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WILLBROS ENGINEERS, INC.

Exposure to Contaminated Drinking Water

As discussed Section 5,5,3,2, fuel will likely leach to ground water. The potential human consumption of

Contaminated drinking water would provide the worst-case health risk for human exposure. Dermal

contact with contaminated drinking water and Inhalation of water vapor would also provide a health risk.

I n the event of a spill, the PWC pump station should be shut down immediately.

Exposure to Contaminated Soil

Human exposure to contaminated soil will be eliminated in Scenario Two.

Direct Contact with Fuel

Workers inside the Red HIII storage facility or tunnels at the time of the release could be severely
impacted by the flowing fuel.

5.5.3.5 Scenario Two: Potential Impact to Flora and Fauna

Scenario Two would eliminate any impact on flora and fauna.

5.5.4 Evaluation of Potential for Earthquake Damage

The seismic zone for Oahu is 2A, according to the Uniform Building Code, For the maximum 475-year

return period, the peak effective ground acceleration is 0.150 g,

Oahu has experienced a number of earthquakes in recent recorded times, although most that are felt on

Oahu are centered near the island of Hawaii and cause no damage on Oahu. In the spring of 194a, art

earthquake of 4.8 magnitude, centered slightly off the coast of Oahu, resulted in broken windows in
downtown Honolulu (Macdonald et al., 1983). The 1948 earthquake had a seismic intensity of VI on the
Modified-Mercalli Scale, and caused little other damage in Honolulu (Furamoto, 1994). In 1978 an

earthquake of 42 magnitude was centered on the north shore of Oahu, again causing little or no damage

on 08hu.

Earthquake damage to the interer of tunnels is rarely significant or irreparable, except in places which do

not Have good natural ground or are subject to eccentric loads (Okamoto, 1973). Damage may take the

form of failure of portal sections, transverse and longitudinal cracking of the linings, spellings and

deformation. Tunnels in hard rock will undergo significantly less earthquake damage than tunnels through

soft rock. Liner thickness may have some effect on the magnitude of damage, where liner thicknesses

vary in a tunnel, damage is often greater in sectors with thick lining (Okamoto, 1973).

16 June 1998
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In the early 1950's an investigation was conducted by C.K. Wentworth concerning cracks in the lining of

the Red Hill Tunnel system (Wentworth, 1954), He investigated conditions back of the gunite arch in

some areas and found that the wood framing had rotted and was incapable of supporting any load.

Wentworth found no evidence of crushing or of pressure or load from the rock above, which appeared to

be holding its natural arch, despite an earthquake of considerable intensity in 1948.

Wentworth attributed the cracks in the gunite roof to tension cracks, due to the slumping of the gunite

shell, which resulted from rotting wood supports. He suggests that this slumping may have been

aggravated by earthquake disturbance, but it was his view that the tunnel cracks were cosmetic problem

only and that there was no threat to the continued stability of the rock tunnel itself. Wentworth

recommended patching the gunite but considered it not necessary to rebuild the tunnel lining with

reference to supporting the overlying rock structure.

IVIFA believes that the potential for earthquake damage to the Red Hill tunnel is low, given the quality of

the rock through which the tunnel passes. In the Red Hill end of the tunnel, the tunnel and tanks are

constructed in primary basalt, and the likelihood of earthquake damage of the tunnel rock structure is very

low. The tuff formations seaward of Red Hill consist of well-cemented basalt and calcareous ejects, and,

while not as hard as primary basalt, appear to be structurally competent. Sections of the tunnel may pass

through an approximately 5-foot strata of weathered rock that forms the contact between the Alimanu and

Salt Lake tuff deposits. Wentworth alluded to this weathered rock overlying the tunnel in the location of

the cracks he investigated, but he also describes the apparent integrity of the rock arch in this area,

despite the occurrence of a sizable earthquake since construction of the tunnel.
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5.6 Conclusions and Recommendations

5.6.1 Conclusions

In conclusion, an uncontrolled massive fuel release from the Red Hip tanks or IAT would cause

irreparable damage to the drinking water source below the site. The cost of clean up would be prohibitive,

long term, and may not be completely successful. The benefits of preventive measures to avoid a

catastrophe, far outweigh the cost and environmental effect of a massive or even short term fuel release.

In Scenario One, drinking water is significantly impacted since fuel flows into the PWC pump station and

all along the LAT and upper portion of the Harbor Tunnel. Surface water and surface soils are

significantly impacted by releases from;°°°_~•_°_- the water riser shaft, and the former diesel power station.

These areas of release also result in more human and environmental (flora and fauna) exposure. Since

the Scenario One release is spread over such a large area and many media are effected (i.e„

groundwater, surface water, and soil), the required cleanup effort and cost would be tremendous.

By comparison, in Scenario Two the release of fuel is contained in the tank area. No surface spilt would

occur and the potential for human contact with contaminated soil and surface water, as well as impact to

flora and fauna would be eliminated or reduced. In addition, immediate action to remove the fuel from the

IAT will reduce the potential of drinking water contamination substantially.

5.6.2 Recommendations

It is our recommendation that precautions be taken to protect the drinking water below the site. If a

release of fuel was to occur it would be best to contain it before it flows down the LAT. If containment did

not occur at the end of the tanks additional precautions should be taken to protect the PWC pump station.

Water tight doors should be repaired, designed, and maintained, especially near the PWC pump station,

to divert the fuel away from the water pumping station down the tunnel and into the; Critical Infrastructure

;and into Pearl Harbor, A surface spill in pearl Harbor would be easier to clean up than a release-------------
into the subsurface and drinking water aquifer at Red Hill.

If a major spill occurs and is contained behind water-tight doors, previsions must be made to remove this

fuel quickly. A pipe through the bulkhead that is valved on the downstream side of the door and can be

tied into existing piping will allow drainage of the fuel into the existing fuel piping so pumps at the

16 June Ma
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receiving pumphouse can pump this fuel into another Red Hill tank or transfer the fuel to the Upper Tank
-------------------------------------------------------

Farm or other storage. Such a bypass system exists; Critical Infrastructure 
-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-i

Additional recommendations include'

• Seal the manhole cover of the well in the PWC pump station and install water tight doors before

(upgradient) of the pump station.

• Install doors or thrust block to prevent a release from reaching the PWC pump station.
-------•-•-•-•-----------,

0 5 i• 900t4 / V- -/_ __.A i Critical Infrastructure p
// 44CCiiLGLL KK ft.K/~l i!L lu,wd to wairaw ar mw Kent q e4j &,ee w eaee

ewrffq4~a4, per 7 5" 7.

• Install a tank level monitoring system.

• Make hourly visual checks of the tanks, tunnels, and pipelines.

• Repair and routinely test the water-tight doors.

• Repair cracks and open holes in the tunnel.

• Seal off the two former drainage tunnels to Halawa Stream.

• Seal off the doorway tol Critical Infrastructure
i.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-.-~

• Install secondary confinement thrust block below. Critical Infrastructure

• Repair and clean out french drain in Harbor Tunnel.

• Clean out and test product in open trench near sump for tanks.

• Clean out drains beneath Harbor Tunnel.

- ---------------•--------------1

• Seal the water riser shaft ai critical Infrastructure Ito prevent a release from reaching the surface.

4

• Emergency evacuation procedures for: Critical Infrastructure 'hnd workers at
Red Hill.

16 June 1998
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• Floor drains in the Harbor Tunnel and Pump House should be periodically cleaned out to ensure they

are working properly.

• The tunnel floor has many holes, some of which were formed by water damage and others man

made, Efforts to seal the holes in the floor and walls should be undertaken as precautionary

measures, but the possibility of sealing all holes in the floor and walls of the tunnel seems unlikely.

18 June 1998

AHSM IT/winword1hawall/arn3vol-I

5-25 Environmental Risk Rsx.es..r,en[;Analy..,r:;

RDHLCCO024994



Cr'it'ical Infrastructure '.

Figure 5-5
Red Hill Complex
Tunnel Piping Anchors
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Figure 5-6
Red Hi l l Complex
Tunnel Anchors
for Piping
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SECTION 4

FIRE AND LIFT; SAFETY RISK ASSESSMENTIANALYSIS

4.1 General

Firesafety Consultants was contracted by Wilbros Butler Engineers. Inc. to perform a Ere and
lifesafety risk assessment/analysis of the Red Hill Tank/Tunnel Complex. The primary objective
of this study was to provide recommendations and alternative approaches for improving current
conditions and/or correcting any deficiencies.

A field survey of the Red Hill Complex was conducted during the period May 2-11, 1994. The
field survey team for fire protection consisted of John Echtemacht, Firesafety Consultants,
Kenneth Echtemacht, Firesafety Consultants, and Teny Forehand, Wilbros Butler Engineers.
Daily survey notes and photographs are included as Appendices to this report and provide a
record of the field investigation.

This study includes an assessment of all areas of fire and life safety risk assessment/analysis
outlined in the Scope of Work as defined in Section 2.0 of this report.

4.2 Codes, Regulations, and Standards

4.2.1 General

The purpose of this section is to identify the applicable codes, regulations, and standards used for
conducting the risk assessment/analysis for the Red Hill Complex,

Such codes, regulations, and standards include local, state and federal government codes,
nationally recognized codes and standards, industry practices, and applicable military standards.
A listing of these codes, regulations, and standards is included in Section 4.2.2. Section 4.4
provides an evaluation of the facility and its components against the listed regulations and what
is considered good engineering, maintenance and operating practice.

4.2.2 Applicable Codes, Regulations, and Standards

A general listing of the categories of codes, regulations, and standards is given below.

— Local Codes, Regulations, and Standards

— State Codes, Regulations, and Standards

176
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Federal codes, Regulations, and Standards

(Code of Federal Regulations [CFR])

American Petroleum Institute (API)

National Fire Protection Association (NFPA)

National Electrical Code (NEC)

— Navy Manuals

4.2.2.2 Specific Codes Within Categories of Codes, Regulations, and Standards

Specific codes within the categories of codes, regulations, and standards specified in Section
4.2.2 are addressed below.

a. Local Codes, Regulations, and Standards

No specific local Honolulu city and county fire protection codes, regulations, or standards have
been identified that pertain to USN facilities.

b. State Codes, Regulations, and Standards

No specific State of Hawaii fire protection codes, regulations, or standards have been identified
that pertain to USN facilities.

C. Federal Codes, Regulations, and Standards (Code of Federal Regulations [CFR])

The Code of Federal Regulations (CFR) contains the federal codes, regulations, and standards
which apply to DOD Bulk Fuel Storage Terminals. The CFR is divided into titles which are
subdivided into chapter and parts. Titles and parts are abbreviated in this document for
convenience. For example 29CFRI 910 means Title 29 of the Code of the Federal Regulations,
Part 1910. Fire protection and safety regulations which apply to the Navy facilities are given
below.

1. Title 29 - Labor
Chapter XVII; Parts 1900 to 1910;
Occupational Safety and Health Administration, Labor
Part 1910.106 - Flammable and Combustible Liquids

d. American Petroleum Institute (API)

The American Petroleum Institute (API) presents categories which contain standards,
recommended procedures, and publications which apply to petroleum facilities. The categories
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that apply to fire protection and safety are listed below.

I . Safety and Fire Protection

— Publ. 2003, Protection Against Ignition Arising Out of Static, Lightning
and Stray Currents

— Publ. 2004, Inspection for Fire Protection

— Publ. 2015, Cleaning Petroleum Storage Tanks

— Publ. 2021, Guide for Fighting Fires In and Around Petroleum Terminals

— Publ. 2350, Overfill Protection for Petroleum Storage Tanks

e. National Electrical Code (NEC)1 ; G

f. Underwriters laboratories, Inc. (UL),

g. Factory Mutual Research Corporation (FM)

h. National Fire Protection Association (NFPA)

— NFPA 10, Portable Fire Extinguishers) 11~~

— NFPA 11, low Expansion Foam and Combined Agent Systems t ~~

— NFPA 12, Carbon Dioxide Extinguishing Systems) /fr'F3

— NFPA 12A, Halon 1301 Fire Extinguishing Systems,,

— NFPA 13, Installation of Sprinkler Systems// 'F'7

— NFPA 14, Installation of Standpipe and Hose Systems

— NFPA 15. Water Spray Fixed Systems, C flio

— NFPA 16, Installation of Deluge foam-Water Sprinkler Systems and Foam-WaterSpray Systems I / ql e /

— NFPA 20, Installation of Centrifugal fire Pumps

— NFPA 22, Water Tanks for Private Fire Protection, / 9 93
-- NFPA 24, Installation of Private Fire Service Mains and Their Appurtenances 7
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— NFPA 30, Flammable and Combustible Liquids Code// 1 0

NFPA 37, Installation and Use of Stationary Combustion engines and Gas
Turbines/ f7 '-70

NFPA 70, National Electrical code/ I 1 
!7 ?J

NFPA 72, National Fire Alarm Code j f

NFPA 91, Installation of Exhaust Systems for Air Conveying of Materials

)! 

f ~!

NFPA 101, Safety to Life from Fire in Buildings and Structures T

NFPA 101 M, Alternative Approaches to Life Safety / / f! FF

NFPA 329, Handling Underground Releases of Flammable and Combustible
Liquids , / 1 9 0—

i. Navy Manuals

J-

— NAVFAC DM-22, Petroleum Fuel Facilities, August 1982

-- NAVFAC MO-230, Maintenance and Operation of Petroleum Fuel Facilities,
August 1990

— MIL-HDBK-I00$rire Protection, for Facilities Engineering, Design and
Constructions 1 S TXIVa4lll Y/ F5 y
MIL714N5K—/e22) pe7Zoe-EjIM t=~IELFAc,LrhL,51 3oJu,je 1917

Other Codes, Regulations, and Standards

— Society of Fire Protection Engineers (SFPE) Handbook of Fire Protection
Engineering, September 1988

NFPA Fire Protection Handbook, 171 Edition

4.3 Fire, Life Safety, Electrical Risk Assessment

4.3.1 Fire Protection

4.3.1.1 General

Fire protection for the underground fuel storage and tunnel complex at .lei. Hi.l1_cnrsi.~t .nf'.iu~ tP~
supplied from a 500,000 gallon concrete aboveground tank located; Critical Infrastructure----------------------------------------------------------
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Water supply to the upper access tunnel is provided through a new 6 inch line which is also
routed through the ventilation shaft at the PWC water pump station to supply the lower access
tunnel. The old 6 inch riser in the elevator shaft has been abandoned in place (installed a wedge-
type plug valve to isolate riser from the supply).

The water supply for Red Hill is for manual fire fighting purposes only withy hydrants (valved
outlets) located every 50 feet in the tank area and every 250 feet in the tunnel section. No hose
stations or self-contained breathing, apparatus are provided for Fuel Department personnel (see
Section 4.6.2.5 for recommendations).

In the case of a major fire or other emergency condition, reliance is placed on response by the
Federal Fire Department. Response time to a remote location in the underground facility could
be as much as 30 minutes. It should be further rioted that the fire department must bring their
own hose packs, breathing equipment, and foam concentrate when responding to such an
emergency situation.

Communications throughout the underground facility for operations and/or fire department
personnel is totally lacking. The existing telephone system is not in service.

4.3.1.2 Red Hill Fuel Storage Area

There is currently no fixed fire protection installed in the underground fuel facility. The Cardox
22 ton low pressure carbon dioxide system that was installed it;_thc-early.1260's for protection of
the upper and lower tunnel areas east of the bulkhead housing'! Critical InfrastructurePly g._._._._._._._._._._._._._, been taken out of
service and abandoned in place. The storage tank is still has been emptied.
all piping and nozzles are still in place. The existing heat detection`sysrerf'for this system is also
not in service.

The only fire protection provided is by means of portable fire extinguishers and valved outlets for
connection of fire hose by responding fire department personnel.. The fire protection water line
in the upper and lower access tunnels is a 6 inch line.

4.3.1.3 Lower Access Tunnel' critical Infrastructure

The only fire protection for this area are portable fire extinguishers and valved outlets for fire
hose as noted above.

4.3.1.4 Harbor Tunnel

At the I Critical infrastructure adjacent to the PWC water pump station there is a twin agent hose reel
unit (500 lbs. Purple K dry chemical and 100 gallons of premixed AFFF). This unit is mounted
on a rail car and is moved by rail to areas of temporary construction to provide standby manual
fire fighting capabilities.

The entire length of the Harbor Tunnel is protected by a water line with valved outlets located

e
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approximately every 250_ feet for _ connection of ~e.1iQSe ~._l.iz~e sine s.fcu_tt►e. grater supply vary
from 6 inches from the; Critical Infrastructure ;then a 20 inch
line and next a 32 inch'1TVVC potabl"e walef ]ine for wiiter supply.

4.3.1.5 Fire Protection Systems

This section reviews the characteristics and operating principles of the various types of fire
suppression systems for consideration to protect the lied Hill Complex.

4.3.1.5.1 Aqueous Film Forming Foam (AFFF)

Aqueous film forming foam (AFFF) is obtained from synthetic fluorochemical surfactants.
Foaming agents, stabilizers, and solvents are added to form the concentrate. AFFF is unique,
because it allows a film of water to form on a hydrocarbon fuel surface. It extinguishes fire by
suppressing fuel vapor due to the presence of the aqueous, or watery, film. AFFF comes in both
3% and 6% concentrations.

Actually AFFF has many mechanisms that work together to help extinguish a fire. They come
from the aqueous film, the mechanical foam, and the water content. The aqueous film suppresses
vapors, improves the spreading ability of the foam, and tends to reseal itself when distributed.
The mechanical foam suppresses vapors, and separates the fuel from the air. The water content
has a cooling effect.

AFFF is widely used in fighting hydrocarbon fires due to its swift control time.

4.3.1.5.2 Gaseous Systems

The two most widely used gaseous agents are carbon dioxide and Halon 1301.

a. Carbon Dioxide

Carbon dioxide is an inert, non-corrosive, electrically non-conductive extinguishing agent used
on fires involving flammable liquids and fires involving electrically energized equipment.

Carbon dioxide is a gas under normal conditions of temperature and pressure, but is easily
liquefied by compression and cooling. As the pressure increases, the density of the vapor over
the liquid increases. On the other hand, the liquid expands as the temperature goes up and its
density decreases. At 87.8 degrees F (31 degrees C) the liquid and vapor have the same density,
and, of course, the liquid phase disappears. This is called the critical temperature for carbon
dioxide. Below the critical temperature, carbon dioxide in a closed container is part liquid and
part gas. Above the critical temperature it is entirely gas.

Carbon dioxide cannot exist as a liquid at pressures below 60 psig (75 psi absolute), This is the
triple point pressure where carbon dioxide may be present as a solid, liquid or vapor. Below this
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pressure it must be either a solid or gas, depending on the temperature. This latter point is
critical in system design. The pressure drop of agent flowing through piping is mainly due to
increasing friction losses and partly due to the pressure in the pipeline is allowed to drop below
60 psig the liquid may convert to solid carbon dioxide (dry ice) and literally plug the pipe or
discharge nozzles.

The relative density of carbon gas, when compared with dry air at 32 degrees F and atmospheric
pressure, is 1.529. In other words, carbon dioxide is about 1 'f2 times heavier than air.

Although carbon dioxide is only mildly toxic, it can produce unconsciousness and death when
present in fire extinguishing concentrations (34 - 50% by volume in air). The personnel hazard is
more related to suffocation or a reduction in the oxygen content. In concentrations above 9
percent most persons will lose consciousness within a few minutes. Breathing a higher
concentration could render a person helpless almost immediately.

As a result of the above considerations, fixed-automatic systems utilizing carbon dioxide require
that a time delay be incorporated into system design to allow sufficient time for personnel
evacuation prior to release of agent.

Carbon dioxide is stored under pressure as a liquid, and, when released, is discharged into the
fire area principally as a gas. As a guide, 1 pound of it may be considered as producing 8 cubic
feet of free gas at atmospheric pressure. When released onto burning materials, it envelops them
and dilutes the oxygen to a concentration which cannot support combustion.

Carbon dioxide is effective for extinguishment of Class A combustibles, Class B flammable
liquids, and Class C energized electrical equipment. It is a "clean agent" in that it will not
damage equipment or leave a residue. Some cooling effect is realized upon agent discharge, but
you should not encounter "thermal shock' to equipment if the system is properly designed.

Carbon dioxide systems are classified according to the manner in which the agent is stored; either
low pressure (bulk storage) or high pressure (individual cylinders).

A low pressure carbon dioxide system utilizes a large insulated and refrigerated storage tank.
The carbon dioxide is maintained at 300 psi by keeping the temperature at approximately 0
degree F. Low pressure systems are normally provided when the quantity of agent required
exceeds 2000 pounds

A high pressure system utilizes one or more cylinders manifolded together. The pressure at 70
degrees F is approximately 850 psi. Protection of hazards using flammable or combustible
liquids requires a design concentration of 34% and hazards containing electrical equipment
requires a design concentration of 50% by volume.

In accordance with NFPA Standard # 12, a total flooding system requires that a minimum 30%
design concentration be achieved within two minutes and the total design concentration be
achieved within seven minutes.
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The major disadvantage of using carbon dioxide in occupied areas
 is the hazard to personnel.

Since carbon dioxide is a suffocating agent, the requirement exists to e
vacuate the hazard area

prior to system discharge. Such a delay allows added time for a 
fire to increase in magnitude and

intensity.

A Further consideration is that leakage or dissipation of agent into ot
her occupied areas could

create an additional life safety problem.

However, a properly designed system will take all of the above
 factors into consideration.

Carbon dioxide is a clean agent, three dimensional, does not requi
re drainage or clean-up, is

relatively inexpensive, readily available, and is very effectiv
e for protection of enclosed hazard

areas.

b. Halon 1301

Halon 1301 is an inert gas. It has a vapor pressure of 199 prig and a
 boiling point of minus 72

degrees F. although its vapor pressure would adequately expel the 
agent, it decreases rapidly with

a temperature fall to 56 psig at 9 degrees F and 17.2 psig at -40 degr
ees F. therefore, in fixed

piped systems, the agent container is super pressurized with nit
rogen to 360 psig. Finally, the

heat of vaporization of Halon 1301 is relatively low, which means t
hat saturated liquid will

immediately vaporize into a gas upon discharge.

A major advantage of Halon 1301 is its effectiveness as a fire 
suppression agent at very low

concentrations. A 5% concentration of Halon will extinguish most fl
ammable liquid fires and

most Class A combustible incipient surface fires. Personnel can safely 
be exposed to design

concentrations up to 7% for short periods of time without any ha
rmful effects. Therefore, where

personnel exposure exists, the utilization of Halon 1301 is further j
ustified.

Although Halon 1301 does not represent a life safety concern, i
n recent years the fire protection

industry has become aware of the potential depletion of the glob
al ozone layer by

chlorofluorocarbon (CVC) emissions; emissions which incl
ude the haion generated fire

suppression agents. Thus, current use of the halon generated 
agents are on a restricted bases.

4.3.1.5.3 High Expansion Foam

High expansion foam concentrates are obtained from surfact
ants that do not contain

fluorochemicals. As their name suggests, they possess expan
sion ratios ranging from 100:1 to

1000:1. Most other foam concentrates, are classified as love expansio
n foams with expansion

ratios of approximately 10:1.

High expansion foam requires special application hardware. It is
 particularly suited as a flooding

agent for control and/or extinguishment of Class A and Class B fires in c
onfined spaces.

The foam is an aggregation of bubbles mechanically generated by 
the passage of air or other

gases through a net, screen, or other porous medium that is 
wetted by an aqueous solution of

33
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surface active foaming agent.

High expansion foam is a unique vehicle for transporting wet foam masses 
to inaccessible places,

for total flooding of confined spaces and for volumetric displacement of vapo
r, heat, and smoke.

4.3.1.5.4 Other Feasible Alternatives

a. Water Deluge System

Water is without doubt the oldest fire extinguishant employed by man. It is a two dimen
sional

extinguishant and is usually available in vast quantities.

A water deluge system consists of a system of pipes provided with open heads 
or nozzles that

will distribute water onto the fire. A deluge system requires a separate detection system for

automatic operation (as with all other systems described above).

Water suppression systems are effective for controlling flammable liquid fires, b
ut for rapid

flame knock-down and providing total extinguishment and system becomes much
 more effective

when a foam concentrate is added.

b. Dry Chemical System

Dry chemical is primarily used in the hydrocarbon processing industry due to its recogniti
on as

an extremely efficient agent in extinguishing fires in flammable liquids.

Dry chemical possesses the ability to control fires by a rapid knock-down of t
he flame front.

However, it will not provide securement of a flammable liquid spill or pool fire. 
Therefore, the

agent must be properly applied to achieve total extinguishment.

Dry chemical is one of the most effective agents for extinguishment of three dimensional

flammable liquid fires and gas pressure fires. Dry chemical has the further added
 advantage of

concise experimental data to support the design criteria in this latter application.

Although total flooding dry chemical systems have been designed and installe
d the most effective

use of the agent is based upon a local application technique. Therefore, this agent
 is better suited

for protection of flammable liquid fires by using large capacity wheeled extinguisher
 units.

4.3.1.5.5 Fire Alarm System

As part of the field survey NAVFAC Specification Number 14.89-24-16 (construction contra
ct

no. N62471-89-C-2416) were reviewed. This contract is to provide a fire alar
m system for the

upper and lower access tunnel areas at Red Hill.

The scope of work includes providing a new intelligent addressable fire alarm system
 consisting

of explosion proof heat detectors throughout the upper and lower access tunne
l areas (25 foot

`yr
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maximum spacing), manual pull stations, fire Alarm horns, and elevator recall for firefighters'
emergency service. The system will fully annunciate to provide separate alarm and trouble lamps
for each zone alarm initiating circuit. This will provide system annunciation for operating
personnel and the fire department to properly access the condition and location of the fire.

It is recommended that the fire alarm system, as proposed, be utilized for automatic actuation of
the AFFF systems to be provided for the lower access tunnel areas. The fixed pipe AFFF system
will be designed to prov_de.prote ton.far 4hr=.value.-alleries and tunnel areas for a pair of fuel
storage tanks (1.3.. Critical Infrastructure This arrangement is compatible with the
proposed zone arr~ierdcni._IsP_tlie IireTarrii 3ysierii e. _,_Fire.al r►.zone 28 is the heat
detection zone for; Critical Infrastructure ;Fire alarm zone.27.fvr: Critical Infrastructure letc. Far C3Cc'lt_T.1.E7k—if a.
fire was detected in the valve galleries or ad}acen Critical Infrastructure

Critical Infrastructure ; I A zone 28 would be actuated and the AFFF system for
Critical Infrastructure ;would be tripped. If the fire spread from one zone to the next, that respective FA
Z̀-One-Woulu'ue actuated and the respective AFFF system would be tripped. Provisions will also
be provided for manual actuation of each respective AFFF system.

4.3.2 Life Safety

Primary entry and exiting from the Red Hill complex are as follows:

Critical Infrastructure

There are! Critical Infrastructure ?etw•een the upper access and lower access tunnels;; Critical Infrastructure

Critical Infrastructure

----------------
Limited access to the upper tunnel is provided by Also secondary egress from the harbor
Tunnel is provided by a ladder in the ventilating sttarrtot;dted at the wye intersection near the

=PWC water pump station. ._ke .«a... ._.e s scaled and lacked, thus not providing either entrance or
egress from the Harbor Tunnel.

The life safety evaluation of The Red Hill complex has been based primarily on a review of
Chapter 30 of NFPA 101, Life Safety Code. In accordance with Section 30-7.3 Underground
Structures, an existing underground structure with an occupant load of 100 or fewer persons in
the underground portions of the structure is exempt from the exiting requirements of NFPA 10 i

However, due to the uniqueness of this facility, a combination underground structure, a urine
(tunnel structure), and underground fuel tank, additional consideration should be given to
emergency evacuation as follows:

— At the time of the survey the entrance to Critical Infrastructure vras
barricaded and padlocked. Provision shciulci> iria e Fo 6c agile tv ev ciiate from
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this; _-, ,wring an emergency. It should also be available for egress of fire
fighting personnel.

-------------------------------

The onlXmgws of egress from the; Critical Infrastructure -is the existing
Critical Infrastructure A second means of eesss7ioiirdbe provjdsl hr. thisrea,_f2y,_,_,_

,J.last.aIrib-g
.- 
man-door in the existing bulkhead separating; Critical Infrastructure end ;

The; Critical Infrastructure iequires a vestibule
(horizoritail3ire separaii6-h of ii(T tunne'lTevel -̀for.ifie pioiection of workers while
waiting for the elevator is case of fire or other emergency.

— Emergency lighting and exit signs shall be connected to the emergency power
supply as discussed in sections 4.3.3.3 and 4.6.2.7.

Although the occupancy level in the underground facility during normal
operations is limited it is recognized that a higher occupant load may occur during
special site visits or during future construction contracts. With implementation of
the above three recommendations and administrative control to limit the
occupancy to 100 or fewer persons, it is felt that the existing means of egress from
this facility will be adequate. However, if more than 100 persons are required to
be in this underground facility additional considerations from NFPA 101 must be
applied.

Prior to any site visit y non-operating personnel it is imperative that a briefing be
given regarding the layout of the facility, means of egress, and emergency
procedures.

As discussed in Section 4.3.1, due to the layout of this facility and the large quantity of fuel being
stored, the potential for a fire emergency is large. Further, as discussed in Section 4.4, the life
safety of F1SC personnel due to a potential catastrophic release of fuel also presents a major
concern. Therefore, in the event of a fire or fuel release in this underground facility it is
imperative that personnel is notified immediately of such as emergency condition.

It is recommended that an early warning emergency voicc/alarm communication system be
installed throughout the underground facility. This system will replace the existing (out of
service) telephone system. This system will provide 2 way emergency voice communication for
operations and/or firefighter communications well as audible/visual alarm notification for
emergency evacuation purposes.

4,3.3 Electrical

Sections 4,3.3.1 through 4,3 3.3 remain unchanged from the Draft Report.

:;,e~
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4.3.4 Ventilation

The lied Hill complex being evaluated is located un_dergrc~und_with._pra 1.1y. no natural_._.__
ventilation.._. Mechanical. ventilation. is_provided bv_ _ Critical Infrastructure

These units provide a good
fol w n to alF -a'reas-of tSe'_'EeT siorage aricl tunssel 6_d f OT6e '.T'dinbined capacity of all fans is

Critical Infrastructure

Critical Infrastructure

The ventilation systems are connected for automatic shutdown upon closure of the drop-track
doors.

Provision should be trade (if it doesn't currently exist) for the mechanical ventilation system to

have manual override capability such that fire department personnel can restart the system under
emergency conditions.

In addition, fire department personnel will respond to a fire emergency with portable smoke
ejectors to be positioned in strategic areas as required.

Due to the configwation of this facility a smoke control system is not feasible or recommended.

4.4 Potential Catastrophic Failure

This entire Section remains unchanged _Tom the Draft Report, 

4.5 Cost Analysis

IL er ire S etion remains unchanged from the Dram Report.

4.6 Conclusions and Recommendations

Sections 4.6. l thxou, h 4.6.2.2 re  air unchanged from the Draft Deport. 

4.6.2.3 Fire Department

Fire department personnel are familiar with the facility. They cTduct an annual simulated fire

drill, However, site interviews indicate that there are no preparWre- Fire Plans indicating
response to different fire/emergency scenarios. Exhibit 406, attached, provides a suggested

4-5
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format for the development of a Facility pre-Fire Plan.

The fire inspectors conduct monthly visual inspections of the fire equipment to assure that it is in
place and appears to be functioning. They prepare a written report of their observations and any
deficiencies which is turned over to the Fire Warden (Fuel Dept. Superintendent) to provide a
more detailed follow on inspection and correct deficiencies.

On an annual basis the Federal Fire Department conducts a simulated fire drill. Their normal
dispatch to the Red Hill complex consists of two engine companies and one ladder company;
equipment comprises 2 - 1000 gpm pumper trucks and 1 - ladder truck. They also respond with
hose packs, self-contained breathing apparatus, and other emergency equipment.

The fire Department maintains 6000 gallons of 3% AFFF concentrate and also has a form truck
with 1000 gallons of AFFF.

Fire Department personnel consist of 100 persons on duty at all times.

4.6.2.1 Emergency voice/Alarm Communication

This Section remains unchanged from the DEaft Report.

4.6.2.5 Manual Firefighting

The Fuel Department is relying too much on outside support from the fire department. In a fire
emergency the Federal Fire Department must respond with all needed firefighting equipment; fire
hose packs, foam concentrate, self contained breathing equipment, etc. Thr—anN-esiiiintrient on-
site areportable fire extinguishers and a emergency rail car located at theL Critical Infrastructure

Critical Infrastructure The rail car contains a twin agent hose reel system consisting
of 500 lbs. Purple K dry chemical and 100 gallons of pre-mixed AFFF; the system is self-
contained and pressurized by separate nitrogen cylinders. This rail car is used for emergency
conditions as well as fire watch equipment support during cutting and welding operations.

The Red Hill complex requires the installation of fire hose stations, 150 lb. Purple K wheeled
fire extinguishers, and dedicated self contained breathing apparatus for the usage of their own
personnel.

-----------

Tlumr.six_.I statjQn.*. _belocated. at each existing valve outlet! Critical Infrastructure
----------

Critical Infrastructure Ewh hose station shall consist of 
feet of 1-112 inch fire hose. A minimum ofb hose packs (each with 100 feet of l-1/2 inch fire
hose) shall be provided on the emergency rail car for manual firefighting response for a fire
condition in the harbor tunnel.
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Ten (10) 150 lb. Purple K dry chemical wheel extinguishers shall be provided for manual

firefighting for fuel spills and/or pressurized fuel fire (e.g., pin hole leaks in fuel piping). See

Exhibit 4-3 for equipment location.

It is also recommended that twelve dedicated self-contained breathing apparatus units be

provided for FISC and/or Fire Department personnel. See exhibit 44 for location of these units.

4.6.2.6 Egress

Major projects by outside contractors consist of "hot work" (cutting and welding), dismantling

piping, and cleaning of tanks. Contracts with outside contractors require that a competent

contractor person be responsible for assuring safe conditions; perform inspections to assure gas

free conditions.

Present operating procedures require that the Inspection Branch of the Federal Fire Department

issue all "hot work" permits.

Outside personnel periodically tour the Red Hill complex (e.g., l!laux. League,  POL conferees,

and others). During such tours, these visitors enter the facility at =. , .h, ~,. ao through the heavy

blast door at the upper tunnel, look into; C~=a11n'h„~=a,e Purrently out ot-sem ce), then exit the facility.

The visitors do not use the elevators nvr do ~liey go through any portion of the lower tunnel.

There is only one method of egress from the lower tank level in the new tank section- using the

elevator. It is strongly recommended that a secondary method of egress be provided, installing a

man-door in the lower bulkhead separating the 2 sections.

At present the entrance toii Critical Infrastructure a barricaded and padlocked. Provision

should be made to be able` io evacuate fforii ttif (itt durmg an emergency. It should also be
available for egress of fire fighting personnel.

Emergency lighting and exit signs shall be connected to the emergency power supply as

discussed in Sections 4.3.3.3 and 4.6.2.7. Emergency illumination shall meet the performance

requirements of NFPA 101, Section 5-9.

During normal operations the occupancy level is very limited (less than 20 persons). However, it is

recognized that a higher occupant load may occur during special site visits or during future construction

contracts. With implementation of the above three recommendations and administrative control to limit

the occupancy to 100 or fewer persons, it is felt that the existing means of egress from this facility NNU be

adequate. Furthermore, a site briefing should be given to all non-operating personnel regarding the layout

of the facility, means of egress, and emergency procedures prior to entering the Red Hill complex.

As noted in Section 4.6.2.5, self contained breathing equipment should be provided to allow personnel in

the complex breathable air during the evacuation period.,. Dedi_catecf units, should_be provided in the

gauger station, Receiving Pumphouse control room, and; Critical Infrastructure
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Se do s 4.6.?.7 thMUgh 4.6.2.9 remain unchanged from the Draft Report.

4.6.2.10 Ventilation

The ventilation system will need further review to assure adequate ventilation for the lower lank storage
is provided when an additional bulkhead separation is provided between the tank area and the main
tunnel. However, the door in this bulkhead will normally be open (and provided with an automatic
closure device), as is the case with the existing doors so the ventilation will only be marginally affected.

4.6.2.11 Overall Fire Protection Program

The Fire Protection Program appears to be very fragmented. There is currently multiple areas of
responsibility as noted:

Inspection Federal Fire Department
Fuel Department, Fire Warden

Maintenance - PWC

Engineering; - PACDIV
PWC
Fuel Department

Firefighting - Fuel Department
Federal Fire Department

The Fuel Department (li lSC) needs to take a centralized role in the Fire Protection program for the Red
Hill complex. Various parts of the program can be delegated to other departments as noted above (e,g.
maintenance to PWC), but the overall responsibility for the Fire Protection program mist reside with a
single entity-the Fuel Department.
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Photograph
Number 

RH3-100

RH3-101

PH3-102

RH3-103

RH3-104

RH3-105

RH3-106

RH3-107

RH3-108

RH3-109

RH3-110

APPENDIX B-1

SITE INVESTIGATIONS PHOTOGRAPHS

Description

Exterior entrance to  5/94

r-'-'-'-'-'-'-'-'-

Exterior entrance to ~m~ ~r,.,Nn~R 5/94

Exterior entrance to! 5/94

„~.t"t-pntrance to lower access tunnel - 5/94

Above ground 500,000 gallon water storage tank - 5/94

-­---------------­Abandoned 22 ton low pressure carbon dioxide storage tank) Crltl~l I^r,a r—.r j5/94

Twin-agent fire fighting rail car located at Y-intersection at underground water

pump station - 5/94

Twin-agent storage tanks on rail car-, 500 lbs. Purple K dry chemical and 100 gal.

Pre-mixed AFFF - 5/94

Valved outlet for fire hose station, lower access tunnel at fuel tanks - 5194

Valved outlet for fire hose station, Harbor Tunnel - 5/94

New 6 inch water line located in ventilating shaft, looking up from Harbor Tunnel

- 5/94

R.113-111 New 6 inch water line exiting base of ventilating shaft at Harbor Tunnel level -

5/94

4/
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RH3-112 _Y.-.in erection Critical Infrastructure

~~~~a ~h85w~~~re Note - fuel lines on left, 6 inch water line top center o~ptioty - 519"T

RH3-1 13 6 inch Clayton reducing valve on 6 inch water line, lower access tunnel - 6/94

RH3-1 l4 Typical steel supports for fuel lines in Harbor TunnellL,_,_,Critical.lnfras_ tr_u---------------ctu    re 
.......

r - --------' --------------- . ------- 5/94Critical Infrastructure.......................................                   . _. _. _. _. _. _. _. _. _. _. _. _. _. _. _. _. _. _. _. _. _. _. _. _. _. _. ... _.

RH3-115 Rail locomotive and steel support for fuel litres - 5/94

RH3-1 16 Typical valve gallery at base of fuel tank, lower access tunnel - 5/94

RH3-1 17 Typical valve gallery on opposite side of lower access tunnel - 5/94

4-;-7
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EXHIBIT 4-1

AFFF FIRE SUPPRESSION SYSTEM

Due to the quantity of fuel stored 
in the Red Hill complex and the

potential for a fuel release in the lower tunnel, 
it is recommended

that a fixed aqueous film forming foam (AFFF) fire suppression

system be installed to provide pr
otection for this area.

It is proposed that I Critical Infrastructure 600 gallon 3% AFFF bladder tank

pressure proportioning systems be
"'provided to supply foam solution

to zoned open head deluge systems. The systems will be

automatically actuated by rate compen
sation thermal detectors (to be

provided under construction contract no. N62471-89-C-02416; Prov-l-r-i-

_f i.re._,Alarm System for Fred Hill
 POL Fuel Storage Facilities) .

-
 zones are recommended as follows:

Critical Infrastructure
.............................. ......... .................

The design density for the AFFF 
system will be i Critical lnfrastructure of-"

floor area. Total AFFF concentrate required fQr eac
h system will be

based upon the following Calculation
s:

Area of coverage for each system:

Critical Infrastructure

Water supply to each AFFF system will
 be fed by the existing 6 inch

water line located in the lower access tunnel. Each system will

consist of a 600 gallon 3% AFFF bladder t
ank with required trim, 4

inch OS&Y valve, 4 inch deluge valve (connected 
to fire alarm system

for automatic actuation), 4 inch foam proportioner, distribution

piping, and open head sprinkler nozzles.
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EUIBIT 4-I (continued)

Foam Fire Fighting Systems Specifications

Bladder Tank Proportioning System

1.0 The Foam Solution:

1.1 Bladder Tank:

1.2 Proportioner
(Ratio Controller);

The foam solutiOn shall be produced by introducing foam concentrate into the water stream by The-
balanced pressure proportioning method using a bladder (diapnragm) pressure tank and a
mocifed venturi propertioner (ratio controller).

Tank shalt be a (veniCal) W4&FOerstal) cylindrical steel ASME coded pressure vessel with a nylon
reinforced Buna-N bladder Shaped to Conform to the inner pressure vessel corfigutation. Tank shall
be designed for working pressure of 175 psi (1207 kPa) and hydrostatically tested to at least 262
psi (1866 kPa). The tank interior Shall be coated with a coal tar epoxy sealer for additional corrosion
resistance. The bladder tank shall be UL listed or Ffv1 approved together with the type of foam
concertrate and proportioner(s) being used in the system. The blander tank is to have a minimum

,~d l;  gallon capacity to provide sufficient foam concentrate for the rime specified
when the system is discharging foam sClution at total maximum system flow, The bladder tank is
to be complete with ail necessary cutlets and supports such as a continuous welded skirt equal
to tank diameter of two saddle supports as appropriate. Associated trim on the blaodef tank shall
include bronze pipe and fittings, four 1 in, bronze Dail valves wim secured nameplate depicting
Me valve name and ecerating position. and a Creak-resistant polycarbonate sight gauge. The tank
exterior shall be primed and painted red (enamel) (epoxy) for corrosion protection. The Gladder tank.
proportionef. and foam concentrate shall ail be the products of a single manufacturer. The bladder
tank shall be an Ansul Part No.  L9010  or equal.

The foam proportioner(s) is to be a Modified ventun type designed to accurately prooerlion and
control the mixing of pressurized foam concentrate into a water stream. The propertioner shall have
c ther;~Hzf threeoe c2 w. sad 2 112 n. c„Qs) or "between flange" type (?-ter. 4 in,. Win. ano ~3-
in. sizes) designed to M between two 150 Ih. pipe flanges. Proportioner(s) shall be sized for the
Specified flow rates) and either be UL listed or FM approved with the type of foam concentrate
and bladder tank being used together in the system. A fixed metering orifice. secured with a
Stainless steel retaining ring, shall be sized according to the type and percentage of foam
concentrate used. The proportioner(s) shall be an Ansul Part No.  693rl  Of equal.

45
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EXHIBIT 4-2

EMERGENCY VOICE/nr.aRM COMMUNICATION SYSTEM

As discussed in Sections 4.4 and 5.0 of this report the
lifesafety of FISC personnel working in the Red Hill fuel
complex is a major concern. Therefore, in the event of a fire
or fuel release in this underground facility it is imperative
that personnel be notified immediately of such an emergency
condition.

It is recommended that an early warning emergency voice/alar:n
communication system be installed throughout the underground
facility. This system will replace the existing (out of
service) telephone system. It is proposed that a GL -Tronics
Model #271 hazardous area (intrinsically safe)
telephone/ fireman's telephone system with battery backup be
installed. Ten (10) permanently installed telephone sets be
located at strategic locations throughout the underground
facility. The central panel for the fireman's telephone
system will be located in the Receiving Pumphouse.

This system will provide 2-way emergency voice communication
for operations and/or firefighter communications well as
audible/visual alarm notification for emergency evacuation
purposes . The system will be designed for a Class I,
Division location.

1 of t
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EXHIBIT 4-3

150 LB. WHEELED DRY CHEMICAL FIRE EXTINGUISHERS

It is recommended that ten (10) Ansul 150 lb. Purple K
(potassium bicarbonate) dry chemical wheeled fire
extinguishers be provided ,in the underground fuel complex at
the following locations:

Critical Infrastructure

--------------------------------------------------------------------------------------
TOTAL — 10 UNITS

of 1

4;7
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EXHIBIT 4-4

SELF-CONTAINED BREATHING UNITS

There previously were self-contained breathing units located
throughout the underground fuel facility at Red Hill.
However, same time ago these units were removed at the
instruction of the Environmental safety Group.

Due to the delay in response time to the facility by personnel
from the Federal Fire Department, it is critical that FISC
personnel have the availability of self-contained breathing
apparatus to assist in a safe evacuation of the facility in
the event of an emergency condition.

It is reco=ended that twelve (12) minimum 30 minute capacity
self-contained breathing units be provided in the underground
fuel complex at the fallowing locations:

Critical  Infrastructure

TOTAL - 12 UNI'T'S

1 or 1

RDHLCCO025024



E:OiIBIT 4-5
SUGGESTED FORMAT FOR DEVELOPMENT OF A Page 1 of 7

FACILITY PRE-FIRE PLAIN
doing No.: 105-ICE, 1713-KD & 1714-ice Master sox No.: 1250 & 1310 Stre t Box

A Pumn 
Am 100-K Darn January 1992

MC Enwred Conaacter WHC TIL F .... Yr. 1993
Cc=pancyr. Reactor Facility (deacdvated)

sp,,:ai a=zrds: PCB oil, 4160V, Radiation and. contamination, Argon cylinders.
Plutonium fuel storage in basin.

Exwvres: 1713-KE, 1714-KE, 119-KE. 117-KE, 1706-K=R, 170&KE, 1706-K:E & 115-KE
special Eapouue:

Egdpmc= Rwpm= Engine #1 and Engine -'r-

Lo=ne of ='eca-icat Dice rmwt:• See floor plan (radiation zone) elec"aieal equipment room.
Ncan = Hyd=x: #6 southeast. #7 east, and 48 norhwest
Warms Avrrilabtc: 3,D00 CPII Type of Aucon anc ,alarm Syst=: 12 F-nwai iieat cictec:ors

and wet sprinkler system - flow switch
Type Sorak:c Sync= SR 4" Wet pipe in corridor 1, flow switez, OS&Y valve and Auxiliary mms

~z_._._._._._._._._._._._._._._._._._._._._ ...........

Critical Infrastructure

Engine #1 will respond to RF.~kR box #12.50 and will use two 1 pre-connects for attack.

Engine t#2 will respond and assist as needed and will also cover exposures.

NOTE: If a power outage occurs, all f= suppreszion water is Iost, including hydrants.

i1dlY1g Itarao~r+r q rsn 
ire Drr=rnr Offir» c rn=irrrno
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Facility Prefire Flan
Page Z

Building 105-KE, 1713-KE and 1714-KE

I. ENTRY 
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Criti ca I I of rast ru ctu re
_ _ --- _ _ _   _._ _ _ _  ........................................................._ __ __._ _ ;--- --- - -- -- --- --- 

?✓LECTtff A SERVICE & H AZ, kRDS:
Electrical equipment :room  4160 V sc;vice. PCB-OIL. - radiation zone - high voltage -leczicalshock. Entry to the clecmcal equipment room is by passing through basin storage area(radiation zone).

3. RADIATION - CONTAMINATION:
ZONE 1 on door plan (R=). Storage basin. transfer area, misc-!lancous storage area, washpiL wash pad. storage area. Eecaxical equipment room and part of Room 3 off of Corridor 1.

Radiation and contamination signs are posted throughout the building :rom the 5asernent areato zhc :roof arc3

4. TOXIC GASES - HAZ ARD-O S CHE vUCALS:
Stroke and fumes from burning rubber and contarninared SW? clothing. PC3 oil in clec.r:calequipment Room. See information on back or this pre:rre plan.

S. PROTECTIVE CLOTHLNG:
Fue3ghre:-s bunker gear, self-contained bre-iLhing appamms. SWD clothing may be required :oente- basin area..

G. RESCUE:
Rescue should be no problem in the nonradioactive or con= inatzon areas. Basin area mayc-cate somewhat of a problem around the loadout area (rad.iadon zone).

7. EXTIiYGUISHNE NT:
Watcr, foam, dry cher*tieal, CO2. (Approved .fire ex:inauisher)

8. CONLBUSTMLES:
Class "A" -

Ordinary combustibles (wood. rubber, cloth paper, etc.)

Gass "B" -
Flammable or combustible liquids (oases. grease or similar materials)

Class "C" -
Energized electrical equipment.
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Facility Prefire Plan
Page 3

Building 105-KE, 1713-KE and 1714..KF

9. VENTILATION:
Exhaust fans from fire apparatus.
Cross ventilation (open doors)
Building exhaust system

10. SALVAGE OPERAUONS:
Normal firefighting salvage operations in areas that are not contaminated or in radiation zones.
R:tifl:, Safety and Building Manager should be prescm during salvage and overhaul operations.

11. FME DETECTION AND PROTECTION EQLIP'N EN7:One we., s-prink?cr Jr. system- 4" w/OSY valve, flow s,-vimh chat activates alarm syste=Sprinkler. system is Iocatcd in Corridor 1 overhead.

One Las= ,,or test valve 'located in storage room (Room 1A) in the northeast comer.
Three auxiliary drains: One in Room 3, one in Corridor 1 and one in corridor 10

Six auxiliary boxes -
Ttuza located, on west wall in basin area by loadout area (radiation zone)

Two located on north side of 105-KE outside area.

One located on wall just inside main door leading to Corridor 1

Twelve Fcnwal Heat Detectors (scif restoring)
Five in deactivated control room
Trzne in electrical equipment room (radiation zone)
Th=e in 1714-iCL Building (Heat detector)
Four in 1713-KE Smoke Detecoor

12. HEATING .AYD VEy'TII ATION:
Ovcr' ead saace heaters (wall mounted thermostat). The= are rive roof ventilators.

'1

S-/
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Facility 1~'reflre Plan
Page 4

Building 105-KE, 171.3-KE. and 1714-KR

13. ANNUNCIATOR AINVOR FIRE ZONES:
NO ANNUNCIATOR PANEL - only one zone 

One sprinkler system flow switch, six auxiliary boxes and ewelve fenwal heat de= =S Lhat
will acuvazc REAR Box 1250. All will n=d to be checked to deterrai.ne which caused the
acdvarion of 1 FAR Box ll zo.

1. Box 1310 is a 5 tact Box only

2. Them is no panel

3. "there arc four srnokc herds in building 1713-KE and

4- z-
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Prefixe plan - 105-KE, 1713-KD A 171.4-KE '
I

977 

I `

C--
Pale 5 of 7
.1

Critical Infrastructure

I-

6
l Y

~
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Cr'it'ical Infrastructure
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Critical Infrastructure '.
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(4) Reference (b) under paragraph 5-9.5.1 indicates electrical hazardous

classification applies to areas where Class I liquids are stored or handled, and to areas

where Class I or Class II liquids are stored or handled at or above their flash points. At

the present time these conditions do not apply to Red Hill. However, the release of a

combustible liquid through a pinhole leak under high pressure is always a possibility in

Red Hill. Therefore, Table 5-9.5.3 of reference (b) and Table 515.2 of reference (c)

should be used to establish the electrical hazardous classifications.

(a) Under the category entitled "Indoor Equipment' or "Pumps, Bleeders.

Withdrawal Fittings, Meters, and Similar Devices" the Harbor Tunnel is classified as a

Class 1, division 2 location from the valve body, flanges, etc. extending 5 ft. in all

directions and up to 3 ft. above floor or grade level within 25 ft. horizontally from the

edge of any valve or flange.

(b) Under the category entitled "Indoor Equipment" or "Pumps,._Bleeders.

_1B11~111C11Nr~I_Fittir~n ._Meters.t_and Similar Devices" the valve areas (at the; Criticallnfrastructurei

I CriticaLffifrastru-cture_._. at.the.in_tersection at PWC water pump station; ar+d
belowthel Critical Infrastructure ;are considered a Class I, Division 2 location

from the valve body pr flanges cxtendirig 5 ft. in all directions; and up to 3 R. above floor

or grade level within 25 ft. horizontally from the edge of any valve.

(c) The remainder of the Harbor Funnel is considered a nonclassified area.

(5) Paragraphs 2.10.1.1 and 2.10.1.2 of reference (d) for adequately ventilated 

spaces requires an electrical hazardous classification of Class I, Division 2 within 5 ft of

the surface of pumps, air relief valves, withdrawal frttings, meters, valves, screwed

fittings, flanges, and similar devices  extending 25 ft. horizontally from any surface of the

devices and upward 3 ft above grade.

(a) Consequently, the entire Harbor Tunnel (5) is considered Class 1,

Division 2 within 5 ft of the surface of pumps, air relief valves, withdrawal fittings,

meters, valves, screwed fittings, flanges, and similar devices  extending 25 ft.

horizontally from any surface of the devices and upward 3 ft above grade_

(b) The valve areas at the; Critical.Infrastructure_._._._._ at the

intersection at PWC water pump station, and 6eicw tFie` Critical Infrastructure I is

considered a Class I, Division 2 area within 5 ft of the surface of p+iinp5; ail` relief-
_
.--

valves, withdrawal fittings, meters. valves, screwed fittings, flanges, and similar devices

extending 25 ft. horizontally from any surface of the devices and upward 3 ft above

grad e.
(c) The remainder of the Harbor Tunnel is considered a nonclassified area.

3. In summary Code 406 finds the hazardous electrical classifications to be as follows:

a_ 1n the Red Hill Lower Tunnel:
(1) Each valve gallery at each tank is considered as a Class I, Division 2

location from the valve body extending 5 ft. in all directions; and up to 3 ft. above floor

or grade level within 25 ft. horizontaliy from the edge of any valve.

95

ge9 4224721 2~1
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(2) The floor waste trench (trough) running the entire length of the lower

access tunnel as a Class I, Division 2 location for the entire space withi
n the trench due

to the trenching being below grade.

(3) The space up to 18 inches above grade within 15 ft. horizontally from any

edge of the floor trough shall be considered a Class 
1, Division 2 area.

b. In the Red Hill Harbor Tunnel:

(1) Class I, Division 2 within 5 ft of the surface of pumps, air relief valves,

withdrawal fittings, meters, valves, screwed fittings, flanges, and simi
lar devices 

extending 25 ft. harizontally from any surface of the devices and upward 3 ft above

grade_
(2) Class 1, Division 2 location from the valve body or flanges extending 5 ft. in

all directions; and Lp to 3 ft. above floor or grade level within 25 ft. horizontally from the

edge of any valve.
(3) The remainder of the Harbor Tunnel is considered a nonclassified area.

4. All of Code 408's analysis is based on having adequate ventilation, i.e., ventilation

capable of keeping any vapor-air mixture below 25% of the fuel(s) lower flammability

level. Code 403 is to provide a memo documenting their analysis regarding this critical

point.

Joe Condlin

Copy to:
404
408
04A

W i llbros Response:
Eec P o-vJ

We have revised",4.3.3 to respond to these comments. See revised Section 4.3.3

attached. ,'_-ey )f, St.-,~7:

7/
TOTAL P.04
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event of afire or fuel release in this underground facility it is imperative that personnel be notified
immediately of such an emergency condition.

It is recommended that an early warning emergency voice/alarm communication system be installed
throughout the underground facility. This system will replace the existing (out of service) telephone
system. This system will provide 2-way emergency voice communication for operations and/or firefighter
communications well as audible/visual alarm notification for emergency evacuation purposes.

4.3.3 Electrical

4.3.3.1 General

The lower tank area electrical system originates in the PWC water pump station. There are two different
electrical systems within the lower tank area; one system installed during the original construction and
the other installed during the modification of`Critical Infrastructure proposed Avgas service.

4.3.3.1.1 PWC Water Pump Station

The PWC water pump station electrical distribution system is used to operate the water pump station
electrical system and to provide electrical power to the lower tank area.

The incoming electrical system to the PWC water pump station originates from a single 12,OOOV source-----------------------------------
located! Critical Infrastructure

The 12,000V is transformed to 480V and 208V. From the 480V and 208V system a feed is taken to a
junction box "A" which is located outside of the PWC water pump station adjacent tot Critical Infrastructure

Critical Inf_ras_tructure I From junction box "A' the 480V and 208V is taken
underground to junction box "B" located in the lower access tunnel (lower tank area). From this point, the
480V and 208V are in separate conduits and run to the panels located outside of the gaugers station.

4.3.3.1.2 Lower Access Tunnel (Original System)

The lower access tunnel electrical sxstem.is. the original electrical feed for; Critical Infrastructure

Critical Infrastructure
tunnel.

;which connects this area with the upper access

_._._._._._._._._._._._._._._._._._._._._.-.-._._._._._._._._._._._._._._._._._._._._._._._._._._._._._.-.-._,
The electrical feedoriginate~ Critical Infrastructure 'The 480Vand
208V circuits connect to their respeckive tireaker- panels across from the gauger station. These two feeds
are in separate conduits that are located in the tunnel and were installed during original construction.

16 June 1998
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The 208V system feeds the following areas and devices.

a. Critical Infrastructure;ight5 and receptacles

------------------------)
Critical Infrastructure lights and receptacles

c. Critical Infrastructure lights and receptacles

d . Critical Infrastructure lighting

The electricals feed for the! Critical Infrastructure ;lights and upper access tunnel lights and receptacles is thru the
I Critical Infrastructure'.

The solenoid which operates the bulkhead door is connected to the Harbor Tunnel lighting circuit.

The 480V system feeds the following areas:

--------------------------------------------,

a. Breaker panel between; Critical Infrastructure

b. Welding receptacles next to the above breaker panel.

C. Welding receptacles in thi critical Infrastructure I

-------------------------------------
Critical Infrastructure

The 480V system in the tank area and the Harbor tunnel is fed from one circuit breaker in the 480V

lighting panel;._._._._._._._._._._._._._._._._. critical Infrastructure

4.3.3.1.3 Lower Tunnel Area Additions

The fallowing items were added to the electrical system when the Asteroid system was installed:

a.. Motor operators. added. to the valves fo Critical Infrastructure at the; Critical Infrastructure at
Critical Infrastructure The electrical feed for the motor operated valves are tapped from the

480V circuit In; Critical Infrastructure 1

b. Motor operators added to Critical Infrastructure adjacent to  next to the original

Critical Infrastructure ;The electrical feed is from a junction box located adjacent to the sump

area. This junction box is original construction, and is installed to terminate the incoming and

16 June 1998
AHSM ITMinwordthawaiVam3vold
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outgoing 480V and 208V conduits and cables. In addition, the power for the sump pumps is

tapped from this junction box.

C. Motor operators added toy Critical Infrastructure betweeni Critical Infrastructure
-
------------------------------------------------------------------------------------------------C ri ti ca I Infrastructure------------------------------------------------------------------------------------------------

4.3.3.1.4 lower Access Tunnel,; Critical Infrastructure

-----------------------,

These electrical modifications were made when; Critics infrastructure Were revamped for Avgas use in the early

1960's. The incoming power is 12,000V from the PWC water pump station. The 12,000V is transformed

down to 2400 V and 48CV..

The 2400V circuit operates the motor/pumps and the 480V is to power motor operated valves. elevators

and other miscellaneous equipment. A portion of the 480V is transformed to 208V for lighting and

receptacles in the upper and lower tunnel areas. The conduit and wire from the electrical equipment to

the tank area is run through the bulkhead.

4.3.3.1.5 Lower Access Tunnel' Critical Infrastructure Additions)

A breaker was added to the 480V system to provide power td Critical Infrastructure
- -------------------------------------------------v..............................................................................

The wire and conduit is installed inii Critical Infrastructure

4.3.3.2 Electrical Classification

Both the diesel marine fuel (DFM) and the JP-5 have flashpoints of 140°F (600) and Reid vapor

pressures of 0 psi. As such they classify as Class ILIA combustibles liquids. The possibility of an ignition

of DFM or JP-5 by electrical equipment is considered to be remote. With such liquids the rate of vapor

release is considered to be nil at normal temperatures of handling and storage. When heated, these

liquids will release more vapors and thereby slightly increase the level of hazard_ However, the most

hazardous condition would be encountered by a release of this fuel in an atomized state (due to pinhole

type release under high pressure conditions)_

4.3.3.2.1 Fuel Tank Area

---------------------------------------,

Red Hill lower tank level for this section starts with the; Critical Infrastructure ;and ends at the end of the

lower access tunnel by Tanks 19 and 20.

16 June 1998
AHSMITlwinwardlhawai 12m3vc1-I
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------------------------------------------------------, ------------------ -
i he area is ventilated with the exception of Critical Infrastructure ;This area contains tea ^,.as uctufe

several  manual valves, sample table, tank water bleed off and waste trough. The waste trough in the floor

is full of sediment and other unknown solids. The water bleed off for each tank is in piping located in the

water trough. It should be noted that there are fuel leaks during normal operation, there is an open fuel

sampling area, and there is a lack of ventilation,

7/SeWOW. eac c Critical Infrastructure sa cooadew,d a. &4w 1. Viulciaac 2 Paccz aw 0" t&e vatee

44 Wm 9 5 W is ud° d',vailyd and aA r4 3 ke dnve tfe p1adx wak,4 e5 Per ;,w&4 Odkw

~lre edfe °!i "el value.

The floor trench that runs the length of the lower access tunnel will be classified as a Class I, Division

location. This is due to the trench being below grade. The area adjacent to the floor trench will be Class

1, Division 2 for 18" above ground and Nteer (15) feet in all directions.

+ 7fe Hart °d ffC auw h 61,-1 ed 44&111 { ."w/F de 4? 1, DWZNa W 1.

* 71,ee ~k4,t 4 d., loe-fed a&.podc a& & afuaa 1. V&e&" 2 rudd. 5 6~eet o~ de jo~ 4

ae ;kuou#*u Od&&e4. ezr,'*dw9 25 fret 09a'14- W4 0" all awrOce ad ffte Pxd1&-W acrd m#Aand

,~ Feet a~oc~e~~reede.

Equipment in the sump area is installed for a Class I location, except for the telephone set which is not

explosion proof.

4.3,3.2.2 Harbor Tunnel

The Harbor Tunnel (for purposes of this classification section) begins at Critical Infrastructure

Critical Infrastructure

The Harbor Tunnel contains lighting, receptacles, distribution centers for lighting, telephone

communications, and the circuit for the; Critical Infrastructure !!T he tunnel also contains Critical Infrastructure
._._._._._._._._._._._._._._._._._._._._._._ ._. ................................J._._._._._._._._._._._._._._._._._._._._._._.:

Critical Infrastructure The pipelines are

welded, and valves are located at the Receiving Rumphouse, at Critical Infrastructure Ot
16 June 1998
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I Critical Infrastructure I and below the', Critical Infrastructure .The fuel pipelines are Critical Infrastructure I 
-._._._._._._._._._._._._._._._._._._._._._._._._._._._._._._,_._._._._._. ._._._._._._._._._._._._._._._._._. p p -. t 

Critical Infrastructure in concrete saddles and the ;Critical Infrastructure
supported  by steel supports.

The tunnel also serves as a corridor for a 32 inch PWC water line and a narrow gauge railroad. The

railroad provides transportation between the Red Hill storage and the Receiving Pumphouse.

The tunnel is ventilated so there is a movement of air; there were no fuel odors noted at the time of the

field survey.

The lighting and communications systems are in a deteriorated condition due to age. lack of available

spare parts. and very little maintenance per`ormed on the systems.

The tunnel will be Classified as a Class I, Division 2 location from the floor tc two feet above the floor The

remainder of the tunnel will be a nonclassiried area. The valve areas; Critical Infrastructure 

-------------------------------------------------------------------Critical lnfrastructure 
~.

=_ mill be classified asP&c"

64" t. Viv" W 2 "r4-4 5 Beet 4 floc dine 4 rfi..Ad, de" "r8~ , ava dz4uedl #M.94.

.xe4nd' 046'", dewa.ed AM09d, A:;,Wd and at-uc x dew" extead49 25 kd 4nq"k(4 4a1f

"14" 4.&e4 3 ~eer 44.e dc.

&444 1. VwNcov* 2 &c4tww P" (e wz4e 4d# ore #a" extend 5 #ze e4 eW &wxrw..ra a4d aaA to

3 ~wt aew #oin wr 9=4 &wd e+Exkw 25 ke 4u;# atal # edge 4 arf .

18 June 1998
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NAVAL FACILITIES ENGINEERING COMMAND

PACIFIC DIVISION

FAX

TO: ALLEN SMITH
WILLBROS ENGINEERS, INC

PHONE: (918) 499-2776
FAX: (918) 491-9436

FROM: MALCOLM HIRANO

CODE 403
PHONE: (808) 474-4830
FAX: (808) 471-5870

SUBJ: AE CONTRACT N62742-89-C-0069, AMENDMENT3, RE
D HILL FIRE. LIFE

SAFETY & ENVIRONMENTAL RISK ASSESSMENT STUDY

1. FISC, Code 406, DER-PAC, and Code 403 has reviewed the 
preliminary responses

of VII to the 95% review comments.

2. FISC's only comment is the requirement for the AFFF system. 
Is there a

code/standard requirement or is the recommendation based upon
 the engineering

judgement of a qualified Fire Protection Engineer? This is needed
 for justification

when FISC submits the request to fund this project. I do not believe that there is a

codefstandard requirement for the AFFF system. If based upon engineering

judgement, the explanation must be strong enough to convince the people 
who will

approve the funding for such a project. Provide write-up in report.
 FISC will most

likely attach the applicable sections from this report to their fundin
g request.

3. Code 408 concerns are attached. These were previously forwarded 
via e-mail.

4, DER-PAC and Code 403 have no comments to your responses at 
this time.

5. Proceed to the final report once Code 408 concerns and FISC concerns are

addressed.

RDHLCC0025054



VO: Malcolm HiranaGCOOR 04
Fzvm: Bob Ricla@CODE G4QNAVFAC EFDPAC
Cc; 7on Condlfn®CODE 04

T sulq jec4: RzD uxLL FIRE LIFE SUETY & 12NVIR0N%.is FAL RTSK ASSESSM= STr)YAt~aah:neac: Bt:Y=.RTF
Date: 71:4/98 8:31 AM

Revigwd the draft An reaponcee to the y54 report comments. co:R;laaCS fo11Cv:

Fire A Life Safety Risk Provide the ;1ub11Cati4onWYear- of each epecifia code _iated tmder paragraph 1,1,2.2. ror LnACAacethe list■d NFPA Five protection Handbook. 11th ¢ditizR. is outdated by an lathedition, Also, it is not Certain whether the A-E used MIL-ttnRX-104$a. -100ab or-110001 ate.

2. code 4aa,s toamenta: Not all of code 108•a ccnnmenta of nemo a dua 1990 r-oremail Of 6/10/!, were followed. Pro-ide rationale, roe iratance, Code 401 calls10V -the trench to bo Class Z. Division 2, whereas it is shown a■ class it Division11 *Co:

lest/ gab
fitl iL t  7Zrr44 2 , ~N

Z~ 4 
I/lj?L/;— /eW f)z:,n/ tz,)45__ C,<,) -1 t~SG

Firesafety Consultants response to )Item 1 is as follows:

Revise the first paragraph of Section 4.2.2.2 to read as follows:

"Specific codes within the categories of codes, regulations, and standards specified in Section
4.2.2 are addressed below. It should be noted that the most current edition (at the time of the
initial study) of the codes, regulations, and Standards were utilized in performing this Fire said
Life Safety Risk Assessment/Analysis."

Comments

The addition of the second sentence is recommended in lieu of having to go back and make sure
that the specific month and/or year is correct for insertion after each specific document. This
would be extremely difficult to re-create after such, a lapse of time and guarantee accuracy.
Further, the reviewer made reference to the fact that the NFPA Fire Protection Handbook, IT'
Edition that was referenced in our study has been updated by the 119' edition. The 18'" edition
was published February 1997, well beyond the time when they report was prepared. Our
engineering evaluation was based upon the use of the codes, regulations, and standards that were
existing at the time of the study. The same comment applies to MILrHDBK-1008; the current
edition at the time of the study was utilized.

;'i
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Firesafety Consultants response to item 2  tisasCfollows:

f
1tevise the following section-, to indicate a stronger requirement for th

e installation of a fixed

Aqueous film forming foam (AFFF) system for protection of the fuel storage 
area.

i

13.2.2 Recommendations

Fire Suppression

There is no fixed fire suppression system in the tank storage area. A fixed suppression system

(zoned AFFF deluge system) should be installed for protection of the low
er tank storage area.

,AFFF is the recommended agent of clioicc for use in suppressing hydrocarbon fires 
due to its

swift control time. This system will reduce potential damage to the facilit
y, reduce potential

environmental concerns, and improve the overall life safety concerns.

4.3.1.2 Red l lill Fuel Storage Area

;The underground fuel storage facility consists of Critical Infrastructure $forage tanks containing

;Diesel fuel Marine (DFM) and ]p-5 fuels as descFtb76 K—S- tiofiTi The most likely fire

;scenario for this area is the release and subsequent ignition of unconfined combustib
le liquids

resulting from a damaged tank valve or ruptured piping in the tank gallery area.

There is currently no fixed tare protection installed in the underground fuel facility. T
he Cardox

22 ton low pressure carbon dioxide system that was installed in the.early-196vs for protection of

the upper and lower tunnel areas cast of the bulkhead housing; Critical Infrastructure , ias been taken out
 of

service and abandoned in place. The storage tank is still localCd iii ,v„  „lout has been emptied;

all piping and nozzles are still in place. The existing heat detection'spsrern'fortbis system is 
also

not in service.

The only fin  protection provided is by means of portable fire extinguishers and valved outlets for

connection of fire hose by responding fire department personnel.. The fire protection water 
line

in the upper and lower access tunnels is a ti inch line.

I Without a fixed fire protection system installed in this area a fire could cause massive damage to

the facility and present major life safety concerns. Smoke and heat conditions would matte

egress extremely difficult and the possibility of  manual interior fire fighting attack by the

Federal Fire Department would be virtually impossible. It is for these reasons that an automatic

AFFF system should be installed in this area.

AFFF is the recommended agent of choice for use in suppressing hydrocarbon fires due to its

swift control time. This system will reduce potential damage to the facility, reduce potential

environmental convems, and improve the overall life safety concerns.

RDHLCCO025056
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4.3.1.5.1 Aqueous Film Forming Foam (AFFF)

Aqueous film forming foam (AFr17) is obtained from synthetic fluorochemical surfactants.

Foaming agents, stabilizers, and solvents are added to form the concentrate. AFIT is unique

because it allows a film of watcrto form on a hydrocarbon fuel surface. It extinguishes fire by

suppressing fuel vapor due to the presence of the aqueous, or watery, film. AFFF comes in both

3% and 6% concentrations.

The air-foams generated from AFFF solutions possess low viscosity, have fast spreading and

leveling characteristics, and, like other foams, act as surface barriers to exclude air and }salt fuel

vaporization. These foams also develop a continuous aqueous layer of solution under the foam,

maintaining a floating film on hydrocarbon fuel surfaces to help suppress combustible vapors and

cool the fuel substrate. This film, which can also spread over fuel surfaces not fully covered with

the foam blanket, is self-healing following mechanical disruption and continues to spread as long

as there remains a reservoir of nearby solution.

AFFF fluidity and film strength on kerosene makes it particularly suitable for jet sircrafl (JP-5)

fuel spill fire fighting.

Actually AFFF has many mechanisms that work together to help extinguish a fire. They come

from the aqueous film, the mechanical foam, and the water content. The aqueous film suppresses

vapors, improves the spreading ability of the foam, and tends to reseal itself when distributed.

The mechanical foam suppresses vapors, and separates the fuel from the air. The water content

has a cooling effect.

AFFF is highly iccommended for use in fighting hydrocarbon fires  due to its swift control time.

There is currently no fixed fire protection system installed in the Red Hill fuel storage area.

4.6.2.9 Fire Suppression

There is no fixed fire suppression in the tank storage area. The highest hazard in this facility is to

be found in the lower access tunnel at the valve gallery area for each tank. Due to the quantity of

fuel stored in the Red hill complex and the potential for a fuel release in this area it is

recommended that a fixed aqueous film forming foam (AFFF) deluge system be installed at the

lower tank storage area. Zoned, open head deluge systems will be automatically actuated by rate

compensation thermal detectors (see F,xhibit 4-1).

i Coromertt~

This recommendation is based upon the experience and engineering judgement of  professional

fire protection engineer. The unique configuration of this facility and the potential for fuel

release mandate the installation of fixed fire protection.
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