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Final Report 

Contract B000Hfr-67-C-«350 

Launch Facility Study 

IHTRODÜCTICH 

Section A of tha Statement of Work of tha subject contract stated that the 

contractor . . ."shall conduct a methodical analysis of tha national research and 

development effort related to cosmic ray studies, I-ray and gam» ray astronomy and 

aeronoaieal studies to justify a cooperative mobile launch facility for balloons and 

rockets capable of economical operation in ocean areas. Said research shall include, 

but not neoaasarily be limited to, a study of ship launch facilities combined with 

suitable shore activities and other ships and aircraft for recovery purposes.M 

To accomplish tha above effort, th» tasks originally proposed were modified as 

r-i       follOVS I 

Task I - Establish a generalised outline of possible Research and Development 

effort in order to meat the National Mission objective«. 

In accordance with the work statement this task was modified tc cover areas 

related to astronomy and aeronomioal studies including some ocean science where this 

was related to the atmosphere-ocean interface. 

Task II - Establish tha spacific RAD effort being conducted by the various U.S. 

agencies, to determine overlap and duplication of programs and the areas of effort not 

presently being covered. 

This task was also modified to limit the coverage to astronomical and aero- 

nomical studies. 

Task III- Establish the types of facilities neoessary to conduct acceptable 

programs within the various RAD areas of effort. 

Task IV - Establish the facilities presently being employed by the various 

agencies in their R4D programs and from this determine the overlap and duplication of 

these facilities. 

Task V - Develop an objective organisation of Integrated Research and Develop— 

mam» ant mmjpw* 
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aent Units which if eiaployed would reduce overlap, redundancy and duplication of 

effort and facilities, increase our R_D scops of effort, and increase the effective- 

nsss of the oTerall National Research and Development Program. 

Tasks III through V were also modified to Met the work statement but also 

included consideration of additional research facilities other than just those required 

for launching balloons and rockets. 

Each of the tasks were completed with the exoeption that Task II.  could have been 

■ore extensive if sore information relative to the projects of agencies other than CNR, 

could have been acquired.   Although considerable difficulty was encountered in attempt- 

ing to gather data concerning active projects, tefficient knowledge was obtained from 

various National Academy of Sciences reports to permit extrapolation of enough in- 

formation to be used as examples in the subject analysis. 

It is believed that the results of the analysis not only justifies a cooperative 

mobile launch facility for balloons and rockets capable of economical operation in 

ocean areas, but In addition, the findings demonstrate a research facility capable of 

reducing overlap, redundancy, and duplication of effort and at the same time increasing 

the scope of research effort and effectiveness. 
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TECHNICAL DISCUSSION 

The study utilised a very specific method of analysis. Rather than describing 

the methodology separately, the discussion -which follows will bring out the basic 

concepts of the methodology by showing how they were applied to the problem at hand. 

Basically the methodology employs a technique for examining a complex problem in 

an orderly and systematic way s-o that bias and opinion is minimised in favor of logic 

based upon fundamental relationships. To determine these fundamental relationships it 

i-   is necessary first to define the factors involved in a relationship, and second, to 

define the nature of the relationship itself. 

In this instance we are concerned with various aspects of astronomical and 

aeronamioal research. 

i 
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The primary factors involved then are the constituents of the universe and the 

atmosphere, and phenomenological characteristics. The relationships we seek to 

understand are the specific characteristics vhioh are pertinent to each of the 

constituents. To implement the determination of the fundamental relationships, 

a matrix consisting of the two sets of factors was utilised, which for purposes of 

this analysis provided a means for identifying the objectives of the various research 

projects being examined. 

In addition to the specific research objectives, we are also oonoerned with the 

means and methods for conducting the research effort. The factors involved here are 

the projects themselves and the facilities, vehicles and support services required to 

exeoute the research projects. The relationships are then the correlation of these 

two sets of factors which were determined by a second matrix. This second matrix 

provided a means for establishing the specific facilities, vehicles, and support 

services being utilised by each of the research projects. 

A third area of concern which is most pertinent to the problem is the determination 

of methods for maximising the efficiency of astronomical and aeronomioal research effort. 

In this instance one set of the factors involved consists of the facilities, vehicles , 

and support services, and the other set comprises the operational parameters such as 

availability, flexibility, capability, and cost. In order to equate these factors, a 

third matrix was developed which permitted an examination of the operational parameters 

relative to the major classes of facilities, vehicles, and support services which 

in turn established the optimal class for the subject type of operation. 

The remaining steps in the analytical procedure consisted primarily of applying 

the results of the previous effort to determining the requirements for the cooperative 

facility and to justifying its effectiveness by relating the facility capabilities to 

specific project requirements. Before expanding on these latter steps, it is necessary 

to return to a more detailed description of the matrices previously referred to and 
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explain how they were developed. 

One of the concepts upon which the employed analytical technique is based is that 

any entity within our total environment can be treated as an element of an hierarchial 

distribution ranging from macroscopic to microscopic proportions. Since an under- 

standing of these entities within the environment is the objective of research, and 

when the domains of the environment being examined are as extensive as they are in 

astronomy and aeronomy, it becomes necessary to carefully identify and categorise 

each of the entities within the selected range of the total hierarchial distribution. 

To accomplish this, a selection and classification of terms was prepared as follows: 

1. The first level was divided into Space, Space/Atmosphere Interface, Atmosphere, 

Atmosphere/Hydrosphere Interface, Hydrosphere, Hydrosphere/Lithosphere Interface, 

Lithosphere, and Lithosphere/Atmosphere Interface. 

2. At the second level, Space was further divided into Extra Galactic, Galactic, 

11    Planetary, Solar, Lunar and Interstitial Space. Atmosphere was divided into Exosphere, 

Heterosphere, Theruosphere, Ionosphere, Mesophere, Homosphäre, Chemosphere, Stratosphere, 

Osonosphere and Troposphere. Hydrosphere was categorised as Surface Layers and Deep 

Layers, and the Lithosphere was divided into the Sediments, Crust, and Hantle. 

3. Since each domain is comprised of Gaseous,, Liquid and Solid Forms along with 

Energy Forms, these t»~»ns were used to define the next lower level. 

4. The last level consisted of the specific types of Gaseous, Liquid, Solid 

and Energy Forms which will not be listed in the text of this discussion but can be 

found on Fig. 1, along the horizontal axis. 

Since an understanding of any entity in the environment is dependent upon 

knowledge of its characteristics, any research effort can only be identified by 

determining the specific characteristics of the entity being examined. It is necessary 

then to also identify and categorise these characteristics. 

The selection and classification of terms to represent the overall characteristics 

*"*    was prepared as follows: 

1. The first level was divided into Determination of Constituents, the 
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Synoptic Factors, and the Dynamic Factors. 

2. The seoond level was divided into Structure f>nd Properties with a further 

division of Properties into Mechanical, Electromagnetic, Thermodynamio, Chemical, 

and Biological. 

3. Each of the second level terms were further categorized by the pertinent 

specifio fundamental physical terms. In the interests of keeping the text of this 

discussion as short as possible these terms are not listed but can be found along the 

vertical axis of Fig. 1. 

Taking the terms as described above, the first matrix (Fig. 1) was prepared* This 

represents the fundamental relationships which constitute Astronomical and Ae onomioal 

Research and to some extent Ocean Sciences Research. The utilization of Fig. 1 will 

be explained later in the report. 

To deal with the second set of relationships with which we are concerned, i.e., 

the means and methods for conducting research, a compilation of:terms was prepared to 

represent the facilities, vehicles, and support services as follows: 

1. The first level was divided with respect to the operational media, i.e., 

Land, Sea, Air and Space. 

2. Each of the above were further divided into Facilities, Vehicle Operations, 

Deployed Vehicle Operations, and Support Services. 

3. The second level terms were further divided into moi*e specific terms as 

shown in Fig. 2. 

The second set of factors, namely, the projects, could not be categorized 

in general terms but provision was made in preparing the matrix (Fig 2) for classify- 

ing each project relative to the Agency, Work Unit Number, Specific Characteristic/ 

Specific Constituent, Work Unit Cost, and Support Cost. The utilisation of Fig. 2 

will be explained later In the report. 

The third area of concern was the relationship of operational parameters 

relative to the facilities, vehioles, and support services to determine methods for 

maximising the research effort. The terms for facilities, vehicles, and support 
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services were already established (See Fig. 2). An additional sat o* tevms reisen ting 

the operational factors was developed as follows: 

1. The first level was divided into Capability, Flexibility, Availability 

and Cost. 

2. The seoond level under Capability was further divided into Facilities, 

Vehicle Operations, Deployed Vehicle Operatiens, and Support Services. Under Flexibil- 

ity the divisions are Geographical Coverage, Local Area Coverage, Mobility, Individual 

Observations, and Simultaneous Observations. Availability was divided into Number of 

Months, Number of Day:', Day Operations, Night Operations, and ill Weather Operations. 

Cost was divided Into Initial and Operational. 

3. The only third level breakdown applied to Individual and Simultaneous 

Observations under Flexibility and each was further divided into the Areas of Re- 

search, i.e. Space, Space/Atmosphere Interface, Atmosphere, etc. 

Utilization of the Matrices 

Starting with Matrix 1 (Fig. 1) a series of columns were added to the right 

hand side of the matrix under Project Work Unit Code with the following headings: 

Project/Work Unit Number, Type of Effort, Specific Charaoteristie/Specifio Constituent, 

Operation Facility or Vehicle, Support Facility or Vehicle, Georgraphio Location, 

and Cost. 

These columns were used to record the various astronomical and atmospheric 

research work units furnished by the Physios Branch, CNR. An additional set of 

work units from Code 408 on Ocean Sciences were also recorded as well as projects 

for agencies other than ONR which were extrapolated from National Academy of Sciences 

reports. 

Each of the projects were coded as follows: The first set of digits in column 

one represent the major intersection of the matrix which best identified the research 

effort. For example, 09/17 would indicate that the work unit consisted of research 

relative to the Dynamic Mechanical Properties of the Stratosphere. The number re- 

corded under this set of digits indicates the work unit number as shown on the 

1 
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1498 form. The number recorded in the second 'column indicates the type of effort 

I    being conducted. The first eight numbers displayed under the Code along the horizontal 

axis represents the various types of effort. For example if the number 04 appeared 

in the second column it would mean that the work unit called for Field Observation 

and ^periments. 

The third column was used to denote the Specific Characteristic and the Specific 

Constituents using the Codes along the vertical and horizontal axes. For example, 

if the entry were 08/20 it would mean that the work unit involved examination of 

the Velocity of Vertical Winds. 

The fourth column was used to record the Operational Facility or Vehicle, the 

code being taken from numbers 119 through 133 from the horizontal axis code. The 

fifth column indicated the Support Facility or Vehicle taKen from the horizontal code 

from numbers 119 through 148 since Instrumentation and Equipment was also considered 

as supporting effort. Thus if columns four and five showed the numbers 129 and 119 

respectively it would indicate that the work unit called for the operation to be 

carried out by a Balloon and operated from a supporting Land Base. 

The sixth column was used to indicate the Geographical Location of the effort such 

as Palestine, Texas. The seventh column was used to indicate the work unit funding 

in thousands of dollars. 

In summary then if the code appeared in the columns as; 

09/17 
- 04 - 08/20 - 129 - 119 - Palestine, Texas - 50 

211-096 

it could be read out as a Physics Branch work unit investigating the dynamic mechanical 

properties of the stratosphere by conducting field observations, specifically with 

respect to the velocity of vertical winds, with a balloon operating from a land base 

at Palestine, Texas at a cost of $40,000. 

In addition to the coding, the work unit numbers were also recorded in the 

appropriate intersections on the matrix. 
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Matrix 1 (Fig. 1) has many uses. When work units are recorded in the inter- 

sections it shows the distribution of effort, areas of heavy concentration, and 

areas where no activity is being conducted. If all agencies projects were also re- 

corded it would show areas of overlap and area» of duplication. To determine whether 

duplication exists, it is only necessary to refer to the codes for each of the projects 

in question to determine the specific characteristic and specific constituent being 

examined, or the operating facility or support facility, equipment being used, or 

the geographical location. 

In this analysis the matrix was utilized to define each of the work units examined. 

It can also be utilized as a guideline to prepare new 14-98 forms. 

When large numbers of work units are being administered, the matrix coding 

provides the programming information for computerizing the data handling. 

For the subject analysis, however, the reason for recording the work units was 

primarily to establish the various factors and relationships relevant to the study 

objectives. Specifically the exercise was carried out in order to define the work 

units in terms of the factors required for utilization of Matrix 2 (Fig. 2) 

Referring to Matrix 2, the work units were recorded along the vertical axis as 

coded in Matrix 1, Each work unit was then examined relative to the Facilities, Vehicles, 

and Support Services as indicated on the horizontal axis. Wherever a specific facility, 

operational vehicle, deployed vehicle, etc. was found to be either stated as being utiliz- 

ed or found by inference to be required, the appropriate intersection was marked. 

Further analysis of the distribution of the marked intersections provided the 

means for establishing a reasonably accurate list of the facilities, vehicles, and 

support services required for effective astronomical and aeronomical research. 

It is obvious that a broader coverage of research work units would provide a 

more thorough delineation of the facilties, vehicles, and support services required, 

but the work units which were recordod, represent enough of the research spectrum to 

establish the general requirements. 

The next step in the analysis was to determine the most effective and economical 
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combination of facilities which could be organized and operated as a cooperative 

effort. To do this, Matrix 3 (Fig. 3) was examined and coded to establish which of the 

_    various types of facilities, vehicles, and support services provided the greatest cap- 

"    ability, .-flexibility, availability and lowest operational cost. 

When the distribution of marked intersections on Matrix 3 was analyzed it 

became obvious that a combination of ships can provide the greatest concentration of 

capability, the most flexibility, and the maximal availability. Although information 

relative to cost was not available for this analysis, it can be hypothesized that 

since a ship is essentially a mobile base of operations the operating cost for one 

ship would certainly be less than the operating cost of several land bases. It is 

believed that if operating cost figures could be made available, a relatively modest, 

analysis would show a very significant reduction in the cost of conducting the subject 

type of research by employing, ships, as opposed to the cost of operating the relatively 

large number of land bases presently being utilized. 

The final steps of the analysis consisted of preparing Matrix 4 (Fig. 4) which 

shows the advantages of a research fleet of ships by correlating the various ship 

facilities with the facilties necessary for conducting astronomical and aeronomical 

research as well as land «nd ocean sciences research. One properly fitted aircraft 

carrier made available for research would provide a definite increase in research 

capability. Additional benefits would be added in proportion to the number and type 

of ships added to the research fleet complex. 

To further justify the advantages which could be gained from a fleet of research 

ships, Matrix 5 (Fig. 5) was prepared in which those work units specifying field 

observation and operations were plotted relative to the capabilities of the units of 

the proposed ship complex. It is quite evident that all of these projects could be 

executed with a single aircraft carrier as the operating support facility. It is also 

believed that the research results could be more extensive and that the overall time 

for conducting the projocts could be greatly reduced. 
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SUMMARY AND CONCLUSIONS 

The effort as described in the report produced the following results. 

1. A generalized outline of the major factors and relationships.relative to 

astronomical and aeronomical research was established and in addition was prepared in 

the form of a matrix which can be very useful in management of pertinent research 

programs. 

2. An analysis of the ONR research work units was accomplished which identified 

the individual work unit effort and provided a distribution of these projects relative 

to the subject research areas. 

3. A delineation of the facilities, vehicles and support services required for 

astronomical and aeronomical research was achieved and served to justify the utilization 

of a research oriented ship complex. 

4. A cooperative mobile launch facility for balloons and rockets capable of 

economical operation in ocean areas was also justified and could be achieved with a 

single aircraft carrier. 

RECOMMENDATIONS 

As hypothesized in the proposal, one of the greatest sources of information 

relative to the nature of any entity within our range of observation, lies at the 
L 

interface of that entity with another. In reviewing the present effort being conducted 

in astronomy, aeronomy, and ocean sciences, there appear to be very few work units 

related to the major interfaces of land, sea, air and space. This is probably due in 

r 
*-     part to a lack of coordination of the various scientific disciplines but it is be- 

lieved to be primarily due to the lack of a facility to accomplish the observations 

required. 

r 
It is recommended that a oroject be established in which an aircraft carrier 

I 
is assigned to operate in company with ocean science research vessels and coordinate 

L     with the earth satellite program. Such a combination of facilities would permit 

[ 
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simultaneous launching of a number of free and tethered balloons as well as de- 

ploying sounding units from the ocean science vessels. If the balloons and sounding 

units were programmed to level off at specified altitudes and depths, a series of 

measurements could be achieved almost simultaneously from the ocean bottom to the 

top of the atmosphere. If these measurements could be coordinated with the transiw 

of an earth satellite, the measurement of energy and energy exchange as well as 

other parameters could be achieved at each of the major environmental interfaces. 

It is believed that the results which could be realized from such an experiment 

would completely Justify the concept of a mobile research facility and promote 

greater coordination of the research agencies. 

It is further recommended that the subject analysis be extended to acquire 

additional work unit information from agencies other than ONR in order to permit a 

broader coverage of the subject research, and to expand the matrices to greater 

levels of detail. 
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