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| PREFACE
iﬁ the summet.of‘i9oé,-tme‘National Academy;of-Pmblic?v
VAdminiStration undertook‘for EASA;gypdeticontract'NSR309-046-001? a stﬁd&
of the international activities of the- space program. The effort focused
partlcularly on NASA's development of tracklng sites around the world
through which space craft could be‘monitored and controlled. The establish-
ment and operation of these stations were of interest to the Academy because
of the relative success of the operations, the varlety of admlnlstratlve
tenvironments 1n Wthh stations operate, and the use of hlghly sophlstlcated
communications technology to tie.together;-im'a centralized organizational
structure,-an enterprise physically 1ocated im many different countries,
Of additional interest were questions conce:ning the tfansfer.of technolog-
"ical caoability from.one culture to‘another'and'how a U.S. agemcy such as
NASA could convince.other countries mot omly to permit the location of -
stations onvtheir soil, but also, in many instances; to operate all or
- part of them,

The putpoée of this study was to'tecord what has beeﬁ a:highly
successfui_management_program and to communicate to a Btoader audience some .
critical points about cross-cultural management and the relationéhip of
technology to organizatioa. Fiel@ﬂresearch was to be an integral part of
the study and visits to several different countries'were planned. Unfor-

tunately, except for Australia, the planned visits could not be arranged

and the original, broader design of the study had to be abandoned. However,



enough information about- operations has been collected to make some
limited generalizations possible, and they, together with the one field study
of Australia completed in 1969 and recently updated{ comprise the body of
this report. '
.- Roy W. Crawley . .
Executive Director

National Academy of Public. -~ . . - -
Administration



INTRODUCTION . - A T

‘Since the late 1950's és pagt of the space'prograﬁ, NASA has
developed and maintained a sefies of tfacking stations around the world.
The significance of this enterprise for the-space program ‘cannot be-over-*'u‘”
estimated since "a~space-craft with the finest scientific'instrumeﬁts;
launched perfectly into orbit, is wdrthless unless it can be“trabke& and
its scientific information recorded-at’ground'stations."l‘ However, another
aspect of this effort--its organization and administration--may be of equal
importance to thoée responsible for U.S. bilateral activities and to théée
generaliy interested in cross-culfural administratién°

Despite the technical need for ground stations in the space
program, there is no preordained manner in which.this.réquirement is ful-
filled. 1In fact, there are at least three major tracking nefworks around
the world, all administered in a différent fashion;-'One,'operated by the
U.S. Department of Defense for military purposes, utilizes only United States
personnel., It is highly classified and closeiy related to military ties
abroad. The second, managed by the Soviet Union, is operated.entirely on
Soviet soil or on specialized tracking ships manned by Russians; therefore, -
it is of little interest to those concerned with management in different
cultural énvironments._ The NASA system, which includes tracking stations,
ships, and airplanes, is located throughout the world in ﬁany different

social, economic, and political environments., It utilizes local nationals;

1. J. T. Mengel, "Satellite Tracking, Telemetry, and Communications,'
Electronic World, LXXI (June, 1964), p. 58.




U.S. and foreign contractor personnel, foreign government employees,
.foréign uhivefsity employees, and a small contingent of NASA staff. The
stations are tied together by a communications system (NASCOM), which,
together'with essentially-cdmmon équipment‘in the stations, 1is designed
to provide for NASA an identical product irrespective of the station from
which it is received, recorded, or transmitted.

The experiencesof. developing and operating this system charac-
:Iferized by environmental diversity and differing administrative patterns

are important to policymakers and public administrators alike.



HISTORICAL DEVELOPMENT OF NASA TRACKING STATIONS

To comprehend the operation of the NASA tracking stations, it
is necessary to understand their purpose and historical-éVoiution. Ttacka”
ing stations have existed as a critical part of the SPaCe program since
its conception. Their function is to link objects.in’space'to facilities
on earth so that'orbiés may be computed‘aﬁa verified, scientific informa-
tion collected, and‘communiééﬁioh,?command, and control maintained. 'Normaliy,'
they are located in relatively isoiatedAareas where their communiCatidhs>gﬁd'
tracking equipment can operate without interference  from other commuﬁiéatioﬁs -
facilities. They are relatively self-contained units consistinngf’(l)t-‘
tracking'antenﬁas (similar to a radar device), (2) communicationé.equipmentﬁy
to link the station with the objects being tracked and their-coﬁtrbl’ééntér,
(3) computers brogrammed to operate much of -the compléxfequipment and tg
store data, and (4) maintenance and other support facilities to fnsure smooth
operation. Normally, a station has a complement of a hundred or more people
divided into shifts to operate it. Most of these peoplé are electronics,
computer;, and communications technicians, but there are also facility engi-
neering, administrative, and support personnél to &irect»and maintain the
station. The station is tied into 1its control center through a cémplex-
communications network established-around the world. This system, designed
to provide instantaneous communications with a high degree of operational
reliability, originally utilized iandrcommunications, radio transmiséibné;
and undersea cables, but increasingly it:is using communications satellites
placed in synchronous orbit above the earth. | ’

Historically, NASA has operated three separate tracking networks.

0f the three, only one (manned space flight) was developed substantially
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within NASA. The others trace fﬁeir origins to the U.S. armed services

which o;igina11y oversaw the space program. The responsibility for

the establiéhment énd operation of the Deep Space Flight Network, which
tracks U.S. unmanned space probés, was inherited from the Department of the
Army as a part of the overail transfer of the Jet Propulsion Laboratory and
the Army's space program to NASA. The STADAN Netwofk, (now consolidatéd with
the Manned Space Flight Network (MSFN)), which is-utilized primarily for
tragking eafth—orbiting satellites, came into NASA as a part of Project Van-
guard when'responsibility for this program was transferred from the Naval
Research Laboratory to_NASA. The roots of all of these systems lie in tﬁe
tracking range experience géinéd‘by‘thevU.S. military during World Wariil
when radar and related electronics were first used . for telemetry apd tracking
of military rockets.

. NASA's.bfesent space tracking organization consists of the Office

.of Traéking and Data AcQuisition (OTDA) and elements of two field centefs.‘
The Office of Tracking and Data Acquisitiqn has the prime responsibility for
overseeing the operation.v It ié concerned with (i) basic policy decisions,
(2) securing and allocating financial resources, and (3) maintaining_technical
and operational liaison withkdesignated agencies of the hoét countries,
.A second headquarters staff organization--the Office of International Affairs--
has, as a part of its responsibility, the task of working with the OTDA and.
thevState Department to negotiate and maintain tracking agreements and manag-
ing other diplomatic concerns. - The two field centers--the Goddard Space
Flight Center and the Jet Propulsion LaBoratory;-oversee the actual installa-
tion andIOperation of the stations and serve as the location for the control

centers. At present, due to a consolidation in 1971 of the MSFN and STADAN,



there are two tracking networks. One is located at each of the above field
centers with a control center for manned space activities located at tﬁe
Manned Space Flight Center at.Houston.. There are approximately 9,100 people
directly involved in this operation-worldwide: 79 percent are U.S, nationals
and 21 percent are from other.countries. In the féreign stations there are
22 percent U.S, nationals and 78 percent host country.nationals. . As of 1972,
NASA had a $680 million investment. in the space tracking system.

Spacecraft tracking was initiated in 1957-58 during. the
International Geophysical Year and in connection with Project Vanggaré.A
‘Under.this.program, the first.U,S. satellites were launched intpfépace. .To-
moﬁitor‘them,'a,nqrth—souﬁh "trackiﬁg fence'" was established in North aﬁd‘
South Ameriéa.- Its primary,functions were to démonstrate:that'orbipg had -
been reached and to collect scientific information. As the space p;pg%ém:
expanded, -so did the missién of the stations.. In fact, some of the original
stations built during this period are still fupctioning, although théy are
much more sophisticated techpologically,and are utiliziﬁg:staffing patterns
of a different nature. The original stations were stafféd,by miiitafy per-
sonnel,‘usﬁally fgom the Army Signal Corps.? ‘Today, they:are civili;n
operate& with various combinations of NASA,Mpfivaﬁe cont;actoré:and local ® -
staff,

In addition to the Vanguard stations, many épace tracking sites
were developed during the Interna;ional Geophysical Year for the purpose of
tracking other satelli;es.“A séries of stations pn}an ¢astf€e$t'§xis was

established to provide support for all launches from Cape Kennedy and for

2. Interview with J. R, Mengel, Assistant Director for Tracking & Data °
Systems, Goddard Space Flight Center, February 27, 1969.



anticipated deep space flight missions. Originally, these stations, as
well as the Vanguard stations, were located in temporary movable vans.
It was not until the civilian space program was institutionalized by the
creation of NASA, that the tracking system organization was established.3
In many respects, the development of the tracking system parallels
the experience of NASA itself. The absorption of existing organizations,
the move to civilian operation, the use of private contractors, plus the
centering of policy at Headquarters and of operations at field centers were
all a pért of the development of the larger organization. This meant that
the application of similar techniques in-regard to problems of an interna-
tional character was not seriously challenged within NASA since the general
attitude of the agency encouraged experimental techniques of operation. The
result fhroﬁghout NASA was an achievement-oriented environment, characterized
Aby.operationgi'flexibility, which was linked with-a well:established technical
missibn and the supportive national goal of a serious thrust into space.4
In térms of the tracking operation, the typical features of a
bureaucracy, such as the routinization of work and specialization of activ-

ity, were avoided by assigning to technical administrators the responsibility

for design, operation, and administration of the system. This facilitated
the rapid construction of new stations, the most noteworthy example being

the Project Mercury Network (later to become the Gemini and then the Manned

3. Interview with Edmond C. Buckley, former Associate Administrator for
the Office of Tracking & Data Acquisition, NASA, February 19, 1969,

4, For a discussion of the philosophy of management which existed at NASA
during most of this period, see James E. Webb, Space Age Management,
(New York: McGraw-Hill Book Co., 1969).




Space Flight‘Network), which was constrncted and put into operation within
two'years. 'NASA's efforts on Project‘Mercury involved the overseeing and
coordination of five major U.S., contractors and their employees, the
negotiation of'operating agreemernits with several governments, the training
of several hundred station personnel, and the constrnction of 19 stations-
throughout the world All of this occurred during a favorable funding
climate when the heavy financial costs of such a crash.operation were more -
readily accepted 5 | - | o

The development of the tracking network involved more than'the l
problem“of constructing and manning tracking sites, In order to accomplish |

R

these things, 1nternational agreements had to be made w1th a number of

- LY

countries. Both the U. S State Department and NASA‘s Office of International*

e

Affairs played an 1mportant role in concluding them. These organizations._

along w1th the Office of Tracking & Data Acquisition and the field centers,l
worked together to negotiate the agreements. In choos1ng countries in which
to locate stations, NASA determined the proper geographic area the U S.

State Department chose the most polltically acceptable countries w1th1n thlS
geographic.area, andnboth organizations participated in the actual negotia-
tions. Since time was a crucial variable, the operating philosophy was to
negotiate on as flexible a basis as p0831b1e, making agreements to flt each

individual 31tuation.6

5. Thus the original award for the network of 33 million dollars became
60 million dollars by the completion of the task. See NASA Office of
Scientific Technical Information, NASA SP-4001 Project Mercury A 'Chrono-
logy (Washington, D.C., 1963), p. 129.

6. For example, in Chile, a cooperative arrangement was achieved with a
university.  -In Mexico, a-joint Mexican-United States Commission was
established to oversee the station. In’Australia, the stations were
to be operated by the Australians through one of their own government
departments with only a small number of NASA liaison and coordination
personnel.



PATTERNS OF OPERATION

While anAindividual set of relationshipslévplved in eééh cbuhéry,‘
three significant pattern§ of opérations emerge&, éachlone féfiecting;dif—
ferent eﬁvironmental circumsténces. The first; which uses all ﬁ.s. péfsonnel,
is typical of many U.S, government agtivities~abroad. Tﬁis'method ié'émployed
in situations wheré NASA felt tﬁat the language difficulties or technical
competencé.within the host country was. such that stations coﬁld'not Be
operated by loéal nationals, or in instances where there was &irtually no
iﬁdigenous population, as in a nuﬁber of the isolated #sland stations. Tﬁe'
primary characteristic of this pattérn—is the somewhat unusual utilization
6f'private éntérpfiée to perforh.£hislfunction.7 Typically, in cases whére 3'
__thié aépraéch is followed, thére are dﬁe; or perhaps two, NASAvététion diréc—
tors associated with each stafion.i The stati;n director is reséonsible for
.5aiﬁtaininé official contact with the host governmént, officially represent:.
‘ing the station, and directihg its operatiéhAby the use of aiﬁriéate field
engineering fifm. In addition, the worldwide NASA communication syétem
is operated through industrial ;ontracts. Thus, whilerNASA employeéé have
formal control of the tracking system, the actual opération is undertaken
by persons not formélly employed by the U.S, government. |

The second pattern relies upon personnel provided by the host coun-
try.itself. It is the responsibility of the country to operate these stations

under the direction of NASA, in effect utilizing'agéncies'of these<éoun£ries as

7. _This pattern of operations is also followed by the Department of
Defense for its tracking stations throughout the world.
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contrac;érs. In developing this pattern, each government was conyinced

by the United States that a number of advantages would accrue to it through
its participation. The advantages for the host couﬁtry were described as
(1) an important way to participéte in the exploration of space, (2) a con-
tribution to good political relations with the United States, (3) a way of
.providing important technical and scientific spin-off to the host country,
and (4) a way of providing iﬁportant economic benefits,

Until recently, stations operated in this manner were confined to
Commonwealth or English-speaking countries with recognized technical com-.
peténce.8 In fact many of the actual operators at the stations were born in
the“British Isles and attracted to other countries by the advaﬁtageous work-
ing conditions (both technical and fingncial) at the stations. Recently,
other countries havé begun &oving to this pattern. This is significant for two .
reasons: . (1) it is the first time that countries with non-English speakfng~
backgrounds have been given full responsibility for operating stations; and. (2)
it will be the first instance where countries have deveioped the capacity fully
to operate stations. In the past, countries which operate stations had, at
the outset, the basic technical, 1inguistic,fand managerial capabilities for’
integration into the NASA system. An example of this is one of the two
‘Spanish stations (Madrid), which 1is moving quickly in this direction with
the station's operation being pléced under the direction of that country's
Instituto Nacional de Tecnica Aeroespacial. |

The foreign government operating mode is an important form for
the operétion of the overseas tracking system, In terms of the number of
people employed, it is the most prevalent pattern. Australia, for example,

has the single largest tracking operation outside the United States

8. The countries in this group are England, the Republic of South Africa,
Australia, and Canada. B



supporting the deep space, manned, and unmanned networks. It has a manage-
ment stfuctdre which includes a large central organization responsible for
administering all the stations- within the country, irrespective of the net-
work to which they report. In addition, this. pattern is important as a
model for the tracking system, since NASA's operating strategy has been to
move from stations operated by U.S. private contractors to foreign government-
operated stations.

A third pattern of operating relationships provides for gradual
reduction of U.S, personnel as tecﬁnicai competence is gained in the local
environment. Presently, tracking stations in most of the countries are
operated in this manner. The number of local employees ranges from 12 percent
at Ascension Island to 94 .percent in Chile, where the station is virtually :
the responsibility of the University of Chile.9 However, the percentages,
particularly those that are quite low,-often fepresent maintenance and low
"skill personnel and to that extent, the ratios indicated in Figure 1 (see
page thirteen) do .not represent 1ocai technical ihﬁolvement in the stations.
On the other hand; they do indicate significant increases over the years.,

In cases where this style of organization is followed, there generally is
a NASA station director, U.S. contractor personnel, and local staff employed
by the U.S. contractor. Both NASA and the U.S. contractor have seen the
U.S. contractor's role as "working itself out of a job" by turning as much -

responsibility as possible over to the local nationals, 10

9. See Figure 1. Statistics supplied are from the Office of Tracking &
Data Acquisition, NASA. . : . : : )

10. Virtually all of the contracts awarded for operating the stations have
been awarded to the Bendix Field Engineering Corporation. This is not
necessarily because they are considered as a sole source, but because.
they have been able to outbid others who might be interested. After.
winning the first round of bidding, Bendikx had a decided advantage in

. subsequent bids since it did not have to face start-up costs as would
other concerns. : o



FIGURE 1

Percentages of Foreign Nationals Employed at NASA Space Tracking
Stations Through Fiscal Year 1972.% _

Country _  Percentage
1967-68 1969 1972

Antigua | : 24 o 27 Closed
Ascensioﬁ ' 0 o o | 3 12

* Australia . 100 . 100 100
‘Bermuda . 42 4‘#-. 36 S 43
Canada - 100‘ _= - 100 o Closed
Chile o 80 o
Ecuador 53 _ ‘ 60 65

- England ' - 80 . 100 - 100
Grand Bahaﬁa | 10. | - , 11 : _. Closedd
Madagascar _ 43 ' 48 ' 65
México | 39 : 35 Closed
Peru 93 - . 97 ' Closed

 South Afrfca. 100 100 100
Spain s6 56 81

*Statistics supplied are from the Office of Tracking and Data
" Acquisition, NASA.

- 13 -
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All the patterns used to operate the tracking stations have
a common pufpose--to sustain the continued utilization of tracking sites
vith high technical reliability over a period of time. .The choice of pat-
tern relateé quite”closély to the kind of environment in which a given
station exists, and a conscious effort is made.to insulate a-statipn from
the broader political environment. In coﬂntfiéﬁ where a friéndly, stable
relationship has persisted over a long period of time (Australia and England
for example), there is less concern with political considerations and more
emphasis on the benefits to bé dérived'from the operation. Even in these.
countries, however, there is a éqnpiﬁuing emphasis on the nonmilitary aspects
of the space program. In the areas in which bilateral relationships are more
volatile, for example, in the latin Ameriqan_counfries, the use of host coun-
try nationals and the emphasis on the civilian‘character of the stations
constitute an attempt to remove them from the political arena. The strategy
followed has been to‘give the station a base of local support which would
enable iﬁ to overcome any political.difficulties'ﬁﬁét might arise,;ll

NASA has been able to continue uninterrupted operations over long
periods of time in countries such as Peru, Chile, the Malagasy Republic,
and the Republic of South Africa. It could be argued that the inherent
attractiveness of participation in the space program alone would guarantee

continued success; however, the NASA policy has reinforced the feeling of

11. Interview, Mengel, loc. cit.
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participation on the part of countries and, perhaps, has been crucial to
sustaining 6perations in many of them.l2 While none of these countries can
be classified as extremely hostile, in some, a U.S, label is not a distinct
asset; yet, these stations have operated side by side with others located

in more congenial environments and with those in the United States.

12. NASA has only had to abandon one station--in Zanzibar--when a revolution
brought in a government which was highly nationalistic and hostile to all
U.S, activities on the island. It is doubtful if any kind of operational
arrangement could have altered the outcome 'in this case. However, it is
interesting to note that President Karume of Zanzibar subsequently publi-
cally stated that he had been wrong in. suspecting the NASA station of
improper activity.
NASA also has closed stations in Australia, Peru, Chile, Mexico, Canada,
- Grand Bahama Island, Canton Island, and Antigua, as well as in the Unlted
States, largely because technical requirements changed.



FACTORS AFFECTING STATION OPERATION

In appraising NASA's tracking stations, it should be stressed that
there are two quite different, but seemingly reasonable, views of the dif-
ficulties encountered in establishing the system. One treats the effort
as routine and uncomplicated, with very little importance attributed to the
organizational and political factors involved in the operation of the system.
This view is expressed as follows:

"...the tracking network has been relatively easy to

establish and maintain...there is widespread evidence

of almost universal willingness, if not desire, to

obtain tracking stations."13
'The other emphasizes the magnitude of the concessions made to the United
States in permitting stations to be established in foreign lands and suggests
that there is something uniquely successful about the NASA operation. It is
characterized as follows:

"The installation of such a station requires the host

country to accommodate the United States equipment and

personnel on its own territory and to make available

radio frequencies for the station's use in communicat-

ing with satellites and in some cases with a control

center in the United States...(that) _to appreciate this

accommodation, it is necessary only to know that United

States law denies the possibility of such arrangements

on behalf of foreigners except in very restricted cir-

cumstances. Nevertheless, NASA has never been denied

access to any desired location."l4

In spite of the different attitudes about the difficulties of establishing

the tracking system, both views consider the civilian peaceful character of

13. Don E. Kash, The Politics of Space Cooperation (Purdue Research Foun-
dation, 1967) pp. 66-67.

14. Arnold W. Frutkin, International Cooperation in Space (Englewood Cliffs,
New Jersey: Prentice Hall, 1965) p. 70.
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‘ the tracking operation-as playing a significant role in the success of

the entérprise{‘"Yefvother U.S, activities abroad, notably in the area of .
technical and écoﬁomic aésistance, have similar chér;cteristics but none-
theless have not 6p¢rated with a comparable degree of succéss.‘ This dées
not mean that the difficulties of esﬁabiishiﬁg trdcking:statioﬁs'can be
equated with the problems of mounting a successful technical assistance
program, :Adﬁieving'results in the latter instance involves a much more
fundamental impact on a épciety. However; the process of organization in
both -instances has éertainVCOmmoﬁ'féatures,,and the NASA experience cer-
tainly stands-out as an iﬁpcrﬁant:sﬁéCeséa Soﬁe’of the>reasons fqr this

success are summarized below.

Flexibility of Operation

‘ The moét imﬁdftant of.tﬁé factors contributing tb‘fhe:sﬁcceSs ;"
. of the tracking system is.the ofgaqizafidﬁai f1éxibi1ity displa&ed in |
‘establishing and operatihg'it;ﬁ Without an aﬁproach whicﬂ tolerated diver-
sity, it is unlikelf that the éystem:coula'have7béén aé quickly or as
effectively.develbpéd since the.teqhnical demands of the tracking system -
are for a common. product ‘from a highly centralized technical operation,
while geographically the stations. are located thousands of miles.apart and
-are operated by a Variety Qf;organizational.patterns in a.nﬁmber of -cultures.
'fhus, in Austfalia, a‘Néw Zéalénd imﬁigrant, working for an Australian elec-
tronics firm, which has sﬁbéontracted with the Australiap government, which
in turn has contraéted-With NASA to operate a station, might be working in
‘~conjunction with a French-speaking Malagasy technician, trained in a NASA
‘electronics school at’a.statiqh in Madagaécar, operated ﬁy'a U.S. private

'coﬁtractor, and both of them could be dealing directly with an employee of



a private U,S, contractor employed by NASA to operate .the control center
in the United Sates. The variety of these relationships is almost infinite
and demonstrates that, even_oh anvinternational level, it is possible for
public administrators to produce a common product and to decentralize the
: meané of obtaining it while téking into account the. unique characteristibsv
,4of local environments.
This factor of flgxibi}ity»had.several important efﬁects._,lt.ﬁ
_enabled NASA, simultaneously, to operate stations in technologically developed
and less-developed countries,. It facilitated .operations in countries where
the political‘enyironment.was subject to rapid chagge and provided.fo;.rapidr
opening and closing of stations as tracking requirements changed... In this-
regard, the use of private contractors by NASA and the'Aust;alians-ﬁsusigni—f
ficant because the problemSij civ;l:service_tenure-and»siow organizational.
response have begn,minimizgd by ugiﬁg,the contract device as; a means’ of
i securing services which, of necessity, are subject to rapid .change.
_ The réasons'NASA followed -this approach are less easily analyzed.
" One could argue that, given the international environment in which the .
statiéns were established and the need to set them up quickly, it was
unlikgly that any.other approach could have succeeded as well, While, in .
' retrospect, this may be true, it certainly took effective organizational
1eadership-tolrecognize the‘value of this approach and to institutionalize
it as a standgrd pattern of operation,

Undoubtedly, another important factor was.the rélative_youth of-
NASA as an'organization. In. this periqd of development. and of organizaF

tional pattern setting, NASA itself had not established rigid controls over



its act1v1t1es which might 1nh1bit innovation. :hather, the technical
admlnistrators, indeed often the techn1c1ans themselves were responsible
for ba51c dec1s1ons ranging from location to procurement to operation of
the stations. It is uniikely thatpthiS'would occur in ‘more estahiished
-organizations;fand it:iS'wideiy feit that"they would be unable to do the
same job today_under-present conditions.i One of the interesting-questions_
about the future of'tracking'operations iS'nhether, as the original 1eader?
Shlp departs and as‘these very- successful patterns become.routine, the nev
'leadership will institutionalize the process of flex1b111ty or utillze the

solutions that flex1b111ty produced 1n attemptlng to meet env1ronmenta1

-'conditions.

‘Involvement-gfrHost»éountriesi

An aspeCt of'theforganizationalffiéxihiiity factor has been the
" policy of involvinglthe host country_and its personnel in statioh-operations;'
A variety‘of‘agreements havekheen useditovaccomplish this but certain chafaé-
'teristics are comﬁon tofaii.flln aimost EVerv'instance, NASA established ties
" with sc1ent1f1c ‘and technical organizations w1th1n the host country. ’Theseﬁ“
organizatlons varied from those created especially to. work w1th NASA such_'
as the MExico-U S. Commission for Space Observations ‘to ties w1th'ex1stingfi
organizations, such as -the University ‘of Chlle‘s‘englneering‘faculty and

the Australian Department of‘Supp'ly.15

15. The scientific organizations which NASA has dealt w1th over the years
include the United Kingdom's Science Research Council, the Instituto
Geofisco del Peru, the Canadian National Research Council, the Spanish -
Instituto Nacional de Technica Aeroespac1al, and the Council for A
Scientific and Industrial Research in the Republic of South Africa.
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""Because thesenorganiaations becamefdirectly involved'in thef
operation of the stations, they developed ‘common interests and goals with
'NASA often representing important support for the space agency Within the
host government. They also contributed to strong support.in many of these'
countries for the U.S.,space_program and forvcontinuing.their own involve- . -
ment with tracking-Stations.-'Even.in.bhile 'where‘relations withAthe
| United States have Significantly deteriorated over, the past few years, Presl-s

‘ 'dent Allende was reported upon taking office, as; supporting the continued

R eXistence of a station in his. country, since this was the kind of cooperation‘. :

'_with the United-States that his country~desired; .It.iq unlikelytthatvthe ’ffif'
depth of support which exists for sustaining the stations would exist without

‘'such institutional involvement and the useiof’host;country nationals. Undoubt-

. edly; this pattern_ of cooperative organization also:contributes to a positivefl‘ :

vview of the‘United States:and'aidsprelations betweén the-involvedhgovernments, f
| One important economicjand administrative henefit'of'not;using;‘
f:U SU natlonals is that operational costs are Significantly lower.than they
would be if”only U S"contractor or government personnel were used Not
. only does this save money in salaries,but it also minimizes the problems of
supplying and maintaining Americans abroad In fact this type of coopera-f”l
‘tion has the double Virtue of positively 1nV01V1ng the ‘host country in:
_station operations and minimizing’ the negative impact‘of Americans 11V1ng-'
abroad under artificial circumstances.' |
The policy'ofvinVOlving host country nationals is;not without
prohlems; Inevitably comparisons'are made of'U;S. and host,countrsttan—-
dards of remuneration. This leads to a feeling by a few station employees

that they are being exploited by NASA although this has ‘never become a maJor
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issue apdvis minimized by the policy of having as few U.S, nationals as
possible working ab;oad. Also, NASA has taken é hardiline towards hiring
only well-qualified host ééﬁht;yfpersonhél; Iﬁ‘éountries wﬂere the
requisitg skills "are séarce; host coﬁntrylinvolvément has been slow. \In
some cases, there has had to be a give—ané-taﬁé betwéen the hoét country
gnd NASA abouq'hdw qﬁibkly host codntry-hafionalé coui&.fill positions ét
"the stations..'HoweQer, thgre is no doubt that NASA's iéédefship has been
committed'to this policy, and th§ statistics'indicate theix increased suc-
ces in implementing it.16‘Certaihiy,-the iﬁvolvemenf of foreign nationals:
has iqcrgaseqnghé p;oﬁability that NASA can.maintain s;atiqns.ﬁoflas long
as {F desir;s,ﬁincluAiﬁg tﬁose iﬁ:sensitive ;odntriés'Suéh as Chile,ﬁtﬁe
Malagasy Republic,'énd the Republic of South Africa.

Emphasis on Benefits to Host Countries

» Aﬁother feason for NASA's success is that host countfies héye been
conviﬁced they would bgnefit from accepting the location of a station in‘their
country. NASA administragors have alwgys’emphagized‘this point,_suggésting.
such a broéd range of benefits' that at 1éas§ some ﬁust occur,

‘One of the benefitéﬁalwéys stressed by NASA is that, éy:having
a, station, the host.country Would be able to mgke‘an'important contribution
to spége"exploration withéut“having to make thé‘investment that oniy the
superﬁpwers could afford. The importance of this suggested Bgnefit to the
hostvcbuntries is hard to judge, but the political speeches'and newspapér
articles in many 6f the countries‘indicate that host pountry involvementlis

stroqgly'felt and appreciated. NASA also makesavailable to the host country

16. There have been some interesting indirect effects of this policy. TFor™
example, in Peru, the NASA station provided intellectual and financial
stimulation to several people directly involved in space tracking,
_enabling them to complete advanced graduate work and make the Instituto
Geofisco one of the most preeminent scientific institutions in Latin
America. '
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all the scientific data collected by the station, although few'countriesb"
have taken advantage of the Opportunity as huge 1nvestments in men and '
equlpment are requlred to exp101t the data; However, the 1mpact of the
availability of information should pot be underestimated., This "freedom
of information" feature has even had dlrect political consequences. In
:Mex1co, the fact that there was access to data and that Mex1cans were dlrectly
involved.in‘the communications process~defused charges that the stationﬂwas'
being used for mllltary purposes and should be removed

Another beneflt whlch NASA often stresses is the- potent1a1 for
'_'scientific'and_technological transfer_of advanced tracking knowledge. Eromnjl
this perspective there have been some'important advantages of participation,
In a few‘countries'scientiffc“experiments have taken'piace; often codpef5+1
4”tive1yiundertaken'by scientistsvin‘the_United_States_and the;hostncountry ; _f
usfng'the stations‘in both countries. ‘However, their number is limfted'~ ”
‘for two reasons: (1) thenoperating-costs are extremely high'even'thougthAsan
does not, charge for using the stations,and (2) they are often unavallable
’“because they are be1ng used for NASA tracklng purposes. | |

'The.most'important transfer'benefits_are,probablyrfn'theiarea of'
“technical knowledge w1th advantages accruing to countries jin a11 stages.of _
vtechnical development The more advanced countr;es beneflt by hav1ng thelrf
~own engineers and technicians exposed to 'state of the art" communications.'
systems and to computer.and electronic equipment. In Australia, which
encourages immigrant empioyment at.the stations,_technicai-people from otherx
Commonwealth countries have been attracted; thus meeting a broaderﬁnational .
;goal of increased immigration of people with these skills. 1In the lessf

fdeveloped countries, NASA has initiated basic technical training'programs
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for its local employees, developing critical competences which are often
in short supply.

There are a number of important indirect technical benefits. The
development of communications in many countries has been enhanced by locating
the stations on their éoil.v In fact, the éntire international-saéelli;e“1
communications system has been stimulated significantly by the need to
supportifhe stations. In some cases, the NASA equipment has been extremely
important, as in Madagaséar in 1966 when telemetry from a NASA weather
satellite gave eﬁrly warning of an.approaching cyclone.

One area from which several countries hoped to benefit, but which
has npt matgrialized, is in the expansion of their electyonics industry.:

wcept for a small movement of personnel from the stations to .the electronics
and computer industries (which may have significant long-term effects), very
1ipt1e‘industria1 development in host countries can be related to the sta-
tions. The size of the tracking operations has had a great deal to do with
this--no one station or group of stations generates enough démand for equip-
ment to encourage the development of a manufacturing capability to support
it. Also, the NASA concern for the system's integrity leads it to make.

most procurements from the United States.

There are two speculative aspects of the technology transfer
question which are quite important. One concerns the benefit of increased
access to worldwide scientific and technical information through partici-
pation in the tracking system. Not only does this create a better understand-
ing of the equipment utilized, but it also provides an informal source of
information to scientists and engineers about participation in other NASA

projects. The second relates to the benefits derived from participating
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in'this'unusual method:of'project'management. Undoubtediy;'some“of thel
: good p01nts of NASA management are observed modlfled ‘and adopted naﬂx
Australla for example, ‘a Shlft from c1v11 service operatlon of statlons

to the prlvate contractor mode was greatly influenced by NASA's.management3

'experience; This has resulted'in a great deal of’flexibility;-notwtypical o

in Australla of addlng or reduclng staffs as tracklng requlrements change.v-»

Economlc beneflt is another reason often suggested to 1nduce

'vcountries to part1c1pate.“ NASA pays for the operation of the statlons

-although some of the host countries voluntarlly contrlbute funds, 1nc1ud1ng"*

-emuch of the cost of developlng the communications 1nfrastructure to support_fﬂ

4 the statlons.1 Further, 1n countrles ‘where forelgn exchange is 1mportant

'.these statlons are a source of some earnings.

‘ In‘summary,Vthere~does Seem-to be signiffcant benefit“toshostﬂ~fet
"conntries. The 1mportance from a management perspective, 11es in the. factvrl'

ii'tthat NASA has recognlzed the value of empha3121ng the benefits. . Instead ofij

:-; restlng on the early enthusiasm that was generated for partlclpatlng in thleQ

pace program, NASA managers have contlnued to emphas1ze a wide varlety of

Jhbenefits‘_



THE ROLE OF COMMUNICATIONS IN THE TRACKING ORGANIZATION

One of the most-important_aspeéts of .the tracking experience is
the role of communications. NASA's facilities for communications are .such
that tbe stations in any network can be in immediate contact with each other,
and all are in constant communicatiop with their‘cont;ol centers., From NASA
Headquartgrs in Washington, D.C.,and“other ipstallétions throughout the
system, it is possible to speak to any stat;oﬁ in fhe world as quickly as
it -is -to make atregular telephone call, This abiliﬁy to communicatelrapidly

has ag'important effect on the structure of the system and the ability of
NASA managers to give techni¢a1 aﬁd administfétive direction to it.
Thié demonstrates an important faget‘of administrétive theory showing Fhat,
"Communications is the cementthat makes organization” gnd-"Communications
alone enables a group fo ;hink together, to see togethgf,vand to act
togethér."17 Of particular inﬁerest is the role that ﬁgchgology played in  
enabling NASA administrators to shape the kind bf.organization theﬁ wanted.
For while "1t is communicaﬁipns, that is, the ability to transmit‘messag¢s>,
and to react to them, that makes Qrganizgtions..,.,“18 in this cgse'the
technology itself was a critical factor in sﬁaping fhe administrétive system.
It provided the capability of real time communications with any station in
the world and the potential for bringing together, in a highly centralized
decision-making structure, all of the suborganizations (tracking stations)

which utilized many methods of impiementing decisions, That NASA was able

17. See Karl W, Deutch, The Nerves of Government (New York: The Free
Press, 1966) p. 77.

18. Ibid,



- 26 -

to organize_its-traqking.organization-thisvway ié a tribute to the
adminiétrative skills of‘its staff; ﬁhat it could do‘sdnis as much a'funé?
tion of the techﬁology as bf_the'administfétiVe‘factoré of flexibility and
farsighted management., However, because of the expensive, complexltechnélo-
éical communications system, fhe NASA trackiﬁg drganization's éérticular
structure may.nbt be easily adopted by o;her international or multinational
organizations. The-approach;‘however;,as well -as an underStandiﬁg ofvcomf
' muni§ati6n'in shapingxéﬁch prgéﬁization,‘is iﬁportanf'fo fhés; ihﬁefeéted
'in,managemént. | |
Oﬁe of the céntfé1‘factor; in this.particular kind of‘commuﬁiéa;
',tions structure is the effeét it éan ﬁéve‘oniorganization loyaltiés;' The
_._cqnstant direct communicétion between the fraéking stations.aﬁd NASAfé |
'field‘denﬁérs>;nd ﬁeédquarteréloperatioﬁs enhéhces 1oyélties to NAéA_énd
'thé traéking syste@._’This has led to-the intéreStiﬁg phenomenon‘of_a'éﬁ1~
:.turally va;ied force extrémely.lqyal_tO'qné organizationallsystém, In-
’ fact, the commnniéationé systémlandbfrééking ofg;hiéafion‘tﬁat have grown
'_aroun& NAéA operatibns havettraﬁsceﬁdgdithevhational‘Ea;riefs'betweén th¢:
:éountfiéé invélved and, orgénizatiohally, penetr;£éd théi; c#lture in a-:"
'wéy that could not béfaccompiishéd tﬁrpuéﬁ'norﬁai,difiémﬁfié;;gécia1;:ap@i

commercial relationships.



- CONCLUSTONS

= A review of the experience géinéd.in developiﬁg.a-ﬁbrldwide
.tracking network demonstrates"somé important factors in public administration.
One is ‘the significance of organizatioﬁal develépment,versus organizational
control strategies in establishing an»organiéation, particﬁlarly in relation

to- the type of objectives sought. 'Public adminiétrators, éspecially those

PR

Frafe i

“educated and working in the Weéféfﬁ'World,'wﬁe;vfaégh @iﬁﬁithe'ﬁéedjto create
 an organization, often have as their concern the questidn of'héw tﬁéﬁ organ-
ization can be controlled and made accountable in a narrow servxse,.]-9 'Wheﬁ
,.this occurs, the goals of the orgaﬁizaﬁioﬁ Eanﬂgeéé&g';.éécdgégﬁg gg&ective,
overshadowed by considerations of pfeéédeﬁt énd'csncéfﬂ f;f ééntfglling
money and personnel. -This may be an acceptaBle apprdéch‘ig situations where
‘_aﬁfOrgaﬁiZafidd is being structured to meet é'relativeiyzsimpie éoai.énd -
”whefe the"envitonment‘in‘which it musf.épefate is e#pééted fo.feaain=
unchanged.; Where the opposite is the case; and when ghe goals.of aﬁ'orgén-
‘izatiqn are to substahtiéllyAalter its ggvironmeht, a development Strategy
‘requires an emphasis on objectives.

.. The most effective organization in this situati&n‘is_onélﬁhich
'provideg an innovative climate, characterized by flexibility in bperatiqns
‘and a relatively non-hierarchical communications process. Planﬁing and

operations have to be closely integrafed with ﬁinimal seééraéiéns:ﬁetween
the two functions, and a cosmopolitan atmOSphere-mﬁét exist wheré administra-

tors are adaptive and able to see the effects of their actions on others.

19: See Victor A. Thompson, "Administrative Objectives for Deveiopment
’ Administration," Administrative Science Quarterly, Vol IX, No. 1
(1964), pp. 91-108.
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l'Organizations'whiCh have these charactefistics are becoming~increasingly
necessary in the industrialized world as well as in the less developed.
:countriea. When tney egiat in a favorable politiqal and funding environ-
ment it is possible to achieve a great deal,  Certainly this was the case
with the tracking stations and the space program durlng the 196O's°

| In spite of the fact that few pub11c adminlstrators wotk in enV1ron-
ments -as favorable as NASA's,uit'does'not.mean;that thiS'experience doesv‘
not have general applicatlons. For example, some administrato:s in thedU:S.
‘: AID program and in multinational techn1ca1 assibtan( organizaticns,‘ieari
they caant.take~the.kinds»of.organizaticnalvrisks,to bring ahout'the radi- .
cal change necessary to be goal oriented; rather thuy involve themselyes.
:‘in‘dfganizatidnallconttdl andisurnival; “An inpottantiiesson of the trackiné
kstatipn,expetience is that_organieational;age_and the -degree  of bureaucrat?,

ization are only some of .the factors to be considered in determining whether

"~ developmentalgoals can be met, since it is evident that quite significant

_changes can be‘btought about through older,.mote~established bu_reaucx:ac'y.t
.”The Department OfJSUPély in aiBritish.Gpmnonwealth.cquntry, an engineering

. faculty. in a Latiannerican univetsity, and-gcvernnent_scientific organiza-
tions in many countries are not -the kindquf organi;ations'that'would-
ncrnaliy Bebexpected to‘participate_in.radicaiiadministrative éﬁéﬁge{ fé;,'

- NASA, with a flexible but_re3ponsib1e approach, was ‘able to"work with these:"
traditional organizations s0 that collectively they were able to overcome N
isome unique and difficult technical and organizational problems. ThUS'lt

. is possible that a.developmental'organization strategy. can be used hy a

variety of existing organizational structures to meet developmental goals.
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INTRODUCTION

This study, which examines the operation and administfation of
NASA's tracking stations in Australia, was undertaken in_mid-1969. It was
to be one of several case studies scheduled to be part of a larger study of
thé worldwide NASA tracking system, Unfortunatély, it was impossible to
arrange field visits to other overseas stations, and the research had
to be_significantly modified. However, this report on Australia was writgen
as an independent document and is intended to be of use by itself. Since.
1969, some of the facts surroundihg the tracking operation have Changed;-and
where it was possible,without another field visit, the text has been
adjﬁsted. The conclusions have not been modified and can be judged by
readers with the advantage of hindsight.
It is useful to understand why Australia was singled out for this
study. The basic reason was that tracking operations there represent what
'might be termed as NASA's "ideal model.'" The stations in this country are
operated by the host country for the U.S. space program, and it has been
NASA's stated goal to maximize wofking relationships .of this character, !
"Australia also is typical of a number of other countries which have had NASA

B

tracking stations located on their soil, and which together represent a

1. See Gerald M., Truszynski, "International Benefits of Cooperative Track-
ing and Data Acquisition Agreements," United Nations Conference on the
Exploration and Peaceful Uses of Outer Space, Vienna, Austria (July 10,
1968), for a discussion of characteristics of the typical working arrange-
ment.






large part of the overall tracking operations.? Characteristics of these
countries are a common English language, a similar British heritage, a
Western orientation in culture and politics, and a high technical compe-

tence.

There were some aspects of space tracking in Australia which
were unique and justified choosing to do the study there. Australia is
the largest and, organizationally, the most complex NASA tracking operation
outside of the United States. It is the only country in_which NASA opera-
tes abroad where there is a large management structure with responsibilities
for operating stations over a widely dispersed geographic area. Presently,
there are four stations in operation, but in the past thére have been as
many as seven, It is also the»ohly country in which NASA operates stations
from all three éf its networks.3 While there are counfries in Yhich NASA
has étations for more than one of its tracking networks, the operations
in those countries are not as extensive or as organizatioﬁally developed
as in Australia.

To undertake this study, the relevant files of the National
Aeronautics and Space Administration have been reviewed, and interviews
have been held with the participants in space tracking in both the United

States and Australia.

2. These countries include England, Canada, and the Republic of South Africa.

3. The three NASA space tracking networks are the STADAN, Manned Space Flight,
and Deep Space. The STADAN and Manned Space Flight Networks have recently
been merged administratively into one. The Smithsonian Optical Network,
which is paid for by a grant from NASA, is not, for the purposes of this
study considered a NASA tracking network.



THE AUSTRALIAN ENVIRONMENT

Before examining the operation.of the tracking entgrppisg, brief
consideration must be given to the broader environment in which the stations
operate. Many of the reasons for particular decisions affecting tracking
are directly attributable to factors arising from the overall Australian
milieu.

Australia is approximately the same sizé as the continental United:
States with a population of more than 12 million people. It has vast eco-
nomic resources that are just beginning to be»fully utilized. (Despite theﬁr
low population, it is essentially an urban society; Australia's major pro- .
blems in continued economic growth are a lack of people and water.K;Ihe,
economy is geared to full employment, and historically there have been more-
jobs than people to fill them. The politica¥ systeﬁ is structgféily a mixed
federal/parliamentary form of government with a great deai of authority’for
. domestic affairs lying within each state. The central (Commonwealth) govern-
ment copsists of a highly autonomous, protected civil serﬁice'(gimilar to
the British system), a bicameral legislature which, because of the system
of apporfionment and voting, is over-representative of.rural intefests,'and.
an executivg made up of a prime minister and 24 cabinet ministers drawn from
the Parliament. The legislature has few permanent committees, and this,
coupled with the rural bias of many of the members, has led to little par-
1iamentary interest in science and public policy issues, The ci?il service,

because of its expertise and interest, generally has assumed responsibility



in this area with cabinet members providing policy direction.l Since
World War II, the position of the government has been relatively constant

. wi;h a coalition between the Liberal Party and the Country Party dominating
" the Federal political scene.?

Government support of science has largely centered around govern-
ment laboratories, staffed and run by civil servants.> Most non-defense research
and development is undertakeﬁ by the Commonwealth Scientific and Industrial
Research Organization (CSIRO) which itself is staffed by civil servants.
Relativély little work is performed outside of these orgénizations, with X
universities and industry playing a minor role.” However, research funds
seem to be utilized effectively, "at least, if scientific productivity is any
gauge., The country ranks tenth in the world in this respect among the. 14 -

nations that produce 90 percent of the world's outpu't',S while in ‘1960, her

1. For an expanded discussion of these issues see Gerald E. Caiden, The
Commonwealth Bureaucracy (Melbourne: Melbourne University Press, 1967),
Pp. 6-26; Carl J, Friedrich, Constitutional Government and Democracy
(Massachusetts: Blaisedel Publishing Company, 1968), pp. 213-224, 387.

2. This was almost upset in the October, 1969, elections when the Labor
Party came within a few seats of controlling the government. In 1972
the Labour Party did come to power; however, the long run effect of a
party change in govermment on U.,S. activities in Australia is uncertain.

3. The percentages of total government research budget spent in government
laboratories in 1960 was about 85 percent. This compares with 46 percent
in the United Kingdom and 23 percent in the United States; R. C. Ward,
"The Role and Function of Science in the Modern Community," Public Admin-
istration, Vol. XXVII, No. 2 (June, 1968), pp. 104,

4, In 1960 the distribution of total research expenditure in Australia was
~ approximately 20 percent in industry, 12 percent in universities, and 68
percent by government. Ibid., p. 103, This does not include the costs

of operation of universities which are all government financed.

5. Derek J. De Solla Price, "MEasuring the Size of Science," a paper deliv-
ered to the Israel Academy of Science and Humanities (February, 1969).



research expenditure as a percentage of GNP was lower than most of the
countries in this group.6

The state of Australian industrial development~is another important
consideration in understanding the environment in which the tracking stations
operate. In recent years, the Australian economy has been growing rapidly,
financéd in large part by foreign capital.7 British and American companiés
with Australian subsidiaries traditionally have dominated industry, but
recently others, such as the Japanese, have entered the market.8 For example,
of the four contractors operating tracking stations over the past séveral years,
only one was an entirely indigenous firm. This tradition of foreign owner-
ship is important in understanding why industry has not participated very .
significantly in basic or applied research and, instead, depends largely
on imported technology.? Parent companies generally have not developed pro-
ducts specifically for the Australian market because of its relatively small
size and similarity to other markets. Subsidiaries usually are used  as
assembly, sales, and marketing facilities and, as a result, do not maintain

laboratories in the country. The commitment to industrial research and

6. Ward, op. cit., pp. 103. For example, Australia spent 0.6 percent of GNP,
whereas the Unitad States spent 2.7 percent, the Netherlands 1.5 percent,
and France 1.0 percent. ' "

7. It is estimated that between 1956 and 1964 the percentage of foreign own-
ership in Australian manufacturing enterprises increased from 25.1 percent
to 29.8 percent and is likely to continue increasing. See G. G, Moffatt,’
""The Foreign Ownership and Balance-of-Payments Effects of Direct Invest-
ment from Abroad,' Australian Economic Papers, Vol. 6,. No. 8 (June, 1967)
pp. 1-24,

8. Caiden, op. cit., p. 8.

9. §. Encel, "Science and Government Policy IV - Australia,” Public Admin-
istration (Sydney), Vol XXVII, No. 2 (June, 1968), p. 174.




development is thus limited and has an important effect on the question of
technology transfer.10

Australia's international relationships are also important to
consider. Australians, almost universally, sece themselves involved in a
partnership with the United States in matters of basic foreign policy. In
addition, on the social level there seems to be a growing affinity towards
the United States, although the strong . influence of their predominately
British heritage continues.ll The extent of the social penetration is
evidenced by the adoption of a significant number of American television
programs, movies, and other forms. of entertainment, 12

In the area of space research, CSIRO. and the universities have
been active in the fields of radio and optical astronomy for many years.
Space eﬁploration other than the tracking involvement has focused on activ-
ities at the Woomera Range where the Australians have specialized in

providing facilities and staff for the British and the European Launch

Development Organization (ELDO). Australia has orbited her own scientific

10. This, of course, is a generalization. ~ICIANZ and BHP have had labora-
tories for several years, Ibid., p. 188. In mid-1969, IBM (Australia),
Limited announced the opening of the Australian System Development
Institute. Financial Review (Sydney), May 13, 1969.

11. A former Minister of Defense and Supply has said recently that haV1ng
large numbers of Americans in Australia emphasized the many similarities
between the peoples of the two countries, not only individually but in a
common heritage and past history of development., Interview with the
Honorable Allan Fairhall, Minister for Defense (July .17, 1969).

12. For example, in television at least 50 percent of the programing must
be of Australian content., However, of the imported content, about 75
percent is from the United States versus 20 percent from the United
Kingdom. Personal letter from M, I, Homewood dated August 27, 1970.



satellite using a U,S, rocket, but a systématic progrém for space research
‘has not yet been developed.13 Indeed, in some respects the policy that
dogs exisﬁ is negative.14 There are a number of'U.S.'Defartment of Defense
activities in_this area, but they.are generally United States planﬁed

and implemented.

13. NASA put its Worldwide Tracking & Data Acquisition Network at Australia's
disposal for this satellite:. See "Australia to Send Up Own Satellite,"

Melbourne Age (May 19, 1967).

14, An example of this was reported by one space scientist who indicated
that the only way he can place experiments on joint British and
Australian rockets is to apply as a Britisher because the Australian
government will not fund independent scientific experiments involving
cooperative arrangements with other countries.



THE DEVELOPMENT OF SPACE TRACKING IN AUSTRALIA

In order_to understand the administrative and organizational
issues of the tracking operation, it is necessary to trace Australia's
involvement in space activities and the long term relationships that have
developed with NASA.

During World War II, the United States and Australia developed
working ties that were both extensive and mutually rewarding. Militarily,
the United States contributed significantly to the defense of Australia, and
much of the direction of the war in the Pacific came from her shores.

- After the conclusion of hostilities the British role in the area diminished,

-~ and the defense relationships with the United States continued to expand,

culminating today into what is almost universally viewed as '"The Alliance."
From these experiences a reservoir of mutual feeling and interest developed
which virtually assured acceptance of the U.S, reqﬁest to locate tracking
facilities in Australia. Likewise, the confidence of Americans in the capa-
bilities of Australians was such that the opefation of the stations by them
did not raise serious concern.l

One of the important reasons this capability existed was due to
the development and operation of the Woomera rocket range. After World War

I1, Australia decided to participate in the newly emerging fields of missile

1. When the contracts for operating the worldwide tracking system were first
proposed, the initial NASA approach was to call tenders for operation of

the network, including Australian stations, but NASA finally agreed to
meet Australia's wish for Australian operatlon. Personal letter from
M. I, Homewood dated August 27, 1970.



testing, radar, and communications technology. With British financial
support she developed a test range using her unique resources of large
" areas of uninhibited territory, ﬁroviding Britain with a much needed test-
.ing site.? Thus, they were able to develop competence in the field to an
extent that was significantly beyond their own economic>capabi1ity to
finance. As a result, several important things occurred which were to
influence the introduction of spacecraft tracking into Australia. In the
 first place, Australia developed a reputation in the west.forjhaving>com-
petence in.range operation and tracking, Australian range personnel becéme
acquainted with their U.S., counterparts, many of whom eventually becameﬂ
responsiblevfor establishing the U.S. tracking system.  Seééndly, tﬁe
Auétralian government, and the Deﬁattment of Supply (DOS), in particular,
| estéblished itself as the maintenance and operations agent fof another
gove?nment.3 This predated the first NASA'involQémegﬁlby a full ten years

and colored the way in which Australia viewed the relétionships'to be

2. Interview with John Knott, Director General, Posts and Telegraphs, and
former Secretary to the Department of Supply (July 7, 1969).

3. Admittedly this was not an arms-length arrangement because of close
Commonwealth ties. The Weapons Research Establishment which operates the
Woomera Range is itself a joint projects activity with the United Kingdom.
Half of the expenses of Trials Wing of WRE are paid for by the English,
and many British technicians, engineers, and administrators have been
stationed in Australia to perform a large part of the British-oriented
activities. '

4, The Minitrack, which utilizes radio interferometers to do this, eventually
. became part of the more sophisticated STADAN system. The Baker-Nunn sys-
tem, which optically locates satellites, continues its independent existence
and is operated for NASA by the Smithsonian Institution. For a layman's
explanation of the ways the various tracking systems function, see William
R. Corliss, Spacecraft Tracking (Washington, D.C.: National Aeronautics
and Space Administration, October, 1968).




established with the United States when requests were made for the construction
of tracking stations. ‘ | |

The International Geophys1cal Year (IGY 1957- 58) marks the beginning
of the U S. - Australlan cooperatlon in tracklng and 1nvolved the placxng‘of
a Minitrack facility and Baher—Nunn optical tracking camera at Woomera.
The Minitrack facility was installed by the Naval Research Laboratory as
part of the Project Vanguard Program and the Baker-Nunn camera by the
Smrthsonlan Institution as a part of 1ts attempt to record the movement of
space satellltes around the earth. .From the beginning, these,programs were
cooperatively executed, and4a basic-pattern was established having pPro-
gram dlrectlon and tracklng equlfment comlng from thelUnlted States w1th
admlnlstratlve and operat10na1 management provided by Australla- The.ba51c

t

arrangement per31sts today and bears a resemblence to the original working
relatlonshlps establlshed w1th the British. An 1mportant corollary to
these events is that both the Smlthsonran program and the Vanguard Track-»
ing Program rncreased the technical intercourse between the two countr1es.5
This meant that, when it was decided to have stations in the Southern
Hemisphere, Australia was quickly chosen as the country in which stations
might be most nrofitably located; Prior involvement, geograohic location,
political stabdlrty, and cultural affinity'aii.played an important part

in.making the decision.

5. 1In the case of NASA's absorption of Minitrack this included both men and
material. Many of the former Naval: Research staff are now with NASA
in senior executive p051tlons.



The relationship that developed between the Department of Supply
and NASA, after the latter came into being, was conditioned by the pressure
to establish working agreements for a worldwide tracking system in a mini-

¢ N

mum amount of time. The primary reason for this was the need to establish
stations for the Mercury network on an east/west axis throughout the world 0
Ausfralia_was essential to the program because of its geographic position
halfway around the world from Cape Canaveral and directly under the orbit
path of vehicles launched from there. It was estimated af the time that

such a Mercury station would improve, by a magnitude of ten, déta on re-entry
trajéctories.7 This was a crucial factor in the eariy manned-flight program,
As a result of these fime pressures, negotiatiods weré rapidly cbhcluded,
agfeement betweeh the two techpical égencies taking place before, but subject
to, the conclusion of diplomatic negotiations befween the two COuntriés. The
’sequence of events was important becaﬁsg it emphasized technical reéuirements
over political considerations and provided impetus to the practice of focus—
ing on operations and performance as oppoéed to diplométic negotiations.8
‘The patterﬁ of létting the technical people develop the operating Eelation—

éhips with the politicians ratifying them in the form of broad, flexible

6. Interview with Edmond C. Buckley, former Associate Administrator for
Tracking and Data Acquisition, NASA (February 28, 1969).

7. See NASA Office of Tracking & Data Acquisition; Memoranda to the Files
by J. K. Sterrett, Spaceflight Operations, Subject: '"Need for Australian
Tracking Stations and Project Mercury" (September 23, 1959),

8. However, today's method of negotiating new agreements follows a more
traditional pattern. In a personal letter from an Australian External
Affajrs Officer, dated September 28, 1970, he says, '"...current practice
is that government-to-government agreement on a project is required
before work on a project may be commenced. (This procedure, of course,
does not preclude preliminary technical discussions being carried on at
the same time as the terms of the agreement are being negotiated,)"



agreements remains a cﬁaracteristic of present day relationships. As a
result, it tends to encourage the systemic feature of the arrangement
as opposed to government-to-government relationships.—9

In this regard; the immediate posting of a NASA representative
to Australia was important. One of the first things agreed to by the Depart-
ment of Supply and NASA was to have a senior NASA executive physically
located in Australia.10 His responsibilities were, and continue to be, to
provide liaison for NASA-OTDA with the Department of Supply, particularly
in matter of policy, administration, finances, public information, and other
NASA-related activities;- He is responsible for maintaining liaison with the
United States Embassy, ‘although his primary concern is with ddy-to-day
"relationships with the Department  of Supply, Thus, the U,S, Mission in

Australia; while informed about NASA activities, spends relatively little:

9. The idea that engineer-to-engineer relationships make the system work
and that it is the administrators and politicians who cause difficulties
is at least one the senior people in the system support. For -example,

a senior executive in the American Projects Branch, Department of Supply,
suggested that the system works well in Australia in part because the
politicians stay out of operations. A senior NASA administrator indi-
cated that if it were up to him, he would never locate a station near a
capital which housed a U.S, embassy, because although the diplomats mean
well, they generate delays and problems with the host government due to
their awareness of the presence of the stations. However, as -indicated:
in footnote eight, the U.S. Embassy in Australia did not feel they were
over-involved, due in large measure to the activities of the NASA Senior
Scientific Representative. '

10. See National Aeronautics and Space Administration, "A Study of NASA's
Authority and Responsibilities for Establishing Tracking & Data Acquisi-
tion Stations in Australia, " Office of Tracking & Data Acquisition
(February, 1967), pp. 15-1 to 16-3. The Jet Propulstion Laboratory and
the Goddard Space Flight Center have also maintained representatives.
Their function has been to focus on the technical operat10na1 problems
of the network they represent



- 11 -

direct time on them.ll Although other U.S., government organizations have
similér arrangements, what is important is that NASA's representative
reinforces the preeminence of the two operating orgunizations involved %g
tracking. It is also important to note that this process has been further
reinforced as communications within thg tracking network improved. Real-
time communication 1links are so developed that verbal communications between
NASA in the United States and the Australian tracking establishment occurs
uninhibited by international boundaries,

The initial agreement between the United States and Australia
prqvided for five tracking sites.l? In addition to the two already located
at Woomera, a Project Mercury Station and a Deep Space Flight Statidn_wére
to be installed. The fifth station was to be another Préject Mercury site
at Mnchea; near Perth, in Western Austraiia. Ali of the stations were‘to
be operated by the Department of Supply and, more specifically, by the Weapons
Research Establishment (WRE), the organiéation within Supply.responsible

for Woomera's operation. Australia was to be the only country in the Mer-

cury system where the electronic equipment would be installedbby host

~11. The men most directly concerned with these activities--the chargé
d'affaires, the political officer, and the economic officer--suggested
in a interview that they spend less than one percent of their time on
NASA matters because of the presence of the NASA Representative., Inter-
views with Messrs. Edward Cronk, James Martin, and Frank Mau (July 8,
1969). This minimun investment of embassy staff time -is a long esta-
blished pattern. Essentially the same relationship was in effect when
the stations were first built in the country. Interview with Mr. Doyle
Martin, former U,S, political officer, Australian Embassy (June 17, 1969).

12. Op. cit., "A Study of NASA's Authority and Responsibilities for Establish-
ing Tracking & Data Acquisition Stations in Australia, " pp. 3-2 to 3-7.
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country personne1.13' This agreement marked the‘beginning of a tracking’
system within Australia with civillsérvants responsible for maintaining
and operating an organization with ge&graphically séparated parts and
staffed by several hundred employées including scientists, engineers, adminh-
istrators, and support pérsonnel, This:contrasted:with thé rather small
contingent that Australia provided at a single site as pért of its contri-
bution to the International Geophysical Year. 'Obviouély,fthe pfoblems of
the governmment in operating what now came té be a "traéking busineés” were
much more coﬁplex; An immediaﬁe issue that arose was the feasibility of
using civil servants. In this reéﬁect, one of the more importaﬁt'qﬁeétions‘
was wheéher a large staff of govefnmeﬁﬁ eméloyees could be méintained; with
all of their civil Serice>employmént protections, in a situation where -
stations.hight be abolished ét short'nOtice at the discretion of another
.government.

In spife of the difficuities of usihg government employéés to
operate stations, the Weapons Research Establishmeﬁt attempted to do so
for the first few years after the basic interébVernmental agreement was
signed. Operational efficiency on all the stations was always very high,
but becausé of such difficulties such as the length of time required to recruit

~into the public service, the stations were plagued by a shortage of staff.

13. R. M. Goetchius, "A Global Communication and Tracking Network for NASA -
-~ Project Mercury" in Fremont E. Kast and James E. Rosenzweig (eds.),
Science, Technology and Management ' (New York: McGraw Hill Book Co.,
1963), pp. 276.

14, Interview with Ian Homewood, Assistant Secretary, Projects Branch,
Department of Supply (June 23, 1969).



During the early 1960's, even as these original stations became operable,
NASA's increasing needs led it to request additional tracking sites in
Australia. This culminated in agreements, signed in 1963 and 1965, for new
stations to be located at Carnarvon (Western Australia), Darwin (Northern
Territory), and several to be located in the Australian Capital Territory.15
In the meantime, with the completion of Project Mercury, its stations were
closed. The increasing size of the tracking operation, with a projected
staff of approximately eight hundred people, made continued operation of.
them by public servants extremely difficult. As complexity increased, the
response of the Department of Supply and the Weapons Research Establishment
was to form, in 1963, the American Projécts Division, a projectized group
within WRE to provide direct management and operations of the system.

Prior to this, operations had been directed through the fun;tional branches
of what is essentially a scientific and technical research organization.
This'was notxsuited to the specialized operation which the tracking enter-
prise had become, and the new Division was formed with a certain amount -of
urging from NASA, whose own tracking organization is projectized. However,
-while this new arréngement provided the structure in which a new administra-
tive emphasis could be placed on tracking, it did not address the fundamental
question of staffing. This was finally resolved when the decision was made
to move to private contractors for maintenanée and operation of the stations
and to rely on a small cadre of public servants to provide policy, technical,

and administrative direction.

15. Op. cit., "A Study of NASA's Authority and Responsibilities for Esta-
blishing Tracking & Data Acquisition Stations in Australia, ' p, 3-9.
The station at Darwin was not permanent and was only utilized to sup-
port a single program, - :
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The movement to this mode of operation represented a melding of
the several different interests of NASA and DOS, the most important being
that, if work load requirements changed drastically, the Australian public
service would not have to absorb a large body of specialized engineers and
technicians, In‘addition, the Australian government, which is concerned with
encouraging its own industry, saw it as a means of ''spinning off! into the
domestic environment, some of the technical and management knowledge acquired
at the stations.16

The move to the contracting approach was not without precedent
in the Department of Supply.  During World War II, when the Department's
responsibilities for military procurement ‘significantly escalated, Austra-
lian industry successfully contracted to produce the arms, ammunition,
clothing, etc., that the 'Department's factories had been unable to manufac- -
t:ure.]'7 However, the American Projects Division was unique in the sense
that, for the first time on a large scale, privéte industry was asked to
provide a service to the government which did not produce goods, but rather
met a personnel function of supplying technical expertise on a continuing
basis,

The role of NASA in the evolution of this pattern of operation

was not entirely a passive one. The NASA-operated tracking stations, both

16. Interviews with M, S, Kirkpatrick, Deputy Director, Trials, WRE,
(Ju;y 2, 1969); Honorable Allan Fairhall, op. cit.; Mr. John Knott,

op. cit.

17. Interview with T, F, C. Lawrence, Deputy-Secretary'(Research and
Engineering), Department of Supply (June 26, 1969).
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domestically and internationally; had followed the same basic pattern from
the time it had become responsible for the system. NASA had also wanted
to avoid the problem of having a large cadre of civil servants operating
stations, but unlike Australia, wﬁich éerceived the move as a means to develop-
ing industrial expertise, NASA saw the use of private contractors as a means
of bringing into government technical skills that were already vested in
the private sector. As a result of the.very successful relationship that
‘NASA evolved with its private contractors, it strongly supported the adoption
of this method of operation when the problem of staffing hecame acute in
Australia.

_The move to the use of contractors created new difficulties in
the operations of the stations. It raised for the first time the issue of
union-empioyer'relationships. Auétralia’s work force is highly organized,
and employees of the contrécto:s bélong to several unions. Labof relations
is governed by a system of compulsofy‘arbitrationfwhich subjects almost all
issues to legal adjudication. However, it is not uncommon for strikes-to
take place in spite of the system, and this caused a great deal of concern
because of the operétional reliability that the worldwide tracking systém
requires. A strike or threat of strike just before or during a mission
would give a significant amount of leverage to a union seeking to win. benefits
for its members. Two things have happened to minimize the possibility of
this kind of disruption. - First, in 1965, the Metal Trades Employers Associ-
ation, which is the representative of the private contractors, sought and
received an arbitration award legally establishing space tracking as an

industry, while separating the roles of the Départment of Supply and the
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private contractors from each other 18 and establishing the terms of
employment for workers at the stat:ions.'19 This provided a uniform basis

for adjudicating the demands made by the many unions represented on the
stations and legally, at least, separated what is a very blurred division

of authority and responsiblity between the DOS representatives and the con-
tractor's administrators.20 However, this by itself does not explain the
absence of major strikes, si;ce‘the,same typeS‘of awards exist in other
industries characterized by laﬂor strife.?l Rather, a second factor seems

to be more important. The staff at the stations have developed a high degree
of loyalty to the NASA trackingAsyétém and to the high performance of indivi-
dual stations in that system, There are a number of reasons for this
phenomenon, not the least ofIWhich'is a sense of international responsibility
which has arisen among the Department of -Supply, the private .contractors,

the unions, and the .station employeés.; Historically, these loyalties have

taken precedence over trade union concerns.

18. DOS is considered to be the contracting agency with NASA and responsible
for policy and direction at the stations, while the private contractors
are contractors to DOS and are respon51b1e for operation and maintenance
of each station,

19, See Commonwealth Conciliation and Arbitration Commission, Australia, Award--

Space Tracking Industry issued on February 26, 1966, No. B148-20465/66
and its modifications Nos. B2169-8934/67, B2266-8717/67, B3115-16449/68.

20. The awards that were made are looked upon as very favorable to the
employees' interests by the employers' trade association. Interview
with Mr, B, C., Hungerford, Chief Industrial Advocate, Metal Trades
Employers Association (July 19, 1969).

21, There was, up until 1969, only one strike for one day during the history
of the stations. It was reported that the employees did this at a time
when their absence would not seriously affect operations. There is also
a recorded case at one of the stations where union members refused to
follow their leadership and go on strike because of its possible effect
on a mission. ‘



In addition to the growth that tracking station operations caused
within the Department of Supply, there were parallel devélopments in other
Australian public enterprises. The two organizations most directly affected
were the Post-Master General's Department (PﬂG) and the Overéeas Telecommu-~-
nications Commission (OTC). Both of these organizations are responsible for
communications in Australia; with the PMG having responsibility for internal
messages and OTC for all overseas communications., .Supporping the stations..
.wés a significant challenge to both organizations, as NASA required a

‘dggree oﬁ reliability in communicgtions that had theretofore pe?er existed
fiq_Australia.22 As a result, new-equipmentvand"techniqugs had ;o‘be importéd.
lté'sustain the tracking operation. . For example, fhe:béén-lingiliﬁk between -
thé étation at Carnarvon and the city of Adelaidé,-whidh VAS'dné of the-
'.1dngest'in the world, was_supplementéd by a Comsat earth relay station,in
'jordér thinsurevthe reliability required by this isblatedfstatién ;n.WeStern
Auétralia;v:Thié was the first Australian Comsat station, and it.ﬁas speci-v
3 fically built to meet NASA requiréments.

- In addition to building new facilities, a continuingvsupportive
relétiohship evolved between the two communications organizations, the DOS:
and NASA. During NASA-declared, critical periods (such as Apollo missions).
_special precautions are taken, and all available'manpﬁwer is utilized to
insure that ﬁhe communications systems do not fail. One of the most impor-
tant reasons for this (just as with the labor unions) is the perceived.

international responsibilities which supporting the tracking network places

22, Knott, op. cit.



upoﬁ the organizations.23 On the other hand, government organizations have
'béhefited from NASA's support. Engineers- from the Department of Civil Aviation
and the Bureau of Metéorology have obtained a great deal of experience in sys-
tems engineering ‘and have parficipated‘inlstéffing the Applications:Technology
Satellite Station at Cooby Creek. This has enabled them to-gain knowledge’
'of”exPetimenté'of interest to their dféanizations in the fields of general
communieationg, aircraft comﬁuﬁicetioﬂs and navigation, and meteorology and:
data transmission. 2’ ' Finally, the money that NASA has spent in Australia has
cdntribﬁted siénificantly'tostﬁe revenues -of the ‘communications organization.
vFor example, leased ¢ircuits, which in 1969 “were the largest single revénue
earner’ for the Overseas Telecommunlcatlons Commission, increased OTC's -ifiter-
nationalﬂserﬁiées'revenue‘ftom 4.9 percent in- 1958-59 to 28 percent .in
ﬁl96f—68;25 OF "this amount, NASA now provides approximately 50 percent.’

’ '.As"the'd13cu§§ioh above indicates, thie growth of tracking .stations
in Austraiia evolved in three stages. The first began with a rather modest
commitment made during the original International Geophysical Year program
thteﬁgh 1960. The second was a stage of rapid growth, which extended between

1960 and 1965 end~culminated'in the basic patterns of operation which exist.

today. The' dispersion of stations throughout Australia, thé introduction of

R

23. Interview with staff members of the Planning and Research plus the Works
Divisions of the Post Master. General's Department (July 7, 1969).

2 See Department of Supply, "Applications Technology Satellite (ATS) Station,
Cooby Creek, Darling Downs, Queensland.” Central Drawing Office,
Maribyrnong, Australia (No Date), p. 6.

25. Australia, The Overseas Telecommunications Commission, Annual Report -
and Balance Sheet for Year Ended 31 March, 1968, pp. 5-8.




private contractors, the projectized, complex organization within the
bepartment of Supply, and the large-scalé commitment of other government
services all occurred within this period. The third stage-fthe.pfesent‘
AOne--might be termed the period of institutionalization. Tﬁe U,S,.and
“Australian commitments to each other seem firm; the size of the system
seems.to be established; and all involved seem to be concerned with peffect-
ing existing relationships rather than developing new oﬁes.26_ in>ponsidering
;ﬁése'stages it is evident that the system évolved 0ver.timevrather.thén
being the result of a preconceived initial plan. It wa§ reported, forﬂexaﬁple,
:'ﬁhat sihcé the first decisions to allow the stations into Australia,'ﬁhe basid.-
‘policy‘issués of their continued operation in the couﬁtry'héve ﬁot beén disg-
»i'cusséd at_the_politicalk(cabinet)'level of government,:eQen.fhéugh their
_size and éomﬁlexity have changed matérially.27, As a resultvof’this, and
' because of the uniqueness of the tracking UperdLiOﬂ 'aihighly‘pragmétié organ-
iéational arrangement has developed with 1oya1ties that.transcéﬁd.natiéﬁé1 

boundaries.

26. Exceptions to this, as of 1969, were the planned closing of the ATS station: .
at Cooby Creek and the addition of a new 210 foot dish at Tidbinbilla '
near Canberra, but these changes are within a basic system. Subsequent
to this research being completed, NASA agreed to leave the mobile ATS
station in Australia until mid-1970 for Australian authorities to pur-
sue their own experiments with ATS I, By keeping the station, Australians
‘hoped to give a major boost tothe solution of domestic communications
problems without Australia having to make a maJor capital 1nvestment
in such a fac111ty.

27 Fairhall, op. cit.



OPERATION OF THE TRACKING SYSTEM

As was indicated earliér, the initial placing of Australia's
space activities at Woomera led to the Weapons Research Establishment's
assuming operational responsibility for the NASA tracking stations. As
the system became more complex, WRE developed organizational structures
to adjust to greater complexity, with the movement to private contractors
and the projectized approach being the two major examples. On the other
hand, because of the civilian non-defense character of the tracking
stations, some within the Australian defense bureaucracy questioned the

1 This factor,

fationale of WRE continuing reépoﬁsibility for themn.
coupled with a major geographic movement of tracking activity from Woomera
to the Canberra area and the location of stations in other parts of the
Eountry, established the national non-defense character of the system and
Eeventually, contributéd to the removal of the America Projects Division from
hRE to the Department of Supply in Canberra.2

' After thé move to Canberra, Americaﬁ Projects was made a branch of
ﬁhe Research and Development Division of DOS and continued its role as manager
gf the stations. In addition, it remained respomsible (along with senior

policy people in DOS) for representing NASA's interests throughout Australia

and dealing with private contractors, the communications media, and other

1. Kirkpatrick, op. cit.

2. Three of the stations in Australia are now located there as well as the
major communications switching center for all of them.
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government agencies.3 In this role it 1is generally perceived by others as
the agent of NASA and has been thought of at times as oﬁer—representing
tracking interests. Undoubtedly, a great deal ;f its loyalty to NASA has
resulted from the projectized approach which ties careers and promotion to
satisfactorily meetiqg requirements of another government. Also, the fact
that real-time communications are achieved and regulafly used causes the
operational managers to identify more closely with those who direét'the‘
 system in the U.S.
The use of NASCOM also has system reinforcing‘effects on the atti-

tudes of station.persqnnel. The .stations have to be responsivg fo the operaf
' _ﬁional demands placed upon them by the individual system ofvwhich they are a
'-paff- This means that personnel can be in instant contact wifh each o;hgf
 and develop relationships and loyalties which would not neéessariiy occur
. ﬁithout ;he communications system. .This has led to the decentrélizatiéﬁ}of;
VOrganizational responsibility down to the individual station managér and«
his subordinates. American Projects Branch deals largely in overall opera-
tional policy, being concerned with how the Australian system ( a geographic
entity) works as opposed to individual stations which_arg prima%ily paft of

functional systems.4

3. Some of the more prominent are the Prime Minister's Department, Treasury
Department, Department of Public Works, Ministry of External Affairs, The
Post Master General's Department, and Overseas Telecommunications Commission.

4. Having the NASCOM system does not insure that effective communications
take place. One Australian station director indicated that in spite of
NASCOM, the greatest problem in the tracking system was communication.
He indicated that the periodic station director meetings help to some
extent. The need for face to face communications in human intercourse

has long been recognized by businessmen who still travel, in spite of
the development of inexpensive communications.



The basie pattern of station operation is to have a smallﬂteam
from the Deoattment of Suoplﬁ, usually a station directorl one or two dep-
uties, andhan edminietrative.officer, responéible for tﬁe overall ditection
of'the station. The actuai operation of toe etation is left'to>a privete
contreoto; led by a senior COmpaoj repfesentative or an operations and
maintenance_manager.5 Perhaps the mostvsignificant organizational queetion
occurs in the area of leaderSHip. ‘Private contractors have the“respohei—

‘ bility of operating the stations and their representatives:see it es'toeir
charge to do so'onder‘the eontrect. Station directors see it es their
responsibillty to oversee the operation of the stations, to make general
'station policy, to 1nsure that the contractors perform well and to make
sure the“stations 11ve up to their commltment to NASA. Invarlably this
leads to a number of gray areas in whicﬁ either of the two men may beJ
sensitive as to &ﬁd exereiseevauthority. A éood>examp1e is the extent to'
.and level at which the station director or his assistants can give>ofdefs

to the employees—of tﬁe;contractor. This issoe has recently Beenihighiighted
by the fect thet the Depaftment of Supply has begun to move to ineentive fee
contracts and>the'ouestion of ﬁOS'decisions affecting the awarded fee has

already been raised.b6 In a sense, the gray areas of station operation are

5. The separation of functions between operations and management are not
always as clear as this statement would make them seem. At the Carnarvon
Tracking Statlon, the Deputy Station Director is also one of the two flight
‘mission operators responsible for operating the station during manned
;flights. The other operator is an employee of the private contractors.

6. The use of incentive fee contracts for operation and maintenancerof tracking
"stations was evolved by NASA to improve effectiveness. The decision to
move to them in Australia was greatly influenced by the NASA experience.
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but a reflection of the broader issues raised when private enterpgise
‘becomes responsible for providing services to meet a public function

under thg direction of public servants. In Australia, the way in-which
these issues are resolved will pfobably depend a great deal on the pat-
terns that are finally established at the tracking stationms.

Another interesting f#cet of operations at'the Australian

stations is the question qf station loyalties. As was already'%pdicated,
strong tieg to NASA projects and the tracking system have developed at -

the stations. Loyalties are often with the individual station first and. .
:the network second, although, in‘some cases, this order seems to be reyersed..
' The Department of Supply and the contractoré run very far behind in,terﬁs':
- of employee identificatiqn. In addition to the role played by communicaf:
tions and the concept of international responsibility‘in causing this to |
_ogéup, several other factors must be considered. Some of fhe‘difﬁeréﬁces
in system versus station loyalty can be explained by the féct fhat different
‘stations are part of different tracking networks within.NASA. These sub—.n
systems‘have independent operation management, and their abilities to gener-
-ate 1oya1;y seem fo differ. 1In those networké where the'employees feel

that they are able to play an important and respected role in the ofera-
tions of the subsystem, there seems to be a high level of loyalty. In

those in which decision-making is perceived as being centralized with
little input allowed from individual stations, loyalties center on the
station.

The tendency towards station loyalty in all networks is reinforced

by a friendly competition among'thé NASA stations to achieve high pérforﬁance,
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Australians are particularly eomﬁetitive in this regard and their stations
consistently heve beeh rated very high. The reason can be attributed to
the "Australian National Characteér or Pride." While it is dangerous to
deal in generalizations about anj people aud particularly, to ascribe reasons
for these generalizations, in this case the phenomenon is so widespread that
even the most casual observer would see it.’ The feelihg of obligatien to
Australia's international responsibilities is a manifestation of this factor
as well as theAeitraordinary support‘given to the eommunications‘procese by’
OTC and PMG employees duriné eriticél missions. This feeling of responsibility
stems in part from the Australian need to make themselves known to the rest of
the world..uBeing<from d small nation in a remote part of the world,'Australians
have a streng desire to be reeognized. There is a great emphaeis on demonstra-
ting teehﬁical-competence'to the rest of the world and the effort in trebking
is one way of doing so. This character and the feeliné of pride eséociated‘
with it has led to a strong commitment to the individual stations and to cof-
cern for their effectiveness ihfthe syétem; - | |

| Having the stations in Australia has contributed to the general- '
interest in the epace program, which ih turn has reinforced the interest in
the stations.themeeives. Every yéaf thousands of people visit the traeking

sites and the.fact that the Stations are open and run by Australians is certainly _

7. To discuss national character is. of course, not unknown. Alexis de
Tocqueville s Democracy in America discussed the American character as
early as the first half of the 19th century.
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not lost on them.8 The general public interest cqnt;ibutes to ﬁhe prestige
of an individual participating in the tracking enterprise which in turn
leads to pri&e in the job.

.There is a paradox in the_diSCu531on'of loyalties. Although a
great deal of i£ can be explaiﬁed in terms of Australian pgide, the majority
of the fechnical people involved are not native born and, in a good many »
cases, a?e not citizens of the country. The reason for this is that Aust;a-
lian universities and technical colleges do not produce enough science,
engineering, and technical graduates to meet the needs of the society. If
the senior engineering and administrative staffs of the statipns are con-
sidered, almost 80 percent were born elsewhere. Most of these people (New
Australians) are originally from Great Britain and New Zealand. They immi—
grate or are recruited to Australia because of the opportunities for employ-
ment and are part of the net importation of scientists and technologists that
is now taking,place.9 Many of them come directly to the tracking statiohs to
work. Thus, whether they are working for private contractors or government
is often less important to them than the fact that their work experience is
at the stations and with the NASA controllers in the United States. This
eaées the problem of developing system loyalties.

The fact that many of the employees at the stations are from Great

Britain and that most others are from the large Australian cities has led to

8. It was reported that even at Carnarvon, a very remote site in Western
Australia, between six and seven thousand people a year visit the station.
In the Canberra areas, the numbers are significantly larger even though
the stations are purposely located in remote areas. Interview with Ted
Cohran, Director of the Bureau of Tourism, Carnarvon, (July 1, 1969).

9. Encel, op. cit., p. 172.
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special morale problems at the more remote tracking sites 6f Carnarvon and
Woomera which are away from urban centers. Because of their isolation; the
Department of Supply and NASA have gone to considerable lengths and expense
in providing adequate housing and other incentives for their staff. Re- |
cruiting for these stations is difficult; one of the important reasons‘for
locating the newer stations in the Canberra area was the relative ease of

encouraging people to live there.



WHO BENEFITS?

In the previous chapters, a history of the Australian tracking
system and a summary.of some key operational characteristics of currently
operating stations have been presented. TFrom this review, it is apparent
that benefits accrue to both the United States and Australia through the
existing arrangements. In this chapter, the question of the advantages
.and disadvantages will be more systematically evaluated., There is a two-
féld purpose in doing this. In the first place, it is worthwhile .
considering the interrélationships between operational successland the
advantaging of various groups in a society. On this basis alone it would
be valuable tq consider benefits, because, in this case, the issues have
bilateral, national, and sectoral ramifications. Secondly, the concluding
section of this paper will attempt to identify future operating cpnditions,
aﬁd to do this, it will be important not only to analyze what has happéned
in the past but also to consider how the benefit situation might be modified.

| In discussing the advantages of having the stations, it should be
ﬁoted that the incremental process by which the operation developed in Aus-
tralia meant that, at different times, different conceptions of its importance
were prevalent, Therefore, there is no easy analysis which can be made, list-
ing advantages and disadvantages and then measuring them against existing
conaitions. Rather, consideration must be given to the time frame involved.
It is entirely conceivable that benefits sought and discarded as unreachable
may some day be relevant. -Likéwise; today's disadvantages may be reversed

in the future,



The most important feature in the relétionships between the
Americans and the Australians is that they are in a situation where
everyone seems to win or, at least, not lose by having the stations.l The
benefits to Australi; involve a wide.range of considerations. Politics is
one of the most important of these. The increased intercourse between the
nations adds support to the Alliance, although these activities are far from
being crucial to it. There are other more critical relationships which are
so overriding that the absence_of the tracking stations would have little
impact, although their removal without cause by one or the other of the
parties would undoubtedly affect the relationship. This would be unlikely
to‘occur without some other more serious issue being at stake.2 Sufficeh
it to sayvthat cooperative tracking relationships are a small, but well
publicized, part of the entente. These international ramifications aré
quite obvious to both the American and Australian governments, and there
is almost universal agreement about them.

There are, however, more subtle domestic ramifications which
are less tangible or apparent. Australia does not have the same acceptance
of the role played by modern government in the promotion of basic scientific
and:teqhnological research that ogher countries, notably the United States,
have. CSIRO, with certain important éxceptions, is primarily involved in

applied research for very specific ends. Accordingly, the idea of supporting

1, In othef wordé, they are in an N sum as opposed to a zero sum game,
see W. H. Riker, The Theory of Political Coalitions (New Haven: Yale
University Press, 1962), p. 300.

2. ‘Interview with an External Affairs representative, Department of External
Affairs (July 10, 1969). '
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research with no obvious payoff has not been widely-accepted by the populace,
and it is certainly not of great interest to the political leaders, wﬁq have
considered such support uﬁprofitable. The involvement with stationé and the
U.S. space program has contributed to the understanding of the '"spin-off"
potential of research programs which may seem esoteric to most Australiané.
The benefits of NASA's involvement in this regard are intangible and obviously
not measurable., But the advantage is a real one, influencing senior leaders
who are attempting to create a climate of acceptance for similar kinds of
programs with_the‘voters.3

Another benefit that has accrued to Australia lies in the area of
science. There has always béen an interest in the benefits which might be
derived for her scientists from being able to use the equipment in the
stations and, in fact, the stations have alﬁays been available to scientists’
on a non-interference basis as part of the cooéerafive agreement befween
the two countries. As early as the International Geophysical Year; WRE had
arranged for odsidg scientists and some of its own étaff in the Woomera
stations to collect data. However, because of the ad hoc ﬁature of the situ-
‘afion, they never felt they derived as much from this as they migﬁg héve,
and when the American Projects Division was formed, a special research group
was incorporated whose function was to systematically use the stations for.
research 4 This group, although small had done a good deal of research

using stations in the United States as well as Australia.d

3. Fairhall, op. cit.
4. Xirkpatrick, op. cit.

5. Interview with Dr. David Robertson and his staff, Space Research Group
of WRE (July 2, 1969). :
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OQutside of WRE's involvemeﬁt, very few scientists have been able
to utilize the stations. There are a number of reasons fof this., In the
first place, radio pﬁysiés is the area wheré they would most likely be used,
and there are alternatives, the CSIRO radio telescope located at Parkes, New
South Wéles, being the most prominent; This is a world-famous antenna on which
much of the best work in the field is being done. 1In 1969, it was much
larger thaﬁ any NASA antenna in Australia aﬁd was used almost exclusively
for scientific research. In addition, it has a reputation-of being available
to all qualified scientists in the country.6 However, by.itself,this does
not explain why the NASA stations have not been used more often. There are
other uses to which the stations éould be put, and there is the needbinlmany
experiments to utilize several stations in Australia or around the world,
Aiso, there is g%eaﬁer demand for time at Pérkes than there is time aQailable,»
and it is 10gica1>to think that there would be.a spill-over onto the ﬁASA
stationsll Finally, at least in the opinion of one of Australia's leading
physicists, the rgsearch‘potential at the NASA stéfions is as great, if
not greater than, that at the Parkes facility, because, while the CSIRO antenna
is much larger, the equipment within the complex is in the ""™Model T" stage
as compared with the tracking station electronics.’ It is hard to imagine

-scientists not atteﬁpting to utilize the stations under these conditions,

6. In addition to the CSIRO staff, there is an unwritten understanding that
university scientists will have about 15 percent of the time,

7. Interview with Professor McCracken, Department of Physics, University
of Adelaide (July 4, 1969). Dr. McCracken is now an employee with
CSIRO.
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There are othef reasons why the NASA stations have not been more
fully exploited. One is the precedence that NASA missions (which are
extensive) must take.ovef other activities. Some, like the Space Research
group at WRE, have been able to work under these circumstances, but outsiders
have not yet been able to develop tecﬁniques for doing so. Another very
simple reason is cost. NASA has been willing to make the stations available
to scientists, but they do require that the operating costs of the stations
during extended experiments be paid for by the users.® While this is
certainly a "bargain," the fact remains that Australian scientists generally
do not have the resources available to pay for these operations. Obviously
this seriously limits their ability to use the stations. The traditional
behavior patterns of scientists, as well as the relationship between them
and the government, is another important faétor. Australian scientisfs as
a grodp have not yet become academic entrepreﬁeurs‘as have many qf their
counterpafts in other countries, notably the United States, and as a‘result,
have not mastered the techniques of recruiting govéfnment support for their
research, nor have they learned the ins and outs of working with the govern-

ment .9

8. Essentially, NASA is offering its large capital investment in men and
equipment and is willing to absorb depreciation costs. This is no small
amount as NASA has millions invested in the stations,

9. Interviews with E, G. Bowen, Chief of the Division of Radio Physics, CSIRO
~ (July 15, 1969); Professor McCracken, Department of Physics, Adelaide Uni-
versity; Professor Eric Rudd, Department of Economic: Geology, Adelaide Uni-
versity. It is not meant to suggest here that all is well between the U.S.
scientists and their government. But the problems that exist are not how
to establish relationships with the government but rather how to manage
them.
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The fact that the stations are under the jdrisdiction of the
Department of Supply has not faciiitated their use as Supply has not
t&ken an active rolé in-éncouraging outsiders. Being a paft of the defense
establishment, Supply has a mandate to encourage defense research but none
to support work of a purely civilian character. If Supply were actively tb
encourage such research, it would not bé supported by the other defense miﬁis—
tries which would consider it improper.lO Aé a result of this difficulty in
supporting civilian résearch, the"Debartment is not well known by scientists,
and while ﬁrobably they know that there are some opportuﬁites at the stétions,
they are not ciear how one-goes about using them.11

In sﬁﬁmary, while it cannot be said that science in Australia has
benefited enormously, there has been a worthwhile payoff to the country from
WRE's research. Government officials, as well as NASA executives, have
reduced theif initially high expecfations forvsuch activities because of
the CQmpléx proﬁléms which surround this question tbday.v

‘One area in which there has been continuing interest on the paft
of Australians has been.the technical payoff from having the stations. This
~ concern bégan with the early efforts at Woomera and continues today, although
the approaches to maximizing the benefits have changed as operating conditions
have been modified. The potential technical payoff, together with preserva-
tion of the Alliance, are seen as thé two most important_reasons for ailowing

tracking operations within the country.

10. Interview with Mr. Arthur Wills, Director of Research and Development,
Ministry o6f Defense (July 14, 1969).

11. McCracken, Qh. cit.
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The effects of technology can be divided into two categories--
first and second order. The first-order advantages can hardly be disbuted
although, paradoxicaily,.some aspects of them are. These effects are the
direct advantages that have developed from having the stations. They are
the technical experience that a large number of residents of the country
have gained,using ''state éf the art" equipment -in communications, electronics,
_digital computers, etc. Without the stations,this is not likely to have |
occurred or, in some cases, to have been as extensive. Also, there has
been a great deal of organizational experience in forms of large scgle manage-
ment that are unique to the Australian enviromment, and which probably would
not have been attempted without the NASA relationship.

Another first-order effect has been the attraction from abroad
of a large number of qualified engineers and technicians to operate %ﬁe sta-
tions; One of Australia's prime goals since WOrldIWar II has been to attréct
immigrants to its shores. Those,who are attracted to Australia Secause of
opportunities at the stations, have the advantage of bfinging with them
highly desirable skills. It is because of this phenomenon that the only
major argument raised against having the stations does not hold up under
examination., This is the suggestion that the employment of large numbers
of highly skilled personnel in the system robs Australia of a very scarce
resource which could be better utiliéed in activities that bring more direct
-bgnefits to the coﬁﬁtry. This would be a very powerful argument if it were
not for the fact that such a large number of people are attfécted'from other
countries ﬁo work at the stations. Even those immigrantsiorigidally in other
jobs who later moved into tracking activities make available additional

skilled jobs to which others can be attracted.
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From the direct experiences in working with the tracking system
should come the second-order effects, or the "spin-o0ffs,'" as they have been:
called. Many Austraiian'officials originally felt that there should be a
substantial benefit to other enterprises because such advanced technology
would be operating within their countfy. However, most now agree that
spin-off has not yet occurred to any measurable degree, and it is in this
area that major modifications, in the form of bringing in private enterprise,
have been made.l2 Perhaps the most important reason for this is the rela-
tively stable employment of personnel within the tracking system. There are
only a small number of people involved, and few of them have been attracted
into other activities,!3 This facfor is of crucial importance as it is ‘now
realized '"...that the mechanism of technological transfer is one of agents,
not agen;ies; of the movement of people amohg establishments, rather than
the rduting of information through communicatibns systems."14 There are
a number of reasons why personnel turnover is not as high as it might have

expected in view of the hardships of working at some of the stations and

12. For example in interviews with Knott,'gh. cit., Wills, 22; cit., Bowen,
op. cit. .

13. Interviews with Mr. Donald Gray, Station Director, Tidbinbilla Tracking
Station (July 9, 1969); Mr. Dennis Willshire, Station Director, Orroral
Valley Tracking Station (July 21, 1969); Mr. Colin Smith, Operations and
Maintenance Manager, Carvarvon (June 30, 1969); Mr. Norval Scott, Assis-
tant Managing Director, EMI Electronics Proprietary, Ltd. (July 17, 1969).

14. Tom Burns, '"Models, Images and Myths,' in William H. Gruber and Donald
G. Marquis, Factors in the Transfer of Technology (Cambridge, Massach-
usetts: The MIT Press, 1969), p. 13 .
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the high levels of skills that are developed by doiﬁg so. Among the
inducements which keep people on the stations are the relatively high.
wages and at;ractivevbenéfits that are offered. The operations have
always been seen as a unique activity requiring high quality work and
flexible wofking hours, and as a result, wages and bepefits have been set at
a very attractive level relative to similar activities in A.ustralia.l

In addition, the ability of outside industry to absorb personnel
from the stations has been limited. The skills developed during employment
at them are not easily transferred to individual firms. Most of the
station technicians and engineers are over-qualified in the sense that
their day-to-day activities do not require the level of skills that they
are hired for; rather these skills are requiréd for the diagnostic
ability that is necessary to maintain the reliability of the stations; and
these kinds of skills have not been easily trahsfefred into the domestic

17

electronics industry, There is only one area where outside industry

15. Some of the more isolated stations (for example, Carharvon) have on
the face of it, experienced a high turnover rate. However, the people
who leave are mostly those who cannot accept the changed living
~ standards., There is a strong corps of people who remain at the stations
for a long period of time, and it is from these that the "spin-off"
would come. Interview with Mr. Colin Smith, Operation and Maintenance
Manager, Carnarvon Tracking Station (June 30, 1969).

16. See Commissioner Neil's statement on the uniqueness of the industry
in the Space Tracking Industry Award B 1484-20465/66, op. cit., p. 10.

17. Interviews with Mr. R. D. Stewart, Manager of the Engineering Products
Division, Amalgamated Wireless, Australasia Limited,(July 16, 1969), and
Mr. G. J. Donnan, General Manager Electronics Division, Hawker de
Havilland, Australia (July 16, 1969). '
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seems currently to be able to compete with station émployment and that is
the rapidly expanding digital computer industry. As a result, some employees
are now leaving the étations to work in this field.18

These difficulties which have been encountered in the spread of
technical information from the statioﬁs were largely,unagticipated. In
fact, when the decision was made to use private contractors instead of
civil servants to operate the stations, it was more palatable because it
was'assumed that it would significantly aid the "spin-off" process.19 As
a partrof this decision, the Department of Supply attempted to maximize
theqpotential "spin-off" by interesting the largest electronics firms in
Australia in operating the statioﬁs. They reasoned fhat, by using as many
‘firms as possible, competiﬁion would be stimulated and "spin-off" would
be introduced widely into the electronics ihdustry. As a result, Supply
has eﬁcouraged four contractors to enter the field?o All are large corpora-
tiops; and no one company operates more than two stations. Executives
in these corporations all agree that one of the important reasons they
went into the business was for the "spiﬁ-off" their firms could derive from

it. They also agree that this has not taken place and offered as possible

reasons some of the issues discussed above, particularly the difficulties

18, 1Interview with Dennis Willshire, Station Dlrector, Orroral Valley
Tracklng Station, July 21, 1969 :

19, John Knott, op. cit.

20, After this research was completed, the Department of Supply reversed
its policy, and the number of contractors has been reduced to two.
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of integrating personnel from the stations into théir parent companies.21
Interestingly enough, they all agreed that they remained in the businéss
out of a feeling of ﬁational loyalty or prestige or out of deference to the
Department of Supply with which their firms had other contracts.22 Profit,
they said, was a minor factor, in thaﬁ it was a relatively small, but an
assured, amount.

Other reasons can be suggested to explain why there seems to have
been very little benefit to ;ndustry from the tracking involvement. One
undoubtably lies in the fact that virtually none of the electronics equipt
ment used in the stations is manufactured locally., This inhibits:
interrelationships evolving between industry and the tracking operations
which would encourage the utilization of technical knowledge derived from.
station experience. One model which provides a probabilistic explanation
of the transfer of technical information into'new uses sﬁggests that the-
sequence of events within the-organization of a potential recipient or
user of existing technology must follow some pattern in which ideas,

23

research, development, production, innovation, and diffusion are present.

This is a highly complex process and the probabilities of successful

21, In addition to the two previously mentioned company executives,
Mr. Norval Scott, Assistant Managing Director of EMI was interviewed
on July 17, 1969, as well as Mr. D. E. Harbour, Marketing Director,
Standard Telephone and Cable Proprietary Ltd. (ITT) on July 16, 1959.
All four are responsible for the operations of their firms in the
tracking field. ' ‘

22, 1In this respect it is important to note that there was concern
expressed among some that the Department of Supply does not give
enough credit to its contractors and hoards the best of it for itself.

23, William H. Gruber and Donald G. Marquis, op. cit., p. 6.



- 38 -

transfer would seem to be significantly reduced if the space tracking
industry, which is most likely to utilize innovations, is closed because
equipment is provided frdm the United States,.24

A more speculative reason why this "spin-off' is absent lies in
the way the tracking industry is organized. The Department of Supply effort
to maximize participation by the major elements in the eiectronics industry
has led to a situation in which each of the four firms involved has only
a small stake in the business. Central administrative organizations are
not necessary to manage and coordinate activities and there is almost no
movement of personnel between stations. Hence, loyalties for company
employees, including management,'lie within the station, little communica-
tion exists between the parent company and station, profits for firms are
small, and what was to be an important industry has become a sideline for
several large firms, Without a 1afge enough base to be concerned with
tracking as a major economic endeavor, companies have not been willing to
invest resources to ﬁransfer technical information into new technical
innovations. Rather,they'bave looked for direct transfer of experience
from the stations to the electronics industry, and because of the specialized
nature of the operation, this has not been forthcoming, In the few cases
where efforts have been made to utilize the tracking taleni, the efforts

have had to be small and associated with one station.25 The companies,

24, It is not meant to suggest that the reason for using equipment of non-
local manufacture is an arbitrary one. The requirement for system
homogeneity dictates that all major equipment at stations be identical.
However, this does reduce the probability that there will be a
"gpin-off" to Australian industry.

25. The most notable example of this in 1969 was at the Tidbinbilla trécking
site where they were attempting to market systems engineering skills,
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although they have the support of the Department of Supply and NASA, have
to be particularly careful not to interfere with tracking and to be scrupulous
about avoiding the use of government materials and equipment.26 These
kinds of local operations can never be much more than a sideline, and it
would seem to be more probable for significant "spin-off" to take place if
the companies involved had responsibilities for several stations, with
central headquarters away from them, They would then have a larger labor
pool, the ability to draw on staff from many sources at any given time,
and the capability to use station employees away from thé stations when
an interesting possibility to utilize their special skills and knowledge
occurs, |

Two major conclusions can be drawn about the effects of the
tracking station technology. It camnot be disputed that a large number of
technélogists have gained experience they_wogid not have otherwise received,
but this experience has largely remained on the stations with little
‘ dissemination throughout the rest of Australian industry. There has been,
as suggested previously, technical benefits to the organizations which
‘support the stations (DOS, OTC, and PMG), These have been advantages
which the NASA presence has generated but which probably would have come
about at some later date, One of the reasons that NASA was so important
in this process was because it provi&ed the economic base from which the

communications organizations could utilize advanced equipment and techniques

26. Interview with Mr. Robert Cudmore, Senior Company Representatlve,
Tidbinbilla Tracking Station (July 9, 1969),.
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to imprqve.éervice;in_Australia,zz

The financial and_ecodomicvimpact on Australia is an importapt_
aspect of the cost-benefit equation. 'The'one area in‘which-there bas;
been a natienalvimpact——commun%ea;iqns—-has Just been men;ionedf The_”
edvanteges};o Australia of NASA expenditures shOuld not be underestimated
because they have brought major improvements in_the:céucial area of domestic
and . international communications. However, in other respects,the economic
impact, while welcomed, has not had a‘major effect on the nationa}_economy.
Most government officials rate economic motivation very low on the segle of
reasons why phe'stations are importan;_tq their country. In(fact& duning 
the IGY the cost of operating them was borne by Australia and it was not .
Auntil the operations were gregtly e#pagded that NASA began paying for most
qf the cos;s.' S;nce then an annual cop;ribution of $157,000_has beep maqe
Atqwerds ;he operetion of the system'in,the spirit ef in;e;national,spece
cooperation. Since 1960, NASA hes spent approximately $118,000,000‘on the
Australian stations. This is a ;espectable sum, particularly_eince.muehjof
it was in a needed foreign curreney. However, this total is 1essithan 0.1
percent of Aus;ralig's GNP during the same period-of time, ane its relative

impprtance must be kept in perspective.28

27. An intangible technical benefit to Australians which: cannot be measured
is the extent to which having tracking stations enables them to have
access.to NASA technical information of which they mlght otherwise be
unaware. For example, NASA work on ATS, Tiros and ESSA satellites has
provided information in communications and Meteorology, Astronaut photo-

~ graphs have been of assistance in mineral exploration, and Geodetic
Satellites in mapping. Much of this information is public and available
to all countries but an inside awareness of them.undoubtably helps.

28. United Nations, Monthly Bulletin of Statistics, 1958-1967.
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The economic impact, while it has not been national in scope, has
had important effects on areas in which the s;ations are located. Perﬁaps
the most dramatic changes were in the town of Carnarvon. This towm, although
0ld and established, is located in an isolated portion of the coast of
Western Australia and was in a period of decline at the time the station was
built. The major industry in the area had been whaling, but this was becom-
ing unprofitable and was being phased out. The local population was less
than 3,000 people. Since the station was installed, the population of the
town has more than doubled. The local government budget has climbed from
less than $A200,000 to about $Al,000,000 per annum, and tourism has signifi-

_cantly increased. 29 In addition to.the impact of the 600 new people that" are
assoclated directly with the station, other supporting organizations and ser-
vice people, most notably OTC's Comsat station, have moved in to support the
.tracking operation., This has not only brought an eéonomic boom to the area

but has also modified the social and cultural climate.30

The other stations have had a less obvious impact because they have

not so éignificantly altered the local economy. However, their effect has
ﬁot begn unimportant. At Wooméra, for example, a significant number of
- dwellings were constructed using NASA funds and, particularly today when the

use of the Range seems to be declining, the NASA activities play an increasing

role in sustaining it. In the Canberra area the 400-plus employees of the

29, Interview with Mr, Wilson Tuckey, President of the Shire Council; Mr. Ted
. Cohran, Director of Tourism; and Mr. Roy Chippendale, independent trucking
and taxl owner; Carnarvon, Western Australia (July 1, 1969). Other factors
which have affected growth in the past few years are a significant increase
in mineral development and in market gardening.

30. Buckley, op. cit.
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tracking stations, .their dependents, and the servicg'people who support them
contribute go the local economy, although, because of the size of the Australia
‘Capital Territory, it cannot be said that the:e is a significant impact.- New
public roads have been constructed near Canberra using NASA funds, and at all
of the stations funds were spent locally in capital construction that made a
one-time contribﬁtion_to.the economy.

Ihus, the economic benefit to Australia has not been major, but
given the areas in which it has occurred, it has been helpful. The situation,
is somewhat analagous to the economic advantagés to Australian industry; the
income, although relatively small,'is assured, and it brings a_relatively high
Aratélof return’with“a low.éapital inyestment.

One final entity affected by the tracking station éctiyities is the
Department of Supply i;self; On the political level, being responsible for
the operation is certainly not a disadvantage.31 - It adds size and money to the
Department's operations, and the responsible Minister receives a good deal of

publicity both domestically and internationally.32

Within the Department it-
self, a number of public servants have made successful careers working as par-
ticipants in the system and have‘received the benefits of international training
and travel. This does not mean that the relationship with NASA is universally

accepted. Within the ministry and other government departments, there- are those

who feel that Supply involvement with space tracking has detracted from its

31. Interview with Senator The Honorable Ken Anderson, Minister for Supply
' (July 9, 1969). v . _

32. The NASA 1969 annual expenditure in the DOS Budget was $A12,~ooo,ooo as
compared with the expenditure of $A190,000,000 for the Department of Supply
as a whole. Personal letter from M.I. Homewood dated August 17, 1970.
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prime purpose of providing logistical support to thé Armed Services of Australia.
However, this has not been a majority view, and those who would press this
issue have not had the power to do'so.

The discussions so far have focused on the advantages and relétive
‘1ack of disadvantages to Australia of having the stations. What, however,
is the picture for NASA and the United States? .The techﬁical advantage of
locating the stations in a stable, supportive environment has already been
alluded to. Another important consideration is the contribution these acti-
vities make to the overall U.S. image within the country. The publicity the
stations receive is greatly in excess of the financial resources that are
committed to them. The impact of the peaceful ci?ilian image of the space
program run in partnership with the United States should not be underestimated,
although its effect.on the political equation cannot be precisely measured. This
effect 1s important today because many of the activities of the U.S. Department
of Defense in Australia have come under serious attack, particularly in regard
to the question of partnership versus dominance. The NASA activities certainly
contribute to the advantage of the United States in terms of the overall view
of U.S. involvement within the country.

There are also more direct advantages to NASA from having the
Australian Tracking organization as a part of its system. It is a very effec-
tive, competent organization which is better able to deal with the operations

within its own country than an American organization could be.33 In addition,

33. The Australians follow a policy of keeping high-level personnel at the
stations as opposed to keeping the engineers at neadquarters and technicians
on the stations which 1s the more usual NASA pattern. This has meant that
the staffs at the stations are particularly well qualified. Interview with

John F. South, former Goddard Space Flight Center Representative in Australia,
(February 20, 1969). ‘



this is done atAa cost to ﬁASA that is particularly favorahle if the alternative
of having to run the stations themselves is considered. Labor costs in Australia
are significantly less than those in the United States for similar kinds of
occupations, and not only has NASA been able to capitalize on this differential
but it has been saved the expense and trouble of having to support avlarge |
contingent of American iamilies abroad. This would be not only expensive but
much more difficult to administer.

Australia's small but constant contribution to the cost of operations,
the free use of land (in all but one case) and the large comuitment of manpower
contribute to the international flavor of the tracking network. Thus, while
it is really a U:S. national systeu, NASA is able to point to the international
participatiou of others in it. This uay become even more important in the
future as domestic attitudes towards the space program in the United States seem

to 1nd1cate a greater emphas1s on its 1nternat10na1 cooperative aspects. This
question w1ll be discussed further in the final section of the paper.

It should also be noted that the Australian operation of the'stations
has drawbacks as well as advantages. in deaiing with another country it'is
inevitable that there will be differences in methods and procedures of doing
things, in working habits, and even‘ih interpretation of 1anguage.34 In the case
of Australla, because of the close cultural affinity, the differences have been
slight and the adjustments 1n behavior that NASA has had to make to accommodate

them are minimal compared to the great benefit derived from the relationship.

34, For example, in December, 1959, when the NASA administrators arrived in
Australia to negotiate tracking agreements, they discovered that this was .
the traditional period for taking vacations, and it would be very diffi-
cult to find anyone who wanted to stay and negotiate. Buckley, op. cit.



ENVIRONMENTAL POSSIBILISMI

All things considered, the future of tracking operations in

Australia seems to be bright. The advantages to both countries are so great

that it is unlikely either would want to alter the basic arrangements.

2

However, it can be said with some certainty that actual operating patterns

in the future-will be different than those recognized today. There are

several factors which will cause this, many of them involving issues that-

-are much broader than sphce tracking itself. Two of the more important ones

concern the future role of NASA and the national development of Australia.

l‘

The concept of environmental possibilism is concerned with what is likely
in the future, given future environing factors, such as changes in the
social and technological environment which may affect tracking operations
and is not meant to imply prophetic knowledge on the part of the author.
In this sense "...prediction is best concerned with the future state of
milieu within which decisions have to be made." -- See Bruce M. Russett,
"The Ecology of Future International Politics" in James N. Rosenau, (ed.),
International Politics and Foreign Policy (New York: The Free Press,

1969), p. 94.

It could be argued that the Australian view of national interest is

likely to be such an important environing factor that the continued
maintenance of tracking stations is assured for NASA. Indeed, this was
suggested by an important Minister of the Government in a recent inter-
view. Any analysis of environmental possibilism must consider this as

a most significant factor. However, equally persuasive is the recent
statement of two students of international relations in discussing the
attitudes of people towards the future. They said, ''Nearly everyone

pays lip service to the idea that we live in an era of change and trans-
formation. But one does not always find this awareness reflected in '
analytical viewpoints and models. On the contrary, we sense a tacit
presupposition in much of the literature, both theoretical and substantive,
that major imnovations, discontinuities, and upheavals are simply facts

of recent history; that the most disruptive changes have already occurred;
and that environing conditions in the future are unlikely to differ
radically from those to which we already are accustomed. All this despite
indications of many kinds to the contrary.'" See Harold and Margaret
Sprout, An Ecological Paradigm for the Study of International Politics,
Center of International Studies, Princeton University (March, 1968),

pp. 5-6. -
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With the completion of the Apollo program, it is already evident that
NASA will undergo significant changes, bbth technical and directional.

This will cause modifications of the level of funding and perhaps the
requirements for space tracking. In the meantime, as far as Australia

is concerned, the most important factor is the rapid political, sociai,

and economic change which is already taking place in that country.  To-

. gether with the changes at NASA, these events are likely to induce different
perspectives of the tracking relationships on the part of all concerned.
The series of events which will directly impinge upon the tracking oper- .
ations center around four major themes: maturing of relationships between
the two operating organizations aﬁd their administrative environment; tech-
nical changes affecting the characteristics of the stationms, ch?nges in
benefit patterns, and Fhe.internationél and economic climate in which-the
tracking system Qill operate;

In turning to the Qrganizational environment; it is already evi-
dent in Australia that the Department of Suppl& haé undergone many changes.
Both it and NASA were in different stages of orgénizational maturity during
‘ thg evolution of theApresent tracking network. Supply is an old-line organi-
. zation with well—estaﬁlished practices. The administrative responses it
made when the tracking stations were set up wére those which could be ex-
pected from such a mature organizatioﬁ facedrwith a new responsibility.
First, it attempted to use existing pfocédures within-the Department (e.g.,
the functiopal approach utilized by WRE). - Later, as the syétem grew and
became nationwide in scope, thé Department Qés forced to change its ﬁsual
methods of operation (hence the move to private contractors and the creation .

of the American Projects Division). It did this not by making any basic
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changes, but by modifying existing structure. Later, it was recognized that
the rationale of haﬁing the Division a part of WRE (whose interests were
localized) was no longer logical, particularly since the focus of the effort
had been moved out of Woomera. The Division was then incorporated as a part
of the Central Headquartérs staff and moved to Canberra where it exists as
the only fully projectized Branch in the Department., The Department has
shown over the past decade a willingness to modify its structure to accomodate
the needs of NASA; it has moved incrementally towards an operational pattern
that closely resembles the NASA tracking organization. Thus, a new task
has introduced a need for structural experimentation in what is otherwise a
traditional bureaucracy. The approaches to thils experimentation were con-
servative because there wasfan existing base to build upon and change. If
it had not existed, it is probable that the operation would have reached its
present form more rapidly but with less concern for its operating‘environ—
mept. Since several issues remain to be resolved, such as the use of incen-
tive contracts, it is likely that the American Projects Branch will continue
to make changes in its operational patterns and, given the tradition of ex-
perimentation, it 1s possible that additional structural changes may be made
to adapt to the new environment.

NASA, although it evolved in the same time frame, used a different
pattern of operating techniques. A major reason for this, in addition to a
different management tradition, was the stage of development of MNASA wﬂen
the tracking system was built. The construction of the tracking network was
cdncomitant with fhe birth and.early development of NASA as an organization.
While both NASA; in general, and the networks, in particular, absorbed exist-

ing entities, essentially new organizations were born. This, coupled with the
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need fof the rapid construction of the Manned and Deep Space Networks and
expansion of existing stations, forced .the new tracking organization to

set policy for operation of the system in a pragmatic manner. Since there
were no firmly established procedures, decisions could be made in such a
way that the peculiarities of each situation in which NASA sought to oper-
ate could be accounted for. This was certainly the case in Australia where
previous IGY arrangements were expanded to provide a base for NASA
activities.

The way in which the relationships between these two organizations
evolved is important because of the effect it may have on their patterns of
operationvin the future. Thé mos£ conspicuous feature of the relationship
is its highly personalized'nature;. This is particularly important now,
becauée many of the senior individuals who played a leading part in the pro-
cess are retiring or are movingiup into other activities in the public
. service. As a result, the relationships between the new administrators of
the system, who do not know each other as well, aré likely to become more
formalized. Indeed, this seems to be already happening in the administra-
tive areas.3 It is occurring in a period when NASA, with a new leadership
coming to the fore, must decide whether to institutionalize the methods of
the previous leadership (e.g., flexibility, variety of operating styles) or
the solutions they offered (e.g., the partiéular operating arrangements for

stations). If the former is chosen, and particularly if Supply continues

3. Interview with Mr. Alan Sinclair, Principal Executive Officer, American
Projects Branch (June 23, 1969); and Mr. Ray Lloyd, Executive Officer,
Finance and Logistics, American Projects Branch (June 26, 1969).
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to experiment, it is ﬁore than likely that a continuing high degree of
understanding will exist between NASA and Supply. If the latter path is
followed and the situational variables within Australia change, the potential
for divergence is increased.

In the context of this changing organizational environment, a
series of issues should be examined. One of the more immediate of these
is the changing administrative climate in Australia for U.S. projects;
This is caused by expanding U.S. Defense Department activities within the
country which are leading to an increased effort by all government Minis—‘
tries to systematize relations with U.S. government agencies. Thus, the
process of reaching policy agreements, which used to be relatively simple,
is now becoming more complex, reqﬁiring different tactics on the part of
both NASA and DOS to conclude them, so much so, that it now seems to take the:_
approval of virtually the entire Australian Government to ratifylan agree-
ment.4 In addition, when the initial agreements were negotiated, the primary
goal was speed, and as a result, they were not written as "tightly'" as the
Australians feel they should have been and did not represent any basic depar;
tures from those concluded for the International Geophysical Year.5 An -ex-

cellent. example of this change is the renewal of the basic operating agreement

4. Interview with Mr. Ian Homewood, Assistant Secretary(Projects), Depart-
ment of Supply (June 23, 1969). However, in his personal letter of
August 27, 1970, Mr. Homewood indicates that "...although about half the
Australian Government Departments have some input to the NASA Umbrella Agree-
" ment (most rather isolated), it does not involve virtually the entire
Australian Government."

5. Interview with Mr. Desmond O'Connor, First Assistant Secretary and Mr.
Bernie Long, Director, Agreements and Costing, Finance and Management
Services Division, DOS (June 27, 1969). Mr. O'Connor is now Deputy Sec-
retary (Management and Supply), DOS.
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between the two countries which occurred during thé Summer of 1969 and took
-much Jonger to conclude tﬁan either organization envisioned.

The question of automation is another that needs to be considered.
It is not a problem unique to Australia but is particularly important in that
country because of the commitment of a very high calibre of.personnel in the
stations. The basic issue is boredom, generated by equipment modulization
and the increasing use of stations as relay devices for information to project
control headquarters. The relay problem was evident in the stations from the
earliest days of their existence.6 A conscious attempt has been made to
reverse the flow of information back to the stations with varying degrees of
success depending on the network being considered.’ However, as technical
communication capabilities have improved, e.g., the abilities of computers
‘at the stations to talk with computers at project control headquarters, a
. tendency has developed to give the stations less actual operational, and more
maintenance responsibility. This, coupled with the increased number and com-
plexity of NASA missions and their more esoteric néture, particularly on the
STADAN network, has made the reverse information flow more difficult and hasr
decreased the feeling of involvement, If the difficulties ended here, the
problem'wogld be much less complex. However, together with the emphasis on

maintenance has come the movement to modulization. This is a process made

6. Interview with Dr. Eberhardt Rechtin, former Assistant Laboratory
Director for Tracking and Data Acquisition at the Jet Propulsion Lab-
-oratory, Pasadena (March 6, 1969), :

7. For example, a worldwide NASA information network has been established.
Also, NASA executives visit the stations periodically to learn about
problems and new ideas.
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possible by technical advances which enable component parts to be arrangeé in
compact autonomous groupings. In the case of equipment fajlure, a technician
orAengineer does no£ have to isolate the problem and repair it. Instead, he
only has to locate the module in'which it has occurred, remove it and substi-
tute another in its place. The defective module is then repaired on site or
sent to a repair depot for disposition. While the replacement of modules is
not the only activity at the stations, there is an unmistakable trend towards
it, and one of the organizational ramifications is the reduction of the feeling
of involvement by the employees. One of the obvious answers to this problem,
particularly for Australia, is to downgrade the type of personnel hired and
change the kinds of skills that are required.8 This is a limited solution,
however, since the diagnostic talénts required of technical people are found
only in highly trained individuals.

Another factor which is important in understanding this question
is the continuing attractiveness of working with the equipment. If, as is
suggested, one of the important attractions drawing personnel to the stations

9 then, as the use of such equipment

is the "state-of-the-art" equipment,
becomes more routine, and as working in the ''space business' loses some of
its excitement, it 1s going to become more difficult to attract the proper

people to the station despite the high salaries. In the past, recruitment

8. This is already occurring at the STADAN stations where the problem is
most apparent. However, this is a problem that is not peculiar to them
as it was suggested as an important problem by management personnel at
station in all three networks.

9. 'State-of-the-art" equipment is generally considered to be that equipment.
which embodies most current refinements of particular technologies.
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has generally brought highly motivated as well as highly qualified people.
This 1is particularly imﬁortant because of the commitment to the work that

ié fequired. If the new 6perators;-téchnicians, and engineefs do hof bring
such ‘commitment witﬁ them, a‘strdﬁger emphasis will héve to be placed upon

' déveloping station and network loyalties in order to.continﬁe the high level
of‘efficiency}

This issue might be resolved by charges directed toward creating
a space tracking'indusfry. 1f some way could be found to reduce the number
of contractors operating stations and if the economies of scale could be .
'fBr6Ught'into pléy so that effort -could be’spént on broadening the skills -
developed bfAtfacking.WOfk, it is possible that the saﬁe type of peopie*

" would continue to be associated with the effort, and the small scale attempts
at individual stations to utilize existing talent and to avoid boredom’
could be realized on a broader level.l?

The development of a space tracking industry has, of course, greater
implicafions than the problem of boredom. The conéern for "spin-off“ beyond
first order effeéts is important and cannot be accompiished without some
.changes in the existing relationships between DOS,:NASA,and the inthtry;

A strbng indusfry would have the effect of reduciﬁg station loyélty as méve—
ment to other stations wouid.ﬁrobably increase., Also, a consolidated in-

dustry would have greater leverage and a stake within the tracking enterprise.

10. This possibility does not necessarily mean that the number of contractors
involved needs to be reduced. It might be feasible, by utilizing some
pooling of individual interests, to create one or two joint operating com-
panies on the basis of making a contribution to the national interest.
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This could alter the strong position of station directors vis—-a-vis the
individual ‘contractors at each station and might result in the need for
éreater acknowledgement being given to the industry.

A question which probaBly will be reopened in the near future is‘
the utilization of the stations by scientists. The stations are'bécoming
busier as more space missions are undertaken and even with the best of in-
:.tenfiohs, the possibilities of using them are going to be reduced. On the
. other-hand, the wéll publicized installation of a new 210-foot antenna which,

at least, rivals Parkes' in size and performance, will make their use par-

"_ticularly attractive. Increased requests for time on the antenna will not be

.'limited'solely to Australian scientists. If the small amount of time that
‘can be offered is given largely t6 Americans, the problem will be compounded.
Assuming that the Australian Academy of Sciences gains more influence and
o thaf the university énd government scientists become better organized in the
future, the utilization of the NASA stations is likely to become a much more
.'important factor.

| A final issue is that of Australian participation in the systeﬁ .
éctivities_of the network. This could be particularly important if NASA
moveé towards an increased emphasis in international cooperation for all its
programs. In a country like Australia, which has a cadre of well“quélified
personnel, there is bound to be a desire for participation in the overall
activities of the system, particularly because such a conscious effort is
éttempted_to make all the participants feel an equal part of it. Indeed,
~since Australians consider themselves to be at least technically equal to

many of the NASA staff, some sort of systematic program for participation



- 54 -

could have very positive advantages for the tracking system as*a,Whoie.l%

In the first plaqe,uthe not iInconsiderable talents of-Australianféngineers
could be utilized. In addition, a greater understanding within Australia
for_tha problems of operating a world-wide tracking network could be genetated,
’tpé feelingjof eqaal,cooperation and participation would .be reinforced; and
the Qaveiqpment of system loyalties enhanced. .. It would a;so‘act'aa*agfactor
:ia,raducing boredom by providing.the ppssibility¢of greater system participa-
: tionnahdwwoul&:asaist in reducing the impersonality,of_the system -as the
otigiaal,employaes'ieava it, .

ﬁhile issues such as those. discussed above are likely to affect:
apageftracking,directly, more basic underlying concerns also are. going to.
. ha&ela continuing‘impact. The moSt oEvious-area is .that of international
pdiitiaa. Changas in commitments by both governments in the not too:distant
afuture are 1ike1y,.largely because of events in South East Asia, This could
mean a rather sharp change in other U.S. governmment activities within.the
' country and could affect the movement to government-wide reviews of tracking
tbat now seems to be taking place.. In the long run, however, the growing
‘ cultural affinity ia ptobably more important than the vagaries of .any momen-
-tary polltical interest.t.It ia probable that this underlying factor will.
_ensure continued favorable treatment for NASA, particularly since its.activi-~

. -

ties have been effective@y.isolated‘from U.S. military programs.

11.. This has occurred occasionally,and in 1969, there was at least one
Australian working at both JPL and another at Goddard, but:.it./is not -
done systematically. Other activities which do occur, that both enccrage
. and support this tendency, are the continued training of Australians :in
" NASA schools and the utilization of Australian teams to take back and
assemble tracking stations from the United States to Australia.
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Perhaps the most important influence on the tracking enterprise
in the long run will be Australia's movement into accelerated economic growth.
NASA's expenditures on crucial economic and social development capital played
an important and timely role, particularly in the area of communications. At
this point in time, they still are important, but anyone who has visited
Australia recently can sense the concentrated movement to mass exploration>and
utilization of Australia's natﬁral resources. These activities arellikely
to generate growth that will make the NASA contribution relatively smaller.
In addition, a growing commitment to nationa; development is likely to alter
the perceptions of economic and technical benefits that can be derived from
the stations. In particular, if.immigration, the universities, and technical
colleges cannot supply enough highly trained personnel, there will be increased
incentive, both financial and professional, for technical people to move on to
other activities. The extent to which economic changes such as these will
affect space tracking is problematic, but it is important that they be recog-

‘nized and action taken at the appropriate time.



