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HIGH ALTITUDE ATMOSPHERIC 
INJECTION SYSTEM AND METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The present application is related to and claims the 
bene?t of the earliest available effective ?ling date(s) from 
the following listed application(s) (the “Related Applica 
tions”) (e.g., claims earliest available priority dates for other 
than provisional patent applications or claims bene?ts under 
35 USC §119(e) for provisional patent applications, for any 
and all parent, grandparent, great-grandparent, etc. applica 
tions of the Related Application(s)). 
1. For purposes of the USPTO extra-statutory requirements, 
the present application constitutes a continuation in part of 
currently co-pending US. patent application entitled HIGH 
ALTITUDE STRUCTURES AND RELATED METHODS, 
naming Alistair K. Chan, Roderick A. Hyde, Nathan P. Myhr 
vold, LoWell L. Wood, Jr., and Clarence T. Tegreene as inven 
tors, US. application Ser. No. 11/788,389, ?led Apr. 18, 
2007. 
2. For purposes of the USPTO extra-statutory requirements, 
the present application constitutes a continuation in part of 
currently co-pending US. patent application entitled HIGH 
ALTITUDE STRUCTURES CONTROL SYSTEM AND 
RELATED METHODS, naming Alistair K. Chan, Roderick 
A. Hyde, Nathan P. Myhrvold, LoWell L. Wood, Jr., and 
Clarence T. Tegreene as inventors, US. application Ser. No. 
11/788,372, ?led Apr. 18, 2007. 
3. For purposes of the USPTO extra-statutory requirements, 
the present application constitutes a continuation in part of 
currently co-pending US. patent application entitled HIGH 
ALTITUDE PAYLOAD STRUCTURES AND RELATED 
METHODS, naming Alistair K. Chan, Roderick A. Hyde, 
Nathan P. Myhrvold, LoWell L. Wood, Jr., and Clarence T. 
Tegreene as inventors, US. application Ser. No. 11/788,394, 
?led Apr. 18, 2007. 
4. For purposes of the USPTO extra-statutory requirements, 
the present application constitutes a continuation in part of 
currently co-pending US. patent application entitled HIGH 
ALTITUDE ATMOSPHERIC ALTERATION SYSTEM 
AND METHODS, naming Alistair K. Chan, Roderick A. 
Hyde, Nathan P. Myhrvold, LoWell L. Wood, Jr., and Clarence 
T. Tegreene as inventors, US. application Ser. No. 11/788, 
383, ?led Apr. 18, 2007. 

BACKGROUND 

[0002] The description herein generally relates to the ?eld 
of high altitude conduits and high altitude structures capable 
of many applications including affecting changes in the atmo 
sphere. 
[0003] Conventionally, there is a need for high altitude 
structures for high altitude applications, such as but not lim 
ited to Weather modi?cation, global temperature change, 
atmospheric management, venting, etc. 

SUMMARY 

[0004] In one aspect, a method of affecting atmospheric 
change includes providing a high altitude conduit supported 
by lifting forces, and buoyancy force generated by at least one 
buoyant lifting body coupled to the high altitude conduit. The 
method also includes providing a ?rst material through the 
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conduit. Further, the method includes expelling the ?rst mate 
rial through at least one conduit opening into the atmosphere 
at high altitude. 
[0005] In yet another aspect, a method of delivering a pay 
load includes providing at least one high altitude track sup 
ported by lifting forces, the lifting forces coming from at least 
one of buoyancy effects a carrier, aerodynamic lifting sur 
faces, propulsive devices, or multiple carriers. The method 
also includes running a payload carrier along the track carry 
ing a payload. Further, the method includes expelling at least 
a ?rst material from the payload into the atmosphere at high 
altitude. 

[0006] In addition to the foregoing, other method aspects 
are described in the claims, draWings, and text forming a part 
of the present disclosure. 
[0007] In one or more various aspects, related systems 
include but are not limited to circuitry and/ or programming 
for effecting the herein-referenced method aspects; the cir 
cuitry and/ or programming can be virtually any combination 
of hardWare, softWare, and/ or ?rmware con?gured to effect 
the herein-referenced method aspects depending upon the 
design choices of the system designer. 
[0008] In one aspect, a system for providing material to the 
atmosphere includes an elongate conduit structure extending 
into the atmosphere and being held aloft by lifting forces and 
buoyant forces generated by at least one buoyant lifting body 
coupled to the high altitude conduit. The system also includes 
an introducer con?gured to provide a ?rst material into the 
interior of the conduit. Further, the system comprises at least 
one exit aperture con?gured to expel the ?rst material into the 
atmosphere. 
[0009] In addition to the foregoing, other system aspects 
are described in the claims, draWings, and text forming a part 
of the present disclosure. 
[0010] In addition to the foregoing, various other method 
and/or system and/or program product aspects are set forth 
and described in the teachings such as text (e.g., claims and/or 
detailed description) and/or draWings of the present disclo 
sure. 

[0011] The foregoing is a summary and thus contains, by 
necessity, simpli?cations, generalizations and omissions of 
detail; consequently, those skilled in the art Will appreciate 
that the summary is illustrative only and is NOT intended to 
be in any Way limiting. Other aspects, features, and advan 
tages of the devices and/or processes and/or other subject 
matter described herein Will become apparent in the teachings 
set forth herein. 

BRIEF DESCRIPTION OF THE FIGURES 

[0012] The foregoing summary is illustrative only and is 
not intended to be in any Way limiting. In addition to the 
illustrative aspects, embodiments, and features described 
above, further aspects, embodiments, and features Will 
become apparent by reference to the draWings and the fol 
loWing detailed description, of Which: 
[0013] FIG. 1 is an exemplary diagram of a generaliZed 
high altitude conduit. 
[0014] FIG. 2 is an exemplary diagram of a cross sectional 
con?guration of a high-altitude conduit. 
[0015] FIG. 3 is an exemplary diagram of a cross sectional 
con?guration of a high-altitude conduit shoWing supporting 
elements. 
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[0016] FIG. 4 is an exemplary diagram of an alternative 
con?guration of a high altitude conduit having multiple con 
duit exits. 
[0017] FIG. 5 is an exemplary diagram of a high altitude 
conduit depicting potential height thereof. 
[0018] FIG. 6 is an exemplary diagram of a high altitude 
conduit being supported at least in part by an orbital anchor. 
[0019] FIG. 7 is an exemplary diagram of a high altitude 
conduit being supported at least in part by carriers. 
[0020] FIG. 8 is an exemplary process diagram of process 
to use a high altitude conduit to affect atmospheric change. 
[0021] FIG. 9 is an exemplary process diagram ofa process 
to use a high altitude conduit to affect terrestrial temperature 
change or to implement cloud seeding. 
[0022] FIG. 10 is an exemplary process diagram ofa pro 
cess to track material distributed by a high altitude conduit. 
[0023] FIG. 11 is an exemplary diagram ofa high altitude 
conduit being supported by a buoyant airfoil or other lifting 
surface. 
[0024] FIG. 12 is an exemplary diagram of a high altitude 
elevator and delivery system. 

DETAILED DESCRIPTION 

[0025] In the following detailed description, reference is 
made to the accompanying drawings, which form a part 
hereof. In the drawings, similar symbols typically identify 
similar components, unless context dictates otherwise. The 
illustrative embodiments described in the detailed descrip 
tion, drawings, and claims are not meant to be limiting. Other 
embodiments may be utiliZed, and other changes may be 
made, without departing from the spirit or scope of the subject 
matter presented here. Those having skill in the art will rec 
ogniZe that the state of the art has progressed to the point 
where there is little distinction left between hardware and 
software implementations of aspects of systems; the use of 
hardware or software is generally (but not always, in that in 
certain contexts the choice between hardware and software 
can become signi?cant) a design choice representing cost vs. 
e?iciency tradeoffs. Those having skill in the art will appre 
ciate that there are various vehicles by which processes and/or 
systems and/or other technologies described herein can be 
effected (e.g., hardware, software, and/or ?rmware), and that 
the preferred vehicle will vary with the context in which the 
processes and/or systems and/or other technologies are 
deployed. For example, if an implementer determines that 
speed and accuracy are paramount, the implementer may opt 
for a mainly hardware and/ or ?rmware vehicle; alternatively, 
if ?exibility is paramount, the implementer may opt for a 
mainly software implementation; or, yet again alternatively, 
the implementer may opt for some combination of hardware, 
software, and/or ?rmware. Hence, there are several possible 
vehicles by which the processes and/ or devices and/or other 
technologies described herein may be effected, none of which 
is inherently superior to the other in that any vehicle to be 
utiliZed is a choice dependent upon the context in which the 
vehicle will be deployed and the speci?c concerns (e.g., 
speed, ?exibility, or predictability) of the implementer, any of 
which may vary. Those skilled in the art will recogniZe that 
optical aspects of implementations will typically employ 
optically-oriented hardware, software, and or ?rmware. 
[0026] The foregoing detailed description has set forth vari 
ous embodiments of the devices and/ or processes via the use 
of block diagrams, ?owcharts, and/or examples. Insofar as 
such block diagrams, ?owcharts, and/or examples contain 
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one or more functions and/ or operations, it will be understood 
by those within the art that each function and/or operation 
within such block diagrams, ?owcharts, or examples can be 
implemented, individually and/or collectively, by a wide 
range of hardware, software, ?rmware, or virtually any com 
bination thereof. In one embodiment, several portions of the 
subject matter described herein may be implemented via 
Application Speci?c Integrated Circuits (ASICs), Field Pro 
grammable Gate Arrays (FPGAs), digital signal processors 
(DSPs), or other integrated formats. However, those skilled in 
the art will recogniZe that some aspects of the embodiments 
disclosed herein, in whole or in part, can be equivalently 
implemented in integrated circuits, as one or more computer 
programs running on one or more computers (e.g., as one or 
more programs running on one or more computer systems), as 
one or more programs running on one or more processors 

(e.g., as one or more programs running on one or more micro 

processors), as ?rmware, or as virtually any combination 
thereof, and that designing the circuitry and/or writing the 
code for the software and or ?rmware would be well within 
the skill of one of skill in the art in light of this disclosure. In 
addition, those skilled in the art will appreciate that the 
mechanisms of the subject matter described herein are 
capable of being distributed as a program product in a variety 
of forms, and that an illustrative embodiment of the subject 
matter described herein applies regardless of the particular 
type of signal bearing medium used to actually carry out the 
distribution. Examples of a signal bearing medium include, 
but are not limited to, the following: a recordable type 
medium such as a ?oppy disk, a hard disk drive, a Compact 
Disc (CD), a Digital Video Disk (DVD), a digital tape, a 
computer memory, etc.; and a transmission type medium such 
as a digital and/or an analog communication medium (e. g., a 
?ber optic cable, a waveguide, a wired communications link, 
a wireless communication link, etc.). 
[0027] Referring now to FIG. 1, a high-altitude structure 
100 is depicted. High altitude structure 100 includes but is not 
limited to any of a variety of materials which may be rela 
tively lightweight, strong, and be capable of standing aloft in 
a variety of atmospheric, weather-related, and heating condi 
tions. Further, structure 100 may be capable of being applied 
in a variety of environments and for a variety of applications. 
Structure 100 may be used in a variety of ways including as a 
supporting structure for equipment, such as but not limited to 
antenna 110, as a vent for exhaust gases 120, or as a particu 
late or gas introducer, or the like. In the exemplary embodi 
ment depicted in FIG. 1, structure 100 is an approximately 
cylindrical shape forming an elongated cannula having an 
exterior wall 130 surrounding an interior wall 140. In a par 
ticular exemplary embodiment a void 150 may be formed 
between exterior wall 130 and interior wall 140. The structure 
may be supported by introducing a gas into void 150 which 
may be lighter than the ambient air surrounding the structure. 
Gas introduced into void 150 may come from any of a variety 
of sources. In a particular exemplary embodiment, gas may 
come from a manufacturing facility 160 where gas may be 
manufactured for the purpose of supporting conduit 150 or 
the gas may be exhaust gasses from a manufacturing process 
at facility 160. In accordance with alternative embodiments, 
the structure of the voids and conduits may vary and may 
include any number of and combination of voids and con 
duits. Also, material ?ow in the voids and conduits may be 
controlled. In an alternative embodiment, there may be inter 
connections between the voids and conduits such that mate 
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rial How may be created between the voids and conduits 
and/ or betWeen voids and/ or betWeen conduits. Although spe 
ci?c shapes, cross sections, and relative dimensions of the 
voids and conduits are depicted, the embodiments are not 
limited but may be made in any of a variety of shapes, cross 
sections, and relative dimensions. Further, the shapes, siZes, 
materials, relative dimensions, etc., may vary by location on 
the structure or alternatively may be varied in time. In an 
exemplary embodiment, the material How may come from 
any of a variety of sources, including but not limited to a 
reservoir, a storage container, the atmosphere, an exhaust or 
Waste material ?oW, etc. 

[0028] High altitude conduit 100 is a conduit Which may 
exceed the height of chimneys and like structures Which are 
built from conventional building materials like concrete, 
steel, glass, Wood, etc. Which carry considerable Weight. In 
one exemplary embodiment conduit 100 may reach higher 
than one kilometer above its base. In other exemplary 
embodiments the conduit may be formed to reach much 
greater heights. For example, referring to FIG. 5, a conduit 
500 is depicted. Conduit 500 extends to high altitudes. In an 
exemplary embodiment, conduit 500 extends into the strato 
sphere (approximately 15 km to 50 km above sea level). In 
other exemplary embodiments conduit 500 may extend to 
other altitudes above or beloW the stratosphere. In exemplary 
embodiments, high altitude conduit 100 may be coupled at its 
base end to the surface of the earth or other planet. The surface 
may include but is not limited to the ground, on the Water, 
above the ground on a supporting structure, underground, 
underWater, and the like. 
[0029] Referring noW to FIG. 2, a cross section of an exem 
plary high altitude conduit 200 is depicted. High altitude 
conduit 200 includes a ?rst outer material layer 210 and a 
second interior material layer 220. The tWo material layers 
form a space 230 or void betWeen the tWo layers. In one 
exemplary embodiment, space 230 may be ?lled With a gas 
that is lighter than the surrounding atmospheric air. The gas 
may provide buoyancy to the conduit. The gas in space 230 
may also be provided under pressure such that it helps to 
maintain the shape of conduit 200. Gas in space 230 may be 
vented in a variety of manners including but not limited to 
through seams, vents, and holes, etc. The gas may be provided 
to conduit 200 by an introducer Which may be in any of a 
variety of forms, including, but not limited to an exhaust 
outlet from a manufacturing facility or other industrial busi 
ness, an outlet from a gas tank or other gas producing device, 
etc. In an exemplary embodiment interior material layer 220 
forms an elongated tube or cannula having an interior lumen 
240. Interior lumen 240 may be used for a variety of purposes 
including but not limited to providing gasses and/or particu 
late to the atmosphere at a given altitude, providing an outlet 
for exhaust gasses at a given altitude. Thus, conduit 200 may 
be used as a high atmospheric chimney for a manufacturing 
plant. Alternatively conduit 200 may be used to provide gas 
ses and particulate into the atmosphere in an attempt to in?u 
ence global Warming or global cooling. It has been shoWn that 
certain gasses and/or particulate in the air may re?ect incom 
ing sunlight thereby reducing the amount of heat absorbed by 
the earth. Also, it has been shoWn that certain other gasses 
and/ or particulate in the air may tend to trap heat close to the 
Earth’s surface, thereby increasing the amount of heat 
absorbed by the Earth. By controlling the amount and type of 
gasses and/or particulate placed into the atmosphere, it may 
be possible to control to some extent the heating of the Earth. 
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Delivery of such gasses and/or particulate may be provided 
by the use of high altitude conduit systems, such as are 
described here. 

[0030] In accordance With other exemplary embodiments, 
the gas used to support conduit 100 of FIG. 1 may be any of 
a large variety of gasses including but not limited to hydrogen 
gas, helium gas, heated gas, exhaust gasses, etc. The intro 
ducer of the gas into the void for supporting conduit 100 may 
function to not only provide the gas but may also be used to 
pressurize the gas. Referring to FIG. 2, in one exemplary 
embodiment void 230 may be closed at the top of the conduit 
by a cap or sheet of material Which substantially couples 
material layer 210 to material layer 220. In one exemplary 
form, the cap or sheet of material may include one or more 
holes that act as vents for the void 230. It should hoWever be 
noted that any of a large variety of methods and structures 
may be used to support conduit 100 and further that conduit 
100 Which is depicted in FIG. 1 as a conduit may be repre 
sentative of any of a variety of high altitude structures not 
limited to conduits. 

[0031] Referring noW to FIG. 3, a cross section of a conduit 
300 is depicted. Conduit 330 includes an outer material layer 
310, and an inner material layer 320. Inner material layer 320 
forms an annular or other closed shape to form a lumen 330. 
In an exemplary embodiment, a void 340 is de?ned by outer 
layer 310 and inner layer 320. In an exemplary embodiment, 
because conduit 300 may be of a very elongated shape and 
may be formed from lightWeight materials, a reinforcement 
or support structure may be needed to give conduit 3 00 at least 
one of shape and strength. In one exemplary embodiment, the 
reinforcement structure may include supporting elements 
coupled to at least one of outer layer 310 or inner layer 320. 
For example, FIG. 3 depicts exemplary supporting structures 
350 and 360. Supporting elements 350 may be cross braces 
formed of a lightWeight material including but not limited to 
metals and metal alloys, composites, and plastics. In one 
exemplary embodiment, the materials used for the supporting 
rib structures may be the same as those used for the conduit 
albeit in different shape and form. Structure 350 is depicted 
having cross braces 352 that extend betWeen and are coupled 
to the inner and outer layers 310 and 320. In another exem 
plary embodiment the support structure 360 may comprise 
radially extending braces 362. Further other supporting con 
?gurations may be used, such as but not limited to annular 
ring structures coupled to at least one of outer layer 310 and 
inner layer 320, lengthWise rib structures, helical rib struc 
tures, etc. Any of a variety of support structures may be used 
to help maintain a substantially upright orientation of struc 
ture 300 and further to support payloads Which may be 
coupled thereto. 
[0032] Conduit 100 and like conduits may be formed of any 
of a variety of relatively strong and lightWeight materials, 
including but not limited to Mylar, ripstop nylon, Zylon, 
nanomaterials, latex, Chloroprene, plastic ?lm, polyester 
?ber, etc. Other materials may similarly be used. Further 
materials may be combined in various combinations in order 
to achieve the performance characteristics required and 
desired. Conduit 100 may be formed of multiple layers of 
material and may include thermal insulation and the like. 
[0033] Referring noW to FIG. 4, a high-altitude structure 
400 is depicted. High altitude structure 400 includes but is not 
limited to any of a variety of materials Which may be rela 
tively lightWeight, strong, and be capable of standing aloft in 
a variety of atmospheric, Weather-related, and heating condi 
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tions. Further, structure 400 may be capable of being applied 
in a variety of environments and for a variety of applications 
including injecting or expelling certain materials into the 
atmosphere at various high altitudes for the purpose of affect 
ing atmospheric change either locally or globally. Structure 
400 may also and simultaneously be used in a variety of Ways 
including as a supporting structure for equipment Which may 
be attached to structure 400, as a vent for exhaust gases, or as 

a particulate or gas introducer, or the like. In the exemplary 
embodiment depicted in FIG. 4, structure 400 has an approxi 
mately cylindrical shape forming an elongated cannula hav 
ing an exterior Wall 430 surrounding an interior Wall 440. In 
a particular exemplary embodiment a void 450 may be 
formed betWeen exterior Wall 430 and interior Wall 440. The 
structure may be supported by introducing a gas into void 450 
Which may be lighter than the ambient air surrounding the 
structure. Gas introduced into void 450 may come from any of 
a variety of sources. In the embodiment depicted, a conduit 
exit 410 is formed at the top of conduit 400. Gasses or other 
materials including but not limited to solids, liquids, aerosols, 
mixtures, suspensions, and the like may be expelled from exit 
410. Further, a conduit structure may have more than one exit 
at different altitudes, such as but not limited to exits such as 
exit 415 from Which material may be expelled in a stream 425 
as controlled by a valve 427. In a particular exemplary 
embodiment, the material or alternatively the lighter than air 
gas in void 450 may come from a manufacturing facility 460 
Where gas may be manufactured for the purpose of supporting 
conduit 450 or the gas may be exhaust gasses from a manu 
facturing process at facility 460 such as but not limited to a 
fossil fuel burning process. 
[0034] Referring noW to FIG. 5, a high altitude conduit 500 
is depicted. Conduit 500 is depicted as extending into the 
stratosphere. Typically, the tropopause Which transitions the 
atmosphere to the stratosphere occurs at approximately 15 
kilometers above sea level. The stratopause, Which de?nes the 
upper boundary of the stratosphere occurs at approximately 
50 kilometers above sea level. In accordance With an exem 

plary embodiment, as shoWn conduit 500 extends into the 
stratosphere. Although facility may be provided by having 
conduit 500 extending into the stratosphere, other heights of 
conduit 500 may be useful as Well. For example, it may be 
desirable to have a conduit extend at almost any height Within 
the troposphere. It may also be useful to have conduits Which 
extend beyond the stratosphere. 
[0035] Referring noW to FIG. 6, a high altitude structure 
600 is depicted. High altitude structure 600 is formed of a 
material 610 that extends in a substantially upWard direction. 
An orbital anchor (satellite or other orbiting body) supports 
material 610 by a tether 630 coupled betWeen material 610 
and orbital anchor 620. In an exemplary embodiment, anchor 
620 is, While anchored via tether 630 to material 610, in a 
geosynchronous orbit (poWered or unpoWered and controlled 
or uncontrolled) about the earth or other planetary body. The 
geosynchronous orbit Would be outside of the majority of 
earth’s atmosphere represented by line 650. In an exemplary 
embodiment, a material 640 may be expelled from the con 
duit. High altitude structure 600 has essentially the same 
function as that discussed With reference to FIG. 4 in that it 
may be used to affect climate change and/or atmospheric 
changes either locally or globally. Tether 630 may be formed 
of any of a variety of materials having a high strength to 
Weight ratio including but not limited to carbon nanotube 
?bers. A base 660 of structure 600 may be supported on the 

Mar. 25, 2010 

ground, underground, underWater, in the air or, as depicted 
?oating on a body of Water 670. AlloWing the base 660 to 
move may make it easier to control the top of the structure 600 
as variance of tension of the tether 630 may occur. Also 
having the ability to have the base movable may be advanta 
geous in alloWing less stress on the structure itself. One 
advantage of having base 660 being on the Water may be that 
ocean Water may be used in creating the material to be 
expelled. For example, it may be desirable to use ocean Water 
to create halide mists that may be carried up the conduit 
structure and expelled into the atmosphere. The introduction 
of halide mists into the atmosphere may aid in creating an 
albedo effect in Which some solar energy impinging on the 
Earth’s atmosphere is re?ected. This albedo effect may aid in 
reducing the effect of global Warming. 
[0036] Referring noW to FIG. 7, another exemplary 
embodiment of a conduit 700 is depicted. Conduit 700 may 
comprise an outer Wall layer 710 Which de?nes an elongated 
lumen 720. Conduit 700 may be held aloft by one or more 
balloons 730 or other devices used to maintain conduit 700 in 
an upright position. Other such devices may include but are 
not limited to airfoils, parafoils, and kites or other aerody 
namic lifting surfaces; propellers, rockets, and jets or other 
thrust providing devices. Yet other structures for keeping 
conduit 700 aloft include momentum coupling to a vertically 
moving mass stream, such as but not limited to electric or 
magnetic coupling to moving projectiles or drag or thrust 
coupling to gas or liquid ?oWs. Further, conduit 700 may be a 
double Walled conduit as discussed earlier Which provides 
additional buoyancy in combination With balloons or other 
lifting devices. 
[0037] In an exemplary embodiment the carrier such as 
balloons 730 contain Hydrogen gas, Helium gas, heated gas, 
an exhaust gas, or other lighter than atmospheric air gas. In an 
exemplary embodiment an introducer pressuriZes the gas into 
a space in the one or more carrier. This pressurized gas may be 
carried from ground level through a tube or the like. Conduit 
700 may be used in the same manner as the conduits described 
above to expel material into the atmosphere at high altitudes 
to affect local or global atmospheric change. Such atmo 
spheric change may also include the process of inducing 
precipitation by cloud seeding. 
[0038] In another exemplary embodiment conduit 700 may 
be a hose or a series of hose segments Which are coupled to the 
carrier on one end and coupled to a pump at or near the Earth’s 

surface. In one embodiment, multiple pumps may be used 
along the length of conduit 700. Also, in another embodiment, 
conduit 700 may include support cabling or tether cabling, the 
support or tether cabling may also double as poWer delivery 
cabling to one or more devices along the length of conduit 
7 00. 

[0039] Referring noW to FIG. 8, a process 800 of affecting 
atmospheric change is depicted. Process 800 includes provid 
ing a high altitude conduit extending upWard into high alti 
tudes (process 810). The process also includes providing a 
?rst material through the conduit (process 820). The material 
Will include at least in part, the substances Which are effective 
in creating the atmospheric change desired. Process 800 fur 
ther includes expelling the ?rst material through at least one 
conduit opening into the atmosphere at high altitude (process 
830). Once expelled into the atmosphere, the materials Will be 
carried and distributed by high altitude Winds. 
[0040] Referring noW to FIG. 9, a process 900 of affecting 
terrestrial temperature change is depicted. Process 900 
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includes providing at least one high altitude conduit (process 
910). In addition to the single conduit many conduits may be 
provided. These may be distributed in a small area, a region, 
Within a country, Within a group of countries, or WorldWide, 
depending on the desired results and the application. Process 
900 also includes providing a ?rst material through the con 
duit (process 920). The material Will include at least in part, 
the substances Which are effective in creating the terrestrial 
temperature change desired. Process 900 further includes 
expelling the ?rst material through at least one conduit open 
ing into the atmosphere at high altitude to cause at least one of 
greater re?ectivity of solar energy impinging on the earth or 
changing the amount of pollutants and/or carbon dioxide in 
the atmosphere to reduce global Warming affects (process 
930). 
[0041] Referring noW to FIG. 10, a process 1000 of deter 
mining the distribution of an aerosol in the atmosphere is 
depicted. The process includes providing a conduit supported 
by lifting forces (process 1010). The lifting forces may come 
from at least one of buoyancy effects of the high altitude 
conduit itself, aerodynamic lifting surfaces, propulsive 
devices, or at least one carrier. Process 1000 also includes 
providing a ?rst material through the conduit (process 1020) 
and expelling the ?rst material through at least one conduit 
opening into the atmosphere (process 1030). Once the mate 
rial has been aerosoliZed and expelled into the atmosphere 
process 1000 includes tracking the distribution of the ?rst 
material in the atmosphere over time (process 1040). This 
tracking of the aerosol may enable researchers or demonstra 
tors of the technology to approximate or predict the distribu 
tion of aerosol When the conduit and related expelled mate 
rials are put into practice at the same or possibly higher 
altitudes. Tracking may be accomplished by any of a variety 
of Ways, including but not limited to putting dyes (eg ?uo 
rescing dyes) into the expelled material. With dyes in the 
expelled material, imaging equipment either airborne, earth 
bound, or spacebome may be used to track the dispersal 
and/or distribution of the expelled material. In accordance 
With exemplary embodiments, the tracking techniques may 
be applied to control of a high altitude system as Well as for 
use in demonstration and testing at loWer altitudes. 

[0042] In accordance With one exemplary embodiment, the 
desired effect may be to scatter light by injecting particles into 
the atmosphere effectively increasing the Earth’s albedo. In 
another exemplary embodiment, it may be desirable to use 
anthropogenic aerosols to cause re?ectivity changes. This 
indirect effect is knoWn as the TWomey effect. Aerosols may 
act as cloud condensation nuclei and thereby leading to 
greater numbers of smaller droplets of Water. Large numbers 
of smaller droplets of Water or other substances can diffuse 
light more e?iciently than just a feW larger droplets. 
[0043] Particulate injection into the atmosphere may also 
result in changes in the particle siZe distribution in the atmo 
sphere, Which can affect atmospheric re?ectivity properties. 
Anthropogenic particulates are therefore one candidate to 
affect global dimming, Which may act to offset some of the 
effects of global Warming. Examples of anthropogenic par 
ticulate includes but is not limited to metals, dielectrics, and 
combinations of these. Examples of metals include but are not 
limited to aluminum, gold, and titanium. Examples of dielec 
trics include but are not limited to sulfates, halides, and car 
bon compounds. 
[0044] Conventionally, it is believed that the effect of glo 
bal dimming is probably due to the presence of aerosol par 
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ticles or particulates in the atmosphere. Aerosol particles and 
particulates scatter incident solar energy and re?ect sunlight 
back into space. Particulates can also become nuclei for cloud 
droplets. It is thought that the Water droplets in clouds coa 
lesce around the particulates. Increased particulates, creates 
clouds consisting of a greater number of smaller droplets, 
Which in turn makes them more re?ective, thereby re?ecting 
sunlight back into space. 
[0045] Clouds intercept both heat from the sun and heat 
radiated from the Earth. Their effects vary in time, location 
and altitude. Usually during the daytime the interception of 
sunlight predominates, giving a cooling effect; hoWever, at 
night the re-radiation of heat to the Earth sloWs the Earth’s 
heat loss. Usually for high altitude clouds, the re-radiation of 
heat from the Earth predominates, leading to increased Warm 
ing. Usually for loW altitude clouds, the re?ection of sunlight 
predominates leading to increased cooling. In one exemplary 
embodiment therefore, it may be bene?cial to nucleate high 
altitude clouds to reduce the amount of heat re-radiation. In 
other exemplary embodiments it may be bene?cial to nucle 
ate loW altitude clouds to increase re?ection of sunlight. In 
other exemplary embodiments, it may be desirable to inject 
into the atmosphere either materials that absorb energy from 
the sun or materials that scatter, absorb, or re?ect thermal 
radiation. In one exemplary embodiment it may be desirable 
to increase the absorption of solar radiation by the Earth’s 
atmosphere in order to increase or upWardly in?uence terres 
trial temperatures. Such absorption may be accomplished by 
the addition of Water droplets in the air that may contain 
impurities such as soot or other materials. Also, carbonaceous 
materials may also be advantageous. Further, materials con 
taining one or more optical absorbers such as dyes, direct 
band-gap semiconductors, or metal oxides may also be 
advantageous. Further still, particles may be designed having 
various colors, optical cross sections, siZes and/or geometries 
in order to accomplish given performance objectives. 
[0046] Some climate scientists have theorized that aircraft 
contrails (also called vapor trails) are implicated in global 
dimming, but the constant ?oW of air tra?ic previously meant 
that this could not be tested. The near-total shutdoWn of civil 
air tra?ic during the three days folloWing the Sep. 11, 2001 
attacks afforded a rare opportunity in Which to observe the 
climate of the USA absent from the effect of contrails. During 
this period, an increase in diurnal temperature variation of 
over 10 C. Was observed in some parts of the US, i.e. aircraft 
contrails may have been raising nighttime temperatures and/ 
or loWering daytime temperatures by much more than previ 
ously thought. Therefore, in one exemplary embodiment the 
process of creating atmospheric change may be characterized 
as changing the opacity of the atmosphere. 
[0047] In yet another exemplary embodiment, halides may 
be used to affect global dimming. A halide is a binary com 
pound, of Which one part is a halogen atom and the other part 
is an element or radical that is less electronegative than the 
halogen, to make a ?uoride, chloride, bromide, iodide, or 
astatide compound. Many salts are halides. All Group 1 met 
als form halides With the halogens and they are White solids. 
As stated earlier, it may be possible to harvest halides from the 
ocean to be expelled through a high altitude conduit as a mist. 
This injection may be done using dry halides or Wet halides, 
e.g. sea Water droplets or mist. Alternatively pseudohalides 
may also be used to affect global dimming. Pseudohalides 
resemble halides in their charge and reactivity. For example 
aZides NNNi, isocyanate iNCO, Isocyanide, CNi, are 
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examples of pseudohalides. This process of global dimming 
utilizes one or more of the aforementioned materials or other 
materials to scatter or re?ect solar radiation impinging on the 
Earth’s atmosphere. In other exemplary embodiments it may 
be desirable to use similar materials and/or techniques to 
re?ect, scatter, or absorb reradiated thermal energy from the 
Earth’s surface. 
[0048] In accordance With another exemplary embodiment, 
the re?ection or scattering of thermal radiation by the Earth’s 
atmosphere may be accomplished by using natural or engi 
neered particles that are expelled at high altitude including 
micro-Wire structures or micro-crystalline structures that 
have mesh and/ or lattices that have lattice siZes that are 
matched to the infrared Wavelength range so that some of the 
infrared radiation is re?ected by the Earth’s atmosphere con 
taining these particles. Many other geometries, siZes, mate 
rials, and shapes may similarly be used. 
[0049] In accordance With yet another exemplary embodi 
ment, the absorption of thermal radiation by the Earth’s atmo 
sphere may be accomplished by using natural or engineered 
particles that are expelled at high altitude. Such particles may 
contain materials With high absorptivity for thermal radiation 
Wavelengths, such as carbonaceous materials, or narroW 
band-gap semiconductors, such as indium antimony (InSb), 
IndiumArsenic (InAs), lead telluride (PbTe), or similar mate 
rials. 
[0050] In yet still another exemplary embodiment it may be 
desirable to scavenge carbon dioxide from the atmosphere by 
expelling carbonate aerosols into the atmosphere. The car 
bonate aerosols may combine to form carbonic acid droplets 
in the atmosphere. The carbonic acid undergoes disassocia 
tion to bicarbonate and carbonate ions before precipitating to 
the ground. This scavenging process is not limited to the 
chemicals disclosed, but other chemicals having similarprop 
erties may also be applied. 
[0051] In yet a further exemplary embodiment, cloud seed 
ing, Which is a form of Weather or atmospheric modi?cation, 
is an attempt to change the amount or type of precipitation 
that falls from clouds, by dispersing substances into the air 
that serve as cloud condensation or ice nuclei. The conven 

tional intent is to increase precipitation, but hail suppression 
may also be accomplished. The most common chemicals 
used for cloud seeding include but are not limited to silver 
iodide and dry ice (froZen carbon dioxide). The expansion of 
liquid propane into a gas, causing liquid Water to freeZe into 
ice crystals that may fall out as snoW, is being used on a 
smaller scale. Hygroscopic materials, such as salt, may also 
be used. 
[0052] In mid-latitude clouds, the usual seeding strategy 
has been predicated upon the fact that vapor pressure is loWer 
over Water than over ice. When ice particles form in super 
cooled clouds, the ice particles are alloWed to groW at the 
expense of liquid droplets. If there is su?icient groWth, the 
particles become heavy enough to fall as snoW (or, if melting 
occurs, rain) from clouds that otherWise Would produce no 
precipitation. This process is knoWn as “static” seeding. 
[0053] Seeding of Warm-season or tropical cumuliform 
(convective) clouds seeks to exploit the latent heat released by 
freeZing. This strategy of “dynamic” seeding assumes that the 
additional latent heat adds buoyancy, strengthens updrafts, 
ensures more loW-level convergence, and ultimately causes 
rapid groWth of properly selected clouds. 
[0054] In another exemplary embodiment, cloud seeding 
may be used to reduce precipitation. This may be accom 
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plished by the creation of doWndrafts in cumulonimbus 
clouds leading to the dynamic destruction of the cumulon 
imbi. In an exemplary embodiment the tops of the clouds may 
be seeded With a poWdery material Which causes doWndrafts 
Within the clouds. Also, other substances may be used includ 
ing but not limited to Water Which is dispersed into the tops of 
the cumulonimbi. 
[0055] Conventionally cloud seeding chemicals may be 
dispersed by aircraft or by dispersion devices located on the 
ground (generators). In the exemplary embodiments 
described, the chemicals may be transported and expelled at 
high altitudes through the high altitude conduit structures 
described above. 
[0056] Aerosols in the stratosphere tend to migrate toWard 
the poles. Thus aerosols injected for the purpose of re?ecting 
incoming sunlight at or near the Arctic Circle Would be 
expected to cool the Arctic but to have little or no effect on 
sunlight received by the temperate and tropical parts of the 
Earth. Aerosols injected into the atmosphere above Antarctica 
Will similarly tend to disperse gradually toWard the South 
Pole. To cover the entire planet, the spray Would have to be 
released at a variety of latitudes, including sites near the 
equator. 
[0057] The general poleWard migration of high-altitude 
aerosols is useful for tWo reasons. First, it alloWs small-scale 
testing of a geoengineering system. In an exemplary embodi 
ment, a pilot project could be set up in northern Alaska or 
northern Europe, for example. 
[0058] Second, the polar regions have so far experienced 
far greater Warming than has the rest of the planet, and some 
climate models project that this trend Will continue. If a 
climate emergency occurs that Would Warrant use of geoengi 
neering, it seems probable that it Will affect the Arctic or 
Antarctic ice caps ?rst and more severely. Systems that can 
concentrate their cooling effects to the northernmost or south 
ernmost parts of the planet may thus be more useful in certain 
situations than those that only Work uniformly on the entire 
Earth at once. 

[0059] To estimate hoW much sunlight Would need to be 
re?ected to offset greenhouse Warming of the Arctic or of the 
entire planet, scientists have turned to the same computer 
models that they use to project climate change scenarios. 
Some of these models suggest that reducing incoming solar 
radiation by about 1.8% WorldWide Would offset the green 
house Warming caused by the doubling of CO2 concentration 
from its level in preindustrial times. (The CO2 concentration 
is currently about 1.4 times its preindustrial level and rising 
steadily. 
[0060] Preliminary modeling studies suggest that tWo mil 
lion to ?ve million metric tons of sulfur dioxide aerosols 
(carrying one million to 2.5 million tons of sulfur), injected 
into the stratosphere each year, Would reverse global Warming 
due to a doubling of CO2, if the aerosol particles are su?i 
ciently small and Well dispersed. TWo million tons equates to 
roughly 2% of the S02 that noW rises into the atmosphere 
each year, about half of it from manmade sources, and far less 
than the 20 million tons of sulfur dioxide released over the 
course of a feW days by the 1991 eruption of Mount Pinatubo. 
Scienti?c studies published so far conclude that any increase 
in the acidity of rain and snoW as several million additional 
tons a year of SO2 precipitate out of the atmosphere Would be 
minuscule and Would not disrupt ecosystems. 
[0061] Because about 10% of the planet lies north of 60° 
NiWhiCh is roughly the latitude of Anchorage, Ak. or Oslo, 
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NorWayia rough ?rst-order estimate is that injection of as 
little as 200,000 metric tons a year of sulfur dioxide aerosol 
into the stratosphere above this region could offset Warming 
Within the Arctic. A phenomena peculiar to the polar atmo 
sphere, the polar stratospheric vortex, adds uncertainty to this 
estimate, hoWever. The vortex causes mixing betWeen strato 
spheric air and the loWerpart of the atmosphere to occur more 
rapidly in the Arctic than at loWer latitudes. As a result, 
aerosol particles injected into the stratosphere at latitudes 
above 600 N Will probably fall back to Earth in less than a 
year, on average. To compensate for this effectiand because 
the aerosols serve no purpose during the darkpolar Winteriit 
Would thus make sense, in accordance With one exemplary 
process, to concentrate the injection period to just the spring, 
so that the cooling effect is at maximum strength during the 
summer melting season. 

[0062] An exemplary system could raise 100,000 tons of 
liquid a year from the ground to an elevation of 30 kilometers 

(100,000 feet). 
[0063] When pumped continuously through a conduit, that 
amounts to about 3.2 kilograms per second and, at a liquid 
SO2 density of 1.46 grams per cubic centimeter, about 34 
gallons (150 liters) per minute. In comparison a garden con 
duit With a 3A-inch inner diameter can deliver liquid that fast. 
[0064] It takes about 30 trillion Joules of potential energy to 
lift 100,000 tons of liquid SO2 to a height of 30 kilometers. If 
the Work is spread out over the course of a year, hoWever, that 
energy translates to a required poWer of about 1,000 kilo 
Watts. Inef?ciencies and other practical considerations Will 
increase this amount, possibly by several times; nonetheless, 
the poWer levels are not in the range of conventional industrial 
standards. 
[0065] To pump 34 gallons a minute up a 30-kilometer-long 
conduit, the system must overcome both the gravitational 
head and the ?oW resistance. The gravitational head, Which is 
simply another Way of talking about the potential energy 
considered previously, Would amount to a pressure of 4,300 
bar (62,000 psi.) ifthe liquid has a constant density of 1.46 
g/cm3inot taking into account the small attenuation in the 
strength of gravity With increasing altitude. 
[0066] The density of the S02 does not remain constant 
during its journey through the conduit, hoWever. That transit 
takes enough time that at any point in length of the conduit, 
the temperature of the liquid inside the conduit is not too far 
from the temperature of the air outside it, although friction 
from the ?oW Will impart some heat to the ?uid. Air tempera 
ture drops With altitude, and so Will the temperature of the 
S02; the density of the liquid thus increases With altitude. The 
magnitude of the density change Will vary depending on the 
site of the high altitude conduit as Well as the season and time 
of day, but We can use the thermal pro?le of the Standard 
Atmosphere to estimate a typical value: betWeen 1.40 g/cm3 
and 1.57 g/cm3. This density range from bottom to top pro 
duces an overall gravitational head of 4,520 bar. 
[0067] It may be simpler to control the second kind of 
impediment, ?oW resistance. This pressure arises from drag 
forces imposed on the ?uid by the Walls of the pipe. By 
selecting the diameter of the conduit and other design char 
acteristics, it may be chosen as to Whether the ?oW resistance 
pressure is much greater than the gravitational head or much 
less than it. A loWer ?oW resistance may seem alWays pref 
erable, but it comes at a price: a larger diameter conduit, 
Which means more mass for the buoyant or lifting carriers to 
support. 
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[0068] The Weight of both the conduit itself and the ?uid it 
contains increase quickly as conduit diameter expands. Con 
sider tWo designs, one using a conduit With a diameter of 

5/s-inch (1.6 cm), the other a conduit 1% inches (3.8) in 
diameter. The 5/s-inch conduit has a cross-sectional area of 

1.98 cm2, Which means that the ?oW velocity at the ground 
must be 11.4 m/ s to achieve the required 34 gallons per 
minute delivery rate. (The ?oW velocity for this conduit drops 
to 10.2 m/ s at higher altitudes due to cooling of the SOZ.) 

[0069] To calculate the resulting ?oW resistance, factor in 
the ?oW’s Reynolds number and also the effect of pipe rough 
ness. Assume a Wall roughness of 1/2 mil (13 micron). The 
Reynolds number, like density, is a function of temperature 
and thus altitude. It changes along the conduit by more than a 
factor of tWoifrom 320,000 to 810,000idue to the tem 
perature-induced gradients in density, viscosity, and velocity. 
[0070] This variation in the Reynolds number has very little 
effect. The ?oW resistance remains essentially constant along 
the conduit, ranging from 1,000 to 1,100 bar/km. The total 
?oW-induced pressure head for the 5/8 inch conduit is thus 
30,800 bar, much larger than the 4,500 bar gravitational head. 
For a 5/s-inch conduit, drag forces thus largely determine our 
pumping poWer. 
[0071] In contrast, a 11/2-inch conduit can deliver the pay 
load at a ?oW rate under 2 m/ s, Which generates a markedly 
smaller ?oW resistance of just 360 bar. The price for this huge 
reduction in pumping requirements is, of course, the need to 
generate more lift to support a heavier conduit. The SO2 alone 
in the 5/s-inch conduit Weighs 9.1 tons, Whereas the liquid in 
the 11/2-inch conduit comes to 52.5 tons. The larger-bore 
conduit Will also Weigh more than the thin conduit, but that 
difference is at least partially offset by the need to install more 
pumps (and electrical cable to run them) along the length of 
the thin conduit. The choice of the optimum conduit diameter 
thus requires a complex set of design tradeoffs (see Table 1). 

TABLE 1 

Options for a High Altitude Conduit Pumped from the Ground 

Gravita- Mass of 
Conduit tional FloW Total ?uid-?lled 
diameter head resistance pressure SO2 Mass conduit 

(cm) (bar) (bar) (bar) (metric tons) (metric tons) 

2.0 5,470 15,600 21,060 17.5 31.7 
2.5 5,280 6,480 11,760 26.5 39.0 
3.0 5,170 3,160 8,330 37.3 50.2 
3.5 5,100 1,720 6,830 50.1 64.5 
4.0 5,070 1,020 6,090 65.0 81.6 
4.5 5,050 640 5,690 81.9 101.5 

[0072] Instead of relying solely on a big pump on the 
ground, a series of pumps could be placed at intervals along 
the conduit. Large pressures and ?uid compressibility then 
cease to be concerns, and the conduit can be lighter and have 
thinner Walls. Each pump need deliver only modest pressure, 
and We could build extras into the chain so that the system can 
tolerate occasional pump failures. The total mass requiring 
support Will be greater than What is shoWn in table 2, hoWever, 
because it Will include the additional Weight of the pumps 
themselves as Well as the electrical cables that poWer them. 












