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X PREFACE

4 On 28 January 1986 the Space Shuttle Challenger exploded leaving
W . the United States space program in shambles. The Challenger
accident resulted in an unresolved dilemma (caretaker status) for
Vandenberg as a Shuttle launch complex. With less reliance on
the Space Shuttle and increased emphasis on expendable launch

b vehicles for routine space launches, the need for a west coast

W Shuttle complex is uncertain.

! The purpose of this paper is to provide program managers insight J
" into the possible reactivation of the Vandenberg Launch and

Landing Site as a Space Shuttle complex. The paper analyzes two

aajor phases of Vandenberg’s Shuttle evolution: the major

\ facility/systen developmental problems experienced during

) activation and the effects of Minimum Facility Caretaker Status

¢ upon potential reactivation. Additionally, the paper explores

o the future need for a west coast Shuttle facility. The material

used in developing this paper is current as of October 1987.

$~ The author extends a special thanks to his wife for her patience
W during the development and typing of this paper.
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EXECUTIVE SUMMARY

Part of our College mission is distribution of
the students’ problem solving products to
DOD sponsors and other interested agencies
to enhance insight into contemporary,
defense related issues. While the College has
accepted this product as meeting academic
requirements for graduation, the views and
opinions expressed or implied are solely
those of the author and should not be
construed as carrying official sanction.
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MAJOR JAaYy J. ALONIS, USAF

VANDENBERG LAUNCH AND LANDING SITE: POST-CHALLENGER...IS
THE DREAM ALIVE?

I. Purpose: To provide insight into the potential reactivation
of the Vandenberg Shuttle site as a Space Transportation System
(STS) launch compliex.

11. Problem: Predict the Vandenberg Shuttle site potential for
: reactivation by examining major unresolved facility problems and
the extent of system deactivation, post-Challenger Vandenberg
launch requirements and payload-to-orbit launch vehicle
performance, the effect of a replacement Orbiter on the STS R
launch rate, and Vandenberg Shuttle reactivation/Shuttle-C -
developmental costs.

111. Data: The Challenger accident forced DOD to review its
immediate need for Vandenberg’s Shuttle complex. As a result of
o, this review, the west coast Shuttle complex was placed into
L Minimum Facility Caretaker Status. The 2 October 1986

[4

deactivation decision virtually terminated all facility/system
construction, testing, and support. Program cancellation left
critical questions unanswered involving flight hardware and

----------
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CONTINUED

ground support system interfaces. Additionally, problems with
exhaust duct hydrogen entrapment, Launch Mount holddown post
stress, Launch Control Center air filtration, and valve
reliability pose as expansive obstacles to reactivation.

Vandenberg’s future as a Shuttle launch site will likely be
decided during the next four years. The decision will be based
upon military requiresents, payload delivery capability,
Orbiter/Expendable Launch Vehicle (ELV) availability,
reactivation costs, and political considerations. Nine of
Vandenberg’s 10 originally planned STS launches have been

remani fested to ELV missions. As a result of post-Challenger
Shuttle modifications and mission constraints, a revised
Vandenberg Shuttle payload-to-orbit capability of 11,700 pounds
has placed the Shuttle in direct competition with less expensive
axpendable launch vehicles. Although a replacement Orbiter is
currently under construction, its contribution to the STS launch
rate is minimal. The Air Force Operational Test and Evaluation
Center STS Launch Rate Model indicates that a four Orbiter fleet

would provide a nat increase of one to two launches per year over

a three Orbiter fleet. Construction of a replacement Orbiter
does not appear to be cost effective in lieu of the marginal
impact on the launch rate. Despite AFOTEC’s calculation

of a 12 misgion per year maximum STS launch rate (based on

four Orbiters), the Shuttle provides a unique capability of
performing two—way crew transportation, manned on-orbit tasking,
Strategic Defense Initiative experimentation, spacecraft
servicing, and the ability to return cargo from space. Based
upon these capabilities, Vandenberg has a remote chance for STS
reactivation.

Vandenberg’s future as a Shuttle site may hinge on reactivation
costs. A conservative extrapolated reactivation cost of $500-
$600 million dollars is foreseen. This sstimate, however, does
not include post-Challenger modifications or the hydrogen
entrapment fix. It appears Vandenberg’s destiny is evolving
around a new heavy-lift launch vehicle. On 4 February 1987 HQ
USAF directed AFSC (with NASA participation) to develop a heavy-
1ift launch vehicle (75,000 to 150,000 pound payload-to-orbit
capability). NASA favors a derivative of the Shuttle (without
the Orbiter) while the Air Force favors a new system. The Air
Force goal is to reduce the current $3000 per pound cost of a
Titan launch. The prohibitive expense of acquisition may force
NASA and the Air Force into a joint ventura. 1f the NASA heavy-
lift design (Shuttle-C) is accepted, then the potential for
reactivating the Vandenberg Shuttle site as a heavy-lift launch
complex significantly improves.
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IV. Conclusions: The reactivation of Vandenberg’s Shuttle

. launch complex is contingent upon a need for a west coast Shuttle
c: facility and a strong commitment by the military to manned polar
Y spaceflight. These don’t exist, nor are they likely to in the
near future. Vandenberg’s future is polarizing around
expendable, heavy-lift vehicles, not the Shuttle.
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N ' Chapter One

L) .

" INTRODUCTION

- This paper is intended to provide insight into the potential

&4 reactivation of the Vandenberg Shuttle site as a National Space
» Transportation System launch complex. It examines major

:ﬁ unresolved facility problems and the extent of system

i deactivation, Vandenberg {(post-Challenger) launch requirements

and payload-to—-orbit launch vehicle performance, the effect of
a replacement Orbiter on the Space Transportation System launch
rate, and VLS reactivation/Shuttle-C developmental costs.

The Air Force was very enthusiastic about the Shuttle

N from the beginning. Since the 1950s, the military had
i toyed with the concept of an airplane-like vehicle which
| could operate both in the atmosphere and outer space.
u The Air Force recognized that a shuttle-craft, which
& took men into orbit, could also deploy satellites,
[ rendezvous with satellites presently in space, and do
. on-orbit maintenance or retrieval as well (3:6).
'

. On 10 Juna 1969, the DOD was forced to terminate its
i Manned Orbiting Laboratory (MOL) program. The basic
.V problem was that the MOL had the misfortune of reaching

N a peak financial need. . . when the war in Vietnam was
P draining off all available assets. The program was

“- behind schedule, had already reached its projected

. budget ceiling of %$1.5 billion, and was expected to

‘f exceed $3 billion by 1974 (316).

,ﬁ In one fell swoop, all military manned spaceflight came
o to an abrupt end. With the MOL cancellation, the

1~ Administration was in effect stating that the time had
- come to limit the financial outlays in space

;h exploration. 0Of all the alternatives the Shuttle Test
" Group was considering, only one offered the possibility
‘} of reducing the cost of doing business in space ~ the
N Shuttle (3:7).

- The 28 January 1986 Space Shuttle Challenger accident again
N altered the course of military manned spaceflight, taking it back
o . 17 years to the MOL program cancellation. The deactivation of
~ Vandenberg’s Space Transportation System (STS) complex to
%) Minimum Facility Caretaker Status has significantly reduced the
e ! Department of Defense (DOD) flexibility and capability for polar
> aorbital space aperations. The 2 Octaober 1984 deactivation
H decision virtually terminated all facility construction and care,
L3
vl‘.
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critical system development and check-out, operations and
saintenance, logistical support, system inspection, and safety
praograms. Vandenberg’s {future as a Shuttle launch site will be
decided during the next four years. This decision will be based
upon the strength of national resolve for manned space flight,
military requirements, STS payload delivery capability,
Expendable Launch Vehicle (ELV) performance, replacement Orbiter
availability, and facility rractivation operating costs.

Prior to the deactivation decision, Vandenberg’s evolution as
a Shuttle launch complex had experienced considerable technical
delays and program setbacks. STS construction began in January
1979, using existing Manned Orbiting Laboratory facilities as a
cost-saving initiative (13:1). The Initial Operational
Capability (10C) was originally scheduled for December 1982. But
Orbiter delivery praoblems, thrust augmentation deficiencies,
unexpected areas of cost growth, and unplanned launch pad
modifications (7:28) delayed I0C until a baseline capability was
declared in October 1985. Vandenberg’s first Shuttle launch was
scheduled for 15 July 1984. The Challenger accident and
subsequent grounding of the STS fleet, however, canceled all
Vandenberg near—term Shuttle launch requirements. Despite
Challenger’s loss, incomplete ground system testing and a
hydraogen entrapment problem within the Space Shuttle Main Engine
exhaust duct would likely have delayed Vandenberg’s first
scheduled Shuttle launch date. Vandenberg launch facilities and
systems continued developmental testing and modification until
program cancellation was announced in October 1986.

From Shuttle developmental preparations to its present .
Minimum Facility Caretaker Status, the Vandenberg STS program has
traveled nearly full circle since its inception. As with many
research and development projects, Vandenberg experienced
developmental problems. These problems included, but were not
limited to, hardware failures, uncontrolled schedule slips, lack
of operational discipline, faulty configuration management,
inadequate supply support, and limited manpaower/training
exparience levels (25:2-10).

Program cancellation left critical questions unanswered
involving flight hardware and ground system interfaces. The
deactivation decision occurred just as Vandenberg was undergaoing
its most important system validation (Flow A). Additionally,
modifications in progress or planned were terminated. The
facilities and systems have been placed into a long-term
preservation mode.

Vandenberg’s reactivation is contingent upon a need for a
west coast Shuttle facility and a strong commitment by the
military to manned polar spaceflight. Neither presently exist,
nor are they likely to occur in the near future. Vandenberg’s
future as a launch site is polarizing around expendable, heavy-
lift vehicles, not the Shuttle.
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. Chapter Two

v G . VANDENBERG SHUTTLE SITE ACTIVATION

. Vandenberg Launch and Landing Site (VLS) activation was an
ﬁ‘ snormously complex task in terms of its physical layout,

¥ organizational relationships, and personnel requirements.
Despite extraordinary efforts by the Air Force, the National

¥ Asronautics and Space Administration (NASA), and contractor
personnel, developmental problems proved particularly
troublesome. Consequently, the program ultimately got no closer

m than five months to a launch capable configuration (7:28). This
w chapter addresses several key hardware and facility technical
ﬁ problems which directly impacted Vandenberg’s activation efforts
'w and pose significant reactivation issues. They include the
; Launch Mount hydrogen entrapment problem, holddown post stresses,
< Launch Control Center environmental integrity, and ground support
y system valve reliability. Commentary on these subjects is

intended to provide a perspective on potential obstacles to VLS
;: reactivation (i.e., magnitude of effort and cost/time of
R modification).
"8 ,

v R T FACIL I Y

J The Facility Verification Vehicle (FVW) tests and Flow A were
X specifically designed to identify deficiencies so that timely
b corrective action could be taken to ease the quantity and
y severity of impacts on the first operational mission. FVW was
f predominately a form and fit check-out of mechanical systems.
‘ The scope of FVV was limited in that not all systems were ready
“: for operational testing nor was the Orbiter Enterprise capable of
X interfacing with those systems which were operational. Flow A, a
% more operationally-oriented effort, was intended to duplicate

- many of FW’s limited mechanical checks with greater fidelity

o while validating WS facility, flight hardware, and ground

’. support system interfaces. These interfaces included electrical
- connections, gas and liquid commodities flow, and two-way Mission
- Control Center data communication.

D As a cost-saving initiative, the Air Force terminated Flow A

shortly after the Solid Rocket Booster stacking operations at

Space Launch Complex—-6 were complete. Cancellation of this
2 activity creates significant long-term program ramifications for
reactivation. Although all known technical issues involving
operational readiness were previously addressed (16:37),
incomplete compliance verification on critical systems .
! establishes the potential for unanticipated reactivation 1

......
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problams. To the extent that system testing identifies probleas,
it is imperative that the solutions be fully developed and ready
to implemant. If left unresolved, the Vandenberg Launch and
Landing Site will face an open, undefined development effort
which could jeopardize the launch schedule and program budget.
Primary hardware concerns identified as significant are
summarized in the following categories:

a. Hydrogen Entrapment. Hydrogen entrapment within the VLS
Launch Mount main engine exhaust duct (during Space Shuttle Main
Engine (SSME) shutdown) is a significant concern (21:34). Should
the entrapped hydrogen detonate, the enclosed duct could reflect
the blast effect upward toward the Shuttle, thereby causing
extensive damage or vehicle loss. This condition must be
resolved prior to a Flight Readiness Firing or first launch.
Currently, a steam inerting system has been selected to
alleviate the problem (20:--)., This solution involves injecting
super-heated steam into the launch duct during SSME ignition.
Although design engineering has bean authorized, actual
implensntation has been deferred until reactivation. The
propaosed fix will cost an estimated $36 million dollars and
require approximately two years of construction, modification,
and testing (22:--).

b. Launch Mount Holddown Posts. The VLS Launch Mount must
be configured to prevent potential Space Shuttle Vehicle (SSV)
damage from launch generated stresses. NASA computer simulations
indicate Vandenberg SSV lift-off stresses may exceed vehicle
design (12:1-3). Although the holddown posts have been maodified
to alleviate this problem, special testing designed to validate
computer predictions proved inconclusive (27:1). After several
years of extensive Launch Mount modifications and integrated test
operations, sufficient information is not available to establish
the level of confidence needed to assure a safe launch from
Vandenberg (12:3).

c. Launch Control Center (LCC). The close proximity of the
launch pad and the LCC (approximately 1,200 feet) has caused
concern about LCC bioenvironmental integrity during launch and
post-launch periods (14:11). Possible LCC contamination from
launch by-products (hydrogen chloride (HC1)) and marine elements
iz a serious problem. The presence of HCl in the LCC represents
a potential human health hazard and will act as a corrosive
catalyst on computer circuits.

Battelle, Hewlett Packard, and Aerospace Corporation studies
estimate that significant HC1l concentrations will spread over the
launch site, with the heaviest fallout occurring within a 1,500
to 2,500-focot radius of the Launch Mount. The LCC breathing air
is drawn from ventilating shafts located approximately 1,400 feet
from the Launch Mount.

The tests indicate that the following time-dependent
outside HCl concentrations will cause HCl concentrations
within the LCC to exceed acceptable levels. Indoor HC1
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lavels will excead [(bothl] the S parts per million (ppm)
@ health criteria and the 3.95 parts per billion squipment
ﬁ damage criteria when the [launch complex] outside HCl

i concentration/time figure exceads 222.8 ppm/per minute
and 1.76 ppm/per minute respectively (14:1).

Measures to protect LCC personnel from HCl and other
) contaminates have received considerable attention over the past
four years, resulting in the approval of an activated carbon air
3 : filtering system for the LCC. This system, although not

X purchased, sust be installed prior to launch. The filter will
protect LCC personnel, but it does not satisfy environmental
standards recommended for LCC electronics (34:2). The ingestion
of HC)l and marine chlorides into the LCC through the air intakes
" sust be solved before the LCC can be declared a safe environment
for operators and sensitive electronic systems (19:—).

d. Valves. Primary valves used in the critical STS
n cryaogenic and hypergolic propulsion ground support systems were
" original MOL program hardware and had to be extensively modified
ﬁ to work. Many of the valves are old (Anderson-Greenwood valves
W, are 25 years old) (18:35), spare parts difficult to obtain (spare

* valves found in a Jackass Flats, Nevada, junkyard), and repairs
j often had to be worked on an individual basis (18:--).

§ Furthermore, despite Aerospace Corporation objections, VACCO

y valves/regul ators were selected as a cost-savings measure. 0On

the Thor program, these valves/regulators suffered from a terrible '
- performance record which resulted in the blackballing of VACCO
' products (268:41). Numerous internal failures have caused their
performance to be unreliable (17:--). In the hydrazine system,
eleven failures werae attributed to VACCO products in one year

(28:41). Although most valve problems were solved, long-term

maintainability and reliability is questionable.
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Chapter Three

VANDENBERG SHUTTLE SITE DEACTIVATION

On 2 October 1986, The Secretary of the Air Force announced
VLS would be placed in Operational Caretaker Status. This action
(revised to Minimum Facility Caretaker Status on 20 February
1987) essentially signaled Vandenberg’s near—term demise as an
operational west coast Shuttle facility. The decision was based
on several primary reasons: (1) suspension of Shuttle flights and
a projected VLS budgetary shortfall throughout fiscal years 1987
to 1991, (2) post—-Challenger accident modifications and flight
constraints reduced VLS Shuttle payload-to-orbit insertion
capability to that of expendable launch vehicles, and (3) a
Vandenberg dedicated or loaned Orbiter would reduce the NASA
Kennedy Space Center launch rate (30:--). This chapter traces
two phases of the deactivation effort, from the initial decision
through the October 1987 completion. The first, or concept
phase, briefly reviews Air Force deactivation options and
associated operating costs. Additionally, it illustrates the
extent of VLS facility and system deactivation. Finally, the
preparation phase examines the deactivation timetable and
associated planning.

CONCEPT_PHASE

The Air Force contemplated three Vandenberg operating levels
following the suspension of Shuttle launches: Operational
Caretaker, Facility Caretaker, and Mothball.

Operational Caretaker (estimated cost - $200 million
dollars/year), would retain a critical core of approximately 1200
personnel, allow VLS to remain compatible with the Kennedy Space
Center launch facility, and permit launch within 18 months of a
reactivation decision (16:Appendix I). Facility Caretaker
(estimated cost - $150.1 million dollars/year), would maintain
approximately 750 people, perform only essential maintenance on
basic facilities, and require 36 months for reactivation
(163Appendix I). Mothballing (estimated cost - $25.9 million
dollars/year), would reduce personnel strength to 150, place
facilities and equipment in long-term preservation, and increase
the lead time needed for launch to at least 48 months
(16:Appendix I).
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Deactivation to Operational Caretaker Status appeared to be
the best possible decision. The Facility Caretaker and Mothball
options were perceived as unacceptable because critical personnel
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would have been lost and VWS facilities would not have been kept
current (16:5). Additionally, the Mothball option would not have
allowed a 1992 launch (16:1Appandix I). Four msonths later, as the
DOD space “"picture” cleared, the Air Force re-evaluated
Vandenberg’s role and on 20 February 1987 announced a transition
to Minimum Facility Caretaker Status (MFCS). MFCS is a level of
deactivation between Facility Caretaker and Mothball
configurations (although more closely aligned to Mothball).
Deactivation to MFCS was completed in October 1987. Minisum
Facility Caretaker Status (estimated cost - $50 million
dollars/year) is intended to ensure the ability to reactivate
Vandenberg when launch requirements dictate (l16:Appendix I).
Reactivation to a launch capable condition will require a minimum
four-year lead time with high management/technical risk. MFCS

.consists of the following assumptions, conditions, and activities

(153 ~--g 23:--)12

a. Facilities and squipment will be preserved with intent to
reactivate for Space Shuttle launches.

b. All Vandenberg Shuttle facilities, launch support
systems, structures, and equipment will be placed in a long-term
preservation mode.

€. All equipment will be drained, purged, sealed, protected,
and placed into long-term storage.

d. An accurate system cnnfiguratxon basalxn- will be
established and maintained.

e. The overall Shuttle Processing Contractor (SPC) work
furce will be reduced to approximately 2735-3285 people. This will
be accomplished by eliminating all launch team personnel and
flight hardware technicians, and significantly reducing
engineering, logistics, and support activities. Facility
preservation technicians will constitute the work force majority.

f. VLS Air Force Program Office manning will drop from 265
to approximately 49 people.

g. Alternate uses for VLS facilities and equipment will be
explored.

Figure 1 illustrates the VLS SPC manpower reduction
throughout program deactivation (23:--). The chart shows that
contractor employment peaked at 3400 people in FY 1985. Upon
completion of Flow A Solid Rocket Booster destacking operations,
2100 people remained. Within weeks of the October 1986
deactivation decision, manpower was reduced to approximately 1200
personnel. By January 1987 the strength dwindled to 850. Final
Minimum Facility Caretak