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AFFF
AISC
AVGAS
BBLs
CINCPACFLT
CFR
DFM
DOD
EL
FISC
FsSC
HT
JIGPAC
JP-5
KVA
LAT
MFA
MOV
NEC
NFPA
P.I.
POL
PWC
Sta.

UL

WEI

ABBREVIATIONS AND ACRONYMS

Agueous Film Forming Foam

American Institute of Steel Construction
Aviation gasoline

barrels (42 U.S. gallons for fuel)
Commander-in-Chief, Pacific Fleet
Code of Federal Regulations

Diesel Fuel Marine (F-76)

Department of Defense

Elevation above sea level

Fleet Industrial Supply Center (formerly Naval Supply Center - NSC)
FireSafety Consultants

Harbor Tunnel

Joint Intelligence Group, Pacific

Jet Propulsion Fuel, Grade 5
kilovolt-ampere

Lower Access Tunnel

Masa Fujioka and Associates

Motor Operated Valve

National Electric Code

National Fire Protection Association
Point of intersection

Petroleum, Qil, And Lubricants

Public Works Center

Station normally 100" markers in surveying
Underwriters Laboratories

volt
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SECTION 1
SUMMARY

1.1 Introduction

The Pacific Division, Naval Facilities Engineering Command, Pearl Harbor, Hawaii, awarded a contract to
Willbros Engineers, Inc. on November 23, 1990 to conduct a comprehensive study of DOD petroleum
facilities and develop a plan for modernization of the Air Force and Navy bulk POL wholesale storage and
distribution system on the Island of Oahu. In June, 1992 PACDIV awarded Willbros Engineers
Amendment No. 3 to the contract to conduct a comprehensive study of the Red Hill Fuel Tunnel Complex

and provide a Fire, Life Safety and Environmental Risk Assessment/Analysis.
1.2 Scope of Work

The scope of work, as set forth in Section 2 of the report, defines the area to be studied as the Red Hill
Fuel Tank/Tunnel Complex including the! Critical Infrastructure i
wmenaei 1 NE Primary objective of the Study is to assess existing safety, fire protection conditions and sys-

tems and provide recommendations and alternatives for improvement and correction of deficiencies.
Potential environmental impacts shall also be investigated and evaluated. The scope then goes on to list

nine more specific areas to be assessed as follows:

(1) Potential catastrophic failure of:
(a) Fuel tanks
(b) Pipeline, valves, and associated pipeline components

(c) Other facility equipment
(2) Relocation of existing tunnel fuel piping underground to reduce fire hazards.

(3) Evacuation of facility during an emergency, including adequacy of egress and ingress for fire

fighters and emergency crews, i.e., adits, elevators, etc.

(4) Fire safety and prevention for future construction contracts.
(5) Existing electrical systems/equipment as a source of ignition and potential hazards.
(6) Ecological evaluation of;

(a) Contamination of well water under the Red Hill Complex by a fuel spill.

26 June 1998 1-1 Summary
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(b) Adequacy of existing tunnel walls, floor, and doors to contain a massive fuel spill.
(c) Other potential environmental hazards to the Red Hill Complex or surrounding
environment.
(7) Fire extinguishing systems for the Red Hill Complex:

a) AFFF foam-water

(

(b) Gaseous inerting

(c) High expansion foam

(d) Other feasible alternatives

(e) Adequacy of existing utilities to support these systems
(8) Compartmentalization of tunnel for fire and safety separations:

(a) Existing tunnel doors

(b) Existing french drains system in floor
(€) Alternatives to existing systems

(9) Ventilation system relative to the above work elements.
1.3 Description of Facilities

A detailed description of facilities is contained in Section 3 and Figures 3-1 and 3-3 provide an isometric

view of the facilities. The Red Hill Storage facility consists of | Critical Infrastructure i

-} from Pearl Harbor and connected to a: Critical Infrastructure at Pearl Harbor

by gunite lined tunnels. Fuel can be brought toj Critical Infrastructure iand Critical Infrastructure |
Critical Infrastructure and then! Critical Infrastructure ipipelines in the Harbor

Tunnel and Lower Access Tunnel toi Critical Infrastructure : The elevation of the base of the storage

tanks is approximatelyi Critical Infrastructure Eand the tanks arei Critical Infrastructure ih ajght. The tunnels
grade downward from the tanks to the pumphousc—:: Critical Infrastructure store
JP-5 and F-76 (diesel fuel marine) and are isolated fromi critical Infrastructure DY @ concrete bulkhead in the

Lower Tunnel installed in the 1960s when these tanks were converted to AVGAS service. | CriticalInfrastructure

are used to store only JP-5 at present.

Figure 3-3 di Critical Infrastructure
Critical Infrastructure

26 June 1998 1-2 Summary
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14 Background

In order to address the fire and life safety aspects of this Study, Willbros Engineers subcontracted with
FireSafety Consultants (FSC) of Houston, Texas to conduct an on-site survey of the Red Hill complex and
provide recommendations on this specialized area of the Study. Willbros Engineers' electrical engineer
worked directly with FSC to evaluate "existing electrical system/equipment as a source of ignition and

potential hazards".

In addition, Willbros Engineers subcontracted with Masa Fujioka and Associates (MFA) in Aiea, Hawaii to
provide the specialized knowledge needed for evaluating environmental hazards and ecological

evaluation of the contamination of well water in the event of a fuel spill.

cores. Structural evaluation of tunnel doors and development of various leak scenarios and corrective

measures are provided by Willbros Engineers.
1.5 Study and Report
1.5.1 Site Investigation

This report addresses all items specifically included in the Scope of Work. The Study was conducted as
follows:

a. The site investigation by Willbros Engineers, FireSafety Consultants and Masa Fujioka and
Associates was conducted from May 2 through 11. It began with an on-site kickoff meeting at
PACDIV with the PACDIV Project Design Engineer (PDE), and Fire Protection engineer
attending, along with all the study participants. A debriefing on completion of the on-site
investigation was held at FISC with the above participants, along with the FISC Fuels Officer and
Fuels Superintendent.

b. The site investigation included the coring of concrete bulkheads and their keyed connection into

the tunnel wall at critical Infrastructure Selected by Mr. Gammon, the FISC Fuels Superintendent.

we-31€ ShOWN on Figure 3-3 asi Critical Infrastructure 'in the Lower

Access Tunnel just upgrade of the PWC water pump station. i Critical Infrastructure ion thENJ

side of the PWC pump station and isi Critical Infrastructure | Qriginal construction drawings

describe this Critical Infrastructure just upgrade of the; Critical Infrastructure ignd the

~=-=-tunnel and approximately!  Critical Infrastructure |

26 June 1998 1-3 Summary
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G The site investigation also included reviewing and reproducing key construction and as-built

drawings to be used in the Study and field inspections.

d. Minutes of the debriefing meeting were submitted to PACDIV on 29 July, 1994 by Willbros
Engineers and site investigation notes are included in Sections 4, 5 and 6 of this report.

e. No asbestos was encountered during the site investigation.
1.5.2 Study Scenarios

Since there are an infinite number of possibilities of failure that could occur at an installation such as the
Red Hill Complex, Willbros Engineers developed two "worst case" scenarios to guide the fire and life

safety, environmental and structural participants in the Study.

a, Scenario One has|ewsms! the tank with the highest elevation| Critical Infrastructure ;

discharging its entire contents through: critical Infrastructure Bt an average rate of; Critical Infrastructure

Sub-scenarios in scenario one include:

« Tunnel flooding to the closed door at Critical Infrastructure iwith all other doors open.

discharge rate,| Critical nfrastructure | |y this scenario, however, a new door has been installed in the

tunnel; Critical Infrastructure iand this door is closed before fuel

reaches it.

1.6 Current Conditions

None of!| critical Infrastructure iare currently operational. Trip mechanisms are broken and the doors are tied

off with ropes to prevent accidental closure during passage of the train. The trip mechanisms are not the

fail-safe type and are dependent on power from the lighting circuit to operate.

Flapper valves on the under-the-bulkhead drain lines are broken. Under door closure conditions, these

inoperative valves would let fuel pass under the door at high velocity with no means of shut off.

26 June 1998 14 Summary
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The doors are not built as originally designed and would not withstand the pressures which would result
from; Critical Infrastructure : Fuel leakage of any volume from! Critical Infrastructure would
flow unabated down the lower access tunnel and would proceed down this tunnel where it would be

stoppedi Critical Infrastructure It would simultaneously flow into the PWC Pump Station and down

the! Critical Infrastructure iuntil it reached the; Critical InfrastructureéAt this point it would begin to enter the
Critical Infrastructure

i 1 " i .
i crinealnfraswrucre! The fuel would also continue down the Harbor Tunnel and flow into | Critical Infrastructure ; and
possibly out iemmmn! Flow out of Critical Infrastructure would also

occur, depending on the volume of fuel released and the percolation. Percolation would occur all along
the tunnel length with the most serious effect being the contamination of the water aquifer in the region of

the PWC Pump Station. A closable barrier between the tanks and the tunnel does not now exist.

The general maintenance of pipelines, pipeline supports, tunnel arch supports and electrical conduits in
the tunnel is sub-standard. Photo RH-3-35 in Appendix B is a typical illustration. A drain gutter which

runs the length of the Lower Tunnel in the Red Hill tank area contains oil soaked muck and free oil and

provides an ideal mechanism for spreading a fire fromé Critical Infrastructure Eof the Lower Tunnel up to! crsca imteastructure
e | The gutter hag Critical Infrastructure where more fuel can be found in

puddles on the floor from dripping valves.

The tunnel also has numerous penetrations in the ceiling and at the floor-to-wall joint. Fuel could easily
escape the confines of the tunnel, even under gravity conditions. In general, the concrete tunnel floors
are in good condition except for some holes where the concrete was thin over the ends of the railroad ties

which are now rotted away.

Considering the large quantity of fuel stored and the layout of the facility, the potential for a fire emergency
is large. There is currently no fixed fire protection installed in the underground fuel facility. The only fire
protection is by means of portable fire extinguishers and valved outlets for connections of fire hose by
responding fire department personnel. Communication throughout the underground facility for operations
and/or fire department is inadequate and no voice/alarm communication system is installed to warn
personnel of emergency conditions. Response time by the Federal Fire Department to a remote location
in the underground facility could be as much as 30 minutes. Fire department personnel would have to
haul in hose packs, breathing equipment and foam concentrate through adits, down stairways and up

tunnels with no assured means of transport.

26 June 1998 1-5 Summary
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Egress fror; Critical Infrastructure s limited to using the elevator in this area. At present,
the reliability of the electrical power supply under emergency conditions is questionable and to ensure the

safety of personnel, a backup source is needed to provide power for emergency lighting, elevators, etc.

Existing conditions can be summarized by stating the Red Hill Complexi Critical Infrastructure | @2CH ONe with the

Critical Infrastructure win

a. No means of secondary containment to contain or prevent the spread of leaking fuel.
b. No fixed fire protection.
(o= Response time and access for fire department personnel/fequipment poor. Poor communication

and no alarms.

d. Sub-standard maintenance of key facilities.

e. Lighting and power of questionable reliability under emergency conditions.

f. Inadequate egress for personnel in thei Critical Infrastructure

a. Tunnel penetrations that would reduce the capability of containing and recovering spilled fuel.
h. Vital water aquifers under the Red Hill Complex that would be contaminated by a large fuel spill.

1.7 Conclusions and Recommendations
1.7.1  General

The conclusions and recommendations will be grouped under three categories as follows:

a. Fire and Life Safety
b. Environmental
& Potential Catastrophic Failure and Structural Analysis

More detailed discussion of recommendations and costs is provided in Sections 4, 5 and 6 of this report.

26 June 19588 1-6 Summary
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1.7.2 FirelLife Safety Assessment
1.7.2.1 Conclusions

The overall Fire Protection Program for the Red Hill complex is very fragmented between FISC, PWC,
PACDIV, and the Federal Fire Department. It is important that FISC take prime responsibility for this
program and improve housekeeping, routine inspections, and preventative maintenance for the fire

protection equipment and systems.

Consideration should be given to contracting with an outside fire protection company to handle detailed
inspection of special hazard systems on an annual basis. Such systems would be the AFFF systems,

Halon 1301, and UV (uliraviolet) flame detection systems.

A strong Fire Prevention Program should be instituted by FISC to improve housekeeping (clean up
existing fuel spills and residue on tunnel floors and drain trenches), assure operability of all drop-track
doors to provide acceptable fire and/or fuel separation, and assure availability and operability of all fire

protection equipment/systems.

FISC, in conjunction with the Federal Fire Department, should develop Pre-Fire Plans for use by FISC

and fire department personnel in responding to fire and other emergency conditions.
1.7.2.2 Recommendations

A detailed discussion of the recommendations appears in Section 4 of this report. The following

represents the overview of these recommendations.

a. Secondary Containment of Fuel and Fire Protection

1, Install an oil-tight door and bulkhead afi Critical Infrastructure

Critical Infrastructure

2. Replace the existing drop-track doors.
b. Fire Suppression

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

(zoned AFFF deluge system) should be installed for protection of thei Critical Infrastructure

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

08/03/98 1-7 Summary
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swift control time. This system will reduce potential damage to the facility, reduce potential

environmental concerns, and improve the overall life safety concerns.

e Emergency Power Supply

There is a major concern regarding the electrical power feeds to the tunnel complex. A
secondary power supply is needed and the following equipment should be connected to an
emergency generator: emergency lighting, exit lights, fire alarm panels, elevators. FISC advised

that PACDIV has active design on this subject and construction funds have been requested.

d. Emergency Voice/Alarm Communication

An approved emergency voice/alarm communication system should be installed throughout the
underground facility. This system should provide signal notification to alert occupants of fire or
other emergency. It is understood a contract to provide communication for the Red Hill facility is

being prepared for salicitation.

e. Preventative Maintenance

Numerous devices, e.g., drop-track doors, door releases, float valve mechanism have not been
properly maintained and were found to be inoperable. Operational equipment, as well as fire

protection equipment and devices, need improved attention.

f. Fire Department

Pre-Fire Plans indicating response to different fire/emergency scenarios need to be developed

and put into place.

g. Egress

There is only one method of egress from the lower tank level in the new tank section; using the
elevator. A secondary method of egress should be provided by installing a man-door in the lower
bulkhead separating the two sections. FISC advised that PACDIV has active design on this

subject.

h. Manual Firefighting

The Fuel Department is relying teo much on outside support from the fire department. Red Hill
requires the installation of fire hose stations, 150 |b. Purple K wheeled fire extinguishers, and

dedicated self-contained breathing apparatus for their own personnel.

08/06/98 1-8 Summary
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Fire Protection of Pipeline Supports

Apply sprayed-on fireproofing on steel pipeline supports to provide a minimum one hour fire

resistance rating. Pipe supports in the tank area and galleries are the most critical.

Housekeeping

In the lower access tunnel, the trench area contains considerable accumulation of fuel residue

and needs to be thoroughly cleaned.
Ventilation

The ventilation system will need further review to assure adequate ventilation for the lower tank
storage area if additional separation is provided. Since doors on any new separation will normally
be open, the effect on ventilation should be minimal. FISC advised that PACDIV has an active

design on this subject.
Overall Fire Protection Program

The Fire Protection Program appears to be very fragmented. The Fuel Department (FISC) needs

to assume a stronger, more centralized role in overall responsibility for the Fire Protection

Program.

1.7.3

Environmental

1.7.3.1 Conclusion

This Study evaluates the environmental impact associated with a major release from the fuel storage and

distribution system at Red Hill. The Study reviews the environmental setting in the fuel storage area and

along the distribution tunnel, discusses pertinent regulations, and focuses on two fuel release scenarios.

Scenario One involves a release of

Critical Infrastructure Ewhich flows down the entire distribution

system and discharges at a number of areas including the pump station for a drinking water well, and

several surface discharges.

In Scenario One fuel contaminates drinking water, ecologically important

groundwater, surface water including Pearl Harbor, surface soils, and impacts human health and the

environment.

Scenario Two involves a similar release

Critical Infrastructure

however, in this scenario, a new

water-tight door located at the base of the tank storage area closes and prevents fuel from flowing down

the entire distribution system.

In this scenario, drinking water is impacted, but not as severely as in

08/06/58
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Scenario One. The Scenario Two release also impacts surface water, soil, humans, and flora and fauna,

but to a much less degree than Scenario One.

The Study concludes that an uncontrolled massive fuel release from the Red Hill fuel storage and
distribution facility would cause irreparable damage to the drinking water source below the site. Also, the
cost of clean up would be prohibitive, long term, and may not be completely successful. The Study further
concludes that the advantages of preventive measures to avoid a catastrophe far outweigh the cost and

environmental effects of a massive or even short-term fuel release.

It is recommended 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.
Additional recommendations include:

a. Seal the manhole cover of the well in the PWC pump station and install water-tight doors before
(upgradient) of the pump station.

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

c. Install U-clamps on| critical Infrastructure jin tunnel to restrain movement of this line in case of

earthquake, per Figure 5-7.

d. Install a tank level monitoring system.

e. Make hourly visual checks of the tanks, tunnels, and pipelines.
f. Repair and routinely test the water-tight doors.

a. Seal off the two former drainage tunnels ta cfitical '"f’as""“‘“’eé
h. Seal off the doorway m Critical Infrastructure '

i, Install secondary confinement thrust block belcmi Critical Infrastructure

. Repair and clean out french drain in Harbor Tunnel.
k. Clean out and test product in open trench near sump for tanks.
08/06/98 1-10 Summary
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I Seal the water riser shaft at! Critical Infrastructure o prevent a release from reaching the surface.

m. Emergency evacuation procedures for Critical Infrastructure and workers
at Red Hill.

n. Floor drains in the Harbor Tunnel and Pump House should be periodically cleaned out to ensure

they are working properly.

0. 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,
1.7.4 Potential Catastrophic Failure and Structural Analysis
1.7.4.1. Conclusion

Scenario One

Fuel discharging from Critical Infrastructure i

Critical Infrastructu re WI“ be fU”y dISChEFQEdi Criticallnfrastructureg

The on-site investigation has revealed thati critieal Infrastructure would not function if a large catastrophic failure

R R ST ST

(such asi Critical Infrastructure  occurred.

Critical Infrastructure

i e a5 closed before fuel reached it, the resulting hydrostatic head would

Assuming a 10% impact factor, the pressure would; critical infrastructure - Structural analysis indicates that the

bulkhead would probably withstand the pressure, but the steel door would fail.

enical mmastucrure N iMpact factor). Structural analysis indicates that the bulkhead would hold but the steel door

would fail.

Scenario Two

Installation of a new oiltight door!  Critical Infrastructure would have many advantages,
including keeping large quantities of fuel from entering the tunnels downgrade of this point, therefore

making it unnecessary to protect a myriad of openings and facilities such as the PWC Pump Station and
wells (which supply drinking water to Oahu) from this large volume of fuel. Secondary containment for

08/06/98 1-11 Summary
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e e N

Ecrmcau Infrastructure éwould be required m -iif the bulkhead in the lower tunnel separating these tanks from

fypmmm e e 1 e v =

E Critical Infrastructure E rema'ns as IS

1.7.4.2 Recommendations

a  Construct a new oi-tight bulkhead and door ati  Critical Infrastructure i the

narrow portion of the tunnel to confine any catastrophic failures to: Critical Infrastructure

b. Refurbish existing! Critical Infrastructure ito act as containment for tunnel pipeline leaks.

This will adequately protecticuwamnasas well as the pumphouse, from the fuel leaks in the tunnel

pipelines and provide a back-up for the new door for less than full tank failures.

c. Consideration should be given to application of fireproofing material to the critical pipe supports to

provide a one hour fire resistance rating to prevent; Critical Infrastructure from falling and breaking

the lines at the point where they enter the concrete under each tank.

Maintenance recommendations on pipelines, pipeline supports and in-leakage of water problems
have been addressed in previous WEI reports and projects have been initiated in these areas. To
further reduce the environmental risk it is recommended that defective areas of the tunnel gunite,
especially the wall to floor joint be repaired, openings in the gunite be plugged, clean outs in drain
lines be installed and drains opened up, fuel and muck be removed from open drain gutters, and

corroded arches be replaced. Unsafe corroded gratings over drain gutters should be replaced.

d. Install secondary containment Critical Infrastructure Both

these projects are considered low priority to be done only after all above work is accomplished.

e. Construct 18" high diversionary wall at PWC pump station entrance to prevent relatively small

pipeline leaks from entering the pump station.

f. Inspect/seal all penetrations/pipes in the lower tunnel valve galleries to prevent a massive fuel

spill from migrating to the area outside the steel tank liner and thereby collapsing the liner.

g. If secondary containment in the upper tunneti Critical Infrastructure s not capable of

retaining fuel, consider reducing the filling height |r1 Critical Infrastructure | This is
equivalent to the Critical Infrastructure and will prevent fuel from entering

the upper tunnel in case of a catastrophic leak |n Critical Infrastructure

08/06/98 1-12 Summary
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h. Strongly recommend that pipelines not be relocated out of the tunnel to an underground right-of-
way but FISC should maintain existing pipelines, pipeline supports, valves and tunnel structure,
drains and drain gutters in a good state of repair and cleanliness. The Harbor Tunnel and LAT
have served as a conduit for Critical Infrastructure ffor over 50

years. The purpose of the tunnels was probably to provide bomb-proof and sabotage-proof

protection for these vital pipelines. The tunnels have done an outstanding job of protecting the
pipelines from corrosion as evidenced by only 2 minor leaks having occurred during this period,
according to reports. The lines installed in the tunnel allow visual and ultrasonic inspection and,
therefore, have some of the advantages of aboveground pipelines. The lines remain in excellent
condition except for some specific problem areas where water has been allowed to drip on the
lines. In addition, the lines have required little painting, no cathodic protection, no cathodic
surveys and have never had to be moved for freeways or other developments. |If the lines had

been installed underground, many relocations would have occurred as they have occurred on the

Critical Infrastructure

Although war conditions are now remote, unfortunately, terrorism is not dead. The| critical Infrastructure

e far better protected from terrorism in the tunnels than if they were installed near and

under public roads enroute to Pearl Harbor.

The relocation would cause a certain amount of environmental disruption in an environmentally

sensitive area and, of course, would require an environmental impact assessment/study.

In addition to the many disadvantages of relocating the line underground, the greatest deterrent
would be the cost of accomplishment.

Willbros Engineers believes the hazards of leaks and fire would be increased considerably by
replacing the tunnel pipelines with underground lines and strongly recommends the linegs remain
in tunnels and be properly maintained.

f

i, Provide oil-tight door/bulkhead inicuamsnweito provide secondary containment for critical infrastructure §(

lower tunnel bulkhead betweeni Critical Infrastructure remains as is).

1.8 Summary of Estimated Cost of Recommended Corrective Measures

A summary of estimated construction cost for recommended corrective measures is contained in Table
1-1.

08/06/93 1-13 Summary
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TABLE 1-1

SUMMARY OF ESTIMATED CONSTRUCTION COSTS

B PROJECT ESTIMATED COST
JE AFFF Fire Suppression System $ 650,000
2 Emergency Voice/Alarm Communication System $ 250,000
3. 150 Ib. Wheeled Dry Chemical Fire Extinguishers $ 22,000
4. New Man Door at Lower Acgess Tunnel $ 15,000
(Bulkhead between Critical Infrastructure E
5. Fire Protection of Pipeline Supports $ 128,000
6. Self-Contained Breathing Apparatus 3 6,000
7. Fire Hose Stations and Fire Hose Packs $ 11,700
8. Construct oil-tight bulkhead/door, Crltlcallnfrastructure $ 100,270
9. Refurbish! Critical Infrastructure ito confine tunnel 5 12152
pipeline le3dKs.
10. Construct oil-tight bulkhead/door, i meimsmeun $ 42251
14 Construct Oil-tight bul_khead/door at Critical Infrastructure $ 44 551
Critical Infrastructure
12. Construct flow diversion wall at PWC Pump Station entrance $ 2,800
13 Inspect/Seal all penetrations/pipes in lower tunnel valve $ 2,240
galleries
14. Lower fill height in; Critical Infrastructure E $ 0
15. Repair defective areas of tunnel gunite, plug openings, replace $ 60470
corroded arches, install drain clean outs,clean drains/gutters,
replace unsafe gratings.
Total $ 1,352,434
08/05/98 1-14 Summary
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SECTION 2
SCOPE OF WORK

The scope of work for the Fire, Life Safety and Environmental Risk Assessment/Study was provided by
Amendment 6 of the Regional Study of Military POL Distribution Systems and Storage Facilities, Oahu,
Hawaii. A copy of this amendment is provided as Exhibit 2-1.

26 June 1998 241 Scope of Work
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AMENDMENT NO. 3 TO THE STATEMENT OF ARCHITECT-

ERGINEER SERVICES FOR REGIONAL STUDY OF MILITARY
BULK POL DISTRIBUTION SYSTEM AND STORAGE
FACILITIES, BAWAII

1. PCOPE OF WORK

General Requirements:

&. The A-E shall conduct a comprehensive study of the

Complex and provide a fire, life safety,
&nalysis.

N62742-89-C-0069
403:RHMK:bis
REK-5B69A

22 Jun 92

EXHIBIT 2=1

Red Hill Fuel Tunnel
and environmental risk assessnent/
The study shall include preliminary construction cost estimates for

recommendations and alternatives and econocmic analysis for major alternatives.

The scope of work for this study shall be the entire.
Complex..including the Critical Infrastructure
&t ! Critical Infrastructure; The pri

Critical Infrastructure

satety and fire prote

sy OUTECTIVE B ERLE #EUAY 1s €0 assess existing
ction conditions and systems and provide recommendations

and alternatives for improvement and correction of deficiencies.  Potential
environmental impacts shall also be investigated and evaluated.

b. In addition to the General Requirements, the A-E shall include an

assessment of the following elements:

(1) Potentlal catastrophic failure of:
- (2) Fuel tanks.

(b) Pipeline, valves, and associated Pipeline components.

(c) Other facility equipment.

(2) Relocation of existin

g tunnel fuel piping underground to reduce
fire hazards.

(3) Evacuation of facility during an emergency, including

egress and ingress for fire
elevators, ete.

(4) Fire safety and prevention for future construction contracts.

(5) Existing electrical systems/equi
potential hazards.

(6) Ecological evaluatiocn of:

fuel spill.

adequacy of
fighters and emergency crews, i.e., adits,

pment as a source of ignition and

(a) Contamination of well water under the Red Hill Complex by a

(b) Adequacy of existing tunnel walls, floor, and doors to contain

a massive fuel splll.

(c) Other potential environmental hazards to the Red

or surrounding environment.

Hill Complex

RDHLCC0025386
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K62742-89-C-0069
ENGINEER SERVICES FOR REGIONAL STUDY OF MILITARY 403:RMK:bis
“JLK POL DISTRIBUTION SYSTEM AND STORAGE RK=-SB6IA
"ACILITIES, HAWAIY 22 Jun 92

(7) Fire Extinguishing Systems for the Red Hill Complex:

(a) AFFF foam-water.

(b) Gaseous inerting.

(c) High expansion foam.

(d) Other feasible alternatives.

(e) Adequacy of existing utilities to support these systems.

(8) Compartmentaliration of tunnel for fire and safety separations:

(a) Existing tunnel doors.
(b) Existing french drains system in floor.
(c) Alternatives to existing systems. '
(9) Ventilation system relative to the above work elements.

€. Wherever applicable, a systems safety engineering approach shall be
cllowed to analysis provided,

d. The existence of asbestos materials
material is encountered, survey/identify
with reference (w) and applicable codes,

is a possibility. If asbestos

the asbestos material in accordance
rules, and regulations.

2. SUBMITTALS

a. GSubmittals will be made by the A-E at the 95% and final
will be made and the resulting comments fo
The final submittal shall include all mark

submittals and all review comments sheets marked up by the A-E to indicate the

action taken by the A-E. Calculation and backup data shall be subm{tted with
the 95% and final submittals.

rwarded to the A-E within 14 days.

b. Submittals Quantities
(1) 95% Design. Six coples of report.

(2) Final. originals and ten copies of all items.

stages. Review

ed-up review comments of the previous

—_—
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N62742-89-C-0069
ENGINEER SERVICES FOR REGIONAL STUDY OF MILITARY 4031RMK:bis
BULK POL DISTRIBUTION SYSTEM AND STORAGE RK-SB69A
FACILITIES, HAWAII 22 Jun 92

€. Submittal Schedule

(1) 957 Design 60 days after award of contract

(2) Final 14 days lfé;r receipr” of 95\ review comments

3. R cT NAGEMEN

a. ojec esign Enginee «+ The PDE and technical point of contact
for this project is Kr. Roy Kaneshiro, telephone (808) 474-5331. Arrange for

technical contacts and conferences through the PDE. Keep the PDE and the
project specialist informed of progress and problems encountered. The A-E will

designate an individual who is directly responsible for, and is the contact on
all matters pertaining to this contract.

b. Project Contract Speciamlist. The Contract Specialist assigned to this
project is Mr. Melvin Yoshimura, telephones (808) 474-5406. - This person is the

representative of the Contracting Officer and is the Administrator of the
contract.

RDHLCC0025388
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SECTION 3

DESCRIPTION OF FACILITIES

3.1 Red Hill Tanks

The underground fuel storage complex at Red Hill is located about

Critical Infrastructure 0f Pearl Harbor in a

ridge of volcanic rock known as Red Hill. This ridge extends southwesterly toward Pearl Harbor and

provides protective cover, not only for the underground storage, but also for a portion of theicmican lnfrastrucmrei

which Critical Infrastructure

| S ——

Figures 3-1, 3-2 and 3-3 are

The diameter of each tank is wnand the overall height from bottom to top isi critea mrasnere 'The capacity

of each tank is approximately: Critical Infrastructure

of either JP-5 jet fuel or diesel fuel

marine (DFM).

The base of the fuel storage tanks is approximately ““ higher elevation than the entrance to the

Critical Infrastructure : A release of fuel from any of the critical inrastructure tanks or a pipeline

rupture in the tunnel would allow a gravity flow of fuel into the pump room. The volume of: cricalnfrastructure |

Critical Infrastructure

Thel_tanks at Red Hill are! Critical Infrastructure

the tank bottoms. Both the upper and lower access tunnels have

valve gallery at the bottom centerline of each tank.

3.2 Upper Access Tunnel

Critical Infrastructure

short spur tunnels which branch to a

The upper access tunnel extends from Critical Infrastructure

Critical Infrastructure A bulkhead separatesi Critical Infrastructure

| Critical Infrastructure This bulkhead has a man-door for egress from one area to the other in the upper

tunnel. There are Critical Infrastructure

which travels from the upper tunnel

level to the lower tunnel level. i critical Infrastructure Must be used to get from the lower tunnel on one side of

26 June 1998 31
AHSMIT/winword/hawaii’am3vol-I
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the bulkhead to the lower tunnel on the other side. The more; Critical Infrastructure inas

explosion-proof equipment and machinery, and has a vestibule at each tunnel level for the protection of

workers while waitingi Critical Infrastructure {in case of fire or other emergency.

Approximately! Critical Infrastructure som the upper tunnel level there is a tunnel providing primary

access to the area containing critical Infrastructure ithis tunnel leads to@ The:: emeamimscnrs HN - tHiS section of

tanks provides the only egress fromthe Critical Infrastructure

At the upper access tunnel level there is a Critical Infrastructure Sbove the upper dome of

each tank. On top of each tank there is an opening through a steel cover manhole in which there is a

smaller hole for tank gauging.

3.3 Lower Access Tunnel (LAT) and Harbor Tunnel

ECritica' infrastructure | The tunnel grades downward from the! Critical Infrastructure with grades varying

fromi critical Infrastructure i There EI’EE Critical Infrastructure in the Lower Access Tunnel: Critical Infrastructure Sarrying

diesel fuel marine;! critical Infrastructure tarrying JP-5 jet fueli critical Infrastructure £arrying diesel fuel marine.

About; ereameswiewre from the tank area st ihich provides thet Critical Infrastructure

Critical Infrastructure At the junction of the Lower Access Tunnel

and the Harbor Tunnel (main tunnel), there is a water pumping station operated by Public Work Center
(PWC). This pumping station, with deep wells in the lava rock, provides a part of the fresh water reserve
supply for the Naval Base. At this location there is also Critical Infrastructure

Wlthini Critical Infrastructure ;there is a 6-inch water line providing fire protection water to the upper and lower

access tunnels. A 500,000 gallon, above ground, concrete water tank provides the water supply.

L.

| Critical Infrastructure :down to the! Critical Infrastructure | A typical cross section of the Critical Infrastructure tjsi.........

Critical |nfraStru cture The tunnel walls are gunite lined.

To prevent uncontrolled flow of fuel from the tank area down through the main tunnel due to a ruptured
valve or pipe break, there are two normally open drop-track bulkhead doors installed in strategic locations
in the tunnel. One door is in the lower access tunnel just before the wye intersection at the PWC water

pump station; Critical Infrastructure ion Fig. 3-1. Critical Infrastructure
These doors are automatic self-closing, but the release devices on all of the doors were found to be

26 June 1998 3-2 Description of Facilities
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inoperative at the time of the survey.i Critical Infrastructure

Fig. 3-1 is the location of the proposed new door and bulkhead.

Critical Infrastructure Thereis Critical Infrastructure

s not oil-tight or drop-track. | cricainfrastructure

Critical Infrastructure which intersects at the! critical Infrastructure Ehowever, this spur is secured for reasons of

security doors, it is not oil-tight.

26 June 1998 3.3
AHSMIT/winword/hawaiiyam3vol-1
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SECTION 4
FIRE AND LIFE SAFETY RISK ASSESSMENT/ANALYSIS

41 General

FireSafety Consultants was contracted by Willbros Engineers, Inc. to perform a fire 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 Echternacht, FireSafety Consultants, Kenneth Echternacht,
FireSafety Consultants, and Terry Forehand, Willbros 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
421 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
4.2.21 Categories of Codes, Regulations, and Standards
A general listing of the categories of codes, regulations, and standards is given below.

e Local Codes, Requlations, and Standards

08/04/98 4-1 Fire and Life Safety Risk Assessment/Analysis
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» State Codes, Regulations, and Standards

» Federal Codes, Regulations, and Standards
(Cade of Federal Regulations [CFR])

s 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

Specifc 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

identifiad 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
29CFR1910 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.

Title 29 - Labor

Chapter XVII; Parts 1900 to 1910;

Occupational Safety and Health Administration, Labor
Part 1910.106 - Flammable and Combustible Liquids

08/04/98 4-2 Fire and Life Safety Risk Assessment/Analysis
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d. American Petroleum Institute (API)

The American Petroleum Institute (API) presents categories which contain standards, recommended

procedures, and publications which apply to petroleum facilties. The categories that apply to fire

protection and safety are listed below.

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), 1993

f Underwriters Laboratories, Inc. (UL), 1994
a. Factory Mutual Research Corporation (FM)
h. National Fire Protection Association (NFPA)

NFPA 10, Portable Fire Extinguishers, 1990

NFPA 11, Low Expansion Foam and Combined Agent Systems, 1988
NFPA 12, Carbon Dioxide Extinguishing Systems, 1993

NFPA 12A Halon 1301 Fire Extinguishing Systems, 1992

NFPA 13, Installation of Sprinkler Systems, 1991

NFPA 14, Installation of Standpipe and Hose Systems, 1993

NFPA 15, Water Spray Fixed Systems, 1990

08/04/98
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NFPA 16, Installation of Deluge Foam-Water Sprinkler Systems and Foam-Water Spray
Systems, 1991

NFPA 20, Installation of Centrifugal Fire Pumps, 1990

NFPA 22, Water Tanks for Private Fire Protection, 1993

NFPA 24, Installation of Private Fire Service Mains and Their Appurtenances, 1987

NFPA 30, Flammable and Combustible Liguids Code, 1990

NFPA 37, Installation and Use of Stationary Combustion Engines and Gas Turbines, 1930
NFPA 70, National Electrical Code, 1993

NFPA 72, National Fire Alarm Code, 1990

NFPA 91, Installation of Exhaust Systems for Air Conveying of Materials, 1992

NFPA 101, Safety to Life from Fire in Buildings and Structures, 1994

NFPA 101M, Alternative Approaches to Life Safety, 1988

NFPA 329, Handling Underground Releases of Flammable and Combustible Liquids, 1892

Navy Manuals

NAVFAC DM-22, Petroleum Fuel Facilities, August 1982

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

MIL-HDBK-1008b, Fire Protection for Facilities Engineering, Design and Construction,
15 January 1994

MIL-HDBK-1022, Petroleum Fuel Facilities, 30 June 1997

Other Codes, Regulations, and Standards

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

4-4 Fire and Life Safety Risk Assessment/Analysis
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« NFPA Fire Protection Handbook, 17th Edition

4.3 Fire, Life Safety, Electrical Risk Assessment
431 Fire Protection
4.3.1.1 General

Fire protection for the underground fuel storage and tunnel complex at Red Hill consists of water supplied

from a 500,000 gallon concrete aboveground tank locatedé Critical Infrastructure | Water supply to

the upper access tunnel is provided through a new 6 inch line which is also routed throughé Critical Infrastructure

R i

Critical Infrastructure i supply the lower access tunnel. The old 6 inch riser in the
ECriticaI infrastructure | Nias been abandoned in place (installed a wedge-type plug valve to isolate riser from the

bt s i

supply).

The water supply for Red Hill is for manual fire fighting purposes only with 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 noted 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

The underground fuel storage facility consists of Critical Infrastructure Econtaining Diesel Fuel

Marine (DFM) and JP-5 fuels as described in Section 3.1. The most likely fire scenario for this area is the

release and subsequent ignition of unconfined combustible liquids resulting from a damaged tank valve or

ruptured piping in the tank gallery 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 in the early 1960s for protection of the upper and lower

tunnel areas% Critical Infrastructure has been taken out of service and abandoned in

08/04/98 4-5 Fire and Life Safety Risk Assessment/Analysis
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place. The storage tank is still Iocatedi e hut has been emptied; all piping and nozzles are still in

place. The existing heat detection system 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.

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 make egress extremely
difficult and the possibility of a 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 concerns,

and improve the overall life safety concerns.
4.3.1.3 Lower Access Tunnel (Including Adits)

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! critical Infrastructure | adjacent to the PWC water pump station there is a twin agent hose reel unit (500

Ibs. 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
approximately every 250 feet for connection of fire hose. Line sizes for the water supply vary from 6

inches from the Critical Infrastructure éthen a 20-inch line and next a 32-

inch PWC potable water line for water supply.

4.3.1.5 Fire Protection Systems

This section reviews the characteristics and operating principles of the various types of the suppression

systems for consideration to protect the Red Hill Complex.

0B8/04/98 4-6 Fire and Life Safety Risk Assessment/Analysis
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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, fim. 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 halt fuel vaporization.
These foams also develop a continuous agueous layer of solution under the foam, maintaining a floating
film on hydrocarbon fuel surfaces to help suppress combustible vapors and cool t he fuel substrate. This
film, which can also spread over fuel surfaces not fully covered with the foam blanket, is self-healing
fellowing 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 aircraft (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 agueous 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.
There is currently no fixed fire protecticn system installed in the Red Hill fuel storage area.
4.3.1.5.2 Gaseous Systems
The two most widely used gaseous agents are carbon dioxide and Halon 1301.
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
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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.

Carben 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 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; if 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 dioxide gas, when compared with dry air at 32 degrees F and atmospheric

pressure, is 1.529. In other words, carbon dioxide is about 1 ¥ 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 persen

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, one 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).
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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,
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 evacuate 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 other 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 require drainage or clean-up, is relatively inexpensive,

readily available, and is very effective for protection of enclosed hazard areas.
Halon 1301

Halon 1301 is an inert gas. It has a vapor pressure of 199 psig and a boiling point of minus 72 degrees F.
Although its vapor pressure would adequately expel the agent, the pressure decreases rapidly with a
temperature fall to 56 psig at 9 degrees F and 17.2 psig at —40 degrees, F., therefore, in fixed piped
systems, the agent container is super pressurized with nitrogen to 360 psig. Finally, the heat of
vaporization of Halon 1301 is relatively low, which means that 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 flammable liquid fires and most Class A

combustible incipient surface fires. Personnel can safely be exposed to design concentrations up to 7%
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for short periods of time without any harmful effects. Therefore, where personnel exposure exists, the

utilization of Halon 1301 is further justified.

Although Halon 1301 does not represent a life safety concern, in recent years the fire protection industry
has become aware of the potential depletion of the global ozone layer by chlorofluorocarbon (CVC)
emissions; emissions which include the halon 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 surfactants that do not contain fluorochemicals. As
their name suggests, they possess expansion ratios ranging from 100:1 to 1000:1. Most other foam

concentrates are classified as low expansion 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 confined 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 agueous solution of surface active foaming agent.
4.3.1.5.4 Other Feasible Alternatives
Water Deluge System

Water is without doubt the oldest fire extinguishant employed by man. It is a two-dimensional

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, but for rapid flame knock-
down and providing total extinguishment, the system becomes much more effective when a foam

concentrate is added.
Dry Chemical System

Dry chemical is primarily used in the hydrocarbon processing industry due to its recognition as an

extremely efficient agent in extinguishing fires in flammable liquids.
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Dry chemical possesses the ability to control fires by a rapid knock-down of the flame front. However, it
will not provide securement of a flammable liquid spill or poal 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 diemensional 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 installed, 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 contract no.
N62471-85-C-2416) were reviewed. This contract is to provide a fire alarm 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 tunnel areas (25-foot 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 provide protection for thel Critical Infrastructure

 Critical Infrastructure tc.). This arrangement is compatible with the proposed zone arrangement for the

fire alarm system; e.g., Fire Alarm Zone 28 is the heat detection zcmef Critical Infrastructure EFire Alarm Zone

27 Critical Infrastructure jetc. For example, if a fire was detected in the valve galleries or adjacent tunnel
areas of. Critical Infrastructure iFire Alarm Zone 28 would be

actuated and the AFFF systen‘; Critical Infrastructure Ewould be tripped. If the fire spread from one zone to the

next, that respective fire alarm zone would be actuated and the respective AFFF system would be tripped.

Provisions will also be provided for manual actuation of each respective AFFF system.
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4.3.2 Lifesafety

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

Critical Infrastructure

There are; Critical Infrastructure between 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‘ Critical Infrastructure hear the PWC water pump

station.j s 5 s@aled and locked, thus not providing either entrance or egress from the Harbor Tunnel.

The lifesafety evaluation of the Red Hill complex has been based primarily on a review 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 101.

However, due to the uniqueness of this facility, a combination underground structure, a mine (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 was barricaded and

padlocked. Provision should be made to be able to evacuate! crical mfrastructure Eiuring an emergency. It

should also be available for egress of fire fighting personnel.

e The only means of egress from the lower tunnel Critical Infrastructure A

second means of egress should be provided for this area by instaling a man-door in the existing

bulkhead separating. Critical Infrastructure i(See FISC Special Project R4-86.)

e The Critical Infrastructure requires a vestibule (horizontal fire

separation) at each tunnel level for the protection of workers while waiting | critica infrastructure In case of

fire or other emergency.
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= Emergency lighting and exit signs shall be connected to the emergency power supply as discussed in
Sections 4.3.3.3and 462.3.

« 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 by 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 lifesafety of FISC
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 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 ofé Critical Infrastructure Eto 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.
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The incoming electrical system to the PWC water pump station originates from a single 12,000V 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 to the old entrance to
the water pump station from the Harbor Tunnel. 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 gauger's station.

4.3.3.1.2 Lower Access Tunnel (Original System)

The lower access tunnel electrical system is the original electrical feed foré Critical Infrastructure
Critical Infrastructure which connects this area with the upper access

tunnel.

The electrical feed originates in Critical Infrastructure The 480V and

208V circuits connect to their respective breaker panels across from the gauger station. These two feeds

are in separate conduits that are located in the tunnel and were installed during original censtruction.

The 208V system feeds the following areas and devices:

a. critical Infrastructure {lights and receptacles

b. Critical Infrastructure iights and receptacles

c. Critical Infrastructure Hights and receptacles
d, g";};{;]'[;}'E;';Z;LZ[;;" ighting

The electrical feed for theé critical Infrastructure §IJOts and upper access tunnel lights and receptacles is thru the

L

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.
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c We|ding receptacles in thei Critical Infrastructure

d. Critical Infrastructure

The 480V system in the tank area and the Harbor tunnel is fed from one circuit breaker in the 480V
lighting pane! Critical Infrastructure

4.3.3.1.3 Lower Tunnel Area Additions

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

a. Motor operators added to the valves for Critical Infrastructure at theé Critical Infrastructure @t

Critical Infrastructure The electrical feed for the motor operated valves are tapped from the

480V circuit in critical Infrastructure

b. Motor operators added toi Critical Infrastructure idjacent tg e gnd 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
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 td Critical Infrastructure i)etween Critical Infrastructure
Critical Infrastructure

4.3.3.1.4 Lower Access Tunnel Critical Infrastructure

These electrical madifications were made when; Critical Infrastructure yyare 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 480V.

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 iAddiliOﬂS)

A breaker was added to the 480V system to provide power to Critical Infrastructure
The wire and conduit is installed |r1 Critical Infrastructure
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4.3.3.2 Electrical Classification

Both the diesel marine fuel (DFM) and the JP-5 have flashpoints of 140°F (60°C) 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).

4.3.3.21 Fuel Tank Area

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

the Lower Access Tunnel.

The area is ventilated with the exception of theé Critical Infrastructure | Each gallery contains

CritioalInfrastruoturo.

......................

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 reduced ventilation in the valve galleries off the Lower

Access Tunnel.

Therefore, in accordance with Table 5-9.5.3 of NFPA No. 30-1996 and Table 515-2 of NFPA No. 70-1996,
each valve gallery at each tank is considered a Class 1, Division 2 location from the valve body extending
5 feet in all directions and up to 3 feet above the floor within 25 feet horizontally from the edge of any

valve.

The floor trough that runs in the lower tank level area of the Lower Access Tunnel falls in the category of
“Pits with Adequate Ventilation” (NFPA-30 Table 5-9.5.3) and, therefore, is classified as a Class 1,
Division 2 location for the entire space within the trough due to the trough being below grade.
Additionally, the space up to 18 inches above grade within 15 feet horizontally from any edge of the floor
trough shall be considered a Class 1, Division 2 area per the category entitled "Drainage Ditches,
Separators, Impounding Basins." (NFPA-30 Table 5-9.5.3)
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The sump pump area will be classified as follows:

« The pump pit, pumps and sump are located below grade relative to the tunnel floor and, therefore, the
entire pump pit and sump are classified similar to the drain trough described above; Class 1, Division

2.

e« The area above the pump pit and adjacent to the pump pit will be Class 1, Division 2 within 5 feet of
the surface of the pumping facilities, extending 25 feet horizontally from any surface of the facilities

and upward 3 feet abovegrade.

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

explosion-proof,

4.3.3.2.2 Harbor Tunnel and Lower Access Tunnel

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

Critical Infrastructure The] Critieal nfrastrcture |
Critical Infrastructure

The Harbor Tunnel contains lighting, receptacles, distribution centers for lighting, telephone
communications, and the circuit for thei Critical Infrastructure | The tunnel also contains; e

Critical Infrastructure for DFM, critical Infrastructure ffor JP-5, and | critical Infrastructure for DFM. The

pipelines are welded, and valves are located at the Receiving Pumphouse, at ! critical Infrastructure :at the & owme.

Critical Infrastructure | From this point, the lines proceed up the Lower Access Tunnel and
valves are located neat Critical Infrastructure

Ecmica..nfms‘mcture_i The fuel pipelines are; Critical Infrastructure in concrete
saddles and Critical Infrastructure supported by steel supports.

The Harbor Tunnel also serves as a corridor for a 32-inch PWC water line. A narrow gauge railroad in

both tunnels provides transportation between the Red Hill storage and the receiving pumphouse.

The tunnel is ventilated so there is 2 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 performed on the systems.
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The Harbor Tunnel and Lower Access Tunnel classification was arrived at using NFPA No. 30-1996,
Flammable and Combustible Liquid Code Table 5-9.6.3, NFPA No. 70-1996, National Electric Code
(NEC) Table 515-2, and MIL-HDBK-1022, Petroleum Fuel Facilities.

a. Under the category entitled “Indoor Equipment” or "Pumps, Bleeders, Withdrawal Fittings, Meters

and Similar Devices", the valve areas in the| CriticalInfrastructure it the receiving pumphouse, the

Critical Infrastructure *he intersection at theé Critical Infrastructure &nd in the Critical Infrastructure

Critical Infrastructure etween tank pairs are considered a Class 1,
Division 2 location from the valve body or flanges extending 5 feet in all directions, and up to 3

—

a

feet above floor level or grade within 25 feet horizontally from the edge of any valve.

b. Paragraphs 2.10.1.1 and 2.10.1.2 of Mil-HDBK-1022 for adequately ventilated spaces requires an
electrical hazardous classification of Class 1, Division 2 within 5 feet of the surface of pumps, air
relief valves, withdrawal fittings, meters, valves, screwed fittings, flanges and similar devices
extending 25 feet horizontally_from any_surface of the devices and upward 3 feet above grade.
Therefore, all areas in Critical |nfrastructure éwhif:h fall in these zones will be

considered Class 1, Division 2 areas.

g, The remaining areas of% Critical Infrastructure iare considered non-classified

areas except for the trough and sump areas cited in Section 4.3.3.2.1.

4.3.3.3 Emergency Lighting

There is a major concern regarding the electrical power feeds to the tunnel complex. At present the
reliability of the electrical power supply under emergency conditions is questionable. Therefore, to insure
the safety of personnel in the underground facility it is required that an emergency generator be provided
to supply backup power to emergency lighting, elevators, the emergency voice/alarm communication
systems, and the drop-track door release devices (unless solenoid is replaced with normally energized

solenoid for door release upon loss of power).
4.3.4 Ventilation

The Red Hill complex being evaluated is located underground with practically no natural ventilation.
Mechanical ventilation is provided by; Critical Infrastructure

Critical Infrastructure | These units provide a good flow of air to ali areas of the fuel storage

and tunnel complex. Combined capacity of, Critical Infrastructure

The ventilation systems are connected for automatic shutdown upon closure of the drop-track doors.
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Provision should be made (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 configuration of this facility, a smoke control system is not feasible or recommended.
4.4 Potential Catastrophic Failure

441 General

The Potential Catastrophic Failure analysis section, provides, as its principal purpese, an analytical study
which quantifies the hydraulic characteristics for potential fuel spills within the Red Hill complex. The
hydraulics section of the study presents case studies of potential fuel spill(s) based on the most likely
causes of failure. In each case study examined, the duration of spill is quantified based on the amount of
product spilled and the type and size of rupture. Numerical estimates of flow quantity, flow velocity, and
time of flow between the spill site and selected locations within the Lower Access Tunnel (LAT) and the

Harbor Tunnel (HT) are provided and discussed.

For the purposes of the hydraulics analysis section of the study, two categories of catastrophic failure

were examined. The hydraulic analyses focused on the quantification of the following failure categories:
(a) Fuel Tanks;
(b) Pipelines, valves, and associated pipeline components;

For each of the above categories a worst case was modeled. The worst case was based on failure
category and the equipment location. Along with the worst case scenario other lesser cases were also
considered so as to provide a range of failure potentialities. For each case modeled the duration, volume,
and flow velocity and quantity were modeled for both source and for receiving tunnel. The quantification

was obtained through a mathematical modeling of each of the failure categories.
44.2 Fuel Tank Failure Category

For the fuel tank failure case studies, the worst case spill would be expected to occur from a tank failure at

the upper most tank unit of the: Critical Infrastructure
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a. The underground fuel storage tanks are located approximately i Critical Infrastructure nf Pearl

Harbor within the Red Hill ridge, a volcanic ridge line running in an approximate southwest-

yertically oriented cylindrical tank

in height from tank bottom to

units with approximate dimensions ofic«jnside diameter

top as measured along the central longitudinal axis. Each tank has a fuel volume capacity of

apprgximatelé Critical Infrastructure | VWhen full, the elevation head is approximately!. or each
unit.
b. The tanks are located ini  Critical Infrastructure ithe LAT running upgrade from

Critical Infrastructure it the lowest base elevation -- Cl'itica| Infrastructure are the farthest

upgrade with tank base elevation of | crtia mtrastructure

o3 The |- "Eupgrade-most units--tank pairs Critical Infrastructure are separated

........................................... 4

d. For the worst case spill the upper most tank units with potential for free flow floeding into the LAT
and HT was chosen. Thei Critical Infrastructure have the highest base elevation of the tank

grouping open to the LAT and HT ofi“"“““""“"““"'e see Table 4-1.).

4.4.2.1 Tank Rupture - Orifice Flow Model

Flow of fuel discharging from a tank to the atmosphere through a rupture in the tank, ling, or valve is
determined by the size and the shape of the orifice at the point of rupture and the height of the fluid level
above the rupture point (fluid elevation head). (In the case of the Red Hill, the complex is underground

but at ambient atmospheric pressure.) In order to systematically quantify a potential rupture for the Red

Hill facility, the size of orifice was limited to two possibi[itiesré Critical Infrastructure :break. These size

choices correspond toi Critical Infrastructure

For the purpose of the analysis the orifice shape was assumed to be circular in cross-section. No
reduction in size or change from circular shape was made; i.e., partial breaks and/or irregular fractures in
either pipe or valve sections were not considered. Orifice flow reduction due to partial breaks and/or
irregular fractures can be estimated by either reducing the orifice coefficients and/or reducing the

estimated flow velocity and volume by constant percentage factor.
At the orifice (rupture point), the total fluid head is converted into kinetic energy as expressed by Eq. 4.1.

Vo = Cv(2gh)'/2 4.1
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Where,

Vo = the expression for the velocity at the point of discharge expressed in English units

(feet per second--fps),
g= the acceleration due to gravity; 32.2 ft/(sec-sec),
h= the height or head of the fluid level above the point of rupture.
The orifice coefficients governing the discharge are:
Cv =Cd/Cc 4.2

Cv, Cd, Cc are the orifice coefficients for velocity, discharge, and contraction, respectively. Faor the
parameterization used to model the discharge for a tank rupture the following coefficient values were

used:
Cv=062, Cd=0.63; Cc=0.984127
The coefficient values used to model the tank rupture correspond to a sharp-edged orifice.

The volume discharge was determined using Eq. 4.3 as follows.

Qo = (CcAo)Vo 4.3
Where,

Qo = the orifice discharge--volume flow in cubic feet per second (cfs), and

Ao =  the unit cross-sectional area of the orifice (feet-squared).

It should be emphasized that the velocity of tank discharge and, correspondingly the volume flow Qo, are
time dependent for the failure cases studied. l.e., because the fluid head lowers as a function of the time
elapsed following rupture and the fluid level (head) is not maintained at a constant level, the values
returned by the model for Vo and Qo as well as the tank draw down time, To, represent averages, not
instantaneous values. Fluid velocity is proportional to head and would decrease as the level of the fluid is

lowered.

The time to empty the tank, To, is found using the following expression.
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To = 2At[(h1)12-1h2)"2 ]

CdAo(2g)'2 4.4
At = the inside diameter of the tank.

4.4.2.2 Orifice Flow Model Results

In order to provide a range of tank failure estimates four case studies were modeled. The worst case

failure mode considers a break ini critical Infrastructure 2t the base of | critealinfrastrueture 1oy g full-tank condition (Case

Study 3). Lesser failure conditions studies conducted included Cfitica“"ffastructheErupture for a half-full

condition (Case Study 4) and: Critical Infrastructure iruptures for full- and half-full conditions (Case Studies 1

and 2, respectively). The four case studies modeled are listed in Table 4-1. below.

Table 4-1
Orifice Flow Case Studies — Defined

E?t?:ilif Co-:li::lrilt';on
" Critical Infrastructure
4 Half

NOTE: Asterisk (*) denotes worst case condition.

The physics of the orifice discharge are summarized for the four cases studied in Table 4-2 and Table 4-3,

to follow. The points of interest to the physics of the problem are the following:

a. The velocity of the discharge jet is strictly a function of the fluid head (refer to Eq. 4.1). As such,

from the standpoint of the fluid jet velocity, the size of the rupture is not important.

b. However, the size of the rupture does determine the degree of impact from the standpoint of the
volume flow, Qo. Both the volume of fuel spilled per unit time and the time needed to empty the
tank are direct functions of orifice cross-sectional area. As such, the down tunnel flooding

potential increases with an increase in the size of the break. From the standpoint of down tunnel

flooding, a rupture of the maximum sizedi Critical Infrastructure Efrom a full tank will result in the

maximum flow volume delivered to the tunnel and the tank draw down time will be minimum.
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Table 4-2
Orifice Flow Case Studies
Tank Discharge With Variable Head Flow Estimates

Critical Infrastructure

NOTE: Asterisk (*) denotes worst case condition.

Table 4-3
Orifice Flow Case Studies
Tank Discharge With Variable Head

Time to Discharge Tank

Critical Infrastructure

NOTE: Asterisk (*) denotes worst case condition.
4.4.3 Open Channel Flow Model

Given the discharge velocity, Vo, and volume flow, Qo, at the point of tank rupture, the next task in
quantifying the failure mode is to parameterize the boundary condition linking the flow states of orifice jet

at the rupture point to open channel flow through the LAT and HT channel.

4.4.3.1 Open Channel Flow Model Summarized

As a summary, the model predicts orifice velocity magnitudes associated with either: Critical Infrastructure |

| concanmaswetrs 1) thee range of crieannastucturs for initial tank fluid levelsi Critical Infrastructure
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crtieal Infrastucture represent initial tank fluid levels of approximately half-full and full, respectively. Orifice

velocities of that order of magnitude are classed as supercritical flow. However, once the flow jet strikes
the open channel it cannot retain its supercritical state; the flow state is converted to subcritical.
Correspondingly, the maximum in fluid depth associated with the supercritical fluid is limited by the critical
depth, Dc. Following the change in energy state to subcritical the fiuid depth level must increase to a
depth characteristic of subcritical flow. For the case studies analyzed, the transition in flow depth would
be expected to occur by means of a hydraulic jump near or at the point of impact of the discharge jet with

the tunnel floor.

Typically, the depth of free-falling supercritical fluids is equal to the critical depth. Thus, the determination
of the critical depth, Dc, is fundamental to establishing the boundary condition needed to initialize the
subcritical flow,

The expression used to determine the critical depth, Dc, is given by the following.

Dc = (Qo2 /Gwt2)1/3 4.5
Where,

Wt = the channel width.

Once the flow converts to the subcritical flow state the hydraulic characteristics can be parameterized

using the standard Manning's Equation for open channel flow.

Vi=1.49 (Rh)2/3 (s0)1/2 46

|

Vi= the velocity of the open channel flow for channel reach i,
- the Manning's roughness coefficient,
So = the channel slope (ft/ft), and
Rh = the hydraulic radius defined by Eq. 4.7A.
The hydraulic radius is the ratio of the wetted area to the wetted perimeter of the cross-section of the flow.
Rh = Aw/Pw 4.7A

Where,
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Aw = D(Wt) 478
= the wetted cross-sectional flow area of the channel,
and

Pw

1]

2(D) + Wt 4.7C
= the wetted perimeter of the flow cross-section.
D = the fluid depth for the subcritical flow.

To calculate the down-tunnel flow, the Manning's Equation (Eq. 4 8) is solved directly for each reach using
the known invert slope, So, and the calculated value for the hydraulic radius, Rh. However, Eq. 4.6
cannot be solved until an estimate of the subcritical fluid depth, D, is obtained. The problem associated

with obtaining a direct solution of Eq. 4.6 for the initial run is the following.

1s The hydraulic radius, Rh, is indeterminate until an accurate estimate for the subcritical depth, D,
is obtained.
2z The actual depth of fluid, D, following the hydraulic jump is unknown.

4.4.3.2 Numerical Iteration Algorithm Method Used to Initialize the Subcritical Flow

The method of solution developed for the given tunnel flow problem is an iterative scheme using the
following steps.

Step 1 To initialize the open channel flow, Eq. 4.6 is solved to obtain V(0). The critical depth boundary
condition, Dc, is used for the initial estimate of fluid depth. The initial value obtained for V(0) is
used as the zeroth estimate used to initialize the iterative algorithm.

Step 2 The hydraulic radius, Rh(0), is solved using the following expression using the zeroth estimate of

V(0) and the known value of channel grade, So.

Step 3 To estimate the unknown fluid depth, Dx(1), a polynomial expression for Dx was derived using
Eq. 4.8A.

Rh(0) = (Ngo)¥2 4.8A
(1.49 So"2 Aw(0))*2
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Where, Qo and So are known and Aw(0) is estimated using Eq.4.7B. At this stage the value of the

critical depth, Dc, is substituted for the unknown subcritical depth, D.

The polynomial used to estimate Dx is the following.

(Wt)¥2  (1.49/n)¥2 (So)** (Dx(1))¥2 -(2Qo)*2 (Dx(1))-(Wt)(Qo)*?=0 4.88B
For the initial numerical step, Dx(1) is set equal to Dc.

Step 4 The initial estimate for Dx(1) is then used to calculate new estimates V(1), the wetted geometry
parameters--Aw(1) and Pw(1), and Rh(1).

Step 5 Trial Q(1) is computed using Eq. 4.8C and compared to Qo using an error differencing algorithm,

Eg.4.8D.

Q1) = V(1)Aw(1) 4.8C
and

ERR FCTN = (Qo - Q(1))/Qo 4.8D

If the ERR FCTN is less than or equal to a preset error limit the algorithm is terminated. (For the present

analyses, the limit was specified as 1 %).
Step 6. If the error limit is exceeded, then the new estimate for Dx is obtained using the following.
Dx(2) = Dx(1) + (ERR FCTN)(Dx(1)) 4.8E

The iteration process then proceeds back to Step 2 and repeats the iteration procedure until the solution

achieves closure to a value of Q(i) less than the specified limit.

Once a closure solution has been achieved for a given reach, the iteration process steps forward,
spatially, to the next reach of the series set.

4.4.3.3 Tunnel Geometry

From the standpoint of modelling the geometry of the tunnel system, the total path length within the Red
Hill tunnel complex, LAT and HT, can be treated as a single set of series connected reaches. As such,
the volume discharge, Q, of the open channel flow remains constant throughout the extent of the tunnel.
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]

Qt
Qt

Qi=Qq=Qp=..=Qn 4.9

the Manning's open channel volume flow,

]

and

Qi = the volume flow through reach number i where i referes to any reach i through n.

Furthermore, the boundary condition linking the supercritical orifice discharge flow to the subcritical

Manning's open channel flow requires conservation of volume discharge. |.e.:
Qt=Qo 4.10

Thus, the formulation requires the conservation of mass throughout. However, it is recognized that mass
losses will occur due to infiltration into porous sections of bedrock, loss to the underdrain system, etc.; but

for the time scale involved in this failure analysis, mass is considered conserved.

The cross-sectional areas and geometries of the LAT and HT sections of the pipe tunnel are

approximately equal and constant throughout from the upper tank section to the terminus at Critical Infrastructure

The only variable controlling changes in flow velocity between reaches is the change in grade of the

Evaragarava

tunnel invert.

Table 4-4 below presents the reach geometry used for the failure analyses.

Table 4-4
Lower Access Tunnel (LAT) and Harbor Tunnel (HT)
Model Reach Geometry

Reach

BN =

-
;in

. Critical Infrastructure

10
11
12
13
14

NOTE: Starred items (*) denote stations with dual numbering.
1. Elevation of tunnel floor.
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For the model geometry, the total channel length is subdivided into a set of series connected reaches

based on channel (tunnel) invert grade. The LAT and HT were divided into 14 reaches of constant
unwetted cross-sectional area. The length of individual reaches was determined by breaks-in-grade.
Table 4-4 includes the individual reach definitions of length, invert elevation at the beginning and end

points of the given reach, invert grade, and physical features located within the length of the reach.
4.4.3.4 Open Channel Flow Model Results

The open channel model is run for reach 2 through reach N, where N signifies the terminal reach
specified. If the total LAT/HT channel is run, the terminal channel section is reach 14. Vi is determined
using the Manning's Equation, Eq. 4.6; the fluid depth and associated wetted geometry of the given reach

is next determined using the iteration algorithm method detailed earlier in Section 4.4.3.2.

As discussed in Section 4.4.3.2, solution closure is obtained, as before, by comparing the computed
volume flow estimate, Qi, versus Qt (Eqs. 4.8C - 4.8E). The single difference in operation is the choice of
the initial estimate of fluid depth. For the initialization of the open channel flow model, the depth was
specified by the critical depth, Dc, for Iteration Step 1. For reaches 2 through N, the initial estimate used

for fluid depth is the fluid depth calculated for the preceding reach.
Dxi(0) = Dxi-1(0) 4.1

To understand the physics of the flow it is helpful to use the analogy of flow through a river channel. For a
river comprised of a single channel flowing from a single point source, the volume flow Q will be constant
as long as there are no additional sources or sinks of fluid along the length of the flow path. If the river
flow is constrained to a single, uniform channel then the only variable controlling changes in velocity from
one reach to another is the change in channel invert grade. Because of the conservation of mass the

following conditions hold:
Q =V x Aw = constant 4.12A
Thus the functional relationships can be written as,
V = f(Rh,So), and
Rh= f(Aw) 4.12B

If when passing from one reach to the next the invert grade, So, increases, then it follows that the

amplitude of the velccity, V, will increase proportionally. Conversely, the wetted cross-section, Aw,
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decreases. If the grade, So, decreases; then the velocity V decreases and the wetted area, Aw,

increases.

Consider the following example:

(1) Reach 1: slope 1 = steep; V1 = fast

(2) Reach 2: slope 2 is milder than slope 1;

therefore, V1 > V2

(3) Q=V1xAw1 = V2 x Aw2 = constant;

therefore, Aw1 < Aw2

For mild sloped bottoms, the river runs slower and deeper; steep sloped bottems, the river runs faster and

shallower.
4.44 Worst Case Discussion

Tables 4-5, 4-6, 4-7, and 4-8, to follow, presents the flow results for the total LAT/HT channel for Case
Studies 1 through 4, corresponding to tank rupture Cases 1 through 4. Table 4-7 indicates the worst case

scenario.

i The slope from Reach 1 through Reach 2 (from Critical Infrastructure is relatively

steep. Therefore, the velocity of fuel flow through these section is relatively fast éCriticallnfrastructureE

cicamimsctre ! AS SUCH the depth of fuel in these sections somewhat |ow;! critcalinfrastructre

2 The milder grade sections, Reaches 3 through 6 (from iCfiﬁca'lnfﬂstr"mrejdown to the section

immediately ! Critical Infrastructure :weould be expected to run full of fuel ;e nmsncu
anamesnwe! AS sUICh, 1t 1S particularly important that personnel be evacuated from these areas. The

time of flow to the head of Reach 3] crtcaimtrastructure will occur withini Critical Infrastructure i following

the SFNII of fuel from crisea infrastructure

2. The time of flow to the PWC water pump station (Reach 7) and the! criccal infrastructurs is estimated to

b critical Infrastructure ffollowing the onset of the initial spill.
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4. For the worst case spil

Reach 14) is

Critical Infrastructure

Critical Infrastructure iT iS time would represent the minimum response time needed

to evacuate personnel from this building.

Table 4-5

Case 1 - Open Channel Flow Results

Fuel Frnmi'

?Rupture - Full Tank

Flow through LAT and HT to Pump House 53

Reach

Sta.

Length

(ft.)

Invert
Elevation
ft.)

Depth
(ft.)

Fluid

Velocity

Elapsed
Time

(fps) (min.)

Location

10

1"

12

13

14

NOTE: Starred items (*) denote stations with dual numbering.

Critical Infrastructure
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Table 4-6
Case 2 - Open Channel Flow Results

Rupture - Half-Full Tank
Flow through LAT and HT to Pump House 59

Invert Fluid Elapsed
Length Elevation Depth Velocity Time
Reach Sta. (ft.) (ft.) (ft.) (fos) (min.) Location

*6

177

— Critical Infrastructure

10
11
12
13

14

NOTE: Starred items (*) denote stations with dual numbering.
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Table 4-7

Case 3 - Open Channel Flow Results

Flow through LAT and HT to Pump House 59

iRupture - Full Tank

(Worst Case Scenario)

Reach Sta.

Length
(ft.)

Invert
Elevation
(ft.)

Depth
(ft.)

Fluid
Velocity
(fps)

Elapsed
Time
(min.)

Location

6

T

. Critical Infrastructure

10

11

12

13

14

NOTE: Starred items (*) denote stations with dual numbering.

NOTE: Fluid Depth 4

Critical Infrastructure
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Table 4-8
Case 4 - Open Channel Flow Results

Fuel Fromi s Rupture - Half-Full Tank

Flow through LAT and HT to Pump House 59

Invert Fluid Elapsed
Length Elevation Depth Velocity Time
Reach Sta. (ft.) (ft.) (ft.) (fps) (min.) Location

"6

k4

— Critical Infrastructure

10
11
12
13

14

NOTE: Starred items (*) denote stations with dual numbering.
NOTE: Fluid Depth =

Critical Infrastructure

08/04/98 4-33 Fire and Life Safety Risk Assessment/Analysis
AHSMIT/winword/hawaii/am3vol-|

RDHLCC0025427
B-13a BWS004183



B-13a

WILLBROS ENGINEERS, INC. @

4.5 Cost Analysis

PACDIV Cost Estimate Worksheet (See Appendix C) has been used to summarize the material and labor

costs for implementing the five major recommendations identified in this report.

Exhibit 4-1 provides details for the AFFF fire suppression system.

Exhibit 4-2 provides details for the Emergency Voice/Alarm Communication System.
Exhibit 4-3 provides details for the Wheeled Dry Chemical Fire Extinguishers.
Exhibit 4-4 provides details for the Self-Contained Breathing Apparatus.

4.6 Conclusions and Recommendations
4.6.1 Conclusions

The overall Fire Protection Program for the Red Hill complex is very fragmented between FISC, PWC,
PACDIV, and the Federal Fire Department. It is important that FISC take prime responsibility for this
program and improve housekeeping, routine inspections, and preventative maintenance for the fire

protection equipment and systems.

Consideration should be given to contracting with an outside fire protection company to handle detailed
inspection of special hazard systems on an annual basis. Such systems would be the AFFF systems,
Halon 1301, and UV (ultraviolet) flame detection systems.

A strong Fire Prevention Program should be instituted by FISC to improve housekeeping (clean up
existing fuel spills and residue on tunnel floors and drain trenches), assure operability of all drop-track
doors to provide acceptable fire and/or fuel separation, and assure availability and operability of all fire

protection equipment/systems.

FISC, in conjunction with the Federal Fire Department, should develop Pre-Fire Plans for use by FISC
and fire department personnel in responding to fire and other emergency conditions. See Exhibit 4-5 for a

suggested format for a Facility Pre-Fire Plan.
4.6.2 Recommendations
4.6.2.1 Secondary Containment of Fuel and Fire Separation

The ability to contain a large fuel spill and provide fire separation at Red Hill and the associated tunnels is
far less now than when the facility was constructed. Meanwhile, the impact of an uncontained spill would

be much graver. Oiltight doors which were probably operational when new are no longer functioning.
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Specifically, they are not adequate structurally, are probably not oil-tight, and they are not fail-safe in their

closure, The solenoid for automatic release is normally de-energized (NDE) and must receive power to
operate. Upon power failure, the doors will not close. The release circuit is connected to the lighting
circuit so, if the tunnel lights are turned off, there is no power to the solenoid. Their location allows
considerable, unnecessary spreading of a large spill rather than containing it near its source and away

from water wells and aquifers.

|
It is recommended that secondary containment of fuel be provided in the Lower Access Tunnel at the area

just below the sump pit downgrade of% Critical Infrastructure ht approximately | Critical Infrastructure | This

containment would require a new bulkhead and automatic door | ewamesnewe! capable of withstanding the fuel

static pressure and with the provision for retrieving the fuel similar to the method used on existing; °=

Critical Infrastructure | This containment would retain fuel from a major tank leak in the tank area and

away from important water supplies at the PWC well. The door would allow passage of the rail locomotive
and cars and should incorporate the latest design methods which would simplify and increase reliability

over existing oil-tight doors.

Critical Infrastructure ishould be upgraded or replaced to confine pipeline failures only; and, as a minimum,

should be converted to a fail-safe operation.
4.6.2.2 Fire Suppression

There is no fixed fire suppression in the tank storage area. The highest hazard 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. Exhibit 4-1

provides a more detailed description of the proposed AFFF fire suppression system.
Comments

This recommendation is based upon the experience and engineering judgment of a professional fire
protection engineer. The unigue configuration of this facility and the potential for fuel release mandate the

installation of fixed fire protection.
4.6.2.3 Emergency Power Supply

There is a major concern regarding the electrical power feeds to the tunnel complex. To insure the safety

of personnel in the tunnel complex the following recommendations must be implemented:
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Critical Infrastructure

a. Install the 125KW generator outside

b. Install a new power feed from the utility company; criticalInfrastructure ; This will become the primary

power for the upper and lower Tunnel.

G Install an automatic transfer switch to start the generator when the primary A.C. power is lost.

The switch should automatically transfer to the primary source when the power is restored.

d. Install a new 480V lighting panel in cuemmsnewe This panel wouldi Critical Infrastructure jower

tank area, and a new lighting transformer.

e. Install a new lighting transformer and lighting panel inicuemwewiThis transformer and panel would

Critical Infrastructure iighting receptacles, fan, etc. in the upper tank area.

i Install a new 480V circuit in the shaft of} “="r=me=itg supply the lower tank area.

g. Install a 480V A.C. manual transfer switch with the primary source from the upper tank level and a
backup source from the PWC water pump station area. The backup source will be from power
panel "P" located in the transformer room. As described in an earlier section the power feed is

from the 13.8 KV feed from the PWC water pump station.

h. Install 480V lighting panel in the lower tank area. This panel will feed the following:

3. Existing power panel for 480V circuits in the area fog crtcannmastucture! This feed would replace

the current feed from the PWC water pump station.

4, New 480/208V transformer to feed the existing 208V power panel. This panel powers
lights and receptacles in the area foi Critical Infrastructure

By installing the equipment described above and shown on sketches #1 and #2 a reliable power supply

will be provided to insure safe operation of the facilities.
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4.6.2.4 Emergency Voice/Alarm Communication

Communications during an emergency condition in the Red Hill complex are of major concern. At present
there is only limited capability.

An approved emergency voice/alarm communication system must be installed throughout the
underground facility. This system would provide signal notification to alert occupants of fire or other
emergency. The evacuation signal should be the standard fire alarm evacuation signal described in
NFPA 72, National Fire Alarm Code. Notification signals for occupants to evacuate should be by both
audible and visible signals. In addition a two-way telephone communication service should be provided
for the use of operating and fire department personnel. The communication should operate between the
central control room and all areas of the underground facility. The system must be suitable for a Class |,

Division 2 location.
4.6.2.5 Preventive Maintenance

Numerous devices, e.g., drop-track doors, door releases, float valve mechanism have not been properly
maintained and were found to be inoperable. This area needs improved attention. In addition it is
recommended that more frequent monitoring of tank levels be conducted, i.e., on an hourly basis rather
than once per shift. Also Operations personnel should conduct periodic walk throughs of the tank storage

area to receive early notification of a problem area.

Fire protection system maintenance is conducted by PWC on a monthly and semi annual basis. This
covers fire suppression and fire alarm equipment systems. However, during interviews with PWC
personnel, it appears that special hazard systems such as the UV flame detection system has never been
properly serviced. Also the AFFF concentrate should be sampled on an annual basis and there was no
evidence that this is being done. Consideration should be given to bring in an outside contractor on an

annual basis with expertise in these specific areas.
4.6.2.6 Fire Department

Fire department personnel are familiar with the facility. They conduct an annual simulated fire drill.
However, site interviews indicate that there are no prepared Pre-Fire Plans indicating response to
different fire/lemergency scenarios. Exhibit 4-5, attached, provides a suggested 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
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which is turned over to the Fire Warden (Fuel Department 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
two 1000 gpm pumper trucks and one 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 foam truck with
1000 gallons of AFFF.

Fire Department personnel consist of 100 persons on duty at all times.
4.6.2.7 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 pericdically tour the Red Hill Complex (e.g., Navy League, POL conferees, and others).

During such tours, these visitors enter the facility atiewgo through the heavy blast door at the upper

tunnel, look intoi Critical Infrastructure ithen exit the facility. The visitors do not use the

eneamrastructure iNOF O they 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 by provided by installing a man-door in the
lower bulkhead separating the two sections.

At present the entrance toi Critical Infrastructure iis barricaded and padlocked. Provision should

be made to be able to evacuate from this adit during 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 4.6.2.3. Emergency illumination shall meet the performance requirements of NFPA
101, Section 5-9.
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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 will 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 4.6.2.8, self-contained breathing equipment should be provided to allow personnel in

the complex breathable air during the evacuation period. Dedicated units should be provided in the

Critical Infrastructure

4.6.2.8 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. The only equipment on-site are portable fire

extinguishers and an emergency rail car located at the! critical infrastructure t the underground water pump

section. The rail car contains a twin agent hose reel system consisting of 500 Ibs. 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 Ib. Purple K wheeled fire
extinguishers, and dedicated self contained breathing apparatus for the usage of their own personnel.

Thirty-six (36) fire hose stations shall be located at each existing valve outlet (spaced every 50 feet in the
tank area and 250 feet in the Harbor Tunnel). Each hose station shall consist of 100 feet of 1%-inch fire
hose. A minimum of six hose packs (each with 100 feet of 1%-inch fire hose) shall be provided on the

emergency rail car for manual firefighting response for a fire condition in the Harbor Tunnel.

Ten (10) 150 Ib. Purple K dry chemical wheeled 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 andlor Fire Department personnel. See Exhibit 4-4 for location of these units.

08/05/98 4.39 Fire and Life Safety Risk Assessment/Analysis
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4.6.2.9 Fire Protection of Pipeline Supports

Pipelines in the Harbor and Lower Access Tunnels are supported on unprotected steel racks. An

tunnels away from the tanks could rapidly weaken the steel racks and cause thei critical Infrastructure fines

to drop and possibly rupture. Valves could be closed to reduce the extent of the problem. When the lines
reach the tank area, they are totally dependent on steel supports. The large lines serving the tanks are
supported on steel wide flange, column and beam supports. |f these supports fail due to being heated by
fire, the lines could drop and break at the tank entrance wall in the valve gallery and there would be no
way to shut off the flow from the tank. In view of the potential of this worst case scenario, consideration
should be given to the application of a sprayed-on fireproofing material on steel supports to provide a
minimum of a one-hour fire resistance rating. Pipe supports in the tank area and galleries would be a

higher priority than pipe racks in the tunnels.
4.6.2.10 Housekeeping

The floor around outlet valves in tank valve gallery shows periodic fuel spill/leakage and needs to be
cleaned.

4.6.2.11 Ventilation

The ventilation system will need further review to assure adequate ventilation for the lower tank 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.
4.6.2.12 Overall Fire Protection Program

The Fire Protection Program appears to be very fragmented. There are currently multiple areas of

responsibility as noted:

Inspection - Federal Fire Department
Fuel Department, Fire Warden

Maintenance - PWC

08/05/98 4-40 Fire and Life Safety Risk Assessment/Analysis
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Engineering -

Firefighting -

PACDIV
PWC

Fuel Department

Fuel Department

Federal Fire Department

The Fuel Department (FISC) 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 must reside with a

single entity — the Fuel Department.

08/05/98
AHSMIT/winword/hawai/am3vol-|

4-41 Fire and Life Safety Risk Assessment/Analysis

RDHLCC0025435
BWS004191




B-13a

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 protection for this area.

It is propesed that Critical Infrastructure | 6§00 gallon 3% AFFF bladder tank
pressure proportioning systems be provided to supply £foam solution
to zoned open head deluge  sSystems. The systems will be
automatically actuated by rate compensation thermal detectcrs (to be
provided underxr construction contract no. NE2471-89-C-02416; Prowide.
Fire Alarm System for Red Hill POL Fuel Storage Facilities). e e

detection/deluge zones are recommended as follows:

Critical Infrastructure

Critical Infrastructure

The design density for the AFFF system will be {.. . CriticalInfrastructure _ | ot
floor area. Total AFFF concentrate required fer each system will be
based upon the following calculations:

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 tank with required trim, 4
inch 08&Y wvalve, 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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EXHIBIT 4-1 (continued)

Foam Fire Fighting Systems Specifications

Bladder Tank Proportioning System

1.0 The Foam Soclution: The foam solution shall be produced by introducing feam concentrate into the water stream by the
halanceg pressure proporticning method using a blacder (diacnragm) pressure lank and a
moaifiea venturi propartioner (ratio controller).

1.1 Bladder Tank: Tank shall be a (vertical) feszemiah cylindrical steel ASME coced pressure vessel with a nylon
reinforcea Buna-N bladder shaped to conform to the inner pressure vessel configurauon. Tank snall
be designed for working pressure of 175 psi (1207 kPz) ana hyarostatically ested o al least 262
psi (1806 kPa). The tank intener shail be coatea with a coal tar epoxy sealer for acditional corresicn
resistance. The bladder tank shall be UL listed or FM approved logether with the type of foam
concentrate and propartioner(s) being used in the system. The blagger 1ank is to have a minimum
__&eo  gallen capacity to prowde sufficient foam concentrate for the tme specified
when the sysiem is discharging feam solution al total maximum system flow. The biadcer tank is
to be complete with all necessary outlets and suppems such as a continuous weiced skirt equal
to 1ank ciameter or two saddle suoports as appropriate. Associatec tnm on the blacder tank shall
include bronze pipe and fittings. four 1 in. bronze ocall valves with secured namepiate depicting
the valve name and cperaung position, and & breax-resistant polycaroonate sight cauge. The tank
exqerior shall be primed and painted red teaamel (epoxy) for carmosian protection. The blagder tank,
proporuaner, and foam concentrate shall all be the proqucts of a single manuiaciurer, The blaager
tank snall be an Ansul Part No. _£2972 or equal.

1.2 Proportioner The foam propertioner(s) is to be a moaified ventun type designed !0 accurately orocortion and

(Ratio Controller): control the mixing of pressurized foam concentrale iMo a water sream. The oropertioner shall have

* e e “between flange” type (3= 4 in., PRS-

in. sizes) designed o fit between two 150 |b. pioe flanges. Proporicner(s) shall Se sized for the

specified flow rate(s) and either be UL listea or FM approved with the type of foam concentrate

and blacder tank being used together in the sysiem. A fixed metering orifice, secured with a

stainless steel retaining ring, shall be sized accorcing o the type and percentage of foam
concemrate used. The proportianer(s) shall be an Ansul Part No. [ B EE or aqual.

RDHLCCO0025438
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EXHIBIT 4=2

EMERGENCY VOICE/ALARM COMMUNICATION SYSTEM

As discussed in Sections 4.0 and 5.0 of this report the
llfesafety 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 faclllty it is imperative
that personnel be notified immediately of such an emergency
condition.

£ 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. It is proposed that a GAI-Tronics
Model #£271 hazardous area (intrinsically safe)
telephone/fireman’s telephcne system with battery backup be
installed. Ten (10) permanently installed telephcne sets be
located at strategic locations throughout the underground
fagilikty. The central panel for the fireman’s teslephone
system will be located in the Receiving Pumphouse.

ThHis systam will provide z-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.

RDHLCC0025439
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EXHIBIT 4-3

150 LB. WHEELED DRY CHEMICAL FIRE EXTINGUISEERS

It is recommended that ten (10) M‘xsgl i50 1h.
(potassium bicarbonate) dry chemical
extinguishers be prqvlaed
the following locaticns:

Purple K
wheeled fire
in the underground fuel complex at

Critical Infrastructure

TOTAL - 10 UNITS

I af 1

B-13a
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EXHIBIT 4-4

SELFP-CONTAINED BREATHING UNITS

There previously were self-contained br;a;hinq units lacg?ed
throughout the underground fuel facility at Red _H;Ll.
However, some 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 persﬁinei
rom the Federal Fire Department, it is eritical that FISC
perscnnel have the availability of se;fﬂconta;ned b;fg}hlpg
apparatus to assist in a safe evacuation of the facility in
+he event of an emergency condition.

It is reccmmended that twelve (12) minimum 30 minute capacity
self-contained breathing units be provided in the underground
fuel complex at the following locatlons:

Critical Infrastructure

ToTAL - 12 UNITS

B-13a
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r : EXHIBIT 4-5 Page 1 of 7
SUGGESTED FORMAT FOR DEVELOPMENT OF A

FACILITY PRE-FIRE PLAN -

idiag No.: 105-KE, 1713-KD & 1714-KE Master Box No: 1250 & 1310 Street Box -
A Plaen Area 100-K  Dae January 1992
MC Entered Conrractor WHC W - oF o ¥e 1993 R—
Occupmncy: Reactor Facility (deactvated)
Special Hazards: PCB oil, 4160V, Radiation and contamination, Argon cylinders.
Plutonium fuel storage in basin.

Exposures:  1713-KE, 1714-KE, 119-KE, 117-KE, 1706-KER, 1706-KE, 1706-KEL, & 115-KE
Special Exposures:
Equipment Response Engine #1 and Engine #2
Locazion of Elecmical Discomec: Sez floor plan (radiadon zone) elecmical equipment room
Nearest Hydrant  #6 southeast, #7 cast, and #8 northwest
Water Available: 3,000 GPM Type of Automatc Alam Systems: 12 Fenwal Heart detectors

and wet sprinkler system - flow switch

Type Sprinkler Sysiems: SR 34" Wet pipe in corridor 1, flow switch, OS&Y valve and Auxiliary drains
COMPOSITION QF FACILITY.

Critical Infrastructure

PLAN OF ATTACK
Engine #1 will respond to RFAR box #1250 and will use two 1 pre-connects for artack.

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

NOTE: If a power outage occurs, all fire suppression water is lost, including hydrants.

< o) A4 ﬁ
/A g Pl e 399 .

Eire Deparmmeny Officer’s Cancurrence 1

RDHLCCO0025442
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Facility Prefire Plan
Page 2
Building 105-KE, 1713-KE and 1714-KE

Critical Infrastructure

ELECTRICAL SERVICE & HAZARDS:

ElecTical equipment room 4160 V service. PCB-OIL - radiaton zene - high voltage slecoical
shock. Enmy to the electical equipment room is by passing tirough basin storage area
(radiadon zone).

RADIATION - CONTAMINATION:
ZONE 1 on foor plan (RED). Storage basin, transier area, miscellaneous siorage area, wash
pit. wash pad, storage arsa. Zlecical squipment moom and part of Room 3 off of Corsidor 1,

Radiation and contaminadon signs are posted throughout the ouilding Torm the basement arsa
to the roof area

TOXIC GASES - HAZARDOUS CHEMICALS:
Smoke and fumes from burning fubber and contaminated SWP clothing. PCB ol in elec=ical
equipmeat Room. See informadon on back of this prefire pian.

PROTECTIVE CLOTHING:
Firefighters bunker gear. seif-contined breathing agparatus. SWP clothing may be recuired o
eater basin arsa

RESCUE:
Rescue should be no propier in the nonradicacdve or conmminadon areas. Basin area may
Ceate somewnat of a probiem around the loadout area (radiadon zone).

EXTINGUISHMENT:
Water, foam, dry chemical, CO2. (Approved fire sxdnguisher)

COMBUSTIBLES:
Class "A" -
Ordinary combusdbles (wood. rubber, cloth paper, elc.)

Class "B" -
Flammable or combusdble liquids (gases, 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-XE

9. VENTILATION:
Exhaust fans from fire apparatus.
Cross vendlation (opea doors)
Building exhaust sysiem

10. SALVAGE OPERATIONS:
Normal fArefighdng salvage operadons in areas :hat ar< not contaminated or in radiadon zopes.

RMU, Satery and Building Manager shouid be present during salvage and overhaul operations.
11. FIRE DETECTION AND PROTECTION EQUIPMENT:

One we: sprinkler Ir. system. 4" w/OSY valve, flow switch that acdivates alarm Systec

Sorinkler system is located in Corridor | overhead.

Cne inspecior test valve located in storage room (Room lA) in the northeas: comer.

Three auxiliary drains: One in Room 3, one in Corsdor ! and one in corsidor 10

Six auxiliary boxes -
Three located on west wall in basin area Oy loadout area (macdiadon zone)

Two located on north side of 105-K= outsida area.
One located on wall just inside main door leading 0 Corridor 1

Twelve Fenwal Heat Detectors (self restoring)
Five in deacdvated conrrol room
Thres in elecmical equipment room (radiadon zone)
Three in 1714-XE Building (Heat detector)
Four in 1713-KE Smoke Detecior

12. HEATING AND VENTILATION:
Overhead space heaters (wall mounted thermostat). There are Gve roof vendlators.

RDHLCC0025444
BWS004200
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Facility Prefire Plan
Page 4
Building 105-KE, 1713-KE and 1714-KE

13. ANNUNCIATOR AND/OR FIRE ZONES:
NO ANNUNCIATOR PANEL - onlv one zone B

One sprinkler system flow switch; six auxiliary boxes and twelve fenwal heat deeciors that
will acsivare REAR Box 1250. All will nesd to be checked to determine which caused the

acdvadon of RFAR Box 1250.
1. Box 1310 is a Sgeet Box only
2. There is no panel

Thers are four smoke heads in building 1713-KE and 1714-KZ.

sl
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Prefire plan - 105-KE, 1713-KD & 1714-kf
Page 7 of 7 _

Critical Infrastructure
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SECTION 5
ENVIRONMENTAL RISK ASSESSMENT/ANALYSIS

51 General
This study evaluates the environmental impact associated with a major release from the fuel storage and

distribution system at Red Hill. The study reviews the environmental setting in the fuel storage area and

along the distribution tunnel, discusses pertinent regulations, and focuses on two fuel release scenarios.
5.2 Scope of Work

The scope of work for this study is to assess potential environmental impacts of the entire Red Hill Fuel

Tank and Tunnel Complex. Specifically we have evaluated:

» The potential contamination of the aquifers beneath the site by a fuel spill;

» The potential impact of a fuel spill on the surrounding surface waters and biota;

» The adequacy of existing tunnel structures to contain a massive fuel spill;

e The potential for earthquake damage;

* The potential for other environmental hazards surrounding the Red Hill Complex.

5.3 Codes, Regulations and Standards

Federal, Military, and State regulations involving air, water, hazardous materials, USTs, health and safety,
among others, were reviewed. Pertinent regulations, standards, and guidelines pertaining to the Red Hill

Complex are listed below.
5.3.1 Pertinent Federal Regulations
* National Emissions Standards for Hazardous Air Pollutants (NESHAP), 40 CFR 61.

State of Hawaii Air Pollution Control and Air Quality Standards supersede federal NESHAP regulations for

activities in the State. See Section 5.3.3.
* Resource Conservation and Recovery Act (RCRA), 40 CRF Parie 240 to 299.

These regulations provide management for hazardous waste and the safe disposal of discarded
materials. Hazardous wastes should be packaged, labeled, stored, transported, treated, and disposed of

in accordance with RCRA, military, and applicable state regulations.

26 June 1998 5-1 Environmental Risk Assessment/Analysis
AHSMIT/winword/hawaii/am3vol-I
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» Federal Water Pollution Control Act, (FWPCA), 40 CFR Part 112-0il Pollution Prevention.

The regulations were enacted to prevent discharges of oil into the navigable waters of the United States
(e.g., Pearl Harbor and Halawa Stream) and to contain such discharges if they occur. The regulations
endeavor to prevent such spills by establishing procedures, methods and equipment requirement of
owners or operators of facilities engaged in drilling, producing, gathering, storing, processing, refining,

transferring, distributing, or consuming oil.

» Comprehensive Environment Response Compensation, Liability Act (CERCLA) Toxic Chemical
Release reporting: Community Right-To-Know 40 CFR 372, and Emergency Planning and
Notification, 40 CFR 355.

CERCLA contains federal standards for submission of information relating to the release of toxic
chemicals under section 313 of Title IIl of the Superfund Amendments and Reauthorization Act (SARA) of
1986. The information is intended to inform the general public and the communities surrounding covered

facilities about releases of toxic chemicals.

* Occupational Safety and Health (OSHA) 29 CFR 1910 and National Institute for Occupational Safety
and Health (NIOSH).

OSHA 29 CFR 1910 contains federal standards for health and safety involving tank cleaning including
equipment, training, safe levels for chemicals, medical surveillance information for workers and additional

safety and health standards. State safety and health regulations supersede federal regulations in Hawaii.

e Technical Standards and Corrective Action Requirements for Owners and Operators of Underground
Storage Tanks (UST) 40 CFR 280 Part 280.

The tanks are not regulated by 40 CFR 280 per Subpart A 280.10 (c) Deferrals. The regulations state
"Subparts B, C, D, E, and G do not apply to any of the following types of systems:... (5) UST systems with
field-constructed tanks." Subpart G involves closure of USTs. Field-constructed tanks are regulated by
Subpart A, titled "Program Scope and Interim Prohibition" and Subpart F, titled "Release Response and
Corrective Action for UST Systems Containing Petroleum or Hazardous Substance”. If a release
occurred from the Red Hill tanks, Subpart F would need to be followed.

5.3.2 Pertinent DOD Guidelines

e Department of Defense (DOD) Directive 6050.1

26 June 1998 5-2 Environmental Risk Assessment/Analysis
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The DOD Directive 6050.1 reflects compliance with several Federal regulations as summarized below and

should be followed.

DOD Directive 6050.1 requires compliance with 40 CFR 280; thus, only Subparts A and F apply, as stated

above.

DOD Directive 6050.1 required compliance with station and federal Air Toxics Programs, including control
of volatile organic carbons (VOCs). Air permits as required by Federal, state or local air pollution control
agencies must be obtained for constructing, operating, modifying, or demolishing stationary sources and

compliance with ambient air quality concentrations is required.

DOD Directive 6050.1 policy concerning safe drinking water involves (1) compliance with applicable
federal, state and local regulations, (2) providing appropriate public notification, (3) promoting water

conservation, (4) implementation of testing requirements, and (5) maintaining management information.

DOD Directive 6050.1 has extensive hazardous waste policies involving disposal, transport, management

plans, storage, reporting and recording keeping.
e OPNAVINST 5090.1A

Operation guide 5090.1 requires compliance with state regulations and the Federal Water Pollution
Control Act. The Navy has both a Spill Prevention Control and Contingency (SPCC) Plan and Oil Spill
Contingency Plan (OPCP) for Red Hill and Pearl Harbor. The Navy SPCC plan specifies spill prevention
requirements for the Red Hill and Pearl Harbor area and the OPCP specifies equipment, personnel, and

procedures for response to an oil spill.
5.3.3 Pertinent State Regulations

e Hawaii Administrative Rules (HAR) Title 12, Chapter 148, Lead Exposure in Construction: June 21,
1993.

The emergency standard for employee exposure to lead dust and fumes during certain high hazard

construction operations also pertains to tanks formerly containing leaded fuel.
e Hawaii Occupational Safety and Health (HIOSH) Part Il Chapter 60.

HIOSH is the Hawaii OSHA regulation which follows the federal standards for health and safety and in

some cases is more stringent.

26 June 1998 5-3 Environmental Risk Assessment/Analysis
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+ HAR Title 11 Chapter 54 (Water Quality Standards)

The Station of Hawaii Water Quality Standards, as set forth in the HAR, Title 11, Chapter 54 regulate the
quality of Hawaii's surface waters. State waters are classified into categories, with water quality
standards for each category given. The general policy is to prevent degradation of water quality in any
water body. These regulations would be applicable to any fuel release at Red Hill that may potentially

enter a surface water body, such as Halawa Stream or Pearl Harbor.
e 340 E Hawaii Revised Status (HRS) Safe Drinking Water

Drinking water pumped from the Red Hill water pumping station is subject to meet all State Safe Drinking

Water standards.
e 342 J HRS Hazardous Waste

Waste generated during maintenance or cleaning of equipment at the Red Hill complex may be subject to

regulations requiring proper disposal as a hazardous waste.
» 128 D HRS Environmental Response Law (ERL)

The statute was enacted to serve as the Hawaii version of the federal "Superfund" program. The ERL
authorized the Director of Health to perform cleanup of releases or threatened releases of hazardous
substances, to order private parties to perform cleanups, and to recover costs incurred for cleanups
performed by the State. The ERL also provides for civil and criminal penalties for failure to report
releases as required. The ERL expressly lists oil as a hazardous substance. Oil is defined as "oil of any
kind or in any form, including, but not limited to, petroleum, fuel oil, sludge, oil refuse, oil mixed with

wastes, crude oil, or any fraction or residue."
5.4 Environmental Setting
5.4.1 Site Description
5.4.1.1 General

The Navy Red Hill Fuel Storage Area (RHFS) is located in Red Hill, Oahu, Hawaii. Red Hill is a ridge that
separates Moanalua and Halawa valleys along the southern coastal plain of Oahu. The highest elevation
of the ridge at the inland boundary of Navy property is approximately 700 feet and the lowest, at the
seaward boundary, is approximately 450 feet. The sides of the ridge fall steeply into the valleys on either

side.

26 June 1998 5-4 Environmental Risk Assessment/Analysis
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5.4.1.2 The Red Hill Tanks

The RHFS was constructed in the early 1940s. The fuel storage area consists of Critical Infrastructure |

underground storage tanks (USTs). The top of the tanks are at a minimum of Critical Infrastructure

Critical Infrastruct

ure

Critical Infrastructure Ehave capacities of; Cri

itical Infrastructure {and ! critical nfrastructure N@ve | Critical Infrastructure

capacity. | critical infrastructure ire separated from thei Critical Infrastructure i This wall

was constructed to isolateE critieal Infrastructure hecaguse, at that time, they contained AVGAS, a more flammable

fuel than stored in the other tanks. AI cmcann«as«rucwm-currently store diesel or JP-5 fuel.

the bottom of the tanks. There are- Critical Infrastructure r‘onm’—:ctmg these two tunnels.| Critical Infrastructure

Critical Infrastructu

re

Critical Infrastructure gre yented by a shaft which

vented by a ventilator shaft at the topi

Critical Infrastructure iare vented by a shaft wh

dayhghts near the top Cl'ltlcal |nfl'aStI'LICtUI'e are

ich dayhg hts at the top ¢ crea! inrastructure

5.4.1.3 The Red Hill Tunnels

The Red Hill tunnel system consists ofi critical

Infrastructure | T here are. Critical Infrastructure IO the tunnel and tank

system at! critical Infrastructure

|. ............................. _J

The Upper Access Tunnel (UAT) runs between the top of the tanks, with openings extending out to the

tops of the tanks. The UAT is accessible from

of tanks. Fromi Critical Infrastructure and then cmwa“nfrastrwefor a distance of approximately:

Critical Infrastructure

Critical Infrastructure

; The LAT then runs an additional distance of

approximately Critical Infrastructure iO Critical Infrastructure pf Red Hill

(Figure 5-1).

An abandoned diesel power plant is located in

the LAT between thé Critical Infrastructure

A narrow steel door in the LAT marks the location and former entrance to the diesel power plant. The

steel door is sealed but is not believed to be water tight.
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The Harbor Tunnel branches from the LAT near the Water Pump Station and runs approximatelyiiﬁ
Critical Infrastructure  Figure 5-1). A Critical Infrastructure is located at the

Pearl Harbor end of the tunnel.

The tunnels house! Critical Infrastructure which runs down the LAT to its junction with

the Harbor Tunnel, and then along the Harbor Tunnel to Pearl Harbor. The LAT/Harbor Tunnel system

passes beneath! Critical Infrastructure
Critical Infrastructure before

reaching Pearl Harbor Naval Reservation. The tunnels slope toward Pearl Harbor over their entire length,

with the grade varying from a maximum at Red Hill beneath the tanks of to a minimum near Pearl

H a I'b or Of Critical Infrastructure

The LAT/Harbor Tunnel system carries! Critical Infrastructure ith diameters of: Critical Infrastructure

criticalinfrastructure ' They Critical Infrastructure pipelines currently transport diesel fuel and the;

contain a 32-inch water pipeline. The 32-inch water line rises up out of the tunnel through a shaft in the
Critical Infrastructure

Critical Infrastructure

st Jocated in Pearl Harbor Naval Reservation and leads to the Pearl Harbor Pump House. The main

ECriticallnfrastructureEof the Pump House are thej Critical Infrastructure |s

located: Critical Infrastructure and is currently under control of

Critical Infrastructure &are located in Red Hill.

54.2 Geology

The maijority of information on the geology of the Red Hill area is taken from Macdonald (1983), unless
otherwise noted. Red Hill consists of basalts originating from the Koolau volcano, an unusually elongated
shield built principally by eruptions along a northwest-trending rift zone. The end of activity of the Koolau

volcano was followed by a period of volcanic quiet of at least 2 million years.

During this period of erosion, valleys more than 600 meters deep were cut into the Koolau range, and
alluvium accumulated in the valleys as the island slowly sank at least 1,200 feet. The Moanalua and
Halawa Valleys on each side of the Red Hill ridge are characterized by alluvial accumulations associated
with the erosion of the Koolau Range. During the early stage of the Kaena stand of the sea (+95 feet),
continuing erosion of the Koolau volcano resulted in a delta of silt and sand growing seaward from the foot

of the ridges (e.g., Red Hill) and valleys (e.g., Moanalua and Halawa).
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Following this period of alluvial deposition on the southern coastal plains of Oahu, volcanic activity
resumed in the form of over 30 separate eruptions constituting the Honolulu Series. The eruptions of the
Honolulu Series did not come in rapid succession, but were scattered over a period of hundreds of

thousands of years.

Just east of Pearl Harbor lies a cluster of overlapping tuff cones including Aliamanu, Makalapa, and Salt
Lake Craters. The Harbor Tunnel skirts the north slopes of Aliamanu and Makalpa Craters. Based on
evidence of superposition of tuff products, the Aliamanu vent is the oldest. Formation of the cone blocked
the former courses of the Moanalua and Halawa Streams and forced the streams to make wide detours to
the sea. Well-bedded water-lain tuff of the Aliamanu eruption indicate that later stages of this eruption
took place during the Kaena stand of the sea (Stearns and Vaksvik, 1935). Landward stages of

calcareous reef deposition also took place during the Kaena sea stand.

Salt Lake and Makalapa vents appear to have taken place concurrently during the Waipio stand of the sea
(-39 feet). In road cuts, the air-laid Salt Lake Tuff has been observed to rest on red soil (classified as
erosional, not residual) on top of the Aliamanu tuff, indicating a period of erosion between the Aliamanu
and Salt Lake-Makalapa eruptions. During the lower Waipio sea stand, the streams cut channels through

the former deltaic deposits and coralline reef deposits that had been formed during the Kaena sea stand.

During the Waimanalo sea stand (+25 feet), the seaward air-laid Salt Lake-Makalapa tuffs were

submerged. This tuff is overlain by limestone of the Waimanalo stand.

Pearl Harbor is essentially a series of drowned river valleys. The valleys of several streams, including the
Halawa Stream, merged into a single master stream. The broadly rounded outlines of the individual lochs
are the result of widening of the tributary valleys in the easily eroded, deltaic sediments during the Waipio
stand of the sea. The present harbor entrance was kept narrow by the resistant coral reef. During higher

sea stands, the broad tributary valleys were drowned to form the lochs of Pearl Harbor.

A geologic cross-section along the tunnel route is presented as Figure 5-2. This cross-section is a
schematic only, as sufficient subsurface data are not available to delineate geologic formation boundaries.
The ground surface and tunnel elevations have been taken from plans provided us, but the geologic
formation boundaries below the tunnel are based on limited geological information and on a limited

knowledge of topography in relation to past sea stand elevations.
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5.4.3 Soils

The tunnel is known to have been constructed through rock over its entire route. However, soil maps for
the area (Foote et al., 1972) indicate a number of different soil types along the tunnel route and nearby.
Many of these soil types result from weathering of volcanic rock, and are likely present above the tunnel.
The surface soil types and their properties would be significant in any areas potentially subject to leaking
fuel. We have included a brief summary of the major soil types, beginning at Red Hill and following the
tunnel route to Pearl Harbor. The soil map for the area, with the approximate location of the tunnel route,

is presented as Figure 5-3.

Rock Land: Rock land (rRK) is made up of areas where exposed rock covers 25 to 90 percent of the
surface. Rock outcrops and very shallow soils are the main characteristics. The rock outcrops are mainly
basalt and andesite. This land type is nearly level to very steep. The crest of Red Hill is classified as

rock land. Rock land also occurs in the area of the tuff cones.

Manana Series: Two soils of the Manana Series, silty clay loam (6 to 12 percent slopes; MoC) and
Manana silty clay (12 to 25 percent slopes; MpD2), are mapped on the southeast slopes of Red Hill. This
series is described by Foote (1972) as consisting of well-drained soils on uplands. These soils developed
in material weathered from basic igneous rock. They are gently sloping to steep. MoC is noted to occur
on smooth slopes in the uplands. In a representative profile the surface layer is dark reddish-brown silty
clay loam about 8 inches thick. The subsail, about 42 inches thick, is dusky-red, dark reddish-gray, and
dark reddish-brown silty clay that has subangular blocky structure. The depth to the panlike sheet is 15 to
30 inches. Permeability of MoC is moderately rapid above the pan and moderate below. Runoff is
medium and the erosion hazard is moderate. MpD2 is similar to MoC except that it is moderately steep, is

eroded and has a silty clay texture in areas. Runoff is rapid and the erosion hazard is severe.

Lahaina Series: Two soils of the Lahaina Series, Lahaina silty clay (3 to 7 percent slopes; LaB) and
Lahaina silty clay 7 to 15 percent slopes; LaC), are also mapped on the southeast slopes of Red hill,
makai of the Manana soils. The Lahaina series is described by Foote (1972) as consisting of well-drained
soils on uplands. These soils developed in material weathered from basic igneous rock, and are gently
sloping to steep. LaB soil occurs on smooth uplands, exhibits moderate permeability, slow runoff, and
only slight eroision hazard. In a representatvie profile the surface layer is dark reddish-brown silty clay
about 15 inches thick. The subsoil, about 45 inches thick, is dusky-red, and dark reddish-brown
subangular blocky silty clay and silty clay loam. The substratum is soft, weathered basic igneous rock.

LaC soil is similar to LaB, except that runoff is medium and the erosion hazard is moderate.
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Fill Land: Fill land is decribed to occur at the southwest end of Red Hill and also in Halawa Valley. This
land type consists of areas filled with material from dredging, excavation from adjacent uplands garbage,
and bagasse and slurry from sugar mills. This land type also occurs near Pearl Harbor, adjacent to the

ocean.

Makalapa Series: Makalapa clay (2 to 6 percent slopes; MdB) is mapped in the area of Aliamanu and
Makalapa Craters. This series consists of well-drained soils on uplands, formed in volcanic tuff. They are
gently sloping to moderately steep. In a representative profile, the approximately 8-inch surface layer is
very dark grayish-brown clay. The next layer, 18 to 36 inches thick, is very dark grayish-brown clay to
silty clay loam that has subangular blocky structure. It is underlain by light-gray to dark grayish-brown,

weathered volcanic tuff. Permeability and runoff of these soils are slow, and the erosion hazard is slight.

Kokokahi Series: Kokokahi very stony clay (0 to 35 percent slopes; KTKE) is noted in the area between
the Makalapa clay in Makalapa Crater and Kamehameha Highway. This series is described to consist of
moderately well-drained soils on talus slopes and alluvial fans. These soils developed in colluvium and
alluvium derived from basic igneous rock and are moderately sloping to steep. The surface layer is very
dark gray and dark gray clay about 14 inches thick. The next layer, about 12 inches thick, is dark grayish-
brown clay that has subangular blocky structure. The substratum is grayish-brown and light brownish-
gray clay 14 to more than 20 inches thick. There are many stones and boulders on the surface and
throughout the profile. Permeability of KTKE soils is slow to moderately slow, runoff is medium to rapid

and the erosion hazard is moderate to severe.
5.4.4 Hydrogeology

Based on topography, the direction of regional groundwater movement is estimated to be southwest,
towards Pearl Harbor. According to Mink and Lau (1990), there are two aquifer sectors in the area of the
Red Hill tanks and tunnel. Mink and Lau (1990) indicate that the Red Hill ridge delineates two aquifers,
namely the Moanalua system of the Honolulu sector to the east of the ridge and the Waimalu system of
the Pearl Harbor sector to the west of the ridge. Both of these systems extend to the ocean, with their
boundary extending from Red Hill southwest to the ocean just east of Pearl Harbor Entrance. Figure 5-4

shows a map of the aquifers in the tunnel vicinity.

On either side of Red Hill ridge, the two aquifer systems are basal, unconfined freshwater aquifers
occurring in horizontally extensive lavas. These two aquifers are the source of fresh drinking water to a
large part of Oahu and underlie the tanks and the LAT. The aquifers are classified by Mink and Lau
(1990) as irreplaceable with high vulnerability to contamination. It is likely that beneath Red Hill these two
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aquifer systems act as one aquifer; there does not appear to be a hydrogeological boundary beneath Red

Hill between these two systems.

Nearer the ocean, the two aquifer systems are each characterized by a basal, unconfined sedimentary

aquifer (near surface groundwater) overlying a basal, confined aquifer in horizontally extensive lavas.

- Critical Infrastructure

Nearer

Pearl Harbor, Critical Infrastructure

Critical Infrastructure

In the seaward (makai) area of the Waimalu system (Pearl Harbor sector), the upper sedimentary aquifer

is characterized by Mink and Lau (1990) as ecologically important, used for purposes other than drinking

water, of low salinity (250-1000 mag/l Cl), and as irreplaceable with a high vulnerability to contamination.

The lower confined aquifer is similarly characterized, with the exception of exhibiting a moderate

vulnerability to contamination.

In the makai area of the Moanalua system (Honolulu sector), Mink and Lau (1990) characterize the upper

sedimentary aquifer as not used for drinking water and not ecologically important. The sedimentary

aquifer is further characterized as exhibiting moderate salinity (1000-5000 mg/l Cl), and as highly

vulnerable to contamination but replaceable. The lower confined aquifer of the Moanalua system is

characterized as currently used as a drinking water source, as irreplaceable with low vulnerability to

contamination, and as fresh water (<250 mg/I ClI).

Red Hill is hydraulically bounded on each side of the ridge by deep alluvial fills associated with the South

Halawa and Moanalua Stream valleys (hydraulically cross-gradient), and by the sedimentary caprock on

the makai side (hydraulically down-gradient). The valley fill and the caprock act as groundwater barriers

(Wentworth 1951).

The Navy Public Works Center (PWC) operates a water pumping station located near the Critical Infrastructure

Critical Infrastructure | The water pumping station pumps drinking water fromELCn'ticannfrastrucwreE

| Critical Infrastructure Wwell shaft with a bottom elevation ofi“*""~! Near the bottom of the well is a

water development tunnel at; Critical Infrastructure | The water development tunnel is

Critical Infrastructure

Critical Infrastructure

Critical Infrastructure A lava tube cross cuts the water development tunnel about

300 feet before the end of the tunnel. The length of the lava tube is unknown. There is continuous water

flow at the end of the water development tunnel.
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The water pumping station supplies drinking water for the Pearl Harbor Naval Reservation including
housing. PWC reported pumping approximately 6 to 8 million gallons per day (MGD) during the summer
months and 1 MGD during the winter months. The Red Hill well is considered a back-up source for the

Navy while the main source of drinking water is from the Waiawa Shaft.

The nearest drinking water well, other than PWC's, is located less than one mile upgradient (north) from
the site at Halawa Shaft. This is a municipal-owned water tunnel that supplies drinking water to Oahu and
was constructed about the same time as the Red Hill Complex. The subsurface pipeline carrying the
municipal water travels through a Critical Infrastructure

. Critical Infrastructure :The Bws pipe tunnel begins| crcatinmstucure 3nd is believed to
end near Kaiser Hospital in Moanalua Valley. PWC has the ability to feed into or draw from the BWS

pipeline at the Red Hill water pumping station.

The tanks, most of the Harbor Tunnel, and the LAT are locatedi Critical Infrastructure
E Critical Infrastructure E Theé Critical Infrastructure :
Critical Infrastructure : This line was established by

the State of Hawaii for protection of groundwater resources. The State of Hawaii Department of Health
(DOH) Solid and Hazardous Waste Branch has developed clean-up criteria for contaminants using the
UIC line as a boundary for allowable concentrations of specific constituents. Areas located above the UIC

line generally have a more stringent clean-up criteria than areas located below (makai) of the line.
5.4.5 Surface Water

South Halawa and Moanalua Streams are the nearest surface waters to Red Hill. A portion of South

Halawa Stream was redirected and channelized by paving with concrete during the 1970's. The paved

North Halawa Stream west of Red Hill near Moanalua Freeway to form Halawa Stream. The stream then

meanders back Critical Infrastructure before discharging into Pearl
Harbor. Moanalua Stream discharges into Keehi Lagoon. Pearl Harbor is located approximateiyi_“_"_‘ffl'_"_'_m_s_"_“f:"_fé
Critical Infrastructure iPearl Harbor and Halawa Stream are included under the

Federal Water Pollution Control Act as navigable waters of the United States. In addition, the State
Department of Health has specific water quality standards for streams, such as Halawa and for Pearl
harbor (HAR 11:54).
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54.6 Climate

The annual average temperature in Honolulu, Oahu is 75@ Fahrenheit with seasonal variations ranging
from 90@ in the summer to 69¢ in the winter. Annual median rain fall at Red Hill is about 50 inches and
slightly less than 30 inches at Pearl Harbor (DLNR, 1986).

Evapotranspiration losses vary over short distances on Oahu, due to the island's extreme variations in
elevation, rainfall, cloud cover, amounts and character of vegetation, humidity, and exposure to wind.
Average adjusted pan evaporation is approximately 80 inches per year for the Pearl Harbor area and
approximately 70 inches per year for Red Hill (DLNR, 1985).

5.4.7 Population and Land Use

Land Use in the vicinity the Red Hill tank and tunnel complex includes military, industrial, commercial,
educational, residential, and recreational. Also located in the vicinity of Red Hill are the State of Hawaii
Animal Quarantine Station and the Halawa High and Medium Security Correctional Facilities, both in
Halawa Valley. Moanalua Valley is mostly residential and Halawa Valley is mostly industrial. The
densely populated residential area of Moanalua Valley abuts Red Hill and the Coast Guard housing
development and Red Hill Elementary School are on Red Hill.. The LAT and Harbor tunnels run beneath

Critical Infrastructure

5.4.8 Flora and Fauna

The majority of land comprising Red Hill and Pearl Harbor has been developed or disturbed with the
possible exception of the uppermost slopes of Red Hill. Almost all of the area overlying the tunnels has
been previously cleared and graded to accommodate existing and demolished structures. Although a
biological reconnaissance has not been conducted, surrounding vegetation is expected to be composed
largely of introduced plant species (haole koa, guava, Christmas berry, sword fern, foxtail, vervain, and
broomsedge), although a few native species (ohia and koa trees) were observed on ridges and slopes of
Red Hill. Surrounding landscaped areas are expected to contain bougainvillea, bermuda grass, royal

poinciana, palms, monkeypod, and a variety of exotic species commonly used in Hawaii (Ogden, 1994).

Red Hill and Pearl Harbor are suspected to host a variety of bird species based on the character of the
land which ranges from forested slopes to dryland to aquatic habitats. There are possibly threatened
birds (Pacific golden plover) or endangered endemic birds (elepaio) found in the Red Hill area (Ogden,

1994). Most of the mammals suspected in the surrounding areas, such as mongoose, rats, and mice, are
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commonly associated with urban setting near undeveloped land. Feral pigs have been observed on the
Red Hill site.

5.5 Evaluation of Environmental Hazards

5.5.1 Description of Methodology

To evaluate environmental hazards at the site, two catastrophic releases of fuel were simulated. Scenario

One involved a massive release of fuel from icueammenenre Wwhere the tunnel doors fail to contain the flow.

Scenario Two also involved a massive release of fuel fromi cuamrsncare | however, in this scenario a new door

has been installed in the tunnel neat critical Infrastructure 'and this door is closed before fuel reaches it.

In evaluating the potential environmental hazards associated with each scenario, we looked at where the
fuel would flow and what the environmental impact would be. We focused on the potential impact to
groundwater, surface water, flora and fauna, and human populations. In the following sections the release

scenarios are described in more detail, and potential environmental impacts are discussed.

In addition, we evaluated the potential for an earthquake to damage the tanks, tunnel, and fuel handling

system.
5.5.2 Environmental Evaluation of Scenario One

5.5.2.1 Description of Scenario One

rate of! Critical Infrastructure ; All tunnel watertight doors fail to close or contain the flow except the door

ati Critical Infrastructure |

In this scenario, the bulk of the fuel would drain into PWC's water pump station and flow out of jeue s

Based on_elevations of the tunnel, the fuel would flow directly down the tunnel and reach the PWC pump
station; Critical Infrastructure | The fue| would not flow out ofi Critical Infrastructure however, the
critical Infrastructure iand the water pump station will flood. Other areas of flooding include the lower elevations
of the Harbor tunnel Critical Infrastructure Emiscellaneous
openings in the bottom of the tunnel and a release out of the water riser shaft até Critical Infrastructure The

following volumes of fuel are estimated to flow out of these areas:
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Location of Discharge

Percentage

Volume (bbl)

30

10

30

Critical Infrastructure 10

10

10

Total

100

Critical Infrastructure

5.5.2.2 Scenario One: Potential Groundwater Contamination

Potential Contamination of Drinking Water Sources

Directly below the tanks, the LAT and the Red Hill portion of the Harbor Tunnel
Critical Infrastructure is a drinking water aquifer that is irreplaceable and highly

Critical Infrastructure :

vulnerable to contamination (Mink and Lau 1990). This aquifer currently supplies water to military housing

and facilities in the Pearl Harbor area through the PWC pump station. Fuel released from the tanks, or

flowing through the LAT and Red Hill portion of the Harbor Tunnel would likely migrate directly into this

aquifer through the permeable basalt in which the tunnel and tanks occur.

In the Scenario One release approximately caticammastructure Jare estimated to flow into the PWC water pump

station. In addition, | crtcaimmastucre igre anticipated to flow into

Critical Infrastructure

and another

ertieal nfrastructure Ar€ @ANticipated to drain through openings in the bottom of the tunnel. It is possible that all or a

portion of these amounts of fuel could eventually leach through the basalt and into the drinking water

aquifer.

Of greatest concern is the cricammastructure @nticipated to flow into and completely flood the PWC pump station.

As previously mentioned, the water pump station contains an unsealed manhole above the water well.

The fuel could seep into the manhole and flow directly to the drinking water.

In addition, the water

development tunnel and the lava tube provide pathways for a fuel discharge to quickly spread over a large

portion of the aquifer.
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A steel unsealed door in the LAT near; Critical Infrastructure aads to a riser shaft to thei Critical Infrastructure |

Critical Infrastructure

The shaft will fill with fuel and; Critical Infrastructure Ewill flood with approximately: Critical Infrastructure

Critical Infrastructure ivas not inspected and it is unknown if the floor: St nfrastructure {g \watertight: however, it is

likely that some portion of the fuel will eventually leach into groundwater beneath thd: Critical Infrastructure
Critical Infrastructure Once the fuel

reaches thef Critical Infrastructure it will be able to spread quickly.

It is likely that there are openings (cracks. holes, etc.) in the bottom of Critical Infrastructure
Critical Infrastructure ithat will facilitate migration of fuel into the drinking water aquifer. After a

release of this magnitude, it is likely that a large amount of residual fuel contamination will remain in the

unsaturated zone (basalt in this case) and leach into groundwater over a period of several years or more.

After the fuel has reached the drinking water aquifer beneath Red Hill, it should not migrate very far since
the aquifer is bounded on three sides by groundwater barriers (Wentworth 1951). Valley fill in Moanalua
and Halawa Valleys and the caprock on the makai side of Red Hill will probably contain the fuel in the
area beneath Red Hill. It is unlikely that the fuel will flow mauka or upgradient since the regional
groundwater flow is towards Pearl Harbor. If the groundwater pumps were in operation, the fuel would
most likely flow towards the pumps. The fuels stored at Red Hill are less dense than water and would
thus float on the groundwater surface; therefore, the release will not impact the deeper portions of the

aquifer.

Once the drinking water is contaminated with this amount of fuel, few options exist. Conversations with
PWC indicate Pearl Harbor will not be able to meet their requirements for water without the Red Hill
source. An alternative source of water will have to be found. It is possible that the pumps could be used
to remove the fuel from the aquifer. This should remove a significant amount of fuel, but the volume of
fuel involved makes total removal unlikely. Even if the majority of fuel could be pumped out of the aquifer,
drinking water will contain dissolved components of diesel and will have to be treated prior to

consumption.

Potential Contamination of Ecologically Important Groundwater Systems

The aquifer beneath the majority of Critical Infrastructure ioccurs in sedimentary fill
material and is not a drinking water source. In addition, this aquifer if not hydraulically connected to the

drinking water aquifers; however, it is hydraulically connected to Pearl Harbor. Mink and Lau (1990)
characterize this aquifer as ecologically important, used for purposes other than drinking water, of low

salinity (250-1000 mg/I Cl), and as irreplaceable with a high vulnerability to contamination.
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Discharges from the Scenario One release that would impact this aquifer include leaching of fuel trapped

in low areas in the Harbor Tunnel and miscellaneous drainage from the many cracks and holes in the
i}

tU nne] ﬂoor ana Critical Infrastructure E

Two former drain tunnels exist Critical Infrastructure These drains
formerly discharged to Halawa Stream and were reportedly "sealed” off. There are steel plates in the

tunnel at the locations of the former drain tunnels; however, it is unknown if the drains are watertight. Fuel
may be able to seep into these drains and sp<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>