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EUTROPHICATION CONTROL TECHNIQUES
FOR LAKES AND RESERVOIRS
IN JAPAN

KAORU NIWA
MAKOTO KUNO
TOKUHIKO KUBO
SEIJT SANADA

Environmental Planning Division, Environmental Department
Public Works Institute, Ministry of Construction

1. Structure of comprehensive new eutrophication control tech-
niques

In Japan, many reservoirs and natural lakes have eutro-
phied due to increasing levels of nutrient in reservoirs which
have washed down in large quantities from the catchment areas. In
these waters, blue-green algae and flagellate algae become domi-
nat species and grow abnormally, causing serious problems such as
algae blooms, fresh water red tide, the musty odor of city water,
foul smelling reservoir shores, unnatural death of fish, and are
generally unpleasant.

At the Environmental Planning Division of the Public
Works Institute at the Ministry of Construction, we are currently
developing a set of measures to effectively preserve the quality
of water of dams and reservoirs under all kinds of weather condi-
tions. Figure 1 shows the menu of eutrophication control measures
for dams and reservoirs presently being undertaken by our divi-
sion. These measures can be broadly divided into 4 groups. Groups
I to III are either under development or ready to be developed,
while studies on group IV have juststarted.

Facilities in group I remove nutrient substances such as
phosphorous and nitrogen from inflowing rivers before they flow
into dams and reservoirs. This group consists of the following
systems:

—- Filamentous algae system, which removes inorganic phosphorous
from inflowing river waters during non-flood periods through
absorption by filamentous algae;

— Inflow water bypass system, in which inflowing river waters
during non-flood periods are diverted downstream of dams so that
they do not enter the dammed water:

— Minor flood storage system, which is mainly designed to remove
inorganic phosphorous during minor floods (in this system, flood
waters are stored in an inlet valley and are purified before
being discharged into the dams); and

— Fallen leaf removal system, which is designed to remove fallen
leaves from inflowing river waters.
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Removal of nutrient substances
entering reservoirs from

Inflowing rivers

—{Filanentous algae system) (developed by Public Yorks

' Research Institute in 1992)
Removes inorganlc phoshorous(PO4-P) with filamentous
algae,

——1{Fallen leaf removal system| (under development by Public
Works Research [nstitute

in 1993)

Removes fallen leaves from inflowing water at the point
of inflow during minor floods.

— Inflow bypass systen|

Diverts Inflowing waters In river branches and main
streams containing large amounts of nutrients to the
downstream of reservoirss during non-flood periods.

(e, g. Agigawa Dam and Miharu Dam)

@

Controlling reservoir currents
in order to create an envionme-
nt which is not suitable for
the growth of floating aglgae

—{Minor flood storage system|(under development by Public
Horks Research Institute in
1993)

Stores water flow from minor floods containing large

amounts of nutrients in river branches and discharges

them into Reservoirs after removing PO4-P.

-——1Current control system| (developed by Public Works
Research Institute in 1992)
Combination of dispersed aeration, selective inflow, and
selective discharge. Also includes controlling dissolved
oxygen in deep layers and floating algae in inlet

basins.

Removal of floating algae in
reservoirs -

(under development by Public
.Works Research Institute in
-1993)

Utlllzes heat pumps for more reliable control of
temperature of inflowing river waters and reservoirs
waters. ‘ .

Wéfer temperatube 6ontrol
system

r*-{Pum1ce flltratlon systen| (under developnent by Public
"Public Works Research
‘Institute "in 1993)

- Removes blue-green algae and fIAgellate algae by runnxng
surface water throtugh pumice.”

Controlling the écosystem to
create an environment which is
not suitable for abnormal

-——~—~———{Ecosystem control systeml(deVelopmént started at

growth of floating algae'

Rigure 1., Menu for eutrophicatnon control of reserVolrs and lakes

——-1Reed Filtration systeml

Removes blue~-green algae and flagellate algae by runnlng
. surface water through reeds. ; v
(e. g Retarding basin and Kasumlgaura lake)

Public- Publxc Hoﬁks Research

- Institute) - ‘
Controls the growth of floating algad’Using an ecosystem
of zoo plankton, perlphyton. benthbs. nekton. and fnsh

— 100 —
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Facilities in group II control the water currents inside
reservolr in order to create an environment which restricts the
stable growth of blue-green algae and flagellate algae on the
surface. This group consists of a current control system, which
is a combination of dispersed aeration, selective inflow and
selective discharge, and a water temperature control system,
which utilizes a heat pump to control the currents more reliably.

Facilities in group III remove algae varieties such as
blue-green algae and flagellate algae before they grow abnormally
and cause algae bloom and fresh water red tide., This group con-
sists of a pumice filtration system, which removes algae varie-
ties by filtration using pumice, and a reed filtration system,
which removes algae varieties from réservoirs just as abnormal
growth of algae starts by running the reservoir water through
reeds. .

In group IV, the ecosystem within the reservoir is con-
trolled to create an environment which restricts the abnormal
growth of blue-green algae and flagellate algae. This group
consists of an ecosystem control system, which utilizes 2zoo
plankton, periphyton varieties, benthos, nekton, and fish in
order to control the growth of different algae.

2. Filamentous algae system
2,1 Introduction

The abnormal growth of floating algae is caused by large
amounts of inorganic phosphorus (PO4-P) in reservoir water.
Research into ways of removing high concentrations of PO4-P from
small amounts of water such as industrial drainage and sewage 1is
being conducted separately. Although large volumes of water with
low loads such as sewage and urea are treated with water flows
from basins into natural rivers without plane loads such as
cultivated lands or intensive treatment, techniques for removing
- PO4-P from these kinds of water have only recently been de-
veloped. At the Public Works Research Institute, we have de-
veloped techniques for removing ‘inorganic nutrient such as PO4-P
from inflowing river water by utilizing the purification ability
of macrophytes called filamentous algae. Details of this filamen-—
tous algae system have already been published.l)2) This report
describes the structure of the facilities of this system.

2.2 PFilamentous algae siystem
2.2.1 Outline of system

In the filamentous algae system described here, an arti-
ficial environment is set up'in a reservoir which is conducive to
the growth of this 4dlgae type, normally found in rivers and
marshes . This algae removes PO4-P from inflowing river water and
surface water and prevents‘abnormal growth of blue-green and
other wundesirable algae. Figure 2 illustrates the natural envi-
ronments 1in which filamentous algae grow. In all cases, the
filamentous algae grow by absorbing inorganic nutrient . Thus,
this system effectively sets up and utilizes an artificial eco-
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system 1in the reservoir conducive to the fixation of PO4-P noxr-
mally found in natural ‘rivers. This system also includes facili-
ties to eliminate musty odor substances from discharge water.
Flgure 3 shows some examples of how these facilities are config-
ured in reservoirs.

-____:§L~%_‘_h-_"
river bed —

filanentous algae
N conglomerates ={> fxlamentous algae

Mountain torrent in the upstrean | Rapids in the midstream

fnlamentous
}é%i  algae
s
L
L

slow sand filter basins .
. of purification plant Marshes and paddy fields

“ Wi
aquatlc plants '

L filamentous —-1.
' “algae

_Figure 2. Natural environments inhabited by filamentous algae

Trlbutary under hlgh content foad

lnflow water: purlficatfon facilities

, .+ Inflowing main stream
“(Yertical flow net transmission type) ; .

lnflow uater o .
purification facllltles

(Gently inclined yaterway type)

Surface water purificstion facilities
(Horizontal flow net
transmission type)

Dlscharge water purlflcatlon facillties
lnfléulns water

thon t ' _ A —
(Sand filtra fon type) g RS purifxcatlon facllitnes " Infloving tributary
| (Steeply incllned vaterway type) ‘ A

<l

' Figure 3. Exanple of’ faclllty layOut g




2.2.2 Types of filamentous algae

Marine algae are large periphyton living in sea water.
The fresh water equivalent to periphyton is filamentous algae.
The term filamentous algae used in this report.refers to algae
which looks to the naked eye like wool or cotton. Table 1 lists
some types of filamentous algae related to this system; filamen-
tous algae can be broadly classified into two types: one found in
mountain torrent, rapid river, and waterways, and the other 1in
gentler streams such as marshes, and paddy fields. The seasons
suitable for growth are different for each type of filamentous
algae. :

‘Table 1. Types of filaméntous algae ahd system

Features In water ‘ Growing season
Msse type Hame : Class %325?;;3@3 A?{ ggg;}ég' F'E%:i:.ngigmn g%g:ﬁségnﬁ:— Spiriag | Sunwer | Autamn | Winter
rivers streams gentle streaus
Repid river || Cladophora glowerata Green algae o »]'o|o| a
Ulothrix sp. Green algze | O - o ©)
Diatoma vulgere Diatoms 0 0] on] a O
Oedogonium sp. Green algae O O ((®)] O (@] A A
Helosira varians Diatoms O O O A O (&)
Fragilaria construens | Diatons o} o) . Al o] a
’.S‘,';I;lm;}ra sp. | Green algae (@] ‘ O O (@) O O O
‘Ho-ygeét}ié:vs_p. . | Green algae ) o e ‘ ) ) O
| /Iydrodlctyan reticulatus | Green algae o . o |. O ., O] A
Gentle strean { Cladophora crispata Green aﬁae_ ‘ O O ol

- .Note : infqr,_taft:l‘éh ln( ] ls froa the p@bllcatlon “Nater”
Information in ({))is rom the “Huseun of Rivers and- Lakes”

2.2.3 Advantagesin:fileéﬁfth“élqaé*in’wétér‘pufification

P

Filamentous algae has a humbér of ddvantagés over float-
ing algae and high aquatic macrophytes such as water hyacinth for
the ‘purifiication of inflowing river waters and reservoirs. -Spe-~
cifically, filamentous algae: SRR ¥ -

1, ~'does ‘not cause eutrophication (algae bléom, . freshwater red
tides,  musty-odoxr) - . T .
2. “grows irapidly ‘and therefore-absorbs inorganic nutrient more
effidientlysA!Asm'can‘be‘seen:fromuFigure'A‘:whiChv"compares the
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ablility of filamentous algae and aquatic plants such as water
hyacinth to absorb P04-P, filamentous algae can absorb approxi-
mately 10 times as much PO4-P as aquatlc plants 3)

3. does not waste valuable reservoir water as it lives in the
water whereas water hyacinth and reed discharge moisture into the
atmosphere by evaporation from the surface of the leaves

4, requires a substrate to adhere to or lie down on. The growth
of algae can be controlled by controlling the shape and size of
the substrate

5. «can adapt to low temperatures and thus survive even the win-
ter. Therefore, it is possible to grow filamentous algae before
the growing season of algae broom in order to continue to absorb
the nutrient . It is also more adaptable in terms of location and
season than the water hyacinth which can grow only during summer
in western Japan

6. unlike floatlng algae, it does not require hlgh concentrations
of inorganic nutrient , and can absorbing nutrient even at quite
low concentrations if the surrounding water is constantly chang-
ing

7. can be separated from water and removed (e.g. with screéens)
more easily than floating algae

8. contains nourishment and serves as excellent feed for fish as
well as livestock such as chicken5).

Filanentous algae

o ‘Gently inclined waterway
type (Tsuchiura No. 5)

A Steeply inclined waterway
type (Tsuchiura No. 11).

OVertical' flow net transmssxon
type (Kanno River Weir C)

0.5}

0.2
0.1}

0.05 |-

Aduétié blanfé
Water hyaclnth (récorded valiie)
B e e

0.02
0.01¢

Reeds (recorded value)
e ey
Duckweed varieties {recorded

value)
: : : : : : Watercress (recorded
ST N EPOrett N EISTIATTYS [ P ———*—— vyalue)

005 '
0.001 0.003 0.01 003 0.1 0.3 1 3 10

Content of phosphorous in raw water
(Bxperimental value: D-PO4-Pug/l, Recorded valuei T- Png/l)

Ability to absorb phosphorous (g/day/s2)

Figure 4. Comparison of ability of fllamentous algae and aquatic plants to absorb PO4-P

2.2.14 Natural growth enV1ronment of fllamentous algae and purlfl—i
cation facilities

As'shown in Pigure 2, filamentous: algae grows dn rlvers,
lakes, paddy fields, and water purification plants. under .various
hydraulic ‘conditions. In this system, an-artifictal .. env1ronment
is set up in lakes which is' cénducive to the growth of -this type
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of algae. This enables the filamentous algae to absorb PO4-P. The
system accurately reproduces the natural growth conditions of
filamentous algae inside the purification facilities, and the
absorptlon efficiency and removal of PO4-P are enhanced by de-
signing the facility appropriately (velocity and depth of water,
substrate, gathering of filamentous algae, cleaning of the facil-
ity) . Figure 5 and Table 2 outline the facilities examined above.

The purification facilities can be broadly classified
into the following three types according to the type of raw
water.

(1) Inflowing water purlflcatlon facilities

Inflowing water purification facilities decrease the phosphorus
in the reservoirs under normal conditions by removing PO4-P from
the inflowing river waters just before they flow into the reser-
voir. These facilities provide a substrate to which filamentous
algae adhere; the filamentous algae then remove PO4-P through
absorption. These facilities can also be used to remove PO4-P in
sewage and urea-treated water.

(2) Surface water purlflcatlon facilities

Surface water purification facilities provide a substrate to
which filamentous algae adhere. These facilities are designed to
remove PO4-P, which is mixed into the reservoir during medium and
minor floods, by absorption by filamentous algae before the P0O4-P
are absorbed by undesirable floating algae such as blue- —-green
algae and flagellate algae.

(3) Dlscharge water purlflcatlon facilities

Dlscharge water purlflcatlon facilities remove undesirable algae
vdrieties such as blue- —-dgreen algae and musty odor substances by
sand filtration from water discharged downstream and provide a
normal flux supply in periods when odors are ea31ly generated.
Blue- green algae are removed by pumice filtration whereas musty
odor substances are removed by sand filtration.

Steeply lncllned utorny facHllIes :
. (Purificatlon of infloving civer vaters at reservolr banks)’ Gently inclined vatervay facllmes
z. M5 layer floy C (Purlﬂculon of ln{lovlnz river vaters at reservolr banks)

- — . | | 1Tanentous sligae II""
Plest(c sticke
Yectlcal flow nat transsisslon facllﬂle's - Horizoatal !Inv et lransnlsslo« tacilities
- {Purification of Infloving fiver waters at reservolr bmlu) (Purlflculon of surfaca waters of reservolrs and lakes)
, S oL 1 louthly woves oels ) -
—»1 Floaly vor iﬁ'mu e S nlmnum ifges l 24 ¥ -_—1 r;_t_l_lt_t.enlﬂt_l_ly_t-‘ ------ .]'
Porous base plua |, meserwics .--'_-...: -- ="

Figure 6. Diagram of purification facilities
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Table 2., Correspondence of puriflcation

facilities with the natural world

Natural world

Corresponding purification
facilities

Water conditions

Suitable 7ilamentous algae

T

?teep}acl?cilned waterway
zdgeres to uneven concrete)

la . flow
Approxlnate water depth

’dbphora xlonerata

elosira var

fatowa vu gara
egogonliun sp.

®
L?n ﬁnof waterway 6? %%5533?'
ch nasggg‘waterway

TSN oo | Iomslhultgllnad vaterver | Horjnigl, X Toostmapesier

® conglonerates) adﬁeres to p?astlc sticks) | Wat § liar?a construens

Len i of waterway 6 vulgare
lot r X Sp.

lncI gat5996of waterway

) rpur
® acropﬁ p
1e§ on top of sand

Slow filtratl?n re ervoirs

Yertical IOY et transmiss-
?? type fac l?t es
nees)on op of Tinely woven

Vergécalpéégw

Nat
lncilnatlon of water
surface one

eloslra varians
rqgilarla construens

ﬁfdradyctyon reticulatun

Ilow lakes and ‘paddy

(aghere to aquat
@ nacrophytesqor i?oat)

Horlzontal low pet transmi-
?? jon type lites

1es on top o# ou§hly
woven nets or

Horjzonta] flow
Hat i detH
Lgni§h downstrean

Inc natfop of water
surtace . one

Degogoa/un sp.
é%dgodlctyon reticulatun
adop%ora crispata

Note :

2.3 Pretreatment facilities

2.3.1 Pretreadtment procedures

the conditions of filamentous algae habitats are indicated in parenthese

Inflowing water purification facilities and surface water

treatment facilities are the main form of treatment, but pre-
treatment is still performed when necessary. In the case of
diSCharge water purlfication fa01lities, treatment lS conducted

in two stages,

pretreatment and main treatment.

2.3.2 Pretreatmént in inflOWingfwater°purification;faoilities

Inflowing
remove

PO4-P contained in inflowing river waters. Large

water purification facilities are designed to

amounts

of suspended solid in .inflowing river waters interfere with the

photosynthesis

solid from floods.

Therefore,

of filamentous algae used in the main

and filamentous algae are less effective if covered by
pretreatment to remove any suspend-

treatment,
suspended

ed solid from inflowing rivers is desirable. . Furthermore, many
kinds = of epiphytic algae other than filamentous algae are
present in the inflowing rivers, and these algae should also be
removed (especially if they exist in the early stages of the
water flow) before oultivating the filamentous algae in the case
of ‘undesirable eplphytic algae with filamentous  algae. Thus,

mud

pUrlficatlon
and epiphytic

facilities pretreat the ‘inflow water to remove
algae when necessary. =

233.3 Pretreatment in surfacefwater purification faoilities

The object .of surface water: purification facilities is to

remove PO4-P from reservoir water,

and also to remove undesirable

epiphytic algae before the main treatment, since these may hinder

‘the
Thus, in
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2.3.4 Pretreatment in discharge water purification facilities

The object of discharge water purification facilities 1is
to remove musty odor substances. Although filtration using fine
sand is the main type of treatment, the sand tends to become
clogged when large quantities of floating algae are present. It
is therefore necessary to remove most of the floating algae
beforé performing the main treatment by pretreatment in discharge
water purification facilities.

2.4 Main treatment facilities
2.4.1 Types of facilities

There are wvarious types of main treatment facilities:
three types of inflowing water purification facility and one type
of surface water purification facility as shown in Figure 5, and
one type of discharge water purification facility.

2.4.2 Steeply inclined waterway type

The facilities of this type provide an environment for
rapid-river filamentous algaée to grow. In order to reduce the
effort of collecting and removing filamentous algae from sub-
strates, the velocity of thé current is increased to 30-50
cm/sec by increasing thé inclination of the waterway. The current
forms a thin layer of water about lcm deep. Figure 6 shows an
example of a steéply inclined waterway facility. This type is
suitable for inflowing river waters containing large amounts of
phosphorus with a raw water PO4-P content of 15-50mg/1l, but 1is
not appropriate when the filaméntous algae needs to be used the
-most effectively. The inc¢lination of the waterway 1is typically
15-35% and can ‘be increased depending ‘on the range of water
levels in the dam. The substrate used is an ‘uneven concrete
surface with 5cm gravel embedded. | R

Although 'rhizoids of rapid-river filamentous algde rhi-
zoids to gravel and ‘concrete, grown - filamentous ‘algae ‘cannot
withstand water flowing so fast, breaks midway and flows down-
stream to accumulate naturally- in'the precipitation. tank. at ‘the
end of the waterway. Moredver, dead:filamentous algae does not
accumulate sedimentation of the waterway under:such a fast water
flow and steep inclindtion..Even if:accumulation-does occur, it
can be cleaned easily by water hammering, thus enabling easy
maintenance. The filamentous algae can be ‘grown steadily by
circulating part of the running water. '

¥ater supply pipe

- Precipitation tank:

g .
"l 1= :
) !
ot { S

1

ﬁlgura‘ﬁ. Exsmple of steeply Inclined waterway faclllity

Hultl-layéréd screens
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2.4.3 Gently-inclined waterway type

In this type, an environment is provided which is suit-
able for the growth of rapid-river filamentous algae. The veloci-
ty and depth of water and substrates are set to the most favora-
ble for the growth of filamentous algae, and filamentous algae
are gathering and removed from substrates regularly to encourage
a steady growth. Figure 7 shows a typical gently-inclined water-
way facility. Such facilities are appropriate for inflowing river
waters containing large amounts of phosphorus with a raw water
PO4-P content of 15-50mg/l. This type makes effective .use of
filamentous algae,

As the water surrounding the cells of the filamentous
algae changes constantly, the filamentous algae can absorb PO4-P
dissolved in the water at all times, growth rate. However, if the
velocity of the flowing water is too fast, the rate of removal
of PO4-P decreases as the flowing water does not have sufficient
time to make contact with the reservoir water. Also, if the water
is too deep, the growth of filamentous algae will slow down as
the sunlight will not penetrate to the bottom of the waterway.
Thus, the most effective velocity of flowing water is 10-
12cm/sec, and the most effective depth of water is approximately
15cm. The inclination of the waterway is 0,5-1%. v

The substrates of this type consist of numerous plastic
sticks of £ 3-5mm which are placed perpendicularly resembling the
sticks wused in flower arranging. The filamentous algae which
adheres to the substrate is collected on porous base plates by
moving the substrates up and down. Then, the flowing water col-
lects the algae at the end of the waterway where they are gather-
ing. This regular gathering requires .considerable manpower, .and
the process needs to be automated. ‘ o 2 ,

To further stabilize the filamentous algae, yards should
be provided to supply the algae at several places in the water-
way, and to circulate part of the running water.

Water supply pipe Porous base plates
N

Plastic:sticks (3-5an) o
. / -Approx. water depth: 15cm . .
L Drain gate

/ [ ) -’2
‘mh\‘&axmc% F

/.

.._%

..
b

W_‘__ Net cage

N v
* E| X
<l 1 s

o SR

. - . * °

‘%?5
§ i
* " 0.5-1% of watervay Inclination * . o Sl

Drain v;alve B
Figure 7. Example of gently inclined waterway facility
2.4.4 Vertical flow net transmission type

The facilitiés’ of this type provide-a suitable environ-
ment for the gentle-stream filamentous algae to grow, consisting
of water layers set above finely woven nets placed on top of
porous base plates. Figure 8 is‘an example of a vertical flow net
transmission facility. The water layer is shallow with a depth of
30cm. The finely woven nets encourage the growth of gentle-stream
filamentous algae which remove PO4-P through absorption. The
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appropriate PO4-P content of raw water is more than 50mg/l, and
thus such facilities are suitable for removing high content PO4-P
as in sewage, but not for inflowing river waters with a PO4-P
content of less than 50mg/l. The finely woven nets which act as
substrates for the filamentous algae to stick to or lie down on
are made of polyethylene woven at intervals of 2-3mm.

Filamentous algae grow to become a fibrous mass with
diameters of 5-50cm by adhering to bubbles formed by photosynthe-
sis. These masses float up and are easily by sloped gathering
box. As the filamentous algae continue to grow, organic matter
including dead algae accumulate onto the finely woven nets, and
as PO4-P tends to dissolve from these accumulations, the nets
must be cleaned regularly by water hammering.

Xater supply pipe : : -
___:%:j::fi\ Filamentous algae Overflow slope i Overflow pipe
-—1\ . [\ / Net cage /

N CF S T R el
\ ' 2 | <5
% Approx. water depth: 30cn W4 % 3

Figure 8. Example of vertical flow net transmission facillty

2.4.5 Horizontal flow net transmission type

; These facilities are suitable for gentle-stream filamen-
tous algae such as filamentous green algae, consisting of parti-
tions and base plates of roughly woven nets which float on the
surface of reservoirs. Figure 9 is an example of a horizontal
flow net transmission facility. Water layers 30cm deep are set on
top of the base plates made of roughly woven nets. This structure
allows gentle-stream filamentous algae to adhere easily to the
roughly woven nets acting as partitions, and is especially suit-
able for the growth of filamentous green algae between May and
October. Although this typé is inténded for surface water of
reservoirs and lakes, thé PO4-P content of raw water must exceed
10mg/1 at all times (including non-flood periods). Furthermore,
filamentous ‘green algae which are the dominant species for this
type can endure turbid water caused by floods for short periods
of time. The filamentous algae which adheres to the partitions of
the roughly woven nets must ‘be regularly gathering by movable
screens. ,

Pusp ‘Nater suppjy,plpe, o

-

T Coarsely Hovable screens
Filamentous algae * woven net 'g

\ ﬁ, {/

Pty g—

Resérvoir
Channel for purification Ploat Approx. water depth: 0cm
-\ Intake port

Flgure 9. Example of horizontal flow net transmission facility
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2.4.6 sand filtration type

The object of this type of fac;lity is not to remove PO4-
P as in facilities described so far in sections 2.4.2 to 2.4.5,
but to remove substances which cause musty odors. Figure 10 is an
example of a sand filtration facility for the growth of gentle-
stream filamentous algae. It consists of a water layer set above
a gravel layer placed on top of a sand layer. The gravel layer is
approx1mately Scm thick and the gravel 'can be cleaned easily with
air and the water flow. The tank is ‘shallow with a depth of 30cm,
suitable for gentle-stream filamentous:algae. The :sand particle
diameter is -approximately 1lmm, ‘and it removes musty odor sub-
stances such as 2-MIB and diosmium by purification between sand
particles.

- When the purlflcatlon between sand particles is anaero-
bic, the sand is genérally not 5o éffective for decomposing
organic matter such as musty odor.substances. In " this method,
however, thée fllamentous algae in the water layer carries oxygen
obtained by photosynthesls at 411 ‘times and supplies .oxygen to
the sand partic¢les night and day. Therefore, ‘thé -spaceée between
particles. = becomes ‘aerobic; enabllng organic compounds ‘such as
musty odor substances to decompose. If the diameter of the sand
particles i1s too large, theé ‘agrobic bacteria will not be able to
decompose the compounds due to lack of surface area of sand.
Thus, the sand layer must consist of more than' 30cm of sand with
paltlcle diameter of approx1mately lmm,

Even when floating algae are removed in the pretreatment
stage,. the :fifltration tends to become clogged in a few months.
This .can be: solved by cleanlng the gravel layer u31ng a. movable
wash plpe. R . : : : o

Punnce ]ayer (partlcle dianeter 3an)
Approxinate thlckness 25cm

H *éfer,SUbb]y;‘ . :
i : Punnce layer (particle dlaneter 3nn)
' Approx1nate thlckness ‘Sem

S . i

Filamentous'algae _OVerflow SlOPe‘Net cage’ iQvérflow pipe

.\, Approximate:
\. water depth:

XTI
‘‘‘‘
- "

N Approxlnate water 4
’ “depth: 30cm”

. Finely woven net

F‘ne Sand layer (particle dignetedt: /lna)
B .Coarse sand layer . Thlcﬁness ‘more than 30cn 4
: HEMO0YER b HIAE

é; ‘I uo
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2.5 Conclusions

(1) The most effective method for controlling the eutrophication
of reservoirs is the filamentous algae system, which is designed
to remove phosphorus (PO4-P in particular) from large quantities
of inflowing river waters and surface waters of reservoirs. :
(2) The type of facility depends on conditions such as the PO4-P.
content of the raw water, the installment location, whether the
facility can be managed, and the degree of effectiveness required
(see Table 3),

(3) Field experiments demonstrated that the system removes PO4-P
well. The removal effect of PO4-P was calculated based on the
facility standards for each site. When 1 ha was treated at
Im3/sec, PO4-P was reduced from 20mg/1, which is the content in
the raw water, to 10mg/1 with steeply inclined waterway - facili-
ties, 20mg/l to 5mg/1l. with gently:inclined waterway  facilities,
15mg/1 £to 10mg/l ‘with horizontal: flow net. transmission  facili-
ties, and 10% of the content of raw water with vertical flow -net
transmission facilities (see Table 3). o :

" Teble’ 3 . Conditlons for filanentous algae systen facilties

, PO«-P concent- | Tacget values of ef- | Installation Halntenance © | ®ftective uttllzation of
Facility - ratién of raw | fects when treating | location T B A pa e RS filanéntous algae
water . . .} 1lha &t 1-3n/sec : . | Gathering of , : .Cleaning of . .
. ('C) u.g/_g ‘ ‘ . filanentous algae facilities ‘
Steéply inclinde . Lo | 20mg/ 8 of POLP M| Hust resove naturally : S -l cen be supplied automati-.
vatervay facility 15¢(C) <50 rav ¥eter—10ug/ 2 Slopes accunulated algae once Unnecessary cally to culture ponds al-
' in treated vater a week or nonth though they cofitain large
: - amounts of ispurities
Gently inclinde Y ' 20ug/9 of POP IR Hust wechanfcally - ‘ | Flianetous ‘algae are.’
vatervay facility 15¢(C) <50 raw water— 6 g/ 2 Flat land | gather algae once Unnecessary fresh and appropriate for
in treated water . la week o . -{ effective utilization by
' "] processing T
Vertical flov fet. | - © [+ ‘| Decrease the concen- | .o . Hust.rerove naturaliy. |Hust clesn the . |Cap be supplied automati-
t.ran_s?is_sion .. 50¢(C) . [ tration of PO«-P in ] Flat.land | accunilated algae once [ bottom of water  [cally to culture poads al-
facility o o rav water by 10% ‘ | & week " | tanks once a month [ though- they contain- large
P Shesteos e T e - L anounts: of lmpurities
TN B 15667 8 of POp i | hecsivate ot toriitre s o o T S T
Horizontal flox | .~ ° 15568/ ¢ qflPOrP in [ ~Reséivolr "] Hust nechanically Hust'¢lean the ‘| Filanentuos algie are™
aet tradsmission * [ © 100€(C) - rav water=10ug/ 2 ] Sirtaces gathér ‘algae once ' | bottén of Watér.. . [ fresh and appropriate for
facility; - e - liin treated:water P a.week . . . | tanks once & month, |effective utilization by
o 1 ! ! ., | anks once @ | processing
Sand filtration Decrease the concen- . | Hust;repove n’a.tﬁ,rg!lyyg Hust-clean the » Can be supplied autorati-
facility |, 10«e) | tration of, 2HIB in Flat land [ accusulated algae once | pusice layer once , |cally to culture ponds at-
‘ 0 7] raw water by 5096 o aweek “lamonth 01| though' they contain lirge
e — o ERIEEENR I I arounts of ispurities -
I S
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3. Fallen leaf removal system

3.1 Outline

Depending on the vegetation and geographical conditions
of the basin of lakes and marshes, there are cases where leaves
which had fallen from forest trees into the ‘basin flow into
reservolirs and cause eutrophication. In autumn and winter, large
amounts of undecomposed leaves flow into lakes and marshes due to :
medium and minor floods. These leaves accumulate and decompose in £
a short period of time resulting in dissolution of inorganic ¥
nutrient “into reservoirs. In such casées, it is. necessary to
remove. the fallen leaves contained in river waters before the
primary outflows from floods flow into lakes and marshes.

The fallen leaf removal system performs continuous and
~efficient gathering and removal of fallen leaves from the primary
outflows of floods containing large amounts 6f leaves without
using any power, thus decreasing the amount of nutrient which
flow into lakes and marshes in the form of fallen leaves,

3.2 Fallen leaf gathering facilities . | | ' f

- Figure 11 is an- example of the fallen leaf gathering
facilities  in use. Gatherlng is performed at rivers only at the
beginning of floods It is not performed at normal times, There-
fore, this system is designed to actlvate in situations where the
water flow exceeds the normal ‘amount (between 3m3/sec “and
10m3/sec for example);_It is necessary to investigate the: amount~
of leaves contained in each site in order to determine the maxi-
mum value for the operatlon system. o ; ‘ o '

As shown in Figure 11, river waters containing 1large
amounts of leaves are dJscharged into columnar net cagés from
eccentric points. While the waters flow through the net cages,
leaves are catched inside. The force of the discharged water hits
a part of the cage thus causing rotation of the columnar cages.
At the other side of the cage where water is being discharged,:
small amounts of = water under high pressure. are  sprayed. .from
outside the cages in:order -to remove. the “leaves. which had adhered:
to -the inside of the cages. 'This allows easy gathering. of .-the:
leaves  catched inside the’ cages The :above procedures; performed
successively will enable the continuous removal of leaves from
river waters with out us1ng any power s U e g
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Intake welr gate for treated water
inflowing river

= channel for treated water =t
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% H \ accunulation tank
[} [}
| ] 4
S . o> i 2 :
raw water ‘ ! soil sedipentation tank , |1 [l 1T
conveyance channel : : :
Coluanar ‘net cage ‘wa,tgrsh'oot pi‘pe ___T L
raw water

conveyance channel

Figure 11. Example of fallen leaf removal facilities in use

reservoir 10000m3 (empty at non- flood perlods)
control gate for current transfer ‘
=™ non- flood perlods
= medium floods

bypass channel
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pumice filtration 100mz2
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Figure 12. Example of Minor flood storage system in use
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4, Minor flood storage system

4,1 Outline

It is common for prlmary outflows of medium and minor

floods to ‘contain PO4-P in hlgh den31ties. In this system, the
primary outflows are stored in reservoir dams with small capaci-
ties. The stored water is discharged into the inlet basin after

storage

PO4~P 4s. removed. Figure 12 is-an example of minor flood
system: facilities, in use. 'In order to remove PO4-P, the following
method may be’ considered. Fioating algae which grow in the reser-
voir absorb PO4-P. Then, ‘the algae varieties are removed by
pumlce flltratlon.~It is desirable to pérform dispersed aeration
in the 'reservoir in order to restrict the priority ' species of
floatlng algae to’ green algae ‘and diatoms. Furthermore, exchang-
ing the pumice layer used for filtration once_a year is preferred
to cleaning thé pumice from the maihtenance point of view. In the
cases where filamentous algae system is in operation, letting the
filamentous algae absorb the PO4- P is also an effectlve method

5. Current control system
5.1 Theory of current control‘éyétém"w”

The current control system regulateés' the supply of nutri-
ents and sunlight to blue-green algae and flagellate algae in the
euphotic zone by creating a warm-water 01rculat1ng mixolimnion of
even temperature distribution. This layer is maintained at a
constant thickness several times that of the euphotic zone (15 to
20 meters) at surface reservoir:.during non-flood perlods, thereby
preventing the abnormal growth of blue-greén: algae. Figure 13:: s
a diagram of current control system and Figure 14 is a dlagram of
the vertical distribution of water temperathre. :

' first. clrculatory current -
' second circulatory currént

second circulatory current

selective discharge | Circulatory cirrent

faci ity control ‘facility selective Inflow’ fac;‘lity .

t:f:a ‘\_
—"'i :
I~ == ' thermocline «nm {nflowlng river water

" = circulatory current
deep,_vl_ayer {cold water) . y

deep layer DO facility
Pigure 13. Diagram of current control systes
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FigureVI4(‘DiééFdh’df vertical distribition of water temperature

~ water temperature (°C)

, ‘In thégshmﬁéffbéridds;”thé}temperaturefbf water ‘usually-
forms a stratification: Wwith the' highest temperature at the sur-
face and 'gradually becoming lower as’ the depth -~ increases. When
this stratification iis formed, the surface water becomes a-stable
mass which' doés not mi¥ vertically. Light can be obtained e&asily
in this kind of surface water, and' inflowing river wateks con=
taining much nutrients enter into depths of a few meters from the
surface, thﬁé“ﬁféVidiﬁg'énfeniigonmentksuitable for the abnormal
growth of green algag and flagella ‘algae. -

Whéh‘“dispérééd'éérationmis”performéd,;gu;facem;waper of
the dispersed’ ;a&ration ag is 'shown ‘if‘the second circulatory
current in Figure 13, After’‘a few days ‘later (8 days later for
example), the 'surfade water is circulated into the dark zone
under -the euphotic zone where sunlight -canhot reach. Thus, the
floating algae varietiés“which had started growing in the euphot-
ic zone are driven off into the dark zone without any light for
some time (twice ds 1ong"as”8 days 'for éxamplé), and are unable
to perform photosynthesis. Furthermore, the vertical distribution
of water temperatire i§ virtually Uniform ‘even ‘while the surface
water :is.drawh-by aeration: When the temperature of-surface water

§drops.duefto7aw3uddepgdrqpoﬁn~theuatmgsphericgtemperétUrey verti-
cal mixing takes plapéféédixyiftﬁuéﬁﬁfevehtiﬁgfthéféﬁablé"xg%6Wth
of floating algae varieties. .~ = L o o
0. DPispersed  aderation:createssan-envionment - suitable  for
‘the growth of algae varieties such asigresn algae —and didtoms
which do not causei algae bloom or freshwater red tidé. ‘while

blue<green’  algae’ Varidtides)ars eipsbla’ o #1§18d  slowly. With

G

loxygen 'bubbles; green algae and diatotis will*!sediment  in ,the
absence of stream condition. When water currents are caused by
circulationh, a part of the green algae-and diatoms will float- on
'the cUiréntaandfrétﬁ?hgbabkﬂtdﬂtﬁe~éﬁphbticfzane4WHeréfthéyﬁnare
able to grow. At non=flodd perisds, ‘inflowing river waters enter
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below the circulating mixolimnion and move downstream. Nutrients
contained in these waters are absorbed by green algae and diatoms
in the few hundred meters that they travel. As the green algae
and diatoms eventually sediment, the nutrients settle onto the
bottom mud . This prevents the abnormal growth of blue-green
algae by restricting their supply of nutrients,

Furthermore, when the mixolimnion consists of warm water
which i1s several times as thick as the euphotic zone, waters from
medium flooding (which is rich in nutrients) are forced into the
thermocline and away from the euphotic zone containing blue~green
algae, thus restricting their abnormal growth.

Prolonged water turbidity can be addressed by forcing
highly turbid water from medium floods to the thermocline, leav-
ing supernatant fluid in the surface layer, and by increasing the

thickness of the dispersed aeration.
5.2 The structure of the current control system facilities

The installation of a few circulatory current control
facilities for dispersed aeration in reservoir waters does not
necessarily give effective results. As shown in Figure 15, the
current control system is comprised of circulatory current con-
trol facilities, selective inflow facilities and selective
discharge facilities as main facilities, and deep layer DO facil-
ities and inlet control facilities as supplementary facilities.
It is necessary to combine the appropriate facilities, and oper-
ate them organically with automatic water quality observation
equipment. The effects of this system and the corresponding
equipments are indicated in Table 4.

—Circulatory current control facilities
(dispersed aeration)

Selective inflow facilities

Selective discharge facilities

Hain facilities}—i

Supplementary Deep layer DO facilities
lities (dispersed aeration)
inlet control facilities

(dispersed aeration)

------------------------- ‘Automatic water quality observation
equipeent

FPigure 15. Overall structure of current control systea

Table 4 . Bffects of current control system and the facilities

Effects on the reservoir Bffects on algae growth ) Required equipments
1 |Porms a clrculating mixolimnion with Restricts sunlight in the circulating {Clrculatory current control faéilities
uniforn vater temperature and depth of a jaixolimnion and prevents the dominant
few times that of the euphotic zone species of blue-green algae in the

surface layer

2 (Forces the inflowing waters of non-flood |Green algae and diatoms sediment and . [Clrculatory eur - ’ lities
perlods contalnslng a l[arge amount of fix on the bottom mad after absorbring|Selective {nflo;e?:c???tyg; fact

outrients (P0.4~P) to the layer under PO.-P : : :

the ¢lrculating mixolimnién ,

8 {Porces the waters from medius and mipor [Restricts the supply of nutrients to |Clrculatory cu ' litie
tloods contaitnging nutrlents (PO.—P9 the blue-green algae In the euphdtic SeIecthar¥nflgse?§é?7?:fg; factllties
to the thermocline and fwswed{ately zone ‘ - |Selective discharge facllities:
dscharges thes from reservols ) ’ ’ ' '

4 {laproves the dissolved oxygen (D0) [n the|Prevents the dissolution of nutrlents |Deep layer DO facilities
deep layer from bottom sud - - . . AR

6 (Controls water current In the Inlet basln|Restricts the water flowers from blie-|inlet control fablilties -
. reen. algas which tend to occur. in the] ' > .

?nlet basin wher'e water accumilate
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5.3 The size of circulatory current control facilities

In order to perform aeration for watexr with an area of
1km2 from a single hole 15m deep, a compressor with an output of
22KW and air capacity of 37001/min is required at all tlmgs. As
the circulatory capacity decreases with the decrease in the
temperature difference between the surfaceand 15m be;ow, a sur-
plus equivalent to a compressor of the same capaglty is necessary
as a spare equipment. The size of this spare equipment may differ
according to the conditions of the dam.

The following data were obtained from field tests con-
ducted at Yabakei Dam for dispersed aeration wusing a single

nozzle.

i) Data 1 .
) Field tests were conducted at Yabakei Dam in 1993 for 3

kinds of aeration depths with the air capacity of the compressor
set at 50001/min. As Figure 16 shows, the circulatory capacity of
the surface current in the second circulatory current was in
proportion to aeration depth. According to the results,. the
circulatory capacity of the surface current in the second circu-
latory current was 6.5m3/sec for aeration depth of 15m and air
capacity of 50001/min.

— - | depth of -aeration 20. 7a A
] ay
£ 10 + depth of aeration 14, Qg froeeeseerememeemtsmmmsinninninnininnianns, e e
& 0 depth of aeration 20.7m
= " | depth of aeration 8.0n A
g = [0 O e e, L orerivenanenins
8 a} A
8 ‘ depth of aeration 14.0m
o T T T T T LT Ty e e S R s bt e B
:%— a
s o f o o
g ... freiaacasaattenerentrissreaensnnrestrasissantenaens depth of aeration 8' Om
S - o)
[oresss e volune of 1.5a of surface current of second circulatory current’
volune of air 50001/min
tenperatlure difference ojf surface and deplth of 20m:3°'C

15 20 25 ’ 30 35
distance from the center of aeration {(m)

Figure 16. The relationship between ¢irculatory capacity of surface current
of second circulatory current and depth of aeration

Assuming here that "surface water 3m deep (secgnd ci;cU-
latory '~ current) is drawn towards the center: of agratlon (first
circulatory current) in 8 days, pushed into the middle layer gf
circulating mixolimnion (second circulatory layer), and kept in
the dark for about twice the length of 8 days", the necessary
circulatory capacity of the surface current in the second circu-
latory current will be 4.3m3/sec for 1lkm2 of water according to
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the following equation.
1000000m2 X 3m

= 4,3m3/sec
86400sec/day X 8day

Thus, a ¢ompressor with an output of 22KW and air capaci-
ty of 37001/min‘iS‘reQuired for an area of 1km2,
4.3m3/sec

SOOOl/mlnX , = 33001/min ==> 37001/min
©76.5m3/sec’ * | -

(11) Data 2. ‘ ’ :

Field tests were carrled out at Yabakel Dam (approximate
area of  ‘water 1km2) in 1993 for 11 days in ‘between floods . by:
conductlng deration withi air capacxty ‘0£-'37001/min from a  single
nozzle' '15m" deép. ‘As & résult, it was possible to rehabllitate
nearly half of the circulating mixolimnion. From-the test results
in Figure 17, it can be concluded that all of the circulating
mixolimnion can be rehabilitated in about twice the length of 11
days.
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Assuming here that "it is possible to rehabilitate the
circulating mixolimnion in 1 month after a flood has unified the
vertical temperature distribution at a low temperature', a com-
pressor with an output of 22KW and air capacity of 37001/min is
required: to rehabilitate the circulating mixolimnion with an area
of 1km2 and depth of 15 or 20 meters in a period of 1 month after
a major flooding,

. lldays X 2
50001/min X ————— =37001/min
30days - ST

5.4 Layout of circulatory current control facilities

When installing circulatory éurrent .control facilities, a
few fagdilities should be iﬁétélléd”toqethér‘ét'one”plaCe-on the
reservoir surface in front of dams. ' .

At non-flood periods, ‘inflowing river waters enter into
the layer below:the cirdulating 'mixolimnion. As the waters pass
through the layer, the nutrients contained are absorbed by green
algae and~diatoms.“AS“thé*aératiOn’Of~Circﬁlatofy'cUrrent control
facilities should not raise the unabsorbed nutrient salts up to
the surface, the facilities should be installed at the downstream
end of the reservoir if possible. ‘

' From the field tests ‘conducted at Kamafusa Dam in 1992,
it ‘was found, as shown in Figures 18 and 19, that vertical dis-—
tribution of water temperature caused by dispersed aeration (from
single*nozZIe)/was"donveyed to ‘a point 1450m away from the dera-
tor “(near the upstream-’end). R T S

| water temperature dbservation point
~ (near the'aeration eqiiipment) o

water temperature observation point
© " (nehr ‘the’point of inflow)

X\ [| Kamafusa Dam
g '::"

m?“i- S

aeration equipment (s

Figure 18. Observation points for the vertical distribution
of water temperature at Kamafusa Dan
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145 weecenheneeee near the aeration equipment - August 28, 1992
[ .- --m-~- near the polnt of Inflow ~ August 28, 1992 ,
s 140 feereineinnens TN rorrrrrrrtrrierrrr  IOPRPN N A1 ; PRURS
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g 135 SIXXEYYN Y] XY ERELRER RN RN ) AR X RN N] seessssssnataee :
g5 i : np).
B LA boversereectiuesereiessssosseeeisenspragtassnssesennsssssssntsastsingss JPVOTON o IO N RO
% 130 oo cool'ing due to infiowing river water—= * o
5 i
—a; 125 | cetosvininnsnssnsscscrnen o tsersense u.....-u.:::‘;:::::uﬁ...u ............................
5 =TS OPPPYT L L L aeeertt
o JRRRTRTIE A LA : o .
1 20 [ eesssreoneravee ";"71“ ..................... ... . :
. o .
115 e i . | " 1 L H . : (| - N
14 16 18 20 22 24 vater temperature (‘C)

Figure 19. Vertical distribution of water temperature near the aeration equ'iprilent ’
and 1450m away from the aeration equipment

Furthermore, it is desirable from the maintenance point
of view that the aeration conditions can be supervised from a
operation office at the site. Another advantage in concentrating
the facilities at one place is easier installation of. compressor
rooms and preparation of electricity. However, it is necessary to
keep the center of aeration for each facility 100m apart from
each other so that the first circulatory current do not interfere
with each other. The center of aeration should be set 100m away
from the dam for the same reason,

5.5 Solution for the primary thermocline occurring immediately
after floods

In controlling the vertical. temperature dlstrlbutlon of
reservoir by aeration, perlodo 1mmed1ately after major and medium
flooding 1is espe01ally 1mportant Major and medium floods push
away the . entire circulating. mlxollmnlon, leaving wuniform low
temperature ‘from the $urface to the deep layer. As these floods
leave a great amount of turbid water, aeratidn cannot be resumed
for some time. Moreover, in the case of fine weather after ty-
phoons, the temperature of the surface water rises, and forms a
primary thermocline with-a témperature difference of 5 to 10CO in
a few daYs‘ Flgure 20 is a dlagram of the. primary thermocline
occurring - 1mmed1ately after flooding. In such a case, inflowing
river waters enter by sliding on the prLMary thermocline, thus
forming an env1ronment su1table for abnormal growth of blue-green
algae., : .. .

Followlng are the measures for early solution of the
primary thermocline formed after flooding. '
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Figure 20. Primary thermocline occurring immediately after flood
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(1)' Use the automatic water quality observation equipment in
order “‘determine theé depth of aeration which will not cause
turbid. water. Enhance the 01rculatory capac1ty of first circula-
tory current by lowering ‘the" equipment to depths of 10m, 15m,
20m, 25m and so on (this will be.c¢ontrolled automatically). As
shown in Figure 16, the relationship .between. the depth of aera-
Flon and the circulatory capacity of second 01rculatory current
1s prdertlon. 'If 'water masses: contalnlng “PO4-+P 'much from
mlnor floodlng ‘happen to entér,i it i’s’ necessary to raise the PO4-
P.water massés by aeration. The;.automatic water quality observa-
tien’ “eQuipmént will perceive: this" and’ automatlcally change the
depth of aeration 1mmed1ately

(2) In solving the prlmary thermocline after flooding, aeration
using a single nozzle is considered to have higher circulatory
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capacity than aeration using multiple nozzless. As the vertical
temperature distribution below the primary thermocline is uniform
after major and medium floods, the temperatures of the first and
second circulatory currents are the same. Thus, the circulatory
capacity of second c1rculatory current is controlled by the
motive power of first cikculatory current. As the circulatory
capacity of first current is higher for single nozzle compared to
multiple nozzless, it is more efficient to use the single nozzle.

(3) Prepare the same number of spare aeration equlpments as the
normal equ1pments, and operate the spare equipments upon the
formation of primary thermocline.

(4) Make sure the primary thermocline is not obstructed by
floats. It is best not to place floats on the surface of water,
but when it cannot be ‘avoided, use floats with streamlined shapes
which will consume the least circulatory energy.

The circulatory current control fa01llty capable of
solving primary thermocline as described above is a multiple
staged type which can be switched for every 5 meters of aeration
depth. Furthermore, it must be capable of unattended operation
engaged with the automatic water . o
quality observation. equmpment '

When: a winch is set on top of the float, many difficul-
ties will be encountered by the dam manager. Switching of aera-
tion will have to be performed manually, and distortions of
pressure hose and aeration depths must be confirmed by divers in
high turbidity. With a multiple .
staged facility with multiple dispersion holes at 10m, 15m, 20m,
25m, and so on, and a pressure hose connected to each' dispersion
hole as shown in Figures 22 and 23, it is possible . "to conduct
easy and reliable switching operations from the compressor room.,

[P

Table 6. Characteristlcs of both types of circulatory current control facllltles

{tens for Judgenent S Reservoir botton‘lnstallatIOn type Reservoir surface installtion type
| Disturbance of first O None A Nope in most situations
clrculatory current g . BRI R
Hanaﬁenent of thermocline O Possible to maintain constant O Difficult to maintain consatnt
thermocline height therrocline height in the presence
of considerable vater level changes
lnterference concerning QO None . ‘ ’ 1A Steel floata lnterfere '
.usage of water surface and . .
driftwood . ‘ T ’yaglr-u ;
Effect of the changes in. PN ls ot aﬁproprlata for dan-reserv- | O Approprlate for dam. reservolrs ulth
Water level in sunnertlne oirs with conslderate’ anount of considerable amdunt of change ln
S _chande In vater level! : . Uwater level s S
Relocat ion of.faéllltles‘ A ReIOcatlon la ‘not possiblév c ‘c>~fae|ocation'possible
within the reservoir.. = -} Cein .
installation at the tine of |O Easy lnstallatlon lo poaslble fb TAN 'cannot ba lnstalled untll water
dan constructlon ) before f E ean’ e used ‘ lnvel ls conslderably hlgh
. T i . before conple elyfitled :: - -
Inat Iatlon after daw is A lhstal fwent’ s possibla’ provided - ()'-Installat(én Is posslble 1h &1 ddns
flile 1 that flat land exists 30m deep . regardless of the form of the bottom
‘ suﬁfuce forn” :
X .
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When this multiple aerator is engaged with the automatic
water quality observation equipment, it is possible to stop the
aerator when the volume of inflowing river water reaches a cer-
tain point so that the influence of aeration does not mix the
large amount of nutrient salts or high turbidity water into _the
entire circulating mixolimnion. When the water above the height
of aeration has lower turbidity or PO4-P concentration than a
fixed amount, aeration is resumed from that height.
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Figure 22. Multi-layered current control facility
(for installation at reservoir bottom)
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Figure 23. Multi-layered current control facility
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6. Water temperature control'system
6.1 Outline of system

Water temperature distribution control system utilizes a
heat pump for a more complete effect of current control system.

Generally speaking, the temperature of the surface water
of reservoir are higher than that of the inflowing river waters
in the seasons from spring to autumn. However, the temperature of
the surface water may become lower than or equal to that of the
inflowing river waters during the
rainy seasons and cold summers as well as immediately after major
floods. The temperature of the whole circulating mixolimnion
formed by aeration may be lowered when enough sunlight cannot be
obtained. 1Inflowing river waters enter into the layer above the
circulating mixolimnion wheén its temperature is higher that that
of the circulating mixolimnion, thus supplying nutrients to the
euphotic layer causing abnormal growth of algae bloom and fresh-
water red tide.

" Figure 24 is a diagram of the water temperature control
system. This system utilizes a heat pump in order to control the
water temperature to an ideal form for water quality conservation
by lowering the water temperature of inflowing river waters and
deep layers in reservoirs as well as raising the temperature of
circulating mixolimnion which cannot obtain enough heat energy
from sunlight. When water heat taken from the deep layer is
discharged by aeration, a content current which circulates the
deep layer is produced. This current content can carry water
masses which contains a large amount of dissolved oxygen from
aeration to the edge of the deep layer. Table 6 lists the effects
of water quality conservation for the different seasons with the
water temperature system in operation. When the water tempera-
ture distribution and the temperature of the inflowing river
water of a reservoir are sufficiently controlled with heat pumps,
the icirculating mixolimnion is maintained at a higher temperature
than. .the. inflowing river waters regardless of . seasons. This
restricts algae bloom and prolongation of turbidity by 1leading
the turbid inflowing river waters containing nutrients in to the
thermocline, : ‘

' 0\‘1 H‘ water
]
~[" || {hizh)_cold wate
v
N

S A il ﬁS"‘%r“-bgﬁt pump
~t= inflowing river waters {,' “
~<— ¢lrenlatory current IN\Uew) _cold vater

..'t’n*é'e’d' for regional: “fom __ . __ )

=4 afr-conditioning | oo .7
near damsite -

- _heat puap’ AT S Lot tomsorating P
- [ water temperature control facility (‘"‘ er temperature control facility
(for all |:;e,;3- ' \ for inflowing waters

.Riguré 24, Disgram of water tesperature control systes
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From the viewpoint of effective use of energy, it 1is
desirable to supply the water heat energy from rivers and reser-
voirs to regional air-conditioning via heat pumps. As a result of
simulated calculations, it was confirmed that the combined use of
heat pumps and current control systems at dam resérvo@rs enables
both water quality control and regional air-conditioning.

Table ©. Effect of vater quality conservation by vater tesperature control systes

Control of vater tesparsture kesulting phenomeacn 1. Spring tise 2 . Rainy season, 3. Suseer tines 4 . Post flood
. cold suaser periods
Bring the vater tempersture Vater temperature distritution . O Prevents algse blooalO) Broaeks prissry @ Bresks prisary
of clrculating aixolimlon | {near the surface becoses —_ thermoch Ine and thersocline end
close to the average unifors ensbling easy mixing of prevents algee prevents sigae bloos
ala eric reture servolr vater bloo

Tespersture of water A Hay preveat cold _ —_—
dlschareged dovnstrean rlses veter

Bring the vater tespersture Load the turbid infloving river ||@ Prevents freshvater|@ Prevents algee bloon]OPrevents algae blooa]@ Prevents slgae bloo
of the Infloving river vaters conteliing nutrients red tide in raldy seascns and
vaters lover than the Iw thersocl [ne cold sumers
circulating mixolisnlon
Lesd the turbld vaters from O Prevents proloaged {O Prevents prolonged |0 Prevents prolonged [O Prevents prolonged
saall and nedivs 1loods to turbidity turbidity turbldity turbidity
thersocline
Lover the tesperture of Hix alr at the 3ane tise causing — O lsproves 00 © laproves 0O A Postpones vorsening
deep layer —density current, In the deep . of 00
ayer
Ytilize cooling heat . - A Can be used for © Can be used for @ Can be used for
for regional faciiity facllity facillty
alr—conditioning slr-conditloning alr-conditioning alr-conditioning

@ ; Keasures possible vith vater tesperature control systém which are especially effectlve

O i Heasures possible vith water tesperature controf systes which are effective

A ; Measures possible with water’ teeperature control system vhich are effective to some extent

0 : Possible vith single use of current contro! systea but should be supplemented vith vater tesperature ¢ontrol systea

6.2 Investigation by simulations

‘Simulations were conducted for Dam A with basin area - of

195km2 and water area of 3.9km2. Cases of simulations are shown

in Tables 7 and 8. Simulations were conducted for the period from
April 1 to October 31 of 1991 which was a year of unstable weath-
er. : :

The vertical distribution of water temperature and tem-
perature of inflowing river waters for each season obtained from
the simulations are shown in Figure 25. When the curxrrent control
system is operated by itself, the inflowing river waters are led
to depths  higher than the aeration depths in spring and rainy
season as well as immediately after floods. Howéver, with the
water temperature control system in operation, it was possible
to lead inflowing river waters 20 meters deeper than the aeration
depths regardless of the seasons. S

Table 7. Cases of srlvllulatlori :

_ Selective Inflow e Legends of
Cage ~ Dispersed aeration , : R Heatpusps~ . .} Figure 25
- . . |Dlscharge fecililitles co
¥ithout treatment ‘ v None ' None . ' None
With current control system |4 with alr ¢ » | ‘ ‘ 8 . | —A—
[n oparation o T L ah e pal cereclty of Installed L fone
Nith water temperatire B P capacity of 4 with
control systes in operation 37002 /ain Installed "0. 846 /secX 10'C —_——
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Table 8. Conditlons for the calculation

of sinulations

[tens dprly | Ha ] June ] July [ __Avgust | September ] _ October
Target depth
of circulating >
nixolimnion Approximately 10n Approximately 20s
The ratio of cooling B .
heat used for regional > > <
alr-conditloning 0% 10% 50% 70% 30% 0%
~— no facilities used
-4 current control systen
~©- water temperaturée control systen
spring (Hay 1, 1991) nediun flood (August 19, 1991) ,‘,‘g%gé
160 160
= E 150
g &
¥ B I DU [P 2
140 = g
.§ -—A- ? .".‘.'.
83 . 8 :.":
u e - ) 130 e I TOIES (AT Ut S
6 depth of inflowing| « . .
= river water — t—6-
5 12 i 5120
— vertical distribution of 2
dan water temperature
110 1 n 1 1 L l; 01 110 1 ® ] . 1
0 5 10 15 .20 25 0 5 10 165 20 25
teaperature of water () teaperature of water (‘C)
early summer (June 15, 1991) , small flood (August 20, 1991) note 3
160 - 160
3 150 E 150
g R -
L el 2 40| =
E - .v ':,“'. / fg “‘O: n':,::
G 130 [t - 5130 feogd
e o . : o
5 120F~ / ' O/Q/B‘A/A/A/‘ i - RV
110 i L 1 N 1 \ 1 t 1 L .”0 ’ 1 . H 1 1 .
0 5 10 15 20 25 0 5 10 15 20 25
temperature of water () temperature of water (C)
rainy season (July 25, 1991) small flood (August 20, 1991)
160 160 - ,
Z 150 E150
[ b '
[ B . LESRTRY
§ 1402 | £140 B
3 Ry B
5 o 5 ;
@ 130 et »130
% ; 5
g 120} &l2of
¥ 1 1 1 .
110 i« .4 1 ) BT 11oll.ljl.l.ll
0 5 10 15 20 25 0 10 20 30 40 5 60 70
tesperature of water (T)  1ote | < peak date of the mediun flood - August 7
note 2 - size of the medium flood - average volune of water 79m3/sec
note 3 - size of the small flood - average volume of water 30m3/sec
Figure 25. Results of the simulations concerning the vertical dlstribution of water temperature of reservoir and

the depth of inflowing river waters
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7. Pumice filtration system
7.1 Outline of system

The approprlate method to prevent the abnormal growth of
floating - algae is to remove them from the lake surface béfore
they turn into algae bloom ‘and freshwater red tide. Pumice fil-
tration system removes the floating algae varieties (such as
blue~green algae and flagellate algae) by running the lake water
through a pumice layer. The: pumice layer can be used semiperma-
nently by cleaning it regularly by an easy automated method.
Figure 26 is the diagram of pumice filtration system.’ ,

. Water containing much floatlng algae varieties are . col-
lected through an overflow ‘pipe floatlng on. the lake surface
where floating algae grow.’ The pumice layer is approx1mately 25cm
in thickness with fine partlcles with diameters of 3-5mm. A
biographical membrane formed on the porous. surface 'of the pumice
captures the floating algae and removes them from raw water. The
pumice layer.must be.washed regularly (once a :week).in order to
avoid decline of its fllterlng capa01ty and to remove ' excessive
PO4-P from dlssolv1ng As pumice is very light with a speCific
gravity of 1.2, it is very easy to make it float with air bub-
bles. A movable washing plpe'lnstalled on top of the pumice layer
washes it by making it float with air. bubbles and water current,
The hlghly ductile water: produced from washlng is collected in
the sedimentation tank., 95% of this water'will separate as super-
natant fluid within a few hours: As the supernatant fluid haq low
concentration of PO4-P, it can-be-discharged into the lake. | The
sedimentated sludge can be dehydrated and used effectlvely as' a
fertilizer. -

‘ filtration”tank

turbid water: sedlnentatlon ‘tank .
(used when washing the pumice) pumlce layer

g

povable, dlsg?rsed p°r°“5 board floatlns overflow pipe

point of growth of floatinz’algae »

watershoot

(used when washing the ounnce) reservoir’

Plgure 26. Diagran of pualce filtration systea - B
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7.2 Theory of the removal of floating algae

Excessive floating algae in lakes result in algae bloom,
freshwater red tides, and foul smell. It is possible to prevent
this abnormal growth by removing floating algae at a speed faster
than the speed of their growth (For example, algae will increase
by 5 times in 5 days at the most, which means they increase Dby
1.4 times in a day. Therefore, it is effective to decrease them
at a rate of 0.71 times a day). Assuming here that surface water
with euphotic zone 1.5m deep is treated for 5 days by pumice
filtration with equipments with an area of 1% that of the lake,
the necessary removal rate is 80% for the filtration speed of
30m/day.

(1) The growth rate of floating algae
‘ (1.4times/day) ~5days = S5times
(2) The conditions for removal rate capable of preventing abnor-
mal growth
(1.4times/day) * (0.71times/day) =<1
(3) Removal rate of floating algae
(1-(0.71ltimes/day) ~5days = 80%
(4) Filtration rate . o
1.5m/ (5days*0.01) - =30m/day
As the number of cells of floating algae is in correla-
tion with chlorophyll a, it is possible to use chlorophyll a as a
substitute in performing the calculations. ‘ :
It is necessary to:prevent PO4-P from flowing out as much
as possible as PO4-P serves as a nutrient for floating algae
causing their abnormal growth. '

7.3 Field tests

A preliminary test was conducted at the shore of TLake
Kasumigaura using the lake water as raw water. The ~equipment
which was used is shown'in Figure 27. The pumice layer is' . 25cm
thick with particle size of 3mm. Under the assumption that in-
flowing river water-of 1m3/sec'is’being : . - |
treated with an equipment of 0.5ha, filtration was performed at a
velocity of 72cm/hour. Dead.floating algae and suspended solid
captured betweéen the particles were washed once a week by making
the pumice fldat by ‘dir bubbles and water current discharged from
a manual cleaning pipe. .. . "

Tﬁé,téﬁtyWéS”ékééutEd”fér”B“méﬁths‘With”ﬁhé'feSdlté'éhown
in Figure 28. Filtration effect was small at the beginning before
the biological membrane was formed. After 1 week, however, chlo-
rophyll a was seen to decrease by 90% (43mg/1 to 4.3mg/1) and T-P
by 55% (103mg/1l-to 4Tmg/ L) oo

..., Assuming that facility area is 1.5% of the lake area, the
redustion rate of -floating algde is calculatéd to be 0,63
times/day. This'value multiplied by’ the increase rate of floating
algae (1.4 times/day) will resUlt’in a’ value léss than "1 which
means . the abnormal growth ‘is réstrictedi” The turbidity showed a
decrease of 90% (19 degreés to' 2.6 degrees). As this turbidity
was! not' ' causéd by’inorganic materials, it is not possible to
detérmine its efficiency for diséharged water. =~ =

i
i
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Figure 27, Testing equipment for pumice filtration
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Figure 28. Change of water quality over time concerning raw water and treated water under testing

Table 9, Results of test concerning removal of floating algae

treated water

removal rate (%) |

Items ravw water .

} L (number of cells).| (number of cells) e
completely floating algae 89, 352 9,622 . 89.3
Oscillatoria sp. | blue-green algae 71, 160 8,734 : 87,7
Cyciotella sp. | diatoms ' 4,766 .16 A 98.4
Aphanizomenon sp | blue-green algae 4,320 432 90.0
Phormidiun’ tenue | blue-green algae | 1,68 | .. b 99,7 .
Aphanocapsa sp. | blue-green algae | 1,310 144 89.0
Anabaena sp. blue-green algae 1,166 0 100.0

Chlorophyll a 97.4 ug/t 6.0 ug/ 4 93.8
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Table 9 lists the results of the investigation conducted

on August 24 concerning the reduction rate of floating algae. Raw
water is compared to water treated by pumice filtration. The
reduction rates for representative algae varieties are: 100% for
Anabaena sp.;99.7% for Phormidium tenue; and 87.7% for Oscilla-

toria sp. Chlorophyll-a showed a reduction rate of 93.8% which is
similar to the rates indicated above.

7.4 Size of facilities and the objectives for the cleaning abili-
ty

Table 10 indicates the objectives for technical develop-

cerning pumice filtration system for the time being along
results from preliminary testing mentioned in 7.3.

ment con
with the

Table

1 G. Objectives for pumice filtration system

Itens

Results of preliminary

testing

Objectives for technical

development

Area of facility

1.5% of the lake area

1% of the lake area

Capacity of
facility

Treats at a rate of

1d /sec for 0.5 ha

Treats at a rate of

ld/sec for 0.3na |

Velocity of -

filtration

T2cm/hour

120cn/hour

Chlorophyll a

Removal of 90%

Removal of 80%

T—P Removal of 55% Removal of 45%

PQO4—-P Dissolution of approximately Little dissolution
10X of raw water T-P

Turbidity Removal of 90% Remova! of 80%

Frequency of

exchenging pumice

Does not change for 3 months

A few years

Frequency of

cleaning pumice

Once a week by hand

Once a week by

full automatijon
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HOIRFERA EVE A U /oIRGB AR S T R 5 2
MEASURES FOR LAKE WATER QUALITY CONSERVATION USING FILAMENTOUS ALGAE

RN NP AN T O ANy A
Kaoru NIWA®, Makoto KUNOU*, Norihiko KUBO®, Yoshihiro YAMASHITA**

ABSTRACT ; Abnormal growth of undesirable algae caused by eutrophication has brought water
quality problems of algae bloom or musty odor in some lakes. Measures against the phenomenon are
to prevent undesirable floating algae from rapid increase. The lake water quality conservation
proposed in this paper provides ar environment to grow desirable algae, filamentous algae, which
works to remove P04+-P and T-P from the river pouring into the lake and the lake surface,
resulting that increase of undesirable floating algae is to be prevented in the lake. Besides
the system works to remove undesirable algae and musty oder from the discharge flow. Explained
and reported in this paper are on characteristics of the lake water quality conservation using
filamentous algae and field experiments confirming the measure to be effective for lake water
purification.

KEYHORDS ; water quality, eutrophication, algae-control method, filamentous algae,
phosphate phosphorous
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3) Reservoirs

a) Present State of Reservoir Water Quality Analysis

chemical and biological state of reservoir water, and also the social awareness about it. Reservoir water,
no matter how bad, is sometimes not perceived .as a problem by the public. However, water in one reservoir
is sometimes considered to be a problem even if its quality is superior to that of some other reservoirs. {
Studies on the human aspects of this issue, such as the utilization of water and the relationship to the basin,
have been conducted by various research organizations and administrative agencies in Japan.With this
background , the physical, chemical and biological aspects were studied, and the mechanisms related to '

water quality are now being clarified.

is another topic being studied. With regard to turbid water, many studies have been made on its relation to
agricultural practice(rice cultivation)(e.g.,Uemori and Watanabe,1969). For example, Nakamura et al(1980)
analyzed the factors responsible for causing prolonged water turbidity in multipurpose dams throughout the
country. There are many more similar hydraulic and experimental studies such as those by Ashida and
Egashira(1975) and Nakamura and Adachi(1978).

relations between water properties (temperature, transparency, pH, COD, T-P, SS, efc.) and meteorological
conditions.They also investigated the cause of plankton and clarified the water characteristics when out-
breaks of plankton occur. Further studies by Morikita et al (1987) clarified the mechanism of eutrophica-

tion mainly by phyto-planktons.
b) Water Quality Prediction

sométimes change due to the retention of the flowing water. Various effects on the natural and social
environment often leads to confrontation, making it necessary to predict and evaluate countermeasures. This
section describes methods adopted for predicting temperature change (water cooling), prolonged water
turbidity and eutrophication with changes of water quality.

. Temperature Change (water cooling)

The quality of water in a reservoir is sometimes taken up as a social problem depending on the physical,

The phenomenon of water cooling sometimes occurs in reservoirs of the strata type and its effect on dams

Amano and Niwa(1992) investigated eutrophication in the nation’s multipurpose dams,focusing on the

When a large reservoir forms in a natural river course as a result of dam construction, the water quality

Miyanaga et al.,1979 and Iwasa and Noguchi,1975). These are vertical one-dimensional models, and are
adequate when the changes are slow and uniform in a horizontal stratum, as with 't'émpe'rét’ure'chiange.of
water in a reservoir. However the applicability of one-dimensional models is limited il‘iS‘otﬁerﬁial‘lines cease
to be horizontal due to the complicated shape of a reservoir or turbid flood water. Iwasa and- Matsuo(l981)
prepared a two-dimensional model divided into horizontal and vertical elements to solve this problem and
use it in a successful simulation test on an existing reservoir.

Simulation models for predicting water cooling in dam reservoirs are already in practical use.(e.g.,
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Prolonged Water Turbidity
A variety of turbid water simulation models such as the box model, one-dimensional model, two-

dimensional model and three-dimensional model are available at present.

The box model developed by the Public Works Rescarch Institute, Ministry of Construction(1973),
excludes reservoir depths below the secondary metalimnion as a dead water region, and regards the
secondary metalimnion and above as one or two boxes with the assumption that turbidity in the box or boxes
is uniform. However, for a large reservoir, the model assumptions tend to be somewhat unrealistic. In the
absence of test data, exhaustive research is difficult since the secondary metalimnion has to be located from
the outside. On the other hand for smaller dam reservoirs, the model has produced fairly satisfactory results.
It also has the advantage in terms of cost when many simulations are necessary due to short
computational time requirement.

A number of one-dimensional models have been developed to predict the behaviors in a reservoir in more
detail than the box model(e.g.,Aki and Shirasuna,1973). When predicting turbidity, for example, the models
compute the vertical one-dimensional distribution of turbidity from the equation of balance for suspended
matter for a control volume, similar to the model for predicting and analyzing water temperature. In this case,
since the water temperature must be known in order to calculate the flow, a one-dimensional model is always
used together with a water temperature model. Generally, the one-dimensional model is suitable for
predicting and analyzing long-term, average turbidity, but it is unsuitable if the tip of a turbid water mass
descends through the reservoir and accumulates at the start of inflow.

When the propagation of turbidity and the movement of a turbid water mass in a reservoir is analyzed,
a control volume is used. The reservoir is divided in the vertical and the longitudinal horizontal direction,

and hydromechanical principles (equation of continuity, law of conservation of momentum, law of turbid-
ity balance, law of water temperature balance ) are applied. The two-dimensional model of Iwasa and
Matsuo (1981) is based on this concept. Two dimensional models are suitable for predicting and analyzing
the phenomena during a flood and other events associated with turbidities, but they are unsuitable for
long-term prediction due to the large computational time requirement .

Morikita and Amano(1991) developed a model (quasi-two-dimensional model) connecting blocks by
advection using a vertical one-dimensional model for each of the blocks that consider the planar uniformity
of water quality. The reproducibility of this model is generally satisfactory but it is necessary to select the
appropriate model depending on the purpose of the analysis. To increase the accuracy of such models,
programs are being improved so that more than one grain size of suspended matter can be handled, and the
relation between turbidity, which is a practical turbidity controlling index, and SS concentration is being
studied.

Eutrophication _
In the fields of limnology and ecology, the problem of eutrophication in reservoirs has been investigated

in the recent past. Efforts are being made to test the realities, extract the main elements and study the relations
between these elements. A number of mathematical models for analyzing the changes in the major elements
of water quality have been developed. These are dynamic models that regard water as one or more completely
mixed areas. They approximate the dynamic balance in the low-order ecosystem mainly of phytoplanktons
and stress the biological and chemical changes of water quality. These ecological models include the one-box
model of Inoue and the model of Aida and Ebise(1973) which is divided horizontally into two or three strata.
However reproducting phenomena by using these models involves many problems because the quantities of
outflow and inflow of a reservoir are large and the advection heat and material involved in the outflow and
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inflow directly or indircctly affect water temperature and change the water guality concentrations to a large
extent. Thus one-dimensional and two-dimensional models incorporating the kinematic behavior of reservoir
flows and water temperature changes have been developed (e.g.,Miyanaga ef al.,1973 and Iwasa ef 'al.,1981).
At present, Matsuo et al.(1990) are developing a-three-dimensional model using an orthogonal curvilinear
coordinate system which includes topographical forms.

¢) Water Quality Preserving Measures

No complete measures to preserve water quality for dam reservoirs are available yet. Rather, différent
measures for different reservoirs are being implemented on a trial basis. In the past, selective intake
equipment were effective in dealing with the problem of water cooling, while selective intake equipment,
maintaining reservoir bank slopes and speeding up the setting of matter causing turbidity were mainly used
to counteract prolonged turbidity.  Aeration has been the chief countermeasure against eutrophication.
Research into many remaining unknown physical mechanisms of eéutrophication and behaviors or flowing
water is presently in progress (e.g.,Kojima,1984 and Asaeda and Nakai,1989). ’

One recent study by Takada and Kudo(1992) investigates measures “to presérve water ‘quality taking
advantage of prolonged retention of water. This aims to reduce the dangers of eutrophication by maintaining
the state of water , held for a long time, and'thereby speeding up self-purifying proceses inherent in retained
water such as the perishing, decomposition and settlement of plankton. In ordér to prolong retention of water
in a reservoir, all or part of the required discharge from the reservoir is supplled by a bypass channel from
a location above the reservoir . S : : : s

The system of creating good quallty ‘dam ‘reservoir water developed by Niwa and Kuno(1992) is worth
mentioning . It comprises of a " flow control systém” to control flow within the reservoir and a
purifying system” 1‘o"tr'eat water with filamemtous algae and is'likely to be highly efféctiVe in‘ preserving

water

water quality.

The " flow control system” ‘combines an aératinig and'a circulating’ unit-with an air diffusing ‘pipe, a
selective inflow unit and a selective discharge unit/ This system’ ¢ontinues during normal 6péfation"t'6 form
a thick circulating and- mmng ‘layer of warm afid-clelr water i the sutface stratuim of ‘the reservolr. It
maintains this layer even in a'flood, and thus conttols the supply of light and nutrient salts to the undesitable
algae living in this stratum, thereby preventing the outbreak ‘of ‘these algae. s B

The " water purifying system” " artificially ¢réates an envirofment in Which' desirable silé‘hﬁ'er‘hibhs"él"gae
can multiply. It prevents the otitbreak of undesirable floatiig algie by removing T-Pand T-N from water

flowing into the reservoir and removing inorganic’ nutrient salts from- the surface stratin of the réservoir. It

can also remove algae and musty-smellmg substances from the discharged water. This system mcludes a
deep~slratum DO improving umt to 1mprove dlssolved oxygen in the deep strata of reservoxrs
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Use of heat pumps and current control to preserve water quality In reservoirs

Fr) X" o A8 BREC - AfRBMETT . g2
By Kaoru NIWA, Makoto KUNOU, Norihiko KUBO and Eifch! HURUSATO

The authors advocate a curreént control system to enhaiice water quallty In
reservoirs'’ via & combination of dispersed aeration and selective Inflow
/discharge facilities. Although from spring to autumn the temperature In the
surface layer of the reservolr is usually higher than that of inflowing river
water, it may drop lower during the rainy season, in cold summers or directly
after najor flooding. When this happens, turbulent river water heavy in
nutrient salts enters the reservoir surface layer, leading to potential
eutrophication and long-tern turbldity

This report describes the Water Temperature Control System, designed to
‘enhance water quality in reservoirs by addressing these specific problenms,
This system regulates the vertlcal tenperature distribution in the reservoir

- and the temperature of inflowing river water using heat puRpSs.

Keywords : reservoir, water quhlit?.'éutrOphicatlon.5élgae~cohtrol nethod,.
, heat pump
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