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ABSTRACT

This appendix to the Accident Model Document (Volume III, Part 2) contains the detailed
abort sequence trees for the reference zirconium hydride (ZrH) reactor power module that

have been generated for each phase of the reference Space Base program mission.
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FOREWORD

The establishment and operation of large manned space facilities in earth orbit would consti-
tute a significant step forward in space. Such long duration programs with orbital stay times
of up to ten years would benefit the earth's populace and the scientific community by provid-

ing:

1. A flexible tool for scientific research.
2. A permanent base for earth oriented applications,

3. A foundation for the future exploration of our universe.

Specifically, the NASA objectives include earth surveys and scientific disciplines of astron-
omy, bioscience, chemistry, physics and biomedicine, as well as the development of tech-

nology for space and earth applications.

Operational and design requirements, of large manned space vehicles, differ from those of
the Mercury, Gemini, and Apollo programs. Of particular interest are the radiation sur-
vivability and nuclear safety requirements imposed by nuclear power reactors and isotopes

and the long term interaction with the natural radiation environment.

The General Electric Company under contract to NASA-MSFC (NAS8-26283) has performed

a study entitled '"Space Base Nuclear System Safety'" for the express purposes of addressing
the nuclear considerations involved in manned earth orbital missions. The study addresses
both operational and general earth populace and ecological nuclear safety aspects. The pri-
mary objective is to identify and evaluate the potential and inherent radiological hazards as-
sociated with such missions and recommend approaches for hazard elimination or reduction

of risk,



Work performed utilized the Phase A Space Base designs developed for NASA by North

American Rockwell and McDonnell Douglas as baseline documentation.

The study was sponsored jointly by NASA's Office of Manned Space Flight, Office of Ad-

vanced Research and Technology, and Aerospace Safety Research and Data Institute.

performed for NASA's George C. Marshall Space Flight Center under the direction of Mr,

Walter H. Stafford of the Advanced Systems Analysis Office. He was assisted by a joint NASA
and AEC advisory group, chaired by Mr. Herbert Schaefer of NASA's Office of Manned Space

Flight.

The results of the study are presented in seven volumes, the titles of which are listed in

Table A. A cross-reference matrix of the subjects covered in the various volumes is pre-

sented in Table B.

Table A. Manned Space Flight Nuclear System Safety Documentation

It was

Volume
I
Part 1
Part 2
II
Part 1
Part 1A
111
Part 1l
Part 2
Part 2A
Part 3
v
Part 1
Part 2
v
Part1 -
Part 2
VI
VII
Part 1
Part 2

Fxecutive Summary
Space Base Nuclear Safety
Space Shuttle Nuclear Safety

Space Base Preliminary Nuclear Safety Analysis
Nuclear Safety Analysis (PSAR) '
Appendix-Alternate Reactor Data (CRD)

Reactor System Preliminary Nuclear Safety Analysis
Reference Design Document (RDD)
Accident Model Document (AMD)
Accident Model Document - Appendix
Nuclear Safety Analysis Document (NSAD)

Space Shuttle Nuclear System Transportation
Space Shuttle Nuclear Safety
Terrestrial Nuclear Safety Analysis

Nuclear System Safety Guidelines
- ‘Space Base Nuclear Safety
Space Shuttle/Nuclear Payloads Safety

Space Base Nuclear System Safety Plan

Literature Review
Literature Search and Evaluation
ASRDI Forms

Document No,

728D4201-1~-1
72SD4201-1-2

725D4201-2-1
728D4201-2-1A

72SD4201-3-1
72SD4201-3-2
72SD4201-3-2 A
72SD4201-3-3

728D4201-4-1
725D4201-4-2

' 728D4201-5-1

725D4201-5-2
725D4201 -6

728D4201-7-1
725D4201-7-2*

*Limited distribution

vi

(3]



This study employs the International system of units and where appropriate the equivalent

English units are specified in brackets.

Terms is included in the back of each volume,

Table B, Study Area Cross Reference
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APPENDIX D
MISSION ABORT SEQUENCE TREES

This appendix contains the detailed abort sequence trees for the reference zirconium hydride
(ZrH) reactor power module that have been generated for each phase of the reference Space
Base program mission., These trees are graphical representations of causal sequences,
Each tree begins with the phase identification and the dichotomy between success and failure,
The success branch shows the mission phase objective as being achieved, The failure branch
is subdivided, as conditions require, into various primary initiating abort conditions, From
each of these initiating events, the causal chain is followed through to either (1) a nuclear
hazard, (2) a condition that results in "no discernible hazard", or (3) a successful repair or
correction that leads back to the success branch, In this manner, the sequence trees show
how the particular events and their '"relative probabilities' are determined. Terminology

used in the abort sequence trees is defined in the Glossary of Terms,

The abort sequence trees were generated without considering probabilities; all events that
seemed even remotely possible were considered. Only upon completion of the trees were
probabilities considered, The probability of a given accident occurring in any phase of the
mission was derived from experimental data where available, and from engineering judge-

ment where such data was lacking,

The abort sequence trees use five graphical symbols as illustrated on the next page.




CUMULATIVE
PROBABILITY

CONTINUE SEQUENCE AT "A"

INTERMEDIATE
EVENT

W
RELATIVE

PROBABILITY

NO
DISCERNIBLE
HAZARD

TERMINAL
EVENT

CUMULATIVE W

PROBABILITY

INTERMEDIAT
EVENT

BEGINNING
OF A MISSION
PHASE SEQUENCE

0.9

0, 2

RELATIVE
PROBABILITY

NUCLEAR
HAZARD

TO NUCLEAR
HAZARD

1. The ovil - used for initiating events and for intermediate and terminal events in which

a nuclear hazard has not occurred,

2, The diamond - used for intermediate and terminal events in which a nuclear hazard
is the direct result or to indicate a nuclear hazard itself (indicated by a large dot

placed next to the diamond),

3. The circle - used for terminal events which result in '""no discernible hazard" to the

populace,

4, The triangle - used for indicating where a sequence is to be continued.

5. The pentagon - used for the beginning of a mission phase sequence,



"Relative probability" is defined as the probability of a particular event to occur given a de-
fined set of choices; cumulative probability (sometimes referred to as '""mission probability')
is the overall probability of a sequence of events occurring (product of relative probabilities
of the individual events along the path) during the mission (starting from prelaunch). The

relative probability of a particular event occurring is placed in the lower section of the event

box. If the relative probability of an event is 1. 0, no probability is shown in the event box.

Parallel events in the sequence frees are taken as mutually exclusive. Therefore, the sum of
the relative probabilities of parallel events is one, It is assumed that event probabilities of
less than 10-12 have a negligible effect on risk and, hence, individual branches of the abort

sequence trees are terminated and deemed '"Non-credible',

The following list indicates which figures are associated with the particular mission phases:

Mission Phase Figgré No. Page No,
1. Prelaunch : D-1 and D-2 D-5 and D-6
2. Launch/Ascent D-3 to D-10 D-7 thru D-14
3. Orbital Operations ’ D-11 to D-49 D-15 thru D-53
4, Reactor Disposal =~ - D-50 to D-127 _ D-54 thru D-131

D-3/
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