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PREFACE

This study was initiated as Subtask 2, Dual Propellant Loading of
the Space Shuttle to NASA Study C-II, Advanced Missions Safety Studies.
Other studies in this series are: Subtask 1, TNT Equivalency Study,
Aerospace Report No. ATR-71(7233)-4; and, Subtask 3, Orbiting Propellant
Depot Safety Study, Aerospace Report No. ATR-71(7233)-3.

The study was supported by NASA Headquarters and managed by the
Advanced Missions Office of the Office of Manned Space Flight. Mr. Herbert
Schaefer, as the study monitor, prbvided guidance and counsel that signifi-

cantly aided this effort.

The results of the study are presented in two volumes: Management
Summary Report (Volurhe 1) and Technical Discussion (Volume II). The
Management Summary Report (Volume I) presents a brief, concise review
of the study content, and summarizes the principal conclusions and recom-
mendations. The Technical Discussion (Volume II) is the principal volume.
It provides a discussion of the relative magnitude of hazards of a series
versus parallel propellant loading system for the Space Shuttle. Suggested
design and procedural criteria that would tend to minimize hazards are
provided where appropriate. Also included is a consideration of equalizing
the hazard levels associated with the two loading system concepts. A com-
posite system, capable of either series or parallel operation, is suggested

as desirable.
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1. INTRODUCTION

Current mission timelines for the Space Shuttle indicate a requirement
for a two-hour launch capability from vehicle ready on launch pad to launch.
Contractor reports indicate that they are considering allocating 75 minutes

of the two-hour period to propellant loading.

In an unpublished study conducted in 1969, The Aerospace Corporation
evaluated the operatidnal and economic feasibility of satisfying a two-hour
reaction time with an allocation of 60 minutes to propellant loading. That
study indi;:ated that this was feasible. It further indicated a potential cost
reduction of $12 million if a parallel system were used. However, since a
propellant transfer system capable of simultaneous loading of fuel and
oxidizer at such high flow rates had not previously been employed, a study
of the relative safety of such a system to a more conventional series loading

system was recommended.

A top level safety study has been performed to identify and compare
the types of hazards associated with each of the two loading systems. Design
and procedural criteria have been recommended to minimize the hazards

that were identified.




‘2. STUDY OBJECTIVE

The primary objective of this study was to analyze the potential hazards
associated with a parallel propellant system (oxidizer and fuel loaded
simultaneously) versus a conventional sequential (series) loading system

for the Space Shuttle within the same time constraints.




3. RELATION TO OTHER NASA EFFORTS

The results of this study provide safety-related criteria which will
be useful in selecting the type of propéllant loading system to be used for
the Space Shuttle. Further, the criteria will assist in establishing safety
requirements for design of the system selected and will provide a baseline

against which design progress can be weighed with respect to safety.




4, METHOD OF APPROACH

The general plan followed in this study was to:

a. Develop conceptual parallel and series propellant loading
systems to serve as baseline for analysis

b. Assess comparative level of safety for the systems

c. Establish recommended safety requirements and
criteria for normal and emergency operations




5. RESULTS

5.1 GENERAL

Table 1 indicates the quantities of propellants required by a typical
booster, orbiter, and a propellant resupply tank as the payload. For
comparison, the quantities required by the Saturn V vehicle have been

indicated.

5.2 LOADING TIMELINES

The propellant loading system timeline, based on a 75-minute
loading time, for series and parallel loading are illustrated in Figs. 1 and
2, respectively. These figures also identify two major differences between

series and parallel loading:

a. The flow rates for LI—%I2 and LO2 are higher in series loading.

b. Simultaneous rapid loading of LH, and LO, occurs during
parallel loading whereas in series, rapid loading is per-
formed sequentially.

5.3 HAZARD ANALYSIS

The analysis was confined to assessing the relative difference in
hazards between the two loading systems. Conditions producing the same
level of hazard regardless of the system configuration were excluded from

the analysis.

The hazards identified were evaluated with respect to three inde-

pendent criticalities of the expected effect:
a. Probability of failure
b. Time criticality relative to reaction time available

c. Consequence of the failure if uncompensated for
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Each hazard was evaluated against these criteria and an assessment
made to determine whether the hazard was of greater consequence in the
series or parallel method of propellant loading. The following paragraphs
contain a discussion of the more critical hazards occurring in each of the

systems.

5.3.1 Series Loading

In the series method of loading the flow rate in both the LQZ and
LH, transfer is approximately twice that of the respective transfer line in
the parallel method. If a failure in any one of the lines in a series loading
system should occur, the potential for larger amounts of spillage would
exist, creating a greater hazard with respect to fire and thermal shock of
surrounding structures. Additionally, the faster filling of the vehicle tanks
also creates a potentially greater hazard relative to structural damage of
components. An assessment of the relative fire hazards of the two loading
methods indicates that a higher fire hazard exists for the series loading
method (Fig. 3). The fire hazard was evaluated as a function of potential
heat release. The heat released in the event of a vehicle fire is directly
relatable to the Lo, available to support combustion of the vehicle structural
materials. A comparison of the loading methods, Figs. 1 and 2, will show
that the series method provides larger quantities of LO, that would support

combustion earlier in the loading cycle than does the parallel method.

5.3.2 Parallel Loading

The parallel loading method allows lower flows in both the LHZ
and LO2 systems than the series method. However, if a failure in one of
the systems (LOZ or LHZ) should create a failure in the other system, the
potential for mixing of the two fluids at rapid flow rates exists. A failure of
this type in the parallel system would create a greater explosion hazard
than the series method of loading where only one of these fluids is flowing
at rapid rates at any one time. With respect to the fluids in the vehicle tanks,

it can be shown that a greater explosive potential exists for the parallel
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method (Fig. 4). Furthermore, the backout time to drain vehicle tanks
would be greater because of the smaller line size (Fig. 5). In the case of
no pressurization, the maximum drain times are in the order of 186 and

115 minutes for LHZ‘and LOZ’ respectively. A summation of the individual
hazards assessments indicates that the parallel loading system is potentially

more dangerous.

5.4 EFFECT OF VARYING LOADING TIMES

A reduction of the parallel loading time to approximately one-half
of the total series loading time would equalize rapid load rates between
series and parallel loading and would, therefore, require equal line sizes
for both series and parallel methods. As a result, the explosive hazard of
the fluids in the vehicle tank, the backout time, the propellant loading sys-
tem line spillage, and the structural damage potentials would be equalized
between the parallel and the series method. However, the explosion potential
of the propellant loading system lines would be increased somewhat since
simultaneous rapid flow of the two fluids at a higher rate would occur. The
fire hazard due to the fluid stored in the vehicle tank would still be higher
for the series method of operation, since L«Oz would be available for com-

bustion with the materials in the vehicle structure.
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6. STUDY LIMITATIONS

The results of this study are constrained by the top level nature
of the study and by the vehicle tank and propellant subsystem design details

available.
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7. CONCLUSIONS

An evaluation of the overall hazards pertaining to the propellant
loading of the Space Shuttle lead to the conclusion that for equal total
loading times the parallel loading method is potentially more hazardous

than the series method of loading.

If desired, the hazard level for the two systems can be made equal
for a given overall propellant loading time by utilizing identical hardware
in the two systems. The costs of implementing such a change would negate

the potential cost savings indicated for the parallel system.

To obtain the best features of both systems at a minimum safety
impact it is recommended that the system be designed to operate in either
mode with series loading used as the normal mode of operation. To operate
in this manner the time allocated for series loading would have to be twice
that considered for parallel loading (e.g., 150 minutes for series and
75 minutes for parallel). The rationale for this recommendation assumes
that the reaction time for the majority of missions would not be so critical
as to require the 75-minute loading capability; however, should an emer-
gency arise, the 75-minute parallel loading capability would be available to

reduce the reaction time.

-15-




8. SUGGESTED ADDITIONAL EFFORT

This study was confined to a top level analysis of the safety implica-
tions of loading propellants into the main propulsion tanks of the Space
Shuttle. It is suggested that a study be conducted to determine the safety
hazards associated with loading propellants into the various payloads to be
carried by the shuttle. Such a study of the payload is considered beneficial
since it must also consider the use of propellants other than LO2 and LHZ,
some of which may be hypergolic. The safety implications of a payload

malfunction as it impacts the shuttle should also be considered in that study.
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