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Fig. 7 Coverage by 50 effective balloons, Ilaunching point at 39
. latitude 70°N,
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Fig. 9 Mean zonal winds in the stratosphere over the North L6
American Continent,

Fig., 10 Performance of a balloon Qith a daily fractional loss 70
of 1ift equal to 15 percent of gross load,

Fig. 11 Performance of a balloon with a daily fracticnal loss 71
of 1ift equal to 8 percent of gross load,
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SUMMARY

The "Gopher system" is designed to provide broad aerial.photographic
coverage by balloon-borne cameras. The system includes the launching
facilities, the balloon vehicle and its associated gear, and the fecovery
network. The balloons are capable of floating in the stratosphere, above
60,000 ft, for periods of at least six to eight days. For this period
the west winds, during the winter season, will carry them roughly 5,000 to
10,000 miles. There is no way of controlling the trajectories of these
balloons, so the photographic coverage will consist of strip photos
extending randomly downwind from the launching points. The cameras will
be turned off at night, and there will be many areas where the cloud
cover obscures the ground, therefore these strips will not be continuous.

Taking into account the failure to get pictures because of cloud
cover and darkness, and failure to recover the film due to malfunction
of equipment or adverse trajectories, the fraction of the entire area
of western and central Russia which could be photographed with a given
number of balloons is shown in Fig. 1. There will actually be consider-
able overlapping of pictures in the middle of the area due to the
random nature of the trajectories, and the coverage will tend to be

poorer in the northern part of Russia.
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In order to estimate the requirements of the Gopher system for a
given number of balloons launched and recovered, it has been necessary
to develop a.fairly complete model of the system based on the components
which have been developed under Project Gopher. Using this as a basis
- for the analysis, the explicit dollar costs of the following have been

estimated:

+« The expendable gear, including the camera, beacons,
balloon, etc.

« The lifting gas

. The special ground equipment required for launching

. The radio DF network required for recovery

« Theoperation of the recovery aircraft.

These costs, as a function of number of balloons launched, are shown in

Fig. 2.

The cost of the training of specialized personnel, of maintaining
launching bases, of procuring and allocating the recovery aircraft, of
transporting the task forces, etc. have not been found explicitly.
Figure 2, however, shows some requirements in terms of men, aircraft,
lifting gas,;and number of launching crews, which indicate the size of

the undertaking for a given number of balloons.

TOP SECRET

Approved For Release 2009/09/28 : CIA-RDP89B00708R000500110002-1



11-30-52

CIA-RDP89B00708R000500110002-1 M-979

Approved For Release 2009/09/28 :

-Buy2

L

JORE S
i

43 ) Aop

Lis ol

_|auuossad pautosy 1101

ixd

i

it NN
g R
43 TS
”..W i .. N
-4 B e ey e 0 NS L e e e -
el 3l - :
ied ¢ .. .
PE: - & U
- iyl £ X L
el el ) o
l- ] 0 -
2 = ;
(=] T e
- .-M‘ Fy
cal: :
o R & -3 IR

). 4oj3piado jo.

-l SO R
ST i : m IR D" 2000 R e
. N [
o S
B Rt b - ~b-—eq
. ! ! . '
i ~ i - N :
-YI»” _ T ) . R el B e T peirie went TERTE SR S g P
i P : N
S ._nf : O A [ IS
M ear
“ul -
- >

TOP SECRET
Approved For Release 2009/09/28 : CIA-RDP89B00708R000500110002-1

RM979-2



Approved For Release 2009/09/28 : CIA-RDP89B00708R000500110002-1

TOP SECRET RI-979

11-3C-52
=9~

The conclusion of this analysis, as can bs seen from Figs. 1 and 2,
is that a Gopher operation of less than about 1000 balloons will require
a large effort (mostly in the recovery opératiqn), and will yield less
than 60% coverage of Russia. With relatively little increase in effort,
except for the added cost of the expendable gear, an operation of some
2000 to 5000 balloons will yield 80% to 90% coverage. The increase in
‘coverage by going to still larger numbers of balloons is not significant,
particularly for the central part of Russia, which will have practically
100% coverage with more than 2000 balloons,

The model of the Gopher System which was used as the basis for the
cost analysis is described in some detail, and in certain respects it
may represent the final operational system quite well. However, it
should not be used as the basis for an operational plan without more
consideration of the complex factors involved.

Under Project Gopher most of the components of the.Gopher system
have been developed and tested, with a few important exceptions. It
is generally felt that the operation could be conducted using present
equipment, but a major program would have to be undertaken to coordinate
and combine the various components of the research and development phase
into a complete system. Such a program, if undertaken energetically,

should result in an operational capability in about one year.
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In November, 1950, at the request of the Air Force Scientific

0-52

Aévisory

Board, RAID made a prelimimary study of the feasibility of pioneer| reconnais~

sance by balloon-borne cameras, The conclusion of the study was t

hat such

a system appeared to be feasible, subject to the successful development of

certain components and techniques (RM-494, Top Secret), A crude e

’stimste

of the cost of a balloon reconnaissance operation over the U,S oSeRs ran from

22,5 million to 135 million dollars, The lover estimate vas for 1500 launch=

ings, resulting in about 30 percent coverage of west-central Russia, and the

'hrger estimate was for 9000 launchings, resulting in about 90 percent cover—

age of the same area,

A major research and development effort was begun shortly after? the com=-

pletion of the RAND study, under the general name of Project Gopher (though

there were supporting projects under different names, such as Projacjt Moby

Dick), In the course of the work by a mumber of agencies more 1n§igﬁt was

gained into the factors involved in such a reconnaissance aysf.em,

of the original RAND estimates turned out to be either optimistic

" mistice

anﬁ a few

or pessi-

At the request of the Office of Development Planning, D(S-Devel§pmnt,

the present study was undertaken to reascertain the feasibility and boet of

a balloon reconnaissance system, Much of the discussion in the o_rigj.nal

RAND study still applies and is not repeated here, This report i1s, there-

fore, in the nature of an "addendum" to RM~494, though it is organized in

such a way that it will not be necessary to refer to the original
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to understand the major conclusions,

It should be emphasized that, although no complete balloon reconnais-
sance system has ever functioned in its entirety, every component of the
system has now been investigated to some extent by actual fleld tests, The
conclusioﬁs arrived at in this report may be somewhat in error due to lack
of sufficient quantitative data on which to base them, but it can now be
said with certainty that no gingle component ig unproven. It is no longer
necessary to guess in the dark about such factors as balloon endurance, re-
covery techniques, camera operation, etec., so the present estimate is proba-

bly more reliable than the original one made two years ago.

TOP SECRET

Approved For Release 2009/09/28 : CIA-RDP89B00708R000500110002-1



1 e -

Approved For Release 2009/09/28 : CIA RDP89BOO708R0005001 10002- 1

1

TOP SECRET e
30-52
..12 |
II. Project Gopher Regults and CopcluSlODS . ... iit.ot szd oo
A, Daylead :i-. ruiiizizy , |
Thé primary. components of.the: gondola: developed, by, the Stanley
Aviation Company for the.Gopher system are: : |
-~ . Camera . (k=17 aerial camera, modified) |
" Position recorder (Records solar elevation angle) j
Timer (For camera. dnd.for:control of beacons) e
Beacons (HF, for long rangs, and VHF ) - o
‘Release mechanism. (Receiver and decoder) ... N

Ballast control
. Heater (Hydrogen percxide.). .. .

In addition tﬁere are the batteries, the ballast containers and yelwries,

antennse, parachute, etec, . .-

wo et [ e

‘The- total weight of the present payload, minus ballast, is.about 460

lbs, - It.is considered by the: designers _thet,'thie‘ may be.reduced to iless than

400 1bs.in. the. later versions using the K=17 camera.. With. improved camera

equipment, - bullt especially for the.balloon application,. t.he camers. and film

weight could be reduced: by another 20.1bs, or, eq,_,_.eﬂgi_ﬁ:th‘eyf.quer_‘ pm-'rer. re-

quirement may mean: less weight in. be.tteriea.

.(see Section.p IV, Ce

) .1t is

dii‘ficult, to.determine the ultimate minimum weight,. but. it will. probably be

between 300 and. 350 1bs, this being required. for. the batteries, beacons,

timers, and associated gear, plus the insulated compartment,.

.. The estimated cost. of the present. type gondola, exclusive of

ment~furnished camera and. solar elevation angle recorder is ebout

$4500. per gondola in production lots of 3000.cr more,:
payload (exclusive. of balloon) ias about $7000, .. .

e

Thototal i€

the govern=.

$4000 to
:oeit, of the

g

" The vulnerability to ensmy action clearly deiaehea ui'aeelt";\.wd factors:
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o With vhat success will the ensmy detect and track;
these balloons? v — :
o Having losated the balloon, with vhat success een
he btring them down? S |
1, Detectdiop i
The conclusions of the original RAND study remain ee;ae'ntially
|

unchanged A ayetemtic visual detection of these balloons is unlil.kely, even
i .
if a corps of observers is alerted to scan the sky. This is’ beeause the eye

" does not easily acquire a small object in the sky, as it is not focuaed

properly when looking at the blank sky. )breover, cloud cover vill prevent
any observations at all from 50 to 85\percent of the time in vintex;-. Once
the balloon is spotted on a clear day, then it may be possible to fo‘llow it
visually, since the balloon as seen from the ground is several times the
ninimum angular resolution of the eye, even at a distance of ten mlles from
the poaition of the balloon, The absolute mim hor:lsontal renge for
vieua.l t.reeking with the unaided eye during t.he day is about thirty miles.

Under eleer conditions at sunrise or euneet, vhen the sky is darkened but

the balloon is still in the sunlight, the high contrast between balloon and
eky mkes the balloon et.and out very elearly, even brighter than the phnet

' 3 Venue. ‘!‘hie "light bnlb effect" vill oceasionelh' be notieed by eome people
v on the ground, though onh for a ehort time each day. ‘rhue, the preeenee
ot the balloone vill eertainly be notieed, but n vill be near]y hpoasible

for a vieuel observation netvork to provide eoneietent traeking 1nformtion

- I

7 for the pm'poee of intereepuon. S :-;\;»- L n L

The radar deteetion of theee balloone 13 nncertein and depende on

" eeveral eontrolhble fectore. ‘rhe radar range of a balloon wit.h en 85 foot

l
,Iv
.
. | '
C

'I'ﬂP SECRET
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trailing wire, as seen by a type of Russian ra.darAwhich operates EOn‘about
150 Mc with vertical po]afization (modified Freia type )y would bei at least
equivalent to a large bomber, since the antenna is long enough tog provide
a large equivalent echoing area, The VHF homing g.ntenms, whicﬁ are now
cut for 150,12 Mc would provide very large echoing areas also, aiince they
are of just the righf. length to form a tuned dipole for this type of radar,
Detection by horizontally polarized VHF radars (Dumbo type ) or by microwave

radars;would not be 8o easy, In fact, experience with tracking these balloons

by U,S. S=-band and I~band radars has generally indicated that the;r will not
be detected initially by such radars, and will only be tracked with aiffi-
culty at short ranges afier they have_ been J.ocated. Part of the ;iifficulty
in locé.ting these balloons arises from their great altitude, whic%z carries
them above the usual radar antenna pattern, |
Appendix A contains a discussion of some possible countermeaiaums'
egainst VHF radars to reduce the chance of radar detection, Wheth:er it will
pay-to adopt these depends on whether the success of the enterpu'ifse requires
non-detection, The answer to this obviously depends on whether t#xey can be
brought down once they are detecte;i. f
2. Yuloerability |
The present payload, weighing about 460 lba, can be set to

float on a 73 £t balloon initially at between 55,000 and 60,000 ft. This
assumes an initial 775 1bs of ballast and a gross load (inecluding balloon
weight ) of 1500 lbs, (These are the spscifications recently set by Hgs,
‘ABDC, for the current system,) By reducing the payload weight (S:ee Section
II, A, ) and ballast, it maj be possible to reduce the gross load by about

TOP SECRET
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300 1bs, and this would allow the same balloon to float initially at about
65,000 ft, Until a larger balloon ié proven operationally practical, the
73 ft vehicle appears to be the maximum acceptable balloon size (see Section
II. C. ), and so these altitudes are also maximum initial altitudes for the
present, Each day, assuming a non-leaking appendix, the gross load will de-
crease due to the dropping of ballast, and so the altitude will rise from
1500 to 20C0 ft higher each day,

It is reasonable to assume that any large-calibre bullet (nonrexplpsive)
which touches the balloon will essentially "kill" the balloon. In order to
stay aloft for six to eight days, the total allowable hole area in a 73 £t
balloon is about ,15 in?. A bullet tearing a hole in the fabric will there-
fore at least double the normal leakage, and if this happens early in its
flight it will never complete the trip,

The ceiling of our latest F-86 jet fighters is about 45,000 ft, and
Russian MIG's have been reported flying some 5,000 ft higher; This means a
possible 50,00C ft ceiling for current production fighters. Fighters equipped
with afterburners could possibly gain another 5,0CC ft altitude, so one should
reckon with a potentlal Russian fighter ceiling of 55,000 ft, This means
that, if all goes well, the balloons will probably not be shot down by fighter
gunfire,

There is reasﬁn to believe that there could be a saving of ballast by
allowing a slow descent during the night (the "solar engine" principle),
particularly if specially designed balloons were used which could take on a
load of air without this air mixing with the gas, This is practical from
the balloon standpoint, but may seriously increase the vulnerability, since

an early morning fighter interception would then be possible. Fortunately,

TOP SECRET
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the required endurance can be achieved without recourse to the solar engine
prineiple, and so there is no need for allowing the balloon to descend at
night, ' | | ll
The conclusion of the original study with regard to ground fire.or i
gﬁided missiles is probably still valid, At present there are ‘some fanﬁ-
aircraft guns which probably could reach up to 55,000 ft and above if the
balloon were nearly overhead, and with modified fire control f.hefr ceuld have
a 0,2 to 0.5 probability cf kill per round, Air-to-air rockets or canon
fired upwards from high flying aircraft might also be successful in shooting |
balloons down, ‘
With one to three years! time the range of guided missiles and barrage

rockets could be virtually unlimited, depending only on the deaii'e ef the
Russians to develop a weapon to kill balloons, However, the cost of a missil%

program to effectively hamper a Gopher operation would be many timee the cost
of the balloon program, This cost to the enemy could be further in&eaaed by i
the use of large mumbers of dummy balloons ‘
3. Electronic Countermeasures ;

The enemy will attempt to tamper with the comunication and 1

control equipment of the balloon, and he will be effective in this if measures

|
|
|
|
i
|
|
I
|

are not taken to anticipate 1it. .
First, there is the command cut down system, and if it were not ca.refull;r|
designed and the command code kept a secret, the gondola could be released

from the balloon before it ever reached the recovery area, However; it 18

possible to design a system which will respond only to a particu_lar?command,. |

each balloon having a different "key" so that any attenipt to bring f.he load

down prematurely will fail, It must be so designed that the system will not
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be compromised when some of the receiver and decoder units fall into enemy
hands, as they surely will after the opsration has been under way fo,'ir awhile,
In other words, the combination set into each unit must be sufficiently I

complex so that one has to know the exact combination in order to work it.
The present Stanley Aviation unit appears to provide the requtiréd se~
curity, but it would b well to let it be tested further by allowing a group
of electronics experts try to break the combination in a simulated éjounter-
measure cempaign, ‘
The recovery system may be very susceptible to enemy Jjamming of the DF
eigmla. If this turns out to be the case, then the network may have to be
moved avay from the coast of Asia, to a line along the 180th meridia;n,, An~
other alternative would be to rely on VEF signals instead of HF si gnals, which!
would be practical for the "picket" ghip system of interception but not for !
the long range tracking and GCI systen, (See Section II, D, 2, ) It is fairly,

certain that an attempt will be made to jam the balloon signals, and: serious
consideration should be given to ways of preventing this from beixlug effective.‘
Some of these ways are discussed briefly in Appendix Kk, ‘ f
" The difficulties of initial detection, tracklng, and weaponry which
would have to be overcome by the Russians to knock down flights of bjalloona

at 55,000 to 70,000 ft are formidable, With unmodified equipment an‘dA tech-

niques they could probably do little against them, There is every feason to {

suppose, howeveér, that the Russians will try to develop a weapons sxetem as

1

|

soon as they are aware of the balloonliproject, and such a system c-ould become !
: |

'I

|

effective 1n a short time, though at considerable cost.
e ~wm of preveﬁting Jaming or tho krgqgve_ry ayatem shoum be caroml]y atndied

-.,....._ e

N
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e Nl TPy ,

At'ihe inception of the Gopher program, there was available for
use a 73 foot diameter balloon, 1 mil thick, This balloon had stay\ed aloft
for a maximum of 36~48 hours, and had lifted loads of the order of 10C lbs
to altitudes of ~ 100,000 feet, When the requirements were set forth, how-
ever, (see Appendix B) it was quickly learned that the available vehicle
would not be adequate, This was due to two main reasons, First: The
balloon of two years ago was not stressed for the required loads (~v 1500
1bs )., Second: The diffussion of gas through the fabric was too high to
allow the required duration, These were the main problems that had to be
overcome and that were, in fact, surmounted in the time since the project
began, '

" What has evolved from this intensive work is a balloon of approximately
the same physical size (73 feet) that is capable of meeting the requirements
as set forth in the Gopher program. It has been tested extensively, and is
even now being used as the vehicle for the Moby Dick project (a large scale
balloon flying program in the United States), It should be noted, however,
that it was not chosen because it represents either the ultimate or optimum
size, but rather because it is the largest proven vehicle ip existence today.
This "new" 73 foot balloon is 2 mils thick (laminated 1 ‘mil sheets) and has
a dally leakage rate of less than 5 percent of the remaining gross load. Hith‘
a gross load of 1500 1bs this balloon will fly (initially ) at an altitude of
58,000 feet, and, depending on the type of balloon appendix used, will either
remain at this altitude througfxout the trip or will climb progressively higher

TOP SECRET
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each day.* Such a balloon carrying approximately the required gross load
has been kept aloft for upwards of 5 days, the ballast weight being within
the permissible limit qf ballast weight on the operational Gopher flights,
The cost of such a vehicle is approximately $1400 per balloon in small quanti-
ties, It is assumed that the unit cost would drop proportionately when
ordered in lots of several thousand,

Also appearing as an outgrowth of this two year program is a somewhat
larger balloon that was specifically designed for the Gopher project. This
is a balloon that is 116 feet in diameter, and is capable of providing ap-
proximately 25 percent more 1lifting capability than the 73 foot ballcon.
Although not compietely tested, this balloon has, on at least one occasion,
1ifted a load of 1700 1lbs (gross load 2366 1bs ) to 74,000 feet and kept it
aloft for almost 9 days, As such, it 18 a vehicle that offers considerable
promise for possible future operations,

2. Ihe launching Problem

The ability to launch a large balloon is dependent on the wind speed

while it is still tied to the ground, Because the force due to the wind is
approximately proportional to the cross sectional area of the balloon that is

exposed to the alr stream, one is led to the conclusion that the larger the

balloon is, the greater will be the effect of the wind, When this is combined

* As was pointed out in Appendix B, a balloon with an air tight appendix
(no air mixing) will climb to a higher altitude each morning due to the
decreased gross load, This is illustrated in Figs, 10 and 11, Although
not completely tested, such an appendix has been designed by the University
of Minnesota balloon group, and consists of a "pigtail" exhaust valve
fastened to the top of the balloon and extending down one side,

TOP SECRET

Approved For Release 2009/09/28 : CIA-RDP89B00708R000500110002-1



Approved For Release 2009/09/28 : CIA-RDP89B00708R000500110002-1

TOP SECRET RI-979

11-30-52
-20-

with the fact that, in the absence of a shelter, an ordinary 73 foot
balloon cannot be launched in wind speeds higher than ~ 2 knots, it is
apparent that an operation involving balloons of this size (or larger )
would be seriously hampered due to the high percentage of time that surface
wind velocities are too great, Tﬁis problem has been partially solved by a
development of General Mills, Inc., called the "reefed balloon." In essence,
this is a long, narrow tube of polyethelene that restrains almost all of the
balloon except the bubble, and presents a smaller cross sectional area to the
wind., If no weigh-off is required (establishing the free 1lift by actually
balancing the gross load against the 1ift ), it has been found that a 73 foot
balloon can be launched in winds with gusts up to 15 knots., This value assumes
a vertical launching, a necessary condition (to date ) if heavy shock loads are
to be kept off the balloon, It should be noted from Appendix B. 2! that, when
calculated on the assumption of equivalent flat plate area, the forces due to
the wind on a reefed 73 foot balloon and a reefed 116 foot balloon are ap-
proximately equal, a condition that was not possible without reefing, and which
makes both vehicles appear equally feasible from the standpoint of launching,
‘It has been proven feasible to launch large balloons (73 feet ) from

| ships at sea (escort carriers, saa plane tenders, etc.), as well as land

o~ _—

bases, Table 2, Appendix B, compares the land base with the sea base from
several aspects. As is shown in this table, the sea base, with its ability
to establish a no-wind condition over the balloon in wind velocities up to the
- speed of the ship, has a slight climatological edge over the land base, which
is generally limited to gust velocities of 15 knots. The sea base is also

more secure from the standpoint of sabotage, The land base, however, appears
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to be better suited from the standpoint of logistics, especially when con-
sidering the supplying of 1lifting gas, The necessary gas generation unit for
a ship engaged in launching several thousand balloons is both cumbersome and
expensive. Any improvement in the launching system that would allow land
operations in gust velocities greater than 15 knots would make the land base
somewhat more attractive than the sea base.
Experience has shown that the criteria for a successful launching system
are as follows:

1, The system must be omaldirectional,

2, The system must provide for & minimum handling of the
delicate material of the balloon, both by personnel
and by foreign objects (canvas, ropes, walls, ete, ).

3. The system must provide a minimum shock load on the
balloon and gondola at launching, N

be Thefe must not only be a minimizing of the direct wind
force, but also of the burbling due to turbulence, which
tends to place undue local stresses on the balloon,

5. There should be a minimum of mechanical gadgetry involved
in the system, as these tend to reduce the cverall re-
liability,

Many improved land launching systems have been proposed and several have been
tried, but with only partial success. So far none has complied with all of
the abcve criteria,

The launching question 1s therefore not completely solved, Both the land
and the sea base are capable of dolng the job, though much could be gained

through improving the system. Only a cursory examination of the climatic factors
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involved in launching has been made for this report. Therefors, a more
detailed study should be conducted before choosing an operational base,
taking'into account not only the prevailing surface conditions but also the
distribution of trajectories (see Section II, E, ).

3. ZIhe Duration Problem

Although the launching problem, the supply problem, and tle re-
covery problem are important in the overall program, the most important single
parameter of the system must be the flight duration == the ability of the
ballocn to stay aloft long enough to reach its destination., The former pro-
blems leave one some freedom of movement to exert a partial external control;
but once a ballocn 1s launched its abllity to stay aloft for the required
period depends entirely on what has been done before letting it loose.

The requirements, as set forth in Appendix B. 1. A., calls for a floating
altitude of at least 58,000 feet, a take—off load of 1500 lbs, and an ultimate
duration of 6~8 days, Although, as this appendix further shows, this re-
quirement can be met pow with the present 73 foot balloon, it is of interest
to note how the duration could be increased, thereby increasing the margin
of safety.

Duration is approximately proportional to the log of the ratio of fixed
weight to total weight (fixed weight plus ballast ), The obvious method of
inereasing the duration is therefore to dec¢rease this ratio. This can be
done by decreasing the payload and using this saving as ballast, or by de-
creasing both the payload and the total load, Both methods are under serious
consideration, and it should be noted that the latter will make the launching
and recovery operations somewhat easler,

The ultimate duration of a flight is determined by the amount of ballast
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carried by the system and its dally rate of usage., The fractional daily
ballast requirement is a function of two main happenings: First: A certain
fraction of the gas will diffuse through the walls of the balloon and out of
the appendix each day, To maintain altitude, this loss of 1ift must be
compensated by an equal decrease in load. Second: Each balloon will lose

a certain fraction of its 1lift due to a loss in "super heat" (heat gained
through the absorption of solar radiation)., This second cause occurs quite
abruptly and must be accompanied by a sufficient ballast expenditure so as
to keep the vehicle from descending to the ground,

The first cause has been almost completely eliminated, as stated, by
laminating the balloon skin and improving the appendix, For this reason, it
is assumed that no noticeable improvement in duration can be expected from
research 1n.this direction for the present,

‘Methods of decreasing the penalty one. must now pay for the sunset effect
are treated quite extensively in Appendix B,1,C. It is sufficient to say here
that several promising possibilities do exist and are being pursued quite
vigorously., These may be divided into two main categories:

o By slowing down the descent of the balloon by increasing
: its thermcdynamic stability. Essentially this involves
the use of air entrainment to keep the balloon at con-
stant volume, and thereby increasing ﬁhe work that the
atmosphere must do on the balloon, General Mills, Inc.
reports such an effect, which they call the "solar
engine," Although not yet demonstrated, the people
from the University cf Minnesota are planning to im-

prove this method still further by using a sealed gas
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filled balloon enclosed in an unsealed ballonet which
will £111 with air as the system descends, It is easily
seen that, if a balloon can be slowed down considerably
by this method, the actual ballast expenditure will be
greatly decreased,
© By reducing the balloon's reaction to solar radiation,
thereby decreasing the change in 1ift due to a gain or
loss of superheat, The reason for the present dependence
on sunset is that the balloon is absorbent in the region
.of solar radiation. The people from the University of
Minnesota have found that the tapes that help to hold
the balloon together are one of the chief culprits in
this respect, and they are therefore flying tapeless
balloons, A second way of attacking this problem is to
make the balloon dependent on the earth!s radiation
(which is mostly in the infrared region of the spectrum ),
and therefors nc longer subject to a diurnal effect, This
too is being tried, utilizing ammonia as the lifting gas,
which has strong absorption bands in the infrared., With
the latter method, it should be noted that a balloon that is
so bound to the earth is subject to changes due to cloud
decks and other such variations'in the earth'!s radiational
temperature whichmay be as great as the sunset éhange.
A third method of reducing ballast requirements has been considered theo-
retically in Appendix B,1,C, This involves the vaporizing of liquid ammonia

and replacing the gas in the balloon rather than dropping ballast. On paper,
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this locks very promising and appears to increase the duration for equally

loaded balloons by as much as 40 percent, °

CONC LIS ION
The techniques described above offer considerable promise of increasing

the ultimate performance of the balloon, but it should be emphasized that the

vehicle in its present form appears to be capable of doing the job.
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D, Recovery

The original study contained a fairly comprehensive discuésion

of the recovéry factors, and will not be repeated here in detail,
possible methods for recovering the balloon payload are:

o To snatch i£ from the air by a recovery plane

o To snatech it from the sea by a recovery plane
o To'recover it from the sea by a surface craft |

A fourth possibility has been mentioned, the recovery from land ai

experience has shown that this requires the active cooperation of

population, and is more or less uncontrollable and haphazard, Mox‘eéver, it

would be stretching the range of the balloons to require them to feafch the

first friendly land mass, the North American Continent,

1. _Ar-Suatch Becovery Tests

The mid-air snatch is potentially the most economica.l,% but up to

a year ago it had never been tested systematically., Iast summer 1|'.he Aerial

Pickup and Delivery Unit of the Equipment laboratory, WADC, sncceg
demonstrated that a payloed of up to 300 1bs hanging on a parachut
snatched in n.zid-air and pulled into an aireraft, These remarkable
made at El Centro,‘ California, using a C~119 "Packet" with the ree
removed (as suggested in a RAND proposal ),

Although the unadorned statistics of the tests show a low pro
success (See Appendix C,), the following are the conclusions of th
personnel and of the RAND observers (who flew in the pickup plane
- of the tests):

o With a reasonable development effort and the un-

interrui:hed use of a plane of the C~119 type, this '
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method could be ironed out to give better than ané

80 percent probability of recovery for those loads?

which were located and brought down successfully to

the recoveryaltitude, l

o Specially reinforced pafachutes with heavy (1000 1lb
test ) risers and reinforced skirts should be manu-l
factured for this pur'pose.- They should be perfecté]y
stable and should be large enough to provide not miore
than 1000 ft per min fall at recovery altitude, Piara.-
chute designers should be able to recommend the chfeapest
form §f chute to meet these requirements, Incidenitally,
since the opening stresses on this chute are quitef small,
the fabric can be made of very light materiai, theireby
.saving weight, It should be red or orange for besit
visibility,

o The number of recoveries per f]ight cculd be quiteé large,
subject only to tﬁe range of the aireraft, It vilgl take
about one~half to three-quarters of an hour to comiplete a
recovery, once the aircraft has arrived at the baléloon
position, | [

o Weather conditions required for recovery are cleari con=
ditions at and above the recovery altitude, thoughi high
thin clouds would not be too a_erious. The parachuite must
be seen visually for the contact, and the range atg which
the chute can be seen under clear conditiﬁns is soxine five

|
to ten miles, Although clear conditions above, say,
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2, [Estimated Force Requirements
The force of aircraft required to do this recovery |

scale reconnaissance effort may be estimated in the following way

(o)
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10,000 ft are not too prevalent in the Northwest
Pacific in winter, it will usually be possible to

wait until the balloon moves over a clear area,

'payloads on a day's operation, Thus, as the flux

j
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ob for a full

Iength of the recovery network, from Okinawa to aNom;e ’

is about 4000 n mi, extending to a curved line fr

SW to NE, (See Section E, 2, )

\maes at or near Okinawa, Tokyo, Shemya, and Nome

om

(a

minimum of four ) should be able to provide coverage for

the area (See Fig, 3 .)

The fraction of aireraft out for maintenance at amvl one

time is 1/3, and the abort rate is 0,8 (the usual

considered in bombing campaign analysis ), An extra stand-

by aireraft is required to fill in for the aborts

factors
|

» one

|

‘for each five operational aircraft at a given base,:

The network is "saturated," i1,e, there 1s always at least

one balloon in the patrol area of each aircraft, 80: all

sectors of the network must be continuously patrolled

during the daylight hours,

Fach alrcraft can attempt to recover, on the averag§ y. five

loons through the network increases there will be

where more aircraft must be added to keep the average work

o:}.‘ bal-

a.j point

load at five recoveries per aircraft per day., (The
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maximum mumber of recoveries for a given aircraft might

'be as much as ten or fifteen per day, if they wereg quite

closely spaced, but the ayerage work load 1s kept low to

allow for the random fluctuations in the number oi% bal-
loons p;asing through a given sector, ) :

o The aircraft which would probably be best suited for this
job is the C=119H "Packet." This ship with only ifta ex-
ternal fuel tanks has a combat radius, at around 53000 ft
altitude, of 1250 mi, and an endurance of about twenty
hours, With a light lcad consisting of the recoveiry
gear and crew the range could be greatly 1ncreased; by
adding fuel tanks in the cargo space, as is now dcsine for
ferrying these aircraft, This will probably not tlae neces-
sary, however, (Its normal cruising speed is 131 fknots
at 5000 £t, its maximun speed at 15,000 £t is 239 knots,
and its combat ceiling is 28,000 ft, ) |

o The cost of flying such an airecraft, including thé costl
of fuel, maintenance; and depreciation, is estimati.ed to
be roughly $500 per flying hour, Each of the reccf>very
aircraft flies an average of ten hours per operati;onal
day. |

o The aircraft are grounded 10 percent of the time due to
adverse base weather (an average for the network ):,

o About 10 percent of the balloons will never reachfthe

network due to adverse trajectories (See Section E. 2

below ). L
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o When aﬁ aircraft succeeds in reaching a balloon ariﬂ
releasing the payload from the balloon, then it hais an | .
80 p_ercent chance of effecting a successful air sx%atch
and puinng the payload into the plane, j

o About 10 percent of the time the balloon beacon arid/or
cutdown mechanism will fail and ithe balloon will pfass
through the network, '

o There will be a small chance of recovering the pafloads
from the water or land if they pass through the re:covery
network or miss it entirely, This has not been co?nsidered,
but might improve the overall recovery efficiency ésomewhat.

o Ihe oversll recovery factor for balloons which perforn :
gatisfactorily is 1.6, or, for example, 10 payloadzs re- .
covered for every 16 which remé.in at altitude the %required
six to eight days, g

These are the basic operational assumptions used to estimate ithe recovery‘E
effort, In Fig, 3 is shown the extent of the network, and the m;mber of air-;
craft shown (a total of nine) representé the minimum which should iipa.trol their;
respective sectors each operational day, The mumber begins to inérease wvhen |
the maximum expected on any one day exceeds about 45 balloons, anc% this occurs;
when the seasonal total of balloons launched exceeds about 2000, ‘ i

The southern part of the network will have at least eleven to twelve
hours of daylight each day at 20,000 ft, but the hours of daylight%; for the :

)
aireraft from Nome will vary from six to eight hours (in December ) to about
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The recovery nefw¢rk, showiﬁg
the approximate pdtrol areas of
the aircraft from the four bases
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twelve hours (in Nhrch),“ and so the time available each day will be more
limited for the northern part, : ' l ‘
The detdiled flight patterns from the various bases have notfyet been |

worked out, This will require some thought, in order to maximizeithe re- :

1 l

covery efficiency for the distances to be flown each day, ‘ |

3. ZThe Belloon Tracking Problep

Balloons coming into a recovery sector in ones and f.wos must be
detected and tracked by some long range ground DF network, which ¢E:an then
vector recovery aircraft to make an interception, This 1is the coécept used
in the limited and sporadic tests of Gopher balloons to date, ‘Houirever, as |
the flux of balloons increases it becomes necessary for aircraft éo patrol a
gsector each day in order to be there when the balloons arrive, an& the greater;
the flux of balloons the more aircraft must be used and the smalleff the patrol‘E

sector of éﬁch aircraft, Thus, as the traffic becomes heavier thé ground

tracking and GCI control becomes less effective, but at the same time the
. )

area to be controlled by each aircraft becomes smaller, There wi%l clearly
be a point, then, when one should abandon GCI and adopt a "picketfshipﬂ system;
for intercepting the balloons, l ;

It is not clear just where .the transition from one philosophj to the
_other should: take place, but provisions should be made for both t&e GCI and
picket interceptions,

The GCI will require balloon-to-ground transmission over ranées of at

* A, S, angel, "Hours of Darkness at Altitude,"™ RAND Rept,, RM-635, 1951
(Iength of daylight based on time of gupget, considering direct aunlight
being required for recovery operation, )
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least 1C00 mi to permit tracking, and this range should be attainabie both

day and night with something like 90 perce'nt assurance, The presenf‘. Si;anley }
Aviation gondola has several HF transmitters, with an estimated powér of
1 3// watts at each frequency, This has been shown to give relia.blj a read-

able signal to a ground station at 500 mi, using sky wave rei:‘lec'l;il.ori° (Some

five times more power would be required for ground wave reception'. ). If the

transmitter were jacked up to 5 watts, a reliable range of 1C00 ttlz 21000 mi

tc a ground station could be obtained at night at the optimum freclluefjncy for

sky wave transmission (the MUF ), except in the aurcral zone, During the day
|

it may be necessary to raise the transmitted power in order to obtain the

required 1C00 mi range, since there is considerably more absorption of the ’
sky wave during the day, |
It should be emphasized, however, that the above power requirements to

give the 1000 mi range are not definitely established, and must in all 1ikeli-
hood be determined by tests under operating conditions, There are many factors,
such as the transmitter and antenna design (See Appendix &, ), the|signal-to=~

noise raiio required for the tracking, the design of the ground recefiving {

antenna, etc,, which must all be worked out together, The 5 watt|and over

power requirement set above seems too big in view of the occasional ‘success E
of much smaller trb.nér’nitters, but it must be remembered that sky wavte trans-
mission is extremely variable, and the long ranges which have been c;laimed
for 1 and 2 watt transmitters do not represent reliable contacts, |
Thé ground tracking stations will probably cost from &—5,000 to $50,000
each, and a minimum of four will be required, The cost will depend ito 8

large extent on the sort of antenna which will have to be used, and this

will, in turn, depend on the signal strength to be expected, The |communication

TOP SECRET 1

Approved For Release 2009/09/28 : CIA-RDP89B00708R000500110002-1 |




—_ 1 . —

Approved For Release 2009/09/28 : CIA-RDP89B00708R000500110002-

TOP SECRET  ,u»

11-3

=34=

S s _—

1

|o--"52

links and GCI center may have to be specially procured, For the present

cost estimate, an outlay of $200,000 has been assumed for this entire

facility, 1nﬁ§pondenx of the mumber of balloons involved, The spe

trained personnel which would be required may number ten per stati

cially

on, or

a total of about 40 ﬁen. The communications and GCI personnel should be

added to these,

For the picket type of interception reliable air-to-air commu|nication

over about a 500 mi path will be required, This imposes several serious

problems, First, this range is a 1little beyond line-of-sight, and

rather than VHF should probably be used, Optimum HF frequencies a

3 to 20 Mc band, depending on latitude, time of day, sunspot number, etc., and|

the standard Radio Compass AN/ARN-6 does not receive above 1.7 Mc.
‘required is not established, For one thing, the minimum detectabl

s§ HF

re‘in the

e signal

aboard an aircraft is considerably larger than for a ground statiqn,‘due to

| H
smaller and less directional antennas and a higher noise level, The power

required for a 500 ml air-to-air transmiseipn will probably have to be es~-

tablished by actual tests,
Since all the payloads will not be recovered by the air-snatc

{
I

h, for

one reason or another, some provisions have been made in the present gondola

_for recovery from the surface, The VHF transmitter will continue

to operate

after landing, and provisions will be made for a dye marker and for floata-

tion, In addition, the top side of the gondola should be brightly

painted

with red or orange fluourescent paint to aid in the detection of the‘gondolg

in the water, With these precautions, plus a notification to aurfacé craft

of the location of the packages (when this is known ), there should
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chance of recovering those which are missed by the recovery aircraft This
is further enhanced by the fact that a certain percentage of the gondo]as
that fall into the sea will come down within the well traveled Pacific sea

lanes,

E. Irajectordes and Coverage
_ It should be stated at the outset that practically 1510 data are
available on trajectories over Eurasia at 60,000 to 70,000 ft or azbo‘ve. It
is necessary to estimate what a family of wintertime trajectories ;at this
altitude will look like from upper air synoptic charts prepared foér lower
altitudes (below 55,000 ft) and for the North American Continent, The maxi-
mum altitude for which we have any significant data over Eurasia i:s about
40,000 ft (200 mb), Nevertheless, there is every reason to believ"e that the
winds used in the calculations below will generally be representative of con=
ditions at the Gopher altitudes,
1. Coverage .
As in the original RAND study, a point on the groundi is con-

gidered "covered" if a photograph is obtained of it lfrom a ballooni at a
reasonable range, The first approach to determining the fraction fof points

in a given section of Russia which would be covered is to consider the cover=-

age by a given number of "effective balloons" launched from a given peint up- |

wind, An effective balloon, as the name implies, is an idealized balloon
which takes plctures day and night, rega.rdlesa of clouds, and covers a strip
30 miles on either side of its path (The original RAND study aseumed only

|

* The Beacon Hill Report indicated that a 3 in, focal length ca.mera at
about 60,000 feet could detect large-scale man-made features auch as
airfields, railroads, dams, factories, etc,, at 30 mi horizontal range
and over, A brief study at RAND of high altitude pictures has con-
firmed this contention,
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Figs. 4, 55 6 5 and 7 show the coverage pattermsfor various inumbers
of effective balloons and launching points, Appendix D explains ‘|1n ‘more

|

\

i

!

|

|

|

|

]

15 mi on each side, ) - | 1 [
|

l

I

detail how these were calculated, |
|

:

!

|

order to do this, "degredation factors" for darkness, cloudiness, and failure | |
I

It is now necessary to determine the actua]l mumber of balloons ‘which

|
|
|
i
|
‘ |
would give the same coverage as a given mumber of gffective balloons, In |
I

to recover must be derived, and these will, in general, also be f\métions of

geographical position,

|

| |
The factors for darkness and cloudiness are shown in Fig, 8,| The dark- ”
ness factors are just the ratio of the whole day (24 hours) to thtl; hours of ‘i
|

| |
|
daylight at the ground, and they are shown for Jamuary 15, the middle of the yl
‘ |
|

operation period, They will be less favorable in Decemﬁer and more favorable

in February and March, The cloudiness factors are the average number of days ’
ons would have to wait in winter in order to get a day with 3-tenthé or less

cloud cover, and are based on an Air Weather Service stu_dy.“ Using jmean
factors for an entire region is clearly over-simplifying the probleni, but 1is

Justifiable here because it is mean coverage that is desired as the end pro-

duct.,

~The overall recovery factor, including the balloon performam'ze s per=

formance of the gonﬁola. conipone'nts,‘ and sucéess 61‘ the recovery c?efaticn

|
(See Section D, ) is probably about iwo. Actually, it would be a ,|11t,tle

¥ "areal and Altitudinal Variations of Cloud Conditions Favorable for Visual
Photo-Reconnaissance Operations Over Eurasia," Directorate of |Climatology,
Hqs, Air Weather Service, October, 1952 (SECRET ), |
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Fig. 8 — Degradation factors due to darkness and cloudiness
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larger in the northern part, where recovery is more difficult, and aﬁaller
in the south, but this elaboration was not considered in the calculationa.

\ The average coverage for all of Russia west of Long, 100° E ?canj now be
estimated as a function of the actual mumber of balloons launched, ' This

average coverage is defined as an area integral or summation:

i E c(n) a(irea)
%52"

Total Area

where C(n) is the coverage of a given element of area, &(Area ),’ by n
actual balloons, This process is described in Appendix D, and some more
detaitled results are given there,
- Fig, 1 shows the results of this calculation, It is interestihg to note
how rapidly the average coverage increases for the first few thouse.nd balloons,
and how little additional coverage is obtained by a further increase;. How=

ever, since it is a random process, it. may require a relatively h;lgh; coverage

before we can rest assured that we have not missed an important 1nst‘ellation.

It 1s likely that the coverage shown here would apply fairly well to% all of

Russia, 1nc1uding the part east of long, 100° E, since the trajectories con-
time across the area in a west-east direction, It is also posaible that the
coverage would be alightly improved by optimizing the hunching site, or by
the use of multiple launching sitee, though this 13 quastionable in view of

the large dispersion of the balloons from one site and the likelih’ood that
. _ 1

* The Gopher reconnaissance system is, by its very nature, a random process,

and should only be considered as a plopeer recomnalsgsance system. It
would be possible in principle to optimize the coverage of a particular

part of Russia, but it is generally felt that doing sc would defeat the
chief virture of the system, which is its wide and wholesale coverage.
The coverage is therefore calculated for all of Russia, with no weighting
factors assigned to any particular areas, : :
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there will be a year-to~year variation in the pattern which would be diffi-

cult to predict,

2. Distritution of Palloons in the Becovery Network

|
|
|
|
|
Clearly, in order for a balloon to be recovered it must emerge {

from enemy territory within a reasonable time and in a favorable plajce. Theo~

retical trajectory calculations can throw considerable light on this matter,

An Air Weather Service study based on 200 mb synoptic charts gives the dis- [

tribution of calculated trajectories originating at lat, 59°N, I.ong.i 3°E, as
they cross the 150°E meridian, which is appraximately the recovery afrea.‘

This distribution is shown in the table below,

Fercent of Trajectories
crossing the 150°F Meridi-

Iatitude  andina Given 5° Interval

|

80°N . |
301 ~ ‘
75 2.7 . | ;.
70 : |
4,0 ;l
65 : |
4.0 ; ‘[
60 :
504 |

55
\ . Rra

50 »
22,9 {
45 . . |
o o 29.1 : , ‘ i
0 - ' : ' | f
4 20,6 \ i
35 1
15.3 |
30 ‘ !
2 5,0 §;
25 ‘ H
0 I
20 | d
---------- ‘ l;
# nUpper=Air Trajectories Over Eurcpe and Asia," Directorate of Scientific ll
Services, Hqs, Air Weather Service, April, 1951 (TOP SECRET ).| ;'
TOP SECRE o
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Another significant result of this study was the finding that the median |

time of the flights was 5 1/4 days, with about 70 percent of the hypothetical

- T e

" balloons completing it in 6 days and over 90 percent in 7 days. Some balloons
would have required.only s];lghtly more than three days, These short times may[i
be optimistic, since they were calculated for about 40,000 feet (ZOQ mb ), ’
where winds are probably somewhat stronger than at the proposed fliéht alti- |
tudes, (See Fig, 9.) |

The conclusions to be drawn from these results are:

|

|

o
o The recovery network need not extend south of about l
20° lat, l

o Roughly one=third of the balloons viil be carried ;
into the region of the Aleution Islands and the | Bearing '

Sea, 80 every attempt should be made to extend the re-

covery metwork into this inclement area and to deielop
all-weather techniques for fecovery, such as the air-
snatch, .
o In winter about 90 percent of the balloons will cdm-
plete their trip over Asia in less than 7 days.| Any
additional duration which could be bgilt into the '
Eavl_l.oo'n.; would increase the mumber recovered and wc_:}uld
l‘er.)gthen ;hhe ‘se“a;son during which the sttem could

operdte .

o If the northern part of the recovery network can be

' maintained, then about 90 percent of ihe balloons which
manage o gtay aloft for up fo 8 days will enter the re=
sovery MIK: which is assumed to extend along the

I
TOP SECRET
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western edge of the Pacific from about 20°N to ’70°N,

(See Fig. 3 . Some 5 percent will be lost still

i

l

|

f

i

\

|
{i
: [
farther north over the Arctic Ocean, The recovery ”
. . .“
network could conceivably cover this area, but it i

! F
would not appear to be worth the large effort to re- ;'

!

cover such & small fraction, ) F

o The best launching point, as indicated in the preﬂous i

section, will be the North Sea or Northwestern Ih:fope ;

]

between latitudes 60° and 70°N,

3. Winter apd Summer Wipds lp the Stratogphere

It is common knowledge now that a reversal in the stfatosphere i

|
!
|
;I
‘I
winds takes place between winter and summer, The question‘'is frequently f!
‘\
asked: Why not operate our balloons in summer from east to west?| Would it H
|

not be easier this way, due to the longer daylight and the better weather at

the surface? The purpose of this section is to briefly summa.rize what appears’

to be the prevailing stratospheric wind patttern, even though there a.re not \
enough data to be very certain about the details of it, in order to lprovide I
an answer to these questions, What follows i1s pieced together from jseveral }
sources,and cannot all be found in the literature. . | i

In. Fig. 9 .'is shown the approximate distribution of the mean zoinal (east-;l
west ) component of the vind in summer ard winter as a function of lﬁtitude ami:L
|

altitude, There will be some variation with longitude s but the fact that these

were based on observations over the North American Continent suggests that jl

they may be fairly representative of conditions over the Eurasian Co‘ntinerit. ,!

’ |
It is necessary to qualify the mean picture shown here by some further |

statements about the daily variations from the mean, First, it is well known
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Approved For Release 2009/09/28 : CIA-RDP89B00708R000500110002-1




Approved For Release 2009/9%/2r8 : CIA-RDP89B00708R000500110002-1

[ J S W B W S | RI&.979
11-30-52
=6
) ' 4 50
150 | / (Southerly)
West
\’ | 40
v e |
9 . 100
s |
2100 30 ¢
2 E
e 75 -~ =
pe= | [}
£ E
o {20 3
3
= 50} 75
z 5
West 110
(o}
50
25 / East
0 L 1 i 1 1 i ] 1 (0]
Pole 60° . 30° Equator
Winter
415
k East ©
150 |- . P
100 : (Northerly)
75 440
8 \
& 50
% .
5100 - 130 &
5 =
(7]
3 25 "
©
= _ 2
M /\ 1% §
3 A 50
= 50} ' 0
< 25
West Eost 1°
\O
0 I I \ 1 ! 1 { 1 0
Pole 60° 30° Equator
Summer
Fig. 9 — Mean zonal winds in the stratosphere (knots) over
the North American continent
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that the winter maximum at around 35,000 £t and latitude 35°, the somcalled
" jet stream," moves up and down and north and south, So, indeed, do all the
features of t;hese mean cross sections, :
The region of transition from lower westerlies to upper easterlies in
summer, between about 50,000 and 70,000 feet, actually 1s a region of light

variable winds, with relatively large north-south components, and sometimes

" with closed circulation systems, particularly in the southern part, %
It is not until one reaches an altitude of 70,000 to 80,000 feet in
summer that the east winds at middle latitudes become at all consistient, and

then they appear to increase with altitude, Thus, in order to conduct a

A Gopher operation with any success in summer, one would have to operaite above
70,000 to 80,000 feet, and the balloons would have to have greater endurance
in order to make up for the general weakness of the east winds, Our present
balloons-do not quite provide such performance, but they may in ths ffutm'o.
(See Appendix B.1.6.) Thus, there is a -Zood posaiﬁility for e;m*t;ﬁally
carrying out a swmertine Gopher cperatien. |

e T

1, Brasefield, C, J,, "Winds and Temperature in the Lower Stratosphere,"

Jour. Met., Vol. 7, pp 66~69, 1950.

2, Crary, A. P,, "Stratosphere Winds and Temperatures from Acoustical
Propagation Studies," Jour, Met., Vol. 7, pp 233 =242, 1950,

3, Crary, A, P., "Stratosphere Winds and Temperatures in Imi Latitudes
from Acoustical Propagation Studies," Jour, Met., Vol. 9‘, PP 93-1C9,
1952,

4,. Gildenburg, B, D., Research Msteorologﬁt, E and A, Hollom,aj.n AFB,
unpublished data, ,

5. Kellogg, W. W., and G, F, Schilling, "A Proposed Model of the

Circulation in the Upper Atmosphere," Jour. Met,, Vol. 8', PP 222-230
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6, Kellogg, W, W,, "Temperatures and Motions of the Upper Atmosphere,
Chapt, IV in: thyseics and Medicine of the Upper Atmosphere,
University of New Mexico Press, 1952, j

7. )hntis, Homer, Assistant Professor, University of Minnesota,
unpublished data,

8, Rossby, C, G,, "On the Nature of the General- Circulation of the
Lower Atmosphere," Chapt, II in: The Atmospheres of the Earth and |
Flanets, University of Chicego Press, 1949. (Data on mean winds were -
prepared by Seymour L, Hess for this paper, ) ‘

9. Willett, H, C,, "Descriptive Meteorology," Academic Press, N.Y.C.,
1944.
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III. Campaign Cogts

In the preceding chapter the balloon reconnaissance systen': was de=

acr:lbed. in some detail, component by component, It is now mceaém to
combine all the components and to determine what would be required for
a given mumber of balloon launchings, The basic campaign assu'mpt,?idna
have dlready been made, so the process of adding up costs ‘contri!;utes
relatively little to an understanding of the system, ' @

It should be emphasized that the costs which will be considered
here will only be the explicit cogts of the experdible gear, the ispecial-
1y procured ground equipment, and the costs of operating the recovery

aircraft, Actually, the fotal gost to the Department of Defense will
be much more, since there will be an extensive training pu'ogra_nlx (as in-
dicated by the mmber of specially trained personnel), recovery aircraft
and launching fﬁci]:lties to allocate and ;naintain, and the cost o;f trans-
porting such a complex task force, These are not included in t.hef dollar
costing, but are indicated in the calculations and should be kept in
mind when contemplating the level of effort required to mount a c}ampaign
of a given size, :
Requirements for a campaign are given in the following table, De-
tailed explanations of how these were estimated are usually to|be found
in the preceding chapter, but the "ground rules" for the campai gxi are
briefly summarized below for convenience, The results are alsc siuown in

Fig. 2 .
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TABIE CF -
CAMPAIGN. REQUIREMENTS

RM-979
11=30=~52
e

Total Number of

Balloons launched in a Seaso

n

Requirements
‘ 1,000 | 2,000

4,000 L 6,000

10,000

1.

3.

4o

5.

7.

9.

1c,

Balloons launched each 20 40
day favorable for
launching

Balloons launched per 2 4
hour on favorable day

Number of launching 1l 2
crews and associated
launching gear re-
quired

Gas used each day A o8
favorable for launching
(mi1lions of £t3)

Gas generating ca- : 20 40
pacity required for a
carrier (thousands of
£t3 per hr)

Cost of hydrogen pro- ol o2
cured commercially amd
transported to launching
site (millions of dollars)

. Recovéry aircraft which 9 9

must be in the air each
day when weather permits

Total force of recovery - 17 .17
aircraft

Approximate total number 810 81C
cof flying hours spent on
recovery missions

Cost of operating and 4.0 4,0
maintaining the aircraft
(millions of dollars)

TOP SECRET

80

1.6

80

A

16

28

7.2

120

120

25

40

2160

1c.8
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40

70

| 3600
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Total explicit cost of
non-expendible equip~
ment and operation of
recovery aircraft

(millions of dollars)

Cost of balloon and
agssoclated expendible
gear (millions of
dollars )

Total explicit cost
(millions of dollars )

Number of specially
trained personnel for
launching, tracking
and racovery

RM-979

11-30-52
 =51-
|
4.5 4.6 8.0 | 117 | ' 19.3
8.35 | 167 | 33.4 50 | . 83.5
13 21 41 & 103
U8 154 232 316 520 |
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Jtem 1,

Ttem 2,

Item 3,

Item b

Iten 50

capacity of 10 railway tank cars or 60 truck trailers,

11-30-52
L52_
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SUMMARY OF RUIES
CAICUIATING THE CAMPAIGN REQUIREMENTS

The length of the season with favorable winds in the etr?to-
sphere 1s 100 days, ;
For a carrier launching base 50 percent of the days in the
northeast Atlantic will have winds less than 20 knots, so
a "no wind condition" can be obtained for launching,
For a land base, 50 percent of the days are favorable for
launching (1imiting conditions have actually not been de}
termined.),

Ten hoﬁrs, on the average, are available for launching on
each "favorable day," This takes into account the uslaliy
large diurnal change in wind at a land base, and the timg
required to steam back upwind 1in the case of a carrier base,
It takes a four-man crew one-half an hour to inflate and
launch a ballocn,
It takes two men the same length of time to ready the as}
sociated gear and move it to the launching site, ‘
Each balloon requires about 20,0CC ft3 of hydrogen (or
helium), | '

A carrier (or seaplane tender ) can store up to 2 milliod

ft3 on its hangerdeck, about the equivalent of the gas

# n"Atlas of Climatic Charts of the Oceans," U, S, Wea, Bu. Rept, No, 1247,

1938,
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Item 6.

Item 7,

Item 8,

* n1ifting Gas Requirements of a Balloon Delivery System," J. R,
General Mills, Inc., Rept. No. 1073, 21 March 1952,

o

(o]

o

TOP SECRET .
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quired, unless the generator breaks down.

vfhe hydrogen generator can run twenty hours each day,w

will be able to supply enough to launch balloons at th
daily launching rate for an indefinite time,

M-979
1-30-52
-53-
plus the compressors. This much will actually not berfe—
and

e

I

In terms of industrial generating plants, this gas generition

requirement is reasonable, but the cost of procﬁring a
stalling a plant in a vessel may be quite large, It i
sumed for the sake of this estimate that the cost of ¢

will range from .5 to 1 miliion dollars,

nd, in-
s as-

he. plant

The cost of hydrogen at an industrial plant is less than $,50

per 1CCO ft3 o Delivered in tanks, in the U,S,, it run
47.50 to 2 per 1000 £42.% It has been assumed here
1t would cost $5 ‘per 1000 ft3 delivered to the launchi
or $100 per inflation,

For low balloon densities an aircraft patrols a 500 mi

shown 1n‘Fig. 3.

s from
that

ng;site,

sector, as

As the daily balloon density (equal to daily launching rﬁte)

increases, the number of aircraft is increased to keep

an

average of five recoveries per aircraft per day., (See Section

I1I. D.)

Abort rates, etc,, are the same as for bombing campalgns,

(See Section II, D.)
One standby alrcraft is kept at each base to supplemen

five operational aircraft,

TOP SECRET
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Ttem 9.

Jtem 10 .

Item 11,

Item 12."..

Item 13.
Item 1.

" ten hour mission,

TOP SECRET N

There are four bases of operation,

Each operational aircraft flies, on the average, a d

The operation lasts for 100 days,
10 percent of the time weather grounds the aircraft,

average for the network,

Fuel, oil, maintenance, and depreciation of the aircraft

cost about $500 for each flying hour,

The launching facilities cost about $0,000 per laun

crew for the land base, and about $1000 per crew on
carrier (since the latter always launches in a "no W

condition" ),

The increased cost of the gas generation and storage

RM-979
11-30-52
=5h-

eLiny

an

i

1
i

ching
the
tod

more

than offsets the lower launching equipment cost on the

carrier, making the total sea launching cost slightly more,

The figure given is the average between the sea and
based systems,

The DF tracking network costs about $2c0,000, indepe
of the mmber of balloons launched,

Each ‘cAQmp)le’;oe set of flying gear costs about $8350,
No-ne is recévere& in time to be ﬁsed Vover again in o
season's operation,

Sum of 11 and 12,

Four men per launching crew for balloon,

Two men per launching crew for reading the gond'ola.

Ten men per DF tracking station, and four stations.

- TOP SECRET |
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o Six trained men on each recbvery aircraft, and the same

mmber of crews as total aircraft, (See Section II. D, )
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|
Approved For Release 2009/09/28 : CIA-RDP89B00708R000500110002-1




o ] |
Approved For Release 2009/09/28 : CIA-RDP89B00708R000500110002-1

TOP SECRET e

‘Jl'l.f 0=52

=50

Iv, ZIECHNICAL FROBIEMS REMAINING
A, Recovery ' -

The recovery operation requires in particular the develolpment and

procurement of the following items of hardwafe: '
| o A winch with the proper power and braking controls fqr

the recovery aircraft. Also, a suitable auxiliary hoist

for 1ifting the heavy (300 to 400 1b) package into tﬂe

plane after it is reeled in. (See Appendix C.) |

o A stable, light weight, reinforced parachute to meet ;the

requirements of the air-snatch maneuver,

o Suitable DF equipment for the racoveryr aircraft, Possibly
the standard Radio Compass, ARN=6, could be modified “1;0
cover the high frequency band from 1.7 to 20 Mc, (Sée
Section II, D.) L

o An improvement in the balioon HF transmitter, to plqvfide .
at least 1000 mile range to the ground receiving sftatjions
during the day, and more than this at night. (See Séction
II. D.) This will mean about 5 effective watts or|more
instead of the present 1 3/, watts, and will be at ai
freé;uency inj_thgj to 20 Mc-.z"_ang'e.f (Thezl-el is some|contro-
versy about the‘ power and frequénc;es required for|a re-
liable daytime air-to-ground 1000 mi range, and an inixportant
.part of the program should be to determine re#list.ic ;re-
qu:lrexﬁen‘l’.s° If the powér requirement turns out to mére
than 5 or 10 effective watts, then the recovery re?u;rements

may have to be revised to provide a more dense network of

TOP SECRET
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ground or shipborne radio stations, since it will pgof

bably not be possible to provide enough power in the

balloon for a transmitter of more output than this,

Balloons

“57=

) |

o Adequate duration can be achieved by using balloons thch

have already been demonstrated in the field, incorporating

- such recent improvements as the laminated pol&ethylene

film, the heat sealed top, the University of Minnésoﬁa

Appendix, etc., and relatively conventional constant

altitude ballast controls, (See Section II, C. and

Appendix B,) Any further refinements in the vehicle and

its altitude control will improve the duration and
reliability of the system, and so research in this

rection should contime,

the
ai-

Iaunching techniques for a land base should be pérfeéted

which will ensure a successful operation over 50 percent

of the time in winter., This will clearly vary fro
to place, but a perusal of wind frequencies for th

indicates that this requirement would be met by a

of 15 knots, accompanied by a mean wind which woul

few knots less., The General Mills reefing tube may

m place
! #*
e US,
system
which ébuld*cgpe with maximun winds during the launching

d be a

provide a solution when no weighing off 1is required,ibut

‘this should be more extensively tested, along with

proposed schemes, (See Appendix B, )

ofher

# "pirvay Meteorological Atlas for the United States," U.S. Weather Bureau

Repto Noo 13110’ 1941-

- TOP SECRET
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C. (Cameras

| =58

A lightwelght special camera shbuld be designed for this purpose,

incorporating the ingenious features of the present modified K-17

camera

as developed by Stanley Aviation, which includes data on time, altitude,

solar angle, and tilt directly on the aerial photo, In order to prdvide

the best coverage with a reasonable size of film and a 3 or 6 in,
multi-camera arrangement appears to be the best, since this would

" the requirement for rotation of the gondola, (see Section II, A,

D. Zest of Vulnerabllity

lens, a
eliminate
)

A mumber of considerations depend on determining the prc>bébility

that the enemy can shoot these balloons down at a given altitude,

Since

this is a very complex problem, it 1s probably necessary to detemdrie the

detectibility ard vulnerability‘ of the balloon and payload by acttlally con-

ducting a small scale field problem over the U.S., using the best

equipment

available to our forces to try to detect and destroy a few balloons, This

has already been proposed to the Air Force, and a progranm is uMezv@y.
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ARPENDIX A
METECDS FOR REDUCING DETECTIBILITY
OF THE BALIOON AND GONDOILA

1. Methods for Reducing the Redar Cross Section |
'The balloon itself will be the most yigible part of the Gopher ‘asaemb]y,

but for a radar the gondola and its antennas will be the part which jis de-
tected, The present Stanley Aviation Company gondola is a rectangulp.r box
roughly 2 by 2 by 3 ft, Since it is covered with aluminum foil fc‘r %1nsu1ation,
it can be considered as a good comductor, Appendages are, at present, a

trailing wire 85 ft long for the HF antenna, and a short vertical wﬁip VHF

antenna cut for 150,12 Mc, The load lines, parachute risers, etc., are usu-

ally nylon, and will add little to the radar cross section,
Intelligence on _Ruesian radars is probably inpomplete,' but it j.;s known
that they have VHF radars in the general range of frequencies betweén 55 and
240 Mc, They also have microwave radars similar to our early warning and
tracking sets, The radar cross section of an object such as the (:opher as~
sembly is a function of wavelength, aspect, and polarization of the radar wave,

so it will not be possible to specify how well the vehicle will be seen,

ﬂl’here are a few general factors, however, which should be kept in mifnd.

If the yound ra.da.r 18 a VHF radar with a wavelength more than twice

the width of the gondola (or less than about 150 Mc), it will not see the
gondola with horizontal polarization, The gondola can be thought |of as a

broad-band antenna with a maximum horizontal length of between 2 and 3 ft

(depending on its orientation), and such an antenna will not be v‘eryi, ef-

fective if it is shorter than a half wavelength, or dipole,

~ 1
TOP SECRET |
o

Approved For Release 2009/09/28 : CIA-RDP89B00708R000500110002-1




Approved For Release 2009/09/28 : CIA-RDP89B00708R0005001 10002-:1

TOP SECRET "

11-30-52
-6(i)- :

If the radar uses a yertically polarized beam, however, the various

vertical antennas on the gondola will be quite good targets, since ql;:hey
are long enough to provide some resonance at all VHF frequencies, In |
particuiar, there is a German type radar at 150 Mc, called the "Freia,"
which is known to use vertical antenna elements, and this radar chla pro- H

bably see the 150,12 Mc VHF beacon whip antenna as a tuned dipole, which

would provide a good return, It is not known how many of these the Russians
may be using, |
The cross section of the gondola and antennas for microwave radh.rs is

probably small relative to, for example, a bomber aircraft, since it presents

a small total area, (The ratio of the areas of a B~47 and a Gopher vehicle
is about 1C0:1.) This has been borne out in U, S, tests, where grouhd S=band
radars have generally had difficulty acqﬁiring the high altitude"sky?ook"
balloons, with trailing antennas, and have usually succeeded in tracking
them to only limited ranges, OCOne difficulty with microwave early wafning |
sets 1s the vertical restriction of their antenna beam, Being designed for
detecting aircraft flying at 20,000 to 30,000 ft, they do not have m#ch re-
turn from a target fly;ng at 60,000 ft unless their antennas are tip?ed up~
wards esﬁécialiy for this purpose, This'is poséible, in principlg; if they
are to. be uaed for balloon tracking.
The return from the Gopher assembly may be enough for an airborne radar

to see 1t at limited ranges, The broadside cross section, as seen from an

aircraft flying at the same altitude, will be considerably larger thjé.n that {
A \

; |

-seen from the ground, but for an alrcraft flying below the balloon the ranges I
nmay be expected to be only two to five miles, This is not enough for an inter-

ception without GCI, | .

‘TOP SECRET
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The most effective ground radar .for tracking the balloons wil
fore be the VHF radars with vertical polarization, so it 1s agains
primarily that the balloon must be "camouflaged," The following d
deals Qith this particular problem,

The obvious way to reduée the radar cross section is tb elimi
retract the antennas, since these provide most of the echoing area
is particularly true of the 150,12 Mc antenna, which will provide
signal., This antenna céuld be stowed directly against the side of
during its transit across the enemy territory, and then swung out

the gondola when needed for transmission,

RM-979
11-30=52
-A1
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mft.e or
o This

a étrong

away from

The present long trailing wire

would have to be let down by a reel, which would probably be fairly simple

to arrange,

A better way to arrange the HF transmitter may be to have it

the midpoint of the antenna, An experiment by General Mills has indiicated

hung at

that tliis center fed antenna gives in

the gondola

g the order of 20 db improvement in signal

3 :g Tsmbr ‘ !
s & A strength over the end fed antenna with
§ K c [

: ' |
w g-g n '5 a matching section at the upper end, If
= H o |
é‘ gf‘ é ’ this is verified by further|tests, then’

d s . ,

Tewm'r B & . ~85" the center fed arrangement a;hguld pro— |

bably be adopted, but then the lowering i

i

of the transmitter plus antenna becomes

somewhat more complicated, Béfore the h

J, - | ' | !
Center En d transmitter is scheduled to|go on the aiﬂr
Fed Fed a reel would have to be released to lowq‘:r

|

the transmitter on its antenna wire, and at the same time another
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to be released from the bottom of the transmitter to lower the ree;t of the '
antenna, This is feasible in p:inciple, b’uf. represents another péssible
source for f;ilure due to component malfunction, |
An alternative and simpler way of reducing the HF radar cross: gection
woﬁld be to cut the antenna up into smaller elements, each elementj. isolated |
from the other by an rf choke coil which would pass the HF signafls but
would represent a large impedance to the VHF radar frequency, In ;this way,
the radar wave would reflect from a large number of small sebctions? of wire, ,

each section being less than one wavelength but not any simple frai.ction of

a wavelength, (150 Mc, for example, corresponds to a wavelength oﬁi‘ 2 m,)

Gondo\a Before such a system could be used it |
! |

Q would be necessary to find out what :

CWhowes  VHF frequencies were being used, since, |

Tswmte : .

if the segments happened to Ebe cut to
the wrong size, they might turn ocut to |
be tuned elements and would ;m:i instead
of subtract from the radar ciross section;
These rf choke poila. would add to the Hg:lght of the antenna, butz could pro- |
bably be_constructed light enough to avoid Aexcessive welght, It miight be
that the. velght of the choke coils would only be- comparable to the weight of
retracting reels and switches, and their use would probably make r%etra.ction
unnecessary, Their greater simplicity might then make the choke c;oil system ;
for reducing the radar cross section preferable, | |

Since there are so many factors involved, it is clear that this question ;

should be studied in more detail, with reference particularly to \v{hat ground

radar sets the Russians may have available, It may be advisable to fly a
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few balloons specially instrumented to record or relay enemy radar signals {
: . |

for ECM analysis, (This is the subject of a separate study in progress at
RAND, ) ‘

The choke coils would not significantly reduce the radar cross section

for an airborne microwave set carried to balloon altitude, since each segment |

|
|
I
|
‘ |
of antenna would still provide a good signal in the horizontal plane, How- {
ever, if the ground tracking network was rendered useless, then GCI ;iould not x
be possible and the aerial interception would be quite difficult without a E|
large patrol effort., It is doubtful that aeriai interception will be poss:!.blca!;l
anyway at the altitude of the balloons, The primary weapon would .prébab.‘Lv be :
guided missiles or ba.rrage rockets (see Section II, B. 2 ), and these’ 'depend ong

ground tracking,

)
|
|
!
|
|
!
After about three days it is planned to turn on the HF beacon, since !
i

this is about the minimum time for a balloon to reach the recovery, mjatwork.

t

Some slower balloons will at:lll be over the middle of enemy territcry, howevgr,l
and it will be very easy for the Ruasians to track them by DF methods. Since '
this is an undesirable situation, it would be much better to have }thg beacons ’
turned on when they: cross a.certéin meridian. of longitude or enter| the re- ;
covery network,

There are a few proposed methods for doing this:

o Only activate a receiver at the wend of three days, and

recovery network,

Comments: The command signal can be heard by the
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Russians, and they could then duplicate it and activate

the beacons prematurely. |
o Provide a time-of-sunrise sensing device, thch uouid

turn oh the beacon when a sunrise occured before a
certain GMI', (ILines of equal time-of-sunrise run rOughiy
parallel to the recovery network in winter. ) j
Comments: An error or delay of nearly a whole day Eould

occur, since only one observation per day is possibleo For

a fast moving balloon this may a.mdunt to as much as 2000

mi or more, but this is still a great improvement over the

fixed time method, Equipment to do this is partly developed,

and is relatively simple, |

o Provide a timé-of—maximum-solar-glevation sensing device,
which would turn on the beacon when tﬁe subsolar me,iridian
was passed before a certan GMI,

Comments: The meridians of longitude do not run pgrallel
to the recovery network, so some balloons to the nérth,

. -over-Siberia, would have to turn pg;thgir beacons‘goo
‘early in their travel, There ia'a;sé a possible ex%rqr of
'2000- mi because of taking only one. observation per fday.
Equipment to do this is partly developed, and woulq be
more complex than that required for the time-of-suprise
device, A |

o~ Provide an angle-of-magnétic-declimition sensing déﬂce ,

involving the comparision of a magnetic and a semi-con-

strained north-seeking gyro compass, As the balloon travels
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eastward the magnetic compass will‘continne§to seékgthe
magnetic pole, while the g&ro compass, constraineé in
one direction, will line itself up with the earth's«axis

and show true north, At the launching area the magnetic

compassvwill point to the west of the gyro compasgx(q /

west declination), but about as the ballooﬂventeré Russia
the declination will shift to an east declixiw.tionﬁ Eeu.il?v;i
remain there until it reaches Central Asia, Iat Betw',efén
100° and 120°E longitudé. It will then obsérve a‘g n{est
declination until between 150° and 165°E longitﬁdéé .If

a programming device were gset to observe the sequence of
shifts from west to east to wvest to east and then activate
the beacon, the beacon would come on somswhere betéetn
aboﬁt 150° and 165°E lohgitude, depending on the Jétitude
of its flight, B

Comments: The region at which it turns on the beacon is

too far east to be of use to the Okinawa-Tokyo-Shemya-Nome
.. network; as described elsewhere. (see Section II. D ) How=-

‘ever, an alternate 1line of recovery basee could be Krajalein-
. Wake-Midway-Shemya=Nons, and -this mid-Pacific line 'would be
. in a good position to track and recover these balloons.
There is a possibility that a balloon would have’avdistorted

trajectory which would lead it back and forth anq cause it

‘to pass through the sequence‘bf‘declinatioﬁ changTétpre-

maturely, However, such a trajectory 1s qﬁite'uéliﬁély
, .

during the winter, when the zonal flow is steady, EAlso,

1

!
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there are a few strong magnetic anomalies, such aé the
one near Kursk (51° 15! N, 37° 30! E), which might con-
fuse the sequence, These are local singularitiesgin the
magnetic field, however, and would only be expect%d to
confuse a few of the balloons which happened to p&ss
directly over them, Théir effect decreases with éltitude,
80 anoimlies which caﬁsed a reversal in declinatic;)n at
the ground would not necessarily cause a raversal;at
' 60,000 ft above the ground., The equipment to do ﬁhis
would have to be developed, but should be reasonatf:ly
simple, Errors in declination measurement of two or

three degrees could be tolerated,

~ TOP SECRET
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Appendix B

The Balloon Problem

1. The Balloon

A. Requirements of the Govoher Systém

As stated in the section on balloons (Section II. C.), the vehicle
has been developed to the point where it can now accomplish the required task.
It should be noted for the record, however, that the requirements as originally‘
set forth were modified at several points by the Air Force in an intelligent
effort to bring the program into line with practical possibilities. The

present requirements are as follows:

From original

RAND Report#* Present Requirements
Floating Altitude 60,000 £t 58,000 ft 15,000 ft
Duration of Flight 6 days 6 - 8 days
Gross Payload ~1000-1500 1lbs 1500 1lbs
Gondola Weight 500-600 1lbs 350-450 lbs (Any savings to be

used as ballast)
Balloon Diameter 100 ft 73 £t
(* The requirements as set forth in RM-494 are included for comparison purposes
only.) |
The above reguirements determine the limits imposed on the balloon. The
flight test results indicate whether these requirements have been accomplished
or are feasible in the near future.

B. Weight of the System

Details of the construction and characteristics of the polyethylene

balloons used on the Gopher Project are given in the General }ills Inc. Final
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Report (dated Sept. 1952). It is constructed of about 2 mil polyethylene
film (sometimes laminated) heat sealed between gores, and with plastic tape
glued over each seal., These plastic tapes pass over-the top and also extend
below the balioon, serving as load lines to support the gondola, A.2 mil,
73 ft diameter (approximate), balloon weighs about 230 lbs, of which about
25 percent is due to the tapes. .

As stated in Section II. A., the early version of the gondola weighs
about 460 1lbs, but this can certainly be reduced to 400 lbs or less in produc-
tion models, to which must be added some weight for lines, parachutes, etc.
For a realistic estimate, then, the maximum fixed load will weigh about 650 lbs,
being the weight of balloon plus gondola and accessories,

The altitude must be at least 55,000 to 60,000 ft; the maximum take-off
gross on a 73-ft balloon is about 1500 lbs, meaning that some 850 lbs can be
taken aboard as ballast,

C. Balloon Performance *

1. General Considerations

The balloon rises from take-off, reaches its initial floating alti-
tude where it is fully extended, valves some lifting gas through its appendix,
and then settles down for the long journey in the stratosphere. Each day it
loses some gas, by processes to be discussed below, and the loss of gas corres-
ponds to a daily loss of lift, If this loss of gas is a constant fraction of
its gross load remaining, ¥ , then the total duration in days, D, will be given

(\—K)°= as (1)

by:¥*

¥
An alternate form which is sometimes used, corresponding to a continuous
process for the loss of 1lift, is _ 4 p F
e =T

The two give about the same answer when ¥<4< 1 for normal values of F/T.
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where F is the fixed or final load and T is the total gross load on take-off
(1500 1bs), which is clearly F plus ballast,

To illustrate the variation of controlled duration with ¥ Table 1 presents
a representative set of values. An % value equal to .43 represents the flight
weights stated above; a value equal to .37 represents a decrease in gondola
weight of 100 lbs (the decrease taken up as ballast); a value equal to .39
represents a decrease in gondola weight of 100 1lbs .thereby reducing the entire
load. The lé% value of ¥ represents a "guaranteed value." The 8% value is
approximately the theoretical limit attainable with present constant level

balloons, while the 15% represents a pessimistic value which would almost

certainly be subétandard. (These variations of ¥ are discussed below. )

Table 1

.37 .39 43 .

.15 | 6.6 days | 6.3 days | 5.6 days

12 | 8.3 days| 7.8 days | 7.0 days

.08 |12.4 days | 11.8 days | 10.5 days

It appears that within this entire range of possibilities, with the possible
exception of the wofst possible case (a ¥ of 154 and an F/T of .43) the
reqpired 6 to 8 days' duration can be realized? This is the basis for the
statement that the job can be done now. The discussion which follows is
therefore about ways of increasing the margin of safety and the range of condi-

tions under which the job could be done.

2. Possible Improvements

The equation above shows what factors determine the duration, D.

* This is illustrated in Figs. 10 and 11, which represent theoretical flights
using an airtight appendix, and a ¥ in the first case of 15% and in the second
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Clearly, by lowering the ratio F/T the duration will improve, and this can
be done either by cutting down on the fixed weight by better design of the
gondola or by increasing the gross ‘take-off weight (or both). The latter
would mean using a larger balloon in order not to decrease the floating alti-
tude.

These are obvious measures, and are being considered carefully by the
project personnel. There is a real possibility for improvement by refining
the gondola design and decreasing its weight. This decrease in weight would
also make launching and recovery easier.

The other parameter which can be improved isx, the daily loss of lift.
This involves a number of processes so it will be necessary to treat it in
some detail. The two general reasons for a loss of lift are:

0 Loss of 1lift due to leakage or diffusion of the gas,
usually a slow and continuous process, called 8L .

o Loss of 1lift &ue to a diurnal cycling of the temperature
of the lifting gas, called K;. The cycle goes like this:
At sunset there is a decrease in the radiation being inter=-
cepted by the balloon and a corresponding decrease in
temperature (for present balloons, this amounts to 10° to
12° C, or about a 5% loss of 1ift). If the balloon is to
avoid sinking (more about this below) there will be a
dropping of ballast until the loss of 1lift is compensated.
At sunrise the following morning the balbon regains its
superheai and a corresponding excess lift., This excess
lift is just overcome by a valving of gas after the balloon
is fully extended at its ceiling, Thus, there is a net

loss of gas each day.
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Methods for Decreasing Leakaze and Diffusion, XL_

Apparently the leakage through the walls of the balloon has
been reduced to between 2 and 5 percent. This has been brought about by
. cutting down gas leakage through a combination of improving the sealing
of all seams in the balloon, and utilizing thicker material (.002 inches).
In connection with this later improvement, recently balloons have been
built utilizing a double wall. This double wall has been achieved by
placing together two sheets of polyethylene each 1 mil thick. Due to
the fact that a large percentage of the gas loss is caused by diffusion
through minute pin holes in the fabric, it was felt that the double wall
construction would reduce this form of loss because of the low probability
§f a hole in one wall lining up with a hole in the s econd wall, Although
not completely flight tested, this technique appears to offer some promise
of improvement. An examination of ballast ‘usage of several MOBY DICK
flights using 72.3 foot balloons (2.5 mils thick) have shown a very low
rate of gas leakage. In one case where there was a noticeable gas leakage;
the fractional daily loss was computed at about .06, which puts it just
outside of the limits mentioned above. (A second case exhibited a loss
of 1lift of about 15 lbs/hour, but this was attributed to large leakages
caused by damaging the balloon prior to launching.)

An additional cause of loss of 1lift is by diffusion through the
appendix. It has recently been realized that this is a serious factor,
and the University of Minnesota has designed and built a type of aprendix
which decreases the diffusion loss., The new appendix has still not been
tested on any very long duration flights, but offers greot promise in

short duration flights (about one day or less, and utilizing no ballast).
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Methods for Decreasing the Sunset-Sunrise Loss, K;_

As was stated above when defining XS, the loss is due to the
cyclic change in superheat in going from day to niéht and back to day.
In order to decrease the effect of this cyclic change, one can either
decrease the amplitude of the change itself (by changing the radiational
heat budget), or one can introduce a large damping factor so that the
effect on the balloon's altitude will be less, Each of these alterna-
tives has been considered to some extent by both General Mills, Inc., and
the University of lMinnesota,

o Damping the Vertical Motion:

Recently the people at General Mills, Inc., have reported a

new technique which appears to free us from the penalty of

the large superheat compensation each sunset. This is what

they call the "solar engine" effect. At sunset the balloon,
with an unbalance due to loss of superheat, will sink towards
the ground unless a compensatory load is removed from the
system., In this case one has one of two choices, either to
throw off enough ballast (equal to the total unbalance) to

keep the balloon at altitude, or to expend just enough ballast
so that the downward velocity of the balloon is not enough to
take it below a specified altitude by the next sunrise., An
experiment was performed on the newest "Gopher" vehicle (116 feet
in diameter), carrying a load of 1700 lbs at an altitude of
70,000 ft,and successful results were reportedly achieved
utilizing the second scheme. Furthermore, this performance

was repeated with similar loads and similar altitudes on several

occasions when flying under the "solar engine" system. To
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operate under this principle, the General Mills people used
an autopilot control that would not permit the balloon to
sink at a velocity greater than 50 ft/min, and set a minimum

" altitude of sinkage at 40,000 feet, In other words, ballasting

was utilized to slow the balloon down and to keep it above the

-

minimum altitude, but not to maintain altitude exactly. In
the number of times that this was tried, the average ballast
expenditure each day was telemetered as approximately 2 percent
of the gross load present at that time, which means that the
total ballast expenditure was apparently approximately just
equal to the fractional loss due to leakage and diffusion.

This result, which is rather impressive, must be qualified
by noting that the small expenditure of ballast was accomplished
by a steady decrease in the daily maximum altitude. This was
due, in all likelihood, to diffusion ihrough the appendix,
and would not be tolerated in a Gopher vehicle. Moreover, it
should be mentioned that the flight tests and theoretical
calculations of the University of Minnesota seem to indicate
that the solar engine will not work--this argument has clearly
to be resolved before one can acceépt the principle.

The success of the solar engine principle depends on taking
advantage of the natural thermodynamic stability of a balloon
in the stratosphere. This thermodynamic stability is increased
by carrying more air along with t he balloon, since in descend-
ing there i1s a retardation effect due to the adiabatic heating
of this extra air., The amount of air taken in by a balloon

with an open appendix is hard to determine, but it would help
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to explain the effectiveness of the General Mills solar
engine flights.*_

Although 1t is desirable to have this retardation effect,

it is not desirable to have the 1lifting gas mix with the air,

since such mixing will cause a change in the molecular weight
of the 1lifting medium and cause a progressive (daily ) lowering
of the maximum altitude, as mentioned, of the balloon., However,
recognizing the possibilities of such a retardation, the people
from the University of Minnesota have shown theoretically that
by keeping a balloon at constant volume by means of air entrain-
ment of the velocity of such a descending balloon will be propor-
tional to (pressure)-5/3q In other words, the further the
balloon sinks, the lower will be its velocity, Furthermcre,
cognizant of the undesirable result of mixing the gas and air
they have considered using a "balloon-wifhin-a-balloon" method,
of a sort of ballcnet, Essentially, this is a balloon that
contains the gas and is sealed off from the atmosphere by means
of a one-way valve (gas oqt, no air in), inserted in a second
balloon that contains no gas_and is open to the atmosphere,
As the gas cools and the system sinks, the volume of the inner

balloon will decrease, whereas air will be taken into the

* The General Mills people report another tested method for increasing the
duration of a flight, This is their so-called "air glide" method, In this
method, the appendix is removed after the expenditure of ballast, and the air
is allowed to pour intc the balloon as it descends, They report that the rate
of descent is sufficiently slowed up by this "ram" air that flights have been
extended 2-3 days after ccmplete exhaustion of ballast. (This methed of course
requires a considerable spread between the altitude of the balloon at the time
of ballast exhausticn, and the tropopause.) This demonstrates that the contri-
bution of this "ram" air on the balloon performance is not small.
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. | . S R
surrounding envelope, if it can be kept dia;ondad,‘thoronzjb

| Mm:inﬁaining a con.stant. overgll -‘ro];wne. .U;)Ol'l regainirlg it.sm Q
. superheat on the following morning, the expanding inner balloon
will force the air out of the ocuter balloon as they both rise.
Although not tested or built at this writing, this system is
an example of the sort of development which offers considerable

promise for the future,

o Decreasing the Radiational Effect:

The balance between the amount of heat that the balloon
receives from external sources and the amount it loses by
radiation and conduction determines the temperature of the

system, This balance can be expressed by the following equa-

tions:
. Q +Q =4 + K|-€"-'-_"5 (daytime) (2)
and
Q = ¢t K A5  (nighttime) (3)

. z *
where, Qs is the heat gained from the sun's radiation; Qe is

the heat gained from the Earth's radiation in the infrared;

Q. is the heat lost by radiation from the balloon; and K%_I is

the heat gained or lost by conduction (the sign depending on
the sign of AT, the difference between the balloon temperature
and the ambient air temperature). As can be seen, the diurnal
variation in 1lift due to changes in temperature can be reduced
in two ways., First: By decreasing the contribution of the

sun., Second: By increasing the conductivity of the balloon
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to the extent that AT is always very small,

In the present system one is faced with a conductivity

that is large, but not large enough to overcome the superheat,

and a substantial absorption of radiation from the sun-—-the

diurnal variable, As a result of this, every sunset the gas
in the present Gopher balloon cools by 10° to 12° C and loses.
1lift to the extent of 5% or more of the remaining gross load.
In an effort to reduce the sunset ballast penalty, the people
at the University of lMinnesota are examining several possible
modifications of the present system based on the above reason-
ing.

Although they have examined the conductivity effect theoreti-
cally to establish a better understanding of the processes
involved, it is not felt that much promise of improvement lies
along these lines. The emphasis has, therefore, been placed
on reducing the effect of the sun's radiation. Two main possi-
bilities have evolved from this effort. First, they have found
that the tapes that help to hold the balloon together are one
of the chief absorbers of solar radiation., In this connection,
the University of Minnesota is attempting to build and fly a
tapeless balloon. Second, balloons have been flown utilizing
NH3 (ammonia) as the lifting gas, (NH3 exerts a lifting force
somewhat less than helium or hydrogen.) A possible advantage
of NH3 is the fact that it has a much higher absorbtivity in
the infrared (region of the radiation from the earth) than in
the visible (region of solar radiation), and therefore should

not be as much affected by a sunset as would a balloon relatively
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transparent in the infrared.
Although both tests are as yet incomplete, one interest-
ing effect has been noticed in utilizing NH3 that may limit
its use., Apparently, there is so close a radiational coupling
between the earth and a balloon filled with NH,, that the alti-
tude is affected as it passes over regions of different "radia-
tion temperatures" (lakes, plowed country, cloud decks, etc.),
so much so that it is conceivable that in actual usage one
might be faced with a situation that is almost as bad as the
sunset effect in the present system. As was stated, however,
these results are as yet tentative, and both systems must undergo
considerably more testing before a decision is made.

3. Gas Replenishment

The principle of ovefcoming the loss of lifting gas by reolen—
ishing it from a source carried along in the form of ballasg is very attrac-
tive, and was considered in the original RAND study. However, there are certain
practical problems to be overcome, most of them centering about the weight
of the container which can hold lifting gas under pressure or in a liquid form
for the required duration and quickly provide gas when needed. It should be
borne in mind that the reblenishment is not a steady process, but takes place
mostly at sunset, so the system must be capable of providing a rather large
volume of gas in the space of an hour or two (some 1000 ft~ at STP is required
to overcome the sunset loss in present balloons), and then it must almost
close down for the rest of the twenty-four hours,

The advantage, in principle, of using a condensed lifting gas as ballast
is considerable. In connection with using NH3 as the lifting gas, a prelim=-

inary examination has been made at RAND of the possibility of vaporizing liguid
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NHB to replace the gas in the balloon rather than dropping liquid or solid .
ballast. The reasoﬁing behind this study was that, since even for large
concentrations of NH3 in a mixture with hydrogen the mixture density is not
very different from that of hydrogen alone, considerable saving might be made
by replacing the lost or contracted gas (so as to keep the volume constant)
rather than.just lightening the load. It was subsequently found that for a
given loss in volume at sunset, the weight of liquid NH3 that was required to
replace the lost volume was less than the ballast that would have had to be
thrown off in the normal case. To see more clearly how this would work out,

a complete flight was run through on paper under the same conditions used prev-
iously (1500 lbs - total load, 850 1lbs = ballast, fractional loss of lift per
day equal to 15% of remaining gross load), but substituting liquid NH3 for the
ballast. The results of this run-through are presented as the solid lines on
Figure 10. As might have been expected, NH3 gave a duration that was greater
by a factor of about l.4 over that achieved with regular ballast.

It should be noted that, although this appears to work very well on paper,
its actual accomplishment might be somewhat tricky. This is due to the heat
necessary to vaporize the liquid NH3 when the ambient temperature is about -55°
to -60° C. The latent heat of vaporization can be supplied from a heat source
attached to the balloon, or it can be provided by storing solar heat., The
latent heat of ammonia is quite large (340 cal gm-l), so providing heat by
a fuel or from batteries seems impractical. The alternative of storing the
solar energy in a heat reservoir has possibilities, especially if the heat
reservoir can be the liquid ammonia itself, which has a moderately high specific

heat (.502 cal gmfl oC_l). For example, to vaporize about 10% of the total

load of NH, one would have to cool the NHj by about 68°C. Even if the liquid NH,
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can gain this much superheat from the sun and release it after sunset,thereby
requiring no éxternal heating, it will mean that it must be kept in a container
that can withstand an internal pressure of over 2.5 atmospheres (or over 35 lbs/
in.-z). Although this is not entirely unreasonable, it is conceivable that
this extra container weight could reduce the amount of NH3 that might be carried
to the point where the system had no great advantage over straight ballast,
However, even if this were the case, the reduction in superheat due to the
presence of the NH3 gas mixture could swing the pendulum back in favor of NH3
as a ballast.

It should be remembered that the above discussion represents only a prelim-

inary study, made for the purpose of illustrating a possible method, and without

complete testing these results have very limited significance,

TOP SECRET

Approved For Release 2009/09/28 : CIA-RDP89B00708R000500110002-1



Approved For Release 2009/09/28 : CIA-RDP89B00708R000500110002-1

TOP SECRET RI-979

11-3C=52
~82=

2, launching the Zallocn
In the final analysis, the difficulty of launching may be the limiting
- factor in the system design. This has been demonstrated explicitly in all
the test workAperformed cn this type of ballocn, TFor.example, in the case
of the 73 foot d;ameter balloon, with no facility for reefing cr restraining
it, experience has shcwn that it is impossible to inflate vertically (in the
absence of a shelter) in a winé of greater than ~2 knots., This is due to
the lafge amount of limp or free fabric that tends to form a very efficient
sail under the influence of even a moderate wind, resulting in a combination
of extreme lcads on both the balloon and the hold-down lines., As may be
imagined, this is also true of larger balloons, though somewhat magnified,
the forces increasing approximately proportionai to thé radius squared,
“his effect has been partly remedied by the use of a "reefing tube." In
essence, this is a narrcw cylinder of polyethelene which, during the infla-
tion period, contains all of the balloon with the exception cf the filling
bubble., This has the effect of reducing the effective area presented to
the wind and, thereby the wind forces,
It is possible to approximate the actual forces experienced by a reefed
balloon if one makes several simplifying assumptions,
‘o For the purpose of calculating the force on the balloon due to
the wind, a first approximaticn can be arrived at by means of the
well-known equivalent flat-plate area methed.

o Use of the flat-plate method requires that the reefed balloon be
considered a rigid structure. Although this 1s obviocusly not
true, 1t is reasonable when accompanied by the next assumption,

o Wind velocity is constant over the entire length of the standing

balloon, and the wind is not gusty.
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There is no vertical component of the wind force, so the vertical
component of the tension in the line is constant at 1500 lbs.

The equation that can be used to calculate the force due to the wind is as

follows:

F=12083 aVv®
2

where F 1is the force in lbs; a 1is the flat-plate area; 9 is the density

of the air in slugs per cubic foot; V is the wind velocity in feet per second;

1.28 is a correction factor to take care of the deviation from theory due to

air being pocketed and compressed and the burbling at the rear of the plate.
For a "reefed" balloon, one may think of the vehicle as consisting of

a cylinder (the reefed section) surmounted by a sphere (the bubble) on a cone,

For a 73 foot diameter balloon, the following dimensions™ apply:

Resfed section radius = .8 ft

length = 66,0 ft
cross sectional area = 106 ft2

" Spherical bubble radius = 16.8 ft 2
cross sectional area = 888 ft

Cone altitude = 43 ft
cross sectional area = 731 £t2
(including one half of bubble)

==

k—— 17 ———y 3! —p 685 le— La‘—+—43‘—+l—-16.vi4

Total flat—plate.area for a 73 ft balloon = 1281 ft2

| —12¢'

Dimentions for a 115 foot diameter balloon:

Reefed section radius = .8 ft-

length = 117.0 ft
cross sectional area = 188 ft2

Spherical bubble radius = 16.8 ft
cross sectional area = 888 ft2

Cone altitude = 43 ft i
cross sectional area = 731 ft2 =
(including one half of bubble)

Total flat-plate area for a 116 ft balloon = 1363 ft2 ~ile-

# A gross load of 1500 1lbs is assumed in all cases, so the volumei
inflating gas at sea level is always about 20,000 £t3,
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From the above data then it is possible to compute the angle that the bottom
part of the balloon will make with the vertical and the total tension on the
load line for a given wind velocity. This was done with the aid of the

following force diagram and is presented in Tables 2 and 3:

AN
Lift = 1500 1lbs

g\ -

f‘,=’force due to wind

S
>

—

Table 2

Angle of Tilt and Tension in Lines Due to Wind
of a Given Velocity on a 73 Foot Balloon

Angle of Tilt Total Tension Velocity of
from th;Vertical in Lines (1lbs) Wind (knots)
0° 1500 0 |
10° 1523 6.9
20° 1569 ) 9.9
30° 1732 12.4

L0° 1958 15
50° 233L 17.4
60° 3000 21.5
70° 1,386 27
80° 8636 39
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Table 3

Angle of Tilt and Tension in Lines Due to Wind
of a Given Velocity on a 116 Foot Balloon

Angle of Tilt Total Tension Velocity of
from th; Vertical in Lines (1bs) Wind (knots)
0° 1500 0
10° 1523 6.7
20° 1596 9.6
30° 1732 12.0
Lo° 1958 1h.5
50° 233L 16.9
60° 3000 21.0
70° L1386 2643
80° 8638 . - 37.8

It is interesting to note that there is relatively little difference in
the wind effect on a reefed 73 foot balloon and a reefed 116 foot balloon
with the same gross load. It is unrealistic to assume that this would be true
when comparing the unreefed case, due to the relatively large difference in
total area (the 116 foot balloon having approximately 2.5 times the area of
the 73 foot balloon), and this therefore points out the worth of the reefing
systems It should be remembered, however, that this simplified calculation
has not considered some other important effects of the wind on a tethered
balloon, such as:

o In actuality, the wind velocity will not be constant over the

entire length of the standing balloon. (This is not a normal

condition near the surface, and it must be assumed that there
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is some wind shear at all times when there is a measurable wind
velocity.) This means that the balloon will not just "lean", as
in the idealized case, but will be subject to a shearing force.
o Due to the inherent turbulence near the ground, the condition
of nongustiness is unrealistice This means that, with its actual
non-rigidity, the balloon will be subjected to large transient
stress forces, whose directions are random and which tend to vary
rapidly.
Therefore, the picture is more complicated than that which was used
in the calculations, and the effect of the wind on the balloon is actually
magnified by the above mentioned facts. One should not talk of the maximum
operational wind velocity, but rather of the maximum operational gust velocitye.
If one accepts the claim of the General Mills people that a reefed balloon can
be launched in a 15 knot wind, it must be assumed that this refers to a steady
wind at release time. During inflation, or in fact any holding periodi the 15
knots must then gefer to the maximum gust velocity. In this case the reported
wind, which is a mean value measured over a period of time, can be considerably
lower than the maximum gust velocity.
In connection with the maximum velocity at launching, it should be
recognized that this value (given above as 15 knots) must be modified to
fit the method of operation. If the launching procedure requires that the
system be weighed-off before being released (that is, balancing the load
against the gross 1lift to accurately fix the free 1ift), then the maximum
allowable velocity will be considerably less than the stated 15 knots. If
this requirement is imposed, to avoid solving a vector equation with several
.unknowns the balloon should somehow be positioned over the load, and this
actually means moving the load on a truck or dolly until it is just under

the ballbono In this case, then, a limiting factor is the extent of drivable
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land down-wind from the launching platform, the system being moved in this
direction to nullify the wind until the weighing off is completed. Since
it is inmpractical to think of moving phe gondola cross-country a distance
greater than-about'one-half mile, if it is assumed that the entire driving
time (necessary to position, weigh-off, and launch) is about 10 minutes,
then the maximum velocity for the case involving a weigh-off is approximately
5-6 knots.

| It should here be noted that a division must be made between land based
launchings and sea based launchings. Both have been tried successfully, but
the sea based launching appears to offer by far the most promising set of
conditions. This is due to the fact that a ship can move down wind and
establish an essentially no-wind condition over the launching platform.
Granted that there is a maximum wind velocity beyond which this is no longer
true because of the limited speed of the ship, yet it is obvious that this
method will considerably extend the limiting wind velocity for a vertical
launching,

Many methods have been suggested to improve the launching capabilities

of land stations. In fact, it may be said, somewhat facetiously, that there
are as many launching'systems as there are people working with balloons. One
of the most obvious solutions is the building of a wind shelter to house the
balloon during inflation. It must be remembered, however, that this shelter
must,.first, be capable of containing an object that has a height of at least
120 feet, and, second, it must be omnidirectional in operation. Altnough it
is possible to bu}ld such a shelter as a vertical structure, when one considers
the problem of multiple operation from the same general area, launching inter-
ference makes it impractical. In an effort to solve this problem, the Balloon
Sonde Unit, Holloman Air Development Center, has conceived an idea of

horizontally containing the balloon during the inflation within a large
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"covered wagon" and permitting it to leap free at launchingo* Although
successful with relatively light loads, up to about 300 1lbs, it is doubtful
if one can expect the balloon to stand the shock of picking up a heavy load
such as the Gopher gondola from what is essentially a running start.

From experience, one can set down the basic requirements for a success-
ful launching system:

1) The system must be omnidirectional

2) The system must provide for a minimum handling of the delicate

material 6f the balloon, both by personnel and by objects (canvas,
walls, etc.)

3) The system must provide a minimum shock load on the balloon and

gondola at launching. .
L4) There must not only be a minimizing of the direct wind force; but
also of the burbling due to turbulence, which tends to place undue
. local stresses on the balloon.

5) There should be a minimum of mechanical gadgetry involved in the

system, as these tend to reduce the over-all reliability.

As stated, many launching systeﬁs have been proposed and several of these
have been tried. Full success, however, has not been achieved with any partic-
ular one, due primarily to the fact that they violated one or more of the
above criteria (mainly 2 and 3).

It can be concluded, then, that with present launching techniques the
sea launching base appears to offer the most promise. It should be noted,
however, that there are several modifying factors that affect the feasibility
of a sea launching base. First, taking into account the speed of an escort
~carrier (approximately 22 knots), climatological data indicate that, during

# Summary Report on Project Moby Dick Covered dagon Balloon Launchsr,
Balloon Sonde Unit, Holloman ADC, Report No. HDT-21, December 1952 (Restricted)
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the winter season in the North Atlantic, conditions will permit launching

on about 50 percent of the days.® This, however, does n;t take into account
the hindering effect of a disturbed sea Which, although highly correlated
with strong winds, could conceivabiy decrease the percentage of usable days.
Secondly, it is felt that the supply problem for a sea base might be con-
siderable, particularly from the standpoint of providing lifting gas for a
large operation.

Assuming no weigh-off, and utilizing a reefing tube, it may be possible
to launch balloons from land locations in gusts up to 15 knots. (It should
be noted that this technique has not been completely tested in gusts of this
magnitude, and, therefore, this limiting wind speed should for the present be
considered as only an estimate.) If this be true, then a cursory examination
of surface.winds in the United States** indicates that conditions will gener-
ally permit launchings on. land at least as often as at sea. If the maximum
operational gust velocity could be raised to 20 knots, the percentage of
usable days over land would increase considerably.

. It is estimated that it is possible to launch a maximum of 30 balloons
an hour from a carrier. Assuming an 8-10 hour day, over 10,000 balloons
could be launched in 50 percent of the days during the three month winter
season. It appears, then, from this cursory examination, that it is possible
to do the maximum job from a single carrier. In the event of reluctance to
commit a carrier (or, for that matter, a seaplane tender), it appears possible
to do the job on land with present techniques, though probably requiring more
launching personnel and equipment. With improved launching techniques, it

appears that the mission could be accomplished equally well on land or at sea,

# Atlas of Climatic Charts of the Oceans, U.S. Weather Bureaun Report
Noo 12,47, 1938

¢ Airway Meteorological Atlas for the United States, U.S. Weather Bureau
Report No. 131k, 19L1
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there possibly being some edge in favor of the land operation,
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At present,

however, this improved launching method is pot available,

The following comparison may be made between sea launchings and land

launchings:

Sea

Iand

Maximun operating
gust velocity

balloo

(assumin% a "reefed"
n

Depends on the speed of
the ship - i.e, for an
escort carrier, maximum
speed is ~22 knots -

maximum operating wind

velocity is ~20 knots,

Depends on available
shelter, probably not
more than 5-6 knots,
vhen weigh=off is re-
quired, and ~15 knots
when no weigh-cff is re-
quired,

Security Good Poor
Vulnerability to Goeod Poor
sabotage

Accessabllity to Good, except for gas Good

supplies

supplies for a large
operation,

Vulnerability to
bad weather other
than high winds

Fair = bad weather
usually accompaniéed by
disturbed sea, which
will cut down speed of
ship and the efficiency
of the launching crews,

Fair - inclement weather
will add to the discomfort
of the launching crews,
resulting in a lowering

of their normal efficien-

CYe

Mobility to give
better trajectory
spread

Good

Poor

Apparent percentage
of time base can be

~ 50 percent of days
during winter season,

Using present techniques
and no weigh=-off, .50

operational from the
standpoint of winds

percent of days during
winter,

The question of the

solved, In fact, a much

best launching station is therefore not completely re-

more complete climatological study than was possible

here should be made for each proposed launéhing site, and various promising

launching schemes should

be adequately tested before arriving at a final decision,

# GCust velocity is assumed synonymous with wind velocity at sea, due to the

fact that gustiness 1s much less prevalent over the ocean, and 1n fact the
meximum gust velocity here is not very different from the mean wind velocity.
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ARPENDIX C
RECCED OF THE AIR-SNATCH RECOVERY IESTS

The Aerial Pickup and Delivery Unit, Equipment laboratory, Wright Alr

Development Center, has conducted a test program at E1 Centro, Caiifornia,

to determine the feasibility of snatching a cargo hanging from a parachute,
using a method outlined in an informal RAND proposal. Since suchia thing
had never been tried before syﬁt,em.a:hicall;r:t techniques and equipme%nt had
to be developed almost from scratch and procured for the tests, #here is
still some improvement to be expected before the system is put inFoperation,
but its general features are now fairly well established, j

In the tests which have been conducted so far, the following;was the
usual procedure: The aircraft, a C~119 "Packet" with its rear ca%go doprs
removed, trailing one or two four-pronged grappling hooks on abou‘ic sixty
feet of line, established a power—off glide as it approached the barachute
and load, The rate of &escent‘uas ad justed to keep the parachuteélined up
on the horizon, and this assured that the aircraft was at the samé altitude
as the parachute, In the last few hundred feet of the approach, the air-
craft nose was pulled up slightly, and the’ parachute usually pass;d fifteen

[
|

to twenty feet bqlow the plane, As the hook hit the canopy with a violent
jerk the line was payed out freely, and the load was then accelérated to
the speed of the plane by applying a steady braking force on a sppcial winch

in the plane, Usually several hundred feet were payed out'beforefthe line

# A project was established at Wright Fieid to do this toward t@e erd of
World War II, but the project was cancelled before the tests were com=

pleted,
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stopped running, and the load was then reeled into the plane,

This very brief description of the process omits manw of the!' esaenxial

elements, and there were a nmmber of problems which had to be overcome be~
fore the scheme was succesaful, €.g., proper design of the hooks, arrangement |

of the nylon rope for rapid pay-out, adjustment of the brake setting, pro-

|
F
cedure for lifting a heavy load into the plane, ete. Moreover, pé.rq‘chutes '
were usually not properly designed for this, Many were not stablé enough in !

their descent and tended to glide erratically sideways, and sometimes the i
. i ,

hook pulled right through the chute, tearing it so badly that it oollapsed
and "streamed in," The use of improper parachutes was the pccimarﬁr cause of :

the failure to get good results on the first set of trials at El Centro.

The standard medium sized ecargo chutes used were hopelessly unstable and i
weak, and it was only with luck that a few contacts were made, However, the !

series of tests in May, 1952, were all made with large 48 ft ce.rgo chutes, [

which had much better characteristics, and these tests are therefore more
| )

representative, ‘
The following is the report of the Project Officer, Captain T. L. Billen,

and the Project Engineer, Mr, C. H, Brown, (Project and E,O. No.;R-409-32,

Confidential, ) The most significant statement is Item C,, at the: very end

of the report:

!
|
|
)
»

On 2 May 1952, C-119C No, 50-135 was flown to El Centro, Naval i
Air Station to conduct further tests attempting to recover descending
parachutes,

The following tests were conducted:
a. Trailing a single hock approximately 3C feet below the
craft and still using a model 15 All American Aviation pick-up

unit, nine flights were made attempting to hook parachutes as they .
vere descending. i |
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1, Parachutes used were of the 48 foot cargo type.

2, Fifteen parachutes were dropped with the following

results:

(a) One parachute streamed in and hit the ground";

therefore, no passes were made at this parachute,

(b) Two parachutes with 200 pound weights attachied

were hooked and pulled into the C-119,

(c) One parachute with a 250 pound weight attached

was hooked and pulled into the C~119

i

(@) Two parachutes with 300 pound weights attached

were hooked and pulled into the C-119,

(e) One parachute with a 250 pound weight attached

was hooked, and cable broke losing hook,

(f) Three parachutes with a 300 pound weight attached

were hooked breaking cable and losing hook.

(g) One parachute with a 300 pound weight attached
did not deflate when hooked, pulling off : 800 feet
of cable, breaking cable and burning up brakes in

pick=up unit,

(h) One parachute with a 300 pound weight attacded

was completely missed,

(1) One parachute with a 400 pound weight atta
completely missed,

(j) One parachute with a 400 pound weight atta
-+, hooked: breaking. cable and losing hook,

(k) One parachute with a 300 pound weight atta
- rolled off cable above hook, resulting in

up,.
b. The 48 foot parachute used on these tests weighed
each, which is 73 pound heavier than parachutes used on previ

1. Maximum gross weight recovered on previous test
pounds,

2, Maximum gross weight recovered on this test was 438 pounds.
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3. Desired gross weight for recovery is approximately
565 pounds,*®

The following data were reduced from this test:
a. 35,7 percent of parachutes were recovered.

b. 85,7 percent of parachutes were recovered, hooked or
contacted,

c. 85.7 percent of parachutes could possibly have been re-

covered if pick-up equipment was improved to withstand
greater loads,

Ancther series of tests were scheduled to take place in November, 1952,
at El Centro. A new pilot, who had not been briefed by the previous pllot
(Captain Billen), attempted to duplicate the recovery maneuver. On one of
his passes he apparently stalled out aé he pulled up to clear the chute and
ran right into it, wrapping the canopy and shrouds around one of the pro-
pellers and nearly pulling the engine off its mount. The aircraft was landed
safely, however, and no one was hurt. The tests will continue when repairs
have been made, it is understood.

The obvious lesson to be learned from this experience is the need for
carefully training the recovery pilots and crews. A training program would

have to be a part of any Copher operation.

* The information given the Equipment labcratory seems to have been a little
pessimistic with regard to the Gopher Project requirement. Actually, it
now appears that the Gopher package which has to be recovered may be re-
duced to about 400 lbs (about 300 1lbs of gondola plus 100 lbs of parachute
and shroud lines), Thus, they have already succeeded in handling the
requisite load,
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APPENDIX D

CALCULATIONS OF COVERAGE

1, Statistical Treatment of Coverage: The Method

In Section II. E. the method for calculating the fraction of a given
area of Russia which would be covered by n effective balloons was briefly
outlined. It was devised originally by Dr. T. E. Harris (RAND Mathematics
Division) for the earlier report, RM-L9L, and is described there 2
However, it was used with certain modifications in this revised study,
and so it is felt worthwhile to present the statistical treatment in some
detail for future reference.

A point on the ground is "covered" if it lies within a certain
distance, R ( in this case R is 30 mi), of the path of the balloon. In

Az‘ — a sector of area A,

* then, crossed by a

\ \ g
\ number of trajectories,
there will be a
\ 2R —»> certain sub-area, Ac,

ARLTALL —_,

which is covered

(hatched) and a
certain area which
is not covered.

A

It is the fraction of the area which is covered, C = Tc which is called

"the coverage".

N The method was also treated in a paper presented at the U. S. Weather
Bureau Symposium on Meteorological Trajectories in Washington in

January, 1952, by W. ﬂr_ .

OF*SECRET
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Ag-(c) e .

S < Clearly, since the

ﬁ,-—\ : trajectories are a
/ \
\ random process, there

will be a finite

probability that C

==~
- — is either O or 1, and
o 1 ¢

a continuous probability
distribution f(c) in between. Rather than dealing with such a continuous
probability distribution for the coverage, it is more convenient to
specify the mean or expected coverage of the area,

E=f'cF(c)dC

o

C will clearly vary from area to area, depending on the dispersion of the
trajectories and the position of the launching point upwind, and it will
be larger as the number of effective balloons, n, is increased.

Since it would be difficult to establish f(c) and C directly without

a very large number of tests and a laborious analysis, a trick is used to

obtain C from another more easily determined parameter. Consider that

S‘k A ’ the trajectories are
’l nearly west-east, so
La A ___‘L(.IM ‘5-) that within the element
uukn\s_/v i
&" of area A there is no
>
q

?Oi !\\'\

change of coverage

>x
Ko with longitude x.

Consider also that the trajectories are independent and random. Let

g(x, y)dy be the probability that a single balloon will cross longitude

x between latitude y and y + dy. (This is a function which can be
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evaluated, as will be shown.) Then, the probability that the point

X0 ¥, will be covered by a single balloon is

Yo+ R

AR (%, ) = 3(x.~;)a3
%

-Q
and if there are n balloons launched the probability that Xqs ¥, will

be covered by at least one of the balloons is

Y +R n
R, (Ko,40) = 1= [1- [ 30x.,5) dy

HQ'R *

This is the function from which C can be derived, since it can be shown

ey - ([ teasyin b

that

It is now necessary, in order to evaluate the probability of the

coverage of a point, kn, to make an assumption about the function g(xo, y),

>

" Intuitive Proof:

Suppose we have a single "random experiment" in which n balloons

. are launched, and the coverage of A is

C = —k— ffu(m,) dxds

u(x, y) = 1 when the point x, y is covered
where: {

u(x, y) = O when the point x, y is not covered

The expected value of the coverage for such an experiment will then be

E(C.) =C.= € (ffudxdg) =ffé (u)dxdy =ﬁ,hndx dy

which is true because

E(u) =) Ra + o"hn =’hn
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which describes the distribution of intersections of trajectories with a

A 3(10) \5) given meridian, x .

assumed to be a

maximum value at

in the analytic form

g (*e9)= £

[ °§l*o)
Y. g

e
~{8u)

= € av*

S
( )

where a simple change_ of variable has been made:

Ay= y-y

and the normal probability function hés'Peen introduced, which is:

ey
Ay \ _ 2T
8( )' fr—rf

The integration of this function can be done very easily if the

additional assumption is'made that R, the radius of coverage of a sihéle
balloon, is much less than o, the standard deviation of the trajectory

distribution at a meridian. This is actually quite well satisfied, |since

10°. Thus:
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This function will ' be
"nérmal

distribution,” with a :

latitude y, and Faﬁ

therefore be written

|

: f

R is 30 mi or about 0.50, and o turns out to be in the order of 5° tof }
' ’ |

|
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Yot R (A‘j)o'f'R
f‘a("oﬂﬂds = [ q(x., ay) d(ay)
s-R By),-R

= 2R q( %, (84).)

P R b.
2_0__ g((qs_)

and the mean or expected coverage of the point X (Ay)o by n balloons

is then

n
= (V-2 §(8)] = Ao (xeston))

Statistical Treatment of Coverage: The Calculations

In order to determine the statistical parameters y(x) the center of
the family of trajectories, and o(x), the standard deviation of the inter-

sections of the trajectories with a meridian at X, some trajectories were

plotted from carefully prepared 100 mb U. S. maps drawn at the Department

of Meteorology, U.C.L.A.,* using the central tendency method. Launching
points were chosen at Lat's. 50° N, 60° N, and 70° N; Long. 135° W. There
were nineteen trajectories from each point, one starting every third day,
or a total of fifty-seven trajectories. The intersections of the
trajectories from a given launching point with each 10° meridian were

used to determine y and o, using order statistics. The results are given

in the following table.

These maps were drawn by Dr. H. Kojanski, now with Hgs, Air Weather
Service, under the supervision of Dr. J. Bjerknes, and were for the months

of Januar%' a.nd Februarx,r89p SE CR ET
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Degrees of ' Latitude of Launching Point

e | o o o7

Launching _ - _

Point y c y o y o
10° C5.5° | 5.76° 57.2° p.27° | 68.1° | 1.97°
20° L1.2 9.88 53.3 5.27 65.7 L1
30° L1.9 7.52 50.3 6.00 6.0 7.18
Lo° 1.9 5.30 . 50.0 5.55 60.0 8.27
50° L2.5 L.71 L7.2 L.36 58.8 8.94
60° L3.L 5.75 L7.3 L.97 57.6 9.5L
70° L3.8 6.75 L7.kL 6.15 57.L 10.L6
80° Lh.7 9.15 L7.5 8.00 58.8 11.51
90° 1 Lu3.9 10.27 L8.3 10.0L 59.2 | 12.79

Some distributions of k are shown in Figs. by, 5, 6, and 7,
where n has been chosen as either 50 or 100 effective balloons, and
the launching points have been transplanted to 0° Long. instead of
135° W Long. (The distributions for the launching point at 65° N Lat.
were obtained by using values of y and o at each meridian which were
averages of the values for launching points at &0° N and 70° N.)

The effect of changing the launching point can be seen from these
figures. The more southerly launching point (60° N) appears to result
in a smaller spread of the family of trajectories over western and
central Russia, compared with the 70° N launching point, and a correspond-
ingly larger coverage along the center line of the trajectories and a

decrease at the edge of the pattern. There is no obvious advantage of
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one over the other, unless one can decide whether one would like rather

complete coverage of the ¢entml part or a rather general and uniform coverage

of the whole area.

‘30 Calculation of the Expected Coverage by Actual Balloons

The previous sections have shown how a certain number of effective
balloons, n, will cover a given area in western and central Russia. No
account has been taken of the degradation factors due to hours of darkness,
clouds, or oéerational fajlures. Since these degradation factors are also
functions of geographical position, it is necessary to perform a sort of
integration process in order to arrive at the expected coverage by a certain
number of actual balloons, N.

The degradation factors due to cloudiness, Dc’ and darkness, Dy, are

shown in Fig. 8. These factors are defined as the ratio of the number of

actual balloons to the number of effective balloons giving the same coverage
of a given element of area. (See Section II. E. 2.) The degradatioh factor
due to operational failure, Dy, has been taken as two, independent of position,
Then, the number of actual balloons, N, which must be launched to give the

same coverage of an element of area as n _effective balloons will be

The calculation:of coverage by N actual balloons was done by considering
elements of area which were generally 5° of latitude by 20° of longitude in
size. The resulting coverage pattern is somewhat similar to the pattern shown
for the effective balloons, but there is a shift to the south and east because
of the more favorable weather and hours of daylight in the south-central part
of the continent. The expected coverage of each of £hese elements is shown in
the table below for various numbers of actual balloons. The coverage north of

about latitude 70° would be zero for all values of N during this period
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(taken as January 15) because of the lack of sunlight, but this situation

would obviously improve rapidly with the approach of the spring equinox.

Element of Area Percent Coverage by é Given
Number of Actual Balloons

Lat. Long. 10,000 6,000 2,000 1,000
650-70° 300-60° 3 42 18 12
65°-70° 60°-80° 70 58 28 17
650-700 | 80°-1000° 81 70 32 20
60°-65° | 30°-60° 95 92 62 40
60°-65° | 60°-80° oL 91 65 - Lo
60°-65° | 80°-100° 96 92 73 52
550-60° | 30°-60° 100 100 90 70
559-60° | 60°~80° 99 97 90 65
55°-60° | 80°-100° 100 98 93 75
50°-55° | 30°-60° 100 100 90 70
50°-55° | 60°-80° 100 100 99 88
50°-55° | 809-100° 100 99 96 8o
45°-50° | 30°-60° 100 99 87 60
L5°%-50° | 60°-80° 100 100 96 80
45°-50° | 80°-100° 100 100 98 85
Lo°=4s® | L0°-60° | 98 93 75 55
L0%-s® | 60°-80° 100 98 85 65
L0o°%-45° | 80°-100° 100 | 100 99 95

In conclusion, it should be emphasized that the coverage estimates

which have been obtained in this way are quite rough, and the method has
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not yielded any confidence intervals to go with the expected values., Clearly,
there will be séme fluctuations in the trajectory and cloudiness distribution
from year to year, and these will shift the coverage pattern. Also the
fact that the time was chosen arbitrarily as January 15 for the darkness
factor should be borne in mind, this being quite close to the winter solstice

and the shortest day in the year. However, the estimate of the mean over-all

coverage may be fairly realistic, since a mere shiftiﬂg of the coverage -
pattern will probably not affect the average value appreciably.

The Moby Dick Project will give data on winds in the stratosphere above
60,000 ft which will be much more reliable than any which were available
befores It is recommended that, when these are obtained, a more detailed
analysis be made, using a method similar to the one used here but with
various combinations of multiple launching points and with a variation of
the launching points with the season, i.e., separate calculations for
December and for March. The effort spent in maximizing the launching

procedure would probably pay good dividendse.
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