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SUMMARY

Spills during oil transfer operations are significant contributors to the total volume of oil entering U.S. waters each year. Industry (in particular the dockman and tankerman who perform transfer operations) has the primary responsibility for ensuring that effective barriers for preventing such spills are in place. However, the U.S. Coast Guard (Coast Guard) units across the country try to influence the frequency and effects of these spills through a variety of prevention, inspection, preparedness, response, and investigation programs. Among the transfer operations of concern to the Coast Guard are fuel barge filling operations at small (“Mom and Pop”) marine terminals. This is because: 

· The large number of these facilities creates many opportunities for spills

· The level of equipment sophistication (e.g., automation and instrumentation), care of the equipment (e.g., preventive maintenance), and adherence to administrative controls (e.g., effective procedural controls) often are low at these facilities

· The location of these facilities often is less than ideal (compared to more systematic facility siting considerations generally applied to larger facilities)

This report illustrates the use of hazard and operability (HAZOP) analysis for systematically identifying and evaluating potential incidents that could result in oil spills or fires/explosions at a typical small marine terminal during fuel barge filling. Representatives from the Coast Guard’s Marine Safety Office (MSO) Mobile, the Coast Guard’s Research and Development Center, and EQE International, Inc. teamed to address this topic.

The primary objective of the team was to determine whether HAZOP analysis would be an effective tool for identifying and evaluating the risks associated with transfers of bulk liquids in the marine environment (both ship-to/from-shore and ship-to-ship).  To test the applicability and effectiveness of the HAZOP analysis technique, the team decided to apply the technique to cargo fuel transfers at a typical small marine terminal because of the history of events and perceived risk associated with such facilities. 

The team chose to not numerically measure the risk of possible deviations nor to prioritize the recommendations based on their potential for risk reduction.  Rather, the team decided to keep the demonstration analysis simple, which is likely how the MSO Mobile would apply such a tool in partnership with relevant industry stakeholders.  

The project team defined the consequences of interest for this analysis as:

· Oil spill into the water or onto the ground (outside of secondary containment) during a barge filling operation

· Fire or an explosion involving the product during a barge filling operation

For this brief demonstration workshop, the team chose not to address other possible consequences of interest such as (1) various types of injuries to workers not directly associated with the consequences listed above (resulting from physical hazards, electrical hazards, thermal hazards, etc.), (2) product contamination issues, and (3) equipment damage not directly associated with the consequences listed above.  

Annex B is the completed HAZOP analysis table documenting the team’s discussions and recommendations. 

The analysis team suggested 14 recommendations for consideration.  The team believes that implementing these suggestions should reduce the frequency and/or consequences of oil spills and/or fires/explosions during fuel barge filling operations at small marine terminals.  However, implementing all of the suggestions will not guarantee that such incidents will never occur.  In addition, the physical act of implementing these suggestions may create unacceptable hazards that should be evaluated before anyone tries to implement these recommendations.

The use of HAZOP analysis helped the team to identify some potentially beneficial risk-reduction options for fuel barge filling operations at small marine terminals.  More importantly, the process provided a structured approach for assessing the risks and ensuring that rational risk management strategies are in place.  If industry partners had been involved in the analysis as active stakeholders, the analysis results could have been even better.  Future applications with industry for various types of high-risk transfer operations could lead to substantial improvements in incident rates and could foster cooperative problem solving with industry.
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1.  INTRODUCTION
Spills during oil transfer operations are significant contributors to the total volume of oil entering U.S. waters each year. Industry (in particular the dockman and tankerman who perform transfer operations) has the primary responsibility for ensuring that effective barriers for preventing such spills are in place. However, the U.S. Coast Guard (Coast Guard) units across the country try to influence the frequency and effects of these spills through a variety of prevention, inspection, preparedness, response, and investigation programs. Among the transfer operations of concern to the Coast Guard are fuel barge filling operations at small (“Mom and Pop”) marine terminals. This is because: 

· The large number of these facilities creates many opportunities for spills

· The level of equipment sophistication (e.g., automation and instrumentation), care of the equipment (e.g., preventive maintenance), and adherence to administrative controls (e.g., effective procedural controls) often are low at these facilities

· The location of these facilities often is less than ideal (compared to more systematic facility siting considerations generally applied to larger facilities)

This report illustrates the use of hazard and operability (HAZOP) analysis for systematically identifying and evaluating potential incidents that could result in oil spills or fires/explosions at a typical small marine terminal during fuel barge filling. Representatives from the Coast Guard’s Marine Safety Office (MSO) Mobile, the Coast Guard’s Research and Development Center (R&DC), and EQE International, Inc. (EQE) teamed to address this topic.

2.  OBJECTIVES

The primary objective of the team was to determine whether HAZOP analysis would be an effective tool for identifying and evaluating the risks associated with transfers of bulk liquids in the marine environment (both ship-to/from-shore and ship-to-ship).  To test the applicability and effectiveness of the HAZOP analysis technique, the team decided to apply the technique to cargo fuel transfers at a typical small marine terminal because of the history of events and perceived risk associated with such facilities. Specifically, the team wanted to answer the following questions:

· What deviations in a normal transfer operation could result in an oil spill or a fire/explosion?

· What safeguards are already in place (and could be inspected) to help prevent spills and fires/explosions during transfer operations?

· What new or improved risk controls could be implemented (or at least suggested) by the Coast Guard to lessen transfer operation risks? 

The team chose to not numerically measure the risk of possible deviations nor to prioritize the recommendations based on their potential for risk reduction.  (The HAZOP analysis technique does support both of these activities.)  Rather, the team decided to keep the demonstration analysis simple, which is likely how the MSO Mobile would apply such a tool in partnership with relevant industry stakeholders.  

3.  APPROACH
EQE recommended that the team use HAZOP analysis to evaluate bulk liquid transfer operations because of the following characteristics:

· Provides a systematic, highly structured assessment that can generate a thorough review (particularly for fluid and thermal systems such as bulk liquid transfer systems)

· Accounts for equipment failures, human mistakes, and external events that lead to consequences of interest

· Generates qualitative descriptions of potential incidents

· Specifically identifies safeguards already in place to help prevent incidents

· Generates recommendations for new/improved risk controls

· Has the capability to assign quantitative measures of risk to potential incidents (not included in this analysis)

· Has the capability to prioritize recommendations for risk reduction based on risk impact (not included in this analysis) 

· Can be expanded to address not only error-likely situations that cause humans to make mistakes affecting system performance but also job-safety hazards that could hurt the humans during routine operations (neither included in this analysis)

HAZOP analysis is essentially a “what-if” analysis with a very structured way of developing  the “right” what-if questions.  The project team performed the following four steps to demonstrate the HAZOP analysis technique:

1. Define the activity or situation of interest

2. Define the consequences of interest for the analysis

3. Subdivide the activity or system and define deviations

4. Conduct the HAZOP analysis


Table 3.1 lists the members of the analysis team.  

Table 3.1  Members of the Analysis Team
Team Member
Organization

Kyle Smith
MSO Mobile

Aaron Turner
MSO Mobile

Wayne Williams
MSO Mobile

Norm Winningham
MSO Mobile

Bert Macesker
R&DC

David Walker
EQE 

STEP 1 — DEFINE THE ACTIVITY OR SITUATION OF INTEREST 

Because this workshop was only a demonstration analysis, the project team defined a narrow physical scope, focusing on a fuel barge filling operation from a typical small marine terminal.  The team (1) conceptualized a typical small marine terminal configuration, as shown in Figure 3.1, and (2) chose a typical tank/piping arrangement for a double-hull, double-bottom barge, as shown in Figure 3.2. 
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Figure 3.1  Small Marine Terminal Configuration
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Figure 3.2  Typical Tank/Piping Arrangement for Double-hull, Double-bottom Barge

The equipment configuration in Figure 3.1 does not represent any one facility.  Rather, the team developed the configuration in Figure 3.1 to represent the characteristics of the most common facilities in MSO Mobile’s zone, namely:

· A multiproduct tank farm inside a diked area

· A three-person operation (a tankerman as the person in charge of barge operations, a dockman as the person in charge of the shore-side operation at the wharf, and a rover who operates valves/pumps at the tank farm away from the wharf)

· One of two pumping configurations (either a centrifugal pump or a positive displacement gear pump with an in-line pressure relief device at the discharge of the gear pump) located away from the wharf (some filling operations do not use a pump, relying on gravity transfer from the shore to a barge)

· Manual flow control by a valve at the pumping station

· Electrically operated isolation valves where the piping enters the wharf area and at the shore-side of the hose connection

· A hose connection between the shore-side piping and the barge’s piping manifold (loading arms are sometimes encountered in place of hoses)

· A manually activated emergency shutdown device that shuts down the transfer pump and closes the electrically operated isolation valves

· A drip pan under the hose connections at the wharf

· Fire protection equipment at the wharf (multiple dry chemical fire extinguishers and/or a wheeled cart, fire hose/hydrant, and a fire blanket)

· Intrinsically safe, handheld radios, which are generally monitored by a central office, for communication among workers 

The equipment configuration in Figure 3.2 for a typical double-hull, double-bottom fuel barge has the following characteristics:

· Multiple flange connections for the barge’s piping manifolds

· Drip pans at hose connections on the barge

· Piping that interconnects all of the tanks through one or more common manifolds 

· Manual valves for isolating and controlling flow into/out of barge tanks (operated from the deck of the barge)

· Visual gauging capability for barge tanks (sight glasses and hatches accessible on the deck of the barge)

· Level indicators for barge tanks (often gauge sticks that rise into the air above the deck of the barge as the tanks fill)

· Barge pumping stations (not used to fill a barge)

· Multiple tanks within the hull of the barge (some tanks sharing a common interior wall)

· Secondary containment around the entire perimeter of most barges (others have secondary containment only in strategically important locations such as overflows, vents, pumps, piping, and hose connections)

· Fire extinguishers on board

· Radios for marine communications and communication with the dockman

For the purposes of this workshop, the team assumed that only one filling operation would be underway at any one time at a typical small marine terminal.  However, the team noted that the filling operation would probably involve simultaneous filling of multiple barge tanks.  

Because the team chose not to address the barge mooring operation in preparation for filling, this analysis assumes, as an initial condition, that the barge is already moored and waiting for filling to begin. The team listed the following typical steps for performing a barge filling operation:

1. Check the physical position of the barge for alignment with the facility equipment

2. Check that the barge is properly secured

3. Review and complete the Document of Inspection (DOI)

4. Make the hose connection(s)

5. Agree (dockman and tankerman) to begin the transfer

6. Open valves and start the pump (if needed) to begin the transfer at a slow flow rate (allowing the tankerman to check for proper filling and avoiding splash filling into an empty tank)

7. Adjust valves and/or the pump for full flow rate agreed upon by dockman and tankerman

8. Adjust valves on the barge as necessary to control filling of the various tanks on the barge (to avoid overfilling, to protect the integrity of the vessel as the load changes, and to achieve the proper trim for the subsequent transit)

9. Adjust valves and/or the pump for “topping off” each of the tanks at a slow flow rate (to avoid overfilling)

10. Shut off the pump (if used) and close valves (close valves closest to the storage tanks first so that liquid can drain into the barge, leaving the piping/hose mostly empty)

11. Disconnect the empty hose on the barge side (allowing any residual liquid to drain into the drip pan at the barge)

12. Place a blank flange on the open end of the hose

13. Move the free end of the hose to the drip pan on the wharf (taking care not to drip any product into the water)

14. Complete documentation, including the Oil Record Book for the barge

The Coast Guard regulates these (and other) types of transfer operations under the published requirements in 33 CFR 154, 155, and 156.  Annex A contains some examples of the types of regulatory requirements and some of the inspection/enforcement tools that the Coast Guard uses in association with these types of operations.  These types of barges and terminals are subject to regular inspections of various types (including occasional Coast Guard inspections).  Based on inspection experience, the team assumed that the typical facility is generally complying with the minimal requirements in applicable regulations, recognizing that a few minor discrepancies probably exist at a typical facility.  

STEP 2 — DEFINE THE CONSEQUENCES OF INTEREST FOR THE ANALYSIS
The project team defined the consequences of interest for this analysis as:

· Oil spill into the water or onto the ground (outside of secondary containment) during a barge filling operation

· Fire or an explosion involving the product during a barge filling operation

For this brief demonstration workshop, the team chose not to address other possible consequences of interest such as (1) various types of injuries to workers not directly associated with the consequences listed above (resulting from physical hazards, electrical hazards, thermal hazards, etc.), (2) product contamination issues, and (3) equipment damage not directly associated with the consequences listed above.  

STEP 3 — SUBDIVIDE THE ACTIVITY OR SYSTEM AND DEFINE DEVIATIONS 

To facilitate the HAZOP analysis, the team divided the system into the following three distinct sections:

· Section 1: Shore-side Transfer System.  A line section from the storage tanks to the barge’s piping manifold, including any pump station(s), shore-side flow control valves and isolation valves, and the transfer hose

· Section 2:  Barge Transfer System Piping.  A line section from the transfer hose to the barge’s cargo tanks, including the barge’s manual valves

· Section 3: Barge Cargo Tanks.  A vessel section representing each of the cargo tanks on the barge, including the tanks and associated gauging devices  

For each section, the team developed a list of possible deviations (off-normal conditions) that could develop and cause consequences of interest.  Consistent with the HAZOP analysis approach, the team developed this list of deviations by combining “guide words” (essentially a standard list of adjectives) with normal process parameters for sections of the system.  Table 3.2 lists the deviations that the team considered for each section and illustrates how the team developed the list.  

 Table 3.2 Deviations for Each Section

Deviation
Basis for Each Deviation*
Section 1
Section 2
Section 3

High flow
“More”+“Flow”
X
X


Low/no flow
“Less”+“Flow”

“No”+“Flow”
X
X


Reverse flow
“Reverse”+“Flow”
X
X


Misdirected flow
“Other than”+“Flow”
X
X


High level
“More”+“Level”


X

Low/no level
“Less”+“Level”

“No”+“Level”


X

High temperature
“More”+“Temperature”
X
X
X

Low temperature
“Less”+“Temperature”
X
X
X

High pressure
“More”+“Pressure”
X
X
X

Low pressure
“Less”+“Pressure”

“No”+“Pressure”
X
X
X

Contamination
“Other than”+“Concentration”
X
X
X

Leak/rupture
“No”+“Containment”
X
X
X

*Basis of each listed deviation is presented as “Guide Word”+“Process Parameter.”  Other combinations of guide words and process parameters were considered, but only those combinations that were meaningful/useful to the team are listed in the table.

The team considered each section only in the barge filling from a shore facility mode of operation. Other modes of operation are possible and would likely pose different types of risks.  Thus, other modes of operation would have to be specifically considered to develop a more complete analysis.

STEP 4 — CONDUCT THE HAZOP ANALYSIS

For each deviation associated with each section listed in Step 3, the analysis team evaluated each of the following:  

· Consequences: Any expected or reasonably possible consequences of interest, consistent with the scope of the analysis as described in Step 2, resulting from the deviation occurring

· Causes: The most significant human mistakes, equipment failures, or external conditions capable of causing the deviation

· Safeguards: Engineered features and/or administrative controls already in place to help control risks by keeping the deviation from occurring or mitigating its effects

· Recommendations: Suggested actions for (1) making existing risk controls more effective or (2) adding additional risk controls

The team relied on the expertise of the Coast Guard subject matter experts to identify and evaluate the risks of possible deviations during the transfer operations.  The team tried to focus any suggestions for improved risk controls on options that the Coast Guard directly implements or practically influences industry to adopt.  Section 4 provides the results from the demonstration HAZOP analysis.

In addition to the traditional HAZOP deviations listed in Table 3.2, the team also discussed the following marine-specific issues that other organizations have considered in similar HAZOP analyses:

· Available depth alongside

· Bonding cable for transfer hoses

· Dock and wharf corrosion

· DOI 

· Mooring management

· Overboard valves (scuppers)

· Sea state

· Storms

· Surge damage from passing marine vessels

· Topping off tanks

· Marine vessel breakaway from mooring

· Marine vessel collision with moored marine vessel

· Marine vessel draft required

· Marine vessel trim/stability

· Marine vessel integrity

Wherever applicable, issues associated with any of these items were included in the analysis documentation for related deviations (see Section 4). 

4.  RESULTS
Annex B is the completed HAZOP analysis table documenting the team’s discussions and recommendations.  In cases where the team found “no consequences of interest” or “no credible causes” for a deviation, the team did not examine those deviations any further.  

The analysis team suggested 14 recommendations for consideration.  These recommendations are listed below (in no particular order) for convenience and are also documented with the associated deviations in Annex B.  The team believes that implementing these suggestions should reduce the frequency and/or consequences of oil spills and/or fires/explosions during fuel barge filling operations at small marine terminals.  However, implementing all of the suggestions will not guarantee that such incidents will never occur.  In addition, the physical act of implementing these suggestions may create unacceptable hazards that should be evaluated before anyone tries to implement these recommendations.  

Recommendation 1 

Verify that the relief valves on the barges are sized to vent the maximum vapor flow during (1) the highest reasonable fill rate and (2) a fire on the barge that heats a cargo tank.  The team believed that the vent valves were probably adequately sized, but could not verify the sizing basis.  

Recommendation 2 

Explore the possibility of applying personnel fatigue standards/enforcement to marine terminal personnel.  The team believed that shore personnel fatigue (especially during long filling operations) was a contributing causal factor to a number of incidents associated with fuel barge filling.  A tankerman currently must observe work restrictions aimed at preventing fatigue, but no such standards apply to shore personnel (e.g., the dockman).  

Recommendation 3 

Consider installing flow rate indicators in the filling lines.  The team believed that most small marine terminals and most barges do not have flow rate indicators in the filling lines.  Most dockmen and tankermen depend on gauging the levels in tanks to monitor transfer flow rates, but the team believed that a more direct measure of flow rate (especially in the shore facility piping) could provide better control for filling operations.  

Recommendation 4 

Consider formalizing the use of visual cues to help tankermen easily identify valve positions (e.g., opened/closed) as they move around the deck.  Some tankermen tie different colored tags to valves to indicate their position.  The tankermen can then easily determine the position of valves from various locations on the deck.  This visual management approach can help avoid valve misalignments that could result in overfilling tanks, cross-contaminating tanks, or deadheading transfer pumps.  

Recommendation 5 

Verify that a relief valve is required at the discharge of positive displacement pumps (e.g., gear pumps) that are capable of damaging the piping system (including the transfer hose) if deadheading occurs. The team believed that such relief valves were generally provided, but could not verify whether they were actually required.  

Recommendation 6 

Consider requiring emergency shutdown actuation triggered by barge movement.  Barge movement can damage a transfer hose and result in a large oil spill (and possibly a fire/explosion) if transfer operations are underway.  Technology exists to measure barge movement and automatically shut down a transfer operation if the movement could damage the transfer hose.  New marine terminals are taking advantage of sophisticated technology for this purpose, but even older, small terminals could apply simple, relatively inexpensive measurement tools.  

Recommendation 7 

Consider requiring facilities to build into the shore facility piping system a designated “breakaway point” in case of barge movement.  If barge movement were to occur during a filling operation, the barge could tear away a section of the shore facility piping.  Incorporating a designated breakaway point in the system would help ensure a predictable failure location downstream of an automatic isolation valve, which could close to minimize any oil spill.  The breakaway point could be the hose, the hose flange, or a weak location in the piping, but must be planned in order to be predictable.  

Recommendation 8 

Consider requiring terminal operators to furnish the Coast Guard with piping inspection certifications.  Regular inspections of piping systems by the terminal operator are required, but difficult to verify.  Piping inspection certificates would help the Coast Guard ensure that the required inspections are occurring.  

Recommendation 9 

Consider revising secondary containment requirements at wharfs to focus on reliable containment, not just certain capacity.  Currently, regulatory requirements specify a volume of material that the containment must hold.  However, even a containment with adequate volume may not have the dimensions to effectively catch splashing/dripping at hose connections (especially when the containment is far below the piping/hoses).  

Recommendation 10 

Consider having terminal operators provide emergency transfer shutdown capability on board the barge instead of relying solely on communication with the dockman.  Technology exists to place an emergency shutdown actuator on moored barges during filling operations.  Providing a facility emergency shutdown capability on the barge would help provide quicker shutdown in case of an emergency (especially if the dockman is busy or incapacitated).  

Recommendation 11 

Consider emphasizing to terminal operators the Coast Guard’s concern about extended work hours for “shore tankermen.”  Work hour restrictions for tankermen aimed at preventing fatigue apply only to hours standing watch on the barge.  Many companies use shore tankermen, who do not sail with barges, to come on board to monitor transfer operations at their terminals.  In fact, many of these shore tankermen work other jobs all day before reporting to oversee transfer operations on a part-time basis.  Coast Guard personnel expressed concern about potential fatigue issues for these individuals.  

Recommendation 12 

Consider encouraging barge owners to adopt more proactive maintenance/inspection practices for barge piping systems.  Regular inspections of piping systems by the barge operator are required, and nondestructive examination methods are available to make these inspections more effective.  The Coast Guard could encourage barge operators to adopt more proactive maintenance/inspection strategies to help prevent equipment failures that lead to oil spills.  

Recommendation 13 

Consider requiring visual/audible alarms on high levels in barge tanks to alert tankermen (and possibly dockmen) to potential overfilling.  Most barge tanks have level indicators of various types, but may not have visual/audible alarms that actuate on high level.  Visual/audible alarms would help ensure quick response to potential overfilling situations.  

Recommendation 14 

Consider the feasibility of automatic shutdown of transfer operations if a high level alarm actuates. If the high level alarms suggested in Recommendation 13 are added, the signals from these alarms could also be used to trip the emergency shutdowns for transfer operations.  This would require some type of instrumentation connection between the barge and the shore facility and has been implemented at some larger facilities.  

5.  OBSERVATIONS AND CONCLUSIONS
The use of HAZOP analysis helped the team to identify some potentially beneficial risk-reduction options for fuel barge filling operations at small marine terminals.  More importantly, the process provided a structured approach for assessing the risks and ensuring that rational risk management strategies are in place.  If industry partners had been involved in the analysis as active stakeholders, the analysis results could have been even better.  Future applications with industry for various types of high-risk transfer operations could lead to substantial improvements in incident rates and could foster cooperative problem solving with industry.  










