FLOATI NG TREATMENT STREAMBED BACKGROUND OF THE
INVENTION 1. Field of the Invention. The present
invention relates generally to the field of water
treatnment, and nore specifically, to a floating
streanbed that utilizes a perneable nonwoven matrix to
acconplish filtration of treatnent water and al |l ows
both inlet and di scharge water depth to be adjusted.
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ponds contain stratified |layers of water, in which the
cooler lower levels are often deficient in dissolved
oxygen and, therefore, unable to provide habitat for

fish and ot her j j [ | In sone
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deeper zones. Not uncommonly, the majority of the

touwﬁ@ﬁgaplune in these bodies is unable to support fish
|ife because the upper layers are deficient in
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excess dissolved nutrients, such as nitrogen and phosphorus, from either agricultural or
municipal wastes. In many of these lakes, the upper warmer water layers tend to be
choked with algae and other nuisance plants such as duckweed (Lemna sp.), which thrive
in the relatively sunlit and nutrient-rich upper zones, then die and fall to the bottom,
where their decay contributes to the oxygen deficiency problem in the deeper zones. Not
uncommonly, the majority of the water volume in these bodies is unable to support fish
life because the upper layers are deficient in dissolved oxygen due to elevated water
temperatures, and the lower layers are simultaneously deficient in dissolved oxygen due
to lack of circulation.

Water temperature in combination with dissolved oxygen level can also limit

which species of fish may occur in a waterway. In addition to reduced fish sustainability,



recreational use because of the presence of toxins and
suspended solids resulting from poor circulation and
| ack of m crobiological activity. Accordingly, it is
an object of the present invention to provide a
floating streanbed that can be used to de-stratify
and renove contam nants froma water body. It is a
further object of the present invention to provide
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fhe treatpent channels. In an alternate enbodi nent,
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The present invention is a floating streambed comprising: a circulation pump

having an inlet hose or pipe; an inlet hose or pipe depth adjuster; and one or more
treatment channels comprised of permeable matrix; wherein the floating streambed floats
on a water body; wherein water enters the inlet hose or pipe from the water body and is
pumped by the circulation pump into the treatment channels; and wherein the treatment
channels are comprised of permeable matrix, and water entering the treatment channels
flows both horizontally through the treatment channel and into the water body and also
vertically downward through the permeable matrix of the treatment channels.

In an alternate embodiment, the present invention is a floating streambed

comprising: a circulation pump having an inlet hose or pipe; an inlet hose or pipe depth




floating streanbed floats on a stratified water body
conprising a surface layer, an internediate |ayer and
a deep layer; wherein water enters the inlet hose or
pi pe fromthe surface, internmediate or deep |ayer of
the water body and is punped by the circulation punp
into the treatnent channels; and wherein the treatnent
channel s are conprised of perneable matrix, and water
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treatnment channels. Preferably, at |east one of the

t r elatapreferred embodiment, the invention further comprises a plurality of flotation

units that are integral to the treatment channels. Preferably, the flotation units are
comprised of polyurethane resin that is injected into the permeable matrix under pressure
and in liquid form and then expands and cures in place.

In a preferred embodiment, the invention further comprises a discharge pipe that
discharges a portion of the water from the treatment channels into the intermediate or
deep layer of the water body. Preferably, the depth of the discharge pipe is adjustable.

In a preferred embodiment, the invention further comprises a bubbler located

within the inlet pipe or hose or within a treatment channel that bubbles air into the water



channel s conprises a top cover. In a preferred

enbodi nent, each treatnent channel conprises a bottom
and sides, and at |east one of the treatnent channels
conprises a periphyton |ayer on the bottom and sides
of the treatnment channel. Preferably, the invention
further conprises a renovable liner to facilitate
renoval and harvest of periphyton. In an alternate
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In a preferred embodiment, aquatic, riparian and/or terrestrial plants are added to
the treatment channel to increase removal of excess nutrients from the water in the
treatment channel. In an alternate embodiment, each treatment channel has at least two
sides comprised of permeable matrix with a top surface, and aquatic, riparian and/or
terrestrial plants are added to the top surface of the permeable matrix of the sides of the
treatment channel to increase removal of excess nutrients from water in or entering the
water body.

In an alternate embodiment, each treatment channel comprises a bottom and sides,

and the invention further comprises sod that is attached to the bottom and/or sides of the



In an alternate enbodi ment, at |east one treatnent
channel conprises one or nore three-dinensiona

baffl es, and the baffles produce a | onger flow path
for the water in the treatnment channel. In yet

anot her alternate enbodi nent, each treatnent channe
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othéd @akbt@otheratenRitd erhSddamehtbeiaefnichechahste SoMprided ewo sides,
treatment channel. In yet another alternate
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cables that tether the overhanging treatnent bank to
mahixe side of the treatnent channel such that the
over hangi ng treatment bank abuts up against the side
of Inma aftergate sebpdigieah sagh trgtment ghangek eompaises two sides, at least
enbodi ment, each treatnment channel conprises two side
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side exit channel and a |l owered el evation of a
treatment island floats on the water in the treatment channel and is comprised of

permeable matrix, a plurality of flotation units, and tethering cables that tether the
ﬂoaﬁng treatment island between the sides of the treatment channel. In yet another
alternate embodiment, each treatment channel comprises two sides, at least one of the
treatment channels comprises an overhanging treatment bank, and the overhanging
treatment bank floats on the water in the treatment channel and is comprised of
permeable matrix, a plurality of flotation units, and tethering cables that tether the
overhanging treatment bank to one side of the treatment channel such that the

overhanging treatment bank abuts up against the side of the treatment channel.



side wall to provide a relatively shall ow stream
section as conpared to the water in the treatnent
channel . In yet another alternate enbodi nent, the
inl et hose or pipe has an inlet end, and the
invention further conprises an inlet filter
surrounding or inside the inlet end of the inlet hose
or pipe, wherein the inlet filter is conprised of

per meaPhiR TR &rhbodiththt 3hc Rt SHRAL GafiHp OGHh pEdaL twd ;ﬂ&e walls, and
wat er body has a bottom and the invention further

at %géi%ﬁé ﬁga%n&t%hgrﬁg?cdﬁﬁ}ﬂ#%s §¥1§£ %Eﬁ &@g'a@a ?go\ger@ %ﬁ&%on ofa
t the bot

SR R F ﬁﬁ%ﬂfﬁ&%ﬁﬁ%& b
bod d [
B a5 b R BRR

enbodi nent, the water body has a bottom and the
inlgt,epdrand dhe inventing furthshpemerases an Betfikicesureouading apipside the inlet

system conprising a surface water punp and a surface
endyeifthe inlethese drpipe, whensingbe wnl¢tHiltgnisicomptisesinf peimmeablegnatrix.

surface | ayer of the water body, wherein the surface

wat Br anpaltemageusmis danertahewatenbaly Has abotte, sdrthainmeenttyer

of the water body and mxes it with the water that is

furfherfffbrisedd Sludfeinpt@dtem RbmPASIAD & kludgd pundp MMdef SidgRdnlet pipe
enbodi nent, each treatnent channel conprises a bottom

or laRd v§ﬂh%§nlet dnld& BRWLLANM T %esvl/g@tsoo%l Wh&eih rtl?@stlﬁ'ﬁzg@tpump

channel are conprised of pernmeable matrix wth

pmﬁﬁg gl@dé@ f}olilﬂ ﬁ1|é B5tiom o? Ex% vyﬁérqfo Q{lf ﬁﬁ){}l:g \Dllﬁl 1?1'& %{e'inaﬁﬁ is

ann remalns In eat

.a si.denc , enc
puigiflortpé FRER Sl 1 SHidmhBRr PR Sty @swg?eﬁaody
éﬂg)thlc ss of .th erneabl e matri x of fhe bottom
Eé‘“’&?‘“‘t FIEMPERTS frotvatey IPW Sy stRY
preferred enbodi nent, each treatnent channel has a
commﬁgtgna surfage Wateepuram and 4 swgface waler bgt ess or@ipa g an inlet end
remains in the treatnment channel 6 for a certain
in thegirthen et ofiths watarbadyewhersindbo swrface matep pump pumps sirface

the treatnment channel is adjusted by varying the
wateefrginthodurfabelay eradfttinewitechmiyraal mikes iywith #drotvdi@rthat is pumped
preferred

into the treatment channels.

In a preferred embodiment, each treatment channel comprises a bottom and sides,
the bottom and sides of the treatment channel are comprised of permeable matrix with a
certain thickness, the water entering the treatment channel remains in the treatment
channel for a certain residence time, and the residence time of the water in the treatment
channel is adjusted by varying the thickness of the permeable matrix of the bottom and/or
sides of the treatment channel. In another preferred embodiment, each treatment channel

has a length, the water entering the treatment channel remains in the treatment channel



enbodi nent, the circulation punp punps water into the
treatnment channel at a certain rate, the water
entering the treatnent channel remains in the
treatnment channel for a certain residence tine, and
the residence tinme of the water in the treatnent
channel is adjusted by varying the rate at which the
circulation punp punps water into the treatnent
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gravity from the upper water body into the inlet hose or pipe and into the treatment

channel, where it flows horizontally through the treatment channel, horizontally through
the permeable matrix of the sides of the treatment channel and/or vertically downward

through the bottom of the permeable matrix of the treatment channel into the lower water

body.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a schematic side view of the present invention.
Figure 2 is a schematic top view of the present invention.
Figure 3 is a schematic cross-section view of a first embodiment of a treatment

channel.



channel incorporating aquatic, riparian and/or
terrestrial plants. Figure 6 is a schematic top view
of a fourth enbodi nent of a treatnment channel

i ncorporating three-di nmensional baffles. Figure 6Ais
a schematic cross-section view of the treatnent
channel shown in Figure 6. Figure 7 is a schematic
top view of a fifth enbodi nent of a treatnent channel.
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channel filter shown in Flgure 7. Figure 8 is a
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schematic side view of the present invention with an
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wat er input system Figure 12 is a schematic side view
Figafe @ first enbodi ment of the adjustable-depth inlet
wat er system shown in Figure 1. 8 Figure 12Ais a
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treatment channel that comprises an in-stream floating treatment island.

Figure 9 is a schematic cross-section side view of a seventh embodiment of a
treatment channel that comprises an overhanging treatment bank.

Figure 10 is a schematic top view of an eighth embodiment of a treatment channel
that incorporates a side exit channel.

Figure 10A is a schematic cross-section side view of the treatment channel shown
in Figure 10.

Figure 11 is a schematic side view of the present invention with an optional
sludge input system and an optional surface water input system.

Figure 12 is a schematic side view of a first embodiment of the adjustable-depth

inlet water system shown in Figure 1.



Figure 14 is a schematic side view of a third

enbodi nent of the adjustable-depth inlet water
system Figure 15 is a schematic side view of a fourth
enbodi ment of the adjustable-depth inlet water
system Figure 16 is a schematic side view of the

adj ust abl e-depth inlet water systemof Figure 12 with
an optional inlet filter. Figure 17 is a schematic
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utilizes gravity flow rather than a to.circul ate
tr o R G ahemat Abls et Fe st Rene B e B
1 Floating treatnent streanbed 2 Stratified water body
depth (It Wer Y86®r 4 Internediate | ayer 5 Deep | ayer 6
Circulation punp 7 Inlet hose/pipe 9 8 Inlet hose
depFigusai]4is esehenmitiv sidgvirene! athird smbodimentxefithagdjustable-depth
Di scharge pi pe
inlet water system.
Figure 15 is a schematic side view of a fourth embodiment of the adjustable-depth
inlet water system.
Figure 16 is a schematic side view of the adjustable-depth inlet water system of
Figure 12 with an optional inlet filter.
Figure 17 is a schematic side view of the present invention with an inlet hose
depth adjuster and an outlet hose depth adjuster.
Figure 18 is a schematic partial side view of an alternative embodiment of the

present invention that utilizes gravity flow rather than a pump to circulate treatment water

through the system.

REFERENCE NUMBERS
1 Floating treatment streambed
2 Stratified water body
3 Surface layer
4 Intermediate layer
5 Deep layer
6 Circulation pump

7 Inlet hose/pipe



12 Radial water flow frompunp outlet 13 Treatnent
wat er 14 Perneable matrix 15 Periphyton [ayer 16
Flotation unit 17 Steel cable/polymnmer cord/ pol ymer
webbi ng 18 I nperneabl e channel liner 19 Top cover 20
Aquatic plant 21 Riparian/terrestrial plant 22
Wet | and sod 23 Baffle 24 Perneable matrix channe
filter 25 Absorbent channel filter 26 Quter support

frage 2g;ABsQy ﬂltddé material 28 Floating
treatnent‘ﬁ?la(gg fb %e{herlng cabl e 30 Overhangi ng

tre t”enﬁ‘regﬁlrﬂelﬁ Side exit channel 32 Shorebird
Iudge npu{ system 34 Surface water input system
Walkway

11 Discharge pipe

12 Radial water flow from pump outlet
13 Treatment water

14 Permeable matrix

15 Periphyton layer

16 Flotation unit

17 Steel cable/polymer cord/polymer webbing
18 Impermeable channel liner

19 Top cover

20 Aquatic plant

21 Riparian/terrestrial plant

22 Wetland sod

23 Baffle

24 Permeable matrix channel filter

25 Absorbent channel filter

26 Outer support frame

27 Absorbent fill material

28 Floating treatment island

29 Tethering cable

30 Overhanging treatment bank
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35 Sludge punp 36 Sludge inlet pipe/hose 37 Surface
wat er punp 38 Surface water inlet hose/pipe 39 Inlet
end of water inlet hose/pipe 40 Cable/rope 41 Wnch
42 Weight 43 Flexible joint 44 Inner pipe 45 CQuter
tel escoping pipe 46 Fluid seal 47 Union 48 Short
extensi on pipe 49 Long extension pipe 50 Inlet
filter 51 Qutlet pipe depth adjuster 52 Upper

strafjifi g0t ElianR@dy 53 Lower water body 11 54
Surtace-layer inlet control valve 55

| nt ¢4 med yer inlet control valve 56 Deep-I|ayer
inlg% co%@ﬁafkgalve 57 Manifold

Sludge input system
34 Surface water input system
35 Sludge pump
36 Sludge inlet pipe/hose
37 Surface water pump
38 Surface water inlet hose/pipe
39 Inlet end of water inlet hose/pipe
40 Cable/rope
41 Winch
42 Weight
43 Flexible joint
44 Inner pipe
45 Outer telescoping pipe
46 Fluid seal
47 Union
48 Short extension pipe
49 Long extension pipe
50 Inlet filter
51 Outlet pipe depth adjuster
52 Upper stratified water body

53 Lower water body
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DETAI LED DESCRI PTI ON OF | NVENTI ON The present

i nvention produces several beneficial effects in water
bodies. First, it increases the percentage of the

wat er that can sustain fish popul ations by creating
aerated deep zones and cool er shall ow zones. Second,
it clarifies the water by suppressing the growth of
excess al gae and ot her nuisance plants. Third, it

pr o8Pt ess e Gk BhutkiiSveand Ot her wildlife by

converting exceéss nutrients into food sources which
nove: up hr g . .00 ' The oxygen-defi ci ency
andg%utr?#?%giggﬂggggg é%%g gégﬁibed are nmtigated by
a cggbi tiop of. mateﬁ n%culation and bi orenedi ati on.
The>Pr esBFfP-laysjulft 508 OgY Xfi des a nul ti-step,

i ntegrated process which may be adjusted to create
opt ¥ fral MewidRlflati on conditions for a particul ar site.
In general, the present invention involves: drawing in
wat er that needs treatnent froma specific depth
zone; bri ngi PETARGED RESSRIPHIGON QIaEVENBIONnal | y
splitting it into nultiple flow paths and optionally
expoke prgsent inventinrproduots @merkl enoficialngffettsén wateebodigst HFirst, it
wat er from ot her zones; optionally mxing the water

inckda$dd tﬁﬁéﬂn&gé oflihaBviter{tha Gurt fistaiDReN fupalatiomebyadredting acrated
wat er body; forcing the water to fl ow al ong one or

deegl}[)ﬁespaﬁh RYG¥Sshall@ LofsPRESod] # claffids BE Hafed By suppressing the
onbi nation of nechanical filtration, sunlight (or

¢ . . ’ . :
sSSPtk e APV, TRRS bl b g
car bon

K O&P eration), .chem.cal s or co nd
and RS T BEE R e SR S RS T B P FEVBRR B P
treated water to a desired depth zone..12 ring the
thrqueh A5 oA Ch o 405 SBRE RO B1ey g e LAl eseribed are
_anal yzed, and the treatnent process nmay, be _nodified
mitiggtedrhyraspmbinasion pf waiee pigsplation apd bigresagdiationo The greseatng
speci fic contanmi nants. \Wen water is renmoved froma
inveiomi frpddesarreultiestep, imdegratedhprocess gvhich minebe adaessed tp sreate
extracted froma deep anaerobic zone near the bottom
optivhal réreediationrcohdidiyns for a particular site.

In general, the present invention involves: drawing in water that needs treatment
from a specific depth zone; bringing that water to surface; optionally splitting it into
multiple flow paths and optionally exposing it to air; optionally mixing the water with
water from other zones; optionally mixing the water with organic sediment from the
benthic zone of the water body; forcing the water to flow along one or more pathways
that exposes it to a desired combination of mechanical filtration, sunlight (or absence of
light), periphyton, beneficial microbes, aquatic, riparian and terrestrial plants, acration (or

lack of aeration), carbon, chemicals or compounds associated with pH adjustment; and

discharging the treated water to a desired depth zone.
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water from ot her zones naturally noves in to fill the
vacated vol une, thereby drawing fresh water into a
previ ously stagnant zone. In addition, when water is
punped in a circulation pattern within a water body
for an extended tinme period (e.g., for several days),
the novi ng water induces novenent in surrounding
waters that magnifies the effect of the punped

Ci I BUHLAS thQ Bre¥Rehif profRE, (X AR} finy BOMmpitdHem > and the
at  punpi ¥ at

shown t g water at a e of 3000 gall ons

er_.m nute [ .
weeng T RE o SR RSt Setlonty B8 progBisemorine
a. treatnment channel may be adj.usted required b
SPeGiE PRGBS, SRR f FEOPL SO EPoE RS RS Cr HERmatt (e.
t hickness of the matrix on_ _the bottom and %jdes of
whethwater is gxiasted e Beeep angsepbiorong negs the baomyqidhe wafer body),
exanpl e, some contam nants such as nitrate are .
watep fromenther abresingirallyrmgyed fin tofjl] the ypeatads wpluipe, Bhasehy drawing
bacteria; therefore, the treatnent channels can be
freshebater iuel aprevioudy staghaot zdnke Iif adshitionawberofvatet isgmmpedhin a
wat er through the treatnment channels can be relatively
cirdution plitdi Sithel ywateABaEToAar eendad tityg patidd (e o por several
nitrifying bacteria is relatively slow and may require

da)st kit hdahy whRP thdbE R VR AenCi 3BRQIRINHAtEN tha hikhivies the
slow flow velocity, resulting in nore tine for the

effé#ﬁé@%a h‘gm dit éeifcgfaftit%ﬂ wARE OF6r ddampRAVGSe §t£‘(ﬁes§ﬁdé/@ Shotthat

e present 1 nvention may be

eriodjcally, vani r ' [.C
puf S B e 2050 g0 Rl B AR BRP ARG ol b of
maxi flow, and the flow may be tenporarily
am?%ﬁ@@@ﬁ%ﬁmto 100% of maxi mum flow for ten mnutes,
once 13 per day. This periodic surging of the flow
mayHisgresidence timegf thy fregtedgyaeda §§rea@ﬁnbﬁmﬂ may; b gdppsted as
fromthe grow ng surfaces in the treatnent channels,
reqeinest bsbyarying ther engtiyof the treafmentthentely, thathicknesp pfighg magiroen
t he pernmeabl e conponents. In addition, this periodic
the buttgrn agd sides dfehesedftmentfchannek pad therpympdicet iate. drdrerdrgple,
such as insect |arvae and crustaceans,
some contaminants such as nitrate are removed relatively rapidly by denitrifying biofilm

bacteria; therefore, the treatment channels can be relatively short and/or the flow rate of
treatment water through the treatment channels can be relatively fast. Conversely,
ammonia removal by autotrophic nitrifying bacteria is relatively slow and may require
relatively long treatment channels and/or relatively slow flow velocity, resulting in more
time for the water to be treated before it leaves the structure.

The pump rate of the present invention may be periodically varied for certain
applications. For example, the pump may be run normally at 50% of maximum flow, and

the flow may be temporarily increased to 100% of maximum flow for ten minutes, once
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whi ch may serve as a val uabl e food source for fish
that feed on the flushed-out flora and fauna. The
present invention may optionally be utilized as fish
spawni ng habitat by providing relatively fast-noving,
shal  ow water for species such as rai nbow trout that
normal |y cannot reproduce in | akes and ponds because
their eggs require flowing water to survive. The

SRl i be?ﬁ%?&lﬁ&@é ohfe
R R S b b g,
andsp e fouling L&ﬁaﬁé&%@%&@pl&%p%@e&“sééﬁﬁ fom, B perodic

optimal efficacy under varyln% seasonal conditions.
surgipg may hepseful fon exnelingrauaiicr pipals siehas insagdanae and crustaceans,
bacterial biofilnms and peri phyton may tend to flourish
whizhahgyrsemviede a velualble feidysournca fiordfishtiant fsdpndheflyshadoul flasg and
many contam nants such as nitrate and phosphorus;
fauh@wever, during the cooler w nter nonths, contam nant
removal by bacteria and periphyton may be |ess

ef fTid edent ﬁW@htithneiyr%ﬁ ARR benftiyédiadishgpivieing hatifat byon
may be inproved by adding non-biol ogi cal absorbent

pro?idln{ 1%1&/ st nfobﬁlg {HRALWRIHer GPpBaLSsURR as REHRIAroudiiat

Is a détailed description of the invention

noA!Ma 1g cér?-x%ﬂe FulEhL85ER fifig R&&s%@&u& B 830s %&férﬁ]\%n S to

e View o e present 1nv
e SepafFiiad 4B w?ﬁg[*w%l’*ﬁﬁf? gioron
14 stratified pwater
prefe flowing Yaffte ndstop Shvarniogy Beafdsado p preyes thg F iy Heh 3 Brasiog prey
| ayer 5. The major conponents of the FTS 1 include a
or, gitgraativaly, trmisimize elgap axpvily ifaveorpfblofindevelppieye 7, an
inlet hose depth adjuster 8, nultiple treatnent
¢ haFiedtsictue of thypresdnk invystionomaypbrimadified es rsawired for optimal
di scharge pipe 11. Water flow patterns produced by
efficacy under varying seasonal conditions. For example, during the warmer summer
months, bacterial biofilms and periphyton may tend to flourish and provide relatively
rapid and complete removal of many contaminants such as nitrate and phosphorus;
however, during the cooler winter months, contaminant removal by bacteria and
periphyton may be less efficient, and the treatment provided by the invention may be
improved by adding non-biological absorbent filters within the treatment channels as
needed. Set forth below is a detailed description of the invention with specific reference
to the figures.

Figure 1 is a schematic side view of the present invention, which is referred to

herein as a “floating streambed” or “FTS.” As shown, the FTS 1 floats at the surface of a
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the circulation punp 6 are schematically represented
by dashed arrows in the drawing. As the circulation
wat er passes into and out of the FTS, this noving
wat er i nduces additional water currents throughout
the water body, which contribute to destratification
of the water body. Wen the circulation punp 6 is
actuated, water fromthe deep layer 5 enters the

str%tﬁfeﬁ té?'ng%Z V?/iﬂgh 1s%o%ﬁﬁéﬁa5fglesm&qg§{ér@eaxpfﬁfgf’m@di:fltwg@}fe?&

sequ enters't treat ne channel s

%{jéelg ﬁye[rﬁ tl“ﬂg mva\./ac}r%rrlng&be% sof I I%’T%: ﬁ“c%{xdg %\M}m%tgon pump 6

per tomo reatnen

channe S 9 and | dIS i.n su a
hayipig e gHet BBt 8ipegh et%a?f‘e?epﬂla%ﬂ@%ierﬁom%  epspia chatincls

t hrough the treatnent channel s, 9 and is _ di scharged
9 wifh %ﬂgwa;vsélﬁ)r ngan psipagl dischatge pipg 1 1p SYatsrdlovopatiems Prpduesd by

may optionally be allowed to flow through the
thejirciletier putigs 6 heersgeenprtisallyl repepsentedianddsbedarenaysdn ghedirawing.

the internediate |layer 4. As the water passes through
Astiecitcnltibmeater pisaesiatosand out ¢f the Figahiamayvalg watén indwesd

and biologically treated to renove nutrients and ot her
addigeabWatadirfenpy thughcut B wder bdidg,ohisicly eshtiiitoto deetratification

body 2. As indicated by the dashed arrows, the FTS
Of@@q§§§bo&@ter to circul ate between the surface |ayer

3, the internediate |ayer 4, and the deep layer 5. In

or d?fhr aﬂréﬁghﬁl&?gﬁﬁé b RGYed, Whfr ?rb{nat : 8cc e;pq\?yepy rE]?tefssthe

prefe eS|gn produte a re y "hi gh

int4 atpe 818 ta.lr ¥ f}{on!l W p%mv RIS %Eéa’ ugﬁtl ¢ r@the
ﬂﬁl eg I'OW hea % qcce qﬁ
Ue%ﬁgge C|a I vallablg ‘ngg%%%F%hls§%&gllcat ﬂm

Aeratlon of LeX|n ton Nebr aska, $
perpspR)e peidorp of mse@atgwnb@taamls 8fan<tlsdmsh§g1= ’é‘f‘%thﬁ Shrtage faee3-
at an output head of about six inches, and is powered
Anptperpationeftbpwwier pasyesrtiosisprtaliyeangh fgrregmesnishanncls Pread is
present invention is constructed so that the depths of
disthaegeidrintakiee sunficaliagertBar4yéinal portion of the water may optionally be
allowed to flow through the optional discharge pipe 11 and then be discharged into the
intermediate layer 4.

As the water passes through the treatment channels 9, it is mechanically filtered
and biologically treated to remove nutrients and other contaminants prior to being
discharged into the water body 2. As indicated by the dashed arrows, the FTS causes
water to circulate between the surface layer 3, the intermediate layer 4, and the deep layer
5. In order to maximize efficiency, the circulation pump is preferably designed to

produce a relatively high flow rate at a relatively low output pressure (i.e., a “high flow

rate, low head” pump). One acceptable commercially available pump for this application
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are adjustable. Details of the adjustabl e-depth
conponents are shown in Figures 9-13. Details of the
structure and operation of the treatnment channel 9 are
presented in Figures 2-7. Figure 2 is a schematic top
view of the present invention. In this enbodi nent, the
present invention conprises four independent treatnent
channel's 9, an inlet hose depth adjuster 8, and a

is tﬁé ges of eacﬁ i)rrg%lr%uma nt E\% gﬁ%%l%%éﬂgwgﬁ ?E%ggog’?ﬁ %Bl’r]aeSka'

to aH

T e 308 LGOS TP g
h f
RIS PSSR Ll B TR

As shown, portion of the radial water flow 12 fro
t heThe Préﬁﬁnhtf’ivélﬁloadﬁﬁpfﬁtm@e‘m%?tttbﬁd‘m“hsc?f dhcintae ang ¢jgeharge
treatnment channels 9. The water flow ng through the
aretadjyiatebien Detrila f tlesdiyisiablerdsptiroomponants arg shaven inrlagiresehtl 3.
wat er 13. Although Figure 2 shows an FTS with four
Detaile af the structwria and epesatidnhued theutndagmend thammelsd are preseitechimdligures
can range fromone to ten or nore. The treatnent
2-efficacy may be optim zed for a specific set of
contam nants by adjusting the punp flow rate, the

di sp@leds %M&%{hu@@cgﬁ AW b tHePReschtByeitbR en tAREnihyiencaf, the
channel filters the mxing additives (surface

pre; i flveRtitth & Igéscfoﬁll Mggﬁhdenl-{}@atmghégﬁ%ﬁé%% Q% Y€ hokE'depth

e treatnen mater e I Nncrease y bubbllng air
t L th
sl ﬁnmu? e R i s o
d I I
Rt b TR PR kA SE P8 ronpe) s or

bi ol ogi cal, denitrification), then the treatne
OPEHigInBRRECHE aksCEEciBg efithgeptment hanngled.nWatsr ﬂ”W%@s for
cover to mnimze exposure of the treatnent water to
thegurfass gloasithrough thg &S e indidatedhydbedashedareais. ks shown, a
conprises nmultiple treatnment channels 9, each
portion of the radial water flow 12 from the circulation pump 6 is diverted into each of

the treatment channels 9. The water flowing through the treatment channels 9 is referred
to as the treatment water 13. Although Figure 2 shows an FTS with four treatment
channels, the number of treatment channels can range from one to ten or more.

The treatment efficacy may be optimized for a specific set of contaminants by
adjusting the pump flow rate, the dissolved oxygen concentration, the number and type of
channel filters, and the mixing additives (surface water and benthic sludge). The
dissolved oxygen in the treatment water may be increased by bubbling air into the
treatment water within the inlet pipe or within the treatment channels. Conversely, if the

desire is to maintain low dissolved oxygen concentrations in the treatment water (e.g., for
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treatment channel 9 may be configured differently. For
exanpl e, one treatnent channel 9 nay be optim zed for
aerobi c renoval of ammoni a and organi c carbon by
having a top surface open to the atnosphere and
sunl i ght, while sinultaneously, another treatnent
channel 9 nmay be optim zed for anoxic renoval of
nitrate by installing an inperneable top cover that

blo%lﬁ)clzallJ g&ﬁ "?itcgf?cﬁﬂ qﬁéﬂ &1}{: @egt%neﬁf & hyc‘b@cév% r{ﬁﬁi £low-

SS- se 'on View o rst Iment o

perieGPHBERD o Birmersapobid § ”p%‘ e

channel 9. This figure also shows the perneable matrix
OX¥&#N- t he periphyton |layer 15, the treatnent water 13,

and the flotation units 16. The treatnment channel 9 is

shoWhen tsarresegt inwenfion gpmprissy MaiRle tregagnichamls 3 gadied

arrows in Figure 3 represent the portion of treatnent
treateeet chagnel Ranayjercoofigured differentiyh Fertexample; pis/trestmend gbannel 9

15 and the perneable matrix 14. Note that water may
mapde optidized davsebickemora wd hmitoaiasat ooganf cartioney having a top

treatment channel and al so horizontally through the

surfdcd @perPlo thd @mloksiRtd@idisusiiin lile simileanpeusly) iydther treatnesnt
15 grows naturally on the bottom and sides of each

chdnhéi g}f BYbe otRRRELIor YACKEE remoRhICGHnitAAPbRiHstaRRGn impermeable

conditions.” Periphyton is typically a m xture of

km%%ggﬁPm%xg%ggq&5&$h B@Cterla and their residue and

ecause “al gae reqU|re sunlight to survive,

th effgg O{ljh étrso@em?é (%035% 5?ct1tVoMH é/le teér/f%:s tg %{ érXbo%Fmén% %i%'tr%&t&gnt
B d

chanarh 9. dahis ambetimeny 3Aars Shamoraeine fer es"ﬁ‘? qﬁﬁm
zones of the Eerneable natrlx 14; therefore, mﬁ}er

tregtmenkchanmeh §g A hisHigupralsqpws the peprasableymatgix d 4y Ws@enp yton

t hrough the perneable matrix 14, nutrients and other
layenf, drei treatmoent swater 1 3ok dlnd Rethtion it L6 Ehe trpatment channel 9 is

bi ol ogi cal |y converted by al gae and bacteria. The
shaidftcatiag th stixtified mate bodye2. cHandashedramsowspi Figuad 3 yephasent the

constructed with a renovable liner (not shown)
portion of treatment water 13 that percolates through the periphyton layer 15 and the
permeable matrix 14. Note that water may percolate downward through the bottom of
the treatment channel and also horizontally through the sides of the treatment channel.
The periphyton layer 15 grows naturally on the bottom and sides of each treatment
channel under typical ambient pond conditions.

Periphyton is typically a mixture of algae, cyanobacteria, bacteria, and their

residue and detritus. Because algae require sunlight to survive, the periphyton layer 15

will typically be restricted to the outer surfaces of the permeable matrix 14. Bacterial

biofilms do not require sunlight and are well suited for colonization within the interior
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to facilitate renoval and harvest of periphyton, if
desired. The perneable matrix 14 is preferably

conpri sed of nonwoven polymer fibers. One acceptable
commercially available matrix product is conprised of
pol yester fibers that are intertwined to forma
randomy oriented web or "blanket" wth a standard

t hi ckness and wi dth. One manufacturer of suitable

B3 o ELBTATR, S0 B 0 RS
[ ' i . 200- ' I .
T oS Sl AR P

' -3[4.i [ 6 i i de... Th
S LRI DGRV R RN N

| engt hs of approximately 90 feet for shipping. The
bottasmphthe chanaelyney eptionally by eomisgctedswith a W@Bleg@rsr @qteen)
yard. The nom nal wei ght of the polyester fibers
to facilitatewentowalizind ikuevestio pedphytore dslepiead. square yard. A
wat er - based | atex binder is preferably baked onto the
f i bEhspdrmeabie raabel 4 ik referablly comprisaddf donwdehipplynod fibérs.
bl anket. Relatively thick blocks of matrix nmateria

On%&ceﬁ@bfe%ﬁﬁﬂ:r&é{ll)si@ﬂkﬁlﬁ ghaftDdpro@ndl isn@mphisdd dfifobyektay flseds

of the matri x bl anket to the desired thickness.

thatite iR} Rink@ PR aTRRdM1y bAStEG b B ‘@FdnikBY with a standard
cure-in-place pol yurethane foam (either open cell or

ﬂﬁcgﬁngis%gg Sidth) O i Bfacti @ O SlliebRARlx n%@%%?/isgﬁgg% mel t

tween yers prior to stacki

stitchin the stacked | s _together wth
Mg pamprty. Ji Bf REvp R Usdreifot et prst Aot he

adj usted by varying the consjruction. materials an
mafEs CABPTIS 04 38‘?{-6@3%@20%@8'&“ Bhes apare imgrtyingg i fopm grotanket

the fibers may be 18 varied from approxinmately 6 to
apigogmately bp/4 inghnthick by 39dpehes addg. 1 Thematrix & produred ip &t f f

matrix wth relatively small surface area for )
continbiows striiphandrriut toolbesshs efrepproximatélyl98ifect fershippingn The nominal

relatively flexible matrix with a relatively large
wekiit dfxheblanlea i 4Ir oumobsoper 2quage yard.r Dhesomihtlevdightef the pothester

can be applied relatively lightly or relatively
fib&rs aNthinythé BlaMidtYs 26 \8unces per square yard. A water-based latex binder is
preferably baked onto the fibers to increase the stiffness and durability of the blanket.
Relatively thick blocks of matrix material may be formed by stacking and bonding
multiple layers of the matrix blanket to the desired thickness. Suitable bonding means
include injecting cure-in-place polyurethane foam (either open cell or closed cell) to the
stacked layers, spraying hot melt glue between the layers prior to stacking, and stitching
the stacked layers together with polymer cords.

The characteristics of the matrix can be adjusted by varying the construction

materials and manufacturing process. For example, the diameter of the fibers may be
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durability and weight of the matrix, and dye or

pi gnent can be added to the binder to produce a

specific color of matrix. The | atex-coated fibers

provi de an excellent growh substrate for

col oni zati on by beneficial mcrobes. The thickness of

the bl anket can be adjusted from approximately

1/4-inch to two inches using current manufacturing

. £4tol t [ r ;

Vaﬁva%]% gﬂg?yg alely) &1 cfeh%?. égargéqﬁ‘l;eéé {éhlﬁ{(ﬁl a I?ir??g‘ﬁg %ﬁ‘ff matrix

S f uced |n|the uture, an ese
) .12 ' .
wilf SR R B B oBlPbeufierbs ARG ot sl o

mat erj al, for panufacturi nonwaven trix i.s post-
relg Aol BB & BIStv P pids A 456 A TREholAing TAFOhgSs
been chopped and/or shredded to roduce fibers nmade
The lagsyn birsiey pandysyapplied refgivelatighile ﬁ@regﬁﬁwlas hegiilydp varyrie
fibers are then conpressed to the desired bul k
durdlitityi and vemight of theomattix,yand dye oepigmintivan b pdrgd to thierpingler to
process simlar to that described for the pol yester
protiidzex speaific icslonbimeatrix Tae lyck-cnatdddibessrmlorddé an ¢xgelddnt grosvth
perneabl e matrix preferably ranges fromabout 0.1 to
subkRatl fdreelonsAa6BY behficithiiksRs S ThY thidkBess of thednket can be
matrix along the bottomand sides of the treatnent

adifNI6h 2P Bk AN, ¥:-mBR 8PS thenss aliay burtw fnah@faé’tﬁrin%
Inches. Tnternal” buoyancy is integrated within the

tec%glﬁlrf@a Bl ig mﬁﬁ:‘iﬂ’ait&?& gt tR¥icdr Blfakbds W9u Ugg%ﬁﬁ&dliﬁ iy fgture, and these

yur et hane resin under pressure Ihto the matrix 14.

o E R BB B0 Y PR BBt o e

nits 16. The injection pressure, resin tenperature,
avaylable; nj ection shot vol ume of the foaminjection 19
machi ne are preferably preset so_as to provide. the
de s seepntljapeeptabls mgtaridl foranadagiy B\ P WO T FRIIF AEPISham
can be installed so as to provide a continuous vol une
constmeughst (7. e, mecycled serax 9arp¢t§)tlat hasrbeen eiopped andéagshigdded to
installed so as to provide individual buoyant sections
prodiice fiteasnmadet fiom pollypropglend, potyletitylear endiepaylat. €thelfibers are then
non-f oaned zones of matri x.
compressed to the desired bulk density and optionally treated with a binder, in a process

similar to that described for the polyester fiber matrix above.

The hydraulic conductivity of the permeable matrix preferably ranges from about
0.1 to 10.0 feet/second. The thickness of the permeable matrix along the bottom and
sides of the treatment channel preferably ranges from about four to 36 inches. Internal
buoyancy is integrated within the permeable matrix 14 by injecting uncured liquid
polyurethane resin under pressure into the matrix 14. The polyurethane resin then
expands and cures in place within the matrix, thereby forming flotation units 16. The

injection pressure, resin temperature, and injection shot volume of the foam injection
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Figure 3 shows flotation units 16 that have been
formed by injecting resin into the bottom side of the
perneabl e matrix 14; however, the resin nay optionally
be injected fromthe top, sides, or bottomof the
matrix, or froma conbination of these surfaces. In
one preferred enbodi nent, the matrix 14 is constructed
so as to have a thickness of approximtely 24 inches

maglgiﬁée g%r?%%’gw Cdﬁesgf S tﬁ%ﬁﬁ%@%ﬁh? i e £l volufeESured buoyant

annel . cure oamresin having a
nong..n cured densi of, 2.5.pound er . cuhi 0
fou TR Toatith e BSATR Ao R By iR RpRER S Fso by the
enetrates o . the top surface of the .matrix. For t.he
el s BRIt R B RPRO 1550 B PRyl oyant Socis of

four-second shot of uncured foamis injected with a

foanr withintee watrix hat g5q separated by oopdeaverd z98¢s f@iati® i nch,
resulting in a cured nmass of foam approxi mately
sphEigural showsdlotation uhits/1 ihathavi heen formest by injecting resin into the
approxi mately eight inches. The sphere has a density

bottdm &idp bOthic PainedablemBrip ¢ 4; hovevas ittresigmay opiiprably bertjeted
2.5 pcf polyurethane foamthat is reinforced with

froffEthé top, siléy bAbtRntleNEe idtrix o @dofidiratiyn Sf tBeseatirfadesr In
the 24-inch thick portion of the matrix 14, the resin

ond ]E’refeﬁjeﬁ ehnBdditledt, thelRattil 48 i QRSrRE&NoSs i RdvelathidkieRe s
Imto the matrix fromthe bottomedge. The needle is
appgll))gﬁ{ayel}\é\%i gﬁ%@%@ otﬁec' sih&?al{ SR tranhdllab E&H%l?%ég :Bgne%ﬁl the

resulting ina cylin cure

o SRR e AR Rl AR 2% Bt e
foog %lé;ﬁjig g{jgc%gdgipm&g}?o% ggth? g&#‘% g&,pb 9&’%%%'9 :‘gl%gtgp ﬁlgface of the

application paraneters such as Len?erature and 20
mafipxe iy the eightrah thigk Ppigmod Eiegnatrisd 15 plour-preond ghokpf ygured
units 16 range fromabout 1.0 to 25.0 pcf. The o
foahi igtimjected withr prassurd eSanpadrimatgheTepdvindhpds ganean ayh.gpgulting in
| ow cost are inportant- for exanple, for decorative
a civell @tasgefl fdem apploaimigely Spteribadw skapedensigtadidmetasofar e
preferable where high strength and durability are
approBiaiatednéightGhcRY.ATMRE $phetsttas € demityfoT &pproximately 5.8 pcf,

consisting of approximately 2.5 pcf polyurethane foam that is reinforced with matrix
having a density of approximately 3.3 pcf. For the 24-inch thick portion of the matrix 14,
the resin is injected via a 12-inch long needle that is pushed into the matrix from the
bottom edge. The needle is slowly withdrawn as the foam is injected during an eight-
second shot, resulting in a cylindrical cured mass of foam having a diameter of about
eight inches and a height of about 16 inches.

The density of the polyurethane foam can be adjusted by varying the chemical

formula of the resin, or by varying the application parameters such as temperature and
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may be subjected to boat inpacts or heavy wave action.
The foanmed zones of the matrix nay be optionally
coated with a spray-on pol yurethane outer covering to
increase durability. Alternately, self-skinning foanms
that cure with a tough outer cover may be wused to
provide extra durability for the flotation units 16.
The wal kways 10 are preferably conprised of nol ded,

r t

ke BBy AR AR UL g ORGSR Y 5.

edb Amerlca Gratln LLC of nder
1{{2@15 Flef s FedTF Bhgidht By IGE T AR dgerant—
ten feet Ion three fee d b 1.5 inches tal
foraq’ranpb f%ér@ AT SATGR 13@%% T ogiier depsiy g‘%ﬁ‘W\ﬁéﬁ/s
al so be conprised of treated |unber or
Pfﬂé@ﬂ}l?r@rhﬁreésgfhsqﬁﬁmd dyyghil %mmy@ﬂ%—éweexeme’reewaﬁr (he FTS
attached to the matrix 14 by steel cables, polyne
may e dsbjevtedioliivatigpadts ohheaviwane actisas Sha foarrd Zonestdf ﬂéﬂ!@#ﬂx
the matrix and wal kways. Figure 4 is a schematic
ma§1he epticretly icosted ity acprag-ongobmtetikame @dicreoteriog taincrease
treatnment channel 9, which incorporates an optiona

duraBitiey. "RRéth&elg Nl linding@amd thad e avithetbighn@iter cov@r may be
cover 19. Wth this enbodi nent, percolation of the

usdd't§ PEIVEIY ex@ ldfFabiki f&&%aﬁdﬁ%mt@@ﬁ neable matrix 14 is
prevented. This enpodinment is preferred for

ap pll"h? ﬁr&ftkwaﬁel@ gf@fgr]abl&tco ge%sdf '&x?&h&r hg?]rgﬁg-ﬁir?f@rcw1 e

t ment vvat rerral ns Wt

h f h
pla%trci%fﬁtérg ot R G eél?r%@r*%%a‘éri

channel _liner 18 na be ¢ mat hat
gralipg magpfagyred byp/gpe Cfr%ﬁﬁ%b Pfﬁsrfierroar ﬁs@ FEJS grading is
pol yet hyl ene, polyvinyl chloride, EDPM rubber
avqabbgvpr diansiens efed fachigne b é‘“P‘?r{?érWﬁb’D’é § gl talbngis gpated
Is preferably resistant to radati on by ultraviol et
withurnonephip senfiabei The svalkstagnmay elsp %n compasedaf reated Fumberpe
top cover 19 may be conprised of gas-inperneabl e
polpaley-rain ekt The watkwaye Ve ate préferablyestachedtto the matrix 14 by steel

cables, polymer cords or webbing 17 that either pass around or through the matrix and
walkways.

Figure 4 is a schematic cross-section view of a second embodiment of a treatment
channel 9, which incorporates an optional impermeable channel liner 18 and an optional
top cover 19. With this embodiment, percolation of the treatment water 13 through the
permeable matrix 14 is prevented. This embodiment is preferred for applications in
which it is desirable to maximize the time that the treatment water remains within the

channel for treatment or for applications in which the channel contains in-stream filters.
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water 13 fromcomng into contact with atnospheric
oxygen (exclusion of oxygen is desirable for sone

m crobi al processes such as denitrification), or it
may be conprised of opaque fabric or polyner sheeting
t hat excl udes sunlight and thereby prevents the growh
of al gae and plants while allow ng the growth of
beneficial bacteria (which is desirable for

S Ietr ?g%b@%?]mﬁ%ly@aﬁgel ﬁ}l.lrngxgg n’?y B¢ (ITEt?ng@M llngtemfls glat are suitable

| -fib h [
oA Rl e BB e B o

fish and mnldllfe resi di w thin the t ter
polyproppieRt shectng; ol e {EprBIFab I Aines agridld prebmatY East o
third enmbodi nent of a treatnment channel 9, which
degradntion b ylteyyielat senlighbanddis pesistandita BYsERIFeaAng gears. The top cover
terrestrial plants 21. (As shown in this figure, the
19 plagthe sompiscof pesmpsomedbldpolymershestingttorpreven Hamfneatment
itself or in the matrix 14 on either side of the
water €3 fromndondhgintetontact vith ptrasspheriveoxypen (esedsivw of onygease
the renmoval rate of excess nutrients fromthe

dedirable tfoiydne MRt Abial BrocesReiich @eddnitdigicativn), of temaydbeaddintprised of
20, 21 may also contribute to the aesthetic appeal of

opziqllﬂg fabic OF ot fer M@Eﬁ@"ﬂaﬁ%@luags suftligit@dd ﬂféﬁeb?' p@é\fe.ﬁts Qe growth

ugs may bé used to grow the aquatic planfs

r a(é &ﬁg) a§19sdwl'u { o gct% g}’ owil %?Bén%ﬁglaplgacf’eglla{%hﬁh fi@&’esuable

pari root ed |nto COI r or

A o Pf@ﬁ%%m’ﬁi’-"{aﬁ%gp s aﬁ@rtom%%?for ey
STTITECONANG R DR ERER RS,

used to grow the riparian_or terrestrlal pl ants 21.
provisengseeye habiing 95 fish ead wildjifeygsding withietgs trggfjpent water 13.
optional Iy be inserted into precut holes (not shown)
wi t RignretSe ajselremstib [crossregctipn view, of prbird embediment df @ tregimpnt
over the top surfaces of the perneable matrix 14 that
chaane % bvhich comiperdsi aqeaticiats 2lar{dwipiarian dr ©rregirialggintsdly (s
attached to the perneable matrix 14 with | andscapi ng
shoWni8 thi dpurs@eplantshdyte 1védtéd Winhid the theatad channpl it or in
until it becones attached by roots growing into the

the DA ¥ b# it 5id¥ of the treatment channel.) The plants may be used to increase

the removal rate of excess nutrients from the treatment water 13 via phytoextraction. The
plants 20, 21 may also contribute to the aesthetic appeal of the structure. Wetland sod 22
or bedding plants or plugs may be used to grow the aquatic plants 20. Wetland sod is
typically comprised of aquatic and riparian plants that are rooted into coir or jute
blankets. One supplier of wetland sod is Great Bear Restoration of Hamilton, Montana.
If wetland sod is utilized, it may be attached to the treatment channel bottom. Grass sod,

bedding plants and/or seeds may be used to grow the riparian or terrestrial plants 21. The
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Optional growth nedi um (not shown) such as peat,
beddi ng soil or rock wool, or conbinations of these
materials, nmay be used to fill the holes prior to
planting. Figure 6 is a schematic top view of a fourth
enbodi nent of a treatnent channel 9 that conprises

t hree-di nensi onal baffles 23. These baffles 23 are
used to produce longer flow paths for treatnent water

befH%ﬁégr“@%g.s S bl dEeds T8 edﬁﬁo?ﬁ%ﬁ’ef?ﬂsﬁ eéf‘?}%ﬁ% BEER Miep nat
[ i g f
shapyi 3R B i ey 1 TSR Soed W TRy 5 e s o e

bacterial bjofilnms growing on the,K surfgaces of th
permeale snait i et e abye ytgsfige- B4 CratlandoE Bpssp mpaibes o
preferably conprised of perneable matrix material |
attaghed toghe pasmepide pairiekbVith adsdaring pins(pet showp), wiich will hold
portion of the treatment water to flow horizontally
thetshd auglhcetunéil 1y edoness at@ched By rénds growing intpethe pérmenlle watrsy 14.
to flow around the baffles 23. The perneabl e baffles
Oproeil gromh ynediugy@obshoyai) sudhias peatishddingsoil yr roak giool of r om
about 0.1 to 10.0 feet/second and a thickness ranging

corhbifAfoAk 8Fthefd Matb@ald hayRAlsed b fildthetoles ptibOd plintih.OwW.
The baffles may be attached to the sides and bottom

of Fi%rﬁretd' R asBRRatic RPWIEY 0f a Whulrth &Gh1¥ARKLnE 8F 4 treatment channel 9

pol ydr et hane foam “open cell polyurethane foam or

e L LT S
no 3988 BT Ao B FRLEb00, e

peri phyton on the baffle surfaces and al so to 23
the X posys o tﬁ%ﬁrwm?wa@%wtﬂ BerRhYAn oD e 0 %%t,te%t Wefpes ot
resulting in additional rempval of nutrients and
the dreptarent efranachithed aresexpessihte mnlighteandrhasterigldiefiimgiggovging on the
conbi nati on of nechanical and biol ogical filtration.
surficesofshofibers withinitbe pérgealtle aratrivopt. | Thediafiles|aksprgterably
These wal kways are useful for providing access to
comfrised bepavalcadle gaaix mytepalrsanitireo theqpeaheablesmatris 9d) whigh allows
oxygen and tenperature and to check for plugging or

a pOtiog bf Me@Rh@iBAt water to flow horizontally through the baffles 23 and the

remainder of the water to flow around the baffles 23. The permeable baffles preferably
have a hydraulic conductivity ranging from about 0.1 to 10.0 feet/second and a thickness
ranging from about 0.5 to 4.0 feet in the direction of flow. The baffles may be attached
to the sides and bottom of the treatment channel 9 with closed cell polyurethane foam,
open cell polyurethane foam, or hot melt glue.

Referring to Figure 6, water flow patterns around and through the permeable
baffles are shown by dashed arrows in the figure. The portion of water that flows

through the baffles 23 is exposed to periphyton on the baffle surfaces and also to
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Figure 6A is a schematic cross-section view of the
treatnment channel 9 and one of the baffles shown in
Figure 6. As shown in this figure, the baffle 23
extends across a portion of the channel w dth and
al so above the waterline within the channel. A

peri phyton |l ayer 15 grows along all of the wetted
surfaces that are exposed to sunlight. Figure 7 is a

t
mi ‘rd‘tgia Bﬁ ?n é‘%’%ﬁl‘ég%)’i’g&{ tth% %fﬂé:% E%%?@S%Edtlﬁﬁxg 1n91]21di"ﬁon?l removal of
aption chan i er nea Ie mat I X
nutE‘ RO AR th? i CI0 at% gﬁ?% g’ﬁ‘% r ? Rniet H%auf)? er 25.
The fjlters are refer used i.n _conbi nat.i o
meglnicabackhiclppisal sy ﬁﬁ%%wwa#% 0 S PP Py 10
that covers the channel sides and bottom (see Figure
Thegp wailereaye By usefBilifor PrRyiding aqeessdp meaBIrgaais CIWIEO\P%SFm?tﬁ@ such
treatment channel 9 passing through the channe
as disdolved ©xggenand t@Eperattieend tdeheck foriphugging apother preblsinst he
wat er passing around the filters 24 and 25 and/or
t hr Biggie AR asichisatizreebssheadtion wieaf of the treatmattrobarinel 9 and one of
channel. The filters may be attached to the sides and

theb@tfied Bhd¥n intHigurt 6€ As¥BWN FhdizTiurd) th Bakflecd Ios@shds @drbss a
pol yur et hane foam open cell pol yurethane foam or

poxjﬁgﬁ ofr@lle Ehzgﬁlb‘le\md-ﬁhﬁldta% dbyPede Wardrdind Wiithin MRYchamidl.0nal | 'y
depl oyed t oget her sequentlall y, as shown in the

per&ﬁl nqaye? g? g# g&{}eaio ghaﬁ dt ?l{er(g uH?JeE 'tl%lt &Q%Q{;&Ed {d Au&mﬁéht

onprlsed o pernea

t hat iml.ar [ 0,
perﬁm Tds Préflf'ef‘?“ﬁé‘fpeY‘F‘%l & G RPofient 84 8 s%nrt.cg*“&‘el ?
oo AR Shos e e B
conjunction with Figure ure 7A is a
ﬁlt@rezfsapé@nuabf@rbﬂnévha@flqé‘ﬂtea%% oT erg, prapFriprably|ued ing 5

that conprises an outer support frame 26 and an
conatisaionerith 4n iliperra¢able chbnigy lindF{otohown isKigpsr7) tat eenerstbe

is preferably conprised of sheets of perneable matrix
chama¢laides bnd brator GesFiguteal), therebylmstltiogin the entirhevater flow of the

pernmeable matrix material 14 that has been descri bed
tred¥neiti cBbEleY9 bissH@RGEH B8 channel filters 24 and 25 rather than having a
portion of the water passing around the filters 24 and 25 and/or through the sides and
bottom of the treatment channel. The filters may be attached to the sides and bottom of
the treatment channel 9 with closed cell polyurethane foam, open cell polyurethane foam,
or hot melt glue. The two types of filters may optionally be deployed together
sequentially, as shown in the figure, or alone. The permeable matrix channel filter 24 is

preferably comprised of permeable matrix material that is similar or identical to the

permeable matrix material 14 that has been described previously in connection with
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with Figures 3 and 4. These sheets are joined wth

ei ther closed cell polyurethane foam open cel

pol yur et hane foam or hot nmelt glue. In a first

enbodi nent, the absorbent fill material is conprised
of polymer sponge material that has been manufact ured
so as to trap organic particles and dissol ved netal s.
Exanpl es of comercially avail abl e sponge materials

Rl S SO G e SRS LB e

7Apf Scottsdal e, Arizona and the FORAGERTM Sponge
products from Dynaphore, Inc. of Richnond Vi rginia.

In a second enbodi nment rbe terial is
conpiErEd e pe&raﬁwﬁéﬁ%@ PR St ﬁmﬁggﬁh%t gompnses
knomn to have the ability to trap nunerous organi
an eyter supprtiame 26 apd amebsarest ﬁltﬁ@ﬁeaﬁla% yLhe outssynprg zﬁsagle 26

pH nodi fiers such as granul ar cal cium carbonate ma

is poeferatiiyedmpostds shestooiipsnmeabld matmixtneatérsl thatiseinsilar or identical
support frane 26 prevents the pieces of absorbent

to thetpatreable atrix matetiali 1dghs \hepbecawaycribgd pregiowsly iimgonnection
treatment water and facilitates the renoval and

with PR &S @Al4. dfhebdisheab aRIjbiaBd withleBhéralosed celVpityurethane foam,
becones saturated with trapped contam nants. The frane

ope%Q:e ngﬁ%tlﬁhE?&aﬂ?@rB&mélbﬁu@' des and floor of the

trea nt channel” 9 with ¢l osed cell polyurethane
Loa Brda "R pblyHel
O By LIS yHBAA s Tt s
ma{enaftﬁm R B oSSR SR Al
co ri sed of sheet. of perneable nmatrix erj.a
bs ofcommpsialy Ballible sons mafegial %ata&r%a@ai WS x
naterlal 14 that has been describhed previously in
apphigptiradnslede the SNARTE SPENGE® products frogy ARl eghlndugfries, Inc. of
schematic cross-section side view of a sixth
Scattsihadeli Arinona ard the FORSGER Nt Speinge pridugs fimt Dygppere dlae. ain
in-streamfloating treatnent island 28. The floating
Richmead,MErginias [ramskcdnd enbglimersthp ebsoetxint £11 meteriakisTdmprised of
flotation units 16, tethering
granular activated carbon, which is known to have the ability to trap numerous organic
and inorganic contaminants. Optionally, slow-release pH modifiers such as granular
calcium carbonate may be added to the absorbent fill material. The outer support frame
26 prevents the pieces of absorbent material 27 from being swept away by the moving
treatment water and facilitates the removal and replacement of the absorbent material 27
when it becomes saturated with trapped contaminants. The frame 26 may be attached to

the sides and floor of the treatment channel 9 with closed cell polyurethane foam, open

cell polyurethane foam, or hot melt glue.
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cabl es 29, optional aquatic plants 20, and optiona
terrestrial or riparian plants 21. Tethering cables
29 are used to maintain the floating treatnment island
at a fixed position wthin the treatnment channel 9.
The tethering cables are preferably constructed from
pol ynmer rope or webbing or stainless steel wire rope.
The tethering cables 29 preferably run through the

per Kﬁﬁ&léﬂ n%?% oW ifr oy &ramg 1%1: Q@mgt ﬁﬁéfr% %%ﬁn@lﬂ&je 2 fthat

attac eneficial” purpose
helﬁ{ﬁt{p? theélk f @ 8?# m % eeln r%fra:%g E%t ng r{s%?gy 2 %hegtf of

wat er 13 A flrs por.tion af th t.reat men .
perephip HlaPH%mF‘FEQtthi‘ﬁi SIEHEFATARenyof (o e ReHFEﬁE’Eﬁ-Im g matetial 14

perneabl e interior region of floating treatnent
thaj hqsam@n gescribgdarevionshf injcapnegionwith Figwresdeandidk er nal

fibers of the permeable matrix 14 and roots from the

pl aRigereA0is anchepatig croas-pegtion side miewnd a speh swbedimentafiai x

14 renove a portion of the nutrients and ot her
trestmeitathmeh shaf canpriseean inrsebmefluiatingtreatméid. isldnds28e e

portion of the treatnment water 13 flows around and

floatig@rea@@inbistang 28 lcompiis pbishcablé nddhiix Mdlctationeméx p&)sétlering
roots of the plants 20 and 21 renove another portion

cabds zbh%éfbﬂﬁlrdqﬁﬂiéplﬁﬁgz@taﬁg bptisial RFeAANLCE ibh®A J1iks 21.

treat ment wat er . A" second beneficial purpose of
Tet%%}gtgf Ja?%g ho %%@%Sn%lﬁtainfsthé ﬁoﬁ[ %\H'CQﬁrée?llP %‘fiéng %P?ﬁxedhposmon

.use, the trea n I|V|n d/or. . f
o g 8000 e BB a0
vi ew of ent h enbodi nent of a reat nent. .c
POIQmeWP%Hr\E’ W3S LIRSS SURS] i, insg Thp é@%ﬁ?élﬁtca‘?}a%ﬁ %fs%erably
The overhanging treatnment bank is sim

rundbioygl the ProRFableanaped dof b foatingisland 8%@%@6 att%ts@ tadhe

i sland described in reference to Figure 8 above. It
walkpaps 1Ges perneable matrix 14, flotation units 16,

tethering cables 29, optional aquatic plants 20, and

opt Ondbeneficial purpose of the floating island 28 is to enhance the removal of

nutrients and other contaminants from the treatment water 13. A first portion of the
treatment water 13 within the treatment channel 9 flows through the permeable interior
region of floating treatment island 28, where biofilms growing on the internal fibers of
the permeable matrix 14 and roots from the plants 20 and 21 growing within the
permeable matrix 14 remove a portion of the nutrients and other contaminants from the
treatment water 13. A second portion of the treatment water 13 flows around and
underneath the floating island 28, where the exposed roots of the plants 20 and 21 remove
another portion of the nutrients and other contaminants from the treatment water 13. A

second beneficial purpose of the floating island 28 is to provide shade and protective
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terrestrial or riparian plants 21. Tethering cables 29
are used to maintain the overhangi ng treatnent bank
agai nst one side of the treatnent channel 9 at a fixed
position and are preferably attached to the wal kway
10. One beneficial purpose of the overhangi ng
treatnment bank 30 is to enhance the renoval of
nutrients and other contam nants fromthe treatnent
I, £ . ty: .
collP et And QLS FA BRIt Ly Brach BRI R Bl of Reding
hmﬁﬁéerior regi on of overhangi ng treatnent bank 30,
re biofilns growing on the internal fibers of the

perneabl e matrix 14 and roots fromthe pl ant 0 an

DL Beth £ Pahamaic CrrescsipReRs eV i o ih S Borfpet o

portion of the nutrients and other contam nants from
treatment chengl fewhickheeraprisesan pveskangiig tisanngng panks30; (ke

treatnment water 13 fl ows around and underneath the
ovayhanghrigratngent bardt isrsimtilab srdonSdyctiph endopenaiontp dedlbatingt s

of the plants 20 and 21 renove another portion of the
tredtbienit islaitddasadbedtih e¢ferende ta Figuaan8 sbdveo it dohgprisesqaetmeable matrix

wat er 13. A second beneficial purpose of the

14, FHsRAtIdAREI 19 06, &R inpRIAblel 29) opBBndl Squiatic pRint\A0gendsdpaidaaland
protective cover for fish and other wildlife that use

%famm% n ek 2Y aRisBNEY RAintafBHE Berhang
tenfﬁgﬁﬁ(gt .27 l%%?gsm%eﬁ%&éi%ur e | SA are lg aschematri %ngmg

] [
red BEntafl's Atk B PSBEHARL e RBASTARRED WL ERADSHI R tnd e
hanne| incorpqrates a side exit channel 31
pm%ﬂéﬂ§@ﬁ?ggigﬁh%wgﬁﬁquéi is constructed by |owering
the el evation of a side Il .of the tre nt, channe
o <One PEACTEIA ROt Bt Qv RRg AR TARED! HAAK &) g e@a@ﬁ%ﬁ?
fromthe treatnment channel 9, as shown by the curved
renfqvalpfautrisitsi and oftieg gersantinantafropghe eameyt water 1 o figsg pertion
channel is shown for clarity, a treatnment channel 9
of thayregtonetiawateral 3oWithia tieatyneot chankd 9dlows thieughh thie pegueablpriaterior
pur pose of the side exit channel 31 is to provide a
regiodl cfolverdhngisdhiaddtaent banle 30nveeed biofilnsqrpaing@ntthe inkeenal fibers
stream depth in the
of the permeable matrix 14 and roots from the plants 20 and 21 growing within the

permeable matrix 14 remove a portion of the nutrients and other contaminants from the
treatment water 13. A second portion of the treatment water 13 flows around and
underneath the overhanging treatment bank 30, where the exposed roots of the plants 20
and 21 remove another portion of the nutrients and other contaminants from the treatment
water 13. A second beneficial purpose of the overhanging treatment bank 30 is to
provide shade and protective cover for fish and other wildlife that use the treatment

channel 9 for living and/or feeding habitat.
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treatment channel 9, as shown in Figure 10A. The
shall ow water within the side exit channel 31
provi des an attractive feeding habitat for shorebirds
32 such as sandpi pers, which feed on scuds and
insects that live in the periphyton |ayer 15 that
coats the bottom of the exit side channel 31.
Optionally, the flowrate fromthe circul ation punp
canghe riodi cal . in
¢ noribis 10 lehf |0 MERNERhAR TG e kel LK
Thi s, periodic cycli of .t he .er level in the exiit
seclipSidB R Brsbrriay oot YL G pentiof ¥ Fepelpat (pnfel o ha
. species of shorebirds that, naturall¥ feed al on tge )
incprrgEatesi et Chawie! Bl nEhevidesitabaznel 7 fnpopstptcddyowering
schematic side view of the present invention with an
theghtviatioradf a sidegglbof the treatment channgh § s thab pPpisien of theitregiment
wat er input system The sludge input system 33
wated 1P escapss feons thedpatnpantpha@beldh ds shosindyghe curvest flpy paowiin
hose 36. The inlet of sludge pipe or hose 36 is set
Figate 101eAl@iugh Bhigfont Bide wRit Elianheldy skbwnlibeclptitypa treatmntt dhennel
sl udge i nput system 33 is to provide bottom sl udge

9 e colffaitl MBluMlibyofl ke dxitRAATRRL3 IWathe puipos st theside exit channel
treatnent. Because sludge can be relatively rich in

31 ?srtg ?J%v?deczﬁfepﬁﬁ%l?isfxalﬁ)@\nst{%ﬁm%&ﬂ)nt RmpledYd A s&84R aBpth Fffe
0 ial p

F‘mcro ocesses such as denitrification, which
requi rLes 28 [ bon r i I, . :
wefifip ity o FANBATEREN BR. | Theah A kel AR Bithe sigs exit
ca al sa . be used to.trea | e, that,i.s, cont am nat ed
ChTE IR S A EAS FeBRE Bab v R Snbiefihas R B8N b Tptbat,
such treatnent is desired, The surface r inpu
whighdeed Angseudsandrinsegts that diye inyle PoRR nﬁ@f%'? % %aaﬁ%d?%&e bottom
surface water inlet hose or pipe 38 with an inlet end
of the ekt side bleanaelr ¥la Qptioagldy, the figw ratefromdhegiraylagion pyra can be
purpose of the surface water input system34 is to
penadiaeilg eedsned sctbatvthe water flow imtheisily ewitchannile3 1 is sedugedhand/or
water prior to treatnment. Because surface water can be

stopgddatThvepeyiotlicghcling ditbswhteeidvebiy gdrrexapideicharnghineybéd y
war ner than water fromthe

particularly attractive to species of shorebirds that naturally feed along the tide line or
wave line of beaches.

Figure 11 is a schematic side view of the present invention with an optional
sludge input system and an optional surface water input system. The sludge input system
33 comprises a sludge pump 35 and a sludge inlet pipe or hose 36. The inlet of sludge
pipe or hose 36 is set at the bottom of the water body 2. The purpose of the sludge input
system 33 is to provide bottom sludge for mixing with the treatment water prior to
treatment. Because sludge can be relatively rich in organic carbon, it can be used to

provide carbon used for microbial processes such as denitrification, which requires a
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internedi ate zone 4 or the deep zone 5, adding surface
wat er to deeper waters prior to treatnent may

i ncrease the reaction rate of certain aerobic

m crobi al processes such as autotrophic nitrification
or heterotrophic conversion of organic carbon. In one
hypot heti cal exanpl e, deep-zone water contains high
concentrations of nutrients and is at a relatively

caxjpgr}(\@c}l]?émﬁ ;(/)if’gep foecon‘ogjt ln?ra&qg Iningi@'eﬁ ggke ’I‘f@tsﬁlrdgé ﬁlgutt sggtem 33 can

ative nutrient-free and“warm By m Xin

ters.for e . Zones. priofr. e .
ot e O o 0 P v AR RleeRligh obleRRbIR bonudtfis, in
noder at e .concentrati ons of nutrients at noderate
casF%h‘E%rFé\‘?}‘rté‘?‘.tm%&Sa E*the nutrient renoval rate by
biofilnms is proportional_ to tenperature, the renoval
r at Ehesurfape wBlce HpEIPYRIRIEH Gosnnyisesa Birface WALSE PIYED of ag
cold water. In a second hypothetical exanple, the
surfase waten frdetchose eri ipe 38 wih en mdetiend avithovibe sirface laysh? af thed
phosphate but a | ow concentration of oxygen, while the
watthhbdyoWhequepose of the surfare evatenymgu) systant 3¢ isso proveleasuifoes water
hi gh concentration of dissolved oxygen. By bl endi ng
fortnhiRingatiy the freameht@aténdioz esatmedte Betause burtacamater can be
exposed to nutrients plus oxygen, and the oxygen

rel VeV IPR BRbE @b EYRAGRA 1sQySieANak Armdkihah §ated filoth the
bi ofil mand then to periphyton'at a faster rate

im G Zont & PRSIy AIGPRHECEFALPL dolts il or S
gt Rl B e BN o el AR pe bR SNSRI &
st Goni P TSt e S PoRE of A E s pool o

onto a winch 41, which is a conponent, of the inlet

hosk anesRothetital agple degporone Raler spjaias highconqerlations of
hose or pipe 7 is manufactured so as to have )

nutrignts andid iahareldtivelyi lowitemyeratureh Whidel shallow-zone water ésrrelatively
stiffness, which allows it to bend w thout

nutcioht!fegesand gvarthn Byingining th@watetseform kettwe zdn@Priof ta theatment, the
inlet hose or pipe 7 is shown at approxi mately

biofibd ilihe ptepikible WA 1dee ekpsbd thimoderdtelcorrentedtionkof imerients

by hand or
at moderate temperatures. Because the nutrient removal rate by biofilms is proportional
to temperature, the removal rate of the blended water is greater than that of the cold
water. In a second hypothetical example, the deep zone contains high concentrations of
ammonia and phosphate but a low concentration of oxygen, while the shallow zone (or
surface layer) contains a relatively high concentration of dissolved oxygen. By blending
the waters from the two zones, the biofilms are exposed to nutrients plus oxygen, and the

oxygen allows aerobic microbes to convert nutrients to biofilm and then to periphyton at

a faster rate compared to anaerobic film conversation.
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notor (not shown), the cable, rope or webbing 40 is
spool ed onto the winch 41, thereby raising the inlet
end 39 of inlet hose 7 to a shall ower depth, as shown
in Figure 12A. By this nmeans, the inlet end 39 nmay be
set at any desired depth depending on site conditions.
An optional weight 42 may be installed onto the inlet
hose 7, if required, to keep it fromfloating. One
sui Fy-18 is
FRRIS 154RE 198 JAORGAR idAichObr d BsPeriAATBE he

PVC ( r yacuum ose _ IS rernrorc
o BE et R L SER b e MRl s hown nFiure
Mast er - t # 5666K48, Th i ght. 42 i
12%@#@?@%11 53 ebflB Hleidtesger B roanesiotTa B ey Phheable

42 is preferably connected to the inlet hose or pipe
or opp 0 tha igrsoeled ante Avineinpl. ivduch isf cagapenenbef the idet hose depth
Figure 13 is a schematic side view of a second
adjestoodli Farrbis embadimgu, thetinlet keosd eppipe 7iipnanufpgiured s gsstodaye
As shown in this enbodinent, the inlet hose or pipe 7
longitudihaltfldlibality Bombintd eith ireuh ferenitiadBiffnd¥sewhich allewbit o loend
rope 40 is retracted by turning the wi nch 41

withb@eWhyssthg. LA Fiduid B, 18 1d1eBEDI9 élBe inldt @bselR Pepedr is Bhdven at

7 is raised to a shallower depth. For this

apt BRI RlxinfunBi&hiR] Wheh thelWifciPl BisGirn6dlc188EA5d B hdndor
he 1 nl'et hose or pipe 7. One acceptable material for

: D ) . : :
ol fudt S Bl B PEbeiPing 1 8 SRR e sifich 1, hercby
42 be nect.ed to,inlet. hose. o ipe 7,. as sh
rifife B AR o RO LT LR goPl, P wfiip RfBERHG By
.preferably conprised of rubber . hgse r . . s
thigap. g iping ad TIRYCeIfg AP depih depending qa sifs penditions.
side view of a third enbodi nent of an adjustabl e-depth
i nl An optienal weight dhmay he insfalled pptgdhgialet hosere ifirpquaied g keep
or pipe 7 is conprised of an inner pipe 44, a
it fromh Beximgi pesuitable fyppef e matatiahforthis embedimentds PVifen
the cable or rope 40 is retracted, the tel escoping

bloouet/escupiniesd thatis reiafovedtwitded mpldefimsprabstoel vdret en éxample of
pi pe 44, thereby raising the inlet end 39 of the

a cbihRfcidIy S aldbldhdde of thistype BMENMawerCaepirh# 5666K48. The
weight 42 is preferably comprised of concrete or metal. The weight 42 is preferably
connected to the inlet hose or pipe 7 by a band or strap comprised of nylon or steel.

Figure 13 is a schematic side view of a second embodiment of an adjustable-depth
inlet water system. As shown in this embodiment, the inlet hose or pipe 7 is fitted with a
flexible joint 43. When the cable or rope 40 is retracted by turni.ng the winch 41
clockwise, the inlet end 39 of the inlet hose or pipe 7 is raised to a shallower depth. For
this embodiment, rigid pipe is the preferred material for the inlet hose or pipe 7. One

acceptable material for the inlet hose or pipe 7 of this embodiment is Schedule 40 PVC
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Figure 15 is a schematic side view of a fourth

enbodi nent of the adjustable-depth inlet water
system In this enbodiment, the inlet hose or pipe 7
conprises a union 47, a short extension pipe 48, and
a long extension pipe 49. The inlet depth is adjusted
by manually installing the |ong extension pipe 49
onto the union 47 for maximuminlet depth, by

re?%?é’@hé.yAh &éﬁ@g& Rt APmaPBE {:orﬁ%ét@@ﬁi il H(’)SE ®r ?i%e 9Nf%hown,

Ion I'nternedi ate I nlet dep

to Il?rgYsetn {t lﬁ1 rr}g{l%a%(lgs ﬂg{}gl% A&?%#E'p%ferﬁ ly cg ﬁpé%ll Afgﬁ%ber hose
sche V|em10f an adjustable depth |nlet wat er

°r§?§?@' gﬁéﬂfg?ﬁg an optlonal inlet filter 50 t hat
surrounds the inlet end 39 of jnlet hose 7.
dasHigHreddripaschematinsidg view ofg thissh pabedimentpf ap |a6m8ta‘fle-depth
untreated water into the inlet filter 50. The inlet

inldtiwatesisygemi & thisesnehodishant,dherintat bese aipinset issampasedf ap jner
material that is simlar or identical to the

pipp d4 neetaleb@pirgt quiter piyrt4Sy aral a flvid tséad 46 ¢ Svipnitlesabtaye rope 40 is
treatnment channel 9 shown in Figures 3 and 4. The

retriadte@thd el eb&pirplout@pifect otk aetticaldupward aoupd therimder pipe 44,
or freeformshape and is preferably attached to the

thefeva{y %atmhgﬁfé iRt GHdP® of thYinleY héke o wﬁtﬁ@me a sBAIIGWRS dépiRt
shown). 31 Afirst purpose of the inlet filter 50 is

t o pirgQI‘é' 18§s & Q&He hc GRE b%ﬂ/‘ 3§18l folith LhBSdiRBntQr theSRY ds%le—depth

| eaves a twmgs) fromthe 1nlet water prior

1nleé va et gys?ené\’\? t?urs emeboﬁ e%{( hRe ﬁ%t hg% i%?p&t’f @o% By umon 47 a

gures sec pur

of the inlet f s ta de. |t|on
shof <P Plp&&%?ﬂd[ﬁelﬁgg gﬂ?*fsa(&w%?& ohisialeae & 2‘515%?8 by
treatment of the inlet water as_ it pass?s t hrough t he
mapyqllyingiallingthe deng exfrasion ppe 4Pjontathe gpiopdy for; nlef
the surface periodically as required for cleanlng or
deptle by aesamrelhi ingtabling ke shartextengigrpipe 38 lentoghe waipe 7 Hr | n
preferred enbodi nents, the volune of the inlet filter
intetfmediate inlandpptif, ooby irmtaﬂing nd pipesiontof tbetnibn 43 6@ sbaibsiveinlet
feet, depending on the volunetric flowrate of the
deptin{ahown in the figure).

Figure 16 is a schematic side view of an adjustable-depth inlet water system
comprising an optional inlet filter 50 that surrounds the inlet end 39 of inlet hose 7. The
dashed arrows in the drawing represent the flow of untreated water into the inlet filter 50.
The inlet filter 50 is preferably comprised of permeable matrix material that is similar or
identical to the permeable matrix material 14 that comprises the treatment channel 9
shown in Figures 3 and 4. The inlet filter 50 may be manufactured in any prismatic or
freeform shape and is preferably attached to the inlet hose or pipe 7 by nylon webbing

straps (not shown).
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water, the |level of contam nation present in the inlet
wat er, and the anount of pre- filtration that is
desired for a particular application. In an
alternative enbodi nent (not shown), matrix materia

14 may be packed within the interior of the inlet hose
or pipe 7, thereby replacing or assisting the inlet
filter 50. The nechani snms shown in Figures 12-16 for

dj ' h 1 .i.nl . . ' .

o Ao S5 A PR, o
LS5 ST Bl o DR S
ORI e (LR

the outl et hose depth adjuster 51 are simlar to the

50 isrtb providesadditiopeltmigrybiad eelpniging sudogs fpr enhipesed (bjolpgical treatment
Figure 12. Although the depth adjustnment systens shown

of tha ifétouatarsas tdad®s dreughl theisiet filtedShsThelislehflterehunady e raised
operated, all of these enbodi nents could optionally be

to e Birfak betbdicilly asvdquired foy cleahing oc@plavémers viathemétthose depth
water quality at the inlets and outlets and

adjGRET £ IAPRGERAG SiSRimENE thY RAuwHEBE the irfdtdli®r 89 mag Pingiom
treatnment efficacy. Al so optionally, dissolved oxygen

lofibi i AdiAEBh MRRImdc NBk S8tk bPthe bt
abol%g?l gg?lggoqﬁlg(fjg@ %ugécte@%?&%{ré p@%e 7 (not sh%vvn) , or aier
0 b ded tqg.on [ . h Qi vi dyal _
wafgh ficiepd of o nlnaiBE R B8 Aty nd SROUITE e,
of., the treat t channel s {not shown e exampl e of
fitgtigh faeis e s B PR PBlBReas 1 4 YiE b ae et (Bt
aerator, system manufactured by Agri Drain _Carporation,
shagf), AETix mafsEh 14 Y R Dagked PHATLDE HHSETAT P HIE InlSBRQSP OF Pie 7.
circulation through the treatnent channels may be
thepsby vérdasingosr agvistingtthe dshditter 3 her than by the
circulation punp described in connection wth the
pr eVheomschahigos skowiineFiguras/ 12-¥6 fdradjustingttie depth ofithg imjet hose
particularly useful for treatnment sites where there
or %p% Sdulc% bosinflarPympRgte® Dfustehieeepthaltheioutletpiph Edrexample,
ody o
Figure 17 is a schematic side view of an FTS 1 that comprises an inlet hose depth

adjuster 8 and an outlet pipe depth adjuster 51, in which both the inlet hose depth adjuster
8 and the outlet hose depth adjuster 51 are similar to the inlet hose depth adjuster 8
shown previously in Figure 12.

Although the depth adjustment systems shown in Figures 12-16 are illustrated as
being manually operated, all of these embodiments could optionally be controlled
automatically using computers to monitor water quality at the inlets and outlets and
correspondingly set the pipe depth levels for optimal treatment efficacy. Also optionally,

dissolved oxygen could be added to the treatment water by injecting air into the inlet hose
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wat er contai ning the contam nated water has a hi gher
wat er | evel than the other body of water. Figure 18
is a schematic partial side view of a gravity-powered
floating streanbed. In this figure, an upper
stratified water body 52 is conprised of a surface
| ayer 3, an internedi ate |ayer 4, and a deep |ayer 5.
The FTS | is deployed in the | ower water body 53. The
SYS i f r.]
or e B SRR 3 s foRhEr bl ShAFREAT (hanlifi KRanmels
.a d -zane jinlet control. valve 56. n r
wsigy TSR of e B8 BBt Sehuept el 0161 How Bre
untreated water fromdthe er tratified water body
exaBIpIq PiARPTBRTERly P Iapls Dueb s BlsgTAGE CHSERON AP E <)
54, 55, 56 and then sequentially through the manifold
magifactuted by MigsiDrip S@rparatingd Adairglgdva; he t r eat nent
channels 9. After treatnent by the FTS 1, the water is
di sinfearaifentaiersmbotlineent, ovater civaulation theoigh §8 tregimen ehgnpgls may
only one of the inlet control valves 54, 55, 56, the

be poeidad by grarily pelaahthetthan Bathedireeibtéon fungndestrébeslin fermection
ayer 3, the internediate |ayer 4, or the deep |ayer

witR the ﬁ&ﬁ@&k‘ﬁ%‘ﬁesp IThe RESitifowséhbodinad nidybrpartBylarly useful for
adj usting the degree of opening of the inlet 33

trea;ﬁ’ﬁgﬁ{%ﬁes WhGe MRS 8L Qw6 AfarbPHSdi& oftwhier] drdvin BWich thE bode/oorf

reatment water through the treatnent channels 9.

PG S RO YSL L BE ety o
cont anmi nat ed aerobic water fromthe shallow | ayer 2;

Waltherefore, the water flowrate into the FTS 1 fromthe
deep layer. 5 may need to.be, relatively | ower, than the
wat Bgure 1§ ¢ a%hsmla%ﬁﬁlﬁleﬂ‘g%" i 8&? S@V’éﬁ“)fl’ﬁwf"i\%g Seaine + o
achi eve adequate bio“ggjcal treatnent within the

streamibgd. nferfhis digairen an upIBT straiicd Rater SRt e IveAmPrissot & syfage
pi pe or hose 7 preferably is manufactured so as to

layéredy en irdergietiathi lapdr 4f arabd ddepilayer ScEhoFRSd isweployed in the lower
circunferential stiffness, which allows it to bend

watét beiyLs3. Cilelsgqaah RmpfXes a surface-layer inlet control valve 54, an

intermediate-layer inlet control valve 55, and a deep-zone inlet control valve 56. When

one or more of the control valves 54, 55, 56 is/are opened, untreated water from the upper
stratified water body 52 flows by gravity force through the open valve(s) 54, 55, 56 and
then sequentially through the manifold 57, the inlet hose or pipe 7, and the treatment
channels 9. After treatment by the FTS 1, the water is discharged into the lower water

body 53.

By opening only one of the inlet control valves 54, 55, 56, the operator can select

untreated water from the surface layer 3, the intermediate layer 4, or the deep layer 5,

depending on specific site conditions. By adjusting the degree of opening of the inlet
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suitable type of hose material for this enbodinent is
pol yvi nyl chloride (PVC) blower/vacuum hose that is
reinforced with a nolded-in spiral steel wire. The
present invention provides a blend of fish and ot her
aquatic organi sm habitat that enhances the novenent
of nutrients into and through an aquatic food chain.
For instance, scuds (Ganmarus sp) can occur on the

valv ey %%Q?a&cﬁ:c%gé&%i He Wt bR ent Rhater BRABH AR t?e;tment

wat er, "and present invention nmaximzes such edge

i tha s
cndis 2 oy Xt S0 iplnil andeb e WAL R B HEBTHER 350
whi ch i turn. allows for. conditj.ons, appropriate t.0
reafi s Beaiig st SostsmingiRy) Ssbb S REERE h Byer 2
peri phyton, and accordingly facilitates the novenent
thelglonu ik M SomrTets 1Adhe K1y ﬁ&@ﬁl the degplayer & mpaydieed b,
Simlarly, adjustable water flow dissolved oxygen,
relativielsl lowerthan thetwater flompratedram thecshallaye layen i ardar deaghieve
provi de habitat optim zation nmeans for both fresh and
adsmbte bidogical neatsehiswithis thetkdatraent chramels 9. Fehthiid enbodément, the
fl ow zones can provide additional optimzed feeding
inlé&tpipd dtho§T prefdnable Bimahusqparedso dsitabayerlefigitudinal flegbilion
living scuds and insects in shallow water. As

cotbiRb@ AR diraeféfentitIRESBess WahicR W1vW i to Bt ebthearcdliepsing. One
provided by installing side exit 34 channels within

suilBf 1 HEFHTEN haCcRANBEIS enfitith&IR i dAWiAR LRIoRBE (PVC)
resufting water depth within the side exit channels
bloFRYVERLIAL ke 8 ?eigﬁ)%eggéfiglfaal bR el e Wi Lo

ract certai Speci or ebi I'ng intake

wat fromvarious st.rat rovides simlar food . .
oppoh e ESer G brovidd i R g d ot Rba G i agbit
nutrient solids maybe concentrated in a dee er
thag enhapees theapyemenhof oG B heyelan m@%&oﬂﬁf}m For
_another, which in turn allows for nanagenent of food
instapreaseuds (Femmardsdp) eaaocedrypndhe edgehabitat pasesiaied witheanoxic or
present invention provides a conprehensive ability to
anaguabié watts and thapgsemiineegtion inexiamdesrsighuedga hakithge Adivgtable flow

rate through stream channels also provides for variable flowing water habitat, which in
“turn allows for conditions appropriate to specific minnow species, many of which

consume periphyton, and accordingly facilitates the movement of nutrients into and
through an aquatic food chain. Similarly, adjustable water flow, dissolved oxygen levels
and water temperature can be manipulated to provide habitat optimization means for both
fresh and salt water mussels, as well as oysters.

Shallow-water flow zones can provide additional optimized feeding habitat for
shorebird species that prefer to feed on living scuds and insects in shallow water. As

explained above, these shallow water zones can be provided by installing side exit
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floodpl ain habitat. Each of these different habitat
settings provides another food chain opportunity.
Al t hough the preferred enbodi ment of the present
i nvention has been shown and described, it will be
apparent to those skilled in the art that many changes
and nodifications nay be made wi thout departing from
the invention in its broader aspects. The appended
chétin8ls WithdH ﬁg 'ixjggtgx%ﬁlpéh%nﬁéﬂ aRdsd f%o‘av xfa%va?lﬁ r@sjuit' Wédlfer depth within
changes and nodificatioAs as fall wthin tRe true
spirit and scope of t i nvent ion. . .
el Gyt HAng R gaPion Dbl R R v 1y a0 cortan
circuylation punp having an inlet hose or pipe; (b) an
SP%ﬁﬁéESW%EQf r pipe depth adjuster; and (c) one or nore
treatment. channel s conprised of perneable matrix; .
wheFatlinginake waist fram veppesshstaroYides simigy faoq ppnoptunigigs for
wherein water enters the inlet hose or pipe fromthe
fislvaFareximople, white suspepdedauiripnt solidsamay beceonegntigied puy Agesprivager
the treatnent channels; and wherein the treatnent
strath anail sd aveplankitgr imgebe presqpeimnamatiics whidhrinxyrmatdwswirer
entering the treatnent channels flows both
mal&Fen®andfobd reldtive th wideey atiegalfaRitial sftaies.eThe presknt mvention
the water body and al so vertically dowward through
prdvits Re6BRALRIVERbity toxfuplit 1€ a k48 b R{Vati€ BRI BN edge Ad
floating streanbed conprising: (a) a circulation punp
ﬂogi@p\gﬁgﬂ g%%‘?’ﬁl %g;ﬁtof H%@dﬂe?% Répitat $ePing@BrdvitleS indiRG o0& chain

juster; an
opportunity.
kokok
Although the preferred embodiment of the present invention has been shown and
described, it will be apparent to those skilled in the art that many changes and
modifications may be made without departing from the invention in its broader aspects.

The appended claims are therefore intended to cover all such changes and modifications

as fall within the true spirit and scope of the invention.

35



(c) one or nore treatnent channels conprised of
perneable matri x; wherein the floating streanbed
floats on a stratified water body conprising a

surface |l ayer, an internmedi ate |ayer and a deep | ayer;
wherein water enters the inlet hose or pipe fromthe
surface, internediate or deep |ayer of the water body
and is punped by the circulation punp into the
treatnent channels; and 36 \Rerein the treatnent
channel s are conprised of perneable matrix, and water
entering the treatnment channels flows both

hori %%gﬁly through the treatnment channel and into
the surface |l a he water body and vertically
dowhwar dft QQﬁgaiﬁﬂ?Rﬁﬂﬂﬂ e matrix of the

t reat nent channels 3. The floating streanbed of claim
1 ofa)2, awiqwation PR hayiag enimet hOPRORIPS has at | east
two sides conprised of perneable matrix, and wherein

t he(byat eanmlﬁthosengpm@eiepﬂlraéalsmwdchannel al so flows
hori zontally through the perneable matrix on either

si dg)of orehwe nidre atammeht chhmreisadompfisedldfpeftheabld matrix;
streanbed of claim1 or 2, wherein each treatnent

cha@hgrkein th@Hodingls@aghbddMatsi cheswatarsbdiyyr t her
conpr|5|ng wal kways positioned on one or both sides

f g?&lglnt\{'aﬁét diRnd e haonke oﬁnpér BemfthORbierBodSiang i’s”@iﬁﬁbed by

aim4, wherein the wal Kways are conprised of

(e}
ther{iF)\Jc gOn dn rean@§3re5tﬁ‘leﬂ{ %@St' c grating. 6. The

or 2, further conprising

a pI rall tation un r
Ehevf ?rswﬁ%ﬁfat@ﬁ%t Rl e C%%“SF? SEbsrfisPlp P g bter
claim6, wherein the flotation u ar.e

entiing e SepEiat chagne fons b qtgh?%%l&lnl@aﬁw@btht: e ane
matri x under pressure

and into the water body and also vertically downward through the permeable matrix of

the treatment channels.

1. A floating streambed comprising:

(a a circulation pump having an inlet hose or pipe;

(b)  aninlet hose or pipe depth adjuster; and

(c) one or more treatment channels comprised of permeable matrix;

wherein the floating streambed floats on a stratified water body comprising a
surface layer, an intermediate layer and a deep layer;

wherein water enters the inlet hose or pipe from the surface, intermediate or deep
layer of the water body and is pumped by the circulation pump into the treatment

channels; and
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and in liquid formand then expands and cures in

pl ace. 8. The floating streanbed of claim?2, further
conprising a discharge pipe that discharges a portion
of the water fromthe treatnent channels into the
internediate or deep layer of the water body. 9. The
floating streanbed of claima8, wherein the depth of
the discharge pipe is adjustable. 37 10. The floating

but FgeFPﬁq{xé’tfrea‘fﬁa (Rl o, odrfiloBEb SRBIS nixdand water

bub ocate e inlet pipe or hose or

S %%;,;gw e i e
RoyRB et ke ol g

cover. 12. The floating streanbed of claim1l or 2,
perpysable matreeefithe reatmptehaklinnel  conprises a bottom and

sides, and at |east one of the treatnent channels

condr i seEhedloaging stetaypbed of elgiar 1 on2.twherein eachrieateens phpngel

of the treatnent channel. 13. The floating streanbed
hasctt leabtaivmsitigs cdmpriseé of pampable imatyixa andwherainlthe Waterentering the

facilitate renmoval and harvest of periphyton. 14. The
tredtmedtchithebilse AW e Rorlontallq throdghtthe Bermshidle enarieacéither side of

treatment channel conprises a bottom and sides, and

the #eatnR8Bthagi®. Of the treatnent channels conprises an
i mpermeabl e I'iner on the bottom and sides of the

t r e@t me nf‘v\l}] fihg tgtﬂeailnrbed ZEP@I%‘FAG Paf 3 Neheddih BAKRRA ANt Gﬁﬁhgﬂ

erern eperrrea rrarlx IS corrprlse

e rs
oI esterd% | bers that are |ntertmnned to forn1a
°f¥%m§' ‘ed bl anket .
5. The floating streambed of claim 4, wherein the walkways are comprised of

molded, fiberglass-reinforced plastic grating.

6. The floating streambed of claim 1 or 2, further comprising a plurality of
flotation units that are integral to the treatment channels.

7. The floating streambed of claim 6, wherein the flotation units are
comprised of polyurethane resin that is injected into the permeable matrix under pressure
and in liquid form and then expands and cures in place.

8. The floating streambed of claim 2, further comprising a discharge pipe
that discharges a portion of the water from the treatment channels into the intermediate or
deep layer of the water body.

9. The floating streambed of claim 8, wherein the depth of the discharge pipe

is adjustable.
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17. The floating streanbed of claim15, wherein the
nonwoven polyner fibers are recycled scrap carpet
fibers. 18. The floating streanbed of claim1l or 2,
and wherein aquatic, riparian and/or terrestria
plants are added to the treatnent channel to increase
renmoval of excess nutrients fromthe water in the
treatment channel. 38 19. The floating streanbed of
clajgn 1 pe é’ocji RD S Einthed 3¢ bla%ﬁ ¢t Qefﬂhh&Q@ ?ﬁ'slng Q@ﬁblﬁ&r

Ieast two sides~conprise per meabl rx wt

tQ f and wher e

tocp G R e s o SR Ed g et %h%- %2%%’1%#&%8 the
er.nmeabl e trjix of the sides of thetreatmant

wal ﬁgﬁﬁ’élpu%e‘?a ¢ g deamepheharnds excess nutrients from
water in or _entering the water body. 20. TheroLing
st r Eanbebhegfoaging stgsambsd obclaigp b Pé?ﬂw@é@ﬂ at 11"%%9%?1& e
channel conprises a bottom and sides, further
axnmmhgnwmrmmtopsomrt ached to the bottom and/or
sides of the treatnent channel, 21. The floating
st r Eanbethedloatihg streainbed of¢lainhé e, wised ieady tpdatmeng cloannel
plugs and/or seeds are inserted into precut holes

cordprisas Hbdtken ped sieabhiel aridast one@ff tHelteatnichatiamntls campiisesh .
22. The floating streanbed of claim1 or 2, wherein at

perif§fh I8RE of {HRYBALand GlieHHthe GOsRIhSBanRAE OF nDr e
t'hi ee-di mensi onal baffles, and wherein the baffles

progiice s, %&9 %thréa%\ge@ ?Egla{n? 2 tf[ﬁ%éf‘@&ﬁgnélﬁg 5 Rﬁ“novable liner

treatnment c oating streanbed of claim

tofé‘flﬁéagefewﬁg? %ﬂawgﬁgg %gp% nt channel conprises two

treat nent channel

CorpL | et G850 ) o RRR Bt
contllgr?sgé arlrgc?tttom grt]dasqggsl arzdoat tler;lst oner(])f the treatment channels comprises an
impermeable liner on the bottom and sides of the treatment channel.

15.  The floating streambed of claim 1 or 2, wherein the permeable matrix is
comprised of nonwoven polymer fibers.

16.  The floating streambed of claim 15, wherein the nonwoven polymer fibers
are polyester fibers that are intertwined to form a randomly oriented blanket.

17.  The floating streambed of claim 15, wherein the nonwoven polymer fibers
are recycled scrap carpet fibers.

18.  The floating streambed of claim 1 or 2, and wherein aquatic, riparian

and/or terrestrial plants are added to the treatment channel to increase removal of excess

nutrients from the water in the treatment channel.
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24. The floating streanbed of claim1l or 2, wherein
each treatnent channel conprises two sides, wherein
at | east one treatnent channel conprises an absorbent
filter conprised of an outer support franme and an
absorbent fill material, and wherein the filter
extends fromone side of the treatnent channel to the
other. 39 25. The floating streanbed of claim1 or 2,
whegi N ThenOing strSRATJF clald TRr R Swh&ORA SR RENt channel
pernmeabl e matriX. 26. The floating streanmbed of claim
i > I [
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wherein one annel's
conprises a, floatin treat t.i sl and nd erein
2o gAY KO PReY R Rl ara e i B SOk AR ol breqple
t he reat t channel and is conprised of perneable
maffgt of tﬁe, sides A Ghe-F AT I @ PSR FTpy &S5 Bipens Agpm
cables that tether the floating treatnment island
walss ientering the water kodyt he treatment channel . 27. The
floating streanbed of claim1 or 2, wherein each
t r e20.menThecfheating Istreasahred off slem fl o 2 sWhkzein eaghetreatmend channel

| east one of the treatnment channels conprises an

coraprégel a bgttong ahd sidésrbnthebeotkprisapcsoditient & attathed to the bottom
overhangi ng treatnent bank floats on the water in the

and/6183dedBRthetRAMRL clndeli S conpri sed of perneabl e
matrix, a plurality of flotation units, and tethering
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one side of thé treatnent channel such that

anQHRERL STl RAGK B AP BaL Bt e
of claim1 or 2, wherein each treatnent channe

Ch%%ﬂprises two side walls, wherein at |east one
treatme channel co i ges. a sige exi.t channel and a

rl
| owéted P Armbied of Haim A of 24 BhesiB g ast gne treatment

rel atively shallow stream section as conpared tao_the
chapgelepmprsasipac o meraiaree-dimansianal baffles, and wherein the baffles

produce a longer flow path for the water in the treatment channel.

23.  The floating streambed of claim 1 or 2, wherein each treatment channel
comprises two sides, wherein at least one treatment channel comprises a filter comprised
of permeable matrix, and wherein the filter extends from one side of the treatment
channel to the other.

24.  The floating streambed of claim 1 or 2, wherein each treatment channel
comprises two sides, wherein at least one treatment channel comprises an absorbent filter
comprised of an outer support frame and an absorbent fill material, and wherein the filter

extends from one side of the treatment channel to the other.
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29. The floating streanbed of claim1l or 2, wherein
the water body has a bottom further conprising a
sl udge i nput system conprising a sludge punp and a
sludge inlet pipe or hose with an inlet end at the
bottom of the water body, wherein the sludge 40 punp
punps sludge fromthe bottom of the water body and
mxes it with the water that is punped into the

treas manﬁ"h@ﬁ@eﬁv\g stteamtrd of Bfirh I Qﬁ"g Qﬂeréﬁlrtﬁégmﬁ%u?ﬁort frame is

claim1 or erein the water body has a bot

co %&&ﬁ%& &%ﬂyﬁb§ﬂ a surface water input system

nprls Ag a surftace water punp and a surface water

i nl r pe Wt n inlet end in e
|y or T Bba i Bratiicd POl 6 2 Phert B spii e thet éﬁml
nps surface water fromthe surface |ayer
cortlprésewgw% pidese trhershipt dsagteaneiof thy; tregtmend chanpels compiises g ﬂoatmg
punped into the treatnment channels, 31. The floatin
tre@tnueetanl@e‘ﬂ apd whereimthe floating, tregimens istandi{loatsinghe W@@émdg
pi pe has an inlet end, further conprising an inlet
tredtimlettarhasnel pmdiis ¢omgrigad df peinthebleteatiin) agilurelity affflotatien units, and
inl et hose or pipe, wherein the inlet filter is
tetlePIAp chlslesthaxftether the AbatthgrtRdatment isBiad bEtweeeh tieasiden 9f the treatment
streanbed of claim1l or 2, wherein each treatnent
chaah@nnel conprises a bottom and sides, wherein the
botton1and sides of the treatnent channel are

1 sephof a'ﬁﬁ% H:‘cd WREGInX 10k & hwRerbi'eh@ tfeatment channel

th| (ness, e water enterlng the treatnent
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dence Fesi t he
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and/ or sides of the treatnent channel .
water geihe Hgataientehannsd arg iscpmprised o perzneahkémé% aerﬁeqarhty of

treatnment channel has a |ength, wherein the water )
flotetierevnitsgandietheringeables that kethren dhe averhangiag iratmieat bank to one side
treatment channel for a certain residence tine, and
of thb ge@iment dhenmred suclidhat¢hda oveehaoging treatveentbankabuts @p against the
treatnment channel is adjusted by varying the | ength of
sid¢ b6ftht ireattnegRtdhasiednnel .

28.  The floating streambed of claim 1 or 2, wherein each treatment channel
comprises two side walls, wherein at least one treatment channel comprises a side exit
~ channel and a lowered elevation of a side wall to provide a relatively shallow stream
section as compared to the water in the treatment channel.

29.  The floating streambed of claim 1 or 2, wherein the water body has a

bottom, further comprising a sludge input system comprising a sludge pump and a sludge

inlet pipe or hose with an inlet end at the bottom of the water body, wherein the sludge
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34. The floating streanbed of claim1 or 2, wherein
the circulation punp punps water into the treatnent
channel at a certain rate, wherein the water entering
the treatnment channel remains in the treatnent
channel for a certain residence tine, and 41 wherein
the residence tinme of the water in the treatnent
channel is adjusted by varying the rate at which the

pmglh rgﬁ.ﬁ%ﬁ‘&l‘u@%& ﬂ%@%ﬁﬂaﬁm mg&/aﬂﬁ_ﬂfé%yta?ﬁ k&St WRAthe water that is

oating strea system conpri si ng:

a),a, floati.n t,reapbed with at | east one treat nent
puftfkd fuq 18 Bk B ARERIY

0 Mmand sides conprised of

per geabl trix; (b n [ re inlet valves

rt Bl eaTheRom spemmalied climdy: SanBertiny HENHER by o 2e

or pipe connecting the inlet valve(s) to.the treatnent
botgemafieher coppapiag A SureerY IR SEGTR SHBRISIRG B sHrace ater

| oner water body; and wherein water flows by gravity
pump end & Nerfagp peatervirleidrosponigipe with an frdet; anfl én thesudacslayep phie

and into the treatnment channel, where it flows
waled bodyg wtheteiny the lsurdacgiwatdreputnpeainps strfacetveaterdiom the surface layer

hori zontal ly through the perneable matrix of the sides

of Bk vidie bbdpaidmikes @Rttt warn thaols pusiped b the tebawmunacichnnels.
t hrough the bottom of the perneable matrix of the
tr egf menthe SOARP RlredrBed of BRirh QWR L, WAESH tROBYet hds2 or pipe has
an inlet end, further comprising an inlet filter surrounding or inside the inlet end of the
inlet hose or pipe, wherein the inlet filter is comprised of permeable matrix.

32.  The floating streambed of claim 1 or 2, wherein each treatment channel
comprises a bottom and sides, wherein the bottom and sides of the treatment channel are
comprised of permeable matrix with a certain thickness, wherein the water entering the
treatment channel remains in the treatment channel for a certain residence time, and
wherein the residence time of the water in the treatment channel is adjusted by varying
the thickness of the permeable matrix of the bottom and/or sides of the treatment channel.

33.  The floating streambed of claim 1 or 2, wherein each treatment channel
has a length, wherein the water entering the treatment channel remains in the treatment
channel for a certain residence time, and wherein the residence time of the water in the
treatment channel is adjusted by varying the length of the treatment channel.

34.  The floating streambed of claim 1 or 2, wherein the circulation pump

pumps water into the treatment channel at a certain rate, wherein the water entering the

treatment channel remains in the treatment channel for a certain residence time, and
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wherein the residence time of the water in the treatment channel is adjusted by varying
the rate at which the circulation pump pumps water into the treatment channel.

35. A floating streambed system comprising:

(@ a floating streambed with at least one treatment channel with a bottom and
sides comprised of permeable matrix;

(b)  one or more inlet valves situated in an upper water body; and

() an inlet hose or pipe connecting the inlet valve(s) to the treatment channel;

wherein the floating streambed floats on a lower water body; and

wherein water flows by gravity from the upper water body into the inlet hose or
pipe and into the treatment channel, where it flows horizontally through the treatment
channel, horizontally through the permeable matrix of the sides of the treatment channel
and/or vertically downward through the bottom of the permeable matrix of the treatment

channel into the lower water body.
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