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LIST OF ABBREVIATIONS AND TERMS
ABS - American Bureau of Shipping

Active Fire Protection - Fire protection features designed to limit the flame movement by
automatic detection, fixed fire extinguishing systems, and manual suppression systems or
equipment. Examples of active fire protection features are: automatic sprinkler systems,
fire extinguishers, and trained firefighting teams. See "Passive Fire Protection".

A value - The probability that an automated fixed fire protection system installed in a
compartment will successfully extinguish the fire before FRI occurs.

AFFF - Aqueous Film Forming Foam. A firefighting agent particularly effective against class B
fires.

Alternative Data Set - Data sets identified as "Alternative" have had the baseline input values to
SAFE adjusted as necessary to reflect the impact of the proposed alterations or
modifications which affect the ships' fire safety system.

AMTBL - Acceptable Mean Time Between Losses. See “FTA.”

Baseline Data Set - Data sets identified as "Baseline" utilize input values to the SAFE program
based on the physical condition of the ship found during the ship visit and are not
influenced by any modifications or alterations which may be proposed as a result of an
analysis.

CBO - Compartment Burnout - The point in the fire growth curve where exhaustion of all fuel
due to pyrolysis occurs.

CBR - Chemical, Biological, Radiological

CFR - Code of Federal Regulations

CO; - Carbon Dioxide. A firefighting agent particularly effective against class C fires.
COR - Circular of Requirements

CSRLI - Cutter Standard Repair Locker Inventory

CUI - Compartment Use Indicator - The designation for a compartment selected from a list
provided in SAFE used to define the type or function of the compartment and establish
default values for various fire parameters.

Data Set - A data set describes those characteristics of a ship which affect its performance as a
fire safety system. It includes information describing particular aspects of each
compartment such as geometry, construction, fuel type and load, automatic detection and
monitoring systems, ventilation and fire protection systems.

Dbar - The probability that a barrier will not fail due to durability or massive failure.
DCA - Damage Control Assistant
DCFF - Damage Control/Firefighting

EB - Established Burning - The point in the fire growth curve between ignition and FRI when the
fire starts to grow exponentially with respect to time. In SAFE, it is assumed that this
exponential growth varies with the 2nd power of time. EB is usually considered
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equivalent to a flame 10" high. EB also signifies the demarcation between fire prevention
and the beginning of the ship's response to the fire.

Fire Safety System - A term used to address the overall performance of a ship as it relates to fire
safety. It considers the ship as a whole and accounts for such things as compartment
geometry, construction, fuel type and load, automatic detection and monitoring systems,
ventilation and fire protection systems.

FRAM - Fleet Rehabilitation and Maintenance

Frequency of Acceptable Loss (FAL) (years) - A component of "FSOS" which denotes the
frequency with which a compartment can sustain a given Magnitude of Acceptable Loss
(MAL). The FAL and MAL together establish the FSOS for a given compartment.

Frequency of EB - A frequency based on historic fire casualty data compiled from data provided
by the U.S. Naval Safety Center and the Coast Guard's MISREP mishap reporting system.

FRI - Full Room Involvement - The point in the fire growth curve when the temperature in a
compartment has increased 500°C above ambient. FRI conditions include surface burning
of all combustibles and survival for unprotected personnel is not possible.

FRI Time - The elapsed time (in minutes) from EB to FRI calculated in SAFE using the
Beyler/Peatross algorithm.

FSO - Fire Safety Objective - Performance standard ideally established by cognizant authorities
for a compartment accounting for mission protection, property protection and life safety.
The SFSEM is designed to analyze, quantify and compare the ship's performance as a fire
safety system to achieve the established FSOS on a compartment by compartment basis.
The FAL and MAL together establish the FSOS for a given compartment.

FTA - Fault Tree Analysis. An approach for establishing FSOS that takes into account the effect
losing one compartment has on another; useful for situations where redundancies require
multiple simultaneous losses before the ship’s mission is affected.

FY - Fiscal Year (For example, FY94 is Oct. 1, 1993 to Sept. 30, 1994).
G-ENE - Naval Engineering Branch in the Engineering Division, USCG Headquarters
G-KSE - Safety Branch in the Health and Safety Division, USCG Headquarters

Halon - Halogenated Hydrocarbon. A firefighting agent particularly effective against all classes
of fires, but presently banned from further production in accordance with the Montreal
Protocol due to its ozone-depleting characteristics.

HVAC - Heating Ventilation and Air Conditioning system. The system on board a ship which
supplies and/or exhausts warm and/or cool conditioned air to interior compartments.

Ignition - Point in the fire growth curve that denotes the beginning of pyrolysis of combustible
fuel.

I value - The probability that the fire will self-extinguish at some point between EB and FRI.

MAL - Magnitude of Acceptable Loss - A component of FSOS which denotes the severity of
damage that can be tolerated in a compartment. FAL and MAL together establish the
FSOS for a given compartment.
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MMA - Mid-life Maintenance Availability

M value - The probability that manual firefighting efforts will successfully extinguish the fire
before FRI occurs.

NAVSEA - Naval Sea Systems Command

NERAC - Document retrieval and forwarding service for reports, periodicals, conference papers,
annual reports, product literature, test reports, U.S. and foreign patent information and
other printed material.

Non-Standard Scenario - Similar in all respects to a Standard Scenario except that it considers
reduced levels of available fire protection systems.

NSTM - Naval Ship's Technical Manual
NWP - Naval Warfare Publication

One-Shot Halon System - A total flooding system with the capability to completely flood the
protected space one time with the required concentration level of Halon 1301.

P-250 - A portable gasoline-powered pump.

Passive Fire Protection - Fire protection features designed to limit the flame movement by their
presence alone. Barriers are the best example of passive fire protection, intumescent
coatings, fire doors, fuel load distribution, and insulation of hot surfaces are other
examples. See "Active Fire Protection".

PIR - Polar Icebreaker Replacement - Design for the replacement of the Coast Guard's Polar
Icebreaker class. This design was the first application utilizing the SFSEM to perform a
fire safety analysis and was conducted in 1987.

PMBTL - Predicted Mean Time Between Losses. See “FTA.”

RLF - Relative Loss Factor - RLFS are calculated in SAFE as a means of assessing whether a
target compartment or set meets FSOS. A Relative Loss Factor > 1 indicates that a
compartment has failed. This factor is determined by multiplying the target's relative FAL
given fire free state (calculated during a given run of SAFE) by the assigned FAL. A
target is considered lost if its level of fire involvement for a given path exceeds the level
specified by its MAL rating.

SAFE - Ship Applied Fire Engineering - The computerized implementation of the SFSEM.
SCBA - Self Contained Breathing Apparatus

Scenario - A situation defined by the user before executing a SAFE probabilistic model run.
Such parameters as run time, ship location, material condition of readiness and firefighting
configuration are specified.

SCFP - Small Cutter Fire Protection. Project sponsored by Commandant (G-ENE) to analyze
fire safety on cutters less than 180’ in length.

SFSEM - The Ship Fire Safety Engineering Methodology. A probabilistic-based risk analysis
methodology used to analyze all aspects of the ship's performance in response to a fire
compared to pre-established FSOS.




SHIPALT - Ship Alteration
SLEP - Service Life Extension Project

Standard Scenario - Scenarios used to fully define a ship's response to fire under the different
operating conditions experienced by the vessel with full fire protection capabilities

available.
Thar - The probability that a barrier will not fail due to thermal or hot spot failure.

Two-Shot Halon System - A total flooding system with the capability to completely flood the
protected space two times with the required concentration level of Halon 1301. This
system is designed such that each shot of Halon is released from a different location in the

vessel.
USCGC - United States Coast Guard Cutter
WLB - Ocean-going Buoy Tender
WLM(R) - Replacement Coastal Buoy Tender
WMEC - Medium Endurance Cutter

XRAY, YOKE and ZEBRA - Material Conditions of Readiness. Successively increasing
readiness conditions for controlling damage. At each level, additional access closures,
valves and fittings are required to be closed to limit fire and flooding.




Acknowledgments

The authors are indebted to the numerous people who generously contributed their time
and talent in conducting the fire safety analysis of the U. S. Coast Guard 175 WLM(R)
Replacement Buoy Tender. Mrs. Bettie Proctor worked long hours in learning and using
AutoCAD to produce the ship’s drawings and ship visit forms. Mrs. Doris Rich provided
excellent support with the database during the fire safety analysis phase of the project. The final
report required embedding spreadsheets and graphics into the text; Mr. Lance Ryley ably assisted
in this aspect of the final report. The Resident Inspectors Office at Marinette Marine Shipyard
was extremely cooperative and provided information that improved the accuracy and validity of
the analysis. The crew of the Coast Guard Cutter REDWOOD also provided their time and
insight into typical fuel loads that can be expected on Coastal Buoy Tenders. Mr. Rob Richards
not only contributed technically in the project, but he managed to maintain the sponsor's interest
between project award and the final report. The professional and dedicated contributions
provided by the entire project team is gratefully acknowledged and truly appreciated.

xii




1. INTRODUCTION

1.1. BACKGROUND

The U.S. Coast Guard operates a large fleet of buoy tenders to maintain an
extensive system of floating and fixed aids to navigation in the navigable waters of the
United States including harbors, rivers, and coastal regions. The fleet includes 180’
ocean-going buoy tenders, 157’ and 133’ coastal buoy tenders, and a variety of
construction and river tenders that operate on the “Western” rivers such as the
Mississippi, Missouri, and Ohio Rivers as well as selected Bays and Harbors such as the
Chesapeake Bay. The fleet is geographically dispersed over the Atlantic and Pacific
seaboards, Alaska, Hawaii, the Gulf of Mexico and all five Great Lakes. Due to the age of
the existing cutters in the buoy tender fleet, the Coast Guard is in the process of replacing
two classes of buoy tenders. : :

The Coast Guard has awarded two contracts to Marinette Marine Shipyard,
Marinette, W1, to design and build a replacement class of buoy tenders for the aging 180’
and 157’ buoy tenders. “WLM(R)” is the designation for the replacement coastal buoy
tender; Marinette has designed the WLM(R) to be a 175 long, standard displacement hull,
all steel vessel. Marinette Marine is responsible for designing and building these ships in
accordance with the guidance provided in the Circular of Requirements (COR) and other
applicable regulatory authorities. The COR requires installation of certain firefighting
equipment and ensures that fire safety is considered in the design. However, a formal fire
safety analysis is not required by the COR.

The purpose of the Small Cutter Fire Protection (SCFP) project is to analyze the
fire safety of Coast Guard Cutters greater than 65° and less than 180’ long. The 175’
Replacement Coastal Buoy Tender is therefore the largest cutter within the scope of the
SCFP. The following sections provide additional background information on the
Replacement Coastal Buoy Tender and the SCFP.

1.1.1. WLM(R) COASTAL BUOY TENDER REPLACEMENT

Coast Guard Headquarters specified general requirements for the WLM(R) in the
COR.[1] The COR, in turn, requires Marinette to comply with the American Bureau of
Shipping (ABS), Part C of Chapter II-2 to International Convention for Safety of Life at
Sea (SOLAS), 46 Code of Federal regulations (CFR) Subchapter I, and other regulatory
authorities for certain aspects of construction. This particular procurement requires
Marinette to develop the preliminary or conceptual design of the ship. Marinette then
develops the detailed design under the scrutiny of the USCG resident inspector and the
ABS inspector. The construction drawings are then produced and the ship is built. When
this project was started, the ship was in the preliminary or conceptual design phase. The
keel had not been laid, the outfit had not been specified, and the detailed design was not
finished. It is much easier and less expensive to implement changes in the fire protection
features of a conceptual design than it is on the delivered ship. Thus, it is advantageous to
conduct a fire safety analysis after the conceptual design is complete and before
construction begins.
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1.1.2. SMALL CUTTER FIRE PROTECTION PROJECT

The SCFP was initiated to examine all aspects of fire protection in small cutters.
The original scope of the SCFP included nine classes of small Coast Guard Cutters
including most of the Patrol Boats, Tugboats and Construction/River Buoy Tenders in the
Coast Guard fleet. The primary objectives included analyzing the fire safety of the nine
cutter classes and recommending improvements where needed. The deliverables in the
project included interim and final technical reports including a fire protection doctrine
tailored to suit each class of cutter studied. The technical approach specified the use of
the Ship Fire Safety Engineering Methodology (SFSEM) as the analytical tool to evaluate
the fire safety of the cutters studied.

The SFSEM is a probabilistic-based risk analysis methodology which provides an
integrated framework to account for all relevant aspects of shipboard fire protection. The
Theoretical Basis of the SFSEM is documented and available in the Marine Fire and
Safety Research Branch Library at the U.S. Coast Guard Research and Development
Center.[2] The SFSEM is designed to evaluate the ship's performance compared to pre-
established FSOS. The methodology quantifies the contribution of passive and active fire
protection systems, thus it provides a means for analyzing and comparing alternatives to
improve the overall fire protection on the cutter. Since the SFSEM had only been used
once before in the PIR Project, an objective was established in the SCFP to analyze the
utility of this methodology and identify areas of improvement.

As documented in the final technical report for the SCFP, the utility of the SFSEM
to analyze existing ships, identify problem compartments which fail to meet FSOS, and
analyze the effectiveness of hypothetical alternatives to correct the problems was clearly
demonstrated.[3] Theoretically, the SFSEM can be used in a similar manner to analyze a
conceptual design of a vessel which has not been built. The 175 WLM(R) is within the
scope of the SCFP project (all cutters between 65’ and 180’ in length) and it is in the
conceptual design phase; therefore, a project to analyze the fire safety of the WLM(R) was
undertaken.

1.2. SCOPE

The scope of this project is limited to analyzing the 175> WLM(R) Coastal Buoy
Tender Replacement in the conceptual design phase at Marinette Marine Shipyard,
Marinette, WI. It does not include the 225 WLB Ocean-going Buoy Tender
Replacement presently under construction at Marinette because this ship is considered a
large cutter and therefore outside the scope of the SCFP. The SFSEM requires a
considerable amount of input data normally collected during a ship visit; in this project, a
trip to Marinette Marine was conducted to collect additional information from the ship
builder. In addition, a ship visit to the CGC REDWOOD (WLM 685), New London, CT,
was performed to gain insight into typical fuel loads and standard operating procedures for
an existing 157’ WLM Coastal Buoy Tender. The SFSEM was again specified to be used
as the analytical tool to evaluate the fire safety of the WLM(R).

FSOS establish the performance standards for the ship as a fire safety system. The
SFSEM does not specify any particular approach for establishing FSOS. The FSOS were




established for the nine classes of cutters analyzed in the SCFP following the traditional
(compartment by compartment) approach. The scope of this project included an effort to
establish FSOS using the FTA approach if time and funds were available after completing
an analysis using the traditional approach. These approaches are discussed in section 2.2.1
of this report.

1.3. OBJECTIVES

Three objectives were established for this project. The first and most important
objective was to thoroughly evaluate the proposed fire safety design of the 175 WLMQR).
“Fire safety design” in this context includes the proposed compartmentation, construction
materials, fire protection systems, firefighting equipment, procedures and tactics and any
other aspect of the proposed design that pertains to fire safety. Since the design of the
ship is subject to constant improvement, this analysis was based on information concerning
the preliminary design available to the USCG Research and Development Center in April,
1994. This information was supplemented by a visit to Marinette Marine Shipyard in
April, 1994. The ship was to be studied in its normal operating configuration, in port and
at sea, with a full complement of outfit and crew; it was assumed that the ship would be
intact, and not subject to fires inflicted by enemy action or arson. Compartments which
fail to meet pre-established FSOS were to be thoroughly studied to determine reasons for
the problem, including an analysis of all the fire paths that contributed to the failure of the
compartment to meet the FSOS. Hypothetical alternatives to improve the fire safety of
any problem compartments were to be identified and a cost benefit analysis was to be
conducted to form the basis for recommendations to Coast Guard Headquarters. The
Coast Guard could then consider the costs that would be incurred in issuing an
engineering change proposal as opposed to retrofitting the delivered ships using the
SHIPALT process.

The second objective was to develop a tailored fire protection doctrine for the
WLM(R). As a result of the work done in the SCFP, the fire protection doctrine for
Coast Guard Cutters has been significantly expanded in scope and reformatted into three
parts. Since Parts A and B of the fire protection doctrine in the new format were
developed as part of the SCFP and apply to all small cutters, only Part C requires
development as part of this project. The entire fire protection doctrine is included in
Appendix E of this report for the sake of completeness. The doctrine specifies procedures
for combating class A, B, and C fires in port and at sea in all types of compartments in the
cutter. The scenarios are limited to those that are reasonable to expect, for example a
class A fire in the Berthing Area, a class B fire in the Engine Room, and a class C fire in
the electronics rack of the Chart Room. Only procedures, tactics, and equipment currently
authorized by SHIPALT and in consonance with published Commandant policy in the
Naval Engineers Manual (Commandant Instruction M9000.6B) and other official
documents such as NSTM, Chapters 555 and 079 are incorporated in the new doctrine.
[9,10,11] In addition, the new doctrine incorporates approved recommendations and
comments from Coast Guard Headquarters (G-ENE) in response to the following
previously submitted reports in the SCFP:
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