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SIERENE rgetic potential %’o cean tides Is manifiested as

— gouigrfiEll en2refy in Q;onrnmr/rrmonfr 92)/SIBJRESTURIIES
SN INELCIENErQY concentratealin tidalfchannels

ANstiIstantial world resource (—100 GW. capacity) was
PIEVIeUSIydentified at sites with high tidal range, but
development has been inhibited by economic and

“er -Dnmental pbarriers.
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Aﬁernatlve approaches based on ultra-low-head

~ barrages (“tidal fences”) and free stream current
turbines may enable a much larger and more feasible
tidal energy resource.
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e Canada has excellent sites in the Bay of Fundy, the
eastern Arctic and the Pacific coast.



glessiiication.of Tidal Poe o]]
(In' order o dingl complexity)

xBhE F h barrage withi gates and pumping
ricle, |ghest Working heads.

= FyQ“ = barrage with gates, no pumping.
e —_ﬂwerklng neads as a fraction of tidal range.

' = -Type C: tidal fence (high permeability
~ Pparrage). No gates. Low working heads.

® [ype D: free stream current turbine which
may. be deployed in “current farm” arrays.
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INIgRENVeKING headis
fracilon gfineiele C
VieENut mechanically:
soimplex-technology. Gates
mearlﬁ: ) open and close
err c Ie, = -
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— “Relatively large environmental
—— d' sturbances.
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s Applicable to relatively small
pasins with large tidal range,
unsuitable for sites with deep
entrances or strong currents.




I9Er et tidal fence e~

. S
IGEINENCES are open barrages; intermediate between
ine grlwr peliage andfee=stiean tleInes: Propeller

SIaVETICAIN XIS UIINES alETSUPPOrtEd ETWEENT PIENS Of a
orielge s,u ucture NO gates.

Ceip) g -talled N deeper water or faster currents, and
fof Ja'-e‘ Sretidal power sites than gated barrages.

= 45@» ronmental disturbances less severe than gated
:.* == Darrages, but effects on fisheries and marine mammals
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— -must be assessed.

K Civil and mechanical aspects require development and
costing.

e Canada has some large potential tidal fence sites, up to
10 GW: rating.
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ENVISEERDE TEEe-STtream current ne
/! =SErElni RS
SRENETyACERIUEd o KIRETICENENC
rleQJQ ed ;._:*." gIvidUalrtureIines or
ferrens” of many tuIfidInes.

Aclvzipltele _J. L of incremental installation, but lower
HICIENCY! than tidal fence because of wake separation.

rm\ n'mental Impacts would be relatively mild.

--,;-.- Hej emlally attractive for sites with strong tidal currents,
— regardless of vertical amplitudes. Can be deployed Iin
~_ ice-infested waters.

~* The B.C. coast has many small potential sites and a few
large sites.
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Outer narrows... deep

' -
water, strong currents! “Type B” barrage sites
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importance of Types w-@_r-..
REsource m:entory dies

SHPEVAR PUMPING moede allows resenance to e

rloororwr ed) thiusimaximizing idealized energy
S(ifele I']QF

T/Or‘ C. tidal fence Is the simplest barrage, always
_,__Jr en o ﬂow In either direction.

5_ yp@ B... gated barrage energy output will be
: |ntermed|ate between Types A and C.

® Type D... current turbine farms are equivalent to a
very low head Type C tidal fence in the same
channel.



Metﬁhoc or Preliminary. Site ﬁ&ef -
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[BE2INpeVEr avallability is given by product of flow and head
Siiierenee across the site line. For Types C and D, flow and head
rlJrrerenge are in phase.

Usagltl; erlcal model for “open channel” (natural flow) and “closed
geiiiede” (zero flow) tidal dynamics, providing linearized impedances
- for. stlmatlng tidal response at any location to varied control flows.

s%“hnearlzed model for preliminary assessment and sensitivity
,--:_ "‘,analyses Use numerical model for rigorous simulation with Type C
~ 0K D schemes parametrized by an effective discharge coefficient.

——

® The following examples are from linearized model for a site in Minas
Passage (Bay of Fundy). Numerical model showed that tidal fence
power output was under-estimated, as expected because of reduced
turbulent dissipation with smaller flows in Minas Passage.
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| Power and Head of Tidal Fence in Minas Passage

Working head across barrage or tidal fence is maximum for phase parameter
“alpha”= 0°, the zero flow (closed barrage) limiting case.

Working head is zero for “alpha”

30°, the natural flow (open channel) case.

NOTES

P is average
power available
for extraction at
10096 efficiency.

Pcgis IS tidal
power dissipated
in channel and
basin.
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Pciot 1S total
power extracted
and dissipated
by tidal fence,
channel and

basin.

Average Power (GW) and Head (m)

P c(a)

P cdis(®)

P ctot(®)

Ah (o)
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Average Power and Head for M2 Tide
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Altemaiive Contiel Strategies

Ilnas, Passage tidal poywerssiie

P, and P are average power
5y Lverage Power Types A and € for M2 tide available at 100%6 efficiency to
idealized Type Aand C
schemes. Type B cannot
extract more power than Type
A, but may exceed Type C.

Result for Minas Passage Site
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g Pa) Type A (and therefore Type B)
could extract very little more
energy than optimized Type C,
reflecting near-resonance of
the Bay of Fundy system. The
relatively simple and low
iImpact Type C “tidal fence” is

ob—L JO L L I strongly preferred here.
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sagRange Tidall Regime Im_ LS

(@mplisication at Bo

> Praviots mlddalflefoie ofg o e Ry o N el age
VRS Basi [site BOjlehowatlthat there would be an
igecepiabler 109 amplifications of tidal range at Boston.

e orga simplified model indicates that a 5 - 10 GW.
IVpPE C . cheme in Minas Passage could be optimized to
SEQU; e suchamplification at Boston, by operating at
ﬁ atively low working heads. This was confirmed using

— the Greenberg tidal dynamics model.
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S 'Amplification at Boston might be completely eliminated
by multiple tidal fence projects in Minas Basin, Chignecto
Bay and perhaps Massachusetts Bay.
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BREMNEINOLFar Range Tidal Regimeslimpacts

@mpliicaten’ at Boston firemrticdal fencerin Minas Rassage)
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Type C

Amplification at Boston versus Phase Maximum power tidal

2 [ [ | fence
. Recommended lower
3 head tidal fence
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Ehead, flow and power (IoWeRNEAd)

. Type C Waveforms: alpha = 22.5 degrees Power iS reduced by -~
25%0 compared to

w |\ 7\ Ut tioal roamme
2N\ 7N\ deturbances inside
E_z Y/// *\i/_/ fence are greatly
reduced.
\ Nat”

Amplification at Boston
0 5 10 15 » s reduced from 10%b6 to

t

tima fhniire) 3 . 4% .

" Type C Power: alpha = 22.5 degrees Working head for M2
tide are reduced by a

P s b | factor of two, to about 1
\/ \/\//\. meter
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What should Canada do? - .

| —

- /acSiamajernations
a ree COASLS;,, WIth RIgIprierity
_nomic and environmental assessment.

Vi o_g' studies for control strategy
4-mization and resource inventory.

-4”* onomlc studies to calibrate tidal energy
i’“ ; resource with cost of power from tidal fence

“~ and current turbine farm schemes.

4 Pilot installations and demos to validate
technology and confirm low impact on marine
fauna.
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-resources:o A ada and the world can e
e,{erfr‘—*F VAt EYe O e o carrent turhine and ™
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225 rioa st cost correlations and objective evaluation
#5_: sthodology, are required.

i

=3 'STrengthened national and international collaboration will
~~ assist inventory and feasibility assessment of tidal
energy resources.

Contact: bowiekeefer@galianofoundation.org
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