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JOHN F. KENNEDY SPACE CENTER, NASA
FIRE PROTECTION DESIGN FOR FACILITIES, STANDARD FOR

1. SCOPE

1.1 Scope. This document establishes minimum fire protection standards to be
used Tn the design of new facilities and the modification of existing facilities
under the design jurisdiction of John F. Kennedy Space Center (KSC).

1.2 General. The requirements of this standard are based on existing
installations and acceptable practices in use at KSC. The designer should keep
in mind that cost effectiveness is a prime objective in the design of any fire
protection system. This objective can be accomplished only by giving serious
“systems engineering" consideration to all features of facility design.

In applying this standard, the following procedure is recommended: The user
should first Took up the summary data about a facility or usage area in the
requirements matrix in paragraph 3.5. The details of these requirements may
then be determined by referring to paragraphs 3.1 through 3.3 as indicated at
the head of the columns of the matrix.

NOTE

Paragraph cross references appear throughout the
requirements sections. The user is cautioned to
read all referenced paragraphs in order to gain a
full understanding of the relationships between
various fire protection considerations.

1.3 Basic Goals of KSC Fire Protection. The designer should be governed by the
general consideration that fire protection features are required in KSC facilities
to accomplish the following goals, listed in order of importance:

a. To safeguard human 1ife and prevent injury to personnel

b. To preserve critical launch and landing equipment and facilities

c. To protect valuable materials, equipment, and records

d. To minimize/prevent fire damages to KSC facilities
The order of importance of KSC fire protection goals differs from that applicable
to nonfederal government agencies. NASA-KSC, as an agency of the Federal
Government, is self-insured and functions as "the authority having jurisdiction"

in the interpretation and enforcement of existing nationally recognized codes
and standards such as the National Fire Codes, The Southern Building Code, and
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various Underwriters' Laboratories, Inc. standards. Deviations from stated or
implied requirements and, in some instances, more restrictive and stringent -
interpretations of these industry codes and standards are necessary in order to

maintain the management risk factor (possible loss of 1ife and property by fire)
to a level considered reasonable and economically feasible. In no cases, however,
will any deviations result in reducing minimum protection of NASA-KSC facilities.

1.4 Description of KSC Fire Protection. Fire protection, as practiced at NASA-
KSC, 7s made up of six basic elements, each performing multiple functions (see
figure 1). Three of these elements -- Fire Detection and Alarm, Fire Control
and Extinguishment, and Fire-Resistant Construction -- constitute the scope of
this standard.

1.4.1 Fire Detection and Alarm. This is defined as "Systems which monitor or
supervise conditions within specific areas to give prompt and timely warning of
fire or incipient fire." These systems are required to perform one or more of
seven functions at KSC:

a. Sound a local general alarm to initiate evacuation

b. Summon fire fighting aid

c. Actuate fire-suppression systems

d. Monitor normally unmanned areas

e. Initiate shutdown of equipment and start protective measures

f. Monitor the condition of fire alarm systems

g. Monitor the condition of fire-suppression systems
1.4.2 Fire Control and Extinguishment. This element is defined as "Fixed systems
and portable equipment located within or adjacent to areas of potential fire for

immediate use in control, suppression, and extinguishment of fire." These systems
are required to perform one or more of the following functions at KSC:

a. Aid the escape of personnel from high hazard areas
b. Control spread of fire
c. Extinguish fires

d. Prevent fires of flammable fluids by inertion, chemical blocking,
dilution, dispersion, and cooling

e. Provide exposure protection from nearby fires
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1.4.3 Fire-Resistant Construction. This element is defined as "Facility
construction and arrangement considerations directed toward personnel protection
and minimization of damage by fire." Facility design must provide the following -
basic features at KSC:

a. Basic fire resistant construction

b. Adequate egress routes

c. Flame, heat, and smoke barriers

d. Access for fire-fighting equipment

e. Impounding ponds and flammable liquid dikes

f. Smoke and heat removal

g. Inertion/hazard-proofing of electrical equipment

NOTE

The following basic elements are not covered in
detail within the scope of this standard. They
are included by title and definition to complete
the overall description of KSC Fire Protection.

1.4.4 Launch Effect Systems. Systems within this element are unique to launch
facilities and static test stands. They are defined as "Special systems which
provide damage protection from launches and tests." Their functions are to
minimize the degree of damage, the cost, and the time required to refurbish the
Taunch pad or test stand. Characteristically, these systems are high-volume,
short-duration water-spray systems. Ablative coatings and special paints are
also used for equipment beyond the reach of effective water spray.

l.4.5 General Fire Fighting and Rescue. This element is defined as "The
organization and maintenance of equipment and trained personnel to control and
extinguish fires and effect rescue of personnel and equipment." Its function
is the rapid and effective application of available resources for fire fighting,
rescue, and other related activities. Essentially, this element of fire
protection is provided by the equipment and personnel of the KSC Fire Services.

1.4.6 Fire Prevention and Fire Safety. This element is defined as "Those
measures directed toward avoiding the inception of fire." Generally, these are
the activities of the safety department and of the fire services when not fighting
fires, and they include the performance of at least six functions at KSC:

a. Housekeeping

b. Training (non-professional base personnel)
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c. Hazard monitoring
d. Maintenance and validation of fire equipment
e. Routine inspections
f. Fire drills and alerts
2. APPLICABLE DOCUMENTS
2.1 Governmental. The latest revision of the following

documents form a part of this standard to the extent referenced
herein:

2.7.1 St andards.

National Aeronautics and space Administration (NASA)

NHB 7320.1 Facilities Engineering Handbook

NSS/FS-1740.3 NASA Safety Standard for the Fire
Protection of Essential Electronic
Equipment Operations

Kennedy Space Center(KSC)

KSC-STD-S-0004 Color Coding of Fluid System
Piping

KSC-STD-E-0002 Hazard Proofing of Electrical
Equipment

(Copies of NASA and KSC specifications, standards, drawings, and
publications may be obtained from the KSC Library, Specifications
and Standards).

2.17.2 Other Publications.

H
i
u. S. Department of Commerce *

RP-1 Standard Practice for the Fire
Protection of Essential Elec-
tronic Equipment Operations
(Applications for copies should ge addressed to the Superinten-
dent of Documents, U.S. Government Printing Office, Washington, D.C.
20402), :

!

2.2 Non-Governmental. The latest revision of the following documents forms a
parts of this standard to the extent referenced herein:

5
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National Fire Protection Association (NFPA)

National Fire Codes, A1l Volumes
Fire Protection Handbook

(Applications for copies should be addressed to the National Fire Protection
Association, Batterymarch Park, Quincy, Massachusetts 02269)

Southern Building Code Congress International, Inc.

SBC Southern Building Code

(Applications for copies should be addressed to the Southern Building Code
Congress International, Inc., 900 Montclair Road, Birmingham, Alabama 35213.)

Underwriters' Laboratories, Inc.

No. 864 Control Units for Fire Protection Signaling
Devices

No. 246 Hydrants for Fire Protection Service

No. 448 Pumping Equipment for Private Fire Service

- Approved Equipment Lists

(Application for copies should be addressed to the Underwriters' Laboratories,
Inc., Publications Stock, 333 Pfingsten Road, Northbrook, I11inois 60062.)

American National Standards Institute, Inc.

All7.1 Specifications for Making Buildings and
Facilities Accessible to and Usable by
Physically Handicapped People

(Application for copies should be addressed to the American National Standerds
Institute, Inc., 1430 Broadway, New York, New York 10018.)

3. REQUIREMENTS

3.1 Fire Detection and Alarm Systems.

3.1.1 Fire Alarm System - General. The fire alarm system at KSC is comprised
of local Fire alarm systems and a centerwide fire monitoring system. Local fire
alarm systems are installed in the majority of KSC buildings and aboard the
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mobile launch structures. The centerwide fire monitoring system
is installed to monitor the local fire alarm systems and is de-
signed to accept signals from the mobile launch equipment at
selected interface points.

3.1.2 Llocal Fire Alarm Systems. Local fire alarm system com-
ponents (including detectors, signaling appliances, manual fire
alarm stations, and control units) shall be designed and install-
ed in compliance with NFPA regulations 72A, 72D, and 72E and the
requirements of this standard. Where the requirements of this
standard and the referenced standards conflict, the requirements
of this standard shall govern.

The components comprising a local fire alarm system shall consti-
tute a unified system for proper operation. New fire alarm
system components shall be compatible with the existing equip-
ment in use.

3.1.2.1 Fire Alarm Zones. Alarm initiating devices installed

in multistoried buildings or selected building groups shall be
zoned for fire reporting purposes. Where alarm-initiating devices
are zoned, the local fire alarm system shall contain an annunci-
ator panel located in an entrance lobby or in a location
designated by the KSC Fire & Rescue Branch. Zoning and require-
ments for the number of zones reporting to the centerwide fire
monitoring station shall be consistent with the hazard involved,
based on an engineering survey. Alarm systems shall be zoned to
sound alarm devices within a building as directed by the KSC NASA
Branch having design responsibility in consultation with fire
protection and rescue management.

3.1.2.2 Fire Alarm Subsystems. Local fire alarm systems in-
stalled in a group of buildings, trailers, or in areas where a
high-hazard fire potential exists should be centralized in a
common subsystem and would be reported on a common lamp-type
annunciator and control unit. The annunciator shall be so locat-
ed as to immediately alert occupant personnel of the fire condi-
tion. Fire alarm signals shall be reported by individual hazard
area or building to the centerwide fire monitoring equipment.

3.1.2.3 Auxiliary Fire Detection Systems. Fire-monitoring
systems installed for monitoring a particular hazard, such as
systems using hydrogen and hypergolic fuel leak detectors or in-
frared, ultraviolet or hot-wire flame detectors are of a special-
ized nature and are not within #he scope of this standard.

3.1.2.4 Ffire Control and Extinéuishing System Reporting.

Except for Halon 13071 systems, circuit shall be installed be-
tween the actuating devices of a fixed fire control and extin-
gquishment system and the local fire alarm system, as part of the
local fire alarm system, to report the activation of that fixed
system. This circuit shall be connected finto the alarm initiating circuit for
the area in which the control and extinguishment equipment is installed. Halon
30 extinquishing systems shall meet *the requirements of paragraph 3.2.7.8.3.
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3.1.2.5 Installation of Local Fire Alarm Systems in Hazardous Areas. Local
fire alarm systems installed in hazardous areas shall comply with Article 500,
Hazardous Location, of the NFPA No. 70 (NEC).

3.1.2.6 Control Units. Control Units shall be Underwriters' Laboratories, Inc.
(UL)-Tisted or Factory Mutual Engineering Division (FM)-approved as a non-coded,
continuous-ringing fire alarm system. Basic units that are so approved but
require modification by the manufacturer to the extent that the unit becomes a
one-of-a-kind item may be approved by the authority having design jurisdiction.
Such approval shall be dependent on the submittal by the manufacturer of
certification that the unit complies with the intent of Underwriters' Laboratories
Standards for Safety UL-864, "Control Units for Fire Protection Signaling Devices"
and the requirements of this standard.

Control units shall be NFPA No. 720 with Class-A supervised circuitry which
‘will allow the receipt of an alarm signal over a trouble condition of the ini-
~tiating circuit. The local control unit shall provide the centerwide fire monitoring
equipment with a normally open alarm contact and a normally closed trouble contact
for each zone of alarm initiating devices. The control unit shall contain, as
necessary, the components and circuitry required for operation of an annunciator
for monitoring and supervising auxiliary fire detection systems and for air
handling equipment and ventilating fan control. Test switches, alarm-silencing
switches, and other local fire alarm system control devices shall be Tocated
within the control unit and shall be accessible only by unlocking and opening
the unit. Control unit enclosures shall be dust-proof, have a hinged cover, and
be provided with an integral key lock which will accept the KSC-specified lock
cylinder.

Power for the control unit shall be supplied from the most reliable source in
the local facility and shall have a backup source of power either from an
automatically switched alternate source or from a battery supply. Interruption
of the main source of power shall cause & trouble signal to be sent to the
centerwide fire monitoring system. For buildings having a single source of
power, the Tocal fire alarm system shall be connected on the 1ine side of the
main service disconnect of the building, with separate transformer and disconnect
switch as required, in accordance with NFPA No. 70 (NEC). Disconnect switches
shall be equipped with a dual element, high-interrupting-capacity fuses. Limited
access provisions shall be incorporated with the ¢ircuit disconnecting devices,
and it shall be permanently identified by placard and shall be painted red to
preclude inadvertent operation by unauthorized perscnnel.

Storage batteries shall be located or enclosed so that the control unit equipment

and wiring will not be affected adversely by battery gases. If the power supply

to the charger is disconnected, the battery shall be capable of operating the
control unit in normal supervisory condition for 24 hours minimum. Alarm-signal
receipt during battery backup operation will cause an alarm signal to be sent -
to the centerwide fire monitoring station and will sound the local alarm signaling
appliances for 5 minutes minimum.
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3.1.2.7 Local System Annunciators. Local system annunciators of
the combination annunciator/control-unit type or the separate re-
mote-annunciator type shall consist of a lamp-type display unit
with alarm signals indicted by red lamps and trouble signals by
white or amber lamps. Flashing versus continuous illumination of
lamps for the purpose of distinguishing between trouble and alarm
signals is not acceptable. The annunciator shall be equipped with
a test switch to test all lamps. Location of the annunciator
panel shall be specified by the authority having design juris-
diction after consultation with the KSC fFire Protection and
Rescue Management.

3.1.2.7.1 Combination Annunciators/Control Unit. Annunciator
units which perform control functions or provide alarm initiation
or other external circuits shall meet the requirements of 3.1.2.6
and 3.1.2.7.

3.1.2.7.2 Remote Annunciators. Local system remote annuncia-
tors shall meet the requirements of 3.1.2.7 and shall consist of
a back-lighted, lamp-type display unit with windows suitable for
engraving the zone or area identification information.

3.1.2.7.3 Detector Annunciators. The alarm-indicating lamps of
products-of-combustion-type detectors located above ceilings,
under raised floors, and in other concealed areas, shall be in-
stalled in locations readily visible and accessible to the Fire
Department. Remote indicators shall be logically grouped, by
zone or area, and displayed on a common annunciator. The annunci-
ator shall be mounted in or on the wall of a major hall or
passageway. The annunciator shall be of the graphic-display type
or shall have a graphic locator posted adjacent to it. Location
of the annunciator panel shall be specified by the authority hav-
ing design jurisdiction after consultation with the KSC Ffire
Protection and Rescue management.

3.17.2.8 Circuitry. Local fire alarm system circuitry external

to the control unit shall be installed in accordance with NFPA
No. 70 (NEC) and NFPA 72D. All wiring shall be continuous be-
tween system components such as detectors, bells, control units,
and manual pull stations. Splices, solder connections, or other
type connections are not acceptable. Alarm initiating circuits
shall be double-loop systems, color coded with one black loop and
one blue loop. Series wired alarm signaling circuits shall have
both wires colored red; parallel wired alarm signaling circuits
shall use a red wire for the positive leg and orange wire for the
negative leg. Each alarm initiating circuit shall be individ-
ually and independently arranged so that an open circuit, a
ground, or an open circuit and a ground occurring at the same
time in the same circuit will not prevent the transmission of a

-
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clear and intelligible alarm signal before the trouble is
cleared. The performance of the initiating device circuits shall
be Style 'D' as defined by NFPA 72D 1983 edition. Signaling line
circuits which meet the performance requirements of Style 7 NFPA
72D 1983 edition are acceptable and preferred but are not man-
datory.

3.1.2.9 Automatic Fire Detectors. Detectors installed in local
fire alarm systems shall be UL listed or FM approved and shall
meet the requirements of NFPA No. 72E. Detectors approved for use
at KSC are heat-actuated fixed-temperature, combination fixed-
temperature and rate-of rise, rate-compensated, and products-of-
combustion type.

3.1.2.9.1 Fixed-Temperature Detectors. Fixed-temperature de-
tectors shall be nonrestoring eutectic-metal type. Eutectic
metals, alloys of bismuth, lead, tin, and cadmium which melt
rapidly at a predetermined temperature shall act as a sclder to
secure a spring under tension. When the element fuses, the
spring action shall close a set of contacts. Fixed temperature
ratings shall be 190 degrees F for detectors installed in high
ambient temperature areas such as boiler rooms and 136 degrees F
for all other installations.

3.1.2.9.2 Fixed-Temperature, Rate-of-Rise Detectors. The
fixed-temperature element of the combination fixed-temperature,
rate-of-rise detector shall be as described in 3.1.2.9.1. The
rate-of-rise contacts shall close when the rate of temperature
rise exceeds 15 degrees F per minute. Detectors of this type
must be able to withstand repeated tests of the rate-of-rise
feature.

3.1.2.9.3 Rate-Compensated Detectors. Rate-compensated de-
tectors actuate at a predetermined maximum temperature with
compensation for rapid changes in the rates of temperature rise.
The detector shall be rated 140 degrees F unless otherwise speci-
fied by the authority having design jurisdiction.

3.1.2.9.4 Products-of-Combustion Detectors. Products-of-com-
bustion detectors shall be the ionization type with dual ioniza-
tion chambers and the necessary related amplification circuits.
The unit shall have a field-adjustable sensitivity range to com-
pensate for various environmentg such as under-floor or ceiling
installations, etc. The detector shall contain an alarm-indicat-
ing light. The detector shall fespond in advance of visible
smoke, flame, convected, or rad?ated heat due to combustion.

3.1.2.9.5 Spacing and Location of Detectors. The recommended
spacing of detectors in UL listings and manufacturers' catalogs
|4
1]

¢
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is maximum and shall be used only in areas having smooth ceilings
and minimum fire-hazard potential. The maximum areas to be pro- .
tected by products-of-combustion-type detectors are 500 sq ft for
detectors mounted under raised floors and 900 sg ft for ceiling-
mounted detectors. The maximum area for combination and fixed
temperature rate-of-rise detectors is 2500 sq ft. The maximum
area for fixed-temperature-type detectors is 225 sq ft. Detec-
tors shall be located in all rooms, halls, storage areas, base-
ments, tunnels, stairways, work areas, janitor closets, equipment
rooms, and other subdivisions of a building unless protected by
an automatic fire extinguishing system. Detectors installed
under raised floors shall be mounted in an inverted position.
Overhead detectors shall be mounted directly on ceilings where
practical. In no case shall ceiling-mounted detectors be mounted
greater than 24 inches from the highest ceiling surface. The
location of product-of-combustion type detectors shall be based
on an engineering survey conducted in accordance with the NFPA
No. 72E. An engineering survey shall be conducted by the in-
stallation contractor to ensure a reliable signal in the event

of smoke in any portion of the protected area. The resultant
analysis shall establish the location and spacing of product-of-
combustion detectors based upon air velocity and travel and
diffusion or stratification of smoke in a typical area cross
section. Prior to installation of any equipment, the contractor
shall report his findings, together with a statement including
all other factors or methods used to determine location and spac-
ing of detectors, to the design authority for approval. Accep-
tance of this report does not relieve the installation contractor
of the responsibility for reliable system operation. The con-
tractor shall perform operational tests necessary to verify smoke
detection within the entire protected area prior to system in-
stallation acceptance.

w- o

“ o
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3.1.2.10 Manual Fire Alarm Stations. Manual fire alarm stations shall be UL
listed or FM approved, and their construction shall be such that a tell-tale
glass or plastic rod or wire seal is broken during actuation of or tampering -
with the station. Hammer-and-glass or palm-plunger-through-glass types are not
acceptable. Each station shall have provision for authorized personnel to use
an appropriate tool to gain entrance to the interior of the station without
actuating the station.

Design of manual stations shall incorporate an internal toggle switch rated for
both ac and dc and factory-wired to a terminal block for field connections. In
areas classified as hazardous because of the presence of hydrogen, class 1,
division 1, group B UL-listed or FM-approved switches are required. Stations
shall not be resettable without the use of a key-wrench or other tool except for
the above described class 1, division 1, group B switches which shall be enclosed
in a red sheet metal or plastic housing having provision for a plastic or wire
seal.

A manual fire alarm station shall be installed as required by NFPA No. 72A and
mounted adjacent to each normal egress exit from a building and every life safety
exit from each floor in multi-storied facilities. Buildings having large bays
or open areas shall have stations located so that it is not necessary to travel
more than 200 feet to reach a station from any normal work area. Buildings
having outside machinery rooms with solely exterior ingress/egress shall be
provided with manual fire alarm stations not more than 200 feet outside the
machinery room exit. In nazardous areas, stations shall be located so as to be
accessible along evacuation routes. In propellant storage areas, stations shall
be located throughout the area, based on an engineering survey.

3.1.2.11 Alarm Signal Appliances. Alarm signals shall be distinctive enough
that they cannot be confused with other signals in the area. Fire alarm signals
shall not be used for any other purposes. In general, alarm bells shall be
electric solenoid-operated, plunger-type, vibrating, no-contact, under-dome
alarm-indicating devices not less than 10 inches in diameter. Series-connected
bell circuits are preferred, but parallel connected bell circuits (where
electrical supervision of the bell coils is not provided) may be installed
provided two bells are installed in each space so that loss of one bell will not
leave the space without audible alarm. In areas of severe noise levels where
occupants wear protective ear devices, revolving beacons or other adequate means
of visible signaling shall also be provided. A beacon or flasher must always
be used in conjunction with, never substituted for, a bell or horn.

NOTE

The use of a modulating tone or "warbler" horn is
not acceptable, since this tone is already in use
at KSC as a general evacuation signal.

12
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Alarm signaling appliances shall operate continuously until reset. These
appliances shall be located throughout the building or facility so that they may
be clearly heard or seen regardless of maximum noise level or obstructions. All -
appliances shall be UL listed or FM approved.

3.1.2.12 Visual Alarms. The requirement for visual alarms shall be determined
by the authority having design jurisdiction. If provided, electrically powered
internally illuminated emergency exit signs shall flash as a visual alarm in
conjunction with audible alarms. The flashing frequency of visual alarm devices
shall be less than 5 Hz and more than 1 Hz. Reference American National Standard
All7.1 for specifications for making buildings and facilities accessible to and
usable by physically handicapped people.

3.1.3 Centerwide Fire Monitoring System. The centerwide fire monitoring system
consists of monitoring equipment providing a central gathering point for alarm
and trouble signals from each local fire-alarm-system, initiating device circuit.
Additions and modifications to the centerwide fire monitoring system shall be
in accordance with NPA No. 72D.

3.2 Fire Control and Extinguishment.

3.2.1 Egress Aids. Successful escape from high-hazard fire is one of the prime
goals of KSC Fire Protection. Within the element of Fire Control and
Extinguishment, two egress aids are employed, i.e., water spray and fixed
extinguishing system actuation warning.

3.2.1.1 Water Spray. In high-hazard work areas and where the egress route is
considered complicated (see definitions, section 6.2), water spray shall be
provided to aid egress by:

a. Providing a screen against radiant heat through which personnel may
move easily

b. Producing an evaporative cooling effect of the air into which it is
sprayed

c. Wetting the skin and clothing of the escapee to cool and dilute any
propellant contaminants on the skin

The minimum spray rate shall be 0.2 gpm/sq ft of egress path, over a width of 6
feet and height of 8 feet, up to the first heat barrier (such as a platform
bulkhead). A like amount shall be sprayed along the prescribed egress route
beyond the first heat barrier for a minimum distance of 20 feet or to an area
of refuge. The pattern of nozzles employed must provide the minimum required
horizontal and vertical coverage in areas when subjected to wind and draft
effects. The egress aid spray system shall be activated with the fixed fire
extinguishing system serving the hazardous area.
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3.2.1.2 System Actuation Warning. In areas where fixed fire extinguishing
systems present a safety hazard to occupants, warning signs and alarm signaling
appliance shall be provided. Audible alarm devices shall be of the style and -
type as set forth in 3.1.2.11. These audible alarms shall be activated with the
fixed fire extinguishing system and shall have delay periods as described herein.

3.2.1.2.1 Deluge Systems. Concurrent with the actuation of the fixed fire
extinguishment system, a warning alarm shall be sounded in all areas served by
that system. Built-in delays in deluge systems, including preprimed,
millisecond response systems, are not permitted.

NOTE

Except for millisecond response systems, the time
for deluge valves to open, fill the lines to the
spray heads, and develop a spray pattern allows
sufficient time for personnel to take appropriate
action.

3.2.1.2.2 Inerting/Extinguishing Agents Other Than Water. Where the agent
presents or produces a suffocating potential or impairs visiblity (CO,, Dry
Chemical, Foam, GN2 or Halon 1301), a warning device shall be sounded in all
areas served by the system prior to (or upon) delivery of the agent into the
area. An actuation delay period, if any, shall be determined after considering
the following:

a. The safety hazard to occupants

b. The evacuation routes available to occupants

c. The risk to the facility and contents

d. The risk to nearby personnel and adjacent facilities
The delay time used shall be approved by the authority having design jurisdiction.
3.2.2 Safety and Rescue Aids. The facility designer shall make provision for
the installation of safety showers, basket stretchers, 1ife lines, oxygen

rebreather apparatus, and other equipment as directed by the authority having
design jurisdiction.

NOTE

The selection and placement of safety and rescue
aids are within the responsibility of the KSC Fire
and Safety Departments and outside the scope of
this standard. The necessary cabinets, racks,
water suppiies, wall niches, etc., to be provided

14
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are, however, within the scope of this standard.
Provisions for installation of this type of
equipment is considered a part of the facilities
fire protection design.

3.2.3 Fire Classes. Fire hazards at KSC are divided into the following four
major c]assifications which follow those defined in NFPA No. 10.

3.2.3.1 Class A - Ordinary Combustible Solids. Fires in ordinary combustible
materials such as wood, cloth, paper, rubber, and many plastics.

3.2.3.2 Class B - Flammable Liquids and Gases. Fires in flammable liquids,
gases, greases, tars, o1l-base paints, and lacquers.

3.2.3.3 Class C - Electrical Fires. Fires which involve energized electrical
equipment where the electrical nonconductivity of the extinguishing media is of
importance (when electrical equipment is deenergized, extinguishers for Class A
or B fires may be used safely).

3.2.3.4 Class D - Combustible Metals and Extinguishing Agent Reactive Materials.
Fires in combustible metals such as magnesium, titanium, zirconium, sodium,
potassium, and Tithium (see also 3.2.5.5).

3.2.4 Fundamentals of Extinguishment. KSC fire protection philosphy recognizes
four extinguishing methods which may be employed singly or in combination
depending upon the fire class and agent(s) available.

3.2.4.1 Cooling. Cooling is the most widely used and, in the case of fires in
ordinary combustible materials, the most effective means of extinguishment.
Extinguishment occurs when the surface of a burning material is cooled to a point
where it ceases to release enough vapors to maintain a combustible mixture in
the combustion zone. The efficiency of an extinguishing agent as a cooling
medium depends upon its specific and latent heats. OCne reason for the
effectiveness of water as an extinguishing agent is that its specific and Tatent
heats are higher than those of other extinguishing agents. Heat is carried away
from a fire by radiation, conduction, and convection as well as being absorbed
by the cooling agent. It is standard procedure to ventilate a fire as a fire
control aid. Products of combustion, incliuding heat, are thus removed from the
fire area, and, at the same time, some of the unburned combustible vapors or
gases are removed. Inert dusts, and, to some extent, inert gases, through heat
absorption also have a cooling effect on the fire.

3.2.4.2 Fuel Isolation, Dilution, or Emulsification.

3.2.4.2.1 Fuel Isolation. Fuel isolation is the simplest means by which fire
may be extinguished, i.e., isolating the combustible material from its source
of oxygen. This method is most effective where fuel shutoff is possible.

15
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Similarly, various foams may be applied to form a barrier blanket to separate

the fuel from its source of atmospheric oxygen. In the case of Class D fires,
special agents may be applied to form an isolating crust to separate the fuel

from its oxygen source.

3.2.4.2.2 Fuel Dilution. Fuel dilution is an effective means of extinguishment
in cases where a flammable Tiquid fuel is water soluble. The concentration of
combustible material is reduced by dilution to a point below its flammable 1imit.
This method has the added advantage of lowering the toxic concentrations in fires
involving the hydrazine-based fuels.

3.2.4.2.3 Fuel Emulsification. Fuel emulsification is employed in cases where
the fuel is not soluble in water but will form an emulsion with water. The
agitation of the fuel with water forms an incombustible surface which produces
the same net effect as that of dilution.

3.2.4.3 Oxygen Displacement. This method differs from fuel isolation (3.2.4.2.1)
in that the availabiTity of oxygen to the fuel is diminished or eliminated rather
than isolating the fuel from any oxygen source. Although the effect of the two
methods is the same, the effectiveness of agents and their application varies
widely. Generally, oxygen displacement is an effective means of extinguishment
for small Class A, B, and C fires. However, the problems of maintaining an inert
atmosphere in the open or around large fires usually preclude the use of agents
which extinguish by this method. Successful extinguishment requires that the
oxygen-displacement atmosphere be maintained long enough for the combustible
material to cool below its self-ignition temperature as well as that of other
potential ignition sources. This method has limited value in cases where the
combustible material has a hot ember stage. This method is of no value in cases
of materials which contain their own oxygen supply. Agents which have high molal
heats, such as C02 and Halon 1301, are the most effective in displacing oxygen.
(Molal heat = specific heat x molecular weight.) Thermal conductivity of inert
gases is a factor of secondary importance; gases with relatively high conductivity
are more effective.

3.2.4.4 Chemical Blocking. This method refers to the flame inhibition which
occurs when halogenated hydrocarbons, alkali metal salts, or ammonium salts are
introduced into the combustion process. Upon injection of these substances into
flames, the substances thermally dissociate into their anionic and cationic "free
radicals" and catalyze the union of the OH and H combustion reaction "chain
carriers,” thereby mitigating their influence upon the continuation of the flame.
By this action the flame becomes inhibited, and extinguishment is accomplished
when proper amounts of the agents are applied.

3.2.5 Extinguishing Agents. The KSC fire protection philosophy regarding
extinguishing agents 1s that the number of different agents used will be held
to a minimum. The designer should endeavor to work with the agents and techniques
already in use at KSC as Tisted herein. As newextinguishing agents or application
techniques develop and are proven, consideration will be given their use at KSC.
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The final choice depends largely upon the effects of the agent and a full
evaluation of the property to be protected.

3.2.5.1 Water. Water is applied by three methods at KSC and usually is the
best choice for Class A or B fires (see table 1).

Table 1. Water as an Extinguishing Agent

Method of Application Usual Class of Fire Usage
Hose Streams A, B
Sprinklers A, C

A, B, C

Deluge Systems

NOTE

The use of water in any form on Class C fires is
subject to a full evaluation of the hazard, the
equipment involved, and the inherent risks to
personnel.

3.2.5.2 Foam. Selection of ingredients for foam systems must be based on the
fuel present to ensure compatability and effectiveness.

3.2.5.3 Gases. Three gases are used at KSC as extinguishing agents: carbon
dioxide (TOz), bromotrifluoromethane (Halon 1301), and nitrogen (GN3).

3.2.5.3.1 C0p. (02 is generally the most practical agent in use to extinguish
small Class B and C fires, especially indoors where wind effect is minimized.
CO2 from both portable and fixed systems, because it is nonconductive, is the
most commonly used agent against non-deep-seated Class C fires. An attractive
characteristic of CO, is the Tack of cleanup and damage to equipment. In cases
of deep-seated electrical fires, total-flooding CO, systems are usually required
to effect estinguishment.

3.2.5.3.2 Halon 1301. Halon 1301 is effective against Class A, B, and C fires.
Because of its high cost, however, its use at KSC should be carefully evaluated
in relationship to other equally effective but less costly agents. Refer to
NASA NSS/FS-1740.3 and U. S. Department of Commerce RP-1 for guidance.

3.2.5.3.3 Nitrogen. Gaseous nitrogen is used primarily in hazard-proofing

electrical equipment enclosures and is not commonly used at KSC for
extinguishment. The use of a nitrogen flooding system may, however, be considered
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where a generous supply of nitrogen exists in the area to be protected and where
oxygen displacement is the only feasible and practical means of extinguishment.
(See 3.2.7.5.3.)

3.2.5.4 Dry Chemicals. The dry chemical agents in use at KSC are sodium
bicarbonate, potassium bicarbonate (Purple K) and monoammonium dihydrogen
phosphate (MDP). A1l of these agents are effective in Class B and C fires, while
MDP is also effective in Class A fires. Extinguishment is achieved solely by
the chemical blocking method and little cooling effect takes place. This lack
of cooling effect and the resulting re-ignition hazard from hot surfaces Timits
the use of dry chemical at KSC to portable equipment, small fires, or suitably
sized fixed systems.

3.2.5.5 Special Purpose Agents. The use of special purpose agents at KSC 1is
limited to Class D fires. 1he selection, location, and application of special
agents against these hazards are within the responsibility of the KSC Fire
Services.

3.2.6 Extinguishing Agent/Method/Fire Class Matrix. The extinguishing methods
and fire classes previously discussed are shown in graphic form to illustrate
the relationships between various agents in use at KSC, their extinguishing
methods, and the class or classes of fires against which they are effective.
(See figure 2.)

3.2.7 Extinguishing Systems.

3.2.7.1 Standpipes and Hose Systems. The design of standpipes and hose systems
shall conform to NEPA No. 14. Standpipes shall be pre-primed type. Standpipes
are required for the following types of facilities and areas:

a. In buildings either four or more stories in height or 75 feet or more
above grade

b. On each side of any stage arranged or intended for use with movable
scenery, rigging, loft, etc.

c. In large areas such as warehouses and storage buildings where there is
a heavy concentration of combustibles

d. Windowless or underground buildings having unbroken lengths or blank
walls, or buildings where the dimensions are such that all areas cannot
be reached by large hose lines not exceeding 300 feet in length when
supplied from exterior hydrants or fire-department pumpers

e. On each service structure level in the working area and on that same
level immediately outside of the first heat barrier, preferably along
the egress route; hoses shall be of sufficient length to reach all
portions of the platform. (See 3.2.8.5.2.)
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f. When specified by NFPA No. 101

g. Additions to the foregoing will be based on the following considerations:
(1) Area
(2) Height

(3) Interior partition arrangement being such as to make it difficult
to extend exterior fire-hose lines to provide adequate service to
all areas in the building

(4) Combustibility of contents
(5) Automatic sprinkler protection

(6) Isolated buildings located beyond the range of organized fire-
department service with consideration given to type of
construction, class of occupancy, and importance of facility

3.2.7.1.1 Size and Interconnection. Standpipes shall be sized based on complete
hydraulic calculations based on the maximum water flow of all fire protection
devices connected at any one floor or platform level served by that standpipe.
Standpipes exceeding 75 feet or four stories in height shall be at least 6 inches
in diameter. Others shall be at least 4 inches in diameter. Multiple standpipes
in a facility shall be interconnected.

3.2.7.1.2 Number of Fire Department Connections. All standpipes shall be
equipped with a fire department connection. Interconnecting piping for standpipes
in buildings facing more than one street shall have at least two fire department
connections, each located so as to be readily accessible from the facing streets.
Mobile launch support structures shall have at least two fire department
connections located on opposite sides of the structure and arranged so that they
are accessible regardless of structure location. (See 3.2.8.4 and 3.2.7.3.5.)

3.2.7.1.3 Capacity. Standpipe shall be sufficient to provide the capacity and
pressure requirements as set forth in N PA No. 14. The minimum quantities shall
be as set forth in table Z.
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Table 2. Hosestream Flow Requirements
Light and Ordinary Hazards*

Unsprinkled Sprinkled
Facility Facility
Fire Resistive, | Frame, Fire Resistive, | Frame,
Height and N.C. (Masonry), | N.C. N.C. (Masonry), | N.C.
Fire Area Ordinary, and (A1 Ordinary, (A11
(net sq feet) | Heavy Timber Metal) Heavy Timber Metal)
1 story (gallons per minute)
0-10,000 750 1250 250 250
10,000-20,000 1000 1750 250 250
20,000-80, 000 1250 2500 250 500
Multi-Story
0-10,000 1000 2000 250 500
10,000-20,000 1250 2500 250 500
20,000-80, 000 1750 3000 500 750

*txtra hazards require hose streams 50 percent greater than those shown

3.2.7.1.4 Hose Connections. Standpipes shall be equipped for Class III service
(as defined in NFPA No. 14). At KSC, the standard Class III arrangement shall
be:

A standpipe shall be located in each stairwell with valve, rack, and hose
at each floor or platform Tevel lTocated outside the stairwell where possible.
The hose connection shall be one 2-1/2-inch valve with 2-1/2-1nch NST threads
fitting with a 2-1/2 by 1-1/2-inch adapter fitting.

3.2.7.1.5 Hose. Hose shall be 1-1/2-inch woven Jjacket, rubber-lined type and
shall not exceed 100 feet in length. Hose shall be UL listed.

3.2.7.1.6 Hosé Nozzles. Nozzles shall be combination spray, straight stream,
shutoff type and shall be UL listed or FM approved.

3.2.7.2 Sprinkler Systems. The design of sprinkler systems shall conform to
NFPA No. I3 and NPA No. 231C. Sprinkler systems at KSC shall be of the wet-
pipe type, preaction type or the deluge type as defined by NFPA No. 13. Wet-
Pipe sprinkler systems utilizing approved on-off-type sprinkler heads are the
standard means of protection for essential electronic areas (NASA NSS/FS-1740.3).
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A1l piping, valves, sprinkler heads and related accessories shall be UL listed
or FM approved components. The requirements for sprinkler systems at KSC
facilities are divided into three groups: Mandatory, Optional, and Conditional.

3.2.7.2.1 Mandatory. Sprinkler systems shall be provided in the following
facilities:

d.

Warehouses and other indoor storage areas wherein the area involved is
20,000 sq ft or greater; where the stored contents are considered mission
critical; where the stored value exceeds $1,000,000; or where the stored
contents are of an extra-flammable nature

Indoor areas occupied by motor vehicles for purposes of storage or
maintenance including those portions of fire stations occupied by motor-
driven fire-fighting apparatus; sprinkler systems in such areas shall
meet the requirements of NFPA No. 88, A or B, as applicable

Pairt shops shall be sprinkler protected and shall be provided with a
1-1 ‘2-inch hose station for every 100 feet of perimeter wall. (See
3...8.5.) Sprinklers shall meet the requirements of NFPA No. 33.

C-1-fired boiler rooms shall be sprinkler protected, and the burner
equipment shall contain combustion safeguard equipment as specified in
2. 2410,

Required per NFPA No. 101

Kitchens shall be sprinkler protected if an adequate supply of water
is available. Where not so protected, one 1-1/2-inch hose station shall
be provided for every 200 feet of perimeter wall (see 3.2.8.5).

Indoor petroleum, oil, and lubricants (POL) storage where 100 or more
gallons of flammable liquids are stored shall be sprinkler protected
if an adequate water supply is available.

3...7.2.2 QOptional. Sprinkier systems are recommended but are optional in lieu
o- other fixed extinguishing systems in the following facilities:

de
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Where kitchens are not sprinkler protected per 3.2.7.2.1.f, grills and
related ventilators shall be protected by automatic sprinkler equipment
over the grill and in related ventilators only, by a fixed
automatic/manual CO, system, or a fixed dry chemical system. Any such
equipment or system shall be interlocked with the fan motor and a fire
damper. Fire protection for cooking equipment and related ventilating
systems shall meet the requirements of NFPA No. 96.
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b. If an adequate water supply is not available where 100 or more gallons
of flammable Tiquids (petroleum, 011, and Tubricants) are stored indoors

or if the cost of providing such a supply exceeds the cost of a fixed -

automatic/manual total flooding CO, system, then such a CO; system shall
be provided.

c. Hydraulic equipment rooms utilizing combustible fluids should be
sprinkler protected. Where an adequate supply of water is not available
where the cost ratio is as stated in b. above, or where the equipment
must operate while the water supply is disconnected (as in the case of
mobile equipment during transit), this requirement is optional in lieu
of automatic/manual fixed COp, dry chemical or totally stored foam
systems. The final choice of protection shall be based on a complete
and thorough evaluation of the fire hazard and the costs of the optional
systems.

3.2.7.2.3 Conditional. Sprinkler systems designed to protect against the hazards
present shall be provided in the following facilities if the mission criticality
of the installation so dictates:

a. The base of elevator shafts which, if lost by fire damage, would
seriously impact KSC mission operations

Examples: Applicable - High rise elevators in the Vehicle Assembly
Building

Not Applicable - Personnel elevators in the Headquarters
Building

b. Laboratories in which vehicle or related components are cleaned or
calibrated which, if lost by fire damage, would seriously impact KSC
mission capability

Examples: Applicable - Propellant Systems Component Laboratory
Not Applicable - Malfunction Investigation Laboratory

c. Cable tunnels in which launch critical cables are located which, if
Tost by fire damage, would delay launch capability

3.2.7.2.4 Number of Fire Department Connections. Fire department connections
shall be provided in each sprinkTer or standpipe riser of 4-inch or greater
diameter where the riser is not interconnected to other risers or to a yard
piping system. When sprinkler or standpipe risers are interconnected, a minimum
of two fire department connections shall be provided. (See 3.2.8.4.)

3.2.7.2.5 Spacing, Location, and Position of Sprinklers. The selection of the
number and size of the sprinkTers, the spacing between lines, and the feed piping
shall be developed from hydraulic calculations only after a complete analysis
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of the fire and occupancy hazard involved. The determination of these variables
shall be guided by the spacing rules as set forth in NFPA No. 13. Because of
variances in construction, occupany, and stored material hazards, the authority -
having design jurisdiction and the KSC fire protection and rescue management
will supply criteria information prior to the design of sprinkler protection in
any specific area at KSC.

3.2.7.2.6 Sprinkler Discharge Densities. Where sprinkler systems are required,
the sprinkler discharge densities shall be as set forth in the design criteria
for that installation. In cases where the criteria does not specify discharge
densities, the densities shall not be less than those shown in table 3. (See

3.3.3 and 3.3.5.)

Table 3. Sprinkler Discharge Densities - Gpm/Sq Ft

Construction Classification

Fire Hazard Fire Fire | Prot. |Unprot.|Heavy

Classification Resist.|Resist.| Non- | Non- Tim- § Ordi- | Wood
TAM "B Comb. | Comb. |ber nary |Frame

Light .12 .12 .15 .18 .20 .20 .22

Ordinary Group 1 | .20 .20 .22 .25 -- - -
Ordinary Group 2 | .30 .30 «33 .36 - - -
Ordinary Group 3 .35 .35 .38 .40 -- - -
Extra .50 .50 .50 .50 - -- _—

3.2.7.2.7 Minimum Water Quantities Supplied to Sprinkler Systems. All water
supplies serving sprinkler systems shall be not less than 6 inches in diameter.

3.2.7.2.8° Fixed Deluge Systems. The design of deluge systems shall conform
to NWPA No. 15. With the exception of preprimed, millisecond response systems,
Deluge svstems.at KSC shall be of the dry pipe, deluge

valve, open spray nozzle type. Deluge systems shall be interconnected to

the local fire alarm system as specified in 3.1.2.4. Piping valves, spray
nozzles, and related accessories shall be UL 1isted or FM approved. Pneumatically
operated ball valves or butterly valves and water operated globe valves may be
used in deluge valve service if approved by the authority havigﬁ design
jurisdiction. The reguirements for deluge systems at KSC are divided into
four functional categories, i.e., sized for extinguishment, sized for fire
control, sized for exposure protection and special purpose high speed systems.
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3.2.7.2.9 Deluge - Extinquishment. Deluge systems sized to extinquish
the fire hazard present shall be provided in the following facilities:

a.

Parking areas adjacent to launch pads where there are transfer units
containing hydrazine-based fuels shall be provided with fixed spray
systems delivering a coarse spray of not less than 0.5 gpm/sq ft. The
area to be protected shall be calculated as the square feet of parking
area plus the area of the sides of the transfer unit. The spray pattern
shall be essentially vertically downward in direction. The system
control shall be by manual means with the controls mounted on two
suitable pedestals located on opposite sides of the parking area
immediately adjacent to the hose reel station. (See 3.2.9.4.) Curbs,
dikes, perimeter trenches, and impounding facilities shall be provided
as specified in 3.3.7.3.

Propellant testing laboratories, except solid propellant testing areas,
shall be protected with deluae systems sized and arranged to
extinguish propellant fires that might break out. Where multiple fuels
are handled or processed, the system shall be designed to extinguish
the most dangerous fire. Personnel safety exits and other area
construction features shall be as specified in section 3.3.

Hazardous spacecraft systems test facilities such as cryogenic,
hypergolic, and environmental systems test facilities shall be provided
with deluge systems sized and arranged to extin%uish the greatest
hazard present during normal test operations. Information regarding
the quantities of flammables involved will be supplied at the time of
design. Life safety exits and other construction features shall be as
specified in section 3.23.

3.2.7.2.10 Deluge - Fire Control. Deluqe systems sized and arranaed
for fire control shall be provided in the following facilities:

a.

Parking areas adjacent to launch pads for transfer units containing
nitrogen tetroxide propellant oxidizer shall be provided with deluge
water spray systems delivering a coarse spray of not less than 0.25
gpm/sq ft. The area to be covered and location of controls shall be
as specified in 3.2.7.3.1. Curbs, dikes, and related impounding
facilities shall be as specified in 3.3.7.3.

Service structure and assembly building work platforms shall be provided
with deluge systems, sized and arranged to provide full coverage

over the deck areas as shown in table 4. Platform deluge systems shall
be controlled manually by pushbutton control stations located on each
work platform within the work area and adjacent to the platform exitway.
Figures 3 indicates the basic arrangement and design philosophy of
control components in the principal, Deluge systems at KSC. (See
also 3.2.7.8.7.)
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TYPICAL HMF AREA DELUGE CONTROL
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TYPICAL LC39A AND 8 PROPELLANT AREAS DELUGE CONTROL
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TYPICAL LC3I9A AND B PROPELLANT AREAS DELUGE
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TYPICAL FIXED SERVICE STRUCTURE LEVEL SPRAYS CONTROL
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Table 4. Service Platform Spray Coverage and Densities

Type of Coverage Spray Density
Platform Activity (Percent of Area) (Gpm/Sq Ft)
Normal Checkout and Assembly 100 0.25'2

No Propellant Transfer

Normal Checkout 100 0.50%@
With Propellant Transfer

Areas Used Exclusively
for Solid Rocket Motor {1 m
Handling and Servicing

1y See 3.2.7. 2.12

2) Spray nozzles shall be arranged to develop a pattern from above the
hazard, and such pattern shall impinge on cable trays, items of GSE
and all similar equipment normally in use on such platforms.

c. Service structure exit passageways shall be provided with deluge
systems to aid egress as set forth in 3.2.1.1. The egress aid spray
shall be connected to and activated with the fire protection spray
serving that platform level.

d. Toxic propelilant transfer control manifolds located adjacent to the
launch vehicle shall be provided with deluge_systems sized for
fire control.

3.2.7. 2,11 _Deluge - Exposure Protection. Deluge systems, sized to

cool and protect against exposure from nearby fires, shall be provided for
cryogenic and gaseous oxygen and hydrogen storage containers and grouped piping
and pumps and shall be arranged to deliver a uniform spray pattern over 100
percent of the container surface, pumps, and adjacent piping. The minimum spray
rate acceptable shall be 0.2 gpm/sq ft of exposed surface. Control shall be
with manual control stations located outside the hazardous area but within
effective sight of the facility protected. Remote control capability shall be
provided as directed by the authority having design jurisdiction.
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3.2.7.2.12 Deluge - Preprimed, Millisecond Response. Hiah speed deluae

systems controlled by an automatic detector with manual override shall be provided
at ordnance inspection areas where solid propellant grains are exposed for
purposes of visual, optical, or mechanical examination. Facilities where solid
propellant grains are X-rayed through their cases do not require these systems.

NOTE

Preprimed, millisecond response systems are
considered special purpose systems. Such systems
shall be designed by and installed under the
supervision of personnel experienced in this
specialized field.

3.2.7.2.13 Fire Department Connections. A fire department connection shall be
provided for each delune svstem supply. The connection shall be located
near grade level and at a safe distance from the hazardous area. (See also
3.2.7.1.2 and 3.2.8.4.)

3.2.7.4 Fixed Foam Systems. The design of fixed foam systems shall conform to
the requirements of N PA No. 1l1. Fixed foam systems at KSC shall be of the low
expansion, mechanically generated protein type. Piping, foam-making equipment,
valves, foam nozzles, sprinkler heads and related accessories shall be UL listed
or FM approved. Fixed foam extinguishing systems are required in all petroleum
based rocket fuel pump rooms and valve manifolds. These areas shall be protected
by fixed foam systems sized and arranged to give complete coverage of the fire
area. Controls shall be automatic with manual override capability.

3.2.7.4.1 High Expansion and Alcohol-Compatible Foam Systems. The use of high-
expansion synthetic foam and alcohol-compatible, low-expansion foams at KSC is
limited to mobile fire-fighting apparatus. No fixed systems utilizing these
extinguishing agents are contemplated.

3.2.7.5 Fixed Gas Systems. The design of fixed gas systems shall conform to
the requirements of NPA No. 12. The requirements for fixed gas systems at KSC
are divided into three groups: (0, Halon 1301, and nitrogen. Fixed gas-
extinguishing systems are required in the following facilities.

3.2.7.5.1 CO0z. Fixed, automatic, total-flooding CO, systems shall be located
so as to protect the following equipment:

a. Cable terminal facilities where loss by fire would seriously impact the
KSC mission capabjlity. In Targe instrumentation cabling termination
rooms (10,000 terminations or more), consideration should be given to
the use of fixed CO, backed up with automatic sprinklers. The degree
of sprinkler backup in such cases shall be directed by the authority
having design jurisdiction.
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b. Chemical cleaning tanks utilizing flammable solvents, kitchen grills,
and related ventilator systems, indoor POL storage, and hydraulic
equipment rooms where automatic sprinklers are not provided

3.2.7.5.2 Halon 1301. Bromotrifluoromethane extinguishing systems are
considered special-nature, special-purpose systems. Their use shall be as
directed by the authority having design jurisdiction and in accordance with NASA
NSS/FS 1740.3 for essential electronic equipment operations.

Halon 1301 systems are in use at KSC in extraordinary situations where there is
a:

a. Critical need to protect data in process

b. Desire to reduce equipment fire damage through early automatic fire
extinguishment

c. Need to protect void spaces not suited for sprinkler protection (for
example, beneath the raised floor areas)

d. Critical need to facilitate return to service

3.2.7.5.3 Nitrogen. Gaseous nitrogen systems are not presently employed at KSC
for purely extinguishing purposes. The use of nitrogen in future fixed
extinguishing systems shall be at the direction of the authority having design
Jjurisdiction.

3.2.7.6 Fixed Dry Chemical. The design of fixed dry chemical systems shall
conform to the requirements of NFPA No. 17. Fixed, automatic dry chemical systems
may be substituted for CG2 systems where it can be shown that significant cost
savings can be achieved. Such substitutions are permitted wherever CO0, may be
used except for protection of electrical apparatus.

3.2.7.7 Special Agents. The selection, sizing, and placement of special
extinguishing agents, primarily those effective against Class D fires, is
considered solely within the jurisdiction of the KSC fire protection and rescue
management and is not within the scope of this standard.

3.2.7.8 Fixed System Controls.

3.2.7.8.1 General. Manual controls for the activation of any fixed extinguishing
system shall meet the following general criteria:

a. The controls shall be Tocated so as to be readily available to occupants.
Control switches shall be equipped with protective guards.

b. The necessary path from the normal work area to the controls and the
path from the controls to the normal exitway shall be unobstructed.
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¢. The controls shall be clearly visible and permanently identified.

d. The controls shall be made as simple as possible and shall be arranged -
so that their operation is easily understood.

3.2.7.8.2 Types of Controls. Fixed extinguishing systems shall be controlled
by either eTectrical or pneumatic or combination circuits. Electrical control
is preferred but is subject to an evaluation of power reliability.

3.2.7.8.2.1 Electrical Controls. Two control voltages are in use at KSC for
auxiliary (control) circuits. These same voltages shall be utilized in future
designs. Nominal voltages in use are 28 volts dc and 120 volts ac.

3.2.7.8.2.2 Pneumatic Controls. Compressed air or dry nitrogen shall be
considered in facilities where an automatic secondary source of power is not
available or in National Electrical Code (NEC) Class I, Division I, Group B
hazardous areas where the cost of electrical equipment would increase total costs
to more than that of a pneumatic system.

3.2.7.8.3 Connection to Alarm Systems. Interconnection of fire protection
systems with alarm systems shall comply with NFPA No. 72A and as specified in
3. 1. 20 40

3.2.7.8.4 Connection to Pump House Controls. Actuation of any fixed deluae or
sprinkler protection system shall send a signal to the pump starting controls
at the appropriate pump house and, at the same time, shall start the main fire
pump. (See also 3.2.8.6.6.2.)

3.2.7.8.5 Connection to Booster Fire Pump Controls. In facilities requiring
booster pumps to supply fire protection equipment at high elevations, actuation
of any deluae or sprinkler system shall send a sianal to the associated _
booster pump controls and, at the same time, start the booster pump. (See also
3.2.8.6.6.2.)

3.2.7.8.6 Water System Shutoff Valves. Shutoff valves for sprinkler systems
shall conform to NFPA No. 13. Valves for standpipe and hose systems shall conform
to NPA No. 14. Valves for fixed deluce systems shall conform to NFPA No. 15.

3.2.7.8.7 Fixed Deluge System Controls. Fixed deluce systems that cover fliaht
hardware, such .as that contained in the HYF area, shall be controlled by manual
dual pushbutton control stations equipped with protective guards to prevent
accidental actuation. The controls shall require personnel to push the two
separate buttons in order to initiate spray. Control stations for fixed deluge
systems at propellant transfer areas, or other areas where no water damage to
flight hardware would occur, shall be equipped with singie pushbutton or lever-
operated switches. All control stations shall provide for deluge ston for the
area at which the control station is located. A remote control station shall
be provided within sight of the area protected, but removed from the immediate
hazard. This control station shall permit operating personnel to activate or
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stop the entire deluge system. In addition, similar remote controls shall be
provided from other points as specified by the authority having design
Jjurisdiction. See figure 3 for typical control schematics.

3.2.7.8.8 Fixed Gas or Dry Chemical Systems Controls. Fixed gas or dry chemical
systems may be electrically or pneumatically controlled as permitted under the
appropriate NPA Codes. In all cases, components shall be UL Tisted or FM
approved.

3.2.7.8.9 Halon 1301 System Controls. Halon 1301 extinguishing systems shall
consist of & Halon control panel, a quantity of agent sufficient for 5-7 percent
concentration by volume, control valves, a piping system to conduct the agent

to the fire hazard, a "cross zoned" ionization (products of combustion) detector
system, and secondary control and monitoring accessories.

For release of Halon, manual and automatic modes of operation shall be key-switch
selectable at the Halon control panel. The manual mode will include two guarded
toggle switches, one for "arming" and the other for "releasing" the extinguishing
agent. In the automatic mode the Halon control panel shall receive an ionization
detector alarm signal from each of the two "crossed zones" before a fire signal
is received and subsequent automatic release of the suppression agent can take
place. Actuation of one of the toggle switches or a fire signal from only one
ionization detector will result in an "early warning" signal to the base fire

monitoring station.

3.2.8 Facility Requirements in Support of Fixed Extinguishing Systems.

3.2.8.1 MWater Supplies and Stored Quantities.

3.2.8.1.1 Source and Replenishment. Throughout KSC, water for fire protection
purposes is drawn from the potabTe utility mains (smallest normally used is 6
inches) and stored in welded steel ground-level and elevated storage tanks. In
the KSC Industrial Area the primary fire water supply is fed from the potable
water mains, a 1,000,000-gallon ground storage tank, and an elevated tank. In
outlying areas, storage tanks are the primary source of supply. Certain KSC
operations require large quantities of water during launch periods, and many
outlying fire protection systems draw from these same sources. Generally, the
stored quantities required for launch purposes exceed the quantities required
for fire protection. However, there is a high probability of a fire water
requirement immediately following launch. Therefore, in the design of a system
used for both purposes, the fire protection water requirements must be considered
in addition to the normal launch requirements. Full consideration must be given
to the replenishment rate. Factors which must be evaluated include: the
reliability of the resupply source, method of operation (automatic refill is
required) and flow rate limitations of the treatment and distribution system.
Complete fire protection water storage replenishment shall be accomplished within
8 hours with concurrent normal consumption.
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3.2.8.1.2 Fire Flow. The fire flow requirement, expressed in gallons per minute,
includes the quantities required for hose streams plus 25 percent of a sprinkler
system demand or plus 100 percent of a deluce system demand within the area 3
of greatest fire hazard in a facility. Twelve percent of the fire flow shall

be added if the fire protection supply also serves domestic demands. The total
fire flow requirement for a facility is the figure to be used in designing water
supply systems from the supply mains to the facility itself. Additional
requirements for outlying hydrants must be considered when designing the supply
mains serving an area.

3.2.8.1.3 Changing Fire Flows. KSC operations involve relatively large mobile
Taunch support structures which, depending upon location and stage of launch
activity, create widely fluctuating fire protection water demands. The design
of fire protection water supplies serving these structures and adjacent facilities
shall be based on the maximum connected demand.

3.2.8.1.4 Stored Quantity and Fire Flow Duration. Quantities of stored water
for fire protection shall be determined through a complete engineering evaluation
of the hazards involved and the required fire flow. (See 3.2.8.1.2.) The minimum
stored quantities shall be based on the pumping times indicated in table 5 and
the greatest single fire flow requirement. Multiple fire requirements shall not
be used as a basis for design with the exception of service structures which
draw their fire protection water from sources normally used during launch
operations.

Table 5. Minimum Fire Flow Duration

Fire Hazard Duration
Classification (Hours)
Light 2
Ordinary Group 1 2-1/2
Ordinary Group 2 3
Ordinary Group 3 3-1/2
Extra 4

3.2.8.1.5. Quality. The design of fire-protection water storage facilities
shall make provision for chemical treatment of stored water to suppress the
growth of algae, bacteria, and marine parasites common to Central Florida and
to inhibit corrosion of tankage and associated equipment. Provisions for
flushing, draining, and maintenance access shall be provided throughout the
storage system. Fill piping shall be of the open air-break type to ensure that
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a siphon, resulting in contamination of the potable water supply mains, cannot
be established. Cathodic protection shall be provided and shall be of a type
approved by the authority having design jurisdiction.

3.2.8.2 Distribution.
3.2.8.2.1 Hydraulic Calculations. Fire protection piping systems shall be

designed using the hydraulic calculation methods outlined in NFPA Nos. 15 and
13. Velocity head calculations shall be taken into account.

3.2.8.2.2 Piping. Piping used in fire protection systems shall be of those UL
listed or FM approved materials listed in NFPA No. 13 and No. 24 and shall be
color coded in accordance with KSC-STD-5-0004. The use of cast iron pipe where
exposed to fire is prohibited.

3.2.8.2.3 Valves.

3.2.8.2.3.1 Shutoff Valves. Shutoff valves shall be provided in each source
of fire water to a facility except fire department connections. Valves shall
be post-indicator type or outside stem and yoke valves located in a suitable
concrete pit. They shall be marked to indcate their function in the system and
shall meet the requirements of NFPA No. 13 and No. 24.

3.2.8.2.3.2 (Check Valves. Where more than one source of water supplies a
facility, each supply shall be provided with an approved check valve.

3.2.8.2.3.3 IsolationValves. Isolation valves shall be provided in distribution
systems so that not more than three hydrants or two automatic sprinkler systems
shall be out of service due to a single break.

3.2.8.2.4 Looped Systems. The requirements for looped system design shall be
as directed by the authority having design jurisdiction.

3.2.8.3 Hydrants. Fire hydrants shall be UL listed or FM approved and shall
have two 2-1/2-inch and one 4-1/2-inch outlets with NST fire hose threads as
defined in NFPA No. 1963. Except as noted herein, hydrants shall conform to UL
Standard 246. Hydrants shall be of the 90-degree elbow inlet type and shall be
equipped with an upward-closing horizontal seat main valve. Barrels shall be
not less than 6 inches in diameter. Fire hydrants shall be connected to a 6-
inch (minimum) distribution main. Hydrants shall be of the Class-B type (500
to 1000 gpm capacity). A shutoff valve shall be installed in the connection to
the distribution main. Al1 hydrants shall be installed adjacent to paved areas
accessible to fire department apparatus. Along streets, hydrants shall be
installed no less than 3 feet nor more than 7 feet from the curb line. In
general, hydrants should be located not less than 50 feet from the building they
are intended to protect. The pumper connection shall have a minimum 18-inch
clearance between the center of the pumper connection and grade. The surrounding
area shall be graded so that drainage is away from the hydrant.

38



KSC-STD~F=~0004B

3.2.8.3.1 Hydrant Spacing. While the number of fire hydrants in a given area
depends on the spacing requirements, no more than 1000 gpm of fire flow demand
shall be provided from a single hydrant. Minimum requirements for number and

spacing of hydrants are as follows:

a. Single buildings of light-hazard occupancy in nonbuilt-up areas -- two
hydrants within 500 feet of each building

b. Single buildings of ordinary-hazard occupancy in nonbuilt-up areas --
two hydrants within 500 feet of each building

¢. Warehouses and technical and industrial buildings shall have hydrants
spaced at 400-foot intervals.

d. Each building or group of adjoining buildings having over 40,000 sq ft
in first floor area shall be supplied with one hydrant for each building.

e. High-hazard areas shall have hydrants spaced at 300-foot intervals.

f. Highways and roadways without built-up adjacent areas shail have
hydrants at 1000-foot (maximum) intervals.

g. There shall be a fire hydrant within 200 feet of each fire department
connection. This also applies to mobile service structure connections
when the structure is located at the operational or parking site.

h. There shall be a hydrant within 200 feet of groups of office trailers
totaling ten or more.

i. There shall be a hydrant outside combustible materials storage areas.
j. There shall be a hydrant in the general area of outdoor cable runs.

3.2.8.4 Fire Department Connection. Fire department connections shall be
provided in each sprinkler or standpipe riser of 4-inch or greater diameter where
the riser is not interconnected to other risers or to a yard piping system. When
sprinkler or standpipe risers are interconnected, a minimum of two fire department
connections shall be provided. The standard arrangement shall be two 2-1/2-inch
NST threaded inlets with independent clappers and threaded caps. Outlet size
shall not be less than 4 inches.

3.2.8.4.1 Location. Except for service structures, fire department connections
shall be located on exterior walls of not less than 1-hour fire resistance rating.
Fire department connections for service structures shall be fastened to structural
steel members near grade level. Where fire resistive walls of at least I-hour
rating are not available, the fire department connection shall be located at
least 50 feet from the facility to be protected.
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3.2.8.4.2 Height. All fire department connections shall be Tocated approximately
3 feet 0 inches above grade.

3.2.8.5 Hose Stations - General. Hose stations shall be located within reach
of the greatest hazard in the area they serve. Mechanical equipment rooms shall
have a hose station within 50 feet of the entrance. Spacecraft and vehicle
assembly areas shall be provided with hose stations not greater than 150 feet
apart. Where specified in this standard as "hose station," the following
arrangement of equipment shall be provided.

3.2.8.5.1 Indoor Nonhazardous Areas. The standard KSC indoor nonhazardous area
hose station shall consist of the following UL-1listed or FM-approved equipment:

a. One 1-1/2-inch valved hose connections (2-1/2 x 1-1/2-inch adapter at
standpipes)

b. One semij-automatic hose rack

c. One length of 1-1/2-inch woven single-jacketed rubber-lined hose not
exceeding 100 feet in length

d. One combination spray, straight stream shutoff nozzle
3.2.8.5.2 Qutdoor or Indoor Hazardous Areas or Work Platforms. The standard

KSC outdoor or indoor hazardous area or work platform hose station shall consist
of the following UL-listed or FM-approved equipment:

a. One valved water connection (minimum 1-1/2-inch connection with 1/4-
turn ball valve, butterfly valve, or equal)

b. One flow-through hose reel

c. Gne 1engfh of 1-1/2-inch 1.D. rubber-lined, rubber-covered fire hose
not exceeding 100 feet in length

d. One combination spray, straight stream, shutoff nozzle

3.2.8.6 Pumps and Drivers.

3.2.8.6.1 General. Fire pumps shall meet the requirements of NFPA No. 20,
except as described herein and shall be UL Tisted or FM approved. In cases where
the fire flow requirements exceed the capacity of those pumps 1isted under NFPA
No. 20, the intent of NFPA No. 20 still applies, i.e., workmanship, materials
of construction, arrangement of controls, and performance curve rating points.
Example: Horizontal Centrifugal Pumps
Percent of Rated Capacity 0 100 150

Percent of Rated Head 120 100 65
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3.2.8.6.2 Booster Fire Pump Confiquration. Figure 4 represents the standard
arrangement of major components for installations of fire pumps in booster
service. Automatic air vents, pressure gages, and related accessories are not
shown but are required as set forth in NEPA No. 20.

3.2.8.6.3 Permissible Types of Pumps. Where fire pumps are to be installed as
a primary supply or where fire pumps are required to boost pressure to reach
extreme heights, two types of fire pumps are acceptable: horizontal, split-
case, centrifugal type and vertical-shaft, turbine type. Horizontal split-case
pumps are preferred where suction is taken at a positive pressure and when the
total boosted pressure is within the 1imits of industry-standard equipment. When
total pressures exceed the capability of industry-standard equipment or would
require special construction, a vertical-shaft turbine-type pump, mounted in a
suitable steel suction well, may be used. Each fire pump installation shall be
sized so that the pressure at the highest Tevel served will be no less than that
required by the fire protection equipment connected at that level with all
intermediate demands considered.

3.2.8.6.4 Drive Units. Diesel engine or electric motor drive units are the
required power source for fire pumps. Jockey and pressure makeup pumps shall
be electric-motor driven.

3.2.8.6.5 Capacity and Number of Pumps.

3.2.8.6.5.1 Primary Supplies. Fire pump installation providing primary fire
protection water shall contain not less than two pumps and drivers and shall be
sized at rated capacity and head to provide 150 percent of the greatest fire
flow encountered in the area(s) served.

3.2.8.6.5.2 Boosted Pressure Supplies - Light and Ordinary Hazards. Fire pump
installation requiring boosted pressure to reach high elTevations of Tight and
ordinary hazards may utilize as few as one pump and driver sized to meet the
pressure and capacity requirements.

3.2.8.6.5.2 Boosted Pressure Supplies - Extra Hazards. In cases of boosted
pressure to high elevation extra hazards where the operations are mission critical
or where the protected value or potential loss of life requires a degree of
pumping redundancy, the authority having design jurisdiction shall direct the
degree of redundancy to be designed into the pumping system. The degree of
redundancy may vary upwards to a maximum of 100 percent of capacity and head.
In no pump/driver failure case shall the delivered pressure at the highest level
served fall below 50 percent of the normally required pressure at that level.

3.2.8.6.6 Fire Pump Controls. Except for specialized systems fire pump
controllers shall be UL 1isted and meet the requirements of NFPA No. 20. Automatic
start systems are preferred, but nonautomatic controls are acceptable where fire
water systems have other connected demands. A1l controllers shall be arranged
in such a manner that failure of the normal start signal may be overridden at
the pump controller and the pumps started manually. - TR
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3.2.8.6.6.1 Automatic Start. Automatic controllers shall initiate primary or
booster fire pump start by direct sensing of pressure 10ss as a result of actuation
of deluge valves or sprinkler systems. Sensing of conditions solely in pressure
maintenance hydropneumatic tanks does not meet this requirement.

3.2.8.6.6.2 Nonautomatic Start. Nonautomatic start controllers shall initiate
primary or booster fire pump start by receiving a suitable signal from the
controls of

3.2.8.,6.6.3 Systems Utilizing Surge Tanks. Where initial fire flow is provided
by pressure or surge tanks, an additional fire pump start circuit shall be
provided through a low level sensing device in the tank.

3.2.8.7 Portable Extinguishing Equipment.

3.2.8.7.1 General. The selection of agents, the sizing of extinguishers, and
the placement and maintenance of portable equipment is solely the responsibility
of the KSC Director of Fire Protection and Rescue and KSC Fire Services and is
beyond the scope of this standard.

3.2.8.7.2 Facility Requirements. As discussed in 3.2.2, the facility designer
must provide the necessary brackets, wall niches, and cabinets required to house
the various safety items. Similarly, the brackets and cabinets required to house
portable extinguishing equipment are considered part of facilities design. The
designer shall provide, as directed by the authority having design jurisdiction,
the necessary related facility items required for portable extinguishing
equipment.

3.2.9 Toxic Propellant Considerations.

3.2.9.1 General. Toxic propellants are present in single locale quantities in
excess of 60,000 pounds. The presence of large guantities of toxic propellants
represents a serious threat to 1ife as well as a fire hazard. The fire protection
system's design aimed toward complete extinguishment of this hazard is considered
unfeasible and unrealistic. Fire control and containment of toxic materials is
considered feasible if the spill or fire condition is such that automatic and
remotely controlled extinguishing systems may be deployed rapidly and
effectively.

3.2.9.2 Spill-- With or Without Fire. In the event of any major spill from a
fueled launch vehicle, all immediately available fire protection and washdown
systems will be deployed in the most effective manner possible. These actions
are based upon the following considerations set forth in order of importance for
service structures and similar facilities:

a. Optimize escape conditions for personnel in the area

b. Fire prevention by dilution and cooling
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c. Supress spread of fire to the greatest degree possible
d. Extinguish fire, if possible -
e. Minimize fire damage by exposure protection spray

f. Minimize hazardous conditions encountered during subsequent fire attack
by the KSC Fire Department

3.2.9.3 Effective Extinguishment and Re-Ignition Considerations. Four
extinguishing agents are effective for initial extinguishment of hydrazine-type
fuel fires. (See table 6.) Water spray is considered the best overall agent
since its continued use serves to dilute the toxic materials, lower their
temperature and toxic vapors, and cool surrounding surfaces which may cause re-
ignition. Although dry chemicals have demonstrated a faster extinguishment time
than water spray, no cooling and dilution characteristics are offered.

Table 6. Effective Hydrazine Fuel Extinguishing Agents

Agent Method
Forceful, vertically downward, Dilution by generating a water-
water spray rich layer
Dry chemicals Chemical blocking
National "100" Foam Fuel Isoclation

3.2.9.4 Recommended Fire Protection System - Propellant Transfer Facilities.

In all cases of spills, water deluce is the most effective means of dilution ard
extinguishment. The use of any other extinguishing agent in areas exposed to
toxic propellant spills is not acceptable. All designs for facilities involving
toxic propellant storage, transfer, or disposal shall provide deluge systems

sized for extinguishment or control as set forth in 3.2.7.3.1 and 3.2.7.3.2.
Storage and transfer tanker areas shall be provided with a minimum of two 1-1/2-
inch washdown hoses, one located on each side of the area not farther than 50
feet from the propellant container. (See 3.2.8.5.2.)

3.2.10 Combustion Safeguards. A1l o0il or gas-fired boilers and heating equipment
shall be equipped with UL-Tisted or FM-approved combustion safeguard devices and
automatic fuel shutoff devices. These devices shall meet the requirements of

NFPA No. 86A.

44



KSC-STD~F-0004B

3.3 Fire-Resistant Construction.

3.3.1 General. The aspects of fire-resistant construction in facilities at KSC
shall conform to the requirements of this standard and the reference standards
and codes. Where the requirements of this standard and the referenced standards
or codes conflict, the requirements of this standard shall govern.

3.3.2 Classification of Occupancies. The occupancy classifications for
facilities at KSC are given in table 7. Any occupancy or use not specifically
provided for, or where there is any uncertainty as to its classification, shall
be placed in the classifiation that most resembles it with respect to use, life-
safety, and fire hazards. The occupancy classifications shall be used to
determine specific provisions or exemptions from the general requirements of the
referenced standards or the National Fire Codes. Facilities used for high-hazard
occupancies not specifically covered in the National Fire Codes shall be
constructed to provide reasonable safety to life and property from fire and
explosion as directed by the authority having design jurisdiction.

3.3.3 Classification of Fire Hazards. The degree of fire hazard in a building
or area 1s largely determined by the occupancy or activity taking place in that
area. Fire hazards at KSC have been divided into five major categories based
on the hazards defined in NFPA No. 13. The standard KSC fire hazard
classifications are listed in table 8.

3.3.4 Classification of Construction. Seven basic types of construction are
utilized at KSC depending upon the expected 1ife, current or future multiple
usage of the facility, and environmental condition requirements within the
facility. The types of construction are listed below by title and generally
follow NFPA No. 220. For specific fire-rating classifications refer to NFPA No.
220.
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Table 8.

Standard KSC Fire Hazard Classification -

From NFPA 13

Fire Hazard
Classification

Description of the Fire Hazard
Occupancy or activity

Light

Occupancies or portions of other occupancies where
the quantity and/or combustibility of contents is
low and fires with relatively low rates of heat
release are expected

Ordinary, Group 1

Occupancies or portions of other occupancies where
combustibility is low, quantity of combustibles is
moderate, stock piles of combustibles do not exceed
8 feet and fires with moderate rates of heat release
are expected

Ordinary, Group 2

Occupancies or portions of other occupancies where
quantity and combustibility of contents is moderate,
stock piles do not exceed 12 feet, and fires with
moderate rate of heat release are expected

Ordinary, Group 3

Occupancies or portions of other occupancies where
quantity and/or combustibility of contents is high
and fires of high rate of heat release are expected

Extra

Occupancies or portions of other occupancies where
quantity and combustibility of contents is very
high, flammable liquids, dust, lint, or other
materials are present, introducing the probability
of rapidly developing fires with high rates of heat
release
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3.3.4.1 Types of Construction.

Fire-Resistive, Type "A" (3 hours)
Fire-Resistive, Type "B" (2 hours)
Protected Noncombustible
Unprotected Noncombustible

Heavy Timber

Ordinary

Wood Frame

3.3.4.2 Fire Tests. Standard fire tests for all building materials, particularly
those for fire resistance of structural assemblies, shall conform to NFPA No.
251; tests for surface flame spread and other features shall conform to NFPA No.
255,

3.3.4.3 Responsible Agency. The determination of the class of construction to
be used at KSC for buildings and structures (facilities) shall be the
responsibility of the authority having design jurisdiction. In general, the
construction of permanent facilities shall be either Fire-Resistive, Type A;
Fire-Resistive, Type B; protected noncombustible, or unprotected noncombustible.
The detailed requirements for the various classes of construction shall be in
accordance with the requirements of the Southern Building Code.

3.3.5 Means of Egress.

3.3.5.1 General Provisions. Properly designed and constructed means of personnel
egress shall be provided for assembly, educational, business, and health care
facilities in compliance with ANSI A1l7.1 and for all facilities in compliance
with NFPA No. 101, unless otherwise required by this standard. In open structures
and high-hazard areas where usual means of egress are not practical, special
methods shall be devised to facilitate the rapid evacuation of personnel to safe
areas in the event of fire or explosion.

3.3.5.2 Common Requirements - A1l Occupancies. The following requirements are
common to all facilities at KSC regardless of occupancy classification.

3.3.5.2.1 Parts of a Means of Egress. Means of egress is a protected continuous
path of travel from any point in a facility to the open air outside at ground

Tevel. A means of egress comprises the horizontal and vertical path of travel
including room- space, doorways, corridors, hallways, passageways, stairs, and

other necessary escape paths to reach open air outside the facility at ground

level. Means of egress is made up of three parts:

a. Exit Access - that portion of a means of egress which leads to an exit

b. Exit - that portion of a means of egress which provides a clear protected
path to the exterior of a facility
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c. Exit Discharge - that portion of a means of egress between the
termination of the exit and the exterior of the facility at ground level

3.3.5.2.2 Measurement of Width of Means of Egress. Means of egress shall be
measured in Units of Exit Width (UEW). One UEW shall be taken as 22 inches.
UEW's shall be taken in full units except that 12 inches added to one or more
full units may be counted as half a UEW.

NOTE

Reduction of means-of-egress width in the
direction of egress is prohibited in KSC
facilities.

3.3.5.2.3 Protection of Building Exits. Where exits are required to be protected
from other parts of a building, the separation construction shall meet the
following requirements:

a. Buildings three stories or less in height shall have separation
construction of at least a l-hour fire-resistance rating. '

b. Buildings four stories or more in height shall have separation
construction of at least 2-hour fire-resistance rating, shall be of
noncombustible materials, and shall be supported by construction of at
least a 2-hour-fire-resistance rating.

c. Any opening in protective construction shall be protected by an approved
self-closing fire door.

3.3.5.2.4 Capacity of Means of Egress. The capacity of means of egress shall
be calculated based on the population Toadings by occupancy as indicated in Table
9. Where mixed occupancies occur in the same facility, capacity must be calculated
for each occupancy area.

3.3.5.2.5 More Than One Exit. When more than one exit is required from a story
or lTevel, at Teast two of the exits shall be remote from each other and so
arranged as to minimize any possibility that both may be blocked by any one fire.

3.3.5.2.6 Measurement of Distance to Exits (Exit Access). The measurement of
exit access distance shall be as set forth in NFPA No. 101, Chapter 5.

3.3.5.2.7 Dead-End Limits. Dead-end corridors shall not exceed lengths specified
in NFPA No. 101.

3.3.5.2.8 Exterior Paths to Exits. No exterior paths to exits are permitted
with the exception of paths from building roofs carrying antennae or similar
transmitting/receiving equipment.
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3.2.5.2.9 Discharge from Exits. ATl exits shall discharge directly to the
street, to a yard or court, or to other open space that provides safe and
unobstructed access to open areas away from the facility. Exits may discharge
into fenced open areas only if the fence is at least 500 feet from the facility;
or if less than 500 feet, if it contains at least one gate that is attended 24
hours per day.

3.3.5.2.10 Headroom. All exits and exit access paths shall have a minimum
ceiling height of 7 feet 6 inches with any projection at least 6 feet 8 inches
above the floor.

3.3.5.2.11 Exit Doors. All exit doors shall swing in the direction of exit
travel. A door, during its swing, shall not block stairs or landings and in no
case shall it reduce the effective width of stair or landing to less than 22
inches, nor, when open, shall it interfere with the full use of the stairs. An
exit door or an exit access door swinging into an aisle or passageway shall not
restrict the effective width thereof at any point durings its swing to less than
1/2 the required widths. The fire resistance rating of exit doors shall conform
to the requirements for the class of wall opening in accordance with NFPA No.
80.

3.3.5.2.12 Panic Hardware. Panic hardware shall be provided to meet the
requirements of NFPA No. 101 on the following doors:

a. Doors opening directly to the exterior from exit passages, corridors,
or fire stairs

b. Doors leading from high-hazard occupancy areas

c. Doors leading from flammable Tiquid storage areas

d. Doors leading from buildings having an occupancy of more than 150 persons
3.3.5.2.13 Interior Stairs. All interior stairways shall be enclosed unless
otherwise permitted by the authority having design jurisdiction. Stairway
enclosures shall have an interior finish with flame-spread rating of less than

25 in accordance with NFPA No. 101. (See also 3.3.5.2.3.) Guards and handrails
shall conform to NFPA No. 101.

3.3.5.2.14 Exterior Stairs. Outside stairs shall be constructed of non-
combustible material and shall be separated from the interior of the building
by walls having a fire-resistance rating of 2 hours. Guards and handrails shall
conform to the requirements of NFPA No. 101.
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3.3.5.2.15 Elevators. Elevators shall not be recognized as required exitways.

3.3.5.2.16 Fire Escapes. Fire-escape stairs exterior to buildings shall not
be accepted as part of the required exits for new facilities. The use of fire-
escape stairs, ladders, slides, or other unique means of egress shall be limited
to special structures and towers and shall be approved by the authority having
design jurisdiction.

3.3.5.3 Specific Requirements - By Occupancy. The required number of exits
calculation shall be made on a net area and occupancy loading per Table 9. Net
area of a facility is considered gross area less the sum of corridors, machinery
room, maintenance equipment rooms, and all other normally unoccupied areas.

Table 9. Occupancy Loadings

Type of Net Area

Occupancy Per Occupant (Sq Ft)
Assembly

General, Seated 15

Concentrated 4

Standing or Waiting 3
Educational 20
Residential

Apartments 200

Dormitory 100
Business 100
Industrial 100
Storage 1000
Health Care 120
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3.3.5.3.1 Number of Occupants. Where actual population is unknown, the number
of occupants used in determining exit requirements shall not be less than the
occupancy load stated in table 9. The occupancy load in places of assembly
having fixed seating shall be taken as the number of seats installed.

3.3.5.3.2 Number of Exits, Widths, and Travel Distance. The minimum requirements
for exits at KSC are set forth in Table 10.

3.3.6 Flame, Heat, and Smoke Barriers.

3.3.6.1 Protection of Vertical Openings. All stairways, elevator shafts, chutes,
and other openings between stories shall be enclosed or be protected to prevent
the spread of fire or smoke by special features approved by the autherity having
design jurisdiction.

3.3.6.2 Firestopping Concealed Spaces. Concealed spaces which contain materials
having a flame-spread rating greater than 25 (see NFPA No. 101) shall be
effectively firestopped. Areas under raised floors or above suspended ceilings
shall be firestopped for the full depth of the space along the line of support
members to form maximum areas of 1000 sq ft, unless otherwise approved by the
authority having design jurisdiction. In no case shall the area formed by fire-
stopping exceed 10,000 sq ft. The firestops shall be designed to facilitate
penetrations by cables, conduits, pipes, duct work, etc., but still maintain
their effectiveness as a barrier. In vertical cable chases and utility shafts,
firestops shall be installed at each floor level or at maximum intervals of 50
feet.

3.3.6.3 Interior Finishes. All interior finishes, including acoustical
treatment, shall be noncombustible construction having a flame-spread rating of
25 or less. Ten percent of the aggregate wall of an unsprinklered space may
have materials with a flame-spread rating of 200, such as combustibie paneling,
if approved by the design authority. A noncombustible backing shall be provided
if combustible paneling is used. The percentage of aggregate wall may be increased
to 25 percent where there are sprinklers.

3.3.6.4 Fire Walls and Fire Doors. Fire walls shall be located to 1imit aggregate
floor area between the exterior walls and/or fire walls as indicated in Table

11. Fire walls shall conform to the requirements of the SBC. Fire doors shall
conform to the requirements of NFPA No. 8C.

3.3.6.5 Ducts, Shafts, and Air Filters. Ducts used for air-conditioning and
ventilating systems shall conform to the requirements of NFPA No. 90A and No.
91. Walls of utility shafts shall be constructed of noncombustible material
meeting the requirements of NFPA No. 251 and having a fire resistance rating of
not less than 2 hours. Air-conditioning filtration equipment shall be UL Class
1 or 2 as set forth in NFPA No. 90.
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Table 10. Exits - Number, Width, and

Travel Distance

Occupants Occupants Max. Travel
Type of Per UEW® || Per UEW?® | Min. Min. Distance (Ft)
Occupancy Ground Other No. of | Width Sprinklered
(Table 8)®@ Level Levels Exits |(Units)| No Yes
Assembly B 100 75 3 2 150 200
Assembly C 100 75 2 2 150 200
Educational 100 60 2 2 150 200
Residential
A1l 100 75 2 1-1/2 100 150
Business 100 60 2 each 2 200 300
f1oor
Industrial
General 100 60 2 each 2 100 150
f1oor
Special 100 60 2 each 2 100 150
Purpose f1o0r
High 100 50 2 each | 2 75 75
Hazard Tevel
Storage
I 10 10 2 1-1/2 200 400
II 10 10 2 1-1/2 200 400
III 10 10 2 1-1/2 200 400
Health Care 100 60 2 each 2 150 200
: f1o0r
Unusual, 100 60 2 each 2 100 150
Structures level
Mapproved slide escape permitted for service structures
@Unit exit width (see 3.3.5.2.2)
BISee 3.3.2
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3.3.6.6 Roof Coverings. Classes of roof coverings shall conform to the
classification of roof covering materials as defined in NFPA No. 256. Roof
coverings for facilities at KSC shall be either Class A or Class B.

3.3.6.7 Parapets. Parapets (Tow, protective barriers or walls) shall conform
to the requirements of the SBC.

3.3.6.8 Roof Superstructures. Walls and roofs of roof superstructures shall
be constructed of noncombustible material and shall have a fire-resistance rating
not less than the main facility requirements.

3.3.6.9 Windowless Buildings. Outside access panels shall be provided on each
floor level of windowless buildings, except launch control centers, for purposes
of ventilation and rescue of trapped occupants.

Table 11. Area Limits Within Firewalls

Sprinklers
Type of No Sprinklers (Sq Ft)
Construction
One Story | Multi-Story | One Story | Multi-Story
Fire-Resistive, No limit No limit No Timit No Timit
Type A
Fire-Resistive, No limit No limit No limit No 1imit
Type B
Protected Non- 18,000 12,000 48,000 24,000
combustible
Unprotected Non- 9,000 6,000 27,000 12,000
combustible
Heavy Timber 12,000 8,000 36,000 16,000
Ordinary 9,000 6,000 27,000 12,000
Wood Frame 6,000 4,000 18,000 8,000
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3.3.7 Reduction of Overall Hazard.

3.3.7.1 Separation of Occupancies and Protection from Hazards. Any facility
used for high-hazard occupancy shall be of noncombustible construction. In mixed
occupancies the high-hazard occupancy shall be separated from other occupancies
by walls, ceilings, and floors of noncombustible materials having a fire-
resistance rating of not less than 2 hours. Where an explosion hazard is inherent
to a high-hazard occupancy, mixed occupancies shall not be permitted. The use
of combustible materials in structural applications shall be restricted to minor
structures, as defined by the authority having design jurisdiction, in
nonhazardous locations and areas protected by automatic sprinkler systems.

3.3.7.2 Smoke and Heat Venting. In storage occupancies, high-hazard areas, and
large open areas not effectively separated by fire walls or fire-resistive
partitions, adequate means for venting heat, smoke, and toxic fumes shall be
provided. Provisions for venting shall conform to NFPA No. 204.

3.3.7.3 Drainage and Diked Areas. Curbs, dikes, flumes, and impounding basins
shall be provided to prevent migration of spilled flammable Tiquids and toxic
propellants where such migration presents a fire hazard to adjacent or surrounding
property.

3.3.7.3.1 Flammable Liquids. The area surrounding storage tanks containing
flammable 11quids, incTuding flammable 0i1-filled transformers, shall be provided
with drainage or dikes designed to contain at Jeast 110 percent of the volume
of 1iquid stored in the largest container protected. Dikes or curbs shall be
constructed of earth, steel, or concrete. Where drainage systems lead the liquid
away from the property protected, the associated ditches, flumes, or piping shall
terminate in an impounding basin having a capacity of at least 150 percent of
the volume of the largest tank protected.

3.3.7.3.2 Toxic Propellant Impounding Facilities. As referenced in paragraph
3.2.7.3.1, toxic propeTTant transfer units shall be provided with pitched concrete
parking areas surrounded by curbs and trenches having grated covers. The trenches
shall interconnect to an open flume running downslope a distance of not less
than 100 feet to an open concrete basin sized to hold 200 percent of the volume
of the transfer unit. Drains in toxic propellant impounding basins are not
permitted.

NOTE

To preclude accidental discharge of toxic
materials into ground waters, drains are omitted
from the design. Accumulated rain water will be
removed with portable pumps prior to arrival of
the propellant transfer unit. Neutralized spilled
propeliants will also be removed in the same manner
by the disposal crew.
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3.3.8 Separation of Buildings. The minimum clear-space separation between
structures, as required for fire protection, shall be not less than the distances
stated in NHB 7320.1. The minimum separation of buildings and structures used
for high-hazard occupancies shall be 150 feet. Groups of office trailers shall
be located not less than 50 feet from permanent buildings.

3.4 Special Facilities.

3.4.1 Hybrid Fire-Protection Systems. Certain facilities at KSC are used for
such different functions that they cannot be categorized as a single specific
fire hazard. These hybrid buildings need hybrid fire protection systems designed
for their special cases. The following areas at KSC need the specialized fire
systems described.

3.4.2 Launch Vehicle and Spacecraft Assembly, Test, or Checkout Areas. The
VAB, OPF, and O&C are the main buildings used for this function. As a minimum,
a manual alarm system and a heat-actuated detection system and/or an ionization
detector system are needed for these areas. The ionization system need not ring
a local alarm. All systems must report to the centerwide fire monitoring station.
Fire hose and standpipe stations are necessary to provide first-aid fire-fighting
capability in the area.

2.4.2.1 MWater on Flight Hardware. Deluge water svstems carable of spraving
flight hardware should be designed to reduce the probability of inadvertent
actuation.

-

3.4.2.1.1 Manual Actions Required to Spray Flight Hardware. Two separate manual
actions, "arm" and "activate,” shall be required to turn on water that can spray
flight hardware. The "arm" and "activate" actions shall initiate functions with
logic to prevent water flow until both the "arm" and "activate" actions are
completed. Both of the valves and the electrical switches which make up the
"arm" and "activate" actions shall be located away from the flight hardware area.
Exception: the two-action requirement may be reduced to a single action if it
is determined that the resulting spray on flight hardware will have no more
effect than ordinary rainfall.

3.4.2.1.2 Prevention of Inadvertent Activation of Deluge Systems. When electrical

circuits are used as a part of the "arm" and "activate” functions, separate
electrically isolated control circuits shall be provided between operating
switches and electric valves to prevent inadvertent actuation due to a single
electrical short. Where a high degree of environmental hazard is involved, such
as on the MLP, design consideration shall be given to providing physical
separation of the "arm" and "activate" function conductors and terminations. In
environmentally protected areas such as the Pad Terminal Connection Room (PTCR),
LCC, and underground duct banks, the "arm" and "activate" electrical circuits
will not normally require physically separate circuits. Circuits shall have a
redundant power supply from storage batteries in case of power failure.
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.3.4.2.1.3 Use of Existing Hardware. Maximum use will be made of existing
hardware. ATT piping, valves, nozzles, and related accessories shall be UL-
Tisted or FM-approved components.

3.4.3 Vehicle Launch Areas. The detection system should consist of manual
stations, heat-actuated detectors, and/or ionization detectors. Ionization
detector early warning systems shall signal alarm at the fire station only. An
emergency egress sprinkler system as well as hose and standpipe stations should
be used in areas that might have to be evacuated.

3.4.4 Special Structures for Vehicle or Spacecraft Handling and Testing. The
mobile Tauncher platform and the crawler transporter are structures which fall
into this category. The detection systems on these structures will be for the
most part local alarm systems. Heat-actuated detectors and ionization detectors
should be part of the Jocal alarm system and shall report to the centerwide fire-
monitoring station.

3.4.5 Electronic Equi ment Areas. Large areas in the LCC, Central
Instrumentation Faci ity (CIF), 0&C, and the Taunch pads contain expensive
electronic equipment. While the fire hazard to the equipment is moderate, the
cost to replace it makes fire protection necessary. The detection system shall
include manual alarm stations, heat actuated detectors, and jonization detectors.

3.5 Fire Protection Reguirements Matrix.

3.5.1 Data Arrangement. The information is arranged in two groups. The general
fire protection requirements are presented first (see figure 5), followed by
specific fire protection requirements (see figure 6) for various areas at KSC.
The specific requirements are arranged by area usage in groups of 1ike activities
or function.

3.5.2 Use of the Matrix. The requirements matrix is a summary of the general
and specific fixed fire-protection requirements for the various area usages at
KSC. The requirements for portable devices/systems must be determined in addition °
to those contained in the matrix. Users of the matrix should familiarize
themselves with the abbreviations and footnotes applicable to the matrix. The
appearance of the letter "R" opposite an area indicates a firm requirement for
that fire protection feature in that space or facility. The symbol "CR" indicates
that the feature may be required if certain other conditions are present. An
evaluation of the need for such features shall be made based upon criteria
contained in the text of this standard and upon economic and operational
requirements dicated by the function of the area. The appearance of a dash
(=) indicates that the fire protection feature 1isted is not normally required.

other than those shown as required, based on the specific function of the area.
The symbol “AA" indicates that the referenced fire protection feature is an
acceptable alternate to another feature. The criteria for acceptable alternates
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is primarily based on economic considerations provided the level of fire
protection afforded is essentially equal to that provided by the preferred

feature.

3.5.3 Notes and Remarks.

60

d.

b.

Computer rooms and other data processing equipment rooms must meet the
requirements of NFPA No. 75.

Mechanical equipment areas require fixed temperature rate-of-rise
detectors. Electrical equipment areas require products of combustion-
type detectors.

Requirements shown apply to CD&SC Building and VABR only.

Fire protection requirements shown do not include hazard monitoring
systems. (See 3.1.2.3.)

High speed response systems of a special nature may be required. (See
text.)

Drains and dikes are not required for buried tanks.

Construction must comply with NFPA-30. Only atmospheric and low pressure
tanks are permitted at KSC.

Construction and arrangement shall meet the requirements of NFPA-30.

Flammable solvent cleaning tanks shall be provided with dump valves and
suitable safe waste drains and holding tanks.

Construction and arrangement shall meet the requirements of NFPA-31.
Construction shall meet the requirements of NFPA-33.

No combustible material with a flame spread rating greater than 25 is
permitted.

Ultraviolet-type detectors are required.
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3.5.4 Abbreviations Used in Matrix.

Key

Occupancy Classifications

Assembly Class B
Assembly Class C
Educational

Residential - Apartments
Residential - Dormitory
Business

Industrial - General
Industrial - Special Purpose
Industrial - High Hazard
Industrial - Mixed

Health Care

Unusual Structure

General Storage Class I
General Storage Class II
General Storage Class III
Rack Storage Class I
Rack Storage Class II
Rack Storage Class III
Not Applicable

Fire Hazard Classifications

Light

Ordinary Group 1
Ordinary Group 2
Ordinary Group 3
Extra Hazard

Fire Classification

Ordinary Combustible Solids
Flammable Liquids and Gases
Electrical

Combustible Metals

Requirements

Required
Preferred
Acceptable Alternate

Conditional Requirement (Refer to text)

Not Normally Required

OO
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4. QUALITY ASSURANCE PROVISIONS

There are no applicable requirements.

5. PREPARATION FOR DELIVERY

There are no applicable requirements.

6. NOTES

6.1 Intended Use. This standard is intended for use as a fire-protection design
guide for all new facilities and modifications to existing facilities under
design jurisdiction of John F. Kennedy Space Center.

7.0 Definitions.

a.

62

General Fire Protection - Everything relating to the prevention,

detection, and extinguishment of fire and to the reduction of losses
by fire, including the safeguarding of human 1ife and the preservation
of property

Fire Prevention - Measures directed towards avoiding the inception of

fire

Fire Detection and Alarm - Systems and devices which monitor conditions

within a specific area and give early warning of fire

Electrical Supervision - Monitoring the flow of controlled electrical

current through nonoperative circuits to assure the continuity of the
circuit

Fixed Extinguishing System - An engineered arrangement of equipment

designed to provide a specified firefighting capability against a
particular fire hazard within a specified area (does not include portable
fire extinguishers)

Fire Fighting - The physical deployment of available fixed or portable

extinguishing agents for the purposes of aiding escape oOr rescue,
suppression of fire spread, and extinguishment

CompTiéated Escape Route - A condition in which the physical arrangement

of equipment requires an escapee to follow two or more passageways to
accomplish escape; e.g., platform deck/ships ladder/elevator

Water Spray - A directed stream of high velocity, divided water droplets

having a uniform full 90-degree conical pattern produced by conversion
of pressure energy by shear, swirl, or momentum change in a nozzle
device specifically designed for the purpose
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i. Water Fog - Finely divided water spray characterized by a fine mist
appearance

j. PortableFireExtinguishers - A1l extinguishing devices that are movable
and not permanently attached to the facility

63






<9/v9 :

(z 40 | 393uS) sjuswaa1Nbay U043109104d PaL] |B4BUG *G aanbiy (‘S10BWAS 40 NOILYNY1dX3 HO4 ¥'SE ONV E'5E SHAVHDVHvd 335
_ . . - - w | vy d wv ¥ - " Y u 1 Y IN3WAIND3 SNOLLVIINOWWGD
~ - - - - w | w 4 v - ' = - - - - ONITEVD
mo_w.ww& uo " - N - . - d vy ¥ - ¥ ¥ ¥ ¥ ¥ LNIW4IND3I DINOULDTT
- - = - - w | w d v o = - - o ¥ z INIWJIND3 TYOI¥LDI NI
5_w_wwam - - - - - w wv 4 vy v - ¥ - ¥ ] ] INIWAIND3 IVOINVHIIW
¥ " . = - d w | v | wv ¥ Y ¥ ¥ Y ] Y 39VHOLS
B_N_ww._m ¥ Y - - z - yw d vy wl| - Y m ¥o Y ¥d 321A¥3S Q004
4 Y - - - wr | wv 4 v u ¥ y Y ¥ Y 4 S31HOLVHOAV
7] 1
Y u - - - w | WV d - . ¥ " Y ¥ H Y Y S4OHS
Y " _ _ . wv | wv d vy ¥ ] " " y Y ¥ §301440
v 9 I w ¢ % L L b B B z u z HdVHOVY
[ o el e vd
o b () o ] o » o wn bt ﬂ vn.n... m ﬂ EbELEEEL]
g |52 TRE 4z s | az3 m 1 mu % wv 2E| B |§8k R
SNYYWIY ala? $S | g 82 3 Ef B TS £z A 23 | 3
ONV 3 m g | 2= g 2| = »2 2R [ 5208 95 9 mum 23
S310N 5 N Irm|d 3 - BRERE:] »r 3 24| r8
2 18 o 3 o = 1 m
"Bk m £l " ] 39VsN vauy
| | - o
| L ONIG NG ABYNIBA
§34NLV3d HIHIO NUILONELSNOO DNIGTING INFWHSINONILX3 ‘WHVTV ‘NOILD3LIT
SLNIWIHINDIY NOILIIACHY FHtd TVHINIO

YY0O0-4-015-I5%






RECT I

£9/99 |

{2302 jJa9ys) SJUBMILLNDBY U0}1IN0UG BAj4 (WA °§ aunBy 4

{'ST08WAS 30 NOILYNYIAXT HOd ¥S'E ONY €'9°E SHAYHOVUYL 339

$3UNLY3Id HIHIO

NOLLONYASNOD ONIGTING

ININHSINDNLLXS ‘WHVIV ‘NOILD3130

SINIWIYINDIY NOILIILGUd IS TVHINID

$I1417345
Jb SNOINVIIISIN
-1 - - = - lw | w] & - . v ¥ v - v e STVNINNAL NOLLYANOJSNYYL
v ¥ -1 -1 - N - 4 | w u ¥ u ¥ " ¥ ¥ ATBWISEY TINNOSURY
¥ - a - - - - 4 | w - z u w | wi|w ¥ , 3ONVNQNO
_ ) 1531 GNY A1aW398V
" v w | w| ¢ | w v ¥ v | w " ¥ v pif s
- - - -1 - a |[w|wl] - u | v ¥ | wl|w " $38VD ONV SINVI1340H4d
0119348 " _ - - - 4 = = . v u w | w | v {w]| w FHNI0NULS 301AUIS
N elelelelele]e - AERTEERE: e
S = I o N B | R | B m B 3ONFUFI3Y
- o
aF ANRE TFIRAHE
NUVWIY ; $ m 3 E
aNY 3 . >3 915
$210N H 2 m 3 z 4 3
5 m m § w F0VEN vauy
40
ONIGTING AUYIILY

4%000-4-01S-ISH







69/89 . .
(€L 301 239Ys) sjuaweuynbay wAISAS U0}31I3304d aa}4 o1340ads  *9 aunbly -

{'STOOWAS 30 NOLLYNYI4X3 Y04 ¥'S'E ONV £'9E SHAVUDVYVd 33s)
{037WMOHLAY LON LNIHa3Y ~ W03 INILINO) (08/01) ZEEZ-10 WHOJ OSN

- - = - - . - - - - - - ¥ - - v ~ loaov|s0j} o oNITTIM
-
- - - - - . - - = - - - " v - - - | Jlzo| o WIvaad FI0H3A
™ . - - . - - = - - - - - '] '] - - - o‘6 | Ha | O ANIVd
- - = - - - - - . - - - . — - J —_
" ¥ gy | V0| o TYDINVHOIN
- - - - - - - - - - = - Y - w | w i - | Jlro | o Rz LILERE]
- ¥ - - - B - - - - - - Y ¥ - - - |ovlzo] o YIINIUVI
84OHS
= - - - - = — - - - . - Y - - ] - v h ] ] 1H04dNS HALNAWOO
. B - - _ B B B - B - - o - - ¥ = v ) 8 JAILVULSININGY
$301440
P P P @ P P P P P P » » w P
m P » P » P 8 9 » [ L Y » o o [ b b
: » s 8~ | e | ¥ LR B VI 8 81w 5 Bk m Bl16 6 HAVHOVYVS
[ " °© P £ o ' > ~ o to 12 P © R EREFED]
» = VR I
—_ o
2 | E2 | 8% wm 3 ma 92 2 | 33 | 3%8| 8% g | 92| 2% mu B um ez 2z | 28
SHUVYIWIY m | 52| B2 | g8 9 am B 5| R |3 =5 ¢ EH 22 2% | 28| 87| 6% | BS
aNY g | aT Z | 2g ER giags| 43| 38 | 25 | % g8 | 3 83 3 3
np c - n H3 m 3| a%® onm om z3 = El Qo o w
S310N g | oz > | 22 8 2 S B |33, 8 € 2 m 33 2
. 55 | & | 32 | ] £187¢| g | & » e | ° |2 2
@ 1 > w 3 = ER z3 @ 3I9VSN VIHY
&l &1 o uo
i} INIGNING ABVWING
S3UN1IV3I4 YIHLO SWI1SAS ONIHSINONILX3I 540103130 V1V TYH3INID
SLNIWIHINDIH WILSAS NOILIILOHd 3JHI4 214103dS

8¥000-3-015-251







LLIoL t '

(£1 40 2 399yS) sjuauwauinbay WRISAS U013IRI0M adt4 213409dg  *9 3anbiy (‘S108WAS 40 NOILYNY1dX3 HO4 P9 NV E'TE SHAVHOVHYd aas
103ZWOMLNY LON LNIBJ3Y ~ WHOd INILINO! 109/04} ZESZ~ 10 WHO S o132 ]
[ o ] ]
- - = - - - = - . N - - - - - L} - lav] v WVE NOVNS
- - - - = - jww | w | - - - - u | w - {w ] - lee| " |s NIHOLI
- - - - - - - . . - - - ] - - L} - lovi| " 2-v V3V ONINIO
391AH3S G004
[ )] S
_ o - = _ - - = - - - " " - - [} - |gw | W | 1531 ANVTI3dOYd
- - - - - - - - - - - - ) - - '} - Jow | 10| & ONISS3IOO0Hd W4
M - - - - - - w | w - - - - o uo - y - .n« HI | HH- ONINVITD
- - ~ - — - - - . - ~ - _ _ - 0% -
" L} it | s IVIINEHD
() - - - - - - - - - - - - C] - w | W - |owvw] L] NOILYHEITYD
' s3HOLYHOBYT
g g P P o P P P »” o P Pp w P P
o 4 1 L T [ » [ [ ik [ » £k [ m b HAVHOVHY4
3 ) © b N N ~ ~ N t N n »
L N o o g » ) > o . o o ERIETEEE L]
~N - . . .
- - ©
= o
2 T ag [+] I b3 on n nre amo s =) nm wa oy z z2X an [+ [+]
3| 8333|158 238|855 | 33|33 98| 5E| 22| 3 g3 | BB | BE| 3R (3R | B2
SHHVYWIY pd A% | Bz | B8 2 =0 g% o Zm { 39t S| 3 | 32 | mZ ag | s+ | 52 <
anNv 3 1|27 &) 8§ N m 8 x | agqal| 33 gal g5 | =% mm 3 33 S 3
SILON m HM H WM 8 m N > g™, | < m a m mﬂ o m z
B 5| g% = g dlzygy €| %8 29 & < I9VSN VIUY
# f! ¢ i gl 2| 2| & 4o
| I = =< ONIQTING AUVIIHY
SIHNLVIL HIHLO SWILSAS DONIHSINONILXS SHO103130 viva IvyINIo
SLNIWIHINDIY WILSAS NOILIFLOHd 3413 D131D3dS

4¥000-4-01S-IS4







eL/eL

(€L 30 € 399ys) sjusuPaINbay wWaISAS U01199304d B4} D43109ds 9 aunbyy {’ST0WAS JO NOLLYNY1dX3 HO4 ¥'SE ONV £9T SHAVHOVHVYd 33S)

f0IZMOHLNY LON ININJIY = WHOJ INILANO! (08/04) ZESZ=1LO MEOS DSN

N Wil -] - - . - = - -1 - - ¥ ¥ = ~ | - | 29| e0 | ¢s FUOHIA YOLOW
® I.a! - |:: i - - - -1 - - -1 -1 -1 - - - - -] @ | wa| e 1304 ¥OLOW
) - ¥ - - 1|.1 ‘ - l..l - - | |£ - - 1}_. ud -1 w{ - v | z-0 |m-so w,:_._n%wuwoéoonz.
- LA - I i A A I At AR N L I A I A N ) 101L8VENCO-4OOGN!
- ¥ - - - - - - - - - N v | w - |Jwi} - v | 10| 1reo - 1SSV10

FTHILSNANOD NON—HOOONI

- = - = - - - - - - - - . = - . - o'e -0 ¥N LNININDI AAVIH-HOO00LND

= - - N - - - - - - - - - - - = - | o8| wa| wn STILLOE SVO “IH-HOOALND
-~ -1 - - a - - - _ N - - - - - - - sainon
tw 8 | W] W TIBVIAVI4-H00GLNO
I . - - - - - - . - - - = = - - v |10] wn T18¥D-HOOALND
IOVHOILS
$ » w p | p o p | o p | Pl e e | m m
.m & m z |5 m Ll T < m BRI B |Y g m m N HAYHOVYVY
o » I 1 & P > r ro I «n b EROENENEY
- - . T4
O DA I
e ot (o]
an I Qo o0 x *® o o ne amo — HO “wn ny [+ 3] b ¥4 £X amn ox [
BE AR AR AL IR I AR HEIREIRE
SHHVWIY ey ax 83 141 2 e o o E2m | A8 | 5c s 37 az @0 e 5 ms mﬂ mm
any g B 5|5 s S| 8|2 | §|iR| ARl E HARNEL 3| %
SALON, $ | g2 : 3 § g i 2 13%| & ms L] m wn g 2 b
I 8z H g m w mm 2 o 39vsn <uuu
< < (2
— ONIGING ABVINILA
SIHNLYIS HIHLO SWILSAS ONIHSINONILX3 S¥0193130 V1v0 IVHINID

SINIWIHINDIY WILSAS NOILIILOHd FHI4 D141D34S

8¢000-4-015 -5




— . ————

g ———— W




SL/ve \

(E1 40 p 393yS) SIU3WBUINRbIY UWAISAS UO[ID9044 Bdp4 D}4109ds °9 dunby4 'STOAWAS 40 NOILYNY1dX3 HOJ #'SE GNV £'9°C SHAVHOVH VM 335)

IQ7IOHLNY 1ON I NINdIY = WHOS TWILINOI (09,01 ZEEZ=L0 MHOA DSN

- - - - - - - - - - - - - - - - - o8 | z0 wN 318VIHOd SINION3
= = - - - - - - - - - - - - - Y - o9}l 0| WN 73n4 'SINIONS
- - - - ~ - - - - - - - - - - - - o2V 1 N $14VHS HOLVAIII
N _ . _ _ _ - _ _ . _ _ _ = ANINAIND3
- - ¥ 2 Tw ONLLSIOH HOLVATY
_ _ - _ _ _ vy vy vy _ _ u _ - ~ _ P
¥ 4 "y Y o9 |0} W ANINAINDS INNYHOAH
- - - - - - - - - - - - '] - - '] - ] b wN (S4WNd) SHOSSIHAN0D
[} - - - Y - - - - - - - - - [T} - ] - 2'a | €0 WN {S3OVNENS SHIN08
- . - - - - - - " - - - Cl - - '] - 2V R} wN SHAL T4 ONV SHITANVH UiV
ANINIINDI TYOINVHIIN
[ » P g0 P [ » 0 » » v » » m m
m » m m Bk m 18R 8RR | E B EiE m HAVHOVUYd
Y n b o o n » ) & i o0 1Y 3INIYIIIY
» -~ =~ m o
] 4 [+1°] w0 z o m g b.} ne *amS F3=4 =0 nn ) av >x T aomn oz o
2 | B 82 %8 BB x| x| 99|83 82 g2 33| £8 $3 |82 | 52|62 |5k | 28
SRS w | 25| B2 | 28 9 | 38| o8| 8 | % |a85| 35| 35| 30| 32 AR a5 | B¢
ANy = 1 d c ot m v} x oco A am zR o »
§ 82| & |5 g | S|z | 8| Fldan|E|en|%e] g [l |8 °1 &
: G| % . 2 m =30 3 mm e o < 30VSN vauy
o o
«< < (2353 uo
— ] - = ONIGTING AUVWIH
SIHNLVIY HIHLO SWILSAS ONIHSINONILX3 $HO193130 V1iva IvH3INID

SLNIWIHINDIY WILSAS NOI1LDIL10Hd FHIS D14103dS

4y000-4-0LS-2SH







L2190 !

(€L 40§ 393ys) sjuswuinbay wa3SAS U0JI09304d 3dp4 214103dS

9 aunbi4 {'S108WAS 40 NOILYNY1dX3 HO3 ¥'S'E

ANV £'9°€ SHIVHOVHVd 33S)

(QIZWOHLNY LOK LNWJIY ~ HEO4 INILINO) (08/04) ZE6Z=L0 WHOS DSX

- . _ - - - - = . B - - vN || 110 '8000LNO ‘SUIWHOISNVHL
- - - - - - " - w | - - N | AuG‘HOOGN! SUINHOISNVHL
_ ~ _ B B _ B _ IVUDISY
4 - o N *YOOQN! ‘SHINNOASNVHL
- - - B - - - - - . - wN MV39 HOLIMS AMVONOD3S
_ - - - - - ~ - - - - wN HV3D HOLIMS AHVINIYd
= - - - - & B - _ _ _ N SHILINID TOHINOD
MOLOW ONY SQYVORTINVd
_ B B B B _ _ _ _ _ B wN ANININD3
¥3MOd AAVIH ONV SHOLOW
- - - - - - - . - = - wN || 400a1NO SuIdvaua LINJHID
. . - - - . = - - - - wN YOOONI ‘SUIIVINE LINDBID
ANINGINDA TY3IYLDITI
P @ P P P P P 0 0 » p
[ w w | ﬂ ﬂ ﬂ “ n [ ot » ﬂ » o e & B m HAVUOVUYd
ple|lels L I oy ET IO (Y A - v tik1E
b N n 3 @ n » NS ~ o o X : ERTTENENE
~N ~n - - N .fO
il )
anInEaREIRREEREEEIREIAHEEEE
SHUYWIY m 13| g3 | o= L] 4 ol 23 1agsl 32| 2| 2T | 32 8 | €5 mm ~iesl B
LEL] a | A | Bz | 52 2 | 81 98| %) *p|ghs| 35| 25| 3z | B 815 | a3 2| %
S3LON $ | F2| 3|23 g 2| g 9 Fl3ac oo | 87| 231 7% a8 | & | §° ° H
MO, m3 | 2| 23 i g | - 3187 Sl gl *| % 32 1 & | 2 2
5 8z r g 2391 3| 2% L3 & 39VSN vauy
o [ o Ho
- ) <l <1 == INIGHNG AUYIIYA
S3UNLVAL YIHLO SWILSAS ONIHSINONILX3 s40103130 V1Va IWHINID

SLNIWIHINDIY WILSAS NOILITFL0Hd 8IS I14103dS

8¥000-4-QLS-ISX

-







6L/8L I

. JONVHO SILON3a,
(€L 40 9 393ys) sIuawaainbay WAISAS U0}3I1044 34}4 Jp4403ds  *9 aunbiy (STOHNAS 40 NOLLYNY1dX3 HOS ¥'SE ONV £9E SHIVUODVHVI 339
(O3 ZIOHANY LON 1 NIHdIY ~ WHOJ AWILINOC) (08/01) 2662720 RHO4 DOSH
- - - - - _ - - - = = = - - 716 ¥ = - bo] 3 sn HOANAIYLSIO TYNINGIL
N - - - - - - - - - - - - - - - - - ] 1 sn H31V3434)OINI viva
w Y - N - uo - - - - - - - '} - [} - - oV | 1-0 | 48~ SWOOY ONIYIL
(L} - - - - - - - - - - - - Y o - '] - v 0 | n-s9 SIHOLS 34V1 YILNGWOO
(L] - - - - - - - - - - - . 4 4o - 43 - v z-0 | n-so SIYOLS HIdVd ¥ILNINOD
- WOOU INIW4INDI
" y . - . 4o - - - - - - - Ll 5} ] o - 3V | 1-0 | ds—1 AHOSSINOV HILNINOD
" " - - = uy = - - - - - - Y 'L Y ] - 3V | 10 | 81 WOOH HILNINOD
"] - ) < - - - - = - - - HO - F] - - 2 -0 VN AVMIT8YD GITVIONOD
ANINIIND3I JINOHLIITI
[ 9 » » [ P P P ¥ w P » » » » » » »
ol m m g [ I - A N A O VR B T I m v L m m BlE ik HAVHOVUVd
LY Y] g 4 4 [ i - o o ~ o ) © 3ON3Y3I43Y
- - ©
— (] SV
> 4 Qo ['J 1} x b1 ] gr a2 mne =m a - (4] “ ov x on [1] [
N AR AR AEIE IR I R R S| 3| BE|5F|0E|6E
a | 23 | Bz | 88 12| 5| "z |8¥85| 35 25| 3z | 23 g2 | 57| 33 2|4
aAioy g | 22| 3|3 s | 3¢ | 8| F|35°| 88| 28| 3| *¢ 3513 | 8° 8| %
. no g | 38 2 H g§12 vl “v| gy = 20 | ° z 2
@ sz 3 w g 2| 23 z3 L 39VSN vIYv
o o o Ho
S ﬁ S N < < | =< ONIQTING AHVWIHE
SINNLVIL HIHLO SWILSAS ONIHSINONILXI SHOLD3130 v.iva TvYINID
SINIWIHINDIY WILSAS NOILIILOHd FHILS DN141D23dS

8v000-3-01S-2SX






18/08 !
1

(€1 30 £ 393yS) sjuawRLLNbay wa)SAS U01309304d 34} O45103dS *Q Bunbij  ('STOEWAS 4O NOILYNV14XJ HO4 ¥'IE ONV £'9E SHAVHOVHYY 335)

1032 1ONENY LON {NIHJIH — HHOA INLLINOI {0R,/04) 2862740 MIOS DEN

Sl - =i
_ _ _ . _ _ - _ a0 o SWHOALV1d
@ -l -1 -1 - -1 u - u LEE LA TV L R 85300V F13IHIA HONNWV
FUNLONYULS IDIAHIS
B - - - - B - - - = - - " = - 4 - | ov o | a5t SWOOU ONILIG3 U3
_ - _ - B . . = = . = - ¥ - . " - | ov ]| t-0 ] et 010N1S NOISIATTIL
1) " - - = ) - = - - - - - - k) w - - 2 ] 51 SWOOH NV INOHITIIL
SNOLLVIINAWNOD
- = . - - - - . . - - = = = - - - 2 1 N HOOOANO “IVILLYIA
_ - - - - - . = = - - - - = "% - - 2 1 wN HOOONT “TYDILH3A
A= = - - - - - - - - - - uo - [T - - b+ ) 1 VN S1TNVA OGNV STINNNL
ONITavYD
0 P 0 P t P P P $ P » P
P m £l b S < O T O < A I T O <2 A N T < I S - m b
~ ﬁ - ~ ® ~ ~ ~ ~ ~ ~ [ ~ I8 “ w HdVHOVHVYd
N 1Y ] P S > P - 1 ~ 1 o LY © IONIYISIY
LIRS - AV R
= b
n x [+]-] 3] z h-1] oxr n e | 3r9 | 5O ws am D] asz >z [+ an oz [}
: | B8 53|58 EeB k| Rl S| a8 HHEIEIFIE
SHHYWIY w | 22| 8z | B2 ] R IL 0 2 | ABS 1 35| 25 | 2T | 22 89 | ¢4 | § s mm
anv g | An| 2]csa = R 2 |80 | 80 | 8% | 23 | =F as | & | 88 S| %
S3LON, $ | R 2| 52 8 2 s E18% %0 | gp| *| B 34|85 |2 §
5 ot Bz : a|z m m mm 29 G} 9VSN VUV
2 < < | 8k HO
| ] ONIOTING AHYIIYA
SIMNLVII HIHLO SWIL1SAS ONIHSINONILXI SHO123130 VAVO TVHINID
SLNIWIHINDIY WILSAS NOILDILOHd IHtd D141D03dS '

84000-4-01S-ISH






£8/28 |
I

(EL 40 8 393ys) suawaaLnbay wWAISAS U0LIIDI0AJ 34} 213499dg  *9 aunbyy 'S TOBNAS 40 NOILYNY14X32 HOJ ¥9E NV €3 SHAVEBOVHYd 335)
032 WHOHLNY LON LNIiHd3Y - NHOJ IWILANO! (09,08) TESZ=L0 MHOS 13
- - - - - - - - - u - - '} - - ¥l - b} H3 sn LNIWAINDE HIASNYHL XOD
. - N - - - - - - H - - I} - - [ - o] H3 sn 3DVHOIS X0
- - = - . - - - - '} - - o - - 4o - bo) H3 sn ANINGINDI UIISNVHL XON
- - - - - - - = = Y - - '} - - 4o - o] H3 sn 3I9VYOLS X0
= - - - - . - - - - - - - - - - ~ |om | H3 | sn ONOd TvS04s1a THD
- . - - = - - - - - o - I} - - 4o M |o2% H3 sn ANIWAIND3 ¥3JSNYELEHD
_ - - _ - - -~ - = u - - ] - - uw w | o8| HI sn 39vHOLS EHO
- - - - - - - - - - u - : - - k) ) { 0@ | HI sn IN3WAIND3 YaJSNvHL S
- . - - - - - - - u - - ) - - w { M | ow | HI | SN aovuoLs i1
SISV ANV SINV1TId0Ud
o [ P t 0 P P w0 » » » ¥ » » 0 » m m m
.m ﬂ m » n n u n n ,n n ..:... u n & m m HAVHOVHYd
Y » © e 4 2 o n » 1 ~ A o LS © IONIYILIY
- - ©
R = o —
by z fe1-] ®no z °w ox b nr 2y o mo L] %] (v ] T £X on ox (1]
owes | B | 32 B AEFIHEE R I L
“ F3 Q - m m 4 153 =T ] pe] 3
any alar S S a X|8cs| za| 33| & £2 > 3 3
i g | Bx| 3|8 s |8 | 8| F|m|ERlesm]Tg a8 | & | 88 L
- - F] w v Q z
5 ° | 8z m g |z 9 g mm, z9 o b I9VSN VaLY
m o ar Mﬂ Ho
- < s ONIQTING AUYWIYY
SIUNIVIS HIHIO SWILSAS ONIHSINONILXI SHO193130 viva Tvy3INGD

SINIWILINDIH WILSAS NOILDZLOH 3H1I D14103dS

4¥000-4-0LS-ISX







58/48 _

3 3y W 104329304 ad¢  *9 3Jnb £ v £'9°E SHIVHOVHVd 335}
Am_. o6 &Omsmv saudw L—:G 4 amhm o1 1044 3444 Uw%wu S 9 H (S108WAS 40 NOILYNVTdX3 HO4 ¥9'E ON B SHAVED 0IZMOHLAY LON LNIWJ3Y — WEOJ TAILINO) (08/01) ZEEZ=10 WHOJ DSH
- = - _ - — . - - - - - u - - - - 2 9 sn 39vH0ISEND
- - - _ = . = - - - - - u - - - - ) 1 sn 3ovyors N
- - - - - - . - - - - - u - - - = 2 H3 sn 1vS04$10 HOdVA YOEN
- = " - - - - = - u - - ] - - HD - 2 W3 | sn ININAIND3 H3ISNVEL YOIN
- - " - - - - - - Yy - - y - - ud - o H3 sn 30vu01S YOIN
- _ - = - - - - - - - = " - - - ™ | oa | H3I | sn 1VS04SIa YOdYA HNWHINAN
- - - - _ = - - - _ _ _ p AN3ININD3
4 Y 4 ¥ | ) | o'a | K3 [ sA ¥A4SNVHL HWWHWNGN
- - M - - - - - - - - Y L} - - 42 | (P} | D8 | H3 sn I9VHOLS HWWHNGN
- - - - - - . - o - - - '] - - 7] - 28 H3 sn ANINAINDI HIISNVHL L—dY
@ = - v - - - - - - - - - Y - - HO - o'a | W3 sn JOVHOLS 4 —dd
P » » @ o w w P @ P » P w w P P
w b & p » 5] [ P » 0 P N P p e = = I m b
3 ple o NP N N N N N N P N b B i w Y HAVHOVHVd
(Y] [ 7 ” ™ n > ~ N N o » © IONIYI4IY
= -
[+] z on o o m P =:
388|888 A IE IR AL AR AR 3|2 | B |5R| 58|52
SXHYW3Y %R | g3 | 28 2 53 ) ° 2o | R85 z 2> 3| Am | 43 gg x| = | 8 | &S
anv q | am & | ¢ 4l g o %18 35 35 | o8 | &=z mm x a2 2 >
S310N g |2k 3| &2 8 » 12 S $l3z | g% & | 28 "q Gl |2° z
. ] - H wv = o z
3 5| g2 $ Elz<| ¢ ¥ 29 & < 35vsn vauy
m - F] o S| 23 ¥o
< & = ONI
I QHNE AUYWNIHY
SIUNIVIS UIHIO SWILSAS ONIHSINONILXI SH0193130 viVA TVHINID
SLNIWIHINDIY WILSAS NOILIZLOHd 3HId 1410348

9%000-4-01S-2SH







£8/98

(€1 40 0L 3394S) SIVARAINDIY wWLISAS U0LIIAJ0UJ 34E4 J1309ds  °g aunbiy ('STOEWAS 4O NOILYNY1dX3 HO $'ST ONV £'6'€ SHAVUDVHYJ 33S)
103IZIMOHLNY LON LNIHGIB ~ WHOJ IMALTINO) (09/01) ZE62-10 WHOT DSN
- | - - - - . - - . . - - ¥ - Wy | - |gd|o]| s ATONISSY AV
- - - - - - . a = . . - " - ¥ ¥ - | go ] zo]| & A18WISSY /S
= = = = = - = s - = ¥ - ¥ - - w - | a9 | H3 | vH— NOILVTTVASNI JONVNGHO
- = Y = = - - - - - - ¥ ] - - w | ® | 59| W3 | HHA 1531 WILSAS DITODYIMAN
- = - 25 - = - - - - ¥ - ¥ - - ] ™ |29 | HI | HHAt 1531 W31SAS 503
- . . - - - - - - = ¥ - ¥ = - W - 2 H3 | HH 1531 WILSAS DINIDOAHD
(w) - B - - . - - = - - - " = = - w| - | o8] w3 | s 43GWVHI 30NLIOY
183L ANV
ATGWISSY A/1 ANY I/S
@ 0 w @ 0 @ » » w @ » w P @
ETE|E|E EIE|E|E|EIE{E|E|E E1E|E|E|E|E
~ » 1 24 ] " 1 1 i » o o ~ o« [ © JONIYILIY
N » - 5 K ©
= (=] mm. [
n F 4 [+]~] w0 z p-1" ] on 2 ne sl & O an wa [+ 3.} T zI om oz 2]
3|88 3|88 AR IR AR AL BRI AR g3 %8| BE|cR|gR|fE
SHUVWIY % % g3 b4 9 =% g° o Tm nmb 25 35 22 mZ 34 c- = mn mm
anv alazar % | €5 N a X o %X |8ce| av | 3o mm X 55 | A a3 3 >
sa1oN $ |2 T | 22 8 |z < B | 2Rw| 2wl Eun a m g1 e 2 5
. 2o | 3] 3@ = g gl 5| g2 s 2 H N
a L > 8 a3l 3| 22 g IOVSN VIuY
2 < < o< uo
= ONIGTING AHVINIHG
$3UALVY34 WIHLO SWILSAS ONIHSINONILX3 SHOLD3130 VIVa IVHINIO
SINIWIHINOIY WILSAS NOILIILOHL 3HId 1412345

99000~ 4-01LS-I5H







68/88

[

(€1 40 L1 399ys) SIUWSLENbIY UPYSAS UOLIIBI0AG BULd 314 poads 9 aunbiy {"S10BWAS JO NOLLYNV14X3 HOd ¥'9E ONY £9E SHAVHDVHY 335)
WGIZIHOHLNY LON LNINdIH ~ WHOS ANILINO} (08/01) TEGZ=L1 0 WHOJ DSH
- - - & - - - - - - - - - - - - - lavl sn TVYNIWHIL GVOBTUVY
_ R B . - b _ _ - - - - - " 2
Y qv | V| o 1VNINY3L 30UVE
STYNINY3IL
NOLLVLHOJSNYUL
= - - - . - = - - . - - - - - L] - {9V ]| 1 | & SWOOY NOLLDINOUd
0] - - - - - | - = - - - - - Y - - wl-|lov| a|ev wnHoLIoNY
ATWISSY TINNOSHId
- -l - - - | - . . - - . - - - -] - a =
¥ 0O | H3 | HH 1531 IDNVNQNO
- - - _ -1 - - I I _ _ -1 -1 - q =
y wa | v | H 39YHOLS IINVNAYO
-t =-1-1- -]l -1-1-1-1-1- -1 w| - B B R R HNIAIF03Y FONVNGHO
3ONVYNGHO
pw | p | r | » p | | e |e | p | e v | e e | e »
ElE|EIE BIE|E|E|E|8IE B IE S ELEIE|E|E|E Havuovuva
5|88 |3 plElala |y |3 (881K E|C 3ONIU3SIM
~ N Ll . — w0
= o
:| 82| 28|88 BIEIEEFEFE A AR AR o3 | »z | 23| 2z |28 28
2 | 85| 52| 28 TlEg| | x| 833k ¢= | 32| 52| a2 g3 | B2 | BB | b2 | B2 b
SHyvWau m | Z2 % gE | 2% 9 | %8| 38| 8 | fa|An5| 35| 35| 2% | 2 8| 83| & B | BE
ANy 3|z | g 2 mix 9 |8k | 26 | 3° | 85 | =2 88 | 2 a2 8 4
3|58 3|33 g0 ClE LS| Elgel% e | ¢ AR g
5 582 4 8 S 3| 8 3] & b 35Vsn VIUY
v 2 E| & & ¥o
— . ONIGTING AHVWING
S3HNLVII YIHIO SWILSAS ONIHSINDONILXT SHO.103130 Viva IVHINID
SINIWIHINDIY WILSAS NOILITLOHd FH1d DIA1D3dS

8v000-4-01S-3SX%






16/06

(€1 40 21 193ys) sjuswaainbay wa3sAs uo1}13a3044 3444 I poads  °9 aanbiy (“STOBNAS 40 NOLLYNY14X3 HOJ 9 ANV £9'E SHAVUOVHYd 33S)
QIZIHOHLNY LON LNIHGIY ~ WHOJ IWNILINO) (09,08) ZEGZ~ 10O HHOA DSN
- - - - - . 8 = B - - - ¥ = - - - v 1| 45 NOOY 1408
- B - o . - = . = = - = - - wl|w]|] - lov] 1] ou IVIANIOISIY
. - - . - - = - = = = = = - = ¥ - lov | v |e-v 3115 5S3ud
- - = . - - - - - - - - - - - - - v 1 sn NOLLYLS TvDIDOTHOILIN
- = - = - - - - = . - - ¥ - w | | ~ |ov]| 1 | & DNINIVEL MIUD LHONA
- - | - . . - - -~ N - - = " v -~ jw ]| - |qo|t0o]es NOILY1S 3ui3
- . - . - - - _ _ - - - - - - 2 =
¥ ] g | V0| %1 AHVSN3JSI0
-~ - B - = - . - - - = " - - - - - 2 1| st $8VD TOHLNOO INVHD
. - = - . . . - B - . B B . - - - towvw| wN 3118 VHINYD
SNOINVTITIIDSIN
» @ [ P | P @ [ P [ P P P » » $ P @
E1EVE|E BIEIEIEIR BB E RS ElE|R|E|® E RN
(N " © 4 4 o w > '~ . 1S o (Y] © 3IONIYISIY
MV VR o
b— - — e - =]
n z 0o a0 F S b ] an 3 ne M Fol i un %] o ¥ 3 x on ox [+]
BEAR AR AR IR AR IR AR §3 | 8% | 88| gR |6k |
SHUVYWIY w | *x | B3 | B2 g A Qo o m | BG5S 1 3| 27 | =2 g8 | 22| % | 8| 8 mm
anv alal &1 e5 | & 8 %14 35| 28| 2z | %2 6 | 3 EH] 3 3
S310N, $ | 2| 2|23 g | 1B |8 2|3mlen g | R e a8 |2 °l 8
. 2 a3 w -—w [<] z
13 v | 8= 4 2 gl g | £ 29 8 A 3DVSN vauy
i | 2| £] 8¢ o
[— - = ONIGTING AVYWIHY
S3UNLV3I4 HIHIO SWILSAS DNHHSINONILXT SHO0103130 Vivad IvyINIo

SINIWIHINDIY WILSAS NOILIILOHG FHIH D131D34S

4v000-4-QLS-IS%







£6/26 _

(€1 40 €L 193YS) SIuBWRULNDIY wWasSAS uOLIIBI0Ad BL}4 D1410adg *9 auanb 4
WAZIHMOHLNY LON LNIHNDIY ~ WHO4 IWILINOI (08/01) ZEEZ~10 NHOJ DSN
- = - SHIMOL ONITOCO
B I B M I A I I R I A I I A Y[ Y| Q3114 N3TOOM
- N - - N . - . . . - - = = - - - v 1 sn SUIMOL NIQOOM
2HOW 5O 23UHL
40 SdnouD, = = - = - - - - - - - - - - - Y, - 2 1 ] SIDNAA0 U INVYL
» 0 » o4 » » » » [ [ » » » [ » w o [
.m [ m [ g | S (L m SIS IR B S m m m D I N B 5 HAYHOVHYY
N » = n P > » > I I o o 30NIYII34
~ ~ - - — ©
bl o
b Ie 2] [} z hT) o » ae | 3P| 52| =P aw wg av Px 23z on oz fg
] 28 53 ﬂm 2 mm & 3 82 | 8%~ ez | %= R an £3 o gz cs [$] o8
Pl%e g | s e || F| 8| % Lk nl g &8k
< x i
ey § [ B 253 g | SB[ 8| ||| &0k il |88 S|k
. o = 3 = @ » <] 2z
2° | 5| g% g §12gf 5| g 29 ] b 3ovsn vauy
1] r e o o z Ho
< < | o<
_ B ONIQTIING AUVWIYd
STWNLYIS HIHIO SWILSAS ONIHSINONILX3 SHO193130 Viv0 TYHINID
SINIWIHINDIY WILSAS NOILIILOH FHIH D141D34S

41000~ 3-015-25%







