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Numerous and various impacts of the technical objects on the environment, i pan on
hydroecosystems are well known [21, 27, 30, 32, 45). However technical objects, in parthcular their
winles supply systems, ure not moilbud from the hymhmﬂs witsl activity effect, which can consid-
erably influence their i So, ities of the power stations cool
ponds have considerable impact on the woter quality forming processes, and couse differens hin-
drunces in the facilities” functioning. Study of the direct effect of the technical objects, in panticular
power stations (HPS, NPS) en hydroscosystems, a5 wﬂlasmw effect on the hechmutsymma

operition enabled to formulate pt of the tech | system. g o this omv:cpt
logical and technical i in thell ion {25, 28], Tecih i
syt i5 1 set of restural snd anthropogs population, integrated by 2 system of

direet and mverse connections, temparasy and Irpanally varying.

The most part of biocenasis of the aquatic ecosysiems”, whwh are directly or indirectly con-

nected with the water supply systems, to influence the binkogical hi:
in the technical systems operation. Hiolag, are an eﬂ'ecr of i o between
technical and biological the Asa result just uf the organ-

isms, their vital products-or residues causs negative effect on the normal exploitation of the techni-
cal systems,
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should be distinguished from the These are
“any m-desirable changes in materials’ and products' i d by the zems” vital ac-
tivity” [12]. Problems assoclated both with hiohind d biodeters in the by
lie within the interest of technical hydrobiok \-'ar'ums facilities of water supply are,
as a rule, designed without taking jnl ity of biological hind arising. Even il
these Last are supposed, they are consdered :l.sexlgmal mechmlmi factor.

The aim of this work ion of th inc ith devel
men: of strategy and concrete mnasme! in water supply systems exploitation, under technical snd
ecobogical factors interrelation, causing biodogical hindrances. The main attention was paid 10 the
biological hindrances in HPS and NPS operation.

of the tech svstems. Tecly logical system is a set of intercon-
nected and interrelated biological and technical elements, In the power stations it comprises: eeo-
aystem of the cooling poad {or other water olbject used for circulation water and technical water
snpply saun:e! mclmhng all mpmums n:lnm! with each mhcr and envllmm ecosystem of the
ith heated water ijects, as well as
technical water supply swslgms of the station Ilmlf”‘Lﬂ. 1),

For exampie, the water supply system of the Khmelnitsky NPS, siuated in the nonh-west pant
of Uksaine, comprises some interrelated water objects — cooling pond, intake channel, techaical
bulks and pipelines filled with water, tail-race, as well & system of wates delivery for chemical
treatment, About 97.4% of all water volume fall on cooling pond, 1.3% - intake channel, 1,3% -
tail-ruce, 0,1 % - water supply systems of NPS, In summer period circulation pumps of two pump-
i plasits sunsport up to 40 000 m'hour, or 9,6 million m/day, that is about 8% of all water of the

system.

1] d of hiol In the water supply systems operation bio-
logical hindrances arise as a result of vital activity of i isms, first of all hydrobi
curming in the witer sounce or in the water supply systems, Bnﬂupcll hindranees can be caused by
bacterin, algne, protists, invertebrates and versebrate animals and vascular piants [2, 4, 39, 41, 54,
ete.]. Among zooperifiton of the cooling ponds of the temperate zone potentinl threat, besides well
known mollusks of the genus Dreiszena, can cause sponges Spongiila lacustris L, Ephydatia
mudleri Liberkiihn, pearlworts (Bryozoa) Plumarella emarginata Alm. and P._fingoss Pallas, polyp
Cordilophore caspia Pallas, as well as filamentous algae and some vascular squatic plants,

Probiem of biological hindrances sharply appears at mass development of zebra mussels
{Dreissena polymorpha Pall., D. bigensis (Andr. l). bewuse their settbements, as a rule, have high

density and biomass [37, 38, 47, 30, 52]. Bi caused by of these
tydrabi ane i with their masa o and have pects. The first is associ-
ated with devel chese o intake facilities and drifting of shells afier the

motlusks death into the systems. Separate sections of the water-supply systems can serve as analo-
gous “reservoirs” of biological material, transporied by water. The second aspect is associated with
the properly fouling of different surfaces, increase of hydraulic roughness, pipelines and filters
choking ete.

F it f the biological hi ising in the warer supply can be divided into natu-
ral and amhropogenic. The firs include: natural processes of the organisms senling in the water
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Fig. 1. Scheme of the techno-ecosystem of the power station. | - external water sources;
2 - couling pond {or oher conling system); 3 — intake channel; 4 — ail-race; 5 — heat
exchanyers; 6 — technical water supply systems.

bu-hes. mnmdmnnn processes, mrv: and passive selectson of the most favorable habitats, organ-

inth activation of biological processes at the phases
‘boundaries. Design Dfﬂle'wuhngpwﬁ_waﬁcr intake facilities, and beadrace should be considered
amaong inth They are usually designed without taking into sc-

count bmlogmal hindrances. In m cases design of hydraulic constructions even favars develop-
ment of the hydrobionts. Pumgping smtions operation causes slow but constant water circulation
within the coaling pond, and 50 promotes hydrobionts spreading in the water hody, as well as their
income into the pply systems. Availability of hydmulis oms, various coverings
provide miny favorable hard substrates for the periphyton ocgunisms’ settlement.

T the i be typified i

their charscter and localizstion [3, 5], as well as according their origin, durition. periodicity ete.
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Typification of the biological hind: s needed, because évery type demands special approsch
to the moni ingz und elimination methods selection [7, 43

& types of the hio-hindrances can be assigned nccording to their localization i the
techoecosystem, which incledes HPS or NPS,

Bio-hindrances, arising ut exploitation of the cooling pond itself, which appear as deviations
from s design chasacteristics.

Big-h arising in th ircul ing water d off-mke ways, ad-
diticnal cooling facilities (headrace, tail-race, spray ponds, cw]mg towers),

Bio-hindrances, arising in the systems of circulation water supply and beat exchangers.
Big-hindrances, arising in the system of techmical water supply lines,

Hio-hindsances, ansing in the water-supply systems from external refative to the cooling pond
SOATCES.

Bio-hindrances, arising in the system of chemical water trestment.

Biological hind cam ar i o vitel activity of various organisms, Bro-hindrances
«con be assigned according 1o their origin and genesis:

A - Bio-hindrances, caused by Bacserio;

B — Bio-hi caused by vegetati i i mi al-
gae, vascular aquatic plants ete.);

© - Bio-hindrances, cazsed by animals {sttached and active animals);

D - Bio-hindrances of mixed character.

Alsit is imp istinguish b dby immedi it

in the certain section of the and hind aused by infusion of the i s their re-
mains from other sections of the system:

a) Bio-hi caused by and vital nctivity of Iydrobionts in the water supply
systems (fouling, over-growth by vascular aquatic plants);

) Bio-hindrances, arising as 8 result of doft and sccumulution of the dragged alluvia,

I some cases it is nseful to know whether bio-Ti isa result of aborig rpani vis
tal aetivity, or of adventive, invasive, Therefore it is importnt to distinguish:

Bic-hindrances caused by aboriginal species:

Bie-hindrances caused by invasive species {alien species),

£



All livi i Mngraherw.m. i ith peri | naturn]
event, Therefore. icity of their “bio-hi bedivided mto:

A - all-the-year-round;

P — periodically appearing., seasonal;

E — associaved with extreme phenomena (hot weather, strong storm),

8o, fn every concrete case formula of bio-hindrances can be compiled, which is of special im-
portance, particularly, for monitoring. For examgle, formula (1-B-a-1-P) incicates that in this case
peniudical hindrences, which are located in the cooling pond, ane caused by abariginal plants, vege-
tating directly in the water body.

Bio-findrances of the I type, anising at itation of the cooling pond can be i with
he following processes:

- Overgrowing of the cooling pond by vascular aquatic plants, which cause decreasing of the
active heat-exchunging surface and changes of hydrodynumic regime [41];

-~ Agcumulation of plankionic algas during the water bloom, floating filamentous algne on the
suriice, vegetation of plants with floating leaves, which couses deterioration of heat transfier
inte the atmosphen:,

- Lation of biogenic seda the bottom, such as mollusks® shells, vascular plants
remaing, which cawses water body's depth decreasing, preconditions 1o mass influx of the
dragped biogenic sediments into the water supply systems:

= Muss devel of kion (some Cs for instance, Cercopagis), which
casses their inflax mmhemnwlymmmddmmnm of the filtering capability
of the block pumping stations (BPS) revolving ness;

— Mass death of § under i growth of OXYLEN Tegime Wirs-
ening enc., which causes growth of the organic matters concentration in water, intensive
forming of biofilms on the hest-exchanging surfaces.

Hioloyical hindrances of the I type. Bio-hind ing in the intake channel f special
hazard, hecause they affect directly operation of the BPS. |1 is necessary to take into account dml in
the headrace favorable conditions for many hydrob icularly for zebra mussel, are formed
due o constunt flow, &u\nblz oxyigen rqdme bmwnu of ruud l‘mm the water body. Biological
hind ify in the Following way:

hee

— Accumulation snd drifi ofbiogenic material, first of all mollusks” shells, vascular plants” re-
mains;
— Increase of hydraulic roughness of the chamels’ slopes;
i

-
channels and form fouling:

| larvae, which can be sp water flaw



in the channel can form

s:'ﬂan:m of other. For instance, mmﬂuhnou of zebm mussels’ druses on the concrete sub—
strabe form conditions for vegetation of rooting vascular plants.

Bielogical processes acourring in the tilrace can be related 10 hindrunces forming m the fol-
lowing aspects.

~ During ﬂ|e pem)d of high temperature in the channels — mass development of the
algse, their further fon fnto the cooling pord and probable

drift to the headrace;

— Masgs death of hydrobionts in the tailrsce under considerable growth of temperarnre, which
causes growth of the organic masters concentration in water of cooling pond. which increase
hazard of biofitms forming on the beas-exchanging surfaces.

Bio-hindrances af the 11 type, arising in the systems of circulation water supply, cin be caused
by baogenic materinl drift into the water supply systems (Bacteria, mollusks” shells, filamentows al-
wae, vascular aquatic plants, fishes), as well as by fouling in the system itself. In the latter case zebra
mussel's, spunges or pearlwort setlements are of special hazard, They can form considerable foul-
ing, up 10 some kilograms per square meter, on the chambers walls of circulation pumps’, In the
HPS and NPS slight fouling was registered on the tube plates in the cool chambers of condensers.
No macro-fouling is formed om the internal surfaces of the condenser tibes because of high velocity
of flow and temperature, Biological fouling here can be cwused by bacterial films on the
heat-exchanging surfaces,

Bio-hindrances qr’:kz I¥ type, armng m Lhe systern of technical water supply lines. can be con-
ditioned b f living penic marerial from outside or other sections of the
system, orhy development of crganisms in the water supply system.

Tt should be kept in mind that the first group ofbi ings is i with iarities of the
technical water supply systems, namely occurring of the unidirectional water flow and gradual de-
creasing of the pipeline cross-section, Bmmv: material, like zebm mussels shells, sponges. and

lonies, is able to pass but choke up empty space in other with less diam-
=|=l Drganisms, settling in the cooling systems, even under favorable conditions exist in the sys-
tems only during limited perind. After their death biogenic material is formed, which can couse
io-hindrances. Filtering element of the system, imtended for limiting of the foreign particles en-
trunce o the water supply systems, can be overgrown itself and does not operate appropriately.

Bio-hindrances caused by bacterin can be of essential signi in the heat exch
terial films development dinectly depends on arganic matters content, thermal and hydmchﬁmcni
regime.

Bio-hindrances caused by plant are very diverse. Vascular aquatic plants are able 1w develop in
the cooling pond and channels. Thelr direct effect is associated with the ponds’ overgrown and de-
creasing of their cooling abilities, and their drift with flow to the BPS, especially of the submerged
plants. Macroaigae causing biological hindrances are presented by filamentous Chlorophyta,
Cyunophiyta and Bacillariophytn, which to a greater or lesser extent are able to vepgetate all the year.
They need solar iradiation for their p 50 in the techn ystem they are able o de-
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velop almost everywhere, except darkened sections. Algae distribution within the
techno-ecosystem is considerably affected by thermal regime. For instance, mass development of
the filamentous Cyanophyta is dated to the zone of the heated waters dischnrge

Animals causing biological hmdnnees iire very diverse. Among them the most damage can

cause attached forms, which have high o such as zebr
(Bryozon), and sponges. Obsmmnm Ull uhm musse] development in different winkér bodies
shows, thas the most abund irs, technical water bodies, cooling

ponds, channels [37, 38].

Bylmhd.olnglnl and Ilﬂ‘ll.lﬂ.l of the con-
of ies of the tech ical system ization fior nt i
dwdumml of their different characteristics control pﬂncupl.es is primarily based on the spsremic
hic principle [1, 22], The i as th ‘s element is o pant of bigger

andscape-hydrological system, a1 the same time it comprises scme separate biotic and abiotic sys-
tems. This principle assumes existence of both direct relations and feedbacks. In techno-ecological
system this appears as two interrelated aspects: technological systems” operntion effect on bintic
communities, and inverse effect of the hydrobionts on the eguipment operation,

Ecological system it penlllarwvﬂlmlkmbl: ownplaulr‘ therefore it is essential to observe

inciple of complete ir P of the mewns.
[21.22). 1t ahwldbelukmunumum"- preli garding essential points
I’mllly e il knowing of insigni details [21], Suffici principle sup
poses e fi principle, which d ds description of th igni

inlmvhtious.

Biokogical hindrances as a rale is a local phenomenon, significant only within ocnmn sections.
ofthe water supply systems, but regarding usonslnu is rphued 11 tech:
greater or besser extent). So it should b ized thae ing of the whale inclod-
ing the cooling pond of the power station, is a precondition to bic-hindrances limitation.

Many biologscal hindrances arise a5 2 result of mass death of the hydrobionts in the water sup-
ply systems, including cooling pond. In order to avoid this phenomenon it essentind to take into ac-
count principle of ecological condirions ﬂuMlz‘arwu. wluch demands to prevent slmrp ﬂuuulnm
nf:o;omca] factors, first of all I be similar
in the natural water bodies. A1 the cooling ponds design and exploitation it is essential 10 keep in
mnsd thut their size, volume and aren are nat only the factors important from the technical point of
wiew regarding heat-exchanging, but aksa from the ecological point of view, as plwnndmuu far

buffer capacity, that is mitigati of the sharp ioms of the gical fac-
tors.

£ i Tl b slsi fikiswt int b s 1 totis oF o factor
can cause changing of ather, which effect on the fims s loud, Far instance, temp

and oxygen regime are closely inerrelated.

and i i of the certain b control methods is in
many r:upect.i eonnected with observation of the focality principle. It supposes, on the one hand.
sufficient stady of the biotogical hindrances® sources, on the other hand — realization of some mes-
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Comrect choice of the applicati imt will de-

termine effectiveness and

Principle of locality of the | measures apgplicati o with the principbe

of the enviroumental safery. Some rengEnts nmukdwcause mppmmn effect on the undesimbie

are also hormful or hurman or b ionts, which are not 4 hio-hindrances

soyree, Therefore Joeal icati differem them i less expen-
sive, as well as more safe for human and environmens.

Any method of the bio-hi | can be effective only ifhydrabionts' biological
learities are taken into account. One of the essential s the principle of disruption of the vital cycles of
the und&&u‘abl: organisme., It is bnaedm\me provision that all organisms, including those cunsmg
i have certain eycles, and elimination of any of them causes impossibil-
ity of the population”s flarther existence. For instance, zebra mussel has a floating larvae stage, set-
tling larvae stage, stage of young mobile sp d addul § stage. Every stage of the life
eycle has different tolerance 1o the external effects. For instance, Iarval stages withstand consider-
ubly less ions of the chemical thn adult

Principle of limiting management and mulml optimization &lso is of essential importance. It
should be recognized thar undes high I afth their low predictability. and high
expemu absolute management ul' kh: wlmle tech: regarding elimination of

heir causes i ible. In most 5 are Asso-
cinted ot with bio-hindrances level or charscter, but with their o Thered:

observations and moenitaring of the muin processes is of essential impartance.

ann principle also should be taken nto secount. Two main mterrelated priosities are evi-
pm\q\!mx of safety and relubility of the facilities operation and chservation of the environ-

muunl P in particular ngninst i impacts.
Main methodic and methods i of thy d by
Iylmhhmomoﬂhemakh of the hydrobiolegical itoring in the tech logical systems
isd il for the bio-hind, ﬁn:h I‘M enahles application of different
g measures. Just apphi of ical stadies enables to forecast

pmdm.bd: h&hmdﬂnm ehaviar. Measunes of the bucrhnmmcsmﬁmg organisms control
should be preventive and setive [41]. The first should be prospected alreay st the design stage, Iis
essentinl that methodds should be based on the ing of the key ecological parame-
ters, such as temperature, velocity of flow and hydrodynamics character, surfaces’ properties [3],

'I'hennt sTalegy u:llbrnnmedgww imterception strategy, 1t 15 based on the peculiarities of

the perip ion: they mainly consist of the anached forms, bmmpnmlon
nocurs hy plnﬁmiurvuumlm—ﬂmdng Formng. So, the can be realized |
1 t f all ions) of the floatimg larvase or 2) larvae’s in-

terception by substrates. on which fouling would not have negative consequences.
Just fouling is the most hazardoas for the different technical water supply systems [8. 15, 17,

24,31, 46]. Itis & collection of living organisms occurring in stationary or mobile state on the sur-
{face of different substrates in the direct contact with aquatic environment.
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Fach fihe biologi tHouli I msettiods applicition farsaAs nss
of some their tvpes [31, 44, 49, 50]. Suggwedaﬁnpphmdpnmm]umdmﬂm\an e clussified

(Table 1). Every method has i eal method effec-
tive, but labor-consuming [14, 16, 19, 33]. App]maunu of electrical current [ 100 en-
ing [13, 20, 39, 40, 48]. Application of the heatsd water and draining is eﬁ’euu\-euﬂ]\u
mm:namw]m!mhmkmﬂu’ liti il ol total drainage of th
[17, 36].
Ome of the effective fouling ] methods i ination ar icati oﬂhewulledoxl-
ddamis, but it is for the staff and envi [53]. As ides of the not-oxidi

2
effect @ series of prepartions were suggested: BULAB 6002, BULAB 6009, Calgon H-130M,
Clam-Trol™ , MACROTROL 9210, VGJJGO‘I MEXEL-432 and other. They possess

il propertics, that is h l ficct on the mollusks, but they have no special “ze-
bra-mussel-cide" properties, though zebra mussel is a main bio-hindrances source. Sure, after in-
gress into the water bodies they can cause harmful effect on the mollusks out of the water supply
systems [53].

Antifouling paints ave often used for the fouling control [33, 521, They have complex compasi-
tion and are harmiul for human, because contain some toxic components. Biocube properties of the
anti-cormsive coverings VMX-| Bl'ﬁulll [10] with dfferent anti-fouling additives were studied [9,
24), Furan conerete 1 for application [38]. Additives to th solutions limiting
their fouling were developed [29]. Silicon-based covering is used; its anti-fouling effect is based on
the surfsces unfiavorable for the Inrvae nitaching [48),

Since th { the bl 1 hind lies in the devel, of th i i it
seems rational to search for L'hmt conirel methods based on E‘mun which limits number of this or-
ganisms in the natural habitats [23, 37, 30]. Thus, veligers of zebra mussel were registered in the
food ration of 13 fish epecies of 4 families; in the Buropean water bodies juvenile and adult speci-
NS were wlui as food nb,ecl ufl? fish q;ecw.: of 5 families and of 21 bird species [50]. In zehra

mussel b dintra ! yotic pathoger isms were ﬁulnd [18,42, 49]. Consid-
erable ic effect was ,.n...-.-mi at itizing of Tt Phyll spp. (hocaliza-
tion in ds ad gills of the mollusks) [11]. For 2ebra el develop cantrol thizob

Prevdomonas fluorescens was used [8].

Principles of the hldqiﬂl hlllﬂncu and tjdr uulll pmu; mondmr!ns mlnge-
ment, The aim of isp
of the mensures effectiveness. Tts tasks can be gmuped into four directions:

Control of the bio-hi i P in the water supply sysiems, for
the well timed mensures for their exlrmm\nlm

Cantrol of bivlogical factors of the undesirable species density regulati pors-
sites);

Control of of new bio-hi 2 agents and of the argan-

iama which might directly or indirectly effeet on them — in the whole techno-ecosystem;

Ecological state of the water source control, first of all processes; stipulating bio-hindrances,
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Table 1

Principles and methods of the hiclogical hindrances contral facoording to [5, 44, 46, 50, 51]. with
udditionsy

hanical | physical I chemical biological
Selection of  Thermalre-  Filtration of  Suppression  Owidants Predatory
the cooling  gime regula-  planktonic  of theplank-  (chlorine,  Bydrobionts

ponds” and  tion larvae stages  tonic lurvae  bromine, Plant-eating
COMDES  pydrody-  Mechimicsl  4ES% oanoe e} o
morphio- namic regime  retraction, Water treat- — Not-oxidunts g pings-
metric pa- regulation cleaning ment by UV (heavy-me- [ —
mnam Limitation of  Washing by~ Tation, ul- tals com-

Selection of e yyrrients.  high-velocity  e0und, pands,

watumband g preanic flow mgnetic tetramines

anthropo- Uition n- " field ee)

gemicsub oy Vegution  Cubodic  Specific

strsles’ sur- £

protection biocides

rum.mm nl_l;ﬂ preves- B . (bacterio-
Consider- . of periphyion cides,
ation of pos- Interception algicides,
sible bit- of mobile  Thermal ollusko-
positiveness sediments Ixcatinipat cides)
of construe- Dhraining
tions Immobiliza-
Selection of tron {cover-
hydrody- ing)
namic regime Pressice
Consider- Radio waves
ation of level with fre-
regime quency >
Construction 500 Hz
of the wa- Microwaves
ter-indet fa- .
cliies mw
Selection of biow com-
nol-fouling bined with
i & and high temper-
coverings e
Use of closed
water-supply

systems




from the techm i ions can be quite newtral, but be-
come i muiu;in the water supply systems, Thersfore, appropriate lo-
cation of th i ld be chosen, In the very general case, minimum
three monitoring puhumevm-d.ed. rltg coaling pond, watee-supplying chinnel and one of the cr-
cial sections of the water supply system. One of the essentinl methodic issues, first of afl for ubu-a

mussel larvae landing and develop s design and son of the desks for the sub:
exposure ard samples miing.

D ined in th i itoring g and refiable, b ey werve
s & base for the crucinl degisions” making. For the various potential bio-hind fi i

tral in the technical water supply systems creation of the model systems for the constant monitoring
is of considerable imporiance.

Problem of the baological hind in ion of the di hical
with water objects i of th fihe i i But it should mot be re-
dllc:d thy P imimati for i imination of the fouling. Technical
sbinl hauls ler integral techt gical system, 1t sh ized, that tech-
nbeal and hmlb: elzmu of this system are closely connected with direct r:lamns and feedback,
Therefore & of the biological hind in the wates supply is & factor io improve reliabil-
ity of the technical systems” operation und 1o decrease their negative impact on the environment.
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