.
Overpressure relief on Supply
system provided by PCV-2030
(15 psi) vented to offgas vent
header.
Overpressure vented (V-120, V-
125) through LP relief header.
Overpressure vented through LP
relief header.
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Hydrotreater Process Step 3. Bio-oil feeding
1) Adjust hydrogen flow and temperature to operating conditions. 2) Fill pumps with bio-oil from feed tank. 3) Start bio-oil supply drum recirculation/take-up loop. 4) Direct product
valves to L/L separator and A or B product tanks. 5) Start bio-oil feed at ~30% of target flowrate. 6) Allow system to equilibrate. 7) Gradually bring reactor to target flowrate.

Hazard ID/
gtr;)r;:ess What if: Hazardous Scenario rl;(')l;ﬂ" Consequences gfgﬂtﬁ::?tcrglnstrol Comments
H.3- 3 | What if there is failure Failure to initiate flow of | Likely Process impact on loss of feed. Low level Interlock V-120.
1 to initiate bio-oil supply | bio-oil from feed drum ISCO pump will shutoff due to
from feed drum? results inV-120 will insufficient liquid refill.
empty during the process.
Nitrogen to the ISCO
pump.
H.3- 4 | What if there is failure Failure to realign valves Likely Spray or Spill. Possibility to Tank is designed for full flow Volume of VV-162 could
2 to realign valves to L/L | results in bypass of LG- overfill the VV-162 tank and from V-140 (LV-4003). contain overflow for up to
separator and product 147 (liquid-liquid overflow V-162 into vent Procedural check in place. 19 hours.
tanks? separator) with direct header, which could plug the PSV 4016 set pressure at 70psi.
transfer to the V-162 vent and/or low pressure
(slop tank). nitrogen feed.
H.3- 4 | What if there is failure Failure to align 3 way Likely Spray or Spill. Potential to LG-147 visual indication during
3 to align 3 way valve to valve to product tanks overflow to product gas header operator rounds.
product tanks? results in deadhead on and plug (V-153 or WTM-152). | Product scales on VV-160 and V-
Deadhead line and overfill of LG- 161.
147. Local indication on wet WTM-
152 test meter.
Relief valves on product gas
header at 10 psi.
Relief Valve on LG-147 feed line
at 70 psi.
H.3- 4 | What if you align to a Operator aligns to a Likely Spray or Spill. Overfill tank LG-147 visual indication during
4 product tank that is “full” product tank with potential overflow to operator rounds.
already full? resulting in overfill the product gas header line and plug | Product scales on V-160 and V-
product tank. (V-153 or WTM-152). 161.
Local indication on wet WTM-
152 test meter.
Relief valves on product gas
header at 10 psi.
Relief Valves on V-160A/B and
V-161A/B set at 70 psi.
Relief Valve on LG-147 feed line
at 70 psi.
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Hydrotreater Process Step 3. Bio-oil feeding
1) Adjust hydrogen flow and temperature to operating conditions. 2) Fill pumps with bio-oil from feed tank. 3) Start bio-oil supply drum recirculation/take-up loop. 4) Direct product
valves to L/L separator and A or B product tanks. 5) Start bio-oil feed at ~30% of target flowrate. 6) Allow system to equilibrate. 7) Gradually bring reactor to target flowrate.

Hazard 1D/
g:;; ess What if: Hazardous Scenario h(')léﬂ" Consequences gazzeérﬂ tﬁ:(;rlltéglr?trol Comments
H.3- 4 | What if there is failure Pressurize the product Likely Spray or Spill. Pressurize tank LG-147 visual indication during You always go to A tank for
5 to open vent line on tank. with potential overflow to Low | operator rounds. primary and switch to B
correct product tank? Pressure relief header Product scales on V-160 and V- tank temporarily.
161.
Local indication on wet WTM-
152 test meter.
Relief valves on product gas
header at 10 psi.
Relief Valves on V-160A/B and
V-161A/B set at 70 psi.
Relief Valve on LG-147 feed line
at 70 psi.
H.3- 5 | What if the Bio-oil feed | Excessive feed rate of Likely Energetic event- failure of R- Procedural step. There is Operator Response to
6 rate is started at more bio-oil results in potential 130 pressure boundary. temperature and feedback to the audible alarm should be to
than desired? excessive exothermic operator. turn off the bio-oil and/or
reaction in catalyst bed R-130 High High temperature. C | the hydrogen.
with failure of reactor Audible alarms on internal
pressure boundary due to thermocouples.
excessive temperature.
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Hydrotreater Process Step 4. Operation
1) Monitor feed and product levels. 2) When product drums are at 85 to 90% full, switch to other product tanks. 3) Download water vessel to product container. 4) Download oil vessel to
product container or transfer to still skid feed tank.

Hazard 1D/
gtr;)r;:ess What if: Hazardous Scenario h(')léﬂ" Consequences gfgﬂtﬁzg?téglr?trol Comments
H.4-1 1 | What if the ISCO Failure in ISCO pumping Unlikely Energetic event- PSE2005 @ 100 psi sized for
pump freezes (open results in liquid backflow Pressurization of VV-120 backflow.
valves). from reactor. (Check
valves are assumed to leak Check Valve (CK-2007)
and upstream vessels
subject to hydrogen
backflow).
H.4-2 1 | What if the pumps run | Failure in pumping control | Likely Process Upset. Local Limited to 1 liter due to design of Flow rate is limited by the
in phase? Will they (synchronized) results in temperature increase slight pumps. System would slow pump to 400 ml / min.
cause problems? exothermic reaction. pressure increase. down and not get as much. It which would only last 2.5
would not refill and shut off. minutes
[If combined with a plug - See hazard controls for the
refer to H.4-7] Refer to H.4-7 exothermic event H.4-7
H.4-3 1 | What if the pumps run | Failure in pumping control | Likely Process Upset. Pressurization | Limited to 1 liter due to design of
in phase? Will they (synchronized) results in of system due to plugging by pumps. Design of the system for
cause problems? excessive flow of bio-oil high viscosity product. full pressure to receive on this
to Flood the catalyst bed scenario.
with bio-oil.
H.4-4 1 | What if there isa leak | Seal on piston and/or Likely Spray or Spill. Release of Bio- | There is a catch under the seal Flow rate is limited by the
in the ISCO pump? pump leak results in oil to the enclosure. and it would run down a tube into pump to 400 ml / min.
release of Bio-oil to the a small bottle or built in which would only last 2.5
enclosure.. secondary container. For large minutes
leak pumps would run out of
phase and shut down.
H.4-5 1 | What if there isaleak | Seal on piston and pump Unlikely Spray or Spill. Release of Bio- | There is a catch under the seal
in the ISCO pump? leak with backflow of oil and hydrogen to the and it would run down a tube into
hydrogen through check enclosure. a small bottle or built in
valves. secondary container. For large
leak pumps would run out of
phase and shut down. Ventilation
of enclosure, hydrogen monitors
on skid and enclosure..
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Hydrotreater Process Step 4. Operation
1) Monitor feed and product levels. 2) When product drums are at 85 to 90% full, switch to other product tanks. 3) Download water vessel to product container. 4) Download oil vessel to
product container or transfer to still skid feed tank.

Hazard 1D/
Process
Step

What if:

Hazardous Scenario

Likeli-
hood

Consequences

Hazard Controls
C = Critical Control

Comments

H.4-6 1

What if there is
excessive pressure in
the reactor?

There is a plug in the
system and we continue to
pump (normal operation),
challenging the pressure
boundary of the system.

Likely

Energetic event failure of
Reactor

R-130 Design pressure 3000 psi
Pressure relief valve set at 3000
psi.

ISCO Pump high pressure set
point (process controlled). 1SCO
Pump firmware maximum
pressure of 3750psi.

ISCO Pump shear pin at 4500 psi.

Pressure set point on hydrogen

system (3000 psi).

High-High pressure interlock at
2700 psi.

Process control alarms for high
pressure.

H.4-7 1

What if there is an
excessive exothermic
reaction resulting in
the pressure increase?

Exothermic reaction in
reactor column combined
with a plug, results in
challenging the pressure
boundary of the system.

Unlikely

Energetic event failure of
Reactor

R-130 Design pressure 3000 psi
Pressure relief valve set at 3000
psi.

Pressure set point on hydrogen
system (3000 psi).

High-High pressure interlock at
2700 psi.

ISCO Pump high pressure set
point (process controlled).
ISCO Pump firmware maximum
pressure of 3750psi.

ISCO Pump shear pin at 4500 psi.

Process control alarms for high
pressure

Procedural step. There is
temperature and feedback to the
operator. Audible alarms on
internal thermocouples.

Operator Response to
audible alarm should be to
turn off the bio-oil feed
and/or the hydrogen.
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Hydrotreater Process Step 4. Operation
1) Monitor feed and product levels. 2) When product drums are at 85 to 90% full, switch to other product tanks. 3) Download water vessel to product container. 4) Download oil vessel to

product container or transfer to still skid feed tank.

Hazard 1D/
g::; ess What if: Hazardous Scenario :;él;?j“_ Consequences Eia:z:ér;jl tﬁ:(;rllt(gglr?trol Comments
H.4-8 What if there is a Material failure (e.g. Unlikely Flammable atmosphere. R-130 Design C
failure in the reactor design flaw, undetected High pressure release to Routine internal inspection
vessel? flaw) or leak at the flange enclosure (steam, hydrogen, vessel.
connection at head or hydrocarbons) Pressure Test Procedure. C
connections or a failure at Operating within design
the weld results in a spray parameters-overpressure over-
leak temperature alarms and controls.
Enclosure Design — Class 1 Div C
2. C
Enclosure Ventilation System. C
Hydrogen monitors on skid and
in enclosure. C
Flammable vapor monitor on
skid.
Expanded metal screen and
acrylic shield on walkway on
north side of flange. Graylock
around flange would generally
stop direct steam impingement.
H.4-9 What if there is a Material failure (e.g. Very Energetic event - failure of R-130 Design C
failure in the reactor design flaw, undetected Unlikely Reactor Routine internal inspection
vessel. flaw) results in vessel.
catastrophic failure of the Pressure Test Procedure. C
vessel Operating within design
parameters - overpressure over
temperature alarms and controls.
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Hydrotreater Process Step 4. Operation
1) Monitor feed and product levels. 2) When product drums are at 85 to 90% full, switch to other product tanks. 3) Download water vessel to product container. 4) Download oil vessel to
product container or transfer to still skid feed tank.

Hazard 1D/
g:;; ess What if: Hazardous Scenario h(')léﬂ" Consequences I(—:lazzeé:rﬂ tﬁ;(;rlltéglr?trol Comments
H.4- What if there is flame Catastrophic failure of the | Extremely | Energetic event - failure of Design of hydrogen pipe system.
10 impingement due to reactor vessel due to flame | Unlikely Reactor Excess flow valve on hydrogen
hydrogen leak. impingement from a supply.
hydrogen fire (hydrogen Flame detection inside enclosure.
line break) results in loss Hydrogen monitor on skid and
of pressure integrity. enclosure.
Fire suppression system in
enclosure.
Reactor column shielded by
furnace enclosure which would
limit exposure and rapid
temperature rise to heat up the
vessel.
Operator response and emergency
stop.
H.4- What if there is a Catastrophic failure of the | Extremely | Energetic event - failure of Design of Product Tank (\VV-160 Event may be incredible
11 flame impingement reactor due to Flame Unlikely Reactor A/B). based on lack of quantity or

due to a flammable
liquid fire?

impingement from a
flammable liquid fire
results in loss of pressure
integrity.

Pressure Test Procedure.
Distillation skid has separate
containment from the
hydrotreater skid.

Enclosure Design — Class 1 Div 2
Flammable vapor monitor on skid
Flame detection inside enclosure.
Fire suppression system in
enclosure

Reactor column is shielded by
furnace enclosure which would
limit exposure and rapid
temperature rise to heat up the
vessel.

Operator response and emergency
stop.

heat energy from a pool fire.

Size of product tank. V-
160A/B is 19 liters. This is
a day’s worth of running
production at 1-2 liter/hr (38
liters total volume of both
product tanks).
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Hydrotreater Process Step 4. Operation
1) Monitor feed and product levels. 2) When product drums are at 85 to 90% full, switch to other product tanks. 3) Download water vessel to product container. 4) Download oil vessel to
product container or transfer to still skid feed tank.

Hazard 1D/
g:;; ess What if: Hazardous Scenario h(')léﬂ" Consequences I(—:lazzeé:rﬂ tﬁ;(;rlltéglr?trol Comments
H.4- What if we lose Loss of hydrogen pressure | Likely Process upset. Loss of L/L mass flow alarm and an System not set to shut down
12 hydrogen flow to the results in process upset (no product quality. interlock to shut off hydrogen and or trip. It would keep
reactor? reaction) and pressure the ISCO pump. running for a while due to
decrease over time. There is also a low mass flow low usage
alarm.
If continued filling of the Overpressurization. See Procedural monitoring of system.
reactor with bio-oil energetic Reactor
occurred, the potential for overpressure events.
subsequent plugging- once
you plug the reactor you
could over pressurize —
this would require a long
time.
H.4- What if you lose Loss of heat input Likely Process upset. Loss of Sufficient time for Operator
13 heaters? resulting in incomplete product quality. response.
reaction. Process indicators.
If continued filling of the Overpressurization. See
reactor with bio-oil energetic Reactor
occurred there is the overpressure events.
potential for subsequent
plugging- once you plug
the reactor you could over
pressurize — this would
require a long time.
H.4- What if you misalign Operator moves the Likely Process upset. Loss of Administrative controls.
14 thermo couples to thermocouple tree out of product quality Indicator on shell would indicate
zone? alignment with the reactor over temperature condition on
heating zone resulting in one zone. On large temperature
unstable furnace control. differential between the center
and the shell controller would
ramp heater output down.
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Hydrotreater Process Step 4. Operation
1) Monitor feed and product levels. 2) When product drums are at 85 to 90% full, switch to other product tanks. 3) Download water vessel to product container. 4) Download oil vessel to
product container or transfer to still skid feed tank.

Hazard 1D/
g::; ess What if: Hazardous Scenario :;él;?j“_ Consequences Eia:z:ér;jl tﬁ:(;rllt(gglr?trol Comments
H.4- What if the thermowell | Failure of thermowell Unlikely Flammable atmosphere. Preventative maintenance and .Release is directed away
15 fails? pressure boundary results Steam, flammable vapor, inspection. Routine internal from personnel.
in spray leak hydrogen, potential liquid leak | inspection vessel.
to the enclosure. Design of R-130 (including Thermowell pressure
thermowell). boundary is a robust system
Pressure Test Procedure. but was qualitatively judged
Operating within design to be more susceptible to
parameters - overpressure over- leaks than the Reactor
temperature alarms and controls. Vessel.
Enclosure Design —Class 1 Div 2.
Enclosure Ventilation System.
Hydrogen monitors on skid and
in enclosure.
Flammable vapor monitor on
skid.
Thermo-well is replaceable.
H.4- What if we have high Blockage of flow path (F- Likely Process Upset. Partial Design of High pressure
16 pressure associated 143 or F-4019) results in blockage of flow and components.
with this portion of the | high pressure in separator. pressurization of reactor. Pressure Relief Valve PSV-4002
separator? set at 3000 psi.
Overfill of V-140 could divert | Level control on V-140. Pressure
the liquid to the gas system indicators and alarms.
causing it to plug also. Pressurization controls from
reactor.
H.4- What if we have high Blockage of flow path (F- | Unlikely Total blockage of flow, Design V-140 -3000 psi MAWP
17 pressure associated 143 or F-4019) results in pressurization of system (back | Pressure Relief Valve PSV-4002
with this portion of the | high pressure in separator. to reactor). set at 3000 psi.
separator? Level control on V-140. Pressure
indicators and alarms.
Overpressurization controls from
reactor.
H.4- What if we have Material failure (e.g. Very Energetic event — failure in V- | Design of VV-140/LG-142
18 failure of system design flaw, undetected Unlikely 140/LG-142 pressure Level control on V-140.
boundary V-140/LG- flaw) results in failure of boundary. Pressure indicators and alarms.
142? V-140 pressure integrity. Pressure Test Procedure.
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Hydrotreater Process Step 4. Operation
1) Monitor feed and product levels. 2) When product drums are at 85 to 90% full, switch to other product tanks. 3) Download water vessel to product container. 4) Download oil vessel to
product container or transfer to still skid feed tank.

Hazard 1D/
g::; ess What if: Hazardous Scenario :;él;?j“_ Consequences Eia:z:ér;jl tﬁ:(;rllt(gglr?trol Comments
H.4- What if we have Material failure (e.g. Unlikely Flammable atmosphere. Robust design for glass
19 failure of LG-142? design flaw, undetected Release steam, and flammable | components.
flaw) results in failure of vapors, treated bio-oil to Pressure indicators and alarms.
LG-142 pressure integrity enclosure. Bound by line Pressure Test Procedure.
shear.
H.4- What if we have Material failure (e.g. Unlikely Flammable atmosphere. Design high pressure
20 failure of high pressure | design flaw, undetected Release steam, hydrogen and components.
piping (leak/ spray)? flaw) or leak at a flange flammable vapors, treated bio- | Pressure Test Procedure.
Gasket failure, swagelock oil to enclosure. Operating within design
leak results in a spray leak. parameters
Enclosure Design —Class 1 Div 2.
Enclosure Ventilation System.
Hydrogen monitors on skid and
in enclosure.
Flammable vapor monitor skid.
H.4- What if there is a low LIT-4003 fails low Likely Process upset. Partial Operator response to the low low
21 failure in LIT-4003? resulting in closing LV- blockage of flow and alarm on the level indicator LIT-
4003 which stops the pressurization of reactor. 4003. Visual inspection of LG-
aqueous flow and 142.
increases the liquid level
in V-140. Overfill of V-140 could divert | Pressure indicators and alarms.
the liquid to the gas system Pressurization controls from
causing it to plug also. reactor.
H.4- What if higher than Failure of LV-4003(full Likely Energetic event - failure of PSV-4016 set at 70psi.
22 expected pressure open) or failure/opening of pressure boundary (LG-147) LG-147 designed at 100 psig
downstream of the bypass line results in and release of bio-oil to MAWP.
LV4003? over pressurization of LG- enclosure. LG-147 vented to product gas
147 or low pressure header.
components downstream PSV-5001 in product gas vent
header downstream of LG-147 is
set at 10psi.
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Hydrotreater Process Step 4. Operation
1) Monitor feed and product levels. 2) When product drums are at 85 to 90% full, switch to other product tanks. 3) Download water vessel to product container. 4) Download oil vessel to
product container or transfer to still skid feed tank.

Hazard 1D/
g::; ess What if: Hazardous Scenario :;él;?j“_ Consequences Eia:z:ér;jl tﬁ:(;rllt(gglr?trol Comments
H.4- What if higher than Failure of PCV-4007 (full | Likely Flammable atmosphere. The badger valve (PV-4005)
23 expected pressure open) or failure/opening of Release of hydrogen or would try to control the pressure.
downstream the bypass line results in flammable vapors to enclosure | PSV-5001 set at 10psi.
PCV4007? over pressurization of but although most likely Vent system flow path design
product off gas header and would vent through stack or (1/2 or greater SS Tubing.
failure of downstream back pressure through vented Low alarm at PIT-4005 and PIT-
componentsz due to high vessels and pressure relief to 3001.
velocity flow (Impact to LP Relief Header. Design of vent system.
Wet Test Meter). Enclosure Design — Class 1 Div 2
Ultimately drop reactor Enclosure Ventilation System.
pressure.
H.4- What if high pressure Fail open PVV4005 or open Likely High pressure at WTM-152. PSV-5001 set at 10psi. Vent
24 downstream PV-4005? | bypass results in 100 psig system flow path design (1/2 or
pressure (PCV-4007) greater SS Tubing).
downstream.
H.4- What if V-153 is Failure to drain VV-153 Likely Process upset. Liquid to the Sight Glass SG-153 normally
25 blocked? results in high liquid level. WTM152. empty. Drain valve HV-5001
manually opened to remove the
liquid in V-153.
H.4- What if there isa leak | Failure at a connection or Likely Flammable atmosphere. Design of vent system.
26 in the low pressure the WTM seal results in Potential creation of Procedural step calibration of
vent system? release of hydrogen or flammable atmosphere. WTM.
flammable vapor to Enclosure Design — Class 1 Div 2
enclosure. Enclosure Ventilation System.
Hydrogen monitors on skid and
in enclosure.
Flammable vapor monitor on
skid.
Fire suppression system in
enclosure.
Containment pan on skid and by
the enclosure.

%In particular, PI-4008 had a minimum burst pressure of ~ 2200 psig; it has been replaced with a gage that has a minimum burst pressures in excess of 3000 psig.
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Table 3-4. What-If Hazards Analysis Results

Hydrotreater Process Step 4. Operation
1) Monitor feed and product levels. 2) When product drums are at 85 to 90% full, switch to other product tanks. 3) Download water vessel to product container. 4) Download oil vessel to
product container or transfer to still skid feed tank.

Hazard 1D/

Process - n Likeli- Hazard Controls

Step What if: Hazardous Scenario hood Consequences C = Critical Control Comments

H.4- What if you don’t Failure to switch from full | Likely Spray or Spill. Overfill of LG- | Level indication V-160A.

27 switch tanks when tank results in overfilling 147 Could divert the liquid to | H/H alarm. Weight indication set

they are full? tank with the potential to the gas system causing it to at H (12 kg) and H/H interlock

backup to LG-147 or into plug also. (14kg) to ISCO pump. Trips LV-
the product gas header line Partial blockage of flow and 4003 to close.
and plug (V-153 or WTM- pressurization of reactor.
152).

H.4- What if there is a leak | Failure of connection or Unlikely Flammable atmosphere. Pressure Test Procedure.

28 in product bio-oil open drain valve on V-160 Spill of combustible liquid Design V-160A/B and piping.

system downstream of
LG-147.

AJB results in release of
hydro-treated bio-oil to
containment and/or to
enclosure. 19 liters
maximum material spill
from completely full
vessel V-160A/B.

(treated Bio-oil) and potential
creation of flammable
atmosphere.

Drains are double valved, valved
and capped, or valve and quick
disconnect.

Enclosure Design — Class 1
Division 2

Enclosure Ventilation System.
Flammable vapor monitor on
skid.

Fire suppression system in
enclosure.

Containment pan on skid and by
the enclosure.
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Table 3-4. What-If Hazards Analysis Results

Hydrotreater Process Step 4. Operation
1) Monitor feed and product levels. 2) When product drums are at 85 to 90% full, switch to other product tanks. 3) Download water vessel to product container. 4) Download oil vessel to
product container or transfer to still skid feed tank.

Hazard 1D/
g::; ess What if: Hazardous Scenario :;él;?j“_ Consequences Eia:z:ér;jl tﬁ:(;rllt(gglr?trol Comments
H.4- What if high pressure Failure in low pressure Likely Energetic event — failure of V- | Design of V-160A/B 155 psi.
29 V-160A/B? nitrogen system results in 160A/B pressure boundary. V-160A/B PRV set at 70 psi.
high pressure in V-160A/B Pressure regulation of the low
and failure of pressure Spill/Spray of combustible pressure nitrogen supply to 100
boundary release treated liquid (treated bio-oil) and psi.
bio-oil and nitrogen to potential creation of Pressure regulation of the low
enclosure. flammable atmosphere. pressure nitrogen system pressure
to 10 psi.
Creation of oxygen deficient Enclosure Design — Class 1
atmosphere. Division 2
Enclosure Ventilation System.
Flammable vapor monitor on
skid.
Fire suppression system in
enclosure.
Containment pan on skid and by
the enclosure.
H.4- What if there is a Failure to close or Likely Process Upset loss of product. | Valve lineup procedure. Tank V-
30 bypass of LG-147? inadvertent opening of 162 is 38 liters. System designed
HV-4022 results in to 180 psi but open to
directing aqueous and atmosphere. Weight of product
treated bio-oil into the tank vessels would indicate lack of
V-162. filling.
Visual inspection (low level) of
LG-147.
H.4- What if there is a leak | Failure of connection or Unlikely Spray or Spill. Spill of water Pressure Test Procedure. Spill of product is mostly
31 in product water open drain valve on V- to containment and/or to Design V-161A/B and piping. water.
system downstream of | 161A/B results in release enclosure. Drains are double valved, valved
LG-147? of product water to and capped, or valve and quick
containment and/or to disconnect.
enclosure. 19 liters Containment pan on skid and by
maximum material spill the enclosure.
from completely full
vessel V-161A/B.
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Table 3-4. What-If Hazards Analysis Results

Hydrotreater Process Step 4. Operation
1) Monitor feed and product levels. 2) When product drums are at 85 to 90% full, switch to other product tanks. 3) Download water vessel to product container. 4) Download oil vessel to
product container or transfer to still skid feed tank.

Hazard 1D/
g:;; ess What if: Hazardous Scenario h(')léﬂ" Consequences I(—:lazzeé:rﬂ tﬁ;(;rlltéglr?trol Comments
H.4- What if high pressure Failure in low pressure Likely Energetic event — failure of V- | Design of V-161A/B 155 psi.
31 in V-161A/B? nitrogen system results in 161A/B pressure boundary. V-161A/B PRV set at 70 psi.
high pressure in V-161A/B Pressure regulation of the low
and failure of pressure pressure nitrogen supply to 100
boundary releases water Creation of oxygen deficient psi.
and nitrogen to enclosure. atmosphere. Pressure regulation of the low
pressure nitrogen system pressure
to 10 psi.
H.4- What if there is a Failure to connect properly | Likely Spray or Spill. Spill of water Design of quick disconnects
32 failure to connect connect transfer line from to enclosure. closed unless properly engaged.
properly connect V-161A/B to transport
transfer line to vessel results in spill of
transport vessel? water
H.4- What if there is a Failure to properly connect | Likely Personnel Exposure. Creation | Design of quick disconnects
33 failure to connect transport vessel ventline to of oxygen deficient closed unless properly engaged.
properly connect low pressure relief header atmosphere.
transport vessel results in venting of
ventline? nitrogen to enclosure
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Hydrotreater Process Step 5. Transfer to still feed tank
1) Pad oil product container. 2) Depad still feed tank. 3) Connect transfer line. 4) Open transfer valves. 5) When empty, close transfer valves. 6) Pad still tank. 7) Depad product
container. 8) Remove transfer line.

Hazard 1D/

g{gg ess What if: Hazardous Scenario h(')léﬂ" Consequences gfgﬂtﬁ:g?tcrglnstrol Comments

H.5- What if there is failure | Operator fails to depad V- Likely Process upset. No transfer. Weight indication on V-160A.

1 to depad V-180? 180 prior to starting Nominal pressure is the same in | Level indicator on V-180.
transfer from V-160A/B both systems. High-High level alarm on V-
results in inability to 160A.
transfer due to high Procedural step.
pressure in VV-180 (nominal
pressure is the same in both
systems).

H.5- What if there is failure | Failure to properly connect | Likely Flammable atmosphere. Design of quick disconnects Bounds line failures.

2 to properly connect the | transfer line to V-180 Spill/Spray of combustible (closed unless properly engaged).

transfer lines from results in spill or spray of liquid (treated bio-oil) and Enclosure Design —Class 1 Div 2.

160A to V-180? hydro-treated bio-oil to the potential creation of flammable Enclosure Ventilation.

enclosure. atmosphere. Containment for both skids and

enclosure.
Flammable vapor monitoring on
hydrotreater skid.
Fire suppression system in
enclosure.

H.5- What if there is failure | Operator applies pad to V- | Likely Creation of oxygen deficient Design of quick disconnects

3 to close the transfer 180 without closing the atmosphere. (closed unless properly engaged).

valves and restore the three valves (HV-8017 & Enclosure Design — Class 1
pad to VV-180? HV- 6028 & HV 6016) Division 2.
results in nitrogen flows Enclosure Ventilation.
backflow until pressure Procedure.
equalizes or release of
nitrogen enclosure via
disconnect on transfer line.
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Hydrotreater Process Step 6. Shutdown
1) Stop oil feed and turn off reactor heaters. 2) Continue product vessel monitoring per “operation” section. 3) Empty pumps back to bio-oil feed tank. 4) Reduce gas flow once product
collection has diminished. 5) Allow reactor to cool.

Hazard 1D/

Process A ; Likeli- Hazard Controls

Step What if: Hazardous Scenario hood Consequences C = Critical Control Comments
H.6- 3 | What if there is failure | Operator opens HV2009 Likely Flammable atmosphere. HV-2018 Action: Replace T

1 to isolate the reactor without closing HV2006 Release of steam, hydrogen, upstream HV-2009 with 3-way

from the feed pumps?

resulting in backflow of
steam/hydrogen,
flammable vapors, bio-oil
into enclosure.

flammable gas, bio-oil into
enclosure with personnel in the
area.

Valve.
Check Valve (CK-2007)
Procedural step.

Hydrotreater Process Step 7. Flush

1) Reactor should be around 150C or lower for this procedure. 2) Load acetone into pumps via transfer tank. 3) Direct product valves to slop tank. 4) Inject acetone into reactor. 5) Shut

down feed system and allow reactor to cool below 100C. 6) Halt gas flow and depressurize reactor. 7) Flush with Nitrogen. 8) Verify that all systems are off.

Hazard
1D/ -
Process What if: Hazardous Scenario :;'ke“_ Consequences Ha_zard_ .C°”tr°'5 Comments
Step ood C = Critical Control
H.7- What if the reactor is Operator initiates flush prior | Likely Process upset, inefficient Procedural step
1 greater than desired to cooling below desired cleaning Design of R-130 pressure is 3000
temperature? temperature results in psi MAWP.
failure to adequately clean Energetic Event. R-130 PRV set at 3000 psi.
catalyst/reactor. Potential plug of reactor and High-High pressure interlock at
energetic failure due to 2700 psi.
overpressure (continued ISCO Pump high pressure set
pumping of acetone). point (process controlled).
ISCO Pump firmware maximum
pressure of 3750psi.
ISCO Pump shear pin at 4500 psi
Process control alarms for high
pressure.
H.7- What if we don't align | Failure to properly align Likely Process upset. Loss of product Procedural step
2 product valves to slop | valves results in due to mixing of acetone
tank? misdirection of acetone solution with product.
solutions to the product tank
instead of slop tank.
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Hydrotreater Process Step 7. Flush
1) Reactor should be around 150C or lower for this procedure. 2) Load acetone into pumps via transfer tank. 3) Direct product valves to slop tank. 4) Inject acetone into reactor. 5) Shut

down feed system and allow reactor to cool below 100C. 6) Halt gas flow and depressurize reactor. 7) Flush with Nitrogen. 8) Verify that all systems are off.

Hazard
1D/ -
Process What if: Hazardous Scenario :; ikeli- Consequences Ha_zarc! (_Zontrols Comments
Step ood C = Critical Control
H.7- What if other than Operator error results in Likely Process upset. Coke the catalyst | H2S monitor on vent stack.
3 acetone in V-125? filling V-125 with sulfiding and potentially evolve higher Procedural step.
solution instead of acetone. than expected H2S.
H.7- What if too much Failure to correctly set (or Likely Energetic event - failure of V- Pressure limit on the low pressure
4 pressure to VV-125 failure of pressure control 125 pressure boundary. system.
from nitrogen pad? valve) low pressure nitrogen Pressure set point, pressure
pressure results in Flammable atmosphere. control for system,
overpressurize V-125 with Spill of flammable liquid and Design of V-125 155 psi MAWP
> 10 psi up to 100 psi of potential creation of flammable | V-125 PRV set at 100
nitrogen resulting in failure atmosphere with personnel Enclosure Design —Class 1 Div 2.
of pressure boundary and present. Enclosure Ventilation System.
release of acetone /nitrogen Flammable vapor monitoring on
to enclosure. Creation of an oxygen deficient | skid.
environment. Fire suppression system in
enclosure.
H.7- What if there is failure | Failure to connect vent line | Likely Flammable atmosphere. Procedural step. Connect the
5 to connect vent line to header results in venting Spill of flammable liquid and vent line prior to the nitrogen and
V-125 to rupture disk? | of V-125 contents to potential creation of flammable | outlet.
enclosure on system atmosphere with personnel Flammable vapor monitoring on
overpressure/failure of present. skid.
rupture disk and release of Fire suppression system in
acetone /nitrogen to Creation of an oxygen deficient | enclosure.
enclosure. environment. Enclosure Design —Class 1 Div 2.
Enclosure Ventilation System
H.7- What if flow rate of Set pump flow rate too Likely Process upset. Potential to Process monitoring. Same Flow rate is limited by the
6 acetone is too high? high. overwhelm liquid to gas controls as Plugging and pump to 400 ml / min.

separator V-140 resulting in
over flow to the product gas
system and out to the vent
system.

overfilling VV-140.

which would only last 2.5
minutes
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Hydrotreater Process Step 7. Flush
1) Reactor should be around 150C or lower for this procedure. 2) Load acetone into pumps via transfer tank. 3) Direct product valves to slop tank. 4) Inject acetone into reactor. 5) Shut

down feed system and allow reactor to cool below 100C. 6) Halt gas flow and depressurize reactor. 7) Flush with Nitrogen. 8) Verify that all systems are off.

Hazard
1D/ -
Process What if: Hazardous Scenario :; ikeli- Consequences Ha_zarc! (_Zontrols Comments
Step ood C = Critical Control
H.7- What if valve HV - Deadhead the flow. Likely Flammable atmosphere. Transfer Line (tubing) is rated at
7 2006 is closed? Line pressure goes to 4500psi 4800 psi.
resulting in a spray/leak of Pressure Indicator PI1-2011
acetone creating a flame or ISCO Pump high pressure set
flammable atmosphere in point (process controlled).
enclosure. ISCO Pump firmware maximum
pressure of 3750psi.
ISCO Pump shear pin at 4500 psi
H.7- What if there is a Failure in V-125 or piping Very Flammable atmosphere. Pressure Test Procedure (prior to
8 failure in the pressure | system pressure boundary Unlikely | Spill/Spray of flammable liquid | operations).
boundary? results in spray/spill of and potential creation of Design of V-125.
acetone. flammable atmosphere Enclosure Design —Class 1 Div 2.
Enclosure Ventilation
H.7- What if the drain Failure to close drain valve | Unlikely | Flammable atmosphere. Procedural check that drain valve
9 valve HV-2009 is after pumping feed back to Spill/Spray of flammable liquid | is closed.
open? V-120 results in loss of and potential creation of Enclosure Design —Class 1 Div 2.
acetone solution. flammable atmosphere. Enclosure Ventilation.
Containment for skid.
H.7- What if temperature Heaters turn on raising the Unlikely | Process upset. Potential loss of Procedural controls. Bench Scale testing.
10 increases during temperature or exothermic catalyst. Design of R-130 (temperature).
Cleaning > 350C? reaction between catalyst Temperature alarms.
acetone and hydrogen
results in temperature
increase during cleaning.
H.7- What if gas flow Hydrogen flow stopped too | Likely Process upset. Potential loss of Procedural Control.
11 stopped to early early (reactor above 100C) catalyst.

(Reactor above
100C)?

results in loss of cooling to
catalyst.

Hydrotreater Process Step 8. Refit
1) Depressurize and verify zero energy state on all hydrotreater subsystems. 2) Chain out inter-skid area prior to working on upper head. 3) Open upper reactor head
4) Remove catalyst.
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Hazard ID/
g:;; ess What if: Hazardous Scenario hc':;i:'- Consequences gfgﬂtig?tcrgﬁtrol Comments
H.8- What if fail to Operator fails to Likely Personnel exposure. Release of | Procedural. Pressure indicator on
1 depressurize before depressurize reactor vessel Nitrogen to the enclosure. reactor.
breaking into the prior to breeching pressure Enclosure Ventilation System.
system? boundary resulting in Potential personnel exposure to | Flammable vapor monitor and
release of nitrogen. high pressure nitrogen. hydrogen monitor on skid would
detect significant flammable
vapor /hydrogen release.
H.8- What if fail to purge Operator fails to perform Likely Flammable atmosphere. Procedural. Nitrogen flush peformed
2 with nitrogen before nitrogen purge after Release of hydrogen gas - Enclosure Ventilation System. prior to disassembly.
breaking into the acetone flush resulting in Creation of flammable Flammable vapor monitor on (possibly between step 6
system? release of environment with personnel skid. and 7 of flush)
hydrogen/acetone vapors present. Hydrogen monitor on skid and in
to the enclosure enclosure
H.8- What if fail to purge Operator fails to purge and | Unlikely | Flammable atmosphere. Pressure indicator on reactor. .
3 and depressurize before | depressurize reactor vessel Spray of hydrogen gas - Procedural. Verify zero energy- Nitrogen flush peformed
breaking into the prior to breeching pressure Creation of flammable procedural step and hold point. prior to disassembly.
system? boundary resulting in environment with personnel This defines transition to non (possibly between step 6
release of high pressure present. Class I/Div 2. and 7 of flush)
hydrogen/acetone vapors Enclosure Ventilation System.
to the enclosure Potential personnel exposure to | Flammable vapor monitor on
high pressure hydrogen and skid.
acetone vapors. Hydrogen monitor on skid and in
enclosure.
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Distillation Process Step 1. Prestart Operations
1) Seal process tanks. 2) Pre-op valve position check for entire system. 3) Pressure check system (purge and pad all subsystems). 4) Transfer feed to tank via hydrotreater skid or transfer
tank using tank pads. 5) Alternately, feed can be loaded into one of the bottoms product tanks and padded over. 6) Put valves to flow positions, including bottoms and distillate product

tanks. 7) Prime feed pump and turn to auto control.

Hazard

] . - Likeli- Hazard Controls

Process What if: Hazardous Scenario hood Consequences C = Critical Control Comments

Step

D.1- What if you fail to | Failure to re-assemble or failure | Likely Creation of oxygen deficient Pressure Test Procedure.

1 properly in seals/flanges/piping atmosphere with personnel Enclosure Ventilation System
reassemble seals/ | connections results in loss of present. operable when system is
flanges / piping pressure boundary integrity and pressurized.
connections? release of low pressure nitrogen Design of pressure vessels and

into enclosure. components.
Pressure indication on the
distillation column.

D.1- What if valve is Failure to close vent valve prior | Likely Process Upset. Vent to vent Valve lineup procedure.

2 left open? to starting pressure check. header Pressure Test Procedure.

Pressure indication through- out
system.

D.1- What if valve is Failure to close valve (drain Very Personnel exposure. Creation of Valve lineup procedure.

3 left open? valve) resulting in nitrogen Unlikely | oxygen deficient atmosphere Pressure Test Procedure.

released into enclosure. with personnel present. Ventilation system operable when
(see HV-8007/8, system is pressurized.
etc.) Potential for small (residual Drains are double valved, valved
amounts) flammable liquid and capped, or valve and quick
accumulation. disconnect.

D.1- What if failed to Inadequate pressure check, Unlikely Spray or Spill. Release of treated | Valve lineup procedures.

4 pressure check combined with pre-existing leak bio-oil/ intermediate product Pressure Test Procedure -pressure
part of system due | results in leak at operating vapors/ nitrogen into enclosure. indicators on individual tanks and
to valve temperature and pressure, (subsequent operation) sub-systems.
misalignment? releases of treated bio-oil/ Flammable vapor monitor on skid.

intermediate product vapors/ Enclosure Design — Class 1
nitrogen into enclosure. Division 2.
Enclosure Ventilation System.

D.1- What if fail to do | Failure to perform pressure Unlikely Spray or Spill. Release of Pressure Test Procedure.(detection

5 the pressure test? | check, combined with pre- processed bio-oil intermediate of no pressure)

existing leak results in leak at
operating temperature and
pressure, releases of treated bio-
oil/ intermediate product vapors/
nitrogen into enclosure.

product vapors/ nitrogen into
enclosure.
(subsequent operation)

Flammable vapor monitor on skid.
Enclosure Design — Class 1
Division 2.

Enclosure Ventilation System.
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Distillation Process Step 1. Prestart Operations
1) Seal process tanks. 2) Pre-op valve position check for entire system. 3) Pressure check system (purge and pad all subsystems). 4) Transfer feed to tank via hydrotreater skid or transfer
tank using tank pads. 5) Alternately, feed can be loaded into one of the bottoms product tanks and padded over. 6) Put valves to flow positions, including bottoms and distillate product

tanks. 7) Prime feed pump and turn to auto control.

Hazard
1D/ -
Process What if: Hazardous Scenario :;'kel" Consequences Ha_zarc! (_Zontrols Comments
Step ood C = Critical Control
D.1- What if too high Failure in supply (Nitrogen Unlikely Energetic event - failure of low Pressure regulation of the low
6 pressure for low Tank) regulator results in over pressure system (>100 psi) pressure nitrogen supply to 100 psi.
pressure system? pressurization of low pressure Pressure regulation of the low
system components due to pressure nitrogen system pressure
excessive nitrogen pressure. to 10 psi.
Pressure regulator to offgas vent
header (PCV-9008) set at 15 psig.
Design of low pressure components
Low pressure component PRV set
at < 100 psig.
Pressure Test Procedure (verify
pressure).
D.1- What if too high Failure in PCV-9006 results in Unlikely Energetic event - failure of low | Pressure regulation of the supply to
7 pressure for low pressurization of low pressure pressure system (~100 psi) 100 psig.
pressure system? system components due to Design of Pressure vessel and
excessive nitrogen pressure. System components XMAWP 135
except for the still (V-184, MAWP
70 psig).
Distillation skid pressure
components PRVs set at 70 psig.
Pressure Test Procedure.
D.1- What if you Failure to use correct gas for Very Flammable atmosphere. Hydrogen monitors on skids and
8 inadvertently use pressure check (combined with Unlikely Deflagration in Enclosure enclosure.
Hydrogen instead | pre-existing leak or failure to re- Enclosure Ventilation System.
of nitrogen for assemble properly) results in Procedures Test Procedure.
leak check? Potential flammable atmosphere Valve and line labeling.
in the enclosure with a piece of Different gases have different bottle
(Requires equipment not qualified for the fitting.
connection of hydrogen atmosphere.
Low Pressure
Nitrogen Supply
to Hydrogen
bottle?)
D.1- What if hydrogen | Failure to isolate V-160 from Very Process Upset. Hydrogen Valve line on transfer.
9 is introduced to skid before transfer, combined Unlikely released to vent system (normal See process hydrotreater process

distillation system

with upset condition that

operations).

controls.
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Distillation Process Step 1. Prestart Operations
1) Seal process tanks. 2) Pre-op valve position check for entire system. 3) Pressure check system (purge and pad all subsystems). 4) Transfer feed to tank via hydrotreater skid or transfer
tank using tank pads. 5) Alternately, feed can be loaded into one of the bottoms product tanks and padded over. 6) Put valves to flow positions, including bottoms and distillate product

tanks. 7) Prime feed pump and turn to auto control.

Hazard
1D/ -
Process What if: Hazardous Scenario :;'kel" Consequences Ha_zarc! (_Zontrols Comments
Step ood C = Critical Control
from introduces process gas (requires
hydrotreater? multiple conditions).
D.1- What if we Transfer of product at greater Unlikely Flammable atmosphere. Pressure Limited to Low pressure System designed for
10 transfer product than expected pressure or flow Spray or spill of flammable Nitrogen pressure. maximum flow from
too fast or at too results in system breach and liquid and vapors V-180 rated at 135psi MAWP. pump at maximum air
high of pressure? | release of treated bio-oil/ Design 1/2 inch stainless steel supply pressure.
intermediate products (recycle transfer line
from V-191-194) into enclosure V-180 PRV set at 70.
D.1- What if we Failure to stop transfer results in | Unlikely Spray or Spill. Overfill VV-180 Level indicator on VV-180 and H/H Would require 6 or 7
11 transfer too much | over fill of VV-180. resulting in release of bio-oil into | alarm. transfers.
bio-oil (over fill)? | Requires multiple transfers from the vent system. V-180 sized at 140 liters
V-160A/B
D.1- What if thereisa | Leak in transfer line from Likely Spray or Spill. Release of treated | Pressure boundary design.
12 leak in the bio-oil | Hydrotreater results in spill bio-oil into enclosure. Secondary containment provided
line? /spray to enclosure. by enclosure.
D.1- What if air gets in | Air in V-180 during manual Likely Energetic event - Air in system Pressure Test Procedure — with
13 the system? cleaning of vessel. results in potential deflagration in | nitrogen purge.
V-180, if not purged.) P-181 will not pump gas.
D.1- What if we failed | Failure to correctly align system | Likely Deadhead within system. High Valve Lineup Procedure.
14 to line up properly | for operations after pressure test pressure in distillation column or | Multiple PRVs (PRV on vessels,
for operations? results in blocked flow within piping. PRV on pump),
the system distillation column. Multiple process control alarms on
(can HV- high level, high pressure.
9025/HV-9021
block flow?)
D.1- What if we Inadvertent opening of Unlikely Potential for nitrogen release into | Procedures in place. Majority is
15 inadvertently (drain/manual transfer) valve enclosure or vent. double- valved or pathways to

open an already
closed valve?

results in venting to enclosure or
header

enclosure are valved and capped.
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Distillation Process 2. Startup

1) Clear area of all maintenance work and equipment not compatible with Class 1 Div 2 environment. 2) Initiate purge of electrical cabinets and furnace. 3) Turn on coolant to HX and
pump bottoms. 4) Turn on nitrogen purge to heatup setpoint and set system backpressure. 5) Engage feed pump and set backpressure loop. 6) Fill still bottom to submerge heater
elements via feed control badger and/or bypass. 7) Turn on still heater and external jacket heater 8) As liquid level drops in still, set feed badger to maintain liquid height in still

Hazard ID/

g::;ess What if: Hazardous Scenario rl;(l)l(()?jh- Consequences gfgﬂt(i:c(;?téglnstrol Comments

D.2-1 | 1 | What if you leave Potential for flammable Unlikely | Flammable atmosphere. Procedure steps.
non-Class 1 Div 2 atmosphere to reach ignition Potential ignition of a flammable | Pressure Test Procedure. C
equipment in sources. vapor given leak sufficient to Enclosure Ventilation System. C
environment? result in a flammable Alarms for flammable vapors on

atmosphere. skid.

D.2-2 | 1 | What if you bring in | Potential for flammable Unlikely | Flammable atmosphere. Procedure steps.
non-Class 1 Div 2 atmosphere to reach ignition Potential ignition of a flammable | Pressure Test Procedure. C
equipment into the sources. vapor given leak sufficient to Enclosure Ventilation System. C
enclosure during result in a flammable Alarms for flammable vapors on
operations? atmosphere. skid.

Limit access to trained operators.
Procedural steps in place during
operations.

D.2-3 | 2 | What if you fail to Potential for flammable Unlikely | Flammable atmosphere. Enclosure Design — Class 1 Div 2,
initiate purge of atmosphere to reach ignition Potential ignition of a flammable | Pressure monitoring and alarm on
electrical? sources. vapor given leak sufficient to cabinets (Z-purge).

result in a flammable System design C
atmosphere. Pressure Test Procedure. C
Enclosure Ventilation System. C
Flammable vapor monitor on skid. | C

D.2-4 | 3 | What if you fail to Loss of cooling to HE-185. Likely Spray or Spill. Vent lighter Flow monitor, temperature alarm

start coolant flow? components to vent header from | on Chilled Water system. Manual
V-186. Potential to fill vent flow indicator FIC-8001 (would
header with liquid (which would | not see at computer). PRVS,
go to stack) and plug system, pressure indication, pressure
leading to back pressure on the alarms on distillation column.
distillation column. Steam in the
water jacket.

D.2-5 What if you fail to Loss of tempered water to P- Likely Spray or Spill Failure of pump | Temperature, local flow indication
start coolant flow? 182. seals and leak of heavy on tempered water. Secondary

components to secondary containment.
containment.

D.2-6 What if P-182 is Set temperature control on Likely Process upset. Inability to pump | Temperature and flow indication.
over-cooled? tempered water too low. from bottom of column. Pressure on the line from the

Increase level in distillation. pump. Level indication on
Potential failure of pump. columns and product tanks.
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Distillation Process 2. Startup

1) Clear area of all maintenance work and equipment not compatible with Class 1 Div 2 environment. 2) Initiate purge of electrical cabinets and furnace. 3) Turn on coolant to HX and
pump bottoms. 4) Turn on nitrogen purge to heatup setpoint and set system backpressure. 5) Engage feed pump and set backpressure loop. 6) Fill still bottom to submerge heater
elements via feed control badger and/or bypass. 7) Turn on still heater and external jacket heater 8) As liquid level drops in still, set feed badger to maintain liquid height in still

Hazard ID/
gtr;)r;:ess What if: Hazardous Scenario rl;(')lg‘fjl" Consequences gfgﬂt%;?téglrftrol Comments
Temperature indication on product
tanks. Temperature indication,
alarm, interlock to Chiller system
on L/L.
D.2-7 | 4 | What if too much Overpressurize V-184/V-186 Unlikely | Energetic event - failure of V- Pressure limit on the low pressure
pressure to from with greater than 100 psi of 184/V/-186 pressure boundary. system.
nitrogen purge? nitrogen and blocked vent Pressure set point, pressure control
header. for system.
Design of VV-184/V-186.
PRV on V-184 set at 70 psi.
Pressure indication on vent header.
D.2-8 | 4 | What if too little Failure op open/close HV- Likely Process upset. Incomplete Procedural steps. Local flow May be a desired normal
pressure to from 8008. Run out of nitrogen. purge. indication. operational scenario
nitrogen purge?
D.2-9 | 4 | What if thereisa Failure in nitrogen line. Unlikely | Personnel Exposure. Nitrogen LP Nitrogen piping inside
failure in the release to enclosure. Potential Enclosure is Stainless Steel, ASME
pressure boundary backflow of flammable vapors B-31.3. Flammable vapor
(nitrogen)? from system. Loss of ability to detection on skid. Enclosure
transfer. ventilation.
Possible process upset.
Incomplete purge.
D.2- 5 | What if back Set back pressure within Likely Process upset. Eventual increase | Pressure and temperature
10 pressure too high? distillation column too high of temperatures in top of indication in distillation column.
(e.g., max of V-182). distillation column. H/H pressure alarm on column.
Temperature alarm.
D.2- 5 | What if back See “no nitrogen flow”.
11 pressure too low?
D.2- 6 | What if fill distill Failure to stop pumping. Likely Process upset. Overfill to Level indication and alarm on V-
12 too high? distillate product tanks. 184, V-186. Visual indication in V-
Overflow to vent header. 186. Pressure indicator P1-8023.
D.2- 6 | What if fill distill Failure to submerge heaters. Likely Process upset. Damage heater Temperature indication on heater
13 too low? elements with excessive heat. JE-N-8028. H/H trips to zero %
output on heater element. Safety
H/H trips power to heater.
Level indication in column.
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Distillation Process 2. Startup

1) Clear area of all maintenance work and equipment not compatible with Class 1 Div 2 environment. 2) Initiate purge of electrical cabinets and furnace. 3) Turn on coolant to HX and
pump bottoms. 4) Turn on nitrogen purge to heatup setpoint and set system backpressure. 5) Engage feed pump and set backpressure loop. 6) Fill still bottom to submerge heater
elements via feed control badger and/or bypass. 7) Turn on still heater and external jacket heater 8) As liquid level drops in still, set feed badger to maintain liquid height in still

Hazard ID/
gtr;)r;:ess What if: Hazardous Scenario rl;(')lg‘fjl" Consequences gf"gﬁ t(if:(;?tég:ftrol Comments
D.2- What if no still Failure to turn on still heater. Likely Process upset. No heat-up. Temperature indication on column
14 heater? and still.
D.2- What if no jacket Failure to turn on jacket heater. | Likely Process upset. Longer than Temperature indication on column
15 heater? expected heat-up rate. and still.
D.2- What if still heater Loss of still heater control. Likely Process upset. Faster than Thermocouple on still heater.
16 too high? expected boil-off of product. Level indication in column. Output
Potential uncovering of heater flow indication.
and damage to heater (see
above). Process upset.
D.2- What if jacket Loss of jacket heater control Likely Energetic Event. Potential Temperature indication on heater
17 heater too high? results in over-heating. failure of pressure boundary due | JE-N-8023.
to excessive temperature. High-High Temperature on V-184.
Faster than expected boil-off of
product (see above).
D.2- 8 | What if feed rate is Feed rate set too high. Likely Process upset. Potential eventual | Procedural step on start-up of
18 too high? overfill into vent system. reflux. Level indication and alarm
on V-184, VV-186.
Visual indication in V-186.
Pressure indicator P1-8023High-
High provides alarm and shuts off
pump.
D.2- 8 | What if feed rate is Feed rate set too Likely See loss of still heater control.
19 too low?

Distillation Process Step 3.

Reflux

1) Observe reflux in sight glass via level sensor. 2) Once distillate reaches 8 inches, engage reflux pump (P-183) and set backpressure loop. 3) Prime reflux pump. 4) Set reflux badger to
target kg/hr. 5) Set product badger to target liquid level in sight glass. 6) Reduce nitrogen flow to target setpoint and adjust system backpressure.

Hazard
oy Likeli- Hazard Controls
Process What if: Hazardous Scenario hood Consequences C = Critical Control Comments
Step 00 ritcal Contro
D.3-1 | 1| What if reflux level too | Failure to start reflux Likely Process upset. Overfill to Procedural step. Level indication and
high? pump. distillate product tanks. alarm on V-186. Visual indication in
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Distillation Process Step 3.

Reflux

1) Observe reflux in sight glass via level sensor. 2) Once distillate reaches 8 inches, engage reflux pump (P-183) and set backpressure loop. 3) Prime reflux pump. 4) Set reflux badger to
target kg/hr. 5) Set product badger to target liquid level in sight glass. 6) Reduce nitrogen flow to target setpoint and adjust system backpressure.

Hazard
Iy . . Likeli- Hazard Controls
gtr:g:ess What if: Hazardous Scenario hood Consequences C = Critical Control Comments
Overflow to vent header. V-186. Pressure indicator P1-8023.
D.3-2 | 1| What if reflux level too | Start reflux pump when Likely Process upset. Low level alarm. L/L interlock to
low? level is too low. stop P-183.
D.3-3 | 2| What if we fail to set Set reflux back pressure Likely Process upset. Build up in V-186 | High-High level for LIT-8028 (95%)
reflux back pressure too low. and overflow. to manual 100% output.
(PCV-8024) correctly?
D.3-4 | 2| What if we fail to set Set reflux back pressure Likely Process upset. More or less than | Procedural step. Level indication and
reflux back pressure too high. expected product to distillation. alarm on V-186. Visual indication in
(PCV-8024) correctly? V-186. Pressure indicator P1-8023.
D.3-5 | 4| What if fail to set reflux | See D.3-1 and D.3-2.
badger to target rate?
D.3-6 | 5| What if fail to set See D.3-1and D.3-2.
product (bottoms)
badger to target rate?
D.3-7 | 6| What if we fail to set See D.3-3 and D.3-4.
feed pressure correctly?

Distillation Process Step 4. Operation
1) Set feed rate badger to target feed rate. 2) Turn on and prime bottoms level control pump to target setpoint. 3) Monitor liquid level on bottoms and distillate tanks, and switch to
alternate tank when full. 4) Monitor feed tank level.

Hazard ID/
g::; ess What if: Hazardous Scenario hc':;i:'_ Consequences gfgﬂtig?tcrg::trol Comments
D.4-1 | 1 | What if we fail to set FV-8014 fails or set Likely Process upset Recycle back to L/L alarms on V-184. Temperature
feed rate (FV-8014) closed. V-180. Drive still to low level. interlocks that shut down still
correctly? heaters. Temperature interlock for
jacket heater. User set flow alarm
on FIC-8014.
D.4-2 | 1 | What if pump (P-181) Pump P-181 fails or Unlikely Process upset Drive still to low L/L alarms on V-184. Temperature
fails to pump? shutdown. level. interlocks that shut down still
heaters. Temperature interlock for
jacket heater. User set flow alarm
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Distillation Process Step 4. Operation
1) Set feed rate badger to target feed rate. 2) Turn on and prime bottoms level control pump to target setpoint. 3) Monitor liquid level on bottoms and distillate tanks, and switch to
alternate tank when full. 4) Monitor feed tank level.

Hazard 1D/
g::;ess What if: Hazardous Scenario h(')‘;?j"_ Consequences gfgﬂtig?tcrglnstrol Comments
on FIC-8014 pump indication if loss
of electrical power to the pump.
D.4-3 | 1 | What if we have There is a plug in the Likely Energetic event - failure of VV-184 | V-184 Design pressure Bottoms pump P-182
excessive pressure in system and we continue to V-184 PRV set at 70 psi. would try to maintain
the Distillation pump (normal operation), Pressure relief and control on pump. level in VV-184
Column? challenging the pressure Pump high pressure set point.
boundary of the system.
D.4-4 | 3 | What if thereisa Catastrophic failure of the | Very Energetic event - failure of VV-184 | V-184 Design pressure
failure in the vessel. Unlikely Pressure Test Procedure.
Distillation Column? Operating within design parameters
- overpressure over temperature
alarms and controls.
D.4-5 | 3 | What if there is a flame | Catastrophic failure of the | Extremely | Energetic event - failure of VV-184 | Design of distillation skid
impingement due to a vessel. Unlikely components pressure components.
flammable liquid fire? Enclosure Design — Class 1 Div 2.
Flame detection inside enclosure.
Flammable vapor monitor on skid.
Fire suppression system in
enclosure.
Operator response and emergency
stop.
D.4-6 | 3 | What if you lose Loss of power to heaters or | Likely Process upset (see previous loss
heaters? heaters fail. of heater hazards)
D.4-7 | 3 | What if there is a leak Failure at a connection to Very Flammable atmosphere. Design of vent system.
in the low pressure vent | common vent line and Unlikely Flammable atmosphere. Enclosure Ventilation System.
system? release of flammable Flammable vapors in enclosure. Enclosure Design — Class 1 Div 2.
liquids/vapor to enclosure. Flammable vapor monitor skid.
D.4-8 | 3 | What if you don’t Overfill a product tank. Likely Process upset. Backup to vent Level indication, H/H and L/H level
switch tanks when they | Backup to into vent header. alarm. Product tanks are sized for a
are full? header. run.
D.4-9 | 3 | What if there is a leak Failure of connection. Likely Flammable atmosphere. Pressure test Procedure.
downstream of Open drain. Flammable vapors or liquid in Design of distillation skid
Distillation? Spill of flammable enclosure. components.
liquid/vapors) to Enclosure Ventilation System.
containment and/or to Enclosure Design — Class 1 Div 2.
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Distillation Process Step 4. Operation
1) Set feed rate badger to target feed rate. 2) Turn on and prime bottoms level control pump to target setpoint. 3) Monitor liquid level on bottoms and distillate tanks, and switch to
alternate tank when full. 4) Monitor feed tank level.

Hazard 1D/
g:;; ess What if: Hazardous Scenario h(')‘;?j"- Consequences gfgﬂtﬁ:g?tcrglnstrol Comments
enclosure. Flammable vapor monitor skid.
Containment pan on skid that could
capture the spill.
D.4- 3 | What if bypass valve is | Bypass valve is opened or | Likely Process upset. Higher than Flow indication.
10 open? fails. expected flow rate in distillation Other controls for higher than
column expected flow (see startup controls)
D.4- 3 | What if there is a Failure in pressure Very Flammable atmosphere. Pressure Test Procedure.
11 failure in the pressure boundary results in release | Unlikely Fire or flammable atmosphere in Design of distillation skid
boundary? of flammable liquid/vapors enclosure. components.
Enclosure Design — Class 1 Div 2.
Enclosure Ventilation System.
Flammable vapor monitor on skid.
D.4- | 3 | What ifthereisa Failure of water jacket Very Process upset. Steam, water Pressure Test Procedure.
12 failure in the pressure pressure boundary, leak Unlikely vapor into system. Design of distillation skid
boundary? into distillation system. components.
Eventual leak of product back Low level indication on Chiller
into the chilled water reservoir system.
outside enclosure. Flow monitor, temperature alarm on
Chilled Water system. Manual flow
indicator FIC-8001 (would not see
at computer).
D.4- | 3 | Over pressure of V-191 | Failure in supply (Nitrogen | Unlikely Energetic event - failure of low Pressure regulation of the supply to
13 thru V-194 due to low Tank) regulator results in pressure system (>100 psi) 100 psig.
pressure nitrogen? over pressurization of V- Pressure regulation (PCV-9006) set
191 - V-194 due to at 10 psig regulates downstream
excessive nitrogen system pressure)
pressure. Pressure regulator to offgas vent
header (PCV-9008) set at 15 psig.
Low pressure component PRV set
at < 100 psig.
Design of Low pressure
components.
Pressure Test Procedure.
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Distillation Process Step 5. Shutdown
1) Turn off still heater and jacket. 2) Halt feed pump and set feed badger to zero. 3) Close reflux badger. 4) Set reflux level control to zero to drain reflux glass into distillate product. 5)
5)  Turn off reflux pump after low level indicator. 6) Set bottoms level control to zero. 7)Turn off bottoms level pump after low level indictor. 8) Turn on nitrogen sweep to low level.

Hazard 1D/

g{gg ess What if: Hazardous Scenario :;(')I;Z“' Consequences gazzgﬂt(ii(;?téglrftrol Comments

D.5-1 | 1 | What if you fail to off Shut down pumps before Likely (see boil off of columns)
heater and jacket before | the heaters are shutdown.
stopping flow?

D.5-2 What if you run out of (see boil off of column)
product?

D.5-3 | 2 | What if you fail to stop (see overfill of column or loss of
flow? heaters)

D.5-4 | 3 | What if you fail to close | Failure to close FVV-8027. Likely Process upset. Loss of some
reflux badger? product.

D.5-5 | 3 | What if you close Close FV-8027 too early. Likely Process upset. Minor impact on
reflux badger too early? product quality.

D.5-6 | 4 | What if you close Failure to set reflux level Likely Process upset. Loss of some
depressurize reflux? control to zero. product

D.5-7 | 4 | What if you open Drain too early. Likely Flammable atmosphere. Enclosure Ventilation System.
bypass to drain reflux Potential spill of flammable Enclosure Design — Class 1 Div 2.
(while pressurized)? liquids to enclosure Flammable vapor monitor skid.

Containment pan on skid that could
capture the spill.

D.5-8 What if you fail to Failure to properly connect | Likely Flammable atmosphere. Enclosure Ventilation System.
correctly align during to Apache tank. Spills of flammable liquid into Enclosure Design — Class 1 Div 2.
unloading? enclosure

D.5-9 What if you over fill Overfill product to vent Likely
Apache tank? header.

Utilities: Process Ventilation, Enclosure Ventilation, Compressed Air, Hydrogen, Nitrogen, Power,

Hazard 1D/

g{gg ess What if: Hazardous Scenario h(')léﬂ" Consequences gfgﬂtﬁ:g?tcrglnstrol Comments

uU-1 What if loss (blockage) | Overflow of flammable Very Spray or spill. (see overflow scenarios)
of process vent header? | liquids into vent header. Unlikely Flammable liquid accumulation in

Would require continued
operations for extended

stack in unoccupied area vapors
would dissipate out the stack.
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Utilities: Process Ventilation, Enclosure Ventilation, Compressed Air, Hydrogen, Nitrogen, Power,

Hazard 1D/
gtr:; ess What if: Hazardous Scenario :;(')I;Z“' Consequences gazzgﬂt(ii(;?téglrftrol Comments
period of time.
u-2 What if loss (blockage) | Loss of vent header. Process upset. Pressurize low (See earlier (system specific) block
of process vent header? pressure side WTM-152, V-153, flow events).
LG-147, LG-142, V-140 and
reactor and all associated piping.
uU-3 What if ventilation Failure of stack due to high | Very Blockage of vent flow due to Exhaust flow switch initiates
flowpath is lost? wind. Unlikely collapsed or bent stack. Scenario A on loss of flow.
Loss of ventilation. Potential loss
of flow or back flow into vent
header. Blockage of exhaust gas
flow and potential creation of
flammable environment in
enclosure and vent stack.
u-4 What if ventilation Failure of stack due to high | Very Process upset. No immediate Design of Stack.
flowpath is lost? wind. Unlikely release.
Break of stack at ground level.
Vent of effluent at ground level.
Potential loss of ventilation fan.
uU-5 What if ventilation is Failure of ventilation fan. Likely Potential flammable Loss of ventilation fan trips process
lost? concentrations of hydrogen or controls.
vapors in stack. Vapors would
dissipate out the stack.
uU-6 What if loss of Enclosure ventilation is Likely Loss of environmental control in Loss of ventilation shuts off the
Enclosure Ventilation? | lost. enclosure. hydrogen flow, the heaters and the
pumps via shutdown scenario A.
u-7 What if relief header Relief header is blocked by | Unlikely Inadequate pressure relief. Administrative controls to check
flow is lost? bird/bees nests. relief header.
Design of system includes bird
Mud daubers screens, double release path at top.
commonly plug drain at Design pressure of knockout pot is
382 (100 psi) 12 psi.
u-8 What if relief header Activation of pressure Likely Flammable atmosphere. Design of knockout pot and lines. Auto-ignition would
flow is activated? relief Potential flammable atmosphere require high
in relief header and knockout pot. temperature.
uU-9 What if there is a pool Leak of flammable liquid Unlikely Energetic Event. Design of Product Tank (V-160
Fire in Enclosure accumulation in enclosure, Potential impingement on vessels, | A/B).
secondary containment and lines, or structure. Pressure Test Procedure.
subsequent pool fire. Structural failures and Distillation skid has separate
impingement could lead to line or | containment from the hydrotreater
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Utilities: Process Ventilation, Enclosure Ventilation, Compressed Air, Hydrogen, Nitrogen, Power,

Hazard 1D/
gtr;);:ess What if: Hazardous Scenario :;(')I;Z“' Consequences gazzgﬂt(ii(;?téglrftrol Comments
vessel ruptures. skid.

Enclosure Design — Class 1 Div 2
Flammable vapor monitor on skid
Flame detection inside enclosure.
Fire suppression system in enclosure
Reactor column is shielded by
furnace enclosure which would limit
exposure and rapid temperature rise
to heat up the vessel.
Operator response and emergency
stop.

U-10 What if there is an Line leak of hydrogen Unlikely Energetic Event. Potential Design of hydrogen pipe system.
impingement (jet) fire supply or pressurized impingement on vessels, lines, or | Excess flow valve on hydrogen
(hydrogen or flammable liquid line. structure. supply.
pressurized flammable Structural failures and Flame detection inside enclosure.
liquid line) in impingement could lead to line or | Hydrogen monitor on skid and
Enclosure? vessel ruptures. enclosure.

Fire suppression system in
enclosure.

Reactor column shielded by furnace
enclosure which would limit
exposure and rapid temperature rise
to heat up the vessel.

Operator response and emergency
stop.

U-11 What if there is a fire in | Loss of function of various | Very (The scenarios identified for other | Vessel protection, pressure relief. Two power cabinets.
electrical power components (pumps, Unlikely hazards, including the bounding Enclosure Design. Design of Two separate
cabinets inside valves, control systems). scenario of vessel over electrical cabinets. All cables in instrument cabinets.
enclosure? Potential multiple spurious pressurization.) conduit.

actions.

uU-12 What if the water mist Inadvertent actuation Unlikely Process upset. No immediate Column design.
system actuates? results in water mist during release. Spraying water on hot The mist system is a low volume

operation. systems, leading to loss of system.
pressure boundary due to thermal | Top of vessels are not insulated and
stress (e.g., reactor and distillation | could be at 160 C.
columns). Columns are not constrained.

U-13 What if the water mist Inadvertent actuation Unlikely Process upset. No immediate Cabinets are sealed and purged.
system actuates? results in water mist during release. Shorting in electrical
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Utilities: Process Ventilation, Enclosure Ventilation, Compressed Air, Hydrogen, Nitrogen, Power,

Hazard 1D/
gtr:; ess What if: Hazardous Scenario :;(')I;Z“' Consequences gfgﬂt&i?tégl:trol Comments
operation. cabinets.
U-14 What if Fire in Fire department quenches Process upset. No immediate Notification of fire department
enclosure? vessel. release. Spraying water on hot would only occur with initiation of
systems, leading to loss of Scenario C.
pressure boundary due to thermal
stress (e.g., reactor and distillation
columns). Note: Standard
response to vessels in fire
including liquid gases is to spray
water and move to safe distance.
U-15 What if Fire in PDL- Fire outside enclosure Likely Process upset. No immediate Fire alarm system activation initiates
West? initiates evacuation. release. Evacuation of PDL-West | Scenario A.
resulting in unattended operation
of the system.
U-16 What if process control | Loss of process control due | Unlikely. | Process upset. No immediate PLC design such that all control
is lost? to PLC failure. release. PLC fails to goes to their failed states (fail safe)
indeterminate state. as controlled by skid.
PLC is protected by UPS.
uU-17 What If you lose power | Short term loss of power. Likely Process upset. No immediate Process monitoring and control on Back pressure
and you are in the (Seconds- expected release. VFD on exhaust fan goes | UPS and still available. Loss of regulator allows
middle of the run? monthly). offline on a fault but hydrotreater | ventilation shuts off the hydrogen reactor to lose
system does not recognize it. flow, the heaters and the pumps via pressure slowly.
shutdown scenario A. Process can
start on resumption of ventilation
flow.
U-18 What if longer term Longer term loss of power | Likely Process upset. No immediate Process monitoring on UPS and still
loss of power and you (minutes — expected a few release. Loss of exhaust fan and available. E-Stop maintained. Loss
are in the middle of the | times a year). compressed air. Loss of MAU. of ventilation shuts off the hydrogen
run? Loss of normal power lighting. flow, the heaters and the pumps via
shutdown scenario A. Alarmon Z
purge. Reactor pressure maintained
in stable condition with slow decay.
U-19 What if longer term Extended power outage (> | Likely Process upset. No immediate Procedures to initiate shut-down.
loss of power and you than UPS capacity). release. Forced Shutdown. Loss Loss of fire system UPS battery
are in the middle of the of process monitoring and control. | would result in opening XV-4020.
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Utilities: Process Ventilation, Enclosure Ventilation, Compressed Air, Hydrogen, Nitrogen, Power,

Hazard ID/
gtr:pc ess What if: Hazardous Scenario :;:;Z“' Consequences gfgﬂt(i:c(;?téglnstrol Comments
run? Loss of exhaust fan and
compressed air. Loss of MAU.
Loss of normal power lighting.
uU-20 If there is loss Loss of air compressor. Likely Process upset. No immediate Enclosure ventilation is maintained.
instrument air, what Failure in the compressed release. Pneumatic hydrogen and | E-Stop functionality is maintained.
happens from system air delivery system. nitrogen valves close, badger Alarm on z-purge.
overall? valves close. The ISCO pump Alarm natification on loss of
valves would close. Loss of Z hydrogen. Reactor pressure
purge. boundary is stable. Distillation
pressure boundary is stable.
uU-21 What if there is loss of Loss of cooling to \VV-140 Likely Process upset. Condensation leads | Switch over to tempered water. See
the chilled water? results in excessive vapors to potential plug of off gas controls for loss of off-gas
and steam carryover to off system. scenarios.
gas system.
u-22 What if there is loss of Loss of cooling to VV-140 Likely Process upset. Blow-down of Switch over to tempered water.
the chilled water? results in steam generation steam into the chilled water Procedural control over restart of
in the water jacket around system Z-172. system. (Check integrity of hoses)
V-140.
uU-23 What if there is loss of | Tempered water loss. Likely Process upset. Overheating of P- | Procedural steps.
the tempered water? Results in difficulty in 182.
pumping bio-oil and heavy
products.
U-24 What if there is a Failure in the hydrogen Very Flammable atmosphere -PDL. It is one piece of tubing ("~17 feet)
hydrogen line leak line. Unlikely Release of hydrogen to PDL. rated at maximum pressure.
outside the enclosure? Loss of hydrogen to reactor. Located in a tray sitting in a tube
holder supported across the length.
Itis at 13 foot elevation, in a tray,
protected from edge of building.
Excess flow valve on hydrogen
supply (catastrophic break).
Makeup air unit for enclosure.
Passive PDL roof vents.
U-25 What if there is a Failure in the hydrogen Very Flammable atmosphere. Design Hydrogen pipe system.
hydrogen line leak in line. Unlikely Excess flow valve on hydrogen
the enclosure? Process impacts same as loss of supply (catastrophic break).
hydrogen flow to reactor. Enclosure Design — Class 1 Division
2.
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Utilities: Process Ventilation, Enclosure Ventilation, Compressed Air, Hydrogen, Nitrogen, Power,

Hazard 1D/
gtr:; ess What if: Hazardous Scenario :;(')I;Z“' Consequences gfgﬂt%;?téglrftrol Comments
Enclosure Ventilation System
Hydrogen monitors on skid and in
enclosure.
Flame detection inside enclosure.
Fire suppression system in
enclosure.
U-26 What if hydrogen Addressed previously.
pressure goes down? -
How to regulate
u-27 What if temperature too | Loss of HVAC Likely Process upset. Potential failure of | Initiation of shutdown sequence Personnel will get
high in the hi-bay? conditioning — high PLC or instrumentation in based on personnel comfort too hot before
temperature. enclosure. temperature. electronics fail
uU-28 What if temperature too | Loss of HVAC Likely Process upset. Potential impactin | Initiation of shutdown sequence
low in hi-bay? conditioning — low PDL-West, freezing due to based on personnel comfort
temperature. continued operation of Enclosure | temperature.
exhaust air.
Lose ability to operate water mist
system.
uU-29 What if you have a Addressed previously. Unlikely Personnel Exposure. Potential Enclosure Ventilation System.
nitrogen leak into oxygen deficient atmosphere.
enclosure?
U-30 What if nitrogen leaks Personnel Exposure Potential
into PDL-West? oxygen deficient atmosphere in
PDL-West.
uU-31 What if operational Impact from Crane or load. | Likely Flammable atmosphere. Operational restriction on crane use.
upset from other PDL- Rupture of process lines or utility
West operations? (See lines leading to release of
hazardous scenario.) flammable gases. Impact to
enclosure, exhaust ducts.
uU-32 What if operational Spill or leak in PDL-West Likely Flammable atmosphere. Flammable vapor monitor.
upset from other PDL- results in introduction of Flammable or hazardous vapors Enclosure Design — Class 1 Div 2.
West operations? (See flammable or hazardous in Enclosure. MCA alarm, 20 minute bypass timer
hazardous scenario.) vapors to Enclosure. until Scenario A is initiated (unless
operator bypasses).
U-33 What if operational Intake vehicle exhaust into | Likely Personnel Exposure/Process Administrative Control of vehicles Intakes are at ground
upset from other PDL- ventilation system. upset. Impact to operations staff in vicinity of building intakes (e.g., level.
\West operations? (See in PDL West and within Do not park and idle)
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Table 3-4. What-If Hazards Analysis Results

Utilities: Process Ventilation, Enclosure Ventilation, Compressed Air, Hydrogen, Nitrogen, Power,

Hazard 1D/
gtr:; ess What if: Hazardous Scenario :;(')I;Z“' Consequences gazzgﬂt(ii(;?téglrftrol Comments
hazardous scenario.) Enclosure.
Inadvertent actuation of
flammable vapor detection system
U-34 What if operational Hot work in PDL-West Likely Process upset. Inadvertent flame Hot Work Administrative Control.
upset from other PDL- results inadvertent flame detection, actuation of mist
West operations? (See detection, actuation of mist system during operation (see
hazardous scenario.) system. above)
U-35 What if operational Future chemical fume hood | Likely Flammable atmosphere. Exhaust flow operation.
upset from other PDL- operations and tie-in. Release of flammable, hazardous | Administrative control of fume
West operations? (See vapors into exhaust system. hood.
hazardous scenario.) Includes chemicals like Ensure future Tie-ins occur
acetone, sulfide agents downstream of the Enclosure
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Table 3-4. What-If Hazards Analysis Results
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3.4  Evaluation of High Hazard Scenarios

Accident scenarios perceived as having high unmitigated consequences (energetic events with impacts
outside the hydrotreater enclosure) were identified for further evaluation of the consequence and
adequacy of controls. The following classes of scenarios were identified as being highly energetic and
having high consequences and are further evaluated herein:

1. Boiling Liquid Expanding Vapor Explosion (BLEVE)
2. Pressure Vessel Bursts (PVB)
3. Flammable Vapor/Hydrogen leaks leading to deflagrations in the process enclosure (FA)

34.1 Boiling Liquid Expanding Vapor Explosion (BLEVE)

The hazard analysis identified hazard scenarios potentially resulting in BLEVES in the hydrotreater
reactor and distillation column and in several process vessels.

Of these events, consequences for the hydrotreater reactor (R-130) and distillation column (V-184) are
further presented here. These components pose the highest consequences based on heat input, pressure
and volume of material.

For the other pressurized process vessels, the possibility of a BLEVE is very remote as there were no
identified internal heat inputs which would raise the temperature of the liquid above boiling and the
vessels are insulated which would serve to protect them against the consequences of a BLEVE
associated with an external fire. BLEVES are not associated with atmospherically vented vessels unless
a mechanism is identified that also results in a complete blockage of the ventilation pathway for the
vessel.

3.4.1.1 BLEVE Consequence Methodology

A Boiling Liquid Expanding Vapor Explosion (BLEVE) is the result of the sudden catastrophic failure
of a pressurized vessel containing liquid above its atmospheric boiling point. A BLEVE requires that
the loss of containment be “sudden” and “significant” in size. Partial failures leading to two-phase jet
releases would not be called a BLEVE since it does not represent a sudden loss of containment (CCPS,
2010). Depending on whether the liquid in the vessel is flammable or non-flammable, a BLEVE may
include the following effects:

— Dblast effects (pressure wave due to the rapid vaporization of the liquid)
— missile impacts (fragment and debris throw)
— fireball (thermal hazards)

For analyzing BLEVEsS, the process outlined in CCPS, 2010 was followed. Since the distillation column
V-184 vessel is comprised of two sections of differing size and wall thickness, the process outlined in
CCPS, 2000 was used to calculate the missile fragment range.
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Blast Effects: It was conservatively assumed that the blast effects are based on the work done during an
isentropic expansion process and that the energy is based on the combined energy from the liquid and
vapor. The explosion energy can be written as:

Explosion Energy, Eex= 2€exm

Where:

2 = a multiplier for ground effects.

ex = work done, ul-u2, the change in internal energy from state 1 (just before the failure)
to state 2 (atmospheric) for both the fluid (f) and gas (g).

m = mass of fluid released; the volume of fluid/specific volume Vi/v;,

ulgg = internal energy of the (fluid, gas) at the initial conditions. These values can be
obtained directly from NIST thermodynamic data.

u2sq = internal energy of the (fluid, gas) in the expanded state, adjusting for the flashing
fraction.

Where:

Uze = (1-Xg)*Uzf +X¢*Uzg
Upg = Xg*U2f+ (l-xg)*U2g
Xt = (S S2)/ (S2g —S2f)
Xg = (S2g~ S16)/ (S2g —S2r)

Energy available — Per the CCPS, 2010 methodology assuming ductile failure, the energy available is
Eexa = 0.4* E¢x. Recent work by Casal and Salla present BLEVE overpressure estimations based on
superheat and state the energy available is ~ 14% (assumed to be 15%) of the superheat energy
calculated by the isentropic process. Therefore; a range based on the above correlations is provided for
each of the BLEVE overpressure calculations.

The scaled standoff distance, R of the receptor is then determined by:

E: R* [pO/ Eex'a] 173

Where:
R= distance to receptor
Po = atmospheric pressure

The scaled pressure P and impulse I at the receptor location are then estimated - Figures 7.6 and 7.8 of
CCPS, 2010 and the final side-on pressure (Ps) and impulse (Is) are calculated:

Ps :kp*ﬁs* Po
Is =ki* Ts* pOZ/S*Eex,allgl do

Where:
ap = speed of sound in ambient air
k,iy scaling factor for cylindrical vessels, from Lees’, 2012 - Table 17.54

Scaled dist. R R<03 | R<35 | R>35 Scaled distt R | R<0.3 | R<16 | R>1.6
Ke 4 1.6 1.4 K, 4 1.6 1.4
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Missile impacts (Hydrotreater): For missiles or rocketing fragments from a bursting vessel, CCPS,
2010 provides a simplified approach (Baum) to estimate the maximum likely range for fragments, Ryrag.
This approach is judged to be very conservative with respect to the potential for fragment travel for
hydrotreater components:

1) The approach is derived from “open” field events (impacts of fragments with the enclosure and
PDL-West building would significantly reduce the distance travelled),

2) The approach ignores drag associated with the fragments, and

3) The approach was derived for “thin-walled” vessels where the energy potential to weight ratio is
much larger than that for the hydrotreater/distillation column components.

From CCPS, 2010 the maximum likely range for of the fragments, Ry, meters is estimated by:

For vessels < 5 m® the maximum likely range Ryag= 90*m®%%*

Where:
m = mass of the liquid and vapor in the vessel at the time of failure, kg

Missile impacts (Distillation Column): For missiles or rocketing fragments from the Distillation
Column, a different approach was used to estimate the maximum likely range for fragments, Rgag. This
approach was used to account for the two different sections of the vessel with varying wall thickness.
This approach is judged to be very conservative with respect to the potential for fragment travel for
distillation column components:

1) The approach is derived from “open” field events (impacts of fragments with the enclosure and
PDL-West building would significantly reduce the distance travelled) and

2) The approach ignores drag associated with the fragments.
From CCPS, 2000 the interpolated likely range for of the fragments, Rsag, meters is estimated by:
Rirag = (R * Mrag)/(po * Cp *Ap)

Where:
R = scaled maximal range (dimensionless)
Mirag = Mass of the fragment, Ib
po = density of air, lby/ft®
Cp = drag coefficient for fragment; for sphere = 0.47
Ap = fragment surface area, ft*

g = acceleration due to gravity, length/time?

Where:
u= poCDADUZ/(mfrag*g)
Mérag = Myessel/Nfrag
Ap = Avessell Nfrag
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Thermal Hazards: Thermal hazards, including radiation impacts, would be limited as the hazard
scenarios are enclosed within the process enclosure and PDL-West building versus an open field. As
such the (maximum) fireball size and duration are calculated as a measure of the potential severity of the
event with respect to close (engulfed) distances.

CCPS, 2010 provides an estimate of the fireball diameter, D, and duration, t. based on mass of fuel, m¢
in the vessel.

D, = 5.8*m{?
t.- 0.45* m{® for ms <30,000 kg

Where:
m¢ = mass of the fuel in the fireball, kg

3.4.1.2 BLEVE Results

Hydrotreater Reactor (R-130)

For the hydrotreater reactor, R-130, it is assumed the pressure in the vessel is at the PRV set point

3000 psig. This is a reasonably conservative assumption as this is a significantly higher pressure than
the operating pressure (~2000 psig) and there were no events identified which would cause rapid
significant pressure increases. It was conservatively assumed that the reactor contained only water and
catalyst, and that the 13 liters of water volume contained 6.5 liters of liquid (water), as normally only
minimal liquid is expected in the reactor and the remainder of the vapor space is steam. Accounting for
hydrogen and bio-oil within the reactor would lower their potential energy due to the thermodynamic
properties compared to water.

Input Assumptions:

Pressure State 1 3000 psig 20.6 MPa
Temperature State 1 368° C, saturation temperature
Pressure State 2 14 psi 0.1 MPa
Temperature State 2 99.6° C, saturation temperature
Volume of Reactor 26 liters 0.026 m*

Free volume (assume 50% filled with catalyst) 13 liters 0.013 m®
Volume of Liquid (assume 50% of free volume) 6.5 liters 0.0065 m*
Speed of sound in air, ag 340 m/s
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Thermodynamic properties -Water; http://webbook.nist.gov/chemistry/fluid/

Tempoe rature | Pressure VSoFI)S(r::Z?v Elrr:(ta?f;?/alu Ent;opy CX C E Sg;:g.d Phase
() MP2) | “mikg) | (kikkg) | @igrky | WK | QIR | )

99,606 01| 00010432 |  417.4| 13028 | 37702 42152| 15435 liquid

99,606 01| 16939 | 25056| 7.3588 | 15548 20784 | 47199 | vapor

368.22 206 | 00021291 | 18175 4067 | 36749 | 31326 383.96 | liquid

368.22 206| 0005359 | 22615 48629 | 44004 | 65397 | 37325 vapor

Using the input assumptions and thermodynamic data provided:

The positive side-on overpressure (Ps) and positive side-on impulse (Is) at the following receptor
locations are:

Actual Receptor 3 7 10 30 35
Distance, meters
scaled distance R, m 1.6-1.2 3.8-27 54-39 16.3-11.7 19 - 13.7
P, kPa 45 -70 12- 28 8-12 2-3 14-25
ls, Pa-s 0.09-0.16 0.03-0.06 0.02-0.03 | <0.01-0.01 <0.01

The maximum likely range of fragments calculated using the CCPS, 2010 method was determined to be
~ 145 meters. As noted in Section 3.4.1.1 this distance is judged to be a very conservative estimate.

Thermal hazards were not assessed as the evaluation assumed the vessel was filled with water (liquid
and vapor) to maximize the pressure and fragment impacts. Thermal hazards would be constrained by
the PDL-West building and would be expected to be minimal given the steam (inerting and heat
absorption) and limited quantity of flammable material. Thermal hazards are addressed in the following
discussion for the distillation column and in Section 3.4.2 PVB for the reactor (assuming only hydrogen)
in the vapor space.

Distillation Column (VV-184)

For the Distillation Column, VV-184, it is assumed the pressure in the vessel is at the PRV set point of

70 psig. This is a reasonably conservative assumption as this is a significantly higher pressure than the
typical operating pressure (atmospheric to 15 psig) and there were no events identified which would
cause rapid significant pressure increases. V-184 consists of two pipe sections of differing wall
thickness; the smaller wall thickness (0.203 inches) was used in calculations as a conservative estimate.
Due to the differing size of the sections, it was assumed that two fragments would result in the event of a
BLEVE. It was conservatively assumed that the distillation column was filled ~70% (11 liters) with
octane and the remaining vapor space (5.3 liters) consisting of saturated octane vapors. Accounting for
treated bio-oil or heavy distillates within the distillation column would lower the potential energy of the
process due to their thermodynamic properties compared to octane.
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Input Assumptions:

Pressure State 1 70 psig 0.48 MPa
Temperature State 1 193° C saturation temperature
Pressure State 2 14 psi 0.1 MPa
Temperature State 2 126° C saturation temperature
Volume of VV-184 16.3 liters 0.0163 m®
Volume of Liquid, octane, 70% 11 liters 0.011 m*®
Speed of sound in air, ag 340 m/s

Equivalent spherical diameter 0.3145m

Vessel failure pressure 70 psig 482.63 kPa abs
Vessel liquid fill fraction 0.675

Vessel wall thickness 0.203in 0.52 cm
Vessel wall density 7800 kg/m®

Temperature 193°C 466.15 K
Ambient pressure 101.325 kPa abs

Drag coefficient of fragment 0.47

Lift to drag ratio: 0

Thermodynamic properties -Octane;  http://webbook.nist.gov/chemistry/fluid/

Temperature | Pressure Specific Internal Entropy Cv C Sound
© | ora | o | ke’ | g | 00 | 00 | | P
125.51 0.101 | 0.0016331 -0.47239 | -0.00076975 2.1864 2.6481 | 772.03 | liquid
125.51 0.101 0.27138 274.56 0.75746 2.0434 2.1426 | 164.49 | vapor
192.93 0.48253 | 0.0018453 188.72 0.43715 2.4468 2.9968 | 525.54 | liquid
192.93 0.48253 | 0.058767 409.58 0.96994 2.3665 2.5465 156.9 | vapor

Using the input assumptions and thermodynamic data provided:

The positive side-on overpressure (Ps) and positive side-on impulse (I;) at the following receptor
locations are:

Actual Receptor 3 7 10 30 35
Distance, meters
scaled distance R, m 3.6-2.6 8.5-6.1 12 -8.7 36 - 26 42 -30
P,, kPa 13-29 43-7 3-4 <13-14 <1.3
ls, Pa-s 0.017-0.04 | 0.007-0.01 0.005 - 0.009 <0.004 <0.004

The interpolated likely range of fragments calculated using the CCPS, 2000 method was determined to
be ~ 84 meters. As noted in Section 3.4.1.1 this distance is judged to be a very conservative estimate.
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The maximum fireball size was determined to be 10.6 meters with a duration of 0.8 seconds, not
accounting for confinement provided by the enclosure or building.

3.4.2 Pressure Vessel Burst Scenarios

The hazard analysis identified scenarios as resulting in pressure vessel bursts (PVBs) in the Reactor and
Distillation Columns and Process Vessels.

Of these events, consequences for the Hydrotreater Reactor (R-130) and Distillation Feed Tank (V-180)
are further presented here. These vessels are pose the highest consequences based on pressure and
vessel volume.

3.4.2.1 PVB Consequence Methodology

Similar to a BLEVE, a PVB accident is the result of the sudden catastrophic failure of a pressurized
vessel containing gas. Depending on whether the gas in the vessel is flammable of non-flammable a
PVB may include the following effects:

e Dlast effects (pressure wave due to the rapid expansion of the gas)

e missile impacts (fragment and debris throw)

o fireball (thermal hazards)
CCPS, 2010 notes PVBs usually do not result in ignition; therefore, thermal hazards are only addressed
for the R-130 reactor under the assumption that the vessel free volume (headspace) is completely filled
with hydrogen.

For analyzing PVBs, the Brode constant volume energy addition methodology, which provides an upper
limit of the energy released, according to CCPS, 2010, was followed.

Blast Effects: The explosion energy can be written as:

Explosion Energy, Eexar= (p1-po)V1/(Y1 -1)
Where:

Y, = ratio of constant pressure to constant volume of specific heat of the gas in the vessel
po = ambient (atmospheric) pressure to constant volume of specific heat of the gas in the vessel
p1 = pressure in the vessel prior to burst

V1= Volume of vessel (gas)

Energy available — assuming ductile failure E¢xa = 0.4* Eexpr

The scaled standoff distance, Rof the receptor is then estimated:
R= R[po/ Eex]”

Where:

R= distance to receptor
Po = atmospheric pressure

Page 71 of 98



Hydrotreater/Distillation Column Hazard Analysis Report

The scaled pressure P and impulse I at the receptor location are then determined - Figures 7.6 and 7.8
of CCPS, 2010 and the final side-on pressure (Ps) and impulse (Is) are calculated:

PS =kp*ﬁs* pO
Is =ki* Ts* pOZ/S*Eex,allgl do

Where:
ap = speed of sound in ambient air
K,y scaling factor for cylindrical vessels, Lees’, 2012, Table 17.54

Scaled dist. R R<03 | R<35 | R>35 Scaled distt R | R<0.3 | R<16 | R>1.6
Ke 4 1.6 1.4 K, 4 1.6 1.4

Missile impacts (rocketing fragments): For missiles or rocketing fragments from a bursting vessel, the
same approach as discussed for BLEVESs was used.

Thermal Hazards: For thermal hazards from a bursting vessel, the same approach as discussed for
BLEVESs was used.

3.4.2.2 PVB Results

Hydrotreater Reactor (R-130)

For the hydrotreater reactor, R-130, it is assumed the pressure in the vessel is at the PRV set point 3000
psig. This is a reasonably conservative assumption as this is a significantly higher pressure than the
typical operating pressure (~2000 psig) and there were no events identified which would cause rapid
significant pressure increases resulting in a common cause failure of the pressure relief valve. It was
conservatively assumed that the reactor contained only hydrogen and catalyst.

Input Assumptions:

Pressure State 1 3000 psig 20.6 MPa
Pressure State 0 14 psi 0.1 MPa

Volume of Reactor 26 liters 0.026 m®
Free volume (assume 50% filled with catalyst) 13 liters 0.013 m®
Volume of hydrogen 13 liters 0.013 m®
Specific Volume 0.13651 m®/kg

Y1 1.41

Speed of sound in air, ag 340 m/s

Using the input assumptions and thermodynamic data provided:

The positive side-on overpressure (Ps) and positive side-on impulse (I;) at the following receptor
locations are:
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Actual Receptor Distance, 3 7 10 30 35
meters
scaled distance R, m 1.7 4.1 5.8 17 23
Ps, kPa 46 11 7 1.7 <1.4
Is, Pa-s 0.08 0.02 0.015 0.005 <0.005

The maximum likely range of fragments calculated using the CCPS, 2010 method was determined to be
~ 41 meters. As noted in Section 3.4.1.1 this distance is judged to be a very conservative estimate.

The maximum fireball size was determined to be 2.6 meters with a duration of 0.2 seconds.

Distillation Feed Tank (VV-180)

For the Distillation Feed Tank, V-180, it is assumed the pressure in the vessel is at the PRV set point of
70 psig. This is a reasonably conservative assumption as this is a significantly higher pressure than the
typical operating pressure (atmospheric to 15 psig) and there were no events identified which would
cause rapid significant pressure increases resulting in a common cause failure of the pressure relief
valve. It was conservatively assumed that the vessel contained only nitrogen.

Input Assumptions:

Pressure State 1 70 psig 0.48 MPa
Pressure State 0 14 psig 0.1 MPa

Volume of vessel 140 liters 0.140 m®

Specific Volume (20°C) 0.18107 m¥kg

Y1 1.4
Speed of sound in air, ag 340 m/s

Using the input assumptions and thermodynamic data provided:

The positive side-on overpressure (Ps) and positive side-on impulse (1) at the following receptor
locations are:

Actual Receptor Distance, 3 7 10 30 35
meters
scaled distance R, m 2.95 6.88 9.83 29.48 34.40
Ps, kPa 20.3 5.5 3.7 <1.42 <1.42
Is, Pa-s 0.02 0.008 0.005 <0.0004 <0.0004

The maximum likely range of fragments was determined to be ~83 meters. As noted in Section 3.4.1.1
this distance is judged to be a very conservative estimate.
3.4.3 Deflagration Scenarios

The hazard analysis identified scenarios as resulting in flammable gas/vapors being released to the
enclosure from the hydrogen system and process vessels and piping.

Of these events, consequences from a rupture of the hydrogen supply piping within the hydrotreater
enclosure was analyzed as a bounding case. The consequences for a large release of hydrogen gas
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(assumed not to be a PVB or BLEVE) from the hydrotreater reactor was also analyzed to provide a
bounding case for the release of vapors from process vessels and piping.
3.4.3.1 Deflagration Consequence Methodology

Potential ignition of flammable vapors within the enclosure were modeled using the TNT Equivalency
Method as evaluated in the Physical Sciences Facility Fire Hazards Analysis Report, following the
approach presented in Analytical Approach for Gas Explosions for DOE Nuclear and Non-Nuclear
Facilities (Louie and Restrepo).

The TNT approach provides a proportional relationship between the total quantity of flammable material
released (whether or not it is within the flammability limits or at the stoichiometric concentration) to an
equivalent weight of TNT. This weight of TNT, Wrnr, is then used to determine a scaled distance, R,
from which predicted overpressure can used determined using the peak side-on overpressure curve
appropriate for the surface TNT equivalence method:

Wnt = ng(Wg*Hg /HonT)
Where:
ng = TNT equivalence factor or yield factor (dimensionless)
W, = weight of the combustible gas (kg)
Hgy = combustion energy of the combustible gas (J/kg)
Hrnt = TNT blast energy (J/kg)
The scaled distance, R is then calculated by:
R = R'W* 7
Where:
R = distance to receptor
For TNT equivalency methods, the side-on pressure can then be taken directly from the appropriate
overpressure curve.
3.4.3.2 Deflagration Results

Hydrogen Supply Line Rupture

For the hydrogen supply line rupture, it was assumed the quantity of hydrogen released equated to the
volume of the hydrotreater enclosure.

Input Assumptions and thermodynamic data:

Volume of hydrogen in the enclosure 285 m®

Density of Hydrogen at 20C 0.083191 kg/ m®

Weight of Hydrogen 23.7 kg

TNT equivalence factor ng 0.2 from (Louie and Restrepo)
Combustion energy, Hq 4.6E+06 J/kg

TNT blast energy, Hint 1.42E+06 J/kg
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From the TNT equivalence method:
Wrnt = ng«(Wg*Hg /Hrr)

1.5E-01 kg

The positive side-on overpressure (Ps) at the following receptor locations was then determined based on
the scaled distance (Louie and Restrepo):

Actual Receptor Distance, 3 7 10 30 35
meters

scaled distance R, m 5.6 13 19 56 65

Ps, bar 0.40 0.15 0.07 0.02 0.014

Ps, kPa 40 15 7 2 1.4

Hydrotreater Reactor (R-130)

For the hydrotreater reactor, R-130, it is assumed the mass in the vessel was based on the vessel free
volume and the pressure at the pressure relief valve setpoint of 3000 psig with a temperature of 368° C
as was evaluated in the BLEVE case. This is a conservative assumption with respect to normal
operating pressure (~2000 psig). To account for hydrogen within the supply line, the weight of
hydrogen released was doubled.
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Input Assumptions and thermodynamic data:

Volume of hydrogen is Vessel 0.013 m®

Specific volume of Hydrogen v, 0.13651 m®Kkg

Weight of Hydrogen (V/v1) 0.095231 kg

TNT equivalence factor ng 0.2 from (Louie and Restrepo)
Combustion energy, Hq 4.6E+06 J/kg

TNT blast energy, Hint 1.42E+06 J/kg

From the TNT equivalence method:
Wt = ng(Wg*Hg /Hrnt)
= 1.23E-03 kg

The positive side-on overpressure (Ps) at the following receptor locations was then determined based on
the scaled distance (Louie and Restrepo):

Actual Receptor Distance, 3 7 10
meters

scaled distance R, m 28 65 93

Ps, bar .025 0.01 <0.01

Ps, kPa 2.5 1 <1

3.4.4 Calculation Summary

Comparing the calculated overpressures from the above conservative analyses to the damage estimates
of Table 3-5 shows that a failure of the hydrotreater/distillation column enclosure would result in the
event of a BLEVE, PVB, or explosion of hydrogen within the enclosure. However, only for a BLEVE
of the reactor (R-130) could significant overpressures (greater than 21 kPa) be developed which would
challenge the PDL-West building structure itself. There were no cases in which overpressures sufficient
to result in greater than minor damage (7 kPa) reached at the nearest analyzed location (PDL-East).

For missile generation, the CCPS, 2010 methodology conservatively estimates missile ranges out to
~145 meters for the hydrotreater. As noted, this ignores several physical properties associated with the
event. DOE-TIC 11268, Figure 6.17 identifies that the 90th percentile fragment range as being less than
~24 meters (80 feet) for an energy level of 2.2E+07 joules (1.6E+07 foot-pounds) which is more than 10
times greater than calculated energy available for the R-130 BLEVE limiting case.

For all events analyzed, the robust design of the hydrotreater/distillation column systems make the
overpressure and missile generation events very low likelihood scenarios.
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Table 3-5. Damage Estimates for Common Structures Based on Overpressure

Pressure
kPa psig Damage
2.07 0.3 “Safe distance” (probability 0.95 of no serious damage below this
value); projectile limit; some damage to house ceilings; 10%
window glass broken.
3.4-6.9 05-1 Large and small windows usually shattered; occasional damage to
window frames.
13.8 - 20.7 2-3 Concrete or cinder block walls, not reinforced, shattered
20.7% - 27.7 3-4 Frameless, self-framing steel panel building demolished; rupture of
oil storage tanks
34.5 5 Wooden utility poles snapped; tall hydraulic press (40,000 Ib) in
building slightly damaged
34.5-48.2 5-7 Nearly complete destruction of houses
68.9 10 Probable total destruction of buildings; heavy machine tools

(7000 Ib) moved and badly damaged; very heavy machine tools
(12000 Ib) survive

AIChE/CCPS, Guidelines for Chemical Process Quantitative Risk Analysis, New York: AIChE, 2000
(1) Assumed threshold for serious damage from Lees’ 2012.
“Table 17.28- Typical Values of Failure Pressures in Building Structures

Failure Pressure (KN/m2) [kPa]

Windows (normal) 3-4.6
Windows (strained) 1, oreven 0.2
Chipboard (19mm) 7

Brick wall (114mm)

Survived at 23, destroyed at 35

Brick wall (228mm)

Survived at70, destroyed at 105

It has been suggested by Buckland (1980) that the explosion pressure should not
exceed 21 kN/m? if the building is to avoid serious damage.”
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40 HAZARD CONTROLS

4.1 Critical Controls

This section describes the attributes of the critical controls (Table 4-1) specifically identified in the

hazard analysis as mitigating against the higher consequence hazards associated with the
hydrotreater/distillation column process as addressed in Section 3.4.

Table 4-1 Critical Hazard Controls

Hazard Control Event Type Hazard ID
Vessel Design per ASME Section VIII | BLEVE H.4-6; H.4-7; H.4-9; H.7-1; H.2-10; H.4-11;
and ASME B341.3 H.4-18; H.1-19; H.2-20; D.2-7; D.4-3;
D.4-4; D.4-5; U-9
PVB H.1-16; H.2-7; H.4-17; H.4-18; H.4-22;
H.4-29; H.4-31; H.7-4; D.1-6; D.1-7;
D.4-13
FA H.4-8; H.4-15; H.4-20; H.7-8; D.1-10;
D.2-3; D.4-11; D.4-9;
Relief VValve Sizing and Flowpath BLEVE H.1-19; H.2-10; H.4-6; H.4-7; H.7-1;D.2-7;
Design D.4-3;
PVB H.1-11; H.1-15; H.1-16; H.1-21; H.2-7,;
H.2-10; H.4-1; H.4-17; H.4-22; H.4-29;
H.4-31; H.7-4; D.1-6; D.1-7; D.1-14;
D.4-13
FA D.1-10; U-8
Piping Design per B31.3 and NFPA 55 | FA H.5-2; H.6-1; H.7-7; D.1-10
Hydrogen Piping and Excess Flow BLEVE H.4-10; U-10
Valve Design per IFC FA U-25
Reactor and Distillation Column High- | BLEVE H.2-20; H.3-6; D.2-17
High Temperature Interlock
Enclosure Design as Class 1 Division 2 | BLEVE D.4-5
environment FA H.1-8; H.1-12; H.1-14; H.4-23; H.4-26;
H.4-28; H.4-8; H.5-2; H.7-5; H.7-9; D.5-7
Enclosure Ventilation System Design FA H.1-8; H.1-12; H.1-14; H.1-17; H.2-1;
H.2-2; H.2-3; H.4-23;H.4-28; H.4-8; H.7-5;
H.7-9; D.1-8; D.2-1; D.2-2; D.2-3; D.4-7,
D.4-9; D.5-7
Hydrogen Monitor FA H.1-8; H.1-12; H.1-14; H.1-17; H.2-1;
H.2-2; H.2-3; H.4-8; H.4-26; D.1-8
Flammable Vapor Monitor FA H.1-8; H.1-12; H.1-14; H.2-1; H.2-3; H.4-8;
D.2-3
Pressure Test Procedure BLEVE H.4-9; H.4-11; D.4-4
PVB H.4-18; D.4-13
FA H.1-8; H.1-12; H.1-17; H.1-18; H.4-8;

H.4-15; H.4-20; H.4-28; H.7-8; D.1-8;
D.1-13; D.2-1; D.2-2; D.2-3; D.4-9; D.4-11
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41.1 Vessel and Piping Design

The robust design of vessels, components, and piping (tubing) ensures the pressure integrity of the
process boundary for normal operations and upset conditions.

Vessel Design: The R-130 reactor vessel and V-184 distillation column are designed, fabricated,
welded, inspected, and tested in accordance with ASME B31.3 and augmented consistent with the
ASME Boiler and Pressure Vessel Code (ASME B&PV Code), Section VIII.

All vessels with a diameter greater than 6 inches and a design pressure greater than 15 psi are designed,
fabricated, welded, inspected, and tested in accordance with the ASME B&PV Code, Section VIII.

Relief VValve Sizing: All relief valves and pressure relief flowpaths are sized for the worst-case flow
rates, including any backflow from high to low pressure areas, per AP1 521. This includes the addition
of vessel insulation on vessels where required to support flow rates (CTI 12-631).

PSE-2005 upstream of Check Valve CK-2012 protects against backflow through P-121A/B from the
reactor.

Piping Design: All pressure piping is designed, installed (approved fittings, quick disconnects,
appropriate support distances, etc.), and leak tested in accordance with ASME B31.3 and NFPA 55. The
new valve, HV-2018, upstream of HV-2009 provides positive pressure boundary from the reactor R-130
when draining bio-oil/acetone from the P-121A/B pumps during the shutdown flushing modes.

Hydrogen Utility (supplied) Design: All hydrogen piping is installed in accordance with the
International Fire Code (IFC), which includes an appropriately sized excess flow control valve.
Maximum hydrogen pressure — limited by compressor (3000 psi) and protected by pressure relief valve.
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Table 4-2 Vessel and Piping Design Summary

Component Vessel Design Vessel Design Pressure Relief Insulation @
Pressure @ Temperature © Setpoint
psig °C Psig ¢
V-120 135 148 70 Yes
V-125 155 148 100 No
R-130 3000 426 (heads) 3000 No
537 (shell)
V-140 3000 454 3000 No
LG-142 3000
LG-147 100 148 Atm® NR
V-160A/B 155 148 70 Yes
V-161A/B 155 148 70 Yes
V-162 180 @ 148 Atm® NR
V-163 180 @ 148 Atm® NR
V-180 135 148 70 Yes
V-184 100 ©® 454 70 Yes
V-191 & 135 148 70 Yes
V-193
V-192 & 135 148 70 Yes
V-194
1/4"-T035-316 5100 ©® -
3/8"-T049-316 4800 ©
1/2”-T049-316 3700 © -

(1) From CTI 12-631, unless otherwise noted.

(2) Maximum Allowable Working Pressure

(3) From Project Drawings: 782-4-100 through 782-4-190

(4) Note: additional pressure relief provided by PSV-4016 upstream DWG-782-4-140

(5) From Project Drawing: 782-4-160

(6) Swagelock Tubing Data (R10) accessed at
http://www.swagelok.com/downloads/WebCatalogs/EN/MS-01-107.PDF

4.1.2 Reactor and Distillation Column Temperature Critical Controls

The high-high temperature interlock (500° C) for each of the eight zones of the R-130 vessel removes
power to its respective heater. This eliminates the source of external heat to that zone and provides
adequate margin below the vessel (shell) design temperature of 537°C (Table 4-2).

The high-high temperature interlocks (425° C) remove power to the V-184 distillation column reboiler
and bottom section heaters to provide adequate margin below the vessel design temperature of 454°C
(Table 4-2).

The ten (10) critical temperature controls (eight associated with R-130 and two associated with V-184)
use safety circuitry, independent of the control circuitry, to fulfill their shutdown functions {within the
HTDC documentation (e.g., P&IDs, Cause and Effect Diagram), TAHH-xxxxA denotes a control
circuit; TAHH-xxxxB denotes a safety circuit}. These safety and control circuits utilize independent
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thermocouples and PLCs to ensure safety system response is hot compromised by failure of a control
system. These temperature critical controls (designated as “P3” in the Supplemental HARS) receive
their own credit in the quantitative risk assessment (see Appendices D and E).

4.1.3 Enclosure Design and Ventilation

The enclosure design and ventilation system reduce the potential for deflagrations resulting from the
release of flammable vapors from the hydrotreater/distillation process pressure boundary.

Enclosure Design Classl Division 2: All exposed electrical in the enclosure is Class 1 Division 2
(explosion proof) or contained in air purged cabinet (Z-Purge) to prevent the introduction of flammable
vapors/gases. This minimizes the potential for an ignition source.

Enclosure Ventilation System: The enclosure is normally ventilated at 6 air changes per hour, which is
consistent with standard laboratory flow rates at PNNL. The ventilation is well mixed due to the inlet
being toward the bottom of the enclosure and the outlet near the top. This minimum ventilation rate
meets the requirements of NFPA 55 and the IFC and reduces the concentration of flammable vapors to
below lower flammability limits. Loss of enclosure ventilation shuts off the hydrogen supply and
initiates Shutdown Scenario A (heaters, pumps, and hydrogen shutoff) from the hydrotreater/distillation
column process controller (see Appendix B, “Key Design Information Reviewed,” — Interlock Matrices).

4.1.4 Hydrogen Monitors

There are three hydrogen monitors; one is installed high on the reactor skid and two are installed near
the ceiling in the enclosure. The ceiling detectors alarm at 10% of the LEL resulting in a fire alarm
control panel (FACP) supervisory alarm, and alarm at 25% of the LEL which results in an FACP
supervisory alarm, isolates the hydrogen supply, and initiates Shutdown Scenario A. The reactor skid
detector is interlocked to isolate the hydrogen supply at 25% of the LEL and also initiates Shutdown
Scenario A.

4.1.5 Flammable Vapor Monitors

Flammable vapor monitors (one H,S and two combustible gas detectors) are installed on the reactor and
distillation skids. The H,S detector alarms at 5 ppm resulting in an FACP supervisory alarm, and alarms
at 40 ppm which results in an FACP supervisory alarm and initiates Shutdown Scenario B. The two
combustible gas detectors alarm at 10% of the LEL and at 25% of the LEL initiate Shutdown

Scenario A.

4.1.6 Safe Operating Procedures (SOPs)

The system will be operated via approved procedures. Per the SOPs:

e Trained operators: Each shift will have two operators (experienced with similar equipment) trained
per the approved operating procedures. The system will not operate unattended.

e Pressure testing: Prior to the initiation of each run, the system is leak checked with nitrogen to
ensure any re-assembly or cycling does not create a leak.

e System shutdown: This will ensure the system has been placed in a non-Class I/Div 2 status.
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4.2  Other Controls (Non-Critical)

This section describes the attributes of the other non-critical controls (Table 4-3) identified as providing
significant benefit in further reducing the event frequency for higher consequence hazards associated
with the hydrotreater/distillation column process as addressed in Section 3.4.

Table 4-3. Other Non-Critical Controls.

Hazard Control Event Type Hazard ID
Flame Detectors BLEVE D.4-5; H.4-10; H.4-11; U-9; U-10; U-25
Fire Suppression System BLEVE D.4-5; H.4-10; H.4-11; U-9; U-10; U-25
Temperature and Pressure BLEVE D.4-3; H.1-1; H.1-2; H.1-5; H.1-6; H.1-19;
Controls/Alarms Prompting Operator H.2-10; H.2-15; H.2-20; H.3-6; H.4-2; H.4-
Response 6; H.4-7; H.7-1; H.7-7

PVB H.4-17; H.4-27; U-1; U-7

Check Valves PVB H.4-1
Facility Configuration FA U-24; U-30

421 Flame Detectors

There are two flame detectors located in the enclosure; activation of either results in the following:
e FACP alarm,

e Isolation of the hydrogen supply,

e Shutdown of the enclosure exhaust ventilation,

e Activation of the water mist system,

e Deactivation of power to the enclosure (after 5 second delay),

e Opening the reactor purge (vent) valve (after 60 second delay), and

e Initiation of Shutdown Scenario C.
4.2.2 Fire Suppression System

There are both sidewall wet-pipe sprinklers and a mist system located in the enclosure. The mist system
is activated when the flame detector is activated.

4.2.3 Temperature and Pressure Controls/Alarms Prompting Operator Response

There are numerous high temperature and pressure alarm and control set points that provide the operator
an opportunity to identify and correct an off-normal occurrence and to prevent/mitigate potential
problems; many of these instruments will automatically control the system to limit potential problems in
the unlikely event that prompt operator action is not taken. The high-high pressure interlocks (2700
psig) for the R-130 reactor vessel and the V-140 HP separator stop the flow of hydrogen and nitrogen
and feed of bio-oil into the reactor. This eliminates the sources of pressure input and limits any
exothermic reaction once the hydrogen is consumed thus protecting the pressure boundary of the reactor.
These temperature and pressure alarms and controls would further reduce the frequency of a hazardous
event.
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4.2.4 Check Valves
Check valves are in place throughout the hydrotreater system to protect against backflow.

4.2.5 Facility Configuration

The configuration of the facility housing the hydrotreater and distillation column skids will aid in ventilation of
the system. PDL-West facility is equipped with a passive ventilation system. In the event of loss of enclosure
ventilation, the large size of the PDL-West facility and passive ventilation system would further reduce the
frequency of hazardous event scenarios.

4.3 Safety Management Programs

In addition to the critical controls described above, institutional Safety Management Programs (SMPs)
are integrated into the PNNL requirements management infrastructure and delivered to staff members
through the “How Do 1...?” (HDI) work flows and work controls. HDI deploys the Laboratory-level
requirements and procedures to PNNL staff. SMPs that are directly related to the
Hydrotreater/Distillation project are identified below.

4.3.1 Worker Safety and Health

The Worker Safety and Health programs include the Chemical Hygiene Program, Hazard
Communication Program, Hazard Assessment Program, Chemical Management System, and Integrated
Safety Management System. Specific standards and procedures related to the operations of the
hydrotreater/distillation project (Working with Chemicals, Compressed Gases, Pressure and Vacuum
Systems, etc.) are provided in HDI, and implemented through Integrated Operations System (IOPS), and
other implementing procedures.

IOPS helps managers and staff to identify and mitigate operational risks of experimental work in PNNL-
operated workspaces. The processes involve identifying and managing risks and hazards associated
with activities performed in each IOPS workspace, continually assessing ongoing or changing work
risks, and controlling access so that only trained and authorized people are working in the workspace.

The I0OPS tool delivers automated processes to support implementation of the IOPS program workflows
that IOPS Administrators, Cognizant Space Managers, workers, and others use to achieve a safe
workplace and efficient operations. The processes are designed to support the following:

e Configuration of IOPS buildings

e Establishing and maintaining IOPS workspaces
e Providing tailored controls

e Authorizing activities

e Performing work and monitoring work for changes.

4.3.2 Fire Protection Program

PNNL has established and maintains a Fire Protection Program that implements the applicable
requirements of DOE O 420.1B, Facility Safety. This SMP applies to DOE facilities operated by PNNL
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including the PDL-West facility. The program affords a level of protection by providing the following
services:

e Management of combustible materials and flammable liquids and gases
e A permit process for hot work

e Proper workspace housekeeping; facility and equipment modification design reviews and approvals;
and periodic facility inspections and assessments

e Engineered features that minimize the potential for fire and the propagation of fires, including:
— Facility fire walls and barriers
— Fire detection and alarm systems
— Automatic suppression systems including the mist suppression system within the enclosure
— Portable fire extinguishers

e Emergency services (e.g., fire, medical) for PDL-West are provided by the City of Richland

e Implementation of applicable NFPA 101 requirements

e Inspection and maintenance of fire alarm, detection, and suppression systems

e QOutages and impairments impacting fire protection systems are controlled and tracked through
formal, documented systems to minimize the fire risks while systems are out of service.

The fire protection program is intended to ensure an available means of egress for personnel during a
fire, minimize damage to property, and minimize the potential for DOE programs to suffer unacceptable
delays or effects as a result of fire.

4.3.3 Training and Qualification

The training and qualification function establishes Laboratory-wide policies and standards and maintains
a system for training delivery and documentation. Training and qualification requirements are
implemented to ensure that personnel responsible for facility operations, process operations, vehicle
operation, maintenance, and technical support are trained and qualified, as applicable, to accomplish
their safety-related responsibilities. Line management makes sure that personnel are trained to work
safely, effectively, and in accordance with DOE requirements and PNNL policies. PNNL training
requirements and standards provide a uniform method for identifying, performing, and documenting the
required indoctrination and training of PNNL staff.

4.3.4 Maintenance and Testing Program
This section discusses initial (startup) testing and maintenance programs for the PDL-West facility,
including the Hydrotreater/Distillation Column project.

4.3.4.1 Initial Testing

PNNL facility design procedures require testing to verify proper operation of equipment and systems
prior to their installation or return to service following facility modifications. Documents that
implement installation and post-modification testing are developed based on operational and equipment
functional requirements. Documents implementing installation, modifications, and associated tests
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(plans, permits, procedures, etc.) are prepared and peer reviewed by technical disciplines and line-
management, as appropriate.

4.3.4.2 Maintenance

The PNNL facility operations function establishes a maintenance program that implements applicable
maintenance requirements, including equipment vendor specifications and recommendations; and
applicable national, state, local, and DOE codes and standards. PNNL facility procedures require testing
to verify proper operation of specific safety equipment and systems (e.g., ventilation, cranes/hoists, fire
alarm/detection/suppression) prior to returning them to service following preventive/corrective
maintenance activities. Documents based on operational requirements; equipment functions;
manufacture recommendations; operational restrictions; and/or applicable national, state, local, and
DOE codes and standards implementing preventive/corrective maintenance actions and post-
maintenance testing are prepared and peer reviewed by technical disciplines and line management, as
appropriate.
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5.0 CONCLUSION

Two What-If hazard analyses were performed by PNNL to support the Hydrotreater/Distillation Process
operation. These hazard analyses postulated off-normal or upset conditions including the release of the
hazardous material or energy. For all events involving the release of material or energy, the hazard
analyses identified the hazard controls which would prevent or mitigate the release. For high-energy
events which could breach the hydrotreater and distillation column enclosure, the analyses were
supplemented by calculations documenting the potential magnitude of the bounding case unmitigated
consequences. The critical controls which are relied on to prevent the occurrence of these events are
identified (see Table 4-1). Additional hazard controls identified for these events provide defense-in-
depth by reducing either the potential for or consequences of the postulated events (See Table 3-4,
What-If Hazards Analysis Results). In addition, two supplemental hazard analyses were conducted and
quantitative risk assessments performed for the Distillation Column and Hydrotreater units (see
Appendices D and E).

With the identified hazard controls applied and operations performed within the envelope of the PNNL
Safety Management Programs, the risks posed from operation of the hydrotreater and distillation
columns are adequately mitigated, and these systems can be operated safely, consistent with PNNL
control of other laboratory operations.
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Appendix A: Attendees

Page 88 of 98



Hydrotreater/Distillation Column Hazard Analysis Report

Attendees
Name Affiliation Role
Brawn David PNNL Building Engineer
Brooks Shirley PNNL Hazards Analysis
Carlson Jeff PNSO
Clark Pat PNNL Facilities and Operations
Coles Garril PNNL Hazards Analysis
Cuello Rob PNNL Operations
Dotson Paul PNNL Facility PM
Edwards Dan PNNL ES&H
Elliot Doug PNNL CBPDG
Elliot Mike PNNL
Evans Brad PNNL Nuclear Safety and Facility Authorization
Hart Todd PNNL Hydrotreater Project Operator
Hastings David PNSO
Lowry Pete PNNL Hazards Analysis
McGaughy Renee PNNL WS&H
McMullin Ken PNNL Building Manager
Minister Andrew PNNL Fire Protection
Neuenschwander Gary PNNL Hydrotreater Project Operator
Olarte Mariefel V PNNL Hydrotreater Project Operator
Orth Rick PNNL Line Manager
Paulsen Sam PNNL Pressure Safety
Rohrig David PNNL ES&H - Pressure Safety
Rotness L.J. PNNL Hydrotreater Project Operator
Sauve Gerald PNSO
Short Steve PNNL Hazards Analysis
Stephens Vicki PNNL Operations
Wagner Dan PNNL Building Engineer
Wyatt David PNNL WS&H - Fire Protection
Xuan Vic PNSO
Zacher Alan PNNL Hydrotreater Project-PM

Note: Personnel who attended 1 or more meetings.
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Design Information Reviewed

HYDROTREATER/DISTILLATION SYSTEM Calculations

CTI 12-631, Rev 2, Pressure Relief Vent Header and KO Vessel Sizing for PNNL Hydrotreater Facility

HYDROTREATER/DISTILLATION SYSTEM Drawings®

PNNL HYDROTREATER — DISTILLATION PROCESS SKETCH @

hydro_process. pdf

782-4-100 PNNL BIO-OIL HYDROTREATER BIO-OIL BATCH FILTRATION

Zeton Redlines. pdf

782-4-110 PNNL BIO-OIL HYDROTREATER GAS FEED

782-4-120 PNNL BI10O-OIL HYDROTREATER LIQUID FEED

782-4-130 PNNL BIO-OIL HYDROTREATER REACTOR

782-4-140 PNNL BIO-OIL HYDROTREATER GAS/OIL/WATER SEPARATION

782-4-150 PNNL BIO-OIL HYDROTREATER PRODUCT GAS MEASUREMENT

782-4-160 PNNL BI10-OIL HYDROTREATER LIQUID PRODUCT COLLECTION

782-4-170 PNNL BI10-OIL HYDROTREATER WATER RECIRCULATION

782-4-180 PNNL BIO-OIL DISTILLATION COLUMN

782-4-190 PNNL BIO-OIL DISTILLATION COLUMN CUT COLLECTION

ENCLOSURE/FACILITY Drawings®

A2.0 PNNL HYDROTREATER ENCLOSURE DESIGN PDLW FLOOR PLAN @
A2.0_PLDW_FLOOR
_PLAN[2]. pdf
A3.1 PNNL HYDROTREATER ENCLOSURE DESIGN Exterior Elevations PLAN @

A3.1_Hydrotreater -
Enclosure. pdf

M2.0 PNNL HYDROTREATER ENCLOSURE - Enclosure P&ID

i

M2.0 Enclosure
P&ID. pdf

M2.1 PNNL HYDROTREATER ENCLOSURE - Enclosure P&ID

i

M2.1 Enclosure
P&ID.pdf

M2.3 PNNL HYDROTREATER ENCLOSURE - Enclosure P&ID

i

M2.3 Enclosure
P&ID. pdf

® These drawings are historical documents and subject to change. See the Hydrotreater/Distillation Column SharePoint site
for current drawings.
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INTERLOCK MATRICES*

Cause/Effect Matrix

Cause and Effect
Rev 2_24Jan_2013_F

FACP Hydrotreater Logic E

3030
Logic-Hydotreater-Rz

* These documents are historical and subject to change. See the Hydrotreater/Distillation Column SharePoint Site for current
Versions.
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Appendix C: November 2012 Hydrotreater / Distillation Column Project
Hazard and Risk Analysis Report
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November 2012 Hydrotreater / Distillation Column Project Hazard and Risk Analysis Report

D

Hydrotreater HA Nov
2012.pdf
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Appendix D: Supplemental Hazard Analysis and Risk
Assessment — Distillation Column
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Supplemental Hazard Analysis and Risk Assessment — Distillation Column

E
Supplemental HAR -
Distillation Column
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Appendix E: Supplemental Hazard Analysis and Risk
Assessment - Hydrotreater
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Supplemental Hazard Analysis and Risk Assessment - Hydrotreater

PE
Supplemental HAR -
Hydrotreater
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3. Z~PURGED ENCLOSURE FOR SPLIT TYPE FURNACE. ‘ e —om " . PNNL BIO-OIL
= OUPLE, %"0D in %"0D B | Hot oif heating changed to spiit type electric fumace CSB) 1 | AS BULY CSB |2 SRUBN
I| Vet MDDLE & Tos ARE USED FOR Et':?;rs"’(gm!-:PTEMJFé ONTRL 2?;:7 = Vo Wuone APR. 5._2012| C. BROWN HYDROTREATER
CORRESPONDING FURNACE ZONE. C | PRe-HAZOP MEETING ISSUE Bl n REACTOR
6 . o [18708 CLENT 908 NUMBER SoAE ZETON 908 WMEER . :
D | HAZOP IsSUE g l NTS 782-4 782-4-130 ™" 1ot1 ™4






1 \ 2 ) 3 L 4 A 5 , 6 [ 7y 8 | 9 10 K 11 L 12 { 13 A 14 L1

1 5 1 16
V-140 HE-144 LG—142 I:;J:gu e kscé-SEPMA?!ATDR
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V=153 : ' WIM-152
PRODUCT GAS WET TEST METER
CONDENSATE

K.0. POT

[P RELEF FEADER "\ RV-2010~1"—P40~316 m RV—2010—1"~P40-316 TP RELIEF WEADER
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~— oa / o ¥ PG—-5002-3 /4"-T065—-316 12 VENT HEADER
CK-5016 } HV-5002 o’ o HV~5003 . !
T - = ! — \
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V-160A/B V-161A/B V=163 V=162
HYDROTREATED BIO~-OIL TANK PROCESS WATER TANK WATER SLOP TANK Ol SLOP FANK
AND SAMPLE AND SAMPLE u
19 UTER 19 UTER MAWP: 180 psig © 148C MAWP: 180 psig © 148C
MAWP: 155 paig © 148C MAWP: 155 psig © 148C MOC: 31653 MOC: 316SS
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T~at
CK-~6011

TEWPERED WATER
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TEMPERED WATER
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782-4-170
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CHILLED WATER
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[LP RELIEF HEADER
X1 172" >
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PW-6003~1/2"-T049-31 . [R
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/
|

TEMPERED WATER
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) 1
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|
|
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i
4
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A A
NOTES REVISION ‘ REVISION PACIFIC NORTHWEST
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{ A | PrOPOSAL ISSUE : wi'za] c8 | O | ISSUED FOR FABRICATION ' ess| ‘o RICHLAND, WASH.
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=17 Z=172
TEMPERED WATER CHILLED WATER
CIRCULATOR (90C max) CIRCULATOR (5C min)
Heater Power: 4.6 kW Cooling Cap: 7500 W © 20C
Pump: 4 GPM © 60 psig Pump: 4 GPM © 60 psig
460 VAC 60 Hz 3Ph 460 VAC 60Hz 3Ph
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CHILLED WATER | ! [ a2 S CW-7002-3/4"-T065-316
PR AT ° ° HV=7002 -7002-3/:
782—-4-140 = o - o CHILLED WATER
== =
CHILLED WATER |  — | T CW-7004—1/4 —T035-316 | Ja2e4rt40
e —7024—1/% —T035=31 | |
782—-4-140 I I %IL\}.E%)“?ATER
CHILLED WATER = —7006—1/4"—T035— 4
DT p— CW-7006-1/4"-T035-316 ‘752 4-140
|782-4-140 —7026=1/4"=1035-316  =— | | , CHILLED WATER
RO V=183 : — | "‘L | S GW=7008—1/7 —T035-316 | ver-i1t0
782-4-150 —-7028-1/4"-1035-316  "— CHILLED WATER
[CHILLED WATER | I = CW=7010-1/4 -T035-316 | 78240150
FROM V-180 A + B > —= L] L
782-4-160 ~7030-1/4"-T035-316 | _17 | CHILLED WATER
FROM Boon | I l =T CW=7012-1 /4 —T035-316 _|7820acis0
FROM BIO—0IL PRODUCT — L
s, —7032-1/4—T035-316 = | | oy T
R =i T OW=7014-1/4—T035-316 | 78004186 o 0 N
o (ATER PRODLCT LW 70341 /F—T035-316  —— | | LD WATER
V o
P el — l | S TW=7016-1/47-T035-316 | 7a2cariso " ouc! NE
Tmaig0 —7036-1/2"-1049-316  =— | ) | 40&1“.@ WATER
| | s " CW-7018-1/2 —T049—31€ TS
| [\ |
| il |
| I | HH a
/[ 1 \H
= e | ‘L
1701 ] ™ s
§ = | l 170-3
HER | ()
! 5 =3 =3 . - = g8
TW—7017-3/4"-T049-316 = | | 3l&
i POG— : = i
TR o TER _ — | 5 5 . HV-7003 TW—7001-3/4"—T065-316
782-4-140 /" TW-7019-1/4"-T035-316 | | TEVPERED WATER
(o 3 = T0 V-140
iy _ = | — | TW=7003-1/8—T035-316  |nazva 3o
782-4-140 /" TW-7021-1/4"-T035-316 S
l o -
e N — | | — TW-7005-1/4—T035-316 | 782-4-140
782-4-160 /" TW-7023-1/4"-T049-316 ~ | | [TEiFERED WATR
Il f e » ?
TEMPERED WATER L == TW=7007—1/8 —T035-316 _ |veora seo’
FROM BIO-OIL PRODUCT =5 82-4-160
782-4-140 TW-7025-1/4"-T035-316 | l | TENPERED WATER
s S
FROM WATER PRODUCT Li == | NOTE 1 5 . | = TW=7000-1/8—T035-316 | sz a-ap " C0UCT LNE
782-4-140 TW-7027-1/4"-T035-316 By 2 o | TR WA ——
e e S ’ — ENCLOSURE | — TW—7011-1/4"—1035-316 T R o
782-4-120 /. TW-7029-1/2"-T049-316 L- | TEMPERED WATER
______________ B oo o} o st
TR Vg ies == T = TW=7013-1/2 —T035-316 | 182oa 250 2B
782-4-190 TW-7031-1/2"-T049-316 [ , e
/ — 16,
et = TW—7015-1/2 —T049—316 e
- 4 “ T: /\ >
NOTES , REVISION REVISION PACIFIC NORTHWEST -
1. Z-171 AND Z-172 ARE_LOCATED OUTSIDE THE PILOT PLANT =X o B e NATIONAL LABORATORIES 22 ZETON
ENCLOSURE IN A NON—HAZARDOUS AREA. A | PROPOSAL ISSUE W | 2012|CB | O | ISSUED FOR FABRICATION CSB| 01 RICHLAND, WASH.
CHECKED
B | HOT OIL RECRCULATORS REMOVED css|'sox 1| asBuLT css| | [.C.BROWN C. BROWN PNNL BIO-OIL
DRAWN APPROVED 2y
V. VUONG APR. 5, 2012| C. BROWN HYDROTREATER
/o7
C | PRE-HAZOP MEETING ISSUE €SB po12 WATER RECIRCULATION
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1 1 2 \ 3 | 4 | 5 ) 6 ) 7 1 8 1 9 | 10 | 11 | 12 | 13 | 14 | 15 | 16
— = v-184 HE=185 p=182 P=183 y-186
FEED TANK FEED RECIRCULATION PUMP DISTLLATION COLUMN SET @ REFLUX BOTTOMS PUMP REFLUX PUMP REFLUX_POT
140 L 51 GPH © 1750 RPM 2 1/2" Sch.40 x 126" column 6 P CONDENSER 7.25 GPH © 1750 RPM 161 GPH © 1750 RPM 4° x 36" long
o® L wESEES, o ipm@mm Emeeh 0 SR e Rnelec
A 1/2 HP, 48D VAC, 80 Hz, 1750 RPM / WP: 100 paig @ 454C Moo, S16e8 1 HP, 480 VAC, B0 Hz, 1785 RPM 1/2w.4w'vw,uonz.1%m
3165S/PEEK /Kolrez MoC: 31 MOC: 316SS/PEEK/K MOC: 318SS/PEEK Kolrez RV—8006-1/2"-T049-316 [IP RELEF
l 782-4-190
| CHILLED WATER HV-8032
< 782-4-170 CW-7020-1/2"-T049-316 os0p S0
CHILLED WATER T\
|my > o K M\ _ » 802) NOTE 2 NOTE 3
& s —1/9"— i 8001 8021 = v-8017-1/2
B 782-4-170 Cw-7010-1/2"-T049-316 HV-8001 \8021/ I———-IH'E—L&& OVH-8011-1"-P40-316 - _1049_31é i T T VENT HEADER
- \ | | 782-4-190
" >l HV—8034
- PDS ( PDI = vV-8010-1.5" 3 / 1\
-P40-316 '.W L
- =) : Cx-8042 2 =L
op Ii——| £ 4]
(L8 l 0 =
c Z PURGED = ‘L ?
DISTILLATION SKID X = ;r‘ D~
CONTROL 7\ L ™
CABINET f » :. ______ }'
- ‘, ] '3
sET o | »s | ompm (G
15 PSIG | | &
BO05 OVH—BO15—1/4. | 8025, o
D i » -T035-316 (N
~
=l i \8027/ 8
A V-8009-1/4"-T035-316 ) ; T 4
HV—-8005 L ¢ =
sTo )
70 PSIG U —
8000,
E RV-8005-1/2"-T049-316
s AU o R e
SET 0-100 peig CX-8010
[\ 3 150 Psic
_|  [oenT Produet - A @ @ @
782-4-190 ___/ OVH-9015-1/2" Ly an16 )
-T049-3186 . e | 1 e
HYDRO TREATED ut FO-8003-1/4 I
ity —-6001-1/2" v—sor7 s B e |
F ~T049-316 ® HV-8036 f
————————— ot =
782-4-190 BTM—9016-1/2" nv-saoos | N\ y |
~T049-316 i \N 3 _“ !
@ X ‘ \ { ¢ |
I
G = ! | LIMITING OR ANT
| I WATTAGE COMPUTER CONTROL.
! SR I
E-P | | JE-P
o011 ) \ S—— ) < () . S
l ol | |
g 3 200 b | SET 0
, 5 1 ® ax
________ ;
s FO—8001-1/2" o~ z @3 | | a020
E 3 —Tose-316 PL oLl —1e2s) |
P=181 Nk NI h | pe===—=cooo
. 4 B nn . !
- ‘ |t b |
N-8008-1/4"-T035-316 | RRE] \ I |
) U R S
ST g ARY g
\eozg/ E | BIM—-8018-1/2" LE —
I [ 1_~T049-316
I 3 f -
3 = | A ) 7
| ; ol £
e e e s - - —112:7_:,:1:1. - n L O
—{ NOTES REVISION REVISION PACIFIC NORTHWEST
1, ACETONE MANUALLY POURED THROUGH TOP LID OF V-180 FOR  [ooh U_E s e NATIONAL LABORATORIES ZETON
cewme . A | PROPOSAL ISSUE w [ o8 AS BULT csa| o ) .
3. CONNECTION FOR FUTURE WET TEST METER ADDITION BY PNNL. Y [P ——— csa| 77 C. BROWN PNNL BIO-OIL
J b ¥ VuoNG APR. 5, 2012|'C. BROWN DISTILLATION COLUMN
D | HAzop Issue iy N
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1 | 2 y 3 g 4. { 5 L 6 7 i 8 | 9 | 10 ] 11 \ 12 { 13 gy 14 I 15 | 16

V=191 + V-193 V=192 + V-194
LigHT DISTLLATE PRODUCT TANKS BOTTOMS FRODUCT TANKS
MAWP: 135 psig © 148C MAWP: 135 pslg © 148C
MOC: 316SS 16SS
. : : P
{v=182 RECEF ~BO06—1 /2"~ T049~
Wlse RELEFE O\ RV-B006-1/2"-T049-316 o s
762-4-180 _ , -
V-180 RELIEF RV-8005-1/2"—T049-316 : ' zle
FROM PSV~8000 : Blg ,
TBEen | ——RY=9001-1"-P40-316 I Y Y : Y "y 'y o RV-9001-1.5"-P40-316 E 3/ [IP RELEF HEADER
X1 1/2° 3 | :
SET 0 0-60 psig SET 0 g —
10 PSIG @ 15 PSI
) 2007, PCV ‘ : = .
Bz .~ T
5008 .
- ~ N-98003~1/4"-T035-316 . i Y (Y (7Y v-9002-3/4"~To85-316 K| [VENT AERDER >
HV-2010 CK—-g011 ’ Y
g K‘—_’//
HV~8012 N—9006_1 4 —T035—316 O')
. <
[=]
. HV=0024 T
eomMs ; e e e e e e = N :Q
782-4-180 / V=013 0-60 poig BTM-8020-3/8"-T035-316 CK—8019 : _ 1
- 15 PSio I 3 V—8017-1/2"~T049-316 / PROCESS VENT
9002 Pev i i _
9003 I z \_782-4-180
Si { _V-9009-1/4"-T035-316
” €
HV-soot 002 N-9004-1/4 ! V~8009—1/4"~T035—316 ,/ FROCESS VENT
-T035-316 0-60 paig | 0-60 paig
[{=]
e | n Pl SET 0 \_782-4-180
Hv-2003 N—-9005-1/4" © © 9020 : ! 4
-T035~316 SI " - : 2
2 g | i
e [ |
R W} |
HV-9020 Q 9 :
1 & !
OVERHEADS =Y S
e % ' I 1 |
S OVH—8014 HV-9005 ;gTPg'G CK-9018 E E
-1/4"-T035-316 =
ﬂ " L TEMPERED WATER RETURN
. TW—7019-1/2"-T049--316 |782-4—170
F———t———— g-J
@ / TEMPERED WATER SUPPLY
] y :‘ TW-7011-1/2"-T049-316 '\ 782~4-170
| F————— I /
HV=8026
ACETONE/SLOP TANK
‘.E—P .
9012
—9016—1/2"—T049— BOTTOMS PRODUCT
BIM-9016-1/2"~T049-316 | Tt >
HV-9016
ACETONE, \
~NN—INOTE 3 <v—125 or/%ﬁoNL supplied >
PORTABLE VESSEL
~NUN—INOTE 3
I NOTE 3
QVH-9015-1/2"~T049-316 Hyee — Toveip | oueT
- 782~-4-180
1P N2 . : l
100 PSIC —pit
Rad =1 HV=8007
DRAN
NOTES REVISION REVISION PACIFIC NORTHWEST -2
BY DAIE APP. | REV. ),
1, CONNECTION FOR BATTELLE SUPPLIED PORTABLE LIGHT PRODUCT [t T 4 " NATIONAL LABORATORIES Z ZETON
COLLECTION TANK. A | PROPOSAL ISSUE Wi | CB| 1 | AsBuLT €SB} 2ms ICHLAND, WASH
2. CONNECTION FOR BATTELLE SUPPLIED PORTABLE BOTTOMS ey Frre)
PRODUCT COLLECTION TANK. C | PRE~HAZOP MEETING ISSUE 2;,’"27 C_BRoWN C. BROWN _ PNNL BIO-OIL
3. CLOSED QUICK CONNECTS. 5 - o - V. VUONG APR. 5, 2012 | C. BROWN DIST”_LATION COLUMN CUT COLLECTION
HAZOP ISSUE 2012 : -
. 10/10, CLIENT JOB NUMBER SCALE ZETON JOB NUMBER DWG No SHEET § REV.
O [ ISSUED FOR FABRICATION CS8| “amp A NTS 7824 782-4-190 | 1 of 1 1






EXIST. COMPRESSED AR LINE
EXIST. CITY WATER LINE

I

NOTES

CLEAR FLOOR AREA FOR ELECTRICAL
PANELS AND FIRE ALARM CONTROLS

NEW ELECTRICAL PANELS, SEE
ELECTRICAL DRAWNGS FOR DETAILS
NTROGEN, STORAGE AREA
(FUTIRE)

NEW COMPRESSED NITROGEN SUPPLY LINES
ROUTE HIGH PRESSURE & LOW PRESSURE
NTROGEN SUPPLY LINES TO APPROX FUTURE
RACK LOCATION AT 5’ ABOVE GRADE. CAP
LINES FOR FUTURE TIE N.

WATER MIST SYSTEM, SECURIPLEX #5PX 6811

SPLIT SLEEVE, SPECIFIED TECHNOLOGES
INC. PN FSR100. INSTALL PER

POLW EXTERIOR
WALL
NO SEALANT ON
THS SIDE

PARTS LIST/MATERIAL LIST

WANUFACTURER'S mswcnous—\
— | | pars /7 onsn neen NOMENGLATURE /DESCRIPTION WATERAL/REFERENCE s |
3 EXIST. HVAC UNIT CABLE TRAY SUPPORT a20| 1
/_ FELD LocAT:
H 13 WFF
EXST. ROLL WP DOOR I‘L;-_ POLW INTEROR HYDROGEN SHUT OFF VALVE MOUNTING azol 2
WALL HYDROGEN LINE WALL
@ PENETRATION DETAIL 3
Mo [ ] |\|-|— SCALE: 3'= 10" "
FIELD LOCATE ALL NEW EQUIPMENT
T0 APPROXMATE LOCATION AS SPUIT SLEEVE, SPECKIED TECHNOLOGES POLW EXTEROR
g L INC. PN FSRZ00. INSTALL PER W 5
D q MANUFACTURER'S INSTRUCTIONS
]
| 1/2° 9 LOW PRESSURE NTROGEN LINE, —
3/6" @ HIGH PRESSURE NTROGEN LINE, 7
| 1 1/4 # SERWCE AR b LOGATE
t BELT DRIVE EXHAUST FAN, i -
= BELT DRNE EXHALST | oy W ot 4 B280FL POST BASE COOPER B—LINE a0l 8
N 4 B115 FOUR HOLE CORNER ANGLE COOPER B—LINE a20| 8
COMPRESSED GAS LINES PENETRATION
u] DETAIL IN PDLW WALL
-] J 8 B368 FOUR HOLE OPEN ANGLE COOPER B—LINE A2.0| 10
SCALE: 3"=1-0"
|_ | AR B22.6LV CHANNEL COOPER B—LINE a0 11
| WA,
| DISTLLATION | / SEE N1 AR B133 FOUR HOLE TEE PLATE COOPER B-LINE a20| 12
|
J A ) 51/2 2 PL 13
- - ELECTRICAL Wi
DISCONNECT RACK 14
SEE DETAL R, W13 ——__
SEE DETAIL K FOR ENCLOSURE ° \' ° °
PENETRATION DETALS: \ + 15
- - ! FUTURE NITROGEN . o " TP . o
| STORAE {141 S5 SHEET NETAL x NTEROR PLATE AR | AR 1/2° HEX BOLT — 1-1/2° LONG  |GRADE 5 a20| 16
| SCREW, 16 PLACES ———
J PR R g
| AR | 4R 1/2° FLAT WASHER — ANY GRADE a20| 17
| : PANEL CUT OUT——| Y
s - » -
HYOROTREATER SEDLHES 13t AFF—] _ w |3 AR | AR 1/2" SPRING NUT — N225 a20| 18
PENETRATION DETALS D 4
|_ AR RED HEAD TRUBOLT+ cwss850 a20| 19
A S SET . A A
| | ANY GRADE —— U gote, 301 -
[ _ | SEE DETAIL F THIS 0 epe
B PANEL CUT OUT DETAIL
] SCALE: 1-1/2"=1-0"
) L
ROUTE CONPRESSED AR, NITROGEN, . . g
FIRE WATER LINES, HYDROGEN LIE, r-6" 14'-10 1/2 r-6 (2) w
RUPTURE DISK LINE AND ELECTRICAL 0 AR
CONDUIT FRON WALL TO ENCLOSURE SEE DETAL B
WA STRUT FRANE | — THis SHEET 0 AR
el oL
PDLW =
HIGH BAY AREA 5 A mewo J- |
THIS SHEET
. LB [y —=——=
+ ! ®
16'-10 1/2° &
% ENCLOSURE WALL—— j .
2
PDLW FLOOR PLAN EEDEI’AILD_)h w
THS SHEET
SCALE: 1/4"=1'-0" . .
o o o
il 1 il
] w 2
F==" xsn. SIETY SHOMER A CLEAR FLOOR AREA 3
EXST. COMPRESSED AR AND CITY WATER LINES POLW EXTERIOR WALL 5
B ARE WOUNTED ON THE INTERCR OF THE EXST. w
EXTEROR WALLS
B ELST. QEAR FLOOR WA FOR HLECTRCAL A
PANELS AND FIRE ALARN CONTROL D,
%
» HYDROGEN SUPPLY LINE AP | I
srooaLe XS CONG SUB e || &
= ke suppresson scm supeLy Lie ] j/_“"s SHEET
i T'1 T1

1" DIA. PUNP DISCHARGE SEE FP1.1

f—

PANEL CUT QUT TO BE FLASHED/SEALED

CONNECTION DETAIL
SCALE: 3 .

O

CONNECTION DETAIL

SCALE: 0

Q (4) PLACES
(17) @ puaces
(18) 4 Puaces

&—]

CABLE TRAY SUPPORT
SCALE: 3/8" 4

_(z)n.us
(17) @ puacss
(18) (2) Puaces

i 19) (2) PLACES

-

CONNECTION DETAIL
SCALE: 3"=1-0"

A

POST BASE DETAIL
SCALE: 3"=1-0"

HYDROTREATER ENCLOSURE

NOTE:
SEE DETAL G, M
TUBE ROUTING

.3 FOR
DETALS

DESIGN SCOPE

RELOCATION SCOPE

Hy UT

"SWAGELOCK" SSB3KS8

INTERFACE LOCATION
WITH HYDROGEN
COMPRESSOR
RELOCATION PROJECT

' ——SERVCE AR IN
1

HYDROGEN SHUT OFF
VALVE ASSEMBLY

Hy IN

HYDROGEN LINE DETAIL
SCALE: 3/8"=1-0"

CABLE TRAY SUPPORT
SCALE: 3 0"
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22 AEEg
T O ENCLOSURE.

[ TeGAL - e 0
WAL P

T-0g,
T L0 T

== NORTH ELEVATION
BCALE: 14 = 1"

T
T O Diabses

| e sy s

F-0" x T-0" DO

SOUTH ELEVATION.

BOALE: VW e T

S
WAR LR T
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[ Emg e | ] |
b L
[ | % |
U
¥ 1 188
L A28 f0R DETRS
EAST ELEVATION
BEALE v T
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|
- ALy
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LEGEND

>=

X@% X X XWX P= Y %N © o U i
*

SO v d 9w

v O

NOZZLE

ORIFICE

REDUCTION

LOCKING DEVICE

PUMP

PRESSURE SAFETY
VALVE (PSV)

3 WAY PRESSURE
SAFETY VALVE (PSV)

CHECK VALVE (CV)

EXCESS FLOW VALVE (EFV)

PRESSURE REDUCING VALVE

PRESSURE REGULATOR

AIR OPERATED CONTROL VALVE

GATE VALVE (V)

MANUAL BALL VALVE

BALL VALVE C/W LOCK. DEVICE

SOLENOID VALVE

QUICK DISCONNECT

FLEX HOSE

STRAINER

PROTECTIVE CAP (RAIN PROOF)

FILTER WITH AUTO DRAIN

LUBRICATOR

LIGHT

ANNUNCIATOR (SIREN)

FCS

FC

<&

PS—”X"

CRANK CASE HEATER
MOTOR
FLOW CONTROL SWITCH

FAIL CLOSED

HARDWARE INTERLOCK

SOFTWARE INTERLOCK

PRESSURE SWITCH;
PS—-L = LOW
PS—H = HIGH

ELECTRICAL SIGNAL
DIGITAL LINK (INTERNAL)

DIGITAL LINK (EXTERNAL)

EXISTING EQUIPMENT
EQUIPMENT
MECHANICAL TUBING

AIR

P&lD NOTES' (UNLESS OTHERWISE SPECIFIED)

VYV VYV

TOTAL NUMBER OF NOZZLES FOR PROTECTED AREA NOT TO EXCEED 6.

WHEN VENTILATION FLOW HAS STOPPED OR LOW FLOW HAS OCCURRED AN OUTPUT CONTACT
ON THE FLOW TRANSMITTER WILL CLOSE TO NOTIFY THE FIRE ALARM PANEL.

THESE VALUES WILL BE DISPLAYED REMOTELY FOR THE OPERATOR TO MONITOR.

1 FDM MONITOR MODULE, 3 MANUAL PULL STATIONS, AND 3 SPEAKERS STROBES LOCATED
WITHIN PDLW WILL BE REPLACED PRIOR TO INSTALLATION OF ENCLOSURE. 1 POWER SUPPLY
AND 1 BATTERY BOX WILL BE REPLACED WITHIN PDLE PRIOR TO INSTALLATION OF ENCLOSURE.

EVERYTHING LOCATED OUTSIDE OF THE HYDROGEN COMPRESSOR RELOCATION PACKAGE WILL BE
INSTALLED DURING THE ENCLOSURE INSTALLATION.

HOW THE HYDROTREATER PLC INTERFACES WITH THE FIRE ALARM PANEL WILL BE DONE BY
OTHERS. CEES IS NOT RESPONSIBLE FOR THIS INTERFACE.

THIS SIGNAL INTERRUPTS THE RUN COMMAND FOR THE VENTILATION. WHEN THE WATER MIST
SYSTEM IS ACTIVATED THESE CONTACTS OPEN AND THE RUN COMMAND FOR THE VENTILATION IS
DE—-ENERGIZED.
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| |
SET @ D N
| 80 PSIC I Hy TANK | o} SHEET M2.3 10>
‘ T0 ATM ¢
H, COMPRESSOR — ] SRS > SHEET M2.3 26>
| 2 ] L1 — <] W—[ﬂ%— Hy TANK ‘ ‘L
l | ?
| CHILER - 2 rls |
| [ 100 PSG 3300 PSIG & |
’ —— D% _— | o—o o} SHEET M2.3 (22 )
><] 1k << N
1 Y O O O L
| Zi X X % <IN e PDE | FIRE ALARM | _
P| CONTROL PANEL
l SITS IN PDLE
l_ ™ "] I M T | @ ‘ ——O—oj
. 7' HY |
T R Y _ 115 ]* I
L | [s]
' I i o | o e o
FC S !
\ 4 M W\ W\ | W ¢ W\ 4 T
A i/ N\ N\ NN NN |
0 ATM T0 ATM w ‘ ? ! 7
N o /; e 7 T ;
= 2 (%) o 1 1
H., RESERVOIR H ., BOTTLE RACK X | 1 | I :
-2 L | 25 | I | E
HYDROGEN COMPRESSOR RELOCATION PACKAGE I E |
T . o] E'
PDLW EXTERIOR WALL | I I Y I l ?Dﬁ
e MONTOR | s B 5 |
MODULE | é 3
Q o} =
] =
> SHEET M2.3 7> 0N ’ q I 7 : | b
A 4 T
Ve c
| MONITOR | MONITOR 7 | g
[ 7] MODULE [ "] MODULE I | | 2
s 3
~oOM AR PROCESS ) e
/1N F1X ek ] iy o
2| sHEET M2.3 < —— FHbIRBLAE " aE ‘ " e I c”é_
18" X 18" DUCT 1008 102B $ ¢ | g
{ D
Ho FLAME < $ 8
Q Q & {
3/4” HYDROTREATER EXHAUST , $ 4 -
<23 SHEET M2'3 < / P O > O O O — -0 O O e 51 O -Or e Ot O— _[ e ‘ E
» I_ B Q q E |
p}a 3/4 RUPTURE DISK LINE HYDROTREATER C o o o o o o o o——o o—0 o o I | : % |
N AN N AN 2
A 7 Q .5 |
=" P 7N 2 |
STROBE STROBE 7 2 |
o o o o o o0—60——0—0——0——0 o o o—f—o—] ? | § |
T | o
H f HoS | olL o o
2 B < FLAME I ERy ! ’ :
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Diagram

		Battelle PNNL
Cause & Effect Diagram 
Bio-Oil Fixed Bed Hydrotreater/Distillation     Pilot Plant
Rev 2 - Jan 24, 2013														EFFECT		P&ID		N/A		N/A		782-4-100		782-4-100		782-4-100		782-4-100		782-4-100		782-4-100		782-4-100		782-4-110		782-4-110		782-4-110		782-4-110		782-4-120		782-4-120		782-4-120		782-4-130		782-4-130		782-4-130		782-4-130		782-4-130		782-4-130		782-4-130		782-4-130		782-4-130		782-4-130		782-4-130		782-4-130		782-4-130		782-4-130		782-4-130		782-4-130		782-4-130		782-4-130		782-4-130		782-4-140		782-4-140		782-4-140		782-4-140		782-4-170		782-4-170		782-4-180		782-4-180		782-4-180		782-4-180		782-4-180		782-4-180		782-4-180		782-4-180		782-4-180		782-4-180		782-4-180		782-4-180		782-4-180		782-4-180		782-4-180		782-4-180		782-4-180		782-4-180		782-4-180		782-4-190

																		ACTION		OPERATOR		MCA		DE-ENERGIZE		CLOSE		TRIP TO MANUAL, 0% OUTPUT		TRIP TO MANUAL, 0% OUTPUT		TRIP TO MANUAL, 0% OUTPUT		TRIP TO MANUAL, 0% OUTPUT		TRIP TO MANUAL, 0% OUTPUT		CLOSE		CLOSE		CLOSE		CLOSE		OFF		TRIP TO MANUAL, 0% OUTPUT		TRIP TO MANUAL, 0% OUTPUT		TRIP TO MANUAL, 0% OUTPUT		POWER OFF TOP ZONE		TRIP TO MANUAL, 0% OUTPUT		POWER OFF 2nd ZONE		TRIP TO MANUAL, 0% OUTPUT		POWER OFF 3rd ZONE		TRIP TO MANUAL, 0% OUTPUT		POWER OFF 4th ZONE		TRIP TO MANUAL, 0% OUTPUT		POWER OFF 5th ZONE		TRIP TO MANUAL, 0% OUTPUT		POWER OFF 6th ZONE		TRIP TO MANUAL, 0% OUTPUT		POWER OFF 7th ZONE		TRIP TO MANUAL, 0% OUTPUT		POWER OFF BOTTOM ZONE		TRIP TO MANUAL, 0% OUTPUT		POWER OFF JE-N-3009		OFF		TRIP TO MANUAL, 0% OUTPUT		TRIP TO MANUAL, 100% OUTPUT		TRIP TO MANUAL, 0% OUTPUT		TRIP TO MANUAL, 0% OUTPUT		OFF		OFF		OFF		DE-ENERGIZE		TRIP TO MANUAL, 0% OUTPUT		OFF		TRIP TO MANUAL, 0% OUTPUT		OFF		TRIP TO MANUAL, 0% OUTPUT		TRIP TO MANUAL, 0% OUTPUT		TRIP TO MANUAL, 100% OUTPUT		TRIP TO MANUAL, 0% OUTPUT		TRIP TO MANUAL, 0% OUTPUT		TRIP TO MANUAL, 0% OUTPUT		TRIP TO MANUAL, 0% OUTPUT		TRIP TO MANUAL, 0% OUTPUT		TRIP TO MANUAL, 0% OUTPUT		TRIP TO MANUAL, 0% OUTPUT		POWER OFF JE-N-8023		TRIP TO MANUAL, 0% OUTPUT		POWER OFF JE-N-8028		TRIP TO MANUAL, 0% OUTPUT

																		DESCRIPTION		CONTROL STATION ALARM		20 minute timer on Bypass of MCA trip		NORMAL POSITION RECIRCULATE ABOUT DRUM		AIR DRIVEN DIAPHRAGM PUMP SUPPLY AIR		UNFILTERED FEED RECIRCULATION LOOP TEMP CNTRL		FILTER F-101 TEMP CONTROL		FILTER F-102 TEMP CONTROL		UNFILTERED FEED SUPPLY LINE TEMP CNTRL		FILTERED FEED SUPPLY LINE TEMP CNTRL		HYDROGEN GAS FLOW SHUT OFF VALVE		METERED HYDROGEN TO REACTOR		NITROGEN GAS FLOW SHUT OFF VALVE		METERED NITROGEN TO REACTORS		ISCO PUMP POWER		FEED LINE RELIEF TEMP CONTROL		ISCO PUMP INLET + OUTLET LINES TEMP CONTROL		FRN-130 TOP ZONE TEMP CONTROL		FRN-130 TOP ZONE TEMP CONTROL SAFETY SWITCH		FRN-130 2nd ZONE TEMP CONTROL		FRN-130 2nd ZONE TEMP CONTROL SAFETY SWITCH		FRN-130 3rd ZONE TEMP CONTROL		FRN-130 3rd ZONE TEMP CONTROL SAFETY SWITCH		FRN-130 4th ZONE TEMP CONTROL		FRN-130 4th ZONE TEMP CONTROL SAFETY SWITCH		FRN-130 5th ZONE TEMP CONTROL		FRN-130 5th ZONE TEMP CONTROL SAFETY SWITCH		FRN-130 6th ZONE TEMP CONTROL		FRN-130 6th ZONE TEMP CONTROL SAFETY SWITCH		FRN-130 7th ZONE TEMP CONTROL		FRN-130 7th ZONE TEMP CONTROL SAFETY SWITCH		FRN-130 BOTTOM ZONE TEMP CONTROL		FRN-130 BTM ZONE TEMP CONTROL SAFETY SWITCH		REACTOR OUTLET LINE TEMP CONTROL		REACTOR OUTLET LINE TEMP CONTROL SAFETY SWITCH		REACTOR AGITATOR MOTOR M-3003		HP SEPARATOR LEVEL CONTROL VALVE		HP SEPARATOR LEVEL CONTROL VALVE		HP SEPARATOR PRESSURE CONTROL VALVE		HP SEPARATOR LIQUID OUTLET LINE		TEMPERED WATER RECIRCULATOR		CHILLED WATER RECIRCULATOR		DISTILLATION FEED PUMP POWER		NORMAL POSITION RECIRCULATE ABOUT V-180		P-180 SPEED CONTROL		BOTTOMS PUMP POWER		P-182 SPEED CONTROL		REFLUX  PUMP POWER		REFLUX FLOW CONTROL VALVE		REFLUX POT LEVEL CONTROL VALVE		REFLUX POT LEVEL CONTROL VALVE		DISTILLATION FEED TANK V-180 HEATER		DISTILLATION FEED PUMP HEATER		DISTILLATION RECIRCULATION LINE HEAT TRACE		DISTILLATION RECIRCULATION LINE HEAT TRACE		DISTILLATION LEVEL TRANSMITTER HEAT TRACE		DISTILLATION BOTTOMS OUTLET LINE HEAT TRACE		DISTILLATION COLUMN BOTTOM SECTION HEATER		DISTILLATION COLUMN BOTTOM SECTION TEMP SAFETY SWITCH		DISTILLATION COLUMN REBOILER		DISTILLATION COLUMN REBOILER TEMP SAFETY SWITCH		DISTILLATION BOTTOMS RETURN TO FEED TANK LINE HEAT TRACE

		CAUSE																EQUIP. TAG		XXXX		XXXX		XV-0003		XV-0004		TIC-0009		TIC-0013		TIC-0014		TIC-0015		TIC-0016		XV-1005		FTC-1004		XV-1011		FTC-1010		P-121A/121B		TIC-2010		TIC-2016		TIC-3001		TIS-3001		TIC-3002		TIS-3002		TIC-3003		TIS-3003		TIC-3004		TIS-3004		TIC-3005		TIS-3005		TIC-3006		TIS-3006		TIC-3007		TIS-3007		TIC-3008		TIS-3008		TIC-3009		TIS-3009		AG-131		LIC-4003		LIC-4003		PIC-4005		TIC-4013		Z-171		Z-172		P-181		XV-8016		SIC-8100		P-182		SIC-8200		P-183		FIC-8027		LIC-8028		LIC-8028		TIC-8001		TIC-8010		TIC-8015		TIC-8017		TIC-8025		TIC-8027		TIC-8023		TIS-8023		TIC-8028		TIS-8028		TIC-9012

				INSTRUMENT TAG		POINT DESCRIPTOR		SYSTEM TAG		SET POINT		VOTING		FIRST OUT		LEVEL

				P&ID 782-4-100

		1		PIT-0008		High Pressure Alarm		PAH-0008		100 psig										X

		2		PIT-0008		High High Pressure Alarm		PAHH-0008		125 psig										X				X		X

		3		PDIT-0011		High Differential Pressure Alarm		PDAH-0011		50 psid										X

		4		PDIT-0011		High High Differential Pressure Alarm		PDAHH-0011		75 psid										X				X		X

		5		PDIT-0012		High Differential Pressure Alarm		PDAH-0012		50 psid										X

		6		PDIT-0012		High High Differential Pressure Alarm		PDAHH-0012		75 psid										X				X		X

		7		JE-P-0009		High High temperature Alarm		TAHH-0009		50 degC										X								X

		8		JE-P-0013		High High temperature Alarm		TAHH-0013		45 degC										X										X

		9		JE-P-0014		High High temperature Alarm		TAHH-0014		45 degC										X												X

		10		JE-P-0015		High High temperature Alarm		TAHH-0015		50 degC										X														X

		11		JE-P-0016		High High temperature Alarm		TAHH-0016		50 degC										X																X

				P&ID 782-4-110

		12		FTC-1004		Low Low Flow Alarm		FALL-1004		2.0 SLPM										X																										X

		13		FTC-1004		Low  Flow Alarm		FAL-1004		2.2 SLPM										X

		14		FTC-1004		High Flow Alarm		FAH-1004		75 SLPM										X

		77		FTC-1004		High High Flow Alarm		FAHH-1004		80 SLPM										X																		X		X

		16		FTC-1010		Low Low Flow Alarm		FALL-1010		0.5 SLPM										X

		17		FTC-1010		Low  Flow Alarm		FAL-1010		1 SLPM										X

		18		FTC-1010		High Flow Alarm		FAH-1010		25 SLPM										X

		19		FTC-1010		High High Flow Alarm		FAHH-1010		30 SLPM										X																						X		X

		20		PIT-1001		Low Low Pressure Alarm		PALL-1001		1000 psig										X

		21		PIT-1001		Low Pressure Alarm		PAL-1001		1100 psig										X

		22		PIT-1007		Low Low Pressure Alarm		PALL-1007		1000 psig										X

		23		PIT-1007		Low Pressure Alarm		PAL-1007		1100 psig										X

		24		PIT-1006		Low Pressure Alarm		PAL-1006		500 psig										X

		25		PIT-1006		High Pressure Alarm		PAH-1006		3050 psig										X

		26		PIT-1006		High High Pressure Alarm		PAHH-1006		3100 psig										X																		X		X		X		X

				P&ID 782-4-120

		27		LIT-2031		Low Low Level Alarm		LALL-2031		5%										X

		28		LIT-2031		Low Level Alarm		LAL-2031		10%										X

		29		LIT-2031		High Level Alarm		LAH-2031		90%										X

		30		LIT-2031		High High Level Alarm		LAHH-2031		100%										X				X		X

		31		TE-2032		High Temp Alarm		TAH-2032		45 degC										X

		32		TE-2032		High High Temp Alarm		TAHH-2032		50 degC										X

		33		JE-P-2010		High temperature Alarm		TAH-2010		45 degC										X

		34		JE-P-2010		High High temperature Alarm		TAHH-2010		50 degC										X																												X

		35		JE-P-2016		High temperature Alarm		TAH-2016		45 degC										X

		36		JE-P-2016		High High temperature Alarm		TAHH-2016		50 degC										X																														X

				P&ID 782-4-130

		37		AE/AIT-3021		High H2 concentration Alarm		AH-3021		444										X

		38		AE/AIT-3021		High High H2 concentration Alarm		AHH-3021		40% L.E.L.										X		X				The interlock is tied to digital input from the AIT-3021 HiHi contact only

		39		AE/AIT-3022		High combustible gas concentration Alarm		AH-3022		20% L.E.L.										X

		40		AE/AIT-3022		High High combustible gas concentration Alarm		AHH-3022		40% L.E.L.										X		X				The interlock is tied to digital input from the AIT-3022 HiHi contact only

		41		TE-3001A		High temperature Alarm		TAH-3001A		450 degC										X

		42		TE-3001A		High High temperature Alarm		TAHH-3001A		475 degC										X																																X

		43		TE-3001B		High High temperature Alarm		TAHH-3001B		500 degC										X																																		X

		44		TE-3002A		High temperature Alarm		TAH-3002A		450 degC										X

		45		TE-3002A		High High temperature Alarm		TAHH-3002A		475 degC										X																																				X

		46		TE-3002B		High High temperature Alarm		TAHH-3002B		500 degC										X																																						X

		47		TE-3003A		High temperature Alarm		TAH-3003A		450 degC										X

		48		TE-3003A		High High temperature Alarm		TAHH-3003A		475 degC										X																																								X

		49		TE-3003B		High High temperature Alarm		TAHH-3003B		500 degC										X																																										X

		50		TE-3004A		High temperature Alarm		TAH-3004A		450 degC										X

		51		TE-3004A		High High temperature Alarm		TAHH-3004A		475 degC										X																																												X

		52		TE-3004B		High High temperature Alarm		TAHH-3004B		500 degC										X																																														X

		53		TE-3005A		High temperature Alarm		TAH-3005A		450 degC										X

		54		TE-3005A		High High temperature Alarm		TAHH-3005A		475 degC										X																																																X

		55		TE-3005B		High High temperature Alarm		TAHH-3005B		500 degC										X																																																		X

		56		TE-3006A		High temperature Alarm		TAH-3006A		450 degC										X

		57		TE-3006A		High High temperature Alarm		TAHH-3006A		475 degC										X																																																				X

		58		TE-3006B		High High temperature Alarm		TAHH-3006B		500 degC										X																																																						X

		59		TE-3007A		High temperature Alarm		TAH-3007A		450 degC										X

		60		TE-3007A		High High temperature Alarm		TAHH-3007A		475 degC										X																																																								X

		61		TE-3007B		High High temperature Alarm		TAHH-3007B		500 degC										X																																																										X

		62		TE-3008A		High temperature Alarm		TAH-3008A		450 degC										X

		63		TE-3008A		High High temperature Alarm		TAHH-3008A		475 degC										X																																																												X

		64		TE-3008B		High High temperature Alarm		TAHH-3008B		500 degC										X																																																														X

		65		JE-N-3009		High temperature Alarm		TAH-3009A		425 degC										X

		66		JE-N-3009		High High temperature Alarm		TAHH-3009A		450 degC										X																																																																X

		67		JE-N-3009		High High temperature Alarm		TAHH-3009B		450 degC										X																																																																		X

		68		PIT-3001		Low Pressure Alarm		PAL-3001		500 psig										X

		69		PIT-3001		High Pressure Alarm		PAH-3001		2500 psig										X

		11		PIT-3001		High High Pressure Alarm		PAHH-3001		2700 psig										X																		X		X		X		X		X																																																X

		71		PIT-3010		High Pressure Alarm		PAH-3010		50 psig										X

		72		PIT-3010		High High Pressure Alarm		PAHH-3010		100 psig										X																		X		X		X		X		X																																																X

		73		PDS-3000		Differential Pressure Switch		PDAL-3000		0.1" w.c.										X						Check the switch for the set point

		74		TE-3010		High Temp Alarm		TAH-3010		425 degC										X

		75		TE-3010		High High Temp Alarm		TAHH-3010		450 degC										X

		76		TE-3011		High Temp Alarm		TAH-3011		425 degC										X

		77		TE-3011		High High Temp Alarm		TAHH-3011		450 degC										X

		78		TE-3012		High Temp Alarm		TAH-3012		425 degC										X

		79		TE-3012		High High Temp Alarm		TAHH-3012		450 degC										X

		80		TE-3013		High Temp Alarm		TAH-3013		425 degC										X

		81		TE-3013		High High Temp Alarm		TAHH-3013		450 degC										X

		82		TE-3014		High Temp Alarm		TAH-3014		425 degC										X

		83		TE-3014		High High Temp Alarm		TAHH-3014		450 degC										X

		84		TE-3015		High Temp Alarm		TAH-3015		425 degC										X

		85		TE-3015		High High Temp Alarm		TAHH-3015		450 degC										X

		86		TE-3016		High Temp Alarm		TAH-3016		425 degC										X

		87		TE-3016		High High Temp Alarm		TAHH-3016		450 degC										X

		88		TE-3017		High Temp Alarm		TAH-3017		425 degC										X

		89		TE-3017		High High Temp Alarm		TAHH-3017		450 degC										X

		90]91		TE-3018		High Temp Alarm		TAH-3018		425 degC										X

		92		TE-3018		High High Temp Alarm		TAHH-3018		450 degC										X

		93		TE-3019		High Temp Alarm		TAH-3019		425 degC										X

		94		TE-3019		High High Temp Alarm		TAHH-3019		450 degC										X

		95		TE-3020		High Temp Alarm		TAH-3020		40 degC										X

		96		TE-3020		High High Temp Alarm		TAHH-3020		60 degC										X

				P&ID 782-4-140

		97		TE-4001		High Temp Alarm		TAH-4001		80 degC										X

		98		TE-4001		High High Temp Alarm		TAHH-4001		100 degC										X																																																																X

		99		TE-4011		High Temp Alarm		TAH-4011		80 degC										X

		100		TE-4011		High High Temp Alarm		TAHH-4011		100 degC										X																																																																X

		101		LIT-4003		Low Low Level Alarm		LALL-4003		5%										X																																																																						X

		102		LIT-4003		Low Level Alarm		LAL-4003		10%										X

		103		LIT-4003		High Level Alarm		LAH-4003		90%										X

		104		LIT-4003		High High Level Alarm		LAHH-4003		95%										X																																																																								X

		105		PIT-4005		Low Pressure Alarm		PAL-4005		500 psig										X

		106		PIT-4005		High Pressure Alarm		PAH-4005		2500 psig										X

		107		PIT-4005		High High Pressure Alarm		PAHH-4005		2700 psig										X																		X		X		X		X		X																																																X

		108		JE-P-4013		High temperature Alarm		TAH-4013		90 degC										X

		109		JE-P-4013		High High temperature Alarm		TAHH-4013		100 degC										X																																																																												X

				P&ID 782-4-150

		110		TE-5002		High Temp Alarm		TAH-5002		30 degC										X

		111		TE-5002		High High Temp Alarm		TAHH-5002		40 degC										X

				P&ID 782-4-160

		112		LSH-6011		High High Level Alarm (WATER-V-161A)		LAHH-6011		HH										X

		113		LSH-6012		High High Level Alarm (OIL-V160A)		LAHH-6012		HH										X

		114		WIT-6003		High Weight Alarm (OIL)		WAH-6003		12.00 kg										X

		115		WIT-6003		High High Weight Alarm (OIL)		WAHH-6003		14.0 kg										X																										X																																												X

		116		WIT-6008		High Weight Alarm (WATER)		WAH-6008		16.0 kg										X

		117		WIT-6008		High High Weight Alarm (WATER)		WAHH-6008		18.0 kg										X																										X																																												X

				P&ID 782-4-170

		118		TE-7003		Low Low Temperature Alarm		TALL-7003		0 degC										X																																																																																X

		119		TE-7003		Low Temperature Alarm		TAL-7003		5 degC										X

		120		TE-7003		High Temperature Alarm		TAH-7003		40 degC										X

		121		TE-7003		High High Temperature Alarm		TAHH-7003		50 degC										X																																																																																X

		122		TE-7017		Low Low Temperature Alarm		TALL-7017		0 degC										X																																																																														X

		123		TE-7017		Low Temperature Alarm		TAL-7017		5 degC										X

		124		TE-7017		High Temperature Alarm		TAH-7017		80 degC										X

		125		TE-7017		High High Temperature Alarm		TAHH-7017		90 degC										X																																																																														X

				P&ID 782-4-180

		126		AE/AIT-8041		High combustible gas concentration Alarm		AH-8041		20% L.E.L.										X

		127		AE/AIT-8041		High High combustible gas concentration Alarm		AHH-8041		40% L.E.L.										X		X				The interlock is tied to digital input from the AIT-8041 HiHi contact only

		128		LIT-8006		Low Low Level Alarm		LALL-8006		5%										X																																																																																		X		Deleted

		129		LIT-8006		Low Level Alarm		LAL-8006		10%										X																																																																																				Deleted

		130		LIT-8006		High Level Alarm		LAH-8006		90%										X

		131		LIT-8006		High High Level Alarm		LAHH-8006		95%										X

		132		LIT-8026		Low Low Level Alarm		LALL-8026		5%										X																																																																																								X		X

		133		LIT-8026		Low Level Alarm		LAL-8026		10%										X

		134		LIT-8026		High Level Alarm		LAH-8026		90%										X

		135		LIT-8026		High High Level Alarm		LAHH-8026		95%										X

		136		LIT-8028		Low Low Level Alarm		LALL-8028		5%										X																																																																																												X				X

		137		LIT-8028		Low Level Alarm		LAL-8028		10%										X

		138		LIT-8028		High Level Alarm		LAH-8028		90%										X

		139		LIT-8028		High High Level Alarm		LAHH-8028		95%										X																																																																																																		X

		140		PIT-8013		Low Pressure Alarm		PAL-8013		10 psig										X

		141		PIT-8013		High Pressure Alarm		PAH-8013		50 psig										X

		142		PIT-8013		High High Pressure Alarm		PAHH-8013		100 psig										X																																																																																		X		Deleted

		143		FIT-8014		Low Low Flow Alarm		FALL-8014		2										X

		144		FIT-8014		Low Flow Alarm		FAL-8014		5										X

		145		FIT-8014		High Flow Alarm		FAH-8014		15										X

		146		FIT-8014		High High Flow Alarm		FAHH-8014		18										X																																																																																		X		Deleted

		147		FT-8027		Low Low Flow Alarm		FALL-8027		2										X

		148		FT-8027		Low Flow Alarm		FAL-8027		5										X

		149		FT-8027		High Flow Alarm		FAH-8027		15										X

		150		FT-8027		High High Flow Alarm		FAHH-8027		18										X																																																																																												X		Open

		151		PIT-8021		Low Pressure Alarm		PAL-8021		5 psig										X

		152		PIT-8021		High Pressure Alarm		PAH-8021		50 psig										X

		153		PIT-8021		High High Pressure Alarm		PAHH-8021		100 psig										X

		154		TE-8002		Low Temperature Alarm		TAL-8002		20 degC										X

		155		TE-8002		High Temperature Alarm		TAH-8002		90 degC										X

		156		TE-8002		High High Temperature Alarm		TAHH-8002		100 degC										X																																																																																																				X

		157		JE-P-8001		High temperature Alarm		TAH-8001		90 degC										X

		158		JE-P-8001		High High temperature Alarm		TAHH-8001		100 degC										X																																																																																																				X

		159		JE-P-8010		High temperature Alarm		TAH-8010		90 degC										X

		160		JE-P-8010		High High temperature Alarm		TAHH-8010		100 degC										X																																																																																																						Deleted

		161		JE-P-8015		High temperature Alarm		TAH-8015		90 degC										X

		162		JE-P-8015		High High temperature Alarm		TAHH-8015		100 degC										X																																																																																																								X

		163		JE-P-8017		High temperature Alarm		TAH-8017		90 degC										X

		164		JE-P-8017		High High temperature Alarm		TAHH-8017		100 degC										X																																																																																																								X		X

		165		JE-P-8025		High temperature Alarm		TAH-8025		90 degC										X

		166		JE-P-8025		High High temperature Alarm		TAHH-8025		100 degC										X																																																																																																												X

		167		JE-P-8027		High temperature Alarm		TAH-8027		90 degC										X

		168		JE-P-8027		High High temperature Alarm		TAHH-8026		100 degC										X																																																																																																														X

		169		TE-8018		Low Temperature Alarm		TAL-8018		20 degC										X

		170		TE-8018		High Temperature Alarm		TAH-8018		350 degC										X

		171		TE-8018		High High Temperature Alarm		TAHH-8018		375 degC										X

		172		JE-N-8018		High temperature Alarm		TAH-8018A		350 degC										X

		173		JE-N-8018		High High temperature Alarm		TAHH-8018A		375 degC										X

		174		JE-N-8018		High High temperature Alarm		TAHH-8018B		375 degC										X

		175		TE-8020		Low Temperature Alarm		TAL-8020		20 degC										X

		176		TE-8020		High Temperature Alarm		TAH-8020		90 degC										X

		177		TE-8020		High High Temperature Alarm		TAHH-8020		100 degC										X

		178		JE-N-8023		High temperature Alarm		TAH-8023A		350 degC										X

		179		JE-N-8023		High High temperature Alarm		TAHH-8023A		375 degC										X																																																																																																																X

		180		JE-N-8023		High High temperature Alarm		TAHH-8023B		375 degC										X																																																																																																																		X

		181		JE-N-8028		High temperature Alarm		TAH-8028A		350 degC										X

		182		JE-N-8028		High High temperature Alarm		TAHH-8028A		375 degC										X																																																																																																																				X

		183		JE-N-8028		High High temperature Alarm		TAHH-8028B		375 degC										X																																																																																																																						X

		184		TE-8022		Low Temperature Alarm		TAL-8022		20 degC										X

		185		TE-8022		High Temperature Alarm		TAH-8022		350 degC										X

		186		TE-8022		High High Temperature Alarm		TAHH-8022		375 degC										X

		187		TE-8024		Low Temperature Alarm		TAL-8024		20 degC										X

		188		TE-8024		High Temperature Alarm		TAH-8024		350 degC										X

		189		TE-8024		High High Temperature Alarm		TAHH-8024		375 degC										X

				P&ID 782-4-190

		190		LIT-9010		Low Low Level Alarm (Light Distillate)		LALL-9010		5%										X

		191		LIT-9010		Low Level Alarm (Light Distillate)		LAL-9010		10%										X

		192		LIT-9010		High Level Alarm (Light Distillate)		LAH-9010		90%										X

		193		LIT-9010		High High Level Alarm (Light Distillate)		LAHH-9010		100%										X

		194		LIT-9030		Low Low Level Alarm (Light Distillate)		LALL-9030		5%										X

		195		LIT-9030		Low Level Alarm (Light Distillate)		LAL-9030		10%										X

		196		LIT-9030		High Level Alarm (Light Distillate)		LAH-9030		90%										X

		197		LIT-9030		High High Level Alarm (Light Distillate)		LAHH-9030		100%										X

		198		LIT-9020		Low Low Level Alarm (Column bottoms)		LALL-9020		5%										X

		199		LIT-9020		Low Level Alarm (Column bottoms)		LAL-9020		10%										X

		200		LIT-9020		High Level Alarm (Column bottoms)		LAH-9020		90%										X

		201		LIT-9020		High High Level Alarm (Column bottoms)		LAHH-9020		100%										X

		202		LIT-9040		Low Low Level Alarm (Column bottoms)		LALL-9040		5%										X

		203		LIT-9040		Low Level Alarm (Column bottoms)		LAL-9040		10%										X

		204		LIT-9040		High Level Alarm (Column bottoms)		LAH-9040		90%										X

		205		LIT-9040		High High Level Alarm (Column bottoms)		LAHH-9040		100%										X

		206		TE-9021		Low Temperature Alarm (Column bottoms)		TAL-9021		20 degC										X

		207		TE-9021		High Temperature Alarm (Column bottoms)		TAH-9021		90 degC										X

		208		TE-9021		High High Temperature Alarm (Column bottoms)		TAHH-9021		100 degC										X

		209		TE-9041		Low Temperature Alarm (Column bottoms)		TAL-9041		20 degC										X

		210		TE-9041		High Temperature Alarm (Column bottoms)		TAH-9041		90 degC										X

		211		TE-9041		High High Temperature Alarm (Column bottoms)		TAHH-9041		100 degC										X

		212		JE-P-9012		High temperature Alarm		TAH-9012		90 degC										X

		213		JE-P-9012		High High temperature Alarm		TAHH-9012		100 degC										X																																																																																																																								X

		214		Zeton supply		Z purge of Hydrotreater control cabinet														X

		215		Zeton supply		Z purge of Distillation control cabinet														X

		216		PNNL supply		Flammable Gas Alarm #1		ESD_A												X						As per F&G matrix, Heaters, Pumps, and H2 will shut off only.

		217		PNNL supply		Flammable Gas Alarm #2		ESD_A												X						As per F&G matrix, Heaters, Pumps, and H2 will shut off only.

		218		PNNL supply		H2S Alarm #1		ESD_B												X						As per F&G matrix, Pumps will shut off only.

		219		PNNL supply		H2S Alarm #2		ESD_B												X						As per F&G matrix, Pumps will shut off only.

		220		PNNL supply		Flame Alarm #1		ESD_C												X		X				As per F&G matrix, everything will shut off including Master power contact

		221		PNNL supply		Flame Alarm #2		ESD_C												X		X				As per F&G matrix, everything will shut off including Master power contact
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Research Equipment (PLC) Shutdown Scenario A - Heaters, Pumps and H2 Shutoff

Research Equipment (PLC) Shutdown Scenario B - Pumps Off

Research Equipment (PLC) Shutdown Scenario C - Shut Everything Off
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Executive Summary

The Hydrotreater/Distillation Column Project consists of catalytic hydrotreatment (hydrotreater) and
distillation processes to produce a range of desired petroleum products derived from fast pyrolysis bio-oil
feedstock. The hydrotreater and distillation processes are being installed in a portion of the Process
Development Laboratory (PDL)-West facility located on the Pacific Northwest National Laboratory
(PNNL) Campus.

Although the material quantities associated with these processes are well below applicable threshold
guantities required by law to perform a formal risk analysis, a project hazard analysis coupled with a
gualitative risk assessment was deemed appropriate to perform for this project.

The project hazard analysis included a multi-step approach ranging from design reviews to a formal
What-If hazard analysis. Additionally, a qualitative risk matrix was tailored and created for this specific
project to evaluate the safety process risk. During each phase of the analysis, recommendations were
captured and committed to being tracked via research and development readiness and start-up
authorization process.

Based on the project hazard analysis sessions, accident scenarios with the highest perceived risks
were discussed and plotted on the tailored risk matrix (Figure ES.1).

H, Leak
Catastrophic :
Incompatible
Gas

Disastrous

Consequence

Serious Reactor Leak,
Worker
Exposure

Minor

Highly Unlikely Unlikely Credible Anticipated
Likelihood

Figure ES.1. Hydrotreater/Distillation Column Project Qualitative Risk Matrix

Based on the hazard and risk analyses performed, PNNL concluded that appropriate controls are in
place for safe operation of the hydrotreater and distillation processes. To minimize the potential
consequence associated with a reactor leak at a flange (Figure ES.1 “Reactor Leak, Worker Exposure™),





implementation of an appropriate engineering method (e.g. installation of a bonnet) to mitigate the
potential for personnel exposure to high pressure steam is recommended.
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BSEL
CEL
DOE
F&O
HDI
IFC
ISM
LBS
LFL
OSHA
PDL
PNNL
PSL
RCR
SME
SOP
WSH

Acronyms and Abbreviations

Bioproducts, Sciences, and Engineering Laboratory
Chemical Engineering Laboratory

U.S. Department of Energy

Facilities and Operations

How Do I?

International Fire Code

Integrated Safety Management

pounds

lower flammability limit

Occupational Safety Hazard Administration
Process Development Laboratory

Pacific Nortwest National Laboratory
Physical Sciences Laboratory
review-comment-record

subject matter expert

standard operating procedure

Worker Safety and Health
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1.0 Introduction

The Hydrotreater/Distillation Column Project consists of catalytic hydrotreatment (hydrotreater) and
distillation processes to produce a range of desired petroleum products derived from fast pyrolysis bio-oil
feedstock (see Figure 1.1). The hydrotreater and distillation processes are being installed in the north

section of the PDL-West facility located on the PNNL campus. Process drawings are included in
Appendix C.

The planned operation duration and frequency are 1 week (five 24-hour continual days per month) for
approximately 5 years. Hydrogen is supplied to the hydtrotreater by a high pressure compressor, storage
bottles, and a distribution system. This system will also supply other research projects located near PDL-

West. High and low pressure nitrogen will be supplied via a distribution system that is dedicated to the
hydrotreater.

After the hydrotreating process is complete, the intermediate product will be run through the
distillation column to obtain the desired final products ranging from light (e.g., naphtha, gasoline, jet fuel)
to heavy (e.g., diesel, cycle oil) fuels. The distillation process is designed as a single column with reflux

to reach the desired products. The distillation column is sized to process the output from the hydrotreater
ina 10-12 hour period.

Hydrotreater Distillation

17-21 gal
251/h
for / Flammable Light distillate
120 h (naphtha, gasoline, jet)

(80 gal)

5 m3/hr
(3 SCF/min
4320 SCF/d)

Hydrocarbon

product
3.6 m¥/hr

Byproduct gas
90-95% H,
Balance light H

32 gal/wk
(but distill

in a day) Combustible Heavy distillate

Aqueous (diesel, cycle oil)
byproduct

11-14 gal
10 gal/d 8

Figure 1.1. Hydrotreater/Distillation Process





2.0 Purpose

As part of Integrated Safety Management (ISM), the hazards associated with performing work within
PNNL facilities must be identified and adequately controlled. For the Hydrotreater/Distillation Column
Project, a project hazard analysis coupled with a qualitative risk assessment was deemed an appropriate
method to achieve the ISM requirement.

This report documents the methods used and results of the project hazard analysis and qualitative risk
assessment for the Hydrotreater/Distillation Column Project.

3.0 Method

This section describes the basis for the deployed hazard analysis method and approach. In addition, a
tailored risk analysis criterion is defined.

3.1 Evaluation Basis

Nationally recognized codes, standards, and references associated with hazard and risk analysis
provide guidance for process hazard analyses. Occupational Safety Hazard Administration (OSHA)
regulation 29 CFR 1910.119, “Process Safety Management of Highly Hazardous Chemicals” is the
guiding document in the U.S. for chemical processes that meet a lower threshold of hazardous chemical
content. Although the hydrotreater system evaluated in this document is well below the lower threshold
of the OSHA regulation, the evaluation was conducted consistent with the intent of the CFR code.
Supporting documents such as Guidelines for Hazard Evaluation Procedures (CCPS 1992), Guidelines
for Developing Quantitative Safety Risk Criteria (CCPS 2009), both consistent with the OSHA
guidelines, were also used to develop the evaluation methodology.

The hazardous chemical content of the hydrotreater system (800 Ibs of bio-oil in the enclosure and
1500 Ibs of Hydrogen in 2 tube trucks) are well below the threshold set by OSHA in 29 CFR 1910.119
(see Table 3.1 for quantity thresholds). The qualitative hazard analysis conducted for this project
incorporated applicable process safety elements described in 29 CFR 1910.119. This type of analysis,
versus quantitative hazard analysis, is acceptable to OSHA as demonstrated by the excerpts from:

[Re: 1910.119 para (e)(2)(i.v.)] Mobil Research and Development Corporation: “[W]e
are concerned that the term “consequence analysis”*** could be misinterpreted as
requiring highly specialized modeling and risk assessment techniques such as
Probabilistic Risk Assessment (PRA) that are not called for in paragraph (e)(1)***
PRA’s, vapor cloud modeling and other quantitative hazard assessment techniques are
difficult to apply as a basis for regulatory control. Judgments and assumptions made by
individuals performing the assessments are subjective and findings are difficult to
validate and compare to other assessments. Moreover, no nationally accepted risk criteria
for industrial processes have been established.

[OSHA Response]: OSHA has modified this paragraph to indicate that it did not intend
employers to conduct probabilistic risk assessments to satisfy the requirement to perform





a consequence analysis. OSHA agrees with commenter that specialized techniques such
as vapor cloud modeling would add an unnecessary burden with respect to assessing the
effects of releases on employees. OSHA believes employers can establish a reasonable
range of possible effects of releases on employees without conducting the specialized
quantitative analysis. Further OSHA believes it has insufficient data in this rulemaking
record on which to establish what would be a reasonable quantitative analysis.
Therefore, this clarified paragraph becomes final paragraph (e)(3)(vii) and requires a
qualitative evaluation of the possible safety and health effects of failure of engineering
and administrative controls on employees in the workplace.”

Table 3.1. Comparison of Chemical Screening Thresholds

DOE Order 151.1C

Material 40 CFR 355 29 CFR 1910.119 40 CFR 68 (NFPA 704 Rating)
Bio-oil Not listed Not listed Not listed 1%
Treated bio-oil Not listed Not listed Not listed 1@
Light distillate

- Naphtha . 10,000 Ib .
- Gasoline Not listed (flammable liquids) Not listed 1
- Jet fuel
Bottoms product Not listed
- Diesel Not listed (combustible Not listed
. . 1
- Cycle oil liquids)
Nitrogen Not listed Not listed Not listed 0
(compressed gas)
. 10,000 Ib 10,000 Ib
Hydrogen (gas) Not listed (flammable gas) (flammable gas) 0
Acetone Not listed Not listed Not listed 1
Di-tert-butyl disulfide Not listed Not listed Not listed 1

() Assumed to be bio-diesel (http://www.apexoil.com/msdsbio.pdf).

3.2 Evaluation Process

Based on the above considerations, the use of a What-If analysis coupled with a qualitative evaluation
of the risks was used to analyze the hazards and confirm that the risk of operation was consistent with
PNNL, U.S. Department of Energy (DOE), and national expectations.

The project hazard analysis and qualitative risk evaluation were performed as a multi-step process
throughout the design phases of the project. The key steps included the following:

1. Process, controls, and design reviews were performed at key stages of the design by the process
owners, subcontractors, and subject matter experts (SMEs).

2. A “pre-meeting” was held on August 1, 2012, to familiarize those to be involved in the project
hazard analysis with the scope of the initial process designs associated with the
Hydrotreater/Distillation Column Project.

A formal facilitated project hazard analysis was performed.
4. A follow-up session was held to evaluate the highest perceived hazards and their controls.

5. The results of the two sessions were compiled and analyzed on a qualitative risk basis.



http://www.apexoil.com/msdsbio.pdf



3.3 Hazard Analysis

In general, a What-If approach is a brainstorming method in which the process owners (e.g., research
staff), SMEs, and third party experts identify potential hazards, raise concerns about potential accident
scenarios, hypothesize the ensuing consequences, evaluate whether or not the existing system controls are
adequate, and identify additional controls where appropriate to mitigate the potential risks. The piping
and instrument diagrams (P&IDs) were reviewed during the brainstorming session to facilitate
discussions, identify hazards, and evaluate controls. The results of the hazard analysis are contained in
Appendix A of this report.

3.4 Evaluation of High Hazard Scenarios

Following the initial project hazards analysis, accident scenarios perceived as high hazards were
extracted and consolidated for further evaluation of the consequence and adequacy of controls. The
following general grouping of scenarios was identified:

Vessel over pressurization

Hydrogen leak

1

2

3. Nitrogen leak
4. Reactor leak, worker exposure
5

Introduction of incompatible gas

Each of these scenario groups were further discussed in a supplemental hazard analysis session. The
results of this session are contained in Appendix B of this report.

Additionally, the results of this session were used to qualitatively establish the consequences and
likelihood of these scenarios. When establishing consequences, qualitative judgments were supported by
guantitative analysis when appropriate. Finally, the scenarios were evaluated to determine if the existing
controls were adequate; which included consideration of defense in depth, degree of redundancy, degree
of independence, diversity, and vulnerability to common-cause failure.

3.5 Risk Evaluation Criteria

A risk matrix is a standard method to communicate levels of risk. PNNL uses similar charts to
establish risk thresholds for various directorates and programs (e.g., Worker Safety and Health (WSH)
Heat Map, Facilities and Operations (F&O) Process Safety Risk Analysis).

Based on the consequence and likelihood definitions provided below, the risk matrix shown in Figure
3.1 was developed to evaluate the highest perceived postulated accidents considering the design,
equipment, utilization, and controls. The risk matrix is only related to the specific use of the equipment
for this process. The hydrotreater and distillation processes are planned to be used for approximately 5
years, with possible continued use for an additional 5 years in this configuration. Therefore, a 20-year
operational life is considered conservative for the anticipated and credible frequency ranges used in this
analysis.





Accident scenarios that plot in the green blocks of the risk matrix are considered adequately
controlled. The intent of any PNNL project is to control all potential accident scenarios into a green area,
where practical, prior to operation. Accident scenarios falling in the red blocks denote risks that are not
acceptable, and additional controls are required to move the risk into a yellow and/or feasible green area.
Accident scenarios that are plotted in the yellow areas will have additional controls implemented when
possible, but will not necessarily preclude the process from continuing. The results of the process for the
individual scenarios are discussed in Section 4.0. In addition, the consequences for each accident
scenario are also compared to typical industrial and existing PNNL hazards in Table 4.1 and 4.2 to
establish a perspective of the risk.

Definitions:

Catastrophic: Multiple deaths of workers or a public fatality, significant negative health impact
to multiple workers and/or public, substantial loss of assets (i.e., facility-level)

Disastrous: Single worker death, or multiple workers injured, or negative health impact to the
public, significant damage to facility

Serious: Significant medical treatment (hospital stay) required for a single worker, major
equipment damage

Minor: Minor injury to personnel (minor or no medical treatment required), minimal
equipment damage

Anticipated: Likely to happen within the life of the project (20 years)

Credible: May occur within the life of the project (20 years)

Unlikely: Possible but not likely to occur within the life of the project (associated with

events judged to be in the range of 1 in 100 years)

Highly Unlikely:  Not expected to occur within the life of the project (associated with events
judged to be in the range of 1 in 500 years or less, e.g., large earthquakes)

Catastrophic

[} .
o Disastrous
C
[«B]
>
o
el .
c Serious
o
@)
Minor

Highly
Unlikely

Unlikely Credible Anticiated

Likelihood

Figure 3.1. Hydrotreater/Distillation Column Project Qualitative Matrix





4.0 Qualitative Risk Analysis

The following information associated with the Hydrotreater/Distillation Column Project system
design and operation was evaluated by the team to qualitatively assign the likelihood of occurrence for the
highest perceived consequence scenarios.

A. Code Compliance:

a. All vessels with a diameter greater than 6 inches and a design pressure greater than 15 psi are
designed, fabricated, welded, inspected, and tested in accordance with the ASME Boiler and
Pressure Vessel Code (B&PV Code), Section VIII.

b. The reactor is designed, fabricated, welded, inspected, and tested in accordance with ASME
B31.3 and augmented consistent with the ASME B&PV Code, Section VIII.

c. All pressure piping is designed, installed (approved fittings, appropriate support distances,
etc.), and leak tested in accordance with ASME B31.3 and NFPA 55.

d. All hydrogen piping is installed in accordance with the International Fire Code (IFC), which
includes an appropriately sized excess flow control valve.

B. Relief Valve Sizing: All relief valves are sized for the worst-case flow rates, including any
backflow from high to low pressure areas, per API1 521. This includes the addition of vessel
insulation where required to support flow rates.

C. Enclosure Ventilation: The enclosure is ventilated at greater than 6 air changes per hour
(approximately 1900 cfm), which is consistent with standard laboratory flow rates at PNNL. The
ventilation is well mixed due to the inlet being toward the bottom of the enclosure and the outlet
near the top. This minimum ventilation rate meets the requirements of NFPA 55 and the IFC.

D. Hydrogen Monitors: Hydrogen monitors are installed near the reactor, near the floor, and near
the ceiling in the enclosure. These detectors are provided for operation of the reactor, and do not
trigger shutdown of the H, system. The ceiling detectors are programmed to shut down the
system if they detect hydrogen at 40% of lower flammability limit (1.6 volume%).

E. Fire Safety: Fire detection (flame sensors) and fire suppression are located in the enclosure.

F. General Monitors/Alarms: Multiple feedback loops are connected to the assembly such as
pressure, temperature, and flow rates. If these systems are not within operating boundaries, the
system either shuts down or is manually shut down by the operators.

G. Enclosure Containment: The enclosure acts as a physical barrier to the assembly and is
constructed with a spill lip that can contain any floor spill in the enclosure.

H. Class | Div 2 Electrical: All exposed electrical in the enclosure is Class 1 Div 2 (explosion
proof). This minimizes the potential for an ignition source.

I. Standard Operating Procedures (SOPs): The system will be operated to approved operating
procedures.

J.  Trained Operators: Each shift will have two operators (experienced with similar equipment)
trained per the approved operating procedures. The system will not operate unattended.





K. Pre-start Leak Tests: Prior to each run, the system is leak checked with nitrogen to ensure any re-
assembly or cycling does not create a leak.

L. Vessel Inspection: The reactor and pressure vessels will be visually inspected periodically
(minimum annually) per the “How Do 1?”” (HDI) Pressure and Vacuum Systems work control.

M. Relief Valve Functional Testing: Each relief valve will be functionally tested periodically
(minimum annually) per the HDI Pressure and Vacuum Systems work control.

N. Limited Access: Staff will have limited access in the enclosure during operations. Entering the
enclosure will be minimized and limited to very specific needs in the SOP. One operator will
remain outside the enclosure at all times when the other operator enters.

4.1 Vessel Overpressure

There are multiple scenarios that could lead to a vessel over-pressurization: impingement fire,
material defect, non-actuating pressure relief, and improper reassembly. Therefore, each scenario is
evaluated separately from a likelihood standpoint.

Similarly, the consequences associated with over-pressure scenarios vary depending on the type of
failure and the vessel in question. The worst-case consequence failures were utilized as bounding cases
for lower consequence failures, as part of this analysis. Table 4.1 includes comparisons of pressure
energy due to phase changes and/or gas expansion in various systems. Similarly, Table 4.2 compares
thermal potential energy (i.e. the heat of combustion) for various systems.

Table 4.1. Pressure Hazard Comparison

System Pressure Energy® Comments
331 bldg, 9000 gal bulk nitrogen dewar 512 MJ BLEVE® potential
ROB steam boiler 178 MJ BLEVE potential
6000 psi hydrogen or nitrogen cylinder, 43L 3.7 MJ
ég\?valz_r portable medium pressure liquid nitrogen 3MJ BLEVE potential
Propane tank — home grill, 5 gal 2.6 MJ BLEVE potential
2500 psi hydrogen or nitrogen cylinder, 43 L 1.4 MJ
100 gal air receiver 1.2 MJ
Hydrotreater reactor (2000 psi) R-130© 0.76 MJ S'\llfz)gh;\é% SZSQrtgl'zgggts;lzn d 400 °C
1 liter, 3000 psi Parr reactor 49 kJ Considered filled with hydrogen
V-120, 70 L at 30 psi (back-flow H,)© 18 kJ Assumes the vessel is full of hydrogen gas
V-120, 70 L bio-oil (considered as diesel)® <1kJ BLEVE potential

(a) Pressure Energy was calculated as the change in internal energy of the system from a pressurized state to an instantaneous release to the
atmosphere. This included phase change and gas expansion energy.

(b) BLEVE: Boiling liquid expanding vapor explosion is an explosion caused by the rupture of a vessel containing a pressurized liquid above its
boiling point.

(c) Red text items in the table above are Hydrotreater/Distillation Column Project process equipment.






Table 4.2. Thermal Hazard Comparison

System Thermal Energy® Comments
EMSL Diesel Tank, 3000 gal 491090 MJ Unlikely BLEVE®
V-180, Column Feed Tank, 40 gal® 6919 MJ Unlikely BLEVE
Diesel Pickup Truck, 25 gallon 4108 MJ Unlikely BLEVE
V-120, 70 L bio-oil (considered as diesel)® 3027 MJ Unlikely BLEVE
Distillation Column, (considered as diesel)© 581 MJ Not pressurized
Propane tank — home grill, 5 gal 457 MJ BLEVE potential
6000 psi hydrogen cylinder, 43 L 208 MJ
2500 psi hydrogen cylinder, 43 L 87 MJ
Hydrotreater reactor (2000 psi) R-130© 56 MJ gj%gk;\é% ?/de(;]rtﬁ[lé(\)/ggtsgilzn R e
1 liter, 3000 psi Parr reactor 2.4 MJ Considered filled with hydrogen
V-120, 70 L at 30 psi (back-flow Hy)® 17 MJ This scenario assumes the vessel is full of

hydrogen gas

(a) Thermal Energy was calculated utilizing the heat of combustion of the fluid(s) in the vessel. The energy released would be dependent upon
the fluid, pressure, and temperature. The amount of energy released as a pressure wave versus heat or other form of energy is not
determined.

(b) BLEVE: Boiling liquid expanding vapor explosion is an explosion caused by the rupture of a vessel containing a pressurized liquid above its
boiling point.

(c) Red text items in the table above are Hydrotreater/Distillation Column Project process equipment.

4.1.1 Impingement Fire

The scenarios for an impingement fire are a sheared hydrogen line that auto-ignites or a pool fire.
Each of these could cause a flame that directly contacts the reactor or other pressure vessel.

Consequence: Catastrophic. Loss of the facility and loss of life are potential consequences. See
Table 4.1 and 4.2.

Likelihood: Highly Unlikely. The excess flow control valve (hydrogen line shear), limited fuel
source (pool fires), system design, monitors, and fire suppression system make a catastrophic accident
due to an impingement fire highly unlikely.

Similar Hazards: See Table 4.1 and 4.2. Benchtop reactors in the Chemical Engineering Laboratory
(CEL) and the Bioproducts, Sciences, and Engineering Laboratory (BSEL).

Risk: The risk associated with an impingement fire has been adequately mitigated.

Recommendations: None

412 Material Defect

A material defect could cause a vessel rupture below the material design pressure. The hydrotreater
reactor was used for this analysis because it has the highest potential energy at operating conditions
(which is the basis for this failure scenario).





Consequence: Catastrophic. Loss of the facility and loss of life are potential consequences. See
Table 4.1 and 4.2.

Likelihood: Highly Unlikely. This system is comparably controlled to similar industrial hazards.
Code compliance with ASME B31.3 and applicable portions of ASME B&PV Code is accepted
industry practice. The reactor will be visually inspected periodically per the HDI Pressure and
Vacuum Systems work control.

Similar Hazards: See Table 4.1 and 4.2.

Risk: The risk associated with an inherent material defect is adequately mitigated.

Recommendations: Ensure an inspection program that establishes inspection techniques, frequencies,
and required actions should be included as part of system operation to monitor for potential reactor
degradation.

4.1.3 Non-actuating Pressure Relief

Another potential over-pressure situation is if the internal pressure rises in a tank because of a process
upset and the relief device does not actuate or is sized incorrectly. The reactor is utilized for this scenario.

Consequence: Catastrophic. Loss of the facility and loss of life are potential consequences. See
Table 4.1 and 4.2.

Likelihood: Highly Unlikely. This system is comparably controlled to similar industrial hazards.
Code compliance with ASME B31.3 and applicable portions of ASME B&PV Code is accepted
industry practice. The relief valves are sized and inspected per nationally recognized standards.

Similar Hazards: See Table 4.1 and 4.2.

Risk: The risk associated with a relief valve not functioning correctly has been adequately mitigated.

Recommendations: Ensure a relief device inspection program that establishes inspection techniques,
frequencies, and required actions is included as part of system operation.

4.1.4 Reassembly Error

Between operational runs, the reactor is assembled/disassembled for multiple reasons. There is a
possibility that the system will not be reassembled appropriately. There are two types of failures from
this scenario: (1) a catastrophic failure [addressed here] or (2) a leaking flange. The consequences of a
leaking flange are addressed in sections 4.2 and 4.4.

Consequence: Catastrophic. Loss of the facility and loss of life are potential consequences. See
Table 4.1 and 4.2.

Likelihood: Highly Unlikely. The design of the system (Graylock) coupled with pressure testing
following reassembly make a catastrophic accident due to a reassembly error highly unlikely.





Similar Hazards: Bench scale hydrotreater and other similar research equipment at PNNL.

Risk: The risk associated with a reassembly error has been appropriately mitigated in accordance
with industry standard practices.

Recommendations: None

4.2 Hydrogen Leak

A hydrogen leak from the system could potentially cause a fire due to auto ignition. The hydrogen is

supplied at 2000 psi. There are two separate locations addressed for a leak: (1) a leak in the supply and
distribution system, outside of the process enclosure, and (2) a leak from process equipment within the
enclosure.

Consequence: Catastrophic. Loss of the facility and loss of life are potential consequences.

Likelihood: Highly Unlikely. For leaks outside the enclosure, the system design, including excess
flow control valve, makes a catastrophic accident due to a hydrogen leak highly unlikely. For leaks
within the enclosure, the system design, excess flow control valve, enclosure design per Class 1,
Division 2, enclosure ventilation, and gas monitors make a catastrophic accident due to a hydrogen
leak highly unlikely.

Similar Hazards: Physical Sciences Laboratory (PSL) hydrogen system (lower pressure), PDL/CEL
hydrogen system, BSEL hydrogen system.
Risk: The risk associated with a hydrogen leak has been adequately mitigated.

Recommendations: None

4.3 Nitrogen Leak

A high pressure nitrogen leak from the system without the enclosure ventilation system operating

could potentially cause an oxygen deficient atmosphere inside the enclosure.

Consequence: Disastrous. Loss of life if an operator enters the enclosure while a nitrogen leak
coincides with ventilation shut-down creates an oxygen deficient atmosphere.

Likelihood: Highly Unlikely. Code compliance: ASME B31.3- leak testing, installation,
inspections; leak testing the system prior to each run renders an accident highly unlikely due to
nitrogen leak; limited source of nitrogen; ventilation shut-down alarm.

Similar Hazards: House gas supply systems in the Physical Sciences Facility, PSL, 2400 Stevens,

Biological Sciences Facility, BSEL, and 331 Building. Compressed gas bottles inside of most
laboratory facilities.

Risk: The risk associated with a nitrogen leak has been adequately mitigated.
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Recommendations: None

4.4 Reactor Leak, Worker Exposure

The hydrotreater reactor thermocouple tree is manually manipulated vertically during system
operations. Because the hydrotreater system is pressurized and access to the thermocouple tree is near the
lower reactor flange, the staff member could come in contact with a high pressure leak while
manipulating the thermocouple tree. The most likely cause of a leak is an error in re-assembly of the
equipment.

Conseguence: Serious. An injection hazard, significant laceration, or burn, which could require
significant medical treatment.

Likelihood: Unlikely. The design of the system (Graylock) coupled with pressure testing following
re-assembly make a serious accident highly unlikely due to a re-assembly error.

Similar Hazards: Bench scale hydrotreater and other similar research equipment at PNNL.

Risk: The risk associated with this scenario is considered moderate. Further actions are

recommended to lower the likelihood of this scenario.

Recommendations: Consider the addition of an engineering control to minimize the potential for
personnel exposure (e.g., installation of a bonnet surrounding the flange connections of the reactor,
remote operation).

4.5 Introduction of Incompatible Gas

Introduction of oxygen into the system during normal operations was considered a non-credible
event. When the system is pressurized, even if a leak exists in the system, there is no physical way to
introduce air from the surroundings. However, the potential to connect a gas supply with an incompatible
material (oxidizer, highly corrosive, highly toxic) to the system is evaluated. There are two main sub-
scenarios reviewed: (1) introducing an incompatible gas through the nitrogen system or (2) failure to
purge the system prior to operation.

Consequence: Catastrophic. Loss of the facility and loss of life are potential consequences.

Likelihood: Highly Unlikely. The likelihood of these scenarios is no greater than for any other
project using flammable gases at PNNL or throughout industry. The number of gases used (nitrogen,
hydrogen) is limited and the frequency of gas cylinder exchanges (refilling) is minimized as the
nitrogen supply is dedicated to the hydrotreater project. The likelihood of incorrectly filling and
labeling a gas cylinder is reduced because the gases are commonly used throughout industry and are
not mixtures. The likelihood of failure to purge (pressure test) the system coupled with an auto-
ignition within the reactor is judged to be highly unlikely.

Similar Hazards: This same potential accident scenario and consequence exist throughout PNNL,
other DOE laboratories, and industry. The use of trained staff, reputable vendors, and the integral
design of specific Compressed Gas Association (CGA) fittings into gas bottles are reliable controls.
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Risk: The overall risk associated with introduction of an incompatible gas into the system is

considered acceptable.

Recommendations: Include hold point for nitrogen pressure test/purge prior startup of the system.

5.0 Lessons Learned Section

A review of existing lessons learned throughout DOE and industry for BLEVE, vapor cloud
explosions, and other failure modes was conducted to determine if appropriate controls have been
included for this project. No specific events were found for similarly scaled processes; however, lessons
learned that are of an applicable nature were identified:

1.

Lack of robust management of change processes

o Response: Management of change controlled through SOP and IOPS Pressure Systems
Permit processes

Labeling on connection points and mixing points

o Response: Labeling of connection and mixing points verified through research and
development readiness and startup process

Control of pressure relief device discharges to prevent personnel exposures
o Response: Relief device discharge addressed during design
Temperature related reduction in pressure ratings

o Response: Temperature and pressure ratings addressed during design
Verification of working fire suppression system prior to starting work

o Response: Verification of alarm function during acceptance testing
Verification of chemical inputs added to a system

o Response: Covered by change control through the SOP

Good emergency response training, practice, and drills

o Response: Building emergency plan prepared and drilled

6.0 Conclusions/Action Tracking

Based on the hazard and risk analyses performed, PNNL has concluded that controls are in place for
safe operation of the hydrotreater and distillation processes.

Based on the perceived risks plotted in Table 6.1, the controls in place to prevent a vessel
overpressure, hydrogen leak, incompatible gas introduction, and a nitrogen leak are acceptable.
Conversely, in order to minimize the potential consequence associated with a reactor leak near a flange,
installation of a bonnet or another appropriate engineering method to mitigate the potential for personnel
exposure to high pressure steam is recommended.
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Figure 6.1. Hydrotreater/Distillation Project Qualitative Risk Matrix

There are three different lists of actions to be completed based upon this risk analysis process: Table
A.3 actions resulting from the What-If analysis; Appendix E: Subject Matter Expert (Phillippi) Design
Review Comments; and Table 6.1, Risk Analysis Recommendations.

Actions noted in Table 6.1 and Table A.3 of this report will be verified as statused and/or completed
through the research and development readiness and start-up process. Actions noted in Appendix E will
be completed via review-comment-record (RCR). The RCR will be statused by the research and
development readiness and startup process.

Table 6.1. Risk Analysis Recommendations

Section
Action ID Action Assigned to Ref.
Ensure an inspection program that establishes inspection techniques, 412
1 frequencies, and required actions is included as part of system Rick Orth 4' 1‘ 3'
operation. o
2 Cons@er the addition of an engineering control to minimize the Rick Orth 44
potential for personnel exposure.
3 Include hold point for nitrogen pressure test/purge prior startup of Rick Orth 45
the system.
4 Verify all mixing and connection points are labeled appropriately. Rick Orth 5.0
5 Verify alarm function during acceptance testing. Rick Orth 5.0
6 Building emergency plan prepared and drilled. Ken McMullin 5.0

13





7.0 Report Signature/Approvals

A wide variety of staff participated in this hazard analysis; however, only necessary personnel are
included on the signature page.

Pete Lowry (Risk Decision Sciences) and Nathan Cathey (Nuclear Safety and Facility Authorization)
have extensive knowledge and experience performing process hazard analysis, which is one of the basic
tenants of OSHA’s protocol of process safety management (see 29 CFR 1910.119).

Signatures for this report have the responsibilities as identified below:

o Authors: Pete Lowry is responsible for authoring Appendix A and a portion of the main document.
Sam Paulsen is responsible for authoring the majority of the main document and for the document
organization, including the appendices. Nathan Cathey is responsible for the content in Appendix B.
They agree with the content of the report as a complete and accurate representation of the process.

e Concurrence: Staff signed as “concurrence” agree with the risk analysis method, risk assessment
definitions, the conclusions, and the recommendations identified.

e Approvals: Approvers agree with the approach, conclusions, and recommendations. They accept the
risk associated with this project as evaluated.

8.0 References

29 CFR 19.10.119. “Process Safety Management for Highly Hazardous Chemicals.” Code of Federal
Regulations.

40 CFR 355. “Emergency Planning and Notification.” Code of Federal Regulations.
40 CFR 68. “Chemical Accident Prevention Provisions.” Code of Federal Regulations.

API1520. Sizing, Selection, and Installation of Pressure-Relieving Devices in Refineries. American
Petroleum Institute, Washington, DC.

API 521. Guide for Pressure-relieving and Depressuring Systems: Petroleum petrochemical and natural
gas industries-Pressure relieving and depressuring systems. American Petroleum Institute, Washington,
DC.

ASME B31.3. Process Piping. American Society of Mechanical Engineers, New York, NY.

ASME. 2010. Boiler and Pressure Vessel Code. American Society of Mechanical Engineers, New
York, NY.

CCPS. 1992. Guidelines for Hazard Evaluation Procedures, Second Edition with Worked Examples.
Center for Chemical Process Safety (an AIChE Industry Technical Alliance), New York, NY.

14





CCPS. 2009. Guidelines for Developing Quantitative Safety Risk Criteria. Center for Chemical Process
Safety (an AIChE Industry Technical Alliance), New York, NY, John Wiley and Sons, Inc., Publication
(Hoboken NJ).

DOE Order 151.1C. Comprehensive Emergency Management System. U.S. Department of Energy,
Washington, DC.

NFPA 55. Compressed Gases and Cryogenic Fluids Code. National Fire Protection Association, Quincy,
MA.

NFPA 70. National Electric Code. National Fire Protection Association, Quincy, MA.

NFPA 704. Standard System for the Identification of Hazards of Materials for Emergency Response.
National Fire Protection Association, Quincy, MA.

NFPA. 2012. International Fire Code. National Fire Protection Association, Quincy, MA.

15










Appendix A

August 29-30 Project Hazards Analysis










Appendix A

August 29-30 Project Hazards Analysis

A.1 Introduction

This hazard analysis was focused on the hazards associated with the process-related system
components within the Hydrotreater/Distillation Column Project contained within the PDL-West facility
and the potential interactions with these hazards with respect to supporting systems and the facility. The
modifications to the existing hydrogen supply, compressor, and distribution system supporting the
hydrotreater and distillation processes were also reviewed by the analysis team and separately by subject
matter experts. The scope of this hazard analysis did not include evaluating those hazards that were
considered normal and incidental to the operation of the PDL-West facility unless those hazards were
judged to have the potential to challenge the safe operations of the hydrotreater and distillation processes.
These hazards are adequately addressed through existing PNNL work controls. For a process description
and diagram of the system are located refer to section 1.0 of the main document.

The information in this appendix is presented as follows:
o Section A.2 describes the project hazard analysis process and results.
e Section A.3 contains the actions resulting from the project hazard analysis.

e Section A.4 contains the agenda and attendees.

Appendices C, D, and E contain the design information reviewed during the hazard analysis meeting,
the cause and affect/alarm matrix developed as part of the design process, and the comments resulting
from the external subject matter expert’s review of the design information and participation as part of the
of the project hazard analysis team.

A.2 Hazard Analysis

A facilitated hazard analysis session was conducted August 29-30, 2012. The scope of this analysis
was focused on the hazards associated with the process related system components with the
Hydrotreater/Distillation Column Project contained within the PDL-West facility and the potential
interactions of these hazards with respect to supporting systems and the facility. The team assembled
included Engineering (F&O, Project, and Design Contractor); PNNL representatives from Fire Protection,
Pressure Systems, Safety and Health; R&D Operations and hazard analysts; and an external subject matter
expert in petrochemical processing and process hazard analysis. Section A.4 identifies the team members
attending the hazard analysis sessions. (Note: Not all attendees listed were present for the entire duration;
however, the core team representing design, operations, safety, and the external subject matter expert were
present.)

The following sections provide a brief description of the hazard assessments performed and results.
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A.2.1 Hazard ldentification

The first step of the hazard analysis process was to identify the form, quantities, and characteristics of
chemicals associated with each of the major process components for the hydrotreater (hazard
identification). Guidance relative to analyzing chemical hazards based on quantities and the potential
consequences they represent to workers and the public care provided in 40 CFR 355, 29 CFR 1910.119, 40
CFR 68, and DOE Order 151.1C. Table 3.1 provides a comparison of the common process chemicals to
the threshold quantity criteria contained 40 CFR 355, 29 CFR 1910.119, 40 CFR 68, and DOE Order
151.1C.

Table A.1 provides the results of the hazard identification process. As shown, the nature and
quantities of hazardous materials involved are well below the threshold limits for requiring a process
hazard analysis (per 29 CFR 1910.119) and do not trigger the requirement for perform additional
emergency preparedness hazard analysis (DOE O 151.1C).
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Table A.1. Hydrotreater Hazard Identification Checklist

P&ID Nominal Process
782-4- Component Inventory Volume Pressure
100 Supply drum Bio-oil 55 gal Atmospheric
R (18 gal) .
120 V-120 Bio-oil (filtered) 70 liters 30 psi
120 Vo125 Di-tert-butyl disulfide or 5 gal) 30 psi
acetone 20 liters
Bio-oil (filtered) @ ,
130 R-130 Hydrogen (5 gal) 2100 psi
140 V-140 Bio-oil (filtered) 0.8g (3L) 2100 psi
Hydrogen
160 V-160A/B Treated bio-oil (5 gal) 10 psi
19 liters
160 V-161A/B Process water S gal) 10 psi
19 liters
: . (10 gal) .
160 V-162 Slop bio-oil 38 liters 10 psi
: (20 gal) .
160 V-163 Process water 38 liters 10 psi
Treated bio-oil
180 V-180 Light product (recycle) (40 gal) 10 psi
160 liters
Bottoms product (recycle)
Treated bio-oil A
180 V-184 Light product (recycle) e tug:;ﬁh)“m'ted < 25 psi
Bottoms product (recycle) P
V-191 A/B Light distillate (18 gal) .
190 (V-193) (naphtha, gasoline, jet) 70 liters 10psi
V-192 A/B Bottoms product (18 gal) .
190 (V-194) (diesel, cycle oil) 70 liters 10 psi
(,\ﬁoo) Utility Hydrogen (280,000 scf)® 2500 psi
(I\ili(.)O) Utility Low pressure nitrogen ~700 scf® 100 psi
('\;100) Utility High pressure nitrogen ~1800 scf® 2500 psi

(a) Total column sized ignoring packing material.
(b) Assumes two full hydrogen tube trailers of 140,000 scf. Expected quantity one trailer plus high pressure storage 5 high capacity cylinders

(~2200 scf)

(c) Assumes 3 standard capacity “K” cylinders, See section A., Action A.2.
(d) Assuming 4 high capacity (4500 psi) cylinders.
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A.2.2 What-If Analysis

As noted in section A.1, to augment the previous design reviews for the Hydrotreater/Distillation
Column Project, a facilitated hazard analysis session was held. The scope of the hazard analysis focused
on the process and potential for interactions between the process components and the enclosure or utilities.
The process and utility drawings reviewed are identified in Appendix C.

The What-If technique was used during this session. The What-If analysis technique is a structured
brainstorming method of determining undesired events (what things can go wrong). The answers to these
guestions form the basis for making judgments regarding the acceptability of the controls and determining
a recommended course of action for events requiring further consideration. The What-1f concept
encourages the team to think of questions that begin with “What-If.” As noted earlier, team members
included representatives of operating and maintenance staff, design and/or project engineers, and safety
representatives.

The results of the What-If analysis are included in Table A.2. For releases of hazardous material, the
controls that would prevent or mitigate the effects of the release are identified without further consequence
analysis. Actions identified as part of the resolution of a hazard condition are included in Table A.3.
These actions are further developed in section A.3 along with design comments made during the hazard
analysis session.
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Table A.2. What-If Analysis Results

Drawing 782-4-100: Hydrotreater Bio-oil Batch Filtration. Process: Transfer bio-oil via air driven pump (P-101) through filters (F-101 and F-102) from PNNL
supplied drum (55-gallon) located outside hydrotreater enclosure into vessel (V-120, 784-4-120).

Controls (e.g., design,

F:ZZ' What If Consequences administrative, personal Comments
' protective equipment)

1 What if there is a failure in the pressure  Release of bio-oil (including Pressure indication. Implement additional hazard
boundary associated with bio-oil supply 25% water). Svst | for | i mitigation—use and fill one drum
ending up with either oil on the floor or ystem alarms Tor [ow ol pressure at atime. There is sufficient time
a spray release? What are the Pressure testing. to change out, so you don’t have to
indications the pressure boundary has Enclosure is the containment for have them side by side.
been breached and what are the
consequences? leaks and sprays. Burning the bio-oil mixture is not

Secondary containment. feasible based on the water content
Limit access through administrative

control.

Drums are stored outside in

secondary containment.

2 Filters are rated at 250 psi: What if Worse case is a leak through the  This pump is not an intensifier. It is

they see excess pressure? valve. design limited to 125 psi by the plant
air supply.
2b. What if the filters plug? There is no consequence. Connected by sanitary clamps for easy  Due to process duration of
replacement. Secondary filter approximately 1 hour a day, there
connected with a bypass. Last control is adequate time to change filters.
is filters are changes every week.
2c. What if you have to remove the During filter change, the line The filters have drain ports on the top  Pressure gage could be added to
filter? remains pressurized/lack of and bottom to relieve pressure prior to  verify zero energy.
hazardous energy control. Is removal. We have ports on the top to
there a way to vent and prove release and a drain valve. Drain valve
zero energy? or pressure valve.
3 What if air gets in the system? Is The feed system would not Implement acetone cleaning Verify cleaning procedure exists in
biofuel foam a hazard? work. The system would have to  procedure. SOP. Action owner: Rick Orth.
be cleaned. The process would
need to be restarted.
4 What if you don’t filter the input or the ~ Worse case is shutdown of the The system is designed to handle None

filters do not work as designed?

system.

some solids. There are drain filters
and the ability to clean with acetone.
System design allows it to be
repressurized after cleaning.

Acetone supply bucket should be
vented.
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Table A.2. What-If Analysis Results

Drawing 782-4-120: Hydrotreater Liquid Feed. Process: Transfer bio-oil (V-120) and sulfide (V-125) via P-121A/B to reactor (R-130). Low pressure nitrogen
provides vessel padding and transfer. System design 2500 psi upstream of check valve 2012. Downstream of check valve VV-2012 system designed to 5000 psi.

Haz.
Id. What If

Consequences

Controls (e.g., design, administrative,
personal protective equipment)

Comments

5 What if there is a failure in the pressure
boundary (V-120)?

Bio-fuel on floor, also the
release of nitrogen.

Stored energy release.

Catastrophic failure.

ASME B&PV Section VIII stainless
steel vessel. Overpressure protection
set at 30 psi, vented through low
pressure (LP) relief header.

6 What if there is a failure in the pressure
boundary (V-125)?

Loss of sulfide, also nitrogen
(loss of acetone if during
cleanout).

ASME B&PV Section VIII stainless

steel vessel. Overpressure protection
set at 30 psi, vented through LP relief
header.

7 What if there is a failure in the pressure
boundary (nitrogen)?

Nitrogen released to enclosure.

Loss of ability to transfer.

LP nitrogen stainless steel piping
designed, installed, and tested in
accordance with ASME B31.3.
Located inside enclosure.

8 What if there is too much pressure (low
pressure nitrogen)?

Failure of vessel pressure
boundary (see Haz ID 5) or
failure of nitrogen system
pressure boundary (see Haz ID
7).

LP Nitrogen stainless steel piping
designed, installed, and tested in
accordance with ASME B31.3.

Located inside enclosure.

ASME Certified stainless steel
vessels. Overpressure vented (V-120,
V-125) through LP relief header.

Low pressure nitrogen system
pressure will be limited by PNNL
(Action).

Actions:

Neuenschwander to evaluate if use
of a Nitrogen Dewar for LP N2 is
desirable. Include appropriate
relief device on LP supply line.

Zeton include relief valve input
into header.

Dotson to add knockout pot to
relief header design via CEES.

9 What if the feed pump freezes (with
reactor under pressure)?

Potential for hydrogen and liquid
to backflow through the system.

Liquid would backflow.

Check valve CK-2012.

Relief valves installed on VV-120 and
V-125.

Conseqguences assume failure of
the check valves (allowing the
backflow). Action: Zeton include
backflow of liquid/gas into
overpressure protection sizing for
V-120/V-125.

A6





Table A.2. What-If Analysis Results

Drawing 782-4-120: Hydrotreater Liquid Feed. Process: Transfer bio-oil (V-120) and sulfide (\V-125) via P-121A/B to reactor (R-130). Low pressure nitrogen
provides vessel padding and transfer. System design 2500 psi upstream of check valve 2012. Downstream of check valve V-2012 system designed to 5000 psi.

Haz.
Id. What If

Consequences

Controls (e.g., design, administrative,

personal protective equipment)

Comments

10 What if the pumps run in phase? Will
they cause problems?

System would slow down and
not receive as much feed. The
pump would not refill and shut
off.

Operator would notice this on
feedback display. When the pump
stops, an alarm sounds. Controller
monitors switching valves.

If one pump stops, eventually the
other one would also.

Pumps rated at 200 cc/min. Column
could handle flow over short period
without impacts.

Extremely low probability unless
we were to change the design to
run both at the same time. The
max run time with both pumps is
approximately20 minutes.

11 What if the pumps overpressure due to
line blockage?

Could result in spray release of
bio-oil.

Pump overpressure relief at 3750 psi,
and a backup shear pin at 4500 psi.
Piping system components rated to
5000 psi and are leak tested prior to
operation.

12 What if we get a leak?

Seal on piston and pump could leak.
As aresult, there is bio-oil on top of
piston or the acetone.

Leak of bio-oil or acetone to
enclosure.

There is a secondary containment
under the seal that routes leaks to a
small bottle.

The seals will have to be replaced
once every couple years. This type
of leak won’t be a spray leak, it
would be a drip that flows at a
couple of ml per day.

Action: Orth to add leak responses
into the SOP.
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Table A.2. What-If Analysis Results

Drawing 782-4-120: Hydrotreater Liquid Feed. Process: Transfer bio-oil (V-120) and sulfide (\V-125) via P-121A/B to reactor (R-130). Low pressure nitrogen
provides vessel padding and transfer. System design 2500 psi upstream of check valve 2012. Downstream of check valve V-2012 system designed to 5000 psi.

Haz.
Id. What If

Consequences

Controls (e.g., design, administrative,
personal protective equipment) Comments

13 What if we get a spray leak?

At this stage, the contents are not
heated, so the high spray leak
would release into the enclosure.
The worst potential consequence
is a fire resulting from a
hydrogen leak due to backflow
of gas from the reactor.

The enclosure that houses the system On the hydrotreater skid, there
has hydrogen detectors monitors and would be one alarm located up

alarms. The detectors/alarms are high and one alarm for varying
programmed for automatic system leak locations. These are
shutdown. The system is designed, operational alarms and not tied into

installed, and pressure tested to ASME  the fire alarm system.
B31.3. Excess flow control valves are

installed that would shut off the

hydrogen flow in the event of a major

leak. Small leaks would not result in

homogeneous air mixtures greater

than 4% due to the air change rate.

All electrical in the enclosure is Class

1, Div. 2.

14 What if no flow (loss of pumps)?

No safety impacts. Production
would be effected.

Manned operation

Is the pump discharge pressure
indicator accurate enough?

Accuracy is not critical. The
graduations and range (0-5000
psi) are adequate for operation.
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Table A.2. What-If Analysis Results

Drawing 782-4-130: Hydrotreater Reactor. Process: Bio-oil and hydrogen combined under temperature and pressure in reactor furnace (R-130, F-130) to
produce long hydrogen chains. Steps: Pressure check with hydrogen. Then start sulphite solution. Then set conditions for running bio-oil.
Eight zone furnace running at eight different temperatures. The thermocouples (type K) are used internal and external to monitor.

Haz. Controls (e.g., design, administrative,
Id. What If Consequences personal protective equipment) Comments
15 What if high pressure fails the The enclosure would Code compliance ASME B31.3 and
reactor vessel? overpressure. Potential B&PV Section VIII. Graylock
damage to the enclosure and system is used with 4 bolts. System
the building from rating 3000 psi.

AL o Pressure relief/regulation on high

pressure nitrogen and hydrogen
system. A 3000 psi rupture
disk/relief valve assembly is installed
on the reactor.

The system is leak tested prior to
each new operation.

High pressure alarm shuts down
nitrogen, hydrogen, and feed.

Is there a built-in failure point in There is no built-in weak

the structure to minimize damage? point for failure. However,
the removable panel on the
enclosure would most likely
fail first in the event of a
catastrophic accident.

16 What if we have high temperature The enclosure would Code compliance ASME B31.3 and
pressure—fail the reactor vessel? overpressure. Potential B&PV Section VIII.

damage to the enclosure and

the building from

mechanical impacts. The controlling thermocouples
located on the wall of fixed half of
the reactor furnace are programmed
for automatic shutdown of the system
and/or heating zones if they exceed
500 °C.

Temperature alarm and shutdown.
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Table A.2. What-If Analysis Results

Drawing 782-4-130: Hydrotreater Reactor. Process: Bio-oil and hydrogen combined under temperature and pressure in reactor furnace (R-130, F-130) to
produce long hydrogen chains. Steps: Pressure check with hydrogen. Then start sulphite solution. Then set conditions for running bio-oil.

Eight zone furnace running at eight different temperatures. The thermocouples (type K) are used internal and external to monitor.

Haz. Controls (e.g., design, administrative,
Id. What If Consequences personal protective equipment) Comments
Does the heater have temperature Each zone has three thermocouples, The thermocouples on the
controls? one in the bed, one on the wall of outside are fixed. The one
fixed half and one on the other wall. on bottom can be moved
during the run to monitor
bed profiles.
What if they run to max Thermocouples are independent. Not hot enough to impact
temperature? Even with one failure, the other two the reactor pressure
should be capable of picking up the boundary.
temperature differences.
What if you get more than a 50- The system will alarm at a delta of 50
degree delta on system? degrees between thermocouples.
Operators are trained to shut down
the system.
17 What if there is a hole in the If leak was inside, you Code compliance ASME B31.3 and Consequences assume auto-

reactor wall resulting in a leak

inside the furnace enclosure?

would probably not notice it.

It would be a small fire
inside. Or you could have a
hot spot on the vessel wall.

B&PV Section VIII.

Maintaining pressure is unlikely.
Pressure, temperature, or other
alarms would alert the operator to
shut down the system. Flame
detectors and fire suppression system
would activate in the event of a large
fire.

Furnace (inside is not Division 2) but
is purged with air.

ignition of hydrogen, during
processing leak may be
steam quenched (non-
flammable).

If fire, would it impact the liner?

Only the fuel could burn. It would
likely melt the thermocouples and the
system would alarm/shut down.
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Table A.2. What-If Analysis Results

Drawing 782-4-130: Hydrotreater Reactor. Process: Bio-oil and hydrogen combined under temperature and pressure in reactor furnace (R-130, F-130) to
produce long hydrogen chains. Steps: Pressure check with hydrogen. Then start sulphite solution. Then set conditions for running bio-oil.

Eight zone furnace running at eight different temperatures. The thermocouples (type K) are used internal and external to monitor.

Consequences

Controls (e.g., design, administrative,
personal protective equipment)

Comments

Failure of reactor.

It might not even know for
an extended period of time.
The walls are 3/4-inch thick.

Code compliance ASME B31.3 and
B&PV Section VIII.

Yearly inspections of reactor.
Thermocouple and alarms.

If smoke is detected (visual) through
cabinet operator would shut off fuel
feed but would leave the blower
active.

Flame detection and fire suppression
system would activate for a large
fire.

Eventually it would be a
failed run as the pinhole
leak would cause the feed to
collect at the pinhole leak.

The internals of the reactor
would be hot, but no
combustion because of a
lack of oxygen.

Action: Orth, verify reactor
inspections are included in
the SOP.

Potential issue during
cleanout, but reactor is not at
pressure or temperature.
Standard acetone hazard.

Reactor is pneumatically tested with
nitrogen prior to each run.

The nitrogen purge/test
results in the reactor
atmosphere being non-
combustible.

Potential to create a
flammable atmosphere.

Code compliance ASME B31.3 and
B&PV Section VIII. Graylock
system is used with 4 bolts. System
rating 3000 psi.

Gas detectors in enclosure.

Enclosure is purged with 2000 cfm,
which would require a leak greater
than 80 cfm to be a concern.

Going into reactor bio-oil is
40% water and coming out
the liquid product is 70%
water and 30% more
flammable liquid - similar
to diesel in flammability.

Haz.

Id. What If

18 What if you have flame
impingement on the reactor wall
(due to leak)?

19 What if using acetone for cleaning
and some remains in the reactor?
Air is in tank (V-125) with acetone.

20 What if there is a leak from the
reactor outside the furnace
enclosure?

21 What if we are not at temperature

(low temperature)?

The reaction is not taking
place. Approximately the
same % of hydrogen still

comes out (V-140).

Low temperature reading on
thermocouple.

All





Table A.2. What-If Analysis Results

Drawing 782-4-130: Hydrotreater Reactor. Process: Bio-oil and hydrogen combined under temperature and pressure in reactor furnace (R-130, F-130) to
produce long hydrogen chains. Steps: Pressure check with hydrogen. Then start sulphite solution. Then set conditions for running bio-oil.
Eight zone furnace running at eight different temperatures. The thermocouples (type K) are used internal and external to monitor.

Haz. Controls (e.g., design, administrative,
Id. What If Consequences personal protective equipment) Comments
22 What if we lose the furnace purge No issue unless Gas detectors would detect problem. Immediate shutdown is not
air? accompanied by a leak. See The differential pressure on the required. If the air purge is
Haz Id. 19. furnace purge is measured and off, it is allowable to
alarmed. continue (air purge is
required for startup,
though).
23 What if there is a hydrogen leak Potential to create a Hydrogen piping stainless steel Design hydrogen flow rate
outside the furnace enclosure? flammable atmosphere. piping designed, installed, and tested is 177 ft%/hr (5 m*/hr; 0.08
Auto-ignition of hydrogen in accordance with ASME B31.3. cfm).
(jet flame).

Gas detectors in enclosure.

Enclosure is purged with 2000 cfm,
which would require a leak greater
than 80 cfm to be a concern.

Drawing 782-4-140: Hydrotreater Gas/QOil/Water Separation 2-Phase Separator V-140, 3-Phase Separator LG-147. Process: Separate processed bio-oil and gas
(primarily hydrogen) streams. Product gas exits via dedicated exhaust vent. System design 5000 psi upstream of pressure control valve PCV-4007 and LG-147.
Chilled and tempered water provided.

Haz. Controls (e.g., design, administrative,
Id. What If Consequences personal protective equipment) Comments
24 What if we have high pressure - fail the  The enclosure would Code compliance ASME B31.3 and B&PV
separator vessel (V-140)? overpressure. Potential Section VIII.

damage to the enclosure and

the building from mechanical Pr_essure relief valve PSV-4002 set at 3200

impacts pst.
25 What if we have failure of system You could have a high We have hydrogen detectors/alarms on
boundary (leak/ spray)? pressure leak and potentially equipment and in the enclosure would catch
have a gas or bio-oil leak into it with gas detector(s).
enclosure.

The gas detectors would shut down system.

Enclosure is ventilated and Division 2.
Minimal operator time inside enclosure
during operation.
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Table A.2. What-If Analysis Results

Drawing 782-4-140: Hydrotreater Gas/Qil/Water Separation 2-Phase Separator V-140, 3-Phase Separator LG-147. Process: Separate processed bio-oil and gas
(primarily hydrogen) streams. Product gas exits via dedicated exhaust vent. System design 5000 psi upstream of pressure control valve PCV-4007 and LG-147.
Chilled and tempered water provided.

Haz. Controls (e.g., design, administrative,
Id. What If Consequences personal protective equipment) Comments
26 What if you block F-143 filter? No product gas flow. Low pressure alarm. Want all vapors to go through

filter prior to passing through
wet test meter (WTM-152).

Coalescing filter to get dry vapor You blow thorough V-140 - Design the system with blow through. Action: Zeton - Ensure
hydrogen may be mixed with downstream design accounts for
water. Normally gas goes off potential for blow through
the top. As you gain liquid, (gas/water) from V-140 into
the lower drains let water pass. LG-147- PSV-4016 sizing.

Action: Orth - Ensure leak test
addressed in SOP.

The system is leak tested prior to each run.

Drawing 782-4-150: Hydrotreater Product Gas Measurement: Product gas knockout pot and wet gas meter (product gas from V-140/LG-147).

Haz. Controls (e.g., design, administrative,
Id. What If Consequences personal protective equipment) Comments
(pressure boundary failures same as addressed earlier)
27 What if high pressure at WTM-152? Failure of wet test meter — loss Pressure relief valve set at 1 psig. Action: Zeton - Move offgas
of process signal. . product tanks tie downstream of
Alarm from process signal loss. WTM.
28 What if V-153 is blocked? Failure of wet test meter — loss Sight glass SG-153 Draining V-153 it into a sealed but

of process signal. vented container is acceptable.

Drain valve HV-5001 can be opened
to remove the liquid in V-153. This is
already at low pressure, so should not
be a problem.
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Table A.2. What-If Analysis Results

Drawing 782-4-160: Hydrotreater Liquid Collection: Collects treated bio-oil and water — weigh scales. V-160A/B bio-oil, V-162 slop oil bypass, V-161 A/B
process water, V-163 water slop. System at low pressure and temperature. V160A/B and V161A/B are ASME vessels provided with low pressure nitrogen
padding. V-162/V103 tanks vented to (product gas) vent header.

Haz. Controls (e.g., design, administrative,
Id. What If Consequences personal protective equipment) Comments
29 What if high pressure results in tank Primarily an overpressure Code Compliance ASME B&PV Code See action (Haz. Id. 8) for LP
failure (V-160A/B or V-161A/B)? hazard. Section VIII. Relief valve sizing. nitrogen system - over pressure
Bio-oil or water on floor also Install pressure relief in case of fire. protection.

nitrogen released to enclosure. Cleanup with water is adequate in

Low pressure nitrogen system the event of a spill.

Bio-oil — flammability similar to  pressure will be limited by PNNL (see

diesel. comment). Action: Zeton - Provide pressure
relief for V-160A/B and V-
161A/B.
30 What if loss of chilled/tempered water?  Process impact (may affect Flow meters on water systems and
transfers) temperature monitoring on water
systems provide feedback to the
operators.

Drawing 782-4-170: Hydrotreater Water Recirculation: Provides tempered and chilled water. Circulators located outside enclosure. Loss of chilled/tempered
water may result in process impacts (difficulty in transfers, longer processing times).

Haz. What If Controls (e.g., design, administrative,

Consequences : - Comments
Id. personal protective equipment)

Failures/hazards associated with this system are addressed within hazard evaluations of the other major process systems.

Drawing 782-4-180: Bio-oil Distillation Column: Feed tank receives bio-oil from hydrotreater skid (\V-160A/B) manual operation. Transfers into distillation
column. System utilizes a single distillation column with recycle of intermediate product from product tanks (V-191 and V-192) back to V-180 to achieve desired
end products.

Haz. Controls (e.g., design, administrative,
Id. What If Consequences personal protective equipment) Comments
31 What if tank failure (V-180)? Could release higher ASME B&PV Section VIII stainless
flammability material steel vessel.

(intermediate recycled product). Gas monitor on skid.

Enclosure is ventilated and Class 1,
Division 2 electrical equipment.
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Table A.2. What-If Analysis Results

Drawing 782-4-180: Bio-oil Distillation Column: Feed tank receives bio-oil from hydrotreater skid (V-160A/B) manual operation. Transfers into distillation
column. System utilizes a single distillation column with recycle of intermediate product from product tanks (V-191 and V-192) back to V-180 to achieve desired
end products.

Haz. Controls (e.g., design, administrative,
Id. What If Consequences personal protective equipment) Comments
32 What if high pressure results in tank Overpressure hazard (limited by ~ASME B&PV Section VIl stainless  See Action (Haz. 1d. 8) for LP
failure (V-180)? Low pressure nitrogen). steel vessel. nitrogen system - over pressure
c . Overpressure protection set at 30 psi, protection.
ould release higher -
flammability material vented through LP relief header.
(intermediate recycled product).  Gas monitor on skid.
Enclosure is ventilated and Division 2.
33 What if there is air in system (V-180)?  Potential for air gas mixture in Tank is purged with nitrogen when Initially coming into the vessel is a
distillation column filling. diesel type crude, after distillation
recycled product could be near the
final end product.
It could have air but nitrogen is on Could release higher Procedural control over acetone and Action: Orth — Ensure the SOP
pressure valve so would not typically flammability material HV-8007. Would be used when covers the Do and Do Not’s
have air. If someone opened HV-8007  (intermediate recycled product).  cleaning and draining out the acetone  regarding maintenance.
the oil would be all over floor. from bottom. It could be 55 0z. or 5
gallons of acetone. Typically, you
would have a 500 mm squirt bottle
and squirt while in maintenance mode
to clean. Not likely to use 5 gallons.
34 What if tank failure (\VV-184)? Could release higher ASME B&PV Section VIII stainless

flammability material
(intermediate recycled product).

steel vessel.
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Table A.2. What-If Analysis Results

Drawing 782-4-180: Bio-oil Distillation Column: Feed tank receives bio-oil from hydrotreater skid (V-160A/B) manual operation. Transfers into distillation
column. System utilizes a single distillation column with recycle of intermediate product from product tanks (V-191 and V-192) back to V-180 to achieve desired

end products.

Haz.
Id. What If

Consequences

Controls (e.g., design, administrative,
personal protective equipment)

Comments

35 What if high pressure (P-181) results in

tank failure (V-184)?

Overpressure hazard (limited by
pump).
Could release higher

flammability material
(intermediate recycled product).

ASME B&PV Section VIII stainless
steel vessel. Overpressure protection
set at 30 psi, vented through LP relief
header.

Pump pressure relief back to V-180.
Pump deadhead ~180 psi.

Gas monitor on skid.

Enclosure is ventilated and Division 2.

P-180 is magnetically driven.
These types of pumps “decouple”
under overload conditions and are
a safety feature against inadvertent
pump overload.

Action: Zeton - Consider rerouting
pump overpressure recirculation
line back to top of V-180 to reduce
the potential heat up (and flashing)
of fluid within the pump. Identify
pressure relief set point.

36 What if higher than expected
temperature in V-184?

(Normal temperature ~350 °C)

~690 °C is hottest temperature.
No impact unless contamination
with air.

Vessel designed to maximum
temperature.

Temperature monitoring in bottom
(heater), mid, and top of column.

This is an emersion heater that
limits the impact to the vessel wall
from overheating (boil-off).

37 What if high pressure (P-182) results in
line or tank failure (V-192A/B)?

Overpressure hazard (limited by
pump).
Could release higher

flammability material
(intermediate recycled product).

ASME B&PV Section VIII stainless
steel vessel.

Overpressure protection set at 30 psi,
vented through LP relief header.

Pump pressure relief back to \V-184.
Pump deadhead ~180 psi

Gas monitor on skid.

Enclosure is ventilated and Division 2.

See Haz. Id. 35

Action: Zeton - Consider rerouting
pump overpressure recirculation
line back to V-184 to reduce the
potential heat up (and flashing) of
fluid within the pump. Identify
pressure relief set point.
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Table A.2. What-If Analysis Results

Drawing 782-4-180: Bio-oil Distillation Column: Feed tank receives bio-oil from hydrotreater skid (V-160A/B) manual operation. Transfers into distillation
column. System utilizes a single distillation column with recycle of intermediate product from product tanks (V-191 and V-192) back to V-180 to achieve desired
end products.

Haz. Controls (e.g., design, administrative,
Id. What If Consequences personal protective equipment) Comments
38 What if high pressure (P-183) results in  Overpressure hazard (limited by ~ ASME B&PV Section VIII stainless Micro pumps magnetically driven.
line or tank failure (V-191A/B)? pump). steel vessel. Action: Zeton - Consider rerouting
Could release higher Overpressure protection set at 30 psi, ~ pump overpressure recirculation
flammability material vented through LP relief header. line back to V-184 to reduce the

(intermediate recycled product). potential heat up (and flashing) of

Pump pressure relief back to V-186. fluid within the pump.

Pump deadhead ~180 psi
Gas monitor on skid.

Enclosure is ventilated and Division

2.)
39 What if loss of chilled water to reflux Potential for more carryover of Vent system design. See actions for knockout pot sizing
- ? i
pot (He-185)" flammable vapors into \_/ent Level monitoring in VV-186 and placement.
S (CRNE37EE 87 1t Action: Zeton - Identify callout
knockout pot). Flow and temperature monitoring on '

ties from vent header on (782-4-

chilled water. 180) to (7824-150).

System leak testing.

Drawing 782-4-190: Bio-oil Distillation Column Cut Collection: Product (tops, bottoms) from distillation column. Can recirculate product back to V-180 for
additional distillation or manual transfer final product into portable containers.

Haz. Controls (e.g., design, administrative,
Id. What If Consequences personal protective equipment) Comments
40 What if tank failure (V-191 or V-192)?  Could release higher ASME B&PV Section VIII stainless
flammability material steel vessel.

(intermediate recycled product). Gas monitor on skid.

Enclosure is ventilated and Division 2.
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Table A.2. What-If Analysis Results

Drawing 782-4-190: Bio-oil Distillation Column Cut Collection: Product (tops, bottoms) from distillation column. Can recirculate product back to V-180 for
additional distillation or manual transfer final product into portable containers.

Haz. Controls (e.g., design, administrative,
Id. What If Consequences personal protective equipment) Comments
41 What if high pressure results in tank Overpressure hazard (limited by ~ASME B&PV Section VIII stainless  See Action (HAZ ID #8) for LP
failure (V-191 or V-192)? low pressure nitrogen). steel vessel. nitrogen system -over pressure
Could release higher Overpressure protection set at 30 psi, protection.
flammability material vented through LP relief header.

(intermediate recycled product). Overpressure protection on pumps (P-
182/183).
Gas monitor on skid.

Enclosure is ventilated and Division 2.

(High pressure on transfers back to VV-180 addressed by Haz. Id. 30)

42 What if higher pressure on transfer into  Spill of flammable product, Vent of portable container.
portable containers? splash onto personnel. Manual action required to fill.

Drawing 782-4-110 and CEES A2.0: Utility: Hydrogen, Nitrogen, and Instrument Air. Will also address loss of other utilities (low pressure nitrogen, electrical,
purge air, ventilation).

Haz. Controls (e.g., design, administrative,
Id. What If Consequences personal protective equipment) Comments
43 What if hydrogen pressure goes down?  If you get it back up you could Pressure on reactor would stay steady. At temperature, we have 1 hour to
run again. If not, it could Loss of hvdrogen would shut off the recover because there would still
How does the system regulate? potentially plug the reactor ydrogen wou u be hydrogen in system.
(R-130). Not a safety pump.
consequence. . Pressure control valve will close.

System will drop about 100 psi from
operating pressures.

If you had a low-low, what are the Operator can shut down on their own,  This results from a malfunction or
alarm responses? a leak.
44 What if the hydrogen supply line leaks  Release of hydrogen to PDL-W  ASME B31.3 code compliance. Action: Orth - Address SOP on
or is impacted in PDL-W? could cause a fire. . limiting crane operations when
Excess flow control valve installed to .
Loss of hydrogen to reactor. limit leaks below 180 cfm. Processing.

The tube installation is protected.
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Table A.2. What-If Analysis Results

Drawing 782-4-110 and CEES A2.0: Utility: Hydrogen, Nitrogen, and Instrument Air. Will also address loss of other utilities (low pressure nitrogen, electrical,
purge air, ventilation).

Haz. Controls (e.g., design, administrative,

Id. What If Consequences personal protective equipment) Comments

45 What if hydrogen supply line leaks in Release of hydrogen to ASME B31.3 Code Compliance.
enclosure? enclosure. .

Excess flow control valve installed to
Potential loss of hydrogen to limit leaks below 180 cfm.
reactor. Enclosure is ventilated and Class 1,
Division 2.

46 What if higher than expected nitrogen Relief valve actuation. Release ~ The system is designed, installed, This a dedicated source. These are
(high pressure? of nitrogen outside. inspected, and tested to ASME B31.3.  bottles (gas) so no freezing issue.
Bottles rated to 6000 psi. Upstream of pressure regulator system  Action: Neuenschwander - PNNL

rated to > 6000 psi Downstream the will add the pressure relief valve

system has a pressure relief device set  outside PDL to limit pressure.

at ~ 3300 psi. Pressure test will allow for
pressure spikes per code.

47 What if higher than expected low Challenge to process Hydrotreater/distillation system See Action Haz. Id. 8 relative to
pressure nitrogen (See 782-4-120)? components. components provided with low pressure nitrogen system

overpressure protection. overpressure protection.

48 What if leak of nitrogen into process Exposure of personnel to Enclosure is ventilated ~ 6 air Action: Orth - Address operator
enclosure? asphyxiation hazard. exchanges per hour. action to alarm responses (potential

Follow Lab procedures for areas with to enter enclosure) in SOPs.
asphyxiants.

49 What if loss of instrument air? System will shut down valves System design to fail safely. Action: Orth - Define desired

will go to failed position. failure position of valves

50 What if you lose flow through header?  Potential to develop flammable Flow rate will be monitored - alarm Action: Dotson - Define vent

environment in vent header. nitrogen neutrally buoyant with air configuration and evaluate use of
and will remain in header with low nitrogen as a purge gas.
oxygen levels for a considerable
amount of time.
51 What if you lose purge air to (enclosure  Potential to develop flammable Flow rate will be monitored - alarm.

cabinets/reactor furnace (F-130)?

environment if a leak is
coincidentally present.

Operators will shut down the system.

Operational check of purge is required
prior to system startup.
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Table A.2. What-If Analysis Results

Drawing 782-4-110 and CEES A2.0: Utility: Hydrogen, Nitrogen, and Instrument Air. Will also address loss of other utilities (low pressure nitrogen, electrical,

purge air, ventilation).

Haz.
Id. What If

Consequences

Controls (e.g., design, administrative,
personal protective equipment)

Comments

52 What if we lose enclosure ventilation?

Potential to develop hazardous
condition (flammable or
asphyxiation) in the event of a
coincident failure.

Alarm/monitor set at ~1000 cfm.

Operator response.

53 What if we lose electrical?

Is all the piping grounded?

System will shut down (loss of
temperature).

Results in loss of other utilities
(air, ventilation, enclosure

purge).

The system design to fail safely.

Backup power on fire protection
system can power critical fire
alarm and emergency functions.

Some vessels will have grounding but
they are all hooked together metal to
metal. The whole thing is grounded
because the whole thing is sitting on a
grounded base.

Action: Dotson - Provide ground
lug for to tie enclosure.

Drawing CEES M1.0, M1.1, and C1.0 High pressure Hydrogen Distribution System. The hydrogen line will travel along wall (El 5ft) and at crossing lines it drops
down and goes down to a trench. Three gate openings and then goes back up and travels to CEL or PDL-E.

Haz.
Id. What If

Consequences

Controls (e.g., design, administrative,
personal protective equipment)

Comments

54 What if there is a failure in HP

hydrogen distribution system?

Release of hydrogen to environs.

The system is designed, installed,
inspected, and tested to ASME B31.3.

Protected at crossings and by
buildings.

Excess flow protection limits release.

Action: Dotson - Determine and
install appropriate excess flow
control valves. .

55 What if overpressure (compressor)?

Release of hydrogen to
environment.

The system is designed, installed,
inspected, and tested to ASME B31.3.
Relief valve set at ~ 3300 psi.

Action: Dotson - Extend height of
pressure relief vent on hydrogen
reservoir rack. Action: Dotson -
Consider addition of protection
against bees blocking PRV vent.
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Table A.2. What-If Analysis Results

Drawing CEES M1.0, M1.1, and C1.0 High pressure Hydrogen Distribution System. The hydrogen line will travel along wall (El 5ft) and at crossing lines it drops
down and goes down to a trench. Three gate openings and then goes back up and travels to CEL or PDL-E.

Haz. Controls (e.g., design, administrative,
Id. What If Consequences personal protective equipment) Comments
56 What if accident during tube trailer Release of hydrogen to Avrea protected by concrete eco-blocks

replacement? environment. fencing.

We will have a drop trailer and one for
delivery. There is sufficient space to
perform the drop/delivery.

Do our current fire hydrants meet Fire hydrant location and Discussed need for fire monitor
requirements? configuration is in accordance with stations — not required, City of
the City Fire Code requirements. Richland proposal is to standoff.
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A.3 Action Summary

The actions associated with the What-If analysis are summarized in Table A.3. Table A.4 identifies
additional drawing comments (correction of labeling, etc.) identified during the hazard analysis session.
Appendix E documents the comments resulting from the drawing review by the external subject matter
expert in petrochemical processing (transmitted separately).

Table A.3. Actions Resulting from What-If Analysis

Haz Id.
Action ID Action Assigned to Ref.
Al Ensure controls on the use of acetone are covered in SOP. Orth 3
A2 Determine means of_pressure control (relief) to limit LP nitrogen Neuenschwander 8
supply. Consider using Dewar.
A3 Size the LP relief header and knockout pot. Zeton 8
A4 Add LP relief header knockout pot outside of enclosure. Dotson 8
Size the V-120 and V-125 pressure relief valves for high H2/N2 Zeton
pressure. Need to separately consider VV-120 and V-125.
Consider need for nitrogen purge to HP relief header. Zacher
A5 Determine if LP relief will be routed to HP relief line? Input to 9
Zeton (PRV restrictions). i DEeeEEs
Evaluate size of HP relief pipe based on PRV flow. Dotson/CEES
Add knockout pots to HP relief system outside of enclosure. Dotson/CEES
A.6 Ensure procedures for leak responses are included within SOP. Orth 12
A7 Ensure yearly inspections are included within SOP. Orth 17
Ensure downstream design (PRV, system pressure rating, or
A8 upstream overpressure protection) accounts for potential for blow Zeton 25
through (gas/water) from V-140 into LG-147- PSV-4016 sizing.
A9 Ensure LG-147 (pressure/leak test) is included in SOP. Orth 25
A.10 Move offgas product tanks (V-160/161) tie downstream of WTM. Zeton 26
Provide pressure relief for V-160A/B and V-161A/B.
All Evaluate acceptability of removing check valves in vents for V- Zeton 28
162/V-163.
A 12 EnSL‘J‘I‘e SQP on mz.aintfnance identifies restrictions on use of acetone Orth 33
and “opening/closing” vessels.
Consider rerouting pump overpressure recirculation line back to top
A.13 of VV-180 to reduce the potential heat up (and flashing) of fluid Zeton 35
within the pump. ldentify pressure relief set point.
Consider rerouting pump overpressure recirculation line back to V-
Al4 184 to reduce the potential heat up (and flashing) of fluid within the Zeton 37
pump. ldentify pressure relief set point.
Consider rerouting pump overpressure recirculation line back to V-
A.15 184 to reduce the potential heat up (and flashing) of fluid within the Zeton 38
pump.
A.16 Identify callout ties from vent header on (782-4-180) to (7824-150). Zeton 39
A.17 Address SOP on limiting crane operations when processing. Orth 44
A18 Add the pressure relief valve 0ut§ide PDL to limit HP ni_trogen Neuenschwander 16
system pressure. Pressure test will allow for pressure spike.
A19 Address operator action to alarm responses (potential to enter Orth 48

enclosure) in SOPs.
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Haz Id.

Action ID Action Assigned to Ref.
Define desired failure position of valves (loss of hydrogen, power, or Orth
A20 air, fire). 49
' Define acceptable failure states for PV-4005 (process related). Hart
Identify need for and actions of “Emergency Kill Switch.” Hart
Define vent configuration and use of nitrogen as a purge gas. Dotson
Determine if it is code acceptable to discharge from a PRV (LP relief Paulsen
valve) into vent header (is the fan considered an obstruction?).
A21 Establish sizing for knock out pot based on use as pressure relief Zeton 50
pathway.
Establish minimum flow (alarm setpoint). Olarte
Establish hydrogen flow rate into system (pressure relief). Olarte
Establish need for nitrogen purge. Zacher
A.22 Provide ground lug for to tie enclosure. Dotson 53
A 23 I(_~| g1::tf rl:;D hydrogen excess flow valve to match hydrotreater usage Dotson 54
A.24 Extend height of PRV vent on hydrogen reservoir rack. Dotson 55
A.25 Consider addition of protection against bees blocking PRV vent. Dotson 55

Table A4. Drawing Comments/Actions from Review of Design

Action ID Comment Assigned to Drawing Reference

Is there a noise problem in building either for

inside the enclosure/others in bldg? The

expected noise 110 decibels inside the R. McGaughy
enclosure. Survey will need to be done to

make sure that it won’t be too noisy for

outside environment.

C1

As appropriate for the low pressure nitrogen

C.2 system - identify callout from 782-4-120.

Zeton 782-4-160

As appropriate for the low pressure nitrogen

system - identify callout from 782-4-120.

Can remove PCV-8003 if fed downstream Zeton
from PCV-2001 on 782-4-120.

782-4-180
C3

As appropriate for the low pressure nitrogen

system — provide callout t0782-4-180. el

As appropriate for the low pressure nitrogen

system - identify callout from 782-4-120.

Can remove PCV-9001 and PCV-9006 if fed Zeton
downstream from PCV-2001 on 782-4-120.

782-4-190
C4

As appropriate for the low pressure nitrogen

system— provide callout to782-4-190. 782-4-120

Consistently label tanks with respect to V-
C.5 191 and V193 vs. 191A+B ; V192 and V-194 Zeton 782-4-190
vs. 192-A+B
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A.4 Hazard Analysis Meeting

Hydrotreater System Hazard Analysis

Pacific Morthwest

FETICRA . LAECRATOR

Fronals Derarad by BTBCAe Sino 1065

Wednesday August 29
8:00 am — 3:30 pm
BESL 101
AGENDA
TIME TOPIC
8:00 — 8:30 am Welcome — Introduction Rick Orth
8:30 — 9:00 am System Overview Rick Orth/Paul Dotson
9:00 — 9:30 pm Hazard Analysis Overview Pete Lowry
- Scope
- Technique
9:30 — 9:50 pm Break
9:50 — 3:30 pm Hazard Analysis Team Lead
- P&ID Review and Hazard Pete Lowry
Identification
BREAK
- Cause and Effect Diagram Chris Brown
BREAK
- Whatlf Analysis Pete Lowry
(11:30-12:30) Lunch (Will finalize time in the
moming)
Attachments:

Process PDF (Carioon) and Isometric Layouts
Process P&IDs: 782-4-100 through 190

C1.0 Site Plan

M1.0 Site Mechanical Layout

A2 0 Enclosure Design

Cause and Effect Matrix
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A.5 Hazard Analysis Meeting Attendees

Vicki Stephens PNNL 375-3883
Todd Hart PNNL 371-6509
Pete Lowry PNNL 372-6573
Renee McGaughy PNNL 375-2971
Shirley Brooks PNNL 375-2719
Timm Bettendorf PNNL 372-6619
L.J. Rotness PNNL 591-5900
Mariefel V Olarte PNNL 375-2200
Alan Zacher PNNL 372-4545
Harold (Butch) Phillippi Contractor 843-259-8716
Gerald Sauve PNSO 372-4083
Jeff Carlson PNSO 372-4750
Gary Neuenschwander PNNL 375-2760
Paul Dotson PNNL 371-7956
Ken McMullin PNNL 371-6020
Sam Paulsen PNNL 371-7025
Rob Cuello PNNL 375-2848
Rick Orth PNNL 375-6709
Chris Brown Zeton 905-632-3123
David Brawn PNNL 371-6022
Nick Barilo PNNL 371-7894
Nathan Cathey PNNL 375-3722
Mike Elliott* PNNL 372-4324

* Thursday only
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Appendix B

Supplemental Project Hazards Analysis Meeting

B.1 Meeting Summary

A supplemental meeting to the initial facilitated hazard analysis session was conducted October 25,
2012. The scope of this supplemental session was to evaluate the highest perceived hazards and their
controls. The team assembled included representatives from Engineering (F&O and Project, Fire
Protection, Pressure Systems, Safety and Health, R&D Operations and a hazard analyst). The list in
section B.2 identifies the team members attending the hazard analysis session.

The following sections provide a brief description of the hazard assessments performed and results.
The overall conclusion was that considering the design of the system, use of trained and qualified
operators, use of approved procedures, and application of existing worker safety programs, the hazards
encountered in this project are similar to those found in general industry and are adequately controlled
consistent with industry standards.

The following actions were identified during this supplemental session.

Action 1: Review lessons learned to identify items to incorporate into operating procedures and to
assess BLEVE (Dave Brawn and Nick Barilo)

Action 2: Perform a calculation to determine calculation of hydrogen concentration in enclosure
given a leak in the reactor vessel while at temperature and pressure with ventilation flow
(Sam Paulsen)

Starting point of the follow-on hazard analysis session

The results of the What-If analysis included in A.2 of Appendix A were reviewed by the team lead
and project members prior to the session to identify the highest perceived hazards. The primary events
identified to be reviewed were as follows:

e Qverpressure/BLEVE

Vapor cloud explosion (VCE)

Fires due to release of flammable liquids inside enclosure

Leaks from reactor vessel while at operating temperature and pressure

Introduction of incompatible materials

Impact of using bottle packs of hydrogen (12 or 16) instead of hydrogen tube trailers

Each of these events was discussed during the meeting. The results of these discussions are
summarized below.
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Overpressure/BLEVE

Although a classic BLEVE involving liquefied flammable gases would not occur due to the nature of
the hydrotreater and related process, a significant overpressure event due to vessel failure might occur.

Potential failures of the vessel:

e Flame impingement
o Material flaw in fabrication or exasperated by cyclic use
o Failure of pressure relief

o Failure due to error while assembling vessel initially or between runs

Consequences of vessel failure:

o If vessel failure were to occur, the enclosure would not contain the event and damage to facility
would be expected, as well as significant injury to personnel with in approximately 11 feet.

System features and operational considerations:
o System is designed, fabricated, and tested in accordance with ASME B&PV Code, Section VIII

o Reactor designed for 3000 psi
¢ Available fuel source for fire within enclosure is limited in quantities (on the order of 50 gallons)
o Vessels are designed with overpressure protection, designed to meet API 520 and 521

¢ Piping and vessel have insulation design for 1600 F for 2 hours API 521 (with respect to sizing the
relive valves)

e Enclosure is designed to meet NEC/NFPA 70 Class1, Division 2

e Enclosure is designed with both hydrogen and fire detection. Leading indicators (detectors inside
enclosure would detect fire and automatic actions initiated)

e Vent system designed for hydrogen

o Process parameters (e.g., temperature and pressures) are monitored and provide feedback to operators
as well as auto-shutdown features

o Operations will be performed with trained and qualified operators
o System is pressure tested after assembly/reassembly prior to operations with bio-fuel/hydrogen
e System operations and maintenance with be performed in accordance with approved procedures

e Programmatic controls to reduce inventories of hazardous material in the area of the hydrotreater

Summary

With the design and planned operations this event is adequately controlled.
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VCE

A VCE within the enclosure might occur due to the release of hydrogen.

Potential failures are:

o Material flaw in fabrication or exasperated by cyclic use of the vessel
o Material flaw in fabrication of the hydrogen supply piping and other piping in the system

o Failure due to error while assembling vessel initially or between runs

Consequences of vessel failure:

o If a VCE were to occur in the enclosure, the enclosure may not contain the event and damage to
facility may occur, as well as significant injury to personnel.

System features and operational considerations:

o System is designed, fabricated and tested in accordance with ASME, Section VIII
¢ Ventilation System Designed to meet code for hydrocarbon and hydrogen hazards
o Enclosure is designed to meet NEC/NFPA 70 Class1, Division 2

o Enclosure is designed with both hydrogen and fire detection.

e Process parameters (e.g., temperature and pressures) are monitored and provide feedback to operators
as well as auto-shutdown features.

o Operations will be performed with trained and qualified operators
o System is pressure tested after assembly/reassembly prior to operations with bio-fuel/hydrogen.

e System operations and maintenance with be performed in accordance with approved procedures

Summary

With the design and planned operations this event is adequately controlled.

Fires due to release of flammable liquids inside enclosure

A fire within the enclosure might occur due to the spill of flammable liquids.

Potential failures leading to flammable liquids inside the enclosure:

o Spill of flammable liquids due to vessel failure
o Spill of flammable liquids piping failure

o Spill of flammable liquids during transfer or maintenance operations

Consequences of fire:

e Damage to equipment inside
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o Potential to spread outside enclosure

o Flame impingement on vessels leading to vessel failure (discussed above)

System features and operational considerations:

Available fuel source for fire within enclosure is limited in quantities (on the order of 50 gallons)

Enclosure is designed with both hydrogen and fire detection.

Enclosure is designed with fire suppression

Enclosure is designed with a 2 inch catch basin

Ignition sources are limited since enclosure is designed to meet NEC/NFPA 70 Class1, Division 2

Leading indicators (detectors inside enclosure would detect fire)

Summary

With the design and planned operations this event is adequately controlled.

Leaks from reactor vessel while at operating temperature and pressure

Leaks from the reactor vessel or reactor vessel head flanges could occur while at operating
temperature and pressure.

Potential failures leading leaks from reactor vessel while at operating temperature and pressure:

e Through-wall leak
o Leak at top or bottom head due gasket/fitting failure

Consequences of leaks from reactor vessel while at operating temperature and pressure:

¢ Hydrogen expelled into enclosure
o Leak ignites immediately

o Significant injury to personnel in the immediate area. The enclosure will be occupied at times to
move thermal couple tree to obtain required data. Operators will be near reactor during this evolution
(once per shift for approximating 10 minutes) and the system will be at operating temperature and
pressure.

System features and operational considerations:

o Design and testing of the system
o System is pressure tested after assembly/reassembly prior to operations with bio-fuel/hydrogen
o Ignition of leak

— Air sweep between vessel and heaters

— Overall ventilation of enclosure

— Vent system designed for hydrogen
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— Ventilation flow rates
— H, concentration < lower flammability limit (LFL)
— H, monitoring provide operator notification (at 19% LFL) and auto shutdown (at 25% of LFL)

o Exposure of personnel inside the enclosure when leak occurs

Limited access per SOP

— H2 monitoring — Provides indication of a leak prior to entering enclosure

Personal protective equipment

Two operators on shift, only one in enclosure
Summary

With the design and planned operations this event is adequately controlled.

With respect to the potential personnel exposure to the high temperature/high pressure leak, the team
discussed if it was necessary to performed actions inside enclosure of if a different design (to allow
remote placement of thermocouple) is needed. Consensus was that no changes are needed at this time.

Introduction of incompatible materials

Potential failures leading to flammable liguids inside the enclosure:

e Connection of gases other than hydrogen to the hydrogen supply outside the facility
e Connection of gases other than nitrogen to the hydrogen supply outside the facility

¢ Introduction of chemical other than bio-fuel to the process

Consequences of introduction on incompatible materials:

o Potential non-inert atmosphere inside reactor of other portions of the system

o Adverse impact on system components due to incompatible chemicals

System features and operational considerations:

e Inspection of system prior to use

o Use of approved procedures

¢ Labeling of piping and connections

o Use of standard industry fittings for the different gases

o Use of trained and qualified operators for loading the hydrotreater

o Existing safety programs

Summary

With the design and planned operations this event is adequately controlled.
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Impact of using bottle packs of hydrogen (12 or 16) instead of hydrogen tube trailers.

In addition to the postulated accidents discussed above, a potential change in the planned hydrogen
supply was discussed to determine potential impacts. The primary supply of hydrogen is planned to be
from hydrogen tube trailers. An alternate to the tube trailers is the use hydrogen bottle packs with either
12 or 16 bottles. The primary differences are the volume of hydrogen available and the frequency of
hydrogen supply change out. Use of hydrogen bottle packs, with a decreased total volume would
necessitate a more frequent change out including the operation of forklifts in the hydrogen supply area.
The current project plan is to use hydrogen tube trailers as the supply during primary runs, and to use
battle packs in between runs or for short runs. This should not have a significant impact on potential
hydrogen releases consider in the hazard analysis previously performed. Therefore, use of a bottle pack
does not represent a significant change in risk versus utilizing a tube trailer.

Summary

With the design and planned operations this event is adequately controlled.

B.2 Meeting Attendees

Name Organization Phone
Vicki Stephens EED-Ops 375-3883
Todd Hart EED 371-6509
Renee McGaughy WS&H 375-2971
Shirley Brooks EED — Risk Analysis 375-2719
Philip Bartley WS&H 371-6732
Pat Clark F&O 372-4027
Mariefel V Olarte EED 375-2200
Paul Dotson F&O 371-7956
Ken McMullin F&O 371-6020
Sam Paulsen F&O/Pressure Engineer 371-7025
Rob Cuello EED 375-2848
Rick Orth EED 375-6709
David Brawn F&O 371-6022
Nick Barillo WS&H — Fire Protection 371-7894
Nathan Cathey NSFA 375-3722
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Appendix C

Design Information Reviewed

PNNL Drawings

PNNL Hydrotreater — Distillation process sketch E

hydro_process. pdf

ZETON Drawings

782-4-100 PNNL BIO-OIL HYDROTREATER BIO-OIL BATCH ﬂ
FILTRATION, Rev D
782-4 - PID - revD
_8_28 1.pdf
782-4-110 PNNL BIO-OIL HYDROTREATER GAS FEED, Rev D ﬂ
782-4 - PID - revD
_8_28 2.pdf
782-4-120 PNNL BIO-OIL HYDROTREATER LIQUID FEED, Rev D ﬂ
782-4 - PID - revD
_8.28 3.pdf
782-4-130 PNNL BIO-OIL HYDROTREATER REACTOR, Rev D ﬂ
782-4 - PID - revD
_8_284.pdf
782-4-140 PNNL BIO-OIL HYDROTREATER GAS/OIL/WATER ﬂ
SEPARATION, Rev D

782-4-150 PNNL BIO-OIL HYDROTREATER PRODUCT GAS ﬂ
MEASUREMENT, Rev D

782-4-160 PNNL BIO-OIL HYDROTREATER LIQUID PRODUCT
COLLECTION, Rev D

B

782-4 - PID - revD
_8_28 7.pdf

782-4-170 PNNL BIO-OIL HYDROTREATER WATER RECIRCULATION,
Rev D

B

782-4 - PID - revD
_8 28 8.pdf

C1






782-4-180 PNNL BIO-OIL DISTILLATION COLUMN, Rev D

782-4 - PID - revD
_8_289.pdf

782-4-190 PNNL BIO-OIL DISTILLATION COLUMN CUT COLLECTION,
Rev D

782-4 - PID - revD
_8 28 10.pdf

782-4 layout REV 2007 NE

782-4 layout REV 2007 TOP

Columbia Energy and Environmental Services Drawings

C1.0 PNNL HYDROGEN COMPRESSOR RELOCATION SITE PLAN,
2012.08.24

M1.0 PNNL HYDROGEN COMPRESSOR RELOCATION SITE
MECHANICAL LAYOUT, 2012.08.24

M1.1 PNNL HYDROGEN COMPRESSOR RELOCATION MECHANICAL
DETAILS, 2012.08.24

M1.1 - MECHANICAL

DETAILS.PDF
A2.0 PNNL HYDROTREATER ENCLOSURE DESIGN PDLW FLOOR @
PLAN, 2012.08.07

C.2






Appendix D

Cause Effect Matrix










Appendix D

Cause Effect Matrix

ZETON

Battelle PNNL
Cause & Effect Diagram

Bio-Oil Fixed Bed Hydrotreater/Distillation  Pilot Plant
Rev 1 - Aug 26, 2012

Cause @ II eCt Rev

1 Aug 26_2012.pdf

D.1










Appendix E

Subject Matter Expert (Phillippi) Design Review Comments










Appendix E

Subject Matter Expert (Phillippi) Design Review Comments

Design Review Comments
H.L. (Butch) Phillippi, P.E. (email) to Nick Barilo

SUBJECT:

Identified Comments from Participation in PNNL Hydrotreater System Hazards
Analysis, August 29 and 30, 2012, Richland, WA
REFERENCE: HLP-PNNL-2012-1

Phillipi Design Review Comments

Drawing/ Identified Comment/

# Ref Concern Consideration(s) Status Note(s)

1 General | There is no identified design | Consider developing these
conditions and material details and inserting them on
properties on any the "as built" drawings/ P&IDs
equipment*, making it or provide these details in a
difficult to determine if the separate, referenced,
design is adequate or to document.
easily work MOC As per contractor, the shown
(management of change) piping is to be tubing, probably
issues. SA- 269. The vessels that are
*On some drawings for H2, | from piping will be SA-312.
N2 supply, some design
information is provided.

2 General | There is no line listing so that | Consider providing each line
lines/ piping can be with a unique number.
individually identified by a Line numbers might also
unique number. include a sequence for size and

material type.

3 General Interfaces for nitrogen, Consider providing consistent
hydrogen, vents, and the like | detail of the interfacing
are not coordinated. Details | utilities.
are not shown for Details need to include
connections. operating, design and MAWP

(maximum operating pressure)
as well as design temperatures.

4 PSV and | Unable to evaluate. The Provide details for relief

vent details are not in the header evaluation.
header packages provided. The
relief venting may be both/
either vapor and liquid.
There exists the potential for
liquid accumulation in the
piping as well as ignited
vents (H2).
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Phillipi Design Review Comments

Drawing/ Identified Comment/

# Ref Concern Consideration(s) Status Note(s)

5 | ANl PSVs | The PSVs are shown on the Provide details for PSVs
drawings that they may be installation so that there is a
lower than the common continuous slope from the
outlet header. This is not outlet to a common collection
allowed as per ASME VIII pot/ point.

UG 135(f). The relief header is not in the
Zeton design scope.
Contractor (Zeton) is aware It is expected that the low and
of this requirement. Details, | high pressure relief headers
e.g. iso drawings also need to | connect and a common liquid
be a part of any review. knockout pot/ drum is
provided.
Also see item 15.

6 | 782-4-100 | P-101 is shown in gpm; other | Consistency comment only.
pumps are noted in Ipm.

7 General | All valves that are air For consistency, consider
operated should have a updating the drawings to
failure position noted,; reflect all valve failure
position taken on loss of air positions. The contractor
or signal. noted that only FO valves are
Some are shown. labeled. If PNNL is Ok with

this, close this item.

8 | 782-4-110 | There are PCVs, PCV 1002 Confirm the valves are Closed. | Each challenged
and 1008 with a range show adequate for the accuracy during the review.
of 15 - 2500 psig. This range | desired. Any specific items
for a single pressure regulator were called out as
valve is difficult to maintain; operability type items.
they drift easily.

9 | 782-4-110 | There Pls, P1 1001 and 1007 | Confirm the PTs/ Pls are Closed. | Item discussed, PNNL
with a range show of 0 - adequate for the accuracy is satisfied with the
5000 psig. This range for a desired. proposed design.
single PT/PI is difficult to This also applies to other PTs/
maintain; they are often Pis.
inaccurate.

10 | General, | There was no procedure Confirm testing plans meet the

esp for HT | provided for pressure required codes.

and (hydrostatic) and leaks If pneumatic testing is chosen,

distillation | testing of components. it must be done with care
Testing is noted in the because of the risk of a sudden
hydrogen supply, noting leak | release of energy.
test pressure but not Testing must consider
mentioning hydrostatic test temperature corrections and
pressure. See ASME B31.3 | possible warm-up an brittle
and VIII. fracture potential.

11 | General | Details of pump (and Provide details and evaluate

all pumps | compressor) curves and the for correct application.

like are not available to
confirm design.

Note: Pumps may be limiting
and/ or provided with a PSV.
Curves/ details need to be
checked. Compressor curve
and protection is also an open
item.
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Phillipi Design Review Comments

Drawing/ Identified Comment/

# Ref Concern Consideration(s) Status Note(s)

12 | 782-4-120 | Design and fictional Provide details for evaluation. Closed. | These are switching
requirements of XV- It appears the valves are valves for the piston
2007A/B and 2018A/B are designed for no action of loss pumps.
not clear. of air or signal.

13 | General | Itappears there may be some | Provide details for Alarms are normally
safety instrumented systems | confirmation that SIS do or do separated into 4 levels
(SIS) within the process. The | not exist. If they exist, confirm based upon the
SISs need to be confirmed they meet the required SIL and potential consequence
and safety integrity level the initiators and end devices of the deviation and
(SIL) requirements defined. are clearly identified. Testing the time frame

intervals should also be available for response.
determined. For example:
The fire detection system is a Priority 1 would mean
potential SIS, but may have an event with higher
additional inputs from the new potential
facility. The remainder may be consequences is likely
alarms. to occur shortly, e.g.
Classifying of and setting with 1 - 2 minutes.
testing intervals of the alarms Priority 2 would mean
is still to be done. an event with higher
See note at right. potential consequence
may occur in the near
term, e.g., within the
next 3 - 10 minutes.
etc. There are many
variations on the
above.

14 | 782-4-110 | Size/ detail/ function of F- Provide details. Closed. | Itis a filter for any
110 is not clear. liquid back-flow.

15 | General | PSV sizing basis and Provide sizing details/ basis for
installation details are not evaluation. See APl RP
provided. 520/521/526 for additional

information.
Also see item 5.
16 | 782-4-130 | The reactor vessel is almost Brittle fracture potential is

100% liquid phase at the
inlet. In industry experience,
the inlets should be vapor to
avoid fouling and coking as
well as polymerization of
catalyst. Also, the catalyst
performance is critical, and it
cannot be monitored as
shown. There exists the
potential for localized
hotspots with potential for
runaway reaction.

Finally, system warm-up
with time as pressure is
increased is critical to avoid
brittle fracture issues.

limited because of the use of
stainless.

Any warm-up requirements
need to be developed.
Consideration might be given
to providing an emergency
depressurizing system
downstream of the reactor.

Follow-up: The liquid phase is
necessary to prevent
polymerization.
Depressurization is still under
consideration. APl RP 521
has additional details for
depressuring.
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Phillipi Design Review Comments

Drawing/ Identified Comment/
# Ref Concern Consideration(s) Status Note(s)
17 | 782-4-130 | Note 2 indicates stand-offs Provide details.
will be designed and used. Follow-up is that there was not
No details. a design go-by at the time of
the review; contractor is aware
of the requirements.
18 | 782-4-130 | There are H2 and Provide details, as these should
hydrocarbon sensors noted go with the building and
on the page with no HVAC and fire alarm system
installation details. installation.
19 | 782-4-140 | PCV-4007 appears to have a | Consider use of an angle valve. | Closed. | Item was discussed.
pressure drop of >2500. Also see the next comment. Liquid valve has a
Experience has not yielded a very small Cv. The
good pressure control valve pressure regulator
for this service. valves have been used
successfully in similar
applications.
20 | 782-4-140 | PV4005 and LV 4003 have Confirm purpose of isolation
isolation valves. If these are | valves. If retained for
installed for on-stream isolation consider double block
isolation, they will not hold valves with a bleed on each
(typically) against hydrogen, | side of the control valve. E.g.
and there are no bleeds ,valves in series
provided to prove zero Block, block, bleed, control
energy prior to valve valve, bleed, block, block.
removal.
21 | 782-4-140 | What is the design Confirm design is adequate for | Closed. | Discussed, small Cv.
differential pressure of LV- a differential pressure of
4003. around 2800 psi.
22 | 782-4-140 | Assume LV-4003 goes fully | Confirm PSV 4018 can handle
open and fails to close (stuck | this event and that all
valve, bad LIT, bad downstream equipment is
positioner, etc.) There will adequate for the set pressure of
be a blow-through to LG- this PSV.
147. Can the relief system WTM-152, rated at 1 bar, may
(no set pressure on PSV be low pressure design in the
4018) handle the blow- system. Also have mixed
through from this failure. pressure labels.
23 | 782-4-160 | No design information Confirm design conditions are Discussed.
provide for V-162 or V- adequate and PVs/ blanket Equipment is to be
160A/B. Both might see a gasses are not required. adequate for full
vacuum. vacuum; vessel details
from vendor should be
used to confirm.
24 | 782-4-180 | Purpose of n2 into bottom of | Confirm use of the N2. Is it Closed. | Stripping is the
\/-184 not clear. for stripping ? function.
25 | 782-4-180 | The tower appears to be Confirm this is the desired Closed. | Design is as desired.

being used as a batch
processer. There is no
upstream heater or well
defined flash zone.

tower operation (no flash
zone.)
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Phillipi Design Review Comments

Drawing/ Identified Comment/
# Ref Concern Consideration(s) Status Note(s)
26 | 782-4-180 | To better monitor the tower Consider Pls below and above Closed. | Tis and Pis appear to
packing performance, packing as well as at the be adequate for
consider addition Pls and Tis | midpoint. A Tl in the function.
in the tower. overhead, downstream of HE-
185 can also help to better
monitor reflux functionality.
All of these can be local.
27 | 782-4-120 | Itis not clear what would Confirm PSVs 2004 and 2003
happen should P-121A/B (individually, not working in
stop during operation and the | parallel) and the relief header
liquid reverse, followed by are sized for this event. See
hydrogen. These type events | API RP 521.
have occurred in the past. If XVs become an
Check valves have proven to | overpressure protective system
have some back-flow (substitute for a correctly sized
resistance, but have also PV), this would need to be
often failed. The XVs may classified to at least a SIL-3
be a protective system, but (HIPS -- high integrity
this has not been defined. protection system). This is
also discussed in APl RP 521.
28 | General | All high pressure hydrogen It has not been indicated how
piping, equipment and the system will be leak tested
fittings. for hydrogen. Helium has
been used with some success
in the past, but it has also
failed at times. There are also
no provisions noted for the
HT/ distillation for any testing.
How will the helium be
pressured to the required
pressure; use of the H2
compressor may not be
feasible because of internals
and clearances as well as heat.
29 | 782-4-100 | For the filters, F-101 and Consider a valve on the filter

102, if they have to be
changed during operations,
zero energy cannot be
confirmed prior to opening
the filter.

head that can be used to
confirm zero energy in the
filter prior to changing.
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Phillipi Design Review Comments

Drawing/ Identified Comment/

# Ref Concern Consideration(s) Status Note(s)

30 | General | The vent header is being used | Consider all PSV outlets be
as a relief header in some directed to the relief header(s)
applications. The vent and that any vents that might
header may not be qualified contain hydrogen /
as a relief path for PSVs (see | hydrocarbons be sent to the
ASME VIII, appendix M.) relief header.

Also the vent header might In the event VOCs need to be

become flammable at some captured, they would be in one

point, e.g. 80 scfm of H2 location and a retrofit would be

would be at 4% of 2000 scfm | easier to accomplish.

and flammable. If the PSVs are retained in the
vent header, the vent fan will
require review to demonstrate
it is not a restriction in the flow
under any circumstances,
including maintenance.

31 | 782-4-160 | V-160A/B, 161A/B, 163, and | Consider a PSV for each of
162 do not have PSVs. The | these vessels. Normally the
vessels are to he ASME vessels can be designed for
stamped. ASME VIII maximum possible pressure
requires PSVs unless the from a pump, N2, and the like.
requirements of UG-140 are However, a local fire can not
met. be discounted, and the

presence of fire suppression
such as sprinklers, etc., does
not remove this requirement.

32 | General | Hydrogen and hydrocarbon Noted at the meeting. PNNL
sensor types need to be noted they have a preferred
discussed for reliability. vendor they have used in the

past. Need to be clear on the
number and type and model
required. Installation locations
need to be confirmed. These
may also need to be considered
as safety critical devices.

33 | Ml1.4and | The drawings are not Drawings must be updated to

M1.1 consistent and may not be consistent. For example,
represent the required and/or | M1.4 is missing a PSV while
existing design. M1.1 is missing a pressure

regulator.

34 | M1l.4and | The PSV outlet location Confirm height and horizontal

M1.1 needs to be set based upon distance requirements. Reports

the radiated and convected
heat potential for a fully open
(capacity)of the PSV. Result
will probably be a jet fire in
the horizontal direction.

done by Chris Moen and/ or
Jay Keller (Lawrence
Livermore) may provide some
heat curves based on various
release rates masses and
pressures.

Les Shirvill (Shell) may have
also published similar data
circa. 2001 or 2002.
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Phillipi Design Review Comments

Drawing/ Identified Comment/
# Ref Concern Consideration(s) Status Note(s)
35 | General | It was brought up that the Closed at the meeting; PNNL
enclosure inside the building | personnel feel that with the
may constitute a confined number of purges the system
space entry. provides and other safeguards
make this adequate to avoid
defining this as a confined
space.
36 | Instrument | The instrument air (1A) Confirm IA requirements.
Air requirement has not yet been | Confirmation needs to include

defined. Insufficient 1A has
been know (at others
operations) to trip the system
because of low pressure.

any cabinet purge
requirements. Often this (at
others operations) have
required some special piping
sizes / designs and orientation
to avoid unnecessary trips.
Also consider specifying the
IA piping downstream of the
filter as stainless to minimize
scale potential. This was
discussed in the review, but
there was no design evidence
provided to confirm this
discussion.
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7/ V. VUONG APR. 5, 2012|'C. BROWN HYDROTREATER
C | PRE-HAZOP MEETING ISSUE csB|an LIQUID FEED
D __m\g CUENT JOB NUMBER SCALE ZETON JOB NUMBER DWG No SHEET # REV.
HAZOP ISSUE S e NTS 782-4 782-4-120 1 of 1 D










1 3 4 5 6 | 7 8 | 9 10 11 12 13 14 15 16
B—-131 FRN—-130 R—130
AR BLOWER SPLIT TYPE PACKED BED
8 ZONE o DOWNFLOW
FURNACE To00 oelg REACTOR
SET @
3000 PSIG / HP RELIEF HEADE
HYDROGEN 0-4000 psig o
M= 782-4-140
782—4-110 CK=3011 4,
FEED OIL ,
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ L
782-4-120 ,
|
R—130 ,
NOTE 2 | - |
| | | P ‘\‘mm |
g e B e ) | )
|
130—2 , NOTE 5 A 7 Hydrogen \3021/ 7 " AM ww 7
¢ N e VAV 7 A _ save |
. E-F 7 \3021/ éé 300X 300X
a|e 3001 N S\ 7 ! 7
AR EXHAUST SN 7 ~_ 40% LEL TE\ MASTER
OUTSIDE W \3021/ | f % 301X |
ENCLOSURE A |
7 | 7
| wwmm | | | TE_A ON HINGED HALF |
_ ’ i TE_B ON FIXED HALF
W A | | . TE INSDE BED |
| EF 7 7 NOTE 4 o | 5 |
| 3003 | = =
| < > | i S\ RR 7L i
7 ) N 7 - 7
7 o 7 7 JE—F: ZONED FURNACE 7
7 7 CASCADE TEMP CNTRL FROM BED TEMP
| EW A | .. ]
JE—F
| 3005 |
| W JE—F 7 | Av \\\\\\ @\\ s |
_‘ [ a 7 3006 7 7 I I 7
HH HH
7 AAWEN H 7
| = | 7 N | E@ S-S
7 L 7 E-F 7 | 7
=N0) 2 ® &n e
: 5 | > |
7 7 130-1 7 7 Combustible — — B 7 7
i % | | NoTE 3 @ i oo ’ N | SKIN  [SKIN |
z|3 AT 20% LEL =
| | o] I | DN v/ | \3022/ | HiGH TEMPERATURE TRACE. ONE TE-A 7
- S0 N /A CONNECTED TO COMPUTER CONTROL. SECOND
AR FROM | i i o R B = w022/ 40% LEL | TE_B CONNECTED TO SEPARATE SINGLE LOOP |
OUTSIDE ENCLOSURE 7 A . | | | | TYPE TEMPERATURE SAFETY SWITCH. |
JE-N
7 7 L = _ _ _ _ _ ]
7 B—131 7
|NOTE 6 | | |
BLOWER LOCATED
[c0rsie encLosine | | Lt | vore 2
. R I SEPARATOR
> fom—
g T 782-4-140
M
4
I
[RE)
HH
™ _ H
OE-®
NOTE 4 TO 10
HH
({39
NOTES REV.4 REVISION BY DATE AP | REV4 REVISION BY DATE APP PACIFIC NORTHWEST
1. HE=133 WATER JACKET EXTENDS TO END OF FEED INLET NOZZLE - T - NATIONAL LABORATORIES Nm._.oz
2. REACTOR HEADS ARE UNINSULATED BUT SCREENED OFF FOR P.P. A | PROPOSAL ISSUE Wi y0mz | €B RICHLAND, WASH.
3. Z-PURGED ENCLOSURE FOR SPLIT TYPE FURNACE. — . : s OESONED CHECKED N j
4. TEN POINT K—TYPE GROUNDED THERMOCOUPLE, %"OD in J4"OD B | Hot oil heating changed to split type electric furnace CSB| 2012 DRAWN APPROVED PNNL BIO-OIL
WELL. MIDDLE 8 TE'S ARE USED FOR CASCADE TEMP CNTRL WITH 7 V. VUONG APR. 5, 2012 | C. BROWN HYDROTREATER
CORRESPONDING FURNACE ZONE. C | PRE-HAZOP MEETING ISSUE cs8
5. JOHNSON SCREEN DISTRIBUTOR. 2012 REACTOR
6. BLOWER LOCATED OUTSIDE OF ENCLOSURE IN NON—HAZARDOUS 16,/08 CLIENT JOB NUMBER SCALE ZETON JOB NUMBER DWG No SHEET # REV.
AREA. D | HAZOP ISSUE €SB a0 NTS 782-4 782-4-130 7 1 of 1










1 2 3 4 5 | 6 | 7 | 8 9 | 11 | 12 13 14 15 16
V=140 HE-144 LG—=142 F-143 LG—147
HP SEPARATOR  SEPARATOR OUTLET ~ HP SEPARATOR SEPARATOR OUTLET 3 PHASE SEPARATOR
2 PHASE CHILLER LEVEL GLASS COALESCER FILTER LEVEL GLASS
2.5 LITER HOLDUP ™
140-1
HP RELIEF HEADER HP RELIEF HEADER
782—4-130
LP RELIEF HEADER LP RELIEF HEADER
782-4-120 782-4-150
HH
CHILLED WATER |
RECIRCULATOR RETURN ) r
782-4-170 W
CHILLED WATER 0-5000 psig  SET @  0-300 psig
RECIRCULATOR SUPPLY &—3 ey 100 PSIG AS
782-4-170 PIT Pl Pl
4005 4006 PCV 4008 PV
0-4000 psig 4007 4005
HE-144 MW
F-4003
PRODUCT GAS
i , - H, s 782-4-150
HH HV—4003 HV—4004 —4—
SET @ H SET @ FO
BHI 3200 PSIG E F—143
é PSV | M%/m
4002 N )
w % a HV—400
T o ‘ HV—4006 5
SLOPE 4001
REACTOR e N 7 -
782-4-130 ET | |
, |
| Epoants
| e = = — =
I | |
| | | CHILLED WATER
| | | NO RECIRCULATOR RETURN
o e , \» 782-4-170
|
| &—3 } / HV—4009
| \ / TEMPERED WATER
| RECIRCULATOR RETURN
© | ‘ 4 782-4-170
g | LG—=147 NOTE 3
V=140 3 | L
7 | CHILLED WATER
DRAI RECIRCULATOR SUPPLY
, | | 782-4-170
CHILLED WATER | N.OY
RECIRCULATOR RETURN | \
782-4-170 | A P HV—4010
/ éov | —+ NOTE 1 ) TEMPERED WATER
\V/ — | e 0 RECIRCULATOR SUPPLY
I<L69\ A / — =Y | 782-4-170
TEMPERED WATER / ml I 7 7 WATER TRACE
RECIRCULATOR RETURN 1§ | NOTE 2 - r
782-4-170 \ ) W 7 7 ( NOTE 4 782-4-160
ﬁ 4 | 7 7 7 WATER COLLECTION
I 782—4-160
NOTE 3
7 7 LG—142 W 7 | |
| 7 | |
_ | ,
CHILLED WATER | 7 7 7
RECIRCULATOR SUPPLY \ |
782-4-170 / éo % | 7 7 7
0. |
\V/ % — HOUTAL | CHILLED WATER
Hv-1002 | Q7] — 4003 , | | | RECIRCULATOR
e 782—4-170
TEMPERED WATER \|/ | [ 7 | |
RECIRCULATOR SUPPLY , | © I —
782-4-170 , I , i i T\A i —
| ¥ | TEMPERED WATER
_—— e ——— — — | &b RECIRCULATOR
r ol | 3 W | L= C—— | 782-4-170
| ' —-ts | ! 2 , | 218 CHILLED WATER
7 < 7 (=} o
1 ﬂ.ﬂ ¥ ﬂ.ﬂ < RECIRCULATOR
| | | T , i E- N.O. 782-4-170
HH , , DRAN T \s\
7 q\ 7 W ” 7 ] J HV—4012
7 7 , | NOTE 3 TEMPERED WATER
, | 0-5000 psig , | RECIRCULATOR
| | , - | s | WATER TRACE 782-4-170
I 4010 ?
7 7 | MM 782-4-160 4, HYDROTREATED BIO-OIL COLLECTIO)
, I| e 782-4-160
7 SKIN 7 =0 =D ===== OF=———————=== = NOTE 4
= | HV—4014 |
7 7 | ﬁ LG—-147 BYPASS SLOP BIO-OIL
POWER LIMITING OR CONSTANT === = R e e e TO SLOP TANK V-162
7 WATTAGE COMPUTER CONTROL. 7 5 Hv-4016 HV-4015 HV-4022 782-4-160
JE-P
e —— DRAIN T
NOTES REVISION REVISION PACIFIC NORTHWEST
REV. BY DATE APP, REV. BY DATE APP.
1. OL LEVEL CONTROLLED BY STAND PIPE WITHDRAWL AND TOP GOOSE NECK # = # NATIONAL LABORATORIES Nm._.oz
2. WATER LEVEL CONTROLLED BY BTM WITHDRAWL AND BOTTOM GOOSE NECK A | PROPOSAL ISSUE W | 5010 | CB RICHLAND, WASH.
POSITION. DESIGNED CHECKED
3. 3 WAY VALVE PAIRS OPERATED WITH COMMON HANDLE (HV-4001/4002), B | oas recYcLe RemovED csg| 14708 C. BROWN C. BROWN PNNL BIO-OIL
(HV-4009,/4010), (HV—4011/6005),(HV—4012/6001), HV—6003/6004). 2012 DRAWN APPROVED
4. LINE IS TRACED WITH 4\#._ COPPER TUBING. 2707 V. VUONG APR. 5, 2012 | C. BROWN I<DmO|_|mm>|_lmx
C | PRE-HAZOP MEETING ISSUE CSB| stz GAS/OIL/WATER SEPARATION
)m\Dm CLIENT JOB NUMBER SCALE ZETON JOB NUMBER DWG No SHEET # REV.
D | nazop issue cs8| 2o NTS 782-4 782-4-140 1 of 1 D










1 2 3 | 4 3 6 7 3 | 9 10 11 12 13 14 15 16

V=153 WTM—152
PRODUCT GAS WET TEST METER
CONDENSATE
K.0. POT
A
B
C
P
] 150—1
8|2
LP RELIEF HEADER SIEe] LP RELIEF HEADER
D||782-4-140
OFF GAS [rary [0\ FEED TANK VENT
PRODUCT TANKS SET @o ﬁ ﬁ
782—4-160 10 PSI | | 782-4-120
P
E 150-2
PRODUCT GAS Mu
782-4-140 S W
1 PSIG SIG] VENT HEADER
— ™l pOd PO {t
CK-5016 HV—5002 HV—5003
CHILLED WATER !
RECIRCULATOR RETURN 3
782-4-170 WIM=152
Note 1
T\
P | zeTon | P | zeTon | .
150-3| CLENT 150-4| CLIENT HV=5004
E Note 2 Note 2
CHILLED WATER
RECIRCULATOR SUPPLY —)
782-4-170
G
SG-153
H
| NOtES REV. REVISION BY DATE aPP. | REV. REVISION BY DATE APP PACIFIC NORTHWEST
1. WET TEST METER RATED TO 1 BAR, TO INCLUDE HIGH PRECISION b o : b : NATIONAL LABORATORIES Nm._.oz
LEVEL INDICATOR. RICHLAND, WASH.
2. CONNECTION FOR FUTURE PNNL SUPPLIED GC. A | PROPOSAL ISSUE W o | DESIONED CHECKED
J B | RECYCLE GAS REMOVED CsB wa\#aw am?mxosz %.Em,wm% PNNL BIO-OIL
20 V. VUONG APR. 5, 2012| C. BROWN HYDROTREATER
C | PRE-HAZOP MEETING ISSUE CSB| yo1s PRODUCT GAS MEASUREMENT
)m\Dm CLIENT JOB NUMBER SCALE ZETON JOB NUMBER DWG No SHEET # REV.
D | HAZOP ISSUE CSB| a0 NTS 782-4 782-4-150 1 of 1 D










6

| 3 | 9

11

SLOP BIO-0IL

V—-160A/B
HYDROTREATED BIO-OIL
AND SAMPLE
19 LITER

TANK

V-161A/B
PROCESS WATER TANK
AND SAMPLE
19 LITER

V=163
WATER SLOP TANK
38 LITER

V=162
OIL SLOP_ TANK

38

LITER

LG—147 BYPASS
782-4-140

CHILLED WATER
RECIRCULATOR SUPPLY
782-4-170

TEMPERED WATER
RECIRCULATOR SUPPLY
782-4-170

WATER TRACE
TO LG-147
782-4-140

HYDROTREATED BIO-O0IL

1
CK-6010

0—-30 psig

6000

782-4-140

DO K
HV-6002

LP NITROGEN

DOG K]
HV-6000

CHILLED WATER
RECIRCULATOR RETURN
782-4-170

FIC
6000

TEMPERED WATER
RECIRCULATOR RETURN
782-4-170

CHILLED WATER
RECIRCULATOR SUPPLY
782-4-170

TEMPERED WATER
RECIRCULATOR SUPPLY
782-4-170

CHILLED WATER
RECIRCULATOR SUPPLY
782-4-170

HV-6005

TEMPERED WATER
RECIRCULATOR SUPPLY
782-4-170

WATER TRACE
TO LG-147
782—-4-140

PROCESS WATER

HV—-6013

ot
CK—6011

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ N

—160A

—3

HV-6014

HV-6015

]

NOTE 1

—160B

[l Vo
9%
HV-6016

z
]
5
m
>

HV-6028

0-30 psig

6002

HV-6029

St
CK-6030

™al

0-30 psig  cx_go18

PI
6001

OFF GAS
TO GAS MEASUREMENT

HV-6020

782-4-140

HV—-6006
LP NITROGEN

DO K
HV—6007

HH
[w\ Ho /wr\ [ wE
6008 6008 6008

HV-6022

CK—-6019

0-30 psig

Tat

1
6003 CK—6021

5@ |

V—161A

HV-6024

NOTE 1
V=163

V-161B

HV-6027

[l Vo]
= o )
HV-6025

z
]
e
m
IS

[Vl
Lasa ]
V-6026

T

782-4-150

[

NOTES

1. VESSEL FLEX LINES.

2. 3 WAY VALVE PAIRS OPERATED WITH COMMON HANDLE
(HV-6001/4012), (HV—6003/6004), (HV—4001/4002), (HV-4009/4010),
(HV-4011/6005).

3. LINE IS TRACED WITH 1/4” COPPER TUBING

4. QUICK CONNECTS

REV.#

REVISION

BY

DATE

APP.

REVISION
REV.#

BY

DATE

APP.

PROPOSAL ISSUE

W

13/04
2012

CB

PACIFIC NORTHWEST

NATIONAL LABORATORIES
RICHLAND, WASH.

ZETON

Product drains added

CSB

14/05
2012

DESIGNED
C. BROWN

CHECKED

C. BROWN

PRE—HAZOP MEETING ISSUE

CSB

27/07
2012

DRAWN
V. VUONG

APPROVED
APR. 5, 2012

C. BROWN

PNNL BIO-OIL
HYDROTREATER

LIQUID PRODUCT COLLECTION

HAZOP ISSUE

CSB

16,/08
201

CLIENT JOB NUMBER

SCALE

NTS

ZETON

JOB NUMBER

782-4

DWG No REV.

782-4-160 7 R










Z=171 =172
TEMPERED WATER CHILLED WATER
CIRCULATOR CIRCULATOR
r- - /"

170-2
e 7 | [7o-s
el&
CHILLED WATER SIS 7 7 clz
FROM USERS ON —=3 &= i | | ge
782-4-140 | | bOd o) o Ustrs oN
1r 1T
CHILLED WATER 7 7 HV—7002 782-4-140
FROM USER ON —= o o
782-4-150 CHILLED WATER
CHILLED WATER i i — 1O USER ON
] - 782-4-150
FROM USERS O — i | e CHILLED WATER
= 0 USERS ON
CHILLED WATER 7 7 HV—7006 — 782-4-180
FROM USER ON —
782—4-180 | _ | CHILLED WATER
I o— 70 USER ON
7 — | HV—7008 — 782-4-180
o~
~
| :
| - - : |
/=172
7 | | HH
) a EI
o7/t
— 7 - 7 LL
170-1 é = ,
zl= 7 7 170-3
=
TEMPERED WATER E, o 7 7 clz
FROM USERS ON — T ;|<|V:‘ Z|6
782-4-120 | oM TEMPERED WATER
| —
TEMPERED WATER i fi PO e 0 USERS ON
FROM USERS ON — | o) e i HV=7001 782-4-120
—4- TEMPERED WATER
TEMPERED WATER 7 7 a—> TO USERS ON
FROM USERS ON e Q 7 7 HV—-7003 782-4-140
782-4-160 | - | TEMPERED WATER
TEMPERED WATER — TO USERS ON
FROM USERS ON Om— HV—7005 782-4-160
782-4-190 | | TEMPERED WATER
I 3 0 USERS ON
| - | HV=7007 782-4-130
| P
4
| NOTE 1 L] L] * 7
7171 + 7-172
LOCATED OUTSIDE /=171
| EncLOSURE — |
|
NOTES REV.4 REVISION BY DATE APP. | REV.4 REVISION BY DATE APP PACIFIC NORTHWEST
1. Z-171 AND Z—172 ARE LOCATED OUTSIDE THE PILOT PLANT - I - NATIONAL LABORATORIES Nm._uoz
ENCLOSURE IN A NON—HAZARDOUS AREA. A | PROPOSAL ISSUE W | S| CB RICHLAND, WASH.
B | HOT OIL RECIRCULATORS REMOVED csa|"¥/% C- Brown ‘. Brown PNNL BIO-OIL
2012 DRAWN APPROVED
c 27707 V. VUONG APR. 5, 2012| C. BROWN HYDROTREATER
PRE—HAZOP MEETING ISSUE CB| 01 WATER RECIRCULATION
)m\om CLIENT JOB NUMBER SCALE ZETON JOB NUMBER DWG No SHEET # REV.
D | HAZOP ISSUE €8] a0 NTS 782-4 782-4-170 1 of 1 D










1 2 3 | 4 5 6 7 8 | 9 10 11 12 | 13 14 15 16
V=180 P—181 V-184 HE—185 P-182 P—183 V-186
FEED TANK FEED PUMP DISTILLATION COLUMN SET @ REFLUX BOTTOMS PUMP REFLUX PUMP REFLUX POT
150 L 1-4 GAL/HR CONDENSER 4 GAL/HR 4 GAL/HR
B0 70 PSIG
PSV
A 1840
LP RELIEF HEADE
] HV-8032
CHILLED WATER SET @
RETURN - 1-25 PSIG
782-4-170 [\ o @! —— = mazﬁ i~
\eozi/” ~ \so21 HE-185 8028 1 8022) NOTE 2 NOTE 3
B | / H H VENT HEADER
‘ L2z
A SET @ ”
CHILLED WATER . 1-50 PSIG HV—8034
SUPPLY - ey K s001 ,
782-4-170 HV—8001 -y |
| 8024 [
= /1) > i |
8020 8020 , 186 |
P —==
C 8028
Combustible  ~ — [rc\ [
Gas s o\evwy,£2o oo N/l S ———— 7 |
\8027/ ,
AEY AT I
] 8041 A 8041 , W
|
N
~ — | eA |
, P ,
| i 8025 I
D SET @ SET @ W
10 PSIG Pl 15 PSIG V_184 FT
8004 V=Tod 8027 ,
PCV PCV FO |
8003 8005
= 7 % i
P> 4 Pat B4 3 8028
- HV—8003 CK—B004 |
> Lv
P ) b — ir A \8028
HV—B005 f OVERHEADS
8034 COLLECTION
ST @ ) fo 782-4-190
E 30 PSIG ( 0
TE T
\\\\\\\\\\ HV-8035
oot Iy 8022/ \8022 VENT HEADER
8000 |
[\ XY ,
] LIGHT PRODUCT 8006 > 8016 W LP RELIEF HEADE
o
782-4-190 HV-8016 | H AS ATM W
z - - =/
HYDRO TREATED uT JE-P XV , [ j s j \\\\\\ B ks
PRODUCT OIL 8006 8017 8016 , I é
F 782-4-160 HV—8017 , , 7 | | |
““““““““““““““““““ - |
aF , HH HH HH
CK—8010 , | H_ || EAWED H_ |
BOTTOM PRODUC i i
“““““ RPR BN | )
782-4-190 HV—8006 | | I 7 7 7 — 7
I 1 (L S e , ,
[1\(TE L N | ! 7 || 7
8002/ \8002 | , 7 7 7 7
T |
I W _ SKIN _ SKIN  [SKIN
| = =
V=180 | , i POWER LIMITING OR CONSTANT i foz TEMPERATURE TRACE. ONE TE—A CONNECTED TO i
G | , 7 WATTAGE COMPUTER CONTROL. 7 COMPUTER CONTROL. SECOND TE_B CONNECTED TO 7
| , SEPARATE SINGLE LOOP TYPE TEMPERATURE SAFETY SWITCH.
|
JE-P | -~ 7’ JE-P L 7’ JE—N L
8001 , W ) _— - — — — — _— - - — — — —
Il
] \ S , , /v \ I
* 2 1 f 8200 ST o 108-2
| | 3 | |
JE-P ,
| | JE ! f ==
5 ) 8010 Lz 8023 1|l mvomm,m O|&
S Se I I b o P E, ,a ACETONE/SLOP TAN
H 4 pP_18] , N N 8022/ \8027 © i
= | | 5
| M ¥=
LP N2 fio I Ll z
G K , NS N I R R =z BOTTOM COLLECTIO
HV—8008 8008 ck-ga2g| |11 =
, , [ 2 782-4-190
] I={ [ s
uc\ _ ut W U 2
8026/ 8026
LN— } + [an}
| (R}
|
| JE-N
| 8028
|
b
I NOTES REVISION REVISION PACIFIC NORTHWEST
REV.4 BY DATE APP. | REV.4 BY DATE APP. o
1. ACETONE MANUALLY POURED THROUGH TOP LID OF V—180 FOR T3/08 NATIONAL LABORATORIES Nm._. 2
CLEANING. A | PROPOSAL ISSUE W | 501 | CB RICHLAND, WASH.
2. SYRINGE PORT FOR GC SAMPLING. DESIGNED CHECKED
| 3. CONNECTION FOR FUTURE WET TEST METER ADDITION BY PNNL. C | Pre_HAZOP WEETING 1SSUE . w%m C. BROWN C. BROWN PNNL BIO-OIL
DRAWN APPROVED
/0 V. VUONG APR. 5, 2012| C. BROWN DISTILLATION COLUMN
D | HAZOP ISSUE CSB| Ho12
CLIENT JOB NUMBER SCALE ZETON JOB NUMBER DWG No SHEET # REV.
NTS 782-4 782-4-180 1 of 1 D










CONNECTION DETAIL
SCALE:

CONNECTION DETAIL
SCALE:

PARTS LIST/MATERIAL LIST

(1) ) Purces
Q (4) PLACES
(18) (4) Puaces

O

_.\/\L_

CONNECTION DETAIL
SCALE: 3"'=1-0"

POST BASE DETAIL
SCALE: 3"'=1-0"

Hy N

HYDOGEN LINE DETAIL
SCALE: 3/8"=1-0"

——=— VENT T0 STACK

SERVICE AR IN

1" 9 S SLEEVE W EXTERIOR @
‘ / YN WALL 0| Bio|  es / oeen amen NOMENOLATURE,/DESORIPTION WATERAL/VEFERENOE SHEET E
3 /—msr. HVAC UNIT — CABLE TRAY SUPPOR A0l 1
HYDROGEN SHUT OFF VALVE MOUNTING
H I EXSST. ROLL UP DOOR & H FIELD LOCATE BRACKET A2 2
W 13 AFF
PDLW INTERIOR
| D—\ WALL HYDROGEN LINE WALL
o NOTE: PENETRATION DETAIL
7 FIELD LOCATE ALL NEW EQUIPMENT -
° T0 APPROXMATE LOCATION AS SCALE
SHOWN. N
D [ W 2 | 148P09-18—144 |CABLE TRAY COOPER B-LINE A20| 6
Il
V I [ AR | B22SH-GALV  |CHANNEL COOPER B-LINE a20| 7
L W EXTERIOR
BELT DRIVE EXHAUST FAN, W WALL 4 B28OFL POST BASE COOPER B-LINE a20| 8
NEW HYDROTREATER ENCLOSURE SEE L1 FOR DETALS
I 4 B115 FOUR HOLE CORNER ANGLE COOPER B—LINE A20| 9
| CUSTOMER FURNISHED FELD LOGATE 8 B368 FOUR HOLE OPEN ANGLE COOPER B-LINE A2.0| 10
we T 7_ PDLW INTERIOR el R 10 AF
T WAL v AR 22 CHANNEL COOPER B-LINE a20( 11
% N 2" S5 SLEEVE— COMPRESSED GAS LINES PENETRATION
¢ B DETAIL IN PDLW WALL 16 B133 FOUR HOLE TEE PLATE COOPER B-LINE A2.0| 12
B DISTILLATION SCALE: 3"=1-0"
4 B578 THREE HOLE U SUPPORT COOPER B-LINE a2.0 13
E’;‘ﬁ? 5 AR B22SH—GALV  [CHANNEL COOPER B-LINE A20| 14
("WEIL-McLAIN® C6I~7 GAS—FIRED 2'-0"
WATER BOLER w/ RECOMMENDED 2 B409—12-ZN  |CHANNEL BRACKET COOPER B-LINE A2.0( 15
SEEDETAL X O ENCLOSURE FLOOR CLEARANCES, INSTALLED PER y_g
MANUFACTURER'S SPECIFICATIONS)—_ Wb Wk
H N H ) ‘ ‘ AR | AR 1/2° HEX BOLT — 1-1/2" LONG GRADE 5§ a2.0| 18
E‘Z o B B o o B
W) 1/4" S SHEET ANY Fm————————— = Ehs
M2.0, GRADE ————— =
N > I I AR | AR 1/2° FLAT WASHER — ANY GRADE a20| 17
{ —H - .| L,
i & = i) 14-1 SS SHEET METAL \ sy - -
4 1] | o oemaL v g s REM 16 PLACES ——[ | LS et L AR | AR 1/2" SPRING NUT — N225 a2.0( 18
HIOROTREATER M2, g1 SHEET FOR LINE N } } o| T | %
n ™NG PENETRATION DETALS o eyt out L ‘ S AR 1/2" EXPANSION BOLT A20( 19
A20 A20 U, ]
. . . S s .
AR B118 FOUR HOLE ANGLE COOPER B-LINE a2.0( 20
1 D PANEL CUT OUT DETAIL AR PIPE CLAMP, 1/2° a20| 21
L 41" SCALE:
—f i AR PIPE CLAMP, 3/47 a20| 22
|
AL
ROUTE COMPRESSED AR, HYDROGEN, . . . - .
NITROGEN, & FIRE WATER LINES FROM | — 3-9 r-q 15'=10 1/2 -0
- WALL TO ENCLOSURE VIA "B-LINE"
E CABLE TRAY @ 10-0" AFF. i
HIM . 00 g
g £ H SEE DETAL B Oy
g .I
IS PDLW 7 |le | S oL
S
Il HIGH BAY AREA I i ()
Z||8 ¢[|8 | P . )
53|z L
z% 51 » &
, ” b SEE DETAL —_
16'-10 1/2 o ¥/
H / - i C_iye]. s sueeT—(fr——sf}
=) =) .
\/\ J Nl °
- <+ .l
o~
PDLW FLOOR PLAN 4
_] - F
NOTES SCALE: 1/4"=1-0" ENCLOSURE WALL—= AN .
&y J 5 J 5
B : ul I
JR—
D EXIST. 67 WOE x 10" TALL CONCRETE CURB ‘> EXIST. SAFETY SHOWER AND CLEAR FLOOR AREA = - -
POLW EXTERIOR WALL 2
EXIST. COMPRESSED AR AND CITY WATER LINES ~
CLEAR FLOOR AREA FOR ELECTRICAL
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5 INSTRUMENT TAG POINT DESCRIPTOR SYSTEM TAG SET POINT VOTING FIRST OUT| LEVEL
6 P&ID 782-4-100
7| 1 |PIT-0008 High Pressure Alarm PAH-0008 100 psig X
8 | 2 |PIT-0008 High High Pressure Alarm PAHH-0008 125 psig X X X
9 | 3 |PDIT-0011 High Differential Pressure Alarm PDAH-0011 50 psid X
10| 4 |PDIT-0011 High High Differential Pressure Alarm PDAHH-0011 75 psid X X X
11| 5 |PDIT-0012 High Differential Pressure Alarm PDAH-0012 50 psid X
12| 6 |PDIT-0012 High High Differential Pressure Alarm PDAHH-0012 75 psid X X X
13| 7 |JE-P-0009 High High temperature Alarm TAHH-0009 50 degC X X
14| 8 |JE-P-0013 High High temperature Alarm TAHH-0013 45 degC X X
15| 9 |JE-P-0014 High High temperature Alarm TAHH-0014 45 degC X X
16| 10 |JE-P-0015 High High temperature Alarm TAHH-0015 50 degC X X
17| 11 |JE-P-0016 High High temperature Alarm TAHH-0016 50 degC X X
18
19
20 P&ID 782-4-110
21| 12 |FTC-1004 Low Low Flow Alarm FALL-1004 2.0 SLPM X X
22| 13 |FTC-1004 Low Flow Alarm FAL-1004 2.2 SLPM X
23| 14 |FTC-1004 High Flow Alarm FAH-1004 75 SLPM X
24| 15 |FTC-1004 High High Flow Alarm FAHH-1004 80 SLPM X X X
25| 16 |FTC-1010 Low Low Flow Alarm FALL-1010 0.5 SLPM X
26| 17 |FTC-1010 Low Flow Alarm FAL-1010 1SLPM X
27| 18 |FTC-1010 High Flow Alarm FAH-1010 25 SLPM X
28| 19 |FTC-1010 High High Flow Alarm FAHH-1010 30 SLPM X X X
29| 20 |PIT-1001 Low Low Pressure Alarm PALL-1001 1000 psig X
30| 21 |PIT-1001 Low Pressure Alarm PAL-1001 1100 psig X
31| 22 |PIT-1007 Low Low Pressure Alarm PALL-1007 1000 psig X
32| 23 |PIT-1007 Low Pressure Alarm PAL-1007 1100 psig X
33| 24 |PIT-1006 Low Pressure Alarm PAL-1006 500 psig X
34| 25 |PIT-1006 High Pressure Alarm PAH-1006 3050 psig X
35| 26 |PIT-1006 High High Pressure Alarm PAHH-1006 3100 psig X X X X X
36
37
38 P&ID 782-4-120
39| 27 |LIT-2031 Low Low Level Alarm LALL-2031 5% X
40| 28 |LIT-2031 Low Level Alarm LAL-2031 10% X
41| 29 |LIT-2031 High Level Alarm LAH-2031 90% X
42| 30 |LIT-2031 High High Level Alarm LAHH-2031 100% X X X
43| 31 |TE-2032 High Temp Alarm TAH-2032 45 degC X
441 32 |TE-2032 High High Temp Alarm TAHH-2032 50 degC X
45| 33 |JE-P-2010 High temperature Alarm TAH-2010 45 degC X
46 | 34 |JE-P-2010 High High temperature Alarm TAHH-2010 50 degC X X
47| 35 |JE-P-2016 High temperature Alarm TAH-2016 45 degC X
48| 36 |JE-P-2016 High High temperature Alarm TAHH-2016 50 degC X X
49
50 P&ID 782-4-130
51| 37 |AE/AIT-3021 High H2 concentration Alarm AH-3021 20% L.E.L. X
52 | 38 |AE/AIT-3021 High High H2 concentration Alarm AHH-3021 40% L.E.L. X X
53| 39 |AE/AIT-3022 High combustible gas concentration Alarm AH-3022 20% L.E.L. X
54| 40 |AE/AIT-3022 High High combustible gas concentration Alarm AHH-3022 40% L.E.L. X X
55| 41 |TE-3001A High temperature Alarm TAH-3001A 450 degC X
56| 42 |TE-3001A High High temperature Alarm TAHH-3001A 475 degC X X
57| 43 |TE-3001B High High temperature Alarm TAHH-3001B 500 degC X X
58| 44 |TE-3002A High temperature Alarm TAH-3002A 450 degC X
59| 45 |TE-3002A High High temperature Alarm TAHH-3002A 475 degC X X
60| 46 |TE-3002B High High temperature Alarm TAHH-3002B 500 degC X X
61| 47 |TE-3003A High temperature Alarm TAH-3003A 450 degC X
62| 48 |TE-3003A High High temperature Alarm TAHH-3003A 475 degC X X
63| 49 |TE-3003B High High temperature Alarm TAHH-3003B 500 degC X X
64| 50 |TE-3004A High temperature Alarm TAH-3004A 450 degC X
65| 51 |TE-3004A High High temperature Alarm TAHH-3004A 475 degC X X
66 | 52 |TE-3004B High High temperature Alarm TAHH-3004B 500 degC X X
67| 53 |TE-3005A High temperature Alarm TAH-3005A 450 degC X
68 | 54 |TE-3005A High High temperature Alarm TAHH-3005A 475 degC X X
69| 55 |TE-3005B High High temperature Alarm TAHH-3005B 500 degC X X
70 | 56 |TE-3006A High temperature Alarm TAH-3006A 450 degC X
71| 57 |TE-3006A High High temperature Alarm TAHH-3006A 475 degC X X
72| 58 |TE-3006B High High temperature Alarm TAHH-3006B 500 degC X X
73| 59 |TE-3007A High temperature Alarm TAH-3007A 450 degC X
74| 60 |TE-3007A High High temperature Alarm TAHH-3007A 475 degC X X
75| 61 |TE-3007B High High temperature Alarm TAHH-3007B 500 degC X X
76| 62 |TE-3008A High temperature Alarm TAH-3008A 450 degC X
77| 63 |TE-3008A High High temperature Alarm TAHH-3008A 475 degC X X
78| 64 |TE-3008B High High temperature Alarm TAHH-3008B 500 degC X X
79| 65 |JE-N-3009 High temperature Alarm TAH-3009A 425 degC X
80| 66 |JE-N-3009 High High temperature Alarm TAHH-3009A 450 degC X X
81| 67 |JE-N-3009 High High temperature Alarm TAHH-3009B 450 degC X X
82| 68 |PIT-3001 Low Pressure Alarm PAL-3001 500 psig X
83| 69 |PIT-3001 High Pressure Alarm PAH-3001 2500 psig X
84| 70 |PIT-3001 High High Pressure Alarm PAHH-3001 2700 psig X X X X X X X
85| 71 |PIT-3010 High Pressure Alarm PAH-3010 50 psig X
86| 72 |PIT-3010 High High Pressure Alarm PAHH-3010 100 psig X X X X X X X
87| 73 |PDS-3000 Differential Pressure Switch PDAL-3000 0.1" w.c. X
88| 74 |TE-3010 High Temp Alarm TAH-3010 425 degC X
89| 75 |TE-3010 High High Temp Alarm TAHH-3010 450 degC X
90| 76 |TE-3011 High Temp Alarm TAH-3011 425 degC X
91| 77 |TE-3011 High High Temp Alarm TAHH-3011 450 degC X
92| 78 |TE-3012 High Temp Alarm TAH-3012 425 degC X
93| 79 |TE-3012 High High Temp Alarm TAHH-3012 450 degC X
94| 80 |TE-3013 High Temp Alarm TAH-3013 425 degC X
95| 81 |TE-3013 High High Temp Alarm TAHH-3013 450 degC X
96| 82 |TE-3014 High Temp Alarm TAH-3014 425 degC X
97| 83 |TE-3014 High High Temp Alarm TAHH-3014 450 degC X
98| 84 |TE-3015 High Temp Alarm TAH-3015 425 degC X
99| 85 |TE-3015 High High Temp Alarm TAHH-3015 450 degC X
100| 86 |TE-3016 High Temp Alarm TAH-3016 425 degC X
101| 87 |TE-3016 High High Temp Alarm TAHH-3016 450 degC X
102| 88 |TE-3017 High Temp Alarm TAH-3017 425 degC X
103| 89 |TE-3017 High High Temp Alarm TAHH-3017 450 degC X
104/90]91y TE-3018 High Temp Alarm TAH-3018 425 degC X
105| 92 |TE-3018 High High Temp Alarm TAHH-3018 450 degC X
106 93 |TE-3019 High Temp Alarm TAH-3019 425 degC X
107| 94 |TE-3019 High High Temp Alarm TAHH-3019 450 degC X
108| 95 |TE-3020 High Temp Alarm TAH-3020 40 degC X
109| 96 |TE-3020 High High Temp Alarm TAHH-3020 60 degC X
110
111 P&ID 782-4-140
112| 97 |TE-4001 High Temp Alarm TAH-4001 80 degC X
113| 98 |TE-4001 High High Temp Alarm TAHH-4001 100 degC X X
114| 99 |TE-4011 High Temp Alarm TAH-4011 80 degC X
115(100 |TE-4011 High High Temp Alarm TAHH-4011 100 degC X X
116(101 |LIT-4003 Low Low Level Alarm LALL-4003 5% X X
117|102 |LIT-4003 Low Level Alarm LAL-4003 10% X
118[103 |LIT-4003 High Level Alarm LAH-4003 90% X
119(104 |LIT-4003 High High Level Alarm LAHH-4003 100% X X
120| 105 |PIT-4005 Low Pressure Alarm PAL-4005 500 psig X
121|106 |PIT-4005 High Pressure Alarm PAH-4005 2500 psig X
122|107 |PIT-4005 High High Pressure Alarm PAHH-4005 2700 psig X X X X X X X
123(108 |JE-P-4013 High temperature Alarm TAH-4013 90 degC X
124109 |JE-P-4013 High High temperature Alarm TAHH-4013 100 degC X X
125
126 P&ID 782-4-150
127|110 |TE-5002 High Temp Alarm TAH-5002 30 degC X
128|111 |TE-5002 High High Temp Alarm TAHH-5002 40 degC X
129
130 P&ID 782-4-160
131112 |LSH-6011 High High Level Alarm (WATER-V-161A) LAHH-6011 HH X
132|113 |LSH-6012 High High Level Alarm (OIL-V160A) LAHH-6012 HH X
133|114 |WIT-6003 High Weight Alarm (OIL) WAH-6003 12.00 kg X
134|115 |WIT-6003 High High Weight Alarm (OIL) WAHH-6003 14.0 kg X X X
135|116 |WIT-6008 High Weight Alarm (WATER) WAH-6008 16.0 kg X
136|117 |WIT-6008 High High Weight Alarm (WATER) WAHH-6008 18.0 kg X X X
137
138 P&ID 782-4-170
139|118 |TE-7003 Low Low Temperature Alarm TALL-7003 0 degC X X
140|119 |TE-7003 Low Temperature Alarm TAL-7003 5 degC X
141(120 |TE-7003 High Temperature Alarm TAH-7003 40 degC X
142|121 |TE-7003 High High Temperature Alarm TAHH-7003 50 degC X X
143|122 |TE-7017 Low Low Temperature Alarm TALL-7017 0 degC X X
144(123 |TE-7017 Low Temperature Alarm TAL-7017 5 degC X
145(124 |TE-7017 High Temperature Alarm TAH-7017 80 degC X
146|125 |TE-7017 High High Temperature Alarm TAHH-7017 90 degC X X
147
148 P&ID 782-4-180
149|126 |AE/AIT-8041 High combustible gas concentration Alarm AH-8041 20% L.E.L. X
150|127 |AE/AIT-8041 High High combustible gas concentration Alarm AHH-8041 40% L.E.L. X X
151|128 |LIT-8006 Low Low Level Alarm LALL-8006 5% X X X
152|129 |LIT-8006 Low Level Alarm LAL-8006 10% X X
153|130 |LIT-8006 High Level Alarm LAH-8006 90% X
154(131 |LIT-8006 High High Level Alarm LAHH-8006 100% X
155|132 |LIT-8026 Low Low Level Alarm LALL-8026 5% X X X
156| 133 |LIT-8026 Low Level Alarm LAL-8026 10% X
157(134 |LIT-8026 High Level Alarm LAH-8026 90% X
158[ 135 |LIT-8026 High High Level Alarm LAHH-8026 100% X
159(136 |LIT-8028 Low Low Level Alarm LALL-8028 5% X X X
160| 137 |LIT-8028 Low Level Alarm LAL-8028 10% X
161[138 |LIT-8028 High Level Alarm LAH-8028 90% X
162[139 |LIT-8028 High High Level Alarm LAHH-8028 100% X X
163| 140 |PIT-8013 Low Pressure Alarm PAL-8013 10 psig X
164|141 |PIT-8013 High Pressure Alarm PAH-8013 50 psig X
165|142 |PIT-8013 High High Pressure Alarm PAHH-8013 100 psig X X X X
166|143 |FIT-8014 Low Low Flow Alarm FALL-8014 5% X
167|144 |FIT-8014 Low Flow Alarm FAL-8014 10% X
168| 145 |FIT-8014 High Flow Alarm FAH-8014 90% X
169|146 |FIT-8014 High High Flow Alarm FAHH-8014 100% X X X X
170|147 |FT-8027 Low Low Flow Alarm FALL-8027 5% X
171|148 |FT-8027 Low Flow Alarm FAL-8027 10% X
172|149 |FT-8027 High Flow Alarm FAH-8027 90% X
173|150 |FT-8027 High High Flow Alarm FAHH-8027 100% X X X
174|151 |PIT-8021 Low Pressure Alarm PAL-8021 5 psig X
175|152 |PIT-8021 High Pressure Alarm PAH-8021 50 psig X
176|153 |PIT-8021 High High Pressure Alarm PAHH-8021 100 psig X
177|154 |TE-8002 Low Temperature Alarm TAL-8002 20 degC X
178[ 155 |TE-8002 High Temperature Alarm TAH-8002 90 degC X
179|156 |TE-8002 High High Temperature Alarm TAHH-8002 100 degC X X
180( 157 |JE-P-8001 High temperature Alarm TAH-8001 90 degC X
181[158 |JE-P-8001 High High temperature Alarm TAHH-8001 100 degC X X
182( 159 |JE-P-8010 High temperature Alarm TAH-8010 90 degC X
183[ 160 |JE-P-8010 High High temperature Alarm TAHH-8010 100 degC X X
184|161 |JE-P-8015 High temperature Alarm TAH-8015 90 degC X
185[162 |JE-P-8015 High High temperature Alarm TAHH-8015 100 degC X X
186( 163 |JE-P-8017 High temperature Alarm TAH-8017 90 degC X
187|164 |JE-P-8017 High High temperature Alarm TAHH-8017 100 degC X X X
188| 165 |JE-P-8025 High temperature Alarm TAH-8025 90 degC X
189| 166 |JE-P-8025 High High temperature Alarm TAHH-8025 100 degC X X
190| 167 |JE-P-8027 High temperature Alarm TAH-8027 90 degC X
191|168 |JE-P-8027 High High temperature Alarm TAHH-8026 100 degC X X
192|169 |TE-8018 Low Temperature Alarm TAL-8018 20 degC X
193(170 |TE-8018 High Temperature Alarm TAH-8018 350 degC X
194|171 |TE-8018 High High Temperature Alarm TAHH-8018 375 degC X
195|172 |JE-N-8018 High temperature Alarm TAH-8018A 350 degC X
196|173 |JE-N-8018 High High temperature Alarm TAHH-8018A 375 degC X
197|174 |JE-N-8018 High High temperature Alarm TAHH-8018B 375 degC X
198|175 |TE-8020 Low Temperature Alarm TAL-8002 20 degC X
199(176 |TE-8020 High Temperature Alarm TAH-8002 90 degC X
200|177 |TE-8020 High High Temperature Alarm TAHH-8002 100 degC X
201|178 |JE-N-8023 High temperature Alarm TAH-8023A 350 degC X
202|179 |JE-N-8023 High High temperature Alarm TAHH-8023A 375 degC X X
203|180 |JE-N-8023 High High temperature Alarm TAHH-8023B 375 degC X X
204|181 |JE-N-8028 High temperature Alarm TAH-8028A 350 degC X
205|182 |JE-N-8028 High High temperature Alarm TAHH-8028A 375 degC X X
206|183 |JE-N-8028 High High temperature Alarm TAHH-8028B 375 degC X X
207|184 |TE-8022 Low Temperature Alarm TAL-8022 20 degC X
208|185 |TE-8022 High Temperature Alarm TAH-8022 350 degC X
209|186 |TE-8022 High High Temperature Alarm TAHH-8022 375 degC X
210|187 |TE-8024 Low Temperature Alarm TAL-8024 20 degC X
211|188 |TE-8024 High Temperature Alarm TAH-8024 350 degC X
212|189 |TE-8024 High High Temperature Alarm TAHH-8024 375 degC X
213
214
215 P&ID 782-4-190
216|190 |LIT-9010 Low Low Level Alarm (Light Distillate) LALL-9010 5% X
217|191 |LIT-9010 Low Level Alarm (Light Distillate) LAL-9010 10% X
218|192 |LIT-9010 High Level Alarm (Light Distillate) LAH-9010 90% X
219|193 |LIT-9010 High High Level Alarm (Light Distillate) LAHH-9010 100% X
220|194 |LIT-9030 Low Low Level Alarm (Light Distillate) LALL-9030 5% X
221|195 |LIT-9030 Low Level Alarm (Light Distillate) LAL-9030 10% X
222|196 |LIT-9030 High Level Alarm (Light Distillate) LAH-9030 90% X
223|197 |LIT-9030 High High Level Alarm (Light Distillate) LAHH-9030 100% X
224(198 |LIT-9020 Low Low Level Alarm (Column bottoms) LALL-9020 5% X
225(199 |LIT-9020 Low Level Alarm (Column bottoms) LAL-9020 10% X
226|200 |LIT-9020 High Level Alarm (Column bottoms) LAH-9020 90% X
227(201 |LIT-9020 High High Level Alarm (Column bottoms) LAHH-9020 100% X
228|202 |LIT-9040 Low Low Level Alarm (Column bottoms) LALL-9040 5% X
229|203 |LIT-9040 Low Level Alarm (Column bottoms) LAL-9040 10% X
230( 204 |LIT-9040 High Level Alarm (Column bottoms) LAH-9040 90% X
231|205 |LIT-9040 High High Level Alarm (Column bottoms) LAHH-9040 100% X
232|206 |TE-9021 Low Temperature Alarm (Column bottoms) TAL-9021 20 degC X
233(207 |TE-9021 High Temperature Alarm (Column bottoms) TAH-9021 90 degC X
234|208 |TE-9021 High High Temperature Alarm (Column bottoms) TAHH-9021 100 degC X
235|209 |TE-9041 Low Temperature Alarm (Column bottoms) TAL-9041 20 degC X
236|210 |TE-9041 High Temperature Alarm (Column bottoms) TAH-9041 90 degC X
237|211 |TE-9041 High High Temperature Alarm (Column bottoms) TAHH-9041 100 degC X
238|212 |JE-P-9012 High temperature Alarm TAH-9012 90 degC X
239|213 |JE-P-9012 High High temperature Alarm TAHH-9012 100 degC X X
240
241|214 |Zeton supply Z purge of Hydrotreater control cabinet X
242|215 |Zeton supply Z purge of Distillation control cabinet X
243
244
245(216 |PNNL supply Flammable Gas Alarm #1 X X
246|217 |PNNL supply Flammable Gas Alarm #2 X X
247|218 |PNNL supply H2S Alarm #1 X X
248|219 |PNNL supply H2S Alarm #2 X X
249(220 |PNNL supply Flame Alarm #1 X X
250( 221 |PNNL supply Flame Alarm #2 X X
251
252
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Hydrotreater  Distillation
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Supplemental Hazard Analysis and Risk Assessment — Distillation Column

Executive Summary

A supplemental hazard analysis was conducted and quantitative risk assessment performed in response
to an independent review comment received by the Pacific Northwest National Laboratory (PNNL) from
the U.S. Department of Energy Pacific Northwest Field Office (PNSO) against the
Hydrotreater/Distillation Column Hazard Analysis Report issued in April 2013. The comment states:

“...based on our independent review and in light of our code responsibilities as the owner, we are
directing Battelle to provide PNSO with the following items prior to start-up of the distillation column:

“3. ldentification of prudent protective actions for the worker and the public (e.g., set-back
distances, shielding, procedures for minimizing time in the higher risk areas during operation,
etc.) based on quantitative analysis and practical risk minimization approaches (for the
distillation column).”

The supplemental analysis used the hazardous conditions documented by the previous April 2013 report
as a basis. The conditions were screened and grouped for the purpose of identifying whether additional
prudent, practical hazard controls could be identified, using a quantitative risk evaluation to assess the
adequacy of the controls and establish a lower level of concern for the likelihood of potential serious
accidents. Calculations were performed to support conclusions where necessary.

Additional controls were identified where the quantitative analysis demonstrated a need for additional
preventive or mitigative measures. These include:

1. Modify the safe operating procedure (SOP) to ensure that vessel V-180 has been purged and
padded with nitrogen prior to filling with a flammable liquid. This mitigates the potential hazard
of creating a flammable (fuel and oxygen) atmosphere in the tank when it is filled.

2. Modify the SOP to purge vessel V-180 to the low pressure relief header rather than to the vent
header; this nitrogen purge is done prior to each run. This will ensure that the low pressure
relief line is free of obstruction (e.g., mud dauber nest).

3. Modify the SOP to state that 1) any leak testing of the system (with nitrogen) will be conducted
with the ventilation system operational and 2) the nitrogen supply will be closed when not in
use. This mitigates the presence of an oxygen-deficient atmosphere during maintenance
activities and non-operational timeframes.

4. Modify the SOP to require the operator to minimize the stay time within the enclosure during
distillation column operations. This decreases the time an operator is subject to any incidents
that might occur within the enclosure.

These additional hazard controls are prudent, practical measures to reduce risk to workers and the
public. They will be implemented prior to operation of the distillation column.
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Introduction and Purpose

This report documents a supplemental analysis to the Hydrotreater/Distillation Column Hazard Analysis
Report issued in April 2013. The supplemental analysis session was held June 19, 2014, in response to
an independent review comment transmitted to PNNL via letter from PNSO (14-PNSO-0215). The
comment states:

“...based on our independent review and in light of our code responsibilities as the owner, we are
directing Battelle to provide PNSO with the following items prior to start-up of the distillation column:

“3. Identification of prudent protective actions for the worker and the public (e.g., set-back
distances, shielding, procedures for minimizing time in the higher risk areas during operation,
etc.) based on quantitative analysis and practical risk minimization approaches (for the
distillation column).” (Emphasis added)

The purpose of the review was two-fold: identify prudent, practical protective actions for workers and
the public, and use a quantitative analysis as the basis for this selection.

Scope and Methodology

The baseline analysis upon which this supplemental analysis builds is the Hydrotreater/Distillation
Column Hazard Analysis Report (PNNL, 2013) and uses the hazardous conditions cited therein (Table 3-4
of PNNL, 2013) as the basis for evaluation. The hazardous conditions considered were then screened
and grouped as follows:

- Items retained included process safety-related hazards that fall outside of the normal operating
envelope of PNNL. Standard laboratory hazards, such as trips, slips, falls, work with compressed
gases, etc., are within the PNNL normal operating envelope for which safety programs have been
implemented and require no further analysis.

- Items retained included those related to operation of the distillation column or to utility systems
that affect or could be affected by distillation column operation. [ltems related to operation of the
hydrotreater systems will be evaluated during a future supplementary hazards analysis session.]

- Retained items were grouped so that bounding, representative conditions are evaluated. This
includes initiators, hazard controls, and consequence types.

This screening and grouping approach provided a concise set of hazardous conditions to be analyzed,

while assuring that any additional hazard controls selected are broadly applicable to the hazards

associated with distillation column operations.

The methodology used follows a quantitative approach. The frequency of the initiating event, together
with the likelihood that hazard controls (including critical controls) will not function as designed is
guantitatively estimated. Failure of all controls is required for the hazardous condition (consequence)
to occur. These likelihoods are binned by frequency ranges. The consequences of the hazardous
conditions evaluated are also estimated, and binned by severity. Together, the frequency and
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consequence can be represented for each group of analyzed events in a risk matrix (Figure 1), based on
Guidelines for Hazard Evaluation Procedures, 3™ edition (AIChE, 2008).

The risk matrix reflects criteria for risk acceptance that have been adopted for the project. A general
criterion for a lower level of concern for the most serious accidents may be adopted from various
sources. From the U.S. Department of Energy, EH-33 (DOE, 1996), the threshold for significant risk as
adopted by the Occupational Safety and Health Administration (OSHA) in its final benzene rule is 10
fatality/year; the average annual accidental fatality risk in U.S. industries is 10 fatality/year. For the
public, 10" fatality/year is often used as a maximum tolerable individual risk criterion (Lewis®, Travis?).

For this evaluation, PNNL has established a lower frequency value of 10® hazardous conditions/year for
determining risk, which includes the potential for serious accidents affecting workers or the public. This
frequency corresponds to the generic catastrophic failure rate for pressure vessels, including those
routinely encountered by the public, posing pressure hazards and containing hazardous and flammable
materials (Lees, 2012). Should the frequency of a specific hazardous condition fall to a small fraction of
the likelihood of a catastrophic pressure vessel failure (10°/year), the risk is considered small enough
that additional controls are unnecessary.

When additional controls needed to lower the likelihood of a hazardous condition were considered
neither practical nor prudent, actions to reduce consequences were identified instead. This approach
follows a control hierarchy consistent with established DOE guidance (DOE, 2006) that emphasizes
preventive over mitigative controls, and engineered controls over administrative controls.

For events that do not result in an energetic release from a pressure vessel failure, consequences are
less severe and a higher likelihood of occurrence may be justified, based on risk (see Figure 1).

The frequency (f) ranges are defined as follows (per year):

1>f>1E-01
1E-01 >f > 1E-03
1E-03 >f > 1E-05
4 f<1E-05
The consequence bins are defined as follows:

w N -

worker injury not expected
worker injury possible
worker injury probable; public impact not expected
4 multiple worker injuries possible; public impact possible (transient public)
The combination of frequency and consequence results in designated risk bins, defined as follows (from
AIChE, 2008):

w N -

! Lewis, Steven. “Risk Criteria — When is low enough good enough?” American Society of Safety Engineers-
Middle East Chapter. 8" Professional Development Conference & Exhibition (PDC&E), February 2008.

% Travis, C.C., et al., “Cancer risk management: A review of 132 federal regulatory decisions,” Environ. Sci.
Technol., Vol. 21. No. 5. 1987.
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l. Unacceptable; should be mitigated with engineering and/or administrative controls to a risk
ranking of Il or less within 6 months®
Il. Undesirable; should be mitigated with engineering and/or administrative controls to a risk
ranking of Ill or less within 12 months®
lll.  Acceptable with controls; should be verified that procedures or controls are in place
IV.  Acceptable as is; no mitigation required

Figure 1. Risk Matrix

1 I I
[7p]
=
0 2 v I
>
(&]
c
= 3
= Y Y I I
5]
L
4 v v v v

Consequence Bins

It is noted that the quantitative approach has embedded conservatisms for this application:

e While frequencies of initiating events and control failures are typically based on continuous
operation of a process over the course of a year, the intermittent operation of the distillation
column is expected to occur over a small fraction of a full year, thereby reducing risk up to an
order of magnitude from that reported.

e Each hazardous condition evaluated does not necessarily include all hazard controls that are in
place. Because the events selected are representative, only those with a common set of
controls are considered in the analysis.

Results

The supplemental analysis demonstrates that the hazardous conditions evaluated fall into Risk Bin IV
with the hazard controls in place. The severities were estimated from the available energy that may be
released and environmental conditions postulated to exist for each scenario. The basis for frequency
estimates are provided in Table 1*. Frequencies of failures for which little or no relevant data exists are
based on reasonably conservative engineering judgment or follow an accepted convention. For

®The assignation of “unacceptable” and “undesirable” risk bins are essentially the same for the distillation column.
Controls to reduce the risk ranking to 111 or less are required to be in place prior to operation.

* Note that some initiating event frequencies have been adjusted since the April 2013 hazard analysis, based on re-
evaluation of the hazardous condition or on the addition of engineered features to the design or administrative
controls to procedures.
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example, the frequency of an administrative control failure is generally considered to be an “anticipated
event” (DOE, 2007) and is therefore estimated as 1E-01/year in this analysis.

Table 2 summarizes the results of this supplemental analysis. The following additional hazard controls
were identified during the analysis as prudent, practical measures to enhance worker safety:

1. Modify the safe operating procedure (SOP) to ensure that vessel V-180 has been purged and
padded with nitrogen prior to filling with a flammable liquid. This mitigates the potential hazard
of creating a flammable (fuel and oxygen) atmosphere in the tank when it is filled. (D.1-13
bounding event)

2. Modify the SOP to purge vessel V-180 to the low pressure relief header rather than to the vent
header; this nitrogen purge is done prior to each run. This will ensure that the low pressure
relief line is free of obstruction (e.g., mud dauber nest). (U-7 bounding event)

3. Modify the SOP to state that 1) any leak testing of the system (with nitrogen) will be conducted
with the ventilation system operational and 2) the nitrogen supply will be closed when not in
use. This mitigates the presence of an oxygen-deficient atmosphere during maintenance
activities and non-operational timeframes. (D.1-1 bounding event)

4. Modify the SOP to require the operator to minimize the stay time within the enclosure during
distillation column operations. This decreases the time an operator is subject to any incidents
that might occur within the enclosure. (Multiple events)

In addition, questions were raised during the session that was addressed with the aid of additional
calculations (Appendix A). These are referenced from the pertinent hazardous conditions of Table 2.
Where the calculations show that the potential hazardous conditions identified would not actually be
attained, their consequences were changed to the applicable consequence bin to reflect this
information.

Based on the supplemental analysis and the application of the existing and additional hazard controls,
the frequencies and mitigated consequences of the potential hazardous conditions considered fall into
Risk Bin IV.

Conclusion

This supplementary analysis and the quantitative risk evaluation performed has demonstrated that an
adequate set of hazard controls are in place to address the potential hazardous conditions associated
with the distillation column operation. Frequencies of initiating events and enabling process control
failures were established and considered in evaluating the adequacy of the controls in place.

Additional controls were identified where the quantitative analysis demonstrated a need for additional
preventive or mitigative measures. These include: limiting stay time for operators within the enclosure
during distillation column operation; ensuring that vessel V-180 has been purged and padded with

10
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nitrogen prior to filling with a flammable liquid; requiring vessel V-180 to be purged to the low pressure
relief header prior to each run rather than to the vent header; requiring that leak testing of the system
(with nitrogen) be conducted with the ventilation system operational; and requiring the nitrogen supply
be closed when not in use. These additional controls are considered practical and prudent for further
reducing risk to workers and the public, and will be established prior to operation of the distillation
column.
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Table 1. Frequency Values and Data Sources

Frequency Initiatin
ID Name Yrloras g Basis/ Discussion
. Events
given
Lees [1] Table A14.56
D Flame Detection 0.117 - Used Ultra-violet Detector fail to operate 108E-03 /year
0.0117 2 Detectors, Used Common Cause factor 10X (Assumed Environment in Enclosure is bounded
based on data.)
CCPS [2] page 208 4.2.4.1 Mist system- used fire pumps 4.25E-1/demand
FS Fire Suppression 0.0425/d Assumed sprinklers not actuated/did not function — prob. 0.1. [3]
(Note: Assumed fire large enough to cause a BLEVE concern would actuate sprinklers.)
y CCPS [2] page 33
Flam Gas/vapor 0.053 - — " —
GD detection 0.0053 Gas detectors =(44/1.6E7) * 8760 =0.0231/year
2 Detectors. Used 10X for environs (potential high heat) and 10X common cause.
IGN1 Ignition of spill - 0.01- Engineering Assumption: Ignition Range based on spray of “finished product” versus spill.
(EN) product 0.001 Assume ignition is .1 /event outside of Class 1 Div 2 Environment.
:?:\\:)2 :lg;;tkl)o\r;azfol-rlzdrogen 5.00E-01 Engineering Assumption: 0.5 for "autoignition" of hydrogen in Class 1 Div. 2 environment.
IGN3 lgnition in vessel 1.00E-03 Engineering Assumption: Ignition source in vessel. Assumed to be equal to lower range of
IGN1.
Small leak - sufficient to release gas. Little data appears on the use of "Tubing" as process
piping. Failure rates are therefor based on Lees [1] Table A14.8 "Gasket failure” 1E-6/hour *
LK1 Leakl 1.00E-01 D.4-9 10x multiplier to address "small leaks" which appear under reported 0.087 /year - use 0.1
/year. (Note: Gasket Failures appear in range from 1E-4/hour to 1E-7/hour - (Serious Leak
post-accident Table A14.7)
D4-5 Moderate Leak (sufficient to result in significant loss of fluid or gas). See above without 10x
k2 | Leak2 1.00E-02 | U-10 N, & gas).
U-30 pler:
LK3 Leak3 7 40E-03 Leak in pressure. bouhdary vessel.. Lees [1] Table 12.30 for failure of vessels in Olefin Plants.
Note: Does not identify type of failure.
LPR Low Pressure Relief 1.00E-02 U-7 Engineering Assumption: Based on design including screens and 2 relief outlets "T" points.

Header Block

Area is exposed not covered.

13
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Frequency Initiatin
ID Name Yrloras g Basis/ Discussion
. Events
given
Operator Error D.1-1
(procedural step or D.1-6 (DOE-STD-3009, DOE-STD-5506. High point of Anticipated Event Range. Anticipated range is
Opl response to process 1.00E-01 D.1-8 recommended unless a rationale for supporting lower frequencies is provided (e.g., requires
alarm, or readily D.5-8 multiple independent errors of commission or omission, activity is rarely performed, etc.)
detectable event) U-33
0p2 (ct)ezi?r:z;ggcedure 5. 00E-02 D.1-13 E.H-33[4] 5X Nominal value for failure to respond to Compelling Signal given many competing
signals.
— Safety alarm)
Operator Error failure CCPS [5] Table 3.17 failure to perform required action (based on contact with control room)
Op3 to detect and respond 5.00E-01 used when event includes a time urgent/higher stress response and for non-procedure driven
to off-normal system operator response actions.
EH-33[4] Table A.1 General Instrumentation (sum of fail to operate and shift calibration. 3.1E-
p1 Single Process 3.00E-01 5/hour)
Instrument/Alarm ’ Lees [1] Table A14.53. Bounds average of all reported mean failure rates. [(26 +33+18+56)/4
1/106 hour
2 Process CCPS [5] PP 363 Beta Factor 0.2 (Range 0.1-0.2) For a 2 component system = (CCF* Failure
P2 0.06
Instruments/Alarms Rate) = 0.2*P1.
P3 Process Critical Control 1.00E-02 D.2-1 Engineering Assumption: Used Lower End of SIL-1 for Critical Control Instrumentation [6].
PCVv Pressure Control Valve 0.0314 CCPS [2] page 201. 3.5.3.3 Pneumatic operated valves. Mean 3.59E-06/hour
PDL maintain 0.1/ Engineering Assumption: building size/ventilation unable to maintain gas to below hazardous
PDL . . .
Concentration < limit. demand limits or LFL = 0.1/demand
D.2-4
. D.2-17 .. . .
PROC | Process / Operational 01-001 D.4-3 DOE-STD-3009, DOE-STD-5506 Anticipated Event Range. Anticipated range is recommended
ESS Upset ) ) U.-S unless a rationale for supporting lower frequencies is provided.
U-32
0.2E-03 CCPS [2] page 212. 4.3.3.2 Safety Relief Valves- Spring Loaded: Failure to Open on Demand
PRV Pressure Relief Valve ; u-8 0.212E-3/demand. For continuous service (spurious open): 1.68E-6/hour*8760 hour/year =
demand
1.47E-02/year
pSy Pressure Safety Valve 0.0415/ CCP$ [2] pag.e.211. 4.3.3.2 Safety Relief Valves- Pilot Operated PRV 4.15E-3 /d * 10 for liquid
demand service conditions.
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Name

Frequency
-1

Yr~ oras
given

Initiating
Events

Basis/ Discussion

VC1

Catastrophic Failure of

Vessel

1.00E-05

D.4-4

Lees [1] pp 609 establishes a mean failure rate of 1E-5 for disruptive failures of pressure vessel
(Hurst, Davies et al, 1994).

CCPS [2] 3.6.2.1 Metallic Pressurized Vessel establishes a range 3.85E-4 (upper), 9.55E-05
(mean) 1.24E-6 (lower) for "all failures".

For Hydrotreater/Distillation Column vessels, the use of 1E-5 failure / year represents a
conservative estimate based on the following considerations:

1) Use of 316 Stainless Steel (SS) as material of construction, SS provides excellent resistance
to corrosion and a number of material degradations issues for the conditions experience in
HT/DC operations; SS ductility provides additional protection against catastrophic failures
associated with (PVB and BLEVEs); the high ultimate strength SS provides an additional factor
of safety compared to carbon steels commonly used in pressure vessels and thus included the
above aggregate values.

2) Large margin between design pressure and normal operating pressure;

3) Demonstrated protection systems and environment minimize challenges (temperature,
pressure, environment) to the vessels

4) Numerous sources (e.g., EH-33 [4]. Pittiglio [7]) identify "high standard" vessels having a
factor of 10 lower failure frequency - it is assumed high standard equates to ASME standard or
equivalent with modern construction techniques (post-1990) when looking at "world-wide"
population of pressure vessels.

VENT

Ventilation

1.00E-03

Engineering Assumption: Assumed failure per demand (Leaks) for which the ventilation
system is not capable of maintaining air concentration in acceptable range. Assumes system is
operation when process is running.

(1]
(2]
(3]
(4]
(5]
(6]
(7]

F. P. Lees, Loss Prevention in the Process Industries, 4" Edition, 2012.

CCPS, Guidelines for Process Equipment Reliability Data, 1989.

NFPA, "U.S. Experience with Sprinklers," John R. Hall, Jr. June 2013.

DOE EH-33, HAZARD AND BARRIER ANALYSIS GUIDANCE DOCUMENT, 1996.

CCPS, Guidelines for Chemical Process Quantitative Risk Analysis, 2nd Edition.

ANSI/ISA 84, Application of Safety Instrumented Systems for the Process Industries, 2004.

Pittiglio, P. et al. “Updated failure rates and risk management in process industries,” 68™ Conference of the Italian Thermal Machines Engineering

Association, ATI2013.
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Table 2.

Supplemental Hazard Analysis and Risk Assessment — Distillation Column

Supplemental Hazard Analysis and Risk Assessment Evaluation — Distillation Column

Hazardous Event

Bounded
Events
Bold =
bounding

Hazard Controls

Bold = new selected control
Italics = existing control
newly assigned

Initiating
Event
Frequency

(Enabling)
Process
Control
Failures

Critical
Controls

Event
Frequency

Consequence
Severity

Risk Bin

Comments

Catastrophic failure of the
vessel.

D.4-4

V-184 Design pressure.
Pressure Test Procedure.
Operating within design
parameters - overpressure
over temperature alarms
and controls.

1.00E-05

1.00E-05

Catastrophic failure of the
vessel due to over
pressurization from low
pressure nitrogen system

D.1-6
D.1-7
D.2-7
D.4-13

Pressure regulation of the
low pressure nitrogen
supply to 40 psi.

Pressure Relief Valve on
Nitrogen Supply set at 60
psi.

Pressure regulation of the
low pressure nitrogen
system pressure to 10 psi.
Pressure Test Procedure.
Pressure regulator to off gas
vent header set at 15 psig.
Design of low pressure
components.

Low pressure component
PRVs set at < 70 psig.

1.00E-01

PRV*PCV*
PCV

PRV

3.94E-12

Includes PRV on Nitrogen and
PRV on Vessel

Catastrophic failure of the
vessel due to over
pressurization from
blocked flow path

D.4-3
D.1-14
uU-11

V-184 Design pressure.
V-184 PRV set at 70 psi.
HI/HI-HI pressure on
column.

Pressure safety valve and
control on pump.

Pump high pressure set
point.

1.00E-01

P2*pSv

PRV

4.98E-08
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Hazardous Event

Bounded
Events
Bold =
bounding

Hazard Controls

Bold = new selected control
Italics = existing control
newly assigned

Initiating
Event
Frequency

(Enabling)
Process
Control
Failures

Critical
Controls

Event
Frequency

Consequence
Severity

Risk Bin

Comments

Catastrophic failure of the
vessel due to product
(fuel) spill and flame
impingement.

D.4-5
u-9

Design of distillation skid
components pressure
components.

Enclosure Design — Class 1
Div 2.

Flame detection inside
enclosure.

Flammable vapor monitor
on skid.

Fire suppression system in
enclosure.

Operator response and
emergency stop.

1.00E-02

IGN1(EN)*
oP3

GD*FD*
FS

1.32E-08

Catastrophic failure of the
vessel, hydrogen or spray
flame impingement.

U-10

Design of hydrogen pipe
system. Excess flow valve on
hydrogen supply.

Flame detection inside
enclosure. Hydrogen
monitor on skid and
enclosure.

Fire suppression system in
enclosure.

Reactor column shielded by
furnace enclosure which
would limit exposure and
rapid temperature rise to
heat up the vessel.
Operator response and
emergency stop.

1.00E-02

IGN2(EN)*
oP3

GD*FD*
FS

6.59E-07

Hydrogen is not used on the
distillation column skid but is
present on the hydrotreater
skid.
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Hazardous Event Bounded Hazard Controls Initiating (Enabling) Critical Event Consequence Risk Bin | Comments
Events Bold = new selected control | Event Process Controls | Frequency Severity
Bold = Italics = existing control Frequency Control
bounding | newly assigned Failures
Catastrophic failure of V- D.1-13 Pressure Test Procedure — 5.00E-02 IGN3 5.00E-05 1 v Initiating Event Frequency -
180 from flammable with nitrogen purge. Failure of Critical Control -
mixture in headspace due Procedural STEP - Verify Human error and failure of new
to failure to purge after purge and padding of V-180 process control (conservatively
cleaning. with N2 prior to filling with set to failure of Critical Control).
flammable liquid.
Mitigated Consequence Severity
1 based on pressure rise
resulting in deformation of
vessel but not rupture (see
Appendix A, Item 3).
Catastrophic failure of D.2-17 Temperature indication on 1.00E-01 P2 P3 6.00E-05 1 v Mitigated Consequence Severity
distillation column due to heater JE-N-8023. reduced to 1 due to the
overheating from heater High-High Temperature on construction of the distillation
failure. V-184. column out of 316 Stainless
Steel. The pressure rating
degrades above 565 C, but
shows allowable pressure of
100 psig at > 700C. The
Pyrotenax heat tape has a
maximum maintainable
temperature of 550°C (see
Appendix A, Item 1).
Catastrophic failure of u-7 Design of system includes 1.00E-02 OP1*0OP3* 9.42E-07 3 \Y) Initiating Event frequency is the
vessel given inability of bird screens, double release P2*pPCV blocked flow path (e.g., mud
pressure relief due to path at top. daubers).
blocked low pressure flow Design pressure of knockout Event frequency requires
path. pot is 12 psi. multiple failures to correct the
Procedural STEP — Purge V- blockage and failures resulting
180 to low pressure relief in activation of the PRV.
header prior to each run.
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Hazardous Event Bounded Hazard Controls Initiating (Enabling) Critical Event Consequence Risk Bin | Comments
Events Bold = new selected control | Event Process Controls | Frequency Severity
Bold = Italics = existing control Frequency Control
bounding | newly assigned Failures
Spray or spill from system D.1-11 Flow monitor, temperature 1.00E-01 P2 PRV 1.20E-06 2 v
due to blocked ventilation D.2-4 alarm on Chilled Water
flow path resulting in D.5-9 system and heat exchanger.
higher than expected U-1 Manual flow indicator FIC-
pressures in vessels from U-3 8001 (would not see at
transfers / distilling. computer). PRVs, pressure
indication, pressure alarms
on distillation column.
Ignition of flammable D.2-1 Procedure steps. 1.00E-02 LK1 VENT* 5.30E-08 3 v
vapors due to leak and D.2-2 Pressure Test Procedure. GD
failure to achieve or D.2-3 Enclosure Ventilation
maintain Class | Division 2 System.
environment. Alarms for flammable
vapors on skid.
Failure in pressure D.1-10 Pressure test procedure. 1.00E-01 IGN1(EN)* VENT 5.00E-08 3 v
boundary or vent system D.1-12 Design of distillation skid OoP2
results in release of D.2-5 components.
flammable liquid/vapors D.4-7 Enclosure Ventilation
D.4-9 System.
D.4-11 Enclosure Design — Class 1

Div 2.

Flammable vapor monitor
skid. Containment pan on
skid that could capture the
spill.

Personal Oxygen/ Gas
Detectors would notify
operators of release.
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Hazardous Event Bounded Hazard Controls Initiating (Enabling) Critical Event Consequence Risk Bin | Comments
Events Bold = new selected control | Event Process Controls | Frequency Severity
Bold = Italics = existing control Frequency Control
bounding | newly assigned Failures
Operator Error results in D.5-7 Enclosure Ventilation 1.00E-01 IGN1(EN) VENT 1.00E-06 3 v Spill kit located in PDLW.
spill of flammable liquid D.5-8 System.
into enclosure. Enclosure Design — Class 1
Div 2.
Operator action — spill
response.
Inadvertently using D.1-8 Hydrogen monitors on skids | 1.00E-03 IGN2(EN) GD*VEN | 2.65E-08 3 v Initiating event reflects effort to
Hydrogen instead of and enclosure. T connect hydrogen into nitrogen
nitrogen for leak check Enclosure Ventilation system; requires installing
results in flammable System. additional connections.
atmosphere and Valve and line labeling.
deflagration in enclosure. Different gases have
different bottle fitting.
Operator Error during D.1-1 Pressure Test Procedure. 1.00E-01 OP2 VENT 5.00E-06 3 \Y) See Appendix A, Item 4 for 02
pressure check results in D.1-3 Enclosure Ventilation calculation performed w & w/o
release of nitrogen into D.1-4 System operable when ventilation.
enclosure. (Frequency D.1-5 system is pressurized.
bounds N2 line failures). D.1-15 Procedural STEP — 1) any
D.2-9 leak testing of the system
U-29 (with nitrogen) will be

conducted with the
ventilation system
operational and 2) the
nitrogen supply will be
closed when not in use.
Design of pressure vessels
and components.
Pressure indication on the
distillation column.
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Hazardous Event Bounded Hazard Controls Initiating (Enabling) Critical Event Consequence Risk Bin | Comments
Events Bold = new selected control | Event Process Controls | Frequency Severity
Bold = Italics = existing control Frequency Control
bounding | newly assigned Failures
Nitrogen leak in PDL-West uU-30 Design of nitrogen supply 1.00E-02 PDL 1.00E-03 1 v Mitigated Consequence Severity
results in personnel lines. reduced to 1 based on reaching
exposure. PDL-W large bay facility. only minimum safe 02
concentration for worst case
release (see Appendix A, Item
4).
Loss of ventilation fan uU-5 Loss of ventilation fan trips 1.00E-01 IGN1 1.00E-02 1 v Mitigated Consequence Severity
results in flammable process controls. reduced to 1 based on not
atmosphere in vent reaching flammable
system. concentration in the stack for
worst case release from
distillation column, V-184 (see
Appendix A, Item 2).
Activation of pressure uU-8 Design of knockout pot and 1.47E-02 IGN1 1.47E-03 1 v
relief valve results in lines.
flammable atmosphere in
pressure relief vent
system.
Spill or leak in PDL-West uU-32 Flammable vapor monitor. 1.00E-01 IGN1(EN) GD 5.30E-06 3 \Y) Used lower end of IGN1(EN)
results in introduction of Enclosure Design — Class 1 range due to dilution as vapors
flammable or hazardous Div 2. are drawn into the enclosure.
vapors to enclosure. MCA alarm, 20 minute
bypass timer until Scenario
Ais initiated (unless
operator bypasses).
Intake vehicle exhaust U-33 Administrative Control of 1.00E-02 OoP3 5.00E-03 1 \% IE based on combination of “no

enters in through

ventilation system intakes.

vehicles in vicinity of

building intakes (e.g., do not

park and idle).
Gate is locked.

parking” signs and locked gate.
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Appendix A

Calculations of Potentially Hazardous Conditions
Column Temperature Calculation

The distillation column is constructed out of 316 Stainless Steel. Based on the material
specification referenced in Zeton’s calculation, the table below charts the allowable pressure up
to 1500 F (815 C). The pressure rating degrades rapidly above 1050 F (565 C).

The listed maximum allowable working pressure (MAWP) of 100 psig of the distillation column
was assigned by Zeton to match the design temperature. The Codeware calculation provided by
Zeton shows that the “actual” MAWP of the vessel (limited by the flanges) is 420 psig.

SA-403 316 Stainless Steel | |
F C ksi Allowable Pressure (PSIG)
850 454.4 15.7 100.0 420
900 482.2 15.6 99.4 417.3
950 510.0 15.4 98.1 412.0
1000 537.8 15.3 97.5 409.3
1050 565.6 15.1 96.2 403.9
1100 593.3 12.4 79.0 331.7
1150 621.1 9.8 62.4 262.2
1200 648.9 7.4 47.1 198.0
1250 676.7 5.5 35.0 147.1
1300 704.4 4.1 26.1 109.7
1350 732.2 3.1 19.7 82.9
1400 760.0 2.3 14.6 61.5
1450 787.8 1.7 10.8 455
1500 815.6 1.3 8.3 34.8
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The 1175W Pyrotenax heat tape has a maximum maintainable temperature of 550°C (per the vendor
data on the SharePoint site). The pressure rating of the vessel degrades rapidly above 565°C but
remains high up to that temperature. At the heat tape limit of 550°C, the column is still rated at over
400 psig. Therefore, the heat tape is not a challenge to the integrity of the vessel.
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2. Residual concentration of flammable gas in the header/stack upon loss of ventilation

Scenario: The maximum amount of flammables in the distillation column (V-184) gets into the
stack. Solution:
A. Volume of V-184 and the stack
1. Empty V-184 volume =18.13 L
a. Rectifying + stripping section (44” + 79 1/8” x 2.5” Sch 40 pipe) =9.66 L
b. Reboiler (40 5/8” x 4” Sch 40 pipe) = 8.47 L
2. Stack=3088.9L
a. Height=50ft
b. Diameter = 20”
B. Calculating number of moles of flammable components
1. Conditions at V-184
a. Pressure =1 atm
b. Temperature = 180°C
i. This covers the gasoline range (light ends).

2. Number of moles

18.13 L x 1 atm
0.08206 %(273.15+180)K
C. Calculating number of moles of air in the stack
1. Conditions at the stack
a. Pressure =1 atm
b. Temperature =20°C

2. Number of moles

a. moles = = 0.49 moles flammable components

30889Lx1atm

a. moles = Tt = 128.41 moles of air
0.08206 (273.15+20)K
mol-K
D. Worst case scenario LEL
. 0.49 moles
Flammable concentration = ——  x 100% = 0.38%
128.41 moles

This value is below the LEL of gasoline in air of 1.4%. Therefore, there is no flammable
atmosphere hazard from the release of residual flammable gas from the distillation column
to the stack. Note the following conservatisms in the analysis:

1. V-184 actually contains packing materials and the reboiler heater as well as the liquid
inventory that further reduces the volume occupied by the gas.

2. Operation at a higher pressure can decrease the amount of components in the vapor
phase as higher pressure prevents volatilization at a specific temperature.

3. Decrease in flammable components going to the stack due to condensation (either
going through HE-185 or the sudden reduction in temperature from 180°C to 20°C) was
not considered.
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3. Deflagration Within Vessel V-180 Feed Tank
Introduction
Vessel V-180 is the feed tank for the distillation column. There is a possibility of air being
present inside the tank in addition to flammable gas. Typically this situation is mitigated
by a nitrogen purge. In the event that the gas purge step is missed, there is a potential
for a deflagration within V-180. The following calculation has been created to determine
the capability of the vessel to withstand this event.

Method of Analysis

The Boiler and pressure vessel code Section VIII-1 Appendix H point to NFPA 69, Standard
on Explosion Prevention Systems. The following calculation looks at deflagration control
by pressure containment as outlined in NFPA 69 Chapter 13.

Results

At operating conditions, V-180 can withstand a deflagration without rupture of the vessel.
A deflagration would likely cause permanent deformation of the vessel. This permanent
deformation may force the need to replace this vessel in the event of a deflagration.

References
1) 2010 ASME Boiler and Pressure Vessel Code Section VIII Division 1 Rules for

Construction of Pressure Vessels.

2) 2010 ASME Boiler and Pressure Vessel Code Section Il Part D Properties.
3) NFPA 69-2014 Standard on Explosion Prevention Systems.
Calculation
Pmawp = 135psi V-180 ASME B&PV Maximum Allowable Working
Pressure Apache Drawing 121135
Popp := 15 psi V-180 Operating Pressure
Back Pressure regulator set point
Ry1s80:= 9 Dimensionless Pressure Ratio
For a Gas/Air Mixture NFPA 69 13.3.4.2
S316:= 16.7ksi Allowable Stress - 316L@300F
Table 1A p66 Line 34 Section Il Part D
Sy316:= 19 ksi Yield Strength - 316L@300F
Table Y-1 p596 Line 35 Section Il Part D
Sy31g:= 64 ksi Ultimate Strength - 316L@300F
Table U p486 Line 36 Section Il Part D
Fo= SU3le - 383 Ultimate Stress Ratio
- NFPA 69 13.3.4
S316
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Fy = Sy316 = 114 Yield Stress Ratio NFPA 69 13.3.4

S316

Permanent Deformation Allowable (PDA), but not rupture - NFPA 69 13.3.4 (1)

RV180~(POpp + 14.7psi) ~ 14.7psi Eq. 13.3.4a NFPA 69

PPDA = 2 = ggpSI
Z Ry
3

Conditional criterion met —

I:)mawp > Pppp =1
Vessel can withstand deflagration without rupture

Permanent Deformation not accepted (PDNA) - NFPA 69 13.3.4 (2)

Ry180-(Popp + 14.7psi) - 14.7psi

—Fy

3

Conditional criterion not met —
Pmawp = PPDNA = 0

Vessel can't withstand deflagration without permanent
deformation
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4. Potential for Oxygen Deficient Atmosphere in the Enclosure due to Dewar failure

The Hydrotreater is fed nitrogen from a 240 liter Dewar that is located outside PDLW on
the East side of the building. The nitrogen is piped into the Hydrotreater enclosure
through a stainless steel tube. In the unlikely event that a fitting comes apart, a
calculation has been done to determine if an oxygen deficient environment will be
present in the enclose and potentially in PDLW (see calculation sheets on following

pages).

Enclosure

The enclosure has a once through ventilation system that operates at 1350 cfm. In the
event the Dewar is vented into the enclosure, the oxygen level within the enclosure would
be reduced from a nominal 21% to 20.6%, which is well above the 19.5% threshold for
allowing personnel to work safely (see calculation sheets on following pages).

In the event that the ventilation system is shut down and the nitrogen system vented into
the enclosure, the situation would be different. A 240 liter Dewar contains nearly
6,000ft"3 of nitrogen gas. The atmospheric volume of the enclosure is about 10,000 ft"3,
less space occupied by equipment. Release of the contents of a full Dewar into an
unventilated enclosure would result in a 60% reduction in oxygen level from 21% to 8.3%
(see calculation sheets on following pages). This does not consider exfiltration of the
nitrogen out of enclosure. The amount of that exfiltration will drive the duration of this
dangerous condition.

PDLW

The PDLW high bay has a ventilation system that runs to maintain building temperature
on a need basis. According to the Facility Use Agreement, the number of air changes per
hour varies between 0 and 10. In the event there is no ventilation in the high bay it is
important to look at the expected oxygen levels. The volume of the PDLW high bay is
about 80,000 ft*3. Release of 6000 ft*3 of nitrogen would reduce the oxygen level from
21% to 19.4%. Due to the construction of PDLW, this level is very conservative and not
considered to be a dangerous scenario.
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Hydrotreater Enclosure Oxygen Deficiency — Ventilation Active

Bldg PDLW Space Information
Room Enclosure Room Height (ft) 22
Prepared By D.A. Rohrig Room Area (ft/"2) 295
Date 6/27/2014 Air Changes Per Hour 74
Room Volume-Reduced (ft"~3) 9801
Ventilation Rate (cfm) 1343
Max Continuous Release Rate (cfm) 96
Event/Failure Scenarios
Cryogenics
Pressurized Dewar-Rupture Disk Cryomagnet Quench - Unvented/Quench
Failure Evaluated Duct Failure Not Applicable
Volume Largest Dewar (liters) 240 Lhe in Largest Cryomagnet (L) 50
Fluid (Nitrogen, Argon) Nitrogen Release Volume He (ft"3) 1341
Exhaust Location High Elevation of He Plume 22
Release Rate (CFM) NFPA - 55 - 240 Min 24.7 Estimated Time to Breathing Hazard (sec) N/A
Time to He Level 8ft (min) N/A Status _

Status | 20.6%

Cryomagnet Cool Down -
Unvented/Quench Duct Failure

Not Applicable

N2 Liberated During Pre-Cool (CFM) 50.03
He Liberated During Pre-Cool (CFM) 73.57
02 Concentration N2 Release 20.2%

He Hazard

N2 Hazard

Continued next page
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Transfer Dewar Spill Not Applicable
Volume - Largest Dewar (liters) 15
Fluid (Nitrogen, Argon) Nitrogen
Spill Volume-Gas (ft3) 371

02 Concentration 20.21%
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Compressed Gas

Relief Valve/ Regulator Failure

Not Applicable

House N2 or Ar Left Open/Hose Pop Off

Not Applicable

Volume of largest Cylinder (liters) 20 Max Pressure (PSI) | 40
Cylinder Pressure (psig) 2200 Diam Outlet (in) Valve/ Regulator/Rupture Disc 0.13
Status 20.8%_ Molecular Weight 28

Release Rate (CFM) 6.9

Status

Recommended Actions (by Analysis Preparer):

|D.A. Rohrig
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Hydrotreater Enclosure Oxygen Deficiency — Ventilation Inactive

The Enclosure is 16.5 feet X 30 feet with a 22 foot ceiling. The Hydrotreater skids occupy
an estimated 10% of the volume within the enclosure.

VEnc = -9-16.5t-30ft- 22t = 9801ft3 Volume of Air inside Enclosure

Ry2:= 700 Expansion Ratio for
Nitrogen Liquid to Gas

ViNg:= 2401 Volume of Liquid Nitrogen

Vano= V| noRny = 5933ft3
GN2 LN2"N2 Volume of Nitrogen Gas

In the event the nitrogen is released to the enclosure without the ventilation system
operating, it will displace the air. Air is about 21% oxygen. This calculation
conservatively assumes that only air is displaced by the nitrogen.

Cop:= 21% (1 - VgN2/ VEne) =8.3% Oxygen Concentration
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Executive Summary

A supplemental hazard analysis was conducted and quantitative risk assessment performed in
response to an independent review comment received by the Pacific Northwest National
Laboratory (PNNL) from the U.S. Department of Energy Pacific Northwest Field Office (PNSO)
against the Hydrotreater/Distillation Column Hazard Analysis Report issued in April 2013. The
comment states:

“...based on our independent review and in light of our code responsibilities as the owner, we
are directing Battelle to provide PNSO with the following items prior to start-up of the distillation
column:

“3. Identification of prudent protective actions for the worker and the public (e.g., set-
back distances, shielding, procedures for minimizing time in the higher risk areas during
operation, etc.) based on quantitative analysis and practical risk minimization
approaches (for the distillation column).

Iltems 1 and 3 are also expected to be provided to PNSO for the hydrotreater unit prior
to its operation...” (Emphasis added)

The supplemental analysis used the hazardous conditions documented by the previous April
2013 report as a basis. The conditions were screened and grouped for the purpose of
identifying whether additional prudent, practical hazard controls could be identified, using a
guantitative risk evaluation to assess the adequacy of the controls and establish a lower level of
concern for the likelihood of potential serious accidents. Calculations were performed to
support conclusions where necessary.

Additional controls were identified where the quantitative analysis demonstrated a need for
additional preventive or mitigative measures. These include:

1. Modification of the safe operating procedure (SOP) to state that 1) any leak testing of the
system (with nitrogen) will be conducted with the ventilation system operational and 2)
the nitrogen system will be closed when not in use. This mitigates the presence of an
oxygen deficient atmosphere during maintenance activities and non-operational
timeframes. [Action Completed as part of Distillation Column Supplemental
Hazard Analysis and Risk Assessment].

2. Modification of the SOP to require the operator to minimize the stay time within the
enclosure during hydrotreater operations. This decreases the time an operator is
subject to any incidents that might occur within the enclosure. [Action Completed as
part of Distillation Column Supplemental Hazard Analysis and Risk Assessment].

3. Administrative controls to check relief header - Modify the SOP to require verification
that the low pressure relief line is free of obstruction (e.g., mud dauber nest) (U-7
bounding event).

The following additional follow-on action items were identified during the analysis to verify
assumptions or enhance worker safety:

1. During startup testing, ensure that valves fail in the appropriate direction, based on their
credited function, on loss of air.
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2. Review areas of operator proximity to high pressure/high temperature system
components to ensure adequate personal protective equipment (PPE) is provided
against flashing steam release.

These additional hazard controls are prudent, practical measures to reduce risk to workers and
the public. They will be implemented prior to operation of the hydrotreater unit.
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Introduction and Purpose

This report documents a supplemental analysis to the Hydrotreater/Distillation Column Hazard
Analysis Report issued in April 2013. The supplemental analysis session was held March 9™-
11" 2015, in response to an independent review comment transmitted to the Pacific Northwest
National Laboratory (PNNL) via letter from the U.S. Department of Energy Pacific Northwest
Field Office (PNSO; 14-PNS0O-0215). The comment states:

“...based on our independent review and in light of our code responsibilities as the owner, we
are directing Battelle to provide PNSO with the following items prior to start-up of the distillation
column:

“3. Identification of prudent protective actions for the worker and the public (e.g., set-
back distances, shielding, procedures for minimizing time in the higher risk areas during
operation, etc.) based on quantitative analysis and practical risk minimization
approaches (for the distillation column).

ltems 1 and 3 are also expected to be provided to PNSO for the hydrotreater unit prior
to its operation...” (Emphasis added)

The purpose of the review was two-fold: identify prudent, practical protective actions for workers
and the public, and use a quantitative analysis as the basis for this selection.

Scope and Methodology

The baseline analysis upon which this supplemental analysis builds is the
Hydrotreater/Distillation Column Hazard Analysis Report (PNNL, 2013) and uses the hazardous
conditions cited therein (Table 3-4 of PNNL, 2013) as the basis for evaluation. The hazardous
conditions considered were then screened and grouped as follows:

- Items retained included process safety-related hazards that fall outside of the normal
operating envelope of PNNL. Standard laboratory hazards, such as trips, slips, falls, work
with compressed gases, etc., are within the PNNL normal operating envelope for which
safety programs have been implemented and require no further analysis.

- Items retained included those related to operation of the hydrotreater or to utility systems
that affect or could be affected by hydrotreater operation. [Items related to operation of the
distillation column were evaluated during a supplementary hazard analysis session
conducted in June 2014 (PNNL, 2014).] Items related to utility systems that were evaluated
in the distillation column report, and for which the hazardous event did not significantly
change for hydrotreater operation, were not revisited (i.e., U-30 and U-33).

- Retained items were grouped so that bounding, representative conditions are evaluated.
This includes the consideration of initiators, hazard controls, and consequence types.
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This screening and grouping approach provided a subset of hazardous conditions to be
analyzed, while assuring that any additional hazard controls selected are broadly applicable to
the hazards associated with hydrotreater operations.

The methodology used follows a quantitative approach. The frequency of the initiating event,
together with the likelihood that hazard controls (including critical controls) will not function as
designed is quantitatively estimated. Failure of all controls is required for the hazardous
condition (consequence) to occur. These likelihoods are binned by frequency ranges. The
consequences of the hazardous conditions evaluated are also estimated, and binned by
severity. Together, the frequency and consequence can be represented for each group of
analyzed events in a risk matrix (Figure 1), based on Guidelines for Hazard Evaluation
Procedures, 3" edition (AIChE, 2008).

The risk matrix reflects criteria for risk acceptance that have been adopted for the project and
used for the Supplemental Hazard Analysis and Risk Assessment — Distillation Column (PNNL,
2014). A general criterion for a lower level of concern for the most serious accidents may be
adopted from various sources. From the U.S. Department of Energy, EH-33 (DOE, 1996), the
threshold for significant risk as adopted by the Occupational Safety and Health Administration
(OSHA) in its final benzene rule is 107 fatality/year; the average annual accidental fatality risk in
U.S. industries is 10 fatality/year. For the public, 10 fatality/year is often used as a maximum
tolerable individual risk criterion (Lewis®, Travis?).

For this evaluation, PNNL has established a lower frequency value of 10® hazardous
conditions/year for determining risk, which includes the potential for serious accidents affecting
workers or the public. This frequency corresponds to the generic catastrophic failure rate for
pressure vessels, including those routinely encountered by the public, posing pressure hazards
and containing hazardous and flammable materials (Lees, 2012). Should the frequency of a
specific hazardous condition fall to a small fraction of the likelihood of a catastrophic pressure
vessel failure (10°/year), the risk is considered small enough that additional controls are
unnecessary.

When additional controls needed to lower the likelihood of a hazardous condition were
considered neither practical nor prudent, actions to reduce consequences were identified
instead. This approach follows a control hierarchy consistent with established DOE guidance
(DOE, 2006) that emphasizes preventive over mitigative controls, and engineered controls over
administrative controls.

For events that do not result in an energetic release from a pressure vessel failure,
consequences are less severe and a higher likelihood of occurrence may be justified, based on
risk (see Figure 1).

! Lewis, Steven. “Risk Criteria — When is low enough good enough?” American Society of Safety
Engineers- Middle East Chapter. 8" Professional Development Conference & Exhibition (PDC&E),
February 2008.

% Travis, C.C., et al., “Cancer risk management: A review of 132 federal regulatory decisions,” Environ.
Sci. Technol., Vol. 21. No. 5. 1987.
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The frequency (f) ranges are defined as follows (per year):

1 1>f>1E-01

2 1E-01>f>1E-03
3 1E-03>f> 1E-05
4 f<1E-05

The consequence bins are defined as follows:

1 worker injury not expected

2 worker injury possible

3 worker injury probable; public impact not expected

4 multiple worker injuries possible; public impact possible (transient public)

The combination of frequency and consequence results in designated risk bins, defined as
follows (from AIChE, 2008):

I.  Unacceptable; should be mitigated with engineering and/or administrative controls to a
risk ranking of Il or less within 6 months®
II.  Undesirable; should be mitigated with engineering and/or administrative controls to a
risk ranking of 11l or less within 12 months®
lll.  Acceptable with controls; should be verified that procedures or controls are in place
IV.  Acceptable as is; no mitigation required

Figure 1. Risk Matrix
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Consequence Bins

It is noted that the quantitative approach has embedded conservatisms for this application:

e While frequencies of initiating events and control failures are typically based on
continuous operation of a process over the course of a year, the intermittent operation

% The assignation of “unacceptable” and “undesirable” risk bins are essentially the same for the
hydrotreater. Controls to reduce the risk ranking to Ill or less are required to be in place prior to
operation.





Supplemental Hazard Analysis and Risk Assessment — Hydrotreater

of the hydrotreater is expected to occur over a small fraction of a full year, thereby
reducing risk up to an order of magnitude from that reported.

e Each hazardous condition evaluated does not necessarily include all hazard controls
that are in place. Because the events selected are representative, only those with a
common set of controls are considered in the analysis.

Results

The supplemental analysis demonstrates that the hazardous conditions evaluated generally fall
into Risk Bin IV with hazard controls in place. Table 2 summarizes the results of the
supplemental analysis. The event severities were estimated from the available energy that may
be released and environmental conditions postulated to exist for each scenario. The basis for
frequency estimates are provided in Table 1*. Frequencies of failures for which little or no
relevant data exists are based on reasonably conservative engineering judgment or follow an
accepted convention. For example, the frequency of an administrative control failure is
generally considered to be an “anticipated event” (DOE, 2007) and is therefore estimated as 1E-
Ol/year in this analysis.

The following additional hazard controls were identified during the analysis as prudent, practical
measures to enhance worker safety:

1. Modification of the safe operating procedure (SOP) to state that 1) any leak testing of the
system (with nitrogen) will be conducted with the ventilation system operational and 2)
the nitrogen system will be closed when not in use. This mitigates the presence of an
oxygen deficient atmosphere during maintenance activities and non-operational
timeframes. [Action Completed as part of Distillation Column Supplemental
Hazard Analysis and Risk Assessment].

2. Modification of the SOP to require the operator to minimize the stay time within the
enclosure during hydrotreater operations. This decreases the time an operator is
subject to any incidents that might occur within the enclosure. [Action Completed as
part of Distillation Column Supplemental Hazard Analysis and Risk Assessment].

3. Administrative controls to check relief header - Modify the SOP to require verification
that the low pressure relief line is free of obstruction (e.g., mud dauber nest) (U-7
bounding event).

Two hazardous events, included and noted in Table 2, were prevented due to either the design
of gas fittings or to a hydrotreater design change. Specifically, 1) the introduction of oxygen and
hydrogen at the same time (H.1-17) was prevented due to compressed oxygen and air having a
different fitting connection than compressed nitrogen and 2) an operator inadvertently releasing
contents of reactor into the enclosure was prevented with the addition of a 3-way valve (H.6-1).

In addition, questions were raised during the session, regarding critical characteristics of
high/low pressure interface valves (H.1-11, H.1-21, H.4-23 and H.4-24) associated with

* Note that some initiating event frequencies have been adjusted since the April 2013 hazard analysis,
based on re-evaluation of the hazardous condition or on the addition of engineered features to the design
or administrative controls to procedures.
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hazardous events, which were addressed with the aid of additional calculations (Appendix A).
Calculations demonstrate that the valves have been appropriately sized for potential flow rates
associated with hazardous events and identified controls are sufficient.

For several hazardous events involving leaks of bio-oil, sulfiding agents, and water byproduct,
the consequence likelihood would be further reduced from reported levels with the application of
required personal protective equipment (Appendix B. Chemical Safety Data Sheets).

Based on the supplemental hazard analysis and the application of the existing and additional
hazard controls, the frequencies and mitigated consequences of the potential hazardous
conditions were generally considered to fall into Risk Bin IV.

The following additional follow-on action items were identified during the analysis to verify
assumptions or enhance worker safety:

1. During startup testing, ensure that valves fail in the appropriate direction, based on their
credited function, on loss of air.

2. Review areas of operator proximity to high pressure/high temperature system
components for use of personal protective equipment (PPE) against flashing steam
release events.

Conclusion

This supplementary analysis and the quantitative risk evaluation performed has demonstrated
that an adequate set of hazard controls are in place to address the potential hazardous
conditions associated with hydrotreater operation. Frequencies of initiating events and enabling
process control failures were established and considered in evaluating the adequacy of the
controls in place.

Additional controls were identified where the quantitative analysis or qualitative considerations
(e.g., defense in depth) demonstrated a need for additional preventative or mitigative measures.
These include: 1) requiring leak testing of the system (with nitrogen) to be conducted with the
ventilation system operational and closing the nitrogen system when not in use, 2) limiting stay
time for operators within the enclosure, and 3) requiring the verification of an open flow path
(with nitrogen) to the relief header prior to each run. These additional controls are considered
practical and prudent for further reducing risk to workers and the public, and will be established
prior to operation of the hydrotreater unit. In addition, there were follow-on action items
identified to verify assumptions or enhance worker safety, including, 1) ensure valves falil in the
appropriate direction upon loss of air and 2) evaluate use of PPE for protection against steam
release events.
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Table 1. Frequency Values and Data Sources

Frequency Hazard
ID Name Yrtoras e Basis/ Discussion
. Identification
given
cVv Check Valve 0.0438 H.4-1 Smith 1985 [8] reports 5.00E-06/hr
H.4-10
1.30e- | Y10
EFV Excess Flow Valve y uU-24 http://www.hse.gov.uk/landuseplanning/failure-rates.pdf
02/demand | ; 5c
U-31
H.4-10 Lees [1] Table A14.56
H.4-11 i ; _
D Flame Detection 0.117 - et Used Ultra-violet Detector fail to operate 108E-03 /year . - .
0.0117 U-10 2 Detectors, Used Common Cause factor 10X (Assumed Environment in Enclosure is
U-25 bounded based on data.)
H.4-10 CCPS [2] page 208 4.2.4.1 Mist system- used fire pumps 4.25E-1/demand
H.4-11 . . .
FS Fire Suppression 0.0425/d U-9 Assumed sprlnkle(s not actuated/did not function — prob. 0.1. [3]
U-10 (Note: Assumed fire large enough to cause a BLEVE concern would actuate
U-25 sprinklers.)
H.4-10 CCPS [2] page 33
:'iéé Gas detectors =(44/1.6E7) * 8760 = 0.0231/year
H:4-28
GD Flam Gas/vapor 0.053 - H.8-2
detection 0.0053 H.8-3 ) o
U-9 2 Detectors. Used 10X for environs (potential high heat) and 10X common cause.
U-10
U-25
U-32




http://www.hse.gov.uk/landuseplanning/failure-rates.pdf



Supplemental Hazard Analysis and Risk Assessment — Hydrotreater

Name

Frequency
Yrtoras
given

Hazard
Identification

Basis/ Discussion

IGNL(EN)

Ignition of spill -
product

0.01 -
0.001

H.1-8
H.1-12
H.1-14
H.2-9
H.2-17
H.4-11
H.5-2
H.7-5
H.7-9
uU-3
U-4
uU-5
U-6
u-9
U-32

Engineering Assumption: Ignition Range based on spray of “finished product”
(0.01) versus spill (0.001). Assume ignition is 0.1 /event if outside of Class 1 Div 2
Environment.

IGN2(EN)

Ignition of
Hydrogen (leak)
Vapors

5.00E-01

H.2-1
H.2-2
H.2-3
H.2-15
H.4-8
H.4-10
H.4-15
H.4-19
H.4-20
H.4-23
H.4-24
H.4-26
H.4-28
H.7-7
H.7-8
H.8-2
H.8-3
U-10
uU-24
U-25
U-31

Engineering Assumption: 0.5 for "autoignition" of hydrogen in Class 1 Div. 2
Environment.

IGN3

Ignition in vessel

1.00E-03

U-8

Engineering Assumption: Ignition source in vessel. Assumed to be equal to lower
range of IGNL1.
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Frequency Hazard
ID Name Yrtoras e Basis/ Discussion
. Identification
given
H.1-8
H.1-12
H.1-14
H.2-1 Small leak - sufficient to release gas. Little data appears on the use of "Tubing" as
H.2-2 process piping. Failure rates are therefor based on Lees [1] Table A14.8 "Gasket
LK1 Leakl 1.00E-01 H.2-3 failure” 1E-06/hour * 10x multiplier to address "small leaks" which appear under
H.2-9 reported 0.087 /year - use 0.1 /year. (Note: Gasket Failures appear in range from
U-3 1E-04/hour to 1E-07/hour - (Serious Leak post-accident Table A14.7)
U-4
U-5
U-6
H.2-15
H.3-5
H.4-8
LK2 Leak? 1.00E-02 :jig M.oderate Leak (_su_fficient to result in significant loss of fluid or gas). See above
H.4-20 without 10x multiplier.
H.7-8
H.7-7
H.7-8
LK3 Leak3 7 40E-03 Leak in press.ure boundz_iry v_essel. Lees _[l] Table 12.30 for failure of vessels in Olefin
Plants. Note: Does not identify type of failure.
LPR E%‘{Ye?rﬁgzgre? 1 00E-02 En_gineering _Assumption: Based on design including screens and 2 relief outlets "T"
points. Area is exposed not covered.
Block
H.1-19
H.2-10
H.2-15
Operator Error H.4-6
(procedural step or H.4-7 (DOE-STD-3009, DOE-STD-5506. High point of Anticipated Event Range.
response to H.4-8 Anticipated range is recommended unless a rationale for supporting lower frequencies
OP1 1.00E-01 : : ; A o 1
process alarm, or H.4-15 is provided (e.g., requires multiple independent errors of commission or omission,
readily detectable H.4-19 activity is rarely performed, etc.)
event) H.4-20
H.7-1
H.7-7
H.7-8

10
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Name

Frequency
Yrtoras
given

Hazard
Identification

Basis/ Discussion

OoP2

Operator Error
(enhanced
procedure — Safety
alarm)

5.00E-02

H.1-7
H.1-10
H.1-13
H.1-18
H.1-20
H.1-22
H.1-23
H.1-24
H.1-25
H.1-28
H.2-8
H.2-16
H.2-22
H.2-23
H.2-24
H.2-25
H.3-6
H.4-12
H.4-13
H.4-16
H.4-21
H.4-31a
H.4-32
H.4-33
H.5-3
H.8-1
u-7
U-15
U-26
U-29

EH-33[4] 5X Nominal value for failure to respond to Compelling Signal given many

competing signals.

OP3

Operator Error
failure to detect
and respond to off-
normal system

5.00E-01

H.4-10
H.4-11
u-9
U-10
U-25

CCPS [5] Table 3.17 failure to perform required action (based on contact with control
room) used when event includes a time urgent/higher stress response and for non-
procedure driven operator response actions.

P1

Single Process
Instrument/Alarm

3.00E-01

H.4-4
H.4-5

EH-33[4] Table A.1 General Instrumentation (sum of fail to operate and shift

calibration. 3.1E-5/hour)

Lees [1] Table A14.53. Bounds average of all reported mean failure rates. [(26

+33+18+56)/4 ]/106 hour

11
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Name

Frequency
Yrtoras
given

Hazard
Identification

Basis/ Discussion

P2

2 Process
Instruments/
Alarms

6.00E-02

H.1-1
H.1-2
H.1-3
H.1-4
H.1-5
H.1-6
H.1-19
H.1-27
H.2-15
H.2-20
H.3-2
H.3-3
H.3-4
H.3-6
H.4-2
H.4-3
H.4-6
H.4-7
H.4-17
H.4-27
H.7-1
H.7-7
U-1
u-2
uU-21

CCPS [5] PP 363 Beta Factor 0.2 (Range 0.1-0.2) For a 2 component system = (CCF*

Failure Rate) = 0.2*P1.

12
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Name

Frequency
Yrtoras
given

Hazard
Identification

Basis/ Discussion

P3

Process Critical
Control

1.00E-02

H.1-1
H.1-2
H.1-3
H.1-4
H.1-5
H.1-6
H.1-27
H.2-20
H.3-6
H.4-2
H.4-3
U-3
u-4
uU-5
uU-6
U-15

Engineering Assumption: Used Lower End of SIL-1 for Critical Control
Instrumentation [6].

PC1

Catastrophic
failure of pipe

2.93E-06

U-24

CCPS [2] page 183. 3.2.1.1 Piping systems — Metal — Straight sections. Upper =
1.04E-01/10° mile-hours = 2.68E-02 / (8760 hours/year / 10° hours) = 9.11E-04/mile-
year = 9.11E-04 * (17feet/5280feet/mile) = 2.93E-06. For hydrotreater, the use of
2.93E-06 represents a catastrophic piping break. The frequency for small leaks was
increased by 10E+01.

PCV

Pressure Control
Valve

0.0314

H.1-15
H.1-16
H.2-7
H.2-10
H.2-26
H.4-23
H.4-24
H.4-29
H.4-31B
H.7-4

CCPS [2] page 201. 3.5.3.3 Pneumatic operated valves. Mean 3.59E-06/hour

PDL

PDL maintain
Concentration
< limit

0.1/
demand

u-24

Engineering Assumption: building size/ventilation unable to maintain gas to below
hazardous limits or LFL = 0.1/demand

PROCESS

Process /
Operational Upset

0.1-0.01

uU-7

DOE-STD-3009, DOE-STD-5506 Anticipated Event Range. Anticipated range is
recommended unless a rationale for supporting lower frequencies is provided.

13
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Name

Frequency
Yrtoras
given

Hazard
Identification

Basis/ Discussion

PRV

Pressure Relief
Valve

0.2E-03/
demand

H.1-3
H.1-4
H.1-5
H.1-6
H.1-11
H.1-15
H.1-16
H.1-19
H.1-21
H.1-27
H.2-7
H.2-10
H.2-26
H.3-2
H.3-3
H.3-4
H.4-1
H.4-2
H.4-3
H.4-6
H.4-7
H.4-12
H.4-13
H.4-16
H.4-17
H.4-21
H.4-22
H.4-23
H.4-24
H.4-27
H.4-29
H.4-31B
H.7-1
H.7-4
U-1
u-2
u-21
U-26

CCPS [2] page 212. 4.3.3.2 Safety Relief Valves- Spring Loaded: Failure to Open on
Demand 0.212E-3/demand. For continuous service (spurious open): 1.68E-
6/hour*8760 hour/year = 1.47E-02/year

PSV

Pressure Safety
Valve

0.0415/
demand

CCPS [2] page 211. 4.3.3.2 Safety Relief Valves- Pilot Operated PRV 4.15E-3 /d * 10

for liquid service conditions.

14
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Frequency

ID Name Yr'or as Ha_lz_ard_ Basis/ Discussion
. Identification
given
D H.5-2

QD Quick Disconnect 0.0210 H 7.5 2.40E-06/hr
Lees [1] pp 609 establishes a mean failure rate of 1E-5 for disruptive failures of
pressure vessel (Hurst, Davies et al, 1994).
CCPS [2] 3.6.2.1 Metallic Pressurized Vessel establishes a range 3.85E-4 (upper),
9.55E-05 (mean) 1.24E-6 (lower) for "all failures".
For Hydrotreater/Distillation Column vessels, the use of 1E-5 failure / year represents
a conservative estimate based on the following considerations:
1) Use of 316 Stainless Steel (SS) as material of construction, SS provides excellent
resistance to corrosion and a number of material degradations issues for the

Catastrophic H.1-18 conditions experience in HT/DC operations; SS ductility provides additional protection
VC1 Eailure of Vessel 1.00E-05 H.4-9 against catastrophic failures associated with (PVB and BLEVES); the high ultimate
H.4-18 strength SS provides an additional factor of safety compared to carbon steels

commonly used in pressure vessels and thus included the above aggregate values.
2) Large margin between design pressure and normal operating pressure;

3) Demonstrated protection systems and environment minimize challenges
(temperature, pressure, environment) to the vessels

4) Numerous sources (e.g., EH-33 [4]. Pittiglio [7]) identify "high standard" vessels
having a factor of 10 lower failure frequency - it is assumed high standard equates to
ASME standard or equivalent with modern construction techniques (post-1990) when
looking at "world-wide" population of pressure vessels.

15
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Name

Frequency
Yrtoras
given

Hazard
Identification

Basis/ Discussion

VENT

Ventilation

1.00E-03

H.1-7
H.1-8
H.1-10
H.1-12
H.1-14
H.1-20
H.2-1
H.2-2
H.2-3
H.2-9
H.2-24
H.2-25
H.4-4
H.4-5
H.4-8
H.4-15
H.4-19
H.4-20
H.4-26
H.4-28
H.4-33
H.5-3
H.7-8
H.8-1
H.8-2
H.8-3
U-29

Engineering Assumption: Assumed failure per demand (Leaks) for which the
ventilation system is not capable of maintaining air concentration in acceptable range.
Assumes system is operation when process is running.

(1]
(2]
(3]
(4]
(5]
(6]
(7]

(8]

F. P. Lees, Loss Prevention in the Process Industries, 4" Edition, 2012.

CCPS, Guidelines for Process Equipment Reliability Data, 1989.

NFPA, "U.S. Experience with Sprinklers," John R. Hall, Jr. June 2013.

DOE EH-33, HAZARD AND BARRIER ANALYSIS GUIDANCE DOCUMENT, 1996.

CCPS, Guidelines for Chemical Process Quantitative Risk Analysis, 2nd Edition.

ANSI/ISA 84, Application of Safety Instrumented Systems for the Process Industries, 2004.

Pittiglio, P. et al. “Updated failure rates and risk management in process industries,” 68" Conference of the Italian Thermal Machines

Engineering Association, ATI2013.

Smith, D.J., Reliability and Maintainability in Perspective, 2nd and 3rd editions, Macmillan London, 1985.
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Supplemental Hazard Analysis and Risk Assessment — Hydrotreater

Table 2. Supplemental Hazard Analysis and Risk Assessment Evaluation —

Hydrotreater
Hazardous Event | Representative Hazard Controls Initiating (Enabling) Critical Event Consequence | Risk Comments
Events Bold = new selected control Event Process Controls Frequency Severity Bin
Italics = existing control newly | Frequency Control
assigned Failures

Catastrophic H.4-9 R-130 Design (VC1) 1.00E-05 1.00E-05 4 \% IE due to
failure of high H.4-18 Procedural steps: Pressure test catastrophic failure
pressure/high procedure and vessel inspection of vessel material
temperature Operating within design (VC1).
vessel due to parameters Pressure checks/
material failure Design of V-140/LG-142 psi inspection validate
(BLEVE) MAWP (VC1) assumed failure

Level control on V-140 rate

Pressure/temperature indicators

and alarms
Catastrophic H.1-1 Procedural steps: lift procedure 1.00E-01 p2*p2 P3 3.60E-06 4 \% Use of 2- P2
failure of vessel H.1-2 and pressure test reflects multiple
due to H.2-20 Heater circuits are fused means of
overheating (protection against short circuit; identifying/
(BLEVE) P2). preventing event.

Pressure indication (alarm) on
furnace Z purge.

Software prevents operator from
changing settings above
maximum set point of 425 °C
(P2).

There is an internal
thermocouple interlocked to
furnace control (P2).

Cascade furnace control (P2)
R-130 High-High temperature
(P3).

Design of R-130, 3000 psi
MAWP at 537 °C (shell)

18
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Hazardous Event | Representative Hazard Controls Initiating (Enabling) Critical Event Consequence | Risk Comments
Events Bold = new selected control Event Process Controls Frequency Severity Bin
Italics = existing control newly | Frequency Control
assigned Failures
Operator error — H.1-3 Procedural step — gradual 1.00E-01 P2*OP1 PRV 1.20E-07 4 \% Pyrophoric
plug in system H.1-4 startup, pressure test, pressure catalysts are not
resulting in H.1-5 monitoring and catalyst currently proposed.
catastrophic H.1-6 monitoring
failure of vessel H.1-19 High pressure nitrogen supply Cannot overfill with
(BLEVE) H.1-27 set @ 3000 psi. catalyst and close
H.4-2 High pressure nitrogen system reactor head.
H.4-3 set @ 2500 psi.
H.4-6 Pre-testing/qualification P2 — conservatively
H.7-1 (benchtop) of new catalyst — reflects additional
sulfiding combinations for use failures required to
with bio-oils. challenge pressure
Limited to 1 liter due to design of boundary. ISCO
pumps. System would slow pump versus
down and not get as much. failure in H2 or N2
R-130 Design pressure 3000 psi. systems.
Pressure relief valve set at 3000
psi (PRV)
ISCO Pump high pressure set
point (process controlled) (P2).
ISCO pump firmware maximum
pressure of 3750 psi (P2).
Hydrogen system pressure set
point (3000 psi).
High-High pressure interlock at
2700 psi (P2).
High pressure process control
alarms (OP1)
Catastrophic H.3-6 Procedural step. 1.00E-01 OP2*P2 P3 3.00E-06 4 \% Operator response
failure due to Temperature control (P2) to audible alarm
excessive R-130 High temperature Alarm should be to
exothermic on thermocouple (OP2). reduce bio-oil flow.

reaction — feed
rate started too
high (BLEVE)

High High temperature interlock
(P3)

19
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Hazardous Event | Representative Hazard Controls Initiating (Enabling) Critical Event Consequence | Risk Comments
Events Bold = new selected control Event Process Controls Frequency Severity Bin
Italics = existing control newly | Frequency Control
assigned Failures
Catastrophic H.4-7 R-130 design pressure 3000 psi. | 1.00E-01 P2*OP1 PRV 1.20E-07 4 \% Operator response
failure due to Pressure relief valve set at 3000 to audible alarm
excessive psi (PRV). should be to turn
exothermic Pressure set point on hydrogen off the bio-oil feed
reaction system (3000 psi). and/or the
combined with a High-High pressure interlock at hydrogen.
plug resulting in 2700 psi (P2).
pressure High High temperature interlock
increase (P3)
(BLEVE) ISCO pump high pressure set
point (process controlled) (P2).
ISCO pump firmware maximum
pressure of 3750 psi (P2).
ISCO pump shear pin at 4500
psi.
Process control alarms for high
pressure (OP1)
Procedural step: temperature
feedback
Audible alarms on internal
thermocouple
Introducing H.1-18 Pressure test procedures 1.00E-01 OP2 VC1 5.00E-08 3 \% Catalyst is ignition
hydrogen instead (detection of no pressure on source. Limited
of nitrogen system components)/ flammability range
during pressure Valve lineup and labeling (OP2) (would quickly
check Vessel (VC1) purge all O2).
Vessel design
rating higher than
potential pressure
conditions.
Introducing H.1-17 Fittings are all different (air, 1.00E-02 Gas Prevented
oxygen and oxygen, and nitrogen). fittings
hydrogen at Receipt control for oxarc gas
same time delivery.

Valve and line labeling

20
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Hazardous Event | Representative Hazard Controls Initiating (Enabling) Critical Event Consequence | Risk Comments
Events Bold = new selected control Event Process Controls Frequency Severity Bin
Italics = existing control newly | Frequency Control
assigned Failures

Catastrophic H.4-10 Design of hydrogen pipe system, | 1.00E-02 IGN2(EN)* GD*FD* 8.57E-09 4 \% IE due to ignition of
failure of reactor | U-10 furnace enclosure and OP3 FS*EFV hydrogen
vessel due to U-25 enclosure.
flame Excess flow valve on hydrogen
impingement supply (EFV).
from hydrogen Flame detection inside enclosure
leak (BLEVE) (FD).

Hydrogen monitor on skid and

enclosure (GD).

Fire suppression system in

enclosure (FS).

Operator response and

emergency stop (OP3).
Catastrophic H.4-11 Design of product tank (V-160 1.00E-02 IGN1(EN)* GD*FD* 1.32E-08 4 \% Event may be
failure of reactor | U-9 A/B) and furnace enclosure. OP3 FS incredible based on

vessel due to
flame
impingement
from liquid fire
(BLEVE)

Pressure test procedure
Distillation skid has separate
containment from hydrotreater
skid

Enclosure design — Class 1
Division 2.

Flammable vapor monitor on
skid (GD).

Flame detection inside enclosure
(FD).

Fire suppression system in
enclosure (FS).

Operator response and
emergency stop (OP3).

lack of quantity or
heat energy from
pool fire.

Product tank
V-160 A/B size is
19 L (1 days’
running production
at1-2 L/hr-38 L
total volume of
both product
tanks).

IE due to
significant product
spill
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Hazardous Event | Representative Hazard Controls Initiating (Enabling) Critical Event Consequence | Risk Comments
Events Bold = new selected control Event Process Controls Frequency Severity Bin
Italics = existing control newly | Frequency Control
assigned Failures

Catastrophic H.1-16 Pressure control of the high 1.00E-01 PRV*PCV PRV 1.26E-10 3 \% IE reflects operator
failure of vessel pressure nitrogen supply system error in mis-setting
due to over at 2500 psi (PCV). one of 2 PCVs
pressurization Pressure relief of the high (bounds random
from high pressure nitrogen supply to 3000 failure of PCV.
pressure psi (PRV).
nitrogen system Pressure control of high
(PVB) pressure nitrogen system

pressure set at 2500 psi (PCV).

High pressure component PRVs

set at 3000 psi (PRV).

High pressure vessel and

component design pressure =

3000 psi.

High pressure alarms.

High pressure interlocks.
Operator error — H.2-10 Design of R-130/V-140 and 1.00E-01 PRV*PCV PRV 1.26E-10 3 \% IE reflects operator

resulting in over
pressurization of
the system
(PVB)

component pressure 23000 psi
MAWP.

R-130/V-140 PRVs set at 3000
psi (PRV).

Pressure regulation of the
hydrogen supply to 3000 psi
(PCV).

Pressure regulation of hydrogen
system pressure set at 2500 psi
(PCV).

High pressure alarm in R-130
(OP1).

High-High pressure interlock in
R-130.

Procedural step for pressure set
point and verify gas flow.

error in mis-setting
one of 2 PCVs
(bounds random
failure of PCV.
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Hazardous Event | Representative Hazard Controls Initiating (Enabling) Critical Event Consequence | Risk Comments
Events Bold = new selected control Event Process Controls Frequency Severity Bin
Italics = existing control newly | Frequency Control
assigned Failures
Operator error — H.1-11 Procedural Step (including valve | 2.00E-02 PRV 4.00E-06 3 \% Relief valves have
failure to H.1-21 lineup). been sized for this
open/close valve Pressure relief valves on low scenario.
resulting in pressure system components
catastrophic (PRV). IE reduced due to
failure of vessel requirement of two
(PVB) valves to be
misaligned.
Excessive H.1-15 Pressure regulation of the low 1.00E-01 PRV*PCV PRV 1.26E-10 3 \% IE reflects operator
pressure in low H.2-7 pressure nitrogen supply to 100 error in mis-setting
pressure H.2-26 psi (PCV) one of 2 PCVs
nitrogen system H.4-29 Pressure regulation of the low (bounds random
resulting in H.4-31B pressure nitrogen system failure of PCV.
catastrophic H.7-4 pressure to 10 psi (PCV).

failure of the
vessel (PVB)

Low pressure component PRVs
set at < 100 psi (PRV).
Pressure test procedure

Design of V-160 A/B 155 psi
V-160 A/B PRV set at 70 psi.
Containment pan on skid
/enclosure.

Design V-125 155 psi MAWP, V-
125 PRV set at < 100 psi (PRV)
Low pressure system pressure
limit.

Pressure set point, system
pressure control.

Enclosure Design — Class 1
Division 2.

Enclosure ventilation system
Flammable vapor monitoring on
skid.

Fire suppression system in
enclosure.
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Hazardous Event | Representative Hazard Controls Initiating (Enabling) Critical Event Consequence | Risk Comments
Events Bold = new selected control Event Process Controls Frequency Severity Bin
Italics = existing control newly | Frequency Control
assigned Failures

Catastrophic H.4-1 PSE2005 @ 100 psi sized for 2.00E-02 CV*CV PRV 7.67E-09 3 \% IE reduced due to
failure of vessel backflow (PRV). requirement of
due to ISCO Check valve, CK-2007 and CK- multiple failures in
pump failure 2012 (CV). ISCO pump
results in liquid
backflow (PVB)
Catastrophic H.4-22 PSV-4016 set at 70 psi (PRV). 1.00E-01 PRV*PRV | 4.00E-09 3 \%
failure of vessel LG-147 designed at 100 psig
due to valve MAWP.
failure/ over LG-147 vented to product gas
pressurization header.
(PVB) PSV-5001 in product gas vent

header downstream of LG-147 is

set at 10 psi (PRV).
Catastrophic H.3-2 Design of V-140 -3000 psi 1.00E-01 P2 PRV*PRV | 2.40E-10 3 \% Conservative
failure of vessel H.3-3 MAWP. ignores process
due to a fast H.3-4 Pressure relief valve PSV -4002 indicators-
block in flow path | H.4-17 set at 3000 psi (PRV). assumed fast
(PVB) H.4-27 PRV in reactor PSV-3011 acting. Would
(bounds spray or | U-1 (PRV) require additional
spill) u-2 Level control on V-140 failure (P2) to

u-21 (indicator/alarm). Pressure challenge pressure

indicators and alarms.

Over pressurization controls
from reactor (P2).

H/H interlock to ISCO pump
Switch to tempered water

boundary.
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Hazardous Event | Representative Hazard Controls Initiating (Enabling) Critical Event Consequence | Risk Comments
Events Bold = new selected control Event Process Controls Frequency Severity Bin
Italics = existing control newly | Frequency Control
assigned Failures

Catastrophic H.4-12 L/L mas flow alarm and an 1.00E-01 OP2 PRV 1.00E-06 3 \%
failure of vessel H.4-13 interlock to shut off hydrogen
due to a slow H.4-16 and ISCO pump (OP2)
block in flow path | H.4-21 Procedural monitoring of system
(PVB) U-26 Sufficient time for operator

response
Process indicators

Design of high pressure
components

Pressure Relief Valve PSC-4002
(PRV)

Level control on V-140.
Pressure indicators and alarms
(OP2)
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Hazardous Event | Representative Hazard Controls Initiating (Enabling) Critical Event Consequence | Risk Comments
Events Bold = new selected control Event Process Controls Frequency Severity Bin
Italics = existing control newly | Frequency Control
assigned Failures
Failure of vessel | H.4-8 R-130 Design 1.00E-02 IGN2(EN) VENT 5.00E-06 3 \% IE due to leak in
material or piping | H.4-15 Procedural step: vessel vessel set at LK2
system leading H.4-19 inspection, preventative bounds LK3
to flammable H.4-20 maintenance and pressure test
atmosphere H.7-8 Steam impingement Ignores gas
shield/pathway (Graylock and detection (sudden
expanded metal screen/ acrylic event).
shield on walkway north side of
5.00E-03 OP1 5.00E-04 2 \% Flashing steam

flange).

Overpressure over-temperature
alarms and controls

Enclosure design — Class 1
Division 2

Enclosure ventilation system
(VENT)

Hydrogen monitors on skid and
in enclosure .

Flammable vapor monitor on
skid

Thermowell is replaceable
Robust design for glass

Design of high pressure
components

Design V-125 155 psi MAWP, V-
125 PRV set at < 100 psi.
Minimize time in enclosure
(OP1)

event; IE frequency
reflects required
orientation of spray
and proximity of
operator.

Recommendation:
evaluate use of
PPE for protection
against steam
release events.
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Hazardous Event

Representative
Events

Hazard Controls
Bold = new selected control
Italics = existing control newly
assigned

Initiating
Event
Frequency

(Enabling)
Process
Control
Failures

Critical
Controls

Event
Frequency

Consequence
Severity

Risk
Bin

Comments

Gasket failure
leading to
flammable
atmosphere

H.4-26
H.4-28

Design of vent system.
Procedural step calibration of
WTM.

Enclosure design — Class 1
Division 2

Enclosure ventilation system
(VENT).

Hydrogen monitors on skid and
in enclosure.

Flammable vapor monitor on
skid (GD).

Fire suppression system in
enclosure.

Containment pan on skid and by
the enclosure.

Pressure test procedure.
Design of V-160 A/B and piping.
Drains are double valved, valved
and capped, or valve and quick
disconnect.

Personal Oxygen/ Gas
Detectors would notify
operators of release

1.00E-01

IGN2(EN)

GD*VENT

2.65E-06

IE - LK1 leak from
seal

Included GD

Operator error —
failure to close a
valve before
opening another
resulting in
flammable
atmosphere

H.6-1

HV-2018 Action: Replace T
upstream HV-2009 with 3-way
valve.

Check Valve (CK-2007)
Procedural step.

1.00E-01

Prevented
with
3-way
valve

Prevented

NA

I.LE.F. due to
operator error

Event prevented
due to design
change
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Hazardous Event | Representative Hazard Controls Initiating (Enabling) Critical Event Consequence | Risk Comments
Events Bold = new selected control Event Process Controls Frequency Severity Bin
Italics = existing control newly | Frequency Control
assigned Failures

Operator error — H.1-8 Pressure test procedures 1.00E-01 IGN1(EN)* VENT 1.00E-07 3 \% High pressure
failure in H.1-12 (detection of no pressure on LK1 spray of (jet flame)
procedure H.1-14 system components). combustible liquid
resulting in H.2-9 Hydrogen monitors on skid and and potential
flammable in enclosure (GD) flammable
atmosphere Enclosure Design — Class 1 Div atmosphere

2 (IGN1(EN)). creation may be

Enclosure Ventilation System mitigated by steam.

(VENT).

Flammable vapor monitor on

skid

Low pressure alarm — R-130.
Operator error — H.2-17 Procedural check that drain 1.00E-01 IGN1(EN) 1.00E-04 2 \% Used lower value
failure to close H.7-9 valve is closed. for IGN1(EN) due
valve (HV-2009) Enclosure Design — Class 1 to small size of spill
resulting in Division 2. & ventilation
creation of Enclosure ventilation. H.2-17 assumes 3-
spill/spray of Containment for skid. way valve turned to
flammable liquid Personal Oxygen/ Gas bypass condition.

Detectors would notify

operators of release.
Operator error- H.8-2 Pressure indicator on reactor. 1.00E-01 IGN2(EN) VENT*GD | 2.65E-06 2 \% Defines transition
failure to purge H.8-3 Procedural step: verify zero to non-Class 1/Div

resulting in
flammable
atmosphere

energy- and hold point.
Enclosure ventilation system
(VENT).

Flammable vapor monitor on
skid (GD).

Hydrogen monitor on skid and in
enclosure (GD).

2 (H.8-3).
Nitrogen flush
performed prior to
disassembly
(possibly between
step 6 & 7).
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Hazardous Event | Representative Hazard Controls Initiating (Enabling) Critical Event Consequence | Risk Comments
Events Bold = new selected control Event Process Controls Frequency Severity Bin
Italics = existing control newly | Frequency Control
assigned Failures
Operator error — H.5-2 Design of quick disconnects 1.00E-01 IGN1(EN)* 2.10E-05 2 \% QD failure bounds
failure to connect | H.7-5 (closed unless properly QD line failures.
lines resulting in engaged)(QD).
flammable Enclosure design — Class 1 Div 2
atmosphere (IGN1(EN)).
Enclosure ventilation.
Containment for skids and
enclosure.
Flammable vapor monitoring on
skid.
Fire suppression system in
enclosure.
Procedural step: Connect vent
line prior to nitrogen outlet.
Operator error — H.2-1 Procedural steps: pressure test, | 1.00E-01 LK1* VENT 5.00E-06 2 v
failure to H.2-2 use of anti-sparking tools, initiate IGN2(EN)
establish and H.2-3 purge.
maintain Class 1 Enclosure ventilation system
Div 2 (VENT).
environment Hydrogen monitors on skid and
in enclosure.
Flammable vapor monitor on
skid.
Pressure monitoring/alarms on
cabinets and furnace enclosure.
Operator error — H.2-15 Transfer line (tubing) rated at 1.00E-01 IGN2(EN)*P2 3.00E-05 2 \% Requires additional
closure of HV- H.7-7 4800 psi (LK2). *LK2 failure (P2) to

2006 resulting in
spray of
flammabile liquid

ISCO pump high pressure set
point (process controlled) (P2).
ISCO pump firmware maximum
pressure of 3750 psi (P2).
ISCO pump shear pin at 4500
psi (P2).

challenge pressure
boundary
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Hazardous Event | Representative Hazard Controls Initiating (Enabling) Critical Event Consequence | Risk Comments
Events Bold = new selected control Event Process Controls Frequency Severity Bin
Italics = existing control newly | Frequency Control
assigned Failures

Failure of H.4-23 The badger valve (PV-4005) 1.00E-01 IGN2(EN)* PRV 3.14E-07 3 \% IE due to operator
pressure H.4-24 would try to control the pressure PCV error (open
boundary (PCV). bypass)
(PCV-4007) PSV-5001 set at 10 psi (PRV).
resulting in Vent system flow path design
flammable (1/2 or greater SS tubing).
atmosphere Low alarm at PIT-4005 and PIT-

3001.

Design of vent system.

Enclosure Design — Class 1 Div

2.

Enclosure ventilation system.
Operational U-31 Operational restriction on crane 1.00E-03 IGN2(EN) EFV 6.50E-06 3 \% IE based on Admin
upset from other use control on crane to
PDL-West Excess flow valve on gas supply restrict usage
operations (EFV) during hydrotreater
leading to operation
flammable
atmosphere in
PDL
Operational U-32 Flammable vapor monitor 1.00E-01 IGN1(EN) GD 5.30E-06 3 \% Lower frequency
upset from other Enclosure Design — Class 1 used for IGN1(EN)
PDL-West Division 2 due to
operations MCA alarm, 20 minute bypass concentration of
leading to timer until Scenario A is initiated flammable gas
flammable (unless operator bypasses) being drawn into
atmosphere in enclosure.
enclosure
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Hazardous Event | Representative Hazard Controls Initiating (Enabling) Critical Event Consequence | Risk Comments
Events Bold = new selected control Event Process Controls Frequency Severity Bin
Italics = existing control newly | Frequency Control
assigned Failures
Hydrogen leak U-24 Design of hydrogen pipe system | 2.93E-06 IGN2(EN) EFV 1.90E-08 3 \% IE setat PC1
resulting in (one piece of tubing (~17 ft) assuming
flammable rated at maximum pressure; catastrophic pipe
atmosphere Located in a tray sitting in a tube failure
holder supported across the
length. Itis a 13 foot elevation, 2.93E-05 IGN2(EN) PDL 1.47E-06 3 \% IE reflect§ aPC1
in a tray, protected from edge of leak that is large
building. enough to pose
Excess flow valve on hydrogen concem but small
supply (catastrophic break) enough to not be
(EFV) detectable by
Makeup air unit for enclosure. opgrators or
Passive PDL roof vents (PDL) activate EFV.
Smaller leaks pose
a concern similar to
other users of
hydrogen
(addressed within
HDI/SMPs) and
would most likely
not reach
significant
concentrations due
to passive PDL
roof vents
Failure in U-3 Exhaust flow switch initiates 1.00E-01 IGN1(EN)* P3 1.00E-06 2 \%
ventilation u-4 Scenario A on loss of flow LK1
resulting in U-5 Design of stack
flammable U-6 Loss of ventilation fan trips
atmosphere process controls
Activation of uU-8 Design of knockout pot and lines | 1.47E-02 IGN3(EN) 1.47E-05 1 \% IE based on relief

pressure relief
resulting in
flammable
atmosphere

flow path open to
atmosphere,
personnel impacts
not expected.
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Hazardous Event | Representative Hazard Controls Initiating (Enabling) Critical Event Consequence | Risk Comments
Events Bold = new selected control Event Process Controls Frequency Severity Bin
Italics = existing control newly | Frequency Control
assigned Failures

Operator Error H.1-7 Procedural step: pressure test, 1.00E-01 OP2 VENT 5.00E-06 3 \% See Distillation
during pressure H.1-10 valve lineup, pressure indication. Column
check results in H.1-20 Enclosure Ventilation System Supplemental
release of H.2-24 operable when system is Report Appendix A,
nitrogen into H.2-25 pressurized (VENT). Item 4 for O2
enclosure. H.4-33 Procedural STEP - 1) any leak calculation
(Frequency H.5-3 testing of the system (with performed w & w/o
bounds N2 line H.8-1 nitrogen) will be conducted ventilation.
failures). U-29 with the ventilation system
Possible release operational and 2) the nitrogen
of H2S supply will be closed when not

in use (OP2).

Design of pressure vessels,

components, and enclosure.

Low pressure alarms.

PCV-2001 sets pressure to ~10

psi.

Overpressure relief supply

system PCV-2030.

Overpressure vented through LP

header.

Flammable vapor/hydrogen

monitor on skid.

Personal Oxygen/ Gas

Detectors would notify

operators of release.
Fire in PDL-West | U-15 Fire alarm system activation 1.00E-01 OP2 P3 5.00E-05 2 \% Frequency is the

initiates Scenario A.

Operator Response to Fire
Alarm.

point at which
system would be
challenged.
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Hazardous Event | Representative Hazard Controls Initiating (Enabling) Critical Event Consequence | Risk Comments
Events Bold = new selected control Event Process Controls Frequency Severity Bin
Italics = existing control newly | Frequency Control
assigned Failures

High Pressure H.4-4 Gasket 1.00E-01 P1 VENT 3.00E-05 2 \% Minimize time in
Leak inthe ISCO | H.4-5 Pressure Boundary enclosure.
pump resulting in Secondary containment for small
spray or spill of leaks. For small leaks the
bio-oil and Auto-shutdown of pumps for consequence
hydrogen. large leaks (P1). 1.00E-01 VENT 1.00E-04 1 IV | would be reduced

Enclosure ventilation (VENT). to 1.

Personal Oxygen/ Gas

Detectors would notify

operators of release.
Medium H.3-5 LG-147 visual indication during 1.00E-01 LK2 1.00E-03 2 \% Pressure should
Pressure leaks operator rounds. equalize (PRV on
of Product Product scales on V-160 and LG-147 70 psi,

V-161. PRV

Failure to open
vent line on
Product Tank
resulting in
bio-oil/ dirty
water spray.

Local indication on wet
WTM-152 test meter.

Relief valves on product gas
header at 10 psi.

Relief Valves on V-160A/B and
V-161A/B set at 70 psi.

Relief Valve on LG-147 feed line
at 70 psi.

V-160/161 70 psi)
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Hazardous Event | Representative Hazard Controls Initiating (Enabling) Critical Event Consequence | Risk Comments
Events Bold = new selected control Event Process Controls Frequency Severity Bin
Italics = existing control newly | Frequency Control
assigned Failures
Low Pressure H.1-13 Procedural step (OP2) 1.00E-02 OP2 5.00E-04 2 \% Secondary
leaks of bio- H.1-22 Secondary Containment containment and
oil/sulfiding H.1-23 Air system pressure set at 100 enclosure
agent H.1-24 psi. ventilation. PPE
H.1-25 Filters rated at 250 psi will further reduce
H.1-28 V-120 rated at 135 psi consequence.
H.2-8 PRV set at 70 psi IE reflects
H.2-16 Transfer line rated at >3000 psi significant
H.2-22 V-120 level indicator leak/spray from
H.2-23 High-High interlocks pressurized
Bypass system system. For
Vessel Design failure associated
with open lines
consequence
would be 1.
Low Pressure H.4-31a Pressure test procedure (OP2) 1.00E-02 OP2 5.00E-04 1 \% Secondary
leaks of Aqueous | H.4-32 Vessel and piping design containment and
(water Quick disconnect enclosure

by-product)

Containment

ventilation. PPE
will further reduce
consequence.
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Hazardous Event | Representative Hazard Controls Initiating (Enabling) Critical Event Consequence | Risk Comments
Events Bold = new selected control Event Process Controls Frequency Severity Bin
Italics = existing control newly | Frequency Control
assigned Failures
Catastrophic u-7 Administrative controls to 1.00E-02 PROCESS* 5.00E-06 3 \ IE due to blocked
failure of vessel check relief header — Modify oP2 flow path (e.g.,

given inability of
pressure relief
due to blocked
low pressure
flow path

the SOP to require verification
that the low pressure relief line is
free of obstruction

Design of system includes bird
screens, double release path at
top. Design pressure of
knockout pot is 12 psi.

mud daubers).
Event frequency
requires multiple
failures to correct
the blockage and
upset/failures
(0.01) resulting in
activation of PRV.
Failure point is
most likely in low
pressure portion of
system- in LP
header (knockout
pot or stack)
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Appendix A: Valve Calculation

The critical characteristics of high/low pressure interface valves (flow coefficient; CV) were
obtained and maximum flow rates were calculated as an action item to ensure appropriate
controls and design elements were in place to mitigate the following identified hazardous
events.

1. H.1-11 and H.1-21 involve an operator error or component failure; opening of valve that
exposes low pressure piping to a high system pressure. The limiting failure for LG-147
(liquid) is LV-4003 failing open, while limiting failure for WTM-152 (vent) is PV-4005 failing
open. The maximum normal system pressure is 2500 psig.

e LV-4003 has a max CV of 0.001 (0.0625” orifice); at 2500 psig, this will allow a liquid

flow of ~0.05 gpm. Immediately downstream is a 70 psig relief valve (PSV-4016, 0.138
orifice); Zeton has sized this valve such that it is sufficient to relieve this flowrate.

e PV-4005 has a max CV of 0.03 (0.0860" orifice); at 2500 psig, this will allow a hydrogen
flow of ~135 scfm. Immediately downstream is a 10 psig relief valve (PSV-5001); at 18
psig, it will relieve ~135 SCFM of hydrogen flow. This provides adequate protection for
WTM-152, which has a 1.5 atm (~22 psig) pressure rating.

2. H.4-23 and H.4-24 involve the failure of a pressure control valve (PV-4005).

e PV-4005 has a max CV of 0.03 (0.0860" orifice); at 2500 psig, this will allow a hydrogen
flow of ~135 scfm. Immediately downstream is a 10 psig relief valve (PSV-5001); Zeton
has sized this valve such that it is sufficient to relieve this flowrate {at 18 psig, it will
relieve ~135 SCFM of hydrogen flow; this provides adequate protection for WTM-152,
which has a 1.5 atm (~22 psig) pressure rating}.
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Appendix B. Chemical Safety Data Sheets

Chemical Name

Safety Data Sheet (SDS)

Di-tert-butyl disulfide

7%

SDS-DTBS
X
Decane SDS-Decane
POF !
Acetone

SDS-Acetone
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