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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 cushions). This accounts for another 28 percent of
t he hydrazine consunmed in the U S

Only 15% of the hydrazine that is produced in the U S. is used as pure
hydrazine. 1In this form it is effective as an industrial water treatnent
chem cal to renove chromates and is also used by electric utilities and other
i ndustries to scavenge oxygen fromfeed water and reactor cooling waters. The
remai ning 12%that is produced is used as a chemical internmediate in a variety
of products and processes. It is a key conponent of an experinmental drug for
sickle-cell disease and is also found in the antitubercul ant drug | sonoizoid.
It is used when plating electrolytic netals onto glass and plastics, as an
intermediate in textile dyes, as a polynerization catalyst, and as a reducing
agent in the extraction of plutoniumfromreactor wastes. Estazolam a
sedative, and hydrazide salts used in soldering fluxes are al so manufactured
from hydr azi ne.

Mononet hyl hydrazine is manufactured in the U S. by Charkit Chem ca
Corporation in Darien, CT and the Ain Corporation in Stanford, CT. The
| at est avail able records show that at |east 100,000 pounds were produced in
the U.S. in 1977. Since 1982, however, nononethyl hydrazi ne has not been sold
on the comercial market. Mnonethyl hydrazine is used as a chem ca
intermediate, as a solvent, and in the synthesis of the antibiotic
cesftriaxone.

Further information on the properties of the hydrazine fuels can be
found in the Chemical Propulsion Information Agency (CPIA) Publication 394,
Hazards of Chemical Rockets and Propellants, Volunes |, Il, and IIl, Applied
Physi cs Laboratory, Johns Hopkins University, Septenber 1984 and in Hydrazine

® Hypergolic Propellant Hazard Response Guide, Cape Canaveral Air Force Station (CCAFS), Draft Volume |, |CF Technol ogy
I ncorporated, July 1, 1988.
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and Its Derivatives Preparation, Properties, Applications, Eckart W Schm dt,
W ey-Interscience Publications, USA 1984.

The hydrazines are volatile chemcals that react readily with carbon
di oxi de and oxygen in the air and will al so deconpose on contact with sone
metals. |If hydrazine vapor is released into the air in sufficient
concentration, it may ignite or react to formammoni a and oxi des of nitrogen
(NQ). Further oxidation will form amoni a-based nutrients and the NQ w |l
ultimately return to earth as nitric acid rains.

The hydrazines are flammable |iquids that can present fire and expl osion
hazards, if sufficient quantities are handled inproperly. A vapor phase is
readily formed at ambient conditions (the vapor pressures are roughly that of
water) and the vapor can be ignited by spark, open flame, or contact with an
oxi di zer. Exposure of MVH or AHto air froma |large surface, such as
saturated rags, may result in spontaneous ignition due to the heat evol ved
fromcontact with oxygen in the air.

The hydrazines are al so corrosive, poisonous, and can present serious
heal th hazards if direct contact is nade with sufficient quantities of either
the liquid or vapor. The nobst severe exposures occur through dermal (i.e.,
skin) contact with liquid and inhal ation of vapors. Contact of the chem ca
on the skin can cause severe burns and the chemical can enter the bl oodstream
leading to simlar effects caused by inhalation. These effects may include
danmage to the central nervous system such as trenors, convul sions, or death in
the case of extrenely high concentrations of the chem cal involved. Hydrazine
is al so a suspect human carcinogen, according to the American Council of
Industrial and Governnent Hygienists. However, since hydrazi ne deconposes
qui ckly upon release into the atnmosphere, it is unlikely that vapor
concentrations will remain high enough to cause serious health effects. See
Exhi bit 4-6.

4.3.2 Nitrogen Tetroxide®

Ni trogen tetroxide is a thick, heavy, greenish liquid that is very
volatile (its vapor pressure is about 50 tinmes that of water and 5 tines that
of acetone). Its yellow sh to reddish brown vapor, which is due to the
ni trogen dioxide (NO) resulting fromthe N,GO-NG, equilibriummxture, has a
pungent odor simlar to bleach. N trogen tetroxide is nmanufactured by a
single source in the U S., Cedar Chem cal Corporation in Vicksburg, M5. Based
on data fromthe U S. Air Force Directorate of Energy Managenent, Kelly AFB,
t he annual production capacity for NNO, is estimated to be 3 m|lion pounds
per year.’” N trogen tetroxide is produced by oxidation of nitric oxide which
is an intermedi ate stage in the production of nitric acid fromammonia. N,
is used in the manufacture of other chem cals (e.g., nitric acid and amoni a
fertilizer), as a chemcal nmanufacturing internediate, a nitrating agent, an
oxi di zing agent, as a polymerization inhibitor for acrylates, and as a
catalyst. In air, nitrogen tetroxide liquid will vaporize and dissociate to
form gaseous phases of nitrogen tetroxide, nitrogen dioxide, and nitric acid
(mst).

Propel | ant grades of nitrogen tetroxide, which is mxed with nitric
oxi de, are known as MONs (m xed oxides of nitrogen) and are identified by
percent weight of nitrogen tetroxide with no nore than 0.17 percent by weight
of water. N,O, dissociates into NO, which is rapidly photochem cally

6

I bi d.

" Post Accident Procedures for Chemicals and Propellants, AFRPL-TR-82-031, Report F04611-80-C
0046, Systems Technol ogy Laboratory, Inc., Septenber 1982.

4-14



deconposed to nitrogen oxide (NO and oxygen. The typical half life for NG
in sunlight is about 2 mnutes.® N trogen oxides react with atnospheric

nmoi sture to formnitric acid rain which can be returned to the | and during
precipitation.

Though not flammable itself, nitrogen tetroxide will support the
conbustion of nmost fuel sources. 1In addition, NGO, may ignite organic
materials such as wood or rubber on contact. Nitrogen tetroxide will react
with water in a vigorous reaction that will produce nitric and nitrous acids

and NO..

Contact with corrosive NO, liquid or vapor may lead to burns of the
skin and eyes. [Inhalation of a sufficient quantity of N,O, vapor to cause
adverse health effects may initially occur without great disconfort; however,
a few hours later nmore severe synptons of tightness in the chest, coughing,
and breathing difficulty may begin and could result in pul nronary edema and
death in severe cases.

4.3.3 Solid Rocket Mdtors

Solid rocket motors (SRMs) contain solid propellant; those handled at
Astrotech include PKMs and AKMs. The description below of a "typical" SRM
illustrates how it rel eases energy to performthe perigee and apogee ki ck,
orbital adjustment functions. A typical SRMis nmainly rubber-1ike propellant
surrounded by a thin-walled case constructed of heat-treated steel, titanium
or glass filament. The forward internal section of the nmotor consists of a
ring of propellant around a star-shaped hollow area. This star configuration
greatly increases the avail able surface area, allowing for easy ignition
triggered by the igniter ordnance. The central internal section of the notor
has a hollow, snooth circular core. On the end of the aft closure is the
nozzl e where hot gases exit the notor

The solid propellant burn travels fromforward to aft instantaneously
and then fromthe core outward to the steel casing. Since the propellant
burns at over 6,000°F, the thin-walled case nust be insulated fromthe heat.
Initially, the unburned propellant contributes to this insulation. For end-
of -burn insulation, a layer of insulative material is used between the
propel l ant and the case.

The primary hazard fromsolid propellant in the SRVs processed at
Astrotech 1s due to its flammability. Solid propellant is classified by the
DoD as a Cass 2, Division 1.3 (non mass-detonating, mass-fire hazard).® The
material itself is not explosive; however, a solid propellant produces |arge
vol umes of gas upon burning, which can lead to rupture and/or propul sion of
the motor. Additionally, the burning of an SRM generates hydrochloric acid, a
t oxi ¢ conmbustion product.

There are several ways to ignite solid propellant, including: 1) hard
i npact, caused either by a nmotor dropping onto a hard, sharp surface from
several feet or by an object falling onto exposed propellant or its stee
case, 2) direct contact of propellant grain with a flane, 3) extrene heat, 4)
an el ectro-static energy discharge or other large electrical discharge, such
as lightning, and 5) activation of explosive destruct charges or the notor
ignition system |nadvertent ignition of solid propellant is difficult when

] ica ] iqui ) , CPl A Publication
394, Cheni cal Propul sion |Inf or mati on Agency The Johns H0ka ns Un| versi ty Chapter 14 - Nitrogen
OXi des Sept enber, 1984.

® DoD Directive 6055.9, DoD Armunition and Expl osives Safety Standards, July 1984.
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standard safety practices are used. |In fact, SRV segnents are regularly
transported both by rail and highway carriers, illustrating that they are
routinely safely handled in the normal transport environment.

4.3.4 Ordnance

Ordnance is defined in ESMCR 127-1 as all el ectroexpl osive devi ces,
detonators, squibs, priner, pyrotechnic devices, initiators, igniters, solid
propel I ants, expl osives, warheads, ammunition, fuzes and energy transfer
systens (e.g., linear shaped charges and Primacord). All initiating ordnance
itens, for exanple, EEDs, are classified as Category A (hazardous)?®® or
Cat egory B (non-hazardous) for pre- and post-installation handling situations.
ESMCR 127-1 details safety requirenents for EEDs in Section 3.13.4, ranging
from desi gn, connection, and environmental criteria (shock, vibration
tenperature). The hazards from ordnance are the potential for ignition or
det onati on.

4.3.5 O her Hazardous Materials

O her hazardous materials used at the Astrotech facility for various
i ndustrial support operations (e.g., degreasing parts, paint thinners, and
sol vents) include isopropyl alcohol, 200 proof alcohol, Freon-113, gaseous
helium high pressure |iquefied nitrogen, gaseous nitrogen, and nethyl ethyl
keL?ne. The use of these products at Astrotech does not pose a danger to the
public.

One Astrotech custoner has a | eak check procedure that uses helium
containing a small amount of krypton-85, a gas that is a source of ionizing
radiation. Al use of ionizing radiation sources nust conply with any
necessary requirenments, specifically the Nuclear Regulatory Commission's Title
10 Code of Federal Regulations (CFR) and Florida Statute 10D.56 and must be
used under the supervision of a state qualified radiation protection officer

Al'l | eak checking using the heliumcontaining the krypton-85 gas takes
place within Building 1 in a sealed tent to preclude exposures within the
building. The majority of the krypton is recovered and the renminder is
vented out through an exhaust duct above the roof. The exhaust concentration
is limted to 3x10°7" mllicuries per liter of air, which rapidly diffuses in
t he at nosphere and di ssi pates before reaching the facility boundary. The
maxi mum anmount of krypton-85 that could be released to the atnosphere,
conservatively assumng a full day of |eak checking with a continuous rel ease
at the maxi mum al | owabl e concentration, corresponds to a dose of |ess than
2 mllirens of radiation.* Therefore, there are no adverse health effects
posed to the public. No other radiation sources have been or are scheduled to
be used at the Astrotech facility.

4.4 Bui | di ng 2 Features

The fueling operations at Astrotech by their nature require engineering
control s and personal protective equipnent that reduce any risk to systens and
personnel within the facility to as low a level as is reasonably achievabl e.

Al t hough this safety evaluation does not focus on the risk to personnel within
Buil ding 2, controls that protect personnel also mnimze risk to the genera

10 category A el ectro-expl osive devices are those which, by expenditure of their own energy or

because they initiate a chain of events, may cause injury or death to people or damage to property
(Eastern Space and M ssile Center, Range Safety, ESMCR 127-1, 30 July 1984, Section 3.13.2.2)

' This dose can be conpared with radiation doses fromother activities, e.g., flying from

Los Angeles to Paris - 4.8 millirems; getting a chest x-ray - 22 mllirens; getting a full-muth
dental x-ray - 910 millirems; and getting a mamogram - 1,500 nillirens.
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public and are therefore relevant. As described in this section, the controls
i ncl ude the design and construction of Building 2 as a "sel f-contained"”
facility, the spill containnent systemto preclude any release of liquid
propell ant fromreaching the environnent, and the scrubber systemto reduce
any poi nt source propellant vapor em ssions from nornmal operations. The
cont ai nnent and scrubber systemwork together to ensure that all vapors from
the system are reduced to acceptable levels as detailed in Astrotech's Florida
DER air permt. Standardized work practices and procedures (see Section 5),
simlar to those required at KSC and CCAFS, provide additional protection

agai nst unanti ci pated accidents or rel eases.

4. 4.1 Propellant Containnment and Scrubber System

It is essential while performing fueling operations to mnimze the
rel ease of propellants. Astrotech has included special design features and
operations procedures which can confine spilled propellant vapors within
Bui | di ng 2, continuously nonitor vapor concentrations, and collect al
fugitive and point source em ssions (vapors and liquids) to chemcally treat
them In the event of a spill (with no associated fire or expl osion),
Building 2 is designed to contain all propellant vapors and liquid and to
prevent any rel ease to the environnent.

Cont ai nnent Facility

Buil ding 2 was designed and built fromthe very beginning to be a
contai nnent facility in case a release of propellant |iquid or vapor should
occur inside the building during routine operations. |In the event of a large
fuel spill, defined as a spill of greater than one gallon, the personnel in
t he high bay woul d evacuate the building, the personnel in the control room
woul d turn off all power (effectively sealing the building) before evacuating,
and no one would reenter until the anbient concentration of the propellant
vapors decreased sufficiently to allow reentry. *?

The rate of decrease of fuel vapor concentration can be predicted using
the hydrazine "half-life" concept that is based on | aboratory studi es and
detailed by Schmdt in a book titled Hydrazine and Its Derivatives.

Hydrazi nes react with oxygen, carbon dioxide and water in the air aided by
agitation and recirculation. Half of the initial volune of anhydrous
hydrazi ne and nononet hyl hydrazi ne breaks down into non-toxic constituents in
roughly 1 hour and 3 hours, respectively, as presented in Exhibit 4-6. The
evaporation rates are also listed in Exhibit 4-6 as relative indicators of the
volatility of the fuels.

EXH BIT 4-6 HALF-LIFE TI ME AND EVAPORATI ON RATES

A recirculation fan inside Building 2 can circul ate any vapors wthin
the building to pronmbte agitation and evaporation and therefore, a nore rapid
decay. The self-contained recirculation fan di sperses and dilutes vapors and,
in instances of releases of fuel, will assist in the natural "half-life"
deterioration of the fuel vapors. Vapor circulation can be further assisted
by opening internal doors between the high bays and airlocks, thus allow ng
greater volume of air within the sealed facility to mx with the vapor and
break down the concentration of fuel vapor (see discussion bel ow).

Vapor Moni toring

At all times that liquid propellants are in Building 2, vapor detectors

2 Communi cation with Astrotech, 1990.



Half-lLife Tine*

Conmpound Evap. Rate Ar Wat er
(my cm? mint?) (hour s) (days)

Anhydr ous Hydrazi ne 0. 49 1.1 7

MVH 1.7 2.7 10

* Ch. 4 "Hydrazine Handling," p. 600, Hydrazine and Its Derivatives, Schnidt, 1984,
Wley and
Sons, Inc.

are in use. During propellant |oading operations, toxic vapor detectors and
vi sual inspection of equipnent are used to nonitor the area. |If arelease is
i ndi cated (either by elevated concentrations of propellant [100 parts per
billion {ppb} of anhydrous hydrazine; 200 ppb of mononethyl hydrazine; 3 parts
per million {ppn} of nitrogen dioxide] or by visual observation of a liquid
spill), the fueling teamwould turn off valves to stop propellant flow and to
m ni m ze damage to the spacecraft and other equipnent.

Astrotech has recently obtained state-of-the-art toxic vapor detectors
to supplenent and ultimately replace a | ess sophisticated vapor anal ysis
system (Draeger Tubes) traditionally used, and has incorporated their use in
revi sed operating procedures. The Increased sensitivity of the new detectors
will inmprove safety by alerting personnel nore quickly of elevated vapor
concentrations. The detectors conbine the use of special detection tape keyed
to the material being nonitored and m croprocessor control for speed, accuracy
and specificity. These detectors are portable and are encased in specia
expl osion proof clear plastic cases. A concentration alarmis indicated by a
conti nuous tone and steady alarmlight enmtting diode (LED). |nstrunent
problens (e.g., bad battery, tape break) are indicated by a flashing red
indicator and an intermttent beep, and the alarmrelay will be activated.
These detectors have factory set alarmlevels avail able of 200 or 400 ppb for
MVH, 100 or 200 ppb for N,H,, and 3 ppmor 6 ppmfor NO?!. Astrotech nonitors
at the | ower concentrations. Mre general instrunent specification
i nformati on on the new MDA portable toxic gas detector can be found in
Appendi x C.

Trenched Fueling |slands

Propel l ant transfer and | oadi ng operations take place in the center of
the high bays on a 25 feet by 25 feet "fueling island" created by a stainless
steel trench which surrounds a center portion of the floor. The trench is
covered by stainless steel grating and slopes to a commopn point where it
drains into the contai nnent system | ocated underground i mmedi ately outside the
buil ding. The trench drai nage systemwould confine a spill and facilitate
cl eanup operations. In the event of a spill of fuel that resulted in a fire,
the trench systemwould also confine the fire to the fueling island and
prevent spread of the fire to any other area of the high bay or the adjoining
I 0os.

Cont ai nnent _and Neutralization System

¥ quide To Qperation, TLD - 1 Toxic Gas Detector, MDA Scientific, Inc., 1989.
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The Astrotech waste containnent and neutralization system serves both
oxi di zer and fuel propellant |oading operations. Any propellants (liquid or
vapor phase) released or spilled in Building 2 are processed through this
system This containment systemis conprised of two underground hol di ng tanks
and a vapor scrubber (see discussion below). These tanks collect any liquid
spi |l age which could occur during propellant sanmpling and transfer operations.
Each tank (one dedicated for oxidizer and one dedicated for fuel) has a
capacity of 6,100 gall ons and contains approxi mately 500 to 1,000 gall ons of
water mxed with the appropriate neutralizing agent before the start of a
propel | ant | oadi ng operation. A comon piping systemleads fromthe fueling
island trenches to a T-val ve upstream fromthe hol ding tanks. The piping
drawi ng, exam ned by the eval uation team showed that the drainline is a 4
inch, 110 cubic feet per mnute (i.e., 50 gallons per mnute [gpn]) line. The
val ve must be manually operated to connect the trench with either the fuel or
oxi di zer tank, depending on the propellant operation. Floor drains in the
propellant cart rooms also drain into the holding tanks, either directly (in
the case of oxidizer) or via the trench drain (for the fuel).

The tanks are constructed of fiberglass reinforced polyethylene with an
inert lining. No secondary containment or nonitoring wells are required
around the tanks or lines. Hunter/ESE (an environmental engineering
consulting firm perforns annual |eak checks on the tanks. In addition, the
Cty of Titusville can sanple the tanks at any time to confirmthat no
hazardous substances are stored. Recently, the Gty has been sanpling the
tanks regularly and has never found a problemw th Astrotech's use of the
tanks. The tanks are buried in the ground by tying themto underground
concrete pads, to keep themfrom"floating" in the buoyant soil. DOT placards
i ndi cating hazards of the contents are posted above each of the tanks.

After | oading operations are conpleted, hose lines are aspirated cl ean
using suction to draw any vapors or residual liquid into the
cont ai nnent/ scrubber system Then, the hose |lines are capped and bagged for
transport and decontam nation by the custoner. Any excess fuel or oxidizer is
returned to CCAFS. The propellant |loading carts which are used to condition
propellant and then to | oad the spacecraft are cleaned on-site or the customner
may send the entire cart off-site for cleaning once he has denonstrated ful
conpliance with all applicable DOT transport requirements. The filter system
used for the transfer of nitrogen tetroxide is cleaned with freon

Any hazardous waste that nust be disposed is packaged and | abelled in
accordance wi th EPA hazardous waste regul ati ons and nani fested for transport
according to DOT regulations. |Installation of a closed-loop distillation
systemis planned. This systemw ||l further mnimze the generation of
hazardous waste by allowing the freon to be recycl ed.

The waste propellant vapor and liquid aspirated into the underground
contai nnent tanks are then neutralized into non-toxic products in preparation
for discharge to the sewer. Anhydrous hydrazi ne and nononet hyl hydrazine are
neutralized with cal ciumhypochlorite (HTH) and the neutralized liquid in the
tank is checked for approximately 1% resi dual chlorine as an indication of
destruction of all hydrazine. NO, is neutralized w th sodi um hydroxi de
(NaOH) to a pH of 10 to 12.

The neutralized liquid is punped to the scrubber agitator tanks before
di scharge to the Titusville city sewer. The city first sanples the materia
and tests for biological oxygen demand, chem cal oxygen demand, and extraction
procedure toxicity paraneters (nostly netals and pesticides). Wen the city
determ nes that the waste water presents no hazards to the treatnment facility,
the waste water is allowed to be discharged and is then processed through the
sewage treatnment system commonly known as a Publicly Omed Treat ment Works.
The average anount di scharged per spacecraft processing operation is about
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5,000 gallons. A discharge is made after every conplete spacecraft |oading
operation. The current annual processing rate of six payloads results in six
di scharges per year

Vapor Scr ubber

The scrubber functions during normal operations as an air pollution
control device by treating any fugitive or point source em ssions of
propel l ant vapor, so that the em ssions to the environment neet the Florida
DER air quality permt requirenments. Stray vapor is drawn out of the building
t hrough fl exi bl e hoselines and goes through the contai nment tanks into the
scrubber colums. The propellant reacts with the scrubber liquid and is
renoved (or "scrubbed") fromthe vapor phase. The scrubber is not designed to
handl e a catastrophic spill or accident but rather to treat point source and
fugitive em ssions generated within Building 2 during normal propell ant
transfer, sanpling and | oadi ng operations.

The scrubber consists of two 40 foot packed bed towers that operate in
series using counter-current flow with an approxi mate 10 inch drop. |In each
bay there are two 2% inch ports (facility vents) l|ocated on opposite walls
(north and south). During sanpling or fueling operations, a dedicated
flexi bl e hose (for either oxidizer or fuel) is attached to the nearest port
and directed in the close vicinity of the operation to renobve any stray
vapors. These vapors are first drawmn by a fan to the hol ding tanks and then
the tank vapor is taken through the scrubber. The centrifugal fan in the
scrubber system which was activated while the evaluation team was inspecting
it, draws a vacuumthrough the tanks and to the ports in the high bays. The
vacuum draws any fugitive or point source em ssions out of the building to be
treated. Once the vapors are scrubbed, the exhaust is discharged into the
at nosphere through a five inch dianeter stack 60 feet above grade.

The scrubber stack parameters® include

Exhaust flow rate 400 actual cubic feet per mnute (acfm
Exhaust tenperature 70.7 degrees Fahrenheit (annual average)
Scrubber efficiency 90%

Stack di aneter 0.42 feet

St andard condi tions 68 degrees Fahrenheit; 29.92 pounds per

square inch actual (psia)

The scrubber is located within the lightning protection of Building 2 as
detailed in Section 4.4.2. Because there is no back-up power supply to the
scrubber systemin case of a power outage, the scrubber would automatically be
turned off, sealing the building. 1In the event of a large spill, the building
woul d be evacuated and the power to the building including the scrubber would
be turned off fromthe control room sealing the building.

The scrubber is designed to handl e normal propellant |oading operations
i nvolving either fuel or oxidizer. Scrubber Iiquors are sodium hydroxide in a
10% solution at a pH of 10-12 with sodiumsul fide (Na,S) for oxidizer and
water for hydrazine fuels. Different |iquors are needed dependi ng on the
vapors present, because the vapor undergoes a chemical reaction with the
scrubbing liquor. The scrubbing Iiquor can be considered a sponge; just as a
sponge can absorb a large, but limted anount of noisture, the |liquor can
absorb (i.e., react with) a limted anmount of vapor. The treatnent capacity
of the scrubber liquor is nmore than adequate to handl e normal propellant
| oadi ng operations. The systemcan handle a total of 300 pounds of oxidizer

“ satellite Fueling Operation Response to FDER Conpl eteness Summary, Hunter/ESE, No. 3901-
010010- 0400- 3160, July 1989
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and 100 pounds of hydrazine fuel w thout recharging the respective scrubber
liquor.'™ This translates into approxinmately 25 gallons of oxidizer and about
12 gallons of fuel, which would be extremely I arge rel eases.

The vendor has further indicated that the scrubber exhausts
approxi mately 100 ppm or |ess of NO, vapors and has an average efficiency of
90% therefore, an approximate 1,000 ppm charge of NO; vapors can be scrubbed.
Astrotech has indicated that the systemcan effectively handl e a charge of
approxi mately 200 ppm of fuel vapor and remain functional at maxi num
efficiency. |If fuel vapor concentrations rise above 200 ppm the scrubber
coul d handl e the higher concentration over a longer period of tinme. If a
spill of sufficient magnitude occurs such that the scrubbing |iquor becane
saturated, reducing its capability to react with propellant vapors, the |iquor
woul d be recharged and the scrubbing process resuned. It is inmportant to note
that the scrubber is not designed to handle enmergency rel eases of propell ant
nor for use in decontamnating the building in the event of a spill although
over a long enough period of time this could be effected.

The approxi mate magni tude of anhydrous hydrazine spilled that coul d
reach 200 ppm depends on the air volume in the high bay or conbination high
bay(s) and airlocks available for dilution of the concentration within
Building 2. For exanple, in the south high bay (approximte vol une of
95,460 cubic feet of air), it would take about 0.18 gall ons (about 3 cups) of
anhydrous hydrazine spilled to reach 200 ppmin the bay; however, in the event
of a spill, the south airlock could al so be opened, nmaking an additiona
42,920 cubic feet of air available. Then, approximately 0.25 gallons (about a
quart) of anhydrous hydrazine would be required to be released to reach a
concentration of 200 ppm However, it nust be noted that given the total
capacity of the scrubber system while it would take about 4 hours to process
the 95,460 cubic feet of air containing the fuel vapor (or about 5.75 hours
for the larger volune) at maxi num efficiency, the system coul d obviously
handle a | arger release over a nuch longer tine period before reaching
saturation.

As a benchmark, the lower flammable limt (the vapor concentration which
will ignite and burn in the presence of an external ignition source) of
anhydrous hydrazine in air is 4.7 percent on a wei ght percent basis or 4,700
ppm this limt for MMHis 2.5 percent or 2,500 ppm At these levels in the
hi gh bay, fire would be the nost serious hazard. The scrubber is not designed
to handl e rel eases of this magnitude.

4.4.2 Static Electricity Protection

Because flamabl e |iquids and vapors can be present in Building 2 and
because SRV and EEDs are extrenely sensitive to el ectrical discharge,
significant design features and detail ed operations procedures are in place to
m nimze the opportunity for spontaneous el ectrostatic discharge (i.e.,
sparks) .

Electrostatic Dissipating Floor Tile

The floor covering in the high bays and North Airlock is made of a
static dissipating, graphite inpregnated, vinyl tile. The tile is bonded to a
substrate with an electrically conductive mastic and connected to the

5 Correspondence with Tri-Mer Corporation, Air Pollution Control Systens, manufacturer and

supplier of the Astrotech scrubber system August 1, 1990.

®  This section discusses only vapor concentrations within Building 2. See Section 7 for a

di scussi on of vapor concentration outside the facility.
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grounding grid system The fuel and oxidizer cart roons and the South Airlock
do not have conductive tile but do have fixed grounding points in each room
The conductive tile and grounding points prevent electrical sparks in

Bui | di ng 2.

Lightning Protection System and Operations Policy

The entire central Florida area is known for its high incidence of
t hunderstormand lightning activity. The Astrotech facility is constructed
wi th design features that ensure mninmal negative effects in the event the
facility is hit by lightning. (To date no building within the Astrotech
facility has been struck by Iightning.)

A lightning protection system surrounds Building 2 and consists of eight
lightning nmasts approxi mately 100 feet high, each connected to the primary
groundi ng grid, designed to prevent induced electrical current danage to al
support equi prent .

Prior to all hazardous operations, a Stornscope (a state-of-the-art,
comercially available lightning detection systen) Is activated on site which
receives radio frequency (RF) signals fromelectrical discharges in the
at nosphere out to a distance of 200 mles fromBuilding 2. If an electrica
stormis indicated within five mles of the facility, Astrotech's policy is
that no hazardous operations are initiated. Any ongoi ng hazardous operations
may be stopped i mmediately or continued only until a stable stopping point is
reached, dependi ng upon the determination by the Astrotech Safety O ficer and
custoner safety official. Because the Stornscope identifies stornms out to 200
mles, the Safety Oficer knows in advance of a storm s existence and can
del ay operations at his discretion if, for instance, a stormtwenty nmles away
appears to be heading toward the facility. During ongoing operations, safety
personnel are alerted by an audible alarmfeature on the Stornscope to the
presence of any lightning within 25 mles of the facility.

Expl osi on Proof Electrical Systens

Al electrical supply and illum nation systens operating in Building 2
are either explosion proof by design or are nade expl osion proof by purging
the fixtures with an expl osion preventing gas. The design requirenents for
these systens are in accordance with pertinent sections of the Nationa
El ectric Code and NFPA Codes.!” The codes require that conduit and outlets be
seal ed to preclude vapor entry, that all sw tching and contacting operations
be in sealed enclosures and that exposed surface tenperatures be limted to
| evel s that will not produce vapor-air ignition. Al electrical equipnent,
including lighting that cannot practicably be sealed, is purged, elimnating
the possibility of vapor entry and subsequent exposure to potential electrica
i gnition sources.

Physi cal Separation of Equi pnent

Non- expl osi on proof electrical equipnent nmust be kept at |east ten feet
away fromany SRM assenbly. Prior to starting any operations involving SRMVs,
the area is "safety checked" by both Astrotech and its customer. This
requirenent is also true for operations involving ordnance and liquid
propel | ant s.

Requi red G oundi ng Equi pnent

G oundi ng equi pnent, including such itens as |legstats, wiststats,

' National Electric Code, 1987, which is Section 70 of the National Fire Codes.
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conductive shoes, and shoe coverings, is required for personnel handling
ordnance, working within five feet of exposed SRM propellant grain, handling
propellants or working in a high bay containing a fuel ed cart or spacecraft.
Al'l groundi ng equi pnent is tested before each operation to ensure electrica
resistance levels (i.e., between 0.01 and 1 nmegohm that avoid the occurrence
of sparks.

4.4.3 Personnel Protective Measures

Because t he hazards associated with the handling of SRvs, PAMs, EEDs,
ordnance, and propellants generally pose a danger only to personnel working in
their imrediate vicinity, non-essential personnel are not permtted near
operations involving these itenms. Special design features and safety
procedures protect personnel that are working in the inmrediate vicinity of
these materi al s.

Area Clear Restrictions

Safety precautions and restrictions are established and enforced at
Astrotech to limt the physical presence and access of non-essential personne
during hazardous operations. These physical access restrictions have been
defined by Astrotech based upon operating expertise and requirements of
several of their payload custoners and extend to either a 10-foot radius from
the activity to the entire room (high bay) in which the activity is taking
pl ace, to the entire hazardous section of the facility. In general, the
relative risk associated with each operation is correlated with the size of
its control area. The operations that take place within Building 2 and their
control areas' are listed in Exhibit 4-7.

18

Safety Standard Operating Procedure, 1988, Astrotech Space Operations, L.P.
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EXH BIT 4-7 AREA CLEAR REQUI REMENTS

OPERATI ONS CONTROL AREA
Cl anpband installation 10-f oot radius around operation
Solid rocket motor ordnance 10-foot radius around SRM
installation/renpva
Spacecraft ordnance installation 10-foot radius around spacecraft
(or
greater at di scretion of
Spacecr aft
Manager)
Solid rocket motor handling and transfer Active high bay in which work is

bei ng conducted. Work may conti nue
in adjoining high bay(s)

Solid rocket motor grain inspection Active high bay. Work may continue in
adj oi ni ng hi gh bay(s)

Solid rocket motor |eak test Active high bay. Wrk may continue in
adj oi ni ng hi gh bay(s)

Activation of Shuttle or PAM Active high bay and adjoi ni ng hi gh bays

cradl e spin systemw th PAM

Hoi sting of solid rocket notor Active high bay and adj oi ning hi gh

bays

Spi n bal ance solid rocket notor Active high bay and adj oi ni ng hi gh

bays

Spacecraft pressurization Active high bay and adj oi ni ng bays

Li qui d propellant transfer Entire Building 2 with road bl ock nanned

into spacecraft by Astrotech

Spi n bal ance with | oaded Entire Building 2 with road bl ock

manned

propellants in spacecraft by Astrotech

The transfer and | oading of propellants and operations perforned on
fuel ed spacecraft require that Building 2 be cleared of all non-essentia
personnel. Access to the area surrounding the building is restricted; only
personnel directly involved in safety nonitoring or performance of the
operation are permtted within the hazardous work area of the facility.

During "building clear"” operations, access to Building 2 can be
restricted by closing a gate arm near the badge house | ocated a safe distance
fromthe building. A safety nonitor is positioned at the gate to limt access
to the Building 2 area. Signs on the gate indicate "Keep Cear" and
"Hazardous Area." The gate armalso has a yellow flashing |ight activated
frominside the badge house. This badge house is nmanned by Astrotech
per sonnel when hazardous fueling operations are taking place; it is equipped
with tel ephone and power, and serves as the fallback assenbly area in case of
emer gency evacuation of Building 2. A hazard status board | ocated near the
badge house indicates the nature and |l ocation of any hazardous materi al
present in Buildings 2 or 3.

Procedures for installation of EEDs are another exanple of procedures to
limt personnel exposure. EEDs may not be installed until a control area has
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been established and cl eared of nonessential personnel. These devices nust
not be electrically connected to the spacecraft systenms until a power on and
of f check is made to ensure there is no stray voltage. The control area is
required to be defined in the operating test procedures provided by the
customer to Astrotech. Al personnel in the defined control area are required
to wear protective clothing and groundi ng equi prent.

Personal Protective Equi pnent

Al'l personnel working in Building 2 when rel ease of |iquid propellant
(fuel or oxidizer) or vapor is a possibility are provided wi th persona
protective equi prent (PPE). PPE is designed to protect an individual from
toxi ¢ vapors and/ or heat generated by fires and provides an appropriate air
supply and air filtering systemalong with protective coverings (e.qg.,
chem cal resistant suit, boots, gloves). Equipnent used at Astrotech neets
NASA flammability and conpatibility requirements for the hazards present.
Level A, B or C equipnent (as defined by the EPA) is avail able and nmeets M ne
Safety and Health Adm nistration/National Institute of Qccupational Safety and
Heal th (MSHA/ Nl OSH) standards and approval. The level of PPE required is
dependent upon the nature of the operation and the potential hazards. For
exanpl e, during operations where propellant vapors may be present (e.g., the
| eak check, propellant sanpling and start of propellant |oading operations)
the highest |level of protection, a Level A PPEY®, is worn. However, once the
cl osed | oop fueling operation has been verified to be |eak tight, personne
can change into a Level C (splash suit)? for the remainder of the fueling
operation. |If a problemis indicated, the crew can change into Level A and
re-enter to nonitor the situation and take appropriate actions.

Breathing Air System

In Building 2, air is purified through a conpressed air purification
systemthat renoves particul ates, water vapor, and carbon nonoxide (CO. A
downstream renmpte al arm system conti nuously nonitors for CO In addition, a
reserve air systemhas the capacity to allow four users at |least five mnutes
to exit and decontam nate. Further, a five mnute emergency air supply is
i ncorporated into the air line respirator apparatus, allow ng the user to
di sconnect fromthe air line unbilical to exit and decontam nate with a
sel f-cont ai ned breathing apparatus (SCBA). The energency breathing air system
can be independently connected to a 50 kVA diesel power generator as a standby
power source in case of a general power failure

During energency escape from Building 2, individuals could al so take
advant age of an Enmergency Life Support Apparatus (ELSA). These portabl e,
sel f-contained breathing units provide air for five mnutes in oxygen
deficient or contami nated at mospheres and are easily accessible to workers in
both the North and South hi gh bays.

Renot e Vi sual (Observation

Renote visual nonitoring enables individuals, like the Astrotech Safety
O ficer and custoner safety personnel, who nust directly observe hazardous
activities to do so without being in the i medi ate presence of the hazard. In
Bui | di ng 2, expl osi on-proof observation wi ndows installed between the contro

9 Level A PPE includes a supplied air respirator with an auxiliary self-contained 5 ninute

emergency air supply; a SCBA with full facepiece; fully-encapsulated chem cal resistant suit;
chem cal resistant inner and outer gloves; chenical resistant boots; and two-way O S comuni cations
and unbilical .

20 Level CPPEincludes chenical resistant disposable overalls; chenical resistant outer gl oves;
and 5 m nute Enmergency Life Support Apparatus (ELSA).
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roons and the high bays allow Astrotech and custonmer payl oad safety officers
and quality control personnel to observe hazardous operations directly. Thus,
safety officers can validate conpliance with procedures, but mnimze risk to
t hensel ves and elimnate any potential interference with operations that their
presence in the high bay m ght cause.

In addition, there are five closed circuit television (CCTV) caneras for
renote nonitoring of operations in Building 2. However, these caneras
currently have no scanning or zoom capabilities. Al three Building 2 high
bays can be nonitored by video canera. Videotapes of fueling operations are
routinely made by Astrotech and offered to custoners; video nmonitors can be
set up during fueling operations. Thus, any individual that needs to see
observati ons perforned, but who does not need to provide direct feedback
during those operations, can either watch a nonitor located in Building 1
during the ongoing operation, or can watch a vi deotape |ater.

4. 4.4 Monitoring Systens and Conmuni cati ons

In order to ensure that equipnent is functioning properly, as well as to
provi de pronpt response to any potential energency, Building 2 is equipped
with detection and nonitoring systens that alert the control roonms and the
guard house, as appropriate, of significant changes in the facility status.
Comuni cations during operations exist between the working area, the contro
room and the guard house.

Building 2 is al so equi pped with an expl osi on- proof pagi ng systemthat
can be used fromeither of the two control roons. The pagi ng | oudspeakers are
located in all high bays and airlocks. The energency exits in Building 2,
whi ch shut automatically after opening, are also equi pped with emnergency
comuni cation equi pnent that sounds a | ocal al arm when activated.

Alarns are automatically sent to the guard house via conputer link for
various paraneters identified below (additional capacity in the conputer link
is available to accommbdate additional nonitoring systemalarns in the
future). The guard house al arm panel was recently installed by Honeywel .

Par anet ers Mbni t or ed

Tenperature and hum dity (HVAC systens)

Loss of pressure to fire protection system (i.e.
conpressor failure)

Toxi ¢ gas detectors and detector status (i.e., tape
break or battery problen

Generator failure

Fire alarm
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Also, afire alarmis sent to the Titusville fire departnent via automatic
di al up. #

Non- hazar dous situations can cause alarns. For exanple, item?2 on the
above list would alarmif the conpressor failed. At that tine, there would be
no i medi ate danger to the facility. However, the pre-action fire suppression
system (see description below), if needed, would require nonitoring for |oss
of pressure. Simlarly, equipnment problens with the gas detectors woul d not
in thensel ves be a hazard; however, their mal function would limt the ability
of safety personnel to detect a hazardous atnosphere. |f such an alarm
occurred during hazardous operations, operations would be brought to a stable
stoppi ng poi nt, personnel evacuated and the source of the alarminvestigated.

Tenperature and Hum dity

Both tenperature and humdity are nonitored in the high bays to ensure
safe levels and effective functioning of the H/AC system The typical contro
settings are 70°F and 50 percent humidity with alarns at 60 percent relative
hum dity and 75°F. The target levels and alarmsettings for tenperature and
hum dity are designed to protect sensitive spacecraft equi pment from danage
and can be specified by individual custoners, as required. However, Astrotech
wi Il not allow hazardous operations to take place if the relative humdity is
bel ow 30% due to el ectrostatic hazards at humidity |ower than this |evel

Vapor Monitoring System See Section 4.4.1

Fire Alarm and Sprinkler System

The pre-action fire protection systent? is a conputer-controlled system
designed to quickly extinguish any fire within Building 2 while protecting
spacecraft and ot her val uabl e equi pnent frominadvertent system activation or
mal functi on. The hi gh bays and airl ocks have a dry-pi pe sol enoid actuated
system # The piping between a valve and the sprinkler heads is pressurized
and the pressure level nonitored to ensure no | oss of pressure. In order to
get water to the sprinkler head two things nmust occur: a snoke/heat detector
(see description bel ow) mnust indicate a problemor a manual pull station nust
be activated and the fusible Iink on a sprinkler head must nelt due to an
i ntense heat source (the link nelts at approximately 155°F).

For areas of the Astrotech facility where i medi ate danger of damage to
equi prent frominadvertent wetting is not as great (i.e., non-high bay, non-
airlock roonms in Buildings 1 and 2 and all other buildings), there is a wet-
pi pe systemwi th automatic sprinklers connected directly to a water supply,
that discharges water imediately upon nelting of the fusible link at the
sprinkl er head.

Al water is supplied fromthe Titusville municipal systemand is
assisted by a diesel boost punp, located in the punphouse at the front of the
property, that upon system activation automatically provides 1,500 gpm of
wat er at 150 psi pressure. The North and South high bays in Building 2 each
have 28 sprinkler heads with 5/16" orifices and fusible plug activation
tenperature of 155°F; the smaller center spin bay has 15 sprinklers; the
airl ocks each have 12 sprinklers. Rough estimates of flow from each sprinkler

** gsafety Standard Operating Procedure, Astrotech Space Operations, L.P., 1988

22

For additional information on fire protection systenms see NFPA Fire Protection Handbook,
14th edition.

% The high bays and airlocks in Building 1 have a simlar pre-action fire suppression system
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range from40 to 50 gpm If all 28 heads in a Building 2 high bay were open
the total flow would be approximately 1,260 gpm

Al areas in Building 2 have ceiling-nounted infrared (I R) snoke/ heat
detectors that detect rate of heat/rate of rise. There are six detectors in
each high bay and two detectors in each of the return lines of the HVAC
system There are al so therno-coupl es nmounted on the tanks of the propellant
| oading cart and in the spacecraft to nonitor tenperature during fueling.

There are portable fire extingui shers of both halon and dry chem ca
types | ocated throughout the facility.

Cenerator Failure See Section 4.4.6

Comuni cations During Operations

There is a manual ly activated intercom (i.e., push-to-talk) for
conmuni cati on between the control roomand the fueling team during propellant
| oadi ng operations. Also, hand-held conmuni cation boards that can be witten
on are available. As nentioned above, Building 2 is equipped with an
expl osi on- proof area paging systemthat can be used fromeither of the two
hi gh bay control roons.

The guard house is the focal point for the comruni cati ons and al arm
detection system as descri bed above. There is a cellular tel ephone and ei ght
UHF radi os avail able at Astrotech for use by staff. 1In the event of an
incident, the guard has a list of personnel (wth phone and pager nunbers) to
be notified. See Section 6.0 for additional detail on energency
conmuni cat i ons.

4.4.5 Hurricane Potential and Restrictions

The potential for hurricanes during the wet season is well known; the
facility continuously nonitors the |ikelihood of hurricanes approaching, and
i mpl ements hurricane preparation procedures whenever necessary. In addition
to i nplenmentation of specific procedures, buildings on the Astrotech site are
desi gned and constructed to withstand sustai ned wi nds of 125 m|es per hour
Since 1887 only 24 hurricanes have passed within 100 nautical mles of KSC and
CCAFS. None have entered the Cape Canaveral area. However, hurricane
precautions are taken seriously, not only to protect valuable flight hardware
el enents and operations facilities but also to ensure worker and public
safety.

Weat her tracking, specifically hurricane prediction, for the innediate
vicinity is nmeticulously performed by the U S. Air Force neteorol ogists at
CCAFS with support fromthe National Wather Service. In its MOU wi th NASA
Astrotech can contact NASA by tel ephone at anytinme for weather information.
In addition, contractor teans stationed at the facility are automatically
alerted by the Air Force of potential hurricanes.

Astrotech's hurricane precautions are patterned after those used at
CCAFS and KSC.2* They include successive steps of preparations for the strong
wi nds and heavy rains. For exanple, building evacuation and sandbaggi ng of
entrances begins 24 hours before wi nds of 50 knots (57 mles per hour) are
expected to reach the area. 1In addition, all "unhardened" tenporary or
portabl e structures are generally secured by anchors or renoved and stowed, as
are any | oose construction nmaterials.

2 Hurricane Preparedness lnplenentation Plan, NASA/KSC, KHB-1040.2
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4.4.6 Backup Power

Fl orida Power and Light is the prine provider of power to Astrotech. In
case of an unantici pated power failure, each building has a sensing device and
power automatically switches over to a 25 kVA propane-powered generator. The
backup power to Building 2 is fueled by an external propane tank nounted
out side the generator room The automatic power supply initially goes only to
energency lighting in the high bays. This light |evel was tested during the
on-site visit and found to be sufficient for any kind of emergency operation
The cranes and the airlock roll-up doors can also be powered fromthe backup
generator, so that if a spacecraft was being lifted during a power failure,
the lift could be conpleted. Mnual relays nust be thrown in the generator
roomto direct power to the cranes or to the doors.

There is also a 55-kw diesel generator that can be plugged in and used
during count-down and for power up during ground stations and spacecraft
checkout. (A 50 hertz source is available for European satellites). There
are al so several uninterruptable power supplies available to prevent software
crashes during systemtesting and checkout.

Buil ding 2 has battery backup for the fire protecti on systemand the
portabl e toxic vapor detectors; however, there is no backup power provided for
t he scrubber system This could negatively inpact ongoing fuel operations in
the event of a power failure, especially during sanpling operations, allow ng
vapors to build up in the bay. It could al so i npact energency response
activities since access to the building could be restricted because of
dangerous concentration levels with no systemto renove the vapors. However,
since the scrubber was not nmeant to serve as an energency systemand i s not
designed to handle large spills, the fact that it receives no power in the
event of a failure caused by a catastrophic accident is a protective nmeasure
to ensure that no untreated vapors are exhausted directly to the atnosphere
froma scrubber systemnot designed or intended to treat them






5.0 SAFETY POLI Cl ES AND REQUI REMENTS

Astrotech has strict safety policies and operating requirenents
for the use of its facility and support equi pnent. This section
begins with a discussion of overall managenent policies and

requi renents (Section 5.1), describes operation and mai nt enance
requi renents (Section 5.2), and concludes with specific personnel
training requirenments (Section 5.3).

Because Astrotech only provides the use of the facility and
[imted support equipnment to their custoners and perforns no
hands-on processing of a spacecraft, Astrotech requires that
custoners provide detail ed technical data and supply operating
procedures for all hazardous equi pnent and operations.
Astrotech's schedule for subm ssions, allowng tinme for review
and approval prior to initiating operations, is outlined bel ow
(see Section 5.1.1). Additional requirenents include such things
as training and certification of propul sion teans, scheduling and
coordinating of all hazardous operations through Astrotech, and
safety nonitoring by Astrotech and the custoner of all hazardous
operations scheduled to take place for a specific spacecraft.

When hazardous equi pnent or operations have been or are to be
used at KSC or CCAFS, the custoner's detailed technical data and
operating procedures are also reviewed and approved by NASA
and/or the Air Force. The general safety standards agai nst which
t hese plans and procedures are scrutinized are Air Force
Regul ati on AFR 127-100 Expl osive Safety Standards, Eastern Space
and Mssile Center Regul ation ESMCR 127-1 Range Safety docunents
and Kennedy Space Center safety requirenent docunents KHB 1700.7
and KHB 1710.2. The responsibilities of all parties involved in
the processing of a payload at ESMC are detailed in ESMCR 127- 1.
The safety evaluation team conpared Astrotech's safety policies
and procedures to these requirenents for Governnent facilities.

Further, the safety of operations at the Astrotech facilities is
a partnership between Astrotech and its custoners and each has
conpel ling financial incentives to nmaintain the highest standards
of safety during payl oad processing operations. The custoner is
bringing in a satellite that may be worth in excess of $100
mllion. At the sanme tine, Astrotech has an investnent of
approximately $15 to $20 million in the facilities and facilities
support equi pment which it nust protect. In addition Astrotech
wants to maintain its ability to process payl oads to ensure
future business and revenues.

Astrotech al so conm ssioned detail ed technical anal yses, both
before the initial facility construction and before the facility
nodi fications. These safety anal yses are discussed in Section
7.1.1.



5.1 Managenent Policies and Requirenents

The docunent Safety Policy prepared by Astrotech delineates
corporate policy regarding desired |l evels of safety and the
safety criteria against which the custoners' hazardous operations
safety plan are assessed. It outlines the docunentation required
of custoners to neet Astrotech's safety requirenents for custoner
requi red support equi pnent, operating procedures, and personnel
certification and training; safety requirenments for perform ng
payl oad operations including ordnance checkout and installation,
propel | ant | oadi ng, neteorol ogi c baseline conditions for
conducti ng operations, allowable hazardous atnosphere work |evels
(25% LEL)*; safety requirements for handling, lifting and
transporting spacecraft; and accident reporting requirenents.

5.1.1 Docunentation Requirenents

Astrotech requires certain docunentation fromits custoners to
ensure that its own safety criteria and standards are net. These
i ncl ude:

*At | east 90 days prior to processing, data on flight hardware
and safety critical subsystens, an operations schedule, a |ist of
techni cal operating procedures and desi gnation of whether
hazardous or not, and a list of safety and energency equi pnent
and procedures;

eCertification that each individual perform ng operations has
been trained and certified, if appropriate, and is nedically able
to perform assi gned hazardous tasks;

At | east 30 days prior to processing, detailed step-by-step
procedures for hazardous operations; and

* Any necessary federal and state |licenses to handl e radiation
sources, data on the sources, and docunentation on testing,
packagi ng, transport and transfer of the sources.

The custonmer nust conply with all Astrotech safety requirenents
or request a waiver from Astrotech, detailing what system or
equi prent is involved, why a waiver is being sought, any
potential hazards created and rationale for acceptance. No

wai vers have been requested as of August 1990. Astrotech wll

t hen either approve or deny the waiver. The custoner is also
responsi bl e for obtaining any wai vers or variances from federal
regul ati on and nust provide these to Astrotech.

! 25% of the Lower Explosive Limt (LEL). The LEL is the volume percent
concentration of a flammble material in air at which the material will ignite,
propagate flame, and in a confined area an expl osion can occur. Using 25% of the
LEL provides a four-to-one margin of safety.



5.1.2 Safety Requirenents

Witten operating procedures are required for all hazardous
operations that are perforned at the Astrotech facility and are
revi ewed and approved by Astrotech prior to the operations.

Si nul t aneous hazardous operations in the sane hazard control area
are prohibited. Joint safety inspections by both Astrotech and
custoner safety representatives are generally performed prior to
and i nmredi ately after payl oad and ground support equi pnent
installation at the facility, before initiation of hazardous
operations, and after any nodification to the facilities or

equi pnent. Specific requirenents are identified bel ow for:

* Payl oad and ground support equi pnment
*Environnental conditions
*Handl i ng and transport

Payl oad and Ground Support Equi pnent

Propel | ant systens and systens ground support equi pnent (usually
provi ded by the custoner) nust neet the requirenents of either
Air Force Manual AFM 127/161 or Kennedy Space Center Handbooks
KHB 1700.7 and KHB 1710.2. These requirenents are outlined in
the Astrotech safety policy handbook? and apply to all operations
at Astrotech. Before any new, nodified or repaired propellant
subsystens, storage or transport systens can be used at the
Astrotech facility, the custonmer nust validate and certify that
they neet the requirenents. Materials used in propellant systens
must neet conpatibility and use standards as detailed in either

AFM 161- 30 " Chem cal Rocket Hazards," Volune Il, or the CPIA
Publ i cati on Nunmber 194, "Chem cal Rocket and Propell ant Hazards, "
Volume 111. A leak check using a helium|eak detector is

performed on load |lines, pressure lines and transfer systens
prior to beginning propellant |oading operations to ensure
equi pnent integrity before introducing propellant.

In Astrotech's Safety Policy, specific requirenents are detail ed
for standards that nmust be net by el ectrical equipnent,

el ectrical equipnent in hazardous atnosphere areas, groundi ng and
bondi ng, and mai ntenance operations. These are designed
specifically to preclude hazardous conditions and include
detail ed requirenents such as hazardous area distances for
flammabl e |iquid propellants, and instructions for "expl osion-
proofing"” of electrical equipnent operated during pressurization
or flow of flanmable propell ants.

Pressure systens (e.g., pneumatic and hydraulic systens), that
contain fluids above anbi ent pressure and include conponents |ike
t anks, pipelines, gauges, fittings, valves, regulators, and
relief devices are also closely scrutinized by Astrotech. Such

2

3.2.6.3.

Safety Policy, Astrotech International Corporation, Sections 3.2.6.1-



t hi ngs as pressure vessel American Society of Mechani cal

Engi neers (ASME) design and marking requirenments, safety factors
for burst design of conponents, and systemoperating relief
pressures and fl ow capacities are indicated. Flexible hoses, and
i nspection, calibration and test requirenents are al so di scussed.

Radi ation is al so addressed in the safety requirenents. This
covers both ionizing (radioactive) radiation and non-ioni zing

(m crowave, radio frequency, optical or |aser) radiation sources.
General requirenments for preventing inadvertent personnel
exposure, assuring fail-safe operations, and testing and

mai nt ai ni ng equi prent are outlined. As discussed in

Section 4.3.5, the only use of ionizing radiation at the facility
is for limted | eak checks of equipnent by one custoner.

A significant conponent of the payl oad/ ground support equi pnent
safety requirenents deals specifically with solid rocket notors,
ordnance (el ectro-expl osive devices used in destruct and
separation systens) and liquid propellants, since these are

consi dered hazardous materials and any operations involving them
are closely and carefully scrutinized.® Oher hazardous
materials are al so nmentioned including cleaning solvents and
adhesi ves because of potential flammbility or reactivity.
Astrotech is also concerned with the toxicity of the propellants
and has installed a contai nment systemto prevent rel eases to the
environment. The systemis described in nore detail in Section
4.4, 1.

Envi ronnment al Condi ti ons

The maj or concerns addressed here are ensuring the proper
nmet eor ol ogi cal conditions are adhered to in scheduling and
conducting propellant handling and | oading operations. No
hazardous operations may be initiated if electrical storns are
within five mles of the facility or if hurricanes are predicted,
if operations are ongoing, safety personnel are notified of any
t hunderstorm activity within 25 nautical mles.

A hazardous i ndoor atnosphere is defined (25% of the LEL) for
sanpling purposes as well as a level for personnel (oxygen
between 19.5 and 25% by volune) activity. This requirenent
assures at least a four-fold safety factor for fires because the
LEL is the m ni mum vapor concentration at which a conpound can
ignite.

Handl i ng, Transport and Storage

Requi rements for hoists, slings and cranes, including safety
factors and | oad test requirenents, test frequency, and
i nspection details for each type of |ifting equipnment are

3

Safety Policy, Astrotech International Corporation, Section 3.2.



outlined; conpliance with applicable OSHA 29 CFR and Aneri can
National Standards Institute (ANSI) B30 sections is required*.
Transport of fuel ed spacecraft to the launch pad is not all owed
to begin when electrical storns are within five mles, and
general vehicle and safety system checks are required prior to
enbar ki ng.

Astrotech requires SRMs to be handl ed and stored in accordance
with the requirenments of their hazard cl assification and storage
conpatibility group. The storage conpatibility group is the
group for explosives, propellants or other hazardous materials
whi ch can be stored together w thout significantly increasing the
probability of accident, or for a given quantity, the magnitude
of the effects of such an accident. The conpatibility groups are
based on the systemrecommended for international use by the
United Nations (UN) as adopted by the DoD. The hazard
classification systemis al so based on the recomended UN

i nternational system and di stingui shes between nmass-detonati ng
and non mass-det onating expl osives (including propellants)?.

Al'l explosive materials used at Astrotech are required to be
stored, inspected and tested in approved areas only and in
accordance with the hazard classification and storage
conpatibility grouping of the material. Ordnance nust be stored
in the high bay ordnance | ockers (Hof fman boxes), and work on
Category A° EEDs nust be perforned only in Building 2. Wrk on
Category B’ EEDs requires a 20 foot clear area.

Ordnance and associated flight itens are required to be the
natural color of the devise, while non-flight itens require col or
codi ng and submittal of the coding key to Astrotech. The col or
code facilitates efficient operations.

Cenerally, all liquid propellants are transported to the
Astrotech facility from CCAFS by Astrotech personnel in DOT-
approved transport containers. A maxi num of one cyli nder

(approxi mately 3,600 pounds) of nitrogen tetroxide or tw 55-
gal l on druns of fuel (approximtely 925 pounds of anhydrous

hydr azi ne or approxi mately 800 pounds of nononethyl hydrazine) is
allowed in any one shipnent. On occasions when it is necessary
to | oad propellant into the propellant carts fromthe bul k

4 Ibid. Section 3.4.1.

5

Hazards of Chemi cal Rockets and Propellants, Volume |1, Solid Propellants
and Ingredients, C P.A Publication 394, Septenber 1984.

® Category A EEDs are those which by the expenditure of their own energy,

or because they initiate a chain of events, may cause injury or death to people
or damage to property. ESMCR 127-1, 30 July 1984, Attachnent 1

" Category B EEDs are those which will not, in thenselves, or by initiating
a chain of events, cause injury to people or danmage to property. ESMCR 127-1, 30
July 1984, Attachnent 1.



storage facility, the carts are transported to Astrotech under
the protection of a security escort and in accordance with the
applicable DOT transport approval. Transport of fuel and
oxi di zer never occurs at the sane tine.

Liquid propellants are present at the Astrotech facility only as
long as required to condition, sanple, load the liquid fuel or
oxi di zer into the spacecraft, and transport the spacecraft to the
| aunch pad. No liquid propellants are stored at the Astrotech
facility. Liquid propellants brought on site are placed in
Building 2 either on a fueling island or in a propellant cart
storage room where they are conditioned with heliumfor 5-7 days
until fully saturated. This saturation is done to ensure that
adequate pressure is maintained in the spacecraft propellant
tanks. Vapor detectors, which alarmdirectly to the guard house,
are used whenever liquid propellants are on site so that any

| eaks will be detected i nmedi ately.

Only enough liquid propellant is brought on site for |oading the
payl oad with all owance for ullage in the storage cart and
sanpling. Follow ng conpletion of a fueling operation, any
residual propellant is drumed appropriately and returned to
CCAFS for reuse or disposal. A maxinmum of three nearly enpty
druns, containing small anounts of residual fuel, can be
transported at one tine.

After nitrogen tetroxide is |oaded into a spacecraft, the

m cropore filter used for its transfer is contamnated wth a
smal | anount of nitrogen tetroxide. This is renoved using freon,
which is planned to be distilled in a closed-loop distillation
system After the small anount of oxidizer in the freon has been
neutralized, the contam nated freon is run through the unit which
recovers the freon for reuse. Because the closed-I|oop
distillation systemhas not yet been installed, the cleaning
solution, which is classified as "waste oxidizer" and is 99%
freon, is currently drunmed and treated as a hazardous waste
according to EPA regul ations.® Any other residual chemcals

cl assified as hazardous waste are shipped off site to an EPA
approved Treatnent, Storage, and Disposal facility wthin 90 days
of their generation. During six years of operation, only one
drum of hazardous waste has been generated that required off-site
di sposal

The | argest propellant transfer operation to take place at the
Astrotech facility occurred in 1990 with the processing of

| NTELSAT. Approxi mately 4,000 pounds of oxidizer and 2,400
pounds of fuel were |oaded into the spacecraft. Payloads of this
size are rare, and typical payl oads are sonewhat smaller
general ly requiring about 1,000-1,500 pounds of propellants (fuel

8

Resource Conservation and Recovery Act (RCRA), Subtitle C, 40 Code of
Federal Regul ations (CFR), Part 262 - Regul ations Applicable to Generators of
Hazar dous Waste.



and oxidizer) to be brought on site at any one tine, depending on
the requirenments of the spacecraft. This typical liquid
propel l ant quantity on site is about twenty percent of
Astrotech's design criteria and DER permt allow 5,000 pounds of
oxi di zer and 2,500 pounds of fuel. These maxi mum permtted
guantities are 240-650 tines |ess than the anount of propellants
used to fuel a Titan ELV at CCAFS.

5.1.3 Accident Reporting

In the event of an accident, Astrotech has established reporting
requi renents so that it can evaluate accident causes and initiate
preventative neasures. All custoners are required by Astrotech
to prepare a formal witten report of any accident involving
serious injury or death to personnel or substantial danmage to
equi pnrent or facilities wthin five working days. M nor

i ncidents can be reported verbally; however, mnor incidents with

hi gh acci dent potential nust be formally reported. |In over six
years of operations, there have been no accidents requiring
formal accident reporting. |In addition, Astrotech is subject to
accident reporting requirenents under SARA Title Ill and the

Conpr ehensi ve Environnmental Response, Conpensation, and Liability
Act (CERCLA), as outlined in Section 6.4.

5.1.4 Insurance |nspections

An addi tional external safety inspection is perforned by an

i nspector representing Astrotech's insurance conpany to ensure
that the facilities neet the insurance conpany's safety
standards. Prior to entering into a contract with Astrotech,
each potential customer may have an agent representing his

i nsurance carrier inspect the facilities to ensure that his own
safety and operating standards are nmet. The inspections are
performed approximately twi ce a year

5.2 Operation and Mai ntenance Requirenents

Astrotech provides continuous safety nonitoring during al

hazar dous operations by the Safety Oficer and he is enpowered to
stop an operation if he deens it unsafe or problens are

i ndi cated. Mbst hazardous operations can be conpleted in one 8
hour shift and that shift is schedul ed during normal business
hours to maxi m ze personnel alertness. At |east one shift
separates operations involving fuel and operations involving
oxi di zer, during which tine the trench drain systemis flushed
and reconfigured to prevent any possibility of contact between
fuel and oxi di zer.

Saf ety procedures and plans for all hazardous operations nust be
submtted by the custoner to Astrotech for review and approval.
In addition, Astrotech regularly inspects and tests all equi pnent
that it provides. As detailed below for specific equipnent, the
daily visual checks are commbn as are sem -annual to annua
systemw de verifications.



There are three Astrotech safety personnel who are al ways
avai l able to respond to incidents or accidents during critical
periods of handling SRVs, ordnance or liquid propellants. They
all have pagers and can be reached at anytine during the day or
night. Al three individuals are intimately famliar with

payl oad processing operations and have worked at Astrotech since
the facility opened. |If a problemarises after work hours, the
guard has a full set of notification procedures to follow that
include calling the appropriate Astrotech personnel.

Per sonnel safety equipnent (e.g., static dissipating devices,
safety gl asses for EEDs or propellant grain inspection, gloves
and cartridge respirators) supplied by the customer nust be
approved by Astrotech. Astrotech provides personal protective
equi pnent (see Section 4.4.3), flane retardant coveralls,

| egstats, energency escape units with a 5-mnute air supply, and
Scott air packs with a 30-mnute air supply. See Section 4.4.3.

Overhead cranes and hoists are inspected prior to use each shift
visually and by activating the pendant energency power Kill

sw tch under sinulated |oad conditions. All cranes, hoists and
hooks are proof tested at least yearly at 125% of their rated

| oad per OSHA requirenents (29 CFR 1910) and ANSI B30. All hooks
are magnafl uxed yearly. Proof |oad data are attached to each
crane pendant. Transfer of spacecraft from high bay to high bay
in Building 2 entails the use of the Javelin feature on the
overhead crane, and is only perfornmed by fully trained Astrotech
personnel °.  The roll-up doors in Building 2 are also restricted
to operation by Astrotech personnel.

The conductive floors of Building 2 are checked at | east annually
by Astrotech per NFPA 56A to verify that the static dissipation
capacity is 1 Megohmor less. This safety check ensures
continuing dissipation of any electrical sparks. Equipnent is
bonded or grounded when attached to any device containing
hazardous materials. Gounding straps are inspected prior to use
and daily when in use, and if the integrity of the cable is
suspect for any reason, the cable is checked to ensure proper
functioning (e.g., a resistance of |less than 10 ohns).

Prior to beginning operations, area safety checks are perforned
by both Astrotech and the custoner, if ordnance, solid notor or
[iquid propellant are present. Each shift that propellants are
on-site, toxic vapor checks (sniff checks) are made and the
results marked on the high bay door. Once propellants have been
brought into Building 2, continuous nonitoring using the MDA
toxic gas detectors is perforned. See Section 4.4.1.

Fire protection equipnent in Building 2 is checked visually at
the start of each shift. The entire systemis tested on a sem -

° Safety Standard Operating Procedure 1988, Astrotech Space Cperations,
L.P., pp 11-14.



annual basis (every 5 to 7 nonths dependi ng upon operati onal
schedul es). See Section 4.4.4 for a nore detail ed description of
the fire protection system

Security is provided for the high bays by key and ci pher control
avai l able only to the custoner and Astrotech. The cipher control
may be changed at any tine interval specified by the custoner.

5.3 Personnel Training Requirenents

The Astrotech Safety O ficer is responsible for ensuring that
Astrot ech enpl oyees have adequate training in dealing with
hazardous materials. Enployees who have responsibility for
handl i ng hazardous materials, and who are assigned to response
duties, have training equivalent to that required by NASA
personnel who performsimlar duties at KSC. This training
exceeds the requirenents of Training Standards for Hazardous
Techni ci ans Level 111 and Level |V as designated under OSHA,
Title 29 CFR Section 1910 and EPA, Title 40 CFR Part |11, and
applicable to a wde variety of industries that use hazardous
materi al s.

Cust oner personnel comng to Astrotech, who participate in
hazardous operations (e.g., propulsion teans), nust each have
certification fromthe enpl oyer noting the individual's training
and qualification as well as physical fitness for his assigned
hazardous task. Astrotech provides safety briefings for custoner
enpl oyees that i nclude:

* NASA propell ant handling safety video
eFacility specific safety/energency features
»Saf e operating procedures and checklists

» Saf equards and safety devices

*Personal protective equi prent

*Monitoring and warni ng devices

* Enmer gency and contingency procedures

After such training, custoner personnel are famliarized with the
Astrotech facility and prepared to inplenent the safety
procedures effectively.
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6.0 EMERGENCY PREPAREDNESS AND PLANNI NG

Astrotech has a witten emergency plan that covers enmergency response
actions for incidents that may require action by emergency responders
i ncludi ng nedical and fire personnel and evacuation of buil di ngs and near by
areas. This plan was updated in 1988 and is supported by other Astrotech




docunents. b2

In the Titusville area, emergency planning and response capabilities
benefit fromthe planning and working rel ationship between the Cty of
Titusville and Brevard County. The officials have worked together during
other activities requiring public safety duties, specifically the
responsi bility for thousands of spectators and visitors that are present in
the area before, during and i medi ately foll ow ng space | aunches.

Astrotech takes its safety responsibility seriously as evidenced by its
concern for safety design features during facility construction and
nodi fication as well as its safety record to date. Astrotech has never had a
maj or spill or a release of toxic vapors fromits facility, so the alerting of
enmer gency response agenci es has never been necessary. On one occasion in
connection with sanmpling anhydrous hydrazine during the fueling of a
satellite, less than a teaspoon of liquid was spilled. The tank and scrubber
systens totally contained this small spill. Even though no notification was
required, Astrotech reported the incident to local officials.

6.1 Emer gency Response Equi pnent and Per sonne

Astrotech officials are extrenely know edgeable in the use of and
requi rements for safety equipnment. The facility is designed with ready access
to personal protection and fire prevention equipnment. For an overview of
enmer gency equi pnent available in Building 2, see Exhibit 6-1. Local and
county energency responders are nearby and, as detail ed bel ow, experienced in
the operations and materials handled at the facility.

6.1.1 Personnel Protection and Medi cal Response

Astrotech has provided personal protection and safety equi pment up
t hrough Level A for use by those who work in the hazardous operations area.
This equi pnent is also available, if needed, for energency response personnel
See Section 4.4.3. Astrotech has al so supplied PPE to energency response
personnel fromboth the city fire departnent and the county specialized
response team

' safety Standard Operating Documents, Astrotech Space Qperations, L.P., 1988.

2 gsafety Policy, Astrotech International Corporation, 1988.
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EXH BIT 6-1 BU LD NG 2 EMERGENCY EQUI PMENT

EQUI PMENT
Scott Air Packs (2)
I'SI Ranger Air Packs (2)

Spl ash Coveral ls (20)
Level A Airline Hazmat
Suits (6)

Level A SCBA Hazmat Suits
(4)

Di sposable Nitrile d oves
(12dz)

ISI Full Face Pressure
Demand Airline with 5
M n. Escape

Energency Life Support
Appar atus (ELSA) (6)

MDA TLD-1 Monitors (4)

Spill Control Station

95 Gal |l on Pol y- Over pack
Dr uns

Drum Repair Kit

Absor bent Boons and Dam
Ki t
Energency First Aid Kit

Open Top Druns (2)

Wl den Pump (2)

Drum Skid (1)

Wat er Broom

LOCATI ON
South Control Room

Hal | way by Spill Response
Equi pnent

Bal ance Machi ne Control
Room

Bal ance Machi ne Contr ol
Room

Bal ance Machi ne Control
Room

Bal ance Machi ne Contr ol
Room

Bal ance Machi ne Control
Room

North & South Bays

Pl aced in Areas
Contai ning N,H,, MVH, &

O

Hal | way

Fuel Cart Room

Hal | way by Spill Response
Equi pnent

Fuel Cart Room

Bal ance Machi ne Contr ol
Room

Cart Roons, 1 Each

Mechani cal Room

Scrubber Pad

Fuel Cart Room

CAPABI LI TI ES
30 M nute SCBA

30 Mnute SCBA with
Airline QD

Chemi cal Resistant Suits

Encapsul at ed Ful | body
Chem cal Resi stant

Encapsul at ed Ful | body
Chem cal Resi stant

Chem cal Resistant Wde
Range Application

ISl Airline System for
Ext ended Hazar dous
Operati ons

5 M nute Energency Escape
Units

Cont i nuous Mbnitoring
System that Al arms
Locally and at Guard
House

Contains 2 Tyvek Total
Body Coveralls, 2 Splash
Goggl es & d oves, Sorbent
Pads, 15 Pol yzorb Spill
Control Pillows and

Di sposabl e Bags

Twi st Top Sal vage Drum
Repair of Mst Comon
Cont ai ner Leaks, Contains
Barrier Tape

Spill Control

Energency First Aid
Trauma Kit, O

Cont ami nated Materi al s,
Rags, Boons. 20 Gallon
Capacity x 2

Pneurmati ¢ Di aphragm Punp,
60 GPM Capacity

4 Druns

35 psi Water Qutlet to
Wash Down Spill Areas
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Shoul d emergency nedical attention be needed, the plant has emergency
medi cal technicians on site during liquid propellant operations. 1njured
i ndividuals requiring additional nedical attention would be transported to the
Jess Parrish Hospital in Titusville, where the staff has been trained to dea
with the types of injuries that could occur at the Astrotech facility.

6.1.2 Fire Protection Equi pment and Personnel

Astrotech relies upon an automatic sprinkler system (both dry and wet
pi pe) activated by heat/snoke detectors | ocated throughout the facility. See
Section 4.4.4. Additional facility fire protection equipnment includes
portable fire extinguishers, both halon and dry chemical types. The facility
has fire hydrants placed at strategic |locations that would be used by public
responders.

In the event of a fire in Building 2, an automatic dialer, triggered by
activated snoke/ heat detectors, calls the Titusville Fire Departnent.
Addi tional avail abl e response personnel include the Brevard County Fire
Department Station # 22, |ocated approximately 2% niles or 5 mnutes away, and
the county hazardous materials specialized response team (SRT) based
approximately 20 mles or 25 to 30 minutes fromAstrotech. On Exhibit 6-2,
the locations of fire stations are indicated; the SRT is not on the map. Al
enmer gency access routes are over publicly maintained roads.

The Brevard County SRT is an experienced hazardous naterials response
unit that is well trained and equi pped. This teamhas a | arge hazardous
materi al s response and communi cations van that can serve as a comand post.
This teamresponds to approxi mately 50 hazardous materials calls per nonth,
but as noted earlier, has never needed to respond to an incident at Astrotech

6.1.3 Fam liarity of Emergency Responders with Facility

The Astrotech Safety O ficer, nanmed by the conpany as energency response
coordi nator, has nmade the facility emergency plan available to | ocal planning
officials and has fully cooperated with energency planning and response
| eaders in on-site explanations of the conpany's hazardous materials
operations. Menbers of the county SRT and county energency nedica
t echni ci ans have been invited to and have attended satellite fueling
operations. Additionally, the Titusville Fire Departnment has been invited to
Astrotech for famliarization with and training in the fire control system at
the plant. Various types of PPE have been donated to the county SRT by
Astr ot ech.

Coordi nati on between Astrotech and emergency responders began even
before the facility was built. Local fire, building and planning staff, and
NASA of ficials were consulted during design and construction phases of the
facility and their recomendati ons were solicited, nany of which were
incorporated into the facility.



EXH BIT 6-2 LOCATI ONS OF EMERCGENCY RESPONDERS
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The Brevard County emergency managenent agency has a staff person, who
is fully aware of hazards at the facility, assigned to deal with distributing
public information. Public information regarding the Astrotech operation is
general ly dissemi nated fromthe Astrotech Maryland office. However, the
general manager at the facility is assigned to work directly with Brevard
County emergency nmanagenent to furnish enmergency information should there be a
rel ease.

6.2 Emer gency Response Conmuni cati ons

Astrotech procedures require that when propellants are on-site, a senior
spacecraft propul sion engi neer nust be available in the | ocal area and on cal
twenty-four hours each day.

The key person in both energency planning and response for Astrotech is
the Safety Oficer. He continuously observes all hazardous operations through
t he expl osi on-proof wi ndow in the control room and ensures conpliance with
approved procedures. He is also involved in the transportation of fuel ed
satellites fromAstrotech to KSC. Wen he is away fromthe facility, he is
avai | abl e through pager and cellul ar tel ephone.

Astrotech considers a spill of hydrazines or nitrogen tetroxide in
excess of one gallon to be an uncontrolled release.® Should such a spil
occur during working hours, the procedures states that a call for outside
assi stance be made by the Safety O ficer using the energency tel ephone
nunmber 911.

Shoul d conditions preclude this action by the Safety O ficer, procedures
are in place for any workman involved to contact the front gate guard who
woul d then report the accident to public authorities, also by dialing 911
Under such circunstances, the follow ng i nformati on concerning the spill would
be furnished to the front gate guard:*

Exact | ocation

Estimated quantity

Ti me and duration

Medi a or mediuminto which the rel ease
occurred

Direction of vapor nmovenent if release is
out si de of the Building 2°

Nunber of personnel invol ved.

o g ke

Al so, the guard house would be alerted of problens by the al arm system as
described in Section 4.4.4.

Astrotech's energency response plan has a roster for contacting and
calling to duty critical response personnel when they are off duty. The
roster lists the names and pager nunbers of the Safety O ficer and the deputy
general manager and the tel ephone nunbers of three response team nenbers. Al
Astrotech enpl oyees have in their possession a card listing tel ephone nunbers
of these and additional plant personnel considered critical in energencies.

8 Spills of that anpunt of fuel could bring the vapor concentration level in the bay to the
| ower explosive limt for hydrazine.

4 Energency Spi Response Pl an, Astrotech Space Operations, L.P., 1988.

® Awind sock is located near the hazardous materials working and storage area to identify wi nd
direction should evacuati on becone necessary.
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Shoul d an incident occur at night or when Astrotech is not in operation, the
front gate guard, after calling 911, would contact the Safety Oficer, the
vi ce president and the general nanager

Procedures for inter-conmunication and coordi nati on of conpany response
operations are in place. Astrotech has a close-knit staff of eleven
i ndividuals, many with long tenure. Contractors servicing satellites bring
with themonly four to eight persons involved in handling propellants, so the
total number of individuals in Building 2 during propellant operations is
small. Astrotech has a plant-w de tel ephone system and has posted the numnber
of the front gate guard by each tel ephone. There is an intercomsystemin the
spacecraft processing areas, including comunications capability to and from
personnel working in full protective clothing. Eight of Astrotech's el even
enpl oyees have one-watt portable radios with plant wi de coverage. One radio
is maintained at the desk of the administrative assistant in the
admi ni stration building.

6.3 Enmer gency Response Pl anni ng
6.3.1 Brevard County Hazards Anal ysis Study

The Brevard County Energency Managenent Agency has perfornmed hazards
anal yses (including risk and vulnerability anal yses) for the Astrotech
facility as detailed in the EPA gui dance docunent for energency pl anni ng®
under SARA Title Ill. The results showed that there was "very slight"
possibility of release of anhydrous hydrazine or nmononethyl hydrazine from
this facility; that state-of-the-art contai nment, scrubber and neutralization
systens are in-place to deal with any problens; that the training and safety
programat the facility is "excellent"; and that the enmergency response
programis "conprehensive."

The results of the anal yses of releases for these chemcals, including
maps of the identified EPA vul nerable zones, are presented in Appendix A The
anal ysis is based on an rel ease scenari o where the maxi mum quantity of fue
allowed on-site by the Florida DER air permit, is instantaneously rel eased
outside the building. GCounty energency officials stated that they view this
scenario to be unrealistic given Astrotech's transport and operating
procedures, and believe that a nore realistic, but still unlikely accident
scenario would be a release initiated within the building with exposure
confined to the facility and its imediate vicinity.

6.3.2 Building and Area Evacuation

In the event that a spill in excess of one gallon occurs in Building 2,
all personnel woul d evacuate the building through designated evacuation
routes. See Exhibit 6-3 for these routes. Portable energency life support
apparatus, if needed for emergency egress, is readily available in hazardous
operations areas. The affected area would be secured, outside help would be
cal l ed as detail ed above and a conmand post woul d be established at a
pre-determ ned point based on | ocation of the exposed area and the wi nd
direction. Before evacuation, control room personnel would turn off all power
to the building including the scrubber, and therefore all vapors woul d be
contained within the building, unless there was a fire or expl osion.

Astrotech continuously nonitors vapor concentrations in the interior of

e Energency Planning for Extrenely Hazardous

Subst ances, U.S. Environnental Protection Agency/ Feder al Emer gency Managenent Agency/ U. S. Depart ment
of Transportation, Decenber 1987.
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t he buil ding when liquid propellants are present. However, they have no fixed
nmoni toring around the perineter of their property. Should an internal rel ease
occur as descri bed above, portable nonitoring equi pment would be used to
measur e anbi ent vapor concentrations. Frominformation thus obtained,
Astrotech officials would eval uate any toxic vapor |evels and determ ne safe
ar eas.

Brevard County has provisions for evacuation of areas surrounding the
facility, if necessary. Should there be a release at Astrotech potentially
affecting an off-site popul ation, alerting and evacuati on would be effected by
publ i c safety agenci es through door-to-door contact, supported by emergency
br oadcasts using pre-determned radio stations. There is no public alerting
device at Astrotech. Neither does the city of Titusville have a public
alerting systemmaintained in the area surrounding the Astrotech facility.

No formal exercises of the energency plan involving | ocal energency
response agenci es have been conducted, but the plan has been distributed and
reviewed with the local fire departnment, the county SRT and energency agency
heads. The absence of a simulation exercise has been due to logistica
probl enms in scheduling such an exercise with | ocal agencies. Both |oca
enmer gency managenent agenci es and Astrotech stated that they view conducting
the exercise as a high priority.

6.4 Title Il Reporting

In 1986, SARA Title Ill, also known as the Emergency Pl anning and
Comunity Right to Know Act (EPCRA) of 1986, was enacted so that |oca
governnment coul d becone aware of inventories of potentially hazardous
chem cals and could plan with the facility to protect the public should a
rel ease occur. Under Section 302 (a) of SARA Title Ill, chemicals that are
acute toxics are listed as Extremely Hazardous Substances (EHSs). The |i st
contains three hundred and sixty substances, including commonly used chem cal s
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such as anmmoni a and chlorine. For each |listed chemical, a planning threshold
is identified, and any facility having an amount on site at or above that

| evel must report its presence to the state, LEPC and fire departnment(s)
serving the facility. Additionally, SARA Title Ill identifies reportable
gquantities for each EHS. |If a release at or above the reportable quantity
ext ends beyond the facility boundary, the owner or operator nust report the
rel ease to | ocal governnent officials and to the State Emergency Response
Conmittee (SERC).

Monoret hyl hydrazi ne (Chemical Abstracts Number [CAS #] 60-34-4) and
anhydr ous hydrazi ne (CAS# 302-01-2) are listed as Extrenely Hazardous
Substances (EHS). Quantities of anhydrous hydrazi ne or nononet hyl hydrazine
exceedi ng the planning thresholds of 1,000 pounds and 500 pounds,
respectively, are periodically present at Astrotech (i.e., when satellites are
being fuel ed). Therefore, Astrotech is subject to SARA Title IIl reporting
requi rements. The reportable quantity for releases is ten pounds for
nononet hyl hydrazi ne and one pound for anhydrous hydrazi ne.

Ni trogen tetroxide, another chemical that is used during satellite
fueling at Astrotech, is not on the Section 302 (a) Title Ill EHS list;
however, it is on a list of chemicals, as are anhydrous hydrazi ne and
nononet hyl hydrazine, that is regulated by CERCLA. Any facility rel easing
this chemcal into the environnent in quantities of ten pounds or nore nust
i medi ately report the release to the NRC. See Appendix B for a summary of
rel eases of hydrazines and nitrogen oxi des reported to the NRC over an eight
year peri od.

Under Section 304 (b) of Title IIl, facilities having rel eases of
reportable quantities of chemicals listed as EHSs nmust furnish the follow ng
information, to the extent it is known, to the SERC and to a | ocal emnergency
answering point designated by the LEPC

. Chemi cal nane or identity

. Presence of the chemical on list of "Extrenely Hazardous
Subst ances"

Quantity rel eased

Time and duration of rel ease

Rel eased into air, land, surface water, ground water
Antici pated acute or chronic health risks

Medi cal attention requirements

Precauti ons

Evacuation infornation

Narme and tel ephone nunber of person to be contacted for further
i nformation

Astrotech's plan and procedures do not specifically indicate that these itens
of information are to be furni shed when reporting a rel ease.

Inquiries made by the safety evaluation teamof the Florida SERC, the
LEPC covering Titusville and | ocal energency planning and response officials,
reveal ed Astrotech managenment has filed all required reports and is in
conpl i ance.



7.0 HAZARDS ANALYSES AND RI SK ASSESSMENT

The overall goal of this assessment is to identify risks to the public
that may result fromaccidents that could occur at the Astrotech facility.
The risk assessment was perforned by reviewing the facility design, operations
and procedures and then defining possible accident scenarios that could
produce a hazard to the public.

In Section 7.1, evaluations perforned previously by other experts are
di scussed. In Section 7.2, the flammuabl e and expl osive properties of liquid
and solid propellants are reviewed and scenari os that could cause an expl osi on
capabl e of breaching Building 2 are determ ned.

In Section 7.3, the accident scenarios capable of producing a fire and
expl osi on and possi bl e venting of toxic vapors are described. These scenarios
i ncl ude:

Expl osion resulting fromliquid propellant operations
Expl osion resulting froma dropped payl oad

Expl osi on of a high pressure tank

Expl osi on resulting fromspin bal ance accidents
Ignition of an SRM

For each accident scenario described in Section 7.3 the probability of
occurrence has been calculated in Section 7.4. A detailed fault tree has been
constructed that indicates contributing events that nust occur for the
accident scenario to result, the probability of each contributing event has
been estimated and the overall accident scenario probability calculated. For
each potentially hazardous condition, the facility design features and the
operating procedures that mnimze the hazard have been considered as part of
the basis for the assessnent.

The severity of the consequences for each acci dent scenario would depend
primarily on the quantity of fuel, oxidizer and solid propellant involved,
| eading to three worst case rel ease conditions:

. Expl osi on of a payl oad/fueling cart containing the
maxi mum quantity of fuel permtted on-site (2,500
pounds)

. Expl osi on of a payl oad/fueling cart involving the

maxi mum quantity of fuel (2,500 pounds) and the
maxi mum quantity of oxidizer (5,000 pounds) permtted
on-site

. Expl osi on of a payl oad/fueling cart with the nmaxi num
quantity of fuel and the maxi mrum quantity of oxidizer
permitted on-site and the anpunt of solid rocket
propellant used in siting anal yses (24, 600 pounds).

For these worst case rel ease conditions, the toxic gas concentrations at
ground | evel were cal culated. The cal cul ated concentrations were then
conpared to a vapor concentration called the | evel of concern (LOC) used by
the EPA in hazards anal yses for community emergency planni ng.

Any risk to the public health was determ ned by evaluating the results
of the accident scenarios leading to the worst case rel ease conditions. These
were then conpared qualitatively with other simlar public risks and some
observations were made.




7.1 Site Evaluations and Moddel i ng Studies

Both before initial construction and before the building nodifications,
Astrotech comm ssi oned studies to eval uate whether the proposed facility and
nodi fications conplied with applicable safety criteria and regul ations. The
studi es, performed by independent consultants, included eval uation of
conpliance of the facility with DoD quantity di stance criteria and
quantification of the potential air em ssions to support the renewal of the
Florida DER air permt. These prior studies have concluded that the Astrotech
facility is in conpliance with all applicable standards and represents a
m ni mal safety hazard to the surroundi ng comunity.

7.1.1 Site Distance Criteria Studies

The siting and construction of Building 2 on Astrotech's property was
done in accordance with DoD siting criteria® specifically to control and limt
the effects of any explosions to within the facility boundaries. A specia
report was conmi ssioned by Astrotech as part of the design engineering prior
to construction of the facility to identify the siting criteria and validate
t he design, given the proposed operations, and to ensure that these
requirements would be nmet.? The evaluations used applicable siting criteria
fromDoD Directive 5154.4S (as updated by DoD Directive 6055.9 dated July
1984, DoD Ammunition and Expl osives Safety Standards); fragnment size and
vel ocity anal yses based on anal yses previously perforned on simlar satellites
by ESMC (TWMb- 1300, Chapter 8 - equation to determne wall resistance to
fragment penetration); secondary fragnment anal yses based on Chapter 2 Figure
2-33 of the CPI A Hazards of Chenical Rockets and Propellants, Vol |, Explosive
Ef fects and Danmage; and synpathetic detonation analysis using the results of
the prior fragnentation anal yses.

The concl usi ons of the conm ssioned report indicated that the proposed
siting of the buildings on the property net DoD expl osives quantity distance
criteria, and that Buildings 2 and 3 wth their respective siting and design
shoul d not present a hazard to the general public outside of the facility
boundary "...greater than that normally presented from any DoD hazar dous
facility site containing simlar hazardous liquid and solid propellants.”

An additional safety anal ysis was conducted when the new hi gh bay
hazardous stagi ng airlock was proposed for addition to Building 2.% The
results showed that the 45 foot high reinforced masonry walls would stop the
primary fragments of an explosion involving the liquid and solid propellants
installed in an | NTELSAT-si zed spacecraft (approxi mately 6,400 pounds of
l'iquids and 16, 000 pounds of Class 1.3 solid propellant*. The secondary
buil di ng fragnents woul d not be thrown beyond 500 feet. The analysis also
concl uded that adequate di stance was available to the boundaries and inhabited
non- or dnance buil dings to neet the requisite quantity distance requirenents
specified in the DoD Directive. An addendumto this study was performnmed

! Departnent of the Air Force, AER 127-100, CHANGE 1, 24 Decenber 1984, Chapter 5 - Principles
and Application of Explosives QJant ity-Distance Criteria and Rel ated St andar ds.

, BRPH

N d i [ Al K il i i i an
Report No 1-83, Louis J. UI I|an Epr osi ves Ordnance Oonsultant January 9, 1983.

lazard and Di st a h Hazar dou agi ng
to Building 2, EC Report No 1- 88 Epr oswes Oonsultants Inc., February 9, 1988.

4 dass 1.3 class propellant is defined in AFR 127-100 as an item which burns vigorously, and

the fires are difficult to extinguish. Explosions are usually pressure ruptures of containers and
do not produce propagating shock waves or damegi ng bl ast overpressure beyond a safe di stance between
two expl osives storage facilities.
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shortly thereafter to analyze the potential for synpathetic detonation in the
event of dual payload processing in Building 2 (specifically to address the
SKYNET 4 and JCSAT satellites that required processing for a Conmercial Titan
Il Taunch).® This analysis showed no risk of synpathetic detonation as |ong
as the payl oads are separated from one another by at |east one reinforced wal
(in Building 2, the separation is nmade by two reinforced walls).

These hazards anal yses have all been concerned mainly with the effects
of explosion (e.g., blast overpressure and flying debris) on surroundi ng
bui | di ngs and public areas, but did not address or analyze toxic vapor
hazards. In fact, one of the reconmendati ons of the Expl osives Consultants,
Inc. (ECI) Report 1-88% stated "...An analysis should be made of the potenti al
toxi c hazards in the event of an explosion in the bay which caused sufficient
damage to all ow vapor release to the outside atnosphere."” Therefore, while
t hese anal yses do adequately assess the siting and design criteria for
handl i ng expl osive materials on the site, additional effort is needed to
assess the potential for exposing the public to toxic gases given an acci dent
i nvol ving fire and expl osion

7.1.2 Study to Support Florida DER Air Permt

Astrotech al so used an environmental engineering consulting firmto
estimate emission rates fromBuilding 2 during normal propellant |oading
operations. The study supported renewal of the Florida DER air permt that
Astrotech holds to operate their scrubber system?’ A copy of the npbst recent
version of the air permt is attached as Appendix D. The emi ssion rate
estimates were nmade by review ng processes at Astrotech and conparing themto
operations at other facilities handling hydrazines (specifically the Ain
anhydr ous hydrazi ne manufacturing facility in Lake Charles, Louisiana). The
scrubber efficiency (90% as provided by the vendor (Tri-Mer Corporation) was
al so a conponent of the analysis. The resulting fugitive em ssion estimates
were then input to the Industrial Source Conplex Short-Term di spersion node
to project the maxi num 8-hour ground | evel amnbient concentrations for the
materials of concern in the permt. The nodeling results showed that the
maxi mum anbi ent concentrations for all pollutants will be bel ow the DER s
Accept abl e Anbi ent Concentrations. The | SCST nodel has been approved by both
the Florida DER and the EPA for use in determ ning conpliance with Anbient Air
Quality Standards.?

Al t hough this study confirmed that there are no risks to public health
and safety during normal operations, it did not exam ne risks during an
acci dent.

7.2 Potential Fire and Expl osi on Hazards

I n devel opi ng acci dent scenarios that could result in exposure to the
public, the safety evaluation teamfirst determ ned which propellants or
conbi nati ons of propellants would be capabl e of causing an accident that could
breach Buil di ng 2.

® Synpathetic Detonation Analysis for Dual Payload Processing in Building #2, Addendum 1 to
ECl Report No. 1-88, Explosives Consultants Inc., March 26, 1988.

na is of A ot ech Hazardou agi ng Al k Addition
Consultants Inc., February 9, 1988.

azard and Quanti Di a iting A

to Building #2, ECl Report 1-88, Explosives
7 Satellite Fueling Operation Response to FDER Conpl eteness Summary, Hunter/ESE, No. 3901-
010100- 0400- 3160, July 1989.

® Ibid.



7.2.1 Fire Hazards

The Astrotech facility is equipped with a fire suppression systemthat
woul d qui ckly extinguish nmost fires (except those involving SRMs or |arge
quantities of liquid propellants) that could occur. Moreover, the safety
procedures required at Astrotech are designed to avoid situations that could
lead to a fire. However, because an accident in which the public could be
exposed would likely begin with a fire, a brief description of the flanmmable
characteristics of the hazardous materials handled at the facility is provided
bel ow.

As discussed in Section 4.3.1, the hydrazines are volatile, flammble
chem cal s which may present fire and expl osion hazards if present in
sufficient concentrations under certain conditions. N trogen tetroxi de (see
Section 4.3.2) is not flammble but will react with conbustible nmaterial s.
Since Astrotech limits the presence of conbustible materials in operationa
areas, any fire or explosive hazard associated with nitrogen tetroxi de woul d
nost likely result fromunintentional contact with the hydrazine fuel itself,
as would be the case in a dual propellant spill

The nost severe fire hazard at the Astrotech facility woul d be posed by
an accidentally ignited SRM which although difficult to ignite once ignited,
coul d not be extinguished by the sprinkler system It would continue to burn
until all the solid propellant was consuned. The burning of an SRM generates
i ntense heat and certain ignition nodes nay lead to the potential rupture of
the notor case. |If its case ruptures, other fuels in close proximty would
then likely becone involved in the fire.

7.2.2 Expl osion Hazards

Even if a fire occurred, no public exposure would result if Building 2
remai ned i ntact and seal ed. Public exposure could only result if, as the
result of a fire, an explosion occurred that breached the walls and/or the
ceiling of the building, allow ng vapors to be rel eased.

Solid Rocket Mdtors

The SRMs processed at Astrotech contain solid propellant that has been
classified by DoD as non-detonable Cass 1.3 propellant® Therefore, severe
expl osions of these propellants are not feasible. If an SRMwas ignited while
the notor was nounted on fixtures that block the notor exhaust, an interna
pressure-caused expl osion could occur. This type of pressure rupture would
produce | ow overpressures that mght result in sone limted facility venting.
Fragments generated by such an event would be retained inside the
facility 12

° Hazards of Chenical Rockets and Propellants, Vol. 11, Solid Propellants and I ngredients, CPlA
Publication 394, Septenber 1984, Appendix D.

Report No 1-83, Louis J. Ulian, Epr osi ves Ordnance Consul tant, January 9, 1983 7

Report No. 1088 Expl oswes Consul tants I nc. March 26 1988.
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Li quid Propell ants?®®

Most conbustion type reactions are classified as defl agrations and woul d
represent only m nimal explosion hazards. However, if large quantities of
liquid propellants were involved or the reaction products were confined in
some way the expl osion hazard i ncreases.

Therefore, several conditions would generally be necessary to create an
expl osi on severe enough to destroy the containment of Building 2:

. Ignition of confined hydrazine or hydrazine-air vapors, which
leads to a rapid increase in vapor pressure,

. Direct contact of significant anounts of fuel and
oxi di zer (w thout confinenent).

The expl osi ons as descri bed above coul d produce peak bl ast wave
overpressures sufficient to cause upper side wall and roof failures in
Buil ding 2. Reaction zone overpressures of 125-150 psi could result from
hydrazi ne or hydrazine-air mxtures and range up to 430 psi for fuel and
oxi di zer reactions. During such a fire and expl osi on event, sonme of the fue
and oxi di zer woul d be consuned and the rest would be rel eased. See
Section 7.5.

In sunmary, spills and fires within the Astrotech facility are not
likely to produce any public exposure, unless a severe expl osion occurs and
the building is breached. The events that could potentially produce public
exposure require a fuel/air or fuel/oxidizer explosion. Therefore, the safety
eval uation team determ ned conbi nati ons of events that could lead to an
explosion in order to construct credible accident scenari os.

7.3 Acci dent Scenari os

A qualitative description of credible accident scenarios is provided in
this section. The accidents described were determned to have potential to
create a condition that could result in the release of liquid propellant to
the atnosphere. A nore quantitative discussion of each of these scenarios,

i ncludi ng probabilities of specific events and conditions that woul d need to
occur and cal cul ations of the overall accident probability, follows in
Section 7.4. The consequences of these accidents, including vapor
concentrations and exposure durations, are detailed in Section 7.5.

Maj or events involving only the liquid propellants would nost |ikely
start as snall spills which despite several neans to termnate the flow, could
not for sonme reason be stopped (Section 7.3.1). Mjor events which involve
both Iiquid and solid propellants would likely start with one of severa
scenarios: dropping of a fueled spacecraft (Section 7.3.2), rupture of a high
pressure gas tank (Section 7.3.3), explosion resulting froma spin bal ance
accident (Section 7.3.4), or ignition of an SRM (Section 7.3.5).

7.3.1 Explosion Resulting fromLiquid Propellant Qperations

Spills or leaks of liquid propellants are nost likely to occur during
sanpling and transfer operations. All propellants are sanpled and tested for
purity prior to loading. The quantity of fluids taken for each of these
sanples is approxi mately one-quarter of a gallon and the transfer pressure on

" Fire, Explosion, Conpatibility and Safety Hazards of Hydrazine, MD. Pedley, et. al., RD
WSTF- 0002, NASA, Johnson Space Center, \Wite Sands Test Facility, February 20, 1990.
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the fluid in the tanks and lines is less than 10 psi. Under these conditions
it is unlikely that large quantities could |l eak or be spilled directly. The
nost |ikely cause of an uncontrolled | eak woul d be from mechani cal puncturing
of lines or tanks by dropped tools or other equipnent.

The hydrazine fuels are extrenely flammuable |iquids and a large spill or
leak would likely result in a fire. The nost likely sources of ignition are:

. El ectrical equipment that is not powered down before
vapor concentrations exceed the flammability limts at
the el ectrical equipnment |ocation

. Contam nation in the drai nage systemthat reacts with
fuel and creates autoignition tenperatures; or

. El ectrostatic di scharge caused by uncontrolled fluid
fl ow.

The heat rel eased by the burning of these fuels in the bay may overheat
flui ds/vapors remaining in payload tanks or fueling druns, thereby, causing
autoignition in the vessels. However, heating rate estimtes are
i nconcl usi ve. The sprinkler systemm ght activate before the tanks were hot
enough to autoignite and detonate.

Alternately, the NASA Wiite Sands Test Facility has reported! that
smal |l leaks fromtransfer lines, if ignited, have propagated to | arger events
through a series of small detonations in the lines until eventually the tank
expl oded. Shrapnel fromthe small |ine explosions may be sufficient to breach
fuel and oxidizer tanks in a bipropellant payload and result in an expl osion,
that will likely blow out the roof and/or walls, breaching the building.
Si nce anhydrous hydrazine and MVH are highly conbustible in air, very little
unreacted gas is likely to escape to the atnosphere, even if the building
undergoes mmj or structural damage. Rather, any escaping gases will consist
| argely of gaseous nitrogen and water vapor.?®

Ni trogen tetroxi de does not undergo deconposition reactions that produce
rapi d heat release in the atnosphere. Al so, conbustion type reactions are
possible only in the unlikely event that the rel eased oxi dizer cones into
contact with a fuel source. Since conbustible materials such as paper, cloth
and wood are not allowed in the processing area during propellant transfer,
any spilled or | eaked oxidizer wll enter the trench-contai nnent system and be
diverted to a holding tank for dilution and neutralization. Since nitrogen
tetroxi de di ssoci ates predom nantly into nitrogen dioxide on evaporation, the
major result of a large oxidizer spill or Ieak will be high concentrations of
ni trogen dioxide in the bay invol ved.

7.3.2 Explosion Resulting froma Dropped Payl oad

Al'l payl oads prepared at Astrotech nust be lifted at |east once for
| oading onto the transporter for novenent to the |aunch pad. However,
payl oads are typically lifted several tines after fueling (e.g., between high
bays, in preparation for spin balancing). |If a payload was dropped during
lifting operations, it would |ikely be seriously damaged and |iquid
propellants would likely be rel eased. Because |large quantities of liquid
propel l ant woul d be involved, an explosion resulting fromsuch a rel ease woul d

' Personal communication with F. Benz, Project Director at the NASA Wite Sands Test Facility.

" 1bid.



generally be worse than one which could occur during fueling. |If a payload
was dropped, fire and explosion would be likely; major facility danage, and
possi bl e rel ease of unburned propellants could occur. Al though payl oads have
been damaged during lifting and crane operations, none has ever been damaged
to the extent necessary to cause this type of accident.

7.3.3 Expl osion of a H gh Pressure Tank

H gh pressure gases are used on payl oads as a source of pressure to punp
liquid propellants. The pressure tanks are usually filled with gaseous
nitrogen or heliumand pressurized as high as 6,000 psi using high pressure
gas bottles. This operation is normally perforned after spacecraft fueling
operations have been conpl eted, and the spacecraft has been nated to the SRM
and just before encapsul ation and transport. Most payl oads contain high
pressure tanks that are designed to |eak rather than burst. However, in the
unlikely event that a high pressure tank should burst as the result of
overpressurization or material flaw, its fragnents coul d penetrate nearby
propel l ant tanks. Although there have been several instances of failures in
hi gh pressure tanks or lines, no failure has resulted in the severe accident
described in this section. The damage caused by such an event, however, could
result in an explosion, |oss of building containnent and possible rel ease and
di spersion of toxic vapors.

7.3.4 Explosion Resulting froma Spin Bal ance Acci dent

A spin balance table is used to neasure precisely the center of mass and
nonments of inertia of the major elenments of a payload. Normally the
spacecraft is attached to the table and spun at a slow rate to nake these
neasurenents before propellants are | oaded. Sone custoners request a
subsequent spin bal ance after propellants are | oaded. At another time in the
processing flow, the solid rocket notor(s) is (are) attached to the table
mated with their upper and/or |ower adaptor (mating) sections, as required by
the specific design. Attachnments are pretested and attach forces precisely
set prior to each operation

Fire could result fromhydraulic oil |eaks under the table if an
ignition source were present. The potential for oil leaks is mnimzed by
overal |l inspection prior to each use, frequent detail ed schedul ed i nspection

and mai ntenance, and on |line redundant | eak detection neasurenments. The drive
notor is located in a separate pit, not directly under the spin table, and is
totally encased and purged by two-way air flow.

The spin rates are low, so stress |oads do not approach design limts
and no self damage is ever to be expected. The bearing function is provided
by a fully hydraulic system backed up by roller bearings, so bearing seizure
probability is minimzed. Dangerous out-of-balance situations are detected
automatically. Visual and audio signals are activated and shutdown is
automatically activated at pre-set limts.

7.3.5 Ignition of a Solid Rocket Motor

An SRM can be ignited accidentally by dropping it froma hei ght of
several feet onto a hard sharp or pointed surface, applying electrical energy
directly to the notor's initiators, electrostatic discharges?, heating the
motor to autoignition temperatures, or penetrating it with high energy
fragments from nearby explosions. The solid propellant notors processed at

' Electrostatic lgnition of X-248 Rocket Mdtors, Technical Report CAL No. DM 1934-EZ-1a,
Cornell Aeronautical Lab, March 1965.
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Astrotech are classified as fire hazards, but they cannot be detonated even
when exposed to fires or explosions of the type possibly resulting froma
payl oad processi ng acci dent.

Ignition of a motor by external heating or penetration of its outer case
by a destruct charge will normally produce external |ow pressure burning of
the solid propellant contained in the nmotor. Destruct charges of the type
that could penetrate Building 2 walls if accidentally initiated are not
permtted at Astrotech. Destruct charge initiators are protected by safe-arm
devices. The solid propellant used in these notors contains both fuel and
oxi di zer and once ignited cannot normally be extinguished until all solid
propellant is consumed. |If initiated while attached to the payl oad, the heat
released is likely to cause failure of the liquid propellant tanks, leading to
i nvol venent of liquid propellants in a fire and possi bl e expl osi on.

Internal ignition of an SRM can occur fromelectrostatic discharge or
stray current introduced into the ignition circuits and will cause internal
pressurization of the notor. At Governnent |aunch sites, several SRMs that
had sensitive initiators not protected by safe-arm devi ces have been ignited
by el ectrostatic discharge and |ightning induced current. However, all SRMs
processed at Astrotech are protected by safe-armunits and use insensitive
initiators which meet ESMC and NASA standards, and significantly reduce the
possibility of ignition fromelectrical discharge. Ignition of a notor on a
stand with the payl oad attached may result in the restrai ned propul sion of the
SRM and fuel ed payl oad within the building and expl osi on on i npact.
Overpressurization and failure of the notor case due to restricted flow from
the nozzle can also occur in this type of event. Fragnents generated by this
type of explosion would not penetrate the walls; however, severe damage could
occur to a payl oad.

Unrestrained nmotors ignited during preparations or during lifting
operations can becone propul sive and accelerate into the walls or ceiling.
Because of the limted distance to a wall or the ceiling, inmpact velocities
will be low and escape fromthe facility is unlikely. Mdtor case failure and
fragmentation could occur due to inpact of the notor with facility equi pment
or walls. Any damage woul d nost |ikely be confined to the bay where the
ignition took place.

7.4 Estimation of Accident Probabilities

The likelihood of an accident that can produce a public exposure for
each of the accident scenarios described in Section 7.3 will be evaluated in
this section. The methodol ogy used in devel oping these accident probabilities
i ncl udes eval uation of the systens involved, past accident histories for
simlar operations and systens, the neasures taken to mnimze the |ikelihood
of failure or procedural error, and if a failure occurs, the likelihood that
it could worsen and lead to a severe event.

The nmethod used to estimate the probability of the occurrence of an
event is based on use of both qualitative and quantitative data as shown in
Exhibit 7-1. This method was devel oped by Sverdrup?!” and allows a reasonabl e
correlation to be made between the M L-STD 882B definitions and a probability
range (See Appendix E). Exhibit 7-1 is a nodification of the Sverdrup
nmet hodol ogy that is nore appropriate for estimating and conbi ni ng event
probabilities shown in the fault trees developed in this analysis. The
quantitative probability ranges represent the nunber of anticipated event

" Conbinational Failure Probability Analysis Using ML-STD 882B, P.L. C enens, Sverdrup
Training Notes 6000-8i, 3rd Edition, Decenber 1984.
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occurrences in a given nunber of operations. For exanple, 8 x 10°2 neans 8
occurrences in 100 operations and 8 x 10°® nmeans 8 occurrences in 1,000
operations, so a descriptive word "probable" nmeans the event is likely to
occur between 8 times in 100 and 8 tinmes in 1,000 operations.

Fault tree analysis is a nmethod for estimating the frequency of a
hazar dous accident (top event on the tree) froma logic nodel of the failure
mechani snms of a system A fault tree for each accident scenario identifies a
series of contributing events that nust occur and their estimated probability
of occurrence. A fault tree is arranged to represent the |ogical conbinations
of various systemstates (e.g., contributing events) which can lead to a
particul ar event at the top of the tree. |In fault trees, alternative
contributing events are presented that can independently lead to the sane



EXH BIT 7-1 DEFIN TI ONS AND DESCRI PTI ONS OF PROBABI LI TY RANGES

PROBABI LI TY RANGE DESCRI PTI VE DEFI NI TI ONS
LIMTS
Lower Upper Descriptive Definition
Limt Limt Wor d
8 X 102 8 X 10! Frequent Li kely to occur frequently
8 X 103 8 X 102 Pr obabl e W Il occur several timesinlife of
item
|
8 X 10°* 8 X 10°° | Cccasi onal Li kely to occur sonmetine in life of
item
|
8 X 10°° 8 X 10°* | Renot e Unlikely but possible to occur in
life
| of item
|
8 X 10°° 8 X 10°° | | mpr obabl e So unlikely it can be assuned
occurrence nmay not be experienced
I y p

acci dent outcone; these events are connected by OR gates and their probability
is sunmed. If two are nore contributing events are conmbi ned by an AND gat e,

t hen each event nmust occur to lead to the accident; their probabilities are
mul tiplied.

On each fault tree, formulas are given for the multiplication and
addition of event probabilities that |eads to the overall accident
probability. Each fault tree is supported by an exhibit that identifies each
contributing event in the fault tree, the assigned probability value, the
descriptive qualitative probability and the justifications for the probability
assi gned. Assi gned probabilities estimted are based on acci dent histories,
past experiences at the Government ranges in processing thousands of payl oads
and | aunch vehicles, and subjective judgnment on the applicability of such past
experience to Astrotech's operations.

7.4.1 Expl osion Resulting From Liquid Propellant Qperations

The contributing events |l eading up to an accident involving a najor

spill, fire, and explosion of liquid propellants are depicted in Exhibit 7-2.
This fault tree identifies the events that nmust occur and their estimated
probability of occurrence, and illustrates the sequence of events needed to

cause a fire that results in a fuel tank explosion

Fault trees are evaluated fromthe bottomup. As can be seen in the
exhibit, events 1, 2, and 3 are alternative contributing events that can

initiate a major spill. The sumof the probabilities of these three events is
the probability of event 4, a major spill. Events 4, 5 and 7 all occur before
a spill can lead to an explosion. Thus, the probabilities of events 4, 5 and

7 are multiplied to determne the probability of top event 8, an expl osion

Exhibit 7-3 identifies each contributing event in the |iquid propellant

1-10



spill fault tree, the assigned probability, and the justification for the
probability assigned. A fuel spill that resulted in a fire and expl osion

i nvol ving a payl oad has never occurred in the many thousands of payl oad
operations conducted at the various federal ranges, so the overall probability
of inprobable is supported by actual operations experience.

7.4.2 Explosion Resulting From A Dropped Payl oad

The majority of payl oads processed at Astrotech require one to two
lifting operations. However, if a fueled payload is spin bal anced, the
present sequence of operations may require as many as four lifting operations.
Droppi ng a fuel ed payl oad fromany significant height is likely to danage the
payl oad sufficiently to cause liquid propellant |eaks. The events required to
create an explosion are depicted in the fault tree in Exhibit 7-4.

The fault tree indicates that any of the contributing events nunbered 1
through 5 can result in a dropped payload. For a drop to cause nmj or danmmge
to the payload, either the drop nust be froma height of at |east 5-6 feet or
the entire payload nmust tip over. Mst payload lifts do not exceed 1-2 feet
and a drop fromthis height is not likely to cause najor danage or a tip over
Conditional events 7 and 8 are al so necessary for a fire and expl osi on that
breaches the buil di ng.

The conditional event probabilities and justifications are shown in
Exhibit 7-5. Al though there have been payl oads danmaged during lifting
operations on rare occasions, none have been danaged to the extent necessary
to cause the accident described, supporting an overall accident probability of
i mpr obabl e.

7.4.3 Explosion of A Hi gh Pressure Tank

The failure of high pressure tanks used on payl oads to punp propellants
can present a serious accident threat. The fault tree describing the
necessary events for this accident is shown in Exhibit 7-6.

There have been rare failures of high pressure conponents on | aunch
vehicl es during pressurization. To date, no such failures have occurred
during payl oad pressurization. The probability of damage to propellant tanks
is | essened because many of the current payl oads isolate the high pressure gas
tank fromthe propellant tanks. These facts support an accident probability
of less than inprobable. Exhibit 7-7 shows the event probabilities for the
expl osion of a high pressure tank | eading to explosion of the propellant
t anks.

7.4.4 Explosion Resulting fromA Spin Bal ance Acci dent

Exhibit 7-8 shows the fault tree events necessary to have a nmjor
expl osi on acci dent during spin bal ance operations. Payloads flown on the
Delta launch vehicle are spin balanced before propellant |oading and a few are
re-bal anced after |oading. The SRMs are spin bal anced separately and thus
woul d not be involved in a payload accident or explosion. Sonme payl oads are
fuel ed prior to balancing and sone are flown without spin balancing (e.g.
payl oads flown on the Titan and Atlas Centaur).



EXH BIT 7-2 FAULT TREE FOR EXPLOSI ON RESULTI NG FROM
LI QU D PROPELLANT OPERATI ONS
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EXHBIT 7-3

EVENT PROBABI LI TI ES FOR EXPLOSI ON RESULTI NG FROM

LI QU D PROPELLANT OPERATI ONS

CONTRI BUTI NG
EVENT

1. Fill and drain

PROBABI LI TY
DESCRI PTI OV VALUE

| mpr obabl e/ 10°5 Mechani ca

JUSTI FI CATI ON

val ve for one

time val ve failure

2. Line/tank failure
of two
due to overpressur-
regul ators
i zation of payl oad or
payl oad equi pnment

3. Tank/line danaged by
equi prent tethered
equi pment or tools after
| oadi ng

5. lgnition of fue

7. Sprinklers fail to
|l ocal | zed

activate or

| mpr obabl e/ 10°5

Cccasi onal /1073

Pr obabl e/ 10-2

Frequent/ 101

contro

use, seals not
likely to fail

Failure for valve to sea
is detectable by operator
and therefore a
preventabl e condition

Li nes can be capped and
therefore a | eak can be
seal ed by the operator by
cap installation if a leak
occurs

No failures of fill and
drain val ves have resulted
in a serious spil

Requires failure

pressure

Operator failure to detect
first regulator failure

Tool s and

Tanks and |ines not
general ly exposed to these
hazar ds

No auto-ignition
tenperatures avail abl e

Facility powered down in
large spill conditions

El ectrostatic di scharges
possi bl e

Heati ng coul d be
and
ins
uf f
ici
ent
to
act




The probability of a major accident during this operation is inprobable.
There has never been major damage to a payload or SRM during the spin
bal anci ng operation. There was one accidental ignition of an SRM after
bal anci ng. The SRM had sensitive initiators unprotected by a Safe/ Arm device
fromelectrostatic energy, which built up and ignited the motor. Current
requirenents, detailed in Section 7.3.5, essentially elimnate this type of
accident. See Exhibit 7-9 for the event probabilities for a spin bal ance
acci dent.

7.4.5 lgnition of a Solid Rocket Motor

The accidental ignition of an SRMis depicted in the fault tree in
Exhibit 7-10. Three typical events are characterized: SRMfragnentation from
ignition and overpressurization, a propul sive SRM and a burning SRM t hat
generates sufficient heat to autoignite the propellant tanks.

Wth the current design requirenents for ignition and destruct systens,
accidental ignition of an SRMis a very inprobable event. See Section 7.3.5
for additional discussion. Initiators for these systens are isolated from
their explosive trains by nechanical Safe/Armunits that prevent propagation
even if accidental initiator firing takes place. Additionally, initiators are
designed to be essentially inpervious to electrostatic and RF energi es which
could activate them The event probabilities and their justifications are
shown in Exhibit 7-11



EXH BIT 7-4 FAULT TREE FOR EXPLCSI ON RESULTI NG FROM A DROPPED PAYLQAD
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EXH BIT 7-5 EVENT PROBABI LI TI ES FOR EXPLOSI ON RESULTI NG
FROM A DRCPPED PAYLOAD

CONTRI BUTI NG PROBABI LI TY JUSTI FI CATI ON
EVENT DESCRI PTI ON VALUE
1. Wre rope fails Renot e/ 10-* Cabl es inspected before
each |ift

Repl aced if 3 strands
br oken

Astrotech crane technician

monitors all lifts and
activates kill switch if
cross-reeving occurs
2. Brakes fail | mpr obabl e/ 10°5 Brakes are
r edundant

Brakes tested during sem -
annual | oad testing

3. Sling fails Renot e/ 10-* Slings 100% | oad
tested before al
lifts

4. Hook fails | mpr obabl e/ 10°5 Hooks nmgnaf | uxed

annual ly and | oad
tested semni -
annual |y

5. Operator error Renot e/ 10°* Operators are trained and
certified by Astrotech

The Astrotech crane
technician monitors al
lifting operations and can
prevent errors by using

the kill switch
7. Drop height enough to Frequent/ 101 General ly, at |east one
lift
cause failures/ignition of sufficient height nay

occur for npst payl oads

8. Sprinklers fail to control Frequent/ 101 Heati ng coul d be
| ocal i zed and
insufficient to
activate
sprinklers

Sprinkl ers may not contro
tank heating even if




EXHBIT 7-6 FAULT TREE FOR EXPLCSI ON OF A H GH PRESSURE TANK
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EXH BIT 7-7 EVENT PROBABI LI TI ES FOR EXPLOSI ON OF A H GH PRESSURE TANK

CONTRI BUTI NG PROBABI LI TY JUSTI FI CATI ON
EVENT DESCRI PTI ON VALUE

1. Material flawin | mpr obabl e/ 10°5 Tanks are designed with
tanks or lines safety factor of 1.3

Al'l tanks and |ines proof
tested to greater than
operating pressures

Mbst tanks designed to
| eak rather than burst

2. Tank overpressurized Renot e/ 10°* Tanks protected by
relief valves

Operator must disable
protective limts and
vi ol at e procedures

Difficult to achieve with
tanks used

4. Fragnents penetrate fuel Probable/10? Fragments penetrating fue
tank and ignite fuels tank have sufficient
energy/heat to ignite
fuels

Pressure tanks are not
al ways in close proximty
to fuel tanks




EXH BIT 7-8 FAULT TREE FOR EXPLCSI ON RESULTI NG FROM A SPI N BALANCE ACCI DENT

NOT TO SCALE




EXH BIT 7-9 EVENT PROBABI LI TI ES FOR EXPLOSI ON RESULTI NG
FROM A SPI N BALANCE ACCI DENT

CONTRI BUTI NG
EVENT

1. Spin table fire

2. Major fuel |eak/spil

unl i kely

4. Sprinklers fail to
contro

5. Severe inbal ance | oads

6. Spin table seizure

8. Sprinklers fail to
contro

9. Severe dammge and fire

PROBABI LI TY
DESCRI PTI OV VALUE

| mpr obabl e/ 10°5

JUSTI FI CATI ON

Mot or isolated fromtable

Mot or protected by circuit

br eakers

| mpr obabl e/ 10°5

Frequent/ 101

| mpr obabl e/ 10°5

| mpr obabl e/ 10°5

Frequent/ 101

Frequent/ 101

No other fire source avail able

Fuel tanks have little pressure

Spin | oads are snall

Leak, if any, small and fire

Heating coul d be | ocalized
and insufficient to activate
sprinklers
Sprinkl ers may not control tank
heating even if activated

Payl oad static bal ance perforned
bef ore dynanmi c spin bal anci ng

Spi n machi ne shuts down
automatically if inmbalance limts
exceeded

Spin rates are low, 1-2 cps

Loads not
payl oad

likely to exceed
attachment strength

Does not appear feasible
for machine design due to
hydraul i ¢ bearings with
rol | er bearing backup

Heating could be | ocalized
and insufficient to activate
sprinklers

Sprinkl ers may not control tank
heating even if activated

Spin table recessed in floor and
drop height small, however tip
over is likely to cause
sufficient damage to produce

| eaks




EXH BIT 7-10 FAULT TREE FOR I GNI TION OF SRM

101 South Airlock

102 South High-8ay

103 Center High-Bay
104 North High-8ay

108 Offics

108 Mechanical Room 2
107 Motor Generator Room
108 North Control Room
108 Nornth Change Room
110 Comidor

111 Women's Restroom
112 Janitor

113 Men's Restroom

114 South Change Room

118 South Control Room

116 Balance Machine Controi Room
117 Mechanical Room 1

118 Corridor

119 Oxidizer Cant Storage Room
120 Not Assigned

121 Fuel Can Stlorage Room
122 Electrical Vault

123 North Airlock High-8ay




EXHBIT 7-11

EVENT PROBABI LI TIES FOR | GNI TION OF SRM

CONTRI BUTI NG
EVENT

1. SRMignited internally

2. Nozzl e bl ockage or

seal ed adapt or

3. SRMignited internally

4. No nozzl e bl ockage or

adapt or

5. SRMignited externally

6. SRMin same bay as

PROBABI LI TY
DESCRI PTI OV VALUE

| mpr obabl e/ 10°5

Frequent/ 101

| mpr obabl e/ 10°°

Frequent/ 101

| mpr obabl e/ 10°5

Frequent/ 101

JUSTI FI CATI ON

Initiators
protected by
Safe/ Armunits

Initiators insensitive to
el ectrostatic and RF
ener gy

In some cases

systens do not
provi de adequate venting
to preclude SRM
overpressurization, if
ignited

Initiators
protected by
Safe/ Arm units

Initiators insensitive to
el ectrostatic and RF
ener gy

Mbst systens provide
adequat e

venting to preclude SRM
overpressurization, if
ignited

Fire, dropping or
destruct charge
initiation
i mpr obabl e
El ectrostatic ignition
possi bl e but unlikely for
current notor designs

SRM nating and




7.5 Consequences of Wrst Case Rel eases

The reason behind defining and using worst case releases is to determ ne
whet her there is any risk posed by the facility to the public and to quantify
that risk. Not all accidents pose health or safety threats to the public.

For exanple, Building 2 was designed to contain accidental releases of liquid
propel l ant that m ght occur during normal operations. Any propellant vapors
fromfuel spills or fromincidents involving only nitrogen tetroxide that do
not involve expl osive breaching of the Building 2 woul d be handl ed and treated
usi ng the established scrubber/contai nment system and woul d not pose any
threat to the public. However, even well-designed facilities have their
limts. Therefore, by identifying and eval uating the consequences of worst
case releases and determning their inpacts, if any, on the public health and
safety, the safety evaluation teamhas estimated the maximumrisk. |If the
maximumrisk is mnimal, then any release with | ess severe consequences, but a
hi gher predicted frequency, will also pose mninmal risk.

As indicated previously, the worst case rel eases are defined as
resulting fromfire and expl osi on accident scenarios involving various
conbi nati ons of up to approxinmately 25,000 pounds of solid propellant,
5, 000 pounds of oxidizer and 2,500 pounds of fuel. The evaluation team has
verified the conclusions of the anal yses previously carried out by ECl on the
overpressure and fragnentation hazards that could occur from an expl osion
involving a |arge payload with fuel, oxidizer and an SRM Because these
anal yses support the conclusion that there are no hazards to the public from
overpressure and fragnmentation explosion effects, in this evaluation, only the
potential for exposure to toxic vapors and gl ass breakage hazards have been
anal yzed.

It nmust be noted at this point that there are virtually no mathematica
nodel s whi ch accurately describe the physical phenonena that could cause a
release froma closed facility. Because there are no precise nodels to
address such an event, the approach used in this analysis produces a very
conservative estimte of the concentrations that could result froman actua
accident. The conservative assunptions, which lead to a conclusion that is
nore protective of public health, are both noted in context and summari zed
with the concl usions.

7.5.1 Vapor Rel eases

The maxi mum rel ease of gas for an incident involving only liquid
propellants would result from an expl osive reaction of the fuel with air or
with an oxidizer. These explosions could create the force necessary to
penetrate the walls or ceiling and thus breach the buil di ng contai nment
system Astrotech is pernmitted by the Florida DER to have a maxi mum quantity
of 2,500 pounds of anhydrous hydrazine or nmononet hyl hydrazine on-site. For
events involving liquid fuels, the maxi num quantity of unburned fuel that
coul d be released to the atnosphere is conservatively estinmated at 25%2% of
the quantity involved (since nost will be consuned in the fire and expl osion
itself). On this basis it is estimated that the maxi mum quantity of fue
rel eased is 625 pounds (~75 gallons). The nol ecul ar wei ghts of anhydrous
hydrazi ne and MvH are 32 pounds/nol e and 46 pounds/nol e, respectively, and
therefore a maxi mum of 19.5 mol es of anhydrous hydrazine or 13.6 noles of MWH
could be released to the atnosphere. Since payloads normally contain a nuch
| arger vol ume of anhydrous hydrazi ne than MVH, and anhydrous hydrazi ne
produces a greater concentration per pound of liquid rel eased than MvH,

18

Personal Conmmunication with ESMJ SE on Martin Marietta study of hypergol Fuel/Oxidizer
concentrations resulting fromthe Titan 34D expl osi on.
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anhydr ous hydrazi ne has been conservatively selected as the fuel in the
rel ease cal cul ati ons.

If a payload requires NG, Astrotech is permtted to have a maxi mum of
5,000 pounds on-site. Only about 20%° of the oxidizer is estimted to be
consunmed by the fire and explosion. Therefore, approximtely 80% or
4,000 pounds could be rel eased to the atnosphere as gaseous nitrogen dioxide.
The nol ecul ar wei ght of NO, i s 46 pounds/nole, indicating that about 87 noles
coul d be rel eased.

If the incident were to involve a |large SRM the hydrogen chloride (HO)
generated during the burning of the solid propellant (approximtely 21 percent
of the weight of solid propellant)? would also be released. O the
appr oxi mate 25,000 pounds of solid propellant, about 5,250 pounds of HO is
generated; since the mol ecul ar weight of HO is 36.5 pounds/nol e,
approxi mately 144 nmoles of HCO could be released to the atnosphere.

7.5.2 Initial doud and Stem Characteristics

In a fire and expl osi on, snoke and hot gases are generated that rise due
to buoyancy and forma ball, called a cloud, which stabilizes at the top of a
stem of gases. In the rel eases considered in this evaluation, the cloud is
primarily conprised of gas products resulting froma fire or explosion. The
conponents of a typical cloud and stemare depicted in Exhibit 7-12. The
eval uation team cal cul at ed public exposure concentrations for vapors contai ned
in both the cloud and the stem

Due
Not e

ith an At npspheri i ISi ] ! . e i jel Hazard
to Ground d ouds _Rocket lLaunches, R B. Stewart and W L. Grose, NASA Techni cal
TN D--7852, May 1975.



EXH BIT 7-12 COVPONENTS OF A TYPI CAL CLOUD

101 South Airlock

102 South High-8ay

103 Caenter High-8ay
104 North High-8ay

108 Offics

108 Meochanical Room 2
107 Motor Generator Room
108 North Control Room
109 North Change Room
110 Corridor

111 Women's Restroom
112 Janitor

113 Men's Restroom

114 South Change Room

118 South Control Room

118 Balance Machine Control Rcom
117 Mechanical Room 1

118 Corridor

119 Oxidizer Cart Storage Room
120 Not Assigned

121 Fyel Cart Storage Room
122 Electrical Vault

123 North Airlock High-Bay




St udi es have shown that for conditions in this region, clouds tend to
rise to altitudes in the range of 1,900 to 3,500 feet.?* Since the
concentrations of gases in the stemw || be greater for the | ower
stabilization altitude, 1,900 feet was conservatively selected as the
stabilization height.

The size of the cloud is proportional to the total weight of the
propellants involved in the explosion. Using weights of 2,500 pounds for
fuels only, 7,500 pounds for fuel plus oxidizer and 32,500 pounds for all
three propellants, cloud diameters of 125, 175 and 280 feet were estinmated
using rel ati ons devel oped by NASA for a variety of propellants and propell ant
conbi nations.?> The cloud vol unes corresponding to these dianeters are 1.0 X
10%, 2.8 x 10°% and 11.5 x 10° cubic feet, respectively. The clouds are
depicted in Exhibit 7-13. The stemvolune in each case is approximtely 21 x
10° cubic feet.

The cloud rises essentially intact and nost of the rel eased gases wl|
be contained within the cloud, not in the stem Mdels of the cloud and stem
concentrations indicate that a Gaussian distribution may be used for the
vertical distribution of the gases.? The percentage of gases near the
surface will be very low and increase to a maxi mumat the stabilization
hei ght. The effect of the building on the vertical distribution of the gases
i s unknown, but to be conservative, it is assunmed that 20 percent of the gases
emtted will be uniformy distributed in the stemand 80 percent in the cloud.

7.5.3 Initial doud and Stem Concentrations

The ground | evel toxic vapors near the Astrotech facility will primrily
be fromgases initially in the stem and not from gases buoyed upward by the
heat into the cloud. W have assuned that 20 percent of the vapor products
will remain in the stemvolune. |nvolvenment of an SRMin the fire and
explosion will tend to ensure that all of the anhydrous hydrazine is burned
and that all of the N,O, is buoyed up to the stabilization height of the
cloud. The stemdi aneter was assunmed to be 120 feet, the | argest overal
approxi mate di mension of Building 2 at Astrotech. On the basis of these

2 1pid.

2 Size and Duration of Fireballs FromPropellant Explosions, J. B. Gayle and J. W Bransford,
NASA- George C. Marshal |l Space Flight Center, Technical Menorandum X-53314, August 1965.

2 pid.



EXH BIT 7-13 DI MENSI ONS OF CLOUDS FOR PROPELLANT EVENTS

Optional Combined
System, All =1
Liquid Propellant

Satellite Function
Equipment Group

Orbit Position
Control Propuision
System (Liquid
Propeliant)

Apogee Kick
Motor (Solid
Propeliant)

Perigee
Kick Motor
(Solid Propaellant)

AKM Separation Plane

PKM Separation Plane

Interface to Expendable
Launch Vehicle




conservative assunptions, the concentrations of the various gases generated
and contained in the cloud and its stemare estimated as foll ows:

Monopr opel | ant Event

Stem (N,H,)-19.5 noles x 0.2 = 3.9 noles

doud-(N,H,)-19.5 x 0.8 = 15.6 nol es

Parts/mllion-Stem (NH,) = 3.9 nol es/ 53,400 noles air = 73 ppm
Parts/mllion-d oud-(NH,) = 15.6/2440 = 6,393 ppm

* % X o

Bi - propel | ant Event

* Stem (NQ,)-87 moles x 0.2 = 16.4 nol es

* Stem (N,H,) = 3.9 noles

* Coud-(NG)-87 noles x 0.80 = 69.6 nol es
* O oud-(N,H,) -15.6 nol es

* Parts/mllion-Stem (NGQ) = 326 ppm

* Parts/mllion-Stem (N,H,) = 73 ppm

* Parts/mllion-doud-(NG) = 9,870 ppm

*

Parts/mllion-doud-(NH,) = 2,213 ppm
Solid Rocket Mbtor(SRM Event

* Stem Hydrochloric Acid (HO )= 490 ppm
* Coud-(HA) = 3,600 ppm

For the SRM event, the concentrations of anhydrous hydrazi ne and
nitrogen dioxide will be less than those shown in the nmono- and bi propel | ant
events because of the increased burning which consunes the hydrazine and
| arger cloud size which dilutes the nitrogen di oxide. The |argest
concentration for each of the toxic vapors fromthe above events will be used
as the worst case release in the subsequent anal yses.

For an event involving an SRM the actual stemand cloud volunes will be
greater and therefore, the toxic vapor concentrations |ower, than those used
in this analysis. This is because the burning of solid propellant occurs over
a period of tine and is not an al nost instantaneous reaction |like the fuel and
oxl di zer reaction. Hence, in the SRMevent, the concentrations of all toxic
products will be | ower than cal cul at ed.

7.5.4 Fate of Toxic Gases in Atnosphere

The safety evaluation team predicted the ground | evel concentrations of
three toxic vapors: anhydrous hydrazine, nitric acid (HNGQ,) fromrel ease of
N,O, and hydrochloric acid fromthe burning of solid propellant.

Any anhydrous hydrazine involved in a fire or explosion will be
substantially consuned. The anounts of unreacted vapors that escape to the
at nosphere, will be diffused by wind and will gradually dissipate by reacting
wi th oxygen and noisture in the air.

However, nitrogen tetroxide exists primarily as a liquid that, as it
vapori zes, disassociates into nitrogen dioxide. N trogen dioxide then reacts
wi th noi sture and oxygen in the atnosphere and fornms HNO,. Therefore, the
eval uation team anal yzed vapor concentrations of nitric acid.

ANO, + 2H,O + O, ---> 4HNO,

O her reactions are possible but ultimately, alnost all of the nitrogen
di oxi de rel eased to the atnosphere is converted to nitric acid mst. The rate
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at which this conversion takes place is very rapid*?, Virtually all of the
rel evant data concerning reaction rates for NO, in the atnosphere were
obt ai ned at or near ambient tenperature whereas any rel ease preceded by an
expl osion woul d rai se the tenperature of the escaping gases by severa

hundreds of degrees. Since the rates of nost chemical reactions increase with
an increase in tenperature, it is likely that the rate of conversion will be
limted only by the availability of nmoisture in the air.

For the typical relative humdity conditions, approximtely
20, 000 pounds of noisture is available in the cloud and stem vol unes produced.
Since only about 800 pounds of noisture would be required to react with 4,000
pounds of nitrogen tetroxide (the estimted anbunt which could be rel eased as
NO, in an accident), there should be anple noisture present to convert all of
the nitrogen dioxide in the cloud to a nitric acid mst. The 5,250 pounds of
hydrogen chl ori de gas generated by the SRM burning will also be rapidly
converted to hydrochloric acid by the excess water vapor avail able.

Both the nitric acid produced fromnitrogen dioxide and the hydrochloric
acid fromthe solid propellant will gradually dissipate and ultimtely be
renoved in the formof dilute acid rain. The quantities of acid potentially
produced by such an event are significantly |ess than those di scharges
produced by fossil fuel fired power plants in the area. It is estimated that
these plants emt approxi mately 20,000 pounds of sul fur dioxi de each day that
eventual ly contributes to acid rain. The toxicity of sulfuric acid is simlar
to that of both nitric and hydrochloric acids.

7.5.5 Analysis of Vapor Concentrations in the Stem

The initial plume generated by the fire and explosion will forma stem
and cloud at the stabilization altitude that drift with the prevailing wind at
the tine of the accident. The stemfootprint size in the doww nd direction
will be 120-200 feet and the resulting exposure duration |ess than a mnute,
even with a conservative assunption of very low wi nd speeds (approximately 2.5
nph?®). As the stemdrifts it will grow both laterally and in the downw nd
direction. This growh will increase the volune thereby diffusing the toxic
vapors. Based on data from ESMC at Patrick AFB, Florida, the average daytime
standard deviation of wind direction is 14-degrees (1-sigma) and the average
ni ght standard deviation is 10-degrees. Although fueling operations at
Astrotech are normally conducted only during the daytinme, the nighttine
standard devi ati on of winds was used in the analysis to be conservative. This
variability in wind direction will cause the stemfootprint to growwth a
Gaussi an distribution laterally around the average downw nd direction. Wnd
speed variations or gustiness will produce growh of the stemin the doww nd
direction. The downwind growth nodels indicate this growh is probably |ess
than 1/4 the lateral growth.2?” For this analysis, the downw nd growth used is
1/5 of the gromh of the stemin the lateral direction to be conservative
The conbi nati on of these assumed wind effects will result in a rapid increase
in footprint area and volune as illustrated in Exhibit 7-14.

* Analysis and Mdel Data Conparisons_of lLarge Scale Releases of Nitrogen Tetroxide, T. G
McRae, Lawrence Livernore National Lab, Report NO TR-85-06, June 1985.

% Air PollutionandIts Effects, Second Edition, Volume 1, AlR POLLUTION, Acadenic Press, 1968

% gSee Exhibit 3-6 on Atnospheric Stability. Al of the annual average wind speed figures are
greater than 2.5 nph.
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The toxic vapors will be distributed in the percentages shown in
Exhi bit 7-14 and wll be diffused by the increased volune of each sector. The
hi ghest concentrations will be contained within +/- 1-Sigma of the average
wi nd direction. The concentrations in the +/- 1- Signa sectors resulting from
the initial release conditions are plotted as a function of downw nd distance
in Exhibit 7-15.

In order to interpret the data contained on Exhibit 7-15, the safety
eval uation team conpared the predicted concentrations of toxic vapors to their
respective | DLH val ues, established by the OSHA/ Nl OSH®, and defined as the
maxi mum concentration allowed for short-term exposures. The IDLH val ues for
t he gases of concern are shown in Exhibit 7-16. These val ues represent a
maxi mum concentration from which one could escape within 30 m nutes w thout
any escape-inpairing synptons or irreversible health effects.

To be protective of the general popul ation, EPA has defined 10% of the
IDLH as an LCC in perform ng hazards anal yses to cal cul ate the vul nerabl e zone
resulting froman unconfined spill for community planning purposes. The
safety eval uation team has conpared the ground | evel concentrations fromthe
wor st case rel eases to the 10% | DLH val ues

Exhibit 7-15 illustrates the rapid diffusion and reduction in
concentration of the toxic gases that occur under the assumed mneteorol ogic
wi nd conditions. As shown, any unreacted hydrazine will fall bel ow 10% of the
IDLH (8 ppm) by approximately 200 feet downwi nd. The hydrochloric and nitric
acid concentrations will have diffused to bel ow 50% of the IDLH within the
first several hundred feet of downwind travel. The nitric acid and
hydrochl oric acid concentrations are below the 10% | DLH | evel in approximately
860 feet and 1,225 feet, respectively. Concentrations at the nearest
Astrotech boundary are |less than 5 ppmfor hydrazine, 20 ppmfor nitric acid

2 Nl OSH Pocket Guide to CHEM CAL HAZARDS, U.S. Departnent of Health and Human Services, Public
Heal th Service, Centers for Disease Control, National Institute for Occupati onal Safety and Heal th,
Sept enber 1985.
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EXH BIT 7-15 CONCENTRATI ONS OF TOXI C VAPORS VERSUS DI STANCE
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EXH BIT 7-16 | DLH CONCENTRATI ONS

| DLH 2
Toxic Materi al ppm
Hydrazi ne - NH, 80
Ni t rogen Di oxide - NG
and N,Q, 50°
Nitric Acid - HNG 100
Hydr ogen Chl oride - HC 100

& |nmmedi ately dangerous to life and health
b There is a si ngl e val ue because N,O, di ssociates into NG

and 28
ppm f or
hydr och
loric acid. Injuries are not likely for the I ess than one m nute exposures
that woul d occur at these |evels.

The concentration contours for the 50% and 10% of the IDLH for HO are
shown in Exhibit 7-17. These concentrations were derived fromthe initia
conditions using the follow ng equation

c-2_9% expl-0.5(¥)7

3/2
TE(/)O'y g,

Wher e:
C = concentration per unit vol une
Q= total quantity rel eased
Y = crosswi nd di stance
o,= crosswi nd di stance standard devi ati on

Note that the crosswi nd distance (width) on the contour is |less than 300 feet.
The exact | ocation of the concentration contour for any toxic vapor is
dependant on wind direction at the time of the release. In order to identify
a zone in which there is a potential for exposure, the safety evaluation team
used the maxi mum di stance at which the 10% | DLH concentration occurs as the
radius to determ ne a concentration zone for each of the vapors rel eased as
shown in Exhibit 7-18. Although this zone is shown as a circle, for any
particul ar release only a small portion of the area of the circle would
actual |y be exposed.



EXH BIT 7-17 CONCENTRATI ON CONTOURS FOR HYDROCHLORI C ACI D
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EXH BIT 7-18 CONCENTRATI ON ZONES OF TOXI C VAPCRS AT 10% | DLH

TANKS OVERHEAT AND EVENT PROBABILITY
EXPLODE IMPROBABLE 11105
®
AND
SEVERE FIRE IN CLOSE PROXIMITY SPRINKLERS FALL T0 ACTIVATE
O TANKS/DEUMS OR CONTROL HEATING OF TANKS
® ®
3x10-5 AND Ixi01
e OF FUELS IGNTTION OF FUEL OCCURS O EVENT DESIGNATION
®
11103 R 3x102
FILL & DRAIN VALVE PAILS TANK/LINE FAILS TANK/LINE DAMAGED BY
DUE TO HIGH PRESSURES IQUIPMENT OR TOOLS

O 3x105 ® 32105 ® 11103

=P@*P® AND P©=(P®+ P@ +P@)‘ P@

P@ (P®+ P® + P@)‘ P®* P@®




7.5.6 Analysis of Vapor Concentrations in the d oud

By the time the cloud disperses and reaches ground level, even with a
series of conservative assunptions, the predicted concentrations of nitric
acid and hydrochloric acid are 1 ppmand 2 ppm respectively. These
concentrations are bel ow 10% of the IDLH, and represent no risk to public
health. Details of the calcul ations follow

Once the cloud reaches its stabilization altitude, it will drift with
the prevailing wind growing both laterally and in the downw nd direction,
increasing in volunme, and diffusing the toxic gases. The variability in w nd
direction is responsible for the lateral growh of the cloud. Gowth in the
downwi nd dinension is the result of gustiness effects and is generally |ess
than the lateral growh.® Since cloud volune is a cubic function of cloud
di ameter (volune of a sphere = 0.167 x 1 x dianeter®), growh of the cloud
results in rapid decreases in the average concentration of toxic gases.

If the center of the cloud remains at the stabilization height of
1,900 feet, by the tinme the cloud has grown sufficiently to contact the ground
(diameter 3,800 feet), the concentration will have decreased by a factor of
approxi mately 2,500. The resulting average concentrati ons would thus range
fromapproximately 1 ppmto 2 ppm by volunme for the acids and gases trapped in
the cloud. Since the axial and vertical concentrations should exhibit a
Gaussi an distribution, the actual concentration at or near ground |evel should
be negligible. Note that the conposition of the gases will have changed
sonewhat by this time as discussed in the previous section, further reducing
the concentrati ons.

7.5.7 Analysis of dass Breakage

In general, nost of the injuries to the public from expl osions are
caused by gl ass breakage and inpacts by flying fragnents. W ndow breakage can
cause injury beginning at overpressures of about 0.5 psi. At overpressures
above 1.5 psi windows are shattered. For the maxi mum quantities of anhydrous
hydrazi ne and nitrogen tetroxide permtted, 2,500 pounds and 5,000 pounds,
respectively, the net equival ent explosive weight of TNT is 387.5 pounds,
whi ch exhibits an overpressure inpact of 0.5 psi at a distance of 546 feet. 3
Therefore, no gl ass breakage hazard exists for any nearby dwellings fromthe
potential overpressures predicted for such an accident.

7.6 Sunmary of Risks to the Public from Wrst Case Rel eases
The overall probability of having an accident involving fire and

explosion with a release of toxic vapors is sunmarized in Exhibit 7-19. This
exhibit indicates that there is a renote chance of two accidents occurring per

% ATF: Explosives Law and Regul ations, ATF P 5400.7, Bureau of Al cohol, Tobacco, and Firear s,
Departnent of the Treasury, 855.218 Tabl e of Di stances for Stor age of Expl osive Material S, Novermber
1982.
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EXH BIT 7-19 FAULT TREE FOR WORST CASE ACCI DENT PROBABI LI TY
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10, 000 payl oad operations. Wth a maxi num processing rate of approximately 10
payl oads per year, approximately two such accidents could occur per 1,000
years of payl oad processing operations. This analysis is in line with

i ndustry experience because there has never been an accident of this severity
in nmore than 35 years of payl oad processing operations throughout the United
States. However, because this analysis was based on professional judgnent and
best estimates of failure rates, due to the |lack of industry-specific accident
data, the safety evaluation team has conservatively estimted that the
accident probability is somewhere between one accident per 100 years and one
acci dent per 500 years.

The overall consequences of a worst case rel ease would be minimal. It
is unlikely that the vapor concentration estimated in this analysis could ever
be achi eved, since the many conservative assunptions |isted bel ow were nmade in
the anal ysis. The maxi mum possi bl e exposure concentrations for HNO, and HC
are well below one-half of their IDLH threshold levels outside the facility
boundari es. Exposures just beyond the nearest facility boundary will be |ess
than 8 ppm (10% of the IDLH) for hydrazine and 30 ppmfor both nitric acid and
hydrochl oric acid. The duration of this exposure is estimated to be | ess than
a mnute (at | ow wi nd speed conditions). Reactions of the rel eased vapors in
t he at nosphere w th oxygen, carbon di oxi de, water vapor and other reactive
nmol ecul es will also further reduce the concentrations by changing theminto
ot her chem cals like nitrogen, hydrogen, and water

The vapor concentrations were estimated using the follow ng conservative
assunpti ons:

. The maxi mum quantities of liquid and solid propellant
permtted at the facility were used in the anal ysis.
Payl oads that contain these quantities of propell ant
woul d be extrenely rare.

. The cl oud stabilization height used was the | owest
reported for large rel eases. Daytinme stabilization
hei ghts are likely to be much higher at the Astrotech
| ocati on, hence, concentrations in the stemwould be
reduced proportionally.

. An average wi nd azi nmut hal standard devi ation of 10
degrees was used rather than the average daytine
devi ation of 14 degrees. A smaller azinutha
deviation will increase the concentrations predicted.

. The vertical distribution of gases in the stemwas
assunmed to be uniform Both data and nodel s revi ewed
i ndicate that these gases tend to be distributed in a
Gaussi an manner with the concentrations decreasing
fromthe stabilization height to a very |low | evel near
the surface. |f a Gaussian distribution had been used
in the vertical stem concentrations near the ground
woul d have been at | east an order of nagnitude (factor
of 10) Iess.

. Al t hough the toxic gases are known to react in the
at nosphere and formnon-toxic products, the analysis
assumed no di ssoci ati on

. An individual in a building will likely not be exposed
to the cal cul ated ambi ent concentrati on because the
concentration inside the building will not reach the
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calcul ated level in the |l ess than one m nute exposure
time.

On this basis, it is concluded that the concentrations estimted above typify
wor st case rel ease conditions that are not likely to occur in an actua
accident. The actual concentrations that could result froman acci dent woul d
likely be nmuch | ess.

7.7 Conparison Wth O her Public R sks

This section will qualitatively conpare the probability and severity of
an accident at Astrotech with hazards representative of those that may exi st
in communities surrounding the facility to provide a conparison of the risks
posed by the Astrotech facility with comonly encountered risks. For exanple,
many comunities have hi ghways running near or through themthat are used for
comercial transport of goods, including hazardous materials. Also, in many
conmmuni ti es hazardous industrial chemcals are used at fixed facilities, such
as water treatnent plants, public sw nming pools, and power generating
facilities. As a result, there are many hazards in any given community that
present risks of simlar, if not greater, severity than the risk posed by the
Astrotech facility.

To assist enmergency planners, EPA, DOI, and the Federal Emergency
Managenent Agency (FEMA) have co-authored two nmanual s on hazards anal ysis.
These are endorsed not only by EPA, DOT, and FEMA but al so by nunerous ot her
federal agencies and are routinely used by LEPCs in their energency planning
efforts. The nethods presented in the manuals provide tools for identifying
and exam ning potential hazards as well as nethods for prioritizing emergency
pl anni ng efforts.

Emer gency planners locate and identify sources of hazardous chem cal s
within the |local area, and qualitatively assess the frequency of rel ease and
the severity of consequences for such a release. For each facility, a value
ranging fromcomon to very unlikely is assigned for the frequency of
occurrence (see Exhibit 7-20) and a value ranging frommnor to catastrophic
is assigned for the severity of the consequences (see Exhibit 7-21).

Local, state, and federal energency planners evaluate the probability
and severity of a possible event to focus and prioritize their energency
pl anning efforts. The accident/severity screening matrix (see Exhibit 7-22)
Is provided to energency planners as a tool for determning the |evel of



EXH BIT 7-20

DEFI NI TI ONS OF FREQUENCY CATEGCRI ES

Cat egory
Conmon
Li kel y

Reasonabl y
Li kel'y

Unlikely
Very Unlikely

Frequency of Acci dent

Event expected to occur

Event expected to occur

Event expected to occur

Event expected to occur

Event expected to occur

one or nore tines per year
once every ten years

every 100 years

every 100 to 1000 years

| ess than once in 1000 years

EXHBIT 7-21

DEFI NI TI ONS OF SEVERI TY CATEGORI ES

Severity Category

M nor acci dent
Moder at e

Maj or acci dent

Cat ast rophi ¢ acci dent

FataLities Evacuati on

Nunber of Individuals Effected

Injuries

| ow none

up to 100 up to 10
up to several up to 100

hundr ed

nore than 300

nore than 100

none

up to 2,000 people

up to 20,000

nore than 20, 000




EXH BI T 7-22 ACCI DENT FREQUENCY/ SEVERI TY SCREENI NG MATRI X
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ener gency pl anni ng necessary for each postulated event. An unlikely
frequency/ m nor severity event, such as the worst case rel ease described above
for Astrotech, according to the matrix woul d not require conprehensive
energency planning, unless local officials deemit necessary; however, a
likely frequency/ mnor severity event would require conprehensive emergency

pl anni ng. Emergency planners are advised to focus their planning efforts on
the mandatory events first, and later nove on to the events of |esser risk

As nentioned earlier, nmobst conmunities have hi ghways and state roads
runni ng through and around themthat are used for commercial transport.
Mat eri al s haul ed often include dangerous chemicals or consumer products
cont ai ni ng dangerous chem cals. One such substance is ammpnia. Amonia is
poi sonous and nmay be fatal if inhaled in sufficient quantities. Contact with
the liquid may cause frostbhite and will chemically burn eyes and skin.
Al'though it is not flammble, it will burn within certain vapor concentration
limts and will increase the fire hazard if present with conbustibl e
materi al s.

Ammoni a has a variety of uses in many different industries including as
a coolant in refrigeration systens, a conponent in cleaning solutions, and a
comon ingredient in many products. Amonia is often shipped in refrigerated
tank trucks on interstate highways. On these hi ghways, car and truck
accidents are common and subsequently, depending on the annual nunber of
shi pments and the length of the route, a frequency of "reasonably |ikely"
(event occurs once every 100 years) might be expected for such an accident in

a specific community. |If a tanker truck hauling 3,000 pounds of anmonia
becane involved in a collision severe enough to rupture the tank and spill the
entire contents, and if that spill occurred in a densely popul ated area, the

consequences could be major. Not only could individuals on the roadway be
affected, but also individuals in adjacent nei ghborhoods and busi ness
localities mght need nedical treatment. Sensitive popul ations such as
hospital s and schools were included in the area affected by an amoni a rel ease
woul d be an additional conplication for energency responders.

Overall, this transportation-related rel ease of anmoni a m ght be
eval uated as a reasonably likely/ major severity event. As shown in
Exhi bit 7-22, this event would require conprehensive energency planning and
prepar edness by energency pl anners.

Because water provided by the local nunicipality to the community mnust
neet stringent Federal drinking water standards, a common fixed facility in
nmany comunities is a water treatment plant. Many water treatnment plants have
chlorine on-site that is used to treat the water to these standards.

Chlorine is a poisonous gas, that can be fatal if inhaled. It is corrosive,
and may cause burns to skin and eyes. A typical water treatnent plant has
800 pounds of chlorine on-site, and if one assunes a series of equipnent
failures, a spill of the entire 800 pounds could occur fromthe plant storage
tank. Because many such tanks have | eak detection systens and inventory
controls, this event is unlikely.

Again, site specific considerations would be used to evaluate the
severity of this hazard accurately. |[|f one assunes the water treatnent plant
is located near a densely popul ated residential community, the potentia
severity is mgjor. The released chlorine would likely not be contained by a
bui | di ng, and because chlorine is not flammabl e, none would be consuned in a
fire or explosion. This neans that the quantity entering the environnment
woul d equal approximately the entire quantity rel eased.

Overall, a release of chlorine froma water treatnment plant m ght be
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eval uated as an unlikely frequency/ major severity event. According to
Exhi bit 7-22, this event would not necessarily require conprehensive emergency
pl anni ng and preparedness by the energency pl anners.

Many communities al so have recreational facilities, such as sw nm ng
pools, located in the community. An average sw mming pool may have as nuch as
750 pounds of chlorine on-site. Chlorine used by pools is often stored in 150
pound cylinders, which are used one at a tinme. Therefore, it is unlikely that
nore than one cylinder would be ruptured in a single accident. Since the
cylinders are handl ed regularly by pool personnel, the probability of an
accident is reasonably likely (event occurs once every 100 years). Assum ng
an operator error |eads to breakage of a cylinder seal, all 150 pounds of
chlorine woul d be i mmedi ately rel eased.

Dependi ng on the density of population in the i medi ate area, this event
coul d be considered of nbderate or possibly major in severity by emergency
pl anners. Thus, it would not necessarily require nmajor energency planning
efforts.

As detailed in the preceding sections, the Astrotech facility has been
desi gned anti ci pating possi ble accidents so that it would contain any rel eases
of liquid or vapor, except in the event of an explosion or a transport
accident. As a result of the design considerations, the extensive training of
facility personnel, and the particul ar operating procedures, the frequency or
probability of a hazardous event is unlikely. Simlarly, if the worst case
rel ease were to occur, the design features of the facility, the relatively
limted initial quantity of materials, and the likelihood of a fire and
expl osi on consum ng a significant portion of materials present, would prevent
any significant hazards fromreaching the conmunity.

Therefore, according to Exhibit 7-22, for the Astrotech facility, which
has an unlikely frequency/ m nor severity eval uati on, conprehensive emnergency
planning for this facility may not need to be a community priority. The
Astrotech facility presents a less likely and | ess severe hazard to the
surroundi ng community than other hazards that nmay be present. However, in the
context of Brevard County planning, the LEPC has identified the Astrotech
facility as one to be considered in the | ocal energency planning process and
the Astrotech facility has consistently been cooperative in providing both
i nformation and assi stance towards this planning effort, thereby ensuring the
availability of trained and infornmed energency responders in the unlikely
event of an accident |leading to a rel ease.






8.0 FI NDI NGS5, RECOMVENDATI ONS, AND GUI DANCE

This section presents the findings of the safety eval uati on team
conpari sons between the Astrotech facility and government facilities with a
simlar function; reconmendations of the site evaluation team and sone
general guidance for ensuring safe operations at simlar industria
facilities. The determ nations presented here are based on a physica
i nspection of the Astrotech facility and view ng sonme of the hazardous
operations, know edge of existing facilities performng simlar operations
owned by NASA and the Air Force, interviews with Astrotech staff, questions
asked of payl oad owners that use the facility, and discussions with state
regul atory personnel and |ocal and county energency preparedness and pl anni ng
agenci es.

Overall, Astrotech appears to have taken every reasonabl e precaution in
designing and constructing a facility which is safe for its enpl oyees and
those living nearby, and in inplenmenting the policies and operating procedures
t hat have been successfully used by DoD and NASA for many years. Astrotech
has conmi ssioned safety studies both to initially site the buildings on the
property and to anal yze the design and construction changes for expansion
Astrotech has also attenpted to identify and incorporate as many safety,
nonitoring, and detection features into the facility as was feasible.

Part of Astrotech's incentive for building and maintaining a safe
facility is to convince spacecraft manufacturers that it is prudent and
desirable to use the facility. The extrenely high val ue of the payl oads
processed at the Astrotech facility causes both Astrotech and the spacecraft
manufacturers to have a vested interest in ensuring that the Astrotech
facility is operated and muai ntai ned as safely as possible.

8.1 Fi ndings of the Safety Eval uati on Team

The Astrotech facility is a state-of-the-art design for payl oad
processing operations. It was apparent that Astrotech has not only conplied
with all applicable DoD and NASA requirenments, but also sought out additiona
reconmendat i ons from spacecraft manufacturers and owners as wel |l as governnent
agenci es during the construction stage and during continuing operations, to
ensure naxi num safety during efficient operation

8.1.1 Facility and Procedures

The facility design and operating procedures enployed at the Astrotech
facility have been successful in ensuring safe operations at the facility in
| arge part due to the personal experience of the General Manager, Safety
Oficer and others at Astrotech who have had | ong careers operating and
wor ki ng at payl oad processing facilities belonging to NASA and the Air Force.
It is the direct result of this experience, and the | essons |earned during the
tinme spent at these Governnent facilities, as well as industry-w de input
solicited prior to design and construction of the facility, that has enabl ed
Astrotech to build and operate a state-of-the-art comercial facility. This
know edge, experience base, and interest in operating a facility which neets
or exceeds the standards set by NASA and the Air Force was apparent to the
eval uation teamduring the on-site inspection and interviews.

Specifically, with regard to the facility and operating procedures, the
eval uation team found that:

. The buil di ngs where hazardous naterials are handl ed
are separated fromthe public and fromthe non-
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hazardous work areas by di stances determ ned usi ng DoD
and ATF explosives siting criteria. Therefore, if an
acci dent involving an expl osion were to occur, the
public would not be exposed to any primary expl osion
effects (i.e., overpressure fromthe blast, flying
fragments, or fire).

. The facility and equi pnent are state-of-the-art design
and quality. Specific exanmple of Astrotech's
commitment to continuing inprovenents are their recent
acqui sition of portable MDA toxic vapor detectors to
suppl enent the traditional Draeger tube vapor
anal yzers in nonitoring liquid propellant handling and
| oadi ng operations, and their planned acquisition of a
closed-loop distillation systemfor recovery of freon
cont am nat ed during equi prent cl eani ng operati ons.

. Building 2, is designed to minimze the risk to the
public of any potential releases of propellant liquid
or vapor that could result froma snmall spill inside

the building. The containnent and scrubber systens
provide protection to the public fromany incidenta
exposures during normal operations.

. The physical facilities conpare favorably to
Covernment facilities that serve simlar functions.
See Section 8.2 for a npbre extensive di scussion

. Prior to and during operations, policies and
procedures are in place to ensure safety. These
include attention to all aspects of operations
i ncl udi ng such things as custoner safety plans and
docunent ati on for hazardous operations, carefu
weat her and |ightning stormmonitoring, proper use of
personal protective equi pment, inspection and
nmai nt enance of facility equi pment, and energency
pl anni ng.

. The formal, docunmented procedures for processing
payl oads neet accepted standards as applied by
I ndustry and Governnent agencies, specifically DoD and
NASA.

. No accidents or incidents have occurred at the
Astrotech facility since it began operations in 1984
t hat have required reporting the Nati onal Response

Center. |In fact, in the course of operations only one
smal | spill of anhydrous hydrazi ne, amounting to | ess
than a teaspoonful, has ever occurred. This spill was
conpl etely neutralized by the tank and scrubber

syst ens.

To sumarize, the facility and procedures appear nore than adequate to safely
support the operations that take place at the Astrotech site.

8. 1.2 Energency Response and Preparedness

S
h

The eval uation team found in
response and preparedness official
extrenmely open and cooperative wt

nterviews with local and county emergency
that Astrotech managenent has been
| ocal public safety officials in the
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construction and operation of their Titusville, Florida facility. Through
detail ed planning, training and equi pping, the public safety officials

assi sted by Astrotech managenent have been provi ded neans for responding to an
acci dent shoul d one occur. Although there is interest at Astrotech and in the
public sector for a joint exercise with county emergency personnel based on a
simul ated chem cal release at Astrotech, no exercise has yet been conducted.

Astrotech's current witten energency response plan has been furnished
to |l ocal emergency planning and response officials. ldentification and
management of energency situations on site would be handled by Astrotech's
smal | and cl osel y-coordi nated staff, under the direction of the facility
Safety Oficer. Procedures are in place and comuni cati ons equi pnent is
avail abl e to protect and evacuate workers in hazardous situations, to summobn a
facility energency response team and to call for off site assistance should
it be required.

8.2 Conpari son of Astrotech Facility to Conparable Government Facilities

NASA at KSC and the Air Force at CCAFS have a nunber of payl oad
processing facilities where they have perforned operations simlar to those
that take place at Astrotech. The Government processing facilities, nost of
whi ch were built 20 to 25 years ago, handl e the identical payl oad systens,
ground support equi prment, and hazardous nmaterials as Astrotech. These
facilities include:

Delta Payl oad Spin Test Facility
Navst ar Processing Facility

Solid Motor Assenbly Buil ding
Shuttle Payload Integration Facility
Vertical Processing Facility

Hori zontal Processing Facility

O biter Processing Facility

Vertical Assenbly Building

In addition, other hazardous naterials operations are conducted at the
Propellant Servicing Facility, and the Propellant Conditioning Facility as
wel | as, of course, at the launch pads and rel ated service structures.

The Astrotech facility was designed and constructed by utilizing the
safety and operating experience gained by NASA and the Air Force over the past
three decades. The safety features and related policies and procedures at the
Astrotech facility are a direct benefit fromthe | essons | earned at KSC and
CCAFS. Since the processing facility at Astrotech is one of the newest of its
kind and the only comrercial operation to-date, the facility has consequently
t aken advantage of and uses state-of-the-art equi pnent and procedures. Many
users of the facility (Astrotech custoners) believe it to be superior to the
existing facilities |ocated on governnment property nearby. (See customer
letters in Appendix F.)

Because the only other conparable facilities and operations are operated
by the Air Force and NASA; because of the close proximty of the Governnent
facilities to Astrotech; and because the Astrotech facility has specifically
drawn upon the | essons |earned fromoperations at the Governnent-operated
processing facilities, some discussion of the special features at the
Astrotech facility that make it nmore advanced technol ogically and safe enough
to operate in an industrial park, is warranted here. The specific features
whi ch were incorporated by Astrotech and which are believed to be an
i nprovenent over the existing DoD and NASA processing facilities are described
bel ow.



Vapor Cont ai nnent

Vapor contai nnent inside Astrotech's Building 2 is a
characteristic not found in nmany ol der payl oad processing
facilities. The structure was designed and built fromthe very
beginning to be a containnment facility in case a small propellant
rel ease or spill should occur inside the structure during norma
operations. The contai nment technol ogy has advanced consi derably
over the last 30 years since the Governnent-owned facilities were
originally designed. This same technology is now, according to
Astrotech personnel, being incorporated into the CGovernnent-owned
hazardous processing facilities which currently vent any stray
vapor em ssions to the atnosphere.

El ectrostatic Dissipation

The floor covering in the high bays is electrostatically
dissipating tile. This technology was originally devel oped for
use in hospital operating roons where static electricity created
potentially hazardous situations in handling sensitive equipnent.
The tiles are vinyl, inpregnated with graphite, and are fixed to
the floor with a conductive mastic that dissipates static
electricity to the building ground system This reduces

consi derably the potential for spontaneous electrostatic di scharge
in an environnent where highly flanmable |iquids and vapors and
solid rocket nmotors could be present. 1In the older facilities

| arge netal sheets are laid over the floor in the working bay to
provide a ground |ink for dissipation of possible electrica
charge buil dup, meking operations nore cunbersone.

Spill Collection and Contai nnent

In the north and south high bays and the north airlock, fueling
operations are performed on "fueling islands.” These islands are
surrounded by a stainless steel propellant collection trench. The
fueling island fl oor does not slope toward the trench, it is
extremely flat to ensure payload stability during | oading,
however, the rest of the floor is very slightly sloped toward the
trench. The trench itself is graded and drains toward the

under ground propel |l ant contai nment tanks |ocated outside the

buil ding. This trench drainage systemreduces the "wetted area”
of a propellant spill and accomnmobdates contai nnent and cl eanup in
case of a release. 1In the event of a fuel spill involving a fire,
this systemwoul d al so serve to confine the fire to the fueling
island and hel p prevent its spread to other areas. The Government
facilities have no internal spill containment system

Renot e Vi sual Access to Hazardous Operations

Expl osi on- pr oof observati on wi ndows have been install ed between
the control rooms and the high bays in Building 2. This allows
Astrotech and custoner payload safety and quality contro
personnel to observe hazardous operations directly w thout
necessitating their physical presence in the high bay during
hazar dous operations. Astrotech also has the traditional CCTV
nmoni toring capacity found in the NASA and DoD payl oad processing
facilities. 1In addition, Astrotech videotapes all fueling
operations and nakes these tapes avail able to custoners.

Fuel / Oxi di zer Cont ai nnent and Neutralization
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A contai nment system consisting of oxidizer and fuel hol ding
tanks - with the appropriate valving and manual | y-swi t ched pi pi ng
systemto separate the tanks - and a scrubber system has been
installed. The scrubber is operated under permt by the Florida
DER.  Astrotech maintains a check-off procedure and visua
verification to ensure proper switching of valves and tanks

bet ween hazardous operations. No such contai nnent and
neutralization systemexists at the governnent facilities.

Vapor Detectors

At all times that liquid propellants are on site, Astrotech

nmoni tors atmnospheric conditions in Building 2. They use state-of-
the-art toxic vapor detectors to supplenment the nore conventiona
Dr aeger tube vapor analyzers. These new nonitors are sensitive
and are m croprocessor-controlled for speed, accuracy, and
specificity. The detectors are enclosed in special clear plastic
cases designed for use in potentially flanmable or expl osive
condi ti ons.

Pre-Action Fire Suppression

A pre-action fire suppression systemis in place that has
conpressed air in the lines, maintaining a "dry pipe" condition
The systemis activated by two i ndependent but necessary actions:
first, a snoke/heat detection alarmsignal fromany of the nounted
detectors or froma manual pull station; and second, an intense
heat source sufficient to nelt the fusible link in the sprinkler
head. The IR snoke/ heat detection alarm system (or the manua
pul | systen) opens a val ve which then charges the systemwth
water. A high intensity heat source nust then be present to nelt
the fusible plug at the sprinkler head, allowing the sprinkler to
wet the area. This system provides sone protection for sensitive
payl oads and ot her equipnent in case there is a false alarmor

ot her problem Governnent facilities currently use only wet pipe
sprinkl er systens.

Conput er Mnitoring of Al arns

Alarnms are automatically sent to the guard house at the front gate
by means of a computer link for various paraneters and systens
i ncl udi ng:

. tenmperature and humdity (HVAC systen
. | oss of air pressure in the
fire suppression system
. toxi ¢ vapor detector alarm
. toxi ¢ vapor detector status
alarm (low battery or tape
br eak)
. generator failure
. fire alarm

The al arm panel indications displayed to the guard all ow pronpt
identification of potential problens and notification of proper
personnel and authorities.

Speci fi ¢ Recommendat i ons

8. 3.1 Equi pnent, Operations and Procedures

Eval uate the Qperations Sequence
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Al t hough the probability of a major accident at the Astrotech facility
is small, it could possibly be further reduced by nodifying the sequence of
processi ng operations. The presently used sequence was established when
payl oads were | oaded and pressurized on the | aunch pad. However, in recent
years the final payload propellant |oading, pressurization, and integration
wi th | arge apogee kick nmotors has shifted | ocati on and now occurs within a
payl oad processing facility. Al so, the anmounts of liquid propellants and the
size of SRME have increased considerably.

G ven these changes in payl oad processing, the safety evaluation team
reconmends that Astrotech undertake a study to deternmine the technical and
economc feasibility of altering the operations sequence to further mnim ze
ri sk. Even though no such study has been conpleted, it is possible to suggest
a nodi fied operations sequence. For exanple, the nodified sequence bel ow
mnimzes the risks fromthe greater volume of propellants and takes advantage
of tPe sequencing flexibility available within the payl oad processing
facility.

Present Sequence Modi fi ed Sequence
Oxi di zer | oad Tank pressurization

Fuel | oad Fuel Load

Mat e payl oad and SRMs Oxi di zer | oad

Tank pressurization Mat e payl oad and SRMs
Encapsul ate and transport Encapsul ate and transport

The general rationale for these changes is to sequence activities to
mnimze risk by mininmzing the opportunities for rel ease of propellants and
for interactions between fuel, oxidizer and SRMs. In the nodified sequence,
the first step is to pressurize the payl oad high pressure tanks because
failure of a tank is nost likely to occur during pressurization. In the
nodi fi ed sequence, pressurization is conpleted prior to the loading of liquid
propellants, so that a tank failure could not involve |iquid propellants.
This woul d be feasible if the payl oad design includes valves that isolate the
hi gh pressure tanks fromthe propellant tanks.

The sequences above assune a bipropell ant spacecraft, where both fue
and oxidi zer are | oaded. Because spills or |eaks of fuel (i.e., anhydrous
hydrazine or M) are nore likely to result in fires or explosions than spills
or | eaks of oxidizer alone (i.e., nitrogen tetroxide), in the nodified
sequence the fuel sanpling and | oadi ng operations are schedul ed before the
oxi di zer sanpling and | oading operations. In the present sequence, it is nore
likely that a fire or explosion resulting froma fuel |eak would spread and
i nvol ve the previously | oaded oxidi zer.

Because the technical and economic feasibility study necessary to
support a recomendation to resequence operations is beyond the scope of this
study, and because the safety eval uation team has not exam ned in detail al
possi bl e risks or technical constraints that mght arise fromthe nodified
sequence, the above di scussion should be considered by Astrotech as a
begi nni ng point for further evaluation, and not an strictly recomended
sequence.



Install Additional Communications Capability in Cart Storage Roons

Currently, the only communication link fromthe fuel and oxidizer cart
storage roons is to the control roomthrough an intercom nounted in each cart
storage room The evaluation teamrecomends that Astrotech consider
installing an additional communication |link out of the cart storage roons
(e.g., a telephone with an outside line, or an internal connection to the
guard house) so that if an individual needed to nmake outside contact, and no
one was present in the control rooms, there would be a conmunication |ink

8.3.2 Safety Policies and Requirenents

Define Propellant lLoading Sequencing in Safety SOP

In considering the possibility of resequencing the sequence of
operations, the safety evaluation team exam ned the Astrotech Safety Standard
Qperating Procedures (SOP) to see if any limtations are placed on operations
sequenci ng. As none were found in the SOP, the evaluation team assuned the
proposed resequenci ng may be viable. However, the scrubber procedures
checkl i st! does state that fuel must be processed before oxidizer. If the
scrubber system operations checklist indicates that there are operationa
sequencing limtations, these limtations should also be detailed in the SOP
so that payl oad owner/operators can properly plan their operations.

Specify Training Requirenent Criteria

Astrotech requires that payl oad owner/operator personnel be "properly"
trained and that the payl oad owner/operator "certify" that this training has
taken pl ace. However, Astrotech Safety policies do not detail the
requirenents that, if met, ensure proper training. Al though this could be
interpreted as a |l ack of specificity on Astrotech's part, the evaluation team
is aware that training requirenments are not specified el sewhere in the space
l aunch industry. Because the comrercial space industry has a relatively
l[imted nunber of facilities and personnel, training to date has |argely been
acconpl i shed through on-the-job apprenticeship, supplenented by applicable
courses (e.g., OSHA requirenents and the KSC propellant handlers video) in
hazardous materials handling. As the industry expands, it will be inportant
to detail the training required before personnel can be given responsibility
for certain operations. O the payl oad owner/operators that currently use the
Astrotech facility, nmost have teans for specific hazardous payl oad processing
operations (i.e., propulsion teans) that have worked together for |ong periods
of time and have successfully conpl eted many propellant fueling operations.
The eval uati on team recomends that Astrotech reviewits criteria for proper
training, and al so recommends that the industry as a whol e evaluate training
program avail ability and content and begin to institutionalize training and
certification requirenents to ensure conpetency and an adequately trai ned work
force for the future

Define Accident Events and Devel op Specific Response Procedures

VWhen on the site visit, the evaluation teaminquired of Astrotech what

their procedures would be in the event of an uncontrollable spill. Al though
Astrotech clearly stated the necessary activities (e.g., attenpt to contro
spill by turning off valves, evacuate personnel, turn off power and thereby

seal the building), the exact sequencing and timng of these activities is not
docunented in plans and procedures. Although the sequence would vary

' Scrubber System Check Lists at Astrotech Space Qperations, Inc., Titusville, Florida, Don
J. Wade, Manager, Spacecraft Operations, July 18, 1984.
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dependi ng on the specific spill event, nore thought should be given and a
written procedure devel oped for general types of events. The procedure should
include a definition of the accident that initiates the stated response (e.qg,
a spill of a stated volunme of fuel or oxidizer, a vapor nonitor reading at a
specific level), the actions taken to nmitigate and evacuate, and the steps for
re-entry at specified vapor concentrations. Specific consideration should be
given to determining the capabilities and linmtations of the scrubber and tank
contai nnent systens for a variety of accident scenarios.

8. 3.3 Energency Pl anni ng and Prepar edness

Al t hough the current emergency planning and preparedness status of the
Astrotech facility appeared to be adequate, the eval uati on team has severa
reconmendations for inprovenents that would facilitate conmuni cations and
rapi d response.

Clarify Astrotech Personnel Assignnents

Astrotech places heavy reliance on the know edge and presence of their
Safety Oficer in dealing with emergencies. Although all personnel appear to
be famliar with the safety procedures, it is inportant that Astrotech
formalize the Safety O ficer back-up by assigning a specific person to devel op
the sane detailed famliarity with Astrotech's plans and procedures. By
formalizing a Safety O ficer back-up, either one person or several individuals
who woul d rotate depending on the shift, tw goals would be acconplished: the
sel ected individual s woul d make an additional effort to | earn how to direct
i npl enentati on of the safety procedures, and in the event of an energency
occurring in the absence of the Safety Oficer or one that injured him al
personnel present woul d know i nmedi ately who woul d assune | eadership
responsi bility, alleviating possible confusion

An addi tional personnel consideration is a |local nedia spokesperson.
Astrotech's corporate nmedia contact is nornally stationed away fromthe plant.
It woul d be hel pful for the facility to have a | ocal spokesperson available to
furnish information in coordination with |ocal energency managenent officials
shoul d an enmergency occur. Al though the team has assuned that the Safety
Oficer would take on that role, in the event of an energency, the Safety
Oficer's other duties would likely be so tine consunming that a different
person woul d be preferable for the nmedia contact.



Expand Energency Contact Lists

Astrotech's procedures depend solely on the energency tel ephone nunber
911 as an entry point into the outside enmergency system Their notification
list needs to be expanded to include tel ephone nunmbers of other critica
contacts in the | ocal energency managenent system (i.e., county energency
management director) for reinforcenent.

Astrotech's plan should also include a list of contact persons and
t el ephone nunbers for its nearest industrial neighbors, since a situation
could arise that would require Astrotech to notify them The |ocal emergency
management agency should be able to assist in conmpiling such a list.

Circulate SARA Title 11l Reporting Requirenents

Three chemicals which are on-site periodically at Astrotech dependi ng on
the specific spacecraft being processed, have been designated as hazardous
subst ances under CERCLA. Two of these chemicals are listed as Extrenely
Hazar dous Substances (EHSs) under SARA Title Il11. SARA has specific reporting
requirenents for facilities to foll ow when desi gnated anounts of these
substances are accidentally released into the environment. |Information
required in these reports is itemzed in Section 304 of Title I1l1. Astrotech
needs to identify these itenms specifically in its plans and procedures and
indicate that they are to be furni shed when reporting a rel ease.

In the event of a reportable release of a CERCLA chem cal, Astrotech
shoul d furnish the sane information as that required for the EHSs. |n order
to ensure proper inplenentation of the reporting requirenments, Astrotech
shoul d i nclude the reportable quantity for each chemical that it handl es on
the notification |list.

Exerci se Energency Plan with lLocal Authorities

Astrotech should schedule, if possible, a full scale exercise of its
energency plan with local authorities. |If scheduling of the full scale
exerci se continues to present difficulties, at |east a tabletop exercise
shoul d be schedul ed.

8.4 Ceneral Cuidance for Ensuring Safe Operations

The safety evaluation team brought to the Astrotech Safety Evaluation a
wi de range and depth of expertise in issues necessary to ensure safe
operations at a payload processing facility. Know edge of payl oad processing
procedures, hazardous characteristics of specific materials, enmergency
pl anni ng requi renents, and other applicable regulati ons was necessary to
evaluate the facility conpletely. In the event that comunities are working
with other existing facilities to evaluate risk, or industrial facilities are
seeking to initiate or expand operations, the safety eval uati on team has
prepared general guidance for ensuring safe operations. These genera
observations are not ained at the Astrotech facility, in fact in many cases,



Astrotech has foll owed or exceeded the guidelines that the teamhas identified
and coul d be used as an exanple for effectively inplenmenting them

Many industries handl e and use hazardous chemicals in a variety of
operations and processes under varying handling conditions (e.g., high or |ow
tenperatures, high pressures) at locations throughout the United States. The
occurrence of accidents at major industrial facilities in the chem cal and
petrocheni cal processing industries that have caused injury or death has
focused both public and governnent attention on safety, training, energency
prepar edness and pl anni ng, and acci dent prevention. Wen an industry is
considering siting a facility or expanding its operations in an area, the
first step is to consider prior assessnents of safety or hazards anal yses for
simlar facilities in terms of such things as siting criteria and safety
designs. Astrotech acconplished this step by surveying operators of
Governnent facilities and potential custonmers for design suggestions, and by
commi ssioning a safety expert to evaluate conpliance with siting criteria.

It is critical to coordinate early with the |ocal planning officials and
begin by | aying out the overall plans for siting, design, and construction
regardi ng safety and accident prevention especially if chemcals will be
handl ed on site that should be included in the community emnergency
preparedness and planning efforts. At this point it nmay be advisable to bring
in safety experts to hel p nmake deci sions about where to expend tinme and
resources to maximze safety by including special designs or safety systens or
by adapting operations sequences.

In general the conponents of an adequate safety programat a facility
i nclude not only the design, but also operating and nai ntenance control s,
trai ning, docunentation and record keeping, and internal audits and
i nspections. The overall safety programat a facility is a key factor in
protecting the public and the environment. Proactive prograns designed to
prevent chemical releases are the nost effective way to protect community
health and safety and the environnent. To prevent accidents, a facility nust
anticipate the circunstances that could result in releases and include
precautionary and preenptive actions appropriate to the nature of the
hazardous chem cal (s) handled as well as the operations at the site.

Exi sting safety, health, and environnental audit progranms established at
a facility are inmportant in inproving energency response and risk reduction
It is critical toidentify facility hazards, carefully evaluate the associ ated
ri sks presented by the hazards and if possible, reduce those risks to prevent
and mtigate the effects of releases. This can be effectively achieved
t hrough communi cation and cooperation between industry and government to
prevent or mininmze accidents.

An addi tional assurance of safe operations can be inplenmented by
establishing a regular nonitoring programfor industries in a |ocal area.
Al t hough nmany federal, state and |ocal authorities nonitor industrial
facilities for conpliance with specific regulations (e.g., at Astrotech the
Cty of Titusville tests neutralized liquid before accepting it into the
sewer), generally there is no established authority that ensures a facility is
conplying with its own internal safety requirenments. Although the broad
general scope of this Astrotech Safety Evaluation is not likely to be
frequently repeated, it would be reasonabl e and useful for an expert to
annual |y nmonitor and observe that established safety procedures are
i mpl emented at industrial facilities.

Sone of the equipnment or procedures that may be considered i n addressing
safety and accident prevention include:



1. Al'l equi prent used in handling hazardous chemicals
2. Saf ety procedures addressing:

-storage tanks

- pi pi ng

-pressure relief, venting, scrubbing systens
-secondary contai nnent systens

-detection, warning or alarm systens

-energency shut-down and fail safe systens
-critical controls and interl ocks

-safety training

-checklists for critical safety activities

-inspection, maintenance, repair or replacenent of
critical safety systens

-l oss of power or utilities

-energency procedures for enpl oyee evacuati on and
notification of emergency responders and near by
nei ghbors

Addi tional information of interest may include the accident history of
facility or of the industry in general, |ocal weather patterns, proximty to
wat er sources, any nearby businesses or residences, and any special facilities
(e.g., hospitals or schools) or environnentally sensitive areas in the
vicinity.

Many groups in the U S and in the international community have been
devel opi ng nethods to provide technical guidance to assist in the eval uation
of industrial safety. The Environnmental Protection Agency, the Federa
Emer gency Managenent Agency, and the U.S. Departnent of Transportation have
all coordinated to publish docunents that are also inportant to these issues
Private groups and I ndustrial trade associations have al so addressed these
i ssues. One particularly helpful industrial association, the Amrerican
Institute of Chemical Engineers (Al ChE) has established the Center for
Chem cal Process Safety (CCPS). This group is a |leader in producing
gui delines for hazard i1 nvestigations and eval uations, establishing industrial
saf ety guidelines, and devel oping and inproving industrial safety procedures.
Many of the new publications by CCPS may be of use in |ooking at safety, risk
nmanagenent, and acci dent prevention prograns. These references and others are
listed in Appendix G which provides an overview of references that deal with
safety, hazards eval uation, risk managenent and rel ease prevention prograns.






GLOSSARY OF TERMS

AIRLOCK - An internedi ate chanber or room usually |ocated between the outer
air and an inner working chanber in which air pressure and/or tenperature can
be regul at ed.

APOGEE KICK MOTCOR (AKM - A solid rocket notor that provides energy and
vel ocity needed, once a satellite has reached apogee, to circul arize the
orbit.

Bl PROPELLANT - Rocket propellant m xtures of fuel and oxidizer not stable at
ordi nary atnospheric conditions. Fuel and oxidizer are stored separately with
contact taking place only in a rocket conbustion chanber.

CLEAN ROOM - An environnentally controlled area (i.e., humdity and
tenperature) in which the airborne concentration of particles Iis limted by
extensive filtering of all incomng air.

CREDI BLE ACCI DENT SCENARI O - A probabl e, possible, and/or plausible accident
scenari o, or sequence of failure events which can |lead to the occurrence of
acci dent s.

COVBUSTI ON PRODUCT - Material produced or generated during the burning or
oxi dation of a material.

DEFLAGRATI ON - Rapid burning of material bel ow the speed of sound in the
unreacted material .

DETONATI ON - A heat - produci ng reaction that propagates through the unreacted
materi al at speeds exceedi ng the speed of sound.

DI FFUSI ON - The spont aneous novenent and scattering of particles (atons and
nol ecul es) of liquids, gases, and solids.

DOD CLASS 1.3 EXPLCSI VE - Explosives in this class are defined as fire hazards
that burn vigorously with little or no possibility of extinguishment in
storage situations. Explosions normally will be confined to pressure rupture
of containers and will not produce propagating shock waves or damagi ng

over pressure beyond a specified distance.

EMERGENCY - A situation created by an accidental release or spill of hazardous
chem cal s which poses a threat to the safety of workers, residents, the
envi ronnent, or property.

EVACUATI ON - Renoval of residents and other persons froman area of danger

ELECTRCEXPLOSI VE DEVI CE (EED) - Any detonator or initiator activated by an
electric current.

EXERCI SE - A sinulated accident or release set up to test energency response
net hods and for use as a training tool.

EXPLCSI ON - The sudden production of a large quantity of gas or vapor, usually
hot, froma nuch smaller anount of gas, vapor, liquid or solid. An explosion
nmay al so be viewed as a rapid equilibration of a high pressure gas with the
environnent; the equilibration nust be so fast that the energy contained in
the high pressure gas is dissipated as a shock wave

FAULT TREE ANALYSI S - A deductive anal ysis procedure which represents al
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possi bl e sequences of failures and chains of events which can result in the
final event at the top of the tree.

FLAMVABLE LIM TS - The upper and | ower vapor concentrations of fuel to air
which will ignite and burn in the presence of external ignition sources; often
called the explosive limts although these are not identical

FUEL - A material which may be burned by itself or used with an oxidizer to
i berate energy for use in vehicle propul sion systens.

GAUSSI AN DI STRIBUTION - A statistical distribution named for mathenatici an
Karl F. Gauss. It is also known as the normal distribution or bell curve, and
the distribution is symmetrical around a point referred to as the nean. The
spread of points is determned by the standard deviation

GRAIN - A single mass of solid propellant of the final geonetric configuration
as used in a rocket notor.

GROUND SUPPORT EQUI PMENT (GSE) - Non-flight equipnent, inplements and devices
requi red for the handling, servicing, inspection, testing, maintenance,
alignment, adjustnent, checking, repairing and overhauling of a payl oad system
or sub-system This may include equi prent required to support another item of
GSE as defined here.

HAZARD - Any situation that has the potential for causing danmage to life,
property, and/or the environnent.

HYPERGOLIC - Term applied to the ignition upon contact of a fuel and an
oxi di zer without a spark or other external aid.

| MVEDI ATELY DANGERQUS TO LI FE AND HEALTH (I DLH) - The maxi mum |l evel to which a
heal t hy worker can be exposed for 30 minutes and escape without suffering
irreversible health effects or escape-inpairing synptons.

LEGSTAT - A device connecting a person's leg to the bottomof his shoe so that
when that person is standing on a conductive floor, an electrostatic groundi ng
path i s provided.



MAGNAFLUXI NG - Using magnetic particles and applying a field to test |oad
beari ng hooks, shackl es, eyebolts and critical welds (single point of failure)
for cracks.

MONOPROPELLANT - Liquid mxtures of fuel and oxidizer or liquid nolecules
contai ning both fuel and oxidi zer constituents that are stable at ordinary
at nospheric conditions but react when heated, pressurized or catalyzed.

NFPA 56A - A code of the National Fire Protection Association that contains
specifications for fire protection equipnent.

ORDNANCE - All el ectroexpl osive devices (EEDs), detonators, squibs, prinmer,
pyrotechni ¢ devices, initiators, igniters, solid propellants, explosives,

war heads, ammunition, fuses and energy transfer systens (as defined in ESMCR
127-1). In a spacecraft, ordnance serve as separation devices and as igniters
for notors.

OVERPRESSURE - Bl ast wave paraneter indicating pressure significantly above
what is usual or normal. Overpressure is used to quantify the strength of an
expl osion, and the expected damage froman explosion is determned by its
overpressure. Overpressure is strongest at the point of the explosion and
reduces with distance, so danage al so decreases with distance.

OXI Dl ZER - A substance that yields oxygen readily to support the conbustion of
organic matter, powered nmetals, and other flanmmable materi al

PAYLOAD - The total conplenent of specific instrunents, space equipnent,
support hardware, and consumabl es carried into space to acconplish a discrete
activity.

PAYLOAD FAI RING - Quter shroud or casing used to protect a payl oad during
I aunch and through the escape of the dense atnnobsphere of the earth.

PERI GEE KI CK MOTOR (PKM) - A solid rocket notor that provides the substantia
energy needed to boost a satellite to a higher apogee froma |lower orbit,
typically to the 22,000 nile geosynchronous orbit altitude. This notor
section of the spacecraft is designed to separate fromthe payload after its
energy is expended.

PERSONAL PROTECTI VE EQUI PMENT (PPE) - Equi pnent designed and used to protect a
wor ker fromthe hazards present during a given operation. The PPE |eve
(ranging fromnost protective level Ato less protective level C required
depends on the operation. For exanple, PPE |evel A includes a chem ca
resistant suit, gloves, and boots, and a sel f-contai ned breathi ng appar at us,
and is suitable for protection in atnospheres where hazardous vapors may be
present.

PRIMER - A relatively small and sensitive initial explosive train conmponent,
whi ch when actuated, initiates the function of the explosive train, and with
an adequate booster, will reliably initiate high explosives.

PROPELLANTS - Bal anced mi xtures of fuel and oxidizer designed to produce |arge
vol unes of hot gases at controlled, predeterm ned rates, once the burning
reaction is initiated.

REPORTABLE QUANTI TY (RQ - The quantity of a hazardous substance that triggers
reporting under CERCLA; if a substance is released in a quantity that exceeds
the RQ the release nust be reported to the National Response Center (NRC), as
well as to the State emergency response conmm ssion (SERC), and the community
emer gency coordinator for areas likely to be affected by the rel ease.

1-3



RI SK - A nmeasure of probability or likelihood that danmage to life, property,
and/or the environment will occur if a hazard manifests itself; this nmeasure
i ncludes the severity of anticipated consequences to peopl e.

SAFETY DI STANCES - Safety distances are enpirical distances in relation to
guantities of explosives and are the mninumpermtted for separation of
facilities within a hazard area of possible explosions and for separation of
t he expl osi ve hazard from i nhabited buil di ngs, passenger railroads and public
hi ghways in order to control the magnitude of damage, loss of life, and
serious injuries. Separation distances are not absol ute safe di stances but
are rel ative.

SCRUBBER - An air pollution control device for renoving inpurities froma gas
stream Toxic constituents in the vapor phase are absorbed into and react
with the "scrubber liquor" on the packed bed material in the scrubber tower.
Vertical flowunits like the one at Astrotech commonly use countercurrent flow
of gas and liquid for maxi mum m xi ng and cont act.

SCLI D PROPELLANTS - These propellants act as nonopropel |l ants. Honobgeneous
propellants are ones in which each nol ecul e contains both fuel and oxygen
(e.g., nitrocellul ose-containing conmpounds). Conposite propellants are
physical m xtures of a finely ground oxidizer in a matrix of plastic, resinous
or elastoneric fuel (e.g., amoni um perchlorate in a resin binder).

SCLI D ROCKET MOTOR - Motor which operates using honbgeneous solid propellants.
Following ignition, the propellant charge burns, and it is not possible to
interrupt or control the conbustion process. The advantages of SRMs are the
short tinme needed for the activation, a long storage life, and a sinple

desi gn.

SPACECRAFT - Another term for payl oad.

SPECI AL POPULATI ONS - Groups of people that may be nore susceptible than the
general popul ation due to preexisting health conditions (e.g., asthmatics) or
age (e.g., infants and the elderly) to the toxic effects of an accidenta

rel ease.

SPI N BALANCI NG - An operation performed during payl oad processing, to ensure
that all weight is evenly distributed around the spin axis of a spacecraft.

SQUIB - Generally, any various small size pyrotechnic explosive device.
Specifically, a small explosive device, |oaded with | ow expl osive such that
its output Is primarily heat as opposed to an explosion. The device is

usual ly electrically activated and used to initiate the action of pyrotechnic
devi ces and rocket propellants.

STABI LI TY CLASSES, ATMOSPHERI C - Pasquill stability classes (ranging from"A"
TO "F") are neteorol ogical categories of atnospheric conditions. Pasquil
stability class A represents unstable conditions under which there are strong
sunlight, clear skies, and high levels of turbulence in the atnosphere,
conditions that pronote rapid m xing and di spersal of airborne contam nants.
At the other extreme, class F represents light, steady winds, fairly clear
nighttinme skies, and | ow | evel s of turbulence. Airborne contam nants m x and
di sperse far nore slowy with air under conditions, and nmay travel further
downwi nd at hazardous concentrations than in other cases. Stability class D
m dway between A and F, is used for neutral conditions, applicable to heavy,
overcast, daytine or nighttine.

SWALE - A low tract of land or slight depression, especially nmoist or marshy
ground.



TOXICITY - The ability of a substance to cause damage to living tissue
i mpai rment of the central nervous system severe illness, or death when
i ngested, inhaled, or absorbed by the skin.

ULLAGE - The anount a container |acks of being full, the enpty space being
filled with gas or vapor.

UPPER STACGE - An expendabl e | aunch vehicle such as the Titan, Delta and

At | as/ Cent aur have several "stages." As each stage conpletes its burn during
launch it is discarded. The first stage is usually called the "booster
stage," the second stage the "sustainer stage'" and subsequent stages "upper
stages." The upper stages of npbst ELVs are capabl e of placing payloads into
elliptical transfer orbits.

VAPCR DI SPERSI ON - The novenent of clouds or plunes in air due to w nd
gravity spreadi ng, and m xi ng.

VOLATI LE - A substance that has a high vapor pressure (i.e., it will readily
vaporize) at a | ow tenperature.

WRI STSTAT - A device that connects a person's wist to a cable that leads to a
grounding path to the building grounding grid. A wiststat is used when work
I's not being performed on a conductive floor and a grounding path cannot be
established through a | egstat.



APPENDIX A

Brevard County Hazards Analysis




Appendix A contains the Brevard County Hazards Analysis for the
Astrotech facility. Astrotech's Safety Officer has worked closely with local
emergency planners and emergency response officials in performing this hazards
analysis (as defined in EPA's Technical Guidance for Hazards Analvsis). The
vulnerable zones predicted using the EPA model, are based on assumptions that
are admitted by EPA are extremely conservative and therefore lead to
unrealistically large zomes; the function of the identified vulnerable zone is
for screening purposes. This assists local emergency planners in identifying
the potential hazards at industrial facilities and in setting preparedness and
planning priorities for those facilities within their planning area.

Brevard County, using a computer program developed for the State of
Florida by its emergency planning agency, has projected vulnerable zonmes
around Astrotech based on a sudden release of six barrels or 3,000 pounds of
either anhydrous hydrazine or monomethyl hydrazine, even though the maximum
amount of either chemical allowed by the permit at the facility at any time is
2,500 pounds. The Techpical Guijdance recommends assuming that a spill occurs
outside of the containment building. However, because the maximum quantity of
fuel that is at any time transported to Astrotech is two drums (approximately
925 pounds of anhydrous hydrazine or 800 pounds of monomethyl hydrazine) a
release of the maximum permitted quantity is a large overestimation of any
possible release.

The widest zone of exposure to a concentration of vapor that is 10% of
the IDLH, based on the EPA model, would come from a sudden release of the
estimated amount of monomethyl hydrazine into a 3.4 miles per hour wind.
Under these conservation wind conditions, the vulnerable zone would extend
approximately one-half mile from the facility. A map of this vulnerable zone,
which would include parts of Highways 405 and 407, a residential neighborhood
of approximately twelve families across Highway 407 from the facility and an
area of the industrial park past Grissom Parkway, is shown in the attached
report.

Although Brevard County emergency management officials believe that an
accidental release of the magnitudes on which the vulnerable zones were
estimated would be highly unlikely, their site emergency plan for Astrotech
and the evacuation plan for the area surrounding the facility are based on
this "worst case scenario" that assumes the total quantity of propellant
allowed on-site is released outside of the facility. County emergency
officials view a more realistic, but still unlikely, incident as one in which
a release would be initiated within the building and exposure would be
confined to the facility and the immediate vicinity of the facility.




Hazards Analysis Facility ID: 00-00000-01

Page: 1
facility Name: Astrotech Space Operations, LP Last Date of Update: 04/03/90
Address: 1515 Chaffee Dr. (Grissom
Industrial Pk) Titusville lip: 32780~
Coordinator: Bruce Campbell
Position: Safety Engineer Phone: (407)268-2320

Business Type: Satellite fueling
Parent Company:Westinghouse Electric Corp.
Address: P.O Box 746
Baltimore, MD Zip: 21203-

Location(Rural/Urban): urban
Transportation Routes:
Interstate Highway [-95
State Road 407

State Road 40S

US Highway 1

Evacuation Routes

WIND FROM (Take route indicated until VI i's exited)
NE to SE SR 407

SE to SW SR 405

SW to NW SR 405

NW to NE 3SR 407

CA5 Numbers for all Extremely Hazardous Substances on site:
00302-01-2,00060~-34-4,




INFORMATION Fasility ID: 00-00000-01
(For Field Use Only) Page: 2

,acility Name: Astro Technologies Inc

Physical Lozation: [nside satellite processing facility

Alarm System?(Y/N): Y

Back Up?(Y/N): Y

To Whom: Safety Systems

Materials Froperly Separated: Y

(Plump or (G)ravity feed system: G

Fraquency of Inspection or Test: Daily

Safety Equipment: SCBA, Level A suits, diking,0xygen cannisters, showers
Mutual Aid Agreements: Kennedy Space Center, McConell Douglas

Site Emergency Plan?(Y/N): ¥

Hours of Operation: As necessary
2CT. of Trained Personnel: 100

Training Program?(Y/N): Y

Security: Guards

Waste Dispozal System?(Y/N): Y

1st Resp. Pub. Safety Agency: Titusville Fire Department

Historical Accident Record: Three drops of hyrdrazine spilled on disconnect of fueling line in
Probability of any release: Less than 1%

Comments:

Astrotech is a highly technical, sophisticated fueling facility of
catellites (commercial and government) being launced from Kennedy Space

Canter or Cape Canaveral Air Force Station complexes.
Critical Facilities: None within vunerable zone.




Chemical Name

Page: 3
HAZARDS IDENTIFICATION

Hydrazine
F. OOT Max Quantity Weight Largest Vessel or
CA3 NO [D. NO. On Site Interconnected Vessels
202-01-2 2023 3000(bs) 3000(1bs)
bttt ke bt fediedifieliediediiie sttt ettt +
! Physical State |
B e CE L L R LS L L LR LS L bbb bbbk iiebain i +
| Liquid | Gas | Solid |
EEEEE RS kdd +oemm- P E LT LR DR A E b b ke kel Sufntnt it +
| | | Powder | Solution | Molten
+ + L AL L R Rttt i dececmanemm e cen e LR R ke +
| 100 % | 0% | 0 % | 0% | 0% |
focemme— PR TR L L LR R i ittt LR R R LR E bl doemce e +
Temperature Temperature Frequency of Form Of
Stored Handled Shipments Shipments
AMBIENT AMBIENT 6 year 55 gal dr
Quantity of Mode of Fire Data
Shipment Transportation Combustible, hypergolic
6 flat bed
Area of Dike: 500(sqft) Explosive Data
Highly explosive. May bs ignited by
Storage Above Ground?(Y/N):Y high heat, spark or flame.
Reactive Data
scation(Urban/Rural): urban Highly reactive with nitrogen/nitrate

based chemicals.




Facility ID: 00-00000-01
Page: 4

RISK ANALYSIS

CAS #: 302-01-2
CHEMICAL NAME
Hydrazine

Probability of Release:

Probability of a release of Hydrazine from this facility is very slight. This
facility employs state of the art containment, scrubber, and neutralization
technology. This facility has an excellent training and safety program as well as a
comprehensive emergency response program.

Consequence if people are exposed:

Dizziness, nausea, corrosive to eyes/skin/mucous membranes. May cause temporary
blindness, damage to major organs and fetal malformations. Suspect human
carcinogen.

Consequences for Property:
Property damage limited to site.

Consequence of Environmental Exposure:
Uncontrolled spill could cause pollution.

Historical Accident Record:
Three drops of oroduct were spilled in 1986 due to a faulty disconnect procedure.




Facility ID: 00-00000-01
Page: 5

GENERAL INFORMATION

General Information to assist first responders :
Evacuate away from product. Flood with water to fight fire, to prevent reignition.

Isolate area of spill by diking. Stop source of leak. Dilute to 5% or less. Add
5% concentration of a hypochlorite solution.




Vulnerability Analysis Facility 1D: 00-00000-01
Page: 6
Date(Of Calculation): 04/03/90

arenonva

NASA
WA

e - —— - —

\

\

EXECUTIVE ARPORT *

SPACE CENTEN

wes o teee tese vess ures tese
APPRGRIWATE $64LE W 7ELT

EHS: Hydrazine

CAS # s 302-01-2
Facility Name: Astro Technologiss Inc
Addrass: 1515 Chaffee Dr. (Grissom
Industrial Pk) Titusville

32796-
Coordinator: Bruce Campbell Phone: (407)268-3830
Location : urban
Vulnerable Zone(3.4 mph Windspeed) Vulnerable Zone(11.9 mph Windspeed)
Radius: 0.1 (mi.) Radius: 0.0 (mi.)
VI Area: 0.0 (sq.mi.) VI Area: SITE ON{¥q.mi.)

Critical Nearby Facilitiss: There are no critical facilities within the vulnerable zone.




Hazards ldentificatien

Facility 1D: 00-00000-01

Page: 3
Chemical Name
Methyl Hydrazine
F. 007 Max Quantity Weight Largest Vessel or
CAS NO. 1D. NO. On Site Interconnacted Vaszels
60-34-4 1244 3000(1bs) 3000(1bs)

feeeemececc-c-scesssecescsmesessecc--soccceeccoco~ ecemmemmeesccmscemoomeaaoan +
| Physical State |
$revmemceas cmmemmeo= eeemcesesecmecmemseesscecsscsesesses-e-scsesoocmoccococons +
| Liquid | Gas | Solid i
P R LR TR D D i e E LR LR L LR e bt d P e R L R L e Dl -+
] | | Powder | Solution | Molten |
+ + 4emmeccscccsmmmooocosao= e e L L DL Dl L L L L +
| 100% ] 0% | 0 % | 0% | 0% |
it tommmem $mmememceccecencoosoconan R L LR LD R doemmmomee e +
Temperature Temperature Frequency of Form Of

Stored Handled Shipments Skhipments

AMBIENT AMBIENT 6 year 55 gal drm
Quantity of Mode of Fire Data

Shipment Transportation Combustible, hypergolic

6 flat bed

rea of Dike: 500(sgft)
Storage Above Ground?(Y/N):Y

Location(Urban/Rural): urban

Explosive Data

Highly explosive. May be ignited by heat
, spark, or flames.

Reactive Date

Highly reactive with Nitrogen bassd chem
icals & oxidizing agents.




Facility ID: 00-00000-01
Page: 4

RISK ANALYSIS

CAS #: 60-34-4
CHEMICAL NAME
Mathyl Hydrazine

Probability of Release:

Possibility of release of Monomethyl Hydrazine from this facility is very
slight. This facility employe state of the art containment, scrubber, and
neutralization technology. The facility has an excellent training and safery
program as well as a comprehensive emergency response program.

Consegquence if people are exposed:

Dizzyness, nauses, corrosive to eyss/skin/mucous membranes, may cause temp.
blindness, damage to major organs and fetal malformations. Suspect human
carcinogen

Consequences for Property:

By itself, property damage as 2 consequence of a ralease of Monomethyl
Hydrazine should be limited to the site only. However, when combined with
Nitrogen Tetroxide, the possibility exists that a violent reaction could
result which may possibly effect off-site locations in the area of the
vunerable zone, in the form of a explosion and fire hazard.

[ squence of Environmental Exposure:
Uncontrolled spill could cause polilution.

Historical Accident Record:

As far as an overall facility record, three drops of Anhydrous Hydrazine were
spilled in 1986 on disconnect of & fueling line. There has been no spill of
Monomethyl Hydrazine from this facility as of this date.




Facility !D: 00-00000-01
Page: S

GENERAL INFORMATION

General Information to assist first responders:

Evacuate away from product. Flood with water to fight fire, to prevent
reignition and to keep exposed contaiers cool. Remove all sources of
ignition. leolate area of spill by diking. Stop source of leak. Dilute to 5%

or less. Add 5% solution of a hypochlorite solution.




Vulnerability Analysis

- —————

b

EHS: Methyl Hydrazine

CAS # : 60-34-4
Facility Name: Astro Technolog

Facility ID: 00-00000-01
Page: 6
Data(Of Calculation): 04/03/90

SPACE CENTER
EXECUTIVE ARPOAT

1000 8 L1000 1080 008 ucve it0n

APPRORINATE SEALE W FEET

jes Inc

Address: 1515 Chaffee Or. (Grissom
Industrial Pk) Titusville
32796~
Coordinator: Bruce Campbell Phone: (407)268-3830
Location . urban
Vulnerable Zone(3.4 mph Windspeed) Vulnerable lone(11.9 mph Windspeed)
Radius: 0.5 (mi.) Radius: 0.2 (mi.)
VI Ares: 0.8 (sq.mi.) VI Area: 0.1 (sq.mi.)

Critical Nearby Facilities: Ther

e are no critical facilities within the vunerability zone.




APPENDIX B

Releases reported to the National Response Center
1982 - 1990




Appendix B details information concerning hydrazine and NO, releases
reported to the National Response Center from 1982-1990. NO, compounds
include nitrogen tetroxide and its primary dissociation products, nitrogen
dioxide and nitrogen oxide. Anhydrous hydrazine and monomethyl hydrazine, are
the only compounds used by Astrotech to appear on the SARA Title III list of
Extremely Hazardous Substances; releases of NO, are also required to be
reported to the National Response Center under CERCLA.

Both the hydrazines and nitrogen tetroxide have a wide variety of other
uses. The largest manufacturers of anhydrous hydrazine in the U.S. are Olin
Chemicals (approximately 21 million lbs/yr), Mobay (14 million lbs/yr and
Fairmount Chemical (1 million lbs/yr). Total U.S. production averages around
36 million lbs/yr, of which 29 million lbs are sold commercially. Nitrogen
tetroxide is manufactured by a single source in the U.S., Cedar Chemical
Corporation in Vicksburg, MS. Based on data from the U.S. Air Force
Directorate of Enmergy Management, Kelly AFB, the annual production capacity
for nitrogen tetroxide is estimated to be 3 million lbs per year.

Because anhydrous hydrazine and monomethyl hydrazine can both be
reported as hydrazine solutions, the graph that follows, Discharges of
Hydrazine Releases, summarizes releases of all forms of hydrazine reported.
The majority (35.06%) of the releases were from public utilities, with another
significant portion from manufacturing/chemical industries (28.57X%). NASA or
space-related releases only accounted for 9.09% of the total.

A similar graph for Discharges of NO, Releases, indicates that the

majority of releases originate from manufacturing/chemical industrial users
(74.24%), and that only 10.61% of the releases originate with NASA or space-
related concerns.

The final figures in this appendix show the distribution of releases
over a range of release rates (number of pounds per release). In the majority
of hydrazine releases, less that 10 pounds was released. However, slightly
more NO, was released in each incident, with most spills falling in the 10 to
100 pound range.
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APPENDIX C

Specifications for MDA Gas Detectors




Appendix C contains general instrument specifications for MDA toxic gas
detectors. In Building 2, these detectors are used to monitor the vapor
concentrations of anhydrous hydrazine, monomethyl hydrazine and NO, when
liquid propellants are on site. They are a key component of Astrotech's
detection and monitoring program. The detectors combine the use of a special
chemical-specific detection tape with microprocessor control for speed,
accuracy and specificity. MDA detectors are portable and Astrotech has
encased them in special explosion-proof clear plastic cases. The
concentration alarm consists of a continuous tone and a steady alarm light-
emitting device. Two factory-set alarm levels are available for each
chemical, as detailed in the specifications that follow. Astrotech monitors
at the lower concentrations. In addition to the two alarm levels, response
times and MDA chemcassette part numbers are listed in Appendix C.




TLD-1
Toxic Gas
Detector
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Guide
To
Operation




TLD-1
Toxic Gas
Detector

Appendix

General Instrument Specifications

Alarm Setting: Factory set at 1 or 2 times TLV of the target gas
for all gases except Diisocyanates (5 ppb or
20 ppb). Gas and alarm level ingicated on
faceplate of instrument.

Detection Technique: Chemcassette Detection System

Alarm Indications: Audio and visual alarms; SPDT relay contacts.
Voitage: 115 VAC 50/60 Hz or 230 VAC 50/60 Hz (= 10%)
Power: 20 Watts
Fuse Type: 5 x 20 mm
Fuse Rating: F 250 mA/250 V (115 VAC systems);
F 125 mA/250 V (230 VAC systems);
F 630 mA/250 V (battery powered systems)
Battery Life: Approximately 8 hours
(where applicable) (with relays disabied)
Relay Rating: 48 VAC 5A; 28 VDC 5A
Analog Output: Non-isolated 4-20 mA Max. load 1000 ohms
(600 ohms for battery powered systems).
Dimensions: 6% " x8%"xX7" (165 x 212 x 177 mm)
Weight: 7.5 pounds (3.4 kg).
battery powered instrument 9.5 pounds (4.3 k@)
Operating 32 to 104 deg. F. 0 to 40 deg. C

Temperature Range:

WARNING: THIS DEVICE NOT INTENDED FOR USE IN
COMBUSTIBLE ATMOSPHERES; CONSULT MDA FOR APPROPRIATE
ENCLOSURE SYSTEMS.

CAUTION: The TLD-1 should not be operated in direct sunlight or at
elevated temperatures. This may cause damage to the instrument and/or
Chemcassette.

VDR

MDA Scienfific, Inc.
The: Monitoning People

TLD-1 Guide to Operation




Gas Response Specifications

Response
Gas Factory Set Time Chemcassette
Alarm Level (In seconds) Part No.
Ammonia (NH,) 25 ppm or 50 ppm 30 706002
Arsine (AsH,) 50 ppb or 100 ppb 15 705502
Bromine (Br,) 100 ppb or 200 ppb 60 711314
Chiorine (Cl,) 1 ppm or 2 ppm 15 704006
Diborane (B,H,) 100 ppb or 200 ppb 30 705502
Diisocyanates
HD! 5 ppb or 20 ppb 180 700506
TDI 5 ppb or 20 ppb 60 700506
PPDI 5 ppb or 20 ppb 60 700506
All others 5 ppb or 20 ppb 120 700506
Disilane (Si,H,) S ppm or 10 ppm 10 705502
Germane (GeH,) 200 ppb or 400 ppb 240 705502
Hydrazines
MH 200 ppb or 400 ppb 120 708013
N,H, 100 ppb or 200 ppb 120 708013
UDMH 500 ppb or 1000 ppb 60 708013
Hydrogen 3 ppm or 6 ppm 15 705505
Bromide (HBr)
Hydrogen S ppm or 10 ppm 10 705505
Chioride (HC!)
Hydrogen 10 ppm or 20 ppm 10 704510

Cyanide (HCN)

MDA Scientitic, Inc

Thes Mooese me Peacgs oo

LD 1 Guide to Operation




Response

Gas Factory Set Time Chemcassette
Alarm Level (In seconds) Part No.

Hydrogen 3 ppm or 6 ppm 30 705505
Fluorige (HF)

Hydrogen 50 ppb or 100 ppb 60 705502
Seienide (H,Se)

Hydrogen 10 ppm or 20 ppm 10 701012
Suifide (H,S)

Nitric Acid (HNO,) 2 ppm or 4 ppm 15 705505

Nitrogen 3 ppm or 6 ppm 30 703012
Dioxide (NO,)

Ozone (O,) 100 ppb or 200 ppb 60 704514

Phosgene (COCI,) 100 ppb or 200 ppb 30 702020

Phosphine (PH,) 300 ppb or 600 ppb 15 705502

Silane (SiH,) 5 ppm or 10 ppm 30 705502

Stibine (SbH,) 100 ppb or 200 ppb 30 705502

Sulfur 2 ppm or 4 ppm 15 705015
Dioxide (SO,)

Sulfuric Acid 250 ppb or 500 ppb 120 705505
(stoa)

D

MDA Scientific, Inc
Thes MantGe ngg Prropter

TLD -1 Guide to Operation




APPENDIX D

Florida DER Permit




Appendix D contains a copy of the Florida DER Air Permit issued to
Astrotech in 1989. In order to support the issuance of the permit, Astrotech
commissioned a study by an independent consultant (see Section 7.1.2). In
that study, emission rate estimates were made by reviewing processes at
Astrotech and comparing them to operations at other facilities handling
hydrazines (specifically the Olin anhydrous hydrazine manufacturing facility
in Lake Charles, Louisiana). The scrubber efficiency (90%) as provided by the
vendor (Tri-Mer Corporation) was also a component of the analysis. The
resulting fugitive emissions estimates were then input to the Industrial
Source Complex Short-Term dispersion model to project the maximum 8-hour
ground level ambient concentrations for the materials of concern in the
permit. The modeling results showed that the maximum ambient concentrations
for all pollutants were below the DER's Acceptable Ambient Concentrations.

Supported by this analysis described, the Florida DER issued Astrotech a
permit in November of 1989 that allows a maximum of 5,000 pounds of nitrogen
tetroxide and 2,500 pounds of anhydrous hydrazine or monomethyl hydrazine.

The permit also sets a monitoring schedule for yearly inspections of
compliance with the permit conditions by a professional engineer, and requires
that Florida DER be notified prior to these compliance inspections, so that
they can also attend.




APPENDIX E

Correlation Between Sverdrup Method and
MIL-8TD-882B Definitions




CORRELATION BETWEEN SVERDRUP METHOD AND MIL STD 882B DEFINITIONS

Sverdrup Handbook

6000-8

Threshold Probability

Level Value*

8 X102 3 x 107}

8 x 10-3 3 X 1072
life

8 X 1074 3 X 1077
life

8 x 1075 3 X107
occur

3 X 10°%

Level

MIL-STD-882B
Descriptive Definition
Word

Frequent Likely to occur frequently

Probable Will occur several times in
of item

Occasional Likely to occur sometime in
of item

Remote Unlikely but possible to
in life of item

Improbable So unlikely it can be assumed

occurrsnce may not be
experienced

*Arbitrarily selected, dimensionless mumbers.




APPENDIX P

Customer Comments




Appendix F consists of comments elicited by OCST from payload customers
who have used Astrotech's facility to process commercial payloads. These
companies were asked to rate Astrotech's overall performance in the areas of
process safety, materials storage and handling, risk management and release
prevention. This overview is intended to serve as a supplement to this
report, providing an additional independent view of Astrotech's performance in
protecting public health and safety.

Companies responding were:

Martin Marietta Space Launch Systems
Ford Aerospace

McDonnell Douglas Space System Company
General Electric Astro Space Division

The responses were favorable regarding Astrotech's facility and safety
policy. No major criticisms were received, contractors noted that Astrotech's
safety requirements were compatible with their own and those in place at
Government facilities.




MARTIN MARIETTA SPACE LAUNCH SYSTEMS CANAVERAL OPERATIONS

P.0. 30X 321399
COCOA BEACH, FLOMDA 32932-1399
TELEPHONE (407) 863-8391

10 May 1990
Refer to: 90-0-08174/71608-90-056~G
To U.S. Department of Transportation
400 Seventh Street S.V.
Vashington, D.C. 20590
Attn: Mr. Ronald K. Gress
Subj: Astrotech Commercial Payload Processing Facility in Titusville,
Florida
1. In response to your 27 April inquiry concerning Astrotech Commercial

Payload Processing Pacility in Titusville, Florida, I will be glad to
furnish the following information:

(a) Prior to signing a contract vith Astrotech, Martin Marietta
performed an in-depth Safety/Bnvironaental study of their
facilities, procedures and personnel.

This study encompassed both major and minor disciplines, ranging
from Lighting Protection to Toxic Fuel Vapor removal, as vell as,
Fire Evacuation Plans and SARA Compliance. In all cases, ve
could not find any major problems with facilities, personnel or
procedures.

I am unable to comply vith your request for specific procedures or
hazardous operations plans as they involve customer proprietary
information.

I have enclosed a copy of the "Scrubber Systes Check Lists" at
Astrotech Space Operations, Titusville, Florida. This Systea Check
List typifies the general operating thoroughness ve have observed at
Astrotech.




10 May 1990
Refer to: 90-0-08174/7160S-90-056-G

Page 2 of 2

4. The Commercial Titan Operations Manager, Mr. Donald V. Fleming, or a
member of his staff will be available to ansver any additional
questions you might have to complete your review of Astrotech.

S. If you need any further assistance, please contact me at (407)
853-9191.

Very Truly Yours,

MARTIN MARIETTA CORPORATION
V.B. Pields, S 8

Director

Canaveral Operations

Space Launch Systems

VEF:JCH:kd




FORD AEROSPACE

M-, Ronald K. Gress

Team Leader, Astrotech Safety Evaluation
Dffice of Commercial Space Transpcrtation
400 Seventh Street, S. W.

Washington, D.C. 20590

Dear Mr., Gress:

In response to your letter dated April 24, 1990, I am pleased %>
submit the following opinions and impressions:

1. The Astrotech staff is very knowledgeable and
competent.
2. The facilities are adequate and convenient to

use. 1 consider them better and more mnodern
than those at KSC, but not as good as the
French facilities at Centre Spatial Guyana.

3. Their safety requirements are adequate and
practical and comparable with our own.
G, The one suggested improvement that I have is o

improve the visual observation capability of
personnel and equipment during a spacecraft
fueling operation.

Your request for specific procedures should be addressed to the
Department of Space, Government of India, for the Insat
operation. However, our next spacecraft processing at Astrotech
will be for the GOES program and those procedures should be
available through NASA.

1 hope this information is helpful and if I can be of further
assistance, my address is:

FORD AEROSPACE

Space Systems Division
382% Fabian Way, M/S G 8S
Palo Alto, CA 94303

Sinderely,

cc: R. W. Whealan




MCDONNELL DOUGLAS

McDonnell Douglas Space Systems Company

‘70

A41-L400-AF/DELTA-L-62
25 June 1990

Subject: SAFETY EVALUATION OF ASTROTECH SPACE OPERATIONS'
TITUSVILLE FACILITY

To: Department of Transportation
Office of Commercial Space Transportation
Attention: R. K. Gress

Team Lecader, Astrotech Safety Evaluation
400 Seventh Street, S.W.
Washington, D. C. 20590

Dear Mr. Gress:

McDonnell Douglas has been processing space hardware at Astrotech since late
1984. We prepared ten Payload Assist Modules in the Astrotech facility for the
Shuttle Space Transportation System, and, more recently, six payloads for the Delta
rocket. Our experiences with Astrotech have been satisfactory and consistent with
our own safety program requircments.

The conduct of the MDSSC operations at Astrotech are performed in the manner as
when we do similar work in the USAF hazardous processing facilities on the Cape
Canaveral Air Force Station. Our company's Safety Operating Procedure, SOP-F14-
R2, dated September 1985, is enclosed for your review. Our requirements represent
the cumulative knowledge and experience generated over the last thirty years in
dealing with hazards associated with the assembly and testing of rocket systems.

If we can be of further assistance to you in evaluating Astrotech’'s safety programs,
please feel free to call me or Don Maclean, (407) 853-5594 or 853-5196, respectively.

L. J. Holloway

Director - Launch Sites

Delta Launch Vehicle Division
MDSSC

Enclosure: as noted

Cape Canaveral Air Force Station, P.O. Box 833, Cape Canaveral, FL 32920-0833




)
oy

GE Astro Space

£. Staniey Warchaizer

June 18, 1990

Mr. Ronald K. Gress, Team Leader
Astrotech Safety Evaluation

Office of Commercial Space Transportation
U. S. Department of Transportation

400 Seventh Street, S. W.

Washington, DC 20590

Dear Mr. Gress:

In response to your request in your letter of 24 April 1990 regarding your
ongoing safety evaluation of the Astrotech commercial payload processing
facilities, we are pleased to provide the following inputs. We have
interviewed the key lead Astro-Space Division (ASD) individuals who have
been involved in the past with Astrotech and have summarized their opinions
below.

With request to an overall rating of the safety of the Astrotech
facilities, support equipment, and hazardous materials oversight, it is
felt that Astrotech’s safety requirements were essentially equivalent to
the GE’s safety policies during the time we processed our SATCOM K1
spacecraft at Astrotech. Today, it is somewhat more difficult to assess
their acceptability since GE-ASD has not utilized Astrotech in recent
years. It is felt that Astrotech’s safety policies and requirements should
be as stringent as GE's safety policies, as well as those already in place
for current KSC/CCAFS facilities.

Copies of specific procedures, plans, and checklists for hazardous
operations will be made available once GE-ASD counsel concurs with their
release. These copies will be provided under separate cover.

Should you have additional questions or require further discussion, please
contact Mr. George H. Abendroth, Manager, System Safety Engineering at
(215) 354-1803.

Very truly yours,

6.8t Aai

E. Stanley Warchaizer




Currently Under Devel opnment



