wo 2009/140689 A2 || I I1}101 000100 O RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

s . TN
(19) World Intellectual Property Organization /g [} 1NN N000 N0 1.0 0O O O A
ernational Bureau S,/ ‘ 0 |
. . . ME' (10) International Publication Number
(43) International Publication Date \,!:,: #
19 November 2009 (19.11.2009) WO 2009/140689 A2
(51) International Patent Classification: (72) Inventor; and
AOIK 61/00 (2006.01) (75) Imventor/Applicant (for US only): KITHIL, Philip, W.
. e . [US/US]; 1274 Vallecita Drive, Santa Fe, NM 87501
(21) International Application Number: (US).
PCT/US2005/044392

(74) Agent: JACKSON, Justin, R.; Peacock Myers, P.C.,

(22) International Filing Date: P.O. Box 26927, Albuquerque, NM 87125-6927 (US).

18 May 2009 (18.05.2009)
(81) Designated States (unless otherwise indicated, for every

(25) Filing Language: English kind of national protection available): AE, AG, AL, AM,
(26) Publication Language: English AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,

(30) Priority Data: EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
61/053,995 16 May 2008 (16.05.2008) UsS HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
61/077,012 30 June 2008 (30.06.2008) UsS KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,

(71) Applicant (for all designated States except US): ATMO- MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
CEAN, INC. [US/US]; 802 Early Street, Santa Fe, NM NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE, SG,
87505-1636 (US). SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,

UG, US,UZ, VC, VN, ZA, ZM, ZW.

[Continued on next page]

(54) Title: METHOD AND APPARATUS FOR INCREASING UPPER-LEVEL FISH POPULATIONS

(57) Abstract: A method and apparatus for pumping deeper water from a large
3 0 body of water to an upper portion thereof using wave energy, thereby increasing
nutrients at said upper portion and thus the fish populations thereot.

28~

24 26



WO 2009/140689 A2 I 0000 NP0 N AE A AR OU A

(84) Designated States (unless otherwise indicated, for every OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
kind of regional protection available): ARTPO (BW, GH, MR, NE, SN, TD, TG).
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM.

ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, Ty, 'ublished:
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, —  without international search report and to be republished
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, upon receipt of that report (Rule 48.2(g))

MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),



WO 2009/140689 PCT/US2009/044392

- PATENT APPLICATION

METHOD AND APPARATUS FOR INCREASING UPPER-LEVEL FISH POPULATIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to and the benefit of U.S. Patent Application Serial No.

61/077,012, entitled “Wave-Driven Upwelling Pump with Virtual Tube”, filed on June 30 2008, and U.S.
" Provisional Patent Appilication Serial No. 61/053,995, entitled "Wave-Driven Upwelling Pump”, filed on
May 16, 2008, both of those applications are related to U.S. Patent Application Serial No. 12/056,480,
Patent Cooperation Treaty Application No. PCT/US2006/037912, and U.S. Provisional Patent

Appilication Serial Nos. 60/720,864, and 60/741,008, and the specifications and claims, if any, thereof
are incorporated herein by reference.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not Applicable

BACKGROUND OF THE INVENTION
Field of the invention (Technical Field):

[0003] Embodiments of the present invention relate to methods and apparatuses tor altering
conditions in large bodies of water. Embodiments of the present invention also relate to methods,
apparatus, and systems for enhancing ocean fish catch; techniques for monetizing the enhanced ocean
fish catch; regulatory techniques for sustainable management of the ocean fish resource; methods,
-apparatus, and alternative designs to release water contained within tube portions of wave-driven
pumps, and methods, apparatuses and systems for mixing adjacent parcels of fluid.

Description of Related Ari:

[0004] Note that the following discussion refers to a number of publications by author(s) and year
of publication, and that due to recent publication dates certain publications are not to be considered as
prior art vis-a-vis the present invention. Discussion of such publications herein is given for more
complete background and is not to be construed as an admission that such publications are prior art for
patentability determination purposes.
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[0005] U.S. Patent Appliéation Serial No. 12/056,480 discloses a spool-shaped buoy to allow the
flexible tube to be rolled up for storage and transportation; multiple pumps with tethers to maintain
spacing, with the pumps not directly connected to seafioor or land-based anchbrs; each buoy provided
with electronic measuring and communication devices; and the pump operating to bring up deep cold

water containing higher nutrients, causing more phytoplankton to grow which increase the ocean food
chain, resulting-in greater fish populations.

{0006} Provisional Patent Application Serial No. 60/981,699 depicts a similar buoy provided with a
~vertical axis wind turbine to generate electricity both for local consumption and conveyed via a high
voltage direct current conductor to a land power grid. Multiple buoys are connected in series to
increase the overall power generation capability.

[0007] Previous attempts at moving water from lower portions of a water body to an upper portion
thereof via wave action have relied on long flexible plastic tubes to transport the water. Such tubes,
however, typically have a single valve disposed at a bottom of the tube. The failure of that single vaive

will typically render the entire pump inoperable or extremely inefficient. In addition, a large stress is
induced on the flexible tube.

[0008] The rapid pace of global warming and its effects on the ocean ecosystem are becoming
better understood from scientific study. In fact, a substantial majority of the global warming heat
imbalance has been absorbed by the oceans, with some recent data suggesting thermal expansion has
doubled the sea level rise from previous estimates. In addition, the warming ocean is becoming more
stratified, which means less deep nutrients are reaching the upper sunlit zone. This in turn is reducing
primary production {phytoplankton) which naturally absorb CO, and produce O, from the photosynthetic
process. Potentially severe feedbacks result as warmer water holds less O,, compared to colder water,
in turn diminishing the size and density, and increasing dispersion, of zooplanktonic swarms, such as
krill, which are a primary source of food for higher trophic levels. All of these effects suggest possible
cascading harm to ocean life, ultimately risking survival of terrestrial species which rely on ocean life.
So clearly, a system is needed which can mix deeper, colder, higher nutrient water into the upper

ocean, thereby increasing, at least temporarily, the capacity of the upper ocean to absorb heat from the
atmosphere, while enhancing biological activity.

[0009) Background information relating to various aspects of embodiments of the presant invention
can be found in the following:

[0010] Bermuda Atlantic Time-series Study. 2003. http://bats.bbsr.edu.
2.
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[0011) Bundy, A. 2004. Mass balance models of the eastern Scotian Shelf before and after the cod
collapse and other ecosystem changes. Can. Tech. Rep. Fish. Aquat. Sci. 2520: xii-193.

[c012] Daisgaard, J. and D. Pauly. 1997, Preliminary mass-balance model of Prince William
Sounds, Alaska, for the pre-spill period, 1980-1989. Fisheries Centre Research Report 5, 34p.

[0013] Heymans, J.J. 2001. The Gulf of Maine, 1977-1986. In: Guénette, S., V. Christensen and D.
Pauly (eds). Fisheries impacts on North Atlantic ecosystems: models and analyses. FCRR 9: 128-150.

[0014] Ho, T.-Y., A. Quigg, Z.V. Finkel, A.J. Milligan, K. Wyman, P.G. Falkowski and F.M.M. Morel.
2003. The elemental composition of some marine phytoplankton. J. Phycol. 39: 1145-1159.

[0015] NOAA World Ocean Atlas 2005. hitp://www.nodc.noaa,qov

[0016] Redfield, A.C. 1934. On the proportions of organic derivations in sea water and their

relation to the composition of plankton. In; Daniel, R.J. (ed) James Johnson Memorial Volume.
University Press of Liverpool, 177-192. '

{0017] Landry, M.R., J. Constantinou, M. Latasa, S.L. Brown, R.R. Bidigare and M.E. Ondrusek.
2000. Biological response to iron fertilization in the eastern equatorial Pacific (IronEx 11}, M. Dynamics of
phytoplankton growth and microzooplankton grazing. Marine Ecology Progress Series 201: 57-72.

[0018] Martin, J.H. 1990. Glacial-Interglacial CO2 change: The iron hypothesis.
Paleoceanography 5: 1-13,

[O019] Walsh, J.J. 1981. A carbon budget for overfishing off Peru. Nature 290: 300-304.

[0020] Weper, L., C. Volker, A. Oschlies and H. Burchard. 2007. Iron profites and speciation of the
upper water column at the Bermuda Atlantic time-series Study site: a mode! based sensitivity study.
Biogeosciences Discuss. 4: 823-869.

BRIEF SUMMARY OF THE INVENTION

[0021] An embodiment of the present invention relates to a method for increasing fish
populations which includes providing a wave-driven pump, and pumping water with the wave-driven
-3.
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pump to bring locally-existing nutrients from a deeper layer to an upper layer. The pumping can occur
within a large body of water, which can be an ocean. The water can be pumped a distance of at least
100 feet and optionally a distance of at least 600 feet. The method can also include monitoring fish
populations around at least an upper portion of the pump using an echolocater, and the echolocater can
optionally be disposed on a portion of the pump, which can opticnally be the buoy of the pump. The
method can also include communicating results of the fish monitoring to a remote location.

[0022] An embodiment of the present invention also relates to a wave-driven pump which
includes a releasable valve disposed at a lower portion thereof. The valve can optionally be released by
a weight sliding down a cable and impacting a portion of said valve, which portion can be a release
mechanism. Optionally, the valve of the wave-driven pump can include an assembly which provides a
breach within the pump wherety water is released through the breach when the 'pump is lifted from a
bady of water. Optionally, the assembly can include an impact-activated release mechanism.

[0023] in another embodiment, the present invention relates to an ocean water movement
apparatus which includes a plurality of rotatable panels connected to a wave energy capturing
apparatus by a cable. The energy capturing apparatus can include a buoy. Optionally, at ieast some of
the rotatable panels can be arranged in pairs and disposed along at least a portion of the cable at
spaced intervals. The panels can be positioned on the cable such that a primary axis of the cable forms
a substantially right angle with a primary plane of the panels when the panels are in a non-rotated state.
The panels can rotate approximately 90 degrees such that a primary axis of the cable is substantially
pérallel with a primary plane of the panels when the panels are in a rotated stats.

[0024] Preferably, the water parcels not contiguous to the rotatable panels constrain the
movement of water parcels contiguous to the rotatable panels. Movement of the contiguous parcels is
preferably substantially vertical. The energy capturing apparatus can also include a cable formed into a
loop which is connected to the wave energy capturing device. Optionally, the topmaost portion of the
cable loop can be movably positionable.

{0025} Objects, advantages and novel features, and further scope of applicability of the present

~ invention will be set forth in part in the detailed description to foliow, taken in conjunction with the
accompanying drawings, and in part will become apparent to those skilled in the art upon examination
of the following, or may be isarned by practice of the invention. The objects and advantages of the
invention may be realized and attained by means of the instrumentalities and combinations particularly
pointed out in the appended claims,
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

{0026] The accompanying drawings, which are incorporated into and form a part of the
specification, illustrate one or more embodiments of the present invention and, together with the
description, serve to explain the principles of the invention. The drawings are only for the purpose of

illustrating one or more preferred embodiments of the invention and are not to be construed as limiting
the invention. In the drawings:

foo27] Fig. 1A is a drawing of a pump according to an embodiment of the present invention
wherein a releasable valve is connected thereto;

[0028] Figs. 1B-D are drawings illustrating a releasable valve and components thereof according to
an embodiment of the present invention;

[0029] Fig. 2 is a drawing illustrating an embodiment of the present invention wherein a pair of
panels is attached to a buoy via a cable;

[0030] Fig. 3 is a drawing which illustrates diractions of travel for water surrounding a pair of
panels which are moved to create an upweliing action; ‘

[0031] Fig. 4 is a drawing which illustraies a series of panels attached to a cable extending from a
buoy;

[0032] Fig. 5 is a drawing illustrating the arc path followed by a pair of paneis when they pivot;

[0033] Fig. 6 is a drawing which illustrates a perspective view of a pair of panels having a lip
-disposed on an upper surface near a outer circumference thereof;

[0034] Figs. 7A-C are drawings which illustrate embodiments of the present invention wherein
different sizes of panels are used;

[0035]) Figs. 8A & B are drawings which illustrate an embodiment of the présent invention wnerein
the cable is configured to be rotatable to provide upwelling or downwelling effects; and

[0036] Figs. 9A & B are drawings which illustrate ellipsoidal-shaped panels which cause a
weathervane effect on the panel.

-5



WO 2009/140689 : PCT/US2009/044392

DETAILED DESCRIPTION OF THE INVENTION

[0037] “As used throughout the specification and claims, the term “cable” is intended to have a
broad meaning which includes any device, method, or apparatus capable of transferring a pulling force,
including cables, ropes, chains, rods, tubes, straps, wires, strings, belts, combinations thereof, and the

like, all made from any type of material capable of maintaining, for at least a limited time, at least some
structural integrity when submersed in an aqueous envircnment.

{0038] Ocean fisheries typically are regulated by appropriate governmental authorities, e.g., state
rules apply within 3 miles of U.S. shorelines, then U.S. rules apply beyond 3 miles out to 200 miles, and
international rules apply beyond 200 miles. Unfortunately the fish are indifferent to these artificial
boundaries, since these rules apply to the fisherman and not the fish. One result of this arbitrary
boundary system is the widespread mismanagement of acean fish resources.

[0039] Applicant's wave-driven upwelling pump brings up higher-nutrient, deep, ocean water,
which in the presence of sunlight generates phytoplankton — the base of the ocean food chain.
Assuming Redfield-ratio values for propagation of species in the ocean, and based on a 3m diameter by
200m deep pump operating for 30 days in 3m waves with a period of 10 seconds, consulting biologist
Dr. Wiebke Boeing has calculated 124kg additional fish biomass per month, as follows:

Redfield Ratio and Solution

[0040] Iron (Fe) is typically the limiting nrutrient i.n the oceans (Martin 1990; Landry et al. 2000}.
[0041] The Redfield ratio for living marine phytoplankion is:

[0042] C:N:P:Fe = 147:16:1:0.0075 (Redfield 1934;.modified by Ho et -al. 2003)

[0043] This ratio can vary depending on algae composition and seawater chemistry.

[0044] Assuming the better scenario of 0.6 nmol Fe*L™, in the 5.5%10% L that were brought up to
the surface we will add 5.5%10% * 0.6 = 3,296,246,400 nmol Fe or 3.3 mol Fe to the mixed layer. 3.3 mal

Fe will result in an uptake of 3.3 * 19,600 = 64,680 mol of Carbon. Carbon has a molar mass of 12
g/mol and, therefore, the uptake would be 64,680 * 12 = 776,160 g or 776 kg of Carbon.
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Phytoplankton Biomass ,
{004 5] The ratio between wet weight of phytoplankton : carbon is 16 (Walsh 1981) with values

ranging between 10 (Dalsgaard and Pauly 1997; Bundy 2004) to 62 (Heymans 2001). Therefore, the
wet weight of phytoplankton produced is 776 * 16 = 12,416 kg.

[0046] . With a typical trophic transter efficiency of 10% and an assumed short food chain

(phytoplankton — zooplankton — fish) the additional fish biomass produced would be 124 kg.
(References follow).

[0047] One issue associated with the instaltation of such upwelling pumps and the increased fish
populhat'tons resulting therefrom is how the additional fish production will be regulated at a sustainable
pace, given the multiple jurisdictions cited above; and how the upfront and recurring investment in the
wave driven pumps that generate this additional fish biomass will be justified, since the rules are unclear
and fisherman could catch the fish without paying anything.

[0D48] in one embodiment of the present invention, as illustrated in Fig. 1A, wave-driven pump 10
preferably comprises buoy 12 connected to valve 14 by cable 16 running inside of flexible tube 18.
Buoy 12 preferably rides the waves of a large body of water, thus causing valve 14 to open and close.
For the 3m diameter pump described above, buoy 12 is necessarily quite large. The size, in fact, is
dictated by the mass of water to be pumped up on each wave cycle. If the wave pump is operating
efficiently in waves having a height of 3m, the volume of water pumped on each wave stroke is
{(p*r**h*mass), or 21.2 m®. Assuming that buoy 12 has a displacement which is at least 2 times greater
than the volume being pumped, a buoy with a volume of about 45 cubic meters is thus needed. If buoy
12 is cylindrical with a lengthwise dimension of 5m, then the diameter is easily calculated to be 3.4m,

[0049] In one embodiment, as illustrated in Fig. 1A methods and apparatuses are provided for
instél!ing fish echolocater 20 on buoy 12 of wave-driven pump 10, echolocater 20 is thus able to
characterize the change in fish population around buoy 12 over time. While numerous echolocaters are

known and can produce desirable results, a preferred echolocater is the Simrad SH80, or the
companion model SX90.

[0050] The data generated by fish echolocater 20 can be periodically transmitted via a satellite link,
thance to shore or boat-based computers for further processing and imaging of the fish population
density, as well as any changes therein.
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[0051] " By disposing echolocater 20 on buoy 12 for numerous pumps 10 disposed in the ocean,
rather than disposing echolocater on one or several boats, a near-continuous profile of local fish
populations across wide areas of the open ocean greatly enhance the fishing boat's efficiency since it
can proceed directly to locations with maximum population, thereby saving boat & crew cost, and
reducing fuel consumption. In addition, echolocaters located on buoys rather than on boats, are
afforded the ability to operate in a "quiet” environment, without interference from boat engines,
propellers, onboard equipment etc., therefore the signal/noise ratio is greatly enhanced and the signal
likely requires less post-processing to eliminate confusing signais. Still further, by disposing
echolocaters 20 on buoys 12 from which is suspended cable 16 connected to valve 14 and flexible tube
18, when valve 14 is at a depth of several hundred meters, and tube 18 is extending vertically upward
from the valve 14 a known distance, echolocater 20 can autocalibrate since the return signal from tube
18 and valve 14 are a constant, being known objects at known distances. This feature aliminates
problems with boat-mounted echolocaters which are subjected to signal variability from different depths
of the ocean floor as the boat travels acress the ocean. Similarly, with boat-based echolocaters, the
electronics comprising the transducer and transceiver can “drift’ due to temperature and humidity
effects, thereby requiring complex adjustments to provide usable information.

[0052] In a further embodiment of the present invention, the company or enterprise which deploys
and/or operates the wave-driven pump buoys and associated hardware, may agree to rent space on
buoy 12 for echolocater 20. The rental could be for a specified time period, andfor could include a fee
for each transmission of data using communications capability provided onboard buoy 12. Alternatively
or in additicn, the enterprise could post-process the data and sell or otherwise make available data
showing current fish populations as well as comparisons to previous time periods. Such information
would not only be extremely useful for fishermen, but also be very helpful for fishery regulators in their
quest to maintain sustainability of the resource.

-[0053] A further embodiment of the present invention relates to an improved method for recovery
of one or more pumps, for instance to service or replace valve 14 or other underwater component.
Since tube 18 contains hundreds of tons of seawater, it is impractical to bring up valve 14 by winching it
in, unless a method is devised to open valve 14 or otherwise release the water contained in tube 18.
Several technigues to open valve 14, or to release the water in tube 18, are described below.

[0054] One technigue is to provide a cable which runs from buoy 12 to valve 14, which cable can
be exercised in a manner to open valve 14. This technique suffers from risk of the cable hreaking over

time, or inadvertently fouling valve 14. |f constant tension is required to maintain valve 14 open, this

-8-
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also presents a problem especially in heavy sea states where the recovery boat and buoy 12 are
moving up and down on different cycles.

[0055] Another technique is to electronically secure valve 14 in an open position. This can be
done a number of different ways, for example with an acoustic release mechanism, or an explosive bolt.

[0056] A third, preferred technique, is to attach weight 13 at top of cable 16 which connects valve
14 to buoy 12. On command, weight 13 is released and slides down cable 16. When weight 13
impacts valve 14, releasing mechanism 15 is preferably shoved down, thus removing the catch on bar
17 such that it can slide to remove the tension from strap 19. Because strap 19'preferab|y holds flexible
1ube 18 to valve 14, when the tension is removed from strap 19, the water contained within flexible tube
18 can preferably drain therefrom when pump 10 is lifted out of the body of water. While the foregoing
describes one specific example of how an opening can be provided for water to drain from pump 10 as

pump 10 is removed from a body of water, various other methods, apparatuses, and systems can of
course be provided to achieve the same result.

[0057] In one embodiment, a valve can be caused to operate in low wave conditions such as
approximately 36" Wave heights. By providing a valve having muttiple vaive flappers with one or more
cross-dimensions equal to the smallest wave amplitude desired for operation. As a practical matter, this
dimension is approximately 18", since a loss of about 50% in efficiency can be anticipated due to cable

stretch, friction, and similar effects, thereby ensuring the valve will fully open and close in the
aforementioned 36" waves.

{0058] An embodiment of the present invention provides multiple sections of an injection molded
unit with walls, valve flappers which snaps-on to a hinge rod, with each section joined to the adjacent
section by a protrusions, and the entire assembly held together by a and securing straps.

[0059] While some embodiments of the present invention relate to wave driven upwelling pump
apparatuses having a flexible tube for fransportation of the water, alternative embodiments of the
present invention eliminate the substantially vertical flexible tube, while simplifying the vaive element,
and reducing possible negative effects on the ocean environment from the artificiai upwelling produced
by the wave driven upwelling pump. This is accomplished by providing a plurality of valve assemblies
disposed in a vertical column. A significant benefit of embodiments of the present invention relates to

improved durability, a necessary condition for any apparatus to survive in the harsh open ocean
environment, '
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[0060] In summary, these embodiments of the present invention comprises one or more rigid
panels which are configured to move in an approximate 90 degree arc and which are attached to a

cable. The cable and panels are disposed substantially vertically in a body of water, with one end of the
cable attached to a buoy.

[0061] As illustrated in Fig. 2, in one embodiment of the present invention, two opposing rigid
panels 24 and 26 are secured to cable 28 and are configured to rotate from horizontal to vertical
positions, e.g., at 90 degrees with respect to cable 28, with hinge points 29 preferably located at the
bottom of panels 24 and 26 when they are in a substantially vertical orientation.

[0062] In an embodiment of the present invention, buoy 30 rises and falls as waves move across
the body of water. On the wave rising action, the water mass acts against panels 24 and 26 to move
them into a substantially horizontal orientation. On the wave falling action, gravity causes buoy 30,
panels 24 and 26, and cable 28 to move downward, producing a force from the water mass which
moves panels 24 and 26 into a substantially vertical orientation.

[0063] Again referring to Fig. 2 with panels 24 and 26 attached to cable 28, when panels 24 and 26
are horizontal, and buoy 30 is moving upward from wave action, because water is incompressible,
panels 24 and 26 move the water parcels contiguous to panels 24 and 26 in an upward direction. These
contiguous parcels of water are more constrained by parcels of water positioned laterally from panels 24
and 26, than from more distant parcels above or below panels 24 and 26. Thus, the contiguous parcels
are more likely to move in line with the direction of the buoy/cable/rigid panels than normal (laterally) to
the in line direction. The volumetric space formerly occupied by the upwardly-moving contiguous water
parcels is immediately occupied by laterally adjacent non-contiguous water parcels. See Fig. 3. This
process develops a circutar motion of non-contiguous water parcels. 7

[0064] As illustrated in Fig. 3, on wave down-slope, buoy 30, cable 28, and rigid panels 24 and 26
together fall toward the center of earth due to gravity. Because rigid panels 24 and 26 are operable in a
90 degree arc, the contiguous water parcels which have moved upward during the wave upslope, now
act to rotate the downward-moving panels into a substantially vertical orientation. In this orientation,
panels 24 and 26 offer much less resistance to the contiguous water parcels, and panels 24 and 26
readily move downward with cable 28, substantially equivalent to the movement downward of buoy 30
on the wave down-slope.

[0065] On the subsequent wave upslope, the contiguous water parcels rotate panels 24 and 26
into a horizontal orientation, further moving these water parcels upward. On the subsequent wave
-10-
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-down-slope, the contiguous water parcels cause panels 24 and 26 to move from horizontal to vertical
orientation, allowing contiguous as well as adjacent parcels of water to slide past the panels. Multiple
waves thus produce an upwelling of the contiguous water parcels.

[0066] In further embodiments, multiple sets of panels can be affixed to cable 28 at appropriate
spacing so that the upwelling flow becomes nearly continuous, as illustrated in Fig. 4. In this example,
the multiple sets of panels one above the other, act in concert since contiguous water parcels are more
constrained by parcels of water positioned laterally from the panels than from more distant parcels
above or below the panels. in effact, the incompressibility of water forms a virtual tube that guides the

contiguous water parcels upward since that is the path of least resistance to the moving panels and the
moving contiguous water parcels. '

{0067} In a further embodiment of the present invention and as illustrated in Fig. 5, rotatable panels
50 and 52 are provided with structural member 54 that contacts second structural member 56 when
panels 50 and 52 reach a horizontal orientation. As illustrated in Fig. 5, second structural member 56 is
arigid panel substantially paraliel to cable 58 and possibly in contact with cable 58. These two
structural members, 54 and 56 prevent panels 50 and 52 from rbtating past the horizontal position.

Cable 58 preferably acts as a structural member to prevent panels 50 and 52 from rotating past the
vertical position.

{0068} in a further embodiment, illustrated in Fig. 6, the panel edge is provided with lip 60 which
helps to contain the contiguous water parcel within the confines of the panel. Lip 60 can be of a
dimension somewhat larger than the through-dimension of second structural member 56, thereby
ensuring on wave down-slope that the panel is oriented somewhat off of vertical and provides a reaction

surface on the edge of the panel, enabling the contiguous water to rotate the panel from near-vertical to
" horizontal.

[0069] In a related refinement, the bottom edge of the second structural member can assume an
arc shape, thus reducing the water resistance against the edge, that ctherwise could slow the
downward motion of the panels on wave down slope.

[0070] in a further embodiment of the invention, multiple sets of panels of different dimensions are
provided on the cable. See Figs. 7Ato 7C. As illustrated in Fig. 7A, sets of panels 70 can become
successively larger at greater distance from buoy 72. Since the deep ocean is denser, when brought
upward the pump wants to sink back to its neutrally buoyant environment. This size progression allows
less sinking of the denser water, since panels 70 have progressively larger surface area at greater

-11-
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depths. As illustrated in Fig. 78, panels 74 can become successively smaller at greater distance from
buoy 76, which will encourage more rapid sinking of the denser water. As a third design feature, and
illustrated in Fig. 7C, comprises a blend of larger and smaller panels provided on cable 74, which for
instance increases the mixing of contiguous and non-contiguous water parcels. Enhanced mixing
preferably breaks down greater stratification of the ocean, which scientists attribute to global warming.

[0071] Referring to Figs. 8A and 8B, in a further embodiment of the invention, cable 80 is made
into & continuous loop, preferably, aithough not necessarily, connected to buoy 82 at opposite ends,
with sets of panels 84 provided one above the next on some portion of the continuous cable loop.

‘When all the panels are on one vertical segment of the cable loop, and with each panel hinge point at
the bottom edge when oriented vertically, upwelling 83 is achieved, since panets 84 are oriented
horizontally on wave upslope, and vertically on wave down-slope. To invert the process from upwelling
83 to downwelling 85, the portion of the loop cable previously adjacent buoy 82 connection point, is
moved to the bottom of the loop, and panels 84 move with cable 80 until they are oppositely oriented.
The hinge point about which panels 84 rotate is now inverted with respect to cable 80, so that panels 84
are vertical on wave upslope and horizontal on wave down-slope. The weight of panels 84 and cable
80 will drop due to gravity, generating downwelling 85. See Figs. 8A and 8B.

[0072] In & further refinement of the present invention, each set of panels can be provided with
ellipsoidal shape 90 (when viewed from above), so that when in a vertical position, any lateral ocean
currents rotate the panels in line with the currents, much like a weathervane, o reduce oscillation of the
panels and maximize the sinking of the panels and cable, by gravity, during the wave down-slope.
Ellipsoidal shape 90 offers maximum surface area with an offset center of force, allowing the panel to
rotate in line with lateral currents. Otherwise, lateral currents couid act against the downward-falling
panelto cause osctIIatlon possibly reducing the wave down-slope efficiency. See Figs. 9A and 9B.

[0073] As with the previous inventions, many pumps can be connected laterally one to the next, to
form arrays of pumps, or the pumps can be deployed in free-drifting manner in the open ocean.

[0074] While the benefits and applications of the wave driven upwelling pump and system

previously cited remain in effect, further information provided below is now available to butiress the
utility of the invention.

[0075] The embodiments of the present invention offer natural upwelling, since the deep water is

moved upward incrementally rather than all at once. Taking an example of a 300m deep upwelling

pump, in the prior inventions, the water parcels are moved inside the flexible tube up to the surface,
-12-
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without intermediate mixing. This could represent a shock to the upper ecosystem, using as an
example the much colder temperature of the deep water — perhaps 5 to 10 degrees C — arriving en
masse in the surface waters measuﬁng perhaps 25 degrees C.

[00786] tn the present application, the virtal tube design allows some intermediate mixing as the

contiguous water parcels move upward, presenting much less instantaneous change upon arriving at
the surface.

[0077] The present application offers multiple sets of rotating panels {equivalent to the vaive

flappers in the prior filings), greatly reducing risk of failure since the upwelling action is likely to occur
even if some of the panels cease to operate.

[0078] Although the invention has been described in detail with particular reference to these
preferred embodiments, other embodiments can achieve the same results. Variations and modifications
of the present invention will be obvious to those skilled in the art and it is intended to cover in the
appended claims all such modifications and equivalents. The entire disclosures of all references,
applications, patents, and publications cited above are hereby incorporated by referance.
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What is claimed

CLAIMS
s
A method for increasing fish popuiations comprising:

providing a wave-driven pump; and

pumping water with the wave-driven pump to bring locally-existing nutrients

from a deeper layer to an upper layer.

2.

B.
upper portion of

B.

9.

. remote location,

10.

11.

The method of claim 1 wherein the pumping occurs within a large body of water.
The method of claim 2 wherein the large body of water comprises the ocean.

The method of claim 1 wherein the water is pumped a distance of at least 100 feet.
The method of claim 1 wherein the water is pumped a distance of at least 600 feet.

The methad of claim 1 further comprising monitoring fish populations around at least an
the pump using an echolocater,

The method of ctaim 6 wherein the echolocater is disposed on a portion of the pump.
The method of claim 6 wherein the echoloacter is disposed on the buoy of the pump.

A method of claim 6 further comprising communicating results of the fish monitoring to a

A wave-driven pump comprising a releasable valve disposed at a lower portion thereof.

The wave-driven pump of claim 10 wherein said valve is released by a weight sliding

down a cable and impacting a portion of said valve.

12.

of said valve.

The wave-driven pump of claim 11 wherein said weight impacts a release mechanism

-14-
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13, The wave-driven pump of claim 10 wherein said valve comprises an assembly which

provides a breach within the pump whereby water is releasable through said breach when said pump is
lifted from a body of water.

14, The wave-driven pump of claim 13 wherein said assembly comprises an
impact-activated release mechanism.

18. An ocean water movement apparatus comprising a plurality of rotatabie panels

‘connected to a wave energy capturing apparatus by a cable.

16, The apparatus of claim 15 wherein said energy capturing apparatus comprises a buoy.

17. The apparatus of claim 15 wherein at least some of said rotatable panels are arranged
in pairs and disposed along at least a portion of said cable at spaced intervals,

18, The apparatus of claim 15 wherein the panels are positioned on said cable such that a

primary axis of said cable forms a substantially right angle with a primary plane of said panels when said
panels are in a non-rotated state.

19. The apparatus of claim 18 wherein said panels rotate approximately 90 degrees such

that a primary axis of said cable is substantially parallel with a primary plane of said panels when said
panels are in a rotated state.

20. The apparatus of claim 156 wherein water parcels not contiguous to said rotatable
panels constrain the movement of water parcels contiguous to the rotatable panels.

21. The apparatus of claim 20 wherein water movement of the contiguous parcels is
substantially vertical .

22. The apparatus of claim 15 further comprising a cable formed into a loop which is
connected to said wave energy capturing device.

23. The apparatus of claim 22 wherein a topmost portion of said cable loop is movably
positionable.

-15-
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