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EXECUTIVE SUMMARY

On November 21, 2021, a fuel spill occurred from AFFF containment drainage piping in the Red Hill
Tunnel complex. At the time it was reported this leak occurred from the fire protection system. As a
result of this a Statement of Work for Architecture/Engineering services was instigated to perform an
assessment at the Red Hill Bulk Fuel Storage Facility at Joint Base Pearl Harbor Hickam. This work
included a comprehensive assessment of the fire protection systems installed in the Red Hill Tunnel.

A site assessment of the fire protection systems at Red Hill Bulk Fuel Storage Facility (Red Hill) was
undertaken by Jensen Hughes from 21 March — 1 April 2022. The purpose of the assessment was to
perform a comprehensive review of each Fire Protection System, documenting the current condition
and comparing the installed conditions with the design conditions, to investigate how the active fire
protection systems including the retention line and retention tank performed during the events of May
6 and November 21, 2021 and to examine the Inspection, testing and maintenance that has been
performed on the fire protection systems and compare it with the requirements of UFC 3-601-02.

The assessment of the fire protection systems revealed that the overall condition of the fire protection
systems was very good with most of this equipment having been constructed as part of project FY 15
MILCON P-1551 Upgrade Fire Suppression and Ventilation Systems Red Hill Bulk Fuel Storage Facility,
completed in 2018. Several recommendations were made to correct code deficiencies. The apparent
unreliability of the Kingfisher Fire Alarm Radio Transmitter was the most critical of these
recommendations.

A review of the events of May 6" and November 21, 2021, revealed that fuel was lifted by sump pumps
into the AFFF containment piping because of a large spill on May 6™. This action was not intended by
the sequence of operations of this system — changes made to the sequence during construction required
this system to be interlocked with the fire alarm system — which was not reported to have been
operated on May 6. A manual should be developed that documents the complete sequence of
operation of these systems and these systems should be recommissioned to confirm their sequence of
operations.

After this assessment was begun the Navy announced that they intend to return the Red Hill Bulk Fuel
Storage Facility to operation so that it can be decommissioned as a fuel storage facility. As a result of
this recommendations for significant design changes for the AFFF containment drainage system and
changes to the fire protection Inspection, Testing and Maintenance program do not appear to be
warranted. Similarly, recommendations for betterments for the system are only necessary if the facility
is to remain as a fuel storage facility.

Executive Summary page 4
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PART 1- SITE ASSESSMENT AND ENGINEERING EVALUATION

A site assessment of the fire protection systems at Red Hill Bulk Fuel Storage Facility (Red Hill) was
undertaken by Jensen Hughes from 21 March — 1 April 2022. The purpose of the assessment was to:

1. Perform a comprehensive review of each Fire Protection System, documenting the current condition
of the fire protection systems including:

a. A general description and summary of each system reviewed.

b. Confirmation that the active fire protection systems were installed as designed in project FY 15
P-1551 — Upgrade Fire Suppression and Ventilation Systems, highlighting any variance of
installation over designed conditions.

2. Summary of system performance May 6th and Nov 21.

3. Confirm the fire protection systems satisfy the recommendations of the 2010 Audit Report —
Department of the Navy Red Hill and Upper Tank Farm Fuel Storage Facilities.

4. ldentify pathways for fuel to get into the containment system.

5. Maintenance records review including a maintenance summary of each system versus requirements
of UFC 3-601-02.

1. RED HILL SITE LAYOUT

The Red Hill Bulk Fuel Storage facility consists of a series of 20 —300,000BBL (12.6M gal) underground
fuel storage tanks. The 20 fuel tanks are located as 10 pairs of tanks with access tunnels located near
the top and bottom of the tanks running between the pairs. The Upper Access Tunnel can be accessed
directly via- entrances —_ There are two elevators connecting the Upper and
Lower Access Tunnel areas. - connects the Upper Access Tunnel to the Lower Access Tunnel,
with a stop approximately midway between the Upper and Lower Access Tunnels, at the end of the-
laccess tunnel. - connects just the Upper and Lower Access Tunnels. The Upper Access
Tunnel is provided to access the top of the storage tanks and runs from Tanks 19 and 20 to- The
Lower Access Tunnel is longer than the Upper Tunnel, it continues beyond Tanks 1 and 2 down the
hillside eventually coming to a junction at the water pumping station, where the Harbor Access Tunnel
splits off. The Lower Access Tunnel continues from the split to- While- serves as a discharge

point from the Lower Access Tunnel, the Harbor Access Tunnel continues_ to the
Underground Pumphouse and- at Pearl Harbor. The Harbor Access Tunnel can also be accessed

from- via the_ Tunnel.

An isometric of the tank and tunnel layout can be found on the following page.

Part 1 — Site Assessment and Engineering Evaluation page 5
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FIRE SUPPRESSION SYSTEM ASSESSMENT RED HILL BULK FUEL STORAGE FACILITY

2. FIRE PROTECTION SYSTEMS SUMMARY

The fire protection systems installed at Red Hill include the following:
A. Class | Standpipe System

A looped 8-inch sprinkler/standpipe main boosted by the fire pump serves all fire protection systems

within the tunnel. These systems include standpipes for Upper and Lower Tunnel, preaction sprinkler
for Lower Tunnel and various wet pipe sprinkler systems for Upper Tunnel, elevator shafts and gauger
station areas. This 8” loop includes three main legs: 1) An exterior leg routed outside the tunnel from

the fire pump house to_ 2) An interior leg from- up- shaft, through the
Upper Tunnel tc- and, 3) An interior leg from- down- shaft through the Lower

Tunnel to- The fire pump ties to this loop with an 8-inch line from the fire pump house near-
I. Fire department inlet connections are provided outside the tunnel connecting to the 8” loop at-
-. The standpipe system includes valves and outlets with automatic pressure regulating valves
that are UL listed for fire department use. The standpipe outlets are placed at each tank junction and
spaced at 200-foot increments designed for 500 gpm hose stream in the Upper Tunnel and 200-foot
increments design for 1,000 gpm hose stream in the Lower Tunnel. These design flows comply with
NFPA 14 requirements. The standpipe system is provided in the Upper Tunnel from tanks 1 through 20
(not including_), and in the Lower Tunnel from the new oil tight door up to the end of
the Lower Tunnel at tanks 19 & 20. The standpipe system is supported by an electric fire pump to boost
the pressure in the Upper Tunnel to comply with NFPA 14 to provide 100 psi at the outlet of the
hydraulically most remote 2 1/2 in. (65 mm) hose connection.

B. Preaction AFFF/Water Sprinkler System

Due to the hazards of- fuel lines with fittings, joints, valves, and other appurtenances that
transfer fuel from the underground fuel tanks to/from the Pearl Harbor fuel pump house, the Lower
Tunnel in the area of the tank farm was defined as an inside liquid storage area per NFPA. NFPA 30
requires inside liquid storage areas to be protected by a foam-water sprinkler system with 15-minute
foam capacity. A preaction Aqueous Film Forming Foam (AFFF)/water sprinkler system, satisfying NFPA
16 guidelines, is provided for the Lower Tunnel area serving tanks 1-20. The system is designed for a
density of 0.16 gpm per square foot over an area of approximately 10,000 square feet (one
compartment) in accordance with NFPA 16. There are 5 preaction systems feed from the 8”
sprinkler/standpipe main located in the Lower Tunnel. The preaction valves in each AFFF/water
sprinkler riser are Viking flow control valves that regulate the water pressure downstream of the flow
control valve.

Per NFPA 16 items such as storage tanks and proportioners for foam concentrates, pumps for water and
foam concentrates, and control valves for water, foam concentrates, and foam solution, need to be
located as near as possible to the hazard or hazards they protect but not be exposed to a hazard that

Part 1 — Site Assessment and Engineering Evaluation page 7
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could impair the system. To satisfy this requirement, the five AFFF/water pre-action riser assemblies are
provided within a 1-hour enclosure.

A triple IR flame detection system is provided to activate the preaction AFFF/water systems.
C. Wet-Pipe Sprinkler System

As there are no fuel lines in the Upper Tunnel, this area is not considered as hazardous as the Lower
Tunnel. Therefore wet-pipe sprinkler systems, meeting NFPA 13 guidelines, are installed to protect the
Upper Tunnel. Two risers are provided Upper Tunnel #1 (UT#1) and Upper Tunnel #2 (UT#2). UT#2 also
supplies water for_ machine rooms and lobbies as required by UFC 3-600-01 for
electric traction elevators. These sprinkler systems include all pipe, fittings, valves, sprinklers, and
appurtenances necessary to support these systems. Adequate pressures are achieved without the aid of
the fire pump. However, the fire pump was connected to the sprinkler systems to augment any
pressure shortages due to larger than design fire areas being activated. The wet-pipe sprinkler systems
are sized for a density of 0.4 gpm per square foot over an area of 2,500 square feet following Extra
Hazard 2 (EH2) design requirements. An additional 500 gpm will also be available for use by exterior fire
hydrants or standpipe system.

A wet pipe sprinkler system is also provided for the transformer room, gauger room, and electrical room
in the Lower Tunnel. The riser for this system is in the Lower Tunnel fed from the 8” sprinkler/standpipe
main.

D. Water Supply System

All fire suppression systems provided require water supply to function. When designed UFC 3-600-01
stated that where onsite storage is a sole source water supply that the tank or tanks must be divided to
ensure that more than 50% of the required storage is always available. To this end, a new 250,000-
gallon water storage tank was constructed for the exclusive use by the fire protection systems of the
Red Hill Bulk Fuel Storage Facility. The new tank was connected on the suction side of the fire pumps
along with an existing 250,000-gallon water tank which ensures that the 50% of the storage capacity is
available with one tank out of service. UFC 3-600-1 requires distribution mains to be looped to always
provide 50% flow during a main break. A water line that runs along the upper access road supplies
water to hydrants located at_ This line also ties-in to the interior water line system the
feeds all fire suppression systems and forms a fire protection main loop. The water tanks are supplied
with water primarily from the booster pumps tied to the water supply at Pearl Harbor. There is an
additional line from a Board of Water Supply (BWS) system which serves as a secondary source should
the main source become unavailable.

Part 1 — Site Assessment and Engineering Evaluation page 8
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E. Fire Department Connections

NFPA 13 and NFPA 16 require two 2 1/2 in. NH internal threaded swivel fittings. NFPA 14 requires fire
department connect to be sized per standpipe system demand with one 2 1/2 in. inlet for every 250
gpm of design flow. NFPA 14 requires 1,000 gpm flow rate calculation for standpipe system in a
sprinklered building. Six 2-%" fire department inlet connections are installed at_ NFPA
16 requires evaluation of fire department connection to avoid over pressurizing system components,
imbalance of proportioning equipment, dilution of proportioned foam solution, and pressure and flows
exceeding the foam system design. Each fire department connection should have signs indicating the
following:

1. Per NFPA 16 to indicate “THIS CONNECTION FEEDS A FOAM-WATER SPRINKLER SYSTEM. DO NOT
PUMP AT PRESSURES EXCEEDING [insert design pressure] UNTIL FOAM LIQUID SUPPLY IS
EXHAUSTED. IF INCIDENT IS CONTROLLED BY FOAM BLANKET, DO NOT DESTROY FOAM BLANKET BY
EXCESSIVE APPLICATION OF WATER, and

2. Per NFPA 13 and NFPA 14 to indicate “AUTOSPKR AND STANDPIPE”.

F. Fire Pump

The AFFF/water preaction and wet-pipe sprinkler systems are provided adequate water and pressure to
operate correctly without the aid of a fire pump. However, per NFPA 14, a minimum operating pressure
of 100 psi is required at the most remote standpipe hose connection. The system alone would not be
capable of delivering the required 100 psi to the most remote standpipe hose connection throughout
the Upper and Lower Tunnels, therefore an electric fire pump is provided to increase the pressure to
100 psi at all outlets. A second fire pump is provided as a backup but remains “OFF” until an operator
manually turns the fire pump “ON”. Though technically only required for the Upper Tunnel portion of
the standpipe system, boosted pressure is also available for use by all suppression systems to augment
pressures as deemed necessary by the fire department.

G. Fire Alarm and Mass Notification System

The fire alarm and mass notification system was installed as part of the project to upgrade all fire
suppression systems and the ventilation systems, Project FY15-P-1551. The fire alarm and mass
notification (FAMN) system is a network of panels to allow command and control functions on a limited
basis from multiple locations in the tunnel complex. The system uses Gamewell/FCI equipment
(manufactured by Honeywell) to monitor and control fire alarm devices located throughout the Facility
and interconnected/integrated with various auxiliary systems throughout the tunnel facility. Depending
on the location within the Facility, the peripheral devices include manual fire alarm boxes, smoke and
heat detection, duct-mounted smoke detection, and both addressable monitor and control modules to
interface with various auxiliary system functions. Auxiliary systems monitored include:

e Fire sprinkler control valves and water flow switches
e Fire pump controllers

Part 1 — Site Assessment and Engineering Evaluation page 9
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e Underground Pump House (UGPH) existing AFFF and FM-200 Releasing Panel (alarm, AFFF
discharge, and trouble)

e Fire Suppression Water Tank Levels

e Aqueous Film Forming Foam (AFFF) fire suppression effluent retention tank levels

e Select Exhaust Fans for operation

e Compartmentalization and Oil-tight doors (local manual request for closure)

Auxiliary systems receiving an input from the FAMN system include:

Release AFFF fire suppression systems in Lower Tunnel Tank Farm

Activate AFFF pumps in the Fire Pump House

Manual ON/OFF control of select exhaust fans associated with compartments in Lower Tunnel
Activation (closure) of fire/smoke dampers

e Compartment roll-up and man door release

e Qil-tight door release and scissor-lift activation

e Elevator recall and shunt trip operation

e Elevator lobby door release

The FAMN system will also provide audible and visual notification throughout the tunnel facility utilizing
speakers for both automatic and live voice message, and strobes.

The Lower Tunnel area is classified as a hazardous Class | Division 2 electrical environment, with the
exception of the Gauger's Office, Gauger's Station Electrical Room, and the Office and Control Room
areas of the UGPH. Devices located in the Lower Tunnel, outside of these specific rooms/areas are listed
for installation and use in explosive environments.

The FAMN system is also connected to control and annunciation equipment using a dedicated fiber optic
network. This equipment consists of graphic workstations with video display units (VDU), located in the
UGPH Control Room, Gauger Office, each ADIT (tunnel entrance - total of six), and in Building 1757, a
remote building outside the Tunnel Facility located at Pearl Harbor. The VDUs at the ADITs are enclosed
in what appears to be temperature-regulated, weatherproof cabinets with a clear panel front. The
network of graphic workstations provides the fire department with remote access and control of the
FAMN system and ventilation systems from these same locations.

The FAMN system is monitored by the Base Fire Department using two Kingfisher Company, Inc.

wireless communicators; one located at- covering the UGPH,_ and the Harbor
Tunnel systems, and one at- covering ADITs_ Upper and Lower Tunnels, and the Fire
Pump House. Connection of the FAMN system speakers to the base-wide mass notification system

(Federal Signal Ultravoice) is provided by an Ultravoice Remote Interface (UVRI) cabinet located at the
entrance to ADIT 1.

The equipment provided can vary by location in the tunnel complex, depending on the operating
environment, auxiliary systems present, and the need for command-and-control functions, either on a
limited or global basis. The following is a summary of the equipment by location.
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UGPH/ADIT 1 — The Control Room in the UGPH is the location of the system “headend” equipment with
all inputs annunciating here, and provisions for making live voice announcements, as well as controlling
fans, smoke dampers, and releasing compartment doors associated with the tunnels. The fire alarm
detection system installed prior to the project in 2015, which uses a Cheetah brand fire alarm control
unit and also controls the existing FM-200 fire suppression system, was not replaced in 2015. It was
retained, and remains operational, strictly for activation of the FM-200 system and to control the
various fans in the UGPH during a fire emergency. It monitors a combination of heat detection and
infra-red (IR) flame detection throughout the UGPH but has no associated notification appliances. The
new fire alarm/mass notification system was installed with its own heat detection and IR flame
detection in parallel with that of the existing system, along with manual fire alarm boxes (pull stations).
It provides the live and automatic voice messages for the UGPH, along with visual notification using
strobes throughout the building. Power for the equipment is derived from an emergency power
electrical panel in the immediate vicinity of the panel equipment.

Harbor Tunnel — The main tunnel from the UGPH to the fuel tanks contains explosion-proof equipment
consisting of pull stations, heat detectors, speakers, and strobes. There are also equipment cabinets in
explosion-proof enclosures containing amplifiers, power supplies, etc. every few hundred feet to
support the devices in the tunnel. Power for the equipment is derived from an emergency power
electrical panel in the immediate vicinity of the panel equipment.

- Connection Tunnel — This is the entrance from COMPACFLT headquarters and connects with the
Harbor Tunnel near the UGPH. It contains weatherproof equipment consisting of pull stations, heat
detectors, speakers, and strobes. There are also equipment cabinets in weatherproof enclosures
containing amplifiers, power supplies, etc. to support the devices in the tunnel. Power for the
equipment is derived from an emergency power electrical panel in the immediate vicinity of the panel
equipment.

- Connection Tunnel — This is an entrance at Red Hill and connects with the Harbor Tunnel nearest

to the Tank Farm. It contains weatherproof equipment consisting of pull stations, heat detectors,
speakers, and strobes. In addition, this is one of two locations where the FAMN system interfaces with
the Digital Control System (DCS) panel DDC-9, which serves as an interface between the FAMN system
and other systems in the tunnel (e.g., fire resistance-rated compartment door status, sump, and sump
pump status, AFFF and groundwater retention system level, etc.) and their status. There are also
equipment cabinets in weatherproof enclosures containing amplifiers, power supplies, etc. to support
the devices in the tunnel. Power for the equipment is derived from an emergency power electrical
panel in the immediate vicinity of the panel equipment.

- Connection Tunnel — This is an entrance at Red Hill to the Upper Tunnel of the Tank Farm at
Tanks 1 and 2. It contains weatherproof equipment consisting of pull stations, heat detectors, speakers,

and strobes. There are also equipment cabinets in weatherproof enclosures containing amplifiers,

Part 1 — Site Assessment and Engineering Evaluation page 11




FIRE SUPPRESSION SYSTEM ASSESSMENT RED HILL BULK FUEL STORAGE FACILITY

power supplies, etc. to support the devices in the tunnel. Power for the equipment is derived from an
emergency power electrical panel in the immediate vicinity of the panel equipment.

- Connection Tunnel — This is an entrance at Red Hill at the Upper Tunnel and connects to the Tank
Farm between Tanks 15 and 16. It contains weatherproof equipment consisting of pull stations, heat
detectors, speakers, and strobes. It also provides access to the Lower Tunnel and- Connection
Tunnel using one of two elevators. In addition, there is a remote command panel equipped with: a
network annunciator; a remote microphone; as well as fan, smoke damper, door, and speaker control
switches. There are also equipment cabinets in weatherproof enclosures containing amplifiers, power
supplies, etc. to support the devices in the tunnel. Power for the equipment is derived from an
emergency power electrical panel in the immediate vicinity of the panel equipment.

- Connection Tunnel — This is an entrance at Red Hill which accesses the- Elevator at a level
between the Upper Tunnel and Lower Tunnel. It contains weatherproof equipment consisting of pull

stations, heat detectors, speakers, and strobes. It also provides access to the Upper and Lower Tunnels
using the- Elevator. In addition, there is a remote command panel equipped with: a network
annunciator; a remote microphone; as well as fan, smoke damper, door, and speaker control switches.
There are also equipment cabinets in weatherproof enclosures containing amplifiers, power supplies,
etc. to support the devices in the tunnel. Power for the equipment is derived from an emergency power
electrical panel in the immediate vicinity of the panel equipment.

Lower Tunnel Tank Farm — This level is located at the bottom of the storage tanks and contains the pipes

which transport the fuel to/from the UGPH. The Lower Tunnel contains explosion-proof equipment
consisting of pull stations, heat detectors, duct-mounted smoke detectors for smoke damper control, IR
flame detectors, speakers, and strobes. The IR flame detectors are used as part of the AFFF fire
suppression deluge system present in this part of the tunnel complex. The FAMN system also monitors
the door position of the compartment doors (man doors and roll-down doors). There are also
equipment cabinets in explosion-proof enclosures containing amplifiers, power supplies, etc. every few
hundred feet to support the devices in the tunnel. Power for the equipment is derived from an
emergency power electrical panel in the immediate vicinity of the panel equipment.

Gauger Office — This office area is in the Lower Tunnel between Tanks 15 and 17, next to the passenger
elevator from the Upper Tunnel. It is separated from the Lower Tunnel hazardous environment by fire
and smoke resistance-rated construction which allows the use of non-explosion-proof equipment inside
its area. This area has a remote command panel equipped with a network annunciator; a remote
microphone; as well as fan, smoke damper, door, and speaker control switches. It also has one of the
fire alarm control panels which monitors the IR flame detectors in the Lower Tunnel of the Tank Farm
and houses the panel which activates the AFFF fire suppression systems in this same area. In addition,
this is the second location where the FAMN system interfaces with the Digital Control System (DCS)
panel DDC-1.
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Upper Tunnel Tank Farm - This level is located near the top of the storage tanks, with ships ladders at

the tanks providing access to the very top of the tanks. It contains weatherproof equipment consisting
of pull stations, heat detectors, duct-mounted smoke detectors for smoke damper control, speakers,
and strobes. While the shafts surrounding the ships ladders to the top of the tanks contain explosion-
proof heat detectors, speakers, and strobes. The Upper Tunnel itself also has equipment cabinets in
weatherproof enclosures containing amplifiers, power supplies, etc. every few hundred feet to support
the devices in the tunnel. Power for the equipment is derived from an emergency power electrical
panel in the immediate vicinity of the panel equipment.

Fire Pump Building — This building is located just beIow- It has a remote command panel

equipped with a network annunciator; a remote microphone; as well as fan, smoke damper, door, and
speaker control switches. The building houses: two fire pumps; the AFFF storage tank, two AFFF
pumps, and an emergency generator. It is protected by standard pull stations, speakers, and strobes.
The FAMN system also monitors the building wet fire sprinkler system, as well as the fire and AFFF
pumps.

a. Digital Control System

The Digital Control System (DCS) consists of networked digital controller panels used to monitor and, in
some cases control, systems associated with compartmentalization and remediation during a fuel fire or
fuel leak in the Lower Tunnel Tank Farm. The DCS is not part of the fire alarm system, but the two
systems communicate with each other. This network is used to monitor various systems associated with
the removal and containment of the effluent from the activation of the AFFF fire suppression systems
during a fuel leak or fire. The DCS monitors:

e Level of effluent in sump pits (float switch and high level).

e Associated sump pumps (four at each compartment door) for running, overheating, and water
infiltration.

e High-level condition in retention tank.

e High-level condition in secondary containment area.

e Qil-tight door “close” request pushbutton and door position (open/close), scissor lift motion and
position.

e Fire water tank water level (high/low).

e Groundwater level at compartment doors.

e Groundwater collection pumps running.

e Emergency generator fuel tank level and leak detectors (Fire Pump Building).

In turn, the DCS controls, provides local control of, or provides an output contact for:

e Sump pumps at compartment and oil-tight doors (hand/off/auto).

e Activation of audible and visual alarms indicating scissor lift and door activation at oil-tight door.

e Qil-tight door position and activation of local pushbutton associated with closing door manually.

e FAMN system monitoring of status for sump pumps and groundwater collection pumps running,
sump high level, retention tank and secondary containment levels, pushbutton request to close oil-
tight door, and fire water tank levels.
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b. Smoke Ventilation

The Tunnel Complex has many supply and exhaust fans present throughout to maintain a tenable and
safe environment. Command and control of the fans and dampers appears to be possible from a graphic
control panel outside the entrance to- according to notes on the panel, not all fans in the
complex are yet connected to it. The FAMN system has a limited role in the ventilation of smoke during

or after a e in the tunnels. 1t control NN for RN
_) in the Upper and Lower Tunnels in the Tank Farm area. It

also controls the fire/smoke dampers in this area as well. The existing Cheetah fire alarm and releasing
panel in the UGPH Control Room controls the fans located in the UGPH. The graphic fan control panels
provided as part of the P-1551 project appear to indicate there are a total of_ fans.

H. AFFF Retention System

The foam/water discharged from the AFFF/water preaction systems is collected by transverse trenches
at each fire/smoke compartment in the Lower Tunnel. These fire/smoke separations segregate every
four tanks into a separate compartment. The foam/water and any fuel from a fuel leak/discharge that
sheet flows into these trenches is collected and routed to a sump pit, one for each 4-tank compartment
area, these sumps are located near the downhill fire/smoke compartment separation. There are 4 large
sump pumps in each sump pit (3 primary and 1 backup pumps) and these lift the effluent into a 14-inch
AFFF retention line. This retention line is connected to a 153,000-gallon AFFF retention tank located
outside of Adit 3. The tank is sized to accommodate a 20-minute discharge of the Lower Tunnel fire
extinguishing system, plus an additional_ fuel that could leak from the fuel system in
the Lower Tunnel. The sump pumps are activated automatically on level controls and annunciate a
supervisory alarm when operated. During construction changes were made to the sequence of
operations of this system to require the fire alarm system to be in alarm before the sump pumps
operate.

A separate smaller ground water collection pump is also located in the sump pits to collect and pump
any incidental ground water seepage in the tunnel into the main slop tank sump pump pit located below
tanks 1 and 2. This system is provided to prevent unintended operation of the main AFFF retention
pumps. The ground water collection pumps are interlocked to shut down when the fire alarm system is
activated.

The main AFFF retention sump pumps, and the ground water sump pumps are also interlocked to shut
down if the new oil tight door is closed. This is done via the DCS, which monitors the closed position of
the oil tight door via a door switch and is also interfaced with the sump pumps to shut them down. The
new oil tight door is closed upon activation of the high groundwater float switch at the oil tight door, or
activation of a manual push button at the oil tight door. During construction the sequence of operations
was changed to remove closing on the oil tight doors upon receiving a signal from the fire alarm system.
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The main AFFF retention tank is designed as an API 650 steel fuel storage tank as it may collect fuel from
a fuel leak. The AFFF retention tank is provided with a containment berm to comply with environmental
regulations for spill control.

I. Ventilation and Smoke Control

This facility currently has an operating ventilation system including several ventilation fans that are
utilized to control the concentration of fugitive emissions of fuel fumes to below 25% of the lower
explosive limit. It is desirable that these fans be able to exhaust smoke during or after a fire to be
controlled by the fire department as they deem necessary. Currently, the fans are sized to control the
smoke in most locations allowing occupants to egress prior to being overcome by smoke. The existing
fans are tolerant of the heat of the smoke generated more than 3 feet from the fans. Fire closer than
this will consume the fans and render them inoperable. The fans, however, are not explosion proof.
The FY15 P-1551 project replaced mechanical/electrical motors of the fans to make them explosion
proof in the Lower Tunnel, like the fire alarm system outlined above. Additional upgrades to the existing
ventilation system for enhanced smoke control were not provided as part of the project. Similarly, the
provision of self-contained breathing apparatus (SCBA) was not provided as part of the project.
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3. FIRE PROTECTION SURVEY RESULTS

A. Condition of Fire Protection Systems and Comparison of Design Versus Installed Conditions

Over the 12-day period from March 21 to April 1, 2022, each of the fire protection systems was
surveyed by a team of Jensen Hughes fire protection engineers. Surveys were conducted to compare
the systems as installed to the as-built shop drawings provided from the FY 15 P-1551 project. Drawings
of the survey results are contained in Appendices A through H.

a. Standpipe System

Site survey notes for the standpipe system can be found in Appendix A. Generally, the drawings
provided as as-built drawings from the FY15 P-1551 did not appear to have been updated to reflect as-
built conditions. This included how supply sprinkler piping was being routed and a few instances where
the standpipe hose valve connections were installed in a different location.

The standpipe system itself was observed to be in very good overall condition. The hose valves are
provided with pressure-regulating devices but were not provided with a valved outlet for a pressure
gauge to be connected. A valved outlet should be provided for each location with a pressure-regulating
device so a pressure gauge can be attached to verify the required pressure is being provided.

b. Preaction AFFF/Water Sprinkler System

Site survey notes for the preaction AFFF/water system can be found in Appendix B. Generally, the
drawings provided as as-built drawings from the FY15 P-1551 did not appear to have been updated to
reflect as-built conditions. There were many locations where additional sprinklers and/or additional
branch lines had been provided and these are noted in the site survey notes. The location of seismic
braces in many instances also did not match locations shown on the drawings. The backgrounds on
which the drawings were prepare also seemed to have frequent inconsistencies with the observed field
conditions.

The preaction AFFF/water sprinkler system itself was observed to be in very good overall condition.
Significant external pipe degradation was observed in the riser for Preaction System 3 due to the
constant dripping of ground water seepage into the riser closet and onto the piping. A ceiling should be
constructed in this room, like the metal ceiling constructed in other areas of the Lower Tunnel, to stop
water dripping in this room. Once water no longer dripping into this riser room the degraded riser
piping should be replaced.

Site survey notes for the AFFF storage and pumping system can be found in Appendix D. The AFFF
storage and pumping system, located in the fire pumphouse building, were also visually inspected, and
appeared to be in very good overall condition. The foam pumps themselves were tagged out of service,
this appeared to be due to a leak in the underground piping between the fire pumphouse and-
where the foam concentrate piping enters the tunnel system. The system installation matched what
was indicated on the as-built drawings provided.
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The nitrogen generating system for the preaction system was observed to be in very good overall
condition. The system as installed matched the as-built drawings provided.

c. Wet Pipe Sprinkler System

Site survey notes for the wet-pipe sprinkler system can be found in Appendix A. Generally, the drawings
provided as as-built drawings from the FY15 P-1551 did not appear to have been updated to reflect as-
built conditions. This included the routing of sprinkler piping, location of bulkheads/doors, and the
number of branch lines installed in the access tunnels to the storage tanks.

The wet-pipe sprinkler system itself was observed to be in very good overall condition. Significant
external pipe degradation was observed at various locations in the Upper and Lower Tunnels. There is
sprinkler piping missing hangers on branch line; temporary ventilation ductwork obstructing sprinklers,
sprinkler risers, and being supported by the sprinkler piping resulting in external loading not accounted
for when designing hangers to support the sprinkler piping.

The “as-built” drawings should be redlined and incorporated into a new drawing to account for all field
changes made during installation. Additionally, hangers need to be installed on unsupported piping and
the temporary ventilation ductwork needs to be relocated.

d. Site Water Supply
The site water supply system installation matched what was indicated on the as-built drawings provided
and was observed to be in very good overall condition.

e. Fire Department Connections

Site survey notes for the fire department connections can be found in Appendix A. The system
installation matched what was indicated on the as-built drawings provided and was observed to be in
very good overall condition.

The fire department connections were not provided with signs indicating the system they served, and
the operating pressures required. The signs should be provided at each fire department connection are
as follows:

1. Per NFPA 16 to indicate “THIS CONNECTION FEEDS A FOAM-WATER SPRINKLER SYSTEM. DO NOT
PUMP AT PRESSURES EXCEEDING [insert design pressure] UNTIL FOAM LIQUID SUPPLY IS
EXHAUSTED. IF INCIDENT IS CONTROLLED BY FOAM BLANKET, DO NOT DESTROY FOAM BLANKET BY
EXCESSIVE APPLICATION OF WATER”, and

2. Per NFPA 13 and NFPA 14 to indicate “AUTOSPKR AND STANDPIPE”.

f. Fire Pump System

Site survey notes for the fire pump system can be found in Appendix C. The system installation matched
what was indicated on the as-built drawings provided and was observed to be in very good overall
condition.
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g. Fire Alarm and Mass Notification System

Site survey notes for the fire alarm and mass notification system can be found in Appendix E. The
upgrade of the fire alarm system was included as part of project FY15 P-1551 in direct response to
findings and recommendations found in and audit conducted by Naval Audit Services and titled
Department of the Navy Red Hill and Upper Tank Farm Fuel Storage Facilities (N2010-0049, dated 16
August 2010). Specifically, the audit referenced recommendations from a 1998 assessment which
identified a need for emergency voice/alarm communication system in the RH facility to alert occupants
of a fire or other emergency (Finding 3 Safety Measures). Based on our observations as to the extent to
which the new system offers one-way voice communication to all areas of the Red Hill Bulk Fuel Storage
Facility, it would appear the 1998 recommendation and 2010 audit comment has been addressed by the
installation of this system. The overall physical condition of the system panels and devices appeared to
be “good”, with no signs of damage. However, there were code deficient conditions associated with
device placement, spacing/coverage, or obstruction.

In general, the as-built shop drawings provided (Revision 6, dated 23 January 2018) do not accurately
reflect the installed device locations. For initiating devices (e.g., pull stations, heat detection,
addressable monitor modules, etc.), approximately 5% - 10% of device locations were inaccurate. Most
of the spacing of these installed devices appeared to maintain code compliance. However, it is
estimated over 85% of the notification appliances were inaccurately located on the as-built drawings.
Most of these devices still maintained compliance with required spacing, but a significant number of
visual notification devices were over-spaced creating code deficient conditions. These devices are
spaced beyond the maximum distance allowed by NFPA 72 of 100 feet. This occurs at several intervals,
where a device will be spaced 110 — 120 feet from the previous device, and then 70 — 80 feet to the next
device. There did not appear to be any field conditions which would contribute to the extended spacing.
Spacing of these devices should be corrected so they are within the code required spacing. All devices in
the entire length of tunnel from the Underground Pumphouse to the Harbor Tunnel intersection of Adit
2 were not accurately located on the as-built drawings. There are also numerous label errors, mostly of
single, isolated devices, that should be corrected.

In addition, all of the explosion-proof strobes located in the Tank Farm portion of the Lower Tunnel are
obstructed and violate NFPA 72. The code requires strobes to be visible by direct concentrated viewing
(i.e., you have to be able to see the actual strobe lens from all parts of the corridor) in order to use
corridor spacing of minimum 15cd strobes mounted up to 100 feet apart. The strobes in this section of
the tunnel are mounted with the bottom of the strobe lens well above the adjacent pipe stand structure
and pipes. Personnel on the actual walking portion of the tunnel will not be able to see the strobes at
all.

There were also inaccuracies associated with equipment shown on the as built drawings not being
installed, or installed in a different orientation (i.e., mounting on wall instead of ceiling, or vice-versa).
Many of these examples involved duct-mounted smoke detection at smoke dampers, usually where
installation of this type of device was not possible. However, there was no documentation indicating
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the required detection was exempted nor was spot detection provided at the damper. Some of this may
be attributable to the fact the drawings provided and reviewed would not necessarily reflect changes
associated with Revisions R and S (dated 21 June 2018) of the design drawings, some of which affected
systems monitored by the fire alarm and mass notification system.

h. AFFF Retention System

Ideally a foam retention system should operate by gravity flow such that discharged AFFF effluent and
fuel may be collected via gravity thereby eliminating any moving parts. Unfortunately, it was
determined during design that it was not possible for this system to operate under gravity. It would be
ideal if drainage from the Adit 3 end of the tunnel into the retention tank could occur under gravity,
however doing this would require finding a site for the tank where the top of the tank was below 98’
elevation. Without significant additional excavation this would also require piping from the tunnel,
which during a retention event would contain AFFF, to be located underground. There are numerous
areas in the system where low points are provided and effluent collects at these points. The first low
points are the 5 sump pits provided at each fire/smoke wall. Effluent drains to these pits and is lifted by
sump pumps into the AFFF retention piping. The second collection of low points are those low points
created when the retention line changes elevation in the tunnel to pass over doorways and other
obstructions. Each of these changes in elevation creates a local localized low point which is eventually
overcome by the overall grade of the tunnel and slope of the retention pipe. Low point drains were
observed at these locations which permit the pipe to be drained at each of these individual low points.
The third and final low point is created by the elevation of the retention tank, the drain line into the
retention tank, and each of the 5 sumps. The bottom of the retention tank itself is noted as being at an
elevation of 119’, while the low point in the tunnels themselves at Adit 3 is 98’. During construction it
was noted (RFI-0069) that all the tunnel retention piping to the point below the fire door between tanks
3-4 and tanks 5-6 is at or below the 119’ elevation making the entire volume of the retention piping
below this door a low point (~between 30,000 and 40,000 gals). As constructed the entry point in to the
retention tank is at the top of the tank itself making the top of the tank the height that must be
overcome for effluent to flow under gravity into the retention tank — the effect of this is to make even
more of the retention line a low point, such that it is likely more than 40,000 gal of effluent would have
to enter the retention line before any of it would flow into the tank. Any discharge from the tanks
would have to fill the entire length of the retention line to Adit 3 to an elevation equal with the
elevation of the top of tank entry before effluent could flow into the retention tank. For spills less than
40,000 gals no effluent will reach the retention tank, rather these spills will be held in the numerous low
points throughout the system. An overall survey of elevations along the retention line, which was
performed during the site survey, could be further developed, and used to evaluate where effluent is
likely retained based on the location of effluent entering the retention system. A small sump and
manually activated sump pump were provided at the low point of Adit 3 to be able to pump from the
low point to a valved header at Adit 3 to allow fluid in the low point to be pumped to a tanker truck for
disposal.
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The AFFF retention system as finally installed did not match the as-built drawings. The retention system
was constructed of HDPE pipe for the entire system. After installation changes were made to the
retention system which are not reflected on the as-built drawings. These changes included:

1. Steel pipe and valves were installed for the system from the sump to the main 14-inch retention
line.

2. The main 14-inch retention line was changed to steel pipe for approximately 100 ft from a point
after the penetration of the fire/smoke wall to a point upstream of the sump piping inlet.

3. Spring operated control valves with a fusible link are in the piping upstream of the sump pumps and
upstream of the pipe type junction.

These changes were not documented as part of the as-built drawings, and it is not clear that any
acceptance testing of this altered system along with the already accepted fire alarm systems was
undertaken.

There are numerous improvements that could be recommended to improve the operation of the
retention system. However, at this stage with the established goal of ultimately taking the fuel storage
tanks out of service within the next 2-3 years any recommendations for significant alterations to the
retention system do not appear to be warranted.

B. Fire Protection Systems Recommendations of 2010 Audit Report

The 2010 Department of the Navy Red Hill and Upper Tank Farm Fuel Storage Facilities Audit report
contained a list of 13 identified safety hazards. At the time of the report 7 of these hazards were
identified as having been corrected, 2 were identified as outstanding but with funding having been
secured for mitigation, and preventative maintenance was identified as ongoing. This left three
remaining hazards that were identified in the Audit report. The report recommendations identified
these items, as indicated below, and recommended they be prioritized as critical:

1. Install an automatic fixed fire suppression system at the lower tank storage area. NAVFAC Pacific
engineers have recommended the installation of an Aqueous Film Forming Foam (AFFF) Deluge
system.

2. Install an emergency voice/alarm communication system at Red Hill.
3. Upgrade the existing fire protection water main in the upper and lower tunnels at Red Hill.

Each of these Audit report recommendations was addressed by construction project FY15 MILCON P-
1551 Fire Protection, which included the installation of:

1. Five (5) foam water preaction systems in the Lower Tunnel. As part of this system a new fire
pump system was also provided that boosts the water supply pressure from the water storage
tanks to the Red Hill Fire Protection Systems.
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2. An emergency voice fire alarm and mass notification system from Adit 1 throughout the entire

Red Hill Bulk Fuel Storage Facility.

3. An 8” looped fire protection main and standpipe & hose system throughout the Upper and

Lower Tunnel areas.

4. Asecond water supply tank adjacent to the existing water supply tank to supply the Red Hill Fire

Protection Systems.

The addition of these systems satisfies the outstanding fire protection/life safety recommendations of

the 2010 Audit Report.
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4. SUMMARY OF FIRE PROTECTION AND RETENTION SYSTEM
PERFORMANCE

A. May 6, 2021, Fuel Release Incident

A significant discharge of fuel occurred from a rupture of a fuel line in the Lower Access Tunnel at Tanks
18 and 20 at approximately 1812 hours on May 6, 2021. The root cause of the incident was the
incorrect sequence of opening of fuel valves while fuel was being taken from Tank 12, with collateral
damage and leaks occurring in the area around Tanks 18 and 20. This leaked fuel, once in the Lower
Access Tunnel, flowed in the direction of the sump pits associated with Door C-1 at Gaugers office
(south of Tanks 17/18), and potentially Door 5 (south of Tanks 13/14), respectively.

Ultimately most of this fuel discharge was collected by the retention system, however due to the
significant number of low points and the relative elevation of the line into the retention tank at-
compared with the tanks themselves, none of this fuel drained to the retention tank. As evidenced by
the later discovery of fuel in the retention line however, it is unequivocal that fuel was lifted by the
sump pumps into the retention line but there was no record of operation of the sump pumps on the day
of the incident. Anecdotal reports from the day indicate that the fire alarm system in the tunnel was not
in alarm during this incident. Sequence of operation changes made during construction of project P-
1551 were supposed to interface the sump pumps with the fire alarm system such that they would not
operate without a fire alarm. As evidenced by fuel being found in the containment system piping, it
appears the installed sequence of operations does not match what is presented in the as-built drawings.

The fire alarm/mass notification (FA/MN) system does not, and is not required to, detect a fuel leak. It
only detects conditions that could occur because of a fuel leak - ignition (flame detection) and fire (heat
detection). Even with the manual pull stations provided, the normal procedure would not necessarily
include activation during a fuel leak without ignition, or threat of ignition.

The indirect mechanisms in place to automatically notify and annunciate on the FA/MN system included
the following auxiliary system interfaces:

e Fuel sump pump running at Door C-1; if sufficient fuel were to accumulate and cause the fuel levels
to activate the individual float switches provided to engage the associated pumps.

e  Fuel Sump pump running at Door 5; if sufficient fuel was able to travel this distance and cause the
fuel levels to activate the individual float switches provided to engage the associated pumps.

The fuel sump pump float switches and pump running status are monitored by the Digital Control
System (DCS). The DCS is the indirect mechanism that provides status inputs to the FA/MN for the
following conditions:

e Sump “X” High Level Float Switch (1 for each sump), note that the high sump level float switch is
located higher than all sump pump float switches in each sump pit.
e Sump Pump SP-Door-“X"-C1, 1 to 5 Pump Running (1 for each of the 5 pumps in each of the sumps)
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Given the amount of fuel believed to be released, and reported observations made by personnel
present during the leak, the sump pumps at Door C-1, at a minimum, accumulated enough fuel to
activate the float switch and start the fuel sump pumps running in that door’s associated sump pit.

The interface of the FA/MN system and the DCS occurs in two locations: at DCS cabinet DDC-9, near the
- entry point; and at DDC-1 in the Lower Tunnel Gaugers Office. The FA/MN system uses
addressable monitor modules to monitor the DCS outputs. At a minimum, the reporting addresses

associated with Door C-1 would be_ If any of the pumps

activate, its corresponding address should appear as an input in the FA/MN history log.

Based on our analysis of the provided system history log, there were no inputs from these nodes
(panels), much less these specific addresses, on the day of the leak event. It is not known as to why the
fuel sump pump running status did not annunciate on the FA/MN system. The history log did not
indicate any impairment of these associated panels on the day of the event. However, the fire
protection ITM program indicates multiple occasions of a period of years where the Kingfisher failed to
transmit signals to the Regional Dispatch Center.

B. November 21, 2021, Fuel Release Incident

A further fuel discharge occurred on November 21, 2021. This discharge was as a direct result of the
May 6 incident. On this day a low point drain on the 14-inch retention line was hit by a vehicle (or
something being carried on a vehicle) and broken. Fuel from the May 6 incident that remained in the
retention line was then released to the Lower Tunnel. This occurred in the Lower Tunnel below the oil
tight door. The only drainage in this area of the tunnel is directly to the groundwater aquifer.

The fuel from the retention line on November 21st appears to have been fuel that remained in the
retention line from the May 6th incident. Due to system design all low points need to be checked, not
finding fuel in the retention tank, or at the lowest point in the system is no guarantee that fuel is not in
the system because it will be retained at the first low point below where fuel enters the system, until
this low point is overcome and then it will accumulate at the next low point down the line. Due to the
low slope and large diameter of the retention line this can mean significant pockets of fuel are retained
at low points in the middle of the system.
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5. MAINTENANCE RECORDS REVIEW

UFC 3-601-02 7 October 2021 contains maintenance requirements for fire protection systems. It should
be noted that this UFC was updated after the project and the current fire protection maintenance
contract. Iltems that are new to this edition of the UFC are shown shaded in these tables. The
requirements for each system type are contained in sections A through |, there are no fire protection
testing requirements for the AFFF retention system.

A. Standpipe System

Hose outlets and FDCs inspection, test and maintenance is conducted with the wet pipe sprinkler
system. See Section C— Wet Pipe Sprinklers for more information.
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FIRE SUPPRESSION SYSTEM ASSESSMENT RED HILL BULK FUEL STORAGE FACILITY

F. Fire Department Connections

Hose outlets and FDCs inspection, test and maintenance is conducted with the wet pipe sprinkler
system. See Section C— Wet Pipe Sprinklers for more information

Part 1 — Site Assessment and Engineering Evaluation page 39
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FIRE SUPPRESSION SYSTEM ASSESSMENT RED HILL BULK FUEL STORAGE FACILITY

AFFF Retention System

There are no UFC 3-601-02 Fire Protection System Inspection, Testing and Maintenance requirements
for the retention system.

J.

Maintenance Records Summary of Findings

The review of the maintenance records highlighted the following issues:

1.

For most systems annual inspections are not being performed annually, typically these inspections
are happening on a 2-year cycle.

Items identified in an annual report as requiring repair were often re-identified in a follow-on annual
report (typically performed ~2 years later)— meaning that repairs were not made for more than 2-
years.

The Kingfisher Radio transmitter was identified on 11 annual test reports as not transmitting to the
Regional Dispatch Center. These incidents occurred on tests occurring over the period 10/19/2019
through 02/16/2022 — with 2 incidents in late 2019, 5 incidents in 2020, 2 incidents in 2021 and 2
incidents in early 2022. During this same period there were 11 fire alarm tests on other days in
which signals were reported as being received at the RDC — 2 tests in late 2019, 5 tests during 2020,
and 4 tests in 2021. Based on these results there appears to be only a 50% success rate in
transmitting signals to the RDC.

The testing documentation and tests being performed are based on NFPA 72 requirements, rather
than on the requirements of UFC 3-601-02.

To date no testing of Mass Notification specific panels has been incorporated into the testing
program. This is a new requirement of the October 2021 edition of UFC 3-601-02.
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FIRE SUPPRESSION SYSTEM ASSESSMENT RED HILL BULK FUEL STORAGE FACILITY

PART 2 - SUMMARY OF FINDINGS

1. FIRE PROTECTION SYSTEMS

Findings/recommendations for fire protection system repairs are as follows:

1. The hose valves are provided with pressure-regulating devices but were not provided with a valved
outlet for a pressure gauge to be connected. A valved outlet should be provided for each location
with a pressure-regulating device so a pressure gauge can be attached to verify the required
pressure is being provided.

2. Significant external pipe degradation was observed in the riser for Preaction System 3 due to the
constant dripping of ground water seepage into the riser closet and onto the piping. A ceiling
should be constructed in this room, like the metal ceiling constructed in other areas of the Lower
Tunnel, to stop water dripping in this room and the degraded riser piping should be replaced.

3. The fire department connections were not provided with signs indicating the system they served,
and the operating pressures required. An appropriate sign should be provided at each fire
department connection.

4. Asignificant number of fire alarm visual notification devices were over-spaced creating code
deficient conditions. These devices are spaced beyond the maximum distance allowed by NFPA 72
of 100 feet. This occurs at several intervals, where a device will be spaced 110 — 120 feet from the
previous device, and then 70 — 80 feet to the next device. There did not appear to be any field
conditions which would contribute to the extended spacing. Spacing of these devices should be
corrected so they are within the code required spacing.

5. There are also numerous fire alarm system device label errors, mostly of single, isolated devices,
that should be corrected.

6. All the explosion-proof fire alarm strobes located in the Tank Farm portion of the Lower Tunnel are
obstructed and violate NFPA 72. The code requires strobes to be visible by direct concentrated
viewing (i.e., you must be able to see the actual strobe lens from all parts of the corridor) to use
corridor spacing of minimum 15cd strobes mounted up to 100 feet apart. The strobes in this section
of the tunnel are mounted with the bottom of the strobe lens well above the adjacent pipe stand
structure and pipes. Personnel on the actual walking portion of the tunnel do not have a direct line
of sight to the strobes. The location of these devices should be corrected to allow viewing by tunnel
users.

7. The fire alarm Kingfisher Radio transmitter appears to be non-functional an inordinate amount of
the time. Further investigation is required to determine why the Kingfisher transmitter is not
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FIRE SUPPRESSION SYSTEM ASSESSMENT RED HILL BULK FUEL STORAGE FACILITY

continuously communicating with the Regional dispatch center. Design improvements/repairs are
required to ensure continuity of fire alarm signal transmission.

The sequence of operations of the fire protection and AFFF retention system is complex and there is
no operations manual that clearly illustrates the interrelation between these two systems. An
operations manual should be developed so that tunnel operators understand the operation of the
systems. To ensure the correct sequence of operations of these systems the fire protection and
AFFF retention systems should be recommissioned to confirm these systems are operating per the
requirements of the final sequence of operations.

If the facility were to be maintained in operational condition for continued fuel operations, then the

following additional items would be recommended:

1.

In numerous specific instances the as-built drawings do not accurately represent the installed
conditions. The as-built drawings across all disciplines should be updated to match actual installed
conditions.

There were also inaccuracies associated with equipment shown on the as built drawings not being
installed, or installed in a different orientation (i.e., mounting on wall instead of ceiling, or vice-
versa). Many of these examples involved duct-mounted smoke detection at smoke dampers,
usually where installation of this type of device was not possible. However, there was no
documentation indicating the required detection was exempted nor was spot detection provided at
the damper. Some of this may be attributable to the fact the drawings provided and reviewed
would not necessarily reflect changes associated with Revisions R and S (dated 21 June 2018) of the
design drawings, some of which affected systems monitored by the fire alarm and mass notification
system. The as-built drawings be updated to match installed conditions.

2. RETENTION SYSTEM

There are numerous improvements that could be recommended to the operation of the retention
system. However, at this stage with the established goal of ultimately taking the fuel storage tanks out
of service within the next 2-3 years any recommendations for significant alterations to the retention
system do not appear to be warranted. Confirmation of the correct sequence of operation of the
system, as recommended in item 8 above, should be performed.

3. FIRE PROTECTION SYSTEM MAINTENANCE

1.

A complete overhaul of the fire protection system maintenance program to align it with UFC 3-601-
02 requirements and better oversight to confirm timely ITM is being provided could be
recommended. However, at this stage with the established goal of ultimately taking the fuel storage
tanks out of service within the next 2-3 years any recommendations for significant alterations to the
fire protection ITM program does not appear warranted.
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PART 3 - RECOMMENDED BETTERMENTS

If the facility was to remain as an operational fuel storage facility our recommendations for betterments
are as follows:

1. Upgrades the AFFF retention system to permit the collection of effluent in the area outside-
under gravity flow should be made.

3. Establish a standalone ITM program for Red Hill. Due to the critical nature of this facility this
program should be funded and directly overseen by the Red Hill Facility managers independent of
any other ITM programs on the base.

The Scope of work listed achieving faster response by fire detection/protection systems as a potential
betterment. However, this would not appear to be warranted. The flame detection system installed is
reasonable quick with an adequate false activation rejection rate. There appears to be no significant
benefit, or obvious candidate, for a faster detection and fire protection activation.
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REQUIRES LATERAL SWAY
BRACING NO MORE THAN 6 FEET
FROM THE END OF BRANCHUNE.

PUMP HOUSE OVERHEAD FIRE SPRINKLER SYSTEM
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