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1.0 | NTRODUCTI ON

This report has been jointly prepared by the Ofice of
Commerci al Space Transportation (OCST) of the Departnent of
Transportation (DOT) and the U.S. Environnental Protection Agency
(EPA). This joint effort provides an eval uation of the
bui | di ngs, equi pnent, operations and procedures enployed at a
commerci al payl oad processing facility owned and operated by
Astrot ech Space Operations (Astrotech), Limted Partnership, in
Titusville, Florida. Astrotech's corporate managenent gave its
full cooperation to the evaluation. This report provides an
overvi ew of the operations, procedures and nethods enpl oyed by
Astrotech to protect public health and safety, the environnent,
and public and private property in the Titusville area and
presents a summary of the OCST/ EPA eval uation team s findi ngs
regardi ng operating procedures, safety policies, and energency
pl anni ng and preparedness. However, the safety eval uation team
did not exam ne operations fromthe standpoi nt of worker safety,
which is regulated by the Qccupational Health and Safety
Adm nistration (OSHA), nor did they performa detailed anal ysis
of transportation operations, which are regul ated by the Research
and Special Prograns Adm nistration (RSPA) of DOT. This report
can al so serve as a general nodel and guide for the eval uation of
simlar issues at other existing or proposed facilities that
woul d support the commercial space |aunch industry.

Payl oads (al so call ed spacecraft) are satellites that are
| aunched into space to be used in comunications systens, for
renote sensing, in weather systens, for planetary exploration and
as scientific experinents. Before |aunch on an expendabl e | aunch
vehicle (ELV) like the Titan, Delta, or Atlas, or on the Space
Shuttl e, a payload nust be prepared for its mssion. The
preparations include such things as checking electrical circuits,
testing lines or tanks for | eaks, and loading liquid propellants
into assist notors that will be used once the payload is
separated fromthe |aunch vehicle and nust nove itself into a
specified orbit and then maintain itself in place while
performng its mssion. Since these and other preparations nust
be done under controlled conditions in clean environnents (e.qg.,
dust and particulate free) and since sone of the materials (i.e.,
liquid and solid propellant and expl osives) that are handl ed or
| oaded are hazardous, special facilities were devel oped by the
Nati onal Aeronautics and Space Adm nistration (NASA) and the Air
Force for these operations. Wth the growmh of the conmerci al
space industry, the ability to process payloads in commercially
avai lable facilities is inportant and Astrotech is the first such
commerci al payl oad processing facility.

1.1 Background
The safety evaluation was perforned in response to a request

by the Lieutenant Governor of the State of Florida, the Honorable
Bobby Brantley. In his letter to OCST, dated October 24, 1989,



he indicated that a unique industrial facility existed in
Titusville, Florida, owned and operated by Astrotech. This
facility provides for the processing and checkout of spacecraft
prior to their delivery and | aunch at either Kennedy Space
Center (KSC) or Cape Canaveral Air Force Station (CCAFS)
Processi ng of spacecraft involves a variety of operations as
described in Section 4.0.

Under the Conmercial Space Launch Act of 1984, as anended
(Public Law 98-575, 100-657), the U S. Departnent of
Transportation (DOT) is responsible for licensing and regul ating
U S. comrercial space |aunch activities in a manner that protects
public safety, safety of property, and U S. national security and
foreign policy interests, and encourages devel opnent of a viable
donmestic commercial |aunch industry. Wen questions arose
concerning the safety of Astrotech's activities, the Lieutenant
Governor of Florida requested OCST to conduct an inpartial and
focused review of the payl oad processing facility and operati ons.
Because activities at Astrotech could affect safety of |icensed
| aunch operations, OCST agreed to undertake the safety
eval uati on.

OCST conducted an initial fact-finding visit and interviewed
i ndividuals from Astrotech, the Cty of Titusville, Brevard
County, the Florida Departnment of Environmental Regul ation (DER)
and the Air Force to identify the potential issues involved with
the safety evaluation. As a result of this visit, OCST
determ ned that many of the safety evaluation issues involved
areas in which EPA has recogni zed expertise. Since EPA has an
on-goi ng chem cal safety audit programthat addresses energency
pl anni ng and preparedness requirenments, inclusion of EPA in a
j oi nt OCST/EPA effort has provided a nore thorough and insightful
revi ew and eval uati on.

1.2 Overview

In the early 1980's, with the growi ng opportunity for
commer ci al access to space via the NASA' s shuttle program and
various ELVs, it was believed that the capacity for |aunch
services support provided by the Governnent was inadequate to
meet the growi ng needs of the commercial spacecraft comunity.
Astrotech designed and built a comercial facility near KSC and
CCAFS, which woul d provide state-of-the-art payl oad processing
and support capabilities to those payl oad custoners that had been
usi ng the NASA-owned facilities at KSC. NASA and Astrotech
entered into a formal Menorandum of Understandi ng (MOU) whereby
NASA agreed to accept payl oads processed at Astrotech as |ong as
they conplied with NASA safety and ot her requirenents. Astrotech
al so conpiled and presented site selection information, services
to be offered, design concepts and contracting considerations to
spacecraft manufacturers, owners and contractors to elicit
comments. The responses were then used, as appropriate, in
desi gni ng, devel opi ng and constructing the Astrotech facility in
Titusville, Florida.



The Astrotech conmplex in Titusville contains six major
bui I dings | ocated on approximately 37 acres in an industri al
park, 2.75 mles fromthe Gate 3 entrance to KSC. The facility
provi des space and |imted support for payload custoners (U. S
and foreign) to performthe final assenbly, checkout, fueling,
and telenetric control of their spacecraft. The buildings are
physical ly separated i nto hazardous and non- hazardous operations
areas, based on the materials handl ed during the operations.
Bui l ding 2, the Hazardous Processing Facility, is |ocated several
hundred feet fromthe rest of Astrotech's buildings and is
constructed to neet Departnent of Defense (DoD) and Bureau of
Al cohol , Tobacco, and Firearns (ATF) expl osives siting standards.

Astrotech provides, through a fixed-price agreenment with a
payl oad custoner, approximtely the same support services as
t hose provided by NASA through its Space Transportati on System
(STS) Optional Services Package. Services include ancillary
support to the payl oad custoner, |ocal transportation of
propellants to and from KSC/ CCAFS for spacecraft fueling,
transportation of the processed payload to the [aunch site, and
of f-1oad and on-l oad of spacecraft parts and ot her support
equi pnent, as needed. Al hazardous operations perforned at
Astrotech are directly supervised by the Astrotech Safety
Oficer. In order to provide conprehensive services, Astrotech
subcontracts with NASA to provide limted routine support
i ncludi ng propell ant storage, cold soak and x-ray of rocket
notors and chem cal analysis of liquid propellants.

The payl oad custoner is responsible for, and perforns all
hands-on work related to the assenbly, processing, and fueling of
t he spacecraft; all of which requires highly trained, specialized
personnel. The payl oad custoner conducts these activities
because the investnent in the spacecraft is so great (on the
order of $100 million or nore) that stringent control measures
are required. The value of a typical spacecraft nmay be five to
ten tinmes greater than that of the entire Astrotech facility,
estimated to cost approximately $15 to $20 mlli on.

1.3 Data Gathering and Anal ysis

This evaluation involved a visit to the Astrotech Titusville
payl oad processing facility to exam ne buil dings and equi prnent,
to assess policies and procedures enconpassing the overall safety
program at Astrotech, and to evaluate the protection afforded to
the public by the programin place. Specific information was
gat hered concerning the foll ow ng:

Bui | di ngs

Oper ati ons and equi pnent

Hazardous materials handl ed on-site

Safety systens and equi pnent (including detection
and nonitoring systens)

. Enmer gency preparedness and pl anni ng



The on-site visit allowed the OCST/EPA teamto exam ne
bui | di ngs, equi pnent, and safety systens used for hazardous
operations as well as the chance to vi ew hazardous operati ons,
interview key Astrotech safety personnel and to review rel evant
docunents, reports, design drawi ngs, regulatory permts, and
other pertinent information. The visit also afforded the
OCST/ EPA team nenbers the opportunity to neet wwth the | oca
enmergency response authorities, the |ocal energency planning
coommittee (LEPC), and the Brevard County Emergency Managenent
Agency to discuss the status of the energency response and
pl anning activities for the Astrotech facility and to identify
and characterize the strengths and weaknesses of Astrotech's
specific safety and accident prevention prograns.

Fol |l owi ng the data gat hering phase, the team nenbers
anal yzed data, evaluated safety systens, perfornmed hazard
anal yses and determned risk to the public fromvarious potenti al
acci dent scenarios. Additional questions were asked of Astrotech
personnel on an as needed basis, and Astrotech reviewed sel ected
draft sections of this report to ensure that the safety
eval uation team had accurately represented the facility's
features and operations.

1.4 Evaluation Report

The results of the extensive data gathering and eval uation
processes are presented in this report. Wiile this safety
eval uation wll not ensure that an accident never happens at
Astrotech, this process can help to identify any potentially
hazardous situations that may exist, and highlight areas within
the facility where operational or safety systeminprovenents
m ght significantly reduce hazards to the public. This report
may al so provide state and | ocal energency response agencies with
gui dance for dealing with safety issues concerning these and
ot her space-related activities, as well as an approach to
| earni ng about and sharing technol ogi es, techniques, and
managenment practices dealing wth safety and energency
pr epar edness.

The remai nder of the report is organized into the follow ng
secti ons:

Section 2.0 Executive Sunmary

Section 3.0 Site Overview

Section 4.0 Bui | di ngs and Operati ons

Section 5.0 Safety Policies and Requirenents
Section 6.0 Emer gency Preparedness and Pl anni ng
Section 7.0 Hazard Anal yses and Ri sk Assessnent
Section 8.0 Fi ndi ngs, Recomendati ons and QGui dance

Several appendices are also included with nore detailed
information regarding itens such as Astrotech's Florida DER air
permt, safety equi pnment specifications, references for
information on perform ng hazards anal yses, and the Brevard



County Hazards Anal ysi s.






2.0 EXECUTI VE SUWARY

Thi s docunent presents the results of a safety eval uation of
a commerci al payl oad processing facility owed and operated by
Astrotech in Titusville, Florida. The evaluation was perfornmed
by a team of experts fromthe Ofice of Commercial Space
Transportation (OCST) and the Environnental Protection Agency
(EPA). Under the Conmercial Space Launch Act of 1984, as anended
(Public Law 98-575, 100-657), the U S. Departnent of
Transportation (DOT) is responsible for licensing and regul ati ng
U. S. comrercial space |aunch activities in a manner that protects
public safety, safety of property, and U. S. national security and
foreign policy interests, and encourages devel opnent of a viable
donestic comercial |aunch industry. Wen questions arose
concerning the safety of Astrotech's activities, the Lieutenant
Governor of Florida requested OCST to conduct an inpartial and
focused review of the payl oad processing facility and operati ons.
Because activities at Astrotech could affect safety of |icensed
| aunch operations, OCST agreed to undertake the safety
eval uati on.

The approach used in the evaluation was first to identify
the maj or concerns of the state and | ocal regulatory, planning
and energency preparedness officials, Astrotech, and the
comunity. These concerns focused on the operations, procedures
and policies in place at Astrotech to protect public health and
safety and the environnment. |Issues included building safety
design and siting, operating policies and controls, safety
systens, training, and energency preparedness and pl anni ng.

The next step was to visit Astrotech to gather specific
i nformati on concerning the buildings, operations and equi pnent,
hazardous materials handl ed on-site, safety systens and
equi pnent, and energency preparedness and planning. The visit
al l owed the evaluation teamto see the safety and contro
systens; view sone hazardous processing operations; interview key
Astrotech safety personnel; review rel evant docunents, design
drawi ngs, and permts; and interview | ocal emergency response and
pl anni ng offici al s.

After the data gathering phase, the team anal yzed the
i nformati on, evaluated safety systens, perfornmed hazards
anal yses, and identified potential risks to the public posed by
credi bl e accident scenarios that result in worst case rel eases at
the facility. The final step was to make reconmendations for
changes or additions to procedures, policies, equipnent, or
facility design that could help prevent future problens or
mtigate anticipated i npacts on public health and safety of
possi bl e accident scenarios; in addition, the evaluation team
prepared gui dance to assist in evaluating other industrial
facilities where public health and safety concerns may ari se.

This report presents the findings and recommendati ons of the



safety evaluation team wth enphasis on public health and safety
risks that could arise fromoperations at the Astrotech facility.
The team did not performa transportation risk assessnment; nor
did the team eval uate i ssues of worker safety, either during
routine operations or during accidents.

Site Overvi ew

Astrotech is a commercial payl oad processing facility
| ocated in an industrial park in the city of Titusville, Florida.
The site is about 3 mles fromthe Kennedy Space Center (KSC) and
is near an airport, offices, a manufacturing plant and a
residential housing devel opnent. The site covers approxi mately
37 acres and is divided into hazardous and non-hazardous work
areas. (Operations are conducted in the work area appropriate for
the nature of the materials invol ved.

There are six buildings on the site. Buildings 2 and 3 are
in the hazardous area and house the operations that involve the
handl i ng, storage, and transfer of solid rocket propellant,
liquid rocket propellant and explosive material. (Note: no
liquid propellants are allowed in Building 3.) The renaining
buildings (1, 1A, 4, and 5) are in the non-hazardous work area.
They contain space for offices and adm nistrative activities as
wel| as for storage of support equipnent, and for functional
testing, |eak checking, and assenbly of spacecraft prior to
hazar dous operations. Hazardous operations involve handling of
solid rocket notors; transport, transfer and |oading of liquid
propellants; and lifting, spin balancing and transporting of
fuel ed spacecraft to a | aunch pad at KSC or Cape Canaveral Air
Force Station (CCAFS). Operations are carefully schedul ed
bet ween t he hazardous and non- hazardous work areas to mnim ze
ri sks to processi ng personnel and sensitive spacecraft equi pnment
and to maxi m ze efficient processing flow

Since Astrotech is located in an industrial park, there is
sone separation between the site and residential areas. However,
concerns regardi ng accidents and potential inpacts on nearhby
popul ati ons have focused public attention on the facility and its
oper ati ons.

Facility Features

Astrotech provides a specialized facility and limted
facility support under contract to payl oad custoners who perform
the final assenbly, inspection and processing of their payl oads
prior to launch. The activities involved in preparing a payl oad
for flight typically include assenbly, |eak testing of propellant
systens, installation of other equipnent, functional testing,
cl eani ng, propellant | oading, pressurization of tanks, spin
bal ancing (if required), and nmating the satellite wth assi st
notors. These operations require special "clean roont conditions
(wth specific limts on the anbunts of dust and particles in the



air) and stringent controls on hazardous activities. Astrotech
is one of the newest payload processing facilities in the U S
and the only fully integrated one owned and operated by a
commercial entity. Thus, Astrotech has taken advantage of the
experience and know edge gai ned by the National Aeronautics and
Space Adm nistration (NASA) and the Air Force over the |ast three
decades of space launch activities to build and operate a state-
of -the-art payl oad processing facility.

Since Astrotech is a comercial concern it is subject to
federal, state and |ocal regulatory requirenents concerning such
things as fire and building safety, worker safety, energency
response and preparedness pl anni ng, waste handling and di sposal,
transportati on of hazardous materials, environnental em ssions,
and notification of accidental releases. The safety eval uation
team found that Astrotech conplied with all applicable safety,
environnental, and energency preparedness regul atory
requirenents.

The buildings in the hazardous work area of the facility
wer e designed, sited and constructed to neet Departnent of
Def ense (DoD) and Bureau of Al cohol, Tobacco, and Firearns (ATF)
expl osi ves safety standards because solid and |iquid rocket
propel l ants and expl osive materials (e.g., ignition and
separation devices) are routinely handl ed, transferred, and
install ed during payl oad processi ng operations.

Building 3 is used for the long- and short-term storage of
payl oads, solid rocket notors (containing solid propellant
classified by DoD as nmass-fire) and any other ordnance-contai ni ng
flight hardware, and other environnentally sensitive flight
hardware, as required. No liquid propellants are handl ed or
stored in Building 3.

Building 2 is used for perform ng operations considered to
be hazardous, including |oading and transfer of solid and liquid
propellant, and is designed to be a total containnent facility to
prevent the rel ease of propellant vapor or liquid into the
environment froma small release during normal operations. The
buil ding can effectively be sealed to trap propellant vapors
inside until treated. |In constructing one of the newest
facilities of its kind, Astrotech was able not only to
i ncorporate | essons |earned fromthe years of operation at NASA
and DoD facilities, but also to identify the best technol ogies
avai |l abl e, some of which had been devel oped for use in other
i ndustries or applications, and to transfer and apply these
technol ogi es to i nprove payl oad processing operations safety.

The special features and systens that were incorporated by
Astrotech and that the safety evaluation teamfound to be an
i nprovenent over ol der processing facilities are briefly
descri bed bel ow.

Vapor Cont ai nnent



Bui l ding 2 was designed and built to contain a
propel l ant | eak or spill, should one occur inside
during normal operations. The only exhaust fromthe
building is through a scrubber that treats any
propel | ant vapors generated as part of the

fuel /oxi di zer contai nnent and neutralization system
(see below). Also, arecirculation fan is installed
inside Building 2 for agitation of air and to aid in
di luting and breaki ng down of propellant vapor in the
event of a major spill in the building.

El ectrostatic Dissipation

The floor in the high bays and North Airlock in
Bui | ding 2, where hazardous processing operations are
performed, is covered with vinyl tiles, inpregnated

wi th graphite and bonded to the concrete with
conductive mastic. This dissipates static electricity
to the building grounding grids, reducing the threat of
el ectrostatic discharge that mght ignite SRV or
flammabl e |iquid propellants. This technol ogy was
originally devel oped for use in hospital operating
roons where static electricity created severe potenti al
safety hazards in dealing wth sensitive instrunents.

Spill Collection and Cont ai nnent

Propel | ant | oadi ng operations are conducted on "fueling
islands,” which are in the center of a work area and
are surrounded by a stainless steel collection trench
t hat sl opes underground and drains to the contai nnent
and neutralization tanks outside the building
(described below). |If a spill occurs, it is directed
into the trench drai nage system confining the spil
and nmaki ng cleanup easier. In the event of a fuel
spill involving a fire, the trench system woul d al so
serve to confine the fire to the fueling island and
hel p prevent its spread to other areas.

Fuel / Oxi di zer Cont ai nnent _and Neutrali zation

There is a containment system consisting of oxidizer
and fuel hol ding tanks, separated by appropriate
val vi ng and manual | y-sw tched pi ping connected to a
vapor scrubber. The scrubber is operated under a
permt fromthe Florida Departnment of Environnental
Regul ati on (DER) for anhydrous hydrazi ne, nononethyl
hydrazi ne and nitrogen oxides. Followng a conplete
processi ng operation, the contents of the tanks are
neutralized, and after testing by the city, are

di scharged to the city of Titusville sewer.

Renpte Visual Access To Hazardous Operations



Since Astrotech nonitors all hazardous operations that
are perfornmed by its payl oad custoners, expl osion-proof
observation wi ndows were installed between the control
roons and bays in Building 2 to reduce the nunber of
personnel in the bay during propellant sanpling and

| oading. This allows safety and quality control
personnel required to observe and nonitor hazardous
operations to do so without being physically present in
t he bay.

Pre- Acti on Suppression System

A conputer-controlled fire suppression system was
installed that has conpressed air in the lines,

mai ntaining a "dry pipe" condition. Activation of this
pre-action systemrequires two independent events:
first, snoke/ heat detection alarmsignal fromany of
the detectors nounted in the bays, airlocks, or the
heating, ventilating and air conditioning (HVAC) system
or froma manual pull station; and second, sufficient
heat to nelt the fusible link in the sprinkler head.
The first opens a valve releasing the water to the
sprinkler system the second rel eases the water from
the sprinkler head to wet the area. This system design
provi des sone special protection for sensitive payl oads
and ot her equipnment in case there is a false alarmor
ot her problem

Conput er Mbnitoring of Al arns

Alarnms are automatically sent to the guard house at the
front gate via conputer link for various paraneters and
systens including: tenperature and humdity (HVAC
systen), loss of air pressure in the pre-action fire
suppression system toxic vapor detector alarm toxic
vapor detector status problem such as |ow battery or a
tape break, generator failure, and an automatic or
manual fire alarm The al arm panel indications

di splayed to the guard allow pronpt identification of
potential problens and notification of appropriate
personnel .

Vapor Detectors

Astrotech nonitors atnospheric conditions in Building 2
using state-of-the-art portable toxic vapor detectors
to suppl enent the nore conventional vapor analysis
techni ques used (Draeger tubes). Vapor nonitoring is
done at all tines that liquid propellant is in the

buil ding. These detectors are extrenely sensitive and
are m croprocessor-controll ed for speed, accuracy and
specificity. The detectors are encased in speci al

expl osi on-proof clear plastic boxes for use in

fl ammabl e/ potentially expl osi ve at nospheres.



Safety Policies and Requirenents

Astrotech has strict safety policies and operating
procedures for the use of its facility and support equi pnent by
its payload custonmers. Because of the high value of their
satellites, Astrotech's payl oad custoners al so have stringent
internal safety requirenents. So there is to sone extent a
system of safety redundancy and crosschecks between Astrotech and
its payload custonmer, with each having considerable interest in
ensuring safe and efficient processing operations.

Payl oad custonmers are required to provide detail ed techni cal
data and operating procedures for all hazardous operations.
Astrotech reviews and approves these procedures prior to
initiation of operations. Additional Astrotech safety
requi renents include such things as training and certification of
propel l ant handling teanms, scheduling and coordinating al
hazar dous operations through Astrotech, and safety nonitoring by
Astrotech and customer safety and quality control personnel of
al | hazardous operations schedul ed for a specific payl oad.

Astrotech's safety requirenents are detailed in two
operating docunents, Safety Policy and Safety Standard Qperating
Procedures, which identify what is required of the payl oad
custonmer by Astrotech in ternms of information concerning support
equi pnent (e.g., pressure systens, electrical systenms, tanks and
lines); certification standards; operating procedures and safety
requi renents for perform ng hazardous operations (e.g., ordnance
checkout and installation, propellant |oading); baseline weather
conditions for conducting operations; requirenents for lifting
and transporting spacecraft; and accident reporting.

Emer gency Preparedness and Pl anni ng

Astrotech has a witten enmergency plan that addresses
ener gency response procedures for incidents that nay occur either
at the facility or while transporting liquid propellant from and
returning any excess to the storage facilities at KSC and CCAFS.
The plan was updated in 1988 and is considered an adequate
docunent for dealing with energencies that could occur. Since it
began operations in 1984, Astrotech has never had a release in
whi ch reporting to or alerting of energency response agenci es has
been necessary.

Astrotech has worked closely wth [ocal, county and state
energency response and planning officials in famliarizing them
with the facility, its safety systens, the types of operations
that are perfornmed, the materials that are handled and their
hazards, and the personal protective equi pnent necessary for
per sonnel responding to energency situations. The public safety
officials interviewed by the eval uati on team gave Astrotech high
marks for their efforts in these areas.

Hazards Anal yses and Ri sk Assessnent



The overall goal of this evaluation was to identify
potential risks to the public fromaccidents that coul d occur at
Astrotech. The hazards anal yses were perfornmed by review ng the
facility design, operations and procedures and then defining
possi bl e acci dent scenarios that could produce a hazard to the
public. In this evaluation, a scenario leading to a fire and
explosion in Building 2 was the baseline for defining accident
scenarios that could potentially affect the public. For each
acci dent scenario that could produce inpacts on the public an
estimate of the probability of its occurrence was nmade and the
potential consequences described. For each potentially hazardous
condition, those facility design features and operating
procedures that could mtigate the hazard and reduce the
associated risk were also considered in nmaking the probability
estimates. Any residual risk to the public was then identified.

In performng this assessnment, the evaluation team
determ ned credi ble accident scenarios, regardl ess of how
unlikely, which could result in the |argest potential negative
i npact on the public. |If these scenarios produce no significant
negati ve inpacts on public health and safety, any | esser accident
can al so be assuned to have no negative inpacts. Hazards
anal yses and ri sk assessnents require assunptions and data inputs
to nodel s which attenpt to predict the results of physical
phenonena |ike fires, explosions and the rel ease and di spersion
of toxic gases in the atnosphere. The evaluation team nade
"conservative" assunptions and used conservative or worst case
data inputs for these analyses. This neans that the assunptions
and data inputs err on the side of protecting public health and
safety. Therefore, the actual inpacts, if an accident were to
occur, would likely be considerably | ess than those predicted.

The results of the analyses indicated that a worst case
rel ease is caused by a fire and explosion invol ving the maxi mum
gquantities of liquid propellant permtted on site (2,500 pounds
of fuel; 5,000 pounds of oxidizer) and the maxi num anount of
solid propellant on site (24,600 pounds fromthe expl osive safety
siting anal yses), that danage or destroy the walls and/or ceiling
in Building 2. Gases not consuned in the fire and expl osion
could then disperse and diffuse in the direction of the
prevailing w nds.

The probability that any of the identified credible accident
scenarios will occur and result in the worst case release is
renote (about 2 x 104, on the order of two such accidents per
10, 000 conpl ete payl oad processing operations. At an average
processing rate of ten payl oads per year, the probable frequency
of such an accident is approximately once in 500 years. In
Gover nment payl oad processing facilities, with many years of
conbi ned operating experience, accident scenarios of the severity
anal yzed in this evaluation have never occurred. So, the safety
eval uation team conservatively estinmates that even applying an
uncertainty factor, the nmaxi mum frequency of the worst case
rel ease woul d be once every 100 years.



The consequences associ ated with these accidents are
extrenely difficult to predict since there are no mat henati cal
nodel s that take into account fire and explosion inside a
bui |l di ng, followed by damage to the building allow ng rel ease of
toxi c gases. Thus, conservative estinmates for the anount of
propellants involved in the initial accident were nmade. Al so,
conservative assunptions were nmade based on actual accident
experience, regarding the anounts of propellant that woul d be
available to be released (i.e., not consuned in the fire and
explosion). Typical anbient tenperature and humdity were
assuned, along with conservative w nd conditions. These
estimates resulted in very conservative (protective) estimates of
t he concentrations of toxic gases that could result in the nearby
at nosphere.

Acci dent consequences, including ground | evel concentrations
of toxic gases and overpressure effects of explosions, were
exam ned to estimate any risk to the public. The anal yses
i ndi cated that no explosion effects, including primary
overpressure effects and secondary effects such as gl ass breakage
and flying debris, would occur beyond the facility boundary.

To quantify the hazard fromtoxic gases, it is inportant to
use a standard neasurenment for airborne toxic hazards. The
| medi atel y Dangerous to Life and Health (I DLH) concentration set
by the Cccupational Safety and Health Adm ni stration/ Nati onal
Institute of Cccupational Safety and Health (OSHA/ NI OSH) was
selected for this analysis. An IDLH set at a specific value for
a particular chemcal, is the maxi num concentration that one
could inhale for thirty mnutes, and still not experience escape-
inmpairing synptons or irreversible injury. Thus, both exposure
concentration and duration are inportant considerations in
eval uating effects. EPA uses the IDLH as a basis for perform ng
hazards analysis for community planning, but in order to be
protective of the general popul ation has defined a "Level of
Concern" (LOC) for a chemcal as 10%of its |IDLH

The safety eval uation team conpared the predicted ground
| evel concentrations of all resulting toxic vapors (hydrazine;
nitric acid, fromdissociation and reaction of oxidizer; and
hydrochl oric acid, fromthe burning of a solid rocket notor
[SRM) to their IDLH values. The hydrazine concentration outside
the facility boundary is never predicted to be above the 10% | DLH
level. Ntric acid and hydrogen chloride concentrations outside
the facility boundary are never predicted to be above the
50% I DLH | evel s, and their concentrations will diffuse to bel ow
the 10% I DLH | evel s wthin approximately 860 feet and 1, 225 feet
of downw nd travel, respectively. At all locations outside the
facility boundary, even with a conservative assunption of | ow
w nd speed, the exposure duration would be |ess than a m nute.
There woul d be no adverse inpacts on the public from exposures at
t hese concentrations for such brief durations.

Thus, a worst case release, which has only a renote



possibility of occurring at the facility, would have no adverse
i npacts on public health and safety.

Fi ndi ngs

Overall Astrotech appears to have taken every reasonable
precaution in designing and constructing a facility which is safe
for those |iving and working nearby and in inplenenting the
policies and operating procedures that have been successfully
used by DoD and NASA for many years. The owners conm ssi oned
several safety studies, both to site the buildings on the
property initially and before design and construction changes for
nmodi ficati ons were approved. Astrotech has also tried to
identify and incorporate effective safety, nonitoring, and
detection features into the facility.

Fi ndi ngs Regardi ng the Buildings and Operating Procedures

The buil di ngs where hazardous materials are handled are
separated fromthe public and fromthe non-hazardous
wor k areas by di stances determ ned using DoD and ATF
expl osives siting criteria.

The buil dings and equi pnent are state-of-the-art design
and quality.

Building 2 is designed and operated to mnimze the
risk to the public fromany potential rel eases of
propel l ant vapor or liquid that could result froma
spill occurring inside the building. The containnent
and scrubber systens provide protection to the public
fromany incidental exposures during routine
oper ati ons.

The physical facility and equi pnent conpare favorably
with Governnent facilities that serve siml ar
functi ons.

Prior to and during operations, policies and procedures
are in place to ensure safety. These include attention
to all aspects of operations, equi pnment mai ntenance and
certification, personnel training, and safety systens.

The formal, docunmented procedures for processing
payl oads neet all accepted standards as applied by
i ndustry, DoD and NASA.

No reportable accidents or incidents have occurred at
Astrotech since it began operations in 1984.

Astrotech has continued to update equi pnent and is
commtted to mnimzing the generation of hazardous
waste, as evidenced by the recently ordered cl osed-1oop
still for processing and recycling contam nated freon.



Fi ndi ngs Regardi ng Energency Response and Preparedness

Astrotech has an adequate witten energency response
pl an.

Astrot ech has been cooperative and interactive with
| ocal and county energency response and preparedness
of ficials.

Procedures and equi pnent are in place to protect
wor kers in hazardous situations, to assenble the
facility energency response teamshould it be
necessary, and to call for off-site assistance as
required.

Results of Hazards Anal yses

| f an explosion were to occur in Buildings 2 or 3, the
public woul d not be exposed to any primary expl osion
effects fromoverpressure, flying fragnents, or fire.

The worst case accident scenarios, which involve a fire
and explosion in Building 2, result in no adverse
i npacts on public health and safety.

Recomendat i ons

In this section, the evaluation team outlines areas needing
addi ti onal evaluation and attention by Astrotech to further
enhance the safety of its facility and operations. These
recommendati ons can be generally divided into those directed at
the systens, equipnent, and operations; those dealing with
policies and procedures; and those dealing specifically with
ener gency preparedness and pl anni ng:

Systens, Equi pnent, and Operations

Evaluate the feasibility and safety of nodifying the
sequence of processing operations dealing with |oading
liquid propellants, lifting and mating the satellite
with the SRM pressurizing tanks, and spin bal ancing
operations so that the operations sequence mnimzes

t he chance of a worst case rel ease.

Provi de additional comunication capability for cart
storage roons (e.g., telephones or direct connection to
t he guard house).

Policies and Procedures

I ncl ude operational sequencing limtations for
propellant loading in the Safety Standard Operating
Procedure (SOP).



Devel op witten guidelines for necessary activities

follow ng an "uncontroll able"” spill including a
definition of incident(s) that initiate an
uncontrol |l able spill, activities that need to be done

to mtigate and evacuate the area, and the steps and
requirenents for re-entry.

Specify with nore detail the criteria considered for
proper training and certification of custoner
personnel .

Emer gency Preparedness and Pl anni ng

Provide additional clarification of personnel
assi gnnents, especially regardi ng an assi gned back-up
to the Safety Oficer.

Expand the enmergency contacts list to include critical
contacts beyond the 911 system (e.g., the county

emer gency managenent director), and the phone nunbers
and contact person for the nearest industrial

nei ghbors.

Add the Superfund Amendnents and Reaut hori zation Act
(SARA) Title Ill reporting requirenents for information
to be furnished in the event of a release to the plans
and procedures.

Performa sinul ated exerci se of the enmergency response
plan with enmergency responders, even if only a table-
top exerci se.

Qui del i nes

The safety evaluation teamfound that in the process of
evaluating the Astrotech facility, there were generic guidelines
that could be outlined in order to assist communities and | ocal
response and planning authorities in evaluating the overal
safety of industrial facilities. It nust be noted that these
guidelines are not ained at the Astrotech facility itself; in
fact, in many of the areas identified, Astrotech can provide a
nodel for proper inplenentation.

It is helpful to coordinate early in the design process with
| ocal planning officials, recognized safety experts, and ot her
facilities with simlar functions, so that the original
construction can incorporate as many safety features as possible.
For exanpl e, because the Astrotech facility is sited to neet
expl osi ve safety distance siting criteria, the public is
protected fromthe primary effects of expl osions.

A conprehensi ve safety program shoul d i nclude operating and
mai nt enance control s, training, docunentation and record keeping,
and internal audits and inspections. Because the safety program



is a key factor in protecting the public and the environnent, the
community may want to consider establishing a nonitoring program
where an external expert regularly inspects a facility and
observes operations to ensure that all aspects of the safety
program are i npl ement ed.

Along with community energency planning officials, it is
inportant for facilities to establish an energency response pl an.
In order to increase the effectiveness of such a plan, the
community and facility should work together to identify facility
hazards, determ ne |likely accident scenarios, inplenent
procedures that mnimze the |ikelihood and severity of such
accidents, and finally plan how to respond in the event of an
accident. Because hazardous materials are necessary for many
aspects of industrial processes, it is inportant that facilities
and communities work together to prevent or mnimze accidents.






3.0 SITE OVERVI EW

This section provides an overview of the facility layout and security
nmeasures, and details background regarding the site |ocation, including the
| ocal geography, weather patterns and community denographics.

The Astrotech facility is located in the southernnost part of the Gty
of Titusville, Florida at 28° 31' 30" North Latitude and 80° 49" 12" West
Longi tude, approximately 3,000 feet south of State Road 405 and adjacent to
State Road 407. See Exhibit 3-1

3.1 Facility Profile

The buil dings that conprise the Astrotech facility are divided into
non- hazardous and hazardous work areas. It is common industrial practice to
| ocal i ze and segregate operations involving activities in which hazardous
materials are handled, to mnimze any potential exposure outside of a limted
area and to control and limt access. At Astrotech, operations are schedul ed
to take place in the work area appropriate for the naterials being transferred
or | oaded.

There are 11 permanent enployees at Astrotech (including janitoria
staff), nost of whom have been at the facility since its opening. Security
guards are provided to Astrotech under contract.

This section will present a general overview of the buil dings that
conprise the facility as well as a general description of the safety design
features of the buildings in both the non-hazardous and hazardous operations
areas. Detailed descriptions of the buildings can be found in Section 4.1

3.1.1 Buildings

The Astrotech facility opened in April 1984 after a ten nonth
construction period. After the original design and construction, Astrotech
identified the need to provide nore processing space and to facilitate
processing | arger spacecraft, and additions were made to Buildings 1 and 2
These additions were conpleted in May 1989, after a ten nonth construction
period. Additional studies were conducted to ensure that the expansion of
Building 2 net explosive siting criteria (See Section 7.1.1). Astrotech also
requested and obtained a nodification of its Florida DER air permt to allow
the handling of larger quantities of liquid propellants on site (See
Section 7.1.2).

The facility consists of six buildings and a free standi ng antenna
tower. Buildings 1 and 1A, 4, and 5 are located in the designated
non- hazardous area of the site and Buildings 2 and 3 are in the hazardous
operations area. See Exhibit 3-2 for a layout of the buildings on the

property.
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3.1.2 Overview of Facility Design Safety Features

Bui |l dings in the hazardous operations area (Buildings 2 and 3) are
constructed with special design features based on the materials and operations
that are allowed in each. These are detailed in Section 4.4 and are only
briefly nmentioned here.

Building 3 is sited and constructed to DoD and ATF expl osives safety
criteria for storage of solid rocket nmotors and any ot her ordnance-contai ni ng
flight hardware, as required. No liquid propellants are stored in Building 3.

Building 2 is designed to contain a rel ease of propellant vapor or
liquid into the environment. The building has a seal ed design, which, in the
event of a propellant spill, would trap all toxic vapor inside the building
and its containnent systemuntil it was neutralized into harm ess materi al s.
Al'so, the building is designed to mnimze the possibility of igniting
propel lants. For exanple, extensive lightning protection, consisting of
[ightning rods and grounding grids, prevents accidental ignition of materials
and danmage to equipnent. In the unlikely event of a fire or explosion, there
are fire protection systens designed and installed to neet strict Nationa
Fire Protection Association (NFPA) code requirenments. Safe operations are
al so enhanced by havi ng backup power for critical functions Ii1ke facility
lighting, the fire protection system and vapor nonitors.

3.2 Site Conditions?

In performng the safety evaluation, it is inmportant to understand the
t opogr aphy, hydrol ogy, weather, and atnospheric conditions in the vicinity of
the site in order to evaluate the effectiveness of the safety features of the
facility and also to identify and eval uate operations that nay be sensitive to
site specific phenonena, such as stornms and fl oods.

3.2.1 Soil, Topography and Hydrol ogy

The soil is predonminantly sugar sand with some sea shell fragnents to a
depth of approximately 100 feet. No shell is evident at the surface, and none
was encountered in excavation to approximately ten feet. The upper region of
the soil is noderately porous and because of the gently rolling sl ope,
noderately well drained. Vegetation ranges fromlow grasses to sparse
pal netto.

The site is |l ocated outside of the one hundred year flood plain, and
fl ooding due to either excessive rainfall (i.e., thunderstornms or hurricanes)
or tidal surges is unlikely. The terrainis nearly flat, with a slightly
rolling slope of less than ten feet. Because of the site's gently sl oped
t opography and its natural water table of approximately eight feet, ralnwater
is rapidly absorbed into the ground. Swales or slight depressions in the
ground | ocated throughout the facility site also contribute to the rapid
absorption of rainwater.

Tidal surge flooding, although possible, is unlikely because the site is
nore than twenty feet above nean sea | evel and approximately fourteen mles
fromthe nearest Atlantic beach

3.2.2 Weather Patterns
There are two naj or weat her seasons: My to Cctober is the wet season

and Novenber to April is the dry season. Rainfall, tenperature, w nd
direction and atnospheric stability all vary depending on the season.

* Most of the data in Section 3.2 was taken from Fi

Einal Environnental |npact Statenent for the
NASA, October 1979 except for site specific details concerning soils, topography
and terrain.
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Especially in the wet season, hurricanes and lightning are |ikely weather
patterns, so the facility nust carefully nonitor the weather before scheduling
hazar dous payl oad operati ons.

Seasonal Tenperature and Wnd Patterns

The dom nant weather pattern in the May to Cctober wet season is
characterized by southeast winds that travel around the Bernmuda Anticycl one,
bringing noisture and warmair, leading to alnost daily thundershowers. This
season al so has the greatest potential for hurricanes. Approximtely
70 percent of the average annual rainfall occurs during the wet season. The
nmont hly precipitation average is four inches, with the greatest anmount of
rainfall in Septenber.

Tenperatures during the wet season average 79 degrees Fahrenheit (°F)
and rarely exceed 90°F. Relative humdity averages 90 percent in the early
nmorni ng hours and generally declines to approximately 70 percent by early
af t er noon.

Weat her patterns in the dry season (Novenber to April) are influenced by
cold continental air masses that cause rain when they nove over the Florida
peni nsul a and nmeet warmer air. 1In contrast to the |ocalized, heavy
t hunder showers of the wet season, rains during the dry season are |ight and
steady, and tend to be uniformin distribution. Total rainfall averages
15 inches for a nmonthly average of approximately 2.5 inches.

Dry season tenperatures average 64°F, but have sharp gradi ents when the
cold air nmasses nove over the area. |In the past decade, the tenperature has
usual Iy not gone bel ow 32°F, and recent wi nters have had | onger cold periods
than previously. Relative humdity during the dry season averages 55 percent.

Weat her patterns originate fromboth daily and seasonal w nd patterns.
Wnd directions are influenced by seasonal neteorol ogical conditions and by
the thermal differences between the Atlantic Ccean and the Cape
Canaveral -Merritt Island-Titusville |and nasses. Cool air always replaces
rising warmair so that during the night offshore (fromland to ocean) breezes
predonm nate and during the day onshore (fromocean to | and) breezes are nost
frequent. Exhibit 3-3 illustrates day and ni ght nmean wi nd direction patterns.
Onshore breezes can be 3,300 feet and higher, and reach farther inland during
the wet season.






Seasonal wind directions are influenced primarily by continenta
tenperature changes. In general, the fall w nds occur predom nantly fromthe
east to northeast. Wnter winds occur fromthe north to northwest shifting to
the southeast in the spring and finally to the south in the sunmrer nonths.

Exhi bit 3-4 presents seasonal wind direction distributions.

At mospheric stability is an indicator of air turbul ence, inversely
related to the dispersion of gases and particles, and is an inportant factor
in determ ning the concentration of gases and particles in the air as well as
how | ong they m ght be present. Stable conditions can result in poor
di spersion (e.g., a plune of pollutants would not diffuse and di sperse as
qui ckly) and are nost likely to occur during the evening hours; unstable
condi tions provide rapid diffusion and renoval of gases and particles froman
area. Exhibit 3-5 illustrates the frequency distribution of stability classes
by hours of the day. Exhibit 3-6 presents seasonal distribution of
at nospheric stability detailing both the wind speed and the percent of tinme
that 1t occurs. In general, atnospheric conditions are nost stable during the
wi nt er nont hs.

EXH BIT 3-6 SEASONAL DI STRI BUTI ON OF ATMOSPHERI C STABI LI TY

Sumrer W nt er
June- Aug Dec- Feb Annual
Aver age
At nospheri c Stability 1/ 2/ 1/ 2/ 1/ 2/
Tur bul ence Cl assification
Extrenel y
Unst abl e 1.8 6.3 0.6 4.9 1.1 6.5
Hi gh Unst abl e 4.4 8.3 1.9 9.2 2.8 9.2
Slightly
Unst abl e 19.4 10. 3 12.9 11.4 15. 2 11.2
Moder at e Neut r al 44.9 9.6 40. 4 11.4 44.9
11.0
Slightly
St abl e 21. 4 6.9 28.9 9.6 24. 6 8.5
Low St abl e 7.3 4.7 12.9 6.7 9.8 6.0
Extrenely
St abl e 0.8 3.6 2.6 5.8 1.6 5.1

1/ Percent of the tine
2/ Mles per hour (w nd speed)

Einal Environnental lnpact Statement for the Kennedy Space Center, NASA, John F
Kennedy Space
Center, QOctober 1979.
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3.3 Site Access and Contro

Al site access routes are publicly naintained roads. The i mediate
access to the Astrotech site is via Chaffee Boulevard from Gi ssom Par kway,
which is off State Road 405, which extends to the east directly into the NASA
Causeway | eading to KSC. State Road 405 intersects US Route 1 on the east and
joins State Road 50 to intersect with Interstate 95 on the west. Gissom
Parkway is the major artery into the Spaceport Florida Industrial Park. See
Exhi bit 3-1.

Perineter access is restricted by a chain link fence topped with barbed
wire. Access through the main entrance gate is controlled 24 hours a day in
order to regul ate enpl oyee, custoner, and visitor traffic through conventiona
sign in, verification, and nunbered badge assi gnnment procedures. Access to
operations buildings is restricted by cipher/key |ocks on all personnel doors
and all visitors nust be escorted. Oher special access restriction could be
provi ded upon custoner request. An additional badge exchange guard station
[imts access to the entire hazardous work area when certain operations are
taking place in Building 2.

Li quid propellants are transported to Astrotech from CCAFS/ KSC, and,
therefore, the transport route is a short one. See Exhibit 3-7. Propellants
are transported fromthe CCAFS Liquid Propellant Supply Depot to Astrotech for
fuel ing payl oads, and fuel ed payl oads are transported from Astrotech to | aunch
pads at KSC and CCAFS

3.4 Denogr aphi cs of the Vicinity

It is useful to know the population pattern in the imediate vicinity of
the Astrotech facility as a baseline for risk analysis. After quantifying
specific distance relationships in a hazards analysis, the safety eval uation
team can determ ne the popul ation affected, if any.

The safety evaluation team has nmade separate estimates of residentia
and industrial populations within one mle of the Astrotech facility, and has
surveyed that area for any specialized concerns, such as ecologically
sensitive zones or sensitive facilities (e.g., hospitals, nursing homes, and
school s). The one-mle radius was selected to be conservative in evaluating
whet her the public would be affected (i.e., be nore protective of the public),
based upon the results of the Brevard County hazards anal ysis (see

Appendi x A).

Because the facility is located within the existing Spaceport Florida
Industrial Park, there are a substantial nunber of offices and |ight
industries within a one-mle radius. Daytinme office and |ight industrial
popul ation is estimated to be 1,500 individuals, and the evening estimate is
150 i ndi vi dual s.

Based on the 1985 actual data? the residential population by quadrant
(see Exhibit 3-8 for quadrant locations) is projected for years 1990, 1995,
and 2000 in Exhibit 3-9. Each quadrant has a one mle radius. The closest
residences to the facility are in Wndover Farns, approximately one quarter of
amle west of the facility across State Road 407. No residences are |ocated
in the east quadrants.

If a hazardous situation were to arise, certain specialized popul ations
could require additional attention by emergency responders. EPA gui dance
recomends that a comunity identify facilities, such as hospitals, nursing
honmes, schools and parks, so that the community can incorporate their
protection into its emergency preparedness planning. No schools, hospitals,

> Brevard County Projections, Populations and Occupied Dwellings, Brevard County Geographic
Research Division, August, 1987.
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nur si ng hones or environnmentally sensitive areas are known to be within a one
mle radius of the Astrotech facility.

EXH BIT 3-9 PROIECTI ONS OF RESI DENTI AL POPULATI ON BY QUADRANT

YEAR
1990 1995 2000
NE Quadr ant 0 0 0
NW Quadr ant 750 1065 1344
SW Quadr ant 180 327 480
SE Quadr ant 0 0 0
Popul ati on Tot al 930 1392 1824




EXH BIT 3-7 HAZARDOUS MATERI ALS TRANSPORTATI ON ROUTES
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EXH BI' T 3-8 RESI DENTI AL POPULATI ON QUADRANTS
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4.0 BU LD NGS AND OPERATI ONS

This section provides a nore detailed description of the site buildings
(Section 4.1), an overview of the operations that take place within those
buil dings (Section 4.2), a listing of the materials handled on site and their
characteristics (Section 4.3) and details regarding the safety design features
of Building 2 (Section 4.4).

Astrotech provides facilities and limted facilities support for the
final assenbly, 1nspection, and processing of payloads prior to |aunch.
Payl oads can be grouped into four generic classes of satellites based upon
their function: communications satellites, renote sensing satellites, weather
satellites, and scientific experiment satellites. Payload processing begins
at Astrotech once the satellite and its specific ground support equi pment
arrive at the site.

The activities which conprise the preparation of the payload for flight
can be grouped into non-hazardous and hazardous operations. The non-hazardous
activities generally include:

. Fi nal assenbly or buildup of the spacecraft;

. Leak tests and initial checkout of propellant systens
bef ore propel |l ant | oadi ng;

. Installation of solar panels, antennas, insulation and
ot her equi pnent;

. Payl oad function testing;

. I nspection and cl eani ng;

. Moni toring and checkout of payl oad el ectronic systens

via hardlines and mi crowave conmuni cati on

Operations are designated as hazardous by NASA and the Air Force when
significant anmobunts of potential energy are present and | oss of control could
result in injury to personnel or equipnent; a significant change (i.e.,

i ncrease or decrease) in the anbient conditions of tenperature, pressure, or
oxygen content could occur; or the presence of hazardous materials presents




the potential for personnel exposure.!?

The procedures and operations that are considered to be potentially
hazardous to personnel or to pose potential damage hazards to critica
spacecraft equi pment and/or systens, generally include:

. Transport, short-term storage, sanpling and | oadi ng of
liquid propellants (anhydrous hydrazi ne, nononet hyl
hydrazi ne, and nitrogen tetroxide);

. Install ati on of expl osive devices used in space to
ignite notors and to separate the payload fromthe
vehi cl e;

. Fi nal assenbly, lifting, and mating of solid rocket

notors and liquid propellant motors with the payl oad;

. Dynam ¢ spin bal anci ng of the assenbl ed payl oad or the
fuel ed parts of the payl oad; and

. Transport of the fuel ed spacecraft from Astrotech to KSC
(See di scussion of transport in Section 5).

Payl oads have various types of notors that are fueled with either solid
or liquid propellants. See Section 4.2.1 for a discussion of the functions of
various notors. The orbit position control propul sion systemin the
spacecraft itself can use either a single liquid fuel referred to as a
nonopropel l ant (i.e., anhydrous hydrazine) or a conbination of liquid fuel and
liquid oxidizer referred to as bipropellant (i.e., nmononethyl hydrazine and
ni trogen tetroxi de) depending on the requirenents of the spacecraft.

General ly, both the perigee kick nmotor (PKM, when required, and apogee Kick
notor (AKM contain solid propellant. Nonopropellant spacecraft usually use a
solid propellant AKM however, in bipropellant spacecraft the AKM often
utilizes the sane liquid bipropellants as the orbit control propul sion system
Thus, a fuel ed spacecraft can have, in addition to solid propellant,

conbi nations of liquid fuel and liquid oxidizer: (1) anhydrous hydrazine
only, or (2) nononethyl hydrazine plus nitrogen tetroxide.

4.1 Payl oad Processi ng Buil di ngs

The buil dings in the hazardous and non-hazardous work areas on the
Astrotech site are physically separated by a distance of approximately 335
feet. See Exhibit 4-1. This physical separation ensures that the hazardous
work areas are | ocated beyond the distance required by explosive siting
criteria. See Section 7.1.1. A typical spacecraft is located first in
Bui l ding 1, the non-hazardous processing facility, for operations such as
el ectrical systenms checkout and | eak check and then noved to Building 2, the
hazardous processing facility, for operations such as propellant |oading.

4.1.1 Building Descriptions - Non-Hazardous Areas
Buildings 1 and 1A

Buil dings 1 and 1A are separate but adjoining buildings that conprise
t he non-hazardous processing facilities. Building 1 with dinmensions of
136 feet x 193 feet x 53 feet (including roof top air conditioning equipment)
contai ns three payl oad processing high bays, a common clean room airlock and

Space Transportation System Payload G ound Safety Handbook, SAMIO HB S-100, KHB 1700. 7,
Novenber 1982, p 4-2.
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associ ated support office space. The building has three antenna towers on the
rooftop, 96 feet above ground, that enable direct line-of-site air links with
near by | aunch conpl exes at KSC and CCAFS.



EXH BIT 4-1 SEPARATI ON BETWEEN HAZARDOUS AND NON- HAZARDOUS FACI LI TI ES
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Buil ding 1A, the later addition, contains one clean roomhigh bay with
its own clean roomairlock. The overall building dinensions are 95 feet x
170 feet x 60 feet. Both buildings are constructed of steel colums and beans
with netal stud frami ng, except for the office and support sections of
Buil ding 1, which are of concrete masonry bl ock

Overhead cranes within Building 1 provide hoisting capability in each
hi gh bay, and those within Building 1A provide hoisting capability in and
bet ween the high bays and airlock. 1In addition to the high bays and airl ocks,
each of the two buil di ngs contains garnment change roons, office areas,
conference roons, break rooms, and an administrative area.

Bui lding 4
Building 4 is the warehouse storage facility. It is used for storage of

equi prent not requiring a controlled environnent, such as shi pping containers
and certain ground support equipnment. Dinensions are approximately 62 feet x
125 feet x 30 feet. It is constructed of corrugated steel sheeting,

i nterspersed with translucent corrugated fibergl ass.

Building 5
Building 5 is the custoner office building. It is primarily used for

client office space during operations. The building is pre-engi neered of
structural steel and has approxi mate di mensions of 60 feet x 60 feet x
16 feet.

4.1.2 Building Descriptions - Hazardous Operations Area
Building 2

Bui |l ding 2, the hazardous processing facility, is used for activities
such as liquid propellant transfer operations, installation of ignition and
separ ati on ordnance, spin-bal ancing, and mating of the spacecraft with its
upper stage (perigee kick notor or both perigee and apogee kick mptors).

Si nce these hazardous operations are the major focus of this evaluation, nore
details about Building 2 are presented in this evaluation than for other
buil dings on the site.

Buil ding 2 (approximately 120 feet x 120 feet) contains clean room hi gh
bays and airlocks. A system of overhead cranes provides lifting capacity
t hrough the building such that a lifted | oad can be transferred or passed off
bet ween cranes and noved between the high bays. The najor areas of the
buil ding include two airlocks (the North has a ceiling height of 65 feet and
the South 43 feet), three clean room high bays, two propellant cart storage
roons, two garnment change roons, and two control roons. See Exhibit 4-2 for
the general |ayout of Building 2 and Exhibit 4-3 for the room specifications.



EXH BIT 4-2 LAYOUT OF BU LDI NG 2




EXH BIT 4-3 BU LD NG 2 ROOM SPEC! FI CATI ONS

LARGEST

RM EUNCTI ON LENGTH WDTH HEIGHT DOORWAY  ELOORS WALLS CEI LI NG
101 Sout h Airlock 38 29 43 20x40 Vi nyl G\B G\B
102 Sout h Hi gh- Bay 60 37 43 20x40 Vinyl (c) GWB G\B
103 Center Hi gh- Bay 48 27 43 20x40 Vinyl (c) GWB G\B
104 Nort h Hi gh- Bay 60 37 43 20x40 Vinyl (c) GWB G\B
105 Ofice 12 11 9-4 3x6-8 Vi nyl G\B ACST
108 North Control Room 30 25 9-4 8x8 Vi nyl G\B ACST
109 North Change Room 20 10 9-4 3x6-8 Vi nyl G\B ACST
110 Corri dor
111 Wnen's Restroom
112 Jani t or
113 Men's Restroom
114 Sout h Change Room 19 14 9-4 3x6-8 Vi nyl G\B ACST
115 Sout h Control Room 25 15 9-4 8x8 Vi nyl G\B ACST
116 Bal ance Control Room 15 10 9-4 6x6- 8 Vi nyl G\B ACST
118 Corri dor
119 Oxi di zer Cart Room 20 20 9-4 10x10 Vi nyl Concr et eG/\B
121 Fuel Cart Room 20 20 9-4 10x10 Vi nyl Concr et eG/\B
123 North Airlock Hi gh-Bay 55 40 65 20x50 Vinyl (c) GWB G\B
Not es: 1) Al dinensions are shown as feet or as feet-inches

2) Vinyl(c) - Conductive Vinyl

3) GMB - Gypsum Wl | board

4) ACST - Acoustic Tile

Building 2 is sited, designed and constructed to neet expl osives safety
criteria standards*®** and permtted to contain up to 2,500 pounds of liquid
fuels, 5,000 pounds of liquid oxidizer and sited for 24,600 pounds of solid
propellant. The high bays and airlocks are constructed of structural stee
col um and beans with steel reinforced concrete-filled masonry bl ock. The
wal I s have integral horizontal concrete tie beans and the roof is franed with
steel joists and decked with corrugated steel sheeting. The entire building
is covered on the exterior by insulation sealed with plasticized cenment/stucco
for an inpact resistant and airtight exterior. The upper surface of the roof
has an attached layer of rigid insulation material covered by a heat seal ed
pl astic menbrane for thermal and noisture protection. The tenperature and
hunidifr hnside the clean room (100, 000 d ass) high bays are nonitored and
controll ed.

There are two grounding grids, one outside the building and one inside,
consi sting of structural steel ground bars connected to a steel grate in the
floor. Al lights and intercons are purged by positive air flow out of each
device to prevent the possible ignition of any flammabl e vapors that m ght be
present in the high bays. Al other electrical equipnent in the high bays is
expl osi on- proof .

2 Bureau of Alcohol, Tobacco, and Firearms, Department of the Treasury, ATF P 5400.7 (11/82).
® DoD Directive 6055.9, DoD Armunition and Expl osives Safety Standards, July, 1984.

4 Departnent of the Air Force, AFR 127-100 CHANGE 1, 24 Decenber 1984, Chapter 8 - Site Pl ans,
Construction, and Uilities, Section A - Explosives Site Planning and Section B - Construction
Consi derati ons.
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Bui |l ding 3

Building 3 is a storage facility designed for short- or long-term
storage of payl oads, SRMs, flight hardware, ground support equi pnent or other
sensitive equi pment. Any stored payl oads are, in general, waiting for
processing. The building contains six identical storage bays which are
environnental ly controlled but are not clean roons. Since this building is
used for the storage of SRMs, it is designed to DoD and ATF expl osives safety
criteria and sited in the hazardous work area of the Astrotech site, renote
fromthe other buildings.

Buil ding 3 was designed to store three PKMs cal | ed Payl oad Assi st Mdul e
(PAM solid rocket motors (Thiokol Star 48 or Star 63) and three smaller
unspeci fied solid rocket AKMs (typically Thiokol Star 15) all using DoD d ass
1.3 (mass-fire) solid propellant. Total propellant quantity limt is 24,600
pounds. No liquid propellants are permtted in the building.

4.2 Hazar dous Qperations

Payl oad processing operations are conprised of a set of activities that
are perfornmed on a spacecraft or satellite and assist notor(s) to ensure that
the payload is flight-ready before it is mated with the | aunch vehicle at the
| aunch pad. Most payl oads processed at the Astrotech facility have simlar
functional characteristics but vary in size and appearance. Variations in
size and appearance nmay nean that the sequence of operations differs sonewhat
for each payl oad processing operation. Under typical processing conditions, a
spacecraft will be | ocated in the non-hazardous work area (Buildings 1/1A) for
6-10 weeks and in the hazardous work area (Building 2) for 3-4 weeks. Liquid
propellant loading is one of the | ast operations performed. The discussion
bel ow descri bes the "typical" sequence of operations.

4.2.1 Functions of Payload Mdtors

A typical payload is a communications satellite that needs to be pl aced
in a geostationary orbit 22,000 mles above the earth. Launch vehicles
provide only enough energy to boost a satellite into a |lower orbit, either a
circular one with a dianeter of approximately 130 miles, or an elliptica
orbit with its |ow point at about the sane altitude. To be fully operational
a typical satellite requires additional energy for three functions: first, to
raise the orbit to the 22,000 ml|e high geosynchronous altitude; second, to
circularize the orbit at that altitude; and third, to maintain the precise
orbit positioning (i.e., station keeping) throughout the seven to fifteen year
operational life of the satellite.

The substantial energy initially required to raise the orbit to the
geosynchronous altitude is normally provided by a PKM which is generally an
SRM ranging in size from4 to 8 feet in dianeter. As shown in Exhibit 4-4,
the PKMis a separate section of the spacecraft, designed to separate fromthe
remai nder of the payload after the PKMs energy is expended. The fairing is a
shroud used to surround and protect the spacecraft during ascent through the



EXH BIT 4-4 SCHEMATI C DI AGRAM OF A TYPI CAL PAYLQOAD
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at nosphere and is typically jettisoned prior to achieving orbit as soon as the
| aunch vehicl e has escaped the dense at nosphere.

VWen the satellite arrives at the required apogee altitude, the
additional energy required to circularize the orbit and to adjust the
equatorial inclination to place the satellite into its operational orbit is
provided by an AKM generally solid propellant, and sonetines augnmented by
small notors using liquid propellant(s). Because during its typica

operational life of 7 to 15 years a satellite will drift slightly out of the
required precise orbit, energy is needed to reposition the satellite
periodically. This energy is provided by the small |iquid propellant(s)

notors. To inprove operational efficiency and reliability, the tendency in
recent years has been to design liquid propellant rocket systens that can
performboth the AKM function and the orbital position control function

Al though this design avoids the need for a solid rocket AKM the anount of
liquid propellants required increases significantly.

4.2.2 Typical Payload Processing Operations

Because the PKMis essentially separate fromthe rest of the payl oad,
operations at Astrotech can be perforned i ndependently on the PKM and the
remai nder of the payload. Because the PKM has solid propellant and igniter
systens, PKM operations are consi dered hazardous and performed in Building 2
In the typical sequence shown in Exhibit 4-5, the PKM operations begin
approxi mately two weeks before the spacecraft operations and take
approxi mately six weeks to conplete. Upon conpletion of the PKM processing,
it either remains in a high bay separate fromthat used for the spacecraft
operations, or it is noved to Building 3 for tenporary storage. Simltaneous
to the PKM operations, the satellite undergoes approxi mately four weeks of
non- hazardous final assenbly and checkout in Building 1, including tests to
verify the proper functioning of all electrical systens and | eak checks.

As late as possible in the schedule, the liquid propellants are
transported from KSC to Building 2, where they undergo thernal conditioning
and helium saturation for several days. Operations are sequenced carefully so
that conpletion of PKM operations occurs several days before conpletion of the
non- hazardous satellite processing operations, |leaving Building 2 avail abl e
for liquid propellant conditioning. After the propellants are conditioned and
t horoughly saturated with helium the satellite is noved fromBuilding 1 to
Buil ding 2, where the liquid propellants are | oaded and any solid propell ant
AKMinstalled. (For the "typical" sequence illustrated in Exhibit 4-5, no
separate AKMis installed in the satellite.) |If the |aoded satellite requires
dynam ¢ bal ancing, a spin bal ance operation is perfornmed at this point. The
final step in assenbling the payload is to mate the satellite with the PKM
Before transporting the flight-ready payload to the |aunch pad, the payload is
ei ther encapsulated in the launch vehicle fairing or placed in a specia
cont ai ner designed to protect the payload during transport.

4.2.3 Transport of Fuel ed Spacecraft
The transport of the fueled and processed spacecraft from Astrotech to

KSC nay be considered a hazardous operation. It is performed under strict
requi renents: a convoy of |aw enforcement officials acconpani es the shipnent



EXH BIT 4-5 TYPI CAL SEQUENCE OF PAYLOAD PROCESSI NG OPERATI ONS
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in arolling roadbl ock (one vehicle is ahead of the transporter and one is
behi nd); the highway intersections are closed to the public ahead of the
transport vehicle; transport only occurs at night; and a maxi num speed of 5
nmph is maintained while en route.

During the course of gathering data on the various processing operations
at Astrotech, the evaluation teamidentified the transport of fuel ed
spacecraft as an area where, despite the fact that it is beyond the scope of
this evaluation, additional coordination was indicated between Astrotech and
RSPA to ensure conpliance with all requirenents of the Hazardous Materials
Transportation Act. Astrotech acted quickly on the verbal recommendation of
the teamto coordinate with RSPA and provided all technical information
identified by RSPA to obtain the transportation approvals called exenptions
for the transport of not only the fuel ed spacecraft but al so propellant carts,
when needed, propellant sanples, and the oxidizer filter assenbly.

Astrotech transports fuel ed spacecraft under this approval fromthe U S
DOT. Prior to transport, Astrotech obtains an oversize |oad permt fromthe
Fl orida DOT, and a Florida DOT officer inspects the transport equipnent,
procedures, and driver licensing records to assure full conpliance with al
applicable federal and state laws and regulations. This Florida DOT officer
al so acconpani es the transport convoy. Refer back to Exhibit 3-7 for
transport routes.

4.3 Characteristics of Hazardous Materials

The hazardous naterials handled at the Astrotech facility of nost
interest are chemcals used in the propul sion systen(s) of the spacecraft
(both liquids and solids) and ordnance (el ectroexpl osive devices [ EEDs]) used
toignite SRV and to separate the spacecraft from assist notor(s).

The liquids used as propellants are two types, fuels and oxidi zer
These chemnicals are stored and handl ed at anbi ent conditions w thout elevated
pressures or reduced tenperatures. They are very volatile and when they cone
into contact with one another they spontaneously ignite, liberating |arge
quantities of heat and gas. Because they undergo this reaction (referred to
as a hypergolic reaction), these chemcals are extrenely useful as rocket
propellants. The fuels used at Astrotech include anhydrous hydrazi ne (AH and
nononet hyl hydrazine (MWH); they are also referred to as hydrazine fuels. The
oxidizer is nitrogen tetroxide (N,O,). A particular spacecraft may require
only fuel (i.e., nonopropellant system or both fuel and oxidizer (i.e.,
bi propel | ant systenj.

As detail ed bel ow, these chemicals are used in other industries besides
t he space industry and have been manufactured, transported, stored, and
handl ed safely for many years. For an overvi ew of rel eases of hydrazi nes and
nitrogen tetroxide reported to the National Response Center (NRC) over an 8-
year period, see Appendix B. 1In the eight year period, there were 77 separate
rel eases of hydrazine and 66 of nitrogen oxides. O the hydrazine rel eases,
35% were attributable to public utilities and only 9% were space industry
related. O the nitrogen oxide rel eases, 74% were attributable to
manuf acturing industries and only 10.6% were space industry related. Al though
t here have been space industry related rel eases, the safety evaluation teamis
not aware of any occurring from payl oad processi ng operations.

The maj or hazards frompropellants result fromtheir flammable and
reactive characteristics. However, propellants have properties simlar to
ot her hazardous chem cals which are routinely transported throughout the U S
on the nation's highways and are nmanufactured and used in a variety of
i ndustrial operations. For exanple, liquified natural gas and propane pose
simlar flammability hazards, and are commonly used for hone heating and
electricity generation. A typical industrial pressurized spherical propane
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storage tank contains approximately 475 tons of propane with a chem cal energy

of 19 x 10° BTU. By conparison, a Titan IIl ELV, one of the |argest users of
liquid propellants in the spacecraft industry has a roughly equival ent wei ght,
414 tons, but |ower chemical energy, 1.7 x 10° BTU. In fire situations, the

greater the chem cal energy available, the greater the potential hazard. The
payl oads processed at Astrotech have a nuch |l ower quantity of propellants than
ELVs, and hence much | ess chemi cal energy. Qher industrial chemcals, such
as chlorine, amonia, and sulfuric acid pose sinilar short-term exposure

hazar ds.

4. 3.1 Hydrazines®

The hydrazi ne chenmicals nost commonly used at Astrotech are MvH and AH.
Both are clear, oily, water-white liquids with a fishy odor. They are
slightly | ess dense than water. Vapors fromthese fuels are nore dense than
air and therefore tend to hug the ground.

The | argest manufacturers of hydrazine in the U S. are AQin Chemcals
(approximately 21 mllion pounds per year), Mbay (14 mllion pounds per year)
and Fairmont Chemical (1 mllion pounds per year). Total U S. production
averages around 36 mllion pounds annually, of which 29 mllion is sold
commercially. The remainder is retained for use by the manufacturer or
produced directly under contract. Only 5% of all hydrazi ne produced in the
U.S. is used by the space industry. The greatest consumer of hydrazine is the
agricultural chem cal industry which uses 40% of the total hydrazi ne output.

Hydrazine is a key ingredient in a variety of agrochem cals, including
many common pestici des, fungicides, al gaecides, bactericides and herbi ci des.
Sone bl owi ng agents al so contain hydrazine, particularly those used in the
production of foam rubber and plastics (including certain types of vinyl
flooring and autonotive cushi